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Heavy-ion charge exchange in the eikonal approximation
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Abstract: In high-energy collisions (E,,,> 50 MeV/nucleon) the eikonal approximation provides a
transparent description of heavy-ion exchange reactions. The formalism is applied to the reaction
BN(3C, BN)PC at 70 MeV/nucleon. The relative contributions of pion- and rho-exchange are
determined. It is found that heavy-ion reactions are more sensitive to the one-pion exchange
component of the interaction than nucleon-induced charge exchange. The cross section for double
charge exchange are estimated, which could be useful for future experiments.

1. Introduction

Charge-exchange reactions, i.e. (p, n), (n, p) reactions, are an important tool in
nuclear structure physics, providing a measure of the Gamow-Teller strength func-
tion in the nuclear excitation spectrum [for a review, see, e.g., ref. ')]. Experiments
with heavy-ion charge-exchange reactions like (°Li, °He), ('2C, *N) or ('*C, "’B)
are also becoming common™’), one of the advantages being that both initial and
final states involve charged particles, so that a better resolution can often be achieved.

But, apart from this aspect, heavy-ion charge-exchange reactions can help us to
understand the underlying nature of the exchange mechanism. On microscopic
grounds charge exchange is accomplished through charged meson exchange, mainly
- and p-exchange. It is well known that neutron-proton scattering at backward
angles results from small angle (low momentum transfer) charge exchange, and is
one of the main pieces of evidence for the pion-exchange picture of the nuclear
force. The width of the peak is roughly given by the exchanged pion momentum
divided by the beam momentum. Therefore, a similar enhancement in the 180°
elastic scattering of nuclei should be seen in charge exchange between mirror pairs
of nuclei.

Charge exchange between mirror nuclei is particularly interesting because at small
angles the exchange has zero momentum transfer. Looking at forward angles also
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has the advantage of eliminating competing processes, namely proton-neutron
transfer. Another important advantage of mirror-nuclei charge exchange over (p, n)
reactions is that the strong absorption of heavy ions selects large impact parameters
and therefore emphasizes the longest range part of the charge-exchange force.

A reasonably good candidate for the investigation of charge exchange between
mirror nuclei is the reaction C("’N, "*C)"’N since "’C targets are now available
and a relatively intense '*N beam can be produced. This reaction has been performed
recently at the Superconducting Cyclotron of Michigan State University and the
analysis of the results are under progress *). This pair of mirror nuclei is also suitable
because the first excited state (37) lies relatively high in energy (3.51 MeV), so that
a clear separation can be done between ground-state and excited-state transitions.
Also, these nuclei have a single nucleon on the 1p,,» orbit. Since the reaction is
very peripheral, one expects that the charge-exchange process is practically deter-
mined by the participation of these valence nucleons. Therefore, this reaction should
be a clear probe of charge exchange in a nuclear environment.

It is the aim of this paper to develop a simple description of charge-exchange
reactions at intermediate and high energy in terms of what we believe to be the
most important ingredients, namely the microscopic 7- and p-exchange potentials.
An eikonal approach to the nucleus-nucleus scattering is used. This is done in sect.
2. Simple expressions are found which can be useful for estimation purposes in the
planning of future experiments. The dependence of the cross sections on the
parameters used in this formalism is studied in detail in sect. 3 where an application
is done for the reaction “C("*N, >C)"*N at 70 MeV/nucleon. Our conclusions are
given in sect. 4.

2. Amplitudes and cross sections

2.1. EIKONAL DESCRIPTION OF CHARGE-EXCHANGE REACTIONS

We will investigate the effect of 7~ and p-exchange in nucleus-nucleus reactions
at intermediate energies, and particularly the reaction "“C(N,"°C)"”N at
70 MeV/nucleon.

In DWBA the matrix element for this reaction is given by

T =(¥i (R)P(r)|V(R, )| ¥ (R)Pi(r)), (1)

where ¥ (R) is the distorted wavefunction of the nuclei in the center of mass,
having momentum k, and @, (r) are the intrinsic wavefunctions of the nuclei before
and after the interaction, respectively. The interaction potential responsible for the
charge exchange between the nuclei is given by V(R, r), where R is the relative
coordinates between the centre of mass of the two nuclei, and r denotes the internal
coordinates of the participant nucleons with respect to the c.m. of nuclei (see fig. 1).
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Fig. 1. Coordinates used in the text. R is the distance between the center of mass of the nuclei. rp and
ry denote the distance of the participant nucleons to the center of the projectile, P, and the target, T,
respectively.

Since the reaction occurs at very forward angles, 6 <1, and small energy transfer,
AE/E,, <1, we use the eikonal approximation for the c¢.m. scattering, i.e.,

VKR WL (R) = exp {~iQ - R+ix(b)}, @

where Q=k'—k, b=|Rx k| and

X(b)z—i‘r@ U°P(2', b) dz’' +ipc(b) . (3)

hv J_o
U°" is the optical potential for the elastic scattering and ¢(b) is the Coulomb phase,

2Z,7Z,¢*

¢c(b)= ho

In (kb) . (4)
This phase reproduces the Coulomb scattering amplitude when calculated in the
eikonal approximation.

At collisions around 50 MeV/nucleon the phase y(b) can be constructed from a
fitting to the elastic-scattering data. The optical potential obtained from such a fit
can then be used in eq. (3). At higher energies, above 100 MeV/nucleon, the phase
x(b) will be predominantly imaginary and can be constructed from the -matrix for
nucleon-nucleon scattering °).

Eq. (1) can be written as

T,= J d*RAPT(rp) DL (r)| V(r) exp {—iQ - R+ ix(b)}| D] (rp) P (rr)),  (5)
where the indices P and T refer to the intrinsic variables of projectile and target,
respectively, and

r=R+ri—»

is the relative position of the interacting nucleons. rp (ry) is the coordinate of the
nucleon with respect to the center of the projectile (target) (see fig. 1).
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Using the Fourier transform

1 )
V(r) =2y J d’q V(g) e, (6)
expression (5) becomes
Tum) =5 s f g R exp {~iQ- R+ig- R+ix(b)}Ml(mq), (1)
where
M(m, q) =(D{(rp) Df(rr)le ™" V(g) e 7| D (rp) DI (r1)), (8)

and m = (my, my, mp, mp) is the set of angular-momentum quantum numbers of
the projectile and target wavefunction. m is measured along the beam axis and the
subindices T and P refer to the target and projectile, respectively.

The z-integral in eq. (7) can be performed immediately, resulting in

1 ones L
Ti(m) = 5 I d’p e 1P J’ d*q e " (m, q), 9)

(2m)”
where ¢ is now given by ¢ =¢+ Q,Z The indices t and z refer to the direction
perpendicular and parallel to the collision axis, respectively.

The azimuthal integrals in eq. (9) can be also easily performed, resulting in

I .
Tir(m)zz—— Y e”’"’j dbbJ,(Qb) ™™

T oo o

2@

><J' dq. qJ.(q:b) J dg, e " M(m, q) . (10)
0 0

For small energy transfers, and in intermediate- or high-energy collisions, the
momentum transfer Q is predominantly transverse. This simplifies the calculation
by allowing to put ¢ = ¢, in eq. (10).

The integral (10) is next written as

1 & . - ;
Ti(m) = ) e'"‘b‘[ dbbJ,(Qb)M (m, v, b) ™", (11)

0

v=—

where

2@

M(ms V; b):‘[ dql qt-]v(qtb) J‘ d(bq eih’éq‘/%(ms ‘I) (12)
0

0

The differential cross section is obtained by an average of initial spins and sum
over final spins (mpr); M, =£3 for the 1p,,, orbital in °C and °N),

do _K( p Y 1 ,
de k(2wh2) (2jp+1)(2jT+1)§|nf(m)| ’ (13)




C.A. Bertulani / Charge exchange 497

where w is the reduced mass of the projectile +target system. The azimuthal integra-
tion can be done immediately, and we can write

do Kk’ w \ . yms 4
10"t \ar7e (2jp+ 1) (2js+1)

2

J’mdbbll,(Q‘b)M(m, v, b)e™"| . (14)

0

P
v,m

Since in high-energy collisions Q,= k sin 6, dN=27Q,dQ/k* and, using the
integral

1
JJ,,(le)Ju(Q(b’)QdeF; 8(b—b'), (15)
we can write the total cross section as

o=27 J‘ bP(b) db, (16)
0
where ? is interpreted as the probability of one-boson exchange at the impact
parameter b and is given by
KU N .
Pb)y=—\——) (2jp+1) (2j;+1) 'exp{-2Im x(b)} ¥ |M(m, v, b)|*,
k 47" h v.m

(17)

where Im y(b) is the imaginary part of the eikonal phase.

Eqgs. (14) and (17) are the basic results of the eikonal approach to the description
of heavy-ion charge-exchange reactions at intermediate and high energies. They can
also be used for the calculation of the excitation of A-particles in nucleus-nucleus
peripheral collisions. The essential quantity to proceed further is the matrix element
given by eq. (8) which is needed to calculate the impact-parameter-dependent
amplitude M (m, v, b) through eq. (12). The magnitude of this amplitude decreases
with the decreasing overlap between the nuclei, i.e. with the impact parameter b.
At small impact parameters the strong absorption will reduce the charge-exchange
probability. Therefore, we expect that the probability given in eq. (17) is peaked at
the grazing impact parameter.

2.2 PION- AND RHO-EXCHANGE BETWEEN PROJECTILE AND TARGET NUCLEONS
In momentum representation the pion+rho-exchange potential is given by

5 (o, )0, q) fi (,xq) (62%xq)
V(q):_ B : B 3 (TI'TZ)_'-Z : > 22
ms m,+q m, m,+q

(T1-72), (18)

where the pion (rho) coupling constant is f>/47 =0.08 (ff,/47'r=4.85), moc’=
145 MeV and m,c’ =770 MeV.
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The central part of the potential above has a zero-range component, which is a
consequence of the point-like treatment of the meson-nucleon coupling. In reality
the interaction extends over a finite region of space, so that the zero-range force
must be replaced by an extended source function. This can be done by adding a
short-range interaction defined at ¢ =0 in terms of the Landau-Migdal parameters
g, and g,. We will use g/, =1 and gl’)=§, which amounts to remove exactly the
zero-range interaction [for details, see, e.g. ref. ')].

Since the p-exchange interaction is of very short range, its central part is appreci-
ably modified by the w-exchange force. The effect of this repulsive correlation is
approximated by multiplying V"™ by a factor £ =0.4 and leaving V™ unchanged
since the tensor force is little affected by w-exchange ).

With these modifications the pion+rho-exchange potential can be written as

Vig)= V. (q)+ V,(q)=[v(g)(o, - §)(o:- §)+w(g)(a, o)](, 7)), (19)

where

v(q)=07"(q)+v,"(q), (20)
and
w(g)=ws"(q)+ew ™ () + wi™(q)+w,™(q), (21)
with
qZ 2
vi"(g) = *Lm, v, (q)=J, r—anz, (22)
q q
wi(q) = —3J, [mﬂg;} . W)= —§Jp[m—%g;] . (23)
2 >
W) =M, W) =Y. (24)

The values of the coupling constants J,. and J, in nuclear units are given by

Sl B 0o Mev - i,
m;, (mc?)?
—’flf;_fp(fnhc)) =790 MeV - fm’ . (25)

cent tens tens

Turning off the terms wiry, or v and wiy, allows us to study the contributions
from the central and the tensor interaction, and from 7- and p-exchange, respectively.
Using eq. (19), single-particle wavefunctions, ¢;.., and the representations

0_0 + - i
TP Tr=TpTr+ TpTr + TpTT,

Op  O7= apa'T+ oraptopos,
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we get

M(m, q)=w(q) 2 <¢§'17:n)+|0'pﬂ ei""Tl<z’>_§-ﬁ;i,><¢‘,~ﬂi,:\tfm eiiq'r"|¢l,'1ﬁm),)
HA

Fo(g) T Ao el N Bl o ¢ TSI |

M A

where

o . (q.*1ig.)
_a=4d. 7>+::F——'—'~’
qp.—() q-/q’ qp.* \/’z_q

or, simply

Eq. (26) reduces to

M(m, q)= w(q) D <¢,‘1m+|(7,,L eiq.rl¢i1m1\><¢j1m{>|o’y eilq'rwﬂm,,)

499

(26)

(27)

(28)

+%7Tv(q) Z’ Ylp.(‘i) Ylu’(é)(‘bﬂln{'au eiq-r|d)ilml><¢;lml3|0-p/ eiiq'r|¢j1nlp> -
o

Expanding " into multipoles we can write

<¢_i1m'|a-/,t eiq'r|qulm> =47 Z i'YTIW(é)<d)ilm'|jl (qr) YIM(;)U-;L|¢ilm> .

M

Since j;(qr) Y, (F) is an irreducible tensor,

U-/-le(qr) Y (F)= D (IIM/J'|I’M,)IPI'M' s
'm’
where V¥,.,, is also an irreducible tensor. Therefore,

<¢jlm'|a-;le (qr) YIM(;)|¢ilm> = 1%:/1' (IlM}L' I,M,)<¢ilm'| W1'M'|¢_/lm>

= L (M| I'M)GImM | jm X[, )

(29)

(30)

(31)

(32)

Egs. (29)-(32) allows one to calculate the charge exchange between single-particle
orbitals. The quantity needed is the reduced matrix element (¢;||[ j, (gr)e® Y, 1, ||¢).
These are calculated in textbooks of nuclear structure [see, e.g., ref. )]. If several
orbitals contribute to the process, the respective amplitudes can be added and further
on averaged in the cross sections. Before we apply the above formalism to the
BC(®N, BC)"*N we shall next discuss the low-momentum-transfer limit of the

charge-exchange nucleus-nucleus reaction.
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2.2. LOW-MOMENTUM LIMIT AND GAMOW-TELLER MATRIX ELEMENTS

From egs. (18)-(24) we see that the central interaction w™"(q) dominates the
low-momentum scattering ¢ ~ 0. In this case, the matrix element (26) becomes

M-, g~0)~ Copinw" (@) M(GT: P> P)M(GT: T>T'), (33)
where

Cﬁpins = Z <IPMP1#‘|IP'MP'><ITMT1/“L|IT'MT'> s (34)

I

and M(GT: A-> A')=(Al|o7||A’) are the Gamow-Teller (GT) matrix elements for
a particular nuclear transition of the projectile (A =P) and of the target (A=T).
Inserting (33) into eq. (12) and using the low-momentum limit, we obtain

M(i->f; b) ~ CopinoW' " M(GT; P> P)M(GT: T>T)8,, (35)
where
qcul
W' =2 J dg qw" (), (36)
1]

where g, is a cutoff momentum, up to which value the low-momentum approxima-
tion can be justified.
With these approximations, a general expression can be obtained from eq. (14),

gg _ ‘_E lag : (0)72 . '
d(l(q 0)= k<4772ﬁ2> [(wT°F(8)B(GT: P> P)
X B(GT: T>T) Y [Copins) > (37)
spins
where
B(GT: A~ A') =|[(A||o7||A)] (38)

is the Gamow-Teller transition density for the nucleus A. The sum over spins
includes an average over initial spins and a sum over the final spins of the nuclei.

With these approximations the scattering angular distribution is solely determined
by the function

2

F(0)= U db bJy(kb sin 6) ™| . (39)

In the sharp-cutoff limit (exp [ix(b)] = @(b— R)), this function reduces to the very
simple result
R* :
F(O)ijl(kR sin 8) , (40)
which displays a characteristic diffraction pattern.
From the above discussion, we see that the ability to extract information on the
Gamow-Teller transition densities in a simple way depends on the validity of the
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low-momentum-transfer assumption. We shall test this assumption, using the
results obtained above, in the special case of the "“C(**N, "?C)"*N reaction at
70 MeV/nucleon.

3. Application to the reaction *C("*N, '*C)"*N

3.1. MATRIX ELEMENTS FOR THE VALENCE NUCLEONS

We assume that the pion or rho is exchanged between the neutron in the 1p,,;
orbital of *C and the proton of the 1p,,, orbital of ’N. Configuration mixing is
not included for simplicity.

Using eq. (A.2.24) of ref. ) one finds

) Fo ifI=0,I'=1
<p1/2||[jl(qr)0'® YI]I’||p1/2>=_2\/_ﬁ 2\/592 it 1=2,1'=1 (41)
0 otherwise ,
where
F = J R3, (r)ji(gr)r*dr. (42)
0

The above result means that only transitions with A/=0 and 2 in the 1p,,, orbital
are allowed. We calculate the radial form factors %, and %, using harmonic-oscillator
functions for the 1p,,, orbitals in ’N and "C:

8 \'"? ..
Rlpl/z(r):(3——> reir /a s (43)

PRVEI

where a=(h/myw)"? is the oscillator parameter. For *C and "N we take
a=1.55fm.
We find

Fo=(1-tq7a’) e, (44)
and
F,=Lq?at e VU, (45)
The matrix element (32) becomes

<¢jlm'|0-ujl (gr) Yim (;)|¢j1m>

1
= —ﬁ 970(‘])(010/-‘“ | l“)(%lmll"l’ |%5 m+/“l‘) 6l0 6m',m+y.

[ 2
- ; 972(‘])(211\4# | 1’ M+M’)(%1m’ M+I“L|%’ m+M+,u’) 8!2 6m',m+M+p. -
(46)
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Eq. (30) is then
iq-r 1 ’ '
<¢jlm'|a-,u € ¢ ld)jlm): _ﬁ(%lm’ m —m |%m )
X {970(‘1) am’fm,p. —4v §7T(21, m' —m M B | 17 m'— m)gz(Q)} s
(47)

where we used (010p|1p)=1.

The expression for (¢ .|, € ' |¢;,) will be the same as above, since this
expression does not change under the substitution ¢ > —gq. Therefore, we can write
in general form

<¢ﬂm"o-p. eiiq'r|¢j1m> = Cgo(m, m” ,U’)g?o(‘I)"' <€2(m’ m,’ My é)gz(Q) ’ (48)
where

1
€o(m, m’,u)=—ﬁ(%1m, m'—=m|3m’) 8oy s (49)

C(m, m', w, §) = 4FaGim, m'—m|im')
XQLm' =m=p, | L,m = m) Y (@) . (50)
Inserting these results in eq. (29), we find
M(m, q) = w(q) % [€o(mr, mr, w)Fo(q) + C:(mr, my, w, §)Fq)]

X [(go(mpa m;’a /“L)‘d/;O(q)_‘_ %Z(ml” m;)s 23] "1\)92(‘])]
+im0(a) T Yiu (@) Y1, (d)
Mt

X[ €o(mr, mh, w)Fo(q)+ €:(my, my, u, §)F:(q)]
X[€olmp, mp, u')Fo(q)+ €(mp, mp, u', ) F>(q)] . (51)

Finally, the integral (12) is easily performed, and we show it in the appendix.

3.2. NUMERICAL RESULTS

Since there are no data available on the elastic scattering of the reaction *C+ "N
at 70 MeV/nucleon, we use an optical potential which fits the reaction '*C+ '2C at
85 MeV/nucleon. We use the eikonal approximation for elastic scattering,

f(0)=ikjJo(kb)[l—e’x"’)]b db, (52)

with the phase given by eq. (3). In fig. 2 we show the result of such calculation,
using U°"(r) = V(r)+iW(r) with Woods-Saxon form for the real and imaginary
potentials. The parameters chosen were

Vo=-80MeV, Ry =3.76 fm, ay=0.74fm,
Wo=—41 MeV, Ry =42fm, ay =0.73fm. (53)
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Fig. 2. Ratio between the elastic and the Rutherford cross section for the reaction '*C+'>C at
85 MeV/nucleon. The data are from ref. ®). The curve is a theoretical calculation based on the eikonal
approximation (see text for details).

We see that the agreement with the experimental data [from ref. *)] is good, especially
at small scattering angles. Since the charge-exchange reaction is very forward peaked,
the bad fit at large angles (6> 10°) will not be relevant for our calculations, and
we will use this eikonal wavefunction in the charge-exchange calculation.

Fig. 3 shows the contributions from - (dashed curve) and from p-exchange
(dotted curve) to the charge-exchange probability as a function of the impact
parameter. The solid curve is the total probability. The exchange probability is
peaked at grazing impact parameters: at low impact parameters the strong absorption
makes the probability small, whereas at large impact parameters it is small because
of the short-range of the exchange potentials. The value of the exchange probability
at the peak is about 1.2x 107", It is clear from fig. 3 that the process is dominated
by m-exchange. At small impact parameters the short-range p-exchange contribution
is large due to a larger overlap between the nuclei.

In fig. 4 the differential cross section is plotted. One observes that at very forward
angles the w-exchange contributes to the largest part of the cross section. But
p-exchange is important at large angles. It has the net effect of smoothing out the
dips of the angular distribution. Since w-exchange is of longer range than p-
exchange, the dips caused by the two contributions are displaced; the ones from
p-exchange alone are located at larger angles, as expected from the relation 8 ~ 1/r.
If we put #,,=1 and exp [ix(b)] =1, we obtain that at very small scattering angles
the 7r- and p-exchange contributions to the differential cross sections are approxi-
mately of the same magnitude. This means that p-exchange is more important when
distortions are weaker, i.e., in nucleon-nucleon or nucleon-nucleus scattering ').
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Fig. 3. Probability for 7~ (dashed curve) and p-exchange (dotted curve) in the reaction *C(**N, 1*C)"*N
at 70 MeV/nucleon, as a function of the impact parameter. The solid curve represents the result of the
full interaction.
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Fig. 4. Angular distribution for charge exchange in the reaction *C(**N, 1*C)'*N at 70 MeV/nucleon.
The contribution from 7- (dotted curve) and p-exchange (dashed curve) are displayed separately. The
solid curve represents the result of the full interaction.
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In fig. 5 we show the contributions from the central (dashed) and the tensorial
(dotted) part of the total exchange potential (7 + p). The probability is dominated
by the central interaction. Due to the selection rules which are implicit in the sum
over Clebsch-Gordan coefficients, the matrices M (m, v, b) are zero if only one of
the spins (actually, j.) is flipped. That is, transitions like (mp=+1, my=—3, mp=
+3, my=+1) are absent. The percentage contribution of the other transitions to the
total cross section is shown in table 1.

The non-spin-flip components are strongly suppressed and the cross section is
dominated by simultaneous spin-flip components, with 4j =0 (33%) and 2 (16.8%).
This can be understood in terms of the contributions of the tensor and the central
part of the pion+rho interaction to the heavy-ion charge exchange, as seen in
fig. 5. The central (tensor) force is responsible for the Aj =0 (2) transitions.

In fig. 6 we show the result of using the approximate expression (37) (dashed
line). This curve has been obtained by calculating eq. (37) and normalizing the
result to match the total differential cross section at 0°. One sees that the agreement
with the more elaborate calculation (solid curve) is good at forward angles (6 < 2°).
At larger angles it fails badly. This result implies that the extraction of Gamow-Teller
matrix elements from heavy-ion charge-exchange reactions is possible, as soon as
one can have good resolution in the forward-scattering region.

The total cross section obtained is 7.6 wb. The peak value of the differential cross
section at 0° is 3.5 mb/sr. These values are of the order of magnitude of the
charge-exchange cross sections measured for other systems *).

|
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Fig. 5. Probability for charge exchange in the reaction ">C(**N, '*C)'*N at 70 MeV/nucleon, as a function
of the impact parameter. The dashed (dotted) curve represent the contribution of the central (tensor)
part of the interaction. The solid curve represents the result of the full interaction.
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TABLE 1

Contribution to the total cross
section of a particular set of
angular-momentum projections

mp mp mp  my

- - - - 0.1%
- - + + 0.1%
+ + - - 0.1%
+ + + =+ 0.1%
- + - +  16.8%
+ - + - 16.8%
- + + - 33%

+ - +  33%

Finally, we make a remark on the double exchange reactions. From the values
obtained above one sees that the charge-exchange probability as a function of impact
parameter is small, of order of 10~°. Even for enhanced transitions, one should not
expect an increase higher than a factor 10 in the probability. An estimate of
double-charge exchange is obtained from eq. (16), replacing ?(b) by 32°(b). That
is, the ratio between the single- and the double-charge exchange is of order of
10 *-107°. If the single-step total cross section is of order of tens of microbarns,
the double-step one is of order of nanobarns, in the best cases. Similarly, if the
peak of the differential cross section at zero degrees is of order of tens of millibarns,
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Fig. 6. Angular distribution for charge exchange in the reaction *C(**N, '*C)"*N at 70 MeV/nucleon.
The solid curve represents the result of the full interaction. Also shown is the result of the approximation
(37) (dashed curve).
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the corresponding one for double-charge exchange will be of order of microbarns,
in the best cases. The measurement of double-charge exchange in heavy-ion collisions
will therefore require intense beams and good detection efficiency.

4. Conclusions

It was shown that the eikonal approximation provides a convenient description
of heavy-ion charge-exchange reactions at intermediate and high energies. Very
useful and transparent expressions can be obtained in this way.

These results have been applied to the reaction "“C(*N,"C)"”N at
70 MeV/nucleon. The exchange probability is shown to be very peaked at the grazing
impact parameter. This results in typical diffraction patterns in the angular distribu-
tions. It was also shown that pion-exchange dominates the process and that the
characteristics of the angular distributions are understood in terms of the different
ranges of the 7- and p-exchange mechanism. This is manifest in the smoothing of
the angular distributions. The order of magnitude of the differential cross section
at 0° and of the total cross section are in reasonably good agreement with the
experimental results *), giving support to the microscopic picture of 7~ and
p-exchange.

The connection of the heavy-ion charge-exchange cross sections to the nuclear
Gamow-Teller matrix elements is straightforward in the eikonal formalism. At very
forward angles it has been shown that the extraction of Gamow-Teller matrix
elements is possible.

The author has benefited from many suggestions and fruitful discussions with
G. Bertsch, Brad Sherrill and M. Steiner. This work was partially supported by the
National Science Foundation/US under grant 90-17077 and by the CNPq/Brazil.

Appendix

CALCULATION OF M(m, v, b)

Using
20+ 1\ P [(I—=m) 1 (I+m)1]'?
ANy U+m)/2 . . ime . _
Yin () = (=1) (477) (—m(+my ¢ - HlFm=even,
=0, otherwise , (A.1)

and

27
J e’ " dp =278, (A.2)
{

)
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and the definitions (12) and (51), we find

M(m, v, b) :J dg qJV(qb){w(q)[Xoonfé(q)+X02%0(q)@2(q)+X22%§(q)]
+§7TU(‘I)[W009;(2)((1)+ Wo. Folq) Fa(gq) + sz?}%(‘l)]} s (A3)
Xoo=5u,0277'2 Eo(my, m"r,#)(go(mp,m;nli), (A.4)

XOZ =27 Z {%O(st m"r; “)%Z(mp9 m;’a M, 0 :%ﬂ-’ ¢ :O) 8V,;,L7m}';+mp
s

+(mp, mp) & (mr, mr)}, (A.5)

X5 =2m Y €:(my my, p, 6_—‘%77, ¢ =0)
n

X Co(mp, mp, w, =27, =0) 8,2, - mitmy—mptmp s (A.6)
and
Woo=27 ¥ Go(mr, mr, u) €o(mp, mp, ') Y1,(6=2m,0)Y1,(0 =27,0) 8,047,
. (A7)

W02=277 Z Yl,u.(e :%’n-s 0) YI;L'(G :%’”; 0)
mp

X {(gO(mT5 m',l" /‘L)(g2(mP, m;’a l“", 0 =%7T, ¢ =0) 61!.2;4'+p7m;',+mp
+ (,‘L’ mp, m;’)(_)(#’,, mr, m"l‘)} s (AS)
W22:27T Z' Yl,u(o :%77'5 O) Yly.'(a =%7T> 0)(62(’"1-, m"l'a M, 0 :%77., ¢ :0)
o

X (gZ(mP9 m;Z‘, I'Ll, 0 =%7Ts ¢ = 0) 8V.2u+2,u’+m~r+mP—m1'-~m|'> . (Ag)

The momentum integral in eq. (A.3) is performed numerically.
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