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. ¥
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Department of Chemistry and
Lawrence Radlation Laboratory
University of California
Berkeley, California

June 28, 1966

ABSTRACT
Triton and‘BHe energy spectra and angular distributions from 43.7 MeV-.
vproton bombardment of 9Be and 7Li have been obtained. The restrictions on
direct (p,t) reactions as compared to (p,iHe) reacfions may result in the
absence of.cerﬁain transitions for the former due to their being "S-forbidden";
several examples-of this selection ruiewere observed. Though the lowest T = 3/2
states of the mass seven>pfodgct nuclel were readily observed, a'séarch for

3

T = 3/2 states in mass five was unsuccessful.
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I. INTRODUCTION

Simultaneous observation of direct (p,t) and (p,BHe) reactions has been

uhoyn¢ to be a very useful tool for locating states with T = |T (target)] + 1

'~

in the lighter nuclei. Several further spectroscopic advantages of such com-

8]

parisorne remain to be explored. If one considers these two-nucleon pickup

reactiahs, in first order, on targets with‘TZ # 0 leading to final states with

: T7 = ]Ty(target)], then the (P;f) reaCtiQn requires S = O for the transferred
walr wiiile the (p,jHe) reaction may proceed by both S = 0 and 1 transfer. This

b

restriction on (p,t) transitions as compared to- (p,”He) transitions may mani-
fest itself iﬁ.two ways:
A) Some (p,t)-transitidns may not be observed due to their being "L

forbidden". An example of this occurs in the search for the intermediate-

couplin prédicted2' 7/2-, T = 1/2 state in 13N-lBC via (p,t) and ( 5He)
P g : ’ P, jo

. 45
reactions on

N(i/Ej T =_l/2),.a§suming 15N to be a pure‘lgll nucleus.

The conservation-ofvtotal angular momentum and ﬁarity requires L =4 for the
transferred pairvin the (b;t) feaction and L = 2 ana/or‘h in the (p;3He)
féactionj since:a maximum L %ransfer of two is permitted in thé pickup of twa
p nucleons, only fhe_(p,aHe)_transitiQn is allowed. Comparison of (p,t) and

,(p;jHe) spectra and angular distributions can then'permit identification of

3

this 7/2- state, as will be reportéd in a future publication.
.(jB) Some (p,t).tranSitions may not be Qbservéd due to their 5eing 'S
fdrbiddenf. Particularly in:the lower part of the p shell whefe LS coupiing
of the tafget and final nuclgi is éppropriate,'onevcan have‘transitions in’
whicﬂ, though the rele&aﬁt thfansfer is aliowed, the configuréﬁion of the
finai state fequires a change,of S incompatible with the resﬁrictions on S

of the transférred palr in the (p,t) reaction. This will be discussed further
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. . 2 L C . C
below; an example would be a P — Pq/2 transition—forbidden in the (p,t)
. e

>

3/2

vut allowed in the_(p, He).

We have investigated the (p,t) and (p,BHe) reactions on {Li and 9Be with
the oviginal intent of lbcating the lowest T = 5/2 states in the product nuclei.

T T

Observation of the T = 5/2 states in Li- Be has been previously reported.
Pruncitions to several T = 1/2 final states have been observed, some of which

perinit w3 to explore and then exploit spectroscopically the S forbidden behavior

of the (p,t) reaction in these light E shell nuclei.

I .EXPERIMENTAL

The (p,tj and (p,BHe)'reactiohs were induced by a beam of 43.7-MeV
protons from the Berkeley 88-in.'spiral ridge éyélotron, The general beam
t;anspbrf‘systém has been described previously5; measurements weré made in a
%&-in. scattering chamber; o

A block aiagram of the counting equipment is presented in Fig. 1.
Parﬁicles were detected.by a counter telescope thaﬁ consisted of two semi-
conductor detectors: ai25;5vmg/cm2 phosphorous-diffused silicon transmission
counter bécked b& a 755 mg/cm2 lithium-dfifted silicon stopping counter. The
vl.él X 475 mm cquntgr telesgopé’ébllimator was about 32 cm from the taréet.
Idéntification of the reaction products was performed by a partiéle ideﬁtifier6
which employs the empirical relationship,

Range = a El'75'
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whafe 4 depends on the typé df particle (and stopping méterial) and E‘ is the
vincidéht energy. ,A‘typical'particie-identifier spectrum is shown in Tig. 2.
Total-encrgy pulses were fed into a h096—channel pulse height anaiyzer which
WES routed 20 that the tritoh, 3He, and alpha—particle spectra were recorded.
simultareously, each in a 102k-channel group. ‘(Though the (p,a) data were
-taken, they will not be'discusséd; Ref. T presents some of the 7Li(p,o:)uHe
resﬁlts.) Pulses that corrésponded to the'deutéfoh-tritoﬁ valley were routed
into ; fourth lth—channel'grodp to recofd any possible loss of tritons; such
o LoBs proved.to be negligible; The particle—identifier'oﬁtput_wés obseryed
continuéusly on énother pulse-height énalyzer: Since no variétion of peak'or
valley position occuff@d? tﬁe discriminator settings wefe not changed duripg
the ekperimént. The avéfage énergy resolution was 170 keV for tritons and

9B¢ target.

- 200 keV -for 5He from the
| Tﬁe beam intensity, which raﬁged'from 20 to 300 nA as necessary depending
upon the'angle of observation, was measured by means of a Faraday cup ?nd
integrating electrometer. An additional 1110 mg/cm2 lithium-drifted silicon
detector rotated. 50 degrees with respect to the‘flight ﬁath of the scattered
particles in order to increase its effective thicknéss aﬁd stop the elastic
protons was piacéd'atra fixed'angle (~20 deg); it served as a monitor during
the experiment..
o Séif;suﬁpértiﬂg i ana 9ﬁé térgefs 530 ana 650 ug/éﬁé thick,
respegtively; were_ﬁreparéd by evapdration. Separaﬁed isotopes‘wefe used for

the 1ithium targets. Neither of the targets contained an appreciable oxygen

lrpurivy.
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III. MASS 7 NUCLEI -

Typical 9Be(p,t)(Be and 9Be(p,5He)7Li spectra' are presented on
Fig. % while Fig. 4 presents the Vell—established8f9 energy levels of (Be

; n .
and (Li through the first T = 3/2 state. On the basis of their dominant ' -

. . . ' L . 2 :
LE coupling, the ground and first four excited states are described as P, .,
3/2

2. 2 2 L ] 2,10
¥y je 17/2, F5/2, and P5/2, respectively.

Figures 5 and 6 present the angular distributions to the ground and

T 7

first three excited states of' Li and

7Li which was obscured by the transition to the 7.48 MeV

Be with the exception of.the broad
6.6 MeV state of
state. Angulér momentum selection rules and the required pickup of two
p-cnell nucleons‘restrict\the transitions to the 0.431, L.55, and 6.51 MeV
levels of 7Bé_ahd to the u.63'MeV level of 7Li to L =-2;Ithe remaining transi-
tibns shown on Figé.’5 and 6 may proceed via L = O and/or 2. If one considers

fixed _ o
the fairly/shape of L = 0 and 2 angular distributions for these two-nucleon

pickup reactioqs in thé lighter elements,l’ll as indicated for several other
targét'nuclei on Figs. 7 and'8, one caﬁ.see that the data on 9Be agree with
these trends. " The ﬁraﬁsitions reéuired‘to Bé L:=72lshow either_ﬁhe expected j
makimum neér 20 deg c.m. oOr they possess a flattening shape ‘at forward angles
and a clear second.maximum at the expected ~50 deg c.m. (compare Fig. 8).

The remaining transitions show a varying but mixed L = O_and 2 character.
Bérkerig reproduced both the value of the L transfers and the relative yields
of the transitions using Eé coupled shell model wave functions for the A =7
levels and interﬁediaﬁé couplingwavefunctibns for the 9Be ground state. Ne%
levels'ha?é beennrecenﬁly rc—:-por'ted‘l.j étv5-9 and 6.2 MéV'ih.7Be.. There.is no.

evidence for them in these data but we cannot rule out their presence if their

. ) " ) _l
cross scction is smaller than about 50 wb sr-™.
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MeV for “He and 1.55%0.15 MeV for
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A striking difference between the (p,t) and,(p,5He) spectra of Fig. 3

is the strong excitation of the 5/2-, T7.48 MeV 7Li level while the mirror

7.19 MV level of {Bc is not appreciably populated. (This remains true even

_ ' 8
after compensating for the much greater width of the 7Be level, 720 keV as

cpposed to 89 keV in 7Li.) Figure 9 shows the angular distribution to the

. : i ‘ Lo
T7.45 MeV level of‘7Li. This absence of the 9Be[2P3/2](p,t) 7Be[7.19 MeV, P5/2]

transition is an example of an S forbidden reaction; the change of S required

by the nuclear wave functions is forbidden by the S = 0 requirement on the

‘transferred two-neutron pair in the (p,t) reaction. However, the greater

lexibility of the (p,BHe) reaction permits the analogous 9Be[2P5/2}(p,5He)

7

7 L :

'Li[7.48 MeV, Pq/é] transition through the additional allowed S = 1 for the
e

transferred neutron-proton pair. The allowed total orbital angular momentumv

“transfers are L = O, 2; on comparison with the data of Figs. 7 and 8 one con-

cludes that this transition is mixed with a somewhat dominant L = O character.

As further confirmation of this interpretation one may note that this L. =0

. contribution implies an § =1 requirement on a transferred pair between a 3/2-

and & 5/2- state.
. " - . T
An earlier report has shown the strong peaks at 10.79 MeV in 'Be and

11.1% MeV in 7Li to be the lowest T = 3/2 states in these nuclei.

IV. "MASS 5 NUCLEIL
Figures 10 and 11 show a typical energy spectrum for the 7Li(p,t)5Li
; , T - . _

and Li(p,BHe)iHe reactions,-respeétively, whiie Fig. lQ»preSents the presernt

" level scheme8 for these nuclei. The widths of the ground states are 0.80%0.04

p

N ST :
L1 in the n- He and p~+He c.m. system,

. i
respectively. 1



Y

-~ The First of these levels, known to be 3/2+ and located at 16.70 MeV in
-
‘and 16.65 MeV in “Li, is due to an S-wave interaction in d-t or d-

: L 2
‘tering. _Transitions to this 83/2 State8 from the P5/2 graund state of 'Li
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The angular distributions of the two ground states are presented in
Fig. 13 and indicate substantial mixing of L = O and 2 transfer, as is con-

2 : .
sistent with the 2P3/2 - P3/2 nature of the transitions. A very broad level

between 2 and 5 MeV of excitation was obsefved in both 5He and )Li, but no-

attempt was made to extract either an excitation energy or a cross-section.
At mgch higher excitation a striking difference again appears in

compéring_the (p,f) and (p,EHe) spectra-—namely the absence in the 5Li execi-

tation spectrum of the two energy levels clearly apparent in the 5He data.

5He

3

He-scat-

T

require L = L. and 8 = 1 for the transferred pair. As discussed‘above and

already observed in the transitions to the mass 7 final nuclei, such a (p,t)

cransition is S forbidden. " The allowed (p,jHe) transition to the'?He[16.70 MeV])

level is shown on Fig. 1lb; its angular distribution is different from the

characteristic L = O and 2 transitions shown on Figs. 7 and 8 but quite similar.

to the only other well established L = 1 transition known to us,‘that of
19 1L ' '

F(p,t) TF [3.10 Mev, 1/2-].

The same argument holds again for the broad state near 20 MeV. A

; 5 15
~definite state at 20.0%0.5 MeV in 5Li was recently observed 2 as a D-wave

d-"ie interaction with a tentative cpin assignment of 3/2+ or 5/2+; the mirror i
. 5 '_ o 8,16 . 5 |
ievel in “He has only tentative support. Comparative (p,t) and (p, He)

data permit us to distinguish between the two possible total spin configurationé

> - - .
for this state, D and D. The appearance of a state at 19.9%*0.4 MeV in the

: .
)

~

{3
Li{p, He

He data and the absence of transitions to the presumed mirror level
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&t 20 MeV in the 7Li(p,t)’Li data imply that the latter transition is S
forbidden and that the state is D ol

LOrblLouen ar . a STta 5/2 or 5/2.

.Arcarefﬁl'search‘was made for the first T = 5/2 state in the mass five’

system. No states other than those discussed above were observed. Since the
lowest T = 3/2 state would be expected to be a doublet in total spin, the (p,t)
‘reaction could populate it and would be expected to be fairly sensitive—except
for the high triton continuum'background——due to the above-mentioned absence

of other transitions in ‘the region about 20 MeV of excitation. In order to

~ permit a more sensitive search for a possible T = 5/2 state, a coincidence

> P

experiment capable of observing the decay properties of levels of “He :and “Li

from 16.56 to 28 MeV excitation is in progress.
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FIGURE CAPTIONS
1. 3lock‘diagram of counting equipment for recording energy spectra.

2. Particle—idéntifier spectrﬁm at a scattering angle of 23 deg from
bombardment of YLi with 43.7 MeV protons. The discriminator settings are
represented by lines 1-5.

7

5. Energy spectra for the reactions 9Bc(p,t)7Be and 9B¢(p,5He)'Li.at

52.5 degrees.

o

‘+.  Energy level diagrams.for the A = 7 nuclei.
5. Angular distributions of the transitions to the ground and first
T T . '
excited states of 'Be and 'Li.

6. Anguiar distributions of the transitions to the second excited states

1 T T

N

S Li and to the 6.5 MeV level of

3 -

Be and Be.

~

7. Angular distributions—in arbitrary units—of several pure L = O
(p,t) transitions in the light elements.
8. Angular distributions—in arbitrary units—of several pure L.z 2

(p,t) transitions in the light elements.

9. The angular distribution of the 9Be(p,5He)7Li [7.48 MeV] transition.
10, The energy'spectrum of the 7Li(p,t)5Li feaction at 1b dégrees.
11. Thérenergy spectrum of the 7Li(p,'BHe)BHe reaction at 14 degrees.
. 12. Energy level diagrams for the A = 5 nuclei.
’15. ‘Anguiar distfibuﬁioné afvthe trénsition§ to'the’grouﬁd”states of
5Li and 5He.
1k, Angulér distributions of the (p,BHe) transitions to tﬁe 16.70 and

19.9-MeV statés of 5He. The cross section of the latter transition is only

ronresentative.
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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.








