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- T =2 AND T = 3 ANALOGUE STATES, 28 < A < 40
J. C. Hardy:lH. Brunnaderfyand Joseph Cerny
Lawrence Radiation Laborétory and
Department of Chemistry, University of

California, Berkeley, California 94720

June.l969

ABSTRACT

The simultaneous observation of (p,t) and (p,3He)‘reactions has led

' +
to the location and identification of the lowest-—energy (0 ) T = 2 states in
28 28.. 32 32, 36 36 Lo

Al, “7si, 7P, 78, T Cl, “Ar, K and hOCa, as well as the (0 ) T =3

states in 38Cl and 38Ar. :The energies of these states are used to predict
the masses of six neutron-deficient nuclei: 288, 32Ar, 36Ca,b388c,‘3 Ti
4o

and Ti. In addition, the (p,t) cross section for production of each

. analogue state relative to the cross section for producing the ground state .

- in ‘the same nucleus is compared with calculations which assume a simple shell

model. Good agreement is obtained.

* ) . ’ . . . .
This work was performed under the auspices of the U. S. Atomic Energy Commission.

TPreSent address: Department of Chemistry, McMaster University, Hamiltoﬁ,"

Ontario, Canada.
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I. INTRODUCTION
" The advent of new éxperimental'techniqués for measuring the masses
of neutron-deficient nuclei has‘led to recent_intérest in investigating the
limits of stability in the lightér nuclides. As an K aid to such measurements,

accurate mass predictions are of great value, and for this purpose the

isobaric-multiplet mass equation (IMME) is frequently used:

M(A,T,T ) = a(A,T) + b(A,T)vTZ + c(A,T) Ti . (1)

This equation has the advantage that‘it is easy té apply éhd is apparently
relisble” = more relisble than might be indicated by the first-order ferturbation
theory used in its derivation'.2 However, use of the  equation for predicting

- the mass of a particulér state requires knowledge of thé nmasses of three

'-othef members of the same multiplet since the coefficients a, b and c must

be experimentally determined for each value of A and T; The masses‘of all

'TZ = +2 (A = Un) nuclei are known to better than +10 keV in the reéion

28 < A< L0 and consequently, for each value of A, measurement of tﬁe
éxcitation.energies of T = 2 analogue states in two other isobars permits use

of the IMME for relatively ac¢urate predictionS'of.other members of the multi-
plet. Similarly, the measurement of two T = 3 states in méss—38 combined

38

with the less accurately known mass (*150 keV) of S yields fough predictibns

for that multiplet.

We report here the location and identification of the lowest-energy .

+ ‘ - Lo -
(0°) T = 2 states in 28Al, 288i, 32P, 328, 3601,.36Ar, hOK and OCa, as well

- as the T = 3 states in 38Cl and 38Ar. The method used Was_to simultaneously
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observe the (p,t) and (P,3He) reactions. If the target nucleus has isospin

Ti and the reactions produce analogue final states wifh T, = Ti + 1, then

f
their angular distributions will have the same shape and.the'fétio of their

" differential cross sections will be given by:

do

T do k 2T, - 1 - '
8O (p,%me) ¥z, Feml -

He

The appro#imations leadiﬁg to the derivation Qf Eq. (2) have recentlyrbeen‘
discussed3 and their validity established. The prqﬁerties embodied in the
' equation provide an unambiguéﬁs eXpérimental methdd for identifying.high
“.isospiﬁ analogue states. |

Using thelexperimenfal data, masses are predicted With the IMME
for-gBS,.32Af, 36Ca, 38S¢, 38Ti and hOTi. These results are compared with
those ébtained by Kelson and Garvey.LL vIn addition, the relative intensities

of the analogue state transitions are compared with calculations which assume

simple shéll—model configurations.
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II. EXPERIMENTAL PROCEDURE

This sgriés of measureﬁénts was carriéd out using the hs MeV proton
5eam from the Berkeley 88—inch‘cyclotron. Thé beam was magnétically analyzed
.to give an energy resolution of N 0.14%, and was focused to a spot 2 mm X 1.5 mm

i . . .

at the target positipn in the ?enter of a 50-cm scattering chamber. The
exact position and directibn of the»beam was determined by observihg
luminous foils located at the target pbsition and 70 cm downstream. - The
beanm curréht ranéed from 50 nA to 1.0 pA depending on target.thickness andﬂg
scatteriné angleg‘itvwas monitored with a Faraday cup connected to an
integratiné eiectrémeter. The beam energy Wés inferred from measuring its
range in a series of aluminum foils which were contained in five remotely
controlled wheels.

A detailed diagram of the scatﬁering chamber, gas targét'and gas—
handlingbapparatus is shown in Fig. 1. The gas cell consisted of.a stainless
- steel cylindricalvframe 6.35 cm in diameter and 2.22 cm high surrounded
! by a 315° continuocus window of 2.5 ﬁ Havar foil.5 An expanded view of the
frame is shown in the insert to the figure. The gés cell was designed for
‘minimum volume (MT cm3) in ordér to permit the efficient recovery of separéﬁed—
isotope gases. To use solid targets, the gas cell was removed and a set
»of targets was mounted in a holder which could.thén be raised ana lowered
remotely, thus permititing bomb%rdment of any selectéd target;

Reaction products were detected using two independent counter té;escopes
mounted 10° out of the horizontal plane on opposite sides of the beam. The

p

..  solid angle subtended by each telescope was Vv 5 X 10~ sr, with an angular

- resolution of 0.26°. For solid targets, a tantalum collimator 5 mm high by:’
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2 mm wide was mounted 48 cm from the target, while for gas targets an additional

coliimafor with the éame width as thé first was mounféd 36 cm ahéad of it.,

Each telescope consisted of three detectors, a 150 n phoérhorus—diffused
silicon transmission counter (AE) éperated in coincidence with a 3 mm lithium-
drifted silicon E counter, and a 500 W lithium-drifted silicon E-reject
cpunter operated in anti;coincidence with the first two to eliminate long—
range protons and deuterons.

A séhematic diagram of the_eleétroni?s used is shown in Fig. 2.. The
signals ffom éach telescope were fed into a Goulding-Landis:particle identifier6
which produced an output signél charactefistic of thé particle type. This
signal was used to route ﬁhe_total—énergy éignal (E + AE) into one of>the 102h—‘
channel segments of a h096—channel analyzer permitting simultanedus accumulation
of a;particles, 3He—particles; tritons, and those pérticles slightly less
ion%zing than the selecféd tritons. The first and last groups werevtaken to

check that no 3He or triton events were lost.

i
'
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III. EXPERIMENTAL RESULTS
The excitation energies of observed staﬁes were determined by

analyzing the data with the co;puter program LORﬁA.7 This program corrects
the energies of incoming and oﬁtgoing particles for kinematic effects and
absorber lOSSeS, then determines the energies of unknown peaks using an energy
"~ scale established from a least-squares fit to peaks whose Q-values are known.
For the experiments»desCribed.here, contaminants werebélready present

Qf infroduced in fhe targets to provide calibraﬁion. Thevmost useful
‘ealibration reactions were 2 (p,t) C and 12C(p,3.He)’-lOB: the masses of the

OC gfound and first eXCited'states were taken from recent measurements

while values for the levels of lOB were taken from Ajzenberg-Selove and

{
Lauritzen.9 : ' ' ' ‘ ‘ . n

n 3% (5.4)2851 ana 3%:(p,300)%a1, T = 2 sStates

Triton and 3He spectra‘from a LoQ ug/cm2 self=supporting silicon

.target are shown in Flg. 33 they were obtalned at 91 ab 18 0 ° for 2150 uc.
9 28

0
The isotopic enrichment of theltarget was 89.12% in 3 Si with 10‘16 Si and

0.72% 29¢1., Spectra were recorded for seven angles ranging from 6 b = 1k4.1°
= 2f nO !
to 6. 36.2°, '

The enefgy scale was determined using peaks produced from reactions

‘ - : . .28, 28
- on 120, 16O and 28Si as well a% those known states produced in ~Si and _ Alj

all have been indicated in theifigure. Rough Coulomb-energy calculations pre-
. ’dict the excitation energy of the T = 2 state to be 15.3 MeV in ~ Si and 6.1
MeV in 28Al. The States marked T = 2 in Fig. 3 are consistent with these

expectations, and the angular distribution of the corresponding tritons and .
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-3

He-particles are shdwn at the top of the Fig. 4. " The 3He data points have
k - o . . '
been multipled by ,§<° Ei—f_(ao.ée) so that the applicability of Eq. (2) can
3He o ' '

bé tested directly. To the accuracy of thé'approximations‘uséd.tq derive
1 that equation, the shapes and mégnitudés éf thé distributions as they appear
in the figure afé thé samé,iand.cbnséquéntly thé levels are estéblished és
T:= 2 anélbgues. Also shown in-Fig. 4 are the chafacteristic L=0and L =2
angular distributions of ‘the (p,t) reaction leading to the ground (0') and
.'firstbexcited (2+) state of ?881. A simple comparison shows thét the angulaf
- moméntum transfér‘to'the analogue states»is also L % d and this idehtifies them
‘as ﬁhé'd+ analogues'bf the 28Mé ground state. |
Further verification of fhe éssigned L—transfef ﬁas provided by -
calculétions ﬁsing the distorted wave Born approximatién (DwWBA) . The‘cal—
culations were'éerformed_using.the pfoéramlﬁWUCKlo with the optical-model

1,12

] parametersl given in Table I, and the results are.shown normalized to the

experimental data in-Fié. 4. The agreément is good.

A summary of resulfs:on ﬁhese mass—28vanalogue states is shéwn in
,Tablé II.. We have preViouslyrreported our méasured ex@itation energies in
a letterl3 devoted.to the décay Qf thé T = 2-state in 288i. Subseqﬁently, by
searching in the indicated energy.regioh, the analogue state in.288i was

_ _ 1h,1 N
observed as a resonance in the 2hMg(a,a)2hMg reaction” 2 and the

2k )28Si

#* 1L,16 -
Mg(a,Y)288i reaction,” 7 and also as»a.final state in the 26Mg(3He,n
l . . ) . B : . l . . .
reaction. T The best value from these other measurements is also shown in

Table II. It agrees well with our original value.

e
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3k

B. S(p)t)328 and 3hS(p,3He)32P, T = 2 States

v A sélf—sﬁppbrﬁiﬁg cadmium sulfide taféet appfoximateiy lOOvug/cm2
thick was used for this experiment.'vThg sulfuf component was énriched to
67.92% in 3hg witﬁ 31.55% 325, 0.44% 335 ana 0.69% 36, Because the thin
targéﬁvcould only withstand small béaﬁ intensities, the counting:rates'were
low and conséquently'spectra were recorded at only four angles ranging

: ' : ’ ' . .3 B
= o = o
from elab 20.5% to elab 31.5%. Triton and ﬂe spectra obtained at

elab = 22.30 for 6380 Uc are shown in Fig; 5. A natural cadmium sulfide

target was also bombarded and spectra taken at the same angle in order to

3 30

identify those states in oS and ~ P which were produced from the enriched

" target. These states have been marked in the figure and were used, together

" with the other marked states; to establish the energy calibration.

_The states identified in the figure as béing T = 2 are at excitation
énefgies consistent with predictions based on Cdulomﬁ'énergy calculations, a#d
fhe ratio of differential cross sections for the réactions populating theseé
states has an averaée value fof the four observed angels of 0.66 £ 0.06.
This agrees well with the value of 0.60 calculated from Eq. (2),bthus establishing
the T =’2 characﬁer of the states. In addition, their energy and the fact that
their observed angular distributions are consistent with L = O transfer identify

32 '

+ ' :
the states as 0 analogues to the ground state of Si.

These results are summarized in Table II. The excitaﬁion energies

- . shown there have appeared prior to this publication in a review articlel and,
. as with mass-28, the energy of the T = 2 state in 32S was subsequently
. remeasured using a resonance reaction; 9 this result alsoc appears in the

" Table.
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C. 38Ar( ,t)36Ar and 8Ar(P, )36Cl T 2 States

Spectra of tritons and 3He—pa.rticles from an 38Ar-—enriched target are

shown in Fig. 63 they were recorded at 22.3° for 7562 uc. The'isotopic

composition of the gas target was 23.3% 36Ar 50. 87 Ar and 25. 97

Altogether, spectra were obtained for fifteen angiee~from elab = 11.7°
SN . .

to 84 = 507

Under identical running conditions, 36Ar'and hOAr targets were bombarded
_in order to identify peeks produced from these isotopes‘ Following this
identification,the energy callbration of the original spectra could be

—3h,20’21 mass-~36 and mass- 38 .21

. accomplished by means of known_etates in mass
all have been marked with theiriexcitation energy_(unbrecketed) and isotopic
mass in the figufe.' The states 1ab¢11ed T = é have measured'energiee which
agree with fongh Coulomb-energy predictions.for the'analogue states

end their eorresponding triton and,3He engular distributions are shown at

the top of Fig. T. TheHSimilarity of the shapee'and.magnitudes of the |
distribntions as they appear in the figure show_that the conditions'of EQ.

(2) are satisfied, and ioentifies the states as T = 2 analogues. By
comparison with known_L = 0and L = 2'transitions (also shown in Fig. T) and
with DWBA calculations (solid curves in the figure) the angularamomentum
transfen for‘tfansitions to their analogne'states is determined to be L ='0.

e ’ + . .
Thus, the states must be the 0O analogues to the ground state .of 368. Their

measured energies are listed in Table II. There'has been a recent measurement22

' - 36 . - - v s .
.of a state in 3 Cl proposed as the T = 2 analogue state; it is also listed in

Table II and agrees with our &alne.
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38 4o

Ar and Ar(p,3He) Cl; T = 3 States

~ . L '
* Pure natural argon, which is 99.6% OAr, was used to obtain triton

and 3He angular distribution data while enefgy calibration resulted from the

use of an argon-methane (80% - 20% respecﬁively) mixture. In Fig. 8 are

shown sample spectra taken, using the latter target, at 26.8° for 12,553 uc.

In all, spectra were recorded at fifteen anglés between elab = 11.7° and

6. . = 50.7°.

lab ,
As in the cases already described, the states labelled T = 3 in

Fig. 8 have appropriate excitation energies. Their points have been multiplied by
k » .
%-’EE——~ = 0.35). Evidently the requirements of Eq. (2) are satisfied

H : ’
and thg-states are identified as T = 3 analogues. It should be pointed out

that the error bars which appear on the data poiﬁts in Fig. 9, like those in

.other figures, are based purely on counting statistics and do not take

account of the uncertainties in background subtraction. In this case these

uncertainties are not negligable for the (p,t) reaction and probably account for

the discrepancies between (p,t) and_(p,BHe) distributions near L45°.
-The comparison with known transitions and DWBA calculations afforded
. . -+
by Fig. 9 determine the T = 3 states to be 0 , and establish them as analogues

to the 388'groﬁnd state. Their measured energies are listed in Table II.

Lo

k2 40 He) “K; T = 2 States

E. ca(p,t) Ca and tha(p,
' 1 4o

Since the T = 2 states have already been identified”™ in "Ca and -

3

K, no attempt was made here to obtain detailed angular distributions; our -

purpose was to reduce the uncertainty of the measured excitation energies;i-

2

The calcium target used was enriched to 9kL.42% 4 Ca with 4.96% hoca, 0.06 % h3Ca,
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_— 4 8 .
0.56% tha and -only trace amounts of 6Ca and 8Ca. A series of four angles
. - 0 = ’ ° : '. . .
from. elab 18.0° to elab 31.5° was measured, the pair of spectra obtained
at 0 . = 26.8° for 3554 pc being shown in Fig. 10.

The excitation energies of thé analogué statés wére détérmined from
an energy scale-esfablished'by the stafésAlabéléd ih the figufe. Their angular
distributioné are cohsistént with zero angular-momentum.transfer and the ratio
of theif magnitudes agrees with the.requireménts of Eq. (2). ~The states are
thus confirmed as being'v'O+ analogues to the ground state of hoAr. Their

measured excitation energies appear'in Table II.
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- IV. DISCUSSION
Table ITI summarizes the data obtained from these experiments on the

cross—section ratios for the production of analogue states which have

.,'Tf = Ti + 1. The third column'contains the experimental data for
do do /3 . : . ' A .
aﬁ-(p,t)/aﬁ-(p, He) while the fourth column gives the results of calculations

using Eq.'(2); in all cases, agreement is within the limits of experimental
uncertaintj. The reéent discussibn3 of the validity of Eq. (2) includes
these and other results covering the range 16 <A <L2 and 1< T, < 3
The agreement with calculation is uniformly excellent. _

Tt is also of interest to investigate the strength of the_(p,t)
reaction leading to a particular énalogue'stéte (with T, = [TZ| + 2).compafed
to fhe strength of the reaction to another étate in the same final nucleus;
for simplicity we have choéen the ground state (Which has T_ = [TZI). The -
comparison between the experimental results and calculations which assumeq
simple shéll—model configurations is given in Table IV. In addition to the’
configurétions which are listed in the Table fdr the anélogue statés, the
calculations assumed the simplest possible configurations for the ground
state of the targets and final nuclei; for ekample; the ground statevof 3OSi
is assumed to be (2;1/2)31 while that of hOAr is [(1d3/2)5§(1f7/2)§1102.

It must be emphasized that, unlike the results in Table IIT, the E
presént calculations will depend considersbly upon details of the DWBA y
computations ;ince the Q?vaiues are significantly diffefent for the two fihal
states produced from each target. Unfortunatelj, optical-model parameters-_

are not available for tritons at our experimental energies (19 <§Et < 39 MeV).

The triton parameters listed in Table I were obtained from elastic scattefing
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at 12 MeV, and although they provide reésonablé fits fo our experimental

data (Figs. 4, 7 ahd 9),_there.is no guarantee that they will also provide
reliable values fdf the calculated cross-SéCtion ratios. Consequently,

several parameter-sets weré used on the calculations for Tdble IV. These
included, in addition to the sets in Table I, parameters obtained from a
vfe—ahalysis of the same 12 MeV elastic~scattéring data23'énd also a éet which‘
Aattempted to fake account of the dependence of V and W upon the triton
.energy.zh Each provided adequate agreement with the shapés of the experimental.
. angular distributions, but the calculatéd cross-section ratios depended
Significantly-upon the setvbeing used. The ranges of values obtained for

each reaction are listed in the third column of Table IV. Good agreement is
fbuhd'between éxpérimént and thébry'with the possible exception of the feaction
3hS(p,t)328.‘ For this case the mos£ probéble simple cohfigﬁration,for'the.

2

analogue state reqﬁirés‘(2s )2 pick-up to that state, but (ld “ to the

, 1/2 3/2)
ground staﬁé. Here the disagreement with experiment indicateé that the
. transfer involves more complexvébnfiguratiqﬁs possib}y including (id5/2)2
::.pick?up to the analégue”state.: | |

vaviously, the simple configuraﬁions assumed here for.the ﬁave_

_ funétions of ali the states in&olved are unreaiistic; however, the good
oﬁgrall agreement in Table v cannot be ignored since the (p,t) reaction'is
generally very sensitive to details of the assumed wa&e functions. In

1,25

" addition, three more cases of similar agreement are known éﬁd together

with the present data they span the region 20 <A < 52. Presumably these

results reflect the fact that the parentage of both the ground and analogue

states are reasonably simple evén if the wave functions themselves are not.
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This ihdicatibn is similar‘to the more definite results recently bbtained3
for certain statgs in the same mass region with Tf =vTi.

Using the IMME (Eq. (l)) and measured energies from Table II, nasses
can be predicted for a number bf néutrOn—deficient.nuclei which are aé yet
unobservéd. The re?ults are given in Téble v together with the predictiohé”
of Kelson énd Garvey.# Both sets of predictions agree throughout.

The methbd followed in this experiment has been.used previously by

: !
us tc identify analogue states

with T <2 (where ‘T > |T_|). It has been
restricted to these low values of T by the fact that the ratio in Eq. (2)

is inversely proportional to (2T_. - 1), and for analogue states with higher

T
valueé'of T it was anticipated that the (p,t) cross section could be
prohibitively small. The observation and firm identification of T = 3

states in mass-38 indicate that hiéher—iSospin states can in fact be adequately
studied. Consequently, it appears that such investigations as these can bé

extended to heavier nuclei, particularly those in the (1f /2)—shell.

T
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Table I. Optical model para.metersa used in DWBA calculations.

Particle \') W W v b r r'* r a a' a Ref.

(o] (o] D S ' (o] (o] s ) S
proton .~ .0 5.7 1.8 6.04 1.16 1.37 1.06&' 0.75 0.63 0.738 b
triton + S ' . :
L 147.1 541 - - 1.0 1.0 - 0.61 0.61 - ¢
~Triton + ) .

Ar,”

%The form of the potential and the notation followed in this table are

identical to those used in Reference 11.
b
Reference 11.

CReference'lé.'
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~Nucleus An@logue State  This

Excitation Energy

Table II. Summary of experimental results for high T states.

Average

38

work Other work
(MeV % keV) (MeV % keV) (MeV £ keV)
28 . .
A1 ;2 5.983 + 25 -— [5.983 t 25]
28 - 15.206 + 25 15.021 * 58 15.221 5
32 : .
P ; 2 5.071 £ 40 -— [5.071 £ LoO]
s ;2 12.03k £ ko 11.984 = 4P 11.984 £ 4
360 ;2 L.295 + 30 4.333 £ 25°¢ 4.316 + 19
36 o U
Ar 2 10.858 £ 35 —_— [10.858 = 35]
c1 s 3 8.216 = 25 - [8.216 + 25]
.8 | . o
Ar 3 18.784 £ 30 —_— [18.78L4 + 30]
- boy - 4,375 £ 25 4.370 704 b.37h * 2k
H0g, . 2 11.978 * 25 11.970 * 652 11.977

23

SReferences ih—lY.
b .

Reference 19.

c

Reference 22.

dReference 1.
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Table IIT. Experiméntal and calculated relative cross-sections

do do 3.8 ) .
B e - - + N
aﬁ{p,t)/dﬂ(p, He) for stateg with Tf v Ti 1

R

ko

States Jﬂ;T _ R(exp) R(calc)
28, 15.221 MeV
8 | 0T 0.54 £ 0.10 - 0.60
CCA1 5.983 MeV :
324 11.984 MeV |
2 | 0%;2 0.66 * 0.06 0.60
P 5.071 MeV
Cur 10.858 MeV - .
2 | 052 0.62 t 0.07 0.60
cl 4.316 MeV : ‘
38y 18.784 MeV |
0733 0.36 + 0.04 0.35
c1 8.216 MeV ‘
Ca 11.977 MeV _
' 0732 0.60 * 0.05 0.60
MOK o

L.37h MeV




Table Iv.
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IT | + 2 analogue state relative to the T

~ several (p,t) reactions.

]TZI ground state for

UCRL-189k2

Experimental and calculated ratios for the'production of the

40

3/2 017 T7/2°01702

0.13

‘ Assumed analogue- %%{T>)/%%(T<)
Reaction stat £3 £1 ’
State conliguration Calculated® Experimental
|
304, 28, . -2 2 ' N
Si(p,t) s; [(1d5/2)01( 51/2)01]02 0.15 _°O'h5, 0.15 % 0.02
34 .32, : 2 . o
S(p,t)~78 [(2s 1/2)01(ld3/2)01]02 0.65 - 2.0
0.19 * 0.0k
-2 2
[(ld5/2)01(l 3/2)01102 .21 - 1.0
38 36 b .
Ar(p,t) Ar (ld3/2)02 0.13 - 0.40 0.19 * 0.02
Ar(p t)38Ar [(1a,,,)~ (1f )2 ] 0.05 - 0.15 0.07 % 0.62
i 3/2 02 7/2 01703 ) ’ ’
l*Qca(p,t)L‘OCa [(ld 721t )21 - 0.30

a . ’ . ' .
For each reaction, a range of values is shown encompassing the results

of DWBA calculations with a variety of plausible optical-model triton

parameters

12,23,24 (

see discussion in text).




Predicted .

w20 UCRL-18942

Table V. mass excesses of unmeasured neutron deficient nucleil
a
Estimated mass Kelson-Garvey
Nucleus T, from IMME mass predictions
' (MeV % keV) ... (MeV) , _
{ . - *
284 -2 4.31 £ 200 bk
2y -2 -2.59 £ 320 -2.28
'36Ca -2 -6.58 £ 210 -6.48
385, -2 -4.55 * 1020° -L.70
38... +
Ti -3 11.08 * 1680 10.82
ko, -2 ~9.07 * 265 -9.07

Ti

8Reference k.

bThis prediction is based on the

‘lies at the ‘same excitation as its

38

assumption that the T = 3 state in Sc

analogue in 3_8Cl.

<
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FIGURE CAPTIONS

 Fig. 1. Diagram of the scattering chgmber, gas target and gas handling

apparatus.
2. Schematic diagram of the electronic épparatus used in conjunction

with the counter telescopes:  only systém 1 is shown in its entirety,

-.system 2 béing similar.

Fig.

Fig.

' Fig.

Fig.

Fig.

Fig.

3. Energy spectra of the reactions 3QSi(p,t)28Si and_3OSi(p,3He)28Al.
4. Angular distributions for the reactions 3OSi(p,t)283i and
0 2 . o . .

_3 Si(p,3He) 8A1 leading to selected final states. Note that the (p,3He)

data for the T = 2 state has beén.multiplied by 0.62 as suggested by
Eq. (2). The solid curves correspond to DWBA calcuiations for L =0

and L = 2 transfer using the parameters given in Table I

)32 34 3 32P.

S and He)

36

S(p,
38

5. Energy spectra of the reactions 3hS(p,t
38 Ar and Ar(p,SHe)36Cl.

6. Energy spectra of the reactions Ar(p,t)

The excitations shown bracketed were determined in this work, the

calibration having been established from the other marked states.

T. Angular distributions of the reaction 38Ar(P,t)36Ar and

38 3,136

Ar(p, He)” Cl leading to selected final states. The (p,3He) data for

the T = 2 state has been multiplied by 0.60 as suggested by Eq. (2).
The solid curves correspond to DWBA calculations for L = 0 and L = 2

transfer using the parameters given in Table I.

38

Ar and uOAr(p,3He)38

8. Energy spectra of the reactions uOAr(p,t) Cl. .

The states shown bracketed were determined in this work, the calibration.

having been established using the other marked states.
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Fig. 9. Angular distributions of the reactions hoAr(p,t)BsAr and

ko 3 )38

Ar(p,”He)” Cl leading to selected final states. The (p,3He) data has

been multipled by 0.350 as suggested by Eq. (2). The solid curves
correspond to DWBA calculations for L = O and L = 2 transfer using the
parameters given in Table T. .
ko

Fig. 10. Energy spectra of the reactions h2Ca(p,t) Ca and h2Ca(p,3He)h0K.

7
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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.




TECHNICAL INFORMATION DIVISION
LAWRENCE RADIATION LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720

e -‘





