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Charge exchange reactions in the Glauber approximation
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A treatment of heavy ion charge exchange reactions based on the Glauber approximation is presented. It is
applied to the analysis of the reactiotfC(*3C,**N)*?B, *2C(*3C,**B)*N, and *2C(*?C,**N)*?B at intermedi-
ate energies. Overall agreement is found on the basis of a model whose ingredients are the experimental
nucleon-nucleon scattering amplitudes, the phenomenological nuclear densities, and the transition densities
derived from microscopic nuclear structure modgB0556-28189)03604-3

PACS numbgs): 24.10-i, 25.70.Kk

A considerable amount of experimental data on chargésm is here applied to reactions where the projectile as well
exchange processes in intermediate energy heavy ion collas the target can be describedpashell nuclei. The choice of
sions is now available and more is expected with the newthis region is made on the basis of the fact that the same
facilities. By suitable choice of projectile and target, they cannuclear structurgshell) model can be used for projectile
allow convenient tests of the isovector channel of the effecand target systems and that there exists a simple nuclear
tive interaction useful for the analysis of Fermi and Gamow-interaction [5] that has been extensively and successfully
Teller transitions. In the past years, several heavy-ion chargesed to account for a large amount of spectroscopic data. The
exchange reactions have been described within semimicroeactions studied cover a range of projectile, targets and final
scopic approaches in which the charge-exchange form factates that allow a good appraisal of some of the features of
tors are calculated from microscopic interaction but the relathe charge exchange process.
tive motion is described in terms of phenomenological In the one-step Glauber approximation, the scattering am-
optical potential§1,2]. plitudes of one-step charge exchange reactigha—¢Bb),

Since it is well known that high energy scattering pro-for the momentum transfeX, can be expressdd] in terms
cesses are dominated by nucleon-nucleon collisions, in thef an integral on the impact parameter
present work we describe the charge exchange process on the

line of the Glauber approximatiof8] where the nucleus- Aa—Bb

nucleus collision is fully microscopically described. Success- faa-so(d)= 'kE bdbpuy (D) In(AD)

ful applications of the model have been previously obtained _

for a variety of elastic and inelastic heavy ion data at inter- xehP)tx(blg=iMe, (1)

mediate energie$4]. Another encouraging aspect of the

Glauber-like approaches is that their parameter-free naturé the above expressiory(b) is the Coulomb phase shift,

makes them particularly suited to predict the gross featureke., x(b) =2i 7 In(kb), and \(b) is the elastic phase shift

of reactions, also in regions where there is no previousbtained from the central spin- and isospin-independent

knowledge of heavy ion scattering data, a fact which is im-nucleon-nucleon scatteririgee below, Eq(6)].

portant when planning new experiments. The details of the charge exchange transition are con-
In this paper a formalism to deal with charge exchangedained in the matrix elementﬁAaﬁBb(b). By making ex-

heavy-ion reactions based on the Glauber approximation iplicit the nuclear spin and isospin of targeesidual and

developed. We will assume that, at high energies, these rerojectile(ejectile systems these charge exchange matrix el-

actions are dominated by one step procef8gShe formal-  ements can be written in the form

AaﬁBb(b)— <ta” atb— Np| 1N — Np)(taANatg—Ng|1Ns—Ng)

XZ J Jt<Jaman Mp|JpMa—Mp){j AMaj g — Mp|JMa— Mg)
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wherep$9(q) are the transition densities in the momentum TABLE . Transition density factors.
space corresponding to the transfer of one unit of isospin in
the 25*1|; channel. The amplitudefy; stem either from

s J

g

Ji Ty

the isovector central{=0) or the tensorK=2) parts of 12 0o 0 1 1 0O 1 1 -0.13381x10°1%
the nucleon-nucleon potential, as described below. The quan- 2 1 1 0.3222510 2
tities B, arise from the projection of the spherical harmon-1o g 0 2 1 2 0 2 -0.19949<10°1
ics on the plane perpendicular to the trajectpW’(7/2,¢) 2 1 2 0.3341%10°2
=i'""B, €™ 8| meven]. The squared brackets areusedtogz 1 L 1 1 o 0 0 -0.62647%10"
indicate the couplings of the related angular momenta. o 1 1 0.5684% 10 2

The nucleon-nucleon interactiom the case of a nucleus- o 1 1 0.48795 101
?ucleus collision the general velocity-independent interac 5 11 2 2 9 1 1 -0.1330310°}
tion between a target- and a projectile-nucleon can be written o 1 1 0.27070¢10-1
in the form 2 0 2  0.2421%10°!

) . . 2 1 2 -0.32506x107"
Virp)= 2 Verdrip)llotop] Vi) 1T mp)° 3)

when S=1 or T=1, and are the unity operators whén in many applications. It is known, however, that exceedingly
=0 orT=0. diffractive elastic cross sections result when very transparent

The velocity independence of the interaction implies thafuclear systems are involved, as for example, in the case of
in Eq. (3) the sum runs only ol =0 and 2. It can be shown the **C+**C reactions. In this case better fits are obtained by
that, as a consequence of the condition thatm must be "€sorting to optical model approaches, where the elastic
even in the transition densities, ho=0 transfer is allowed Phase shift\(b) is obtained from the macroscopic ion-ion
when the parities of the entrance and exit channels are diffotential. In the high energy range one can use the eikonal

ferent, even if tensor contributionsK&2) are taken into appro?dmation starting from an optical potential. The price to
account. be paid is the need dadd hocfits of optical parameters for

The scattering amplitud&:SK in Eq. (2) is related to the ~©&ch reaction. _ _ Hac .
Fourier transform of the effective nucleon-nucleon potential, Normal parity states in nuclei arou can be satisfac-

which has been parametrized by Love and Frafgto fit torily described in terms of many nucleon configurations in
the free nucleon-nucleon scattering data. This effective pot® O shell. For the states that are considered below, a com-
plete basis(see, e.g., Ref[9]) is provided by theL—S

tential is complex and energy dependent. k N ”
Transition densitiesThe transition densities appearing in coUPled wave functionp[fITSLY, (n=A~4). Then, the
puclear states are written as

Eq. (2) are, in the target-residual nuclei system, the Fourie
transforms of the matrix elements

1 AT, y)= > clfspFITSLY, )
1¢,S,3¢ _ . 1S4 . 2L
ro=—="{(jstsl||T'%7||j ata), 4 (]
Pag (M) /—3Jt<JB glll I ata) (4)
where the one-body transition operator is where y identifies one specifid, T state. The coefficients

C{fsL are obtained by diagonalizing a nuclear interaction, in
53 S(r—ry) o the present case tti8-16)POT of Cohen and Kuratfb]. The
T, =% Moy, (5)  matrix elements of the charge exchange transition operators
r (5) are calculated in Ref10]. In this scheme the transition

The stategjata) and|jgtg) are the many-body wave func- densities of Eq(4) result

tions for the target and residual nucleus, respectively. Ex-
pressions similar to Eq$4) and(5) result for the projectile- @ (Neh (1)
ejectile system. p!;S'J(r)z%Kif . (8)
The calculation of the transition densities involves the r
choice of a model for the nuclear wave functions and of a
S‘I“St"i‘ble alglogl;cphm for th\.e.obten'-uon of the matrix eI_e_ments ofin the above formula stands for the labels corresponding to
Ty, and Thﬁp . A specific choice fop-shell nuclei is ex-  projectile or target 4 or A) andf for those of ejectile or
plicitly described below. residual nucleusk{ or B), respectively. All the Hamiltonian
The elastic phase shifThe elastic phase shifts eigenvectors, angular momentum and charge-spin fractional
parentage and spherical tensor recoupling coefficients are
1 - - 000, o1 a—iG.Boy contained inkj; . The Table | gives the values of the factor
A(b)= 271k po(@p(@fyn(@)e™Pda () - for the 1S charge-exchange transitions under consider-
ation.
have been evaluated by using nuclear densitie$ and the The single-nucleon wave functions,(r) are the solu-
Love and Franey nucleon-nucleon interacti8m tions of a Woods-Saxon potential, which depth is adjusted to
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FIG. 1. Calculated and experimental angular distributions fo
the reaction'?C(*°C,3N)?B.

nucleon in each of the four nuclear systefpsojectile, tar-
get, ejectile, and residual nuclgus
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FIG. 2. Calculated and experimental angular distributions for
the reaction AS=1AT=1)C(*3C,®B)*?N(1*, g.s). Contribu-

. - . . tions from the centraldashed-lingand tensofdotted-ling are dis-
get the experimental binding energies of the correspond|ng|ayed separately.

The 2C(*3C,13N)1%B reaction This reaction changes a SPin-flip transition channelS; and 3D, are involved, both
proton into a neutron in the target and conversely a neutrof the projectile and target systems.
- As stated earlier the Glauber approximation gives too dif-
fractive cross sections already for the elast€+ *°C colli-
via the 1S,, 3S, and 3D, transition channels. The reaction sion. Therefore, for this case the elastic phase shift entering
into Eq. (1) has been obtained in the eikonal approximation
starting from the optical potential obtained in REE5] for
the elastic scatteringbest fi). The results of the present
calculations are compared with the experimental data in Fig.

into a proton in the projectile. Table | shows that the projec
tile can go to the mirrom =%, J™=1" ground state of-*N
populates théf=1, J"=1" ground state in*?B (analogue
of the level at 15.11 MeV in*?C) through transitions in the
channels®S;, 3D;. Although a non-spin-flip channel$,)
is possible in the projectile, Eq2) implies a similar transi-
tion in the target and therefore onlyS=1 terms contribute
to the cross section.

This reaction populates more strongly th&, 2.95 MeV
state in1?B with the target undergoingD, and 3D, transi-

are allowed, but the factors coming from Eq®) and (8)
to the cross section fakS=0 than forAS=1.

compared to the experimental dafid,12.

The 2C(*3C,**B) !N reaction Although from the target
point of view this reaction is mirror to that treated previ-
ously, differences arise from the projectile, that in this cas
goes to alT=3 state(the J”=3" ground state of:*B). As
seen in Table I, possible transition channels would'Dg,
3s,, ®D, and ®D,. Once again the non-spin-flip channels
are removed by the absence of matches in the target.

In an extreme single-particle picture, witfiC acting as

the core, the transition in the projectile in the previous reac-

tion corresponds to the flip of the spin and isospin inhg
state. On the contrary, the present case leads to more co
plicated[py/p,P32,1* T~ 4571 particle-hole configurations.

This fact does not seem to reflect in a particular way in the

cross sections. Figure 2 shows the ddts] and the calcula-
tion results.

The *2C(*?C,*?N)*?B reaction In this case there are mea-
surements aE/A=70 MeV (Refs.[6,13,14) and 135 MeV

3 for E/A=70 MeV and in Fig. 4 fole/A=135 MeV.

In the case oE/A=70 MeV there is a not solved discrep-
ancy between the data of RgL3] and those of Ref.14] and
both are plotted in Fig. 3. The selectivity of the reaction
tions. In this case both, spin-flip and non-spin-flip, channeIS(12C’12N) for spin-flip transitions, in contrast with the (p)

C ) \@) reaction, allows one to test the isovectdt§=1) compo-
predict at least three orders of magnitude larger contributionfents of the effective interaction. In Fig. 3, the contributions
arising from the central and the tensor parts are displayed.
SThe central component carries mainly the=0 transition
terms while the tensor component is mainly associated to the
L =2 transitions. Although.=2 (L=0) transitions are not
é';\bsent in the cross section associated to the cefiradoy

m_

do/d © (mb/sr)

(Refs. [15,16). For the theoretical analysis, the isovector

nucleon-nucleon interaction of Love and Frap8jhas to be

interpolated since for those energies there is no available

parametrization tabulated.
Being the final nuclei the mirror$’N and 1B, the same
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FIG. 3. Calculated and experimental angular distributions for
the reaction®?C(*?C,'2N)1%B (1%, g.s).



2300 BRIEF REPORTS PRC 59

10! prT T T T T 10° B B B T L
be (a) i ®
.0,. 12¢ (12C12N ) I’B 10° 3 2¢ 120 4
) F
% E/A=135MeV , E/A = 135 MeV
10" F
1k % Batgs) | -
£ £
g g I0E FIG. 4. Calculated and experimental
g g angular distributions for(a) the charge-
3 T wk J exchange reaction*?C(*?C,'N)'%B (1%,
= 1 B 1 = E g.s); (b) elastic scattering for the reaction
10 ol ; f2c+12¢,
10° F 3
o“f
. aasalaaaabea sl o laanalaeis 1ea 111 -1 1 1 il 1 1 F
% 8 o2 4 s s 10 12
0, m(deg) 0, (deg)

term, their contributions, shown as dot-dashed liftkg-dot-  momentum transfer occurring in a beta decay of the Fermi

dashed lines are very small. However to get a good descrip-type.

tion of the experimental angular distributions, both terms In conclusion, as a general remark the study of the charge

have to be included. Our results are consistent with the findexchange heavy ion reactions at intermediate energies within

ings of Ref[6], where microscopically constructed form fac- the Glauber approximation shows an overall agreement with

tors were used in a DWBA formalism. the experimental data, both in magnitude and general trends.
For the case oE/A=135 MeV, the elastic differential !t is worthwhile to point out that only one, and the same,

cross section is in very good agreement with the experimergtructure model has been used for all the nuclear systems
tal data as shown in Fig.(d). However, for the charge- involved, and that the reaction and transition-producing in-

; : - . redients are those coming from the parameterization of the
exchange reaction, the quality of_ the calculation is no%ee nucleon-nucleon scattgering data gf Love and Fri@iky
so good. To reproduce the experimental data one Shoulwithout anyad hocmodification of the relative weights of

multiply the central int_eraction by a factqr 1'.4 and the tensot[he central and tensor components. Such an agreement exists
term by a chtor_ 2. S_lnce the parametrizations for all Otherin spite of the fact that for the various reactions and energies
cases studied in this wor_k seem .tq reprqduce well th‘:‘Ehe cross sections arise from the coherent contribution of
data, we report the theoretical predictions without any nori,any gitferent components, both in the nuclear structure
malization as done for the other reactions. Further experigansition densities and in the nucleon-nucleon interaction
mental data around this or at higher energies could helpref. [8]). This agreement makes one confident for applica-
to understand this discrepancy for which we have no explagons of the present treatment to unexplored regions of ener-
nation. gies or masses.

We have also plotted in Fig.(d the separate contribu-
tions for the central and tensor spin-flip isovector compo-
nents. By comparing with Fig. 3, it can be seen that the This work was supported in part by the Argentine Antor-
tensor term becomes less important as the energy increasetias Foundation, the Agencia de PromaciGientfica y
These reactions could therefore be very useful to reproducgecnolmgica under Contract PMT-PICT0190 and the
in a heavy-ion reaction the conditions of vanishing angulatCONICET under Contract PIP 4486/96.
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