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1A forward-backward symmetry in the longitudinal-
momentum distribution of produced pions in a particui-
lar reference frame has been observed recently in
n"p interactions at an incident momenta of 25 GeV/c:
J. W. Elbert, A. R. Erwin, and W. D. Walker, to be
published. That interaction, however, contains inher-
ent difficulties that might raise doubts about the valid-
ity of the results. For example, although a matter of
symmetry is under discussion, and one might like to
examine the distribution of a single kind of meson,
the actual analysis had to be done by using negative
pions for the backward distribution and positive pions
for the forward distribution. The procedure is neces=-
sary in order to reduce the contribution from the inci-
dent particles (r~,p) but it is difficult to know a priori
how well the procedure works. These authors were,
of course, aware of the problems inherent in their
analysis. The virtue of the present K*+p study is that
it establishes the effect by using negative pions only,
which are free of the ambiguities in the 7”p data. In
doing so, it justifies the mp analysis and demonstrates

that the effect is the same in both mp and Kp collisions.

*Lawrence Radiation Laboratory Particle Data Group,
Report No. UCRL 20000 K*N, 1969 (unpublished).

SWe mean by “leading” particles those particles that
produce a nearly uniform do/dP ; distribution over a
broad range of forward values of P in the center of
mass. Generally, do/dP; falls roughly exponentially
from a peak at P, ~ 0. If leading particles are present,
the distribution then flattens at some intermediate val-
ue of P; and remains roughly constant out to the elastic
peak. Our do/dP 1, distribution falls essentially expon-
entially at all values of P; out to the kinematic limit.
We take this to mean that leading particles are not
numerous in our data.

“H. Satz, Phys. Rev. Lett. 19, 1453 (1967), and ref-
erences therein.

5We are told, in fact, that an adequate fit to the sep-
arate distributions for four-, six-, and eight~prong
data is possible without explicit reference to the quark
model. Within the context of the multiperipheral mod-
el, the proton-meson (7 or K) mass difference and the
greater peripherality of the meson-proton vertex com-
pared to the meson-meson vertex combine to produce
the observed asymmetries in the center of mass. Dr.
J. Friedman and Dr. C. Risk, private communication.
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On the basis of the Harari-Freund hypothesis that the background in the two-body re-
actions can be identified with the Pomeranchuk contribution, we point out that an analy-
sis of the background in the resonance region of inclusive reactions gives the triple Reg-
geon couplings involving the Pomeranchukon. This is feasible at presently available en-
ergy. Combining this with the hypothesis that the triple Pomeranchukon coupling is ex-
tremely small, we arrive at the conclusion that the background cannot be produced dif-
fractively. This can be used to define resonances such as 4;,

The resonances have long been the focus of attention in missing-mass experiments, with the back-
ground underneath treated as somewhat of a nuisance. In this Letter we suggest that the analysis of
the background in the resonance-production region at high energies can give us very important phys-

ical information.

When the c.m. energy squared, s, is much greater than the missing-mass squared, s’, the scatter-
ing process p,+p,~p *t Ryt -+k,, where k, k,,* - ,k, are the momenta of the particles in the missing
mass, can be described by a Reggeized quasi two-body amplitude corresponding to p,+p,~p . +Ps, Ps

=kyteso+k, and s’ =p %

T"(S,f,s',kl,‘ o )kn) zZ;iBi(t)(s/s')ai(t)'}/i(n)(t’s”kl’ tee ’kn)y (1)

where g;(¢) is the normal Regge coupling between the particles a and ¢ and the trajectory a,(?), and
vi{"(t, s’; ky,* - - ,k,) is the Regge coupling between the particle b and quasiparticle d and the trajectory
a;(¢). Alternatively, y; is the amplitude for the particle b and the trajectory «;(¢) going to the parti-
cles ky, ky,***, k,. The signature factor is absorbed in g;(z).
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FIG. 1. Contribution of trajectories ¢; () to the missing-mass spectrum in the reaction a+b—= ¢ + anything.
Contribution to the absorptive amplitude 4;; is separated into two terms: (i) direct-channel resonances, and
(ii) background, represented by crossed-channel Pomeranchuk contribution.

From Eq. (1), the differential cross section d/dtds’ is given by
d?c/dtds’ = (1672s%) 1) B;*(1)B;(£)(s/s") i) +2iMIA, (s't), (2)

, a’k, d’ke,
Ayyls't)= Z:.[(211)32w1 (2m)32w,

(2m)*6 (ky+e + * + Ry —po)

X')/].(")(t, S', k1,° °c ,kn)* i(n)(t: S,: kl! tee )kn)' (3)

Note that the differential cross section d?c/dtds’ is related to the usual invariant cross section E d%/
a’p, by

E d% /dp ,,d(p, . ?) = sd?c/dtds’.

A, J.(s' £) can be considered to be the absorptive amplitude of the Reggeon particle scattering «;(t) +p,
—~a,(t)+p, at vanishing momentum transfer (see Fig. 1).

We assume that A4; j(s't) Reggeizes in a way similar to the normal two-body absorptive amplitudes,
and that the same duality hypothesis of Harari and Freund applies.! The amplitude A4; ; then consists
of resonance terms with the Pomeranchuk exchange term as the background,

Aij(slyt)=nijP(t)BPbb(0)S,aP(0) +Bjj, (4)

where ap(0) is the intercept of the Pomeranchuk trajectory, B;"(0) is the normal Regge coupling be-
tween the particles b, b, and the Pomeranchuk trajectory; and 7,;,(¢) is the triple Regge coupling be-
tween a;(t), a,(t), and ap(0). The term B,; is the resonance contribution to A;; in Breit-Wigner form.
Equations (2) and (4) are depicted in Fig. 1 Combining Eqgs. (2) and (4), we see that a detailed analy-
sis of the background will yield the triple Regge coupling 7,;(¢) involving the Pomeranchukon.

To be specific, let us consider the reaction 7 p -7 °X. In addition to the leading contribution from
the Pomeranchuk trajectory ap(t), there can be contributions from secondary trajectories a4(t) with
effective intercept o 4(0)= 3. Equation (2) becomes

d?o/dtds’ = |B p*(t) 12(s/s")2 %P 2 ppp(t) (s7) “P(O) "2 ,22(0) + B pp ]
+2Re{B s%(t)*B p%(t)} (s/s7) B+ s ()2 1y (£)(s7) *PLO) ~28 2(0) + B 5]
+ lB s“(t)lz(s/s')ws(t) -’z[nssp(t)s:ap(o) "2BPbb(0) +Bss] . (5)

We see from Eq. (5) that in general the relative
magnitude of a resonance to the background un-
derneath varies with energy. The detail of the
variation depends on the relative strength of the
various couplings in Eq. (5). Let us consider
two extreme possibilities: First, 9ppp(t)~0 and
Bp finite; then the background will disappear,
while for small { the resonance remains relative-
ly constant. Second, if only one of the three
terms in Eq. (5) survives, then the relative mag-
nitude of the resonance to the background under-
neath it will not change with energy.

Recently in their attempts to understand the
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Pomeranchuk trajectory in dynamical models,
Chew et al.? have been led to the conclusion that
the triple Pomeranchuk coupling is extremely
small as compared to the other couplings, and
that the small parameter 71,,p(0) is correlated to
the small displacement of the Pomeranchuk inter-
cept ap(0) below 1. In what follows we shall ac-
cept this hypothesis and investigate its conse-
quences. The processes in which a Pomeranchuk-
on can be exchanged, like 7"p -7 X and pp - pX,
belong to the first category mentioned above, and
we expect that the backgrounds fall drastically



for pp— p + anything at 6.1, 9.9, 15.1, and 20.0 GeV/c
(Ref. 4). (b) Missing-mass distributions do/dtd (s’ )1/2
for 7"p— n~ + anything at 8 and 16 GeV/c (Ref. 3).

while the diffractively pr~duced resonances re-
main roughly constant as the energy increases.
The experimental results confirm this expecta-
tion. We show in Fig. 2 the missing-mass spec-
tra for m"p -7 "X and pp - pX taken from Ander-
son et al.®** By doing a Breit-Wigner fit to these
data, the authors of Refs. 3 and 4 obtain the re-
sults®® that the diffractive production cross sec-
tions of the resonances remain roughly constant,
while the background cross sections decrease
with increasing beam momentum p like p™", where

VOLUME 26, NUMBER 20 PHYSICAL REVIEW LETTERS 17 May 1971
ey 1 .8000 |
wol- o - 8.0 (GEV/C)
t=0.042 (BeV/c)? 20-26 MR
(a) . 6400 A
32
. 4800 A
>
@
[ee] 4
~. 24
217 s
SIS .3200 |
L
]
. b
N . 1600 |
®ls
2 2
8+ -.0000 %rﬁrlrr ' . ' (GEV)
=500 -. {00 T .300  .700  1.100  1.500
. 3200 A
16.0 (GEV/C)
0 | l | ! | | | 20-26 MR
08 1.2 1.6 2.0
W, BeV . 2400
T I T T T T T T T 1 / %
" by 0.06 <t<0.10 - 1600 A ;% %
10.0+ | -1 4
X35 (8 GeV/c) ‘
s T N .0800 | /
% veb - _
3 2 2
¢ L _ (MRSS)” (GEV)
3 - 00002 . ——
s sol T p(i6 Geve) | B -.100 . .700 1.100 1.500
§ Py FIG. 3. Mlssmg-mass distribution do/d (s’ )d 24,
3 - . backward reaction 7°p— p + anything at 8 and 16 GeV/c
o ' (Ref. 5).
2.5 535 X pp (15 Gev/c) —
- . for pp—-pX, n=1.01£0.2 at (s’)*/2=1.4 GeV and n
o [N NN T NN N SR S B =1.13+0.1 at (s')*2=1.69 GeV, and formp-717X,
o8 2 s MASS o) 24 n=0.7+0.1. In Fig. 3 we present the spectra for
FIG. 2. (a) Missing-mass distributions do/dtd (s*)!/2 backward production 7°p~pX. This is a relative-

ly clean reaction since the Pomeranchuk trajec-
tory ap(t) does not contribute. In this case there
is no reason for naap(t) to be extremely small,
and we see indeed that the background does not
decrease relative to the resonances. With more
data of this kind, one should be able to determine
the magnitudes of the triple Regge coupling. A
rough estimate® shows that the spectra given in
Fig. 2 are consistent with 7,,,=0.

Finally, we conclude with two remarks: (1) To
the extent that the triple Pomeranchuk coupling
Nppp Can be neglected, only resonances can be
produced diffractively. The background under-
neath them will be disappearing as energy in-
creases until only the very small triple Pomer-
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anchuk contribution is left. This criterion may
help to determine if peaks like A, and @ are res-
onances. They are resonances if their total pro-
duction cross sections can be shown to reach a
constant. (2) The estimation of the triple Regge
couplings and the confirmation of the smallness
of the triple Pomeranchuk coupling can be car-
ried out by analyzing missing-mass experiments
at the presently available machine energy. Of
course, conventional missing-mass experiments
at wider and higher ranges of energies can im-
prove the estimates.
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ERRATA

AXIAL-CURRENT DIVERGENCES AND THE
REACTIONS y +y - PIONS. R. Aviv, N. D, Hari
Dass, and R. F. Sawyer [Phys. Rev. Lett. 26,
591 (1971)].

In Eq. (10), I° should be replaced by ['°. In the
paragraph following, s =4 u? should be replaced
by s =(4u)2

“RELATIVISTIC” PROPERTIES OF FLUXOIDS
IN HIGH-SPEED MOTION IN SUPERCONDUC-
TORS NEAR ZERO TEMPERATURE. M. Sugaha-
ra [Phys. Rev. Lett. 26, 632 (1970)].

The following misprints should be corrected.
In Eq. (10), (1/#')(d/dr")a® should read (1/7’)(d/
dr)-a?/r"?, In Eq. (13) the square bracket should
appear before +(H?~E?) /87 rather than after it. .
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FIELD-DEPENDENT CENTRAL-CELL CORREC-
TIONS IN GaAs BY LASER SPECTROSCOPY.

H. R. Fetterman, David M. Larsen, G. E. Still-
man, P. E, Tannenwald, and Jerry Waldman
[Phys. Rev. Lett. 26, 975 (1971)].

On page 976, before the heading Experiment,
the following paragraph should have appeared:

“Kaplan® attempted to observe the field depen-
dence of absolute central-cell shifts in shallow
donors in InSb. He found small discrepancies be-
tween the theoretical and observed magneto-op-
tical donor spectrum, but he was unable to dem-
onstrate unambiguously the origin of his discrep-
ancies.”

In the caption of Table I, the following sentence
was omitted:

“D. is the deviation of measured from calculat-
ed transition energy of donor C.”



