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Observation of an Anomalous Angular Distribution in the Single
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Nucleon Transfer Reaction C at 100 MeV*
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. - The reaction C has been studiéd at a bombarding

energy of 100 MeV. The measured differential cross secfions have been
compared with exact finite range DWBA calculations including recoil.

The angular distribution of the reaction populéting fhe 53112 state in
13C at 3.09 MeV shows pronounéed oscillafions which are out of phase
with‘those.of the predicted angular distribution. - Tﬁe measured spectro-
scopic factor for this staté is such that it is unlikely that an
unéxpected reaction process is dominating the~expectéd direct/transfer

process.

Recently it has been shown that the inclusion of "recoil effects" in
numerical DWBA calculations of heaVy ion transfér cross sections strongly affects
the predicted differential cross sections in both shape and magnitude (parti-

cularly at higher energies), and explains many observations which are not

hY
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.‘previéusly understqod;1’2‘ In particular, therincluéion‘of recoil iﬁcreases the
nuﬁber of z—transfefs which contribute to.f%e cross séction. This can be seen

.‘froﬁ éonsidering the selection rules. The apguiar mohehtﬁﬁ selectioq rules for

* a reaction A(a,b)B are:

|2, - 2, s 252 +2

17 "2
and '
» _ . s s . AR
B IR P M 2
v < .ji_ j2 _ ' - . .
where a =b + x]z and B = A + x]z s 1.e., b and A are the cores between which
1 2 '

X is transferred. ' .

If recoil effeqté are nof included,'thefe is an ;dditional "myle which
~is an artifact of thel"no—fecoil" approximation. It is: (-1)2‘= An whe;é;Aﬁ is
~ the change in parity from the initial Fo the final sYstem.. The fL-values which
»'Satiéfy this pseudo rule are called "normal" l'svand th¢senwhich do not are N
.called "non-normal' lfs. ‘The contfibutiopS‘of_these non-normal %-transfers to
the cross seétiqn'have been found fo'be‘qﬁife %mportant in many heavy ion

reactions. o ' | -

One example of this was the successful analysis of single nucleon trans- _

fer reactions indﬁced by lgN on ;QC andAllB at higher energies.l The relative

lack of structure in some of the angular distributions for these reactions was

expléined by the compiementary contribution of a "normal"” & = 0 transfer and

-

a "non-normal” £ = 1 transfer, both of which were highly structured but out.-of

12C(luN laN)ISC' reaction at

phasé with each other. In particular,'the . g.s

78 MeV was well fit with the incoherent sum of these rapidly oscillating com-
_ponents; producing a smooth angular distribution in reasonable agreement with

the data.



s B
- This éxplanation“bf'the rélafively structureless anguiar distribution is .
quite plausible, but it‘ﬁould bé preferable to fit an'ahgular distribution wifh
structure to test the correctness of the theoretical_freatmeht. Such a test ‘
can Be.échieved by measuring the'anguiar distribution of the réactién

120X, %) 3¢ (3.09 Mev,2s

1/2) which, according to the first of the above

- selection rules, will have only an & = 1 contribution to the cross sec-
tion. If this contribution has the same rapidly oScillafing'angular dependence
found in the £ = 1 contribution to the 13C ground state cross section, then the

experimental 231/2 angular distribution would be expected to have pronounced

oscillations.

14

To test this prediction, we have measured the ~ N + 12C elastic scatter-

ing and single nucleon transfer- differential cross sections at a bombarding
. energy of 100 MeV using an }uN beam from the Bérkeley 88" cyclotron. The reac-
tion préducts wé:e analyzed with magnetig spectrometer system.3 A momentum
.spectrum for‘thé trénsfer reéctionvis shéwn in Fig. 1, with the groqnd state
and 3.09 MeV state indibated. ‘Since lsN is boundiﬁy énly 1.94 MeV, mno
"excited .states of 13N are expected in the SPectruA. |

Figure 2 shows the angular distributions of %he'lsc stétes. 'Alﬁo shown
for éomparisoﬁ is the measured éléstic scatferiﬁg angular distribution and its
optical model fit. It can be seen cleafly from Fig. 2 tﬁét the 13C giound
state (lpl)Q) does g?t oscillate‘while the:angular;distributipn for the 3.09 MeVi
'(251/?) state bas pronounced 6sci11ations,.iﬁ quélitafive agreement with the
prediction given above. However, a serious discrepancy éﬁpears when the oscil-
lations of the 3.09 MeV (251/2)'angular distribution are compéred with those

of the elastic scattering angular distribution in Fig. 2. We see that the two

distributions oscillate out of phase. The diffraction -model for heavy 'ion
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transfer reactionsS indicates that this phasing is chgfacteristic of an even

% transfer and, as»hés been prgQiously mentioned, the transfer reaction is .
expected to populate the'2sl/2 state with £ =1 only.:'it.is possible that the
diffraction model is too crude to give reliable predictions of such phasing.
To investigéte thié question we must empléy a more accurate theoretical treat-
 ﬁent. ‘-.'; | . |

| Exact finitexrange DWBA calculations inclﬁding\reéoil were made using
the program LOLA.2 These are show? in'Fig. 3. The ground state (lpllz)k
angular distribution is reasonably well fit wifh the DWBA‘prediction which is
an iﬁcdherent sum of £ = 0 and 2 =1 éomponents and gives a product spectro-
scopic féctqr of 0.51. This number is in good aéreement,with the value deter; -
mingd in'the 78 MeV analysisziio.SS) éﬁ& Qifh\thé‘£heoretical value ovaohen and -
Kuréths (0.42). Qn'fhe'dtheé hand; £hé i’; 1‘predictiop forjthe 251/2 angular
di;tfibution is clearly out ofvphasefwith the,data,rgs ahticipdﬁgd by the con-
éideration of the diffraction model above. Curiously, thé data b;ar an amazing
resemblance in phase and shaperto the & = 0 ‘contribution to the ground étaté‘
anguiar distribution. A
We have investigated the;dependence of these predictions on the optical

luN + 120 elastic

~ model parameters used. Other\parameter sets which fit the
scattering in'this.energy region7 were tried in the DWBAvcalculations. Aiso
investigated were the effects of sﬁall changes in the bound state parameters

- {those used in tﬁe.fits s@oyn érg ro'? 1.25 F and 'a =‘O.§5.F. None of these - .

changes produced any discernable change in the phase of the ahgular distribu-

tions. \

Since the finite range DWBA program LOLA has given good agreement with

other oscillating angular distributions in this mass and energy reg;lon2 (no
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states were stud@ed,‘howeVer) and has also correctly predicted the angular

state in the 308 (16 15 )31P reaction at 42 MeV g

251/2

distribution ofva 251/2
must conclude that the fault does not lie with the code, and that the reaction
process responsible for the population 6f the 251/2 state is someﬁow not being -
porrectly-described. | |

At high exc1tat10n energy there appears (Fig.’ l) a weakly exc1ted group
at 7.3 ¢ 0 3 MeV The angular distribution of this group is shown in Fig. 2.
Based on a comparison with other = single-nucleon frahsfer data,8 this gfoup
may correspondto the 5/2% and 3/2 states (at 6.86 and 7.68 MeV) which are

knowng to be malnly a [ C(2 ) © 2s ] conflguratlon. The similarity of the

1/2
angular dlstrlbutlons for the 7. 3 MeV and 3.09 MeV states (Fig. 2) mlght then
suggest/zhzﬁltlstep reaction mechanism is contrlbutlng in these cases.' However,
it should be noted that the spectroscopic factor for the 251/2 state obtained
by matchlng the envelope of the 2= 1 calculation’to the envelope4of the data

is less than unlty, i.e., the DWBA predlctlon is greater, on the average, than
the data. Thus it is unliKely that some unanticipated reaction process is

dominating the direct transfer to %hg 251/2 state and inverting the phase of the

angular distribution.

We would like to thank J.S. Blair and D.L. Johnson for helpful

discussions.
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FIGURE CAPTIONS

. . 12,14 13 .13 .
Position spectrum for the c(N, -N) C reaction.

Experimentaliy observed angular distributions. The elastic scattering

optical model fit was obtained with the parameter set: Vo = 145 MeV,

=0.925 F, a, = 0.816 F, Wooy = 35.3 MeV, r

ol I
1/3 + 1/3 ) :

o

Ty 0 = 0,178 F,

where R = r, (12

= ;.30 F, a;

™ o).

DWBA calculations (using the opfical parameters of Fig. 2) for the_.

13C ground state and 3.09 MeV excited states. 'Aé discussed in the

text, the 3.09 MeV excited state should be an 2 = 1 transfer but seems

to more closely resemble an &= 0 transfer.
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