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A Model for Pomeranchukon Couplings

R. Carlitz, * M. B. Green, * and A. Zee
institute for Advanced Study, Princeton, Kezo Jersey 08540

(Received 19 March 1971}

We present a model for the Pomeranchukon which relates its couplings to those of the
f and f' trajectories. We successfully explain several features of total c-ross se-ction
data, and discuss s-channel helicity conservation at high energies in xN scattering and

p photoproduction, but we do not expect it to be a feature of all diffractive processes.

The nature of diffraction scattering has long
been shrouded in mystery. In this Letter, we
outline' a simple model in which diffraction
scattering is generated by the shadow of inelastic
processes. Using duality, we relate Pomeran-
chukon couplings to those of the f and f' trajec-
tories. The couplings so obtained (a) factorize,
(b) transform as a combination of SU(3) singlet
and octet in a prescribed ratio, and (c) explain
"s-channel helicity conservation" in gN scatter-
ing and p photoproduction.

We find quantitative experimental support for
these predictions. The model correctly accounts
for the relative importance of Pomeranchukon
exchange in vrp, pp, yp, and Kp total cross sec-
tions. Point (b) correctly explains the observed
deviation of the ratios 0„,( ps)/o „,(Kp) and

„c,(pp)/o„, (yp) from unity. We find further
that s-channel helicity should not be conserved
in all diffractive processes.

This property of the Pomeranchukon coupling

through the f and f' is a general feature of sev-
eral models. ' In this note we describe one sim-
ple model, the dynamical content' of which is
illustrated in Fig. 1. We represent the inelastic
intermediate states by two distinct groups of
particles ("fireballs") as in Fig. 1(c), whose
production we assume to proceed by Regge ex-
change [Fig. 2(a)].' The sum over intermediate
states in Fig. 2(a) is given by an integral over
the masses M, ' and M, ' and the momentum trans-
fers t' and t".

Each side of Fig. 2(a) has the form of a scat-
tering process: Reggeon+ particle-Reggeon
+ particle. Duality enables us to replace the sum
over intermediate states on each side by Regge
trajectories as illustrated in Fig. 2(b). We as-
sume that the relevant trajectories, n, and n„
are the' f and f ' and that a possible Pomeran-
chukon contribution is negligible. (We also ne-
glect lower-lying trajectories. } The form for
the J-plane structure of the t-channel partial-
wave amplitude may be written as

&mA(J, t) = ' --, B»(J; t) —'-

)
contributions of Regge poles,

following the techniques of Gribov. ' Here, p, and p, are Regge residues and B»(J, t) has the Pomeran-
chukon singularity at J'= np(t). The trajectories n, (t) and o.,(t) denote the f and/or the f' according to
the quantum numbers of the external particles. ' We shall restrict our considerations to the neighbor-
hood t=0. The applications described in this paper depend only on the general form of Eq. (1) and not
on the exact nature of the Pomeranchukon singularity falthough in the model described above the singu-
larity is just the Amati-Fubini-Stanghellini (AFS) cut, this is not a crucial feature ].

Note that B»(J, t) bears no reference to the external particles and hence the Pomeranchukon factor
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FIG. 1. Unitarity equation. The inelastic states are
approximated by two fireballs (c).

FIG. 2. (a) Regge exchange approximation to the uni-
tarity sum. (b) The result of applying duality to (a).
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izes. Furthermore, its coupling to the external
particles is proportional to P,( np t)/(np ng).
We make the standard assumption that the Pom-
eranchukon is a singlet in the limit of SU(3) sym-
metry, and take symmetry breaking into account
in the usual fashion: Couplings remain SU(3)
symmetric, but the particle "inasses (i.e., tra-
jectory slopes and intercepts) are shifted. B»
remains a singlet, and the f and f' are taken to
be the ideal mixture of SU(3) singlet and octet,
decoupling the f' from nucleons. 9

The explicit dependence on n& and n&, from Eq.
(1) induces an effective SU(3)-symmetry break-
ing in the Pomeranchukon coupling. This is
parametrized by the ratio

r(t) = [np(t)-n~(t)]/[np(t)-n~ (t)]. (2)

o,„,(I~p) I+&(0)
o„,(mp)

' "
2

(3)

Similarly, o„,(yp)/o'„, (pp) = 0.6. The data ap-
pear consistent with these values.

Another crucial test of the model is provided
by the comparison of the ratio of the Pomeran-

Assuming np(0) = 1, we estimate" r(0) = 0.6 from
the physical masses of particles on the f' ya-nd
f-&u exchange-degenerate trajectories. This
leads to certain experimental consequences" "
which are summarized in the first half of Table
I. Consider, for example, cr„,(Ep)/o„, (mp). By
the optical theorem this is equal to ImA(Kp-Xp,
t=0)/ImA(sp-sp, t=0). Using SU(3) and Eqs. (1)
and (2), we predict

Table I. Relative strengths of Pomeranchukon and f couplings. Different col-
umns correspond to different Regge fits. Our theory does not specify the value
of a. Different types of Regge fits give different values of a. ~he numbers quot-
ed are subject to typical errors of about 20%.

0't t(9'P)

t t(PP

Elope

rim. ent

0. 5 + 0. 3 (Ref. 7)

Theory

r(0) = 0. 6

o- (KP)
0. 8 0. 8 0. 8 0. 8

1+ r(0)
2

c (vp)

c (harp)
0. 9 1. 0 1. 8 1. 2

ct(pp)

cp(pp)
1. 2 1. 6 1. 3

c (Kp)
[1+ r(0)j (--

)
0. 8 0„9 1. D

(0)- ct( /P)

5 c (&P)
1. 0

type of fit poles poles
poles
+ cut

Regge
eikonal

a (0) 0. 5 0. 6 0. 4 0. 4

references 8, 9 10, 11 12 13
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chukon coupling to that of the f in various re-
actions. A summary of the results of this test
is presented in the second half of Table I.

The terms in the Regge fit have been param-
etrized as c,v ' and c~v ~, where v= (s-u)/2
in units of (GeV)', and cp and cz are the cou-
plings of the Pomeranchukon and tbe f singular-
ities, respectively. For 1' and pp, the numbers
quoted are simply the ratios c&/cp obtained in
the various fits. Tbe f' trajectory decouples
from NN and hence is not observed in Regge fits.
On the other band, for Kp and yp the Pomeran-
chukon can couple to KK and yy through the f' as
well as the f. In Kp scattering, tbe contribution
of the f ' to tbe Pomeranchukon coupling is r(0)
times that of the f. Hence, we expect

[I, (0)]
c (Kp) c (~P) c (pp)
cp(KP) c p(mP) cp(PP)

Similarly, for yp we predict"

[I —,
' (0)].,(yP)/, (yP) = .

We should emphasize that apart from this model
we know'. of no reason why the quantities tabulated
in Table I should be correlated.

The observation of s-channel helicity conserva-
tion" fox the diffractive part of pN scattering"
and p photoproduction" has stimulated consider-
able theoretical interest. It is clear that in the
present model the Pomeranehukon can decouple
from a given amplitude only if the f and f' also
deeouple. The investigation of helicity conserva-
tion is reduced, therefore, to a study of the cou-
plings of the f and f' trajectories.

Consi. der first gN scattering. For large s,
helicity conservation is equivalent to a decoupling
of the Pomeranchukon from the invariant am-
plitude" A{'}(s,f). Experimentally, there are
strong indicati. ons that both the Pomeranchukon
and tbe f decouple from A(s, i)."" It is import-
ant to note that in A{'}(s,f) the tensor nonet can-
not deeouple from the baryon octet entirely. In
particular, Bander" has shown that sum rules
derived by assuming that the f decouples from

A(s, i) in 11Z-nZ, 11A-vA, and v=-11= are badly
violated, while the sum rules for rN-mN and
KN -EN'6 are well satisfied. Furthermore, in
mp-r}p, K p-K n, and K'p«K'n, theA, (along
with the p) couples dominantly to the s-channel
spin-flip amplitude. " Thus, in our model, hel-
icity conservation is dependent on a particular
E/D ratio (3) for the coupling of tensor mesons
to the baryon octet. In the context of duality,
which our model embodies, plausible arguments"

have been advanced favoring an E/D ratio of —,

for the A~'~ amplitude. "
&0 photoproduction ' it has been found that

the produced p carries the helicity of the incom-
ing photon [at least for IiI&0.4 (GeV/c)']. The
present data do not contradict our prediction that
the f contribution should also conserve helicity.
On the theoretical side, we a.re able to show that
in a specific model" the f trajectory conserves
helicity in this process. However, this type of
model does not predict s-channel helicity con-
servation for 71P -A,P" and similar processes.
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