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ENERGY DEPENDENCE OF Mg(p,t)Q.Mg AND c(p, \10

=0 AND L = 2 ANGULAR DISTRIBUTION QHAPES*
, S. W. Cosper,Jr H. Brunnader, Joseph Cerhy; and Robertb . McGrath
Lawrence Radlatlon Laboratory and Department of Chemlstry
University of California
Berkeley, California
August 1967 )

‘VAbstract: Thoughv(p,t) angdlar distributions with L = 0 and Qvnormally
show a static behavior, thelr measurement oﬁ 2.61\/Ig.and leC‘targets for
. proton energies between EO.and 54 MeV shows a marked shape and magnitude
deterioration at tﬁe lowerienergies. These results are compared to.two;

nucleon transfer DWBA theory.f

-t e e e e e e e

1)

Durlng a recent experlment in which the lowest T = 2 (15.43 MeV; -

O+) State in Mg was populated via the 6Mg(p,t) reaction, it was noted

2)

that the typlical I = O triton angular distribution of this state ’ showed
- a marked magnltude and shape dete riorgtion when the incident proton energy -
was lowered from 58.7 to 32.5 MeV. That both the magnitude and shape of
this engular distribution ceuid undergo such a drastic change with only a
6 MeV change in incident proton energy near Ep =~ 35 MeV appeared to be of
eonsiderable interest for three reasons: a) Moeu other L = 0 and L = 2
(p,t) angular dlstrlbutlons, primarily 1nvolv1ng relatlvely high c.m.
energy tritons, had shown a nearly static shape which changed slowly with
target mass number (compare refs. 3) and 4))— . a fact which had been used

3

to assign L = O or I = 2 transfer to unknown {p,t) and (p,”He) angular
distributions; b) This magnitude and shape deteriocration, if not predicted

© by current two-nucleon transfer theory, could cause uncertainties in the
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reactlon data, and

2)

c) Any experlments dlrected toward establlshlng the locatlon/

'v_1nformat10n xtracted from some (p,,

or decay
: _fg‘propertlesl) of T |T [ + 2 states v1a (p,t) 1nvest1gatlons would requlre
;"}A&Z?EEanowledge of the condltlons under whlch the cross sectlon to these hlgh !

‘jlsospln states was a max1mum

o

In order to obtaln further data concernlng thls phenomenon,.the

"iexternal proton beam ‘of the Berkeley 88 1n. cyclotron was used to bombard

- 26, - s "
Ltargets of Mg and lgCﬂ" The resultlng trltons were 1dent1f1ed by means

fof a AE—E detector telescope and a power law type partlcle 1dent1f1er5)
:{Angular.dlstrlbutlons of trltons leav1ng Mg 1n 1ts ground and flrst :l
f; exc1ted (l 37 MeV,_2 ) statesv(L -0 and 2 respectlvely) were obtalned at

,;flelght 1n01dent proton energles between 20 O and 50 O MeV L O trl -
o ;ﬁf_angular d1str1butlons resultlng from ‘the formatlon of the 15 MB MeV O

= ol
: ~‘}T 2. state in Mg were obtalned at smx proton energles between 32 5 and e

’.“50 0 MeV.x In addltlon, L = O and 2 angular dlstrlbutlons from the
C( ,t) % ground and:ﬁrst exc1ted (5 55 MeV 2 * states, respectlvely’ o
?g:were 1nvest1gated at six proton energles between 30 O and 5# l MeV.i

'ilv These L = O (p,t) data are shown in flg.,l and’ the L - 2 date 1in f »

65’ "*f

”'f?ﬂ;flgétz.» The solld curves 1n both flgures represent two-nucleon transfer

)

7y where each JREIRE

L dlstorted-wave born approx1matlon (DWBA) fits to the data
'"L,flt has been 1nd1v1dually normallzed.v Real and 1mag1nary well depths were

8)

)3ﬁ]dj_allowed to: vary smoothly W1th energy ", the actual values of the parameters ﬁe5&g{-f:2,
hﬂvused followed quite closely the approx1mate expressmons presented in flg. l{‘QfViif

?euThe two-nucleon transfer DWBA clearly reproduces the general features of ,‘5

-”'ﬂ?'the observed shape varlatlon of these - (p,t) angular dlstrlbutlons w1th

49v1ncident proton energy.
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The magnitude andishape detérioratibn of the angular distribution
~of the 15.43 MeV guMg state at Low energies is readily apparent in fig. 1.
The fifst maximum, beyond zerc degfees,of the characteristic I. = O shape,
- .clearly seen from 50.0 down to\58.7 MeV, has disappeared at Ep = 32.5
MeV— the cross section in that angular region having decreased almost a
factor of 8. The othér two L = O distributioﬁs in fig. 1 alsc show
. comparable magnitude and shape aeterioration at the:lower incident proton
.energies. The nearly static L. = O shape referred to'earlier-is cleariy
evident in the data‘ofvfig. 1. The L = 2 angular distributions ghown in
.fig. 2 likewise show an almost static shape for‘ED'z 38.7 MeV, howaver,
like the L =.O shapés they tend tc deteriofa@e_af_lower éroton energiles.
It is interesting to note that thevL =2 fransition to the ZuMg (1.37 MeV)
‘state does not show the cross section reduction.éeen in the L = 2 trensi-

lOC (3.35 MeV) state at the lower proton energies.

“tion to the
Figure 3 presents a summary of these dats and their DWBA fits. In
‘the left portion of the figure'are plotted the integfated cross segtions
 versus tﬁe outgoing triton c.m. energy, while the right portion of the
- figure showsvthe first meximum peak cross section9)_plottéd against
triton c.m. energy. The points cénnected with dasheﬁ linesvrepresent
the.experiméntal data and the so0lid curves the DWEA predicticﬁs.
The most,strikihg prbpert& of the Fhree I = O transitions ig that
they all seem to reach aimaximum integrated and first maximum cross sec-
 tion at .Et‘ (c.m_.) ~ 17+2 MeV. The I = 2 trénsﬁv}tion to the 10, (3.35 MeV)

~ state also shows this behavior. In contrast, both the integrated and

first maximum cross sections for the eumg (1.37 MeV) state are still
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jshows that the characterlstlc (p, )'L O and 2 shapes begln to deterlorate

;below E (c m.)nﬁ;

Hence ass1gnment of L transfer vaiues to un-.f
ﬁknown (p,t) tran51tlons by comparlng thelr angular dlstrlbutlon shapes
'ﬂto known.transxtlons could pos31bly be mlsleadlng 1f the 1nc1dent energy

fls such that E (c m.) < lO MeV Slnce the DWBA appears to reproduce the;

}observed energy dependence of these (p,t) cross sectlons qnite well

'spectroscoplc 1nformat10n extracted from . (p,t) reactlon data us1ng the o

1;'DWBA should not be affected by thls observed strong energy dependence.v
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“T'Figure Captions

ll} Some L O triton angular distributions resulting from the proton:~

bombardment of 6Mgﬁandl C at various inCident energies. The solid:-

curves are two-nucleon transfer DWBA fits which were generated uSing

the parameters shown in the figure plus a real and imaginary radius

_parameter of;l.25 f., (EP and E xc &Y€ the incident proton energy andh}

.dthe excitation of the state being fit in MeV respectively ) Each fitf,

3

has been independently normalized to the data. i

:Fig 2 Some L 2 triton angular distributions from the 6Mg(p,t);and

C(p,t) reactions at various inCident proton energies. See caption;;

P

'*’.ofmg Lo s

.

'°¢Fig 3, Integrated (lO -60 c.m.):and first-maximum (paSt'OO)’peak,crossf’

sections plotted versus triton C. m. energy for some L O and L 2-

(p,t) tranSitions to states in Mg and s, The data points are

connected with dashed lines, while the solid curves are DWBA predic- L

- tions.J All DWBA values for a given state have the ~same. normalization.
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' APPENDIX. -

‘\This'appendik»contains three tables which present data dénsidered too

-lengthy for_inclpsion in the body of the‘paper submitted to the journal. .
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