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The problem of obtaining a satisfactory Regge-pole model for the pion-exchange reac-
tions nP —Pn, mN pN, xN- pN*, yp —x+n, and pp N*N*, is discussed with particu-
lar emphasis on the dynamics as seen in the s channel. It is pointed out that (i) satis-
factory models can be obtained using a modified conspiracy model; (ii) pion exchange
should provide the dominant contribution to the forward cross sections for incident mo-
menta up to 30-50 GeV/c; and (iii) the energy dependence of the differential cross sec-
tions should change from that characteristic of pion exchange for t - 0, to that charac-
teristic of the exchange of vector or tensor mesons at large momentum transfers t
& —0.5 (GeV/c). 2

It has been evident for some time that the
simpler versions of the Regge-pole exchange
model do not provide an adequate description
of those high-energy reactions which are ex-
pected to proceed primarily through the exchange
of a single pion. Examples are provided by
forward np charge exchange (np -pn), p-meson
production in nN collisions (wN- pN, mN- pN*),
photoproduction of charged pions at forward
angles (yp-n+n), and isobar production in nu-
cleon- antinucleon collisions (PP —¹N*).It
is notable that such details of these process-
es as the absolute magnitude, energy depen-
dence, and shape of the differential reaction
cross sections at small momentum transfers,
the decay angular distributions of the unstable
particles produced, and the joint decay corre-
lations in the case of double resonance produc-
tion, are described quite well for present en-
ergies by the modified single-pion- exchange
model (absorptive model). ' In contrast, the
simple Regge-pole model for single pion ex-
change fails in each case to account for one
or more features of the experimental data.
Models which involve conspiracies' between
the. pion or the A, meson and other Regge tra-
jectories have been somewhat more success-
ful, but have generally been regarded as arti-

ficial and overly complicated.
In the present paper, we wish to indicate how

a satisfactory and relatively simple descrip-
tion of the foregoing reactions can be obtained
with the framework of Regge-type theories.
It will be advantageous first to discuss the prob-
lem as seen in the s channel, and in particu-
lar, the reasons for the success of the modi-
fied single-pion- exchange model. The difficul-
ties encountered with the usual Regge-pole mod-
els are then easily understood, as is their res-
olution. For simplicity, we will restrict our
detailed comments to the nP charge-exchange
reaction, and only indicate briefly the relevance
of our results to the rest of the reactions not-
ed above.

The differential nP charge-exchange cross
section is characterized for momenta of 2-8
GeV/c by an extremely sharp forward peak
with a width &mz' in terms of the momentum-
transfer variable t, and an energy dependence
close to that expected for a pion-exchange re-
action. ' Thes e features of the cross section
suggest that the long-range part of the inter-
action, hence, the small-angle cross section,
is associated with the exchange of a single pi-
on. The s-channel helicity amplitudes M (Ap',
An', An, Ap) for this process are given in Born
approximation for single pion exchange by

M(-2, -2, 2, 2)=M(—2, 2; 2, -2)=M(2, -2, -2, 2)=M(2, 2', —2, -2)= (2p/&s)(g /4&)&/(—~ —t), (la)

M(X ', A. '; X, l. ) =0, all other helicities. (lb)

The normalization is such that the partial-wave transition amplitudes are bounded by unity, IM I ~1
(unitarity). The differential scattering cross section is given by
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ified pion-exchange amplitudes for these reac-
tions do not describe pure 0 exchange in the
t channel, and second, that the precise man-
ner in which the low partial-wave amplitudes
are modified is relatively unimportant for t
—0, provided that unitarity is enforced. In this
case, the fact that the pion-exchange amplitude
contains significant contributions from very
high partial waves, ' j -p/m, while the contri-
butions from such short-range processes as
vector-meson exchange are confined to low
partial waves, j &p/mV, is crucial. If the ex-
changes are of comparable strength in the low
partial waves, the pion-exchange contribution
to the forward-scattering amplitude will be
enhanced relative to that of the massive exchange
by a geometrical factor -my'/m~'. It is read-
ily shown that pion exchange is strong in this
sense for the reactions nP-Pn, wN-pN, harp

-pN*, yp -m+n, and pp-¹¹at momenta
of a few GeV/c. As a consequence, pion ex-
change is the dominant process in the dynam-
ical description of these reactions at small
momentum transfers. Moreover, this domi-
nance should persist to quite high energies,
despite the rapid decrease of the pion-exchange
amplitudes with increasing energy (as s rel-
ative to elementary vector exchange, or as
-s "' relative to Reggeized vector or tensor
exchange). For example, in the reactions w P
—p~P, the ~- and ~-exchange contributions
to the low partial-wave amplitudes are of com-
parable magnitude for momenta of -2 GeV/c.
Even with the conservative assumptions of an

' energy dependence of the n. -exchange am-
plitudes relative to those for w exchange, and
a mu, ch reduced enhancement factor m~'/6m~'
-5, the m- and co-exchange contributions to
the forward p-production cross section would
first become equal to an incident momentum
-12 GeV/c. A more reasonable estimate sug-
gests that pion exchange will remain the dom-
inant process for t-0 for momenta less than
30-50 Gev/c. a

The situation is quite different at large mo-
mentum transfers (t & —mV ). Since the behav-
ior of the scattering amplitude in this region
is determined primarily by low partial waves,
the geometrical enhancement factor in favor
of pion exchange is not operative, and the rap-
id decrease of the pion-exchange amplitude
with increasing energy can lead even at mod-
erate energies to the dominance of massive
exchanges.

t/(m '-t) =m '/(m '-t)-1,
7| 77

it is evident that the forward zeros in the Born
approximation result from a cancellation be-
tween an anomalous j =0 term (2p/vs)(gzNN /4m)

and the remainder of the amplitude. For large
s, the anomalous term is energy independent,
and many times larger than the absolute uni-
tarity limitg~NN'/4v-14»1. If this term is
reduced to an acceptable magnitude, as by the
absorptive corrections in the modified single-
pion-exchange model, ' the cancellation noted
above is eliminated, and the amplitudes M( ——,',
-~, 2, 2) and M(2, 2, ——,', --,') peak strongly for
It I -m„'. The cross section predicted by this
model agrees quite well with the experimental
results at small momentum transfers. ' The
success of the modified single-pion-exchange
model in the description of the reactions mN
—pN, mN-pN*, yP —m+n, andPp —N*N+, in-
cluding such details as the resonance decay
correlations, can also be traced to the elim-
ination of unphysical contributions in the low
partial waves.

It should be emphasized, first, that the mod-

Because of the factor of t which appears in
each of the transition amplitudes in Eq. (la),
the Born approximation for the charge-exchange
cross section vanishes in the forward direction
(t =0), and the forward peak observed in cur-
rent experiments is not reproduced. The same
problem is present in the Regge-pole model:
If the only exchange is that of a Reggeized pi-
on, the predicted charge-exchange cross sec-
tion vanishes at t =0.

The foregoing difficulties are directly con-
nected with the assumption that the t-channel
exchanges are confined to the singlet spin chan-
nel of the KN system. '" For such exchanges,
the s-channel transition amplitude has the struc-
ture indicated in Eq. (1), with all except the
four helicity amplitudes in Eq. (la) zero, and
those four equal. Since the amplitudes M (—&,
1 1 . 1 1 1 j. 1
2, 2, ——.) and M(2, —2,' ——„—,) for a total helic-
ity change IX~—Xp —Xp' —A.~'I = 2 necessarily van-
ish in the forward direction (x =1) as 1—x= t/—
2P', ' corresponding zeros appear in the ampli-

1 1 ~ 1 1 1 1 1 1tudes M( —2 —2 2 2) andM{2 2 2 —2). The
zeros in the latter are specific to the models
considered, and are neither required by gen-
eral principles, ' nor expected to present in a
complete dynamical theory. In fact, if the func-
tion t/(mz' —t) in Eq. (1) is rewritten as
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It is clear that the difficulties which have
been encountered with simple Regge-pole mod-
els for pion-exchange reactions result from
the assumption that pion exchange may be treat-
ed independently of whatever other exchanges
are present. This assumption conflicts with
the conclusions of the arguments above, that
extra exchanges must be present, and that these
must be correlated with the basic pion exchange,
if the dynamical effects of pion exchange are
to be properly described. An alternative to
the simple Regge-pole model is provided by
the conspiracy model proposed by Volkov and
Gribov. ' Those authors observed that the ki-
nernatic constraints on the s-channel helicity
amplitudes which lead, for example, to the
unwanted zeros in the pion-exchange amplitude
in np scattering, could be satisfied by a can-
cellation among the contributions of several
Regge poles, each of which by itself escapes
the kinematic restrictions. The two types of
conspiracy which are possible in NN scatter-
ing4 have both been considered in connection
with the np charge-exchange reaction. The
first, of Type II in the nomenclature of Ref.
4, involves the trajectory associated with the

A, meson, and a daughter trajectory which,
like the pion, appears in the singlet spin chan-
nel in NN scattering. Since the residue of the
daughter pole need not vanish at t = 0, it was
suggested in Ref. 3 that the forward peak in

the np charge-exchange reaction could be ex-
plained by destructive interference between
the amplitudes associated with the daughter
trajectory and the pion. ' The model has not

proved satisfactory. " A second model, sug-
gested by the work of Freedman and Wang, 4

is based on the assumption that the pion tra-
jectory is involved in a Type-III conspiracy.
In this case, the pion residue function can re-
main finite at t =0. The remaining members
of the conspiracy are trajectories which would

be associated with 0 and 1 particles were
they to reach physical values of the angular
momentum. Although this model can be made

to work, the results which have been obtained"
have seemed somewhat suspect, as it is not
possible to obtain the correct magnitude for
the forward charge-exchange cross section
without the introduction of what appears to
be an unphysically rapid variation of the Reg-
ge-residue functions between t =mz' and t = 0.

We wish to point out two possible resolutions
of the foregoing problems, both suggested by

dynamica, l considerations. It should be noted,
first, that conspiracies of both types arise
naturally in perturbation calculations, and are
probably a necessary ingredient of unitary the-
ories. For example, in the case of the charge-
exchange reaction, the terms in the scatter-
ing amplitude associated with the box diagram
in which pion exchange is preceded or followed
by the exchange of a vector meson (p, &u, or
Pomeranchuk exchange) satisfy the Type-III
conspiracy conditions. " [This diagram is as-
sociated, not surprisingly, ' with a rescatter-
ing correction to the pion-exchange term. ]
It is of course expected that the replacement
of the box by a sum of ladder diagra, ms will
result in the usual fashion in the Reggeization
of these amplitudes, hence, generate conspir-
ing Regge poles. Because of the short range
of the exchanges involved, it is clear that the
resulting amplitudes will vary slowly near t
=0. Two possibilities exist. First, the 0
object in this conspiracy may have nothing to
do with the pion. In this case, we obtain a sim-
ple and flexible model in which destructive in-
terference between the amplitude for the ex-
change of this 0 object and the Reggeized pi-
on-exchange amplitude can explain the forward
peak observed in the charge-exchange cross
section. ' [A similar model which involves con-
spiracy among Regge cuts has been suggest-
ed by Huang and Muzinich. "] Alternatively,
if the 0 object is in fact the pion, the slow
variation of the extra terms in the complete
amplitude nea. r t = 0 implies that the pion res-
idue function must vary rapidly in this region,
in accord with the empirica. l results of Ref. 11.
Similar results can be obtained for the reac-
tions vN-pN, mN-pN*, yp-v+n, and pp-N*N*
Since, in each case, the addition of a Type-
III conspiracy to the normal pion-exchange
amplitude reproduces the basic features of
the modified single pion-exchange model, it
is clear that the satisfactory models can be
constructed for these reactions.

The main implications of the foregoing dis-
cussion can be summarized as follows'.

(i) Models based on the existence of a Type-
IIL conspiracy can provide reasonable param-
etrizations for pion-exchange reactions. It
is not necessary that the pion trajectory par-
ticipate in the conspiracy. However, detailed
quantitative descriptions of these reactions
may be rather intricate, and involve Type-II
conspiracies, and conspiring cuts, "as well
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as the Type-III conspiracy suggested above.
(ii) In those reactions in which pion exchange

is strong (in the dynamical sense), the main
contributions to the forward-scattering ampli-
tude should be determined up to quite high in-
cident momenta (25-50 GeV/c, depending on
the reaction) by the conspiracy described above.
The contributions from vector or tensor ex-
changes should be prominent at intermediate
energies only in the scattering at large momen-
tum transfers, t&-0.5 (GeV/c)'. '

(iii) The effective energy dependence of the
differential cross sections for the foregoing
reactions at intermediate energies should change
from the -s ' behavior characteristic of pion
exchange near t-0, to that typical of the ex-
change of vector or tensor mesons at large
momentum transfers.

(iv) We wish to emphasize, finally, that dy-
namical information, whether obtained from
consideration of the reaction in question in the
s channel, or from simple models, can be of
great value in the formulation of Regge-pole
models.
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