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ABSTRACT 

The shell-model theory of alpha decay developed by Mang is 

summarized. The calculation of the alpha formation entails use of the 

pairing-force wave functions of superconductivity theory, and we briefly 

describe their calculation with a delta-force approximation. The pene­

tration of the alpha particle through the anisotropic potential barrier 

is considered in detail. We study the approximate treatment of Fr8man 

and the results clearly justify the method. 

The particular features of the potential barrier are examined in 

terms of the WKB expression for barrier transmission. The Woods-Saxon 

potential V = -74/(l+ exp((r-1.17-Al/3_1.6)/(a)}) is chosen after a sur­

vey of recent optical model analyses of alpha scattering experiments. 

The Woods-Saxon potential results in penetrability factors that are 

~4~ lower than those calculated with the Igo potential. Modification 

of the Coulomb potential has little effect on the penetrability. 

Extensive numerical calculations are given in an appendix. The 

theory gives reasonable agreement with experiment, and has provided a 
241 

clear example of its value in the analysis of the alpha decay of Am 

The calculations predict relative amplitudes and phases of importance in 

interpretation of angular correlation experiments. They also predict 

the £-wave mixing in the transition to final states of odd-mass nuclei. 

Comparisons of theoretical and experimental transition rates indicate 

the nature of the errors in the calculations. Suggestions are given for 

future improvement. 
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I. INTRODUCTION 

Alpha radioactivity has in recent years yielded a wealth of ex­

perimental data on energy levels in deformed nuclei) particularly in the 

actinide region. These data interpreted with shell model theory have 

greatly advanced understanding of nuclear structure. Practical appli­

cation of the shell model to alpha decay entails solving several problems 

in the process) and it is one of these which will be examined in detail; 

namely) the penetration of the alpha particle through the potential field 

of the residual nucleus. 

The earliest successful theoretical interpretation of alpha 
l 

decay rates was advanced by Gamow) and independently) by Condon and 
2 

Gurney. Their approach was a one-body model in which an alpha parti-

cle is conceived to exist in the nucleus and move in the potential of 

the remaining nucleons) impinging on the potential wall with a certain 

frequency and a finite probability of escaping. It seems unreasonable 

to take seriously the existence of an alpha particle inside the nucleus. 

Winslo~ modified the approach by suggesting that the alpha particle does 

not exist as such in the nuclear interior) but only at the .. surface) and 

he proposed a surface-well potential with a repulsive potential in the 

interior. .The decay probability may then be logically separated into 

the probability of forming an alpha particle in the nucleus (formation 

factor) and the probability of its escaping the attractive nuclear po­

tential (penetrability factor). 

Thomas
4 

formulated the first simple many-body approach to alpha 

decay in terms of scattering theory) but he made no attempt to apply it 

to a nuclear model. Mang5 greatly advanced the many-body approach by 

applying it to the shell model. The success of this theory in explaining 

a-decay has already been demonstrated by Mang and Rasmussen6 in extensive 

studies of even-even spheroidal nuclei. 

It is this approach that is taken in the present study. The 

formation factor is calculated after Mang and Rasmussen)
6 

using,Nilsson7 

shell-model wave functions for the deformed nuclei of the actinide region. 

The details of the penetrability factor are examined in comparing the for­

mation factor at the nuclear surface with the experimentally observed 

alpha rates. 
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II. THE ALPHA FORMATION FACTOR 

A brief outline of the theory and the steps involved in the cal-
~ 

culation of the alpha formation factor will be presented before examining ' 

the barrier penetration itself. 

A. Mang 1 s Alpha Theory 

In Mang 1 s formulation of alpha decay, the alpha intrinsic wave 

function Xa is expressed as a Gaussian-type function of the relative 

coordinates of the protons and neutrons. This form is indicated by 

electron scattering experiments, 8 and the width parameter ~ was chosen 

4 -2 
0. 7 fm to agree with the experimental root mean square radius. 

Explicitly the wave function is given as 

X (~ . ) s s I SNSN I ) a l p p 
0 0 (2~3/2 ) 3/2 x0 ( s P s P 1 ) x0 ( sNsN 1 ) -f; 4n 

X exp [ -~ ( ~ l 2 + ~ 2 2 + ~ 3 2 ) J 

where the ~i are the relative coordinates and the 
0 x
0 

are singlet 

spin functions of the spin coordinates s. of the protons and neutrons. 
l 

One assumes that the decaying system can be described by a wave 

function ¢~(x 1 ... XA;t) which depends on the time, A-space and the spin 

coordinates Xk; and that one knows the functional form of the time de­

pendence within a defined space-time region. The set of wave functions 

u'm. I depcribes the daughter nucleus. By postulating a space-time region 
J 

with exponential time dependence, one factors out the time-independent 

probability amplitude 

• c 
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R relative distance between a-particle and daughter nucleus 

(8,¢) = angular coordinates of the alpha particle in center 

of mass system 

s,~ internal coordinates of a-particle and daughter, respectively, 

J' j' 
and £ 

including the spin coordinates 

angular momenta of parent, daughter, and a-particle relative 

to daughter, respectively. 

Angular momentum of the system has been conserved by including the 

Clebsh-Gordan coefficient (£jm M-miJM) and summing over the magnetic 

quantum number m. The binomial coefficient before the integral accounts 

for the fact that the final state (a+ daughter) is not completely anti­
J 

symmetrized. The g.£(R) measures the probability that the wave function 
J M 

of the decaying system ~J contains an a-particle and daughter of the 

specified quantum numbers at a relative distance R. For sufficiently -
R the 

J should contain only outgoing The validity large gj £ waves. 

* of these assumptions is discussed in greater detail in Ref. 9· 
A further assumption concerns the existence of a separation dis-

tance R such that for R > R 
0 0 

the interaction between a-particle and 

one daughter may be represented by a potential alone, and for R < R 
0 

may calculate the probability amplitudes g~£ from nuclear-model wave 

functions. The ratio I R g~ n(R)/R g~ n(R ) 1
2 for . R larger than the 

J .t 0 J .t 0 

classical turning distance is related simply to the barrier penetrability 

factor which can be calculated from a one-body Schr8dinger equation using 

the a-daughter potential. The total decay constant may be expressed in 

the form 

* Since the purpose here is to present only an outline, the reader should 

consult Refs. 5, 6, 9, and 10 for a more detailed development of the 

alpha theory. 



where P 2(E) is the penetrability 

and relative angular momentum 2. 

transition from parent state J 
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factor for 
2 

The 'YJj 2 
to daugpter 

of angular momentum 2, and is defined 

2 
)'Jj£ 

an a-particle of energy E 

is a reduced width for the 

state j via an a~emission 

where M is the alpha reduced mass. It is more convenient to work with 

the dimensionless amplitude G defined by 

and it is in this dimensionless form that probability amplitudes will be 
2 

expressed. The penetrability factor P
2 

and the reduced width 'YJj
2 

depend on R , but their product does not. 
0 6 10 

This point is discussed by 

Mang and Rasmussen and by Zeh. 

It proves convenient for calculations to consider the partial 

transition probabilities from a parent state IiKiqi to the daughter 

state IfKfqf by emission of an a-particle of angular momentum P.. 

The q refers to. the parity of the state, and the states are described 

in terms of the strong-coupling model of Bohr and Mottelson
11 

applicable 

to the actinides. One has Mang's9 Eq~ (V.2) 

I.-L-K LK.+K 12 
+ (-l) l f B" l f G ) 

2If LKi+Kf R R 
0 

(l) .. · 
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* K. -Kf 

G1K -K =XJ<t> \x <t>K 
y l (n ) d~ dTJ ctn K. 1 

i f l f 

qf * K.+Kf 

G1K +K = )( J ( -l) <t>K \x <t> -K 
y l (D) dTJ d~ d\2 (2) 

L 
i f l f 

and)( is the factor R3/
2

[( ~)( ~ )]~. The 1M 
B£I is a matrix which takes 

into account the interaction between the daughter and the a-particle as 

it penetrates the anisotropic potential of the daughter) and its discus­

sion is relegated to a later section where it will be treated in detail. 

When the theory is applied to the nuclear-model wave functions of 

Nilsson7 it is convenient to define a factor r which is the contribu­

tion of the wave functions of specific Nilsson orbitals D D ,D-~N' to 6 p p 1~--

the alpha particle wave function (Mang and Rasmussen Eq. (II.7)) 

(3) 

where A is an antisymmetrization operator. The amplitude for formation 

of an a-particle characterized by angular momentum 1 and projection M 

with respect to the daughter nucleus is then obtained by summing over the 

contributions of the occupied orbitals of the nucleus. The formal rela­

tionship between G and r can be given by noting that r is the alpha 

wave function projected from four nucleon wave functions in four specific 

Nilsson orbitals. G may therefore be expanded in terms of the r as 

follows 

( 4) 

where P picks out of the initial nucleus the nucleons in the specific 

Nilsson orbitals specified by r. 



In the absence of a pairing force, the ground state of an even­

even nucleus would be obtained by filling with nucleons the lowest two­

fold degenerate orbitals up to the Fermi surface. In this case the 

summation of Eq. (4) reduces to a single term involving the topmost 

filled proton pf and neutron Nf orbitals at the Fermi surface in 

the parent. 

p -p N -N 
r f If f(R) 

LM 

12 
This is the approximation used by Sandulescu in his earlier study of 

alpha decay. The effect of the pairing force is to introduce into the 

ground state a mixture of configurations in which a pair has scattered 

into orbitals above the Fermi surface, and these orbitals therefore con­

tribute to the alpha formation. It is interesting to note tha~ there is 

intrinsic to the theory a distinction which corresponds to experimental 

observation in the types of a-decay. In the ground-to-ground decay of 

even-even nuclei the parent and daughter have a large degree of pairing 

of angular momenta so that the sum over r runs over all proton pairs 

coupled with all neutron pairs. In an odd-mass nuclide the .odd kind of 

nucleon has an unpaired particle in parent and daughter. It is observed 

eKperimentally that if the odd particle is in the same state in parent 

and daughter the transition rate is comparable to those for even-even 

decays, thus the term favored decay. If, however, the odd particle in 

the daughter resides in a different state the transition is greatly 

hindered. A glance at Fig. l which portrays schematically the states of 

the odd-type nucleon shows how this evolves naturally from the theory. 

In the favored case (a) the r are summed over every pair of the evep 

type of nucleon coupled with every pair of the odd type except the l;J.alf­

filled state. Thus only the contribution of one state coupled with the 
I 

other type of nucleons is missing from the sum. In the hindered decay 

(b) there is only one way of pairing two nucleons of the odd type to 

form an a-particle and yield the daughter configuration, and the summa­

tion is drastically reduced, hence the hindrance of the transition. '~ 
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MU-33608 

Fig. 1. Schematic representation of the odd-nucleon system for 
favored (a) and hindered (b) decay of odd-mass nuclei . 
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In calculating the ex-amplitude from the geometric configuration 

of the various Nilsson orbitals 7 the probability that the particular 

states are occupied by a pair of nucleons must be included. The calcul~­

tion of these occupation probabilities is discussed in the next section. 

B. Occupation Probabilities by the BCS Method 

The Bardeen 7 Cooper 7 Schrieffer13 theory of superconductivity 

can be applied to nuclei to calculate the occupation probabilities of 

the orbitals. The details of the method as it has been employed in the 
14 

present work are given in Mang 7 Poggenburg and Rasmussen 7 but it is 

useful to outline the theory here. Further discussion is given in 

Appendix A. 

The BCS method is most easily approached in the formalism of 
+ 

second quantization using creation bDcr and annihilation bDcr operators 

which create or annihilate a particle in the quantum state * Dcr. Since 

the Nilsson wave functions are used in this study 7 the D represents 

all quantum numbers needed to specify a Nilsson state and the cr is 

the sign of the projection of particle angular momentum on the nuclear 

symmetry axis which accounts for the two-fold degeneracy of the orbitals. 

The energy of the state in the prolate potential well is ED. One de­

fines a number operator 

which counts the nucleons in the system. The Hamiltonian may be 

expressed 

* For a lucid explanation of the creation operator formalism see G. E. 

Brown7 Unified Theory of Nuclear Models (North-Holland Publishing Co. 7 

Amsterdam7 1964) Ch. l. 

(j .. 
"' 

,..., , •. 

.. 
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H 

(5) 

where the second term arises from the pairing force which scatters pairs 

from the orbital D1 into orbital Q, For simplicity this discussion 

omits the usual canonical transformation to quasi-particle formalism 

which allows the separation of the pairing interaction into a residual 

pairing force and a term arising from the interaction of the nucleons 

with the self-consistent field of the remaining nucleons. 

The probability that orbital Q is occupied by a pair is given 
2 

and the probability of its being empty is un. The BCS wave 

function is of the type 

(6) 

where The BCS method seeks a stationary value of H - ~N 

py variation of a trial wave function in which ~ is a Langrangian multi­

plier, equivalent to the chemical potential of the system, adjusted to 

give the number operator the correct expectation value. The problem has 

been reduced by Belyaev15 to solving the set of non-linear simultaneous 

algebraic equations in 6Q and 

6Q [ Gnn 1un 1vQ 1 
Ql 

(7a) 

z 2 
2 

N vn 
Q 

( 7b) 

~ L: - 2 EQ EQ - Gnn ,vn I 

n 
( 7c) 

(:~)= l (l En - ~ 

+ ~l 2 + .J (E:n-11.)2 
(7d) 
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~ 

where En is the energy of the orbital in the self-consistent fieldj 

Gnnr is the ordinary pairing-force matrix elementj and Gnnr is the 

matrix element arising from terms in the self-consistent field. As a 

consequence of the delta force used in this work the G
00

r equals the 

Gnnr· Since the ordinary BCS method is a statistical method the parti-

* cle number is not strictly conserved. It can be conserved,. however, 

by performing the variation on a projected wave function as .demonstrated 

by Dietrich, Mang, and Pradal,
16 

and the importance in alpha decay of 

employing this method has been indicated by Mang et a1. 14 who refer to 

it as the FBCS method. It is this FBCS method which is used in the re-

sults presented here. 

The nuclear wave function is expressed as a product ~(protons) 

X ~(neutrons) of the independent proton and neutron wave functions of 

the type given by Eq_. (6) for an even system, and by 

~k (8) 

for an odd system. The proton-neutron interaction in the nuclear wave 

functions has thus been neglected in the present work. Although it can 

be formally treated,
16 

the Nilsson wave functions for protons and neutrons 

already include some of this interaction and it is difficult to isolate 

the effect. 

Using the BCS formalism the occupation probabilities of the or­

bitals can be calculated and the next section presents an outline of the 

steps involved in the calculation of the alpha formation factor .. 

* This point is discussed in Appendix A. 

•' .. 
~ 

.. .. .-.. 
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C. Numerical Calculations 

The results presented in this paper have extended the calcula­

tions of Mang and Rasmussen
6 

to include 25 proton and 40 neutron orbitals 

(instead of 10 each) outside an arbitrary core which does not partici­

pate in the alpha formation. Thus for even-even calculations, each G
10 

involves the sum over a thousand r coefficients. In addition, the 

results of calculations for a large number of odd-mass nuclides are pre­

sented. Another refinement in the procedure is the use of improved 

FBCS occupation probabilities described in Appendix A. The sample odd­

mass calculations given ,in Mang's Table III9 included the same orbitals, 

but the ordinary BCS calculations were used for the occupation probabil­

ities. 

It is clear that if an orbital is to contribute to the alpha 

formation it must be occupied in the initial state and be vacant in the 
i f 

final state. This leads to a factor vDuD which must enter the sum over 

the f coefficients. As the orbitals get farther away from the Fermi 

surface this factor tends to zero which justifies neglecting an inner 

core and limiting the sum. For even-even transitions the probability 

amplitude is 

i f 
XV' U' 

D D 
p p 

(9) 

The two products over p and N are factors accounting for overlap of 

parent and daughter states and are usually near unity. These factors, 

previously taken as unity by Mang and Rasmussen,
6 

are explicitly cal­

culated here because of the greater importance they have in the struc­

tural details of alpha decay rates of odd-mass nuclei, and especially 

their importance at the subshell of 152 neutrons. Equation (9) also 

holds for favored decay of odd-mass nuclei with the restriction that 
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the odd state is excluded from the sum and product. As an example of a 

hindered decay one has the odd-neutron case 

n ( i f + i f) i f \ 11 ( uiuf + vivf) 
u...u... VNVN' VK u.. ~ I 'I 

NfKl./=Kf 1~ 1~ • f Ki S1 pj=st p p p p 
p p 

(10) 

where the final state Kf must have initially been occupied by a_pair 

and the initial state K. must be empty in the daughter. The deriva­
l 

tion of these equations is given in Appendix B. 

The calculations are performed using the 1£~) representation 

of Nil.sson7 with S1 the total angular momentum projection on the nuclear 

symmetry axis) and the expansion coefficients a£A of an orbital of neg­

ative projection S1 taken with the same sign as for positive st. The 

orbital states are labeled with the usual asymptotic quantum numbers of 

Nilsson IN n A) and S1; with the projection of the particle angular 
z 

momentum ~ given by ~+A= st" The rLM coefficients depend upon 

the choice of size parameters a)~) and R ; but they can be expanded in 
0 

terms of CL coefficients which depend only on the orbital wave func-

tions. ~ ~s the a-size parameter which is fixed. at 0.47 fm-
2 

to cor­

respond to the measured rms charge radius of l. 6 fm for an a-particle. 

The parameter a expresses the nuclear size and is given by mru /n 
where Nilsson has given the relation nm ~ 41 A-l/3 MeV. For A

0

= 238 a 
-2 0 

has the value 0.1597 fm . R
0 

is fixed somewhat arbitrar:i.ly at 8. 25 fm 

for these calculations) so as to be beyond the last radial .. maximum in the 
6 

shell-model wave functions. Mang and Rasmussen observed that the G 

amplitudes are not very sensitive for variations of a and-R which 
0 2 

maintain aR constant. 
0 

Therefore) instead of decreasing a with A 

and increasing R
0

) they have been kept fixed at these values for all 

the actinides. 

• 
'-

" •• . 
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The equations used for calculating f have been given before in 

Ref. 6, but they are repeated in Appendix B for convenience. The computer 

programs are written mostly in FORTRAN IV for the IBM 7094 with some 

machine-language modifications. The Clebsh-Gordan coefficients are 

computed by a machine-language subroutine obtained from Los Alamos 

Laboratory. The steps in the calculation of the alpha formation factor 

are: (l) calculation of the CL coefficients which are stored on tape; p . 
(2) calculation of the occupation probabilities which are punched out 

on cards; and (3) the calculation of the probability amplitudes GLM 

at the nuclear surface using the output from steps (l) and (2). The 

GLM are punched on cards which are used as input for the barrier pene-
L 

tration program to be discussed in detail later. One set of C coef-P . 

ficients applies to all even-even transitions and also to all favored 

transitions of odd-mass nuclei. The CL coefficients for hindered decays 
p 

must be calculated uniquely for the orbitals involved. The L expansion 

is terminated at L = 8 for even series and L = 9 for odd series. The 

expressions for BL(n.A.) and D(2.A.L) given in Appendix Bare calculated 
p l l l l 

separately in subroutines. The occupation probabilities require input 

of pairing matrix elements which are calculated for a 6-force from the 

relation to the c0 
coefficients 

p 

G = Y._ \ ( -l) p( p+~) 2p CO (Mm)3/2 
DD' 2 L, p p 2h 

p 

The same matrix elements are used throughout. They are calculated with 

the Nilsson deformation parameter ~ = 6, and the single particle energies 

used are those appropriate to ~ = 5, where the energies have been some­

what adjusted
14 

from Nilsson's values. 

Attention will now be focused on the barrier penetration . 
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III. THE BARRIER PENETRATION 

The treatment of the barrier penetration has advanced greatly 

from the "particle-in-a-well" theory. With the discovery of rotational 

spectra in a-decay of deformed nuclei and the wealth of experimental 

data which followed, detailed calculations became possible. Rasmussen 
17 242 228 . 

and Segall treated the a-decay of Cm and Th ln prolate spheroidal 

coordinates. They concluded that the variati.on in relative a-intensities 

with different nuclei could not be explained by simple nuclear surface 

boundary conditions and the deformed potential alone, but must also de­

pend on microscopic details of the nuclear structure. Numerical calcu­

lations for the anisotropic barrier problem in cm
242 

a-decay in spherical 

coordinates were done by Rasmussen and Hansen
18 

including partial waves 

to £ = 6. They used experimental alpha group intensities to set the 

boundary conditions at infinity and integrated the coupled a-wave equa­

tions in to a spherical surface near the nucleus. The results were com­

pared with those of FrClman.
19 In a later paper Chasman and Rasmussen

20 

derived approximate analytical methods for ~alculating from observed 

intensities the partial a-amplitudes at the nuclear surface. They tabu­

late for a large number of experimental data the a-wave amplitudes for 

partial waves to .£ = 6, using three different values for the intrinsic 

quadrupole moments and each possible combination of relative phases. 
21 

Pennington and Preston also carried out similar careful inward inte-

gration studies using experiment to set the boundary conditions and 

using prolate spheroidal coordinates. In Mang's alpha theory it is 

possible to calculate from the shell model the partial wave amplitudes 
6 

and their phases at the nuclear surface. Mang and Rasmussen have 

applied the matrix method of FrClman :i.n their calculations with even­

even nuclei, and because of its convenience it will be used here also. 

. ' 

. ·' 
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A. The Fr8man Matrix 

Fr8man
19 studied the alpha penetration problem in deformed 

nuclei. His treatment involves the approximations that (a) the resid-

ual nucleus does not undergo transitions during the a-penetration except 

through the shape of the electric multipole field by exchange of angular 

momentum with the outgoing a-particle, (b) the anisotropic part of the 

potential which couples the different partial waves may be neglected 

outside a given radius, and (c) the rotational energy spacing in the 

daughter may be neglected in comparison with the total a-energy. The 

implication of the last assumption is that the potential barrier is 

stationary in space during the penetration of the a-particle. Using 

the WKB approximation Fr8man shows how the a-wave on the nuclear surface 

may be transformed into an equivalent a-wave on a sphere defined by the 

average nuclear radius, and the penetration problem reduces to a spherical 

potential barrier. By resolving the a-wave function in terms of spherical 

harmonics and making suitable approximations, Fr8man reduces the pene­

tration to a matrix form. 

In the formulation of Eq. (l), where the spherical penetrability 

factor has been 

LKi-Kf 
B2I 

f 

LK +K 
B i f 
nf 

The matrix k 

are defined by 

taken out, the penetrability matrix B is given by 

2+K -K Ki -Kf 
(-l) i f (I. 2 K. Kf-Kii I~f) k2L (B) 

l l 

(ll) 
2+K +K Ki +Kf 

( -l) i f (I. 2 -Ki Kf+Kii I~f) k2L (B) 
l 

is identical to that of Fr8man
19 and the matrix elements 

(12) 

6 
Mang and Rasmussen give the approximate formula for the deformation 

parameter B = 6.16 - 0.045 Q, where 6 is the deformation parameter 
0 
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defined by Nilsson7 and the intrinsic quadrupole moment Q
0 

is given in 

barns. It is clear from Eq. (12) that the Fr8man matrix is real and 
18 

symmetric. In the numerical work of Rasmussen and Hansen, and Chasman 
20 22 

and Rasmussen, and Nosov the matrix was found to be asymmetric and 

the matrix elements to have small imaginary components. This loss of 

accuracy is the price one pays for the convenience of the Fr8man method, 

but in the present work the approximations contained in the preceding 

calculations of the GLM do not justify meticulous accuracy at this point. 

At first we explored a Fr8man· matrix generalized to include the 

effect of a P4 deformation term by defining the matrix elements according 

to 

(13) 

The parameters B and D were to be chosen by fitting the reduced 

relative a-amplitudes b2 and b4 for even-even nuclei to their ex­

perimental values. The theoretical values are defined according to 

Fr8man 

(14) 

The experimental values are the square roots of reciprocals of the re­

duced hindrance factors.. The experimental value of b4 is modified 

slightly to compensate for the significant Coulomb excitation contribu­

tion to the final intensity of the £ = 4 group. This correction is 
. 6 descrlbed by Mang and Rasmussen. The procedure used to fit the param-

eters consisted in starting with the calculated partial a-amplitudes 

c10 at the nuclear surface and calculating the Fr8man matrix according 

to Eq. (13) for various values of B and D. The isometric lines in b2 
and b4 were then interpolated in the grid of values obtained. The 

intersection of the isometric lines corresponding to the experimental 
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values of b
2 

and b4 determines the parameters B and D. In Fig. <2 

l f th o d 0 0 f P 238 Th 0 t 0 a samp e o lS proce ure lS glven or u . e approprla e experl-

mental b2 line is 1.09 and the b4 line is 0.24, and their intersec­

tion fixes the parameters B = 1.39 and D = -0.15. The fitting procedure 

is done by a computer program which generates the grid of values, inter­

polates the isometric lines, and plots the figure by means of the CAL­

COMP plotter. 

The desired results were not attained by this procedure. One 
"238 

immediate objection in the Pu example is the negative value for the 
23 

parameter D. Harada has shown that in the actinide region one would 
24 

expect a positive value for ~4 , although Huber has suggested that 

intensities of a-transitions to the 2+ and 4+ states of even-even nuclei 
236 are better explained by assuming small positive values of ~4 below U · 

and small negative values for the remaining actinides. Nevertheless, 

after treating some ten nuclei in this manner, the fluctuations in the 

parameters obtained clearly demonstrated the futility of this approach. 

Figure 2 illus~rates the source of the difficulty. The spacing between 

isometric lines makes the parameters extremely sensitive to experimental 

errors in intensities; as well as to defects in the theoretical GLO' 

The next approach tried was one in which the matrix was defined 

by Eq. (12) as in Frtlman's work, but the B was varied to achieve the 

best agreement of theoretical and experimental b4/b2 ratios. It was 

felt better to establish the quadrupole barrier anisotropy B without 

involving the L = 0 intensities, since G00 is more sensitive to the 

"cut-off", i.e., how many orbi ta.ls are included in the pairing-force 

basis functions. This was done for some two dozen even-even nuclei. 

The experimental ratios suggest ? downward trend with mass, with some 

structural fluctuations. The values of B determined by this procedure 

still did not yield a reliable trend. Some values were improbable, and 

in a few cases the experimental ratio was impossible to match. The con­

clusion drawn from these calculations was that the value 0.9 for B rep­

resents a good average in most cases, and especially in the region of 

Pu238 where the calculations are expected to have most validity. Thus 

:,; 
•• 
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Fig. 2. Plot of isometric lines of theoretical b2 (solid lines) 
and b4 (broken lines) values as a function of the Froman matrix 
parameters B and D; the intersection of the lines corres­
ponding to the experimental values of b2 = l. 09 and b4 = 0. 24 
fixes the parameters B = 1.39 and D = -0.15. 



-18-

we chose to use the argument B = 0.9 for all Fr8man matrices in this 

study. This choice of a fixed value has the practical advantage of 

reducing the labor involved in the large number of calculations which 

follow, and makes it feasible to tabulate the matrices in Appendix C. 

The penetrability factors P
2

(E) for the various partial waves £ 

and decay energies E also merit discussion. 

B. The Penetrability Factor 

Barrier penetrabilities including a realistic a-nuclear potential 

were extensively calculated by Rasmussen. 25 These calculations use the 

real part of the Igo
26 

optical model potential derived from a-~lastic 
scattering. The real part of this potential is expressed by 

{
r - 1.17 A

1
/

3} V(r) = -1100 exp _0 _
57

4 (MeV) (15) 

where r is expressed in femtometers, and the expression is valid for 

I vi~ 10 MeV. Igo showed in his analysis that this potential gave gen­

erally good fits to the elastic scattering of a-particles over a large 

range of nuclei. Rasmussen25 used the WKB expression for the barrier 

transmission 

where 

= exp {-2 J Ro 
R. 

]. 

~(r) dr} 

1._ 2 
q(r) = (2m)

2 
[v(r) + 2Ze + 

n r 

(16) 

and the integration runs from inner to outer classical turning points 

defined by q(r) = 0. V(r) is the a-nuclear potential, E is the total 

a-decay energy, including recoil and electron screening corrections, 

and m is the reduced mass of the alpha particle. The screening 

·-
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(17) 

and in the actinide region it runs from ~ 35.3 keV for thorium to ~ 4o.6 
keV for fermium. Since the £-wave mixing in a-decay to states in odd­

mass nuclei is not usually known from experiment) Rasmussen calculated 

the penetrability factors in these cases for 2 = 0. 

Rasmussen's choice of the Igo potential was a practical one. 

There were not available then the extensive optical model analyses of 

alpha scattering published today) although the ambiguities in using 

a~elastic scattering to derive optical model parameters of the Woods-
27 . 28 Saxon form had already been recogn1zed. It is appropriate to re-

consider the question of the a-nuclear potential. 

1. The Alpha-Nuclear Potential 

There is reason to question the Igo potential as a representation 
28 

of the a-nuclear potential. Igo proposed that elastic scattering of 

alpha particles is sensitive only to the surface of the nucleus and he 

states that his potential (Eq. ( 15))) which was fit primarily to elastic 

scattering) is valid for lvl~ 10 MeV. The use of this potential in 

Eq. (16) is an extrapolation of this range because at the inner turning 

point the potential has reached a depth of ~ -30 MeV. Furthermore) the 

Igo potential is a well of infinite depth which does not connect reas­

onably with the form of the usual shell-model nuclear potentials. The 
. 27 Woods-Saxon potent1al having for the real part the usual form 

* R. G. Thomas) Frog. Theor. Phys. 12) 253 (1954). In Ref. 23 the 

screening correction was applied to a-energies before recoil correction 

in order to make use of an available computer code. While the error is 

not serious (S l keV) it should be applied after the recoil correction. 
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V(r) ( 18) 

is intrinsically more reasonable. In Eq. (18) V is the real well depth 
r 

in MeV, R0 is the nuclear radius which is usually parameterized by 

R = r A1/3, and a is the surface diffuseness parameter. The question 
0 0 

to be answered is whether the ambiguities in the parameters can be 

resolved. 

The ambiguities in fitting optical model parameters to scat­

tering data have been the subject of several recent studies. 29 -3
2 

Igo's observation that the scattering depends only upon the nuclear 

surface is expressed by the condition 

constant 

Drisko, Satchler, and Basse129 showed that this condition, which insures 

similar coefficients of reflection from the nuclear surface for the 

partial waves around the critical 2-wave 2 , must be modified somewhat 
c 

so as to restrict the parameter V to discrete values within the range 
r 

of the expression. These discrete values are those wnich also treat 

properly the lower partial waves below 2 which are not attenuated by 
c 

the absorbing potential and are appreciably affected by the volume part 

of the potential. In this respect the scattering does·exhibit sensi­

tivity to the interior of the nucleus. Drisko, et al. 29 also point out 

that the importance of this effect increases with the wave length of 

the alpha particle, and hence for the low energies involved in a-decay 

the volume potential plays a more significant role. At higher energies 

where surface reflection dominates, the energy dependence of 2 accounts 
c 

for the observed energy dependence of V . 
r 

Broek, et al.30 analyzed scattering of 44 MeV a-particles on 

Ni 58 and found several discrete values of V from 70-140 MeV which, with 
r 

slight adjustment of R and a, give good fits to the data. Wilson and 

Sampson3l studied scat~ering of 22 MeV a-particles on Fe 56 and several .. 
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zinc isotopes. Their variation of the parameter V to obtain best fits 
r 

confirms the observation that discrete values of this parameter give 

the best fits to data, and this supports the conclusion that the nuclear 

interior does indeed play a role in elastic scattering. The values of 

V found to give best fits were 20, 40, and 70 MeV, although it is 
r 

pointed out that only the 20 MeV potential depth fits well the inelastic 

scattering to the 2+ state. El-Nadi and Riad32 have recently analyzed 

the scattering data of Gailar, Bleuler, and Tendam33 for 18.7 MeV 

a-particles on silver. They too find best fits for discrete values of 

V = 35, 50, 75, and 150 MeV, with slight adjustments for R and a. r o 
El-Nadi and Riad also make the following observations: (a) the shape 

and magnitude of the angular distribution of elastic scattering is in­

sensitive to large variations in V , (b) increasing R results in an r o 
increase in the amplitude of the oscillations with an overall downward 

shift of the curves, (c) keeping V Rn constant (where n = 10 in the case r o 
of silver) preserves the position of maxima and minima, and (d) the 

shape of the differential scattering is sensitive to changes in the 

diffuseness parameter a. 

In Fig. 3 the real part of the optical model potentials are 

plotted as a function of r for four sets of parameters given by El­

Nadi and Riad. These parameters were fit to the 18.7 MeV a-scattering 

on silver and they are summarized in Table I, along with the corresponding 
2 

"measure of fit" X For comparison the Igo potential is also shown. 

I 26 d h These plots are analogous to ones given by go an illustrate t e gen-

eral feature that potentials which fit scattering data are equivalent in 

the region near the nuclear surface. This is just the region in which 

the barrier maximum occurs and it suggests that potentials which fit 

scattering data must all produce barriers whose maxima correspond in 

height and position. This is essentially related to the condition dis-

cussed previously that the partial waves near 

reflection coefficients. 

P must have the proper 
c 

The preceding observations form the basis for choice of param-

eters of a Woods-Saxon potential to express the alpha-nuclear potential. 
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Fig. 3. Plot of the real part of the optical potentials as a 
function of r for the parameters given in Table lj the Igo 
potential is also shown. 
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Table I. Optical model parametersa for alpha scattering on silver 
alpha energy 18.7 MeV. 

curve v R a x2 
r 0 

(MeV) ( fm) (fm) 
--

l 35 7.709 0.52 0.92 
2 50 7.500 0.55 0.83 

3 75 7.244 0.55 0.89 
4 150 6.683 0.57 l 

aT a ken from Ref. 32. 



In the three analyses cited above a good fit was found in the region 

70 < V < 75 MeV. The observation of Wilson and Sampson31 that inelastic 
r 

scattering could only be fit by V 
r 

20 MeV presents a practical problem, 

because such a shallow depth results in the loss of an inner turning 

point in Eq. ( 16 L even for low partial waves. Practicality therefore 

limits the choice to a deeper potential which insures that an inner 

classical turning point exists, Blair and Wegner
34 

obtained an excel­

lent fit to scattering data for 26.5 MeV a-particles on Fe56 using the 

parameter V = 74, and this value 1.;ras chosen in the present study. Very 
r 

few optical analyses of scattering are available in the actinide region. 

Igo
26 

showed that his potential did fit total reaction cross-sections 
233 235 238 for U ' and Pu - , The procedure we used therefore was to match 

the Igo potential in the region of the barrier maximum which, for an 
234 

P = 0 alpha on U , occurs at lL l fm with a height of 17 MeV. The 

well depth was fixed at Vr = 74 MeV, and R
0 

and a were varied to obtain 

the match shown in Fig. 4. The resulting Woods-Saxon parameters are 
l/3 V = 74 MeV, a = 0.565 fm, and R = Ll7 A + L6 fm, where L6 frn is 

t~e alpha size obtained from ele~tron scattering.
8 

The similarity of this potential to the Igo potential was tested 
230 . 246 . 8 on five nuclei from Th to Cf for partlal waves up to P = • The 

differences in barrier maxima calculated for the two potentials were 

generally less than 10 keV in height and 0.005 fm :Ln position. This 

potential was therefore adopted as the form of the a-nuclear potential. 

Use of this Woods-Saxon potential gave penetrability factors which were 

34 to 48% lower than corresponding calculations made with the Igo poten­

tiaL This results from a general th:i.ckening of the barrier with the 

inward shift of the inner turning point when the steep slope of the Igo 

potential is replaced by a realistic gradual slope of the Woods-Saxon 

form. The effect is largest for higher partial waves, reaching 48% 

reduction in P 2(E) at P = 8. 

Another part of the penetrability factor which was investigated 

is the Coulomb potential. 
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Comparison of Igo and Woods-Saxon potentials as a 
r for mass 234; the Woods-Saxon parameters are Vr 
0.565 fm, and R0 = 1.17 Al/3 + 1.6 fm. 

function 
= 74 MeV, 



-26-

2. The Coulomb Potential 

The effect of modifying the Coulomb term (2Ze
2
/r)in q(r) of 

Eq. (16) was studied. The potential for the Gaussian charge distribution 

(Family IIb) of Hill and Ford35 was substituted for the ordinary 1/r 

dependence. This Coulomb potenti.al is expressed in terms of the dimen­

sionless paran~eter x = r/r , where r c is the mean charge radius given by 

1.17 A l/3 'I'he equations ~re 

V (r) 
c 

2Ze
2 [~ + ~ _ 

r 2 2 
( 1~tix + e;x)]/( ~ + 

2 + e-n) 
2 3 
n n 

c n 

(x < 1) ( l9a) 

y
0
(r) = 

2~:
2 

[~ _ en-nx(~ + ~t+-n + 2n + ~3 )](x~ l) (l9b) 

with n a dimensionless shape factoL 'I' he shape factor, taken from the 

values given in Table I of Igo,
26 

can be expressed by n = 1.62 Al/3. 

Calculations of P /E) using the modified Coulomb potential of 

Eq. (19) show only a slight increase oft% over equivalent calculations 

with the ordinary 1/r potential. This modification was retained however 

to provide a basis for comparison of future calculations in which the 
I 

WKB approximation m1ght be compared with numerical integration of the 

alpha wave equations. In such cases, the discontinuity in the second 

derivative at the' nuclear surface is avoided by the potential given by 

Eq. ( 19). Since the Hill·-Ford potential is practically equal to the 

simple 1/r potential at r > 25 fm, the calculations use the simple form 

outside this radius. 

Next we consider the centrifugal term in q(r) of Eq. (16). 

3. The WKB Ap:proximat_ion and the Centrifu~_al Barrier 

The WKB method Js not directly applicable to the radial Schr8dinger 

equation because in this case the singularity occurs at the origin rather 

than at infinity. Langer3
6 

showed that for the case of a Coulomb po­

tential one can introduce the transformation r = exp(x) and the radial 
. . 
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* equation can be reduced to a form to which the WKB method is applicable. 

The result is the so-called Langer modification which consists of replacing 

the term £(£+1) in Eq. (16) by (£+~) 2 . This modification has been in­

troduced into the definition of q(r) in Eq. (16) for the penetrability 

factors which are presented in the tables given later. The effect of 

this modification is small and it results in a uniform reduction of 

~ 2% in P£(E) from the unmodified centrifugal term £(£+1). 

Recently, however, Fr8man and Fr8man37 have subjected the WKB 

approximation to a critical study in what will probably become a classic 

book on the method. The authors point out that Langer's transformation 

is restricted to the special case of a Coulomb potential. They empha­

size that the replacement of £(£+1) by the term (£+~) 2 only improves the 

WKB approximation for small values of r when the function q
2

(r) has a 

pole of the first or second order for r 0; for other potentials or for 

large values of r this modification may be undesirable. They give the 

mathematical criteria for determining the usefulness of the modification. 

With the modified Coulomb potential and the a-nuclear potential, 

it is not obvious that the Langer modification is to be preferred. Fur­

thermore, the integral in Eq. (16) restrains r to relatively large 

values. The value of the Langer modification in these calculations 

should really be tested more carefully, but since it produces a gener­

ally uniform reduction of only 2% in P£(E), no serious errors in the 

theoretical alpha intensities will arise from including it. We there~ 

fore chose to use the Langer modification leaving the question of its 

validity for future study. 

* This transformation is also described by P. M. Morse and H. Feshbach 

in Methods of Theoretical Physics (McGraw-Hill Book Co., Inc., New York, 

1953), p. llOl. 
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4. Swnmary of the Calculation of Penetrability Factors. 

Arguments supporting the choice of the Woods-Saxon potential 

used in these calculation:::. have been given, and the modified form of 

the Coulomb potential and the Langer modification to the centrifugal 

barrier have been discussed. We have shown: (a) that the Woods-Saxon 

potential results in a 35-48% reduction in the penetrability compared 

to the Igo potential, (b) the effect of the H:i.ll-Ford Coulomb potential 

is only of the order of ~% increase in penetrability; and (c) the use­

fulness of the Langer modification is questionable but nonetheless re­

sults in only a 2% reduction in the penetrability. 

The numerical integration used in the solution of Eq. (16) is 

done by means of the IB.M SHARE subroutine RW INTJ using the fourth­

order Adams-Moulton predictor-corrector method. The step size was 

automatically altered by the program to meet the requirement that the 

upper bound on the local truncation error estimate be less than 10-8 . 

Comparison of the calculations with this integration method for data 

identical to those of Rasmussen25 gave values about 10% lower than his 

results. In these comparisons the Igo potential and unmodified form of 
I 

Eq. ( 16) were used. It is not clear ~~-hat is the source of the difference, 

but some trial calculations suggest that the Simpson's integration used 

earlier was less accurate than estimated. Sandulescu and Voeroes38 

calculated values for the same data which were a factor of four less 

than those of Rasmussen. 'I'hey were unable to explain the discrepancy. 

Our present work indicates Rasmussen's values are not that much in error. 

The last word has not yet been heard regarding the alpha-nuclear 

potential. Chaudhury39 has shown that a non-local potential can enhance 

the penetrability up to 50%. Nevertheless we shall see that the poten­

tial and approximations used here yield reasonable results in the calcu­

lation of theoretical alpha transition probabilities from the nuclear 

shell-model. 

•. 
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IV. RESULTS 

The justification of any theory or model rests ultimately on its 

ability to systematize experimental knowledge and permit the deduction 

(calculation) of physical phenomena in a quantitative way. This is the 

Correspondence Principle par excellence. It is this test which we now 

apply to the alpha decay theory presented in this thesis, with the hope 

that the reader will feel his patience has been rewarded. In order not 

to present an overwhelming amount of results here, we give only a summary 

and defer the full tables to Appendix D. 

At this point, the steps comprising these calculations should be 

recalled. Using Mang's theory of alpha decay, the various partial amp­

litudes for alpha emission are calculated in the region of the nuclear 

surface from the Nilsson single-particle wave functions, taking into 

account the diffuse Fermi surface produced by pair-correlation of the 

nucleons. The penetration of the partial a-waves through the aniso­

tropic potential is treated in an approximate way to calculate the final 

transition probabilities. All transition probabilities are normalized 

by a factor which brings the theoretical rate for the Pu238 ground trans­

ition into agreement with the experimental value. 

In predicting the amplitudes, the calculations also give the 

relative phases of the a-partial waves. The a-amplitudes near the 

nuclear surface for even-even and odd-mass nuclei are given in tables 

in Appendix D. The inclusion of more orbitals and use of better basis 

wave functions have resulted in a factor of two increase in the G
00 6 

values over the previous results of Mang and Rasmussen. The GLO for 

other L values are less affected with the result that ratios GLc/G00 
given in table D.I are less than those of Mang and Rasmussen. 

Sandulescu and Stancu
40 

made similar calculations including 24 proton 

and 24 rieutron orbitals. Instead of exact calculations of the r 
coefficients they used an approximate method based on the assumption 

a = ~' and applied a parameterized correction factor. They find G20/G
00 

ratios which are almost a factor of two greater than Mang and Rasmussen. 
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They do not give the absolute values of their G
00

) so no comparison can 

be made. The differences may well lie in the basis wave functions. 

Also tabulated in Appendix D are the reduced relative amplitudes 

b 2 for even-even transitions as defined by Eq. (14)) and the transformed 

2 = 0 amplitudes G00 defined as the denominator of Eq. ( 14), Ta~ble D. III 

gives experimental data for even-even alpha d.ecay) and tabulates the 

penetrability factors and the deduced experimental b
2 

values. ·Finally) 

there is an extensive table for odd-mass alpha decay. This table lists 

phases and amplitudes for the allowed partial waves in transitions to 

the final states of the intrinsic rotational bands in the daughter. 

Included are the appropriate penetrability factors) a prediction of the 

relative 2-wave contributions to the final state) and the normalized 

transition probability. 

In Table II we summarize some of the results in Appendix D for 

the even-even nucleu. The theoretical and experimental transition prob­

abilities and their ratios are given for various nuclei. The data are 

taken mostly from Hyde) Perlman) and Seaborg
41 

with some more recent data 

culled from the Table of Isotopes now in preparation by Lederer) Hollander) 
42 

and Perlman. For comparison) in column 7 we give from. the pa:iring·-

force calculations the product of the proton and neutron "diffuseness 

parameters" shown in Fig. 6 of Ref. l4j and) in column 6) the experi­

mental to theoretical ratio of the product of odd-even mass differences 

.6E for protons and neutrons taken from Figs. 8 and 9 of Ref. 14. As oe 
Eq. (9) shows G00 is proportional to 

.:?:: u'v u'v 
n p p n n 

~-pn-n 

00 

The r 00 are known to all be positive and their magnitude .fluctuates) but 

if we replace them by an average value r 00(av) and make the additional 

approximation that the chemical potentials for protons an:d neutrons are 

unchanged in alpha decay) then 

.:?:: .:?:: 
p n 

u v u v 
p p n n 

6 6 _:e n 
G G 

p n 

. . -
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.... Table II. Comparison of theory and experiment for ground . 
transitions of even-even nuclei . 

. 
Nucleus N /1. (exp) /1. (theo) /1. (exp) RLJ!: D D 

(sec)-l (sec)-l 
p n 

/1. (theo) oe 

Th226 136 3.40 (-4) 3-74 (-4) 0.910 0.853 47.4 
Th228 138 8.08 (-9) l. 09 ( -8) 0.742 0.925 45.5 
Th230 140 2.09 (-13) 2.30 (-13) 0.870 0.865 42.4 

Th 232 142 l. 21 ( -18) 9.05 (-19) 1.338 0.915 37.4 

Th 234 144 0.905 37.1 

u228 136 8.44 (-4) l. 41 ( -3) 0.598 0.899 43.7 
u230 138 2.59 (-7) 3.09 ( -7) 0.838 0.977 42.0 
u232 140 2.03 (-10) 2.33 (-10) 0.870 0.915 39.0 
u 234 142 6.33 (-14) 5·99 (-14) 1.058 0.965 34.5 
u236 144 6.80 (-16) 6.18 (-16) 1.100 0.955 34.2 
u238 146 3·75 (-18) 2.22 (-18) 1.690 0.969 32.1 
u24o 148 0.956 27.6 

Pu232 138 "'5.45 (-6) 6.00 (-5) ::::0.091 0.968 39·9 
Pu 234 140 8.15 (-7) 1.03 (-6) 0.790 0.906 37.2 

Pu 236 142 5.31 (-9) 6.02 (-9) 0.822 0.957 32.9 
Pu 238 144 1.81 (-10) 1.81 (-10) l.OOOa 0.947 32.6 

Pu 240 146 2.54 (-12) 1.83 (-12) 1.389 0.960 30.6 
242 148 4.32 (-14) 2.65 (-14) 1.632 0.950 26.3 Pu 
244 150 0.860 26.0 Pu 

Cm238 142 ~5.77 (-6) 2~47 (-6) "'2.32 0.995 26.7 
240 144 2.16 (-7) 2.47 (-7) 0.874 0.985 26.4 Cm 
242 146 3.64 (-8) 3·53 ( -8) l. 030 0.998 24.8 Cm 
244 Cm 148 9.40 (-10) 7.15 (-10) 1.315 0.986 21.4 
246 150 3.24 (-12) 2.28 (-12) 1.422 0.895 21.1 Cm 
248 152 3.84 (-14) 2.01 (-14) 1.912 16.9 . Cm 

. 
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Table II. Continued. 

Nucleus N A. (exp) A. (theo) A. (exp) ~ D D 
-, 

(sec)-l 
p n 

(sec)-.L A. (thea) oe 
--

Gi'244 146 3.46 (-4) 2.40 (-4) 1.441 1.179 26.4 
cl46 148 4.20 (-6) 3.61 (-6) 1.162 1.163 22.7 
cl48 150 l. 88 ( -8) 1.43 ( -8) 1.315 1.057 22.4 
cl5o 152 l. 38 ( -9) b 7.30 (-10) 1.890 18.0 
. 252 
Cf 154 6.75 (-9) b 3.13 (-9) 2.15 24.4 

Fm252 152 "'7.2 (-6) 6.09 (-6) "'1.183 17.2 
Fm254 154 5-05 (.-5) 3.22 (-5) 1.570 23.9 

aNormalization. 

b D. Metta) H. Diamond) R. F. Barnes) J. Milsted, J. Gray) Jr.) D. J. 

Henderon) and C. M. Stevens) J. Inorg. Nucl. Chern. 27) 33 (1965). 

•' 
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This leads to the approximation that the G00 are proportional to the 

odd-even mass difference 6E for the protons and neutrons. The fail-oe 
ure of the calculations to match the experimental 6E

0
e wou.ld therefore 

be reflected quadratically in the theoretical ground de.cay rate compari­

sons. For the fixed particle wave functions the 6/G values go over to 

the diffuseness values D. The diffuseness product is therefore a measure 

of the enhancement in the alpha amplitude brought about by the pairing 

correlation. 

Figure 6 of Mang et al. shows the BCS and FBCS methods give 

substantially the same D values while the PBCS systematically is lower. 

Thus we may conclude that the particle fluctuation in the ordinary BCS 

wave functions of the original Mang and Rasmussen calculation is not 

the source of significant error in the G00 compared to FBCS fixed parti­

cle wave functions. The factor of ~ 2 increase in the G00 must therefore 

come from the larger (25 x 40) set of orbitals considered. The table 

shows that inclusion of more orbitals increased the enhancement of in-
. 6 

tensity from the factor 320 reported earlier by Mang and Rasmussen for 

10 proton and 10 neutron orbitals to values near the 1700 reported by 

Soloviev. 43 

Eichler and Mang44 recently pointed out that a factor of 8 is 

required to take into account the relation between the volume element 

in internal coordinates in which the alpha formation is calculated and 

the laboratory system. This relation was also given by Mang in his 

review article9 but the GLM in the tables of Appendix D do not contain 

this factor. When this factor is included and our value of 8.25 fm for 

R is inserted in the theoretical expression for ~ given by Eq. ( l)' 
0 

p 238 . the theoretical ground transition rate of U lS found to be lower 

than experiment by a factor of about 60. The fact that this factor is 

uniform in the theory is clearly evident from Table II which shows that 

the ratio of experiment to theory remains close to unity after the nor­

malization to Pu238 . The greatest deviation occurs near neutron number 

152 where the basis. wave functions are probably in greatest error as a 



result of the gap in level density in deformed nuclei at this number. 

Th l . c 238 . b bl d t . th . t l e arge error ln m lS pro a y ue o error ln e experlmen a 

alpha branching ratio. The experimental half-life of Pu232 also appears 

to be in error. The odd-even mass difference ratio in column 6 exhibits 

the same trend as the ratio of experimental to theoretical transition 

probabilities, indicating that the basis wave functions are responsible 

for part of the deviation. 

The success of Mang's theory is probably best illustrated in 

Figs. 5 through 8. These figures summarize some of the results for 

odd-mass calculations found in Table D. VI. We have plotted the log of 
' 

the relative alpha intensities of the decays to various states in the 

daughter. The intensities are plotted as a function of excitation 

energy of the final state with the transition of highest a-energy at 

the right. The plots are thus like alpha spectra. The rotational 

members of an intrinsic single-particle band are connected and the band 

is labeled by the usual Nilsson7 asymptotic quantum numbers Kn(N n A). 
z 

The relative theoretical intensities are obtained from the tables by 

totaling all the normalized transition probabilities for a given nucleus 

and taking the ratio with respect to this total. This constitutes an 

additional normalization for odd-mass nuclei, but makes comparis.ons 

convenient. The theoretical transition rates may. be obtained directly 

from Table D.VI in the appendix. The experimental graphs (top) also 

show an arrow whose head indicates the position of the corresponding 

theoretical point in the graph below, when the difference is large 

enough to be portrayed thus. A few dashed curves are plotted as a 

function of energy for penetrability factors of representative £-waves. 

The circles represent the members of the favored band, also labeled by 

F. The inverted. triangles signify the transition involves spin flip 

(where the odd particle spin projection ~ changes sign relative to the 

projection of orbital angular momentum A), while the the other transi­

tions do not. The theoretical graph gives predicted a-intensities to 

states for which no data was available, plotted in parentheses. 

.-.. 
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Fig. 5. Plot of relative alpha intensities of cm243 as a function 
of excitation energy of the final state;'the intrinsic bands 
are labeled by asymptotic quantum numbers and the rotational 
members are connected by a line; the arrows on the experimental 
plot (top) indicate the position of the corresponding theo­
retical point of the graph below; the broken lines give the 
value of the penetrability factor for some representative 2-
waves as a function of the excitation energy. 
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Fig. 6. Plot of relative alpha intensities of Cf249 as a function 
of excitation energy of the final state; the notation is simi­
lar to that for Fig. 5. 
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Fig. 7. Plot of relative alpha intensities of Es253 as a function 
of excitation energy of the final state; the notation is simi­
lar to that for Fig. 5. 
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Fig. 8. Plot of relative alpha intensities of Fm255 as a function 
of excitation energy of the final state; the notation is simi­
lar to that for Fig. 5. 
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243 
Figure 5 shows results for Cm decay. We note that the 

theory correctly predicts the alternating intensities to members of 

the ~+ ground band. This is indication that the theory correctly pre­

dicts the relative amplitudes of the GLKi-Kf and GLKi+Kf waves, which 

are alternately constructive and destructive. The three states of the 

~- band which have horizontal parentheses are levels in Pu239 which were 

observed by Davies and Hollander45 in beta decay of Np239, but have not 

been seen in a-decay. The favored band is predicted well by the theory. 

The 7/2- band has larger errors, but the intensity pattern is in agree­

ment. 

In Fig. 6 results are plotted for Cf
24

9 The favored band is 

again well predicted, with larger error in the hindered decays. Figure 

7 shows that the theoretical intensities for decay of Es253 to the 5/2+ 

band are an order of magnitude too low, but the pattern of intensities 

is correct. Figure 8 displays the decay of Fm
255 

and the theory here 

nicely reproduces the hindered decay to the ~+ ground band. The 7/2+ 

member of this band is masked experimentally by the favored transition. 

We note that the theory predicts an intensity more than two orders of 

magnitude too low for an assignment of ll/2-(725) to the state at 

546 keV. It is therefore doubtful that this state could be a pure 

single-particle state of that designation. The theory usually predicts 

the hindered intensities within an order of magnitude, and much larger 

discrepancies have not been observed. Even when the hindered predic­

tions disagree by an order of magnitude, the error is generally uniform 

throughout the band so that the intensity pattern is correctly given by 

the theory. We also mention that the theory does not take into account 

any Coriolis interaction between states. 

It is the reliability of the calculations in glvlng the correct 
46 

intensity patterns that led Lederer et al. to the reassignment of the 

levels of Np237 given by Baranov, Kulakov, and Shatinsky47 in the 
. 241 

report of their excellent alpha decay data in Am Baranov's sug-

gested scheme is portrayed in Fig. 9 alongside the assignments as revised 
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Fig. 9. Levels of Np237; the proposed assignments of Baranov 
et al.47 are compared with the assignments of Lederer et al.46 
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by Lederer et al. It was noted that while the theory undershot the in­

tensities of the ~+ band by an order of magnitude, the intensity of the 

state reported as the ~+ state by Baranov did not fit the pattern. Fur­

thermore, the ~+ level was accurately known to be at 332 keV from t:>­

decay and the 5 keV energy discrepancy in Baranov's reported level 

seemed too large. Another guide given by the calculation is the indi­

cation that the ~- rotational member of the ~-(530) band should be pop­

ulated with an intensity two orders of magnitude less than the other 

members, and thus would not be observed in alpha decay, but the other 

members should be seen if the 3/2- member is seen. The calculatfuns 

also show that if the 3/2+ state of the 3/2+(651) band is seen, some 

higher rotational members should be seen. Lederer had observed a weak 

gamma transition which suggested the ~- level might be :::: 13 keV above 

the 3/2- state. Taking the 327 keV state of Baranov to be the 7/2-

member one can calculate a rotational constant of 6.72 keV and .a 

decoupling parameter of -1.64 for the band. This results in a rota­

tional band which places Baranov 1 s 357, 438, and 485 keV levels as the 

5/2-, ll/2, and 9/2 members of the band. The theoretical and calculated 

intensities are compared, in Table III, and the agreement is convincing, 

especially since five observed levels are fit to the rotational band. 

We have also observed a selection rule which is a guide to 

determining the onset of strong £-waves in hindered alpha transitions. 

It is related to the first electric multipole allowed for electromag­

netic transitions between two intrinsic states specified by the asymp­

totic quantum numbers (N n A). The larger reduced transitions proba-
z 

bilities near the nuclear surface are usually those for which £ > 6n z 
+ 6A. The reduced transition probabilities are the square of the 

intrinsic alpha amplitudes near the nuclear surface after the barrier 

anisotropy is taken into account (by means of the Fr8man matrix) but 

excluding the energy and centrifugal dependence of the penetrability 

factors P
2
(E). This corresponds to the squared quantity in the brackets 

Eq. (l), and is given in column 7 in Table D.VI. The reduced pene­

trability for partial waves of higher angular momenta leads qualitatively 
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Table III. Compar?son of theory and experiment in alpha decay 
of Am2 l to the ~-(530) rotational band. 

J Ex. Energy a Percent Intensity 
(keY) exp. theory 

3/2- 267. 5b 5 X 10-4 
l. 5 X l0-3 

l/2- (280)c 3.5 X l0-5 

7/2- 327 1.3 x· 10-3 1.6 X 10-3 

5/2- 357 6 l0-4 4 -4 X . 7 X 10 

ll/2- 438 4 X l0-4 8 -4 2. X 10 

9/2- 485 4 -4 l. X 10 4.8 X l0-5 

aEnergies and intensities are taken from Baranov et al.
4

7 
b Energy taken from T. Yamazaki and J. M. Hollander (to be published). 

cCalculated. 

. 
I;'• 

i . 
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to a high hindrance factor for these transitions. The high hindrance 

associated with transitions involving spin flip is taken into account 

by the fact that for such cases the ~ is computed by taking the A 

values to be of opposite sign. This results in higher partial waves 

for the strong transitions; with concomitant higher hindrance" This 

rule is shown graphically for cm243 in Fig. 10 where the contributions 

of particular £-waves to all final states in a given band are totaled 

from column 7 of Table D.VI and plotted in arbitrary relative units 

within each band. The different bands are not plotted to scale relative 

to one another. The rule is illustrated nicely in the transiti.on to the 

~+(631) band but the figure indicates that there are other effects super­

imposed. One such effect appears to'be the greater probability amplitude 

for forming alpha particles of low relative angular momentum from the 

overlap of proton and neutron single-particle wave functions. Chang 

has also made this observation in his calculations of alpha clusters 

from the overlap integrals of orbital wave functions. 

~ 
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Fig. 10. Comparison of 1-wave probabilities within the hindered 
bands of cm243 calculated at the spherical surface given by 
Roj the total 1-wave contributions are plotted in relative 
units for each band. 
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V. CONCLUSIONS 

The calculations show that Mang 1 s theory is capable of describing 

alpha decay in a quantitative way. The uniformly lower theoretical ab­

solute transition rates appear to stem from defects in the basis wave 

functions. One likely defect is the failure to take into account spec­

ifically the proton-neutron force. The large binding energy of the 

alpha particle indicates a strong proton-neutron force and suggests that 

the a-formation probability should be greater than that indicated by 

the orbital overlap of independent proton and neutron pairs. Inclusion 

of such a force should result in a fairly uniform enhancement. 

The calculations have demonstrated their usefulnes.s in making 

level assignments in odd-mass nuclei. The theory can aid in the search 

for new rotational states. Even though theoretical relative intensities 

to hindered bands may be off an order of magnitude, the intensity pat­

tern of the band is correctly described. Disagreement in intensity much 

larger than an order of magnitude, and especially disagreement in the 

intensity pattern, are serious grounds to question the intrinsic assign­

ment of the band. The predicted phases are useful to the interpretation 

of angular correlation experiments. The phases and relative £-.wave 

contributions to final states provide needed data for calculation of 

Coriolis admixture in odd-mass alpha decay. It is for these reasons that. 

we have included in the tables calculations for unobserved. transiti.ons 

when the pairing-force calculations show the bands may be present. 

The study of the barrier penetration clearly shows that more 

information is needed about this process, and especially about the 

alpha-nuclear potentiaL There is need for more careful inward numer­

ical solutions to the coupled decay equations to check the Fr8man method, 

which is nevertheles:::. a useful expedience, and also to point out the 

detailed defects in the calculated alpha amplitudes near the nuclear 

surface. 

Tables D.II and D.III show that using a constant argument B in 

the Frtlman matrix results in the calculated reduced relative amplitudes 

bP. varying too slowly to follow the experimental trend. The effect of 
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this is less noticeable in odd-mass decay where the transitions are 

mixed £-waves. It does affect absolute transition rates, however. 

The use of constant R and a parameters, and use of basis functions 
0 

appropriate near the deformation TJ = 5 will naturally result in 

greater error as the calculations are extended to protactinium and 

fermium isotopes where the deformation differs. Coriolis interaction 

is known to be important in several cases and it has not been taken 

into account here~ 

With all the known shortcomings and approximations it must be 

admitted that the theory does explain alpha decay in principle, and in 

practice is useful in the interpretation of experiment and in furthering 

knowledge of detailed nuclear structure. 
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·APPENDIX A 

Discussion of the BCS Method 

The Bardeen, Cooper, Schrieffer
13 wave functions are used widely 

in nuclear many-body problems. This is true despite the fact that it 

represents a statistical approximation strictly valid only for very large 

ensembles, a condition not fulfilled in nuclei. Bohr, Mottelson and 
49 Pines were first to point out the similarity between nuclei and super-

conductors. Here we consider why the BCS method is used and the nature 

of the approximation, and also, how it can be improved by seeking a 

wave function which is an eigenstate of the number operator. 

Consider a very simple case of configuration mixing. Suppose 

there are three Nilsson p~oton orbitals (1,2,3) outside a closed core 

IP) of protons, and the proton wave function represents the distribu­

tion of two pairs in these levels, as follows: 

(A.l) 

This ·will be multiplied by a similar wave function for neutrons. The 

number of terms in a wave function which contains p pairs distributed in 

n orbitals is given by the binomial coefficient (~)· Clearly for real­

istic problems of 40 orbitals, such as we use for our neutron wave func­

tions, the number of terms is too large to handle exactly even in large 

high-speed computers. One is thus forced to seek an approximate method. 

One can see the statistical nature of the BCS wave function by 

expanding the wave function for the example above. 

3 
II 

i=l 

+ + 
(u. + v.a.a. )IP) 

]_ l l l-

(A.2) 
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The brackets contain terms proper to different pair numbers indicated 

by the subscripts. Obviously there are spurious components in the wave 

function, and it is not an eigenstate of the number operator. All we 

have required is that the expectation value (N) be the proper number of 

nucleons. The structure of a few typical BCS wave functions for our 25 

proton orbitals is shown in Fig. A.l where we plot the probability 

Q(n,p) of components with p pairs in a BCS wave function with average 

pair number n. 9 corresponds to the square of the sum of the uv fac­

tors connected with creation operators for a given number of pairs (i.e., 

the square of the sum of the bracketed coefficients in Eq. (A. 2)). As 

the size of the system increases the Gaussian-like distributions have a 

narrower width and the BCS wave functions become a better approximation. 

Since the expansion in Eq. (A.2) contains terms of the same type 

as Eq. (A.l), one is led to ask if we cannot extract from the BCS wave 
50 function, just the terms with the proper number of pairs. Bayman first 

indicated how this might formally be done based on the property 

with the contour taken around the origin. 'I'he wave function containing 

only terms with p pairs may be written 

where 

\f 
p 

X 

X. ~t;,-p-1 
27fl J 

-+- + n (u + t;,v a'+a )[o) dt;, 
v v v v-

v 

is a normalization constant determined by the condition 

(\f [ \f ) = l. Bayman showed that the u and v parameters of such a wave 
p p 

function are the same as determined by the usual BCS variational method. 

Kerman, Lawson, and Macfarlane51 have demonstrated with numerical cal­

culations that, despite the fact one discards some 4o% of the BCS wave 

function in projecting out eigenfunctions of the number operator, never­

theless, after renormalization they have over 98% overlap with exact 

solutions. The discarding of such a significant part of the BCS wave 



a. 

-I 
10 

-2 
10 

-3 
10 

-6 
10 

0 

-50-

4 8 12 

Number of pairs 

MUB-3323 

Fig. A.l. Probability of components with p pairs in a BCS 
ground state wave function with average pair number n; 
0 n = 7, wave function for Z = 90; 0 n = 10, wave function 
for Z = 96; 8 n = 8, wave function for Z = 93 with 5/2 + (642) 
orbital blocked. 
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function does have adverse properties however--significantly, there is 
14 

a decrease in overall pairing correlation. Mang et al. have demon-

strated this effect, which has serious consequences in alpha decay, and 

have shown that ordinary BCS wave functions are in fact superior. 

The defects in the projected wave function arise from the fact 

that the variational problem is solved first, after which projection 

discards part of the wave function. It is clear that the proper pro­

cedure is to perform the variation on the projected wave function itself. 

This results in an eigenfunction of the number operator without any loss 

of pairing correlation. The practical formulae for such a variational 
16 14 

procedure are given. by Dietrich et al., and Mang et al. have com-

pared this method, termed FBCS, with the preceding methods for the 

nuclear wave functions used in our alpha decay calculations. 

By the procedure of conserving particle number in the variational 

calculations, one can achieve the best approximation to an exact calcu­

lation possible within the BCS framework. The method is still limited 

by the neglect of configurations of seniority two and higher, which are 

probably less important because of the high expense of energy in break-

ing pairs. Another limitation is the restriction to J 0 pa.irs. This 

is probably valid for like nucleons, but in the presence of a proton-

* neutron interaction this is not entirely justified. Of course we have 

entirely neglected any proton-neutron interaction in the present calcu­

lations except insofar as the average value in the Nilsson potential. 

* See M. Baranger, Theory of Finite Nuclei, in 1962 Cargese Lectures in 

Theoreticai Physics, (Benjamin, Inc., New York, 1963) p. V-16. 
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APPENDIX B 

Derivation of Equations 
+ 

The creaticn aQ and annihilation aQ operators have the following 

properties: 

In> (ola~ 0 

0 (nl 

where the vacuum state lo) has the normalization (olo) 

operators obey anticommutation relations given by: 

0 

0 

l. The 

The value of any matrix element may be derived by commuting the opera­

tors to eliminate all terms in which their operation on the vacuum state 

yields zero. 

Consider the definition of G given in Eq. (4). The projection 

operator P can be expressed in terms of second quantization 

+ + 
where the a. (b.) are the usual proton (neutron) operators. The primes 

l l 

represent the final system. In the approximation of independent wave 

functions for protons and neutrons ~ = ~p~N. 

We consider first the equations for even systems. 'I'he r coef­

ficients will be composed of the conjugate pairs of protons and neutrons 

because the breaking of palrs to scatter a single nucleon is a higher 

order excitation than the scattering of a pair. Indeed the usual BCS 
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formalism does not treat such excitation processes of seniority two and 

* higher. For the even systems 

·+ + ( + + )I IT (u +v a +a ) IT uN+vNbN+bN. _ 0) 
p p p p p- N 

where we have defined the function IP) to be a product wave function 

of all states except np and nN' with the peoperties an IP) = 0 and 
p 

0. Thus the matrix element of any operator containing annihila-

tion and creation operators which do not balance in number for each state, 

or which do not occur with creation operators on the right, will vanish. 

The 

The G can now be written 

X 

surviving 

+ + 
(u' +v' b b )IP') 

n n D+ n-
N N N N 

terms are those with 

n -n nN-nN 

balanced 

I I 
GLO 

r P P vn un vn un LO 
npnN . N N p p 

(B.2) 

operators. This leads to 

(PIp I) 

* See A. Sandulescu, Nucl. Phys. 48, 345 (1963) for formal equations for 

decay to two-quasi-particle states in the daughter. 
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From the definition of IP) above we have 

which leads immediately to Eq. (9). 
The system with one odd particle is represented by 

where we have defined IPk) as before except that k is also excluded 

from the product function and therefore bkiPk) = 0. In the favored 
+ 

decay with k = k' the operators bk and bk cancel imd the term .. in the sum-

mation with DN = k is zero and hence the sum over r must exclude this 

state. With the exclusion of the state k · from the product and summa­

tion, Eq. (9) holds for favored decay. In the hindered decay with the 

odd particle in different initial and final states 

GLM 

X 

(B. 3) 

The only terms which survive are those with DN = k' and DN' = k and this 

reduces to Eq. (10). 

Consider now projected wave functions of the type given by 

equation (A.3). We shall let np(~) designate the number of proton 

(neutro~ pairs in the parent nucleus and shall demonstrate the deriva­

tion of equations for the even systems with one kind of particle. The 

normalization constant X is determined from 
n 

p 

.· 
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l 

which gives 

We write the parent wave function and factor out the state Sl which p 
will contribute a pair to the alpha wave function leaving n -l pairs 

p 
in the remaining wave function IP) 

'.¥ 
n p 

The same state is factored out of the final wave function, but since the 

pair of nucleons lost to the alpha wave function came from the state D , 
p 

the remaining part I pI) still contains n -l pairs. 
p 

\TI I - J[ np -l + + dl' 
I ( U I +v I a(') a(')- ) :ft .::::::;._n n 

n -l - 27fi Sl Sl "' ot p .L.n 
p P P P P s P~tp 

)(np-l + + 
(u' +v' a a )IP') 

27fi D Sl Sl D-p p p p 

(PiP') now reduces to 

+ + 
(u'+sv'a a )io) 

p p p p-

Generalizing to include both kinds of nucleons, the G10 is then 

expressed 
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D -D D -D 
X ~ d~ n ( U.,TU I + ~ v vI) v u I v u I r p p N N (B. 4) 
~ ~ N Nfn ~ N N N Dp Dp DN DN 10 

N 

Again this equation is valid for favored decay of an odd-mass system with 

the restriction that the summation and all products must exclude the 

state with the odd nucleon. The projected wave function for an odd sys­

tem of ~ pairs plus an odd particle in state k is written 

Using this type of wave function) the equation analogous to Eq. (10) is 

derived. 

(B.5) 

The }(n must exclude the odd-particle state K. from the product) and 
N l 

the JV nN-l excludes the state Kf. 

Comparison shows that Eqs. (B.4) and (B.5) are similar to Eqs. 

(9) and (10)) with only the addition of the contour integration to 

project out the correct particle number) and the necessary renormaliza­

tion factors -Ar. These normalization factors are equivalent to recip­

rocal square roots of the "residuum integrals" of Dietrich et al. 
16 

If 

the u and v parameters are of the FBCS variational calculation 

- " ' 
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described in Appendix A) one has the best results possible within the 

BCS method. If the u and v parameters result from the ordinary BCS 

variation) the use of projected wave functions represented by Eqs. (B.4) 

and (B.5) is less desirable than the unprojected functions given by 

Eqs. ( 9) and ( 10) . 

The equations used for the calculation of the f coefficients 

have been given before as Eqs. (11.8-II.ll) in Ref. 6. They are repeated 

here without derivation for convenience) with the shorthand notation for 

angular momentum [L] = J2L+l) and the labels l and 2 refer to protons 

and 3 and 4 to neutrons. 

where p = !(N +N +N +N4-L) max 2 l 2 3 
the sum f(\Di\-~) for orbitals with D 

and f is a phase factor determined by 
L+..l 

negative. L 2 is the assoc­
P 

iated Laguerre polynomial. 
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X ( £3£41\31\41 £NA3 +J\.4) (£3 £4°0 I £NO) 

X (£p£N i\l+i\2i\3+i\4ILM)(£p£NOOILO) 

where the summation is restricted by 

2p + L = 2(v +v +v +v4) +£ +£ +£ +£4 
1 2 3 1 2 3 

The D(£.1\.L) is just the integral 
l l 
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APPENDIX C 

Fr8man Matrices 

The elements of the Fr8man matrices were calculated from Eq. (12) 

with the parameter B = 0.9 as explained earlier. Numerical integration 

was performed on an IBM 7094 computer using Gaussian quadrature with 100 

equal intervals in 8, taking two points in each interval. The values 

for the spherical harmonics were calculated using an adaptation of the 

IBM SHARE routine JP ASLF which calculates the associated Legendre poly­

nomials from recursion relations. All matrices in the table require a 

total of about a minute to calculate. 

The accuracy of the program was checked in two ways. First the 

parameter B was set to zero and, when rounded to five decimal places, 

the calculations gave the unit matrix as required by the orthonormality 

property of the spherical harmonics. Secondly, the calculations were 

repeated with B = 0.9, but using 200 intervals instead of 100. The dif­

ferences in the matrix elements were never larger than two units in the 

sixth decimal place. We may thus state that accumulated round-off errors 

will not affect the four decimal places given in the table below. 

Table C. I. Fr8man matrices. 

m 0, even L 

L 

P. 0 2 4 6 8 

0 l. 0906 0.4814 0.0847 0.0097 0.0008 

2 o. 4814 l. 4707 0.4700 0.0778 0.0087 

4 0.0847 0.4700 l. 4168 0.4546 0.0755 

6 0.0097 0.0778 0.4546 l. 4069 0.4509 

8 0.0008 0.0087 0.0755 0.4509 l. 4035 
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Table C ~I. Continued. 

m = 0, odd'L 

L -
f. l 3 5 7 9 

l 1.5211 0.4967 0.0821 0.0091 o.ooo8 

3 0.4967 l. 4319 0.4591 0.0762 0.0085 

5 0.0821 0.4591 l. 4103 0.4523 0.0751 

7 0.0091 0.0762 0.4523 l. 4049 0.4501 

9 o.ooo8 0.0085 0.0751 0.4501 l.4o26 

m = l, even L 
L -

f 2 4 6 8 

2 1.1960 0.3841 0.0637 0.0071 

4 0.3841 1.3480 0.4256 0.0700 
6 0.0637 0.4256 l. 3760 0.4361 

8 0.0071 0.0700 0.4361 1.3858 

m = l, odd L 
L -

f l 3 5 7 9 

l 0.8753 0.2999 0.0517 0.0059 0.0005 

3 0.2999 l. 3074 0.4132 0.0680 0.0075 

·5 0.0517 0.4132 1.3662 0.4322 0.0711 

7 0.0059 o.o68o 0.4322 1.3819 o. 4386 

9 0.0005 0.0075 0.0711 0.4386 l. 3885 
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Table C. I. Continued. 

m = 2, even L 

L -
£ 2 4 6 8 

2 0.7951 0.2113 0.0336 0.0037 
4 0.2113 1.1722 0.3477 0.0552 
6 0.0336 0<3477 l. 2887 0.3937 
8 0.0037 0.0552 0.3937 l. 3344 

m = 2, odd L 
L -

£ 3 5 7 9 

3 l. 0391 0.2995 0.0474 0.0051 

5 0.2995 l. 2455 0.3759 0.0601 

7 0.0474 0. 3759 l.3i6l o. 4056 

9 0.0051 0.0601 0.4056 l. 3473 

m = 3, even L 

L -

£ 4 6 8 

4 0.9488 0.2417 0.0358 
6 0.2417 1.1597 0.3299 
8 0.0358 0.3299 1.2543 

m = 3, odd L 
L -

£ 3 5 7 9 

. : 3 0.7545 0.1611 0.0233 0.0024 

5 0.1611 l. 0764 0.2944 o.o445 

7 0.0233 0.2944 1.2155 0.3546 

9 0.0024 o.o445 0.3546 1.2821 
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Table C. I. Continued. 

m = 4, even L 

L -
£ 4 6 8 

4 0.7302 0.1295 0.0170 

6 0.1295 ~.0076 0.2529 

8 0.0170 0.2529 1.1525 

m = 4, odd L 

L -

£ 5 7 9 

5 0.8908 0.2011 0.0278 

7 0.2011 1.0915 0.2909 

9 0.0278 0.2909 1.1977 

m = 5, even L 

L -

£ 6 8 

6 0.8506 0.1714 

8 0.1714 1.0374 

m = 5, odd L 

L -

£ 5 7 9 

5 0.7141 0.1079 0.0129 

7 0.1079 0.9564 0.2205 

9 0.0129 0.2205 1.0996 



... 

.~ . < F 
~~.: ~,.) \) 

;,~, 

m = 6, even L 

6 

6 

8 

0.7028 

0.0923 

m = 7, even L 

7 k88 = 0.7988 

m = 8, even L 

8 
k88 = o. 6878 

..; 

-..? 

',, 
t~ d ,1~: 

,,,i 
• • ' 

Table c.r. 

L - 8 

0.0923 

0.9172 

; j . ii ~'2 .:., 

Continued. 

m = 6, odd L 
L -

£ 7 9 

7 0.8212 0.1490 

9 0.1490 0.9940 

m = 7, odd L 

L -

£ 7 9 

7 0.6943 0.0805 

9 0.0805 0.8862 

m = 8, odd L 

8 
k99 = 0.7812 

m = 9, odd L 

9 k99 = 0. 6826 
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APPENDIX D 

Numerical Results 

In this appendix we compile the tables of numerical results of 

the alpha calculations. The organization of the Appendix is as follows: 

Table D.I. The partial alpha amplitudes G
00 

on the surface 

defined by the radius R are tabulated for even-even nuclei in section 
0 

(a). In sections (b) :through (e) the ratio GLJG00 is given. 

Table D.II. Section (a) tabulates for even-even nuclei the G00 
defined by ~ k£L GLO' Sections (b) through (e) present the reduced 

L 
relative amplitudes b £ defi.ned by FrC:Iman19 (our Eq. ( 14)). 

Table D.III. Penetrability factors and experimental data for 

even-even alpha decay are presented. 

Table D.IV. The partial alpha amplitudes GLM are given for 

odd-proton transitions. 

Table D.V. The partial alpha amplitudes GLM are given for odd­

neutron transitions. 

Table D.VI. The penetrability factors and theoretical transi­

tion rates are given for odd-mass alpha decay. 

- . 

. .• 
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Table D.La. The amplitudes G00 for alpha decay of even-even nuclei to ground. 

G00 x 10 2 

~ ,-= 
Neutron Th u Pu Cm Cf Fm No 104 106 -- -- --no. 'L_., 

136 2.495 2.369 ~ \..., 

138 2.432 2.312 2.136 ( ( 

140 2.315 2.204 2.040 .,. r .. , 
- a~ .. 

142 2.129 2.030 1.885 1.687 
-~>.!:. 

144 2.007 1.918 l. 789 1. 6o6 .. 
146 1.890 1.767 1.588 1.575 

. ... 

148 l. 674 L57l l. 416 1.416 1.367 1.393 

150 1.358 1.227 1.235 1.195 1.224 1.275 1.200 I 
0'\ 

1.069 1.043 1.069 1.049 
\Jl 

'· 152 1.183 1.077 1.113 I 
..... .J.' .... 

154 1.286 1.303 1.265 1.309 1.361 1.305 ;> 
,._. ..... ~,., 

156 l. 505 1.463 1.516 1.575 1.516 

158 l. 504 l. 558- 1.619 1.555 

160 l. 536 1.596 l. 530 



Table D.I.b. The ratio of the partial amplitudes G20/G00 for alpha decay of even-even nuclei. 

Neutron Th u Pu Cm Cf Frn No 104 106 
No. -- -- -- -- --

136 0.497 0.496 

138 0.492 0.491 0.475 

140 0.497 0.497 0.482 

142 0.520 0.520 0.504 0.484 

144 0.559 0.558 0.541 0.521 

146 0.568 0.551 0.530 0.468 

148 0.523 0.507 0.487 0.430 0.394 0.328 

150 0.454 0.435 0.381 0.347 0.283 0.297 0.133 

152 0.444 0.426 0.374 0.339 0.275 0.290 0.127 
I 

154 0.358 0.309 0.275 0.212 0.227 0.071 0\ 
0\ 
I 

156 0.299 0.264 0.200 0.215 0.057 

158 0.276 0.211 0.226 0.065 

160 0.223 0.238 0.072 

,,. ,. ' . .. ,, ,. ,, 
•' '. 
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Neutron 
no. 

136 

138 

140 

142 

144 

146 

148 

150 

152 

154 

156 

158 

160 

Table D.Lc. 

Th u 
--
0.329 Q.28l 

0.301 0.253 

0.270 0.222 

0.234 0.186 

0.176 0.127 

0.095 

0.043 

The ratio of the partial ampli~udes G40/G00 for alpha 
decay of even-even nuclel. 

G4ofGoo 

Pu Cm Cf Fm No 104 
-- -- -- ---

0.157 

0.126 

0.089 0.029 

0.029 -0.033 
-0.004 -o.o66 -0.221 

-0.056 -0.118 -0.272 -0.287 -0.297 

-0.093 -0.154 -0.307 -0.321 -0.331 -0.334 

-0.096 -0.158 -0-311 -0.324 -0.333 -0.336 

-0.192 -0-343 -0.355 -0.366 -0.370 

-0.320 -0.332 -0.344 -0.348 

-0.304 -0.317 -0.320 

-0.283 -0.286 

' . ' . 

- -:r'"' . '--

:. \.. 

106 t,, 

{ ( 

.. 
"= ., 

... I ~-.. t: 

. ... 

I 
0\ 

-..:] 
! 

' 
-0.362 

-~- ~ ~"a...· 

'-
-0.363 ·- . ...._ 

-0.396 

-0.376 

-0.354 

-0.326 



Table D. I. d. The ratio of the partial amplitudes G6oiG00 for alpha decay of even-even nuclei. 

G6o1Goo 

Neutron Th u Pu Cm Cf Fm No 104 106 
no. -- -- -- -- -- -- -- --

136 -0.148 -0.176 

138 -0.164 -0.191 -0.238 

140 -0.178 -0.206 -0.251 

142 -0.193 -0.220 -0.266 -0.285 

144 -0.203 -0.231 -0.276 -0.295 

146 -0.224 -0.269 -0.287 -0.310 
I 

148 -0.192 -0.233 -0.249 -0.267 -0.246 -0.176 0\ 
CD 
I 

150 -0.185 -0.199 -0.214 -0.192 -0.123 -0.133 -0.022 

152 -0.181 -0.195 -0.210 -0.189 -0.120 -0.131 -0.021 

154 -0.097 -0.109 -0.087 -0.016 -0.027 0.083 

156 -0.081 -0.059 O.Oll 0.001 0.109 

158 -0.048 0.021 0.010 0.114 

160 0.032 0.022 0.121 

. 
~ ,, ,~, ' .. . ' . 
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Table D. I.e. The ratio of the partial amplitudes G80jG
00 

for alpha decay of even-even nuclei. 

G8o1Goo .i C. 

Neutron Th u Pu Cm Cf Fm No 104 106 ( 

no. -- -- -- -- . . 
136 

~ ~. 

-0.093 -0.097 

138 -0.093 -0.095 -0.087 
. ( ( 

140 -0.092 -0.093 -0.082 "' ~Y.-
k-. ~ ·~ 

142 -0.089 -0.089 -0.076 -0.055 "' l" 0!!,:; "~ ,,.;_ • ...,_ 

144 -0.080 -0.078 -0.061 -0.037 

146 -0.062 -0.042 -0.018 0.067 

148 -0.013 0.009 0.034 0.119 0.123 0.117 ! 
0\ 

\.() 

150 0.052 0.077 0.161 0.162 0.151 0.159 0.159 
I 

' 
0.063 o.o88 0.160 0.168 0.165 

"""· ., -~-

152 0.171 0.171 

154 0.107 0.185 0.181 0.162 0.172 0.153 - .L'' 

156 0.164 0.159 0.139 0.149 0.126 

158 0.157 0.137 0.147 0.125 

160 0.127 0.137 0.115 



A 

Table D.II.a. The transformed amplitudes G00 for decay of even-even nuclei to ground. 
--

A 2 
G00 x 10 

Neutron Th u Pu Cm Cf Fm No 104 106 
no. -- -- -- -- --

136 3.383 3.201 

138 3.285 3-113 2.841 

140 3.128 2.967 2.716 

142 2.893 2.749 2.522 2.233 

144 2.755 2.623 2.417 2.145 

146 2.589 2.390 2.124 2.038 

148 2.250 2.085 1.859 1.801 l. :T-14 l. 703 
I 

150 l. 764 l. 576 1.539 1.468 1.466 l-536 1.349 --.1 
0 
I 

152 l-532 1.369 1.338 1.277 1.276 1.336 Ll76 

154 1.602 1.576 1.509 1.520 1.590 l. 425 

156 1.816 l. 739 l. 755 1.835 1.648 

158 1.801 1.816 1.899 1.700 

160 L8o4 1.886 1.681 

,, 
... , .. , .-
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Table D.II.b. The reduced relative ampli toJ.d.es for .t = 2 9.lpha decay of even-even nuclei. 

b2 
~ c 

Neutron Th u Pu Cm Cf Fm No 104 106 .... 
'"" no. -- -- -- -- -- .. 

1,36 0.999 0.983 
:,.,,,_ 

138 0.986 0.971 0.928 ( ·(, 

140 0.981 0.966 0.924 : r-.. : 
142 0.986 0.971 0.929 0.895 ~ "'-

~ ... ..e:.r.~ 

144 0.998 0.982 0.939 CJ. 90~> ; . .. 
llJ-6 0.981 0.938 0.903 0.805 

148 0.934 0.891 o.8s6 0.759 0.724 0.665 --
150 o.t3l+o 0.805 0.708 0.673 0.612 0.625 0.451 f-' 

i 
~ " 

152 0.831 0.796 0.701 0.665 0.605 0.618 0.444 ··- -~ ·-~ 

154 0.731 0.635 0.599 0. 535 0.548 0.374 . - r.;.: 

156 0.635 0.597 0.532 0.545 0.366 . 
158 0.620 0.554 0.568 0.385 

160 0.579 0.593 0.404 



Table D.II.c. The reduced relative amplitudes for £ = 4 alpha decay of even-even nuclei. 

b4 

Neutron Th: u Pu Cm Cf Fm No 104 106 
no. 

136 0.524 0.466 

138 0.489 0.430 0.312 

140 0.454 0.396 0.278 

142 0.417 0.359 0.240 0.165 

144 0.363 0.304 0.185 0.109 

146 0.278 0.157 0.081 -0.112 

148 0.225 0.104 0.027 -0.166 -0.191 -0.207 I 
---1 

150 o.o66 -0.011 -0.206 -0.230 -0.247 -0.247 -0.324 
f\) 
I 

152 0.062 -0.016 -0.211 -0.235 -0.251 -0.252 -0.327 

154 -0.045 -0.241 -0.265 -0.284 -0.284 -0.360 

156 -:-0.209 -0.233 -0.253 -0.254 -0.333 

158 -0.188 -0.210 -0.210 -0.298 

160 -0.159 -0.159 -0.254 

~· . ' '·' 
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Table D.II.d. The reduced relative amplitudes for £=6 alpha decay ofeven-even nuclei. 

b6 (:·· 

Neutron Th u Pu Cm Cf Fm No 104 106 ' .,... 
no. -- -- . 

136 -0.038 -0.085 
.... 

138 . -0.065 -O.lll -0.192 i ( 

140 -0.090 -0.135 -0.215 ~ :;f.~~ 

142 -0.114 -0.159 -0.238 -0.276 < !"-
T_,.-. C.~..: 

144 -0.137 -0.182 -0.260 -0.297 ,. 
'-· 

146 -0.179 -0.256 -0.292 -0.356 

148 -0.154 -0.226 -0.260 -0.316 -0.303 -0.241 I 
-..J 
\.N 

150 -0.180 -0.212 -0.264 -0.250 -0.186 -0.195 -0.092 I 

ti~ ' 

152 -0.174 -0.206 -0.259 -0.245 -0.182 -0.191 -0.089 
"---- ~~ .. 

154 -O.lll -0.159 -0.144 -0.077 -0.086 0.020 
. ....._. 

. "' 

156 -0.126 -O.lll -0.046 -0.055 0.049 

158 -0.087 -0.023 -0.032 o.o64 

160. 0.001 -0.007 0.082 



Table D.II.e. The reduced relative am:pli tudes for .e = 8 alpha decay of even-even nuclei. 

b8 

Neutron Th u Pu Cm Cf Frn No 104 106 
no. -- -- -- -- -- --

136 -0.124 -0.140 

138 -0.131 -0.146 -0.159 

.140 -0.136 -0.149 -0.160 

142 -0.139 -0.152 -0.160 -0.150 

144 -0.135 -0.145 -0.149 -0.136 

146 -0.127 -0.130 -0.115 -0.045 

148 -0.072 -0.069 -0.052 0.025 0.036 0.054 

150 -0.010 0.009 0.088 0.098 0.113 0.117 0.168 I 
-J 

152 o.oo4 0.022 0.101 0.110 0.124 0.129 0.176 + 
I 

154 0.077 0.156 0.160 0.168 0.175 0.205 

156 0.144 0.147 0.152 0.159 0.183 

158 0.149 0.154 0.161 0.184 

160 0.149 0.155 0.176 

.· !:' J' . ' 
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TaJ;ile D~.III lists experimental data for even-everLJluclei and the 

quantities calculated from them. The data are taken mostly from Hyde) 
41 

Perlman) and Seaborg with some recent changes from the Table of Iso-
42 

topes now in preparation. The experimental data are given primarily 

to define the numerical values used in the calculations. Nuclei are 

arranged in ascending atomic number and mass. The partial alpha half­

life and the total alpha transition probability are given. The table is 

arranged as follows: 

col. 

l. the observed alpha particle energy in MeV 

2. the relative percent alpha intensity of the group. 

3. the total energy Qa for the alpha transition) including 

recoil and screening corrections. 

4. and 5. the inner and outer classical turning points defined 

by Eq. (16) given in fm. 

6. and 7. the height of the barrier maxllimum above the ~ and 

the radius at which it occurs. 

8. the assigned partial wave of the transition. A minus indi­

cates a negative parity Btate. 

9. the calculated penetrability factor P£(E) 

10. the reduced width ')'~ in MeV calculated from the relation 

')'~ = ~£h/P£(E) where h is Planck's constant. 

ll. the reduced hindrance factor defined as the ratio ')'~/')'~· 
12. the experimental reducedrelative amplitude b£ calculated 

as the reciprocal squ~re root of the reduced hindrance 

factor. 
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Table D. III. Experimental data and penetrability factors for alpha 
decay of even-even nuclei. 

z = 90 A = 224 ALPHA HALF-LIFE = 1.0500E 00 SEC ALPHA RATE = 6.6014E-01/SEC 
---------------------------------------------------------------------------------------

OBS. EN. PCT • INT. Q R INR R OUT MAX I HE VI AT R L p RED. WDTH. RED. HF 
-------- -------- --------

7.170 79.000000 7.336 9.218 34.552 14.548 10.980 0 1.195E-20 1.805E-01 1.00E 00 
7.000 19.000000 7.162 9.195 35.513 14.986 10.965 2 1.644E-21 3,155E-01 5. 72E-01 
6.767 1.500000 6.925 9.148 37.014 15.844 10.931 4 5.910E-23 6.928E-Ol 2. 61E-01 
6.705 0.500000 6.862 9.193 36.978 15.109 10.975 -1 1.634E-22 8.355E-02 2.16E 00 

l = 90 A = 226 ALPHA HALF-LIFE = 1. 8540E 03 SEC ALPHA RATE = 3. 7387E-04/SEC 
---------------------------------------------------------------------------------------

OBS. EN. PCT. INT. Q R INR R OUT MAX I MEV I AT R L p RED. WDTH. REO. HF 
-------- --------- ---------

6.330 79.000000 6.479 9,206 39.118 i5.359 11.003 0 5.424E-24 2.251E-01 1. OOE 00 
6.221 19.000000 6.36S 9.186 39.925 15.734 10.989 2 1.024E-24 2.868E-01 7. 85E-01 
6.095 1. 700000 6.240 9.191 40.660 15.686 10.998 -1 3,827E-25 6.868E-02 3.28E 00 
6.029 0.600000 6.173 9.141 41.475 16.547 10.955 4 3,690E-26 2. 514E-01 8. 96E-01 

z = 90 A = 228 ALPHA HALF-LIFE = 6.0200E 07 SEC ALPHA RATE = 1.1514E-OS/SEC 
---------------------------------------------------------------------------------------ass. EN. PCT. INT. Q R INR R OUT MAX I MEV I AT R L p REO. WOTH. REO. HF 

-------- ------- ---------
5.421 71.000000 5.553 9.192 45.643 16.241 11.027 0 1.672E-2S 2.022E-01 1.00E 00 
5.338 28.000000 5.468 9.173 46.473 16.588 11.012 2 3.241E-29 4.113E-01 4. 92E-01 
5.208 0.400000 5.336 9.177 47.539 16.545 11.022 -1 8.016E-30 2.376E-02 8. 51E 00 
5.173 0.200000 5.301 9.130 48.232 17.371 10.979 4 9.477E-31 1.005E-01 2. OlE 00 
5.137 0.030000 5.264 9.149 48.399 17.056 10.998 -3 1.187E-30 1.204E-02 1.68E 01 

z = 90 A = 230 ALPHA HALF-LIFE = 2, 5240E 12 SEC ALPHA RATE = 2. 7462E-13/SEC 
---------------------------------------------------------------------------------------

OBS. EN. PCT. INT. Q R INR R OUT MAX I MEV I AT R L p RED. WDTH. RED. HF ------- ------- ---------
4.682 76.000000 4.800 9.184 52.801 16.950 11.051 0 3.906E-33 2.210E-01 1. DOE 00 
4.615 24.000000 4. 732 9.167 53.6S8 17.280 11.036 2 7. 423E-34 3.671E-01 6. 02E-01 
4.476 0.120000 4.590 9.126- 55.629 18.034 11.003 4 1. 892E-35 7.202E-02 3.07E 00 
4.433 0.030000 4.547 9.169 55.786 17.291 11.046 -1 4.736E-35 7.193E-03 3.07E 01 
it-368 0.001000 4.480 9.142 56.817 17.793 11.022 -3 5.818E-36 1.952E-03 1.13.E 02 
4.273 o.ooooo8 4. 384 9. 064 58.682 19.210 10.953 6 6.246E-38 1.455E-03 1.52E 02 
4. 245 0.000008 4.355 9.092 58.815 18.709 10.980 -5 1.116E-37 8 .137E-04 2. 72E 02 

z = 90 A = 232 ALPHA HALF-LIFE = 4.4200E 17 SEC ALPHA RATE = 1.5682E-18/SEC 
--------------------------------------------------------------------------------------

OBS. EN. PCT. INT. Q R INR R OUT MAX I MEV I AT R L p REO. WOTH. REO. HF 
-------- --------- ---------

4.007 77.000000 4.ll2 9.181 61.629 17.594 11.074 0 1. 797E-38 2.779E-Ol 1. OOE 00 
3.949 23.000000 4.053 9.163 62.651 17.914 11.059 2 3.042E-39 4.903E-01 5.67E-01 
3 •. 825 0.200000 3.927 9.124 64.951 18.650 11.026 4 5. 572E-41 2.328E-01 1.19E 00 

z = 92 A = 228 ALPHA HALF-LIFE = 5.7600E 02 SEC ALPHA RATE = 1.2034E-03/SEC 
---------------------------------------------------------------------------------------

OBS. EN. PCT. INT. Q R INR R OUT MAX I MEV I AT R l p REO. WOTH. REO. HF 
-------- --------- ---------

6.6RO 70.000000 6. 836 9.218• 37.922 15.481 11.012 0 2.284E-23 1.525E-01 1. OOE 00 
6.590 29.000000 6. 744 9.199 38.559 15.836 10.998 2 5.608E-24 2.573E-Ol 5.93E-01 
6.440 0.700000 6.591 9.203 39.368 15.813 11.008 -1 1.781E-24 1.956E-02 7. 80E 00 
6.400 0.500000 6. 551 9.155 39.977 16.646 10.965 4 2. 409E-25 l.033E-01 1.48E 00 

z = 92 A = 230 ALPHA HALF-ll FE = 1.7980E 06 SEC ALPHA RATE = 3.8551E-07/SEC 
---------------------------------------------------------------------------------------ass. EN. PCT. INT. Q R INR R OUT MAX I MEV I AT R L p REO. WOTH. REO. HF 

-------- -------- ---------
5.884 67.200000 6.024 9.209 43.027 16.247 11.036 0 5.301E-27 2.021E-01 1. DOE 00 
5. 813 32.100000 5.952 9.191 43.672 16.582 11.022 2 1.335E-27 3.832E-01 5.27E-01 
5.662 0.400000 5.798 9.149 45.110 17.349 10.989 4 6. 027E-29 1.058E-01 1. 91E 00 
5.658 0.300000 5.794 9.194 44.776 16.565 ll.031 -1 2.888E-28 1.656E-02 1.22E 01 

B 

1.000 
1.322 
1.959 
C-.680 

S 

1.000 
1.129 
0.552 
1. 057 

S 

1.000 
1.426 
0.343 
0.705 
0.244 

1.000 
1.289 
0.571 
0.180 
0.094 
0.081 
0.061 

B 

1.000 
1.328 
0.915 

B 

1.000 
1.299 
0.358 
0.823 

-. 

S 

1.000 
1.377 
0.724 
0.286 



l : 92 A = 232 

OBS. EN. PCT. INT. 

5.318 
5.261 
5.135 
s.ooo 
4.508 

l = 92 

68. o.ooooo 
32.000000 

0.320000 
0.006000 
0.000024 

A : 234 

08S. EN. PCT. INT. 

4.768 
4. 717 
4.601 
4.270 
4.145 

l = 92 

72.000000 
28.000000 

0.350000 
0.000030 
0.000032 

A = 236 

08S. EN. PCT • INT • 

4.499 
4.451 
4.339 

z = 92 

74.000000 
26.000000 

0.260000 

A = 238 

08S. EN. PCT. INT. 

4.195 
4.148 
4.038 

l = 94 

71 • .000000 
23.000000 

0.230000 

A = 232 

08S. EN. PCT. INT. 

6.580 
6.530 

z = 94 

68.000000 
32.000000 

A = 234 

08S. EN. PCT. INT. 

6.196 
6.145 
6.025 

l = 94 

68.000000 
32.000000 

0.400000 

A = 236 

OBS. EN. PCT. INT. 

5.763 
5. 716 
5.610 
5.448 
5. 205 
5.082 

z = 94 

68.900000 
30.900000 

0.180000 
0.002000 
0.000270 
0.000600 

A = 238 

08S. EN. PCT. INT. 

5.491 
5.448 
5.350 
5.200 
5.000 
4. 710 
4.695 

71.000000 
29.000000 

0.090000 
0.005000 
0.000007 
0.000015 
0.000110 

' . 
. .., ' . '. 
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ALPHA HALF-LIFE = 2.3230E 09 SEC ALPHA RATE = 2.9839E-10/SEC 

Q 

5.448 
5.390 
5.261 
5.124 
4.623 

R INR 

9.209 
9.192 
9.152 
9.191 
9.176 

R OUT MAX I MEV) AT R 

47.583 
48.217 
49.673 
50.628 
56.065 

16.780 
17.099 
17.838 
17.190 
17.604 

ll.060 
ll.045 
ll.013 
ll.055 
ll.060 

L 

0 
2 
4 

-1 
0 

p 

4.406E-30 
1.163E-30 
5.455E-32 
3.809E-32 
1. 503E-35 

ALPHA HALF-LIFE = 7.8900E 12 SEC ALPHA RATE = 8.7852E-14/SEC 

Q 

4. 887 
4.835 
4. 717 
4.381 
4.253 

R INR 

9.210 
9.193 
9.154 
9.185 
9.185 

R OUT MAX IMEVl AT R 

53.038 
53.730 
55.355 
59.213 
60.941 

17.296 
17.608 
18.334 
17.889 
17.930 

11.083 
11.068 
11.036 
11.078 
11.083 

L 

0 
2 
4 

-1 
0 

p 

1.317E-33 
3.300E-34 
1.303E-35 
1.690E-37 
1. 753E-38 

ALPHA HALF-LIFE = 7.5400E 14 SEC ALPHA RATE = 9.1930E-16/SEC 

Q 

4.613 
4. 564 
4.450 

R INR 

9.222 
9.206 
9.167 

R OUT MAX I MEV I AT R 

56.192 
56.916 
58.654 

17.527 
17.834 
18.554 

11.106 
11.092 
11.059 

l 

0 
2 
4 

p 

1.492E-35 
3.643E-36 
1.284E-37 

ALPHA HALF-LIFE = 1.4230E 17 SEC ALPHA RATE = 4.8710E-18/SEC 

Q 

4.303 
4.255 
4.143 

R INR 

9.233 
9.217 
9.178 

R OUT MAX I MEV l AT R 

60.239 
61.038 
62.967 

17.793 
18.099 
18.814 

11.129 
ll.l15 
11.082 

l 

0 
2 
4 

p 

5.507E-38 
1.241E-38 
3.578E-40 

ALPHA HALF-LIFE = 8.6400E 04 SEC ALPHA RATE = B.0226E-06/SEC 

Q 

6. 733 
6.682 

R INR 

9.236 
9.218 

R OUT MAX IMEVI AT R 

39.356 
39.715 

16.015 
16.328 

ll.045 
11.031 

L 

0 
2 

p 

1.235E-24 
4.398E-25 

ALPHA HALF-LIFE= 5.7000E 05 SEC ALPHA RATE = 1.2161E-06/SEC 

Q 

6.341 
6.289 
6.167 

R INR 

9.244 
9.227 
9.187 

R OUT MAX IMEVI AT R 

41.786 
42.251 
43.362 

16.362 
16.674 
17.407 

11.068 
11.054 
11.023 

l 

0 
2 
4 

p 

2.313E-26 
7. 718E-27 
5. 726E-28 

ALPHA HALF-LIFE = 8.9900E 07 SEC ALPHA RATE= 7.7102E-09/SEC 

Q 

5.900 
5. 852 
5.744 
5.579 
5.332 
5.207 

R INR 

9.249 
9.232 
9.193 
9.133 
9.221 
9.221 

R OUT MAX IMEVI AT R 

44.912 
45.399 
46.526 
48.319 
49.733 
50.887 

16.759 
17.066 
17.781 
18.908 
17.413 
17.451 

11.092 
11.078 
11.046 
10.998 
11.087 
11.092 

L 

0 
2 
4 
6 

-1 
0 

p 

1.572E-28 
5.130E-29 
3.835E-30 
6.401E-32 
7.461E-32 
1.455E-32 

ALPHA HALF-LIFE = 2.7220E 09 SEC ALPHA RATE = 2.5465E-10/SEC 

Q 

5.622 
5.579 
5.479 
5.326 
5.123 
4.828 
4. 813 

R INR 

9.261 
9.244 
9.206 
9.147 
9.067 
9.224 
9.229 

R OUT MAX IMEVI AT R 

47.129 
47.618 
48.760 
50.575 
53.127 
54.922 
55.056 

16.992 
17.294 
17.998 
19.108 
20.630 
17.872 
17.801 

11.115 
11.101 
11.069 
1l.021 
10.961 
ll.110 
11.115 

L 

0 
2 
4 
6 
8 

-1 
0 

p 

5.143E-30 
1.689E-30 
1.264E-31 
2.115E-33 
7.359E-36 
3.494E-35 
3.251E-35 

REO. WOTH. 

1.904E-01 
3.396E-01 
7.238E-02 
1.943E-03 
1.970E-02 

REO. WOTH. 

1.986E-01 
3.083E-01 
9. 760E-02 
6.447E-04 
6.630E-03 

RED. WOTH. 

1.885E-01 
2. 713E-01 
7 .69BE-02 

REO. WOTH. 

2.B16E-Ol 
3 .732E-01 
1.295E-01 

REO. WDTH. 

1.826E-02 
2.414E-02 

REO. WOTH. 

1.478E-01 
2.085E-01 
3.513E-02 

REO. WOTH. 

1.3'l7E-01 
1.920E-01 
1.4'l6E-02 
9.96lE-03 
1.154E-03 
1.315E-02 

REO. WOTH. 

1.454E-Ol 
1.808E-01 
7.496E-03 
2.489E-02 
1.002E-02 
4.521E-03 
3.563E-02 

REO. HF 

1. OOE 00 
5.61E-01 
2. 63E 00 
9.80E 01 
9.67E 00 

REO. HF 

1. OOE 00 
6.44E-01 
2. 04E 00 
3. OBE 02 
3. OOE 01 

REO. HF 

1. OOE 00 
b. 'l5E-01 
2. 45E 00 

RED. HF 

1. OOE 00 
7.55E-Ol 
2.18E 00 

REO. HF 

1.00E 00 
7. 57E-01 

REO. HF 

1.00E 00 
7. 09E-01 
4. 21E 00 

REO. HF 

1. OOE 00 
7.28E-01 
9. 34E 00 
1.40E 01 
1.21E 02 
1. 06E 01 

RED. HF 

l.OOE 00 
8. 04E-01 
1. 94E 01 
5.84E 00 
1.45E 01 
3. 22E 01 
4. OBE 00 

8 

1.000 
1.335 
0.617 
0.101 
0.322 

8 

1.000 
1.246 
0.701 
0.057 
0.183 

8 

1.000 
1.200 
0.639 

8 

1.000 
1.151 
0.678 

8 

1.000 
1.150 

8 

1.000 
1.188 
0.488 

8 

1.000 
1.172 
0.327 
0.267 
0.091 
0.307 

8 

1.000 
1.115 
0.227 
0.414 
0.263 
0.176 
0.495 



l = 94 A = 240 

OBS. EN. PCT. INT. 

5.159 
5.115 
5.014 
4.854 
4.484 

z = 94 

76.000000 
24.000000 

0.090000 
0.003000 
o.oooo21 

A = 242 

OBS. EN. PCT. INT. 

4.895 
4.851 

z = 96 

74.000000 
- ·-. 000000 

A = 238 

OBS. EN. PCT. INT. 

6.500 
6.460 

l = 96 

72.000000 
000000 

A = 240 

OBS. EN. PCT. INT. 

6.287 
6.243 
6.143 

l = 96 

72.000000 
28.000000 

0.040000 

A = 242 

OBS. EN. PCT. !NT • 

6.llO 
6.067 
5.967 
5.812 
5.606 
5.515 
5.183 
5.120 

z = 96 

73.700000 
-26.300000 

0.030000 
0.005000 
o.oooo3o 
0.000260 
o.oooo6o 
0.000004 

A = 244 

OBS. EN. PCT. INT. 

5.802 
5.760 
5.663 
5.507 
5. 213 
4.953 
4.914 

l = 96 

76.700000 
23.300000 
0.023000 
0.003600 
o.ooono 
0.000170 
0.000050 

A = 246 

OBS. EN. PCT. INT. 

5.388 
5. 344 

l = 96 

81.000000 
19.000000 

A = 248 

OBS. EN. PCT. INT. 

5.080 
5.036 

82.000000 
18.000000 

-78-

ALPHA HALF-LIFE = 2.07BOE 11 SEC AlPHA RATE = 3.3357E-12/SEC 

Q 

5.284 
5.239 
5.136 
4.974 
4.597 

R INR 

9.270 
9.254 
9.216 
9.157 
9.214 

ROUT MAX IMEVI AT R 

50.147 
50.695 
51.984 
54.103 
57.873 

17.286 
17.588 
18.293 
19.409 
18.488 

11.137 
11.124 
11.092 
11.045 
11.110 

0 
2 
4 
6 

-3 

p 

5.320E-32 
1.618E-32 
1.000E-33 
1.121E-35 
2.882E-37 

AlPHA HALF-LIFE = 1.1860E 13 SEC ALPHA RATE = 5.8444E-14/SEC 

Q 

5.015 
4.970 

R INR 

9.282 
9.266 

OUT MAX IMEVI AT R 

52. H39 
53.434 

17.512 
17.813 

11.160 
11.146 

L 

0 
2 

p 

1.013E-33 
2.910E-34 

ALPHA HALF-LIFE = 8.6400E 04 SEC ALPHA RATE = 8.0226E-06/SEC 

Q 

6.650 
6.609 

R INR 

9.277 
9.260 

R OUT MAX IMEVI AT R 

40.714 
41.082 

16.483 
16.782 

11.101 
11.087 

L 

0 
2 

p 

8. 222E-26 
3.201E-26 

ALPHA HALF-LIFE = 2.31~0E 06 SEC ALPHA RATE = 2.9942E-07/SEC 

Q 

6.432 
6.387 
6.286 

R INR 

9.292 
9.275 
9.236 

R OUT MAX IMEV) AT R 

42.091 
42.503 
43.460 

16.656 
16.958 
17.664 

11.124 
11.110 
11.079 

0 
2 
4 

p 

o.928E-27 
3.245E-27 
3.091E-28 

ALPHA HALF-LIFE = 1.4040E 07 SEC ALPHA RATE = 4.9370E-08/SEC 

Q 

6. 251 
6.207 
6.106 
5. 948 
5.739 
5.646 
5.309 
5.245 

R INR 

9.307 
9.291 
9.252 
9.193 
9.ll4 
9.278 
9.270 
9.252 

R OUT MAX IMEVI AT R 

43.309 
43.731 
44.729 
46.324 
48.547 
47.988 
50.998 
51.738 

16.792 
17.092 
17.795 
18.904 
20.424 
17.482 
17.735 
18.055 

ll.l46 
11.133 
11.102 
11.055 
10.996 
11.142 
11.146 
11.133 

l 

0 
2 
4 
6 
8 

-1 
0 
2 

p 

1.301E-27 
4.672E-28 
4.214E-29 
9. 295E-31 
4. 845E-33 
6.338E-31 
6.744E-33 
1. 530E-33 

ALPHA HALF-LIFE = 5.6500E 08 SEC ALPHA RATE = 1.2268E-09/SEC 

Q 

5.937 
5. 895 
5.796 
5.637 
5. 338 
5.074 
5.034 

R INR 

9.317 
9.301 
9.263 
9.205 
9.289 
9.283 
9. 267 

R OUT MAX IMEVJ AT R 

45.599 
46.046 
47.099 
48.834 
50.753 
53.355 
53.893 

17.062 
17.360 
18.058 
19.164 
17.746 
17.925 
18.220 

11.169 
11.155 
11.124 
11.078 
11.164 
11.169 
11.155 

L 

0 
2 
4 
6 

-1 
0 
2 

p 

3.440E-29 
1.197E-29 
1.009E-30 
1.848E-32 
9.512E-33 
2.088E-34 
6.518E-35 

ALPHA HALF-LIFE = 1.7300E 11 SEC ALPHA RATE = 4.0066E-12tSEC 

Q 

5. 516 
5.471 

R INR 

9.323 
9.307 

R OUT MAX IHEVI AT R 

49.084 
49.603 

17.440 
17.739 

11.191 
11.178 

L 

0 
2 

p 

1.527E-31 
4.821E-32 

AlPHA HALF-LIFE = 1.4800E 13 SEC ALPHA RATE = 4.6834E-14/SEC 

Q 

5.202 
5.157 

R INR 

9.333 
9.317 

R OUT MAX IMEVI AT R 

52.045 
52.614 

11.710 
18.009 

11.214 
11.200 

0 
2 

1. 779E-33 
5.282E-34 

REO. WDTH. 

1.970E-O 1 
2.045E-01 
1. 241E-02 
3.691E-02 
1.005E-02 

RED. WDTH. 

1.766E-Ol 
2.159E-Ol 

RED. WOTH. 

2.905E-Ol 
2.901E-01 

REO. !>lOTH. 

9.984E-02 
1.068E-01 
1.602E-03 

REO. WOTH. 

1.157E-01 
1.149E-Ol 
1.453E-03 
1.098E-02 
1.264E-02 
8.374E-04 
1.816E-02 
5.338E-03 

RED. WOTH. 

1.131E-Ol 
9.877E-02 
1.156E-03 
9.881E-03 
5.867E-04 
4.131E-02 
3.891E-02 

RED. WOTH. 

e. 791E-o2 
6.530E-02 

REO. WDTH. 

8.924E-02 
6. 599E-02 

RED. HF 

1. OOE 00 
9.63E-01 
1. 59E 01 
5. 34E 00 
1.96E '01 

RED. HF 

1. OOE 00 
8.18E-01 

REO. HF 

1.00E 00 
1. OOE 00 

REO. HF 

1. OOE 00 
9.34E-01 
6. 23E 01 

RED. HF 

1.00E 00 
1. OlE 00 
7. 96E 01 
1. 05E 01 
9.15E 00 
1.38E 02 
6.37E 00 
2.17E01 

RED. HF 

1.00E 00 
1.15E 00 
9. 78E 01 
1.14E 01 
1.93E 02 
2. 74E OC 
2.91E 00 

REO. HF 

1. OOE 00 
1.35E 00 

RED. HF 

1. OOE 00 
1.35E 00 

B 

1.000 
1.019 
0.251 
0.433 
0.226 

B 

1.000 
1.106 

B 

1.000 
0.999 

B 

1.000 
1.034 
0.127 

B 

1.000 
0.997 
0.112 
0.308 
0.331 
0.085 
0.396 
0.215 

B 

1.000 
0.934 
0.101 
0.296 
0.072 
0.604 
0.587 

B 

1.000 
o. 862 

8 

1.000 
0.860 
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z = 98 A = 244 ALPHA HALF-LIFE = 1. 5000E 03 SEC ALPHA RATE = 4.6210E-041SEC 

---------------------------------------------------------------------------------------
OBS. EN. PCT. INT. Q R INR R OUT MAX I MEV I AT R L p RED. WDTH. REO. HF 8 

------- ------- ---------
7.170 75.000000 7.329 9.349 37.725 16.186 ll.155 0 9.615E-24 1.490E-01 1. OOE 00 1.000 
7.130 25.000000 7. 289 9.332 38.051 16.483 l1.142 2 3.99BE-24 1.195E-01 1. 25E 00 0.895 

z = 98 A = 246 ALPHA HALF-LIFE = 1.2B60E 05 SEC ALPHA RATE = 5.3900E-06ISEC 
-----------------·---------------------------------------------------------------------

OBS. EN. PCT. INT. Q R INR R OUT MAX I MEV I AT R L p REO. WOTH. REO. HF 8 
-------- --------- ---------

6. 753 77.900000 6.904 9.354 40.047 16.566 11.178 0 1.848E-25 9.393E-02 1. OOE 00 1.000 
6. 711 21.900000 6.862 9.337 40.411 16.864 11.164 2 7. 230E-26 6.751E-02 1.39E 00 0.848 
6.615 0.180000 6.764 9.300 41.257 17.559 11.134 4 B.13BE-27 4.929E-03 1. 91E 01 0.229 
6.468 0.020000 6.615 9.241 42.592 18.654 ll.089 6 2.626E-28 1.697E-02 5.53E 00 0.425 

z = 98 A = 248 ALPHA HALF-LIFE = 3. 0200E 07 SEC ALPHA RATE = 2.2952E-OBISEC 

---------------------------------------------------------------------------------------oas. EN. PCT. INT. Q R INR R OUT MAX I MEV! AT R L p RED. WDTH. RED. HF 8 
-------- --------- ---------

6.260 82.000000 6.402 9.356 43.186 17.024 11.200 0 1.002E-27 7.767E-02 1. OOE 00 1.ooo 
6.220 18.000000 6.362 9.340 43.577 17.319 11.187 2 3.782E-2B 4. 517E-02 1. 72E 00 0.763 

z = 98 A = 250 Ai.PHA HALF-LIFE = 3.4720E 08 SEC ALPHA RATE = 1.9964E-091SEC 
-------------------------------------------------------------------------------------------

OBS. EN. PCT. INT. Q R INR R OUT MAX I MEV I AT R p RED. WDTH. RED. HF 8 
-------- --------- ---------

6.024 83.000000 6.162 9.369 44.873 17.221 ll.222 0 6. 776E-29 1.0l1E-01 1. OOE 00 1.000 
5.980 17.000000 6.117 9.353 45.316 17.518 11.209 2 2. 364E-29 5.938E-02 1. 70E 00 0.766 
5.882 0.320000 6.017 9.316 46.330 18.211 ll.179 4 2.098E-30 1. 259E-02 8.03E 00 0.353 

z = 98 A = 252 ALPHA HALF-LIFE = 7.1640E 07 SEC ALPHA RATE = 9.6755E-091SEC 

-----------------------------------------------------------------------------------------
08S. EN. PCT. INT. Q R INR R OUT MAX I MEV I AT R p RED. WDTH. RED. HF 8 

-------- --------- ---------
6.112 84.000000 6.250 9.395 44.237 17.089 11.244 0 2.093E-2B 1.606E-01 1. OOE 00 1.ooo 
6.069 15.500000 6.207 9.379 44.663 17.384 ll. 231 2 7.490E-29 8.279E-02 1. 94E 00 o. 718 
5.968 0.280000 6.104 9.342 45.678 18.077 11.201 4 6.619E-30 1.693E-02 9.49E 00 0.325 
5.814 0.006600 5.947 9.284 47.281 19.168 ll.156 6 1.457E-31 1.812E-02 B. 86E 00 0.336 

z = 100 A = 252 ALPHA HALF-LIFE = B.l70DE 04 SEC ALPHA RATE = 8.4841E-061SEC 

---------------------------------------------------------------------------------------
085. EN. PCT. INT. Q R INR R OUT MAX I MEV I AT R L p RED. WDTH. RED. HF 8 

-------- --------- ---------
7.060 85.000000 7.215 9.410 39.122 16.637 11.231 0 6.211E-25 4.801E-02 1. OOE 00 1.000 
7.020 15.000000 7.174 9.393 39.456 16.930 11.218 2 2.550E-25 2.064E-02 2.33E 00 0.656 

z = 100 A = 254 ALPHA HALF-LIFE = 1.1660E 04 SEC ALPHA RATE = 5.9447E-051SEC 

---------------------------------------------------------------------------------------
08S. EN. PCT. INT. Q R INR R OUT MAX I MEV I AT R L p RED. WDTH. RED. HF 8 

-------- --------- ---------
7.192 -85 •. 000000 7.348 9.437 38.413 16.459 ll.253 0 2.351E-24 8.886E-02 1.00E 00 1.ooo 
7.150 14.000000 7.305 9.421 38.750 16.754 11.240 2 9.602E-25 3.584E-02 2.4BE 00 0.635 
7.053 0.900000 7.207 9.383 39.538 17.442 u. 210 4 1.184E-25 1. 869E-02 4.75E 00 0.459 
6.907 0.004000 7.058 9.326 40.763 18.522 11.166 6 4.531E-27 2 .170E-03 4. 09E 01 0.156 

-. 
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'I'able D. IV Hsts the GIM amplitudes for CX-.decay of odd-proton 

nuclei to the intrinsic bands in the daughter, and Table D, V i.s a s:imi-

1ar table for odd-neutron nuclei, All the values have been scaled by a 

factor of 100 for convenience, 

We should point out an important point. regarding the phases in 

the tables. The phase conventions for the si.ngle particle wa.ve functions 

are: 

£~/l a£flfn£(r) Y~ (r)r) >f~A 

L a£flfn£(r) Y-:(;r}r) x-:;:+fl 
.£ ,fl 

The CL coefficients do not however contain the factor ( -ll-·~ and 
p 

there is therefore a d:i.fference between the phase of the GIM as cal-

culated and the formal definitions of Eq, (10). This is done because of 

the simplification which resu.lts, The explicit factor ( -lrf-~ must 

multiply the GL KJ..-Kf' 

GL Ki +Kf (where ( -l)P 

these explicit factors 

. \p+l ' 
and the explicit factor ( -lJ · must multiply the 

is the parity of the final state). Inserting 

in the brackets of Eq, (1) and using Eq. (ll) 

Mang der:i.ves for the transformed amplitudes 

the summation on L): 

an (obtained by performing 
,c_ill 

I ( -l) .e+Ki --Kf . )Kf-1.. ( I ) A 

(-1 2 I.£K.Kf-K. IfKf· G, K·-K 
l l l L '1. f 

( q+.e ( ):P Using the condition that the sum .e+L is even and the relation . -·l) = -1. 

( 
£+K· _l 

one can factor out -1) l 2 which results in a relative phase between 
A A ( )I·-l+q q the G and G given simply by -1 1. 2 with ( -1) the 

2 K:i. -.Kf 2 Ki +Kf 
parity of the final state. 

We note that the Clebsh-Gordan coefficient modifying the G
11 "' Ki -·Kf 

is always positive while the other coeffic:i.ent may take on negat:i.ve values. 
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DAUGHTER 

1/2- {530) 

I. 

5/2+ {642) 

5/2- {523) 

1/2+ (400) 

3/2+ {651) 

3/2- {532) 

.. 

1/2+ {660) 
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The partial alpha amplitudes GLM for odd-proton transitions. 

1/2- {530) 

PA 231 
L M 
0 0 1.697 
2 0 0.550 
4 0 0.364 
6 0 -0.308 
6 0 -o.o8o 

PA 231 
l M l M 
3 2 -0.109 0 0 
5 2 -0.173 2 0 
7 2 -0.149 4 0 
9 2 -0.050 6 0 
3 3 -0.011 8 0 
5 3 0.013 
7. 3 0.026 
9 3 o.o2.8 

PA 231 
l M 
2 2 -0.010 
4 2 0.006 
6 2 0.038 
8 2 0.046 
4 3 -0.053 
6 3 -0.108 
8 3 -0.095 

PA 231 
L M L M 
1 0 -0.047 2 2 
3 0 -0.075 4 2 
5 0 0.117 6 2 
7 0 -0.028 8 2 
9 0 0.009 4 3 
1 1 0.002 6 3 
3 1 0.037 8 3 
5 1 -0.060 
7 1 0.017 
9 1 -0.005 

PA 231 
l M l M 
1 1 -0.092 2 1 
3 1 -0.326 4 1 
5 1 -0.366 6 1 
7 1 -0.232 B 1 
9 1 -0.031 4 4 
3 2 -0.084 6 4 
5 2 -0.078 B 4 
7 2 -o. o24 
9 2 0.034' 

PA 231 
l M 
2 1 0.045 
4 1 0.114 
6 1 0.153 
B 1 0.098 
2 2 -0.096 
4 2 -0.246 
6 2 -0.307 
8 2 -0.180 

PA 231, 
L M 
1 0 -0.147 
3 0 -0.293 
5 0 -0.283 
7 0 -0.149 
9 0 0.009 
1 1 -0.061 
3 1 -0.210 
5 1 -0.197 
7 1 -o.o88 
9 1 0.024 

2 
GLM X 10 

PARENT 

5/2+ (642) 

NP 235 NP 237 
L M 
3 2 -0.280 -0.275 
5 2 -0.442 -0.433 
7 2 -0.371 -0.350 
9 2 -0.112 -0.090 
3 3 0.026 0.022 
5 3 -0.033 -0.030 
7 3 -0.068 -0.066 
9 3 -0.072 -0.069 

NP 233 NP 235 NP 237 

1.824 1.676 1.578 
0.814 0.787 0.806 
0.472 0.373 0.256 

-0.289 -0.287 -0.283 
-0.104 -0.091 -0.069 

NP 235 NP 237 
l M 
1 0 -0.018 -0.016 
3 0 -0.032 -0.031 
5 0 0.001 o.ooo 
7 0 0.040 0.040 
9 0 0.027 0.025 
5 5 -0.001 -o.ooo 
7 5 0.053 0.053 
9 5 0.118 0.119 

NP 233 NP 235 NP 237 

0.017 0.016 0.014 
0.041 0.043 0.047 
0.132 0.122 0.114 

-0.087 -0.079 -0.074 
-0.003 -0.005 -0.009 
-0.048 -0.043 -0.039 

0.075 0.068 0.063 

NP 233 NP 235 NP 237 

-·o. 201 -0.188 -0.181 
-0.299 -0.277 -0.264 
-o. 214 -0.195 -0.181 
-0.012 -0.005 0.002 

o.051 0.047 0.044 
0.099 0.095 0.097 
0.142 0.136 0.135 

7/2+ {633) 

3/2- {521) 

5/2- {523) 

AM 241 
L M 
2 2 -0.020 
4 2 0.005 
6 2 0.076 
8 2 o.088 
4 3 0.113 
6 3 0.228 
8 3 0.183 

AM 239 AM 241 AM 243 
L M 
1 0 -0.034 -0.031 -0.021 
3 0 -0.065' -0.065 -0.057 
5 0 0.001 -0.001 -0.003 
7 0 0.083 0.083 0.074 
9 0 0.052 0.051 0.042 
5 5 o.ooo -0.001 o.ooo 
7 5 -0.110 -0.111 -0.097 
9 5 -0.246 -0.248 -0.218 

AM 239 AM 241 AM 243 
l M 
0 0 1.259 1.240 1.097 
2 0 0.720 0.721 0.590 
4 0 0.087 0.049 -0.011 
6 0 -0.392 -0.379 -0.296 
8 0 -0.175 -0.152 -0.078 

AM 241 
L M 
3 2 -0.002 
5 2 -0.019 
7 2 0.006 
9 2 0.002 
3 3 -0.012 
5 3 -0.140 
7 3 0.017 
9 3 0.007 

AM 241 
L M 
1 1 -0.014 
3 1 -0.025 
5 1 0.041 
7 1 o.on· 
9 1 0.010 
5 4 0.015 
7 4 -0.047 
,9 4 -0.149 

AM 241 
L M 
1 1 -0.004 
3 1 -0.014 
5 1 -0.009 
7 1 o.oos 
9 1 0.012 
7 6 -0.020 
9 6 -0~047 

AM 241 
L M 
2 1 -0.018 
4 1 -0.024 
6 1 -0.002 
B 1 0.019 
4 4 0.031 
6 4 0.076 
8 4 0.075 
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PARENT 

DAUGHTER 3/2- (521) 7 /2+ (633) 7/2- (514) 

BK 243 BK 245 BK 247 ES 253 MD 255 MD 257 
L M L M L M 

0 0 1.220 1.085 0.938 3 2 -0.286 2 2 -0.012 -0.016 

3/2- (521) 2 0 0.640 0.522 0.401 5 2 -0.233 4 2 0.040 0.045 
4 0 0.003 -0.053 -o.o8o 7 2 0.064 6 2 0.043 0.050 
6 0 -0.323 -0.248 -0.169 9 2 0.138 8 2 -0.043 -0.050 
8 0 -0.070 -o.oo8 0.032 5 5 -0.041 6 5 -0.180 -0.208 

7 5 -0.021 8 5 -0.244 -0.276 
9 5 0.018 

BK 249 ES 249

1

Es 251 ES 253 MD 255 MD 257 
l M I . L M 
0 0 0.922 0.979. 0.854 1.035 1 0 -o.oo8 -0.008 
2 0 0.387 0.3621 0.310 0.309 "3 0 -0.028 -0.033 -4 0 -0.114 -0.320 -0.282 -0.376 5 0 0.034 0.040 7 /2+ (633) 6 0 -0.167 -0.21o.-o.18o -o. 113 7 0 0.025 0.029 
8 0 0.063 0.173 0.160 0.208 9 0 -0.046 -0.053 

7 7 -0.004 -0.007 
9 7 0.131 0.147 

MD 253 HD 255 MD 257 
l M 
0 0 0.818 0.986 1.138 
2 0 0.307 0.307 0.342 

7/2- (514) 
4 0 -0.267 -0.351 -0.378 
6 0 -0.199 -0.142 -0.132 
8 0 0.155 0.201 0.208 

8K 243 8K 245 BK 249 ES 253 
l M l M 
1 1 -0.140 -0.119 2 1 -0.142 -0.147 
3 1 -0.393 -0.336 4 1 -0.125 -0.126 

5/2+ (642) 
5 1 -0.190 -0.154 6 1 0.028 0.032 
7 1 0.152 0.141 8 1 0.107 0.108 
9 1 0.194 0.158 6 6 -0.033 -0.040 
5 4 0.102 0.098 8 6 -0.062 -0.074 
7 4 0.107 0.100 
9 4 0.025 0.016 

BK 243 BK 245 BK 249 
L M l M 
2 1 0.081 0.068 1 1 0.009 
4 1 0.106 0.090 3 1 0.049 
6 1 ·O.Oll 0.006 5 1 0.033 

5/2- (523) 8 1 -0.085 -0.075 7 1 -0.032 
4 4 0.140 0.132 9 1 -0.043 
6 4 0.336 0.316 7 6 -0.088 
8 4 0.334 0.292 9 6 -0.198 

ES 253 
l M 
2 2 -0.029 

3/2+ (651) 4 2 0.022 
6 2 0.108 
8 2 0.087 
6 5 -0.050 
8 5 -0.100 
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Table D.V. The partial alpha amplitudes GLM for odd-neutron transitions. 

'DAUGHTEJ 

PARENT 

3/2+ {631) 5/2+ {633) 7/2- {743) 1/2+ {631) 5/2+ {622) 7/2+ {624) 

u 229 TH 229 u 233 PU 239 CH 243 
L M L M L M L M 

3/2+ {631) 0 0 1.916 2 1 0.034 0.031 2 1 0.020 2 1 -0.196 
2 0 0.750 4 1 0.018 0.017 4 1 0.005 4 1 -0.102 
4 0 0.618 6 1 -0.018 -0.017 6 1 -0.019 6 1 0.111 
6 0 -o .• 208 8 1 -o.o2o -0.018 8 1 -0.017 8 1 0.091 
8 0 -0.088 4 4 -0.072 -0.064 2 2 0.153 4 4 0.024 

6 4 -0.182 -0.168 4 2 0.351 6 4 0.029 
8 4 -0.270 -0.245 6 2 0.314 8 4 0.022 

8 2 0.046 

TH 229 u 233 u 235 PU 239 CH 243 
L M L M L M L M 
0 0 1.950 1.566 1 1 -0.036 2 2 -0.132 0 0 -0.060 

5/2+ {633) 2 0 0.810 0.654 3 1 -0.129 4 2 -0.302 2 0 -0.015 
4 0 0.768 0.511 5 1 -0.077 6 2 -0.271 4 0 0.043 
6 0 -0.157 -0.185 7 1 0.037 8 2 -0.045 6 0 0.014 
8 0 -0.167 -0.142 9 1 0.081 4 3 -0.013 8 0 -0.025 

7 6 0.069 6 3 -0.026 6 5 0.091 
9 6 0.158 8 3 -0.015 8 5 0.201 

u 233 u 235 " PU 239 CM 241 CM 243 
L M L M L M L M 
1 1 0.010 0 0 1.523 3 3 -0.007 -0.007 1 1 -0.055 

7/2- {743) 
3 1 0.037 2 0 0.695 5 3 -0.107 -0.096 3 1 -0.146 
5 1 0.022 4 0 0.404 7 3 -0.180 -0.161 5 1 -0.006 
7 1 -0.011 6 0 -0.222 9 3 -0.157 -0.135 7 1 0.114 
9 1 -0.023 8 0 -0.113 5 4 -0.122 -0.114 9 1 0.030 
7 6 0.020 7 4 -0.249 -0.231 7 6 -0.032 
9 6 0.045 9 4 -0.279 -0.252 9 6 -0.007 

u 233 PU 239 
CM 243 PU 241 

L M CM 241 L M 
2 2 -0.040 L M 2 2 0.049 0.053 
4 2 -o. 089 0 0 1.108 0.996 4 2 0.055 0.058 

1/2+ {631) 6 2 -0.085 2 0 0.497 0.429 6 2 o.o11 0.014 
8 2 -0.021 4 0 0.016 -0.044 8 2 -0.023 -0.023 
4 3 0.004 6 0 -0.269 -0.257 4 3 -0.172 -0.183 
6 3 o.oo8 8 0 -0.038 -o. 012 6 3 -0.281 -0.302 
8 3 0.005 8 3 -0.125 -0.145 

U233 PU 239 CM 243 PU 241" CM 245 
l M L M L M L M 
0 0 -0.014 2 2 0.018 0 0 1.136 1.271 2 1 0.037 
2 0 -0.003 4 2 0.020 2 0 0.690 0.803 4 1 0.003 

5/2+ (622) 4 0 0.009 6 2 0.005 4 0 0.050 0.137 6 1 -0.023 
6 0 0.004 8 2 -0.008 6 0 -0.349 -0.360 8 1 0.002 
8 0 -0.005 4 3 0.061 8 0 -0.108 -0.148 6 6 o •. o95 
6 5 -0.021 6 3 0.101 8 6 0.209 
8 5 -0.046 8 3 0.048 

PU 239 CM 243 CM 245 
L M L M l M 
4 3 -0.035 2 1 -0.009 0 0 0.933 

7/2+ (624) 6 3 -0.057 4 1 -0.001 2 0 0.503 
8 3 -0.028 6 1 0.006 4 0 0.035 
4 4 0.007 8 1 -o.ooo 6 0 -0.255 
6 4 0.004 6 6 0.023 8 0 -0.069 
8 4 -0.001 8 6 0.051 

TH 229 u 233 u 235 PU 239 CH 243 
L M L M L M L H 
3 2 0.011 0.014 4 3 -0.002 1 0 -0.053 3 2 0.017 
5 2 0.095 0.092 6 3 0.012 3 0 -0.044 5 2 -o.o2o 
7 2 -0.063 -0.060 8 3 -0.060 5 0 0.119 7 2 o.ou 

1/2- {501) 9 2 0.019 0.015 4 4 0.005 7 0 -0.055 9 2 -0.003 
3 3 0.002 o.ooo 6 4 0.003 9 0 0.009 3 3 0.016 
5 3 -0.044 -0.043 ~ 4 0.121 1 1 0.006 . 5 3 0.164 
7 3 0.023 0.021 3 1 0.026 7 3 -0.075 
9 3 -0.008 -0.006 5 1 -0.029 9 3 0.011 

7 1 0.011 
9 1 -0.003 

TH 229 u 233 u 235 
L M L M 
1 0 0.053 0.048 2 1 -0.135 
3 0 0.081 0.074 4 1 -0.168 

5/2- (752) 5 0 0.004 0.004 6 1 -0.065 
7 0 -0.075 -0.071 8 1 0.075 
9 0 -0.073 -0.067 6 6 -0.026 
5 5 -0.006 -0.005 8 6 -0.044 
7 5 0.060 0.057 
9 5 0.146 0.139 
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. 
' 

PARENT 

DAUGHTER 9/2- (734) 1/2+ (620) 7 /2+ (613) 9/2+ (615) 

CF 249 FM 251 
L M 
0 0 0.716 0.692 
2 0 0.273 0.237 

9/2- (734) 4 0 -0.127 -0.134 
6 0 -0.145 -0.126 
8 0 0.052 0.051 

CF 251 FM 253 FM 255 
l M L M 
0 0 0.828 0.803 4 3 0.234 
2 0 0.281 0.245 6 3 0.138 
4 0 -0.260 -0.261 8 3 -0.135 

1/2+ {620) 6 0 -0.194 -0.170 4 4 0.046 
8 0 0.120 0.116 6 4 0.043 

8 4 0.008 

CF 249 FM 255 FM 257 
L M L M L M 
'3 2 -0.182 0 0 1.008 2 1 0.022 

5/2+ {622} 5 2 -0.113 7/2+ {613) 2 0 0.361 4 1 -0.011 
7 2 0.094 4 0 -0.387 6 1 -0.006 
9 2 0.083 6 0 -0.183 8 1 0.007 
1 7 0.019 8 0 0.251 8 8 -0.123 
9 7 -0.021 

CF 249 FM 255 FM 251' 
L M L M L M 
1 1 -0.024 2 1 -0.006 0 0 1.135 

7 /2+ (624) 3 1 -0.068 
9/2+ {615) 4 1 0.003 2 0 0.406 

5 1 0.008 6 1 0.002 4 0 -0.352 
7 1 0.053 8 1 -0.002 ' 6 0 -0.178 
9 1 o.ooo 8 8 -0.034 8 0 0.246 
9 8 -0.084 
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Table D.VI contains examples of calculations for odd-mass nuclei. 

It should be emphasized that the tables are not intended as a source of 

experimental data. Many of the assignments to experimentally observed 

levels are purely speculative; and they should not be interpreted to 

mean there is experimental evidence to support them. Some of the assign­

ments are well established, but we have made no effort in the tables to 

distinguish. Some of the assignments to levels are judicious guesses, 

aided by the results of the pairing-force calculations. Figure D.l and 

Fig. D.2 summarize the pairing-force calculations for odd systems, and 

give the theoretical band head positions. 

The calculations in Table D.VI are arranged in order of increasing 

atomic number and mass. The favored transition is given first for each 

nucleus, followed usually by the well established hindered bands. The 

heading of each page also lists the parent and daughter intrinsic bands, 

the parent ground state spin I., K., theM value determined by K -K., 
l l f l 

and the total alpha transition energy Qa for the ground transition. 

The information that follows is by column: 

l. the excitation energy of the final state in keV. This in­

formation is normally supplied by a set of input data which 

assigns asymptotic quantum numbers to the observed levels. The 

absence of an asterisk indicates that input data was given for 

the level. Data is stored in a table in the co~puter and is 

searched for the assignments. . If the state is unassigned, a 

subroutine is called to attempt an estimate for the level from 

available data. The estimate is made by taking data for the 

first two rotational members to calculate a rotational constant 

from the formula 6E = A(I(I+l) - I(I-1)). In the case of a K=~ 

band, the l/2, 3/2, and 5/2 states are necessary to calculate 

in addition to the rotational constant A, the decoupling param­

eter a for use in the formula. 

2. the spin of the final state I .. 
l 
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Fig. D.l. Theoretical energies of various bands in odd-proton 
nuclei. 
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Fig. D.2. Theoretical energies of various bands in odd-neutron 
nuclei. 
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3. the various allowed £-waves in the transition to the final 

state jKf-Kij~ £ ~ Kf+Ki 

4. H(£, K. -Kf) corresponds to the product of the Glebsh-Gordan 
l. 

coefficient (I. £ K. Kf-·K.ji _Kf) and the transformed amplitude 
l l l :r-

G 
2 

Ki -Kf described in the discussion preceding Table D. IlL 

5. H(£, Ki+Kf) corresponds to the product (Ii£-Ki Kf+Ki\IfKf) 
A 

G £ Ki+Kf. 
• 

6. 

for 

the 

the sum of columns 4 and 5 with the relative phase factor 

column 5 determined by (-l) 1i-!+q. The phase factor for 
, ) £+K. _,1.. 

resultant sum is then given by ( -l 1· 2 • This is the col-

umn which gives the correct theoretical relative phases of the 

£-waves in the final state and corresponds to results measured 

by angular correlation experi.ments. 

7. the square of column 6, representing a theoretical reduced 

transition probability exclusive of energy and centrifugal 

effects. This factor is sensitive to the detailednuclear 

structure. 

8. the penetrability factor P 
2 

( E) for the £-.wave of column 3 
and an energy E calculated from Qcx--col. l. If no estimate 

was possible in col. 1, the comment NO STATE appears, or NO DATA, 

which indicates that no information at all was supplied for that 

nucleus. In either of these cases the next two columns are blank. 

9. a normalized transition probability in reciprocal seconds. 

This includes the same factor which normalized the Pu
238 

ground 

transition as described previously. These values are theoretical 

predictions of the relative £-wave mixing in the final state If. 

10. the sum of the £-wave transition probabilities, representing 

the total theoretical transition probabi.lity of decay to the 

final state. At the bottom of the page is the tot&l to all 

members of this rotational band. These numbers are in reciprocal 

seconds and comparable directly with experimental values. The 
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sum of decay to all observed bands provides the total a-decay 

rate, and this is the number used to calculate relative a-in­

tensities to final states in Figs. 5 through 8. 

11. the reciprocal formation factor which is analogous to the 

experimental reduced hindrance factor having centrifugal and 

energy dependence removed. We avoid using the latter term be­

cause instead of making a comparison with favored transitions 

to ground of the nearest even-even nuclei, the theoretical com­

parison is made with the ground transition of Pu238 . This leads 

to numbers less than unity in some cases, but it has the same 

significance as the experimental hindrance factors. It is cal-

l A 12 238 culated for each final state by dividing the G00 of Pu 

(5.84 X lo-
4) by the contribution of all £-waves of the state 

If to the total in column 6. 



TH 229 

E IKEVI 
-------

236. 

267. 

307."' 

356.* 

413."' 

480.* 

Table D. VI. Perietrabili ty factors and theoretical alpha transition rates 
for odd-mass nuclei. 

FAVOR EO 5/2+633 FGAP V I = 5/2 KI = 5/2 M = 0 KF = 5/2 Q ALPHA 5.195 MEV 

I L H(L,KI-KFI HI L, KI+KF I SUM REO. TRANS. PROS. PENH. NORM.TRANS.PROB. SUM 
- - ---------- ---------- --- -------------··-- ------ ---------------- ---

5/2 0 2. 579E-02 o. 2.579E-02 6.653E-04 4.481E-32 1.793E-12 
2 1.4BOE-02 o. 1. 480E-02 2.190E-04 2. 571 E-32 3.3B7E-13 
4 2. 391E-03 o. 2.391E-03 5. 718E-06 7 .076E-33 2. 433E-15 2.134E-12 

---------
8.900E-04 

7/2 2 1.709E-02 o. 1.709E-02 2.920E-04 l.600E-32 2.811E-13 
4 6.449E-03 o. 6.449E-03 4ol59E-05 4.400 E-33 l.lOlE-14 
6 9.193E-05 o. 9.193E-05 8.451E-09 5.874E-34 2.986E-l9 2.921E-13 

---------
3.336E-04 

9/2 2 1.011E-02 o. 1.011E-02 l.022E-04 8.641 E-33 5.312E-14 
4 9.538E-03 o. 9.538E-03 9.097E-05 2. 373E-33 1.298E-14 
6 3. 250E-04 o. 3.250E-04 1.056E-07 3.162E-34 2.009E-1B 6.610E-14 

---------
1. 933E-04 

11/2 4 B.853E-03 o. 8.853E-03 7.837E-05 1.104E-33 5.203E-15 
6 6.369E-04 o. 6.369E-04 4.056E-07 1.467E-34 3.580E-18 
8 -2.266E-04 o. -2.266E-04 5.136E-08 9.629E-36 2.975E-20 5.206E-15 

---------
7.883E-05 

1312 4 4.849E-03 o. 4.849E-03 2.351E-05 4.398E-34 6.220E-16 
6 B.15BE-04 o. 8.158E-04 6.655E-07 5.831E-35 2.334E-18 
8 -6. 704E-04 o. -6.704E-04 4.494E-07 3. 812 E-36 1. 030E-19 6.244E-16 

---------
2.463E-05 

15/2 6 7.015E-04 o. 7.015E-04 4.921E-07 1.968E-35 5.825E-19 
8 -1.186E-03 o. -1.186E-03 1.406E-06 1. 281 E-36 1.083E-19 6.908E-19 

---------
1.898E-06 

---------
*ESTIMATED WITH ROT. CONST.= 4.43 KEV 2.498E-12 

. .. 

RCP.FORM. 

---------

6. 56E-01 

1.75E 00 

I 
-.() 

3. 02E 00 0 
I 

7.41E 00 

2.37E 01 

3. 08E 02 

... ' . , . 
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TH 229 5/2+633 - 3/2+631 FGAP I = 5/2 Kl = 5/2 M = -1 KF = 3/2 Q ALPHA 5.195 MEV 

E ( KEV) I L H(l, KI-KF) H(l,KI+KFJ SUM REO.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- -------------- ------ ---------------- --- --------

0.* 3/2 2 2.465E-04 o. 2.465E-04 6.078E-08 NO STATE o. -:-: ·~: 4 2.537E-05 5. 386E-04 5.640E-04 3.181E-07 NO STATE o. o. 1. 54E 03 
---------
3.789E-07 _..,., €.'.., 

3.019E_;04 
( 

o.:er 5/2 2 o. 3.019E-04 9.116E-08 NO STATE o. 
4 8.788E-05 -4. 665E-04 -3.786E-04 1.433E-07 NO STATE o. o. 2.49E 03 ." ---------

2.345E-07 
f 

0.* 7/2 2 2.250E-04 o. 2.250E-04 5.065E-08 NO STATE o. ~L . .; 
4 1.530E-04 3. 248E-04 4.778E-04 2.283E-07 NO STATE o. 
6 -3.071E-05 1.157E-03 1.126E-03 1.268E-06 NO STATE o. o. 3. 78E 02 

' ------- ..... 
1.547E-06 

0.* 9/2 2 l.006E-04 o. l.006E-04 1.013E-08 NO STATE o. 
4 1. 710E-04 -l.816E-04 -l.053E-05 1.109E-l0 NO STATE o. I 
6 -8.208E-05 -1. 546E-03 -1.628E-03 2.651E-06 NO STATE o. o. 2. ZOE 02 -.C) -·~,... .---------- - -~...,.. ~ 

2.661E-06 I 
,., - ..... 

0.* 11/2 4 1.2 86E-04 7.802E-05 2.066E-04 4.269E-08 NO STATE o. 
6 -l.303E-04 1. 402E-03 1.272E-03 1.618E-06 NO STATE o. 
8 -4. 854E-05 1. 28<H:-03 1.234E-03 1.522E-06 NO STATE o. o. 1. 84E 02 

---------
3.183E-06 

0.* 1312 4 5.940E-05 -2.252E-05 3.688E-05 1.360E-09 NO STATE o. 
6 -1.407E-04 -9.468E-04 -l.088E-03 1.183E-06 NO STATE o. 
8 -1.211E-04 -1. 999E-03 -2.120E-03 4.495E-06 NO STATE o. o. 1. 03E 02 

---------
5.679E-06 

0.* 15/2 6 -1.048E-04 4.701E-04 3.652E-04 1.334E-07 NO STATE o. 
8 -1. 854E-04 2.041E-03 1.856E-03 3.444E-06 NO STATE o. o. 1.63E 02 

---------
3.578E-06 

--------
* ESTIMATE NOT POSSIBLE o. 



TH 229 5/2+633- 1/2-501 FGAP I = 5/2 KI = 5/2 M = -2 KF = 112 Q ALPHA 5.195 MEV 

E I KEV l I l H(l,KI-KFl H ( l, KI+ KF l SUM RED.TRANS.PROB. PENET. NORM. TRANS. PROS. SUM RC P. FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

0.* 1/2 3 8.053E-05 2. 853E-05 -1.091E-04 1.190E-08 NO STATE o. o. 4. 91E 04 
---------
1.190E-08 

o. 3/2 3 1.801E-04 -3.190E-05 -1.482E-04 2.196E-08 4. 739E-31 6. 258E-16 6.258E-16 2.66E 04 

---------
2.196E-Ofl 

o. 5/2 3 2.206E-04 2. 605E-05 -2.466E-04 6.081E-08 4.739E-31 1. 733E-15 
5 2.117E-04 1. 423E-04 -3.540E-04 1.253E-07 9.155E-32 6.902E-16 2.423E-15 3.14E 03 

---------
1.862E-07 

o.• 712 3 1.860E-04 -1.647E-05 -1.695E-04 2. 873E-Ofl NO STATE o. 
5 4.464E-04 -2. 250E-04 -2.213E-04 4.899E-08 NO STATE o. o. 7.52E 03 

---------
1. 772E-08 

I 
~ 

o.• 9/2 3 1.108E-04 7. 853E-06 -1.187E-04 1.409E-08 NO STATE o. N 
I 

5 5. 790E-04 2. 335E-04 -8.125E-04 6.602E-07 NO STATE o. 
1 -7.956E-05 -3. 502E-05 1.146E-04 1. 313E-08 NO STATE o. o. a. soE 02 

---------
6.874E-07 

0.* 11/2 3 4.206E-05 -2. 483E-06 -3.957E-05 1.566E-09 NO STATE o. 
5 5.252E-04 -1.765E-04 -3.487E-04 1.216E-07 NO STATE o. 
7 -1.688E-04 6.190E-05 1.069E-04 1.142E-08 NO STATE o. o. 4. 34E 03 

---------
1.346E-07 

o.=~< 13/2 5 3.356E-04 9.669E-05 -4.323E-04 1.869E-07 NO STATE o. 
7 -2.240E-04 -7. 042E-05 2.944E-04 8.667E-08 NO STATE o. 
9 lo108E-05 l.027E-05 -2.135E-05 4.559E-10 NO STATE o. o. 2.13E 03 

---------
2.740E-07 

0.* 15/2 5 1.356E-04 -3.418E-05 -1.014E-04 1.029E-08 NO STATE o. 
7 -2.090E-04 5.750E-05 1.515E-04 2.295E-08 NO STATE o. 
9 2.369E-05 -1.922E-05 -4.469E-06 1. 997E-ll NO STATE o. o. 1. 76E 04 

---------
3.326E-08 

---------* ESTIMATE NOT POSSI~LE 3. 049E~ 15 . ·~ ' ' . •' ,• ,i_ 
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TH 229 5/2+633 - 13/2+606 FGAP I = 5/2 KI = 5/2 M = 4 KF = 13/2 Q ALPHA 5.195 MEV 

E I KEVl I L HI L, Kl-KF l H(L,Kl+Kf) SUM RED. TRANS. PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

0.* 13/2 4 -3.687E-05 o. -3.687E-05 1. 360 E-09 NO STATE o. 
6 8.208E-05 o. 8. 208E-05 6. 736E.:..09 NO STATE o. 
8 5.680E-07 o. 5.680E-07 3.226E-13 NO STATE o. o. 7.22E 04 

---------
B.097E-09 

o.• 15/2 6 1.867E-04 o. 1o867E-04 3.487E-08 NO STATE o. 
8 2.658E-06 o. 2.658E-06 7.063E-12 NO STATE o. o. 1.67E 04 

-------- I 
-.!) 

3.488E-08 ~ 
I 

---------* ESTIMATE NOT POSSIBLE o. 

'' .,l • . J 
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PA 231 1/2-530 FAVORED FGAP I = 3/2 Kl = 1/2 M = 0 KF = 1/2 Q ALPHA 5.170 MEV 

E I KEVI I l Hll,KI-KFI Hll,KI+KF) SUM RED. TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- --·-------- --- --------------- ------ ---------------- --- ---------

351. 1/2 0 o. o. o. o. 1.451E-.33 o. 
2 -7.924E-03 o. -7.924E-03 6.279E-05 8.337E-34 3.148E-15 3.14BE-15 9. 30E 00 ' ~-( 

---------
6.279E-05 .: ( 

"' 327. 3/2 0 2.143E-02 a. 2.143E-02 4.594E-04 2.132 E-33 5.892E-14 " 
2 -7.924E-03 o. -7.924E-03 6.279E-05 1. 225 E-33 4.627E-15 6.354E-14 l.12E 00 

--------- { 

5.222E-04 
.... I' 

423. 5/2 2 5.187E-03 o. 5.187E-03 2.691E-05 2.602E-34 4.211E-l6 
4 -4.123E-03 o. -4.123E-03 1.700E-05 7 .162E-35 7.321E-17 4.943E-16 1.33E 01 

..._ ... , •«< 

---------
4.390E-05 

~ - ' 

385. 712 2 1.271E-02 o. 1.271E-02 1.615E-04 4.848E-34 4. 707E-15 
4 -3.073E-03 o. -3.073E-03 9.442E-06 1.336E-34 7. 586E-17 4. 783E-15 3.42E 00 

--------
1.709E-04 I 

-..!) 
~ \: Ul 

I 

556.* 9/2 4 2.451E-03 o. 2. 451E-03 6.008E-06 7.482E-36 2.704E-18 ~-- G 
6 1.372E-03 o .. 1.372E-03 1.883E-06 9.938E-37 1.126E-19 2. 816E-18 7.40E 01 

---------
7.892E-06 

468.* 11/2 4 5.200E-03 o .. 5.200E-03 2.704E-05 3.339E-35 5.430E-17 
6 9.375E-04 o .. 9.375E-04 8.789E-07 4.454E-36 2.354E-19 5.453E-17 2. 09E 01 

---------
2.792E-05 

717.• 13/2 6 -8.028E-04 o .. -a. 028E-04 6.446E-07 5. 760E-38 2. 233E-21 
8 1.245E-03 o. 1.245E-03 1.549E-06 3. 733E-39 3.479E-22 2. 581E-21 2.66E 02 

---------
2.194E-06 

597.• 1512 6 -1.606E-03 o.' -1.606E-03 2.578E-06 4.928E-37 7. 641 E-20 
8 8.149E-04 o. 8.149E-04 6.641E-07 3.218E-38 1. 285E- 21 7. 770E-20 1.80E 02 

---------
3.242E-06 

---------* ESTIMATED WITH ROT. CONST.= 5.55 KEV, AND DEC. PARAM.= -2.441 7. 203E-14 



PA 231 1/2-530 - 3/2-532 FGAP I = 3/2 KI = 1/2 M = 1 KF = 3/2 Q ALPHA 5.170 MEV 

E I KEV J I l Hll,KI-KFJ H ll ,KI+KF l SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- -----~-------- ------ ---------------- --- ---------

o. 3/2 2 -6. B39E-04 -B. BlOE-04 -1.565E-03 2.449E-06 1.759E-31 2.591E-14 2.591E-14 2.39E 02 
---------
2.449E-06 

29. 5/2 2 -l.B2BE-04 9.41BE-04 7.591E-04 5.762E-07 1.14BE-31 3.979E-15 
4 -l.026E-03 -2. 543E-03 -3.569E-03 1.274E-05 3.191E-32 2.450E-14 2. B48E-14 4.39E 01 

---------
1.332E-05 

71.* 112 2 B .114E-04 -5. 265E-04 2.909E-04 B.462E-OB 6.279E-32 3.196E-16 
4 -1.341E-03 -4.152E-04 -1.756E-03 3.084E-06 1.747E-32 3.240E-15 3.559E-15 1.B4E 02 

---------
3.169E-06 

123.* 9/2 4 2 .114E-04 2. 6l9E- 03 2.830E-03 B.OlOE-06 7.937E-33 3 .. 824E-15 
6 -1.506E-03 -3. 475E-03 -4.981E-03 2.48lE-05 l.076E-33 1.606E-15 5.430E-15 1.7BE 01 

I --------- -.() 

3.2B2E-05 0" 

lBB.* 11/2 4 1.733E-03 -2.147E-03 -4.137E-04 1.111E-07 2.975E-33 3.062E-17 
6 -1.521E-03 3. 511E-04 -1.170E-03 1.369E-06 4.021E-34 3. 310E-17 6. 312E-17 3. 79E 02 

---------
1.540E-06 

265.* 13/2 6 5.338E-04 3. 081E-03 3.615E-03 1.306E-05 .1.224E-34 9.622E-17 
B -l.ll4E-03 -2. 366E-03 -3.4BOE-03 1.211E-05 B.l76E-36 5.954E-1B l.022E-16 2.32E 01 

---------
2.5l1E-05 

353.* 15/2 6 2.097E-03 -3. 025E-03 -9.283E-04 8.617E-07 2.996E-35 1.553E-18 
B -9.901E-04 5. 257E-04 -4.644E-04 2.156E-07 1.989 E-36 2. 580E-20 1.579E-1B 5. 42E 02 

---------
l.077E-06 

---------
* ESTIMATED WITH ROT. CONST.= 5.88 KEV 6.354E-14 

.... , ' ", 
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PA 231 1/2-530 - 3/2+651 FGAP I = 3/2 KI = 1/2 M = 1 KF = 3/2 Q ALPHA 5.170 MEV 

E IKEVI I L H(L,KI-KF) HIL,KI+KF) SUM RED. TRANS. PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

o. 3/2 1 1. 254E-03 o. -1.254E-03 1.572E-06 2. 537 E-31 2. 399E-14 -r 
3 2 .onE-03 -5.9.52E-04 -l,502E-03 2.255E-06 1.016E-3l 1. 378E-l4 3. 778E-14 l.53E 02 

- ..... 

---------
3. 827E-06 

,. 
.... ~ 

vo 
~ ""' 

29. 5/2 1 -1.536E-03 o. l.536E-03 2.358E-06 1. 657 E-31 2.350E-l4 
3 3.670E-03 -2. 976E-04 -3.372E-03 l;l37E-05 6.632E-32 4.535E-14 6. 885E-l4 "4.26E 01 { ( ---------

l. 373E-05 
~ ~ i' 

73. 7/2 3 -0. 7. 290E-04 -7.290E-04 5.314E-07 3.492E-32 l.ll6E-l5 - ! ·---..:. 
5 3.463E-03 -7.973E-04 -2.666E-03 7.105E-06 6.775E-33 2. 89 5E-l5 4.0llE-l5 7.65E 01 

--------- r 
7.637E-06 '!~!.. 

107. 9/2 3 -4.540E-03 -5.155E-04 5.055E-03 2.556E-05 2.107E-32 3.239E-14 
I 

5 3.872E-03 o. -3.872E-03 l.499E-05 4.083E-33 3.681E-15 3.607E-l4 l.44E 01 -..D 
--------- ...J 

4.054E-05 I 
,t:{., 

172. * 11/2 5 -l.037E-03 7.506E-04 2.867E-04 B.222E-08 1. 5 36 E-33 7. 594E-18 ~-·"" '-4 

7 2.642E-03 -3. 208E -04 -2.322E-03 5. 390E-06 1.461E-34 4.735E-17 5.494E-l7 1. 07E 02 
---------
5.473E-06 

248.* 13/2 5 -5.187E-03 ·-6. 824E-04 5.869E-03 3.445E-05 4. 714E-34 9. 767E-16 
7 2.482E-03 5. 478E-05 -2.537E-03 6.436E-06 4.464E-35 1.728E-17 9. 940E-16 1.43E 01 

---------
4.088E-05 

336.* 15/2 7 -1.033E-03 2. 718E-04 7.6l6E-04 5. 80 lE-07 1.097E-35 3.828E-l9 
9 9.329E-04 l. 952E-04 -1.128E-03 1.272E-06 5.l69E-37 3.956E-20 4.223E-l9 3.15E 02 

---------
1.853E-06 

---------
* ESTIMATED WITH ROT. CONST.= 5.88 KEV 1. 4 78E-13 



..... , . •' 
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PA 231 1/2-530 - 1/2+660 FGAP I = 3/2 Kl = 112 M .= 0 KF = 1/2 Q ALPHA 5.170 MEV 

E (KEVI I l H{L,KI-KF I H (l,Kl+KF) SUM REO. TRANS. PROB. PENET. NORM.TRANS.PROB. SUM RCP. FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

0.* 1/2 1 2.269E-03 -·5. 196E-o4 -1.749E-03 3.060E-06 NO STATE o. o. 1. 91E 02 
--------- ':'( 
3.060E-06 ,. 

' •d ~ 

0.* 3/2 1 -l.015E-03 9.294E-04 8.520E-05 7.260E-09 NO STATE o. ... 
3 3.212E-03 -2. 224E-03 -9.878E-04 9.757E-07 NO STATE o. o. 5. 94E 02 ..... 

---------
9.830E-07 ( ( 

0.* 5/2 1 -3.044E-03 -6. 971E-04 3.741E-03 1.399E-05 NO STATE o. =~ ... i' 
3 2.623E-03 4. 540E-04 -3.077E-03 9.465E-06 NO STATE o. o. 2.49E 01 

~:.J ---------
2.346E-05 

O.* 112 3 -l.955E-03 2. 030E-03 -1. 562E-05 5.1l9E-09 NO STATE o. 
5 3.372E-03 -2. 384E-03 -9.884E-04 9.770E-07 NO STATE o. o. 5.95E 02 

---------
q.827E-07 I 

-.!) 
-.!) -. .. 
I - """ o.• 9/2 3 -4.371E-03 -2. 270E-03 6.641E-03 4.410E-05 NO STATE o. 

5 2.3B4E-03 8.428E-04 -3.227E-03 l.042E-05 NO STATE o. o. l.07E 01 {'"'' 
'oir..r· --------

5.452E-05 

O.* 11/2 5 -1.984E-03 1. 870E-03 1.140E-04 1.300E-08 NO STATE o. 
7 2.030E-03 -1. 281E-03 -7.489E-04 5.608E-07 NO STATE o. o. 1. 02E 03 

--------
5.138E-07 

0.* 13/2 5 -4.066E-03 -2. 395E-03 6.461E-03 4.l75E-05 NO STATE o. 
7 1.353E-03 5. 33BE-04 -l.BB7E-03 3.562E-06 NO STATE o. o. 1.29E 01 

---------
4.531E-05 

0.* 15/2 7 -1.183E-03 9. 336E-04 2.499E-04 6.243E-OB NO STATE o. 
9 4.539E-04 -1. 256E-04 -3.283E-04 1.078i:-07 NO STATE o. o. 3.43E 03 

---------
1.702E-07 

---------
* ESTIMATE NOT POSSIBLE o. 



PA 231 1/2-530 - 5/2-523 FGAP I = 3/2 KI = 1/2 M = 2 KF = 5/2 Q ALPHA 5.170 MEV 

E I KEVI I L HIL,KI-KFI HIL,KI+KFI SUM REO.TRANS.PROB. PENET. NORM. TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

0.* 5/2 2 3.648E-05 o. 3.648E-05 1.331E-09 NO STATE o. 
4 -5.653E-05 -3.973E-04 -4.538E-04 2.060E-07 NO STATE o. o. 2. 82E 03 

---------
2.073E-07 

D.* 7/2 2 -3.159E-05 o. -3.159E-05 9.982E-10 NO STATE o. 
4 -1.311E-04 -3. 350E-04 -4.661E-04 2.173E-07 NO STATE o. o. 2. 68E 03 

---------
2.183E-07 

O.* 9/2 4 -3.977E-05 5.191E-04 4.793E-04 2.29BE-07 NO STATE o. 
6 -2.823E-04 -1. 041E-03 -1.323E-03 1.750E-06 NO STATE 0~ o. 2. 95E 02 

---------
1.980E-06 

I 
....... 
0 

o.• 11/2 4 1.509E-04 -3. 031E-04 -1. 521E-04 2.315E-08 NO STATE o. 0 
6 -4.004E-04 -2. 271E-04 -6.275E-04 3.938E-07 NO STATE o. o. 1. 40E 03 I 

---------
4.l69E-07 

0.* 13/2 6 -7. 958E-ll 1.050E-03 l.050E-03 1.103E-06 NO STATE o. 
B -3.589E-04 -9. 969E-04 -1.356E-03 1.838E-06 NO STATE o. o. 1. 99E 02 

---------
2.941E-06 

0.* 15/2 6 4. 846E-04 -7. 940E-04 -3.094E-04 9.574E-08 NO STATE o. 
8 -4.144E-04 -9.168E-l0 -4.144E-04 1. 717E-07 NO STATE o. o. 2.18E 03 

---------
2.675E-07 

---------
* ESTIMATE NOT POSSIBLE o. 

.~ •J • ~ 



.4 .... 

PA 231 1/2-530 - 5/2~642 FGAP I = 3/2 KI = 1/2 M = 2 KF = 5/2 Q ALPHA 5.170 MEV 

E ( KEV I I L H(L,KI-KF) H ( L, KI ~KF I SUM REO.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------o.• 5/2 3 1.030E-03 -3.887E-05 -9.916E-04 9.832E-07 NO STATE o. o. 5. 94E 02 •··-;" 

--------- -~ '· 
9.832E-07 

"-• 'L 

o.• 7/2 3 6.517E-04 3.278E-05 -6.845E-04 4.685E-07 NO STATE o. " \.., 
5 l.095E-03 1.272E-04 -1.222E-03 1.493E-06 NO STATE o. o. 2. 98E 02 

---------
1.962E-06 { ( 

. ~r 
o.• 9/2 3 -1.219E-03 -1.533E-05 1.235E-03 1.524E-06 NO STATE o. 

5 1.851E-03 5.376E-05 -1.904E-03 3.627E-06 NO STATE o. o. 1.13E 02 -1111:~ ........ J ---------
5.151E-06 5 ~ 

•- c,~ 

I 

o.• 11/2 5 2.295E-04 -1. 400E-£l4 -8.952E-05 B.014E-09 NO STATE o. -0 
7 1. 273E-03 2.891E-04 -1.562E-03 2.439E-06 NO STATE o. o. 2. 39E 02 ---------- I 

2.447E-06 

_;:... , • .t. 
o.• 13/2 5 -2.178E-03 9. 488E-05 2.083E-03 4.338E-06 NO STATE o. 

7 1.604E-03 2.602E-05 -1.630E-03 2.656E-06 NO STATE o. o. a. 35E 01 
---------
6.994E-06 

o.• 15/2 7 -1.515E-04 -2. 752E-04 4.267E-04 1.820E-07 NO STATE o. 
9 6. 739E-04 2.967E-04 -9.706E-04 9.421E-07 NO STATE o. o. 5.20E 02 

---------
1.124E-06 

---------* ESTIMATE NOT POSSIBLE o. 



PA 231 1/2-530 - 1/2+400 FGAP I = 3/2 Kl = 1/2 M = 0 KF = 112 Q ALPHA 5.170 MEV 

E IKEVI I L Hll,KI-KFJ H(l,Kl+KFJ SUM RED. TRANS. PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

O.* 1/2 1 5.708E-04 3. 950E-05 -6.103E-04 3.725E-07 NO STATE o. o. 1.57E 03 
---------
3.725E-07 

0.* 312 1 -2.553E-04 -7. 066E-05 3.259E-04 1.062E-07 NO STATE o. 
3 3.99lE-04 1.475E-04 -5.466E-04 2.988E-07 NO STATE o. o. 1.44E 03 

-------~-
4.050E-07 

0." 5/2 1 -7.659E-04 5. 299E-05 7.129E-04 5.082E-07 NO STATE o. 
3 3.259E-04 -3. OllE-05 -2.957E-04 8.747E-08 NO STATE o. o. 9. 81E 02 

---------
5.956E-07 

0.* 7/2 3 -2.429E-04 -l.347E-04 3. 775E-04 1.425E-07 NO STATE o. 
5 -6. 305E-04 -3. 567E-04 9.872E-04 9.746E-07 NO STATE o. o. 5.23E 02 -----~----

1.117E-06 
0 
N 
I 

0.* 912 3 -5.431E-04 1. 506E-04 3.925E-04 1.541E-07 NO STATE o. 
5 -4.458E-04 1. 261E-04 3.197E-04 l.022E-07 NO STATE o. o. 2.28E 03 

----------
2.563E-07 

0.* 11/2 5 3. 710E-04 2. 798E-04 -6.508E-04 4.235E-07 NO STATE o. 
7 -6.366E-05 -1. 206E-05 7.571E-05 5. 733E-09 NO STATE o. o. 1.36E 03 

---------
4.292E-07 

0.* 13/2 5 7 .602E-04 -3. 584E-04 -4.018E-04 1.615E-07 NO STATE o. 
7 -4.244E-05 5.024E-06 3.741E-05 1.400E-09 NO STATE o. o. 3. 59E 03 

---------
l.629E-07 

0.* 15/2 7 3. 711E-05 a. 787E-06 -4. 590E-05, 2.107E-09 NO STATE o. 
9 -4. 855E-05 -2. OOOE-05 6.855E-05 4.699E-09 NO STATE o. o. 8.58E 04 

---~-----
6.806E-09 

---------
* ESTIMATE NOT POSSIBLE o. 

. 
"'• t_y 



. 
> 

U 229 FAVORED 3/2+631 FGAP V I = 3/2 

E ( KEV I 

o. 

29. 

65. 

102. 

l 

3/2 0 
2 

5/2 2 
4 

7/2 2 
4 

9/2 4 
6 

166.* 11/2 4 
6 

241. * 13/2 6 
8 

328.* 15/2 6 
8 

Hll,KI-KFI 

2.501F.-02 
l.028E-02 

1.649E-02 
2.813E-03 

1. 2 29E-02 
6.891E-03 

8.691E-03 
6.798E-05 

5.937E-03 
1.442E-04 

l.687E-04 
-4.651E-04 

1.105E-04 
-9.302E-04 

H(l,KI+KF) 

o. 
o. 

o. 
o. 

o. 
o. 

o. 
o. 

o. 
o. 

o. 
o. 

o. 
o. 

* ESTIMATED WITH ROT. CONST.= 5.80 KEV 

KI 

SUM 

-2.501E-02 
-l.028E-02 

-l.649E-02 
-2.813E-03 

-1.229E-02 
-6. 891E-03 

-8.691E-03 
-6.798E-05 

-5.937E-03 
-1.442E-04 

-1.687E-04 
4.651E-04 

-1.105E-04 
9.302E-04 

3/2 M = 0 

RED.TRANS.PROB. 

6.253E-04 
l.057E-04 

7.310E-04 

2. 718E-04 
7.913E-06 

2.797E-04 

l.510E-04 
4.748E-05 

l.985E-04 

7.553E-05 
4.621E-09 

7.554E-05 

3.525E-05 
2.080E-08 

3.527E-05 

2.847E-08 
2.163E-07 

2.448E-07 

1.220E-08 
8.653E-07 

a. 775E-07 

KF = 3/2 Q ALPHA 

PENET. NORM.TRANS.PROB. 

9.219E-25 
5.413E-25 

4.020E-25 
1.166E-25 

2. 770E-25 
8.029E-26 

5.451E-26 
7.895E-27 

2.773E-26 
4.005E-27 

1. 711 E-27 
1.295E-28 

6.775E-28 
4.927E-29 

3.467E-05 
3.440E-06 

6.570E-06 
5.551E-08 

2.516E-06 
2.293E-07 

2.477E-07 
2.195E-12 

5.880E-08 
5.009E-12 

3. 032E-12 
1.685E-12 

4. 971E-13 
2. 564E-12 

6.504 MEV 

SUM 

3.811E-05 

6.626E-06 

2.745E-06 

2.477E-07 

5. 880E-08 

4. 717E-12 

3.061E-12 

4. 779E-05 

·-· 

RCP.FORM. 

7.99E-01 

2. 09E 00 

2. 94E 00 

7. 73E 00 

1.66E 01 

2. 39E 03 

6.66E 02 

" 

...... 
0 
VJ 
I 

.#'E' 
"\ ..... 

~::,... 

_c 

( ( 

"'· '1>- ~ .. <~ 

,: .J,; 

...i..~ 

... . - .. .:'.., 



u 233 FAVORED 5/2+633 FGAP V I = 5/2 Kl = 5/2 M = 0 KF = 5/2 Q ALPHA 4.936 MEV 

E C KEV J I l HCL,KI-KFJ HI L ,KI +KF l SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- ----~---------- ------ ---------------- --- ---------

o. 5/2 0 2. 065E-02 o. 2.065E-02 4.263E-04 2. 742 E-33 7 .031E-14 
2 1.160E-02 ·0. 1.160E-02 1.345E-04 1.582E-33 1.280E-14 
4 1.650E-03 o. 1.650E-03 2. 722E-06 4.408 E-34 7.216E-17 8. 318E-14 1. 04E 00 

---------
5.635E-04 

42. 7/2 2 1.339E-02 o. 1.339E-02 1.793E-04 8.101E-34 a. BBE-15 
4 4.449E-03 o. 4.449E-03 1.980E-05 2.254E-34 2.684E-16 
6 -1.809E-05 o. -1.809E-05 3.274E-10 3.064E-35 6. 035E- 22 9.006E-15 2.93E 00 

---------
1.991E-04 

97. 9/2 2 7.922E-03 o. I 7.922E-03 6.276E-05 3.356E-34 1. 26 7E-15 
4 6. 581E-03 o. 6.581E-03 4. 330E-05 9.324E-35 2.428E-16 
6 -6.398E-05 o. -6.398E-05 4.093E-09 1.264E-35 3.112E-21 1. 510E-15 5. 51E 00 

---------
1.061E-04 ...... 

0 
~ 
I 

163. 11/2 4 6.108E-03 o. 6.108E-.03 3. 731E-05 3.157E-35 7 .084E-17 
6 -1.254E-04 o. -1.254E-04 1.572E-08 4.268E-36 4.034E-21 
8 -2.258E-04 o. -2.258E-04 5.099E-08 2.86lE-37 8.775E-22 7.085E-17 1. 56E 01 

---------
3. 738E-05 

242.C< 13/2 4 3.346E-03 o. 3.346E-03 1.119E-05 8.437 E-36 5.680E-18 
6 -1.606E-04 o. -1.606E-04 2.579E-08 1.136E-36 1. 762E-21 
8 -6.680E-04 o. -6.680E-04 4. 46 2E-07 7.579E-3B 2.034E-21 5.683E-l8 5. OlE 01 

---------
l.l66E-05 

333.• 15/2 6 -1.381E-04 o. -1.3BlE-04 1.90'7E-08 2.365E-37 2. 712E-22 
8 -1.181E-03 o. -l.lBlE-03 1.396E-06 1.568E-38 1. 316E-21 1.587E-21 4.13E 02 

---------
l.415E-06 

---------* ESTIMATED WITH ROT. CONST.= 6.05 KEV 9 .3771"-14 

i' .. • " -~ 



• ... ,, 

u 233 5/2~633 - 5/2-752 FGAP I = 5/2 KI = 5/2 M = 0 KF = 5/2 Q ALPHA 4.936 MEV 

E I KEVI I l HIL,KI-KFl HIL,KI+KFI SUM REO.TRANS.PROB. PENH. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- -------------- ------ ---------------- --- ---------

29. 5/2 l 9.206E-04 o. -9.206E-04 8.475E-07 1.445 E-33 7.368E-17 
~. ·-c 3 4.333E-04 o. -4.333E-04 l.877E-07 5. 784E-34 6.531E-18 

5 2.8l7E-06 -3. 316E-05 3.034E-05 9.207E-l0 1.123E-34 6.221E-21 8.022E-17 5. 64E 02 

--------- •· ~ 
l.036E-06 

r .... 
71. 112 l 5.822E-04 o. -5.822E-04 3.390E-07 7.355E-34 1. 500E-17 

{ ( 3 7.751E-04 o. -7. 75lE-04 6.007E-07 2.941E-34 l.063E-17 
5 1.260E-05 2.472E-05 -3.13lE-05 1.392E-09 5.702E-35 4.775E-21 2.563E-17 6.21E 02 

--------- .... f, 
9.411E-07 

~--.! 

124. 9/2 3 7.729E-04 o. -7.729E-04 5.973E-07 1.255E-34 4.507E-18 
5 2. 734E-05 -1. 533E-05 -1.202E-05 1.444E-l0 2.42BE-35 2.108E-22 '·· 
7 -1.021E-04 -4. 337E-04 5. 35 SE-04 2. 871E-07 2. 311 E-36 3.990E-20 4.547E-18 6. 60E 02 

---------
8.846E-07 -0 

\JI 
191.* 1112 3 4.372E-04 o. -4.372E-04 1.911E-07 4.176E-35 4.80 1E-19 I 

5 3.6<?8E-05 7.773E-06 -4.475E-05 2.002E-09 B.061E-36 9.709E-22 -._.., ·!I!Oi.~--

1 -3.229E-04 5.143E-04 -l.914E-04 3.663E-08 7.644E-37 1.684E-21 4. 828E-19 2. 54E 03 

--------- - ,C,:. 
2.298E-07 

269.* 13/2 5 3.281E-05 -3. 066E-06 -2.975E-05 a. B49E-1o 2.124E-36 1.130E-22 
1 -5.952E-04 -4.213E-04 l.Ol6E-03 lo033E-06 2.005E-37 1.246E-20 
9 -1. 295E-04 -6. 872E-04 8.167E-04 6.670E-07 9.459E-39 3.795E-22 1. 295E-20 3.43E 02 

---------
1.701E-06 

360.* 15/2 5 l.754E-05 8.193E-07 -l.836E-05 3.370E-l0 4.362E-37 8.843E-24 
1 -7.347E-04 2.600E-04 4.747E-04 2.253E-07 4.098E-38 5.552E-22 
9 -3.662E-04 9. 1l9E-04 -6.051E-04 3.669E-07 1.920E-39 4. 238E-23 6. 064E-22 9. 86E 02 

---------
5.926E-07 

---------
* ~STIMATED WITH ROT. CONST.= 6.06 KEV 1.109E-16 



( 

u 233 5/2+633 - 1/2-501 FGAP I = 5/2 KI =. 5/2 M = -2 KF = 1/2 Q ALPHA 4.936 MEV 

E I KEVJ I L HU,KI-KF) HC L.KI+KF l SUM REO. TRANS. PROB. PENH. NORM.TRANS.PROB. SUM RCP.FORM. ------- - - ---------- ---------- --- --------------- ----- ---------------- --- ---------
194. 1/2 3 8.527E-05 3. 250E-05 -1.178E-04 1.387E-08 3.948E-35 3.293E-20 3. 293E-20 4.21E 04 

---------
lo387E-08 

202. 3/2 3 1.907E-04 -3. 634E-05 -1.543E-04 2.382E-08 3.453E-35 4.947E-20 4.947E-20 2.45E 04 ----------
2.382E-08 

242. 5/2 3 2.335E-04 2. 967E-05 -2.632E-04 6.927E-08 1. 759 E-35 7.330E-20 
5 2 .064E-04 1.402E-04 -3.466E-04 1.201E-07 3.389E-36 2.449E-20 9. 779E-20 3. 08E 03 

---------
1.894E-07 

262. 7/2 3 1.969E-04 -1. 877E-05 -1.782E-04 3 .174E-08 1.252E-35 2.389E-20 
5 4.352E-04 -2. 216E-04 -2.136E-04 4. 561E-08 2.410E-36 6.611E-21 3.050E-20 7. 55E 03 

---------
7.735E-08 

I 

334.* 9/2 3 1.114E-04 8.946E-06 -1.263E-04 1.595E-08 3.606E-36 3.459E-21 ....... 
0 

5 5.645E-04 2. 300E-04 -7.945E-04 6.312E-07 6.922 E-37 2.628E-20 "' 7 -7.799E-05 -3.203E-05 l.lOOE-04 1.210E-08 6.512E-38 4. 741E-23 2.979E-20 a. B6E oz I 

---------
6.592E-07 

363.* 11/2 3 4.453E-05 -2. 829E-06 -4.170E-05 1. 739E-09 2.153E-36 2.252E-22 
5 5.121E-04 -1.13BE-04 -3.382E-04 l.l44E-07 4.129E-37 2.841E-21 
1 -1.654E-04 5.662E-05 l.OBBE-04 1.184E-OB 3.878E-38 2. 762E-23 3.094E-21 4. 56E .03 

--------
1.280E-07 

467.* 13/2 5 3.272E-04 9. 521E-05 -4.224E-04 1.784E-07 6.339E-38 6. 804E-22 
7 - 2.196E-04 -6.441E-05 2.840E-04 8.065E-08 5.919E-39 2. 871E- 23 
9 2.414E-06 6.343E-06 -8.757E-06 7 .668E-ll 2.752E-40 1o 269E-27 7.091E-22 2. 25E 03 

--------
2.592E-07 

507.* 15/2 5 1.322E-04 -3. 366E-05 -9.855E-05 9.112E-09 3.029E-38 1. 769E-23 
1 -2. 049E-04 5. 259E-05 1.523E-04 2.320E-08 2.822E-39 3.937E-24 
9 5.161E-06 -1.1B7E-05 6.706E-06 4.497E-ll 1.30BE-40 3. 537E-28 2.163E-23 1. 77E 04 

--------
3.295E-08 

---------* ESTI~ATEO.~I~~ ROT. GONST.= 5.33 KEV, AND DEC. PARAM.= -o~5oo 2.443E-19 . . .. , ') ,, .. 



i• ' ~ '• 

u 233 5/2+633 - 3/2+651 FGAP I = 512 KI = 512 M = -1 KF = 3/2 Q ALPHA 4.936 MEV 

E I KEV I I l HIL,KI-KF I HI L, K I+ KF I SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCPoFORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

291. 3/2 2 2.253E-04 o. 2.253E-04 5.076E-08 1. 322 E-35 4.035E-20 
4 2.293E-05 4.849E-04 5.078E-04 2.578E-07 3.651E-36 5.663E-20 9.698E-20 1. 89E 03 { 

---------
3.086E-07 •f 

-~ ... 
.J!I'" 

317. 512 2 2.759E-04 o. 2.759E-04 7.614E-08 8.428E-36 3.860E-20 "' 4 7.943E-05 -4.199E-04 -3.405E-04 1.159E-07 2.327 E-36 1.622E-20 5.482E-20 3. 04E 03 
--------- { ( 
1.921E-07 

:; ;} 

353.* 7/2 2 2.057E-04 o. 2.051E-04 4.230E-08 4.459E-36 1.135E-20 
' 4 1. 383E-04 2.924E-04 4.307E-04 1.855E-07 1. 230 E-36 1.372E-20 .-..-.d 

6 -2.811E-05 l.058E-03 1.030E-03 1.060E-06 1.648E-37 1.051E-20 3.557E-20 4. 54E 02 

--------- '· .... 
1.288E-06 

I 

400.* 9/2 2 9.1<;8E-05 o. 9.198E-05 8.460E-09 1.945E-36 9. 895E-22 -0 
4 1.546E-04 -1.634E-04 -8.856E-06 7.843E-ll 5.355E-37 2.526E-24 -J 

6 -7.673E-05 -1.414E-03 -1.491E-03 2.224E-06 7.159E-38 9.575E-21 1. 057E- 20 2. 62E 02 I 

--~------
~,, ·- ,...... ?.232E-06 
fl ..... ~· •1<.· 

457.* 11/2 4 1.162E-04 7.023E-05 1.865E-04 3.477E-08 1.904E-31 3.982E-22 
6 -1.218E-04 1. 283E-03 1.161E-03 1.349E-06 2.539E-38 2.059E-21 
8 -4.424E-05 1.167E-03 1.123E-03 1.260E-06 1.670E-39 1. 266E- 22 2.584E-21 2.21E 02 

-------
2.643E-06 

525.* 1312 4 5.369E-05 -2. 027E-05 3.342E-05 1.117E-09 5.463 E-38 3.669E-24 
6 -1.316E-04 -8. 662E-04 -9.977E-04 9.955E-07 7.262E-39 4.348E-22 
8 -l.l03E-04 -1.819E-03 -1.929E-03 3.723E-06 4.755E-40 l.065E-22 5.449E-22 1.24E 02 

---------
4.-719E-06 

603.* 15/2 6 -9.79BE-05 4. 300E-04 3.321E-04 1.103E-07 1.651E-39 1.095E-23 
8 -l.690E-04 1.857E-03 1.688E-03 2.851E-06 l.076E-40 1.844E-23 2.940E-23 1. 97E 02 

---------
2. 961E-06 

---------* ESTIMATED WITH ROT. CONST.= 5.20 KEV 2.011E-19 



u 233 5/2+633 - 1/2+631 FGAP I = 5/2 

E { K EV) l H{l,KI-KF) HU.,K I+KF) 

o.• 1/2 2 -3.070E-a4 o. 

o.• 3/2 2 -3.~82E-a4 a. 
4 -3.130E-04 -2.249E-a5 

o.• 5/2 2 -2.461E-a4 
4 -6.640E-04 

a.* 7/2 2 
4 
6 

-1. 340E-a4 
-8.441E-04 
-3.121E-04 

o.• 9/2 2 -4.737E-a5 
4 -7.461E-a4 
6 -6.595E-04 

0.* 11/2 4 
6 
8 

a.• 13/2 4 
6 
8 

-4.646E-04 
-8.669E-04 
-1.347E-04 

-1.832E-a4 
-7.995E-04 
-2.869E-04 

a. 
3.18aE-05 

b. 
-3.a32E-05 
-3. 5a4E-05 

a. 
2.144E-05 
5.923E-05 

-1.113E-05 
-6.489E-a5 
-2. 363E-a5 

3. 761E-a6 
5.13aE-a5 
4. 314E-a5 

0.* 15/2 6 -5.197E-04 -2.918E-05 
8 -3.836E-04 -5.047E-a5 

* ESTIMATE NOT .~bSSIBJ,.i 

KI = 5/2 M = -2 

SUM RED.TRANS.PROB. 

-3.a7aE-04 

-3.282E-a4 
-3.355E-04 

-2.46lE-04 
-6.322E-04 

-1.340E-a4 
-8.745E-04 
-3.472E-04 

-4. 737E-05 
-7.241E-a4 
-6.a02E-04 

-4.751E-a4 
-9.318E-04 
-1.583E-a4 

-1.795E-a4 
-7.482E-04 
-2.438E-04 

-5.489E-a4 
-4.341E-04 

9.423E-a8 

9.423E-08 

l.077E-07 
lol26E-07 

2.203E-07 

6.058E-08 
3.997E-07 

4.603E-07 

1.795E-08 
7.647E-a7 
1.205E-07 

9.031E-07 

2.244E-a9 
5. 252E-07 
3.603E-07 

8.877E-07 

2.263E-07 
8.682E-07 
2.507E-08 

1.120E-06 

3.221E-08 
5.599E-07 
5.943E-a8 

6.515E-07 

3.013E-a7 
1.884E-a7 

4.897E-07 

KF = 112 Q AlPHA 

PENET. NORM.TRANS.PROB. 

NO STATE 

NO STATE 
NO STATE 

NO STATE 
NO STATE 

NO STATE 
NO STATE 
NO STATE 

NO STATE 
NO STATE 
NO STATE 

NO STATE 
NO STATE 
NO STATE 

NO STATE 
NO STATE 
NO STATE 

NO STATE 
NO STATE 

a. 

a. 
o. 

o. 
a. 

a. 
o. 
o. 

a. 
o. 
o. 

o. 
o. 
a. 

a. 
o. 
o. 

a. 
a. 

4.936 MEV 

SUM 

o. 

o. 

o. 

a. 

o. 

o. 

o. 

o. 

o. 

RCP.FORM. 

6. ZOE a3 

2. 65E 03 

1.27E a3 

6. 4 7E 02 

6. 58E 02 

5.22E az 

8. 97E az 

1.19E 03 

.. . .. 

-0 
CXl 
I 



. ' 

u 233 5/2+633 - 7/2-743 FGAP I = 5/2 KI = 5/2 M = 1 KF = 7/2 Q ALPHA 4.936 MEV 

E I KEVI I L HIL, Kl-KF I HI L, K I+ KF I SUM RED.TRANS.PROB. PENH. NORM.TRANS.PROB. SUM RCP. FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------o.• 712 1 2.117E-04 o. -2.117E-04 4.481E-08 NO STATE o. 

3 2.Bl6E-04 . o. -2.816E-04 7 .<:lZBE-08 NO STATE o. ; -r" ... 
5 4.008E-05 o. -4.006E-05 1.606E-09 NO STATE o. o. 4. 65E 03 

---------- (. 
1.257E-07 

(: 
0.* 9/2 3 4.245E-04 o. -4.245E-04 1.802E-07 NO STATE o. 

5 1.315E-04 o. -1.315E-04 1. HOE-08 NO STATE o. ( ( 
7 -5. 717E-06 -1. 503E-04 1.560E-04 2.434E-08 NO STATE o. o. 2. 63E 03 

---------- ~~ 

2.21BE-07 . .. , 
. .J~.J.: 

0.* 11/2 3 3 .ll9E-04 o. -3.ll9E-04 9.729E-08 NO STATE o. 
5 2.310E-04 o. -2.310E-04 5.338E-08 NO STATE o. 
7 -2.34SE-05 1. 372E-04 -1.137E-04 1.293E-OB NO STATE o. o. 3.57E 03 

--------- -1.636E-07 0 
...0 

I 

0.* 13/2 5 2.495E-04 o. -2.495E-04 6.227E-08 NO STATE o: 
7 -5.268E-05 -9.233E-05 1.450E-04 2.103E-OB NO STATE o. 
9 -2.439E-05 -2.440E-04 2.684E-04 7.201E-08 NO STATE o. o. 3.76E 03 

--------- ~ t; 
1.5531:-07 

0.* 1512 5 1.564E-04 o. -1.564E-04 2.446E-OB NO STATE o. 
7 -7. 626E-05 4. 860E-05 2.766E-05 7.649E-10 NO STATE o. 
9 -8.089E-05 2.942E-04 -2.133E-04 4.551E-08 NO STATE o. o. a. 26E 03 

---------
7.074E-08 

---------
* ESTIMATE NOT POSSIBLE o. 



u 233 5/2+633 - 5/2+622 FGAP I = 5/2 KI = 5/2 M = 0 KF = 5/2 Q ALPHA 4.936 MEV 

E I KEVI I L H!L,KI-KF) H!LtKI+KFI SUM RED. TRANS. PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- -------------- ------ ---------------- --- ---------

0.* 5/2 0 -1.651E-04 o. -1.651E-04 2.725E-08 NO STATE o. 
2 -4.236E-05 o. -4.236E-05 1.795E-09 NO STATE o. 
4 1. 783E-05 o. 1.783E-05 3.178E-10 NO STATE o. o. 1.99E 04 

---------
2.937E-08 

0.* 7/2 2 -4.892E-05 o. -4.892E-05 2.393E-09 NO STATE o. 
4 4.807E-05 o. 4.807E-05 2.311E-09 NO STATE o. 
6 4.568E-06 1. 516E-04 1.562E-04 2.440E-08 NO STATE o. o. 2. OlE 04 

---------
2.910E-08 

0.* 9/2 2 -2.8'34E-05 o. -2.894E-05 8.375E-10 NO STATE o. 
4 7.110E-05 o. 7.llOE-05 5.055E-09 NO STATE o. 
6 1.615E-05 -1. 532E-04 -1.370E-04 1.878E-08 NO STATE o. o. 2. 37E 04 

---------
2.467E-08 

I 

D.* 1112 ·4 6.599E-05 o. 6.599E-05 4.355E-09 NO STATE o. ..... ..... 
6 3.165E-05 1.126E-04 1.442E-04 Z.OBOE-08 NO STATE o. 0 
8 -4.302E-06 2. 331E-04 2.288E-04 5.234E-08 NO STATE o. o. 7. 54E 03 I 

---------
7.749E-08 

0.* 13/2 4 3.615E-05 o. 3.615E-05 1.307E-09 NO STATE o. 
6 4.054E-05 -6. 408E-05 -2.354E-05 5.541E-10 NO STATE o. 
8 -1.272E-05 -3. 064E-04 -3.192E-04 1.019E-07 NO STATE o. o. 5.63E 03 

---------
l.037E-07 

0.* 15/2 6 3.486E-05 2. 755E-05 6.241E-05 3.895E-09 NO STATE o. 
8 -2.250E-05 2. 710E-04 2.485E-04 6.174E-08 NO STATE . o. o. B. 90E 03 

---------
6.563E-08 

---------
* ESTIMATE NOT POSSIBLE o. 

"" t) •. 



'. 

u 233 5/2+633 - 13/2+606 FGAP I = 512 Kl = 

E I KEV I I l Hll ,KI-KF I HIL,KI+KFI SUM 
------- - - ---------- ---------- ---

o.• 13/2 4 -2.552E-05 o. -2.552E-05 
6 7.229E-05 o. 7.229E-05 
8 8.206E-07 o. 8.206E-07 

o.• 15/2 6 l.645E-04 o. 1.645E-04 
8 3.840E-06 o. 3.840E-06 

* ESTIMATE NOT POSSIBLE 

5/2 M = 4 KF -= 13/2 Q ALPHA 

REO.TRANS.PROB. PENET. NORM.TRANS.PROB. 
-------------- ----- ----------------

6.512E-10 NO STATE o. 
5.226E-09 NO STATE o. 
6. 733E-13 NO STATE o. 
---------
5.878E-09 

2.705E-08 NO STATE o. 
1.474E-ll NO STATE o. 
---------
2.707E-08 

.;:,j,'. l'-' 

4.936 MEV 

SUM RCP.FORM. 
--- ---------

o. 9. 94E 04 

o. 2.16E 04 

---------
o. 

...... 
...... 
...... 
I 

c 
<· 
"'"'" 

"""' 
't, (, 

!>,. 
-r:. ·~ J ~ 

-l..J: 

\: .. 

..... - ,;,.; 



u 235 FAVORED 7/2-743 FGAP V I = 7/2 KI = 7/2 M = 0 KF = 7/2 Q ALPHA 4.708 MEV 

E IKEV) I L HIL,KI-KFI HIL 1 KI+KFI SUM RED.TRANS.PROB. PEN ET. NORM.TRANS.PRDB. SUM RCP.FORM. 
------- - - --------- ---------- --- --------------- ------ ---------------- --- ---------

387. 7/2 0 2.027E-02 o. -2.027E-02 4.109E-04 6.816E-38 1.685E-18 
2 1.317E-02 o. -1.317E-02 1. 733E-04 3.906E-38 4.072E-19 
4 2.445E-03 o. -2.445E-03 5.976E-06 1.011 E-38 3.851E-21 
6 -5.327E-05 o. 5.327E-05 2.837E-09 1.423E-39 2.429E-25 2.096E-18 9.90E-01 

---------
5.902E-04 

448. 9/2 2 1.255E-02 o. -1.255E-02 1.576E-04 1.191E-38 1.129E-19 
4 4.794E-03 o. -4.794E-03 2.298E-05 3.261E-39 4.508E-21 
6 -1. 993E-04 o. 1.993E-04 3.972E-08 4. 320 E-40 1.032E-24 
8 -4.482E-05 o. 4.482E-05 2.009E-09 2.815E-41 3.402E-27 1.174E-19 3.23E 00 

---------
1.806E-04 

523.• 11/2 2 6. 365E-03 o. -6.365E-03 4.052E-05 2.691 E-39 6. 558E-21 
4 5.649E-03 o. -5.649E-03 3.191E-05 7. 352E-40 1.411 E-21 
6 -4.228E-04 o. 4.22BE-04 1.787E-07 9.706E-41 1.044E-24 ....... 
8 -2.054E-04 o. 2.054E-04 4.2~9E-08 6.294E-4Z 1.597E-26 7.970E-21 8.04E oo ....... 

--------- N 
7.265E-05 I 

611.* 13/2 4 4.394E-03 o. -4.394E-03 1.931E-05 1.199E-40 1. 392E-22 
6 -6. 066E-04 o. 6.066E-04 3.680E-07 1.576E-41 3.488E-25 
8 -5.338E-04 o. 5.338E-04 2.850E-07 1.016E-42 1.742E-26 1.396E-22 2. 93E 01 

---------
1.996E-05 

712.* 15/2 4 2.082E-03 o. -2.082E-03 4.334E-06 1.371 E-41 3.574E-24 
6 -6.209E-04 o. 6.209E-04 3.855E-07 1. 794E-42 4.160E-26 
8 -9.464E-04 o. 9.464E-04 8.956E-07 1.149E-43 6.l89E-27 3.622E-24 1. 04E 02 

---------
5.615E-06 

---------* ESTIMATED WITH ROT. CONST.= 6.78 KEV 2.221E-1B 

o:i"J' # t .. '. 





u 235 7/2-743 - 5/2-752 FGAP V I = 712 KI = 7/2 M = -1 KF = 5/2 Q ALPHA 4.708 MEV 

E I KEV) I l H(l ,KI-Kf) H(l,Kl+Kfl SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORH. 
------- - - ---------- ---------- --- -------------- ------ ---------------- --- ---------

185. 5/2 2 -1.4BOE-03 o. 1.4BOE-03 2.191E-06 1.671 E-36 2.202E-19 
4 -6.401E-04 o. 6.40H-04 4.097E-07 4.611 E-37 1.136E-20 
6 -3.292E-05 1.527E-04 -1.198E-04 1.436E-08 6.184E-38 5.340E-23 2.316E-19 2. 23E 02 

--------
2.615E-06 

204. 712 2 -1.450E-03 o. 1.450E-03 2.103E-06 1o187E-36 1.501E-19 
4 -1. 349E-03 o. 1.349E-03 1.821E-06 3.273E-37 3.585E-20 -
6 -1.613E-04 -1.247E-04 2.860E-04 8.178E-08 4.385E-38 2.157E-22 1.862E-19 1. 46E 02 

--------
4.006E-06 

234. 912 2 -9.146E-04 o. 9.146E-04 8.365E-07 6.883E-37 3.463E-20 
4 -1. 751E-03 o. 1.751E-03 3.064E-06 1.896E-37 3.495E-20 
6 -3.991E-04 ·a. Bl9E-os 3.109E-04 9.666E-08 2. 537 E-38 1.475E-22 
8 2.730E-05 1. 791E-04 -2.065E-04 4.262E-08 1.676E-39 4.297E-24 6.973E-20 1.45E 02 

-------
4.040E-06 

I -279. 1112 2 -3.570E-04 o. 3.570E-04 1.275E-07 3.007E-37 2.305E-21 -~ 
4 -1.588E-03 o. 1.588E-03 2.522E-06 B. 274E-38 1.255E-20 I 

6 -6.517E-04 -5. 400E-05 7.057E-04 4.981E-07 1.105E-38 3.309E-22 
8 9.632E-05 -2.370E-04 1.407E-04 1.979E-08 7.278E-40 8.662E-25 1. 519E-20 1. 84E 02 

--------
3.167E-06 

337. 1312 4 -l.OlSE-03 o. l.OlSE-03 1.030E-06 2. 787E-38 1. 7Z6E-21 
6 -7.683E-04 2. 830E-05 7.400E-04 5.476E-07 3.711E-39 1.222E-22 
8 2.057E-04 2o249E-04 -4.306E-04 1.854E-07 2.436E-40 2. 716E-24 1.851E-21 3.31E 02 

---------
1. 763E-06 

378.• 1512 4 -4.100E-04 o. 4.100E-04 1.681E-07 1.281 E-38 1.295E-22 
6 -6. 706E-04 -1. 235E-05 6.830E-04 4.664E-07 1.703E-39 4. 777E-23 
8 3.109E-04 -1. 700E-04 -1.409E-04 1.986E-08 l.llSE-40 1.331E-25 1. 775E-22 a. 'i3E oz 

---------
6.544E-07 

---------* ESTIMATED WITH ROT. CONST.= 2.71 KEV 5.048E-19 

.. 



.. , 

u 235 7/2-743 - 1/2-501 FGAP I = 7/2 KI = 7/2 M = -3 KF = 1/2 Q ALPHA 4. 708 MEV 

E I KEV I I l Hll,KI-KFI HI L ,KI +KF I SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

0.* 1/2 4 -1.341E-06 -2.910E-05 3.044E-05 9.265E-10 NO STATE o. o. 6. 31E 05 
---------
9.265E-10 . t""' 

lj, __ • 

"' 'tl~ ·• 

0.* 3/2 4 -3.173E-06 3.443E-05 -3.126E-05 9.769E-10 NO STATE o. o. 5. 98E 05 
--------- {,,, 
9.769E-10 

Jt ( 

0.* 5/2 4 -4.305E-06 -3.114E-05 3.545E-05 1.256E-09 NO STATE o. " 6 -9.3B6E-06 -9. 070E-05 l.OOlE-04 l.002E-08 NO STATE o. o. 5.18E 04 '• ~' J'l\.:, 

---------
l.l27E-08 ~L.l::. 

o.• 112 4 -4.278E-06 2. 321E-05 -l.893E-05 3.585E-10 NO STATE o. ' 
,, ... 

6 -2.168E-05 1. 57lE-04 -l.354E-04 1.834E-08 NO STATE o. o. 3.12E 04 
---------
l.870E-08 

I 
...... 

o.• 9/2 4 -3.317E-06 -1. 440E-05 1. 771E-05 3.137E-10 NO STATE o. ...... 
6 -3.206E-05 -l.859E-04 2.179E-04 4. 750E-08 NO STATE o. U1 ~~ ->'!!!;[:.. '. 

8 -9. 341E-05 -2. 829E-04 3.763E-04 1.416E-07 NO STATE o. o. 3.08E 03 I 

-------- :. c;; 
l.A94E-07 

0.* 1112 4 -2.018E-06 7. 300E-06 -5.282E-06 2.789E-ll NO STATE o. 
6 -3.512E-05 1. 697E-04 -1.346E-04 l.SllE-08 NO STATE o. 
8 -2.210E-04 5.578E-04 -3.368E-04 l.l34E-07 NO STATE o. o. 4.44E 03 

---------
l.316E-07 

o.• 13/2 4 -9.287E-07 -2.879E-06 3. 808E-06 1.450E-ll NO STATE o. 
6 -2.981E-05 -1. 235E-04 1. 533E-04 2.349E-08 NO STATE o. 
8 -3.3CJ9E-04 -7.351E-04 1.075E-03 1.156E-06 NO STATE o. o. 4. 95E 02 

---------
1.179E-06 

o.• 15/2 4 -2.837E-07 7.695E-07 -4.858E-07 2. 360E-13 NO STATE o. 
6 -1.967E-05 7.128E-05 -5.161E-05 2.664E-09 NO STATE o. 
8 -3. 884E-04 7.351E-04 -3.467E-04 1.202E-07 NO STATE o. o. 4. 75E 03 

---------
1.229E-07 

---------
* ESTIMATE NOT POSSIBLE o. 



NP 233 5/2+642 FAVORED FGAP I = 5/2 Kl = 5/2 M = 0 KF = 5/2 Q AlPHA o. MEV 

E (KEVl I l HCL,KI-Kfl H(l,KI+KFl SUM RED. TRANS. PROB. PENET. NORH.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

0.* 5/2 0 2.418E-02 o. 2.418E-02 5.846E-04 NO DATA o. 
2 1.359E-02 o. 1.359E-02 1.847E-04 NO DATA o. 
4 1.647E-03 o. 1.647E-03 2. 712E-06 NO DATA o. o. 7.57E-Ol 

---------
7.720E-04 

0.* 112 2 1.569E-02 o. 1.569E-02 2.462E-04 NO DATA o. 
4 4.441E-03 o. 4.441E-03 l.972E-05 NO DATA o. 
6 -l.OHE-04 o. -1.077E-04 1.160E-08 NO DATA o. o. 2. ZOE 00 

---------
2.660E-04 

0.* 9/2 2 9.283E-03 o. 9.283E-03 8.618E-05 NO DATA o. 
4 6.568E-03 o. 6.568E-03 4.314E-05 NO DATA o. 
6 -3. 808E-04 o. -3.808E-04 1. 450E-07 NO DATA o. o. 4.51E 00 

--------
1.295E-04 --0' 

o.• 11/2 4 6.097E-03 o. 6.097E-03 3. 711E-05 NO DATA o. I 

6 -7.461E-04 o. -7.461E-04 5.567E-07 NO DATA o. 
8 -2.211E-04 o. -2.211E-04 4.888E-08 NO DATA o. o. 1.55E 01 

--------
3.777E-05 

o.• 13/2 4 3.339E-03 o. 3.339E-03 1.115E-05 NO DATA o. 
6 -9. 557E-04 o. -9. 557E-04 9.134E-07 NO DATA . o. 
8 -6. 540E-04 o. -6.540E-04 4.277E-07 NO DATA o. o. 4.68E 01 

---------
1.249E-05 

o.• 15/2 6 -8.218E-04 o. -8.218E-04 6.754E-07 NO DATA o. 
8 -1.157E-03 o. -1.157E-03 1.338E-06 NO DATA o. o. ·2.90E 02 

---------
2.013E-06 

---------
* ESTIMATE NOT POSSIBLE o. 



, ... , 

NP 233 5/2+642 - 3/2+651 FGAP I = 512 KI = 5/2 ~ = -1 KF = 3/2 Q ALPHA o. MEV 

E I KEVl I L H(L,KI-KF l HIL,KI+KFI SUM RED. T RAN$. PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- ------------- ------ ---------------- --- ---------

o.• 3/2 2 -1.973E-03 o. -1.973E-03 3.891E-06 NO DATA o. 
4 -5.095E-04 -3.481E-04 -8.576E-04 7.355E-07 NO DATA o. o. 1.26E 02 ~ r::: --------

4.627E-06 
(.~ 

o.• 5/2 2 -2.416E-03 o. -2.416E-03 5.837E-06 NO DATA o. ,, " 
~ 1t •• , •. ' 

4 -1. 765E-03 3. Ol4E-04 -1.464E-03 2.142E-06 NO DATA o. o. 7.32E 01 
------- t. ( 
7.979E-06 

::- r< 
o.• 7/2 2 -1.801E-03 o. -1.801E-03 3.243E-06 NO DATA o. 

4 -3.073E-03 -2. 099E-04 -3.282E-03 1.077E-05 NO DATA o. ~., !;., 
..,;.~.,~-

6 -5.617E-04 -6. 271E-04 -l.l89E-03 1.413E-06 NO DATA o. o. 3. 79E 01 

--------- <" 

1.543E-05 
. ~, ..... 

o.• 9/2 2 -8.053E-04 o. -8.053E-04 6.485E-07 NO DATA o. 
4 -3.435E-03 1.173E-04 -3.318E-03 1.101E-05 NO DATA o. 
6 -1.501E-03 8.380E-04 -6.631E-04 4.397E-07 NO DATA o. o. 4. 83E 01 --------- -1.210E-05 -J 

I 

.... .,.._:; 

o.• 11/2 4 -2.583E-03 -5.042E-05 -2.633E-03 6.935E-06 NO DATA o. 
6 -2.383E-03 -7.602E-04 -3.143E-03 9.879E-06 NO DATA o. 
8 -1.882E-04 -6. 764E-04 -8.646E-04 7.475E-07 NO DATA o. o. 3.33E 01 

---------
1.756E-05 

o.• 13/2 4 -l.l93E-03 1.455E-05 -1.178E-03 1.389E-06 NO DATA o. 
6 -2.574E-03 5.132E-04 -2. 061E-03 4.246E-06 NO DATA o. 
8 -4.695E-04 1. 054E-03 5.849E-04 3.421E-07 NO DATA o. o. 9. 77E 01 

---------
5.977E-06 

o.• 15/2 6 -1.917E-03 -2.548E-04 -2.172E-03 4. 716E-06 NO DATA o. 
8 -7.192E-04 -1.071E-03 -1.796E-03 3.225E-06 NO DATA o. o. 7.36E 01 

---------
7.941E-06 

---------
* ESTIMATE NOT POSSIBLE o. 



NP 233 5/2+642 - 1/2+400 FGAP I = 5/2 KI = 512 M = -2 KF = 1/2 Q ALPHA o. MEV 

E ( KE V) I l Hll,KI-KF) H(L,KI+Kfl SUM REO. TRANS. PROB. PENET. NORM.TRANS.PROB. SUM RCP.FDRM. 
------- - - --------- ---------- -- -------------- ----- ---------------- --- ---------

0.* 1/2 2 1.517E-04 o. 1.517E-04 2.300E-08 NO DATA o. o. 2.54E 04 

---------
2.300E-08 

0.* 3/2 2 1.621E-04 o. 1.621E-04 2.629E-08 NO DATA o. 
4 2.038E-04 4. 793E-05 2.518E-04 6.339E-08 NO DATA o. o. 6.51E 03 

-------:..--
8 .96BE-OB 

O.* 5/2 2 1. 216E-04 o. 1.216E-04 1.479E-OB NO DATA o. 
4 4.324E-04 -6. 77BE-05 3.646E-04 1.330E-07 NO DATA o. o. 3.95E 03 

---------
1.478E-07 

0.* 712 2 6.619E-05 o. 6.619E-05 4.38'1E-09 NO DATA o. 
4 5.497E-04 6.463E-05 6.l44E-04 3.774E-'07 NO DATA o. 
6 3.162E-04 9.721E-05 4.134E-04 1.709E-07 NO DATA o. o. 1. 06E 03 

---------
5.527E-07 ....... 

....... 
00 

O.* 9/2 2 2.340E-05 o. 2.340E-05 5.477E-10 NO DATA o. I 

4 4.859E-04 -4. 570E-05 4.402E-04 1.938E,-07 NO DATA o. 
6 6.6B1E-04 -1.643E-04 5.038E-04 2.53BE-07 NO DATA o. o. 1.30E 03 

--------
4.481E-07 

O.* 11/2 4 3.025E-04 2. 371E-05 3.263E-04 1.064E-07 NO DATA o. 
6 B. 782E-04 1. BOOE-04 1. 058E-03 1.120E-06 NO DATA o. 
B -1.231E-04 -2.146E-04 -3.377E-04 1.140E-07 NO DATA o. o. 4.36E 02 

---~-----
1.340E-06 

0.* 13/2 4 1.193E-04 -B.016E-06 1.113E-04 1.239E-OB NO DATA o. 
6 B.lOOE-04 -1. 423E-04 6.677E-04 4.458E-07 NO DATA o. 
8 -2.621E-04 3.919E-04 1.297E-04 1.683E-08 NO OATA o. o. 1.23E 03 

--------
4.751E-07 

O.* 15/2 6 5.265E-04 8.094E-05 6.075E-04 3.690E-07 NO DATA o. 
8 -3.505E-04 -4. 584E-04 -B.OB9E-04 6.543E-07 NO DATA o. o. 5. 71E 02 

--------
1.023E-06 _______ ...... _ 

* ESTIMATE NOT POS~I·BLE , ,, o. <' ,; . 



.. ... ~ ' ' f ~ 

NP 235 FAVORED FGAP 5/2+642 I = 5/2 KI -= 5/2 M = 0 Kf = 5/2 Q ALPHA 5.220 MEV 

E ( KEV J I l HIL, KI-KF l H(L,KI+Kf) SUM RED. TRANS. PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- -------------- ------ ---------------- --- ---------

84. 5/2 0 2.235E-02 o. 2.235E-02 4.997E-04 1. 732E-32 5.204E-13 
2 1.265E-02 o. 1.265E-02 1.600E-04 l.004E-32 9.665E-14 ~.-
4 1.393E-03 o. 1.393E-03 1.940E-06 2.832E-33 3.304E-16 6.174E-13 8.83E-01 

------- .. 
6.616E-04 ~-' 

< ......... 

•.-...;~.·. 

102. 7/2 2 1.461E-02 o. 1.461E-02 2.134E-04 7.693E-33 9.872E-14 
4 3.756E-03 o. 3.756E-03 1.411E-05 2.168 E-33 1.840E-15 {. ( 
6 -1. 352E-04 o. -1.352E-04 1.828E-08 3.007 E-34 3.305E-19 1.006E-13 2.57E 00 

--------- -~· 
2.275E-04 . t'-::-.o 

... L.h 
125.* 9/2 2 8.642E-03 o. 8.642E-03 7.468E-05 5.449E-33 2.448E-14 

4 5.556E-03 o. 5.556E-03 3.087E-05 1.535E-33 2.849E-15 
'~ 

6 -4. 780E-04 o. -4.780E-04 2.285E-07 2.126E-34 2.922E-18 2. 733E-l4 5. 52E 00' 
-------
1.058E-04 

153.• 11/2 4 5.157E-03 o. 5.157E-03 2.659E-05 1.003E-33 1.604E-15 ...... 
6 -9.367E-04 o. -9. 367E-04 8.774E-07 1. 388 E-34 7.322E-18 ...... ( 

-2.099E-04 o. -2.099E-04 9.600E-36 
--.!) _,.._ )irw..' 

8 4.405E-08 2.544E-20 1.611E-15 2.12E 01 
--------- ........... 
2.751E-05 .... ~ 

186.• 13/2 4 2.824E-03 o. 2.824E-03 7.978E-06 6.037E-34 2.897E-16 
6 -1.200E-03 o. -1.200E-03 1.439E-06 8.340E-35 7.220E-18 
8 -6.209E-04 o. -6.209E-04 3.855E-07 5. 758E-36 1.335E-19 2.970E-16 5. 96E 01 

---------
9.802E-06 

224.* 15/2 6 -1.032E-03 o. -l.032E-03 1.064E-06 4.606E-35 2.949E-18 
8 -1.098E-03 o. -l.098E-03 1.206E-06 3.172E-36 2.300E-l9 3.179E-18 2. 57E 02 

---------
2.270E-06 

---------* ESTIMATED WITH ROT. CONST.= 2.54 KEV 7 .472E-13 



NP 235 5/2+642 - 1/2-530 FGAP I = 5/2 Kl -= 5/2 M = -2 KF = 1/2 Q ALPHA 5.220 MEV 

E ( KEV l I L H(L,KI-KFl HI L rK I t-KF J SUM RED. TRANS. PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------a. 1/2 3 -9.628E-04 -6. 513E-05 1.028E-03 1.057E-06 1.809E-32 1.150E-15 1.15CE-15 5. 53E 02 

---------
1.057E-06 

o. 3/2 3 -2.153E-03 7.282E-05 2.080E-03 4.327E-06 2.021 E-32 5.259E-15 5.259E-15 1.35E 02 
---------
4.327E-06 

76. 5/2 3 -2.637E-03 -5. 945E-05 2.696E-03 7.270E-06 6.581E-33 2. 878E-15 
5 -1.665E-03 1.908E-04 1.474E-03 2.113E-06 1.300E-33 1. 699E-16 3.048E-15 6.19E 01 

---------
9.443E-06 

59. 112 3 -2.224E-03 3.760E-05 2.186E-03 4.778E-06 8.547E-33 2.456E-15 
5 -3. 510E-03 -3.011E-04 3.812E-03 1.453E-05 1.689E-33 1.476E-15 3.93JE-15 3.03E 01 

--------
1.931E-05 

I 
....... 

196.• 9/2 3 -1.325E-03 -1.793E-05 
N 

1.343E-03 1.804E-06 1.074E-33 1.165E-16 0 
5 -4.553E-03 3.131E-04 4.240E-03 1.798E-05 2.112E-34 2.284E-16 I 

1 -1.462E-03 3.382E-04 1.123E-03 1.262E-06 2.057E-35 1.561E-18 3.464E-16 2.78E 01 
--------
2.104E-05 

168.• 11/2 3 -5.028E-04 5. 669E-06 4.972E-04 2.472E-07 1.649 E-33 2.452E-17 
5 -4.130E-03 -2.367E-04 4.367E-03 1.907E-05 3.247E-34 3.724E-16 
7 -3.101E-03 -5.979E-04 3.699E-03 1.368E-05 3.166E-35 2.605E-17 4.229E-16 1.77E 01 

---------
3.300E-05 

366.* 13/2 5 -2.639E-03 1. 296E-04 2.510E-03 6.298E-06 1.412E-35 5.350E-18 
7 -4.115E-03 6.802E-04 3o435E-Q3 l.lBOE-05 1.363E-36 9.670E-19 
9 -6.563E-04 3.064E-04 3.499E-04 1.225E-07 6.611 E-38 4. 869E-22 6.318E-18 3.21E 01 

---------
1.822f-05 

328.• 15/2 5 -1.066E-03 -4. 583E-05 1oll2E-03 1.237E-06 2.618E-35 1.948E-18 
7 -3.840E-03 -5. 554E-04 4.395E-03 1.932E-05 2.531 E-36 2.941E-18 
9 -1.403E-03 -5. 732E-04 1o976E-03 3.906E-06 1.231E-37 2.893E-20 4.918E-18 2.39E 01 

---------
2.446E-05 

---------* ESTI~AT~D ~LT~ ROT. GDNST.= 6.34 KEV, AND DEC. PARAM.= -1.399 l.417E-l4 
-'! ' ' 

,,. 



.•. 

NP 235 5/2+642 - 3/2+651 FGAP I ,. 5/2 Kl = 5/2 M = -1 KF = 3/2 Q ALPHA 5.220 MEV 

E ( KEV I I l Hilt KI-KF I HIL.KI+Kf) SUM RED.TRANS.PROB. PENET. NORM. TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ----- ---------------- --- ---------

238. 3/2 2 -1.837E-03 o. -1.837E-03 3.375E-06 9.565E-34 1.941E-16 
4 -4. 716E-04 -3.250E-04 -7.967E-04 6.347E-07 2.685E-34 1.D25E-17 2.044E-16 1.46E 02 .. c 

---------
4.009E-06 C . 

. 
o.• 5/2 2 -2.250E-03 o. -2.250E-03 5.062E-06 NO STATE o. 

4 -1.634E-03 2. 815E-04 -1.352E-03 1.829E-06 NO STATE o. o. 8.48E 01 
--------- .!. (, 
6.891E-06 . :; .. 

.i"" .... 

o.• 7/2 2 -1.677E-03 o. -1.677E-03 2.812E-06 NO STATE o. J·. 'ft.. 

4 -2. 844E-03 -1.960E-04 -3.040E-03 9.242E-06 NO STATE o. '~- <-Cf~~.; 
6 -5.117E-04 -6. 041E-04 -1.116E-03 1.245E-06 NO STATE o. o. 4. 39E 01 

--------- ' t.:. 
1.330E-05 

o.• 9/2 2 -7 .500E-04 o. -7.500E-04 5.624E-07 NO STATE o. 
4 -3.180E-03 1. 096E-04 -3.070E-03 9.427E-06 NO STATE o. I ~ ~ 

"""" 6 -1.368E-03 a. 072E-o4 -5.605E-04 3.141E-07 NO STATE a. o. 5.67E 01 N -------- """" _:.:. v. 
1.030E-05 

o.• 11/2 4 -2.391E-03 -4. 708E-05 -2.438E-03 5.944E-06 NO STATE o. 
6 -2.171E-03 -7.322E-04 -2.903E-03 B.429E-06 NO STATE o. 
8 -1.607E-04 -6. 489E-04 -8.096E-04 6.555E-07 NO STATE o. o. 3. 89E 01 

---------
1.503E-05 

0.* 13/2 4 -1.104E-03 1.359E-05 -1.091E-03 1.190E-06 NO STATE o. 
6 -2.345E-03 4. 943E- 04 -1.851E-03 3.425E-06 NO STATE o. 
8 ~4.009E-04 1. Ol2E-03 6.108E-04 3. 730E-07 NO STATE o. o. 1.17E 02 

---------
4.988E-06 

0.* 15/2 6 -1. 746E-03 -2.454E-04 -1.992E-03 3.968E-06 NO STATE o. 
8 -6.140E-04 -1. 033E-03 -1.647E-03 2. 713E-06 NO STATE o. o. a. 75E 01 

---------
6.680E-06 

---------* ESTIMATE NOT POSSIBLE 2.044E-16 



NP 235 5/2+642 - 1/2+400 FGAP I = 5/2 KI = 5/2 M = -2 Kf = 112 Q ALPHA 5.220 MEV 

E I KEV I I L HI L, K 1-KF I H(L,KI+KFI SUM RED. TRANS. PROB. PENET. NORM. TRANS.PROB. SUH RCP.FORM. 
------- - - ---------- ---------- -- --------------- ------ ---------------- --- ---------o.• 112 2 1.458E-04 o. 1.458E-04 2.125E-.08 NO STATE o. o. 2.75E 04 

--------
2.125E-08 

0.* 3/2 2 1.558E-04 o. 1.558E-04 2.429E-08 NO STATE o. 
4 1.997E-04 5.296E-05 2.526E-04 6.382E-08 NO STATE o. o. 6.63E 03 

---------
8.811F-08 

0.* 512 2 1.169E-04 o. 1.169E-04 1.366E-08 NO STATE o. 
4 4. 236E-04 -7.490E-05 3.487E-04 1.216E-07 NO STATE o. o. 4. 32E 03 

---------
1.352E-07 

0.* 112 2 6.362E-05 o. 6.362E-05 4.048E-09 NO STATE o. 
4 5.385E-04 7.141E-05 6.099E-04 3.7l9E-07 NO STATE o. 
6 2.943E-04 8.949E-05 3.838E-04 1.473E-07 NO STATE o. o. 1.12E 03 

---------
5.233E-07 ,_. 

N 

0.* 9/2 2 2.249E-05 o. 2.249E-05 5.060E-10 NO STATE o. N 
I 

4 4.759E-04 -5. OSOE-05 4.254E-04 1.810E-07 NO STATE o. 
6 6.217E-04 -1. 513E-04 4.705E-04 2.213E-07 NO STATE o. o. 1. 45E 03 

---------
4.028E-07 

0.* 11/2 4 2.963E-04 2. 620E-05 3.225E-04 l.040E-07 NO STATE o. 
6 B.l73E-04 1.657E-04 9.830E-04 9.663E-07 NO STATE o. 
8 -l.ll3E-04 -1. 951E-04 -3.064E-04 9.389E-08 NO STATE o. o. 5. 02E 02 

---------
1.164E-06 

o.• 13/2 4 1.169E-04 -8. 858E-06 1.080E-04 1.167E-08 NO STATE o. 
6 7. 538E-04 -1. 310E-04 6.228E-04 3.879E-07 NO STATE o. 
8 -2. 371E-04 3. 562E-04 1.192E-04 1.420E-08 NO STATE o. o. 1. 41E 03 

--------
4.138E-07 

0.* 15/2 6 4.900E-04 7.451E-05 5.645E-04 3.187E-07 NO STATE o. 
8 -3.169E-04 -4.167E-04 -7.337E-04 5.383E-07 NO STATE o. o. 6. 82E 02 

---------
R.570E-{)7 

--------
* ESTiMATE N~T POSSIBlf o. 

•• 



NP 235 

E IKEVJ 
-------

o.• 

O.* 

0.* 

o.• 

o.• 

0.* 

. 
il. f. 

5/2+642 - 5/2-523 FGAP 

I L H(l, KI-KF l 
- - ----------

5/2 1 -3.602E-04 
3 -1. 774E-04 
5 2.247E-06 

7/2 1 -2.278E-04 
3 -3.1 73E-04 
5 1.005E-05 

9/2 3 - 3.164E-04 
5 2.182E-05 
7 5. 514E-05 

11/2 3 -1.790E-04 
5 2.950E-05 
7 1.744E-04 

13/2 5 2.618E-05 
7 3.214E-04 
9 5. 747E-05 

15/2 5 lo399E-05 
7 3.967E-04 
9 1.626E-04 

* ESTIMATE NOT POSSIBlE 

I = 5/2 KI = 

Hll,KI+KFJ SUM 
---------- ---

o. 3.602E-04 
o. 1. 774E-04 

-4. 571E-05 4.346E-05 

o. 2.278E-04 
o. 3.173E-04 
3.407E-05 -4.412E-05 

o. 3.164E-04 
-2.113E-05 -6.878E-07 
-3. 937E-04 3.385E-04 

o. 1.790E-04 
1. 071E-05 -4.021E-05 
4. 668E-04 -6.412E-04 

-4~226E-06 -2.195E-05 
-3. 824E-04 6.104E-05 
-5. 859E-04 5.284E-04 

lol29E-06 -1.512E-05 
2. 360E-04 -6.327E-04 
a. 286E-04 -9. 9llE-04 

-~.~ 

5/2 M = 0 KF = 5/2 Q AlPHA 5.220 MEV 

RED.TRANS.PROB. PEN ET. NORM.TRANS.PROB. SUM RCP.FORM. 
--------------- ------ ---------------- --- ---------

l.298E-.07 NO STATE o. c 3.146E-08 NO STATE o. 
1.889E-09 NO STATE o~ o. 3. 58E 03 
-------- ~c. 

1.631E-07 
~ '·~ ...... ,, .. 

5.191E-08 NO STATE o. ( ( 1.007E-07 NO STATE o. 
1.946E-09 NO STATE o. o. 3. 78E 03 
--------- ~. t< 
1.545E-07 

~t .. Jt: 

l.OOlE-07 NO STATE o. ,. 
4. 731E-13 NO STATE o. "--

1.146E-07 NO STATE o. o. 2. 72E 03 
--------
2.147E-07 

....... 
N 

3.204E-08 NO STATE o. w 
I t. 

1.617E-09 NO STATE o. '- ... ' 

4.111E-07 NO STATE o. o. lo 31E 03 ,, . --------- ·- !·· 

4.448E-07 

4.819E-10 NO STATE o. 
3.726E-09 NO STATE o. 
2.792E-07 NO STATE o. o. 2. 06E 03 
--------
2.834E-07 

2.287E-10 NO STATE o. 
4.003E-07 NO STATE o. 
9.823E-07 NO STATE o. o. 4. 22E 02 
--------
1.383E-06 

---------
o. 



NP 237 FAVORED FGAP V 5/2+642 I = 5/2 KI = 5/2 M = 0 KF = 5/2 Q ALPHA 4.986 HEV 

E I KEV I I L HCL,KI-KF I HIL 1 KI+KFI SUM RED. TRANS. PROS. PENET. NORM. TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- ------------- ----- ---------------- --- ---------

86. 5/2 0 2.128E-02 o. 2.128E-02 4.527E-04 4.921E-34 1.340E-14 
2 1.220E-02 o. 1.220E-02 1.489E-04 2. 849 E-34 2.552E-15 
4 1.143E-03 o. 1.143E-03 1.307E-06 7.997E-35 6.288E-18 1. 596E-14 9. 69E-Ol 

---------
6.030E-04 

109. 7/2 2 1.4C9E-02 o. 1.409E-02 l.q86E-o4 1.976E-34 2.360E-15 
4 3.083E-03 o. 3.083E-03 9.508E-06 5.543E-35 3.170E-17 
6 -1.607E-04 o. -l.607E-04 2.583E-08 7.630E-36 1.186E-20 2.392E-15 2.81E 00 

--------
2.081E-04 

142. 9/2 2 8.337E-03 o. 8.337E-03 6.q51E-05 1.156E-34 4.831E-16 
4 4.561E-03 o. 4.561E-03 2.080E-05 3.239E-35 4.051E-17 
6 -5.683E-04 o. -5.683E-04 3.229E-07 4.451E-36 8.646E-20 5.2.HE-16 6.45E 00 

---------
9.063E-05 

I 
~ 

N 
~ 

178.11< 11/2 4 4.233E-03 o. 4.233E-03 1.792E-05 1.800E-35 1.940E-17 
6 -l.ll4E-03 o. -1.114E-03 1.240E-06 2.470E-36 1.842E-19 
8 -1.876E-04 o. -1.876E-04 3.520E-08 1.689E-37 3.577E-22 1.q59E-17 3. 04E 01 

--------
1.919F-05 

220.• 13/2 4 2.319E-03 o. 2.319E-03 5.376E-06 8.916E-36 2.883E-18 
6 -1.426E-03 o. -1.426E-03 2.034E-06 1. 221 E-36 1.494E-19 
8 -5.550E-04 o. -5.550E-04 3.080E-07 8.327E-38 1. 543E-21 3. 033E-18 7.57E 01 

---------
7. 718E-06 

268.* 15/2 6 -1.227E-03 c. -1.227E-03 1.504E-06 5. 351 E-37 4.842E-20 
8 -9.815E-04 o. -9. 815E-04 9.634E-07 3.638E-38 2.108E-21 5.053E-20 2. 37E 02 

--------
2.468E-06 

---------* ESTIMATED WITH ROT. CONST.= 3.24 KEV 1. 89.0E-14 

. ' .. 
·; 



.• ,., 

NP 237 512+642 - 112-530 FGAP V I -= 512 KI = 512 M = -2 KF = 112 Q ALPHA 4.986 MEV 

E I KEV) I l HIL,KI-Kfl HIL.KI+Kfl SUM REO.TRANS.PROB. PENET. NORM. TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- -------------- ----- ---------------- --- ---------

6. 112 3 -9.449E-04 -5.371E-05 9.986E-04 9.972E-07 5.904E-34 3.541E-17 3.541E-17 5. 86E 02 

---------
9.972E-07 r 

o. 312 3 -2.ll3E-03 6.005E-05 2.053E-03 4.214E-06 6 .486E-34 1.644E-16 1.644E-16 1. 39E 02 c 
---------
4.214E-06 .1"> .... 

"t.-.-. 

69. 512 3 -2.588E-03 -4. 903E-05 2.637E-03 6.952E-06 2.179E-34 9.llOE-17 
{ ( 

5 -1.618E-03 1.801E-04 1.438E-03 2.069E-06 4.280E-35 5.325E-18 9.642E-17 6.48E 01 :· ~-< ---------
9.021E-06 

~ t • 

.,.,.-~~- .... ~:.:: 

57. 112 3 -2.182E-03 3.101E-05 2.151E-03 4.627E-06 2.638E-34 7 .343E-17 , .. 
5 -3.412E-03 -2.847E-04 3.697E-03 1.367E-05 5.185 E-35 4.262E-17 1.160E-16 3.19E 01 . ~-

---------
1.829E-05 

I ,...,. 
181.* 9/2 3 -1.300E-03 -1.478E-05 1. 315E-03 1. 730E-06 3.512E-35 3.653E-18 N 

5 -4.426E-03 2. 955E-04 4.131E-03 1 .• 706E-05 6.869E-36 7.049E-18 Ul 
t.. 7 -1. 379E-03 3. 2B5E-04 1.050E-03 1.103E-06 6.638 E-37 4.404E-20 1.075E-17 2.94E 01 i 

---------
l.989E-05 .._ _c.., 

159.* 11/2 3 -4.935E-04 4. 675E-06 4.888E-04 2.389E-07 5.049E-35 7.254E-19 
5 -4.015E-03 -2. 234E-04 4.238E-03 1.796E-05 9.884E-36 1.068E-17 
7 -2. 925E-03 -5. 807E-04 3.506E-03 1.229E-05 9.562E-37 7.068E-19 1.2llE-17 1. 92E 01 

--------
3.049E-05 

339.* 13/2 5 -2.566E-03 1.223E-04 2.443E-03 5.969E-06 4. 711 E-37 1.691E-19 
7 -3.882E-03 6. 605E-04 3.221E-03 1.038E-05 4.513E-38 2. 817E-20 
9 -5.804E-04 2.958E-04 2.845E-04 8.096E-08 2.168E-39 1.056E-23 1o973E-19 3.56E 01 

---------
1.643E-05 

309.* 1512 5 -1.037E-03 -4. 326E-05 1.080E-03 1.166E-06 7.935 E-37 5.566E-20 
7 -3.622E-03 -5. 393E-04 4.162E-03 1. 732E-05 7 .614E-38 7 .932E-20 
9 -1.241E-03 -5.534E-04 1.794E-03 3.219E-06 3.666E-39 7.099E-22 1.357E-19 2.69E 01 

---------
2.171E-05 

---------
* ESTIMATED WITH ROT. CONST.= 5.90 KEV. AND DEC. PARAM.= -1.339 4.355E-16 



NP 237 5/2+642 - 1/2+400 FGAP I = 5/2 KI = 5/2 M = -2 KF = 1/2 Q ALPHA 4.986 MEV 

E I KEV l I L HI l, K I-KF l H(L,KI+KFl SUM RED.TRANS.PRDB. PENET. NDRM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ------:----- -- --------------- ------ ---------------- --- ---------

182. 1/2 2 1.432E-04 o. 1.432E-04 2.051E-08 5.986E-35 7. 384E-20 7.384E-20 2.85E 04 

---------
2.051E-08 

217. 3/2 2 1.531E-04 o. 1.531E-04 2.344E-08 3.343E-35 4.713E-20 
4. 2.053E-04 6.620E-05 2. 715E-04 7.373E-08 9.349E-36 4.146E-20 8.858E-20 6. OlE 03 

---------
9. 717E-08 

212. 5/2 2 1.148E-04 o. 1.148E-04 1.319E-08 3. 634E-35 2.882E-20 
4 4.356E-04 -9.362E-05 3.419E-04 1.169E-07 l.Ol1E-35 7 .149E- 20 l.003E-19 4.49E 03 

---------
1.301E-07 

294.~ 112 2 6.251E'-05 o. 6.251E-05 3.907E-09 9.116 E-36 2.142E-21 
4 5. 537E-04 8.926E-05 6.430E-04 4.134E-07 2. 544E-36 6. 325E-20 
6 2. 821E-04 8.435E-05 3.664E-04 1.343E-07 3.472 E-37 2.804E-21 6. 820E-20 1. 06E 03 

-------- I 

5.516E-07 
,_,.. 
N 
0' 
I 

285.* 9/2 2 2.210E-05 o. 2.210E-05 4.884E-10 1.064E-35 3.124E-22 
4 4.894E-04 -6.312E-05 4.263E-04 1.817E-07 2.969E-36 3.245E-20 
6 5.960E-04 -1. 426E-04 4.534E-04 2.056E-07 4.054E-37 5.012E-21 3.778E-20 1. 51E 03 

---------
3.878E-07 

413.* 11/2 4 3.047E-04 3.275E-05 3. 375E-04 l.l39E-07 3.139E-37 2.151E-21 
6 7.834E-04 1. 562E-04 9.396E-04 8.829E-07 4.261 E-38 2.263E-21 
8 -1.026E-04 -1. 808E-04 -2.834E-04 8.033E-08 2.870E-39 1.387E-23 4.427E-21 5.42E 02 

--------
1. 077E-06 

400.* 13/2 4 1.202E-04 -1.107E-05 l.091E-04 1.191E-08 3.959E-37 2.835E-22 
6 7.226E-04 -1. 235E-04 5.991E-04 3.590E-07 5.377E-38 1.161E-21 
8 -2.185E-04 3.302E-04 1.117E-04 1.247E-08 3.625E-39 2. 719E-24 1.447E-21 1. 52E 03 

---------
3.833E-07 

575.* 15/2 6 4.697E-04 7.023E-05 5.400E-04 2.915E-07 2.153E-39 3.174E-23 
8 -2.921E-04 -3.862E-04 -6.783E-04 4.601E-07 1.435E-40 3.971E-24 4.172E-23 7. 77E 02 

---------
7.517E-07 

---------
* ESTIM.ATED W~TH.ROT.' CONST.= 5.33 KEV, AND DEC. PARAMo= 1.187 3. 74E:E-19 .. ,,. 



NP 231 

E l KEV I 
-------

105. 

o.• 

o.• 

o.• 

o.• 

0.* 

o.• 

•. 
,, . • 

~ 

5/2+642 - 3/2+651 FGAP 

I L H(L,KI-KFI 
- - ----------

3/2 2 -1. 758E-03 
4 -4.477E-04 

5/2 2 -2.153E-03 
4 -1.551E-03 

112 2 -1.605E-03 
4 -2.699E-03 
6 -4.760E-04 

9/2 2 -7.178E-04 
4 -3.018E-03 
6 -1.272E-03 

11/2 4 -2.269E-03 
6 -2.019E-03 
8 -1.370E-04 

13/2 4 -1.048E-03 
6 -2.181E-03 
8 -3.418E-04 

15/2 6 -1.624E-03 
8 -5.236E-04 

* ESTIMATE NOT POSSIBLE 

I = 5/2 KI = 

H ( L,K I+KF I SUM 
---------- ---

o. -1. 758E-03 
-3.139E-04 -7.615E-04 

o. -2.153E-03 
2. 718E-04 -1.279E-03 

o. -1.605E-03 
-1. 893E-04 -2.889E-03 
-6.100E-04 -l.086E-03 

o. -7.178E-04 
1. 058E-04 -2.912E-03 
8.151E-04 -4.57.0E-04 

-4. 546E-05 -2.315E-03 
-1. 394E-04 -2.759E-03 
-6.477E-04 -7.848E-04 

1. 312E-05 -1.035E-03 
4. 991E-04 -·1. 682E-03 
1. OlOE-03 6.680E-04 

-2.478E-04 -1.872E-03 
-1.031E-03 -1.555E-03 

1,:'Jtj ";'" 

5/2 M = -1 KF = 3/2 Q ALPHA 4.986 MEV 

RED.TRANS.PROB. PENET. NORM. TRANS .PROB. SUM RCP.FORM. 
-------------- ------ ---------------- --- ---------

3. 091E-06 2.108E-34 3.919E-17 
5.799E-07 5.914E-35 2.063E-18 4.126E-17 1. 59E 02 c: ---------
3.671E-06 

(.~ 

4.637E-06 NO STATE o. ~" 
>\"'"~. 

1.636E-06 NO STATE o. o. 9.31E 01 
-------- l {, 
6.273E-06 

: . i\,: 
2.576E-06 NO STATE o. 
8.345E-06 NO STATE o. --.:!: •c-~ 
1.179E-06 NO STATE o. o. 4. 83E 01 
--------- ~ 1.210E-05 

5.152E-07 NO STATE o. 
8.482E-06 NO STATE o. I 

2.088E-07 NO STATE o. o. 6. 35E 01 """" N -------- -.] ' 9.206E-06 - "'--· 

1 ..... ,--..,., •. 

5.359E-06 NO STATE o. 
7.611E-06 NO STATE o. 
6.159E-07 NO STATE o. o. 4. 30E 01 
---------
1.35AE-05 

1.071E-06 NO STATE o. 
2.829E-06 NO STATE o. 
4.462E-07 NO STATE o. o. 1.34E 02 
---------
4.347E-06 

3.505E-06 NO STATE o. 
2.417E-06 NO STATE o. o. 9. 86E 01 
---------
5.922E-06 

---------
4.126E-17 



NP 237 5/2+642 - 5/2-523 FGAP 

E ( KEV) I l HIL,KI-KF) 
------ - - ----------

o.• 5/2 1 -3.370E-04 
3 -1. 708E-04 
5 2.164E-06 

o.• 7/2 1 -2.131E-04 
3 -3.055E-04 
5 9.678E-06 

o.• 9/2 3 -3.046E-04 
5 2.101E-05 
1 5.437E-05 

o.• 11/2 3 -1.723E-04 
5 2.841E-05 
7 1. 719E-04 

o.• 13/2 5 2.521E-05 
7 3.169E-04 
9 5. 511E-05 

o.• 15/2 5 1. 347E-05 
1 3.912E-04 
9 1.559E-04 

* ESTIMATE NOT POSSIBLE 

,, ... 

I = 5/2 

H ll ,KI+Kf) 
----------

o. 
o. 

-5. 337E-05 

o. 
o. 
3. 978E-05 

o. 
-2. 467E-05 
-3.976E-04 

o. 
1.251E-05 
4.715E-04 

-4. 934E-06 
-3. 862E-04 
-5.926E-04 

1.319E-06 
2. 384E-04 
a. 381E-04 

Kl = 5/2 M = 0 Kf = 5/2 Q ALPHA 4.986 MEV 

SUM REO.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
--- --------------- ----- ---------------- --- ---------

3.370E-04 lo135E-07 NO STATE o. 
1.708E-04 2.916E-08 NO STATE o. 
5.121E-05 2.622E-09 NO STATE o. o. 4. 02E 03 

--------
1.453E-07 

2.131E-04 4.541E-08 NO STATE o. 
3.055E-04 9.331E-08 NO STATE o. 

-4.946E-05 2.446E-09 NO STATE o. o. 4.14E 03 
---------
1.412E-07 

3.046E-04 9.278E-08 NO STATE o. 
3.663E-06 1. 342E-ll NO STATE o. 
3.432E-04 1.178E-07 NO STATE o. o. 2.77E 03 

---------
2.106E-07 

I 

1. 723E-04 2.969E-08 NO STATE o. 
...,. 
N 

-4.092E-05 1.674E-09 NO STATE o. 00 
-6.434E-04 4.140E-07 NO STATE o. o. 1.31E 03 

---------
4.454E-07 

-2.027E-05 4.111E-10 NO STATE o. 
6.931E-05 4.804E-09 NO STATE o. 
5.375E-04 2.889E-07 NO STATE o. o. 1. 99E 03 

---------
2.941E-07 

-1.479E-05 2.188E-10 NO STATE o. 
-6.296E-04 3.964E-07 NO STATE o. 
-9.939E-04 9.879E-07 NO STATE o. o. 4. 22E 02 

--------
1.385E-06 

---------
o. 

,I_, 



PU 239 FAVORED 

E IKEVI I L 
------- - -

o. 1/2 0 

13. 3/2 2 

52. 5/2 2 

82. 112 4 

150. 9/2 4 

197. 11/2 6 

298.* 13/2 6 

363.* 15/2 8 

FGAP 

• , 

1/2+£:31 

HI L ,KI-KF I 
----------

1.447E-02 

7.911E-03 

9.689E-03 

1.504E-03 

1.682E-03 

-2.299E-03 

-2.483E-03 

-1.156E-03 

I = 112 KI = 1/2 M = 0 

HIL,KI+KF I SUM RED.TRANS.PROB. 
---------- --- ---------------

o. 1.447E-02 2.093E-04 
--------
2.093E-04 

o. 7.911E-03 6.258E-05 
---------
6.258E-05 

o. 9.689E-03 9.388E-05 
---------
9.388E-05 

o. 1.504E-03 2.263E-06 

---------
2.263E-06 

o. 1.682E-03 2.829E-06 
---------
2.829E-06 

o. -2.299E-03 5.286E-06 
---------
5.286E-06 

o. -2.483E-03 6.167E-06 
---------
6.167E-06 

o. -1.156E-03 1.335E-06 
---------
1.335E-06 

* ESTIMATED WlTH ROT. CONST.= 6.03 KEV, AND DEC. PARAM.= -0.282 

.-., ... \ •. 

KF = 1/2 Q ALPHA 5.272 MEV 

PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------ ---------------- --- ---------

4. 288 E-32 5.396E-13 5.396E-13 2.79E 00 
., c_~ 

L 
2.069E-32 7.790E-14 7.790E-14 9. 33E 00 ,.,. 

~~~. 

~· (_ ... 
1.175E-32 6.632E-14 6.632E-14 6.22E 00 

I~~ ~ 

, .. J, ..:,'i:;_ 

2.145E-33 2.920E-16 2 .920E-16 2. 58E 02 

7.642 E-34 1. 300E-16 1.300E-16 2. 07E 02 I ..,. 
N 

~ ' ...0 ,. ;... 

5.252E-35 1.670E-17 1.670E-17 l.llE 02 
. ·. ...... 

1.084E-35 4.019E-18 4. 019E-18 9.47E 01 

2.651E-37 2.129E-20 2.129E-20 4. 38E 02 

---------
6.843E-l3 



PU 239 1/2+631 - 7/2-743 FGAP V I = 
E C KEV) I l HCL 7 KI-KF) HIL,KI+KF) 
------- - - ---------- ----------

o. 7/2 3 -2. 733E-04 o. 

46. 9/2 5 -7. 510E-04 1.508E-03 

103. 11/2 5 -1.593E-03 -7.110E-04 

170.• 13/2 7 -1.581E-03 3. 232E-03 

247.• 15/2 7 -2.622E-03 -1.949E-03 

* ESTIMATED WITH ROT. CONST.= 5.13 KEV 

• 
) 

1/2 Kl = 
SUM 
---

2.733E-04 

2.259E-03 

8.822E-04 

4.813E-03 

6.734E-04 

1/2 M = 3 KF = 7/2 Q ALPHA 5.272 MEV 

RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------------- ----- ---------------- --- ---------

7. 46 7E-08 1.461 E-32 6.562E-17 6.562E-17 7.82E 03 
--------
7.467E-08 

5.105E-06 1.489E-33 4.573E-16 4. 573E-16 1.14E 02 

---------
5.105E-06 

7.782E-07 6.407E-34 2.999E-17 2.999E-17 7.51E 02 
--------
7.782E-07 

2.316E-05 2.314E-35 3.223E-17 3. 223E-17 2. 52E 01 
---------
2.316E-05 

I 
...... 

4.534E-07 6.992E-36 1. 907E-l9 1.907E-19 1. 29E 03 
vv 
0 -------- I 

4.534E-07 

---------
5.853E-16 

•'• 



... 

PU 239 1/2+631 - 5/2+622 FGAP I = 112 KI = 1/2 M = 2 KF = 5/2 Q ALPHA 5.272 MEV 

E (KEVl I L H( l, K I-KF l H!L,KI+KFl SUM REO.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ----- ---------------- --- ---------

129. 5/2 2 l.B41E-04 o. 1.841E-04 3.389E-08 3.693E-33 7. 528E-18 7 .528E-18 1.72E 04 
---------
3.389E-08 t.~ 

"-
171. 712 4 l.312E-04 -7.436E-04 -6.l24E-04 3.750E-07 5.549E-34 l. 252E-17 1. 252E-17 1.56E 03 

--------- .,. 
"-.· 

3.750E-07 

" (, "" 
225. 9/2 4 2.455E-04 3. 975E-04 6.429E-04 4.134E-07 2.417E-.34 6.009E-18 6.009E-18 l.41E 03 

c ':"> -------- ~ . j ·ic. 

4.134E-07 
i' J"~o. 

....,.,t.., ~c";.,. 

291.* 11/2 6 5. 719E-05 -1. 233E-03 -1.176E-03 1.383E-06 1.197E-35 9.956E-19 9.956E-19 4. 22E 02 . 
~ ---------

1.3B3E-06 

369.* 13/2 6 B.579E-05 a. 222E-04 9.080E-04 B.244E-07 3.408E-36 1.690E-19 1.690E-19 7. 09E 02 --------- \.N 
B.244E-07 - ~-- L I 

459.* 15/2 B -4.251E-05 -7.753E-04 -8.178E-04 6.688E-07 5.330E-38 2.144E-21 2.144E-21 a. 74E 02 
r-.-. - ""' --------

6.688E-07 

---------* ESTIMATED WITH ROT. CONST.= 6.00 KEV 2. 722E-17 



PU 239 1/2+631 - 5/2+633 FGAP I = 1/2 KI = 1/2 M = 2 KF = 5/2 Q ALPHA 5.272 MEV 

E ( KEVJ I L Hll,Kl-KF I H(l,KI+Kfl SUM REO.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- -------------- ---- ---------------- --- ---------

333. 5/2 2 -1. 782E-03 a. -1.782E-03 3.174E-06 1.560 E-34 2.979E-17 2.979E-17 1. 84E 02 
--------
3.174E-06 

368. 712 4 -2.254E-03 1. 684E-04 -2.086E-03 4.351E-06 2.522E-35 6.601E-18 6.601E-18 1. 34E 02 
---------
4.351E-06 

415. 9/2 4 -4. 218E-03 -9.002E-05 -4.308E-03 1.856E-05 1.169E-35 1.304E-17 1.304E-17 3.15E 01 
---------
1.856E-05 

469.* 11/2 6 -2.643E-03 3.165E-04 -2.326E-03 5.411E-06 6.554E-37 2.133E-19 2.133E-19 1.08E 02 

---------
5.411 E-06 

I 

533.* 13/2 6 -3. 964E-03 -2.110E-04 -4.175E-03 1.743E-05 2.199E-37 2.305E-19 2.30SE~l9 3.35E 01 -w --------- N 
1.743E-05 I 

607.* 15/2 8 -l.096E-03 2.275E-04 -8.685E-04 7.543E-07 4.159E-39 1.887E-22 1.887E-22 7.74E 02 

---------
7.543E-07 

---------
* ESTIMATED WITH ROT. CONST.= 4.94 KEV 4. 988E-17 

.. .:- 'II!' 



... ·~ -,. 



PU 239 1/2+631 - 1/2-501 FGAP I = 1/2 KI = 1/2 M = 0 KF = 1i 2 Q ALPHA 5.272 MEV 

E I KEV l I l Hll,KI-KFl H(L,Kh·KFl SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------o.:o- 1/2 1 -5. 356E-04 -9.261E-05 6.282E-04 3.946E-07 NO STATE o. o. 1.48E 03 

---------
3.946E-07 

0.* 3/2 1 -1 .574E-04 6.549E-05 6.919E-04 4.788E-07 NO STATE o. o. 1.22E 03 
---------
4.788E-07 

o.:o- 5/2 3 -2.533E-04 -1.887E-04 4.420E-04 1.953E-07 NO STATE o. o. 2. 99E 03 
--------
1.953E-07 

0.* 7/2 3 -2.925E-04 1.634E-04 1.291E-04 1.666E-08 NO STATE o. o. 3. 51E 04 
---------
1.666E-08 

0.* 9/2 5 8.015E-04 1. 733E-04 -9.748E-04 9.502E-07 NO STATE O.l' o. 6.15E 02 
--------- -9.502E-07 vv 

*'" I 

o.:o- 11/2 5 a. 780E-04 -1. 582E-04 -7.198E-04 5.180E-07 NO STATE o. o. 1.13E 03 
---------
5.180E-07 

0.* 13/2 7 -1.589E-04 -2. 597E-05 1.849E-04 3.418E-08 NO STATE o. o. 1.71E 04 
---------
3.418E-08 

o.• 15/2 7 -l.699E-04 2. 429E-05 l.456E-04 2.120E-08 NO STATE o. o. 2. 76E 04 
---------
2.120E-08 

---------* ESTIMATE NOT POSSIBLE o. 

'-"~~' .,, 



•.. 

PU 239 1/2+631 - 7/2+624 FGAP I = 1/2 Kl = 1/2 "' = 3 KF = 7/2 Q ALPHA 5.272 MEV 

E I KEV I I l H(l,KI-Kfl HI L, KI+Kf I SUM RED. TRANS. PROB. PENET. NORH.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- -------------- ------ ---------------- --- ---------

Oo* 7/2 4 -1.608E-04 -5.075E-05 -2.115E-04 4.473E-08 NO STATE o. o. 1.31E 04 
--------- ~; "(: 
4.473E-08 

_,: ~-

0.* 9/2 4 -4. 547E-04 1.794E-05 -4.367E-04 1.907E-07 NO STATE o. o. 3.06E 03 . 
--------- """"'-
1.907E-07 

( (; 

0.* 11/2 6 -4.048E-04 -3.967E-05 -4.445E-04 1.975E-07 NO STATE o. o. 2. 96E 03 . .. . 
~- - j~'rt.. ---------

1.975E-07 .,_, ft.. 

.• .<., eli.: 

0.* 13/2 6 -1. 390E-04 2.1 73E-05 -7.173E-04 5.145E-07 NO STATE o. o. 1.14E 03 
--------
5.145E-07 

I -0.* 15/2 8 -3.023E-04 -1.641E-06 -3.039E-04 9.237E-08 NO STATE o. o. 6. 32E 03 w 
U1 --------- I 

9.237E-08 .... 
~--' 

-------- ~~·· 
* ESTIMATE NOT POSSIBLE o. - --~ 

~ 



~ 

PU 241 FAVORED FGAP 5/2+622 I = 5/2 Kl = 5/2 M = 0 KF = 5/2 Q ALPHA 5.174 MEV 

E I KEVI I L HIL,KI-KFl HIL,KI+KFI SUM RED.TRANS.PROB. PEN ET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

158. 5/2 0 1.781E-02 o. 1.781E-02 3.171E-04 9.851E-34 1.879E-14 
2 l.092E-02 o. l.092E-02 1.193E-04 5. 731 E-34 4.112E-15 
4 7.788E-04 o. 7. 788E-04 6.066E-07 1.628E-34 5.939E-18 2.291E-14 1.34E 00 

--------
4.311E-04 

202. 712 2 1.261E-02 o. 1.261E-02 1.591E-04 2.863E-34 2. 739E-15 
4 2.100E-03 o. 2.100E-03 4.412E-06 8.123E-35 2.155E-17 
6 -2.976E-04 o. -2.976E-04 8.860E-08 1.138E-35 6.062E-20 2.761E-l5 3. 57E 00 

---------
1.636E-04 

258. 9/2 2 7.461E-03 o. 7.461E-03 5.567E-05 1.167 E-34 3.909E-16 
4 3.106E-03 o. 3.106E-03 9.650E-06 3.307E-35 1.919E-17 
6 -1.052E-03 o. -l.052E-03 1.107E-06 4.620 E-36 3.077E-19 4.104E-16 a. 7<JE oo 

---------
6.643E-05 

I 

325. 11/2 4 2.883E-03 o. 2.883E-03 8.314E-06 l.105E-35 5.526E-18 -w 
6 -2.062E-03 o. -2.062E-03 4.253E-06 1. 539E-36 3.936E-19 0' 
8 -3.341E-04 o. -3.341E-04 1.116E-07 l.OBE-37 7.205E-22 5.920E-18 4.61E 01 I 

--------
1.268E-05 

407.* 13/2 4 1.579E-03 o. 1.579E-03 2. 494.E-06 2.812E-36 4.218E-19 
6 -2.641E-03 o. -2.641E-03 6.977E-06 3.901E-37 1.637E-19 
8 -9. 882E-04 o. -9.882E-04 9.765E-07 2.707E-38 1. 590E-21 5. 871E-19 5. 59E 01 

---------
1.045E-D5 

501.• 15/2 6 -2.271E-03 o. -2.271E-03 5.159E-06 7.651E-38 2.374E-20 
8 -1.748E-03 o. -1.748E-03 3.054E-06 5.277E-39 9.694E-22 2.471E-20 7.11E 01 

---------
8.214E-06 

---------* ESTIMATED WITH ROT. CONST.= 6.29 KEV 2.609E-14 

. ' 



... 

PU 241 5/2~622 - 1/2+631 FGAP I = 5/2 Kl = 5/2 M = -2 KF = 112 Q ALPHA 5.174 MEV 

E I KEVI 1 l H(L,KI-KFI H ( l ,Kl+KF) SUM RED. TRANS. PRCB. PENET. NORM. TRANS .PROB. SUM RCP.FORH. 
------- - - ---------- ---------- --- -------------- ------ ---------------- --- ---------

o. 1/2 2 3.169E-04 o. 3.169E-04 1.004E-07 6.423E-33 3.881E-17 3.881E-17 5. 82E 03 
---------
l.004E-07 ·' c 

1" 

11. 3/2 2 3.388E-04 o. 3.388E-04 1.148E-07 5.473E-33 3.779E-17 
. ... 

4 1. 811E-04 1. 026E-03 1.208E-03 1.458E-06 1.561E-33 1.369E-16 1.747E-16 3. 71E 02 

--------- - c 
1.573E-06 

{ (~ 

57. 5/2 2 2.541E-04 o. 2.541E-04 6.457E-08 2. 722E-33 1.057E-17 l ~ ft~.~ 
4 3.842E-04 -1.452E-03 -1.067E-03 1. 139E-06 7.754E-34 5.314E-17 6.371E-17 4. 85E 02 

---------
1.204E-06 ... L .l.~ 

L. 
82. 712 2 1.383E-04 o. 1.3B3E-04 1.913E-OB 1. 859 E-33 2.140E-18 

4 4.884E-04 1. 384E-03 1.873E-03 3.506E-06 5.293E-34 1.116E-16 
6 6. 413E-05 1.383E-03 1.447E-03 2.094E-06 7.453E-35 9.387E-18 1.231E-16 1. 04E 02 

---------
5.620E-06 ..... 

I.JU 
-J 
I ~ :. 

~ ...... 
165.* 9i2 2 4.8'iOE-05 o. 4.890E-05 2.392E-09 5.10BE-34 7.348E-20 

4 4.317E-04 -9. 787E-04 -5.470E-04 2.992E-07 1.451E-34 2.610E-18 ...;.,;;. 
6 1.355E-04 -2. 33BE-03 -2.202E-03 4.849E-06 2.035E-35 5. 935E...: 18 8.619E-18 1.13E 02 

--------
5.151E-06 

205.• 11/2 4 2.68BE-04 5. 078E-04 7.766E-04 6.032E-07 7.797E-35 2.82BE-18 
6 1.7BlE-04 2. 561E-03 2.739E-03 7.5.01E-06 1.092E-35 4.926E-18 
B -4.306E-05 7.B53E-04 7.423E-04 5.509E-07 7 .673E-37 2.543E-20 7.780E-18 6. 75E 01 

--------
8.655E-06 

325.* 13/2 4 1.060E-04 -1.717E-04 -6.565E-05 4.310E-09 1.106E-35 2.867E-21 
6 1.643E-04 -2. 024E-03 -1.860E-03 3.460E-06 1. 540 E-36 3.205E-19 
8 -9.171E-05 -1.434E-03 -1.525E-03 2.327E-06 l.074E-37 1. 504E-20 3.384E-19 1.01E 02 

--------
5.792E-06 

378.* 15/2 6 1.06BE-04 1.151E-03 1.25BE-03 1. 583E-06 6. 297E-37 5. 996E-20 
8 -1.226E-04 1.677E-03 1.555E-03 2.417E-06 4. 377E-38 6.362E-21 6.632E-20 1.46E 02 

---------
4.000E-06 

--------
* ESTIMATED WITH ROT. CONST.= 6.41 KEV, AND DEC. PARAH.= -0.444 4.172E-16 



AM 239 FAVORED FGAP V 5/2-523 I = 5/2 KI = 5/2 M = 0 KF = 5/2 Q ALPHA 5.967 MEV 

E C KEVl I l HCL,KI-KFl HCL,KI+KFl SUM RED.TRANS.PROB. PENH. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ·----- ---------------- --- ---------

48. 5/2 0 1. 7 23E-02 o. 1.723E-02 2.967E-04 7.099E-29 1.267E-09 
2 1.000E-02 o. l.OOOE-02 1.000E-04 4.178E-29 2.513E-10 
4 5.821E-04 o. 5.821E-04 3.389E-07 1.219E-29 2.485E-13 1.518E-09 1.47E 00 

---------
3.971E-04 

o.• 7/2 2 1.155E-02 o. 1.155E-02 1.333E-04 NO STATE o. 
4 l.570E-03 o. 1.570E-03 2.464E-06 NO STATE o. 
6 -3.570E-04 0~ -3.570E-04 1.275E-07 NO STATE o. o. 4.30E 00 

---------
1o359E-04 

o.• 9/2 2 6.832E-03 o. 6.832E-03 4.667E-05 NO STATE o. 
4 2. 322E-03 o. 2.322E-03 5. 391E-C6 NO STATE o. 
6 -1. 262E-03 o. -1.262E-03 1.593E-06 NO STATE o. o. 1.09E 01 

---------
5.365E-05 

o.• 11/2 4 2.155E-03 o. 2.155E-03 4;645E-06 NO STATE o. ....... 
6 -2.474E-03 o. -2.474E-03 6.119E-06 NO STATE o. vu 
8 -3. 893E-04 o. -3.893E-04 1.516E-07 NO STATE o. o. 5.35E 01 CX> 

I 

---------
1.091E-05 

o.• 13/2 4 1.180E-03 o. 1.180E-03 1.393E-06 NO STATE o. 
6 -3.168E-03 o. -3.168E-03 l.004E-05 NO STATE o. 
8 -l.l52E-03 o. -1.152E-03 1.326E-06 NO STATE o. o. 4. 58E 01 

---------
1.276E-05 

o.:~o 15/2 6 -2.725E-03 o. -2.725E-03 7.423E-06 NO STATE o. 
8 -2.037E-03 o. -2.037E-03 4.149E-06 NO STATE o. o. 5. 05E 01 

---------
1.157E-05 

---------
* ESTIMATE NOT POSSIBLE 1.518E-09 

,,. 



. ·~ 

AM 239 5/2-523 - 5/2+642 FGAP I = 5/2 KI = 5/2 M = 0 Kf = 5/2 Q ALPHA 5.967 MEV 

E ( KEV I I L H ( L, KI-Kf I H( ltKI+Kf I SUM RED. TRANS. PROS. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

o. 5/2 1 -6.961E-04 o. 6.961E-04 4.845E-07 1.06 7 E-28 3.110E-12 
3 -3.528E-04 o. 3.52BE-o4 1.244E-07 4.421E-29 3.309E-13 r:~ 
5 4.470E-06 1.102E-04 1.058E-04 1.119E-08 9.139E-30 6.151E-15 3.447E-12 9. 42E 02 

-------- . 
6.201E-07 

t,k 

r - ~, ... ,, 

0.* 112 1 -4.402E-04 o. 4o402E-04 1.938E-07 NO STATE o. 
3 -6.3lOE-04 o. 6. '31 OE-04 3.982E-07 NO STATE o. ( ( 
5 1.999E-05 -8. 218E-05 -1.022E-04 l.044E-08 NO STATE o. o. 9. 70E 02 

--------- " "'" 6.024E-07 
.... i -<;~ 

.~ r.-, 
.;..i.-...~ ~ 

0.* 9/2 3 -6.292E-04 o. 6.292E-04 3.959E-07 NO STATE o. 
5 4.340E-05 5.096E-05 7.567E-06 5. 726E-ll NO STATE o. .. 

"'"" 7 1.123E-04 a. 213E-04 7.090E-04 5.027E-07 NO STATE o. o. 6. 50E 02 
---------
8.987E-07 

I 

o.• 11/2 3 -3.559E-04 o. 3.559E-04 1.267E-07 NO STATE o. ...... 
1.1-l 

5 5. 868E-05 -2. 584E-05 -8.452E-05 7.144E-09 NO STATE o. -..!) 
r, 

~~ ..... y 

1 3. 552E-04 -9.740E-04 -1.329E-03 1.767E-06 NO STATE o. o. 3. 07E 02 I 

------- :_c 
1.901E-06 

0.* 13/2 5 5.208E-05 1. 019E-05 -4.188E-05 1.754E-09 NO STATE o. 
7 6. 54 7E-04 7.979E-04 1.432E-04 2.050E-08 NO STATE o. 
9 1.138E-04 1. 224E-03 1.110E-03 1.233E-06 NO STATE o. o. 4.65E 02 

---------
1.255E-06 

o.• 15/2 5 2. 784E-05 -2. 724E-06 -3.056E-05 9.339E-10 NO STATE o. 
1 8.081E-04 -4. 924E-04 -1. 301E-03 1.692E-06 NO STATE o. 
9 3.220E-04 -1. HlE-03 -2.053E-03 4.216E-06 NO STATE o. o. 9. 89E 01 

---------
5.908E-06 

--------
* ESTIMATE NOT POSSIBLE 3.44 7E-12 



AM 241 FAVORED FGAP V 5/2-523 I = 5/2 KI = 5/2 M = 0 KF = 5/2 Q ALPHA 5.672 MEV 

E l KEV I I L HlL,KI-KFI HlL,KI+KFl SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. ------ - - ---------- ---------- --- ------------- ----- ---------------- --- -·--------
60. 5/2 0 1.700E-02 o. 1.700E-02 2.891E-04 1.552 E-30 2.699E-ll 

2 9.862E-03 o. 9.862E-03 9. 726E-05 9.109E-31 5.328E-12 
4 5.084E-04 o. 5.084E-04 2.585E-07 2.641E-31 4o106E-15 3.232E-ll 1. 51E 00 

---------
3. 867E-04 

103. 112 2 1.139E-02 o. 1.139E-02 1.297E-04 5.091 E-31 3.971E-12 
4 1.371E-03 o. 1.371E-03 1.880E-06 1.474E-31 1.667E-14 
6 -3.488E-04 o. -3.488E-04 1.217E-07 2.133E-32 1.561E-16 3.988E-12 4.44E 00 

---------
1.317E-04 

159. 9/2 2 6.737E-03 o. 6.737E-03 4.539E-05 2.396 E-31 6.540E-13 
4 2.028E-03 o. 2.028E-03 4.112E-06 6.928E-32 1. 713E-14 
6 -1.233E-03 o. -1.233E-03 1.521E-06 9.998E-33 9.146E-l6 6. 721E-13 1.15E 01 

---------
5.102E-05 

I 

225. 11/2 4 1.882E-03 o. 1.882E-03 3.542E-06 2.755E-32 5. 870E-15 -*"' 6 -2.417E-03 o. -2.417E-03 5.840E-06 3.965E-33 1.393E-15 0 
8 -3.549E-04 o. -3.549E-04 1.260E-07 2.892E-34 2.191E-18 7.265E-15 6.14E 01 I 

--------
9.508E-06 

305. 13/2 4 1. 0 31E-03 o. 1.031E-03 1.063E-06 B.931E-33 5.709E-16 
6 -3.095E-03 o. -3.095E-03 9.581E-06 1.281E-33 7.379E-16 
8 -l.050E-03 o. -l.050E-03 1.102E-06 9.293E-35 6.160E-18 1. 315E-15 4. •HE 01 

--------
1.175E-05 

394. 15/2 6 -2.662E-03 o. -2.662E-03 7.085E-06 3.489E-34 1.487E-16 
8 -1.857E-03 o. -1.857E-03 3.447E-06 2.518E-35 5. 221E-18 1. 539E-16 5. 55E 01 

---------
l.053E-05 

---------* ESTIMATED WITH ROT. CONST.= O. KEV 3.699E-ll 

.. 



' ' .. .. 

AM 241 5/2-523 - 5/2+642 FGAP V I = 5/2 Kl = 5/2 M = 0 KF = 5/2 Q ALPHA 5.672 MEV 

E IKEVI I l H(lyKI-KFI HIL,KI+KFI SUM RED. TRAI\S. PROB. PENET. NORM. TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------o. 5/2 1 -6.642E-04 o. 6.642E-04 4.412E-07 2.852E-30 7.567E-14 

3 -3.500E-04 o. 3.500E-04 1.225E-07 1.177E-30 8.66BE-15 
5 3.868E-06 1.158E-04 1.119E-04 1.252E-08 2.413E-31 1.817E-16 8.452E-14 l.OlE 03 I t ..... 

--------
5.762E-07 ~"'-- ·,._, 

33. .7/2 1 -4.201E-04 o. 4.201E-04 1.765E-07 1.843E-30 l.956E-14 
"!:o.,:; 

3 -6.261E-04 o. 6.261E-04 3.920E-07 7.598E-31 1.791E-14 
5 1. 730E-05 -8.629E-05 -1.036E-04 1.073E-08 1. 556E-31 l.004E-16 3. 757E-l4 1. OlE 03 ( (. 

---------
5.792E-07 :·- j\~ 

76. 9/2 3 -6.243E-04 o. 6.243E-04 3.897E-07 4.305E-31 l.009E-14 
.~t._J:=: 

5 3. 755E-05 5. 351E-05 1.596E-05 2.547E-l0 8.804E-32 1. 349E-18 
)·•·-

7 1.121E-04 8.263E-04 7.142E-04 5.lOOE-07 9.071E-33 2. 782E-l6 l.037E-l4 6. 49E 02 -~ --------
9.000E-07 

I 

127. 11/2 3 -3.532E-04 o. 3.532E-04 lo 24 7E-07 2.161 E-31 1.621E-15 -~ 
5 5.078E-05 -2. 714E-05 -7.791E-05 6.071E-09 4.412E-32 lo6llE-17 -7 3. 546E-04 -c:l.799E-04 -1. 334E-03 1.781E-06 4.534E-33 4.856E-16 2.123E-15 3. 06E 02 I 

r-, ... ~ .. ~..,. 

---------
1.912E-06 

189.* 13/2 5 4.506E-05 1. 070E-05 -3.436E-05 1.181E-09 1.892E-32 1.343E-l8 
1 6.536E-04 8.027E-04 1.490E-04 2.221E-OB 1.938 E-33 2.589E-18 
9 l.l21E-04 1.232E-03 1.120E-03 1.255E-06 1.016E-34 7.668E-18 1.160E-17 4. 57E 02 

--------
1.278E-06 

260.* 15/2 5 2.409E-05 -2.860E-06 -2.695E-05 7.261E-10 6. 992 E-33 3.054E-19 
7 a. 068E-04 -4. 954E-04 -1.302E-03 1.696E-06 7 .133E-34 7.276E-17 
9 3.172E-04 -1. 743E-03 -2.060E-03 4.244E-06 3.721E-35 9.498E-l8 8. 256E-17 9. 83E 01 

---------
5.940E-06 

---------
* ESTIMATED WITH ROT. CONST.= 4.74 KEV 1.347E-13 



AM 241 5/2-523 - 1/2+400 FGAP I = 5/2 KI = 5/2 M = -2 KF = 1/2 Q ALPHA 5.672 MEV 

E IKEVl I L H(L,KI-KFl H! L,KI+KF l SUM RED.TRANS.PROB. PENET. NORM. TRANS.PROB. SUM RCP.FORM. 
--'------ - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

332. 1/2 3 -1.568E-05 1.690E-04 1. 84 7E-04 3.412E-08 1.224E-32 2.511E-17 2. 511E-17 1. 11E 04 
---------
3.412E-08 

371. 3/2 3 -3. 506E-05 -1. 890E-04 -1.539E-04 2.369E-08 7.008E-33 9.9B4E-18 9.984E-18 2.47E 04 
---------
2.369E-08 

369. 5/2 3 -4.295E-05 1.543E-04 1. 972E-04 3.890E-08 7.246E-33 1.696E-17 
5 -4.501E-05 5.152E-04 5.602E-04 3.138E-07 1.466E-33 2.768E-17 4.463E-17 1.66E 03 

---------
3.527E-07 

463. 7/2 3 -3. 621E-05 -9. 759E-05 -6.137E-05 3.766E-09 1.801E-33 4.079E-19 
5 -9. 490E-05 -8.146E-04 -7.197E-04 5.179E-07 3.631E-34 1.131E-17 1.172E-17 1.12E 03 

---------
5. 217E-07 

I -456. 9/2 3 -2.158E-05 4. 652E-05 6.810E-05 4.638E-09 1.999E-33 5. 577E-19 *"" 
5 -1.231E-04 8. 453E-04 9.684E-04 9.378E-07 4.032E-34 2.274E-17 N 

I 
7 4.264E-06 5.423E-05 4.997E-05 2.497E-09 4.071 E-35 6.113E-21 2.331E-17 · 6.18E 02 

---------
9.449E-07 

597.* 11/2 3 -8.189E-06 -1. 471E-05 -6.522E-06 4. 254E-ll 2.324E-34 5.947E-22 
5 -1.117E-04 -6. 390E-04 -5.273E-04 2. 781E-07 4.664E-35 7.801E-19 
7 9.044E-06 -9.587E-05 -l.049E-04 1.101E-08 4. 6 74E-36 3.094E-21 7. 838E-19 2.02E 03 

---------
2.891E-07 

591. * 13/2 5 -7.136E-05 3.500E-04 4.213E-04 1.775E-07 5.120E-35 5.467E-19 
7 1.200E-05 1. 091E-04 9.705E-05 9.419E-09 5.132E-36 2.907E-21 
9 7.339E-06 -2.324E-05 -3.058E-05 9.349E-10 2.614E-37 1.470E-23 5.497E~l9 3.11E 03 

---------
1.879E-07 

784.* 15/2 5 -2. 883E-05 -1.237E-04 -9.491E-05 9.007E-09 2.332E-36 1. 264E-21 
7 1.120E-05 -8. 904E-05 -1.002E-04 1.005E-08 2. 314E-37 1. 399E-22 
9 1. 569E-05 4.347E-05 2.778E-05 7.719E.:.lo 1.163E-38 5.397E-25 1.404E-21 2.95E 04 

---------
1.983E-08 

---------* ESTIMA~ED W1TH.ROT •. CQNST.= 6.19 KEV, AND DEC. PARAM.= 1.074 1.161E-1~ .. . . 



•J'l 
... .. 

AM 241 5/2-523 - l/2-53a FGAP V I = 5/2 Kl = 5/2 M = -2 KF = 1/2 Q ALPHA 5.672 MEV 

E I KEV) I L H(L,KI-KFI HIL,KI+KF) SUM RED. TRANS. PRO B. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- --------

2Ba. 1/2 2 -6.984E-05 a. -6.984E-a5 4.878E-a9 4.388E-32 1.287E-17 1.287E-17 1.2aE a5 
---------
4.878E-a9 ·C " 

267. 3/2 2 -7.466E-a5 a. -7.466E-a5 5.574E-a9 5.213E-32 1.768E-17 (. 
4 7.223E-a5 -6. 887E-a4 7.6a9E-04 5.790E-a7 1.520E-32 5.293E-16 5.470E-16 9. 99E 02 

--------- .,.. 
. """' 5.845E-07 

,i ( ,., 

357. 5/2 2 -5.600E-05 a. -5.600E-a5 3.136E-a9 1.464E-32 2.762E-18 
4 1.532E-04 9.739E-a4 -8.207E-a4 6. 735E-a7 4. 211 E-33 1.7a6E-16 1. 733E-16 a. 63E 02 ~ : §...; 

---------
6.767E-07 r .~'<t.. ..... , . .JI:, 

-
327. 712 2 -3. a48E-05 a. -3.048E-05 9.291E-10 2.257E-32 1.261E-18 ·~ 

4 1.948E-04 -9. 286E-a4 1.123E-a3 l.262E-06 6.496 E-33 4.930E-16 
6 2.785E-04 -1.1 a2E-a3 1.380E-a3 1.905E-06 9.304E-34 1.a66E-16 6.0a9E-16 1. 84E az 

---------
3.168E-06 ...... 

..p. 
v,l '.:. ~ 485. 9/2 2 -1.a78E-05 o. -1.078E-05 1.161E-10 2. 213 E-33 1. 546E-2a I 

4 1.722E-a4 6.566E-04 -4.844E-04 2.347E-07 6. 342 E-34 8.951E-l8 
6 5.885E-04 1. 862E-03 -1.274E-03 1.623E-06 9.a20E-35 8.803E-18 1.777E-17 3. 15E a2 

"'!:•, •. 

• .ia. vi·"~ ---------
1.857E-a6 

438. 11/2 4 l.a72E-a4 -3. 4a7E-04 4.479E-04 2.aa6E-07 1. 281 E-33 1. 546E-17 
6 1. 735E-a4 -2. 04aE-03 2.814E-03 7.916E-a6 1. 826 E-34 8.696E-17 
8 2.981E-04 -8.424E-04 1.141E-03 1.301E-06 1.315E-35 1.a29E-18 1.a35E-16 6.20E at 

---------
9.418E-06 

671.* 13/2 4 4.228E-05 1.152E-04 -7.289E-05 5.314E-09 3.552 E-35 1.135E-20 
6 7.135E-04 1. 613E-a3 -8.993E-04 a.oaaE-o7 5.a11 E-36 2.437E-19 
8 6.350E-04 1.538E-03 -9.031E-04 8.156E-07 3.554E-37 1. 744E-20 2. 72 5E-19 3.58E a2 

---------
1.630E-06 

606.* 15/2 6 4.638E-a4 -9.173E-04 1.381E-03 1.9a8E-06 1.402E-35 1.608E-18 
8 8.489E-04 -1.799E-03 2.648E-03 7 .Ol3E-06 9.985E-37 4. 211E-19 2.030E-18 6. 55E 01 

---------
8.920E-06 

---------* ESTIMATED WITH ROT. CONST.= 6.79 KEV, AND DEC. PARAM.= -1.638 1.458E-15 



AM 241 5/2-523 - 3/2-521 FGAP I = 5/2 KI = 5/2 M = -1 KF = 3/2 Q ALPHA 5.672 MEV 

E IKEVI I l H(L,KI-KFI H(L,KI+KFJ SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

438. 3/2 2 -1.661E-04 o. -1.661E-04 2.760E-08 4.467E-33 7.415E-18 
4 -3. 461E-05 -2.269E-04 1.923E-04 3.698E-08 1. 281E-33 2.850E-18 1.027E-17 9. 05E 03 

---------
6.458E-08 

485. 5/2 2 -2.035E-04 o. -2.035E-04 4.141E-08 2. 213 E-33 5.512E-18 
4 -1.199E-04 1.965E-04 -3.164E-04 1.001E-07 6. 342 E- 34 3.819E-18 9.331E-18 4.13E 03 

---------
1.415E-07 

549. 7/2 2 -1.517E-04 o. -1.517E-04 2.300E-08 a. 374E-34 1. 159E-18 
4 -2.087E-04 -1. 368E- 04 -7.188E-05 5.167E-09 2.395E-34 7.443E-20 
6 -8.045E-Oe -4.397E-04 4.316E-04 1.863E-07 3.397E-35 3.806E-19 1.614E-18 2.72E 03 

---------
2.145E-07 

634.* 9/2 2 -6. 783E-05 o. -6.783E-05 4.601E-09 2.251E-34 6.228E-20 
4 -2. 3 33E-04 7.649E-05 -3.098E-04 9.600E-08 6.422E-35 3 .708E-19 
6 -2.150E-05 5. 876E-04 -6.091E-04 3.709E-07 9.074E-36 2.024E-19 6. 35 5E -19 1. 24E 03 ---------- ~ 

4. 715E-07 ~ 
I 

737.* 11/2 4 -1.755E-04 -3.287E-05 -1.426E-04 2.033E-OB 1.226E-35 1.500E-20 
6 -3.413E-05 -5. 330E-04 4o988E-04 2.488E-07 1.725 E-36 2. 581E- 20 
8 3. 367E-05 -3.807E-0Lt 4.143E-04 1. 717E-07 1. 218 E-37 1. 258E-21 4. 207E-20 1.33E 03 

---------
4.408E-07 

859.* 13/2 4 -8.104E-05 c;.487E-06 -9.053E-05 8.195E-09 1.616E-36 7.963E-22 
6 -3.687E-05 3. 598E-04 -3.967E-04 1.573E-07 2.260E-37 2.139E-21 
8 8.398E-05 5.935E-04 -5.095E-04 2.596E-07 1. 584E-38 2.474E-22 3 .182E-21 1.37E 03 

---------
4.251E-07 

1'000. * 15/2 6 -2. 745E-05 -1. 786E-04 1.512E-04 2.286E-08 1.959E-38 2.693E-23 
8 1.286E-04 -6.060E-04 7.346E-04 5.396E-07 1. 361E-39 4.418E-23 7.lllE-23 1. 04E 03 

---------
5.625E-07 

---------
* ESTIMATED WITH ROT. CDNST.= 9.40 KEV 2.l89E-17 

' ' 
'. '. 



.. 

AM 241 5/2-523 - 3/2+651 FGAP I = 5/2 KI = 5/2 M = -1 Kf = 3/2 Q ALPHA 5.672 MEV 

E I KEV I I L HIL,Kl-KFI HI L,KI+KF I SUM RED. TRANS. PROB. PEN ET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

357. 3/2 1 -1. 397E-04 o. 1.397E-04 1.952E-08 2.093E-32 2.458E-17 
3 -3.932E-05 o. 3.932E-05 1.546E-09 8.576E-33 7.974E-19 2.538E-17 2. 77E 04 

--------- c 
2.107E-08 

"" 
··~ 

o.• 5/2 1 -9.147E-05 o. 9.147E-05 8.367E-09 NO STATE o. 
3 -7.864E-05 o. 7.864E-05 6.184E-09 NO STATE o. ...,_ "-"'-
5 8.983E-05 1 .• 676E-06 -8.815E-05 7. 771E-09 NO STATE o. o. 2. 62E 04 

--------- f.. ( 
2.232E-08 

.:::: f< 

o.• 712 1 -3.734E-05 o. 3. 734E-05 1.395E-09 NO STATE o. _,t_ .!-: 
3 -9.081E-05 o. 9. 081E-05 8.246E-09 NO STATE o. 
5 2. 593E-04 -1.935E-06 -2.612E-04 6.825E-08 NO STATE o. o. 7. 50E 03 ,. --------- -~ ... 

7.789E-08 

o.• 9/2 3 -6.845E-05 o. 6.845E-05 4.685E-09 NO STATE o. 
I 

5 4.255E-04 1. 587E-06 -4.239E-04 1. 797E-07 NO STATE o. ..... 
7 1. 730E-04 3. 599E-04 1.870E-04 3.495E-08 NO STATE o. o. 2. 66E 03 ~ 

--------- U1 ._ ( .. . 
2.193E-07 

<" 
~ ..... , 

o.• 1112 3 -3.137E-05 o. 3.137E-05 9.839E-10 NO STATE o. 
5 4.661E-04 -9. 936E-07 -4.671E-04 2.182E-07 NO STATE o. 
7 4.431E-04 -5. 269E-04 -9.701E-04 9.410E-07 NO STATE o. o. 5. 04E 02 

---------
1.160E-06 

o.• 13/2 5 3.488E-04 4. 647E-07 -3.483E-04 1.213E-07 NO STATE o. 
7 6.888E-04 5. llBE-04 -1.769E-04 3.130E-08 NO STATE o. 
9 7.431E-05 6. 367E-04 5.624E-04 3.163E-07 NO STATE o. o. 1.25E 03 

--------
4.690E-07 

o.• 15/2 5 1.615E-04 -1. 434E-07 -l.616E-04 2.612E-08 NO STATE o. 
7 7.363E-04 -3. 648E-04 -l.lOlE-03 1.212E-06 NO STATE o. 
9 1. 820E-04 -l.040E-03 -1.222E-03 1.493E-06 NO STATE o. o. 2.14E 02 

---------
2. 731E-06 

---------* ESTIMATE NOT POSSIBLE 2.538E-17 



AM 241 5/2-523 - 7/2+633 FGAP I = 5/2 KI = 5/2 M = 1 KF = 7/2 Q AlPHA 5.672 MEV 

E ( KEV I I L H{l,Kl-KF) H (l~Kl+KF l SUM RED. TRANS. PROB. PENH. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

770. 7/2 1 -7. 893E-05 o. 7.893E-05 6.230E-09 3.613E-35 1. 354E-20 
3 -l.087E-04 o. 1.087E-04 1.182E-08 1.468E-35 l.044E-20 
5 -1.437E-05 o. 1.437E-05 2.066E-10 2. 928E-36 3.638E-23 2.401E-20 3.20E 04 

---------
1.826E-08 

o.• 9/2 3 -1.639E-04 o. 1.639E-04 2.687E-08 NO STATE o. 
5 -4. 717E-05 o. 4. 717E-05 2.225E-09 NO STATE o. 
7 5.170E-06 1.547E-04 1.495E-04 2.236E-08 NO STATE o. o. 1.14E 04 

---------
5.1451"-08 

0.* 11/2 3 -1. 205E-04 o. 1.205E-04 1.451E-08 NO STATE o. 
5 -8.285E-05 o. 8.285E-05 6.864E-09 NO STATE o. 
7 2.124E-05 -1.412E-04 -1.625E-04 2.639E-08 NO STATE o. o. 1.22E 04 

---------
4.777E-08 

I 
~ 

~ 
0' 

0.* 13/2 5 -8.949E-05 o. 8.949E-05 B.OOSE-09 NO STATE o: 
7 4.765E-05 9. 504E-05 4.740E-05 2.246E-09 NO STATE o. 
9 1.370E-05 2.534E-04 2.397E-04 5.745E-08 NO STATE o. o. 8.63E 03 

---------
6.770E-OA 

0.* 15/2 5 -5.609E-05 o. 5.609E-05 3.146E-09 NO STATE o. 
7 6.897E-05 -5. 003E-05 -1.190E-04 1.416E-08 NO STATE o. 
9 4.543E-05 -3. 056E-04 -3.510E-04 1.232E-07 NO STATE o. o. 4.16E 03 

---------
1.405E-07 

---------* ESTIMATE NOT POSSIBLE 2.401F-20 

' ' 
'~ ' (; ' 



,. ,.,.J d 
' ' 

AM 243 FAVORED FGAP 5/2-523 I = 5/2 KI = 5/2 M = 0 KF = 5/2 Q ALPHA 5.472 MEV 

E ( KEV) I l H(L,KI-KF) H(L,KI•KF) SUM RED.TRANS.PROB. PENH. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- -------------- ----- ---------------- --- ---------

74. 5/2 0 l.476E-02 o. 1.476E-02 2.180E-04 8.938E-32 1.172E-12 ~ ·:-'""~ 

··-~ 2 8.164E-03 o. 8.164E-03 6.665E-05 5.238E-32 2.100E-13 
4 3.290E-04 o. 3.290E-04 l.082E-07 1. 513E-32 9.848E-17 1.382E-12 2.05E 00 , . 

------- .._ ~-· 

2. 847E-04 ........... ..... ... 

117. 112 2 9.427E-03 o. 9.427E-03 B.BB6E-05 2.B41E-32 1.518E-13 ~. (., 
4 8.872E-04 o. 8.872E-04 7.870E-07 8.196 E-33 3.B80E-16 
6 -2. 737E-04 o. -2.737E-04 7.494E-08 1.179E-33 5.312E-18 1.522E-13 6.51E 00 ~ . !'\. ' -------- ~ "' . 'il "~~ 

8.972E-05 
-~-~~i: 

173. 9/2 2 5.577E-03 o. 5.577E-03 3.llOE-05 1.266E-32 2.368E-14 .• \ ...•. 
4 1.312E-03 o. 1.312E-03 1.722E-06 3.646E-33 3. 776E-16 
6 -9.678E-04 o. -9.678E-04 9.367E-07 5.230E-34 2.947E-17 2.408E-14 1. 73E 01 

---------
3.376E-05 

I - ,_,.. 
241.• 1112 4 1.218E-03 o. 1.218E-03 1.483E-06 1.348E-33 1.203E-16 ,.j::>. - " ,__._ :..,:} 

6 -1.897E-03 o. -1.897E-03 3.597E-06 1.928E-34 4.171E-17 -J 
8 -2.268E-04 o. -2.268E-04 5.144E-08 1.394E-35 4.312E-20 1.620E-16 1.14E 02 I 

i[ --------- ·-· • .,;.t ... 

5.132E-06 

320.• 1312 4 6.671E-04 o. 6.671E-04 4.450E-07 4.053E-34 1.085E-17 
6 -2.429E-03 o. -2.429E-03 5.901E-06 5. 775 E-35 2.050E-17 
8 -6.709E-04 o. -6.709E-04 4.501E-07 4.155E-36 1.125E-19 3.146E-17 8.60E 01 

-------
6.796E-06 

413.* 15/2 6 -2.089E-03 o. -2.089E-03 4.364E-06 1.386E-35 3.639E-18 
8 -1.186E-03 o. -1.186E-03 1.408E-06 9.916E-37 8.396E-20 3.722E-18 1. OlE 02 

--------
5.772E-06 

--------* ESTIMATED WITH ROT. CONST.= 6.14 KEV 1.55BE-12 



AM 243 5/2-523 - 5/2+642 FGAP V I : 5/2 KI = 5/2 M = 0 KF = 5/2 Q ALPHA 5.472 MEV 

E ( KEV l I L H(L,KI-KFl H( L,KI+KF l SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- --------- -- --------------- ------ ---------------- --- ---------

o. 5/2 1 - 5.050E-04 o. 5.050E-04 2.550E-07 2.105E-31 3. 229E-15 
3 -3.023E-04 o. 3.023E-04 9.136E-08 8.665E-32 4. 761E-16 
5 1.955E-06 9.662E-05 9.467E-05 8.962E-09 1. 769E-32 9.537E-18 3. 715E-15 1.64E 03 

--------
3.554E-07 

31. 112 1 -3.194E-04 o. 3.194E-04 1.020E-07 1.368E-31 8.395E-16 
3 -5.407E-04 o. 5.407E-04 2.923E-07 5.628E-32 9.896E-16 
5 8.742E-06 -7. 202E-05 -8.076E-05 6.522E-09 1.148E- 32 4. 503E-18 1.834E-15 1.46E 03 

---------
4.009E-07 

71.• 9/2 3 -5.392E-04 o. 5.392E-04 2.907E-07 3.213E-32 5.618E-16 
5 1.898E-05 4.466E-05 2.569E-05 6.599E-10 6.544E-33 2.598E-19 
1 9.745E-05 7. 244E-04 6.270E-04 3.931E-07 6.700E-34 1. 584E-17 5. 779E-16 a. 54E 02 

---------
6.845E-07 

I 

120 ... 11/2 3 -3.050E-04 o. 3.050E-04 9.302E-08 1.606E-32 8.983E-17 
...... 
~ 

5 2.566E-05 -2.265E-05 -4.831E-05 2.334E-09 3. 264E-33 4.582E-19 00 
7 3.081E-04 -8. 591E-04 -l.l67E-03 1.362E-06 3.334E-34 2.732E-17 1.176E-16 4. OlE 02 

---------
1.458E-06 

177.* 13/2 5 2.277E-05 a. 933E-06 -1.384E-05 1.915E-10 1.417E-33 1o632E-20 
7 5.680E-04 7. 037E-04 1.358E-04 1.843E-08 1.442 E-34 1. 599E-19 
9 9.475E-05 1. 084E-03 9.892E-04 9.786E-07 7.502E-36 4.415E-19 6.178E-19 5. 86E 02 

---------
9.972E-07 

244 ... 15/2 5 1.211E-05 -2.387E-06 -1.456E-05 2.120E-l0 5.315E-34 6.775E-21 
7 7.011E-04 -4.343E-04 -1.135E-03 1.289E-06 5.391E-35 4.180E-18 
9 2.680E-04 -1.533E-03 -l.SOlE-03 3.244E-06 2. 791 E-36 5. 4{t4E-19 4. 732E-l8 1.29E 02 

--------
4.533E-06 

---------* ESTIMATED WITH ROT. CONST.= 4.43 KEV 6.24'1E-15 

' ,, 
., ,-• ' { 



.-... .,,, 
'. 

CM 241 FAVOR EO FGAP 112+631 I = 112 KI = 1/2 M -= 0 KF = 1/2 Q ALPHA 6.219 MEV 

E IKEVI I l H(L,KI-KFI Hll,KI+KF) SUM RED. TRANS. PROB. PENH. NORM.TRANS.PROB. SUM RCP. FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- -----

145. 1/2 0 1. 2a6E-02 o. 1.2a6E-02 1.654E-04 1. 5a6E-2a 1. 579E-09 1.57'1E-09 3. 53E 00 
-------- " c 
1.654E-04 

- C. 
156. 3/2 2 6.761E-03 o. 6.761E-03 4.571E-05 a. 263 E-29 2. 272E-10 2.272E-10 1.28E 01 

.o~·'· -------- "" 'Ill.=, 

4.571E-05 
.-t,. c 

202. 5/2 2 a. 2BlE-o3 o. a.2a1E-03 6.857E-05 4. 732 E-29 1. 951E-10 1o951E-10 a. 52E oo .l ~ ,, ---------
6.857E-05 

..l. .. .!~ 

221.* 112 4 7 .017E-04 o. 7.017E-04 4.924E-07 1.031 E-29 3.053E-13 3.053E-13 1.19E 03 -:'j' . .. --------
4.924E-07 

310.* 9/2 4 7.845E-04 o. 7.845E-04 6.155E-07 3.682E-30 1.363E-13 1.363E-13 9. 49E 02 I ,...,. 
-------- *'" 6.155E-07 -.!) .. -

·~.; 

349.* 11/2 6 -2.341E-03 o. -2.341E-03 5.479E-06 3.335E-31 l.099E-13 1. 099E-13 1. 07E 02 
, N - ~. 

---------
5.479E-06 

470.* 13/2 6 -2.528E-03 o. -2.528E-03 6.393E-06 7.087E-32 2. 725E-14 2.725E-14 9.14E 01 
---------
6.393E-06 

523.* 15/2 8 -9.068E-04 o. -9.068E-04 8.223E-07 2.634E-33 1.303E-16 1.303E-16 7.1 OE 02 
--------
13.223E-07 

--------
* ESTIMATED WITH ROT. CONST.= 6.41 KEV, AND DEC. PARAM.= -0.448 2.002E-09 



CM 241 1/2+631 - 7/2-743 FGAP I = 1/2 KI = 1/2 M = 3 KF = 712 Q ALPHA 6.219 MEV 

E ( KEV l I l H(l, KI-KF l HCL,KI+KFl SUM REO. TRANS. PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- -------------- ------ ---------------- --- --------

o. 7/2 3 -2.481E-04 o. 2.481E-04 6.157E-08 3.031E-28 1.122E-12 1.122E-12 9.49E 03 
---------
6.157E-08 

o.• 9/2 5 -6. 737E-04 1. 401E-03 -7.274E-04 5.291E-07 NO STATE o. o. 1.1 OE 03 
--------
5. 291E-07 

0.* 11/2 5 -1.429E-03 -6. 605E-04 2.090E-03 4.366E-06 NO STATE o. o. 1.34E 02 
---------
4.366E-06 

0.* 13/2 1 -1.405E-03 2.982E-03 -1. 577E-03 2.487E-06 NO STATE o. o. 2.35E 02 
--------
2.487E-06 

I ....... 
o.• 15/2 7 -2.331E-03 -1.798E-03 4.129E-03 1.705E-05 NO STATE o. o. 3.43E 01 l11 

0 --------- - I 

1.705E-05 

---------* ESTIMATE NOT POSSIBLE 1.122E-12 

, .. 



' ' 
.-.,. 

CM 243 FAVORED FGAP 5/2+622 I = 5/2 Kl = 5/2 M = 0 KF = 5/2 Q ALPHA 6.201 MEV 

E I KEV I I L HU.,KI-Kfl H(L ,KI+KF I SUM RED. TRANS. PROS. PENH. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- -------------- ----- ---------------- --- ---------

286. 5/2 0 1.572E-02 o. 1.572E-02 2.471E-04 2.518 E-29 3.742E-10 
2 9. 3 06E-03 o. 9.306E-03 8.660E-05 1.487E-29 7. 745E-ll 
4 5.013E-04 o. 5.013E-04 2.513E-07 4.373E-30 6.609E-14 4. 517E-10 1.75E 00 ; t: 

---------
3.339E-04 

-~ 'L 

330. 7/2 2 l.075E-02 o. l.075E-02 1.155E-04 8.521E-30 5. 918E-ll 
(~ 

4 1. 352E-03 o. 1.352E-03 1.827E-06 2. 503 E-30 2. 751E-13 
6 -3.088E-04 o. -3.088E-04 9.535E-08 3. 702 E-31 2.123E-15 5.945E-ll 4. 98E 00 .. (_ ... 

---------
1.174E-04 . ~-

~ ... " 
388. 9/2 2 6.357E-03 o. 6.357E-03 4.042E-05 4.100E-30 9.966E-12 

'<· t-=r... ,-r,:...; 

4 1.999E-03 o. 1.999E-03 3.997E-06 1.202E-30 2. 891E-13 
6 -l.092E-03 o. -l.092E-03 1.192E-06 1.714E-31 1. 272E-14 1.027E-ll 1.28E 01 -.... ---------

4.560E-05 

I 

461. 11/2 4 1.856E-03 o. 1.856E-03 3.444E-06 4 .681E-31 9.695E-14 ~ 

U1 
6 -2.139E-03 o. -2.139E-03 4.571E-06 6.884E-32 1.895E-14 ~ 

8 -2.835E-04 o. -2.835E-04 8.037E-08 5.171E-33 2.500E-17 1.159E-13 7.21E 01 I 
., .... _ -- ~ ---------

S.lOlE-06 .... 
......... 'fwf" 

544.* 13/2 4 1.016E-03 o. l.Ol6E-03 l.033E-06 1.571E-31 9.762E-15 
6 -2.740E-03 o. -2.740E-03 7.509E-06 2. 302 E-32 l.040E-14 
8 -8. 386E-04 o. -8.386E-04 7.032E-07 l.720E-33 7.276E-17 2.023E-14 6.32E 01 

---------
9.245E-06 

639.* 15/2 6 -2. 356E-03 o. -2.356E-03 5.553E-06 6.304E-33 2.106E-15 
8 -l.483E-03 o. -1.483E-03 2.199E-06 4.684E-34 6.196E-17 2.167E-15 7. 54E 01 

--------
7.752E--o6 

---------* ESTIMATED WlTH ROT. CONST.= 6.37 KEV 5. 215E-1 0 





,,1 ... 

CM 243 5/2+622 - 7/2-743 FGAP I = 512 Kl = 5/2 M = 1 KF = 7/2 Q ALPHA 6.201 MEV 

E ( KEV) I L HCL.Kl-KF) H( L,KI+KF) SUM RED. TRANS. PROS. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------ - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

392. 7/2 1 -9.149E-04 o. 9.149E-04 8.370E-07 5.560E-30 2.799E-13 
3 -9.540E-04 o. 9.540E-04 9.101E-07 2.310E-30 1. 264E-13 
5 -2.077E-05 o. 2.077E-05 4. 313E-10 4.795E-31 1. 244E-1 7 4.064E-13 3. 34E 02 "f' --------- ~ 

1.748E-06 

- ( 

434. 9/2 3 -1.43BE-03 o. 1.43BE-03 2.068E-06 1.337E-30 1.663E-13 
" 
. . ..... ~-

5 -6.815E-05 o. 6.815E-05 4.645E-09 2.771E-31 7.742E-17 
7 7.041E-05 1. 808E-04 -2.513E-04 6.313E-08 2.910E-32 1.105E-16 1.665E-13 2.73E 02 ( c. ---------

2.136E-06 
; - f'· .. 

486. 11/2 3 -1.057E-03 o. 1.057E-03 1.117E-D6 6.808E-31 4.574E-14 _.).__J:;;. 
5 -1.197E-04 o. l.l97E-04 1.433E-08 1.409 E-31 1.214E-16 
7 2.892E-04 -1.651E-04 -1.241E-04 1.541E-08 1.475E-32 1. 367E-17 4. 587E-14 5.09E 02 

' --------- .... 
1.147E-06 

I 

547.• 13/2 5 -1.293E-04 a. 1. 293E-04 1.672E-08 6.239E-32 6.274E-17· 
....,.. 
Ul 

7 6.488E-04 l.lllE-04 -7.599E-04 5. 775E-07 6.513E-33 2.262E-16 w 
9 6.210E-05 6.104E-05 -1.231E-04 1.516E-08 3.500E-34 3.192E-19 2. 893E-16 9. 59E 02 I 

-------- ~- i? 
6.094E-07 ... . ""-..: 

618.* 15/2 5 -8.105E-05 o. 8.105E-05 6.569E-09 2.396E-32 9.467E-18 
7 9.392E-04 -5.848E-05 -8.807E-04 7.756E-07 2.492 E-33 1.163E-16 
9 2.060E-04 -7.362E-05 -1.323E-04 1.751E-08 1. 332 E-34 1.403E-19 1.259E-16 7. 30E 02 

---------
7.997E-07 

---------* ESTIMATED WITH ROT. CONST.= 4.73 KEV 6.192E-13 



CM 243 5/2+622 - 1/2-501 FGAP I = 5/2 Kl = 5/2 M = -2 KF = 1/2 Q ALPHA 6.201 MEV 

E ( KEV I I L H(L,KI-KFl H( L,KI+KF l SUM REO.TRANS.PROB. PEN ET. NORM.TRANS.PROB. SUM RCP.FORM. 
------ - - ---------- ---------- --- --------------- ------ ---------------- --- --------

470. 1/2 3 2.655E-05 -1. 966E-04 1.700E-04 2.891E-08 8.415 E-31 1.463E-15 1.463E-15 2. 02E 04 
---------
2.891E-08 

492. 3/2 3 5.936E-05 2.198E-04 -2. 79lE-04 7.792E-08 6. 276 E- 31 2.941E-15 2.941E-15 7.50E 03 
---------
7.792E-08 

505. 5/2 3 7.270E-05 -1. 794E-04 1. 068E-04 1.140E-08 5.283E-31 3.621E-16 
5 -3.463E-05 -5. 500E-04 5.847E-:-04 3.418E-07 1.092 E-31 2.246E-15 2.608E-15 1.65E 03 

---------
3.532E-07 

556. 7/2 3 6.130E-05 1.135E-04 -1.748E-04 3.055E-08 2.689E-31 4.942E-16 
5 -7.301E-05 8.697E-04 -7.967E-04 6.347E-07 5. 550 E- 32 2.119E-15 2.613E-15 8. 78E 02 

---------
6.652F-07 

I 

580.* 9/2 3 3.653E-05 -5. 411E-05 1.757E-05 3.088E-10 1.961E-31 3.642E-18 
,...,.. 
\Jl 

5 -9.4 71E-05 -9.025E-04 9.972E-04 9.945E-07 4. 043 E-32 2.418E-15 ~ 
7 1. 367E-05 1.ll5E-04 -1.252E-04 1.567E-08 4. 213 E-33 3.970E-l8 2.426E-15 5. 78E 02 I 

------
1.010E-06 

662.* ll/2 3 1.386E-05 1. 711E-05 -3.097E-05 9.593E-10 6.416E-32 3. 702E-18 
5 -8. 592E-05 6. 822E-04 -5. 963E-04 3.556E-07 1.319E-32 2.821E-16 
7 2.900E-05 -1.971E-04 1.681E-04 2.825E-08 1.369E-33 2. 326E-18 2.881E-16 1. 52E 03 

---------
3.848E-07 

696.• 13/2 5 -5.490E-05 -3.737E-04 4.286E-04 1.837E-07 8.228E-33 9.090E-17 
7 3.849E-05 2.242E-04 -2.627E-04 6.901E-08 8. 522 E-34 3.537E-18 
9 -1.181E:...o6 l.446E-05 -1.327E-05 l.762E-10 4.532E-35 4.803E-22 9.443E-17 2.31E 03 

--------
2.529E-07 

808.* 15/2 5 -2.218E-05 1.321E-04 -1.099E-04 1.208E-08 1.687E-33 1.226E-18 
7 3.592E-05 -1.831E-04 1.471E-04 2.165E-08 lo737E-34 2. 263E-19 
9 -2. 52t:E-06 -2. 705E-05 2.957E-05 8.744E-10 9.166E-36 4.821E-22 1.453E-18 1.69E 04 

--------
3.461E-08 

--------
*ESTIMATED WH,H ~OT., C~NST.= 5.04 KEVt AND DEC. PARAM.= 0.481 1o243E-14 .. .. ' 



"· ~ ' 

CM 243 512+622 - 312+631 FGAP I = 512 KI = 512 M = -1 KF = 3/2 Q ALPHA 6.201 MEV 

E I KEV) I l HIL,KI-Kfl HI L,KI •KF) SUM REO.TRANS.PROB. PEN ET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- -- --------------- ------ ---------------- --- ---------

735. 3/2 2 -1.423E-03 Q, -1.4;;>3E-03 2.025E-06 3.950 E-32 4.810E-15 
4 -1.421E-04 -1.452E-04 -2. 873E-04 8.254E-08 1.147E-32 5.695E-17 4.867E-15 2.77E 02 

--------
2.107E-06 ~ ··c 

- t~ 
759. 5/2 2 -1.743E-03 o. -1.743E-03 3.037E-06 2. 817E-32 5.147E-15 

4 -4.923E-04 1.257E-04 -3.665E-04 1.343E-07 8.178 E-33 6.607E-17 5.213E-15 1. 84E 02 _c ---------
3.172E-06 

\. t: 

800. 7/2 2 -1.2<;9E-03 o. -1.299E-03 1.687E-06 1. 573 E-32 1.597E-15 
•. 

'~"" .. 
4 -8.569E-04 -e. 755E-o5 -9.445E-04 8.920E-07 4.562 E-33 2.447E-16 
6 1.747E-04 -l.697E-04 4.953E-06 2. 453E-ll 6.609E-34 9. 751E-22 1. 842E-15 2. 26E 02 

--~~ ··~~ --------
2.579E-06 

' ... 

849. 9/2 2 -5.809E-04 o. -5.809E-04 3.375E-07 7.772E-33 1.578E-16 
4 -9.581E-04 4. 894E-05 -9.091E-04 8.265E-07 2.250 E-33 1.119E-16 
6 4.669E-04 2.268E-04 6.937E-04 4.812E-07 3.253E-34 9.415E-18 2.790E-16 3. 55E 02 I ....,.. 

-------- Ul 
1.645E-06 Ul 

-~ c 

902.* 11/2 4 -?.204E-04 -2.103E-05 -7.414E-04 5.497E-07 1.039 E-33 3.436E-17 ,, .. t" 
... ~. \:#'lo.o-' 

6 7.411E-04 -2. 057E-04 5.354E-04 2.866E-07 1.499E-34 2.584E-18 
8 2.374E-04 -1.188E-04 1.186E-04 1.407E-08 1.096E-35 9.271E-21 3.695E-17 6. 87E 02 

---------
8.504E-07 

964.* 13/2 4 -3. 327E-04 6. 071E-06 -3.267E-04 l.067E-07 4.106E-34 2 .635E-18 
6 8.oo5E-04 1. 389E-04 9.394E-04 8.824E-07 5.906E-35 3.134E-18 
8 5.922E-04 1. 852E-04 7.774E-04 6.044E-07 4.301E-36 1.564E-19 5.926E-l8 3.67E 02 

--------
1.594E-06 

1036.* 1512 6 5.962E-04 -6. 896E-05 5.272E-04 2.779E-07 1.974E-35 3. 299E-19 
8 9.070E-04 -1. 891E-04 7.179E-04 5.154E-07 1.431E-36 4.436E-20 3.743E-19 7. 36E 02 

--------
7. 933E-07 

---------* ESTIMATED WITH ROT. CONST.= 4.80 KEV 1.224E-14 



CM 243 5/2+622 - 5/2+633 FGAP I = 5/2 Kl = 512 M = 0 KF = 5/2 Q ALPHA 6.201 MEV 

E IKEVI I L HIL,KI-KFI H(L,KI+KFl SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

512. 512 0 -6. a77E-04 o. -6.a77E-04 4.729E-07 1. 394 E-30 3.966E-14 
2 -1. 772E-04 o. -1. 772E-04 3.141E-Oa a. 212 E-31 1.551E-15 
4 a.la4E-05 o. a.la4E-05 6.697E-09 2.400E-31 9.667E-17 4.131E-14 1.14E 03 

--------
5.110E-07 

o.=~< 712 2 -2.047E-04 o. -2.047E-04 4.la9E-oa NO STATE o. 
4 2.207E-04 o. 2.207E-04 4.a71E-Oa NO STATE o. 
6 l.a09E-05 -6. 690E-04 -6.510E-04 4.237E-07 NO STATE o. o. 1.14E 03 

--------
5.143E-07 

O.:e< 9/2 2 -1.211E-04 o. -1.211E-04 1.466E-Oa NO STATE o. 
4 3.264E-04 o. 3.264E-04 1.065E-07 NO STATE o. 
6 6.395E-05 6. 75aE-04 7.39aE-04 5.473E-07 NO STATE o. o. a. 74E 02 

---------
6.6a5E-07 

I 

0.* 11/2 4 3.030E-04 o. 3.030E-04 9.laOE-Oa NO STATE o. ~ 

Ul 
6 1.253E-04 -4.966E-04 -3. 713E-04 1.379E-07 NO STATE o. 0' 
a -2.395E-05 -l.023E-03 -1.047E-03 1.097E-06 NO STATE o. o. 4.40E 02 

--------
1.327E-06 

o.=~< 13/2 4 1.659E-04 o. 1.659E-04 2. 754E-Oa NO STATE o. 
6 1.605E-04 2. a27E-04 4.432E-04 1.965E-07 NO STATE o. 
a -7.0a5E-05 1. 345E-03 1.275E-03 1.625E-06 NO STATE o. o. 3.16E 02 

---------
l.a49E-06 

o.• 15/2 6 1. 3BOE-04 -1. 216E-04 1.64BE-05 2. 715E-10 NO STATE o. 
a -1.253E-04 -1.190E-03 -1.315E-03 1. 729E-06 NO STATE o. o. 3.3aE 02 

---------
1.130E-06 

--------
* ESTIMATE NOT POSSIBLE 4.131E-14 

., ~ 0:,· ~' 



CM 243 .512+622 - 7/2+624 FGAP I = 5/2 KI = 5/2 M = 1 KF = 7/2 Q ALPHA 6.201 MEV 

E I KEV l I l HIL,KI-KFl H(l,KI+KFl SUM RED.TRANS.PROB. PENH. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

512. 7/2 2 -7.9 57E-05 o. -7.957E-05 6.332E-09 8.212 E-31 3.127E-16 
4 -5.331E-06 o. -5. 331E-06 2.842E-ll 2.400E-31 4.102E-19 
6 1.8HiE-06 -1. 659E-04 -1.640E-04 2.691E-08 3.522E-32 5.699E-17 3. 701E-16 1.76E 04 c 

---------
3.327E-08 ., .. ·- ...... 

~ ,. 
0.* 9/2 2 -7.111E-05 o. -7.117E-05 5.065E-09 NO STATE o. - ""· 

4 -l.l92E-05 o. -1.192E-05 1.42lE-10 NO STATE o. 
6 9. 715E-06 1.108E-04 1.205E-04 1.453E-.Q8 NO STATE o. o. 2. 96E 04 (. ( 

-------
1.974E-08 

<i<- .,.;\., 

o.• 1112 4 -1.437E-05 o. -1.437E-05 2.066E-10 NO STATE o. ... L.J:'~ 
6 2.473E-05 -6. 269E-05 -3.796E-05 1.441E-09 NO STATE o. 
8 9.842E-07 -2. 799E-04 -2.789E-04 7. 781E-08 NO STATE o. o. 7.35E 03 F' 

-...;. '"'" ---------
7.946E-08 

I 

o.• 13/2 4 -9.582E-06 o. -9.582E-06 9.181E-ll NO STATE o. ..... 
\.11 

6 3.856E-05 2.932E-05 6.787E-05 4.607E-09 NO STATE o. --.] 

8 3.543E-06 3.024E-04 3.059E-04 9.357E-08 NO STATE o. o. 5. 94E 03 I =~ t:. 
---------
9.827E-08 

• ''-'<) 

o.• 15/2 6 3.888E-05 -l.075E-05 2.813E-05 7 .911E-10 NO STATE o. 
8 7.348E-06 -2. 280E-04 -2.207E-04 4. 869E-08 NO STATE o. o. 1.18E 04 

--------
4.948E-08 

---------* ESTIMATE NOT POSSIBLE 3. 701E-16 

~ 



~ 

CM 245 FAVORED FGAP 7/2+624 I = 712 KI = 7/2 M = 0 KF = 7/2 Q ALPHA 5. 662 MEV 

E I KEV l I L HIL,KI-KFl HIL,KI+KFl SUM RED. TRANS. PROB. PEN ET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

173. 7/2 0 1.260E-02 o. -1.260E-02 1.587E-04 l.Ol6E-31 9.698E-13 
2 8.093E-03 o. -8.093E-03 6.550E-05 5.976E-32 2.354E-13 
4 6.494E-04 o. -6.494E-04 4.217E-07 1.741E-32 4.415E-16 
6 -1.570E-04 o. 1.570E-04 2 .465E-08 2.541E-33 3.766E-18 1. 206E-12 2. 60E 00 

---------
2.246E-04 

230. 9/2 2 7. 716E-03 o. -7.716E-03 5.954E-05 2.683E-32 9.609E-14 
4 1.273E-03 o. -1. 273E-03 1.622E-06 7 .804E-33 7. 612E-16 
6 -5.874E-04 o. 5.874E-04 3.450E-07 1.136E-33 2.358E-17 
8 -4.139E-05 o. 4.139E-05 1. 7l3E-09 8.414 E-35 8.67lE-21 9. 688E -14 9. 50E 00 

---------
6.151E-05 

291. 11/2 2 3.913E-03 o. -3.913E-03 1.531E-05 1.122E-32 1.034E-14 
4 1.501E-03 o. -1.501E-03 2.252E-06 3.259E-33 4.414E-16 
6 -1.246E-03 o. 1.246E-03 1.553E-06 4. 731 E-34 4.418E-17 
8 -1.897E-04 o. 1.897E-04 3.598E-08 3.491E-35 7. 555E- 20 1.082E-14 3. 05E 01 

--------- I 

1.915E-05 ...... 
U1 
00 
I 

373.* 13/2 4 1.167E-03 o. -1.167E-03 1.362E-06 9.784E-34 8.017E-17 
6 -1.788E-03 o. 1.78BE-03 3.197E-06 1.415E-34 2. 721 E-17 
8 -4.930E-04 o. 4.930E-04 2.430E-07 1.039 E-35 1. 519E-19 1.075E-16 1. 22E 02 

---------
4.802E-06 

468. * 15/2 4 5.5 30E-04 o. -5.530E-04 3.058E-07 2.354E-34 4. 330E-18 
6 -1.830E-03 o. 1.830E-03 3.349E-06 3. 391 E-35 6.830E-18 
8 -8.740E-04 o. 8.740E-04 7.638E-07 2.475E-36 1.137E-19 1.127E-17 1.32E 02 

---------
4.419E-06 

---------* ESTIMATED WITH ROT. CONST.= 6.33 KEV 1.313E-12 

•', 



,., 

CM 245 7/2+624 - 5/2+622 FGAP I = 7/2 KI = 7/2 M = -1 KF = 5/2 Q ALPHA 5.662 MEV 

E !KEVl I L HI L, K I-KF l H ( L, KI + KF l SUM REO. TRANS. PROB. PENET. NORM. TRANS .PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

o. 5/2 2 2.810E-04 o. -2.810E-04 7.894E-08 6.290E-31 2.986E-15 
4 1.882E-05 o. -1. aa2e~o5 3.543E-10 l.841E-3l 3.923E-18 
6 -6.417E-06 -5. 856E-04 -5.792E-04 3.354E-07 2.708E-32 5.463E-16 3. 537E-15 1.41E 03 c ---------

4.147E-07 
f. 
";,.~ .. 

72. 7/2 2 2.753E-04 o. -2.753E-04 7.578E-08 2.394E-31 1.091E-15 . 
"""'"' 4 3.968E-05 o. -3.968E-05 1.575E-09 6.994E-32 6. 623E-18 

6 - 3.144E-05 4.781E-04 5.096E-04 2.597E-07 
---------

1.025E-32 1.601E-16 1.258E-15 1. 13E 03 
·~~- c 

3.370E-07 . 
.. !"-. 

165.* 9/2 2 1. 736E-04 o. -1.736E-04 3.014E-08 6. 720 E-32 1.218E-16 .. J_ ._!~ 
4 5.147E-05 o. -5.14 7E-05 2.649E-09 1.958E-32 3.120E-18 
6 -7. 781E-05 -3.381E-04 -2.603E-04 6. 775E-08 2.859E-33 1.165E-17 T 

8 -2.963E-06 -8. 429E-04 -8.399E-04 7.055E-07 2.126E-34 9.020E-18 1.456E-16 7.25E 02 "'' 

---------
8.060E-07 

I ..,.. 
lJ1 

278.* 11/2 2 6.777E-05 o. -6. 777E-05 4.593E-09 1.359E-32 3o753E-18 '.() 

4 4.669E-05 o. -4.669E-05 2.180E-09 3.947E-33 5ol75E-19 I -6 -1. 271E-04 2. 070E-04 3.341E-04 1.116E-07 5.733E-34 3.849E-18 ': 
8 -1.045E-05 1.115E-03 1.125E-03 1.267E-06 4.234E-35 3.226E-18 1.135E-17 4.22E 02 

--------- ftO .. ~c 
1.385E-06 

411.* 13/2 4 2.9R4E-05 o. -2.984E-05 8.902E-10 5.552E-34 2.973E-20 
6 -1.498E-04 -l.085E-04 4.130E-05 1.706E-09 8.019 E-35 8.228E-21 
8 -2.232E-05 -1.058E-03 -1.036E-03 1.073E-06 5. 873E-3 6 3.790E-19 4 .169E-19 5.43E 02 

---------
1.076E-06 

566.* 15/2 4 1.206E-05 o. -1.206E-05 1.453E-10 5.238E-35 4.579E-22 
6 -1. 307E-04 4. 734E-05 1.781E-04 3 .111E-08 7.513E-36 1.433E-20 
8 -3. 375E-05 7.999E-04 8.336E-04 6.949E-07 5.451E-37 2.278E-20 3. 757E-20 a. 04E 02 

---------
7.268E-07 

---------
* ESTIMATED WITH ROT. CONST.=l0.29 KEV 4.952E-l5 



BK 243 FAVORED FGAP V 3/2-521 I = 3/2 KI = 3/2 M -= 0 KF = 3/2 Q ALPHA 6.911 MEV 

E ( KEV l I L Hll, KI-KF l H(l,KI+KFI SUM REO.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- ------------ ------ ---------------- --- --------

559. 3/2 0 1.636E-02 o. -1.636E-02 2.675E-04 1.392 E-27 2.239E-08 
2 6.725E-03 o. -6.725E-03 4.522E-05 8.273E-28 2.250E'-09 2.464E-08 1. 87E 00 

---------
3.127E-04 

587. 5/2 2 1.078E-02 o. -1.078E-02 1.163E-04 6.075E-28 4.249E-09 
4 5.582E-04 o. -5.582E-04 3.116E-07 1. 813E-28 3. 398E-12 4.252E-09 5. OlE 00 

---------
l.l66E-04 

625.* 112 2 8.038E-03 o. -8.038E-03 6.460E-05 3.928E-28 1. 526E-09 
4 1.367E-03 o. -1.367E-03 1.870E-06 1.111 E-28 1. 317E-ll 1.540E-09 a. 79E oo 

---------
6o647E-05 

674.* 9/2 4 1.725E-03 o. -1.725E-03 2.975E-06 6.636E-29 1.187E-11 
6 -1.118E-03 o. 1.118E-03 1.250E-06 l.003E-29 7.538E-13 1. 263E-ll 1.38E 02 

I ------- ...... 
4.225E-06 0' 

0 
I 

735.* 1112 4 1.178E-03 o. -1.178E-03 1.388E-06 3.283E-29 2. 741E-12 
6 -2.372E-03 o. 2.372E-03 5.626E-06 4.947E-30 1.674E-12 4.415E-12 a. 33E 01 

---------
7.014E-06 

806.* 13/2 6 -2. 775E-03 o. 2.775E-03 1. 701E-06 2.117E-30 9.805E-13 
8 -6.820E-04 o. 6.820E-04 4.651E-07 1.636 E-31 4.578E-15 9.851E-13 7.15E 01 

--------
8.166E-06 

888.* 15/2 6 -1.817E-03 o. 1.817E-03 3.300E-06 7.799E-31 1o548E-13 
8 -1.364E-03 o. 1.364E-03 1. 86lE-06 5.998E-32 6.112E-15 1.615E-13 1.13E 02 

---------
5.161E-06 

--------
* ESTIMATED WITH ROT. CONST.= 5.48 KEV 3.045E-08 

~. ~.f 



,.., 

BK 243 312-521 - 512-523 FGAP V I = 3/2 KI = 3/2 M = 1 KF = 5/2 Q ALPHA 6. 911 MEV 

E ( KEV) I l H(l.KI-KF) H(L.KI•KF) SUM RED.TRANS.PROB. PEN ET. NORM.TRANS.PROB. SUM RCP.FORM. 
------ - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

o. 5/2 2 9.038E-04 o. -9.038E-04 8.169E-07 2.961E-25 1.455E-08 
4 1. 883E-04 -1.234E-03 1.046E-03 1.094E-06 8.982E-26 5. 912E-09 2.046E-08 3.06E 02 

-------- -i · r;: 
l.911E-06 

•" . ' , .... 
40. 7/2 2 1.044E-03 o. -1.044E-03 1.089E-06 2.000E-25 1.310E-08 

4 7 .145E-04 7.807E-04 -1.495E-03 2.236E-06 6.059E-26 8.147E-09 2.125E-08 1. 76E 02 
1' 
-..~, 

----------
3.325E-06 i~ ~ 

94. 9/2 4 1.192E-03 -3. 722E-04 -8.200E-04 6.724E-07 3. 533 E-26 1.429E-09 :~. i' ~ 
6 5.231E-05 -2.859E-03 2.807E-03 7.877E-06 5.4 76E-27 2. 594E-09 4.023E-09 6. 83E 01 

--------- ..1-... J.:. 
8.550E-06 

··-
156.* 11/2 4 l.005E-03 1.177E-04 -1.123E-03 1.26lE-06 1.875E-26 1.422E-09 

6 1.370E-04 2.807E-03 -2.944E-03 8.669E-06 2.898E-27 1.511E-09 2.933E-09 5. 88E 01 
--------- I 

9.931E-06 
,_,. 

"' ,_,. 
I - ....... 

230.* 13/2 6 1.900E-04 -1.731E-03 1. 541E-03 2.375E-06 1.350E-27 1.928E-10 
8 -2. 377E-04 -2.688E-03 2.926E-03 8.562E-06 1.080 E-2 8 5. 563E-ll 2.484E-10 5.34E 01 

---------
1.094E-05 

315.* 15/2 6 1.437E-04 6. 543E-04 -7.980E-04 6.368E-07 5.497E-28 2.105E-ll 
8 -5.491E-04 3.104E-03 -2.555E-03 6.529E-06 4.378E-29 1. 719E-ll 3. 825E-ll 8.15E 01 

--------
7.166E-06 

---------* ESTIMATED WITH ROT. CONST.= 5.67 KEV 4.895E-08 



BK 243 3/2-521 - 5/2+642 FGAP V I = 3/2 KI = 3/2 M = 1 KF -= 5/2 Q ALPHA 6.911 MEV 

E I KEV) I L HIL,KI-KF) HI L,KI +KF) SUM RED. TRANS. PROB. PENET. NORM.TRANS.PRDB. SUM RCP.FDRM. 
------- - - ---------- ---------- --- -------------- ----- ---------------- --- ---------

188. 5/2 l -2.489E-03 o. -2.489E-03 6.1971:-06 6.300E-26 2. 348E-08 
3 -2.038E-03 o. -2.038E-03 4.155E-06 2.671 E-26 6.674E-09 3.016E-08 5.64E 01 

---------
1.035E-05 

220. 7/2 3 -4.297E-03 o. -4.297E-03 l.846E-05 1.927E-26 2.140E-08 
5 -5.447E-04 -8.100E-04 -1.355E-03 1.835E-06 4.147E-27 4.517E-10 2.186E-08 2.88E 01 

---------
2.030E:-05 

259. 9/2 3 -4.020E-03 o. -4.020E-03 1.616E-05 1.274E-26 1.238E-08 
5 -1.611E-03 6.846E-04 -9.267E-04 8.588E-07 2.138E-27 1.414E-l0 1.253E-08 3.43E 01 

---------
1.702E-05 

319. 1112 5 -2. 398E-03 -3. 821E-04 -2.780E-03 7.730E-06 1.453E-27 6.757E-10 
1 3.900E-04 -8. 729E-04 -4.829E-04 2.332E-07 1.603E-28 2.248E-12 6.779E-10 1. 34E 01 

------- I 

7.963E-06 
,_,. 
0' 
N 
I 

378.* 1312 5 -1.896E-03 1.343E-04 -1.762E-03 3.104E-06 7.745E-28 1o446E-10 
1 9.417E-04 9. 428E-04 1.890E-03 3.574E-06 8.5L5E-29 1.830E-ll 1.629E-10 a. 75E 01 

---------
6.678E-06 

446.* 15/2 1 1.253E-03 -6. 232E-04 6.297E-04 3.965E-07 4.060E-29 <:l.682E-13 
9 7.681E-04 -3.496E-04 4.185E-04 1.751E-07 2.324E-30 2.448E-14 9.927E-13 1. 02E 03 

---------
5 •. 717E-07 

--------
* ESTIMATED WITH ROT. CONST.= 4.51 KEV 6.538E-08 

... 



,. , ... , 

BK 245 FAVORED FGAP 3/2-521 I -= 3/2 KI = 3/2 M = 0 Kf = 3/2 Q ALPHA 6.490 MEV 

E ( KEV} I l H ( L , K I- K.FI H(L,KI+Kfl SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------ - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

468. 3/2 0 1.427E-02 o. -1.427E-02 2.037E-04 3.226E-29 3.952E-10 
2 5.569E-03 o. -5.569E-03 3.102E-05 1.912E-29 3.567E-ll 4.309E-10 2.49E 00 

-------- -~ ~c 
2.347E-04 

...... ,,<. 
496. 512 2 8.931E-03 o. -8.931E-03 7.976E-05 1.349E-29 6.470E-ll 

--~ -~ 

4 3.233E-04 o. -3.233E-04 l.045E-07 3.997E-30 2.513E-14 6.472E-ll 7.31E 00 'f ......... 

---------
7.987E-05 L C~ 

536.* 712 2 6.657E-03 o. -6.657E-03 4.431E-05 8 .236E-30 2.195E-ll 
~ . r~< 

4 7. 920E-04 o. -7.920E-04 6.272E-07 2.438E-30 9.199E-14 2.204E-ll 1.30E 01 
~i ... ~ ---------

4.494E-05 
'-

587.* 912 4 9.989E-04 o. -9.989E-04 9.978E-07 1.282E-30 7.693E-14 
6 -8.609E-04 o. 8.609E-04 7.412E-07 1.915E-31 8.537E-15 8.547E-14 3. 36E 02 

I --------- ....,. 
1. 739E-06 "' - ... : -~ 

VJ 
I - " ""..~--~ 

650.* 11/2 4 6.824E-04 o. -6.824E-04 4.656E-07 5. 773E-31 1.617E-14 
6 -1.826E-03 o. 1.826E-03 3.335E-06 8.601E-32 1.725E-14 3.342E-14 1. 54E 02 .,, . .ii.,..,.. ---------

3.801E-06 

724.* 13/2 6 -2.137E-03 o. 2.137E-03 4.566E-06 3.282E-32 9.013E-15 
8 -3. 508E-04 o. 3.508E-04 1.231E-07 2.497E-33 1.849E-17 9.032E-15 1. 25E 02 

--------
4.689E-06 

810.* 15/2 6 -1.399E-03 o. 1.399E-03 1.957E-06 1.054E-32 1.241E-15 
8 -7.017E-04 o. 7.017E-04 4.924E-07 7.981E-34 2.363E-17 1.265E-15 2.39E 02 

--------
2.449E-06 

--------
*ESTIMATED WITH ROT. CONST.= 5.70 KEV 5.178E-10 



BK 245 3/2-521 - 5/2-523 FGAP V I = 3/2 Kl = 3/2 M = 1 KF = 5/2 Q ALPHA 6.490 MEV 

E I KEVI I L HCL,KI-KFI HIL,KI+KFJ SUM REO. TRANS. PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- ------------- ------ ---------------- --- ---------o. 5/2 2 7.606E-04 o. -7.606E-04 5.786E-07 4.l63E-27 1.449E-l 0 

4 1.586E-04 -1.162E-03 1.004E-03 1.007E-06 1.251 E-27 1 o 577E-11 2.2ocE-1o 3. 6BE 02 
---------
1.586E-06 

43. 112 2 8.7B3E-04 o. -8.783E-04 7. 714E-07 2.612E-27 1.212E-10 
4 6.020E-04 1. 350E-04 -1. 337E-03 1.788E-06 7.838E-28 8.428E-ll 2.055E-10 2. 28E 02 

---------
2.559E-06 

96. 9/2 4 1. 005E-03 -3. 504E-04 -6.541E-04 4.278E-07 4.364E-28 1.123E-ll 
6 3. 489E-05 -2.652E-03 2.617E-03 6.847E-06 6.661E-29 2. 743E-ll 3.866E-11 a. 03E 01 

---------
7.275E-06 

162. 11/2 4 8.471E-04 1.108E-04 -9.579E-04 9.175E-07 2.079E-28 1.147E-ll 
6 9.137E-05 2.604E-03 -2.695E-03 7.264E-06 3.164E-29 1.382E-ll 2.530E-11 7.14E 01 

--------- I 

8.182E-06 
...... 

"' *" I 

241. * 13/2 6 1.268E-04 -1. 606E-03 1.479E-03 2.187E-06 1.273E-29 1.675E-12 
8 -2.145E-04 -2. 3BOE-03 2.594E-03 6.731E-06 9.974E-31 4.038E-13 2. 078E-12 6. 55E 01 

---------
8.918E-06 

332.* 15/2 6 9.583E-05 6. 069E-04 -7.027E-04 4.938E-07 4.354E-30 1.293E-13 
8 -4.954E-04 2.748E-03 -2.253E-03 5.075E-06 3.392E-31 1. 035E-13 2.328E-13 1.05E 02 

---------
5.569E-06 

---------
* ESTIMATED WITH ROT. CONST.= 6.10 KEV 4.924E-10 

- '• t.,_.t 



.. '}"' 

BK 245 3/2-521 - 5/2+642 FGAP V I = 3/2 KI = 3/2 M = 1 Kf = 5/2 Q ALPHA 6.490 MEV 

E I KEV l I L HI l ,KI-KF l HIL,KI+Kf) SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------ - - ---------- ---------- --- --------------- ------ ---------------- --- --------

206. 5/2 1 -2.116E-03 o. -2.116E-03 4.478E-06 5.907E-28 1.591E-10 
3 -1. 728E-03 o. -1.728E-03 2.985E-06 2.487E-28 4.465E-ll 2.038E-10 7. 83E 01 

-------- ,; 
't..,... 

7.463E-06 
(' 

235. 7/2 3 -3.643E-03 o. -3.643E-03 1.327E-05 1.795E-28 1.433E-10 4 

5 -4.409E-04 -7.696E-04 -1.210E-03 1.465E-06 3.814E-29 3. 361E-12 1.466E-10 3. 97E 01 "'-· 

---------
1.473E-05 "' r· 

~.., ""= 

- •. 
~ . ~~ 

270. 9/2 3 -3.407E-03 o. -3.407E-03 l.l61E-05 1.189E-28 8. 304E-ll 
5 -1.304E-03 6. 504E-04 -6.538E-04 4.274E-07 2.523E-29 6.487E-13 a. 369E-11 4. B5E 01 ...... _J;. ---------

1.204E-05 
.c.. 

321. 11/2 5 -1.941E-03 -3. 630E-04 -2.304E-03 5.309E-06 lo391E-29 4.441E-12 
7 3.658E-04 -8. 062E-04 -4.404E-04 1.940E-07 1.506E-30 1. 757E-14 4.458E-12 1. 06E 02 

------- I 

5.503E-06 ...... -0' 
U1 --. ··~ . .... ., 

382. 13/2 5 -1. 535E-03 1.276E-04 -1.407E-03 1.980E-06 6. 731 E-30 8.015E-13 
1 8.891E-04 a. 7oaE-o4 1.760E-03 3.097E-06 7. 267E-31 1.354E-13 9.369E-13 1.15E 02 ·•' 

~--- ... w~~ --------
5. 077E-06 

443.• 15/2 7 1.175E-03 -5. 757E-04 5.998E-04 3.597E-07 3.473E-31 7. 514E-15 
9 6.437E-04 -2.749E-04 3.688E-04 l.360E-07 1.942 E-32 1.588E-16 7.672E-15 1.18E 03 

---------
4.957E-07 

--------
* ESTIMATED WITH ROT. CONST.= 4.06 KEV 4.395E-10 



/ 

BK 247 FAVORED FGAP 3/2-521 I" = 3/2 KI = 3/2 M = 0 KF = 3/2 Q ALPHA o. MEV 

E ( KEV) I l HCL,KI-Kf) HC L,KI+KF I SUM RED. TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

o.• 3/2 0 1.208E-02 o. -1.20BE-02 1.459E-04 NO DATA o. 
2 4.432E-03 o. -4.432E-03 1.964E-05 NO DATA o. o. 3.53E 00 

---------
1.655E-04 

D.* 5/2 2 7.106E-03 o. -7.106E-03 5.050E-05 NO DATA o. 
4 1.751E-04 o. -1. 751E-04 3.065E-08 NO DATA o. o. 1.16E 01 

--------
'i.053E-05 

0.* 7/2 2 . 5.297E-03 o. -5.297E-03 2.806E-05 NO DATA o. 
4 4.289E-04 o. -4.289E-04 1.839E-07 NO DATA o. o. 2. 07E 01 

---------
2.824E-05 

0.* 9/2 4 5.409E-04 o. -5.409E-04 2.926E-07 NO DATA o. 
6 -5. 793E-04 o. 5.793E-04 3.356E-07 NO DATA o. o. 9. 30E 02 

-------- I 

6.282E-07 - ~ 

0' 
0' 
I 

O.* 1112 4 3.695E-04 o. -3.695E-04 1.366E-07 NO OAT A o. 
6 -1.229E-03 o. lo229E-03 1.510E-06 NO DATA o. o. 3. 55E 02 

---------
1.647E-06 

o.• 13/2 6 -1.438E-03 o. 1.438E-03 2.067E-06 NO DATA o. 
8 -9.512E-05 o. 9.512E-05 9.047E-09 NO DATA o. o. 2. BlE 02 

---------
2.076E-06 

0.* 15/2 6 -9.412E-04 o. 9. 412E-04 8.859E-07 NO DATA o. 
8 -1.902E-04 o. 1.902E-04 3.619E-08 NO DATA o. o. 6.34E 02 

---------
9.221E-07 

--------
* ESTIMATE NOT POSSIBLE o • 

. 
''l:"' 



;J 

,., ... 1,..,, 

BK 249 FAVORED FGAP 7/2+633 I = 7/2 Kl = 112 M = 0 KF = 7/2 Q ALPHA 5.5aa MEV 
. 

E C KEV I I L HCL,KI-KFI H ( L ,KI+Kf) SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- -------------- ------ ---------------- --- --------

0.* 112 0 1.180E-02 a. -1.180E-02 1.392E-04 NO STATE o. 
2 6.464E-03 a. -6.464E-03 4.179E-05 NO STATE o. 

~. r: 4 7.263E-05 o. -7.263E-05 5.275E-09 NO STATE o. 
6 -1.060E-04 o. 1. 060E-04 1.123E-08 NO STATE o. o. 3. 23E 00 

-------- ..... \..~ 
1.810E-04 ,. 

..,.... '"-"·-

0.* 9/2 2 6.164E-03 a. -6.164E-03 3.799E-05 NO STATE o. c 4 1.424E-04 o. -1.424E-04 2.029E-08 NO STATE o. • 
6 -3.966E-04 o. 3.966E-04 1.573E-07 NO STATE o. 
8 1. 780E-06 o. -1. 780E-06 3.169E-12 NO STATE o. o. 1.53E 01 <". t·~ ---------

3.817E-05 ..:: .. ;(-_ 

0.* 11/2 2 3.126E-03 o. -3.126E-03 9.769E-06 NO STATE o. "' ·-.. ..... 
4 1.6 79E-04 o. -1.679E-04 2.817E-08 NO STATE o. 
6 -8.413E-04 o. 8.413E-04 7.a77E-07 NO STATE o. 
B 8.158E-06 o. -8.158E-06 6.656E-ll NO STATE o. o. 5. 56E 01 

--------- I 

l.050E-05 ..,. 
0' 
-.J ~t- ~ ~~ 

I 

0.* 13/2 4 1.306E-a4 o. -1.306E-04 1. 704E-08 NO STATE o. 
6 -1.207E-03 o. 1.207E-03 1.457E-06 NO STATE o. ~ • ..5:.__ 
8 2.120E-05 o. -2.12aE-05 4.495E-10 NO STATE o. o. 3. 96E 02 

--------
1.475E-06 

0.* 15/2 4 6.186E-05 o. -6.186E-05 3.826E-09 NO STATE o. 
6 -1.235E-03 a. 1.235E-03 1.526E-06 NO STATE o. 
8 3.759E-a5 a. -3.759E-a5 1.413E-09 NO STATE o. o. 3.81E 02 

---------
l.532E-06 

---------
* ESTIMATE NOT POSSIBLE o. 



BK 249 7/2+633 - 5/2+642 FGAP V I = 712 KI = 7/2 M = -1 KF = 5/2 Q ALPHA 5. 5 E8 MEV 

E (KEVI I l H(L,KI-KF) HIL.KI+KF) SUM REO.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- -- -------------- ------ ---------------- --- ----------o. 5/2 2 -1.392E-03 o. 1.392E-03 1.938E-06 8.241E-32 9.605E-15 

4 -4. 343E-.04 o. 4. 343E-04 1.886E-07 2.426 E-32 2.753E-l6 
6 5.499E-06 1. 955E-04 1o900E-04 3. 611E-08 3.600E-33 7.818E-18 9.888E-15 2. 70E 02 

---------
2.162E-06 

o.• 712 2 -1.364E-03 o. 1.364E-03 1.860E-06 NO STATE o. 
4 -9.156E-04 o. 9.156E-04 8.384E-07 NO STATE o. 
6 2.694E-,.05 -1.596E-04 -1.866E-04 3.482E-08 NO STATE o. o. 2.14E 02 

---------
2.733E-06 

o.• 9/2 2 -8.601E-04 o. 8.6tllE-04 7.399E-07 NO STATE o. 
4 -1.188E-03 o. 1.188E-03 1.411E-06 NO STATE o. 
6 6.667E-05 1.129E-04 4.622E-05 2.136E-09 NO STATE o. 
8 6.485E-05 2. 511E-04 1.863E-04 3.470E-08 NO STATE o. o. 2. 67E 02 

---------
2.187E-06 

I ...,. 
0' 

o.• 11/2 2 -3.358E-04 o. 3.358E-04 1.127E:-07 NO STATE o. 00 
4 -1. OHE-03 o. l.OHE-03 1.161E-06 NO STATE o. 
6 1.089E-04 -6. 913E-05 -1.780E-04 3 .169E-08 NO STATE o. 
8 2.288E-04 ..,-3. 322E-04 -5.610E-04 3.147E-07 NO STATE o. o. 3. 61E 02 

---------
1.620E-06 

o.• 13/2 4 -6.885E-04 o. 6.885E-04 4.740E-07 NO STATE o. 
6 1.283E-04 3. 622E-05 -9.213E-05 B.488E-09 NO STATE o. 
8 4.885E-04 3.153E-04 -1.732E-04 3.001E-08 NO STATE o. o. 1.14E 03 

---------
5.125E-07 

o.• 15/2 4 -2.782E-04 o. 2.782E-04 7. 739E-08 NO STATE o. 
6 1.120E-04 -1. 581E-05 -1.278E-04 1.634E-08 NO STATE o. 
8 7.386E-04 -2.383E-04 -9. 769E-04 9.543E-07 NO STATE o. o. 5. 57E 02 

---------
1.048E-06 

--------
* ESTIMATE NOT POSSIBLE 9.888E-15 

I < I ~ 

. ., '··~.II 

.. 



,.. ,2oof, 

BK 249 7/2+633- 5/2-523 FGAP V I = 712 Kl = 712 M = -1 KF = 5/2 Q ALPHA 5.588 MEV 

E (KEVI I L H(l,KI-KFI HI l,KI +Kf I SUM RED. T RAI';S. PROS. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- -------~- --- -------------- ------ ---------------- --- ---------o.• 5/2 1 2 .lllE-04 o. 2.111E-o4 4.456E-08 NO STATE o. 

3 3.160E-04 o. 3.160E-04 9.988E-08 NO STATE o. 
5 4.181E-05 o. 4.181E-05 1.748E-09 NO STATE o. o. 4. OOE 03 - i::: 

---------
1.462E-07 _... - ~ 

o.• 712 1 l.l49E-04 o. l.l49E-04 1.320E-08 NO STATE o. 
,. 
'!ir.,_, •• 

3 4.668E-04 o. 4.668E-04 2 .179E-07 NO STATE o. 
5 1.270E-04 o. 1.270E-04 1.613E-08 NO STATE o. rl'~" -, ·~ ... 
7 -l.620E-05 5.256E-04 -5.418E-04 2.935E-07 NO STATE o. o. 1.08E 03 

--------- ; .. r..:. 
5.408E-07 

'); t'~ ....... ~-.. 
o.• 9/2 1 4.063E-05 o. 4.063E-05 1.650E-09 NO STATE o. 

3 4.367E-04 o. 4.367E-04 1. 907E-07 NO STATE o. ;..... 
5 2.245E-04 o. 2o245E-Q4 5.042E-08 NO STATE o. 
7 -6.339E-05 -5. 876E-04 5.243E-04 2.748E-07 NO STATE o. o. 1.13E 03 

--------
5. l76E-07 I ,_,.. 

~ . ·~ 
0' 
'-D 

0.* 11/2 3 2. 7'17E-04 o. 2.797E-o4 7.823E-08 NO STATE o. I ~~ ·-~--..~ 

5 2. 744E-04 o. 2.744E-04 7.529E-08 NO STATE o. 
7 -l.429E-04 4.968E-04 -6.397E-04 4.092E-07 NO STATE o. 

-·· i;., • 9 -3.447E-05 7.493E-04 -7.838E-04 6.143E-07 NO STATE o. o •. 4. 96E 02 

---------
l.l77E-06 

o.• 13/2 3 1.121E-04 o. !.121E-04 1.257E-OB NO STATE o. 
5 2.435E-04 o. 2.435E-04 5.929E-OB NO STATE o. 
7 -2.228E-04 -3. 442E-04 1. 214E-04 1.475E-08 NO STATE o. 
9 -1.145E-04 -l.l06E-03 9.913E-04 9.827E-07 NO STATE o. o. 5. 46E 02 

---------
1.069E-06 

0.* 15/2 5 1.547E-04 o. !.547E-04 2.392E-08 NO STATE o. 
7 -2.563E-04 1. 980E-04 -4.543E-04 2.064E-07 NO STATE o. 
9 -2.3 58E-04 1.139E-03 -1.375E-03 1.890E-06 NO STATE o. o. 2. 75E 02 

---------
2 .121E-06 

---------* ESTIMATE NOT POSSIBLE o. 



CF 249 9/2-734 FAVORED FGAP I = 9/2 KI = 9/2 M = 0 KF = 9/2 Q ALPHA 6.335 MEV 

E (KEV) I l H(L,KI-KFI H(L,Kl+KFI SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. ------ - - ---------- ---------- --- --------------- ------ ---------------- --- ---------
394. 9/2 0 8.999E-03 o. 8.999E-03 8.098E-05 4. 351 E-30 2.ll9E-ll 

2 4.988E-03 o. 4.988E-03 2.488E-05 2.585E-30 3.868E-12 
4 -l.895E-04 o. -1.895E-04 3.591E-08 7.709E-31 1.665E-15 
6 -2.153E-04 o. -2.153E-04 4.635E-08 1.167E-31 3.254E-16 
8 2.239E-07 o. 2.239E-07 5.014E-14 9.ll5E-33 2.749E-23 2. 506E-ll 5.51E 00 

---------
1.059E-04 

450. ll/2 2 4.150E-03 o. 4.150E-03 1.722E-05 1.269E-30 1.315E-12 
4 -3.095E-04 o. -3.095E-04 9.577E-08 3.780E-31 2.118E-15 
6 -5.861E-04 o. -5.861E-04 3.435E-07 5.710E-32 l.lSOE-15 
8 1.068E-06 o. l.068E-06 1.140E-12 4.444E-33 3.047E-22 1.318E-12 3.31E 01 

--------
1.766E-05 

511. 13/2 2 1.873E-03 o. 1. 813E-03 3.509E-06 5.781E-31 1.220E-13 
4 -3.143E-04 o. -3.143E-04 9.877E-08 1.719 E-31 1.021E-15 
6 -9.898E-04 o. -9.898E-04 9.797E-07 2.589E-32 1.526E-15 
8 2.921E-06 o. 2.921E-06 8.534E-12 2.008E-33 lo030E-21 1.245E-13 1.27E 02 I 

--------- ,..,. 
4.587E-06 

-J 
0 
I 

587.# 15/2 4 -2.156E-04 o. -2.156E-04 4.648E-08 6.291E-32 1.759E-16 
6 -1.189E-03 o. -1.189E-03 1.414E-06 9.446E-33 8.035E-16 
8 5.536E-06 o. 5.536E-06 3.065E-ll 7.292E-34 1.344E-21 9.794E-16 4. OOE 02 

--------
1.461E-06 

--------
* ESTIMATED WITH ROT. CONST.= 5.09 KEV 2.650E-ll 

'\ '• I 
...... 



' .. 

CF 249 9/2-734 - 7/2+624 FGAP I = 912 KI = 9/2 M = -1 KF = 112 Q ALPHA 6.335 MEV 

E ( KEV l I l H(l,KI-KFl H ( loKI+KF) SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUH RCP.FORM. 
----- - - ---------- ---------- --- --------------- ----- ---------------- --- --------

o. 7/2 1 -3.632E-04 o. 3.632E-04 1.319E-07 4.105E-28 3.25BE-12 
3 -4.536E-04 o. 4.536E-04 2.058E-07 1.739E-28 2.153E-12 --· .. c: 5 6.501E-06 o. -6.501E-06 4.226E-ll 3.741E-29 9. 509E-17 
7 1.914E-05 o. -1.914E-05 3.665E-10 4.143E-30 9.132E-17 5.411E-12 1.73E 03 

--------- L 
3.381E-07 

- t 
56. 9/2 1 -1.732E-04 o. 1.732E-04 2.999E-08 2.159E-28 3.893E-13 c· 3 -5.627E-04 o. 5.627E-04 3.166E-07 9.137E-29 1. 740E-12 .,. 

5 1.454E-05 o. -1.454E-05 2.113E-10 1.961 E-29 2.493E-16 
1 7.770E-05 o. -7.770E-05 6.037E-09 2.165E-30 7 .862E-16 I.- j .. ~ 
9 2.452E-06 3.372E-04 3.348E-04 1.121E-07 1. 251 E-31 8.435E-16 2.131E-12 1.26E 03 

-------- J:._ ~~~ 
4.649E-07 

r 
124. 11/2 1 -5.476E-05 o. 5.476E-05 2.999E-09 9. 772E-29 1. 762E-14 

3 -4.575E-04 o. 4.575E-04 2.093E-07 4.131 E-29 5. 20 lE-13 
5 2.069E-05 o. -2."069E-05 4.279E-10 8.846E-30 2. 276E-16 
7 1.839E-04 o. -1.839E-04 3.381E-08 9. 732 E-31 1.979E-l5 I ·- ~~ .. ) 9 1.209E-05 -3.694E-04 -3.815E-04 1.456E-07 5.597E-32 4.900E-16 5.404E-13 1.49E 03 ..... 

-J -------- ..... - "'~~ -
3.921E-07 I ~ 

(.. 
207. 13/2 3 -2.605E-04 o. 2.605E-04 6.784E-08 1.539E-29 6.278E-14 

5 2.137E-05 o. -2.137E-05 4.568E-10 3.285E-30 9.026E-17 . 
7 3.056E-04 o. -3.056E-04 9.341E-08 3.599E-31 2.022E-15 
9 3.450E-05 3.164E-04 2. 819E-04 7.945E-08 2.058E-32 9.834E-17 6.499E-14 2.42E 03 

---------
2.412E-07 

300.• 15/2 3 -9.426E-05 o. 9.426E-05 8.884E-09 4.942 E-30 2.641E-15 
5 1.654E-05 o. -1.654E-05 2. 734E-l0 1. 052 E-30 1.730E-17 
1 3.831E-04 o. -3.831E-04 1.468E-07 1.147 E-31 1o 0 12E-15 
9 6.900E-05 -2. 301E-04 -2.991E-04 8.945E-08 6.516E-33 3.506E-17 3.706E-15 2. 38E 03 

--------
2.454E-07 

---------* ESTIMATED WITH ROT. CONST.= 6.22 KEV 8.151E-12 



CF 249 9/2-734- 5/2+622 FGAP I = 9/2 Kl = 9/2 M = -2 KF = 5/2 Q ALPHA 6.335 MEV 

E IKEV) I l H(l,KI-KF) HI l,KI +KF l SUM RED. TRANS. PROB. PENH. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- -------------- ----- ---------------- --- ---------

2?7. 5/2 3 -1.140E-03 o. 1.140E-03 1.299E-06 8.402E-30 6. 565E-13 
5 -2.252E-04 o. 2.252E-04 5.071E-08 1o791E-30 5.462E-15 
1 1.494E-05 -1. OSBE-05 -B.582E-05 7.365E-09 1.957E-31 8.668E-17 6.620E-13 4. 30E 02 

---------
1.357E-06 

301. 112 3 -1.316E-03 o. 1.316E-03 1.132E-06 4.902E-30 5.107E-13 
5 -5.200Ec-04 o. 5.200E-04 2.704E-07 1.043E-30 1.697E-14 
1 7.764E-05 6.138E-05 -1.626E-05 2.644E-10 1.137E-31 1.808E-l8 5.276E-13 2. 92E 02 

---------
2.003E-06 

357. 9/2 3 -l.OBOE-03 o. 1.080E-03 1.166E-06 2.447E-30 1.716E-13 
5 -7.692E-04 o. 7.692E-04 5.916E-07 5.198E-31 1.850E-14 
1 2.084E-04 -4.708E-05 -2.555E-04 6.528E-08 5.650E-32 2.218E-16 
9 3.461E-05 5.979E-05 2.518E-05 6.342E-10 3.198E-33 1.220E-19 l.903E-13 3.20E 02 

---------
1.A23E-06 

I 
...... 

422. 11/2 3 -6.759E-04 o. 6. 759E-04 4o568E-07 1.079E-30 
-J 

2.964E-14 N 
5 -8.426E-04 o. B.426E-04 7.099E-07 2.286E-31 9.761E-15 
1 3.797E-04 3. 216E-05 -3.475E-04 1.208E-07 2.4 71 E-32 1. 799E-16 
9 1.313E-04 -e. 5oaE-o5 -2.164E-04 4.684E-08 1.396E-33 3.931E-18 3.958E-14 4.38E 02 

--------
1.334E-06 

504.• 13/2 3 -3.161E-04 o. 3.161E-04 9.993E-08 3.776E-31 2. 269E-15 
5 -1.152e.:..o4 o. 7.152E-04 5.116E-07 7.979E-32 2.455E-15 
1 5.185E-04 -1. 952E-05 -5.380E-04 2.895E-07 8.608E-33 1.499E-16 
9 3.080E-04 a. 86BE-o5 -2.193E-04 4.810E-08 4.823E-34 1.395E-18 4. 876E-15 6.16E 02 

--------
9.491E-07 

598.• 15/2 3 -9. 756E-05 o. 9.756E-05 9.517E-09 1o093E-31 6.254E-17 
5 -4. 719E-04 o. 4. 719E-04 2.227E-07 2.301E-32 3.083E-16 
7 5.543E-04 1.043E-05 -5.439E-04 2.958E-07 2.471 E-33 4.396E-17 
9 5.253E-04 -7.563E-05 -6.010E-04 3.611E-07 1.376E-34 2.988E-l8 4.178E-16 6. 57E 02 

--------
8.892E-07 

---------* ESTIMATED WITH ROT. CONST.= 6.29 KEV 1.425E-12 

'-• 'c.•' 



' 

CF 251 1/2+620 FAVORED FGAP I = 1/2 KI 1/2 M = 0 

E (KEVI L H(L,KI-KFI H( L,KI+KF l SUM RED. TRANS.PRDB. 

0.* 1/2 0 1.015E-02 o. 1. 015E-02 1.029E-04 

1.029E-04 

0.* 312 2 4.273E-03 o. 4.273E-03 1.826E-05 

1.826E-05 

0.* 512 2 5.234E-03 o. 5.234E-03 2.739E-05 

2.739E-05 

0.* 7/2 4 -1.634E-03 o. -1.634E-03 2.670E-06 

2.670E-06 

0.* 9/2 4 -1.827E-03 o. -1.827E-03 3.338E-06 

3.338E-06 

0.* 11/2 6 -2.085E-03 o. -2.085E-03 4.348E-06 

4.348E-06 

0.* 13/2 6 -2.252E-03 o. -2.252E-03 5.073E-06 

5.073E-06 

0.* 15/2 8 4.411E-04 o. 4.411E-04 1.946E-07 

1.946E-07 

* ESTIMATE NOT POSSIBLE 

KF = 112 Q AlPHA o. 

PENET. NORM.TRANS.PROB. SUM 

NO DATA o. o. 

NO DATA o. o. 

NO DATA o. o. 

NO OAT A o. o. 

NO DATA o. o. 

NO DATA o. o. 

NO DATA o. o. 

NO DATA o. o. 

o. 

'' ' ' ' .... 

MEV 

RCP.FORM. 

5.68E 00 

3.20E 01 

2.13E 01 

2.19E 02 

1. 75E 02 

1. 34E 02 

1.15E 02 

3. OOE 03 

I ,_,. 
-..] 

w 

·:;; L. 

- c~ 

-· Jl'#·~ ...... 
'~ .,..~ 

~--.... , ~"'" 

~ .:. i\~, 

..i:.~.t. 

.... $"' ~ 

-<ot- ~"1'-.; ........ : 

. ,, 



ES 249 7/2+633 FAVORED FGAP I = 7/2 KI = 

E ( KEV I I l H(L.KI-KFI HIL,KI+KF) SUM ------- - - ---------- ---------- --
0.* 112 0 1.213E-02 o. -l.213E-02 

2 5.729E-03 o. -5.729E-03. 
4 -7.516E-04 o. 7.516E-04 
6 -1.568E-04 a. 1.568E-04 

o.• 9/2 2 5.463E-03 o. -5.463E-03 
4 -1.474E-03 a. 1.414E-03 
6 -5.868E-04 o. 5.868E-04 
8 2. 591E-05 o. -2.591E-05 

·o.• 1112 2 2. 770E-03 o. -2.770E-03 
4 -1.737E-03 o. 1.737E-03 
6 -1.245E-03 o. 1.245E-03 
8 1.187E-04 o. -1.187E-04 

o.• 13/2 4 -1.351E-03 o. 1.351E-03 
6 -1.786E-03 o. 1.786E-03 
8 3.086E-04 o. -3.086E-04 

o.• 1512 4 -6.401E-04 o. 6.401E-04 
6 -1.828E-03 o. 1.828E-03 
8 5.471E-04 o. -5.471E-04 

* ESTIMATE NOT POSSIBLE 

712 M = 0 KF = 712 Q ALPHA 

RED. TRANS. PROB. PENET. NORM.TRANS.PROB. 
-------------- ------ ----------------

1.472E-04 NO DATA o. 
3.283E-05 NO DATA o. 
5.649E-07 NO OAT A o. 
2.460E-08 NO DATA o. 
--------
1.807E-04 

2.984E-05 NO DATA o. 
2 .113E-06 NO DATA o. 
3.444E-07 NO OAT A o. 
6.713E-10 NO DATA o. 
--------
3.236E-05 

7.674E-06 NO DATA o. 
3.017E-06 NO DATA o. 
1.550E-06 NO DATA o. 
1.410E-08 NO DATA o. 
---------
1.225E-05 

1.825E-06 NO OAT A o. 
3.l'HE-06 NO DATA o. 
9.523E-08 NO DATA a. 
--------
5.111E-06 

4.097E-07 NO DATA o. 
3.343E-06 NO DATA o. 
2.993E-07 NO DATA a. 
--------
4.052E-06 

o. MEV 

SUM 
---

o. 

o. 

o. 

o. 

o. 

---------o. 

RCP.FORM. 
---------

3.23E 00 

1.81E 01 

4.77E at 

l.l4E 02 

l.44E 02 

. 
'' 

I 
..... 
-J 
~ 
I 

' •' 



.. ' ~ .,, 

ES 251 7/2+633 FAVORED fGAP I = 712 KI = 712 M = 0 KF = 712 Q ALPHA o. MEV 

E C KEV I I l HCL,KI-KF) HCL,Kl+KFI SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - -

_____ _.. ____ 
---------- --- --------------- ------ ---------------- --- --------

o.• 712 0 1.055E-02 o. -l.055E-02 1.113E-04 NO DATA o. 
2 4.928E-03 o. -4.928E-03 2.429E-05 NO DATA Oo 
4 -6.698E-04 o. 6.698E-04 4.486E-07 NO DATA o. ·r~'{ 
6 -1.340E-04 o. 1.340E-04 1.796E-08 NO OAT A o. o. 4. 29E 00 

-------- ;:.. { 
1.361E-04 . 

.;-
~. \, 

o.• 9/2 2 4.6<l9E-03 o. -4.699E-03 2.208E-05 NO DATA o. 
4 -1. 314E-03 o. l.314E-03 1.725E-06 NO DATA o. .r 

~ ..... ·"-
6 -5.014E-04 o. 5.0l4E-04 2.514E-07 NO OAT A o. 
8 2. 531E-05 o. -2.531E-05 6.404E-10 NO DATA o. o. 2.43E 01 ,. l>. 

• - i; ---------
2.406E-05 ,, t 

..,.,.~,.., .-.;, 

o.• 11/2 2 2.383E-03 o. -2.383E-03 5.678E-06 NO DATA o. t"-· ... 
4 -1. 548E-03 o. 1.548E-03 2.396E-06 NO DATA o. 
6 -l.064E-:-03 o. 1.064E-03 1.131E-06 NO DATA o. 
8 1.160E-04 o. -1.160E-04 l.345E-08 NO DATA o. o. 6. 34E 01 

--------- I 

9.219E-06 ~ 
-..] 

Ul 
I 

·~~- +,... 
~. 

o.• 1312 4 -1. 204E-03 o. 1.204E-03 1.449E-06 NO DATA o. 
6 -1.5 26E-03 o. 1.526E-03 2.329E-06 NO DATA o. _:. .c~ 
8 3.014E-04 o. -3.014E-04 9.084E-08 NO DATA o. o. 1.51E 02 

-------
3.870E-06 

o.• 1512 4 -5.704E-04 o. 5.704E-04 3.254E-07 NO DATA o. 
6 -1.562E-03 o. 1.562E-03 2.440E-06 NO DATA o. 
8 5.343E-04 o. -5.343E-04 2.855E-07 NO DATA o. o. 1.91E 02 

---------
3. 051E-06 

--------
* ESTIMATE NOT POSSIBLE o. 



ES 253 FAVORED FGAP 7/2+633 I = 112 KI = 112 M = 0 KF = 112 Q ALPHA 6.780 MEV 

E { KEV) I l H( lt K 1-KF) HIL,KI+Kf) SUM RED. TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. ----- - - ---------- ---------- -- -~---------- ------ ---------------- --- ---------o. 112 0 1.245E-02 o. -1.245E-02 1.549E-04 2.450E-26 2.282E-07 
2 5.251E-03 o. -5.251E-03 2.757E-05 1.474E-26 2.445E-OB 
4 -8.926E-04 o. 8.926E-04 7.967E-07 4.531E-27 2.171E-10 
6 -9.763E-05 o. 9.763E-05 9.531E-09 7.194E-28 4.124E-13 2.529E-07 3.19E 00 

---------
1.833E-04 

42. 9/2 2 5.006E-03 o. -5.006E-03 2 o506E-05 9.538E-27 1.438E-08 
4 -1.751E-03 o. 1.751E-03 3.064E-06 2.928E-27 5.397E-10 
6 -3.653E-04 o. 3.653E-04 1.334E-07 4.640 E-28 3.724E-12 
8 4.380E-05 o. -4.380E-05 1.918E-09 3.857E-29 4.449E-15 1.492E-08 2. 07E 01 

---------
2.826E-05 

94. 11/2 2 2o539E-03 o. -2.539E-03 6o445E-06 5.518E-27 2.139E-09 
4 -2.063E-03 o. 2.063E-03 4o255E-06 1.692E-27 4.330E-10 
6 -7.749E-04 o. 7.749E-04 6.004E-07 2.675E-28 9.660E-12 
8 2.007E-04 o. -2.007E-04 4.028E-08 2. 216E-29 5. 369E-14 2.582E-09 5.15E 01 

-------- I 

1.134E-05 
,_,.. 
-.J 
0' 
I 

154.* 13/2 4 -1.604E-03 o. 1.604E-03 2.514E-06 8 .868E-2.8 1.313E-10 
6 -1.112E-03 o. 1.112E-03 1.236E-06 1.399E-28 1.040E-ll 
8 5.216E-04 o. -5.216E-04 2.721E-07 1.155E-29 1.889E-13 1.479E-10 1.43E 02 

---------
4.082E-06 

229. 15/2 4 -7.602E-04 o. 7.602E-04 5.779E-07 3.911E-28 1. 361E-11 
6 -1.138E-03 o. 1.138E-03 1. 295E-06 6.157E-29 4.796E-12 
8 9.247E-04 o. -9.247E-04 8.551E-07 5.061E-30 2.603E-13 1. 867E-ll 2.14E 02 

--------
2.728E-06 

--------
* ESTIMATED WITH ROT. CONST.= 4.64 KEV 2.705E-07 

' . ' _, 



.. '. . ... , 

ES 253 7/2+633 - 3/2-521 FGAP 1 = 7/2 KI = 7/2 M = -2 KF = 3/2 Q ALPHA 6.780 MEV 

E ( KEV l I L H(L,KI-KFl H ( L ,K I +KF l SUM RED. TRANS. PROS. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- ------------- ------ ---------------- --- ---------

9. 312 3 -1.4a3E-03 o. -1.483E-03 2.198E-06 a.108 E-27 1.072E-09 
5 -1.893E-04 1.88aE-04 -3.7aOE-04 1. 429E-07 1. 7a7E-27 1. 536E-ll l.Oa7E-09 2. 50E 02 

''~--r. -------
2.341E-06 .. ;;,. 

40. 5/2 3 -2.097E-03 o. -2.097E-03 4.397E-06 5 .a77E-27 1. 554E-09 -.. ~ '·"' 5 -7.0a2E-04 -1. 766E-04 -5.316E-04 2.a26E-07 1.294E-27 2.199E-ll 1. 576E-09 1. 25E 02 

---------
4.679E-06 

, __ ,; 

"'· :«.. 
)s. '" i"' 

a3. 112 3 -1. 999E-03 o. -l.999E-03 3.997E-06 3.73aE-27 a.9a5E-10 
5 -1.3a9E-03 1.3a5E-04 -1.527E-03 2.333E-06 a.21ae-2a 1.153E-10 , rr 

7 2.945E-05 7.091E-05 -4.146E-05 1. 719E-09 9.391E-29 9.70aE-15 1.014E-09 9. 23E Ol 
'll ........ ~ 

--------- ·-6.331E-06 ~" 

13a. 9/2 3 -1.414E-03 o. -1.414E-03 1.99aE-06 2 .01a E-27 2.49aE-10 
5 -1.a56E-03 -9. 256E-05 -1.763E-03 3.109E-06 4.561E-2a a. 529E-ll 
7 a. 711E-o5 -1. 049E-04 1.920E-04 3.6a6E-Oa 5.197E-29 1.152E-13 3. 352E-l 0 1.14E 02 --J -------- -J 

5.145E-06 I =""""' 
·- "'-!':: 

205. 11/2 3 -7.335E-04 o. -7.335E-04 5.3alE-07 1.009 E-27 3.267E-ll 
5 -1.a37E-03 5. 236E-05 -1.a90E-03 3. 571E-06 2. 210E-2a 4. 746E-ll 
7 1.591E-04 1. 094E-04 4.964E-05 2.465E-09 2. 510 E-29 3. 720E-15 
9 1. 5aaE-04 -3.959E-05 1.9a4E-04 3.934E-oa 1.504E-30 3. 560E-15 a.Ol4E-ll 1.41E 02 

---------
4.150E-06 

2a3. 13/2 3 -2.4aOE-04 o. -2.4aOE-04 6.149E-Oa 4.255 E-2a 1.574E-12 
5 -1. 375E-03 -2.449E-05 -1.350E-03 1. a23E-06 9.290E-29 1.019E-ll 
7 2.092E-04 -a. 993E-05 2.991E-04 a.945E-oa 1.051 E-29 5.653E-14 
9 4.445E-04 6.929E-05 3.753E-04 1.40aE-07 6.264E-31 5.305E-15 1.1a2E-ll 2. 76E 02 

--------
2.115E-06 

376.* 15/2 5 -7. 562E-04 a. 9aoe-o6 -7.652E-04 5.a55E-07 3.2aOE-29 1.155E-12 
7 2.0a4E-04 5. 973E-05 1.4a6E-04 2.209E-oa 3.693E-30 4.907E-15 
9 7.932E-04 -a. 242E-05 a.756E-04 7.667E-07 2.laaE-31 l.009E-14 1.17CE-12 4. 25E 02 

--------
1.374E-06 

---------
*ESTIMATED WITH ROT. CONST.= 6.17 KEV 4.10t:E~09 



ES 253 7/2+633 - 5/2+642 FGAP I = 712 KI = 7/2 M = -1 KF = 5/2 Q ALPHA 6. 780 MEV 

E lKEIJ) I L H(L,KI-KF) HI l ,KI+KF) SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------ - - ---------- ---------- --- --------------- ------ ---------------- --- ---------

389. 5/2 2 -1.430E-03 o. 1.430E-03 2.045E-06 2.154E-28 2.649E-ll 
4 -4.371E-04 o. 4.371E-04 1.911E-07 6.550 E-29 7.527E-13 
6 6. 714E-06 2.355E-04 2.288E-04 5.236E-08 1.023E-29 3.221E-14 2. 727E-ll 2.55E 02 

---------
2.288E-06 

429. 7/2 2 -1.401E-03 o. 1.401E-03 1.963E-06 1.367E-28 1. 614E-ll 
4 -9.215E-04 o. 9.215E-04 8.492E-07 4.153E-29 2.121E-12 
6 3.289E-05 -1. 923E-04 -2.2 52E-04 5.072E-08 6.474E-30 1.975E-14 1. 828E-ll 2. 04E 02 

--------
2.863E-06 

475. 9/2 2 -8. 836E-04 o. 8.836E-04 7.808E-07 8.028E-29 3. 770E-12 
4 -1.195E-03 o. 1.195E-03 1.429E-06 2.436E-29 2.094E-12 
6 8.140E-05 1. 360E-04 5.459E-05 2.980E-09 3. 789E-30 6. 792E-16 
8 6.594E-05 3.021E-04 2.362E-04 5.579E-08 3.070E-31 1.030E-15 5.865E-12 2. 58E 02 

--------
2.268E-06 

I ,_,. 
542. 11/2 2 -3.449E-04 o. 3.449E-04 1.190E-07 3.666E-29 2.623E-13 

-J 
00 

4 -1.084E-03 o. 1.084E-03 1.176E-06 1.110 E-29 7.852E-13 
6 1.329E-04 -8. 328E-05 -2.162E-04 4.674E-08 1. 722E-30 4.842E-15 
8 2.326E-04 -3. 997E-04 -6.323E-04 3.998E-07 1.390E-31 3.342E-15 1.056E-12 3.35E 02 

-------
1.74lE-06 

598. 13/2 4 -6.929E-04 o. 6.929E-04 4.801E-07 5.688E-30 1.642E-13 
6 1.567E-04 4.363E-05 -1.131E-04 1.278E-08 8.801E-31 6.767E-16 
8 4.967E-04 3.793E-04 -1.174E-04 1.378E-08 7.078E-32 5.864E-17 1.650E-13 1.15E 03 

---------
5.067E-07 

683.* 15/2 4 -2.800E-04 o. 2.800E-04 7.839E-08 2.023E-30 9. 536E-15 
6 1.368E-04 -1. 904E-05 -1.558E-04 2.428E-08 3.118E-31 4. 554E-16 
8 7.509E-04 -2. 867E-04 -1.038E-03 1. 077E-06 2.495E-32 1.616E-15 1.161E-14 4. 95E 02 

---------
1.179E-06 

---------
* ESTIMATED WITH ROT. CONST.= 5.68 KEV 5.265E-ll 

.. '··' 



.. '. 

ES 253 7/2+633 - 3/2+651 FGAP I = 7/2 KI = 7/2 M = -2 KF = 3/2 Q ALPHA 6.780 MEV 

E ( KEV l I L H(L,KI-KFI H(L,KI+Kf) SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- -- -------------- ------ ---------------- --- --------

920. 3/2 2 -l.036E-04 o. l.036E-04 l.074E-oa 3.377E-31 2.182E-l6 
4 1.140E-04 o. -l.l40E-04 1.299E-Oa l.Ol3E-31 7.915E-17 2.974E-16 2.46E 04 

~c ------- -i 

2o374E-08 
c 

920. 5/2 2 -8.463E-05 o. 8.463E-05 7.162E-09 3.377E-31 1.455E-16 r'· 

4 2.526E-04 o. -2.526E-04 6.379E-08 1.013E-31 3.885E-16 
. '-~ 

6 1.235E-04 2. 628E-04 1.392E-04 1.939E-Oa 1. 546 E-32 1.a02E-17 5. 521E-16 6.4 7E 03 .. c --------
9.034E-08 

,:' .J~J,o; 

1010. 112 2 -5.352E-05 o. 5.352E-05 2.a65E-09 1.032E-31 1.778E-17 ~L.!: 
4 3.437E-04 o. -3.437E-04 l.lBlE-07 3.087E-32 2.193E-16 
6 3.906E-04 -3. 324E-04 -7.230E-04 5.227E-07 4.694E-33 1.476E-16 3. a47E-16 9. OSE 02 

---------
6.437E-07 

966. 9/2 2 -2. 552E-05 o. 2.552E-05 6.511E-10 1. a49 E-31 7 .241E-18 I 

4 3.370E-04 o. -3.370E-04 1.136E-07 5.538E-32 3. 783E-16 
,..,.. < .. 
-J 

6 7.30aE-04 3.109E-04 -4.199E-04 1.763E-07 a.437E-33 a. 94 7E-17 -.!) ~ ~:':'1 ... 

a 1.261E-04 3.334E-04 2.073E-04 4. 295E-Oa 6.639E-34 1. 715E-1a 4.767E-16 1. 75E 03 I -., .... -.. 
---------
3.335E-07 ~c ... 

966.* 11/2 2 -a.069E-06 o. a. 069E-o6 6. 511 E-11 l.a49E-31 7.241E-19 
4 2.477E-04 o. -2.477E-04 6.133E-08 5.53aE-32 2.043E-l6 
6 9.66aE-04 -2. 350E-04 -1.202E-03 1.444E-06 a.437E-33 7.329E-16 
a 3.604E-04 -5.444E-04 -9.048E-04 a.187E-07 6.639E-34 3. 269E-1 7 9. 706E-16 2. 51E 02 

---------
2.324E-06 

966.* 13/2 4 1.335E-04 o. -1.335E-04 l.781E-Oa 5.53aE-32 5.932E-17 
6 9.611E-04 1. 460E-04 -8.150E-04 6.643E-07 a.437E-33 3. 371E-16 
a 6.490E-04 6.126E-04 -3.632E-05 1.319E-09 6.639E-34 5.266E-20 3.964E-16 a. 55E 02 

---------
6.a34E-07 

966.* 15/2 4 4.670E-05 o. -4.670E-05 2.1a1E-09 5.53aE-32 7.264E-la 
6 7.265E-04 -7.359E-05 -a.OOlE-04 6.401E-07 a.437E-33 3.24aE-16 
8 8.497E-04 -5.34aE-04 -1.3a4E-03 1.917E-06 6.639E-34 7.653E-17 4.08t:E-16 2. 2aE 02 

---------
2.559E-06 

--------
* ESTIMATED WITH ROT. CONST.= O. KEV 3.4a6E-15 



FM 255 FAVOR ED FGAP 7/2+613 I = 1/2 Kl = 7/2 M = 0 KF = 7/2 Q AlPHA 7.276 MEV 

E I KEV) I L HIL,KI-Kfl H( L tKI+KF l SUM RED. TRANS. PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. ------- - - ---------- ---------- --- ------------- ----- ---------------- --- ---------
106. 7/2 0 1.239E-02 o. -1.239E-02 1.534E-04 4.614E-25 4.258E-06 

2 5.618E-03 o. -5.618E-03 3.157E-05 2.795E-25 5o307E-07 
4 -9.500E-04 o. 9.500E-04 9.025E-07 8.725E-26 4. 736E-09 
6 -1.361E-04 o. 1. 361E-04 1.852E-08 1.419E-26 1.581E-ll 4. 793E-06 3.14E 00 

--------
1.859E-04 

166. 9/2 2 5.357E-03 o. -5.357E-03 2.870E-05 1.565E-25 2.701E-07 
4 -1.863E-03 o. 1.863E-03 3.471E-06 4.877E-26 l.OlBE-08 
6 -5.092E-04 o. 5.092E-04 2.593E-07 7.912E-27 1.234E-10 
8 4.970E-05 o. -4.970E-05 2.470E-09 6.787E-28 l.OOSE-13 2.804E-07 1.80E 01 

---------
3.243E-05 

240. 11/2 2 2. 716E-03 o. -2. 716E-03 7 .379E-06 7. 574E-26 3.361E-08 
4 -2.195E-03 o. 2.195E-03 4.820E-06 2.355E-26 6. 82 BE-09 
6 -l.OBOE-03 o. 1.080E-03 1.167E-06 3e809E-27 2.673E-10 
8 2.278E-04 o. -2.278E-04 5.188E-08 3o 253 E-2 8 1.015E-12 4.071E-08 4.35E 01 

--------- I 

1.342E-05 
....,. 
00 
0 
I 

326. 13/2 4 -1. 708E-03 o. lo708E-Q3 2.916E-06 9.957E-27 1. 746E-09 
6 -1.550E-03 o. 1.550E-03 2.403E-06 1.604E-27 2.318E-10 
8 5.919E-04 o. -5.919E-04 3.504E-07 1.363E-28 2.873E-12 1.981E-09 1. 03E 02 

--------
5.669E-06 

426.• 15/2 4 -8.090E-04 o. a. o9oE-o4 6.545E-07 3.581E-27 1.410E-10 
6 -1. 586E:.._03 o. 1.586E-03 2.517E-06 5. 746 E-28 8.698E-ll 
8 1.049E-03 o. -l.049E-03 1.101E-06 4.854E-29 3.215E-12 2. 312E-10 1.37E 02 

---------
4.273E-06 

--------
* ESTIMATED WITH ROT. CONST.= 6.67 KEV 5 .116E-06 

If f ... 



'' '• 

FM 255 7/2+613 - 1/2+620 FGAP V I = 7/2 KI = 7/2 M = -3 KF = 1/2 Q ALPHA 7.276 MEV 

E (KEVl I l H(L,KI-KF l H(L,KI+KFl SUM RED.TRANS.PROB. PENH. NORM.TRANS.PROB. SUM RCP.FORM. 
------ - - ---------- ---------- --- --------------- ----- ---------------- --- ---------o. 1/2 4 4.179E-04 -1.865E-04 -6.044E-04 3.653E-07 2.393E-25 5. 258E-09 5.258E-09 1. 60E 03 

--------
3.653E-07 .,. .. , 

- t 
25. 3/2 4 9.889E-04 2. 207E-04 -7.682E-04 5.901E-07 1.890E-25 6. 708E-09 6. 708E-09 9. 90E 02 

--------- .... 
5.<101E-07 

. , ~ 

. ( 

48. 5/2 4 1.31t2E-03 -1. 996E-04 -1.541E-03 2.376E-06 1.520E-25 2.172E-08 
6 2.495E-04 -1.365E-04 -3.860E-04 1.490E-07 2.477E-26 2.220E-10 2.194E-08 2.31E 02 

: . '" ---------
2.525E-06 .J:...l 

106.* 712 4 1.333E-03 1.488E-04 -1.185E-03 1.403E-06 8.697E-26 7.341E-09 . ~ 
6 5.762E-Oit 2. 364E-04 -3.398E-04 1.155E-07 1.414E-26 9.822E-11 7 .439E-09 3. 85E 02 

---------
1.519E-06 

I 
...... 

149. 9/2 4 l.034E-03 -9. 229E-05 -1.126E-03 1.268E-06 5.756E-26 4.389E-09 
00 
...... 

6 8.522E-04 -2. 797E-04 -1.132E-03 1.281E-06 9.343E-27 7.201E-10 I 
,..., 

~· •. 'lllr'-i~ 

8 -1.499E-04 -"t. 165E-05 1.082E-04 1.172E-08 8.022E-28 5.653E-13 5.110E-09 2. 28E 02 

---------
2.561E-06 

241.* 11/2 4 6.290E-04 4.680E-05 -5.822E-04 3.390E-07 2.340E-26 4. 771E-10 
6 9.336E-04 2. 554E-04 -6.782E-04 4.600E-07 3.784E-27 1.047E-l0 
8 -3.547E-04 8.214E-05 4.368E-04 1.908E-07 3.231E-28 3. 709E-12 5.855E-10 5. 90E 02 

--------
9.898E-07 

300.* 13/2 4 2. 894E-04 -1. 846E-05 -3.079E-04 9.480E-08 1.288E-26 7 .344E-ll 
6 7.925E-04 -1.858E-04 -9.783E-04 9.571E-07 2.077 E-27 1.196E-10 
8 -5.454E-04 -1.082E-04 4.371E-04 1.911E-07 1.768E-28 2.032E-12 1o950E-10 4. 70E 02 

-------
1.243E-06 

425.* 15/2 4 8.81t1E-05 4.933E-06 -8.347E-05 6.968E-09 3.601 E- 27 1. 509E-12 
6 5.229E-04 1. 073E-04 -4.156E-04 1.728E-07 5. 778 E-28 6.003E-12 
8 -6.233E-04 1.082E-04 7.315E-04 5.351E-07 4. 881 E-29 1. 571E-12 9.083E-12 8.17E 02 

--------
7.149E-07 

---------
* ESTIMATED WITH ROT. CONST.= 6.47 KEV, AND DEC. PARAM&= 0.289 4. 724E-08 



FH 255 7/2+613 - 9/2+615 FGAP I = 7/2 KI = 7/2 M = 1 KF = 9/2 Q ALPHA 7.276 ME~ 

E C KEV l I l H(L,KI-KF l H(L,KI•KFl SUM RED. TRANS. PROS. PENET. NORM.TRANS.PROB. SUM RCP. FORM. ------- - - ---------- ---------- --- --------------- ----- ---------------- --- ---------
426. 9/2 2 -4.823E-05 o. 4.823E-05 2.327E-09 1.157E-26 1.619E-12 

4 7.462E-06 o. -7.462E-06 5. 568E-11 3. 581 E-27 l.l99E-14 
6 1.929E-06 o. -1.929E-06 3. 722E-12 5. 746 E-28 1.286E-16 
8 -1.163E-07 1.772E-04 1.774E-04 3.146E-08 4.854E-29 9.184E-14 1. 723E-12 1. 73E 04 

---------
3.384E-08 

o.• 11/2 2 -3.646E-05 o·. 3.646E-05 1.329E-09 NO STATE o. 
4 1.311E-05 o. -1.311E-05 1.718E-10 NO STATE o. 
6 6.101E-06 o. -6.101E-06 3. 722E-ll NO STATE o. 
8 -7 .946E-07 -1.211E-04 -1.203E-04 1.447E-08 NO STATE o. o. 3. 65E 04 

---------
1.601E-08 

0.* 1312 4 1.310E-05 o. -1.310E-05 1. 715E-10 NO STATE o. 
6 1.124E-05 o. -1.124E-05 1.264E-10 NO STATE o. 
8 -2.653E-06 7. 349E-05 7.615E-05 5.798E-09 NO STATE o. o. 9. 58E 04 I 

--------- ,_,. 
6.096E-09 

00 
N 
I 

o.• 15/2 4 7.483E-06 o. -7.483E-06 5.600E-ll NO STATE o. 
6 1.388E-05 o. -1.388E-05 1.927E-10 NO STATE o. 
8 -5.671E-06 -3. 928E-05 -3.361E-05 1.130E-09 NO STATE o .. o. 4. 24E 05 

---------
1.379E-09 

---------* ESTIMATE NOT POSSIBLE 1.723E-12 

' .. ... 



., .... 

'·- '• 

FH 255 7/2+613 - 11/2-725 FGAP I = 112 KI = 7/2 M = 2 KF = 11/2 Q ALPHA 7.276 MEV 

E I KEV I I l HI l, K 1-KF I HI l ,KI +- KF) SUM RED. TRANS. PROS. PENET. NORM.TRANS.PROS. SUM RCP.FORM. 
------- - - ---------- --------- --- --------------- ------ ---------------- --- ---------

546. 11/2 3 -3.ll5E-04 o. -3.115E-04 9.705E-08 1.991E-27 1.162E-ll 
5 -6.259E-06 o. -6~259E-06 3 .917E-ll 4.411E-28 1.039E-15 _:· ··r 
7 1.471E-05 o. 1.471E-05 2.164E-10 5.093E-29 6.629E-16 
9 -4.522E-07 -4.333E-05 4.288E-05 1. 839E-O<l 3.118E-30 3.448E-16 l.l62E-11 5. 89E 03 -{.~~ ----------

9.914E-08 
<-"· 

~-.... 't...., 

o.• 13/2 3 -2. 884E-04 o. -2.B84E-04 8.319E-08 NO STATE o. ;;'' .. 
... :'i:;;; 

5 -1.283E-05 o. -1.283E-05 1.645E-10 NO STATE o. 
7 5.296E-05 o. 5.296E-05 2.805E-09 NO STATE o. : . i'\ 
9 -3.467E-06 2. 769E-05 -3.116E-05 9.707E-10 NO STATE o. o. 6. 71E 03 

--------
B. 713E-08 ~LJ: 

o.• 15/2 5 -1.469E-05 o. -1.469E-05 2.157E-10 NO STATE o. 
7 l.09BE-04 o. 1.09BE-04 1.206E-08 NO STATE o. 
9 -1.288E-05 -1.582E-05 2.944E-06 8.665E-12 NO STATE o. o. 4. 75E 04 I 

--------- ....,. 

1.229E-08 
00 
l.N 
I 

--------- ~·· ~ ~ -:. 

* ESTIMATE NOT POSSIBLE 1.162E-ll 
¥·. ~ 

- ·~·M·$....-' 



FM 255 7/2+613 - 3/2+622 FGAP I = 712 KI = 7/2 M = -2 KF = 3/2 Q ALPHA 7. 276 MEV 

E ( KEV I I l HIL,KI-KF) H ( l ,K I+Kf l SUM RED.TRANS.PRCB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- -------------- ------ ---------------- --- ---------

395. 3/2 2 1.0<;2E-04 o. -1.092E-04 1.194E-08 1.591E-26 1.142E-11 
4 2.492E-05 o. -2.492E-05 6.209E-10 4.929E-27 1.841E-13 1.161E-ll 4. 65E 04 

---------
1.256E-08 

430. 5/2 2 8.920E-05 o. -8.920E-05 7.957E-09 1.110 E-26 5.314E-12 
4 5.521E-05 o. -5.521E-05 3.048E-09 3.436E-27 6.30DE-13 
6 -3.028E-06 -2. 747E-04 -2.717E-04 7.383E-08 5.512E-28 2.448E-12 8.392E-12 6. 89E 03 

--------
8.483E-08 

479.* 112 2 5.642E-05 o. -5.642E-05 3.183E-09 6.676 E-27 1.278E-12 
4 7 .513E-05 o. -7.513E-05 5.645E-09 2.063E-27 7 .005E-13 
6 -9.575E-06 3.475E-04 3. 571E-04 1.275E-07 3. 303E-28 2.533E-12 4. 512E-12 4.28E 03 

---------
1.363E-07 

542.* 9/2 2 2.690E-05 o. -2.690E-05 7.234E-10 3.442 E-27 1.497E-13 I 

4 7.367E-05 o. -7.367E-05 5.428E-09 l.062E-27 3.466E-13 ~ 

CXl 
6 -1.791E-05 -3. 251E-04 -3.D72E-04 9.435E-08 1.695E-28 9.620E-13 ~ 
8 -5.043E-06 -2.467E-04 -2.417E-04 5.840E-08 1.423E-29 4.997E-14 1.508E-12 3. 68E 03 

---------
1.589E-07 

619.* 11/2 2 8.505E-06 o. -8.505E-06 7.234E-ll 1.5l1E-27 6.574E-15 
4 5.414E-05 o. -5.414E-05 2.931E-09 4.652E-28 B.201E-14 
6 -2.370E-05 2.457E-04 2.694E-04 7.260E-08 7 .404E-29 3.233E-13 
8 -1.441E-05 4. 029E-04 4.173E-04 1.741E-07 6.185 E-30 6.477E-14 4. 766E-13 2.34E 03 

---------
2.497E-07 

710.* 13/2 4 2.917E-05 o. -2.917E-05 8.511E-10 1.721E-28 8.808E-15 
6 -2.356E-05 -1.527E-04 -l.291E-04 1.667E-08 2. 728 E-29 2. 735E-l4 
8 -2.595E-05 -4. 534E-04 -4.274E-04 1.827E-07 2.267E-30. 2.491E-14 6.107E-14 2.92E 03 

--------
2.002E-07 

815.* 15/2 4 1.021E-05 o. -l.021E-05 l.042E-10 5.316E-29 3.332E-16 
6 -1.781E-05 7.694E-05 9.475E-05 8.978E-09 8.390E-30 4.530E-15 
8 -3.397E-05 3.957E-04 4.297E-04 1.847E-07 6.928E-31 7 .695E-15 1.256E-14 3.02E 03 

---------
1.937E-07 

--------
* ESTIM.UEO WHH .. ROT. CIJNST.= 7.00 KEV 2.657E-U 

' -· •. 
r I'·• 



., .. ~ 
•,1 ',. i~ 

FM 257 9/2+615 

E (KEVI 

24~. 

320. 

L 

9/2 0 
2 
4 
6 
8 

11/2 2 
4 
6 
8 

411.* 13/2 2 
4 
6 
8 

516.* 15/2 4 
6 
8 

,, 

FAVORED FGAP 

H(L, KI-Kf I 

1.402E-02 
7.139E-03 

-9.742E-04 
-2.636E-04 

3.474E-05 

5.940E-03 
-1.591E-03 
-7.178E-04 

1.656E-04 

2.681E-03 
-1.615E-03 
-1.212E-03 

4.532E-04 

-1.108E-03 
-1.456E-03 

8.589E-04 

I = 9/2 

H(L,KI+Kfl 

o. 
o. 
o. 
o. 
o. 

o. 
o. 
o. 
o. 

o. 
o. 
o. 
o. 

o. 
o. 
o. 

* ESTIMATED WITH ROT. CONST.= 7.00 KEV 

KI 

SUM 

1.402E-02 
7.139E-03 

-9.742E-04 
-2.636E-04 

3.474E-05 

5. 940E-03 
-1.591E-03 
-7.178E-04 

1.656E-04 

2.681E-03 
-1.615E-03 
-1.212E-03 

4.532E-04 

-1.108E-03 
-1.456E-03 

8.589E-04 

9/2 M = 0 

REO. T RAI'<S. PROB. 

1.966E-04 
5.097E-05 
9.490E-07 
6.951E-08 
1.207E-09 

2.485E-04 

3.528E-05 
2.531E-06 
5.152E-07 
2.744E-08 

3.836E-05 

7.187E-06 
2.610E-06 
1.469E-06 
2.054E-07 

1.147E-05 

1.228E-06 
2.121E-06 
7.378E-07 

4.087E-06 

Kf = 9/2 Q ALPHA 

PENET. NORM.TRANS.PROB. 

2.891 E-27 
1.743E-27 
5.377E-28 
8.587E-29 
7.208E-30 

7.546E-28 
2.324E-28 
3.699E-29 
3.091 E-30 

2. 751 E-28 
8.450E-29 
1.340E-29 
1.114E-30 

2. 558E-29 
4.038E-30 
3. 336E-31 

3.417E-08 
5. 342E-09 
3.069E-11 
3.590E-13 
5.231E-16 

1.601E-09 
3.537E-ll 
1.146E-12 
5.100E-15 

1.189E-10 
1.326E-ll 
1.184E-12 
1.376E-14 

1.890E-12 
5.151E-13 
1.480E-14 

6.906 MEV 

SUM 

3.955E-08 

1.638E-09 

1.334E-10 

2.419E-12 

4.1.32E-08 

' ... '. 

RCP.FORM. 

2.35E 00 

1. 52E 01 

5. 09E 01 

1.43E 02 

I ..... 
00 
Ul 

: .. 'C 

~ \_ 

~ c 

" 'b-.,:; 

·" " .... ~ ) ;, 

~:.J:: 

~""· ~ 
~~'>'· 

" ~~...;; 



FM 257 9/2+615 - 7/2+613 FGAP I = 9/2 KI = 9/2 M = -1 KF = 7/2 Q ALPHA 6.906 MEV 

E ( KEV I I L H(l,KI-KFI H (l ,KI+KF) SUM REO.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- -------------- ------ ---------------- --- ---------o. 712 2 1.582E-04 o. 1.582E-04 2. 502E-08 2. 221 E-26 3.342E-ll 

4 -2.447E-05 o. -2.447E-05 5.988E-10 6.898E-27 2.484E-13 
6 -6.326E-06 o. -6.326E-06 4.002E-ll 1.113E-27 2.679E-15 
8 3. 814E-07 5. 813E-04 5. 8'16E-04 3.383E-07 9.475E-29 1.928E-12 3.560E-ll 1.61E 03 

---------
3.640E-07 

60. 9/2 2 1. 3 37E-04 o. 1.337E-04 1.787E-08 1. 201 E-26 1o 290E-11 
4 -4.136E-05 o. -4.136E-05 1. 711E-09 3. 722E-27 3.831E-13 
6 -1. 871E-05 o. -1. 871E-05 3.502E-10 5.991 E-28 1.262E-14 
8 2.412E-06 -4. 595E-04 -4.571E-04 2.090E-07 5.082E-29 6. 387E-13 1.394E-ll 2. 55E 03 

---------
2.289E-07 

133.* 11/2 2 7.462E-05 o. 7.462E-05 5 • .568E-09 5.595E-27 1.873E-12 
4 -4.531E-05 o. -4.531E-05 2.053E-09 1. 731 E-27 2.138E-13 
6 -3.418E-05 o. -3.418E-05 1.168E-09 2.778E-28 1.951E-14 
8 7.716E-06 3.266E-04 3.344E-04 1.118E-07 2.346E-29 1. 578E-13 2.265E-12 4. 84E 03 

--------
1.206E-07 ....,.. 

00 
0' 
I 

220.* 13/2 2 2.622E-05 o. 2.622E-05 6.874E-10 2.231E-27 9.224E-14 
4 -3.582E-05 o. -3.582E-05 1.283E-09 6.889E-28 5.317E-14 
6 -4.493E-05 o. -4.493E-05 2.019E-09 1.101 E-28 1.337E-14 
8 1.644E-05 -2. 087E-04 -1.923E-04 3.698E-08 9.255E-30 2. 058E-l'l 1.794E-13 1.43E 04 

---------
4.096E-08 

320.* 15/2 4 -2.038E-05 o. -2.038E-05 4.152E-10 2.324E-28 5.802E-15 
6 -4.4 76E-05 o. -4.476E-05 2.004E-09 3.699E-29 4.457E-15 
8 2. 583E-05 1.193E-04 1.451E-04 2.105E-08 3.091E-30 3.913E-15 lo417E-14 2. 49E 04 

---------
2.347E-,08 

--------
* ESTIMATED WITH ROT. CONST.= 6.67 KEV 5.200E-ll 

--.::·. ''II. ' ' 



FM 257 

E I KEVI 
-------

243. 

333. 

437.* 

• < .. 
' 

9/2+615 - 1112-725 FGAP 

I l Hllo KI-KF I 
- - ----------

1112 1 7.355E-05 
3 8.981E-05 
5 -2.7 76E-05 
7 -4.463E-06 
9 7.995E-07 

13/2 3 9. 701E-05 
5 -5.442E-05 
7 -1.408E-05 
9 4. 330E-06 

15/2 3 5.397E-05 
5 -6.474E-05 
7 -2. 713E-05 
9 1.332E-05 

I = 

H(l,KI+KFI 
----------o. 

o. 
o. 
o. 
o. 

o. 
o. 
o. 
o. 

o. 
o. 
o. 
o. 

* ESTIMATED WITH ROT. CONST.= 6.~2 KEV 

9/2 KI = 9/2 M = 1 

SUM RED. TRAI\S. PRGB. 
--- ---------------

-7.355E-05 5.410E-09 
-8.981E-05 8.066E-09 

2. 776E-05 7.707E-10 
4.463E-06 1.992E-ll 

-7.995E-07 6.393E-13 
-------
1.427E-08 

-9. 701E-05 9.410E-09 
5.442E-05 2.962E-09 
1.408E-05 l.982E-10 

-4.330E-06 1.875E-ll 
---------
1.259E-08 

-5.397E-05 2.913E-09 
6.474E-05 4.191E-09 
2. 713E-05 7. 361E-10 

-1.332E-05 1. 773E-10 
---------
8.017E-09 

'. ' '•· 

KF = 11/2 Q ALPHA 6.906 MEV 

PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------ ---------------- --- ---------

2.442E-27 7.945E-13 
1.052 E-27 5.104E-13 ~ :C 
2. 331 E-28 l.OSlE-14 
2.693E-29 3.227E-17 ~ c. 
1.650E-30 6o343E-20 1.316E-12 4. 09E 04 

- c 
!!-- """"'"' 

3.945E-28 2.233E-13 
8.715E-29 1.553E-l4 <c l~< ... .; .... ~ 
1.002 E-29 l.l95E-16 
6.102E-31 6.882E-19 2.389E-13 4.64E 04 ,:_:_ .. J.::. 

1.239E-28 2.171E-l4 
2.727E-29 6.875E-15 I 

3.120E-30 1.381E-16 '""' 00 
1.887E-31 2,#012E-18 2. 872E-14 7.29E 04 -.1 

I 
(' ...... 

- ~ ·~ 

--------- t 
.,;;;; ...... ,.-....,~ 

1. 583E-12 



FM 257 9/2+615 - 3/2+622 FGAP I = 9/2 KI := 9/2 H = -3 KF = 3/2 Q ALPHA 6.906 MEV 

E ( KEV) I L H(L 1 KI-Kf) H ( L , K I+ Kf') SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. ----- - - ---------- ---------- -- -------------- ----- ---------------- --- ---------
243. 3/2 4 2.696E-04 o. 2.696E-04 7.269E-08 5.37BE-28 2.351E-12 

6 2.212E-05 4. 770E-05 6.982E-05 4o874f-09 8.587E-29 2.518E-14 2. 376E-12 7. 53E 03 

---------
7.757E-08 

278. 5/2 4 4.118E-04 o. 4.118E-04 1.696E-07 3.679E-28 3. 754E-12 
6 8.689E'-05 -4.684E-05 4.005E-05 l.604E-09 5.867E-29 5.659E-15 3.759E-12 3.41E 03 

-------
1.712E-07 

327.• 7/2 4 4.424E-04 o. 4.424E-04 1.957E-07 2.151E-28 2.533E-12 
6 lo832f-04 3. 950E-05 2.227E-04 4.958E-08 3.423E-29 l.021E-13 
8 -1.526E-05 1.347E-05 -1.791E-06 3.208E-12 2.859E-30 5.517E-19 2.635E-12 2. 38E 03 

--------
2.453E-07 

390.• 9/2 4 3.739E-04 o. 3.739E-04 1.398E-07 1.069E-28 8. 991E-13 
6 2. 709E-04 -2.921E-05 2.417E-04 5.842E-08 1.697E-29 5.963E-14 I 

8 -4.825E-05 -2.129E-05 -6.955E-05 4. 837E-09 1.412E-30 4.108E-16 9.591E-13 2. 88E 03 ~ 

00 --------- 00 
2.031E-07 

467.• 1112 4 2.554E-04 o. 2.554E-04 6.524E-08 4.485E-29 lo760E-13 
6 3.085E-04 1.901E-05 3.275E-04 l.073E-07 7.094E-30 4.578E-14 
8 -9.625E-05 2.427E-05 -7.198E-05 5.181E-09 5.877E-31 1.831E-16 2.219E-13 3. 29E 03 

---------
1o 777E-07 

558 •• 13/2 4 1.399E-04 o. 1.399E-04 lo957E-08 1.573E-29 1.851E-14 
6 2.810E-04 -l.082E-05 2.702E-04 7.301E-08 2.478E-30 l.088E-14 
8 -1.420E-04 -2.239E-05 -1.644E-04 2.704E-08 2.042E-31 3.321E-16 2.972E-14 4. 88E 03 

---------
l.l96E-07 

663.* 15/2 4 5.877E-05 o. 5.877E-05 3.454E-09 4.557E-30 9.466E-16 
6 2.068E-04 5.308E-06 2.121E-04 4.498E-08 7 .l49E-31 1.934E-15 
8 -1. 649E-04 1.732E-05 -1.475E-04 2.177E-08 5.855E-32 7.665E-17 2.957E-15 a. 32E o3 

---------
7.020E-08 

---------* ESTIMATED WITH ROT. CONST.= 7.00 KEV 9.984E-12 

'• ' . . 
't:' ',, 



. "' ... 
' 

FM 257 3/2+622 FAVORED FGAP I = 312 KI = 

E ( KEV J I L H(L,K1-KFI H ( L ,KI+KF J SUM 
------- - - ---------- ---------- --

243. 312 0 l.078E-02 o. -l.078E-02 
2 2.757E-03 o. -2.757E-03 

278. 5/2 2 4.421E-03 o. -4.421E-03 
4 -7.867E-05 o. 7.B67E-05 

321-* 112 2 3.295E-03 o. -3.295E-03 
4 -1.927E-04 o. 1.927E-04 

390.* 912 4 -2.431E-04 o. 2.431E-04 
6 1.1 06E-04 o. -1.106E-04 

467.* 1112 4 -1.660E-04 o. 1.660E-04 
6 2.345E-04 o. -2.345E-04 

558.* 13/2 6 2.744E-04 o. -2.744E-04 
8 8.467E-05 o. -8.467E-05 

663.* 15/2 . 6 1.796E-04 o. -1.796E-04 
8 1.693E-04 o. -1.693E-04 

* ESTIMATED WITH ROT. CONST.= 7.00 KEV 

312 M = 0 KF = 3/2 Q ALPHA 

RED.TRANS.PROB. PEN ET. NORM.TRANS.PROB. 
--------------- ------ ----------------

l.l62E-04 2.89lE-27 2.021E-08 
7.600E-06 1.743E-27 7. 966E-l0 
---------
1.238E-04 

1.954E-05 1.193E-27 1.403E-09 
6.189E-09 3.679 E-28 1. 370E-13 
---------
1.955E-05 

1.086E-G5 6.988E-28 4.563E-10 
3. 713E-08 2.151E-28 4.805E-13 
--------
l.089E-05 

5.908E-08 l.069E-28 3. 799E-13 
1.222E-08 1.697E-29 1.248E-14 
---------
7 .l30E-08 

2.757E-08 4.485E-29 7.436E-14 
5.501E-08 7.094E-30 2.347E-14 
--------
8.258E-08 

7.531E-08 2.478E-30 1.122E-14 
7.168E-09 2.042E-31 8.804E-17 
--------
8.247E-08 

3.227E-08 7.149E-31 1. 388E-15 
2.867E-08 5.855E-32 1.010E-16 
-------
6.095E-.08 

6.906 MEV 

SUM RCP.FORM. 
--- --------

2.101E-08 4.12E 00 

1.403E-09 2.99E 01 

4.568E-10 5. 36E 01 

3.924E-13 8.19E 03 

9. 784E-14 1. 07E 03 

1.131E-14 1. 08E 03 

1.489E-15 9. 59E 03 

---------
2.287E-08 

. ,, 

I ...,. 
00 
-..!) 

c 

- L 
,, . 
. ~,'-' 

•· c 
·~. - !\. 
.l. . j ··~ 

-~· _J-· 

. 
'"-·· 

... -.. 
-~- ... 

. 
-~- .v ~ 



FM 257 3/2+622 - 7/2+613 FGAP I = 3/2 Kl = 3/2 M = 2 Kf = 7/2 Q ALPHA 6.906 MEV 

E tKEVl I L HI L, KI-KF l HIL~KI+KFI SUM RED. TRANS. PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- -------- --- --------------- ------ ---------------- --- ---------

o. 7/2 2 4.907E-04 o. -4.907E-04 2.40RE-07 2.221 E-26 3.217E-10 
4 1.119E-04 o. -1.119E-04 1.253E-08 6.898E-27 5.198E-12 3.269E-10 2.31E 03 

-------
2.534E-07 

60. 9/2 4 2.824E-04 o. -2.824E-04 7.973E-08 3. 722E-27 1o 785E-ll 
6 -1.666E-05 1.512E-03 1.528E-03 2.335E-06 5.991E-28 8.414E-ll 1.020E-10 2. 42E 02 

---------
2.415E-06 

133.* 11/2 4 3.093E-04 o. -3.093E-04 9.568E-08 1.731E-27 9.963E-12 
6 -5.667E-05 -1.143E-03 -l.086E-03 1.179E-06 2. 778E-2B 1.970E-11 2.966E-ll 4. 58E 02 

--------
1.275E-06 

220 .• • 13/2 6 -9.570E-05 5.789E-04 6.746E-04 4.550E-07 1.101 E-2 8 3.014E-12 
8 -3.497E-05 1. 711E-03 1.746E-03 3.048E-06 9.255E-30 1.697E-12 4.710E-12 1.67E 02 

--------- I 

3.503E-06 
...... 
-.£) 

0 
I 

320.• 15/2 6 -8.483E-05 -1. 866E-04 -l.OlBE-04 1.035E-08 3.699E-29 2.303E-14 
8 -9.470E-05 -1. 685E-03 -l.590E-03 2.528E-06 3.091E-30 4.699E-13 4.930E-13 2. 30E 02 

---------
2.539E-06 

---------* ESTIMATED WITH ROT. CONST.= 6.67 KEV 4.638E-10 

-~: ' •: ~~ 
I ••• 



:t •: ., .. 

• ' '- · . 

FH 257 3/2+622 - 1/2+620 FGAP I = 3/2 KI = 3/2 M = -1 Kf = 1/2 Q ALPHA 6.906 MEV 

E l KEV I I L HIL,KI-KF) HllrKI+KF) SUM RED.TRANS.PROB. PENET. NORH.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- --------------- ----- ---------------- --- ---------

34. 1/2 2 5.492E-05 -1. 752E-03 -1.807E-03 3.267E-06 1.569E-26 3.082E-09 3.082E-09 1. 79E 02 
--------
3.267E-06 

~ ...... 
~-

.. 
~ ...... 

59. 3/2 2 1.098E-04 1. 752E-03 1.643E-03 2.698E-06 1.213E-26 1.968E-09 1.966E-09 2.1 7E 02 
--------- .. 
2.698E-06 "~' 

- i ' .._..,_ __ , 

82. 5/2 2 1.079E-04 -1.147E-03 -1.255E-03 1.575E-06 9. 560 E-27 9.058E-10 
4 2.741E-06 -2.430E-03 -2.433E-03 5.920E-06 2.963E-27 1.055E-09 1.961E-09 7. 79E 01 ' ,... 

_;. • .l 'II.. 

---------
7.495E-06 ~..1. .~e:o~ 

140.• 112 2 5.871E-05 4.684E-04 4.097E-04 1.678E-07 5.198 E-27 5. 246E-ll "- t. 
4 4.903E-06 3. 261E-03 3.256E-03 l.060E-05 1.608E-27 1.025E-09 1.076E-09 5.43E 01 

-------
1.077E-05 

I 
~ 

182.* 9/2 4 4. 889E-06 -2.601E-03 -2.606E-03 6.791E-06 1.037E-27 4.236E-10 ...0 
~ 

6 -5.074E-05 -5.172E-04 -4.665E-04 2.176E-07 1.661E-28 2.173E-12 4.258E-10 8.34E 01 . ::~ .t::.~ 

---------
7.009E-06 ... 

~' . ._... 

273.• 11/2 4 2.766E-06 1. 226E-03 1.223E-03 1.497E-06 3.868E-28 3.482E-ll 
6 -8.913E-05 7. 572E-04 8.463E-04 7.162E-07 6.169E-29 2.657E-12 3. 748E-ll 2. 64E 02 

---------
2.213E-06 

333.* 13/2 6 -8.905E-05 -6.484E-04 -5.593E-04 3.129E-07 3.196E-29 6.015E-13 
8 -1.191E-05 9.608E-04 9.727E-04 9.462E-07 2.669E-30 1. 519E-13 7.534E-13 4.64E 02 

--------
l.259E-06 

458.* 15/2 6 -5.088E-05 3.242E-04 3.751E-04 1.407E-07 7.844E-30 6.637E-14 
8 -2.079E-05 -1.468E-03 -1.447E-03 2.093E-06 6. 502 E-31 8.186E-14 1.482E-13 .2.61E 02 

---------
2.234E-06 

--------
* ESTIMATED WITH ROT. CONST.= 6.47 KEV, AND DEC. PARAM.= 0.289 8.553E-09 



HO 253 7/2-514 FAVORED FGAP I = 7/2 Kl = 7/2 M = 0 KF = 7/2 Q ALPHA o. MEV 

E ( KEV) I L HCL,KI-KFl HIL,KI+KFl SUM RED. TRANS. PROS. PENET. NORM.TRANS.PROB. SUM RCP.FORM. ------- - - ---------- ---------- -- --------------- ------ ---------------- --- --------
o.• 7/2 0 l.Ol6E-02 o. -1.016E-02 l.031E-04 NO DATA o. 

2 4.820E-03 o. -4.820E-03 2.323E-05 NO DATA o. 
4 -6.478E-04 o. 6.478E-04 4.197E-07 NO DATA o. 
6 -1.449E-04 o. 1.449E-04 2.101E-08 NO DATA o. o. 4.61E 00 

--------
1.268E-04 

o.• 9/2 2 4.5<;6E-03 o. -4.596E-03 2.112E-05 NO OAT A o. 
4 -1.270E-03 o. 1.270E-03 l.614E-06 NO DATA o. 
6 -5.423E-04 o. 5.423E-04 2.941E-07 NO DATA o. 
8 2.254E-05 o. -2.254E-05 5.079E-10 NO DATA o. o. 2.54E 01 

--------
2.303E-05 

0.* 11/2 2 2.330E-03 o. -2.330E-03 5.431E-06 NO DATA o. 
4 -1.497E-03 o. 1.497E-03 2.241E-06 NO DATA o. 
6 -1.150E-03 o. 1.150E-03 1.323E-06 NO DATA o. 
8 l.033E-04 o. -l.033E-04 l.067E-08 NO DATA o. o. 6.49E 01 

-------- I 

9.006E-06 
,..,.. 
~ 
N 
I 

0.* 13/2 4 -1.164E-03 o. l.l64E-03 1.356E-06 NO DATA o. 
6 -1.651E-03 o. 1.651E-03 2.725E-06 NO DATA o. 
8 2.684E-04 o. -2.684E-04 7.205E-08 NO DATA o. o. 1.41E 02 

---------
4.152E-06 

o.• 15/2 4 -5.517E-04 o. 5. 517E-04 3.044E-07 NO DATA o. 
6 -l.689E-03 o. 1.689E-03 2.854E-06 NO DATA o. 
8 4.758E-04 o. -4.758E-04 2.264E-07 NO DATA o. o. 1.73E 02 

---------
3.385E-06 

---------
* ESTIMATE NOT POSSIBLE o. 

-. "ll' . ,. ' .. ',.-' 



" 

MD 255 7/2-514 FAVOR ED FGAP I : 7/2 KI : 

E IKEVI I L HIL,KI-KF l HILrKI+KFl SUM 
------ - - ---------- ---------- ---

0.* 7/2 0 l.l93E-02 o. -1.193E-02 
2 5.141E-03 o. -5.141E-03 
4 - B.4 78E-04 o. 8.478E-04 
6 -l.l36E-04 o. 1.136E-04 

O.* 9/2 2 4.902E-03 o. -4.902E-03 
4 -1.663E-03 o. 1.663E-03 
6 -4.252E-04 o. 4.252E-04 
8 3.961E-05 o. -3.961E-05 

0.* 11/2 2 2.486E-03 o. -2.486E-03 
4 -1.959E-03 o. 1.959E-03 
6 -9.020E-04 o. 9.020E-04 
8 1.815E-04 o. -1.815E-04 

o.• 13/2 4 -1.524E-03 o. 1.524E-03 
6 -1.294E-03 o. 1.294E-03 
8 4. 717E-04 o. -4. 717E-04 

o.• 15/2 4 -7.220E-04 c. 7. 220E-04 
6 -1.325E-03 o. 1.325E-03 
8 8.362E-04 o. -8.362E-04 

* ESTIMATE NOT POSSIBLE 

7/2 M = 0 KF = 7/2 Q ALPHA 

REO.TRANS.PROB. PENET. NORM.TRANS.PROB. 
-------------- ------ ----------------

1.423E-04 NO DATA o. 
2.643E-05 NO OAT A o. 
7.187E-07 NO DATA o. 
1. 291E-08 NO DATA o. 
---------
1.694E-04 

2.403E-05 NO DATA o. 
2.764E-06 NO DATA o. 
1.808E-07 NO DATA o. 
1.569E-09 NO DATA o. 
-------
2.698E-05 

6.179E-06 NO DATA o. 
3.838E-06 NO OAT A o. 
8.136E-07 NO DATA o. 
3.294E-08 NO OAT A o. 
--------
l.086E-05 

2.322E-06 NO DATA o. 
1.675E-06 NO DATA o. 
2.225E-07 NO DATA o. 
---------
4.220E-06 

5.213E-07 NO DATA o. 
1.755E-06 NO DATA o. 
6.993E-07 NO DATA o. 
---------
2.975E-06 

o. MEV 

SUM 
---

o. 

o. 

o. 

o. 

o. 

------
o. 

RCP.FORM. 
--------

3.45E 00 

2.17E 01 

5.38E 01 

1.38E 02 

1. 96E 02 

•: . ' .. 

~ .. C 

~ i,. 

(.~ 

" "t-.. ' ,, ... ,. 
-~C~ J:: 

~· 

"'-'" 

I ,..,. 
--a 
lN 
I 

tJ'~·~ ., ....... ,,_ 

... ""'-



MD 255 7/2-514 - 7/2+633 FGAP I = 7/2 KI = 7/2 M = 0 KF = 7/2 Q ALPHA o. MEV 

E I KEV I I L H(L, KI-KF I H( L.KI+KF I SUM RED. TRANS. PROB. PENET. NORM. TRANS.PROB. SUM RCP.FORM. 
------ - - ---------- ---------- --- --------------- ------ ---------------- --- --------

o.• 7/2 1 -2.053E-04 o. -2.053E-04 4.213E-08 NO DATA o. 
3 -l.207E-04 o. -l.207E-04 1.457E-OB NO DATA o. 
5 5.514E-05 o. 5.514E-05 3.040E-09 NO DATA o. 
7 3.486E-06 -5.641E-05 -5.293E-05 2.801E-09 NO DATA o. o. 9.34E 03 

--------
6.254E-08 

o.• 9/2 1 -l.097E-04 o. -1.097E-04 1.204E-08 NO DATA o. 
3 -1. 707E-04 o. -1.707E-04 2.913E-08 NO DATA o. 
5 1.474E-04 o. 1.474E-04 2.171E-08 NO DATA o. 
7 2.062E-05 4.172E-05 6.234E-05 3.886E-09 NO DATA o. o. a. 75E 03 

---------
6.677E-08 

o.• 11/2 3 -1.420E-04 o. -1.420E-04 2.017E-08 NO DATA o. 
5 2.339E-04 o. 2.339E-04 5o472E-08 NO DATA o. 
7 6.039E-05 -2.715E-05 3.324E-05 1.105E-09 NO DATA o. 
9 -1.354E-05 -5.506E-04 -5.641E-04 3.182E-07 NO DATA o. o. 1.48E 03 

--------- I 

3.942E-07 ..... 
-!:> 

*"" I 

o.• 13/2 3 -6.930E-05 o. -6.930E-05 4.802E-09 NO DATA o. 
5 2.527E-04 o. 2.527E-04 6.384E-08 NO DATA o. 
7 1.146E-04 1. 546E-05 1.301E-04 1o692E-08 NO DATA o. 
9 -5.473E-05 6. 675E-04 6.128E-04 3.755E-07 NO DATA o. o. 1.27E 03 

--------
4.611E-07 

Do* 15/2 5 1. 882E-04 o. 1.882E-04 3.541E-08 NO DATA o. 
7 1.546E-04 -7. 581E-06 1.470E-04 2.161E-08 NO DATA o. 
9 -1.322E-04 -5. 864E-04 -7.186E-04 5.164E-07 NO DATA o. o. 1. OZE 03 

---------
5.735E-07 

--------
* ESTIMATE NOT POSSIBLE o. 

•" . . ... ' .j 



• "«_ .. ·--.. _ I~ 

MD 255 7/2-514- 3/2-521 FGAP I -= 112 Kl = 112 M = -2 KF = 3/2 Q AlPHA a. MEV 

E ( KEV) I l H(L,KI-KF) H(l,KI+KFI SUM RED.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------ - - ---------- ---------- --- ------------- ---- ---------------- --- ---------

a.• 3/2 2 4.080E-06 a. -4.aBOE-06 1.665E-ll NO DATA a. 
4 1.a48E-04 o. -l.048E-04 l.097E-08 NO DATA o. o. 5. 32E 04 c: ---------

1.099E-08 
~· ~ 

o.• 5/2 2 3.332E-06 o. -3. 332E-06 l.llOE-11 NO DATA o. .. :r 
4 2.321E-a4 o. -2.321E-a4 5.387E-08 NO OAT A a. .... ~ """·"' 
6 3. 514E-05 8. 569E-04 -B.926E-a4 7.968E-07 NO DATA a. a. 6. 87E a2 

.~ -------- "'"" B.5a6E-07 

..... 
-· '" 

a.• 112 2 2.107E-a6 a. -2.107E-06 4.44aE-12 NO DATA a. ; ~ 

4 3.158E-a4 a. -3.158E-a4 9.976E-08 NO DATA a. 
~..-........ ....-:.11..~· 

6 1.13aE-a4 -1.a84E-a3 9.7a9E-a4 9.426E-07 NO DATA a. a. 5. 6aE a2 .--------- ·~-

l.a42E-06 

a.• 9/2 2 1.0a5E-a6 a. -l.Oa5E-06 l.Oa9E-12 NO DATA 0• I 

3.097E-04 a. -3.0CJ7E-04 9.592E-08 NO DATA o. 
...,.. 

4 ~ 
6 2.114E-a4 1e014E-a3 -1.225E-03 1.501E-06 NO DATA o. Ul - -8 -2.994E-05 8.451E-04 -B.l52E-04 6.645E-07 NO DATA a. a. 2. 58E a2 I ~·· 4--t 

---------
2.262E-06 ,~ ......... 

-- -.~....,;-

o.• 11/2 2 3.1 71E-07 o. -3.177E-07 l.Oa9E-13 NO DATA o. 
4 2.276E-04 o. -2.276E-a4 5.180E-08 NO DATA a. 
6 2.797E-a4 -7.664E-04 4.867E-04 2.369E-07 NO DATA a. 
8 -a. 556E- a5 -1.3BaE-a3 1.466E-a3 2.148E-a6 NO DATA a. a. 2.40E a2 

--------
2.437E-06 

a.• 13/2 4 1.226E-04 o. -1.226E-a4 1.5a4E-08 NO DATA a. 
6 2.7BaE-a4 4.762E-04 -7.542E-D4 5.689E-a7 NO DATA a. 
8 -1.541E-04 1. 553E-03 -1.399E-a3 1.957E-06 NO DATA o. o. 2.30E a2 

--------
2. 541E-a6 

o.• 15/2 4 4.291E-05 a. -4.291E-a5 1.842E-09 NO DATA o. 
6 2.102E-04 -2.400E-04 2.979E-05 8.877E-10 NO DATA o. 
8 -2.017E-04 -1. 356E-a3 1.557E-a3 2.425E-a6 NO DATA a. a. 2.41E a2 

---------
2.428E-06 

---------* ESTIMATE NOT POSSIBLE a. 



MD 257 7/2-514 FAVORED FGAP I = 712 Kl = 7/2 M = 0 KF = 7/2 Q ALPHA o. MEV 

E ( KEV I I L HI L.KI-KF I H(L.KI+KFI SUM REO.TRANS.PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- --------- --- --------------- ----- ---------------- --- ---------

o.• 7/2 0 1.3BE-02 o. -1.373E-02 1.885E-04 NO DATA o. 
2 5.911E-03 o. -5.911E-03 3.494E-05 NO DATA o. 
4 -8.588E-04 o. 8.588E-04 7.376E-07 NO DATA o. 
6 -1. O<J3E-04 o. 1.093E-04 1.195E-08 NO DATA o. - o. 2.61E 00 

---------
2.242E-04 

o.• 9/2 2 5.636E-03 o. -5.636E-03 3.176E-05 NO DATA o. 
4 -1.684E-03 o. 1.684E-03 2.837E-06 NO DATA o. 
6 -4.090E-04 o. 4.090E-04 1.6ne..:.o7 NO DATA o. 
8 4.223E-05 o. -4.223E-05 1.783E-09 NO DATA o. o. 1.68E 01 

--------
3.477E-05 

o.• 11/2 2 2.858E-03 o. -2.858E-03 8.167E-06 NO DATA o. 
4 -l.985E-03 o. 1.985E-03 3.939E-06 NO DATA o. 
6 -8.676E-04 o. 8.676E-04 7.527E-07 NO DATA o. 
8 1.935E-04 o. -1.935E-04 3.745E-08 NO DATA o. o. 4. 53E 01 

--------- I 

1.290E-05 ,...:. 
...0 
0' 
I 

o.• 13/2 4 -1.544E-03 o. 1.544E-03 2.383E-06 NO DATA o. 
6 -1.245E-03 o. 1.245E-03 1.550E-06 NO DATA o. 
8 5.030E-04 o. -5.030E-04 2.530E-07 NO DATA o. o. 1.40E 02 

---------
4.186E-06 

o.• 15/2 4 -7. 314E-04 o. 7.314E-04 5.350E-07 NO DATA o. 
6 -1.274E-03 o. lo.274E-03 1.623E-06 NO DATA o. 
8 8.916E-04 o. -8.916E-04 7.950E-07 NO DATA o. 0 •. 1. 98E 02 

--------
2.953E-06 

---------
* ESTIMATE NOT POSSIBLE o. 

,...-
.. •,;> . " • 



• -.:_ I • I 

MD 257 7/2-514 - 7/2+633 FGAP I .., 7/2 Kl = 

E l KEV l I l H(L,KI-Kfl H lit .KI+KF l SUM 
------- - - --------- ---------- ---

o.• 712 1 -2.217E-04 o. -2.217E-04 
3 -1.442E-04 ·o. -1.442E-04 
5 6.265E-05 o. 6.265E-05 
1 3.971E-06 -5. 092E-05 -4.695E-05 

o.• 9/2 1 -1.185E-04 o. -1.185E-04 
3 -2.039E-04 o. -2.039E-04 
5 1.674E-04 o. 1.674E-04 
1 2.349E-05 3.765E-05 6.115E-05 

o.• 11/2 3 -1.696E-04 o. -1.696E-04 
5 2.658E-04 o. 2.658E-04 
1 6.881E-05 -2.450E-05 4.430E-05 
9 -1. 565E-05 -6.199E-04 -6.355E-04 

o.• 1312 3 -8.277E-05 o. -8.277E-05 
5 2.811E-04 o. 2.871E-04 
1 1.306E-04 1.395E-05 1.445E-04 
9 -6. 327E-05 1. 516E-04 6.883E-04 

o.• 15/2 5 2.138E-04 o. 2.138E-04 
1 1. 761E-04 -6. 843E-06 1.693E-04 
9 -1. 528E-04 -6.603E-04 -8.131E-04 

* ESTIMATE NOT POSSIBLE 

712 M = 0 KF = 712 Q ALPHA 

RED.TRANS.PROB. PENET. NORM. TRANS.PROB. 
--------------- ------ ----------------

4.915E-08 NO DATA o. 
2.078E-08 NO OAT A o. 
3.925E-09 NO DATA o. 
2.204E-09 NO DATA o. 
---------
7.606E-08 

1.404E-08 NO DATA o. 
4.156E-08 NO DATA o. 
2.804E-08 NO DATA o. 
3.739E-09 NO DATA o. 
-------
8.138E-08 

2.877E-08 NO OAT A o. 
7.066E-08 NO OAT A o. 
1.963E-09 NO DATA o. 
4.039E-07 NO DATA o. 
--------- . 
5.053E-07 

6.851E-09 NO DATA o. 
8.243E-08 NO DATA o. 
2.088E-08 NO DATA o. 
4.737E-07 NO DATA o. 
---------
5.83<}E-07 

4.572E-08 NO DATA o. 
2. 865E-08 NO DATA o. 
6.611E-07 NO DATA o. 
---------
7.355E-07 

o. MEV 

SUM 
---

o. 

o. 

o. 

o. 

o. 

---------o. 

~. 
<~ 

RCP.FORM. 
--------

7. 68E 03 

6.69E 03 

1.16E 03 

1. OOE 03 

1. 94E 02 
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MD 257 7/2-514 - 3/2-521 FGAP I = 112 Kl = 112 M = -2 KF = 3/2 Q ALPHA o. MEV 

E I KEV l I l H(l,KI-Kfl H(l,KhKFl SUM REO. TRANS. PROB. PENET. NORM.TRANS.PROB. SUM RCP.FORM. 
------- - - ---------- ---------- --- ------------- ------ ---------------- --- ---------o.• 3/2 2 -q.q42E-06 o. q.942E-06 9.884E-ll NO DATA o. 

4 1.176E-04 o. -l.l76E-04 1.382E-08 NO DATA o. o. 4. ZOE 04 
-------
1. 3ne-os 

0.* 5/2 2 -8.117E-06 o. 8.117E-06 6.589E-ll NO DATA o. 
4 2.605E-04 o. -2.605E-04 6.784E-08 NO DATA o. 
6 4.120E-05 9. 816E-04 -1.023E-03 l.046E-06 NO DATA o. o. 5.24E 02 

--------
1.114E-06 

o.• 7/2 2 -5.134E-06 o. 5.134E-06 2.636E-ll NO DATA o. 
4 3.544E-04 o. -3.544E-04 1.256E-07 NO DATA o. 
6 1.303E-04 -1. 242E-03 l.lllE-03 1.235E-06 NO DATA o. o. 4. 29E 02 

--------
1.361E-06 

o.• 9/2 2 -2.448E-06 o. 2.448E-06 5.990E-12 NO DATA o. I 
~ 

4 3.475E-04 o. -3.475E-04 1.208E-07 NO DATA o. ...0 
6 2.437E-04 l.161E-03 -1.405E-03 1.974E-06 NO DATA o. 00 
8 -3.490E-05 9. 559E-04 -9.210E-04 8.482E-07 NO DATA o. o. 1. 98E 02 

---------
2.943E-06 

o.• 11/2 2 -1. 740E-07 o. 7.740E-07 5.990E-13 NO DATA o. 
4 2.554E-04 o. -2.554E-04 6.523E-08 NO DATA o. 
6 3.224E-04 -8.779E-04 5.555E-04 3.086E-07 NO DATA o. 
8 -9.973E-05 -1. 561E-03 1.661E-03 2.758E-06 NO DATA o. o. 1. 87E 02 

---------
3.132E-06 

o.• 1312 4 1.376E-04 o. -1.376E-04 1.894E-08 NO DATA o. 
6 3.205E-04 5. 455E-04 -8.660E-04 7.500E-07 NO DATA o. 
8 -1.796E-04 1. 757E-03 -1.577E-03 2.487E-06 NO DATA o. o. 1. 79E 02 

-------
3.256E-06 

o.• 15/2 4 4.816E-05 o. -4.8l6E-05 2.319E-09 NO DATA o. 
6 2.423E-04 -2.749E-04 3.260E-05 l.063E-09 NO DATA o. 
8 -2.351E-04 -1. 533E-03 1.768E-03 3.127E-06 NO DATA o. o. 1. 87E 02 

--------
3 .131E-06 

--------
* ESTiMATE NOT-POSSIBLE o. . , 
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