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- HIGH-SPIN ASSIGNMENTS IN THE l1p-SHELIL UTILIZING THE
»
J-DEPENDENT (p,®) REACTION
Creve Maples and Joseph Cerny
- Department of Chemistry and
Lawrence Berkeley Laboratory
University of California

Berkeley, California 9L720

December 1971

Abstract:

; Direct (p,a) pickup reactions within the lp~shell induced
by 43.7 to sh.1 MeV protons are shown to possess angular distri-
butions with characteristic behavior for J=1/2, 3/2, 5/2, and
T7/2 transitions. This behavior is qualitatively reproduced by
DWBA calculations and permits spectroscopic assignments of

J"=7/2_'for both the 6.97 MeV state in 9B and the 12.13 MeV state

in l3N.

Almost all previously reported (p,a) investigations below A=60 have been
restricted to measurements of the ground state and a few low-lying excited étates.
As such the_question of whether this pickup reaction, operating through its
transferréd angular moqentum selection rule 3=f+172,‘is useful as é spectroscopic
tool in the'lighter nuclei remains largely unanéwered. We.have étudiedbthe

(p,a) reaction induced by U43.7 to 54.1 MeV protons on l2C, 130, th, ;SN

16

, and
0, observing transitions to levels in the residual nuclei fanging from the
ground state to 15 to 22 MeV in excitation. These data show that, in fact, a

strong and consistent J-dependence, in accord with the above selection rule, is
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observedffor'both'Lel and L=3 trahsitious;”permittingi(Within the sc0pe of.this
:paper) two definite spectroscoplc a551gnments. J-dependent effects (flrst reported
by Lee and Schifferl for (d,p) reactlons) have prev1ously been noted for L~1
(p,a) tran51tions on medlum mass nucle1 (see e g., Ref. 2, 3). Although a
.J_dependence for =3 transitlons in both_(p,q) reactlons3 ‘and (a,p) reactlonsh
~has been predicted fromfdistorted—wave Born'approXimation (DWBA) calculations,
- no deflnlte experlmental eV1dence,for this has hltherto been reported
| ' These (p,a) reactlons were investlgated using the proton beam of the

"Berkeley»88-inChvspiral—ridge cyclotron at’energies;of'h3.7 MeV on the 13C, th,

and 157 targets; 50.5 MoV on the 13c target; and 5&.»1 MeV on'the 120 ana Y80
targets.: The experlmental detalls have been descrlbed preV1ously > Alpha

: partlcles from the reactlon were 1dent1f1ed by a Gouldlng-Landls partlcle
identifier. _Gas_targets of 1662; lSN (enrlched to 99%). lh 2, and L3¢ H#

i(enriched t0-93%)'and‘a sOlid 120 “target were used. Representative spectra of

16

the C(p,a) B and- o(p,a)” 13y reactlons, with experlmental resolutlons of
ivapproxlmately lSO audvl90 keV, respectively; are shown in ‘Figs. l'and 2. ‘Transi-
“tions examined ih'all the reSidual nuclei yielded angular'distributions, taken
'_betweeh apprOXimately 106 and 80° center-of—mass (c m. ), on about SO levels. |
Thls report w1ll cover, with one exceptlon, only those tran51t10ns for
lwhich a unique value for L and J 1s,requ1red.by the_selectlon rules. A detalled
,analysis of our results as.well as a.co;prehehsiverdiSCussion of the direct
pickup character of these (p, a) reactlons (at forward angles and at our bom—.
bardlng.energles) w1ll be-presented 1n a subsequent publlcatlon.l A strong -

1nd1cat1on of a dominant plckup mechanlsm vould be the hlghly selectlve populatlon.

of "pure p—shell flnal states6 in all-the resldual nuclel. Such:an effect was
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indeed observed. The strongest (p,a) transitions consistently populated only
p-shell levels in the final nuciei with'cross-sectioné which were large#, by
usually one or two orders of magnitude, than those to non-p-shell levels. 1In
contrast to this; a knockout mechanism, for example, would have permitted some
tfansitions to‘bOth types of lévéls, perhaps most strongly for reactions on
the 120 and l6O'targets (it would permit the incident proton to be capﬁured

into either the 1lp or (2s,1d) shell). The spectrum in Fig. 2 particularly

illustrates the differing relative cross-sections for transitions to p-shell

and non-p-shell final states.

Anguler momentum selection rules restrict (p,0) transitions between
p-shell levels to L=1 (with J=1/2 or 3/2) or L=3 (with J=5/2 or T/2). Figure
3 shows some (p,0) angular distributions for which L=1. While all the distri—
bufioﬁs peak toward zero degrees, there is little a&ditional similarity between
the J=1/2 and 3/2 distributions. However, the uniformity énd consistency of the
angular distributions for a given J are.prondunced. It is noteworthy that this
uniformity persists even with differing kinematic effects and is generally

)12C reaction.

preserved over a range of almost 18 MeV of excitation in the 15N(p,a
Transitions in which L=3 are shownT in Fig. 4. The only consistent
feature (an L-dependent effect) appearing in these diétributions is that the
first maximum no longer peaks foward zero degrees. vThe J-dependent effects are
again appafent‘in the J=5/2 and T7/2 distributions, although the differences are

not as pronounced as in the previous L=l case. Although only one transition

populated in these reactions was restricted solely to a J=5/2 transfer (the

l60(p,a)l3N [7.39 MeV, 5/27] transition), at least four other transitions were

observed to proceed predominantly through this mode.8 ‘One exanple of these is



" neighboring level). The two remaining J=T/2 transitions will be discussed

code DWUCK

(p.o) 12 : . .
lsN( p,a) - C [16 1 MeV, 2+, T—l] transit1on. Simple spectroscopic arguments

(employlng in part the wave functions of Ref 6) inaicate that this transition
_should have a strong component of L-3, J-5/2 transfer, although =1, J—3/2
transfer is also allowed Since the angular dlstrlbutlon for this reactlon

(Fig. ha) shows no obv1ous L=l character at forward angles, it can be taken as
|

a further eXample'of an eSSentially'pure J=5/2stransition. 'Of the final states

' : ' ' 10

populated in“the J=T/2 transitions, only the 120(4+) and 10B(4+) were previously

known (the small angle behavior 'of the transition to the 1°B state is well

' accounted for by a small admixture of an L=1'component to an incompletely resolved

. |
below. The angular distributions’Of the:strong transitions to all the other

p-shell states are consistent with these four different J-dependent shapes,

either singIY»or*in‘anzappropriate combination. -

Distorted;ﬁave'calCulationsvwere employed to deternine‘whether the observed

J-dependence was cons1stent at least in. general w1th 51mple theory 'Since

the 1n1t1al aim was only for a qualltatlve comparlson, a local, zero—range

calculation; using the point-triton approximation, was carried out using,the

9 Flgure 5 shows the results of" these calculat1ons for the
O( a)l3N transltlons to flnal levels with J —1/2 s 3/2 s 5/2 . and 7/2 .

The first three. levels are well-known (see Ref 5) and the last 1s dlscussed

v below. Optlcal model parameters for the proton channel, 1nclud1ng a spln—orblt

term, were obta1ned from Frlcke, et al 10 Parameters for ‘the agchannel vere
obtalned by reflttlng elastlc a-scatterlng datall to correspond to a deeper and_
more reallstlc real well potentlal (V —175 MeV). The bound state redius and dif-

fuseness were obtalned from the analysis of 3He scattering on 120 as reported in

NIRE
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Ref. 5. In general the DWBA fits shown in Fig. 5 qualitatively reproduce the
shapes of.the distributions and hence clearly pred&ct the observed J-dependence.
The relativély slight dependence of the distributions omn kinematic effects was
also reproduced by the calculations.

Finaliy; this observed J-dependence permits us to make . two definite
spectroscopic assignmehts. The first of these is for the second strongest
)9

: 12
transition observed in the C(p,a B reaction, which was to a level at

6.97 + 0.06 MeV (see Fig. 1). This level, which has a width of approximately
9

B levels and its excftation

9

2 MeV, accurately follows the kinematics of other

is consistent with a known T7/2" state12 in the mirror nucleus “Be at 6.6 MeV.

The excitation of .the 6.97 MeV level also corresponds well to a state reported

9B which was tentatively assignedl2 as T/2 . Similarly, the

16

1
third strongest transition in the o(p,a) 3N reaction was to a broad, hitherto

at 7.1 * 0.2 MeV in

unobserved, level (rC 2 300 keV) at 12.13 * 0.06 MeV (see Fig. 2). The exci-

tétion energy of this state corresponds favorably with that of a state at 12.42 MeV
in its mirror nucleus -5C which has J'=7/2" (Ref. 5). The angular distributions

9B and l3N states, shown in Fig. LUb, are in

for these (p,a) reactions to the
agreement both with each other and with the known J=T7/2 transition shapes. Both
distributions are also consistent only with the DWBA predictions for J=7/2 (the
prediction for the l3N712.l3 MeV transition is shown in Fig. 5). Since these
transitions proceed from O+ tafgets, unique Jﬂ=7/2_ éssignments are possible.
In conclusion, thevhigh seiectivity exhibited by these (p,a) reactions

leaves little doubt as to the dominance of the direct pickup mechanism at these

" energies and at forward angles. The evidence for a strong J (and L) dependence

is equally apparent. - The angular distributions exhibit a dependence on J which
- o



% . LBL-288

A

"is both consistent and uniform and, to first order, appears independent of any

kinematic effects. Simple bWBA célcplations,appear capable of réproducing the

qualitative features of the observed distributions. The spectroscopic utility

[ SR Sy

of this consistent J-dependence in (p,a) reactions in the 1p shell has been

demonstrated. Since fairly fecept re‘sults,l3 on L=2; J=3/2 and 5/2, (a,p)-reactions v

~in the (2s,ld) shell, fail to show similar consistency, comparable studies of

(p,a) reactions in this heavier shell would be of interest.
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|  FIGURE CAPTIONS ‘
?Fig. 1.. The»enéfgy spectrum of the 12C(p,d)9B reaétién;-‘The insert reprgégnt33“ 
the indicated porfionbof the.spectrum aftef-removal of’baqurounq; thév -
‘ curve shéws,ah aﬁalytiéalifit to thi§ éon;isténtly‘asymﬁetric péak._v
Fig.'2; Thé;eﬁergy spéctrum of the l60(p,a)l3N reaction. The insert sﬁowsva
* four-Ceissian fit to'the indicated region of the épectrum, after backéround
-Subtract::ioh.' ' | |
Fig. 3. ”Differenfial cross sections fdf{varibus =1 (p,a) transitions:
(a)'J;l/Q'tranéitions; (v) 5=3/2 transitions. Where error bars dre-néf
éﬁowﬁ, they'are‘sméller'tﬁan thé Size of the poiﬁté. The curves represent
'least-squéres fits td £he data; Vertical lines have beén added to facilitate
comparisons. | |
Fig. 4. Differential cross sections for various L=3.(p;c) transitions:
(a) J=5/2 transitions; (5) J=7/2:fransitions. Sée‘captipn to Fig. 3.  -
vFig. 5. _DWBA calculations for J=1/2, 3/?, 5/2, and T/2 transitions in the.
l60(p;a)l3N'reaction; The solid curVesvare leést-squares fits‘to'thé 
'expérimental data. Theoretical angulaf:distributioné aré représentéa‘ﬁith
broken lines; both J¥l/2 and 3/2 caléulétions are shown for the groﬁndastate
tfansitionvar comparative purpése$, The calculations are séparately}normalized

to the'data by a chi-sqﬁared minimization,

-~
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