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Absorption contribution to the pion double-charge-exchange reaction

E. Oset, * M. Khankhasayev, J. Nieves, * H. Sarafian, ~ and M. J. Vicente-Vacas'
Institute for Nuclear Theory, University of Washington, Seattle, Washington 98I95

(Received 16 March 1992)

We have evaluated the mechanism analogous to pion absorption which contributes to the pion
double-charge-exchange amplitude leading to double isobar analog states. We find appreciable correc-
tions at low energies around T =50 MeV. Around the resonance region the corrections are small and
the most visible effect is a small shift of the minimum to smaller angles, which is however not big enough
to reproduce the experimental data.

PACS number(s): 25.80.Gn

I. INTRODUCTION

The pion-nucleus double-charge-exchange (DCX) reac-
tion has attracted much attention during the last years
[1,2]. Both at low energies and in the resonance region,
there are several striking features which are not yet un-
derstood. At low energies the angular distributions are
forward peaked and the forward-angle cross section are
large [3], in contrast with the deep forward-angle
minimum in the cross section for single charge exchange
[4]. In the resonance region, the position of the first
minimum occurs at an angle of about 20', substantially
lower than typical diffraction-model estimates [5].

The results of many microscopic calculations [2,6—9]
show that the sequential (SEQ) mechanism does not de-
scribe these features of the DCX reaction. Meson-
exchange currents have also been investigated [6,10,11]
and have been found to be small in double isobar analog
(DIAS) transitions around resonance, and in any case
they do not produce a shift in the minimum. One DCX
mechanism associated with pion absorption has been sug-
gested a few times as a candidate to solve the puzzle
[6,9,12].

The present paper is aimed at considering the role of
this absorption mechanism for the DIAS transitions,
both at low energy and at the resonance regions. There
are several arguments in favor of the importance of this
absorption channel in DCX. First, it is known that pion
absorption has a strong effect on elastic scattering both at
low energies [13—16] and at resonance [17]. Second, it is
also known that a fraction of pions is absorbed by two
nucleons of total isospin 1 (see, e.g. , [18];DCX converts a
pair of neutrons to a pair of protons or vice versa).
Third, it has been argued that the absorption mechanism
might be responsible for the shift of the first minimum in
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the differential cross section to smaller angles at reso-
nance energies [6,9]. In this paper we evaluate this piece
of the DCX amplitude consistently with present
knowledge of the pion-absorption problem and study its
repercussion on the DCX cross sections.

II. ABSORPTION CONTRIBUTION
TO DCX AT RESONANCE

One of the puzzling and unexplained features of DCX
is the position of the first minimum in the differential
cross section of (sr+, tr ) in ' 0 at T =164 MeV [3,5].
Phenomenological analyses point to the need for an addi-
tional mechanism. The interference of the amplitude of
this complementary mechanism with the standard
sequential single charge exchange is expected to provide
an acceptable solution [19,20]. Unconventional mecha-
nisms such as exchange currents related to the pion pole
or contact terms in trN~2trN were investigated in [10]
and did not lead to appreciable changes in the position of
the minimum. Furthermore, a new reformulation of
these exchange currents with the different variants of the
chiral Lagrangians is done in [11]. Another sort of ex-
change current related to the 5 interaction in the medi-
um (DINT mechanism) [21] was also found to be unable
to produce shifts in the minimum [6].

The reason for these failures is to be found in the fact
that around the resonance region the conventional mech-
anism depicted in Fig. 1(a) has an amplitude which is
purely imaginary (when the deltas and the intermediate
pion are placed on shell), while the amplitude for the
mechanisms depicted in Fig. 1(b) and 1(c) is purely real.
Hence there is no interference between these amplitudes,
and consequently the minimum is barely shifted. It is
thus clear that the chances for a shift would be far better
if one had a mechanism which also produced an imagi-
nary amplitude around resonance or a complex one with
a sizable imaginary part. One such mechanism, the ab-
sorption contribution to DCX which we depict in Fig.
2(a), has been suggested before [6,9, 12]. However, no ac-
tual calculation was ever performed for such pieces. We
evaluate it in this section. In doing so, our guiding prin-
ciple has been to use the same model which was used to
evaluate the b, self-energy in [22], since consistency of the
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FIG. 1. Feynman diagrams with difFerent mechanisms con-
tributing to DCX: (a) conventional or sequential DCX, (b)

meson-exchange current contribution to DCX from the pion

pole term, and (c) delta interaction mechanism to DCX.

(b)
FIG. 2. (a) Feynman diagram representing the absorption

contribution to DCX and (b) corresponding diagram accounting
for two-body pion absorption in the pion nucleus optical poten-
tial.

results with the empirical information of [23] was
reached, and furthermore the approach leads to a fair
reproduction of the pion nucleus elastic [17]and reaction
cross sections [24], including absorption and related reac-
tions such as (n+,pp) .and (n. ,pp) [32] which test the
isospin dependence of the model. Indeed, if instead of
having charge exchange we had a ~+NN~m. +NN pro-
cess (in Fig. 2) and we summed over the occupied states
for the nucleon lines, we would get the diagram of Fig.
2(b), which is a pion self-energy diagram coming from b h

excitation with the 5 self-energy incorporated. It is thus
clear that apart from the sums over the occupied states in
Fig. 2(b) the only difference between Figs. 2(a) and 2(b)
comes from the isospin dependence of the diagrams,
which is rather easy to work out. Figure 2(a) is called the
"absorption" mechanism contributing to DCX because
the dissociated upper and/or lower half of the diagram
cut by the dotted line represents pion absorption in the
equivalent process of pion scattering depicted in Fig. 2(b).
When in the intermediate integrations the particles cut
by a line are placed on shell, one obtains an imaginary

contribution to the amplitude. Hence the absorption cut
in Fig. 2(a) leads to an imaginary piece which can inter-
fere with the conventional mechanism of Fig. 1(a).

The first thing to realize is that in Fig. 2(a) or 2(b) the
interaction lines are largely dominated by the transverse
part of the spin-isospin effective interaction [22], which is
essentially given by the g' Landau parameter. What we
want to stress with that point is the fact that this interac-
tion is roughly constant in momentum space and hence
corresponds to a very-short-range effective interaction in
coordinate space. In studies of nuclear excitations with
electromagnetic probes, it is indeed simulated by a 5(r)
function [25]. We will use this fact, which allows us to
approximate the contribution of Fig. 2(a) by assuming
equal coordinates in the two baryonic lines of Fig. 2(a).
In addition, we shall apply the ordinary closure sum over
the nucleon and delta states, as is usually done in studies
of DCX [6,21]. Therefore, to a good approximation, this
leaves us only one spatial coordinate.

The S matrix of the process of Fig. 2(a), in Mandl-
Shaw notation [26], is then given by

S=1 i —— 2~5(E, Ef) f d x p;—(x)QJ*(x)e'" "'"Tp;(x)II)J(x),
V 2'(k) 2'(k')

where the variables are shown explicitly in Fig. 3. Vis the volume of the box where the pions are confined, and P is the
wave function of the nucleons. E;,Ef stand for the energy of the initial and final states, and T is the T matrix of the
process which will depend on the pion momenta k, k and the spin and isospin of the particles.

Now assume we would like to calculate the self-energy of the pion in nuclear matter starting with the diagram of Fig.
3, with n. colliding against two protons. This is depicted in Fig. 4(a), and it leads to the pion self-energy piece of Fig.
4(b). The Ir self-energy in nuclear matter would thus be calculated, neglecting Pauli blocking on the particle lines, as

d p) d p2—iII' ' '(k)= g f n(p, ) g f n(p2)( i)T. —
(277) (2Ir)

l '2

/Tp p (2)

with p the proton density and T the average over spins
and momenta of the spin diagonal T matrix. Since the
two nucleon mechanisms are usually dominated by the
diagonal spin transitions [6,10], it is a proper approxima-
tion to replace T in Eq. (1) by its spin average of Eq. (2).
Hence the T matrix for the open diagram (Fig. 3), with
77. pp ~77. pp, is then given by

,„„,„II""
d x,*-. x 'xe' ",- x x (3)

Equation (3) has the virtue of allowing us to determine
the amplitude for the open diagram in terms of the pion
self-energy, which has already been evaluated and con-
trasted with different pion nuclear experiments.
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FIG. 3. Same as diagram of Fig. 2(a) with labels for the parti-
cle states.

There are still two points to be considered. One is a
transition from II'~'~' in nuclear matter to finite nuclei,
and the other one is to construct the t matrix for
m+nn ~~ pp, which is the one we are concerned about.

Let us recall that the pion self-energy associated with
the diagram of Fig. 4(b) is given by [17]

'2

II(k) =— pk
[+s —M +t(I /2) —X ]

(4)

1 1 1 f' M
2 3 4m p2

kF
X I+8(q —k )N F

~N

3
Ar 1 CN+0(k —

q ) —1 ——
F N

F F

where qz is the c.m. momentum of the nucleon (or pion)
for the decay of a b of mass +s, p is the pion mass, f ' is
the INK coupling constant (f' /4m=0. 36), and kF is
the Fermi momentum,

1/3

= 3~'
kF = p(r)

2
(6)

Pl P2

K
P)0 P i4

k

with Xz the 5 self-energy corresponding to the diagram
in Fig. 4(b) when the hole line and external pion lines are
removed. In the formula, s is the average value of the
Mandelstam variable for the incoming mN system form-
ing the delta and I the Pauli-corrected b, width given by

FIG. 5. DifFerent isospin combinations in n. NN~m NN
through the absorption mechanisms.

In addition, X& is roughly proportional to p, and hence

Hence we obtain II(k) proportional to p . Of course, this
contains p~ and pzp„ for a n. (there is no absorption of a

by nn pairs). The separation is trivial and involves
only manipulating Clebsch-Gordan coefficients. We shall
work it out in detail for the 6 case, and this will illustrate
how it is done for the other diagrams which enter in the
low-energy region. The separation into p and p p„ is
done in detail in [16] for low-energy pions, and we shall
take the results from there. For the 6 case, we have the
possible diagrams depicted in Fig. 5. The iso spin
coefficients are 1 (

—1) for m. pp (nn) coupling, &2 for a
charged pion coupled to nucleons, and C(1, 1/2, 3/2;
t„,tN, tt, ) for the nN ~5 vertex with a minus sign when
there is an incotning m. + (le+ ) = —

l
1 1 ) in the Bjorken-

Drell convention [27]). So we have, for the different
terms,

—2 C —2 C —2

This means that the term —', p in Eq. (4) is actually

2 2 4 2+20
3P 9PP + 9 PPPn

showing that absorption by np pairs dominates clearly as
seen experimentally. From Fig. 6 for n.+nn~a. pp we
get the coefficients

(10)

corresponding to Figs. 6(a) and 6(b), respectively. Hence
the total isospin coefficient in m+nn~m pp is —'„ the
same as in the m pp ~m. pp transition.

This little exercise serves us to write the DCX ampli-
tude corresponding to Fig. 2(a) as

z P P

p '
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p
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FIG. 4. (a) Feynman diagram for m pp~m pp through the
absorption mechanism and (b) the sum over the external nu-
cleon lines in (a), when they represent occupied states, leading
to a m. self-energy diagram. FIG. 6. Different isospin combinations in ~+nn ~m pp.
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i(DCXA )(k 44 f*
3 9 p

Mk.k' f d x P*(x)$'(x)e'" " '*P (x)((}'( )
[+s —M +i(I /2) —X ]

where we have implemented the trivial change k ~k-k', since the factor k k' is the one actually appearing in 5nite nu-

clei, while in nuclear matter it is k, since in the latter case the pions propagate in the forward direction.
Equation (11) also incorporates already an extra factor of 2 to account for the possibility that the b, excitation occurs

in the second nucleon rather than the first one in the open diagrams [6,9]. This implies that antisymmetric wave func-

tions for the initial and Anal two-body states, normalized to unity, must be used.
For f,~ around resonance, we have taken the results of [22]

'2
4 f gl—33—iC MeV+-A2 9 p

f d3

(2m ) 3 3 p p —p2+—i@
2

(y ~ei(p k )x—'~y') (13)

with C„2-—16.3 MeV, p=0. 8 (actually, we have taken them as smooth functions of the pion kinetic energy [22]), and

g'z —-0.65. We have added the last term in Eq. (12) in order to account for the coupling of the pion to b, h components
which propagate iteratively [random-phase-approximation (RPA) sum] driven by the Landau-Migdal interaction [17].

The conventional mechanism, depicted in Fig. 7, is evaluated following [6] [Eq. (2.10)] after modifications to account
for the 5 self-energy. Thus, ignoring the small spin-flip terms, we obtain

r 4
4i(DCX)(k k )

— f
9 LM

where the factor 2 of symmetry is already incorporated,
and the cross section is given by

2

i
t ( DCXC) + r (DCXA )

~

2

dQ 4~

Since in the conventional mechanism the largest con-
tribution comes from having the intermediate pion on
shell [ i n5(p —

p
. p—) fro—m the pion propagator], we

can see that the imaginary part of the amplitude in the
conventional mechanism is positive, while the one from
the absorption mechanism is negative, and there is indeed
an interference between the two amplitudes.

The distortion of the external and intermediate pions is
very important at resonance, and we consider it in an
eikonal form by following exactly the same procedure as
in [6].

In [16] this latter problem was addressed and the poten-
tial led to a good reproduction of the absorption cross
sections. The model for pion absorption consisted of the
many-body diagrams shown in Fig. 8. It contains s-wave
absorption [Fig. 8(a)] and p-wave absorption [Figs. 8(b)
and 8(c)]. The s-wave absorption piece is worked out in
detail in [28], while the p-wave absorption is done in [16].

For the p-wave ~N amplitude, we use the model of Fig.
9, which contains the nucleon direct and crossed pole
terms plus the delta direct and crossed terms. Hence
there are 16 terms implicit in Fig. 8(b).

The s-wave n.N ~n N coupling is given by [28]

2 1

i 5H = i 4m—5—, . 5,52„m m,
'

+ mm,

III. ABSORPTION CONTRIBUTION
TO DCX AT LOW ENERGIES

%'e shall concentrate here on the region of T„=50
MeV where there have been experiments done. Our guid-
ing principle here is to connect the DCX absorption am-
plitude with the absorption part of the optical potential.

(a) (b) (c)

FIG. 7. Sequential DCX mechanism.

FIG. 8. Mechanisms for pion absorption: (a) s wave; (b) and
(c) p wave. The solid circle indicates the s-wave ~N amplitude,
while the square represents the p-wave mN amplitude.
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FIG. 9. Detail of the diagrams used in the model of Fig. 8 to
represent the ~N p-wave amplitude.

with A, , the isoscalar amplitude, A.2 the isovector ampli-
tude, and A, , A, the pion isospin indices in Cartesian base.
Since k, is much smaller than A,2, we neglect it in our
study. Then, for practical purposes, what matters in the
isospin counting are the following isospin coefficients:

1 for (~+p~~+p), —1 for (~ p~~-p)-,
1 for (n n~a. n), —1 for (m+n~a. +n),
&2 for (m. n~n. p), —&2 for (n+n ~~ .p),

(16)

together with those for the mNN p-wave coupling dis-
cussed in the former section. Thus we can look at the
basic diagram of Fig. 10 and compare the weight of the
n. +nn ~m pp amplitude to the one of the
m NN~~ NN, with NN=pp or pn, which contribute
to pion absorption. We can use only this direct diagram
because the exchange diagrams in nuclear matter vanish
in the limit X, =O [28]. The counting is straightforward,
and the result is

X4(4m. ) 1+—BOP;(x)P.(x),
2

(17)

with c=m/M and Bo the absorption coefficient calculat-
ed in [28] such that the s-wave absorption pion self-
energy (2' V, , ) is given by

II' "'=—4~ 1+—a p
E,

0 (18)

Bo= [0 032+i 0 0. 40]p. (19)

The counting is done here assuming only particle exci-
tation to the right of the diagram of Fig. 10, while in [28]
a large fraction of the real part came from 5 excitation.
The counting done is thus correct for the imaginary part
of t' ' and only approximate for the real part.

The values obtained in [28] for the Bo parameter, which
we use here, are

FIG. 10. Open diagram for s-wave absorption or absorption
contribution to DCX.

One word of caution must be said about the procedure
followed in the isospin counting. Indeed, selection rules
appear when antisymmetry is properly considered; for in-

stance, absorption from a L =0, T =1 initial pair is for-
bidden if A, &=0 [33,34]. These selection rules are au-

tomatically irnplernented in our approach in nuclear
matter as far as A. , is neglected, since the exchange terms
vanish in this limit as indicated previously [28]. Yet, in
finite nuclei, Eq. (17) gives a finite result even if L =0 in
the initial state. Hence it is obviously incorrect in this
case. The contradiction appears because in nuclear
matter, where our counting is done, many partial waves
are present in the initial state. Thus Eq. (17) can be a fair

approximation in finite nuclei only when several partial
waves are present in the nucleon-pair wave function. In
' 0 there are many partial waves and in ' C up to L =2.
Therefore we expect the approximation of Eq. 17 to be
rather good for the first case and just fair for ' C.

Effects from the antisymmetry on the s-wave rescatter-
ing absorption of Fig. 10 were discussed in detail and
considered in [28] where Bo was calculated.

With respect to the diagrams in the p-wave absorption
of Fig. 8(b) and 8(c), it was shown in [16] that there are
cancellations and only some terms survive. We will fol-
low the same notation for the terms as in [16] and write
them in terms of the b, excitation diagram of Fig. 3,
which is still the dominant individual term for absorp-
tion, although it contributes only about one-third of the
total absorption potential. We will refer to this diagram
as d1. We depict the surviving diagrams in Fig. 11, and
in Table I we give the relative weight of these diagrams at
the pion threshold, both for pion absorption or absorp-
tion in double charge exchange. One can see in the table
that in this latter case, although the individual terms are
pretty large, there are also quite large cancellations be-
tween them, and the 6 excitation term accounts now for
more than half of the strength. Although, the terms sum

up to 1.85 times the amplitude of Eq. (11),but now R~ is
different from the resonance region. We then have

r(PA) D f
3 9 p f d ~ p,*'(x)p,*'(x)e' " '"p,*(x)it,*(x)i(k —k').x 1

2

X
Po

Ref, ap(r)+i Imiz arctan
ap(r) Po

(20)
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The term with arctan in Eq. (20) accounts for polariza-

tion effects when the ph excitation in Fig. 2(b) is iterated

to all orders. For the conventional mechanism at low en-

ergies, we take the amplitude of the work of [7].

IV. RESULTS AND DISCUSSION

d1 d2 d3 d4

n2 n 3 n4

nd6nd2 nd3 nd 7

FIG. 11. 0Open diagrams for the p-wave absorption or ab-

sorption contribution to DCX. The nomenclature of the dia-

grams corresponds to the one in [16].

In the resonance region, we have taken into account
the distortion of the pion waves by using Glauber theorr eory

s in &6i. For low energies we have not considered any

distortion of the pion waves. The implementation of the
distortion usually leads to an enhancement of the cross
section by about a factor 2 with respect to the plane-wave

results [29]. The wave functions used are as in [6,7] for
' 0 and ' C, respectively.

In Fig. 12 we can see the results of the differential cross
section for the ' O(n+, n )' Ne reaction at T„=164
M Ve . The strength of the absorption mechanism is

smaller than that of the conventional mechanism. We
can also observe that the shapes of the two distributions

are rather similar. At small angles the interference of the

two amplitudes leads to a small reduction of the results of
the conventional mechanism. However, around the re-

gion of the minimum, there is a stronger interference,
which leads to a shift of the cross section at lower angles,

from 34.5' to 30.5'. However, as one can see in the

figure, the shift is not enough to move the minimum

down to about 20' where there is the experimental
minimum.

I I I I I I I I
I

' ' '
I

' ' ' '
I

' ' ' '
I

with

Reft = —53 MeV+ 0. 11T„MeV, 0 (T (50 MeV,

Imiz= —38.3 1 —0.85 +0.54 MeV,
p p

(21)
T. T'.

a =2.72 —4.07 +3.07
zp p

'2
T- ™

D =1.85 —0. 1 —1.33
P P

TABLE I. Contribution of the different terms of Fi . 11
the absor

ig. to

d1 acc
bsorption potential or the absorption DCX t Therm. e term

o t e pion self-accounts for the contribution of Eq. (4) to the
energy, while the term dx1 corresponds to the contribution of
Eq. (11) to the DCX amplitude.

b
.01

Term

d1
d2

d3+d4
n1
n2

n3+n4
nd2+nd7
nd3+nd6

Total

Pion absorption

dl
0.09dl
0.07d 1

0.76d 1

0.76d 1
—0.17d 1

1.56d 1

—0.47dx 1

3.60d 1

DCX absorption

dxl
—3 X0.09dx1
3 X0.07dx 1

—4 X0.76dx 1

0
—6X ( —0. 17)dxl

—' X 1.56dx1
—'4 X( —0.47)dx1

1.85dx 1

.001

I I I I I I I I I I I I I I I II

0 10 20 30 40

8 (deg)

FIG. 12~ . Differential DCX cross section for ' O(m. +,m. )

DIAS at T ==164 MeV; long-dashed line, sequential mecha-

nism; short-dashed line, absorption mechanism; solid line, sum

of the two. Experimental data from [5].
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I"IG. 13. Amplitudes for conventional and absorption contri-
butions to DCX in ' 0 at 164 MeV, calculated without distor-
tion: solid line, imaginary part of conventional mechanism;
dot-dashed line, real part of conventional mechanism; short-
dashed line, imaginary part of absorption mechanism; long-
dashed line, real part of absorption mechanism.

According to our arguments in Sec. II, we should have
expected a stronger interference of these amplitudes. In
practice, however, we ended up with a weak one. The
reason is the strong effect of distortion in this process.
This can be seen in Figs. 13 and 14 where we show the
amplitudes corresponding to conventional and absorption
mechanisms with and without distortion. Without dis-
tortion, the amplitude of the conventional mechanism is
almost imaginary and the absorption mechanism has a

sizable imaginary part, as was expected. However, when
distortion is included, it affects differently both the size
and phase of the two amplitudes in such a way that in-
terference does not modify strongly the cross section.
This also tells us that we must accept some intrinsic un-
certainties in our results since small variations in the
wave functions or details in the distortion mechanisms
can easily change the final results. We believe these un-
certainties to be not smaller than a factor of 2 in the cross
section at forward angles and bigger at large angles. Our
results should be thus taken as indicative of the relative
effects of one mechanism to the other, and the size of the
shift must be also taken at a qualitative level. However,
we can say that it is unlikely that the new mechanism
produces larger shifts than observed in our calculations,
since small changes in the value of g', or the 6 self-
energy, do not lead to appreciable changes in the size of
the shift.

In Fig. 15 we show the results for ' C(m+, m ) DIAS at
T =50 MeV. The conventional mechanism has been
taken from [7], and we have added to it coherently the
amplitude obtained here. The results are without distor-
tion as we indicated. From Fig. 15 it follows that at low
energies the absorption mechanism is an important piece
of the DCX reaction mechanism. At large angles the
conventional and absorption mechanisms are compara-
ble. At small angles the absorption mechanism is smaller
than the conventional since there is strong destructive in-
terference in the absorption amplitude between the s- and
p-wave parts around 50 MeV. The interference between

C(~,~ ) O(DIAS)

T„= 50 MeV

.5

0(rr, rr ) Ne~-
T„= 164 MeV

5—

—5

/I'

I/
I.

II
//I

//
/-

//
//

/ .
/ /

/r /
/

Re Tc

0 20 40 60
8 (deg)

FIG. 14. Same as Fig. 13 with distortion.

.2—

I I I I I I I I I I I

100
. 1

0 50
8 (deg)

FIG. 15. Differential cross section for ' C(m. +,~ ) DIAS at
T =50 MeV: long-dashed line, sequential mechanism; short-
dashed line, absorption mechanism; solid line, sum of the two.
Experimental data from [3].
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1.5

Re Tc

"C(m', n )"Ous

T„= 50 MeV

forces [31]. We can see this qualitatively by evaluating
the effects of the exchange currents in ' 0, which are
smaller than in ' C, although the structure of the wave
function is also partly responsible.

V. CONCLUSIONS

Re T~

m Tc

0
Im TJL

~a ~a
~a

the conventional and absorption mechanisms is construc-
tive, as shown in Fig. 16, and enhances appreciably the
results with respect to those of the conventional mecha-
nism. The final results are closer to the experimental
ones, but one should have in mind that there is no distor-
tion in the results and that other mechanisms such as ex-
change currents also lead to modifications of these results
[30].

We only want to draw qualitative conclusions since we
believe that also at low energies, as in the resonance re-
gion, one has intrinsic uncertainties stemming from an in-
complete control of the information needed for the ex-
change currents, plus the large sensitivity of the results to
the quantities involved in the process, which, even if
small, also have uncertainties. The real parts used in the
absorption mechanism also suffer from larger uncertain-
ties than the imaginary parts [16,28]. The effect of the
absorption mechanism, like the one of the exchange
currents, decreases with increasing A because of the fact
that the processes involve the contribution of short-range

I I I I I I I I I

0 20 40 60
8 (deg)

FIG. 16. DCX amplitudes for conventional and absorption
contributions to DCX at 50 MeV in ' C. The meaning of the
lines is the same as in Fig. 14.

Within certain reasonable approximations, consistent
with the qualitative nature of our analysis, we have evalu-
ated the contribution of the absorption mechanism to
DCX, both at low energies and at resonance. At low en-
ergies the absorption mechanism interferes constructively
with the sequential mechanism around T =50 MeV, and
in the case of ' C(tr+, n ) DIAS it increases the cross
section by about 60% at small angles and around a factor
of 2 at larger angles.

Around resonance, the effects are globally very small,
but the approximately destructive interference leads to a
small shift of the first diffraction minimum in the
' O(rr+, rr ) DIAS at T = 164 MeV, which is not
sufficient to explain the experimental data.

As has occurred before with other mechanisms studied,
the sequential mechanism stands as the most important
mechanism of the reaction, at least for the DIAS transi-
tions, but the corrections can lead to appreciable changes
in the results. The study carried out here indicates that,
at least in light nuclei, the effect of the absorption rnecha-
nism has to be included if one attempts an accurate and
realistic evaluation of DCX. However, we should also
stress that, at present, there are still intrinsic uncertain-
ties in the input which result in uncertainties in the cross
section of DCX of the order of factors of 2 or more.
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