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that they obey our requirements.

We do not know how to include spin effects in
performing quantitative calculations with the dia-
grams. We may use “quark-counting” assump-
tions or assume SU(3) invariance for the various
vertices, but such requirements do not tell us
much about the dynamics of the intermediate
baryon and meson resonances. It should be in-
teresting to find out whether the diagrams or
some extension of them can be utilized for a
more explicit understanding of the hadronic spec-
trum.

After completing this paper we were informed
of a related work done by J. L. Rosner. We
would like to thank him for helpful discussions.
We also gratefully acknowledge discussions with
M. Kugler, H. J. Lipkin, and A. Schwimmer.
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A model of the Pomeranchuk term as a sum over two-body intermediate states is con-
structed. Experimental tests involving resonance production are suggested.

The Pomeranchuk singularity (P) that drives
elastic high-energy scattering is the least under-
stood of all complex angular-momentum plane
singularities. The nature of lower lying singular-
ities is reasonably clear. A simple picture in
terms of straight-line Regge trajectories is found
to explain well both their effects in high-energy
scattering and the observed particle spectrum.
Particularly relevant for us are the two approxi-
mately exchange-degenerate nonets of trajecto-
ries (which we shall jointly label by R)* on which
the vector and tensor mesons are located. Is
there any chance of understanding the nature of
P starting from these “usual” R trajectories? It

has been suggested® that the P contribution to an
elastic process AB - AB is generated by the se-
quence AB —~AB +[secondaries produced by multi-
peripheral R exchange (multi-Regge exchange)]
- AB, as shown in Fig. 1(a). The difficulty in-
volved in this approach is that of mathematical
complexity in treating many-particle intermedi-
ate states. We want to show that the model of
Fig. 1(a) can be simplified to one including only
two-body intermediate states. Using duality® one
can successively “reduce” the many secondary
lines in Fig. 1(a) while at the same time includ-
ing higher and higher excitations of the “elastic
lines” [Fig. 1(b)]. For a large class of diagrams
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FIG. 1. (a) Multi-Regge diagrams: Heavy lines
stand for usual R Regge poles; dotted lines stand for _— 7°
secondaries, say pions. (b) After repeated use of dual- .
ity thus “reducing” all secondaries we obtain these m,
“two-particle intermediate-state” diagrams. This dia- m ~
gram can be viewed as the box diagram with all four m*
box lines being Regge poles. me
ks m°
such as that of Fig. 2(a) all secondaries can be (d) (e)

reduced to one side [see Figs. 2(b) and 2(c)] with-
out exciting the other side. The intermediate
state is then A,;B rather than A,;Bp;. We call
such diagrams one sided. Diagrams of the type
Fig. 2(d) cannot be fully reduced to either side
[see Fig. 2(c)]. We call them two sided. When
we then iterate these diagrams through unitarity
(i.e., find the shadow they cast in the elastic pro-
cess), diagrams with increasing number of sec-
ondaries will only contribute higher resonances
and higher multiplicity decay modes of lower
resonances in the intermediate state. As long as
these intermediate-state resonances are suffi-
ciently narrow, we may treat them as if they
were stable and then the corresponding diagrams
are precisely those of Fig. 1(b). To include both
one-sided and two-sided diagrams, we have to
sum over both ni and pj in Fig. 1(b).* We thus
reduced the multi-Regge model to the mathemat-
ically much simpler “two-body intermediate-
state” model of Fig. 1(b).

Before we go into more detail, let us make an
important dynamical observation. By successive-
ly replacing R-trajectory exchanges by direct-
channel resonances why do we stop at Fig. 1(b)

rather than make one more step to get AB ~ ) (AB)

resonances -AB? Were this possible, we would
contradict the result that P is built completely
of nonresonant s-channel background.® What pre-
vents us from this last step is exchange degener-
acy. Take for instance n*n+ scattering. Then at
the level of Fig. 1(b) we have n*1+* ~R*R'+ (R*,
R’ =any meson resonance allowed by conserva-
tion laws) in which we can exchange only the p°
and f trajectories. If these are exchange degen-
erate, then the n+tr+—~R*R’*+ amplitude will be
purely real and no further reduction is possible.
Now to the details of the model. For general-
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FIG. 2. (a) One-sided triperipheral Regge exchange,
(b) reduced to biperipheral Regge exchange, (c) re-
duced to single Regge exchange in one-sided way.

(d) Two-sided multiperipheral Regge exchange reduci-
ble only in the form (e) to single Regge exchange.
Heavy lines stand again for usual R Regge poles.

ity let us discuss the scattering of any two ha-
drons A and B. Consider the sequence of reso-
nance pairs Ay;Bp; such that the reaction AB
—~ApiBpj can proceed through usual R exchange.
Let the resonance mass spectra be given by

1
2 _ 2_ 2, ~ i1 vu. .
mqm_ =M y,° =My +a,n, i=1, ,an,

1
2_ 2_ 2, 2y =] e
mej =mpp'=mpo’+_in, j=1,002,bp, (1)

so that at mass m 4, (mpp) there are ay, (bp) de-
generate A,;’s (Bpj’s) of various spins.

First of all we have to find the restrictions on
the A,;Bp; intermediate state in order that it
contribute appreciably [through diagrams of type
Fig. 1(b)] to the Pomeranchuk amplitude A pls,t).
This contribution can be significant only if the
AniBp;j intermediate state can be produced with
small momentum transfer |¢| ymin= 0.

Now

|tlmin=mAname2/s, (2)

so that to the surprise of no one we have to re-
quire* that

m . m

2 2
An ™ Bp Su’s, (3)

where u is some small constant mass. Then
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from Fig. 1(b)® (at s >m 4%, m go?)

ImA P(s ,0)

., .(0), (4)
n=0 p=0 i=1j=1"PJ

where a(¢) is the usual exchange-degenerate R
trajectory. The By; p; are related to the residua
of the usual R poles in AB ~Ay;Bp; and can be
determined experimentally. Indeed, let us set

(0)=B(0)(zp)* for np>1. (5)

0)=
'Snp( ) ?jﬁni,m

Then®
ImAP(s, 0) =BP(O)saP(O), (6)

where 8p(0) is related to B(0) and
aP(O) =2a(0) +x. (7)

From ap(0)~1, @(0)~3 we predict
x =0, (8)

Consider now the process AB ~Ay;Bp; and let
doy; pj/dt be the corresponding differential
cross section. Define

don » an bp dcm, »i
_np_ _n,p)
dat 'Z Z at )
i=1j=1
From Egs. (5) and (9)%7
do
-—:—t’—g =constxnxpxsza(0)_2. (10)

t=0

From the » and p dependence at fixed s of doy, p/
dt|¢ = o one can directly measure x and compare
it with our prediction (8). Now let us say a few
words about £#0. Consider first the sum of one-
sided diagrams [of type 1(b) with pj =00]

a’'s ap
) _

A, (s, ) z=)0 ié;lAPni,OO(s’t)' (11)

We write
(0) (0),,, ap'®(@)

Ima " (s,0) =B, (t)s : (12)

while for the full Pomeranchuk amplitude
_ ap(t)
ImAP(s, t) —BP(t)s . (13)

A straightforward specialization of the argument

that led to Eq. (7) to one-sided graphs leads to

©(0) = . 14
ap, 0)=a P(O) (14)
Furthermore in some small neighborhood —|¢,|
<t <0 all contributions to ImA p(s, t) are coher-
ent, so that in this neighborhood

ImAP(s,t)>ImAP‘°’(s,t)>0. (15)

If for small { we write

aP(t)zaP(0)+a (16a)

P £,
ap(o)(t) - aP(o)(O) +C!P(°)It, (16b)

then from the relations (12)-(16) it follows that

' < (O)’. 17
ap sap %))
We shall now try to place an upper bound on
ap'®’. From (11) and Fig. 1(b) we have®
a’s ap

ma Vs, 0= £ %

ay(t,s)
n=01=1an’,00(t)s » (18)

where

an(t,s)=2a[%t(i—mAn2/s)]-—1. (19)

To proceed, we have to feed in some further
information on doy,o/dt [defined in Eq. (9)]. In-
deed, assume that for n <ca’s (c <1) we can
write

x—Zya’ts2a(t)—2

don 0/dt = const X% (20)

From Eq. (20) we can determine

an
Bm’ ® =i :Z)lsni, OO(t)
and insert the result into the unitarity condition
(18), whereupon we obtain a contribution to
ImA p'9 (s, t) of the form® (12) with ap‘®(0) given
by Egs. (7) and (14) and the slope

o @ =3a’(1-y)(1-c). (21)

The Froissart bound (x p’ 2 0) requires y <1, Ex-
perimentally® the width of the forward peak in
doy0/dt at fixed s appears to be either expanding
or fixed but never shrinking as » increases.

This means y > 0 in (20) [Eq. (20) actually pre-
dicts that the expansion of the peak is logarith-
mic inn]. For 0<y <1 since ¢ <1, Egs. (17) and
(21) yield

ay’ <za’ (22)
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which seems to be obeyed in nature. We wish to
re-emphasize here that the inequality (22) follows
from our model only after making the additional
assumptions (20) and y = 0.

The main point of this paper is that of reducing
a complicated multiparticle problem to a much
simpler two-body problem. Further work, es-
pecially at £# 0, is needed to obtain a full under-
standing of the Pomeranchuk singularity in this
model.®
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The approach opposite to that taken in this paper
and in Refs. 2 and 3 would be a model in which the
Pomeranchuk term bootstraps by itself, independently
of any lower Regge trajectories. A two-body interme-
diate-state reduction may prove useful even for such a
model but the resonances ought to be of the type that
can be produced by diffraction dissociation.
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It is shown that the observed flux of galactic gamma rays, which is one order of magni-
tude higher than the theoretical value, can be explained if one assumes the recently de-
tected far-infrared radiation to be galactic or universal. Effects of the infrared radia-

tion on cosmic rays are discussed.

Shivanandan, Houck, and Harwit' have recently
detected a background infrared radiation with in-
tensity 5X10~2 erg/cm? sec sr (within a factor
of 2) in the spectral range from 0.4 to 1.3 mm.
We wish to point out that inverse Compton scat-
tering of such radiation, if it is universal, or at
least galactic, would provide a natural explana-
tion of the otherwise unaccountable gamma flux
observed recently by Clark, Garmire, and Kraus-
haar.? Some secondary evidence supporting the
existence of a background infrared radiation in
the galaxy can also be found from the spectrum
of cosmic electrons observed at Earth. The gam-
ma-ray data obtained by Clark, Garmire, and
Kraushaar can be summarized as follows. A dif-
fuse photon flux of 2xX10~* (cm? sec rad)™ was
detected in coincidence with the plane of the gal-
axy at energy E = 100 MeV (the instrumental lim-
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it). The intensity of the radiation in this plane
has a broad maximum [5%10™* (cm? sec rad)™!]
toward the galactic center. With less certainty
an isotropic background intensity of 1x10~* (cm?
sec sr)™! was also observed.

Theoretically, the primary processes for gen-
erating high-energy photons in space are the de-
cay of 7 mesons produced by cosmic-ray colli-
sions, and the bremsstrahlung and Compton scat-
tering of relativistic electrons.® The predicted
Y-ray intensity due to 7° decay and bremsstrah-
lung are more than one order of magnitude less
than the observed intensity. One should notice
that Io(E,), the y-ray flux due to m° decay, and
to a lesser degree IB(Ey)» the bremsstrahlung
flux, are closely related to the cosmic-ray posi
tron intensity. They are all proportional to the
interstellar mass density. Assuming equal pro-



