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dence in the realism of the higher estimate. The
fact that the ratio (L/I) enters into Eq. (3) with a
much higher power than into Egs. (1) and (2)
would in any case appear to make an examina-
tion of intensity fluctuations attractive, in spite
of low intrinsic accuracy.
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We assume that the imaginary part of any inelastic hadronic amplitude is dominated
by the peripheral (I ~g7) resonances, and that the same imaginary part can also be de-
scribed by a combination of {-channel poles and cuts. The strength of the required cut
term is determined by whether or not the pole term itself is already peripheral. The
real part has no reason to be peripheral and can be determined easily from the peripher-
al imaginary part only when the cuts happen to be relatively weak. These assumptions
lead to a successful qualitative description of all | ~0.6-BeV? dip effects in vector- and
tensor-exchange inelastic and elastic reactions. )

In the absence of a theory of hadronic interac-
tions, many phenomenological models have been
proposed!™ for the observed behavior of inelas-
tic hadronic reactions. The rise and fall of these
models was often related to their ability or in-
ability to explain the apparent erratic behavior
of dips in inelastic differential cross sections.
The presence of I£|~0.6-BeV? dips in 77p —7%
and yp ~ 7% or their absence in 77z~ wp and
" p—mm are just a few examples of this puzzling
behavior. Every one of these effects has been
properly explained in some of the models, but
every one of the models has failed to explain
some of the effects.®

In this paper we present a simple dual absorp-
tive scheme which accounts for the systematic
pattern of these dips. Our model, which already
has been applied to elastic scattering,® is still
qualitative, but we feel that its overall success
is sufficient to encourage the pursuit of a de-
tailed quantitative analysis. We hope to report
on such an analysis in the near future.

The starting point of our model is the recogni-
tion that the #-channel description of an inelastic
hadronic amplitude f(s, #) must involve Regge
poles as well as cuts and that the combination
of these poles and cuts is dual to the s-channel
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resonances. These vesonances dominate Imf (s,
t) in a local way—namely, at a given value of

s, Imf (s, t) is dominated by resonances of mass
m~s'2, On the other hand, Ref (s,?) is not local-
1y controlled by the nearby rvesonances.” 1t is
actually fed by distant resonances, including
those with s <0 (#-channel resonances).

Any £-channel description would tend to predict
that structures in the angular distribution will
occur (if at all) at approximately fixed values of
¢t at all energies. This is supported by the data.
How can the s-channel description of f(s, ?) re-
produce such an effect? This can happen only if
strong correlations exist between the different
s-channel resonances. The simplest (but not
the only®) way to guarantee a fixed, energy inde-
pendent, ¢ value for a given structure (dip, bump,
etc.) is to demand that every single prominent
resonance will possess this structure.® The
sum of all resonance contributions will then
automatically exhibit the same structure in ¢ at
any given energy. The condition that has to be
obeyed by all prominent resonances in order to
insure this behavior is /o« s¥2, where [ is the
spin of a resonance and m =s'/2 is its mass.”
Since Imf(s, ¢) is locally dominated by the reso-
nances, we conclude that at any value of s, the
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important partial waves in Imf(s, ¢) will have
IcsY2, We cannot draw a similar conclusion

for Ref(s,?), and there will be no simple correla-
tion between s and the ! values of the dominant
partial waves of Ref(s, ?).

Most versions of the absorption model*™ as-
sume that the low (I <« g7) partial waves of an
inelastic amplitude are largely absorbed by the
many open channels and that the full amplitude
is dominated by the largest impact parameter
within the range of interaction or, equivalently,
by the [ ~g» partial waves (g is the c.m. momen-
tum; »~1 F is the interaction radius). This as-
sumption coincides with our [« s'/? duality rela-
tion since g « s'/2, However, from the duality
point of view, it is evident that only Imf(s, ¢)
should be dominated by the l~qv waves, while
Ref(s, t) need not obey such a behavior. Such a
departure from the conventional ideas of the ab-
sorption model is actually interesting from an-
other point of view. As s-—-, at fixed ¢, a def-
inite relation must exist!® between the s depen-
deénce and the phase of f(s,#). In most versions
of the absorption model this relation is ignored.3*
If we now insist that otk Imf(s, ¢) and Ref (s, ¢)
are dominated by the I ~g#» partial waves, and
that the correct asymptotic phase is achieved
at relatively low energy, we run into inconsis-
tencies.'™!? It is therefore rather satisfactory
that our duality argument leads us to accept the
conventional absorption picture for the imaginary
part but not necessarily for the real part.

We are now ready to state our model:

(i) Imf (s, ¢) is dominated by s-channel reso-
nances. The prominent resonances have I ~gr.
Consequently, Imf(s,?) is dominated by the most
peripheral s-channel partial waves. For total
s-channel helicity flip AX, this gives®® Imf,%(s,
t)ccd a\(rV/~t), where J 5, has the same general
structure (zeros, maxima, minima) as the Bes-
sel function Jy,(»V-t), »~1 F. A realistic candi-
date® for J,, is AeBtJ,,(rV—t). For exotic s-
channel processes, Imf(s,t)~0.

(ii) The #-channel description of Imf(s, ¢) is
given by a combination of Regge poles and cuts. l

Imf ay =S, ) =c70(r\f-t), Imfay =,%(s, 1) =e.71(’)'\/-—t),

Ref oy =0°(S, )= ?, Refay =1%(s, t)=J,(rV/=1)x

This combination is always required to be dom-
inated by the s-channel /~g» waves. In some
cases the pole term has large contributions

from I < q7 partial waves. In such cases the ab-
sorption by a cut is necessary and substantial.

In other cases, the pole term itself is strongly
dominated by the peripheral partial waves and
already includes much of the required absorp-
tion. In such cases the cut term is small or
even absent since there is very little for it to
absorb in the ! < g» waves. An easy way to de-
cide whether a strong cut term is needed is to
transform the imaginary part of the single-pole
term to its impact-parameter representation

and to observe whether or not it is dominated

by the peripheral waves. In the case of the ex-
change-degenerate vector and tensor trajecto-
ries, a(f)~%+t and the imaginary parts of the
pole terms in both fa;-,° and fa)=,° have a single
zero®® at @ =0, The impact-parameter represen-
tation of Imf 5, =,° has large ! <« g contributions
while that of Imf,, -,° is probably dominated™

by I~gr. It is therefore evident that in this case
a strong cut term is needed for AX=0 and a very
weak or no cut term for Ax=1, at least at pres-
ent energies. When the cut influence is weak,
Imf(s,#)cs**), When the cut influence is strong,
Ins terms as well as a modified “effective” a(#)
function will appear.

(iii) The s-channel description of Ref(s, ¢) is
obscured in the absence of a simple resonance
description. From the /-channel point of view,
Ref(s,?) is described by the same poles and cuts
which control Imf(s,¢). When the pole descrip-
tion of Imf(s, #) is peripheral and the cut term is
therefore small, the phase of f(s, ) is correctly
given by the usual signature factor. When the
cut term is strong, the phase must approach the
signature factor as s -« but it may do so very
slowly. In this case we can say very little about
Ref(s, t).

In the case of processes dominated by the ex-
change of the vector and tensor trajectories and
their associated cuts, the ¢ dependence of f(s, ¢)
will therefore be given by

ftan%ﬂa(t) (vector)
l—cot%wa(t) (tensor).

The first zeros of J, are at [£/~0.2, 1.2 BeV? For J, they are at 0, 0.6 BeV? Notice that the A)=0
amplitude will not exhibit a [/~ 0.6 dip while the dip structure of the Ax =1 contribution depends on

whether we have a vector or a tensor exchange.
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Before we can discuss specific processes we have to make an assumption concerning the relative
strengths of the Ax=0 and Ax=1 terms for w, p, /% and A, exchange, where these symbols represent
the combined pole-plus-cut contribution with the appropriate f-channel quantum numbers. There is
good evidence from elastic scattering on nucleons that the ° and w contribute almost purely to Ax=0,
while p and A, exchange are dominated (but not so decisively) by the ax=1 amplitude.’® This agrees
with vector-dominance estimates which indicate that the (magnetic) AX =1 vector nucleon coupling is
almost pure isovector while the (electric) Ax=0 coupling is dominated by the isoscalar term.?

We now discuss several concrete examples:

(a) The processes 7 p =%, 7" p~mm, Kp~K°n, and K n—~K° are dominated by p and A, exchange.
In all of these cases the Ax=1 amplitude is dominant, as suggested above. This is confirmed by the
¢t~0 dips observed in these processes. If we assume do/dl~ |f ) =S, )2, we find that

do(n™p —1°n)/dt < J2[1+tan®(3ra)]=J 2/cos? (3T a),

do(m™p —mm)/dt < J2[1+cot?(31a)| = J,2/sin®(37a),

do(K"p ~K)/dt o« J 2[4+ (tantma—cotdna)? ] =4J 2 /sin’ra,

do(K ' 'n—K°)/dt < J (tanzma +cotzma)? =4J 2/sin’*ra.

J~12 has a double zero around #~0.6, In 77p
- % this will not be canceled and we expect a
dip. In the three other cases the double zero is

canceled by the double zero of sin*ra/2 or sin®*ra.

No dip is therefore expected. All four predic-
tions agree with experiment.

(b) A similar situation occurs for 7N~ 1A,
TN—nA, KN—KA, and KN—KA. A dip is ex-
pected and observed for mN-rmA. It is not pre-
dicted and not observed in the three other pro-
cesses.'® The only modification needed here is
the assumption that the pNA and A,NA vertices
are dominated by the Ax=1 term. This is, again,
consistent with vector dominance as well as with
the ¢~0 behavior of these processes.

(c) The processes yp —7'n and 7'n — wp involve
I=1 exchange. The helicity flip term presum-
ably dominates the nucleon vertex. The ymp ver-
tex obviously involves a single helicity flip and
the mwp vertex is probably similar. The total
A is thus predominantly 0 or 2 although the AX
=1 amplitude probably does not vanish. Since
AX=1 does not dominate, we have no reason to
expect a |£1~0.6 dip. In both processes such
dips are not observed.

(d) A similar conclusion, using a similar argu-
ment, applies to yp~7"A™ and 77p—-wA ™.
Here, again, we have to repeat our assumption
on the NA vertex. No dips are predicted or ob-
served at |£~0.6.17

(e)In yp ~7% and 7'p - p*p, w exchange is
dominant and the nucleon vertex is dominated by
the nonflip term. The wmy vertex involves a
helicity flip and the wmp vertex is similar. AX
=1 is dominant. Since the exchanged w has nega-

1402

[ tive signature we expect that

do/dt o« J 21 +tan?(3ra)] =J,2/cos? (37 @),

and a [#|~0.6 dip is predicted in both cases. The
dips are observed.

() In yp ~np, p exchange is dominant. The
nucleon and meson vertices both involve a single
helicity flip and the dominant term is, again,
AX=0,2. A dip is not predicted and not observed.'

(g) In elastic 7*p, K*p, pp, and pp scattering,
Imf Ay =0 18 projected out by the differences be-
tween particle and antiparticle cross sections,
while Ref 5, =, is projected out by the polariza-
tions. In all cases the data agree with our predic-
tions.® The entire dip systematics in the elastic
differential cross sections and many features of
the polarizations are explained.

As stated above, the [#/~0.6 structure of every
one of the fifteen inelastic reactions discussed
here was correctly described by several models,
but every model has failed to account for some
of the observations. We shall group the existing
models into the two usual families—the weak-cut
model? as well as the Regge-pole model or the
Veneziano amplitude will be referred to as class-
I models. The strong-cut model* as well as the
Dar-Weisskopf model® will be referred to as
class-II models.

Class-I models fail in the reactions yp —7"xn,
Ttn—wp, Y1 A" wtp~wA* yp—-np,' and
the elastic diffevential cross sections., Class-II
models fail in 7°p~m, K'p~K’n, K'n—~K%,
mp—~nA, KN—KA, KN—KA, and the elastic polar-
ization. Both classes are successful in 77p = 7'n,
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TN—=7A, yp—~7%, and n'p ~p*p,

A quick glance at these lists immediately re-
veals that all failures of class-I models stem
from an inadequate description of Imf,, =,°
(namely, instead of a [#[~0.2 zero, it has a [#|
~0.5 zero which can be moved slightly, but not
not enough, by the weak cut). In these models
Imf Ay -o° is not dominated by the [ ~g» partial
waves, contrary to our assumptions. All failures
of class-II models stem from an inadequate de-
scription of Ref,, -, (namely, instead of J, tanzma
or J, cotzma it behaves like J,). In these models
Ref ) =;° is required to be dominated by the !
~qv partial waves, contrary to our assumptions.

We believe that our description represents
correctly the gross features of the relevant am-
plitudes and that it provides a successful solution
to the puzzle of |¢/1~0.6-BeV? dips. A more quan-
titative study would be extremely interesting.

Many problems are left open, however. We
mention only a few.

(i) In our fifteen inelastic processes Ref, =,°
did not play a crucial role. We therefore suc-
ceeded in explaining many pieces of data without
making explicit assumptions on this amplitude.?
Strangeness exchange reactions as well as 7-
exchange processes may enable us to determine
the characteristics of Ref sy =°.

(ii) We showed that Imf is dominated by the
l~qv partial waves. What remains to be deter-
mined is the s dependence of the radius » [const ?
(Ins)2 ? Ins ?] as well as the details of the im-
pact-parameter or partial-wave description'?
(what is the “width” of the peripheral peak of
Imf as a function of ? How does it depend on
energy?).

(iii) Finally, we assumed that » ~1 F. Does the
radius depend on the nature of the colliding had-
rons? Is it very different for, say, 77 scatter-
ing and NN scattering ?
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A more complicated way is offered by the Veneziano
formula in which the many s-channel resonances at
any given energy produce dips at fixed ¢ values through
delicate cancelation effects. This amplitude is, how-
ever, not dominated by the peripheral partial waves,
and we shall see below that it provides an inadequate
description of several [¢|~ 0.6 effects.

*This was shown by R. Dolen, D. Horn, and C. Schmid,
Phys. Rev. 166, 1768 (1968), to be true for nN scatter-
ing. See also Refs. 6 and 7.
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111t is possible to have a “conventional” absorptive
model which has the correct phase as s— . However,
if the absorption effects are strong, this phase is
reached slowly, and the phase at a few BeV does not
resemble the asymptotic phase.

125 detailed discussion of this problem will be given
in a forthcoming paper by H. Harari and A. Schwimmer.

“In the ¢ -channel helicity-nonflip amplitude, Imfay -
has a ghost-eliminating factor of « for the tensor ex-
change. Exchange degeneracy requires a similar term
for vector exchange. The ¢-channel amplitude Imf A>\=1t
must also have such a factor. Since both ¢-channel
amplitudes have these factors, the imaginary parts
of both s-channel helicity amplitudes will also possess
them.

“Inf A\ o™'® will have a zero at a=0, i.e., |t|~0.5.
It does not resemble the o function (which would have
a [t/ ~0.2 zero for =1 F) and is therefore not periph~
eral. Imfa, -{P*® has a kinematic zero at# =0 and a
zero at =0, These imitate the :71 structure for »
~1F, and the amplitude is therefore peripheral.

11t seems that for vector and tensor exchange in A\
=0, D/F ~0, while for AA=1, D/F ~3, The latter
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ratio completely decouples w and f from the nucleon
for AA=1. The first ratio predicts a 3:1 ratio between
the AN =0 couplings of f or w and p or 4, to the nucleon.
For a discussion see, e.g., R. Odorico et al., Phys.
Lett. 32B, 375 (1970); C. Michael and R. Odorico, to
be published.

16This discussion is consistent with the usual pole=-
model description of these amplitudes. See, e.g.,
M. Krammer and U, Maor, Nucl. Phys. B13, 651
(1969).

Since the pNN coupling involves some nonflip con-
tribution, our qualitative statements in cases (¢), (d),
and (f) are actually weaker than our other predictions.
Other problems in these processes are the possible
contributions of exchanges other than p and the ob-
served deviation from the a=3+¢ effective trajectory.
Only a complete s-channel helicity analysis of these
processes can give a complete picture. Until the data
allow such an analysis, we must regard our conclu-
sions on these reactions as tentative.

Can One See Isobars in the Deuteron?*
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The reaction 7d —NA is studied as a probe of the AA content of the deuteron. Assum-
ing a A-exchange mechanism, the cross section is expected to be 10-100 ub at 1 GeV for
an estimated probability of about 1 % for the AA configuration.

Until recently, most analyses of nuclear phe-
nomena ignored the internal structure of the nu-
cleon and the possibility of its excitation. A few
recent papers! ® have shown that inclusion of con-
figurations containing an excited nucleon (isobar)
can improve agreement between theory and ex-
periment; in particular, the interpretation® of
the backward peak in p-d elastic scattering at ~1
GeV in terms of the currently fashionable Regge-
ized nucleon-exchange model implies the pres-
ence of N*(1688), the 3* Regge recurrence of the
nucleon, in the deuteron with a probability of
about 1%. It would be useful, nonetheless, to
have divect evidence for presence of nulceon iso-
bars in nuclei. In this note, we discuss reactions
which we expect to be unimportant if the occur-
rence of A(1236) in the deuteron is disregarded.

The forward production of protons in 7°d colli-
sions requires exchange of baryon number as
well as two units of charge. Since the lowest
known state possessing these quantum numbers
is A™*(1236), the simplest mechanism for for-
ward proton production,

nT+d=p+X7, (1)

would be via A" exchange, and we expect its
contribution to be very important at pion energies
above a few hundred MeV. If quasi two-body
processes predominate, as in most high-energy
reactions, we should expect reaction (1) to pro-
ceed mainly through

T +d—=p+AT, (2)

This could be verified by momentum' analysis of
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the proton in reaction (1). Under the hypothesis
that A** exchange [Fig. 1(a)] dominates reaction
(2), the forward differential cross section direct-
ly measures a certain average of squared dAA
form factors. If spins could be disregarded, this
would just be the probability of finding the target
deuteron in the configuration A™(#)A**(g), where
A7(7) is a “physical” A of four-momentum 7
while the off-mass-shell A™" has energy m,~7,
and three-momentum —¥ in the deuteron rest
frame (laboratory system).

The “mirror” reaction

Tt+d—=n+A"" (3)

is required on the basis of charge symmetry to
have the same cross section as (2), if electro-
magnetic mass differences are ignored, as will
be done hereafter. The related reactions 7~ +d
-n+A% and 7t +d~p +A" only require single
charge exchange, but if isospin invariance is as-
sumed the simplest mechanisms for these in-

(a) (b)

FIG. 1. (a) The A-exchange contribution to n°d —pA~;
(b) triangle mechanism.



