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_ between individual states of the final nucleus.
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HIGH RESOLUTION STUDY OF THE C (p,2p)Bll REACTION AT 50 MeV
H. G Pugh D L., Hendrie,.Marc Chabre?, ‘and E. Boschitz ‘
Lawrence Radlation Laboratory
University of California
Berkeley, California
February 1965 . .
The (p,2p) reaction has been exten51vely studied at .energies between

ho MeV and hho MeV. 1 These studies have given'valuable information on the gross

shell structure of nuclei'but difficulties in obtaining good energy resolution

‘have limited the use of the reaction for detalled spectroscopic 1nvest1gations

Wewhave studied the C (p,2p)B reaction at 50 MeV uSing solid state'
counters for detection of theioutgoing protons and“have, for ‘the first time in -

this type of'reaction,nobtained energy"resolution sufficient to distinguish
. ) N ) :
- A carbon target was bombarded with 50 MeV protons from the Berkeley

'88-inch cyclotron Proton pairs from’ the (p,Ep) reaction, were detected in two -

i counter telescopes, each cons1st1ng of a pair of lithium—drifted silicon de-';r_"

tectors: .a 0. 024 inch "AE" detector and a 0.120 1nch "E" detector. . The cir- _t'
\ 3 :

cular collimators defining each solid angle subtended 6. 9 X 10 steradians

at the target Electronic c1rcu;ts selected only those events in which the ‘,é,uﬁ

: outg01ng particles, 1dentified as protons with energies between 9 MeV and
o 25 MeV, produced a fast coincidence between:all four counters. The resolution f-i:
" of the summed energy spectra ( the total energy depos1ted in all four detectors).i;?ﬂﬁf

© . vas better: than 550 keV. Figure l(a) shows a summed energy Spectrum which is

11

iairly typical and 1llustrates that the’ transition to the ground state oi B

- is predomlnant;' We have measured angular correlations for. this transition w1th ;'

the telesc0pes'blaced at‘equal angles, 9, on opposite sides of the incident beam

direction.
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.Figure 2 shows the differential cross-section for the ground-state o

* transition as a function of  for events in which IE --E | <5 MeV, where

E and E, are the energles of the two detected protons ThlS angular corre- -

2

latlon dlffers markedly from. those obtalned at higher energies:

. ’ - &

ﬁa) There are more oscillations, presumably diffraction effects due topii
locallzatlon of the 1nteract10n in the nuclear surfacev

r b) The cross- sectlon rlses qulckly at small angles, pos51bly due to o
the rapld rise of the proton-proton scatterlng Ccross- sectlon at low

energies.

iRecent.distorted wave calculations seem to reproduce the major features of the ;

. correlatlon

S

The ‘inset in’ Flg 2 shows three Spectra of (E - E ) for the ground-

a'state transition. The absence of sharp structure in these spectra (whlch as :yggx'/

’

va conseduence of'our_geometry must be symmetrlcal about El = Ea) 1nd1cates
. ; - . R : T ;

that the reaction‘doesvnot proceed through long-lived proton;unstable excited &
12 ' ' ' L N
" The (E - B ) spectra do, however, show slowly -varying structure near

the mlnlma of the. angular correlatlon {At these p01nts the cross sectlon _

\

'-:averaged over IE - E ]< 5 MeV is not a: good approx1matlon to that for eqpal

energy sharlng There we have drawn smooth llnes through the spectra to obtaln

- the cross-sectlon for‘E = EQ;.the results are glven by the dashed-llne 1n‘

'}Fig. 2. The effects of angular resolutlon on the angular correlatlon have not

been extracted

It w1ll be seen from Fig. l(a) that four excited states of Bll are

" produced w1th apprec1able Intens1ty. The states of spin 5/2- and 7/2-'are:.“‘
. partlcularly 1nterest1ng s1nce, in order for them to be produced by s1mple.

12
removal of a proton from C 2;.1t is necessary for the C .ground state to

¢

'contaln large admlxtures oI li partlcles Whlle calculatlons do indicate the

f
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~presence of 1T admixtures‘in-cle it is hy no means clear whether the quantity
is sufficlent.3
Alternatively‘lt is tenpning to consider the possibilify that these
hfour states nay have the character of a pB/é proton hole coupled to the 2+
,first excited.state of Clg at k.43 MeV. Their formation»would then naturally
'v;proceed through a double encitation process,.i.e., nickup ofoa p5/2.proton
'; acconpanied byainelastic scaﬁtering of‘either the inconing or one of the.out-
going protons. . This mechanism is nlauSible since the h;hj MeV state in Cl
*is known to be stronglr exciﬁed by inelastic proton scattering at these energies.

-

Double exc1tatlon processes of . thls type have been suggested by Penny and

B Sauchler5 and have recently been invoked to 1nterpret an anomalous angular

.dlstrlbutlon in the Cr5 (d,p) reaction. 6 The prodnct;on of theil/2- state
at:2.lh MeV would be enhanced'by\simplesremoval‘of a proton‘frOm the (p5/2)—2
(pl/e)2 admixtureipresent in the ground;sgate of Clg. We might also'expect_
significant configuration miking between the 3/2- excited state and the groundle'
~state. | | .

‘ - Using the same counter telescopes as for the (p,2p) reactlon we have

"~ also studied the C (p,d)C reactlon w1th comparable energy resolutlon, pro- .

x-‘duclng analog states in the mirror:. nucleus. Flgure 1(b) shows a spectrum for

this reactlon The relatlve p0pulatlons of the correspondlng states in the ”‘fA
~two. reactlons are comparable In partlcular %he relative weakness of the

:;'-trans1t10n toithe 6. 5& MeV level in the (p,d) reactlon supports our. assumptlon‘: o

11

. that the unresolved doublet at 6. 8 MeV in B .for the (p,2p) reactlon consists

U mainly of the T/2- state.

The 5/2- and 7/2- states have now been observed in-a variety of:single- .
. . L N ) . . ) ‘ N - N
' nucleon plckup reactions on 012 up to 150 MeV.7v Clarification of the'role*off
the double excmtatlon process 1n these reactlons is necessary to enhance thelr _

useiulness,as spectroscoplc tools.

:.ﬁqu”,,
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We wish e thank W. R. Gibson, A. R. Johnstdn and R. J. Griffith58
for sending us their results prior to publicatioh. There seems to be no

direct comparison that can be made between the two sets of results.- 4

. REFERENCES o *

1. 'H Tyren, P  Hillman and Th ~A J. Maris, Nucl. Phys. 7, lO (1958),
G. leell 0. Sundberg and P. U. Renberg, Arklv £8r Fysik 25, h55 (1963),‘

M. Riou, Proceedlngs of the Gatllnburg conference, October 196h (to be

'3publlsh§d). | o S i
2. K. L. Lim and I. E,:MéCarthy,_Phys.iRevﬂ ;gg, B1006 Kl96h)fand piivate'
communication. , | - ' S EERE
”5{. A. Goswami and M K Pal, Nucl. Phys\ uu 29& (1963).
| f_h. R W Peelle, Phys. Rev. }gg, 1311 (1957);
T. Stovall and N. M. Hintz{jPhys. Rev\.155, B330 (196uj.~'

5. 8. K. Penny and G. R.. Satchler, Nucl. Phys. 53, 1&5 (196&)

6. R. Bock, H. H. 'Dchm;'R 'Rldel and R. Stock, Phys Letters 13, 151 (196&)&'-~})1;“f

!

'7. 1W3 H. Kelly, C..A. Ludemann and C D Goodman, Bull Am Phys Soc. 10,
121 (1965); -+ - | 'f”' | | |
- c. Detraz, Ph.D. The51s, Orsay (196h),
;._..'u'__-}s M. Austin, G. L. Salmén, A. B.iCleg, X. 7. Foley and D. Newton, Proc. =
| “  Phys. Soc. (London) 80 383 (1962),
.. J. W. Watson, F. AJzenberg Selove and R. Mlddleton,.Bull Am Phys vsbc.‘.
© 1o, 9 (1965). - - o

X S;T'R J. Grlfflths, A E. McClatchle, W. R Glbson, S. J. Hall A R. Johnston

.and K. M. Knlght Congres Internatlénal de Phys1que Nuclealre, Parls, L,

: ~5a(1)/c95 (196h>,- | | . |

W. R. Glbson, A R Johnston and R. J. Grlfflths, (to be publlshed)



ey
B}

S

| l(b)

. Fig. 2.

 Fig. 1(a).

',by.the vertical dotted llnes on the (E

V{_descrlbed in the text.J_
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FIGURE CAPTIONS

A surmed energy—spectrum (El + Eg) for the Clg(p,Qp)Bll reaction
at 50 MeV. The positions of known excited states of B11 are .indicated.
A deuteron energy spectrum from, the ot (p,d)C 1 reaction at 50 MeV.

The posmtlons ‘of known exclted states of Cll are indicated.

"The dlfferentlal CYross~- sectlon dc/dQ dQ d(E - EQ) for the

C12<

p,2p)B .. ureactlon at 50 MeV as -a functibn of 8. The cross-
section has been averaged over the region |E - E |< 5 MeV indicated .

;- E o) spectra shown in the

inset. The dashed llne is an- approx1matlon to the cross sectlon for

[

"equal sharlng of energy between the outg01ng protons, obtained as

-
.

-t
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mission, or employee of such contractor, to the extent that
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