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Ta BY (d,p) STRIPPING REACTION

STUDY OF THE LEVELS IN T
*% . : N
Jean Kern , Gordon L. Struble and Raymond K. Sheline
Lawrence Radiation Laboratory
University of California
. Berkeley, California

April 1966

ABSTRACT
. 1ho . .

The energy levels in La were studied by means of (d,p) reaction
spectféscopy using 10 MeV deuterons. The protons that emerged were analyzed
by a'singlevgap, broad—rahge magnetic spectrograph with 135 keV resolution. We i .
Sbtaired the reaction Q-value of 2938 £ 3 keV. Expoéures were taken at eight
angles ranging from 25 to 105 degrees. All spectra were Titted using a least
squares code, up to an excitation energy of 1860 keV. Seventy states were

ObSefved'and the angular distgibutions of the most prominent groups were analyzed -

o ko -
by means of DWBA stripping theory. Spins of the =~ La levels determined from

pfevious decay scheme studies and the present research and the proton intensities
o 139 140 . . g . . o
Obgserved in the La(d,p) Ia reaction can be satisfactorily explained in terms
of the ‘mixed configurations, (1 2f and (2d of . Above 600 keV
however, interpretation of states in terms of higher energy configurations appears

also to require phonon particle coupling.

3



. observing more states in odd-odd nuclei but the high level density in heavier

'i_odd—odd nuclei creates an obstacle because usually the experimental resolution -

The ordering of the levels in the multiplets resulting from a specific neutron

" odd nuclei so important, since the detailed level structure can then,giVe informa-

‘,ﬂ - Although odd-odd nuclei near magic configurations have been studied in

-'deﬁéil,l little work has been attempted either in deformed nuclei

-1- " UCRL-16598

I. INTRODUCTION

v

‘“Among the different nuclear species, odd-odd nucléi are perhaps the
most difficult to study. From the experimental poiﬁt of view, this is true
for several reasoné. Frequently the mass of a particular odd—odd’hucleus is
gréater than that of both its neighboring even-even isobars. This makes it
imposéiblé to observe levels in the odd-odd nucleus by beta-ray and gamma-ray

spectroscopy.- In the case  where levels in an odd-odd nucleus can be populated

by beta decay, the daughter nucleus itself is usually unstable and this situation

demands difficult experimental techniques for the spectroscopist. Finally the o ;
decay océurs from a state with O+ spin and parity and only states with small

spiné will be observed. In principle, reaction spectroscopy offers a means of

is ten to one hundred times poorer than that obtainable with beta-and gamma-

ray studies.

Interpreting the experimental levels in odd-odd nuclei is also difficult

since simple phenomenoclogical models inadequately describe the low energy spectra.’

and proton;éonfiguration is sensitive to the nature of the neutron-proton resid-

ual interap%ion. However it is Jjust this feature which makes the study of odd-

tion about this interaction.

2,3

or in the
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so-called vibrational nuclel. TIn this and in the following paper we examine the

Lo
nucleus . Ia, a nucleus with one neutron outside the 82 shell and 7 protons outside
the 50 shell. Experimentally this is a favorable nucleus for nuclear reaction

159La(d,p)luOLa

studies because %39La'is stable, monoisotopic and the reaction
has a Q-value which makes it possible to study l,-K)chat by this reaction with 10 MeV
deuterbns. Thus dhambigupus data may be obtained using a deuteron beam from a

159

Tandem Van de Graaff accelerator, a natural La target, and a magnetic spectro-
graph %o,analyZe the reaction products. Theoretically the nucleus is expected to
be of intermediate difficulty. That is, although there is extensive configuration

"mixing due to interactions of the seven protons, it is in a region where quasi--

particles which are defined by a special Bogolubiov transformation give good

‘ldescriptions of even-even and odd-A systems.LL Also since there is only ohe neutfon
.Outsidé the 82 magic ngutron configuration, one would expect very small vibrational
phonon aﬁpiitudes iﬁ %Ae lower single quasi-proton states.5 It should be possible
to describe the states below 1 MeV by an effective guasi-proton neutron interacﬁion :
- using an odd—o&d guasi-particle model. »
inwsection II, the results of previous experimental in?éstigations are
‘vrévigwéd. In sections IIT and IV, a discussion of the éxperimenfal technidue
and.thé fesuiﬁs from the studies of levels below 1.858 MeV.by (d,p)‘reaction
.5pec£roscopy aré given. A qualitative discussion of the odd-odd qgasi-particle
model is presented in section V and an interpretation of our levels below 600 keV

 is given. In the second paper we give the mathematical details of the odd-odd quasi-

particle model and apply this model to luOLa.

.

T

s
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o ITI. PREVIOUS INVESTIGATIQNS
| The investigatipn of the negatron decay of luOBa to luoia has been pérformed

by manyAdifferent gfoups.6 o The high resolution‘ﬁbrk of Geiger, Graham,
and Ewan7 stfongly suggested a number of spin-parity assignments and accurate
eﬁergy levels. These assignments have been confirmed by the gamma-gamma angular -
éérrei&ti@n measurements of Agarwal ég gl.8 and lifetime measurements of Burde.
et §£.9 Burdeygz al. confirmed the original level assigned by Geiger et gl; ét
581.1 keV which had_beeﬁ reassigned at 566 keV by Agarwal et al. |

A level scheme consistent with these results is giveﬁ iﬁ FPig. 1. Low
énéggy.gamma;raysvfrom thermal néutrbn‘capturelo could not ﬁe rlaced éonsistently

in thé existing scheme but the study of high energy gamma rays foliowing neutron

C 1 5 ) ’ 140
capturE‘l defined some additional new levels. (See Fig. 1). Study of La by

the (d,p) stripping reaction was performed by Bingham and Sampson12 with an
energy resolution of approximétely 70 keV. Angular distributions were measured
and fhé..ﬁ transfers were determined for a few groups. Comparison of these
resulfs.with the decay-scheme results (Fig. 1) shows that the resolution was

not good enough to resclve some of the known states. Since our instrumentation

Sis appreciably bétter in this respect, a reinvestigation of the reaction seemed

" worthwhile.
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IIT. EXPERIMENTAL METHOD
Targets were prepared by evaporating La2 5 (13) from a small carbon
crucible under a high vacuum onto thin carbon backings. The required tempera-
ture was achieved by using an electron gun technique.lu .The\backings were
obtained by depositing carbon by an electric arc in a high vacuum onto glass

139

slides that had previously been coated with Teepol*. After La was evaporated,
. the target was floated on deionized water and mounted on an aluminum frame. Targers
prepared'By this method have a thickness of approximately 100 ug/cm2 and the carbon
backings a thickness of 10- 50 ug/cm . ‘

The targets were then exposed to the 10 MeV deuteron beam of the Florida
State Unlver51ty Tandem Van deuGraaff. This beam was collimated by 1/t x 3 mim
J?élits Before reaching the target and the Faraday cup.. The emerging protons were
anaiyzed in a single gap magnetic Browne-Beuchner spectrdgréph,l5' The solid angle
of this spectrograph is ef'the order of 0.7 x lO-lYL sr. As a detector we used an
arrey of three 5 X 25 cm fifty micron thick nuclear emulsron plates wdich are
manufactured by Eastman Kodak Company. These plates were,covered withian Aluminum
fqil 0.12 mm thick in order te'stop elastically scattered deuterons. After_exposure,
tre proton tracks were counted in 1/2 mm strips under micreseopes equipped with |
calibrafed etages. A morevdetadledfdescription of fhis general experimental procedure
“is given in a recent puhlicatior by Kenefick and Sheline.

‘The resultidg séectrum Wasianalyzed by use of a nonlinear least squeres
codel7 in order to determine the individual components of the spectrum. This method
of analysis was neeessary because many of the peaks were unresolved. The shepe of
the Iihe profile and the line width: were inferred from the most proﬁinent peaks. This'
resulted in a éroflle with a symmetric Gaussian curve that has a small low energy tail

|
(approx1mately 5% of the total intensity) which was, in general, neglected.

) ; ..X.. .
~A Shell product.
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- The position of the peaks, as determined by the least squares analysis,
was then ‘entered in a code written for an IBM 709 in order to extract Q¥values
and excitaﬁion‘energies. This code used an empirical energy calibration and

determined if any of the entered peaks could be due to reaction with one of the

impuritiéé that might have contaminated the target. Such impurities could come

from the Teepol, the glass slide, or possibly from the Tungsten filament of the .
electron_gun.

| Calculations of the average, weighted average and corrected éverage of
the excitation;energies Qere made. As a weight a quantity approximately inversely
proportional,tg the ‘standard aeviation of the peak position, as determined by the
least squares codé, was‘usedL‘ In the corrected average, values whose dispersions

wére greater than five timés the standard deviation for a single value were discarded}

*In order to obtain meaningful angular distributions, either we needed to

determine absolute cross sections or to insure that the target thickness and the

luminosity of the spectrograph remained unchanged at the different angles. We
éhose;the first method. To obtain absolute cross sections, we bombarded the
target at each angle with 4 MeV deuterons prior to and/or after the (d,p) experiment

assuming that the same geometrical configuration was maintained at the specfrograph;_

_(In fact the Aluminum foil covering the emulsion plates had  to be removed for this
“experiment). From the known Rutherford cross sectfon, it was then a straightforward

~procedure €0 obtain the absolute cross sections.

@
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Iv. VRESULTS
Eight exposures were taken at angles ranging from 257t¢ 105 dégrees.
.VTable 1 gives a summary of some of the details of the‘experiments. The resolu-
tiég given here is the full width at half maximum of the ground state peak. It
wéslfound that the energy resolution decreases slowly along the plates when
going‘toward smaller proton energies. For example, it is aboﬁt 3 keV larger at
1800 keV excitation than!;;'ihe ground state. The differential cross section
-corresponding to one track és given as a measure of the ultimate sénsiti#ity.
'in a particular exposdré1 This;quantity, togethér with the exposure, gives
 some“ihdicationAabéut the:relafive targéf thickness. We see, fér instance,
| tha§ the farget used af é5 degrees is appreciably thicker th?n tﬁe oﬁhers, T
“%aﬁaiéﬁis resultea in a bfoadening of the linés. o
When the value at 85 degrees is disregarded, the agreement of Q-values

v-detérmined at various angles is very satisfactory. The corrected average is

(
'
i

Q = 2938.3 * 0.4 keV. The good reproducibility of the Q-value, even though

.the plate.distancé from the calibration peak (carbon) to the ground state

peak*varies considerably, indicates that the systematic error of'the.calibraf:

tion is small, and we therefore give the value of Q = 2938 + 3 keV. This gives

a.bindingreneréyvof the last neutron B = 5.16% + 0.004 MeV.

o Oﬁr experimen%al number is in disagreemeﬁt with and outside the eiperi—
meﬁtai error of Everling, et é;.l8 who give the vaiué Bn = 5.02i + 0.07 MeV. vft:
is considerably cioser to the value of 5.145 * 0.015 MeV deﬁermined in the (n,7y)
work of Groshev et _a_,_;.ll and the value of 5.11 MeV derived from the (a,p) Q-value

' L, of Bingham and Sampsoh.12 In view of the high resolution available and the inter-
”ﬁéllcénsisﬁgpcy of these experiments, we believe that thg Bn; value reported here

is the most accurate.
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A typical spectrum is . displayed in Fig. 2. The exact pdsition of the
1 17 . .

C and ~'0 peaks are obtained by short exposures made before and after

intense
the main experiment. Theée peaks are used to recalibrate the incident energy
and test the stability of the magnet. They appear outside the range of interest

at backward angles, but fall inside it at angles less than 80 degrees. As their

‘cross sections are also much larger at forward angles, it is necessary to subtract

a background from under the peaks lying close to them. Because of the large level.
density, this subtraction is somewhat arbitrary and so we do not attempt to compﬁte
cross sections and errors for small peaks in these areas. .

.The least squares techniQué"was essential in order to unfold the first
: ‘ , ; :

.group of peaks. In Fig. 3 the individual components and their sum are compared’

1with the experimental spectrum at 25 degrees. A satisfactory fit can-also be

found when peak 1 is suppressed. However, the fit is then, in general, not as

good, and the line width 'seems too large. Furthermore the correspondence with

the levels of Fig. 1 is m@ch better when level 1 is added.

Table 2 gives the results of the present investigation for energy values
and differential cross sections. Below each value we givé the standard deviation.
For the'energies these quantitites have been computed from the deviations of the
single‘valués from the avérage value. For the inteﬁsities they are statistical
sums of the standard deviation calculated by the“fitting progrém, the error fdf
the soiid aﬁéle calibration and the error for the Rutherford scattering expérimént

which is estimated to be 5%. Systematic errors may arise from an error on the

energy calibration, use of an approximate fitting function, which may be especially

. importént in the cases of close multiplets, undetected impurities and an incorrect

number of components in the analysis. With regard to energies, the figures givéh‘
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take into account only the statistical errors. It is therefore expected that the
true error can be appreciably larger. It may be assumed that the error due to fhe
célibration amounts to 0.5 keV below 600 keV and 1 keV above. We have been tempted
to increase arbitrarily the standard deviation by these amounts in order to avoid
disérepancies with more precise measurements. But this would also make it impossible
to detect meaningful disérepancies. For example, the energy standard deviation 0.2
" keV quoted for level 1 at 30.6 keV is too small when compafed with the accurately
‘measured energy of 29.9% * 0.05 keVe As will be shown in section V, the number of
components uéed in fitting this region is probably incorrect and the discrepancy
supﬁorfs this view. A biased standard deviqtion would have masked the difficulty.
We will use possible largegdifferences betwéen the values given here and more
?accurate energy values that can be obtained by gamma-ray measurements to help
locate systematic errors. : For the levels where a background has been-subtracted -
(dencted with an asterisk), the error is estimated. When a known impurity con-
tributes to the cfoss sect;on, an estimated value of its contribution is given in:.
the comments'when posgible.
Although we have analyzed all spectra down to peaks with a feﬁ»tfa;ks, we
‘have excluded from the table peaks with a cross section of only a %ew microbarns.
Such small peaks may reprdduce at many angles wifh-an acceptable energy spread.
NevértheleSs, we believe that usually it is acéidental and that the inclusion of
such peaks in the table would only be misleading. |
To fit the angular aistributions ve ﬁave used the DWBA code TSALLY of
. 19 .

Bassel, Drisko and Satchler. We know of no experimental values of the optical

‘ e o 109 10 M _ S LTCH . .
model parameters of “Ta for 10 MeV deuterons. Since Ia is radioactive, the
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o 40 -
parameters for . La and ~13 MeV protons would be very difficult to determine
expérimentally. For these reasons we have started with parameters extracted

. 5 v
from the work of Pereygo for protons and Perey and Perey t for deuterons. We

varied them slighfly in order to fit the £ = 3 distribution of the first group

i

of peaks (Fig. 4A) and simultaneously the £ = 1 distribution of the peaks

10 + 13 + 14. This simultanecus fitting put severe constraints on the possible

variations. The fit represented in Fig. I was obtained with the parameters given
in Table 3, uéing the "independent Saxon plus derivative" option. -
, The values for the proton potentlal vere extracted.w1th no modlflcatlons from

the work of Perey. . 51
For the deuteron potentlal we used. the sét of values A from Perey and Perey
and changed only the real radius (from 1.15 to 1.26 F).. A lower cut-off radius
of 5 F was used in the calculation.

The fit that is obtained is very satisfactory. It is possible that small

adjustments of the optical potential parameters compensate some of the approxima-

tions of the theory. The fact that our experimental distributions could be so

‘well fitted is our only evidence that the reaction under study is essentially

T

vdirqct. |

The use of the least-squares fit to analyze the data has generally
resultedfin 1little dispersion in energy values for components of unresolved
multiplets. The intensities, however, often have large uncertainties. Forv
this reason it is better, in general, to compare only the iﬁtensity sum of
badly or unresolved;peaks with the theoretical curves. A meaningful result
is obtéined only if the .ﬂ transferred is the same for each of thé components.
The ahgalar distribution 6f such groups are plotted in Fig. h; By a normaliza- -

1

tion of the total>intensity, it is possible tb compute the average relative
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amplitude of each coﬁponent. The normalized intensities of a number of-peaks
belonging to differen£ groups are given in Table 4. The level diagfam in Fig. 5
collects all the information on energy and £ -tréhsfer obtaineg in this work.
For an extended region, from 1130 to 1330 keV excitation, no £ aséignment
counld be obtdined. We were also unsuccessful in locating levels witﬁ £ =5

and £ = 6 transfer. The multiplicity of these levels should be equal fo the
multiplicity;of the £ = 3 levels, but their cross section‘éhould be an order

of magnitude smaller; The large level density may preclude observing such

states.

V. INTERPRETATION OF RESULTSZ

The nucleusrlhOLa with 57 protons and 83 neutrons has oﬁe qeutron out -
side the 82 magic core. The energy.leﬁel systematics of neighboring isotonic
odd-A nuclel sﬁronglyvsuggest thét'this neutron occupies the 2f7/2 orbital. OQut-
side the 50 magic_core are‘sefen protons which.arevprobably in the‘ig7/2vorbital{
If the lg7/2 orbital wefe separatea-from other proton orbi?éls'by an energyvof at -
least 1 MeV, it might bé possible to describe the 1ow~1yihg states as arising from
a gonfigﬁration consisting of a 2f7/2 neutron particle and a lg7/2 proton. hole.
_However in 159La the 2d5 /2 proton orbital appears at 166 keV of excitation. This
suggests that there ié strong configuration interaction in the proton system and
indeed proton-proton pairing correlations seem to explain ﬁhe positibn of this
stéte. |

The effects of theiproton—proton pairing correlations have a particularly
simple physical_inférpretation in ﬁerms of quasi-particles. These quasi-particles
are independent excitations which are héle excitations Tor orbitals well below fhe

#



.

£y

‘energy states; then there are two configurations of importance that arise o

from the neutron in the 2f7/2 orbital and a quasi-proton in either the 1g7/2 o 0.

vlh

not surprising, then, that Brennen and Bernstein's coupling rules=° are violated.

[
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Fermi surface. They are partiéle excitations for orbitals well above the Fermi
surface, but they have mixed particle and hole nature near the Fermi surface.
The use of;thié‘independent quasi-particle picture has had great success in

quantitatively explaining many of the low energy features of odd-A and even-

“even nuclei in the mass region which we are considering. It's quantitative

application to manyIOddfodd nuclei is as yet untested but qualitatively we

would expect the gross structure of the odd-odd nucleus to be very similar to
that prediéted by the two particle shell model.

For example, if we consider lLLOLa and attempt to predict the lowest

‘orbital or the 2d5/2 orbital. From the first configuration, we ekbect an

~octuplet of, Ievels that have spins O - 7 and negaﬁive parity. From the second

configuration, there will be a sextuplet of levéls that have spins 1 - 6 and

negative parity. The ordering of the levels within each multiplet will be

different from that predicted by the two particle (or hole) shell model since

each quasirpafticle is part particle and part hole. Therefore in the case of ' ﬂ‘.yé

O ’ ' : : " T
‘Ta;, there are both particle-particle and particle-hole interactions. It is . o

These rules predict & ground state spin and;pafity of 6- for a particle
hdle configuration: ahil? for a particle particle$configuration:they predict a-
O—‘ground state. Howeﬁef it is believed the group@ étate has a épin and parit& o
of 5-. Thé situafion is!further ¢omplicéted by £he fact that two configufations

generating states of the same parity are very close to each other in energy.

This suggests that there might be considerable configuration mixing‘due to the
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residual rieutron quasi-protgnLinteraction. Thé (d,p) reaction is a sensitive
test of this prediction. If there is no configd;ation interaction, then because
of the well—known selection fule that proton exéited configurations are not
vexc1ted by direct (d,p) reactions, the sextuplet of states [2d5/2(p 2f7/2(n);
J =]f,‘i‘i6— > will not be observed. Furthervthe octuplet of states
Ilg%/g(p)2f7/2(n); JT =0-, +»+,7- > will have intensities proportional to
(2J+1). The next statesvpopulated in the (d4,p) reaction would then presumably‘
- be llg7/2(p BP?/E(n 3 dm = 2- yo- >. Of courée the quartet of states: |
[ 5/2 5p5/2 ); Jr = l---f h- > should also be close in energy and pos51bly.'v
mix. The states Lhat arise from the 2f7/2 neutron configuration.should all

“have £ = 3% aygular distributions. Those from the 5p5/2 configurétion should
“have £ =1 anguléf diétribﬁtions.

Finaily in this gqualitative discussion of the quasi-particle model, it
should be pointed out that in ordér to explain even-even.nuclei and odd-A nuclei
.in many mass regiéﬁs vibrational states must be considered. However in l}'K)L<a we
ha&e a particulgriy favorable case. An examination of Kisslinger and Sorensen's

59La. and ulCe wavefunctions11L shows that the lowest levels are essentially pufe
quasi;pérticle in nature. This results because in 159La (a siﬁgle closed shell
nucleus) the one phonon gquadrupole vibration is ~1.5 MeV. 1In lLLOLa we ﬁay_hopé i
B to explain our states as pure two quasi—particle excitations without tﬁé.compliééf
tion of considering colléctive admixtures. The énalysis which %olldws is summarized
in T;ble 5. »

(1) Let us first coﬁsider Jevel 6 at 284.2 keV. It is the most intense

peak in the (d,p) spectrum below 600 keV of excitation and has a relative inten-

sity of 35.7. See Table lLa.) This state has an £ = 3 angular distribution,
y .



13- : UCRL-16598

énd‘is assigned as the llg7/2(p)2f7/2(n); Jr = 7- > state. This assignmen@ is
based on the fact that no other state with a spin and parity T7- is expected in
thé low energy portion of the spectra. Therefore the 7- state should be wvery
pure. According to the (2J+1) rule, this must be the most intense state in the
multiplet-llg7/2(p)2f7/2(n); Ji = b—---~7— > . Configuration mixing in other
members oflthis multiplet does not change this conclusion since configuration
mixing can only reduce the intensities of the individual mixed states. Besides
knowing thét fhe state is pure, we see also that the peak at 284.2 keV is well-
_definéd and its area is accurately determined. Thus ve may safély'ﬁse it to
‘measure configuration mixing.in other states by determining their relative.
v;intenéity with respect to this state.
| (2) ‘The ground state has a spin and parity of 3-. This,has been deduced

both from its beta decay6 and from atomic beam studies.gB« This state has a meas-
ﬁred £ = % angular distribution, consistent with the geut;on being inrthe 2f7/2
orbital and has a relative intengity of 15.6. If the state were pure
llg7/é(p)2f7/2(n)3 Jr = 3- >, then the (2J+1) rule would predict that (13_/i7_)£'

= 0.47. The experimental ratio is (IO./128M.2)

= 0.38 £ .02. Because of argu-
exp 3

ments given earlier in-this section, let us suppose that the pairing scheme in

159,

. 2 N ‘
La is good. Then to good approximation  we need to consider only two quasi-

. 140 . ‘
proton states in 1 la, viz ;]lg7/2(p) > and |2d5/2(p) > so that for spins 1 - 6

there are only the state‘vectors:

I

| T M >

R Oﬁll%7/gﬁﬂ2fﬁ/20”3 JM.‘}4;B%l2d5/ggﬁ2f7/ghﬂi ; M >

3

‘|J M'>é - a211g7/2(2)2f7/2(n); M §.+ Bé[2d5/2(p)2f7}é(nj; J M >

h.
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If we choose phases so that the O's are positive, then Bl =% Jlﬁai s
a2 = [Bll and 1621 = Q- In direct reaction theory, the cross section for
a state is proportional to the spectroscopic factor. For the (d,p) reaction,
this is the square of the overlap integral of the target ground state plus the
incident neutron and the final state in the daughter nucleus. Thus for state 1,
the spectroscopic factor will be proportional to Oi'while for state number 2, it
will be proporﬁional to Bi . The theoretical ratio of intensities for mixed
states will be(IJ;/I7‘)th - 72(2J+1)/15 where for states labeled 1, v = al
and for states.labeled 2,y = Bl. Solving this expression for ~y using the experij;:
meﬁtal-intensity ratio, we find that fér the ground state |aj= 0.90 and [B]

9 o

t al.” assume that this state

= o.h5ﬂ In fitting transition probabilities Burde et
45 pure.

(3) If there are only two contributing configurations, then we expect a
second 3- state with‘ a = 0.43 and;IBl = 0.90. The predicted relative intensity
‘pf this state is (15_/17)£*;=o.09."Léve1 7 at 319.2 keV has an experimental
relative iniensity of (IB—/I7_)eXp'= 0.09t0.01 units. Cn the basis of the eviden¢év
we conclude that level T is the second 5- state. |

- (4) Level 4 at 63.2 keV has a £ = 3 angular distribution and a relative
= 0.58

intensity of 20.5. This yields the experimental ratio (163.2/Ié8h.2)exp
* .03. This is in excellent agreement with the theoretical prediction of the
(23+1) rule for an unmixed h- state, viz. (Ih-/IY—%h. = 0.60. Therefore we con-
clude that the state at 63.2 keV has Jir = b- and o = 1.0. Because of its high"

spin, this level would not be observed in the beta decay of luoBa and since.

@ = 1.0, the second 4- state is not expected to be observed in the (d,p) experiment.

7
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are highly admixed.
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(5) TLevel 3 at 49.2 keV has a £ = 3 angular distribution and a normalized

inténsity of 30.4. Using the (2J+1) rule for unmixed states, one would conclude

- that (16_/17;5th=o.87. If we take the ratio of the relative intensity of this

‘ ' _ . ‘ = 0.85+ . .
}evel and the 7- level, we find that (IM9.2/128M.2)exp 0.85:0.03. Considering.
the.experimental errors, this is sufficiently close to the theoretical ratio to
conclude that the 49.2 keV level has Jm = 6- and o = 1.0. Here 'also the large
spin of this state precludes its observation in the beta decay of luOBa, and since

o = 1.0,. the second 6- state should not be observed in the (d,p) experiment.

(6) Level 9 at 578.6 keV corresponds to the level observed in beta decay
- 1ko ' :

of Ba, 59 at 580 keV. This level has tentatively been assigned O- spin and

parity. This state, like the 7~ state, should be essentiaily pure. Because of

its very small intensity, it was not feasible to measure its angular distribution.

. 3 . : - . . P ,__- . i‘ . .
However its pormallzed intensity is 1.7 so that (1578.0/128h.2)exp 0.05 0 O;
The theoretical value for the ummixed O- state is (IO-/IT-)fh:O'O67’ This agree-
ment stroﬁgly supports the spin O assignment.

(7) Level 5 at 161.6 keV has also been observed in the beta decéy of

ko 7,8,9

Ba Thé 162 keV transition to the ground state is almost'entirely M1

: b
and so the fact that it has been populated directly in the beta decay of 1 OBa

makes the spin and parity.assignment of 2- unique. This state has an £ = 3

angular:distribution and a normalized intensity of 6.0. Therefore for this

state O = 0.72 and IBI = 0.69. This would imply that the normalized intensity

of the second 2- state is 5.7. Burde et gg.g-have also found that the 2- staﬁes

' Y : : L y G
(8) Level 8%at 466.6 keV has been observed in the beta decay'of'l OBa. 18,9

Both angular correlation measurements and messurements of the mean life of the state

i
2
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suggest that it has Jm=1-. This level has an angular distribution consistent ~

with £ = 5 and a normalized intensity of 2.4. This yields the experimental

N

rafio (¥M66.6/128h.2)exp :10.07 i.'Ol while the theoretical ratioc from the
(2J+1) ruie for unmixed sﬁates is 0.20. Therefore o = 0.59 and [3[ = 0.81.
This is in contrast to the results of Burde et g;.g who argue froﬁ‘trénsitiOn
“ probabilities that the two 1- states are only slightly admixed; The normalized
intensity:of the second 1- stéte is predicted té be Hié units.’

| (9) Level'l at 30.6 keV is certainly the state observed in the decay
of luOBa at 29.6 keV.7’8’9 T%e 29.6 keV gamma transition to the ground state
bis predominantly M1 and so the fact that it is observed in beta decay from the
d?: ground state of lLLO-Ba make;{the spin assignment of 2- unique. This'state:
has an £ = 3 angular distribution and a relative intensity of 14.4. The pfedicﬁed
valueﬁfof the normalized. intensity of this state (sée paragraph 7) is onlj 5.7.
But ev;n if this state were.pure, the (2J+1) rule would predict a norﬁalized |
intensity of only 11.8 uﬁits.L701éarly this is impossible and indicates that
there are either more levéls in the first groupletvof peaks than the least
squares énalysis indiéatés and/or there is not sufficiené’experimentai detail
td accurately deﬁermine the relative intensities of the states labeled 1 and 2.
This is suggested by the fact thét an acceptable fit in the least séuares sense
cén be obtained by omitting peak 1 and that there appears to be a large systematic
'error in the excitation energy measured in the (d,p) experiment.
| uOBa,7?8’9

. 1 .
(10) From the beta decay’ of it 1s deduced that there is a

©

state at 43 keV. The fact that it does not decay to the ground state strongly
suggests that its spin and. parity are 1-. We find no state at 43 keV. Howevér

if the state were pure 12d5/2(p)2f7/2(n); J=1- >, then it would not be excited
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~in the (d,p) reaction. Assuming that the values of « and |B| extracted in (8)

are an accurate measure of the mixing of these two states, then we ﬁould expect
a normalized intensity for this 1- state of L.6 units. Although our experimental
detail is insufficient to define this peak, its arbitrary inclusion helps to
expléin the diécrépencies cited in paragraph (9). |

(11) We have now aecounted for seven of the eight stétes expected from

the multiplet |1lg. (n); Jr = 0-, «+.. 7- > . Only the 5- state is

7/2(p)2f

/2

‘missing. This state cannot be observed in the beta decay of 1uoBa, and if it

is unmixed, the (éJ+l) rule predicts that its normalizediintensity should be 26.1.

e

i i
1

‘Level;QQ - - has a normalized intensity of 21.2. Rather than propose that this

. decreased intensity is due to configuration mixing, it seems moﬂe likely that

states 1 and 2, in addition to the unobserved state at 43 keV, are inadequately
decOmposed‘by the least:squares analysds. From arguments presented in paragraph
(9), there are 8.7 too many units of normalized intensity in level 1. Of these,
4h.9 ﬁnits can be accounted for if level 2 has 26.1 units_of intensify. An addi-
tional'h.6_units would ge accounted for if the mixing of the 1- states deduced. in

paragraph (lb) is correct. Thus within experimental accuracy, we have accounted
R that

- for the intensiﬁy within the first grouplet of peaks by assuming/the 5- state is

! : . :
“unmixed and that the intensity of the 2- and 1- states in this grouplet can be

predicted ffom a knowledge of  the relative intensities of the 162 kev 2- state
and the L6 keV 1- state. Since we have assigned the value & = 1 for this
state, we expect not to observe the second 5- state in the (d,p) experiment.

(12)" Peaks 10 - 1k are five intense, well-resolved peaks having £ = 1

’angular distributions and a mean energy of 687 keV. From the systemétics of

neighboring‘iégtonic odd~-A nuclei, one expects that the 3p3/2 neutron orbital



18- | ' UCRL-16598

13

should appear at »NTOO keV in excitation. If we assume that we can negléct
vvibrational states, then there should be eight states produced from the con-
:‘fiéurations llg7/2(p)5p5yé(n);.3ﬂ = 2-....5- > -and {2d5/2(p)5p3/2(n);

Jm = 1--ee::bo > . To first order, the states having spins 2, 3, and 4 may
be close enough in energy so that they can be appreciably mixed. Of course,
thé llg7/2(p)3p5/2(n); Jm= 5- > gtate would be pure and should be thé most
intense. But the method of analysis used in paragraphs(l)—(ll)fails. After
suﬁming the total £ = 1 intensity of these five peaks, ve fihd that péak 1h,
éhe most intense of this group, is six units too small in relative ihtensity

'to be the 5--S€ate_predicted by thej(2J¥l) rule. jThis suggestS‘that.ﬁere
phonon admigturéé are appreciable. This gs not surprising sincﬁ Fulmer et g;.25

» . o n .
found appreciable phonon mixing for the 5p3/2 state in © lCe. It is pertinent

) : 2
that in lulCe, a nucleus with only one more proton}‘Fulmer et al. 2 find the

1

BpB/Q strength shared between levels at 660 keV and 1120 keV and that the mean
energies of our first two groups (levels 10 - 14 and levels 18 = 22) that have
25

-see their

£ =1 angular distributions are 687'keV and 1077 keV. Fulmer et al..

S ' has - -

first exeéited state'whibh/ an £ = 3 angular distribution at 1500 keV. We observe
have ' B '

a séqﬁenée of levels that/ 4 =% angular distributions between 1400 and 1600 keV
which we therefore.atfribﬁte to states having a large siﬁgle-particlé 2f5/2 gom- |
.p6nent in théir state Véctor. Fulmer et g}.e5 observe their first £ = 1 state
cattributable to #he jpi/g single pérticle state at 1730 keV. Wévobserve a
sequence of states having 2 = 1 angular distributions between 1702 and 1795 keV.
It becomes very complex to discuss these states in terms of even a simple
odd-odd quasi-particle and phonon model because the state vector is then a linear

combination of the basis vectors jpEﬁJ;4pR;IM > where EP and Eﬁ are the quantum

numbers of the quasi-protons and neutrons which couple to angular momentum J .
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The letter p represents the number of phonons coupled to angular momentum R, and

J ende.are coupled to I. Even if we restrict our énalysis to states with at most
one phonon (pR = 00 and 12) and with Ei'z lg7/2,or 2d5/2 and 35 = 2f7/2 or 5p5/2,
there are 17 basis vectors heving that gpin 5 and neéative parity. At least five
of these.ﬁill be close enough in zeroth order to couple extensively‘with the
l(lg7/25p5/2)5 30035 > cdmponent which has the total 5p5/2 strength for spin 5 states.
Thls complex1ty in the nuclear structure makes it impossible to use s1mple relat10n~
ships such as the (2J+l) rule and angular distributions to deduce detailed informa-

tion about the nature of the states or even as measure of their spin.
* v VI. CONCLUSION ’ ! Nt

We have observed 70 levels below 1.858 MeV in the nucleus luOLa by (d,p)

reaction spectroscopy and have characterized 43 of them by specifying their

values as deduced from angular distributions. Of the 1k lowest levels expected

7/2(n), Jﬂ‘% 0=, ,7 > and
12d5/2(p)2f7/2(n), Jmo= 1~ 6- > , we have characterized 11 with respect to

their energy position, spin, parity, and the absolute value of the amplltudes in

. the state vectors with the assumption that configurations other than the two

mentioned above are not important. In addition, the (d,p) intensity of the

observed k-, 5-, and 6- states suggest that they are not appreciably mixed and

therefore the three unobserved states which also have these spins should be

observed in the (d,p) experiment with very small intensity. Below 600 keV we

have not been able to interpret the two weak levels U4b and lbc. Heﬁever, as

shown iin Table 2, only one of these peaks may be real. It is most likely the
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3

'ﬁnassignedfh—, 5-, gr 6-.state and is populated either through Q.weak lg7/2
profon cémponent or a second order process in the'(d,p) reaction. Any aftempt
fo extend £hese simple interpretations to levels ébOVE;éQO keV seems doomed
‘becaﬁsé of the strong phonon particle coupling. | |

140 . . :
La is one of the first non-magic vibrational odd-odd nuclei to be

154

carefully studied. The results suggest, at least quaiitatively, the validity
“of the odd-odd quasi-particle model but above 500 keV careful consideration

‘of the-particle phonon interaction must be included in_any description even in

this simple case where there are only 83 neutrons.
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Table 1. A summary of experiments.

Target Exposure  Resolution  Cross sec/track  Q-Value
No. deg ¢ (uC) (keV) (wb/sr) (kév)
1 25 10,000 13.1 10.20 29%9.7
3 35 | 6,000 12.4 0.56 29364
3 L5 :_7,500 12.8 0.45 2939.1
5 ,55 6,000 13.9 0.54 2959.1
3 653 6,000 12.1 0.58 2938.5
3 75 hié;odo ' 12.8 - l'1-0.29 2937.6.,
W - 85 9,000 ' 14.3 0.13 2921.1‘_
6 105 8,000 12.1 0.32 2557}8'
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Comment to Table 2

TFor the significance of these standard deviations, the reader is referred ﬁo the
paragraph én errors in section IV. Since we cannot make a good estiméte of such .
-errors as the energy calibration error at this time, we prefer not to increase

arbitrarily the étandard deviation £o>include them, 1in order not to mask such

important errors aé an iﬁp;opef’number of components in the fitting of a group

of peaks. Laréé’and erratic differences compared to the étandard deviation between

our- and other values should however not automatically be interéfeted in this sense.

Fop instance impurities may also alter the resﬁlts, especiéliy in the case of small

peaks. We VPelieve the standard deviatiqh!in intensities is in geheral é good |

estimate of the true error. However in some qases"an improper number of combonenté, ' v ‘f
impurities and the approximate fitting éhape may be”the cause offlarge'non—

statistical errors.
.¢It appears from the discussion ig section V, that there is an unobserved peék at -

L3 keV which has a non-negligible.intensity. The iﬂclusion of this component would,

of course, modify;fhe energies and intensities ofzﬁae close lying peaké.

*A background has been sﬁgﬁracted from this peak.
: **Itris”possible that the two levels la and 4b have only been artificially decomposed
| and thét they represent iny one level at about 102 keV.

The-appearanpe of impurit&_peaks near this level af several angles makes the v

uncertainty of'the values apéreciably larger than the quoted standardwdeviations;
WA: - The energy value is a weighted value. : .

29

‘1) 58i° component at 45°.

20 o
2) . 9F" at 35° (30 ub).
3) 55177 at 85°.

4 950 at U5° (30%p).

20

5) G. 8. 019 st 25° (100 wb). 90 at 55°. 58129 at 105°.
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Table 2. Level energies (keV) and differential cross sections (Microbarns/sr).

ok~

The standard deviation is given beneath each value,T

i hUCRL;16598

Levél Energy

Differential Cross Section Comments
Se5° 35° U5 55° 65°  75° 85°  105°
GS 0.0 52 134 1hk7 171 194 ‘165 11k 96
| , 6 .,9 9 1% 15 11 71
1 30.6 tfua 85 2020 149 227 189 147 11k 4
T Y A 5. 88 o
2 37.5 81 265 215 345 243 195 ;69 157 . %
0.k b7 k3o M 59 57 Ko 95 61 |
5 ho.2 111 290 uu8? 395 3718 35 251 230 .
0.3 10 17 3] 27 50 28 1h 1%
b 635.2 70 152 299 277 e6h 228 199 156
0.2 6 9;' i9‘ :22 B8 13 15 11
ha. 92.8 4 I 9 13 11 3 ‘32 5 e
1.5 1 £2i 3 v 5 2 l 1
bp 1063 5 12 20 13 9 16 30 1k *%
| 0.7 1 é 2 L b 3 3 2
5 161.6 25 Wy 8 77 71 62 60 43 .
0.3 > % 8 7 6 & 5 L
"6‘~ 58h.2 125 315 L7  bop  LL7 387 3k o3l
0.4 8 20 27 30 25 20 17 20
7 319.2 1k 21 . Lo 31 i¥e) 35 38 32
0.7 5 i 3 5 5 i
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Table 2. (continued)

Level En‘ergy Differential Cross Section Comments

S25° T 35° b5 550 65° 75° 85°  105°

8 466.6 o2 3L 35 31 26 20 16 WA
1.0 3 2 3 3 2 n 3
9 578.6 20 39 19 16 14 21 6 K
1.k 3 6 5 3 2 2 3 |
; 10 661{6  “hezx 369 23 L4310 LiT o 363 0 26% 148 WA 1~
‘o.é"' 30 125 ;o 30 j25 . 20 20 1h |
‘il 658.%5° 37hx . L88  L71 yh5 373 - 238 191 |
0.5 : 30 ‘- 30 31 26 22 16 'i5
12" 711.6 25T% 528 268 200 162 108 85
Lo s 15 19 W 1 7 7
15 7hh.s 18l 188+ 191 157 153 117 95 0
| 0.7 20 éo; 1L 12 11 5 6 5
77T 513% ”99f 660 557 kg2 L76 330 237
| 0.6 60 Ko 38 35 28 26 18 15
15 79k.2 58%  75% 31 35 k3 31 68 1k
0.8 | 20 10 8 L 5 3 5 2
16 910.6 ho¥  To¥ 55 36 34 23 o
| 'o.8v 15 20 L 3 L 3 2
17 930.% 8% pgx b 8 yo1 8
| | 0.8 10 10 1 1 | 2 2 . 3
18 10%5.8 W w60 %2 i M?l ee 17
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Level Energy Differential Cross Section Comments
25° 357 U5 55° 65°  75°  85°  105°
'A19 1056.9 248  3Lkg 339 370 351 326 228 154 2
| 0.8 20 25 2k 23 21 20 13 9
20 .1076.9 23 3% 28 17 14 21 | ol 5
1.4 3 5 bk L 5 2 1
21, 1102. 4 12u" 17 157 161 151 1hk9 111 62
0.9 10 ‘}iu 11 10 .11 1h 7 &
22 ams.e 0 80 79 796 T3 % IR O 3
09 8 & 7 135 1 5 5 5
23 1137.0 80 108 108 . 75% 75 55 7l 35 WA
| | 1.0 8 9 & 1 9 13 7 5
2k . 11k9.9 3%3% 29 | 43 67% 26 37 2l 29
| 1.k 10 5 6 15 L 1k L 5
1169.1 33% 36 19 8 6 12 3 WA
. 1.0 10 oL 3 1 L 2 -
26 .. 1101.8 hox o2 115 87 7§ 65 58
| 0.8 20 8 8 8 5 o5
27 . 1212.0 28 60 33 30 0 38 16 4
| 1.0 5 7 5 b 5 3
28 1e27.1 26 21 5 5 10 L
1.7 5 8 3 3 2 2
29 12u5.6 3% 2k 29 25 2 2%
| 0.6 : ; TR 4 4
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‘Table 2.. (continued) o

Level  Energy Differential Cross Section Comments

25°  35°  b5° 55°  65°  75° .85°  105°

30. '1é62.u 22 31 15% 17 19 19
0.6 5 L 10 3 3 0 2 7
31 1279.9 os% 27 3E* 7 10,‘; 15, (o,
0.8 10 3 15 2 3 2
2. 1095.4 38x M8 59 55 53 38 33
1.0 0 s 5 5 5 3 R
| 33 i512.5? ‘r '“él* 21 V‘ i9* ,l%v ‘i%;j: 18 "17J S WAf
1 g o 10 5f 5{ 2 3
3l i528.o | 13 12 7 o 3
2.2 3 7 2 . 3 '§ 
S35 13ks.0 . Y 103% 7L 70 66 60
1.3 om0 17 1 T 12
36 155é.2 Lo ? 7 %%% I3 58 25 19 WA
1.0 20 } 15 .16 161 6 2
37 1370.2 Yox 26 W3x 27 21, | 23: 20
0.9 10 3 8 L 3 i | 2:
33 1388.0 105% .18 26 10 2, T | ;ug' 5
15 20 3L 3 Ve 29
39 1403.3 18% a2k 23 17 15 25 6
0.6 10 3 7 n 3 4 27
o 18k hox 79 139 89 107 T3 63
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- Table 2. (continied)

“Level  Energy Differential Cross Section - Comments

25°  35°  h5° 550 65° 75 85°  105°

b1 | 1431.5 L5 10k 113 127 8 107 109.
0.5 15 20 | 9 1h 19 9 3

ho 1hbh.o. AT 56% 71 6% 61 kg i
| 1.0 110 .25 6 b 26 T b

L3 1461.1 hix 48x  gox 80 8k 78 67 60

0.8 20 20 15 15 9 6 7 5

W b9z Mo bsx bsx 88 Ilizx 57 ';'5,,1 L 7

| 0.9 15 20 20 10 20 & 5 5 C
45 1493.0 y L% hEx 65 36 Lo 40
1}u~f 18% 20 20 9 10 i 5
L6 1508.0 P 10 68% 55 25 32 ok
f 2.2 30 11 13 8§ ok

W7 -, 15i9;5 3% L8k Tl IBQ el WA

| 0.9 10 20 8 k13 o

| W 1529.2 5%% ’ zu*‘ 1 70 37 T4 WA
0.6 ;;5 10 ’ 5 18 7

bo * 155h.6  32%  Lbx 66 6 55 2 ) WA
: - 0.6 10 15 19 7 b 5
50.:‘”'i568.9 21% 39 Lo Lo sh b1
1 0.7 10 15 25 115 5

5 i585.6 LoBx 1% 62 27 15

DL 5 19 15
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Table 2. (continued)
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Level Energy Differential Cross Section Comments
25° 357 L5° 55°  G65° 75°  85°  105°
52, “ 1600.1  bsx 81k 86x 37 Rx 62 53 39
vb.9 10 10 30 19 25 5 5 5
' 55 11616.6 2%3%  TT* 51¥ Q2 35% 28 25 27
| 'ﬁ'g 1.1 10 10 20 10 20 T V-4 b
Sh . 1630.2 6% b8k Ghx L5 8sx 77 Wb 55
1.0 10 10 .20 8 20 7 8 6
55 16Ms.60 Bk 3T STE Gor  SBé b3 ke 358
11 7, 8" 20 8 20 50 6 4 |
56 1657.4 ook L 66x 3% 3¢ 50 sk 27 WA
121 5 5 25 8 7T 5 4 3
57 i67é;7 2lx 35 39%  Ohx  33% 35 26 11
| i.l 6 6 25 20 10 5 3 5
58E 1685.2 W8 63 Thx sux 89* &8 51 39
o 08 6 T s 15 10 6 b 6
59 1702.2 4 50  61%  99x  81x L3 4§ 32
0.8 b 5 10 10 5 5 I
60 1718.1 117 127 91 118 90 L8
0.8 1102 10 1 26 11 7 16
61 1730.1 { 8 63 95 109 53 66 b7 -
1.6 ) 35 37 30 20 8 5
62 17h2.1 375\ | hB: 97 117 6k - L9 59 9
57 15 | 10 19 f | )
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Table 3. Opticai Model Parameters.

UCRL-16598

"d" potential

. n

p potential

e

Depth of real potential Vg (MeV)

Nucleus and charge radius r R4 (F)

i 0g’
Diffuseness of real potential as&(F)
Depth.of Surface part of imaginary potential WD(MeV)

Nuclear radius of imaginary potential Tor (F)

Diffuseness of imaginary potent'ial-aI (F)

5
1.26
0.87

12
1.37
0.7

57
1.25
0.65

1h
1.25

0.h47
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Table 4a. Normalized cross sections of the peaks GS, 1, 2, %, 4; 5, 6, 7 8 and 9.
Norm: GS + 1L + 2+ % + 4 =>100 o
Angular distribution: £ = % (see Fig.la)
The standard deviation is given beneath each value.

« Level Energy Normalized Differential Cross Section Average -

25° 357 h5° 55° 65 75°  85°  105°°

as 0.0 15 15 11 13 15 15 13 13 13.6
' 1 1 1 1 1 1 2 0.5
1 30.6 12 9 16 11 17 17 17 15 | 1h.h
0.2 5 5 N 6 6 5 .+ 10 6 2

2 37.5 23 29 16 26 19 18 19 21 21.2
0.4 15 5 3 I i L | L 1 9. 2

3 ho.2 - 31 31 34 30 29 “fsov 29 37 30,4
S 0.3 3 2 2 2 b 3 2 2 0.6
L 6.2 _ 20 16 2% 21 20 21 o3 21 20.5
0.2 - 2 ! 1 2 11 1 0.7
5 ,161.6 © 7.0 LT 6.7 5.7 5.4 5.7 6.8 57 6.0
S0 6 6 5 k5 6 03
6 28k2 3k 34 36 37 3k 35 39 31 35.7
ok 2 2 2 2 2 2 2 3 0.6
7 319.2 3.9 2.3 3.0 2.3 3.0 3.2 L3 Lo 3.3
0.7 0.3 0.3 0.3 0.3 0.2 0.5 0.3 0.5 0.3

8  166.6 oh 2.6 2.7 2.3 2.4 2.5 2.3 2.40
1.0 0.3 0.2 0.2 0.3 0.2 0.4 0.3 ‘0.1

'9 578.6 2.1 2.9 1.4 1.2 1.3 2.4 0.8 1.
1.4 0.3 0.5 0.k 0.2 0.2..0.2 0.4
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Table 4b. Normalized cross sections of the peaks 10, 11, 12, 13, and 1kh.
Norm: 10 + 13 + 14  => 100
Angular distribution: £ = 1 (see Fig. Lp)
The standard deviation is given beneath each value.

Tevel Energy Normalized Differential Cross Section Average
| 257 357 5T 550 050 75 850 105°
10 601.6  38¢ 35 33 38 59 38 38 35 36.4
o 0.6 3% o o 3 2 o 3 3 0.9
‘11 658.3  33F 38 4 ke 39 35 b2 38.5
0.5 3 2 3 2 2 2 3 1.3
12 711.6  23% 18 .23 19 17 16 19 19.1
0.7 2 1 2 1 11 2 1.0
13 Thk.s 16 18% 15 1k 12 1k 15 14.8
| 07 t2 2 1 1., 1] 1. 1 0.6
b 711.7 he¥ T T S 50 L8.6
0.6 5 G 5 3 3 3 3 - 3 0.8

* ‘ ;
A bpackground has been subtracted from this peak.
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Table ke, Normalized cross sections of the peaks (S. 1. 2, 3, L,
“Norm: 18 + 19 + 20 + 21 + 22 = > 100 :
Angular distribution: £ = 1 (See Figures bc and 4d)
The probable error is given beneath each value. ’

UCRL 1650%

5, 6. and 8.

Tevel Energy  Normalized Differential Cross Section Avérage
25° 357 45°  55°  65°  75°  85° 105°

18 . 1035.8 9¢ 8 9 5 T T 5 6 7.0
06 2 1 1 1 1 1 1 1 0.6

19 . 10%.9 8 55 51 56 56 55 50 58 53.%
0.8 Iy b i L 3 3 3 3 1.2

20. 1076.9 ‘4.5 5.0 k.2 2.6 2.2 3.5 5.2 1.9 3.6
1k L. 8 6 6 6 .8 o R A

21 1162”u:t-2u oee o ek 2k 25 . 2k 23 ,25:9
0.9 2 2 2 2 - 2 . 2 | 2 2 0.%

22 1118.2f‘ 14 12 12 12% 12 9 16 10 12.3
0 9 2 1 1 2 1 1 1 2 0.7

* v :
A background has been subtracted from this peak.
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Configuration Analysis.

Table 5.

6

7

1 2 3 4 5 1 8 _ 9 10
Level Energy Normal. Intens. Spin Experimental Calculated Rel. Comments
N o o (23+1) State Vector Intens. Experiment.  Section V
Nr. (keV) Intens. Rule ™ o 18| Tntens.
GS .0 13.6 0.47 3 0.90. 0.43 0.38 0.38 2
0.9 B ' 0.02
1 20.6 1.k 0.%3 2 0.69 0.72 0.16 ) 0.Lo} 9
0.2 2 0.05/
’ t o
: i G.5%
2 37.5 21.2 0.73 5 1.0 ~0 0.7% ¢1.02 0.59(x0.0L 11
0.b 2 o.oé{
oa i Unobserved 0.20 1 0.81 0.59 0.13 ; Unobserved| 10
3 Lhg,2 30.4 0.87 6 1.0 ~0 0.87 0.735 2
0.3 0.6 0.03
L £ .2 20.5 0.60 L 1.0 ~0 0.60 0.52 L
0.2 0.8 , 0.03%
5 151.6 6.0 0.0 2 0.72 0.69 0.17 0.17 7
0.3 0.3 0.01
3 28l 2 35.7 1.00 7 1.0 1.00 1.00 1
0.4 © 0.6 0.02
7 31G.2 3.% 0.0 3 0.43 0.90° 0.09 0.09 3
0.7 0.3 0.01
38 LE6.6 2.4 0.0 1 0.59 0.81 0.07 0.07 3
1.0 0.1 - B B < 0.01
9 575.6 1.7 0.06 0 1.0 0.06 0.05 5
1.k 0.3 : ’ 0.01
It is assumed that for spinﬁdoublets the lowef énergy number belongs to the 1g configuration

Col. 3: TFrom Teble ka

Col. 8and 9: Intensity of peak 6

Col. )4:

normalized to 1.0:
Intensity for pure 1g7/2 configuration

7
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Figure Captions

: ‘ ' 1hko .
Fig. 1. Levels in La known from previous investigations.

139, 140

Fig. 2. ‘Typical proton spectrum for the reaction a(d,p) la. .

Fig. 3. Least-squares fit of the high energy part of the 25° protoﬁ spectrum

lB?La(d,p) luoLa.

from the reaction
Fig. 4. Angular distribution of several different proton groups from the reaction
j'59La(d,§p) 1uoLa. Experimental data are represented by crosses (X) or by ah‘
asterisk (¥), when a background was subtfactéd, or by a zero (o) when an
impurity component was subtracted. A zero éurrounded by an asterisk
- indicates that both s&btractions have been performed.
a) LeVels,qt‘O, 30, %7, 49, and 6? keV, belongéng to the (lg7/2)p(2f7/2)n
configuration. A - '
_b) Levels at 602, T45 and 772 keV.
¢) Levels ét 1o56, 1057 and 1077 keV.
d) Levels at 1102 and 1118 keV.
;é).‘Levels at 1343 and.1552 keV.
T) Levels at 1u65, 1418, 1432 and 1hkh keV.
&) Level at 1461 keV. |
b) Levels at 1479, 1493, 1508, 1519 and 1529 keV.
i} Levels at 1555, 1568 and 1584 keV.
3) Levels ét i6iﬁ, 1630 and 1644 keV.
k) Levels at'i657% l672vand 1685 keV. | _ _ .

1) Levels at 1702 and 1718 keV.

TN

m) Levels at 1778 and 1795 keV.

g .o Lho . o :
Fig. 5. Level scheme for La from these experiments. Excitation energies

are in keV.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or -that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. ‘

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








