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a-transfer contribution to Be+ ' C elastic and inelastic scattering
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Angular distributions for the Be+ "C elastic and inelastic scattering have been measured at a
Be bombarding energy of 50.46 MeV over an angular range from 10 to 170' c.m. Besides the

ground state of "C, the 3.68 MeV J =
—,
' and the 7.55 MeV J =

—,
' levels are strongly populated.

The enhancement of the backward cross section is a clear evidence that the process is dominated by
the exchange of an a particle between two identical Be cores. The experimental relative integrated
cross sections are fairly well reproduced by distorted wave calculations using an a-cluster form fac-
tor and the shell-model spectroscopic strengths of Kurath.

In previous studies of elastic scattering, angular distri-
butions have been observed to be enhanced at backward
angles, when both projectile and target nuclei belong to
1p and 2s-1d shell. ' This effect has been found to be
more pronounced when both projectile and target nuclei
are integer multiples of an a particle. However, the
enhancement of the cross section at back angles has also

been observed when the interacting nuclei do not present
such na structure, but differ by an a particle as in a sys-
tem like Be+ "C. This behavior has been observed by
Jarczyk et al. in the elastic scattering of Be on ' C at
c.m. energies of 11.5 and 14.9 Mev. The high cross sec-
tion in the backward direction is explained as a contribu-
tion of the a-exchange process, supported also theoreti-
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FIG. 1. Spectrum of Be ions scattered by a ' C target at an incident energy of 50.46 MeV and O~,b=20. The peaks are labeled by
the ' C excitation energy expressed in MeV.
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cally by the large a-cluster amplitude in ' C predicted by
Kurath. However, the a-structure amplitudes for the 1p
shell nuclei computed by Kurath show large spectroscop-
ic factors also for the negative parity excited states of ' C.

Therefore, if the enhancement of the backward elastic
cross section has been successfully interpreted as due to
an a-transfer process between two identical Be cores,
this effect shou'~ be found also in the inelastic scattering
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FIG. 2. Experimental angular distributions for the elastic and inelastic scattering of Be by "C at 50.46 MeV. The error bars indi-
cated correspond to the statistical errors only. The solid lines show the theoretical calculations resulting from the coherent and in-
coherent addition of the elastic (inelastic) scattering amplitude with the corresponding a-transfer amplitude.
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of Be ions from ' C. Animated by the intent of investi-
gating this reaction mechanism in the inelastic process,
we have undertaken at an incident energy of 50.46 MeV
the present ' C( Be, Be') experiment, whose results are
presented in this Brief Report.

The Be beam was produced by extracting BeO from
a sputtering ion source of the XTU Tandem of the Na-
tional Laboratory of Legnaro. The 0, as well as the
outer electrons, were stripped from the BeO ions in the
terminal carbon foil stripper of thickness 5 p, g cm . The
charged Be ions were further accelerated and momen-
tum analyzed in the 3+ charge state with an energy of
50.46 MeV. The target was a self-supporting ' C foil of
thickness 60 pg cm (enriched to 96% in ' C). The scat-
tered ions were detected by two AE —E counter tele-
scopes angularly separated by 5' and mounted on a rotat-
able platform in a large scattering chamber of one meter
diameter. Each counter telescope consisted of a 17—18
pm Si surface-barrier hE detector followed by a 400 pm
Si E counter cooled to —2 C. The hE and E signals
were stored on magnetic tape and then sorted off line,
into AE XE plots, to separate the different ion groups. In
order to obtain a complete angular distribution from
8, = 10' up to 170', the backward cross sections
(8, ) 100') were determined by detecting the recoiling
target nuclei at forward angles. Absolute cross sections
were evaluated by reference to the elastic ' C( Be, Be)' C
optical model fit, with an accuracy of about +15%. A
typical pulse height spectrum is shown in Fig. 1, where
the energy resolution of the Be groups is of the order
250—300 keV. No Be excited states are observed since
these states are particle unstable.

It is known that the ' C spectrum presents eight levels
up to an excitation energy of 8 MeV. Of these we observe
only three peaks all of negative parity, that is, the ground
state (J"=—,

' ), the 3.68 MeV (J =
—,
' ), and the 7.55

MeV (J =—', ) states. These levels are populated by in-

elastic scattering of Be, with cross sections one order of
magnitude higher than the remaining states. Such selec-
tivity of the inelastic process proves a dominant direct re-
action mechanism. As mentioned above, Kurath has
calculated the a-spectroscopic amplitudes for the 1p nu-
clei assuming a shell-model ( lp) basis. The spectroscop-
ic strengths for the negative parity states are given in
Table I. The non-negligible values of the a-structure
spectroscopic strengths for the negative parity states sug-
gest that the elastic and inelastic transfer process may
give an important contribution to the backward elastic

and inelastic cross sections. All the experimental angular
distributions show indeed a pronounced backward cross
section, as can be seen from Fig. 2. In this figure the
theoretical curves represent the DWBA differential cross
sections which take into account the elastic and inelastic
a-transfer process and can be written as follows:

= tf,", (8)—QS, &S,(1, )f,'„'(~—8) ~'

+ g S,S~(1)crI(n 8)—,
1&11

where f„(8) is the elastic or inelastic scattering ampli-
tude which occurs with angular momentum transfer I &, at

Il
the angle 8, and interferes coherently with the f„(m —8)
a-transfer amplitude with the same I, transfer at the an-

gle vr —0. The remaining part is an incoherent term in-
volving transfer mornenta different from 1&. S& and Sz(l)
represent the spectroscopic factors of the a cluster in the
target and in the residual nucleus, respectively. For the
elastic transfer, including recoil effects, we have I, =0
and 1=1,2, 3,4. For the —', state at 3.68 MeV and for
the —,

' state at 7.55 MeV we have I, =2,1=—0, 1,2, 3,4
and l& =2,1=3,4, 5, 6, respectively.

The theoretical cross sections were calculated using the
code PTOLEMY (Ref. 8) for the elastic and inelastic
scattering and the code LoLA (Ref. 9) for the elastic and
inelastic a transfer of the ' C( Be, ' C*) Be reaction
channel. The optical model parameters were those
adopted by Jarczyk et al. at lower energies and are list-
ed in Table II. For the inelastic scattering, the Coulomb
deformation parameters p, have been computed by the
code PTOLEMY from the 8 (E2) reduced transition proba-
bilities to the ground state, evaluated from the experi-
mental level widths of (3.6+0.8)X10 eV for the 3.68
MeV state and of (0.115+0.007) eV for the 7.55 MeV
level. The nuclear deformation parameters p„are chosen
such that the deformation lengths p„R„and B,R, are
equal. The values P„R„=1.43 fm and P„R„=1.34 fm
thus obtained for the two nuclear states of ' C are in
good agreement with the value p„R„=1.4 fm derived by
Mateja et a/. ' in the analysis of the inelastic Be scatter-
ing from ' C nuclei. The theoretical cross sections thus
calculated reproduce very well the experimental ones in
the forward direction and fairly well in the backward

E„(MeV)
Expt. ' Calc. L =0 L =2 L =4

0
3.68

7.55

0
3.59
7.40

1
—

1

2 '2
3 — l

2 '2
5 — l

2 '2

0.235
0.407
0.0214
0.0014 0.212

'From Ref. 7.
From Ref. 6.

TABLE I. Spectroscopic strengths for Be+a~ "C.

TABLE II. Optical model parameters used in the DWBA
calculations.

Channel

'Be+ "C
He+ Be

V
(MeV)

—60

(MeV)

—32.6

aro
(fm)

1.18
1.3

a
(fm)

0.6
0.7

r b
C

(fm)

1.2

'The parameter ro is defined by R =ro( A,'~ + A~ ), where R is
the total radius of the potential; t and p stand for target and pro-
jectile, respectively.
The Coulomb radius is defined as r, A,'~'.

'Adjusted to reproduce the observed binding energy.
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TABLE III. Summary of results from the ' C( Be,'Be') reaction.

E„'
(MeV) Jrr 78

Integrated cross section
Expt. (mb) Calc. (mb)

Angular interval of
integration (c.m. )

3.68

7.55

1
—

1

2 72

3 —
1

2 72

5 —
1

2 '2

1777+250
0.39+0.12
6.55+0.98
0.38+0.11
4.93+0.74

0.31+0.12

1659
0.34
6.72

0.40
5.13

0.08

7'—90'
90'-170
10'-90'

90'-170'
10'-92'

92'-170'

'From Ref. 7.
The calculated cross section has been integrated in the same angular interval as the experimental one

using a normalization factor for a-transfer amplitude equal to &528. The spectroscopic factors used in

the calculations are those of Table II.

direction. The results of this comparison are presented in
Table III, where the only discrepancy observed is for the
integrated cross section between 92' and 170' of the tran-
sition to the 7.55 MeV state. In this excitation energy re-
gion of the ' C nucleus, there are two levels, the 7.49
MeV J =—,'+ and the J =—', + 7.68 MeV, which are too
close to the 7.55 MeV state to be separated by our experi-
mental energy resolution. However, these two neighbors
states have opposite parity with respect to the 7.55 MeV
level, and the corresponding l=3 and l =1 theoretical
angular distributions show a forward diffraction pattern
which is out of phase with the experimental one. Thus
analysis suggests that the most important contribution to
the observed 7.55 MeV peak is due to the —,'state. Re-
cently Aslanoglou et al. " studied the Be( Li,d)' C reac-

tion to locate the a strengths in ' C. They indeed observe
a peak at 7.5 MeV whose angular distribution shows a
relatively large cross section, but unfortunately no
analysis has been performed to extract structure informa-
tion from the experimental curve.

In conclusion, the selectivity of the ' C( Be, Be' )' C
reaction is a further confirmation that the dominant pri-
mary reaction mechanism is the direct one. The
enhancement of the backward cross section is well ac-
counted with the exchange of an u cluster between two
identical Be cores. The analysis based on a cluster form
factor and DWBA calculations using current shell-model
wave functions and the corresponding parentage ampli-
tudes evaluated by Kurath explains the relative yield of
the observed spectrum.
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