
ZE ROS I N A RESONAN CE P EA K

also more phenomenological than the present work,
which, though it treats the resonance as phenomeno-
logically given, is nevertheless a dynamical model of
how it is produced in a particular experiment. For
example, in the present particular model the dependence
of the phase shift on the higher energies, beyond the
resonance region, can markedly affect the resonance
region. After this work was completed, several other
calculations'7 " came to our attention which also

"I.J. R. Aitchison and P. R. Graves-Morris, in Proceedings of
the Birmingham Three-Body Conference, Birmingham, England,
1969 (unpublished); and Nucl. Phys. B14, 683 (1969).

M. B. Einhorn, Phys. Rev. 185, 1960 (1969); M. Roos and
J. Pisht, Nucl. Phys. B10, 563 (1969).

distinguish the production of a resonance from its
formation in elastic scattering. The work of Aitchison
and Graves-Morris in particular is parallel to the
present study, and these authors reach similar
conclusions.

ACKNOWLEDGMENTS

I wish to thank Dr. B. C. Maglic for stimulating me
to think about this problem. I am grateful to Dr. P. R.
Graves-Morris and Dr. I. J. R. Aitchison for informing
me of their work and for valuable correspondence, and
to Dr. M. Jacob, Dr. M. K. Sundaresan, and Dr. R. L.
Warnock for informative conversations.

P H YSI CAL REVI EW D VOLUME 2, NUM BER 9 1 NOVEM HER 1970

Phenomenological Model for a Possible Failure of the Pomeranchuk Theorem*

HIDEZUMI TERAZAWA

Laboratory of Naclear Stldkes, Corrwll UrN'verity, Ithaca, ¹wYork f4850
(Received 20 May 1970)

The author proposes a phenomenological model for a possible failure of the Pomeranchuk theorem. This
predicts the following relations among asymptotic total cross sections: or(sr p) —or(v+p) =or(If: e)

ar(X+—rs), os(E+p)=or(I+I), ', per(X I) o-r(E+rs) j&—or(If: p) or(X+p)(2—fur(X rs) or(E+rs) j, — '

or(pp) or(pl=), ' and ', )or(f&N) —or(pn)g&—ar(pp) or(pp)&2[o—r(pN) or(pn) j. Al—l of these are consis-
tent with the recent Serpukhov data.

'HE data of the recent Serpukhov experiment
performed by the IHEP-CERN collaboration'

tempt us to consider a possible failure of the Pomer-
anchuk theorem. ' This theorem asserts the asymptotic
equality of particle and antiparticle total cross sec-
tions. Eden' has pointed out that a number of conven-
tional assumptions about strong interactions at high
energy are unproven from basic principles and there-
fore should be subjected to further experimental
measurements. These include the following assump-
tions: (1)The ratio of the real part of a forward scatter-
ing amplitude to the imaginary part multiplied by lns
tends to zero; (2) elastic scattering dominates ex-

change scattering near the forward direction; (3) the
breaking of SU(3) symmetry becomes unimportant at
high energies. The assumptions (1) and (2) are crucially
needed to prove the Pomeranchuk theorem and the

*Work supported in part by the Once of Naval Research.
' J. V. Allaby et ul. , IHEP-CERN collaboration, Phys. Letters

30B, 500 (1969).
~I. Ia. Pomeranchuk, Zh. Eksperim. i Teor. Fiz. 34, 725

(1958) t Soviet Phys. JETP 'I, 499 (1958)j. As for the progress
made afterward, see T. Kinoshita, in Perspectives in j/I'odern

Physics, edited by R. E. Marshak (Wiley, New York, 1966),
p. 211. Recently Kinoshita has proved that either or both of the
relations or(AB) =er(AB) and da(AB)/dt=da(AB)/dt for
= —c(lns)~ should hold asymptotically (T. Kinoshita, Phys.
Rev. D (to be published)g.

'R. J. Eden, Phys. Rev. D 2, 529 (1970). See also O. V.
Dumbrais and N. M. Queen, JINR (Dubna) Report No. E2-4965,
1970 (unpublished).

Okun-Pomeranchuk rules, ' respectively. Horn' has
overed a possible interpretation of the Serpukhov
data, associating the sharp change in the trend of the
total cross sections plotted against s 'f" with an "ioniza-
tion point" for baryon resonances, and predicts that
both conventional Regge expansions and the Pomeran-
chuk theorem would fail from there on. Which of the
assumptions can we incriminate for the violations of
the Pomeranchuk theorem' In this note we propose a
phenomenological model for the violation of the theorem
and obtain its direct consequences.

Consider asymptotic total cross sections or (AB) for
scattering reactions of the type A+B +any final sta-tes.
We may separate mrs (AB) into two parts:

or(AB) =or&~&(AB)+oT t'&(AB).

The first part o z
t~& (AB) obeys not only the Pomeran-

chuk theorem but also the Okun-Pomeranchuk rules.
This means that it satis6es the following syrru~etry
properties:

ortJ'&(AB)=opt '(AB)=or' '(AB)=or'"&(AB) (2)

4 L. B. Okun and I. Ia. Pomeranchuk, Zh. Eksperim. i Teor.
Fiz. 30, 307 (1956) LSoviet Phys. JETP 3, 307 (1956)j.

~ D. Horn, Phys. Letters 31B, 30 (1970). Lam and Truong
claimed that the origin of the violation can be the electromagnetic
interaction DvV. S. Lam and T. N. Truong, Phys. Letters 318,
307 (1970)g.
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~r" (~-p)=~r "(E n)

Oz &"(K+p)= ~r&'&(K+n)= ~r~'&(pp) =~ &'&(pn) =0 (5)

—,'O.ro&(E n)&a.r&»(E p)&2or"'(E n)
only for the octet "5", (6)

3~r"'(Pn) &~r "&(Pp) &2~r"&(Pn) (7)

In the last two inequalities, the equal signs hold in the
two extreme cases, the lower one for pure D and the
higher one for pure Ii, respectively. Of course, we also
have many other relations which can be derived from
ordinary isospin symmetry

Le.g. , ar&'&(zr+p) =or&'&(zr n)].
Using Eqs. (1)—(3), we can transform the relations
(4)-(7) into

or(zr
—
p) —O.r(zr+p) =O.r(E n) —O.r(E+n), (8)

~r(E+p) =ar(E+n),

,' j~r(K n) or(—K+n))&or—(K. p) ~r(K+p)—
& 2(or(IC n) Oz(E+n) j. — —.

only for the octet. "P", (10)

~r(pp) =~r(pn)

3 L&r(Pzz) 0'r (Pn) 3«r (PP—) 0'r(pp)—
& 2)0 r(pn) —0r(pn) j. (12)

These are all definite predictions of our model.

6 The possibility of a singlet state is ignored on the analogy of
existing particles and resonances.

or~~&(A'B') =ar~~&(AB) (3)

for any two particles A' and 8' belonging to the same
isospin multiplets as 3 and 8, respectively, do. Our
assumption is the following: The second part O.r'" (AB)
(QO) comes from a process A+B + "5-"~ any final
states, where "5"is one of the octet or decuplet states'
(of only the octet states for J&Iz&=0) whose quantum
numbers are nonexotic (i.e., I&Iz&=1, F'= —1, 0, 1,
I= z3, 1, zz, 0; Xz&=0, F'= —1, 0, 1, I= 1, —',, 0) and
whose couplings to the system A+B are SU(3) sym-
metric at high energies. From this assumption we
instantly obtain the following relations among the
asymptotic cross sections independent of the Ii/D ratio
of couplings between the A+B system and the octet
(l ~)7,

The Serpukhov data show that beyond the incident
mornenta 30 GeV/c the four total cross sections (zr p),
(zr n), (E p), and (E n) have become roughly energy
independent while the antiproton cross sections continue
to decrease. If we accept the extrapolated values of the
previously measured K+X cross sections' which already
seem to be energy independent (or slightly increasing?)
below 20 GeV/c, we can claim that the following
results are consistent with those experiments':

0 r(zr p) —O.r(zr+p) 1.5-2 mb, (13)

r(E n) —r(E+n) 1.5—3 mb, (14)
and

(rr(E p) az (E+—p) 3 4mb. — (15)

Therefore, we may conclude that all the relations
(8)-(12) are consistent with the present available data.

What is the physical meaning, if any, of the "f"?
No matter what it may be, the relations (8)—(12)
can be maintained if "F" is a member of the octet or
decuplet $(10) holds only for the octet) with non-
exotic quantum numbers and if it gives a constant
asymptotic total cross section. It cannot be an ordinary
resonance because it is very hard to imagine that the
resonance may give a constant cross section. However,
it may be a bound state of three quarks, which has a
continuous spectrum due to the completely different
mechanism of binding from that in the ordinary
resonance. If it is such a bound state, it is easily under-
stood why it has nonexotic quantum numbers. The
duality picture by Freund and Harari' may be modified
in the following way: The Pomeranchuk trajectory
which is responsible for Or&r&(AB) is mostly built by
the nonresonating background in the low-energy
amplitudes; there exists a new trajectory nz(t)
fa.z(0) =1) which gives a constant or&'&(AB), and
which corresponds to the "5" in the s channel. Any-
way, this model is nothing more than a speculation.
Further measurements of the total cross sections will
give us an answer to the question whether our model
has some physical meaning or not.
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section of E+S will continue to increase slightly till it reaches an
asymptotically constant value. This will give a better agreement
to our predicted relation (8).
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