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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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NUCLEAR REACTIONS Ar(p,t)(p,3He), E = 45 MeV; measured o(E,_, E3,_, 0).

36Ar(d,u), E = 45 MeV; measured d(Ea, 8).

J, ™, T, L. Enriched target.

34

Ar

3k

Cl deduced levels,
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3L‘Ar“AND T = 1 STATES IN 3hCl FROM TWO-NUCLEON PICK-~UP REACTIONS

" H. Brunnader+, J. C. Hardy, and Joseph' Cerny

Department of Chemistry and
Lawrence Radiation Laboratory
- University of California

Berkeley, California  9uLT20

May 1969

Abstract

34 36

The reactions 36Ar(p,t) Ar, Ar(p,3 3h

36Ar(d,a) Cl have

He)3hCl, and
3k

been used to study energy levels in 31‘Ar and Cl. Excitation energies and

Jﬂ—values have been established for states up to 8 MeV in 3hAr and many of

their T =1 analogués have been identified in 3k

Cl. These results exemplify -
the usefulness_of the spin and isospin selection rules inherent in two-nucleon

- transfer reactions. The results are discussed in terms of the mass-34 T =1

multiplet  and the J-dependence of their Coulomb displacement energies.

* : R : . )
This work performed under the auspices of the U, S. Atomic Energy Commission.

»+Present address: Department of Chemistry, McMaster University, Hamilton,

Ontario, Canada.
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..l. Introduction
"Two-nucleon transfer reaéfions are chafacferized by selection rules
which»restrict the spin S and isospin T as well as the parity change AT which.
can be transféerred during a reactionl’2). ‘The mosﬁ rigourous of these selec-
tion fules'depends‘only upon two assumptions: 1) that the reaction is diréct,
. and 2) that fhe wave function of the transferréa pair of nucleons is spatially

symmetric. It requires that S + T = 1. Purther restrictions occur for the

(p,t) and (d,a)'feactions due to the quantﬁm numbers of the projectiles. For
- the former reaction the transferred particles are both neutrons and require
T =1 (énd consequently S = 0); for the lattef, the zero isospin of the deu-~
feron and alpha particle fequire T=0 (and S =1). |

| A somewhaf Weaker‘seléction rﬁle may be'derived by making fhe addi—
fional assumption that the relative motion of the transferred particles is
puré s-state. In this event A = (—)L where L is'the total.orbital éngular
momentum transferred by the reaction. For ‘the (p,f) reaction on O targets
this leads'to.a considefable simplification: since S = 0, the toﬁal trans—
ferred angular momentum J ié equélvto L and only thbse final stétés which have
natﬁral parity——i.e., ﬂf-= (—)Jf——can'be produced. Some minor violation§ Qf
these selection rules héve'beén obsefved experimentally but only in weak
tfanéitipns. |

It is the purpose of ﬁhis.paper to demonstrate the usefulness of théSé

selection rules by combining the results of the reactions (b,t), (p,3He), and

34

(d,a) in determining the spins and isospins of states in 3J'}Ar and ~ Cl.

" The excitation energies of low-lying states in 3uAr have recently been

Ireported by several authors3—5) all of whom utilized the reaction 328(3 )SM

He,n)~ Ar;
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there are some discrepancies .among their values, and no spins and parities

36

were assigned. We have used the reaction

3hAr up to 8 MeV; only levels with natural parity can be produced strongly and

Ar(p,t)BhAr to observe levels in

the characteristic angular distributions have permitted the assignments of

spins and parities to many.

3k

The states produced in Ar have T = 1, and their analogues should

appear at low excitation in 3hCl since the ground state of that TZ = 0 nucleus

is the T = 1 analogue to the ground state of 3hAr. The excitation energies

3L

of levels in C1 have previously been determined up to 8 MeV but relatively

few spin-parity and isospin assigmments have been made unambiguouslyG). We

3 )3h01 and 36Ar(d,a)3hc1,

have stgdied‘thése levels using the reactions 6Ar(p,3He
>and made isospin assignmenté using the methods to be described.

Since the target nucleusv36Ar has isospin Ti = 0, the differential
cross sections for the (p,t) and (p,3He) reactions leading to analogue final

bstates (in 3hAr and 3k

Cl) with isospin Tf = 1 must both proceed by 8 =0, T = 1
transfer and hence should have the same shape; the ratio of their magnitudes

can be expressed as follows when charge-dependent effects are neglected7):

k. 2k

» . _40/da9 (p,t) _ _ 2 £ _ Tt '
R = 3,y 2T.-1 ka. Kk ' (1)
dc/d (p, He) £ "3He T3He
"where k., and k3ﬁe are the wave numbers of the outgoing tritons and 3Hé

t
particles. Thus by comparing the angular distributions of the (p,t) and (p,3He)

reactions leading to states which, because of their excitation energies, are.
suspected of being analogues, it should be possible to uniquely determine the

Tf = 1 final states.  This is complicated in practice by the fact that the
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(p33He) reaction can produce both Tf = 0 and 1 states in 3 Cl, consequently?

whefe the density of states is quite high and the possibility of unresolved
doublets is sighificant, some ambiguity can arise. By use of the -

(d,a) reaction,which can only produce T, = O states, this ambiguity can gen-
P £

erally be resolved.
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2. Experimental Procedure

The experiments wefe carried out using the external 45-MeV proton and
deuteron beams from the Berkeley 88-inch cyclotron. Since a description of
the general experimental facilities has been given elsewhere8), only a brief
summary.is given here. The beam was magnetically analysed by being deflected
_through L0° and passed through a 1 mm slit. It was subsequently brought to a
focus in the center of a 50-cm diameter scattering chamber giving a 1 mm by
2 mm spot at the target position. The beam current, which fanged from 50 nA
to 1 UA depending on the scatﬁerihg angle, was monitored using a Faraday cup
éonnected.to an integratihg electrometer.

The reaction products were detected using two independent counter
teleécopes on opposite sides of the beam. Each telescope consisted of three
detectors: a 155 u phosphorus—diffused silicon AE transmission countef and a
3.0 mm lithium-drifted silicon E counter operated in coincidence, followed by
a 0.5 mm lithium-drifted silicon E—réject countér operated in anti-coincidence
with the first two, to eliminate long range pafticles. The signals from each
telescope were fed into a Goulding—Landis particle identifierg) which produced

an output signal characteristic of particle type. This signal wés used to

. generate a routing signal which gated the total energy signal (AE+E) into one
of the 102h;channel segﬁepts of a L096-channel analyser. For the proton-induced
reactions, spectra were rgcorded for a particles, 3He particles, tritons, and
those particles slightly less ionizing than the selected tritons. The

first and last groups were taken primarily to check that ho 3

He or triton counts
were lost. For the deuteron induced reactions only a- and 3He—particle spectra .

were recorded. A schematic layout of the electronic system used is shown

in fig. 1.
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36

The argon target'usédvfor these experiments was 99.6% enriched in ~ Ar.

Spectra from the (p,t) and (p?3He) reactions were recorded for angles ranging

from 8 = 10.0° to elab 60.5°; the o-particle spectra from the (d,0) reac-

lab

. . . . . 3
= 14.1° = 50.7°, T
tion were taken-from 6] y 1 t d to 6 b 50 Triton and He slpectra_

f'recorded for 3450 Ucvat.elab = 24.1° are shown in fig.'é,while a representative

- Y] . . .
1ab 22.3° for 2200 uC is shown ;n fig. 3.

The excitation energies determined for the states observed in the reac-

36 )3h

tion ~ Ar(p,t
3-5,10

") as well as on states produced in the reactions l6O(p,t)l 0 and

)lO

Ar are based on the known Q-value for the ground-state reac-.

tion

12

C(p,t C. An 160 impurity in the target gaé provided continuous calibra-

C _ : _ 3 .
tion, while a carbon dioxide target, run immediately before and after the = Ar, estab-

lished the exact enéfgy scale. The excitation energies of states in 3uCl

produced by the»(p,3He) reaction were determined in a similar manner. Here

3L

the known states in Cl were used up to 2.162 MeV and. the energy scale was '

0 . T e s
extended using th and 1 B states produced from the carbon dioxide target.
. The excitations of states 'in 3hCl produced by the (d,a) reaction were determined
:”uusing the known loﬁ—energy T = 0 states and, in addition, the 4.97 MeV state

36 3. 30

which had previously been determined from the reaction Ar(p,~ He)~ C1. The

excitation energies determined from this work are shown in square brackets in"

figs. 2 and 3; the data are summarized in tables 1 and 2.
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3. Results

In addition to the present data on 3hAr, table 1 includes the results
obtained preViously3-5) from the reaction 32S(BHe,n)3hAr. Although the Q-value
reported by McMurray et a1.3) for this reaction leading to the 3)J'Ar ground
state agrees well with the other wofk, their determination of the excited
states deviates considerably from our work and thaf of refs. h) and 5). Be-
cause of the large discrepancies noted, their values have not been included in
obtaining the average excitation energies shown in table 1.

Those angular distributions of tritonAgroups which displayed identi—‘
fiable structure are shown in fig. 4 where they have been grouped according to
the L;value characterizing the traﬁsitionsf [The absolute cross-sections for
the'largér states should be good to 15%.] The curves cofrespond to DWBA cal-
qulations made using the program DWUCKll) and the parameters listed in table 3.;2’13)
The L = 0 and 2 fits are generally good with the possible exceptioﬁ of the
state at 7.53 MeV. Because S = 0 for the (p,t) reaction,‘the spin-parity of
- the final state in this case is uniquély determined by the ﬁ-value, i.e.; |
Jf = L and Te = (—)Jf. These values are listed in table 1. The experimental
angular distribution corresponding to the peak at h}56IMeV, which is shown at
the bottom left of fig. 4, is not fitted particularly well by éither L=2 or L=3

calculated distributions. However, it is distinetly different from the
‘other experimental L = 2 distributions by being peakea to greater anglés; for
‘this reason, and because there is a 3  state at approximately the same excita-
tion energy in the mirror nucleus 3hs, the state produced is identified as
vprobably'being 37, It ié entirely possible, though,that the peak is an unre-
' 3k

solved doublet involving both a 2+ and a 3— state. Again comparisoh with 7S

shows this to be a reasonable possibility, and the detailed agreement with the
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' Jexperimental angular distribution could certainly be improved by assuﬁing such

a mixture.
3

- The triton angular distributions leading to the first five states
observed in 3uAr are shown again on the left side of fig. 5. On the right side
of the same figure are shown the (p,3He) angular distributions to their sus-

3&01; the latter have been multiplied by (2kt/k3H_)
R ; e

ito faciiitate the comparison suggested by eq. (1). In this case; the dashed

* ‘curves are not the results of calculations; their shapes were determined as
' .providing the best fit to the triton data. The same cﬁrves, but renormalized,
[’were then d;awn through the corresponding (p,SHé) éngular distributions. Thus,

'if‘twovstates are analogues, the dashed curve should fit_thea(p,3He) data, and

.the'magnitudes of the distributions as they appear in the figure should be the

same.

The comparison afforded by fig. 5 indicates that the shapes of the

. angular disﬁribuﬁionsvaré essentially the same for all the states shown and,:with

" of the

- one major exception; the magnitudes appear to agree. . A quantitative comparison

of the cross—section’magnitude"rétios is given in table 4. With the exception

3k 34

Ar 3.30 MeV and Cl 3.35 MeV.states, the-experimental and calculated

"'ratios agree within the expected accurac&Y) of the approximations used to

: deriﬁé_eq. (1). On this basis, it is possible to dssign T

£ = 1 to the grouhd,

2.16 MeV, 3.94 MeV, and L.6T MeV states of 3

Cl; the assignments are éonfirmed
by -the fact that none of these statés_are produced in the (d,a) reaction (see:

fig. 3), Of course, having established that they are analogues, their spin-

parities follow from the calculations already described for the (p,t) reaction,

and the results are listed in table 2.
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The states at 3.3 MeV in 3hAr and 3)J'Cl have been noted as

exceptions and deserve a separate discussion. Based on the intensity of the

3h )k ot 3.30 MeV, a T, = 1 state should be

(p,t) reaction to the state in ¢

. 3h .
observed in 3 Cl at approximately the same energy. However, from fig. 5 and
“table 4 it can be seen that the peak observed at this energy with the (p,3He)

reaction was produced more strongly than eq. (1) would predict. Furthermore,

36 )3uCl spectrum for which T_, = 1 final

Ar(d,o ¢

" the same peak appears in the
states are forbidden. Thus an unresolved doublet of states must be involved:

one is the 2+, T, = 1 analogue to the 3.30 MeV level in 3hAr; the other has

f

,Tf = 0. The composite angular~distfibution indicates that both transitions

involve L.= 2 transfer? but in poﬁulating the Tf=0 sfate,.the traﬁsferred spin
is restricted fov S =1 and.the spin of the final state must be giveﬁ by.
{ £f =L + 1. Consequently it is.only restrictédlh) to l+5:2+, or 3+. Were it
i:éf as well, considerable iséspiﬁ-mixing between the two states could be
expected.
| The angular disﬁributioné of 3He particles leading to T

3L

in Cl are shown in fig. 6. The curves in the figﬁre serve only to guide

¢ = 0 state;
the eye and have no theorétical significahce. No attempt was made to fit
these.data'sincé many of thesevtransitioné will invol;e'two L-values, their
relative intensities being determinéd byvthe.detai;s of the wave fuﬁctions of‘
the stétes being produced. Unfortunately, reliableﬁwévé functions fér #heée
states are unavailable. Thus, in this case, even for transitions apparently“
characterized.by a single L—value? the finél spin-parity can ét bést be

© restricted to three possible values.
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The pesks observed at 4.97 and 6,16 MeV in 31J'Cl can also be shown to

be Tf = 0 and 1 doublets using arguments already developed. Both are at the

energy expected for an observable Tf = l-analogue state; both are produced

"£00 strongly in the (p,3He) reaction; ‘and, finally, both are produced in the
(d,0) reaction. These peaks are noted as doublets in table 2.

A summary of the data is presented in fig. T where the experimentally

determined level energy_diagrams are. shown for 3’LtCl and 3hAr'.
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4, Discussion

3k

3k Ar, two addi-

In addition to the level-energy diagrams for ~ Cl and

tional schemes are shown in fig. 7 for comparison. On the left are the levels

34

of S, the mirror nucleus to 3hAr, and on the right are the results of shell-

| | | , v 28,
model calculations by Glaudemans et al.ls). These calculations assumed 5i

to be an inert core and considered the active nucleons to be in the 2s and

1/2
Unfortunately, .

1ld shells. /such a restricted basis is almost certainly inadequate to

3/2

describe the wave functions of the states produced in the present experiment
since such pick-up expefiments should also excite states involving holes in the

1la "shell. 1In addition, the fact that a 3 state was producéd in mass 34

5/2

below 5 MeV is evidence of 1f configurations not only in the low excited

_ T/2 ‘ _
states of theSe nuclei but also in the ground state of 36Ar. The apparent
agreement between calculated and experimental level energies is partly a
result of the fact that the first two excited states were used in the fitting

15).

procedure
|

'A sufficjent number of T = 1 states in 3hCl have been identified as a
resuit of-this work that it is poésible to examine the variation of Coulomb
displacement energies over a greater range of excitation energies.and con-
figurétions than is normally possible. Severai qualitative observations:can
Ibe made from fig. 7. Having norm;lized the ground states so that they appear
at the'same_energy, the energy shifts for excited O+ stafes are significantly
vle;é than those between 2+ or-3 states, and the.ehergy éhifts_between states
in the pair 31‘01-;-3 S are in general less than those betwéen the same states in

' .the pair 3hAr-—'3uCl._:These effects are both manifestations of the so-called
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Coulomb pairing energy and can be explaineq as the result of ihéreased Coulomb
ene?gy due to the physical ﬁrbximity of protons that are-paired in a senibrity—
zero.configuration. It is noteworthy that the observed effeéts can be described
by‘taking a very crude approach. For jn corifigurations, expressions have been
derivedl6) for Coulomb displacgﬁent energies between states both with seniorityb
zero and:two. Within a éi&en’mass number, the J¥depéndence of‘thevdiSplacemént
energies depends upon the relative magnitudes of the.two—bddy Coulomb eﬁergy
,matrix elements. Making'choices fbf these matrix elements which are appropriate

17)

. . . . +
to this mass region s, the Coulomb displacement energy between 2 states

5/2,'2s1/2, and . 1d

3/2 . _
3h 34 o _ : .
Cl-""S by V40 keV, and to be less by V55 keV in

(averaged over the 14 shells) is calculated to exceed that

-+ : :
between 0. states in the pair

34 3k

Ar-7"Cl. - From fig. T corresponding -experimental numbers can be

3L

: : : . + + . :
. obtained by averaging over the two 2 and O states in 3hCl— S and the three

3%011 the results are 41 keV and 55 keV, respectively. The

the pair

'JSuch states in 3hAr4
-agreementvbetweeﬁ these averaged expérimentalinumbers and the calculations is
probably only a feflection of the fact that thevCoulémb féfée has a ibng range

.and congeqqently is relatively'insensitive to‘details of thé nucléar configura-

tions. However this modest success might invite more detailed calculations.
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. TABLE 1
-ﬁnergy Leveis of 3hAr
This work Previous work Average
Excitation energy JTT - Excitation eneréy Ref. Excitation energy
(MeVtkeV) (MeVtkeV) (MeVtkeV)
g.s O+ g}s.” a,b;c
| 5. 190210 N
2.097420 2t {2.058+35 bl 2.092¢15
.,.2.10 30 vé
_ , ., {3.59 +60% o)
3.303£25 2 B 3.302%19
S 3.30 #30 c
©3.899%25 0" 3.90 30 c 3.900£19
h.OS.i30. c
h.15g13p c
4.56 +35 (37)
4.97 £4o o*
5.3hviho
1 6.10 b0 ot
6.86 %o
7.34 b5 oF
7.53 s (2
T7.95 %50
%Y ref. 3 by ref; L ) ref. 5.

) These values were not used in obtaining the avérage excitation energy.
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TABLE 2
Energy.Levels‘of 3hCl
.This wofk ' . v Previous work _ Average
“vExcitatién energy Jﬂ,T Exéitatioﬁ énérgya J“,Ta Excitation energy
. (MeVikeV) . . (MeVikev) . (MeVikeV)
ﬂg;s. ‘Q+,lv o gis. ; Of,l 

0.146° - . .0 " 0.1462%0.3 - 350

Q,L6ob o ,0 0.L60 1L

1.231° 0 1.231 1

118915' | 50 | 1.891 #1k

2.162° | ot 1 2.162 *1k4

é.596¢25 : 0 ' 2,58? +1h o o 2.590+13

3.126:30 0 3.130 *20 o 3.129%17

3;33ft35c 50 '3;3ho 120 - - 3.338%17
$3.35 t50° o*1 3.380 %20 o 3.376+19

3.94 %35 C+,l \ B

4,67 235 (37,1

497 +35° ‘ . °

o 0,1  high
5.60 40 3 .,O:“ [ | ievei_
a . l‘ ,0 : : density
6.16 *ho =
2,1
7.07 2ko ,o‘ J

“(continued)
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Table 2. Continued

a)These data are taken from ref. 6); only stafes corresponding to fransitions
observed in ‘these experiments are listed. Above 3.5 MeV the level'density is
 too high to make a meaningful comparison.

b)These values weré used to determine the energy-scale.

- ©)The excitétion energy 3.33 MeV was obtaiﬁed from the (d,d) reaction, 3.35
MeV from the (p,3He)'reactiqﬁ. As explained in the text, there is good evi-
 dence for the existence of a doublet.

d)As"explained in the text, there must be T = 0 and 1 doublets at

these energies.
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TABLE - 3

Optical Model Para.meters?’ Used in DWB_A Calculations

Particle VO- ' .WOV "WD‘ o rd " ro' | a a' référence
‘proton 5.0 5.7 1.8 1.16  1.37  0.75  0.63 12
‘triton  143.3 533 -0.0° 1.h0 140 0.59° 0.59 . 13

#)The potential used has the form

V(r) =V (r) - v - ifw ~kw ——T>-—Te-
. o e _ .O<ex+l > v ( 0 D dx V N

where Vc(r) is the Couio'mb’potentiva.l for & uniformly charged sphere of radius

1.30 AT

/3 l’/3)/5‘1,,8,nd x' = (r-r 'Al/3‘)/a’.‘

fm, x = ‘(r-roA '0.
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TABLE k4

_ , . . . L
Experimental and Calculated Cross-Section Ratios for Low-Lying States in 3 Ar
and.3hCl Whose Corresponding Angular Distributions Have the Same Shape

s

Excitétion energy (MeV) in J Experimental Calculated
3hAr 3hCl : R® B®
g.s. | g.s.. o+  1.65t0.20  1.80
2.09 2.16 ' 24 © 1.55t0.20 1.78
3.30 B 3.35 oo 0.50%0.05" 1.77
3.90 o 3.0 o+  1.67%0.20 1.77
b.56 4.67 | C(3-) 1.35%0.35 . 1.76

%)R is defined in the text as do/dQ'(p,t)/hc/dQ (p,BHe).
{ b)In the text this anomalous ratio is explained as being due to the presence of

an unfesolved T = 0 and 1 doublet.
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‘ Figuré’Captions
Fig. 1. A schematic diagram of the electronic apparatus used in conjunction
with the}three-counter telescope; only system 1 is ‘shown in its entirety,

system 2 béing alike.

3 -)3h

36Ar(p, He

)3h o1

Fig. 2. Energy spectra of the reactions 36Ar(p,t Ar ahd

:taken at 6lab = 24.1°. The excitation energies shown in brackets were

determined from this work; the calibration is explained in the text.

Fig. 3. Energy spectfum.éf the reaction 36Ar(d,o¢)3)+Cl taken at @lab = 22.3°.

The-ngitation energies shown in brackets were'determihed from*this worky

_tﬁé calibraﬁion was established using other marked states.

34

36Ar(p,t) Ar.

Fig. 4. Angular distributions of triton groups from the reaction
The curves arevDWBA calculations for the marked L-values using the param-

- eters listed in table 3.

36Ar(p5t)3uAr and

3

Fig. 5. Angularvdistributiqns for the reactions

36Ar(P,3He)3hCl leading to analogue T = 1 final states. The He data

points have been multiplied by(2kt/k3He). The dashed éurves have no
theoretical significance but are fitted to the (p,t) data; the same curves ,
but renofmalized, are drawn through the'correépbnding (p,3He) distributions.

Fig. 6. Angular distributions of 3He particles leading to T = O final states
34 ' ' '

in Cl. The curves have no theoretical significance. v
Fig. 7. ZEnergy levels of the known_mass—3h states. The ground states of 3 S

and 3hAr arevnormalized to the same energy as the ground state of 3l‘Cl.

3k 34

Some krown levélé in.” 8 and' Cl at higher excitations which Were,hot

observed in these experiments have been deleted. Those doublets in 3hCl
markéd'with cne. energy and two (Jﬂ,T) values were'unrésolved.J At the'righﬁ
15)

of the figure is shown the caicuiated spectrum of natural parity T =1

states in mass 3b..



Counter
Telescope
#1

-20-

45 MeV
Proton Beam

Target

\&
S
V4 N

Front Collimators

\

\ Rear Collimators

N4

UCRL~-18921

/N A
&

il

AE Detector Faraday "
Cup
E Detector
Ereject Detector
—— “ —
PA "
. System 1 - System 2
(Same as System 1) "7
PA
Integrating
Electrometer
~y . ~o
L
SCA
_
- AE .
Arvp Goulding
Landis
SCA 2 Counter v E1 = AE +E
Particie
Identifier
E . .
Amp .
SCAP ] F Lin_. Gate
E . Coinc. r—‘
rej Router .
Amp {System 1 Schematic) . Lin. Gate juip»
L >
i -
~ Counting Area Layout Routing

Ungated
P.I. Sig. - -

Gated P.1. Sig, ~

Er

XBL6810-7017



2le ) ~ UCRL-18921

T T T T T ¥ T T I T ¥

[ 38Ar(p,t) 34r

Ep=45.0 MeV
A001 gy - 2410

[72]
""_._' 5
3200t .
100} &
L VW e j#t. o
O 100 200 300 400 500 600
o 36ar (p, 3He)‘3“CI i
: i Ep=450MeV
300}
2 | /
€ 200}
(o)
o
100¢ -
M\n-r.n._A'A. A'.l

00 200 300 400 500 600 700
Channel number

XBL6BI2- 7533

Fig. 2



€ 314

300 | ~ 3Gar(de)3¥cl
g Ed= 45.0 MeV o
IEENT I o gpu223
200 - , o . a97 7 (339 o -
| D [y
— R _ A 2.59 ‘ —
[5.60] 9'460 '
100 o -] ‘ [—'0J46 ]
' U J _ ‘ _
: 1 1 1 1 i - IM i al
400 - 500 600 700 800 900

Channel number

XBL 696-607

Te6QT-180N



(;Lb/sr)

(do/dﬂ)@mf

-23- .~ UCRL-18921

o
o
.
11 f1017]
-
u
N

10°F E

10% | ]
- F 1

! 10 E

M TTTTTT

3.30 MevH .

(R T1 A
\'

SRR R W N S E |

A1

10 E
o s N =4
- p OE fL
[ 1 F ]
; 1f
|10E E
10 E 1 F 3
e 1% ke
[ 1 r ]
| JoT ]
10k b
2 3
,IO F 3

A )
T T T Vv T TT7T

S BN

T T||ll|[
L1 30t

T T T TTTTT

XBL695-2835

Fig. &



(do/d8f) )C.m.

(b /sr)

10
10

10

—2h-

T =1 States in

UCRL~-18921

Mass 34

T T [ Trr7

LA B

BN IR L] P QL BRI

O T

T ]l[ll]ll

T T I]llllllull'

LRI REAL

T T 1T T T T }
,J'"\ 36A|'(p,f)34Ar “:'
T ox
A |
- \ Ground state
* II \\ ¥~ E3
[ \ '/ \' . T
v % Y
1 1]
\’/' ‘\ 1
v ‘\ la
A
P \ Ed
4 v, \ I
™ . § [
¥ g
N 2,09 Mev |
\\ / - 4
L 3
\\ii’/ :..
A
B 3.30 Mev *
v 4
W )
\
r A 1
\iY 1
I'/WV\\ i
v ) o I
' % 3.90 Mev ]
| \ '
IR Wl
VY wr oy E3
k; \ F
¢ i yo
.{"’"”\' B G+
; r 4.56 Mev |
112 N
. %\‘i 4
A\ p o
Vo3
L1 | ]

| T I ! bl I
4 38Ar(p, 3He) 3t

R

N BWET

£
8! ' : T
57 i Ground state
v o ey (X 1.796)
V! \ e | b
\I ‘ i \\ i -
\ / -\ .
. \§ s Y B
| f \
1 I -1
1 A
kY \ -4
1
g'!i‘ \\i e
AN \ E
iy - “ B
i\\ /s\ . ! 7
4% 216 Mev -
: ", §
\(x1.784). A
\ , -
R X 4 3
L3N ?/ { 3
o~ 1
: %, 3.35 Mev |
YV 25N .
ot o (x 774y
\ ;- E
\\ ,’ 3
\ 4 b
LI N
.s, -
[] ,” .\\ E
o ” - 3.94 MeV 7]
2 . 4
' A (x 1,770)
ﬁ \E TR ) T
Vo ¥ 73 IR
L A ¢ E
i) i ‘\i A
N - \ 3
{’.-'.1 \\ // 3
\ -~ —
f \ ]
;'!fi\ [ ] [ ] B
\ N 2 § 7
467 MeV \\i /// ‘\\"
. ) \ s AN
(% 1.764) v

Lotk

|
10 20 30 40 50 60 70

8.m.

Fig. 5

10 20 30 40 50 60 70

XBL6BIO-70324

e



. T=0 stotes

25

' UCRL-18921 .

in 3%t from 38ar (p, 3He) 34cI

( T T T

- R [ LN B L
- 1 - ]
o'k £, 0460 Mev— 10%F F ", 4.97 MeV —
F ) » . - \o —
3 T ] ORI
L e . 1 [ n\ | j
10 N 10k
T & R AT
op T tig123 Mev |
; '}iig i ?
- f e N L
7] \— .
- #4 I89IMV T
S qlop &‘r‘f‘\' e N ]
€ : | {/? F e, 616 Mev
' N i ‘I’ . 8 ] \0\ n
s ITF o 3 ok \Yﬁ\i\x _
| % IO! E_ ”\0‘4*.\ 2.59 MeV —é F_ . i;//_z_
N3 ™ 3t ]
o 3 Wiy 1.k 1
~ 10 Y ] I0F | ;
| A 7.07 MeV
10 .- E b }313 ]
E N sz mev b PR L]
E ‘e ] |OE—'}' g Yo,
£ YR 1 t P ]
10F - N =B : ]
E“‘ g\i//‘l/_’.f N
- R nE ]
L 1 1 1 L 1 | [ f | , , )
20 40 60 20 40 60
Be.m
XBL695-2833

Fig. 6



‘26’,

7.95
7.53 (2%
734 2"
7.07
T 6.86
Many levels : _ :
6.16 0 6.10 o
2t 7T
5.60 ,0
503530 238 5.34
4.88 4.97 0 4.97 o .
- _=#' _____ .
- q, -0;
462222 3 ---_-_iél__ﬁﬁgi__;___456 (3)
—— 394 OV I ______ :
3.915 o* ' B 3.900 o*
3.304 pr .. 3376 2.0 __ 3.302 2t
— 33380/
3.129 0
2.590 ,0
20p7 2t 2162 2,1 p092 2
- 1.891 ,0
1.231 ,0
0.667 (M0
0.460 ,O
' 0.146 3%0 ~ .
g-s ot g.s 0
34g g.s 0% 1 34,,
34c) _ :

Fig. T

UCRL-18921

7.83 2"

685 g
6.23 -2t
5.71 2"

5.45 g+
514 o

380 . 0O

3.42 o+
3.9 o+

2.15 2"

0.02 0*

Glaudemans etal.

XBL695 - 2834



LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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