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- ABSTRACT

The Coulomb. dissociation; cross—section for "Li on ¥ Ay is calculated for different

models of the distribution of dipole response strength in "Li. Al the availabie models fail

in accounting for the low-—energy behaviour. of the Cross—section.

_ ® Supported in part by the CNPg and FAPESP.

March/1991

Recently, SLlStiChl), presented -a, detailed caiculatioon of the Coulomb dissociation
cross—section. for three models of dipole stréngth distribution as a. function of upg
bombardmg energy: for reactaons om:a TAu target. This type of calculatlon is quite
important as it clearly shows the sensmvxty of the eross section at low energies model used
for the “L1 dipole response. Surt:ch found thas the data point at 30 MeV/nucieon
measured by Anue et. al. “) can- be accounted for best by the. single particle mode] of
Bertsch and Foxwell ) The more recent corzelated state modet of Bertseh and Esbensen’)
underestimates the Cross: sectzon by factor of 2, wherever the cluster model] ) overestimates
the cross section. by " a factor. of 2: Both the single: particle. a,nd correlated. state model
account  wetl for the data. at. 790 MeV/nucleon 6). whereas -the cluster model ag_a.in-
overestzma,tes the -CTOSS. section. at: this energy by about 15% .

The formula used. bv Sustuch for the Coulomb. dlssoc:a.tmn Cross: section, however, is
only valid- at high energles, as pointed. out by Bertulani and Baur'). At lower energies, a
more complicated-expression: for-tlle-créss section must be used,: The purpose of this note is
to Dresent the result- of ' the calculation with the correct. formula for the: Coulomb Cross
section. As shown in ref. 7, this formula reproduces both the low and the high energy
regimes; and mcorpora.tes relativistic and recoil effects properly. We also include the
RPA~Cluster model of Teruya, et. al. ),_not consxdered_iu ref. 1.

The: Coulomb dissociation Gross section is giveﬁ by 7) (we observe that the original

fermula for the dipole case.appearing in ref. 7 has a misprinted sign.in one:of its. terms)
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where E is the excitation energy, a is the fine struciure constant, and
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where Z; and v are the target charge and the projectile (*Li} velocity, respectively. a

(1)

is the fine structure constant, e, is the eccentricity factor of the lowest allowed Coulomb

trajectory, thas is.
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where VB is the Coulomb barrier potential. The quantities n and £ are defined by
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where w is the excitation frequency, a = —p— is.half the distance of closest approach

~1/2
for a head—ou collision,. v = [1 - l . _
The function- K.m is the modified Besgel [unction with imaginary order. Kj n

means the derivative-of Ki 7 with respect to the argument. At high energies the above

expression for ng, reduces to
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. whic'h-is.th_e form _used' by Sustich, even at the rather Iow ene‘rgy- of 30 MéV/ sﬁucleon.. We

should point out, hbwe‘ver that Sustich 1) included recoil corrections to (2)° WhiCh should

render hlS calculatlon &ccurate £0 within 20%..

Before presentmg our calculation of o based on Eq: {1) for t.he chfferent models of .

we first discuss the behaviour of the funiction [\ uwen by the mtegralg)

Kin,(g): = f '3”5.60§11xc05nx i @)
(T . _

- thes'é functio’ns' are not tabulated, and have to be obtained by means of the numerical
' .,evaluatzon of the, mtegral at the r.h.s. of (3} The functsons K”? 41 and K; '7“‘ are not

o needed since:
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Tn ﬁgure L we show the functions K.({) and KSE(E} ve. £. It is easy 0

understand the oscillatory behaviour of . (£) vs. £ for smalt values of £, by using the

in
stationary phase-method. By wriling cospx = .sl,-( W T and since the integral of

Eq.(3} is even in x , one may take only the & ™ pranch of the cosine and extend the

lower limit of integration to —w. Changing x to x 4 iz and using the stationary phase

method, we find

E=2
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CIn Eq.(5): Al(Y): is-the: Aﬁfyi funetion: - This: functioir oseillates for negative values of its

argument (§< n).and dies-out as: _ef.'_f'- for large positive. valuesof " ¥, just as figure ib

shows.. Further, the:local peried: oE"Lhe oscillations goeé-a.é- /_\.§ ~ 27 &/n--. Thus, even for

sma.li values of s t.he functlon K {E} oscﬂlates at.very small values of. €. In figure ia,

" these. osc:lla,tlou are. not sh(}wu-. S

We further verified: that: the representation (3) is also valid for Kg{£) . Finally we -

remark that for our pu.rpose heré; the: argument of the modified Bessel function is related to

7: its order tbrouvh E=g, b and since: vo 2.1, ¢ is equal or larger than n and thus the
_Eow—{ oscﬂlatlons are; not re[evanc ‘

We furn. now: to the; results obt:amed for o - Eq.{1), using for the dipole strength -

distribution: %ﬁ dJiferent mode!s discussed recencly in: the literature. In figure 2 we
show: & comparison amontr the: cross. sectxons obtained. with. the modified 1udepende11t
particle: model: ), the: correlated: state model 1) , the hybrid: RP A—Cluster model ), and the
cluster model-5). Our:result diverge in an important way from. those of Sustich in that not

any. of: the: models:. a,cco'un_t;- ,fbr.-_t_he-- low: energy. data: point {E., = 30 MeV/nucleon).

Wheress: the cluster- model ovefeStimas_es;the- cross—section tke other models fall short in-

value. . The: recent: calculation of Lenske. and . Wambach, using the quasiparticle RPA

method, .

alse fall short in value (the cross section for this case is not shown in figure 2 as it almost
coincides with the independent particle result).
In conclysion,. we have calenlated in this paper the Coulomb - dissociation cross

section for MLi on " Au- using different models for the dipcle strength distribusion of MLi .

Al available models fail in accounting for the low—energy cross—section. Further

theoretical studies and experiments are clearly needed to seitle the matter.
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FIGURE CAPTIONS - .

Fig._ure'l..

Figure 2.

The function Kiﬁ(f) vi.£. a)y=1 bin=5.

‘The Coulomb dissociation eross section for. different models of g% The two

- data. point. are from ref{6) (E = 790 Me-V/'u) and ref.(2) (E = 30 MeV/n).

Full'curve cluster model. Dashed curve: independent particle model. Dotted

g:ur._ife:.'. :c:drtelated state. model;-.3eDasl1éd'_—c_lotted; curve: hybrid: RPA—Cluster

. mdde_[‘. See text for details,
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