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A possible zero at the wrong-signature sense point ap =3 on the exchanged A4 trajec-
tory is suggested in connection with the new Cornell-Brookhaven National Laboratory

experiments on the 7~ p backward peaks.

Sharp diffraction peaks at high energy for the
backward 7*p elastic scattering have been suc-
cessfully explained in terms of a Reggeized-
baryon-exchange model. In addition to this phe-
nomenon, the marked dip observed in the 7+p
cross section near = -0.15 (GeV/c)? has also
been interpreted as the wrong-signature non-

sense zero of the N, Regge amplitude at ap(Vu)
1 1-4

On the other hand, the recent Cornell-BNL
(Brookhaven National Laboratory) experiments®
on backward 7~ p elastic scattering show the fol-
lowing features: (i) The 7 ~p backward peaks are
about twice as wide as most elastic forward dif-
fraction peaks and about four times as wide as
the 7*p backward peaks. (ii) The results may
not be inconsistent with a tendency for flattening
out of the 7 ~p backward peak at 180°., These are
not accounted for in the usual parametrization®
of the residue function of the exchanged Ag tra-
jectory.

The purpose of this Letter is to suggest a pos-
sible zero at the wrong-signature sense point a
=3 on the exchanged Ag trajectory. Such a zero
gives us a new parametrization of the Ag residue
function, which would explain the new Cornell-
BNL experiments® on the 7 ~p backward peaks in
the framework of the Reggeized Ag-exchange
model with reasonable values of s, and reason-
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able extrapolated magnitude of the A5 residue at
the pole ap = 3.

In essence, the model utilizes the following as-
sumptions regarding the behaviors of the trajec-
tory and the residue function”:

(a) The Chew-Frautschi plot for the A trajec-
tory is a straight line,

aA(\fu)=0.15+0.90u. (1)

(b) The residue function y 5 (V) includes a fac-
tor (1+06u'/?/Mj), corresponding to the absence
of a3 resonance. Here we put 6 =1 from Eq.
(1).

(c) The following four mechanisms® are consid-
ered at the wrong-signature point a =3 on the
Ag trajectory in the sense-sense amplitude: (i)
choosing-sense mechanism, (ii) Chew’s mecha-
nism, (iii) Gell-Mann’s mechanism, and (iv) no-
compensation mechanism. Thus, the parametri-
zation is taken to be

y W) = [, ()3T (LM Dy o, (2)

with n =0 for case (i), n =1 for case (ii) or (iii),
and n =2 for case (iv). The value y, is then as-
sumed to be constant.

(d) Properly written, the amplitude should con-
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tain® a factor I'(ap +3)~! to cancel the poles from (cosma )™ at the negative half-odd integers. Since
we are only interested in a small range of @s, we can approximate I'(ap +3) ™! by (ap +3)(@p+3)
times an essentially constant factor that is lumped into the definition of the residue y,. Then, the dif-
ferential cross section for backward 7~ p elastic scattering is calculated to be

2 1 1
Z—Z: k:zs A—g—‘;—;{[(Es +m)(s%-2m —mA)]2 + [(Es—m)(s2 +2m +MA)]2 +2 coseksz[s—(2m +MA)2]}
-1
2n 2 2 2 s—-m2-pu? ZO’A
X(aA—é) (aA+%) (aA+%) 1+cosm(a —%)( s > - @
A 0

It should be noted that our simplifying assump-
tions allow s, and y, to be the only adjustable pa- give us a reasonable extrapolated magnitude'® of
rameters. the Ag residue at ap =%,

In order to determine the best values of s, and
y, for each case (x=0, 1, and 2), a least-squares r calcz%r X (5)
fit of Eq. (3) to the backward 7 ~p differential A A
cross section® for » = —-0.8 (GeV/c)? has been car- Mechanism (iv): No-compensation case (n =2).
ried out. In Table I, the best x? values for s, and We have to choose an unreasonably small value
yo are listed together with the extrapolated mag- of s, and unreasonably large value of T' Acalc:
nitude of the A5 residue at the pole, ap =3 (Vu |
=1236 MeV). In Fig. 1, the resultant fits are r €. sor P, (6)
compared with the experimental data® at four rep- A A
resentative momenta, 5.9, 9.9, 13.7, and 16.3 In conclusion, we would like to point out the
GeV/c. following:

In order to discriminate a possible ghost-elimi- (1) To reproduce the experimental shape and
nating mechanism at the wrong-signature sense
point, a, =%, we will take the criterion that the e

extrapolated magnitude of the A5 residue at ap
=3 should be the same order of magnitude as the
experimental (3, 3) width, 120 MeV.

Mechanism (i): Choosing-sense case (n=0).
The experimental cross section can be repro-
duced by the parameter listed in Table I. Howev-
er, the extrapolated magnitude of the Ag residue
a, =% is much too small:

calc exp
r, =(/6or, . (4)

Mechanism (ii) or (iii): Chew’s or Gell-Mann’s
case (n=1). These cases are most favorable for
the reason that they reproduce not only the ex- 6.3 Gev/e

perimental shape of 7~p backward peaks but also 4
————— choosing sense mechanism

Table I. The best x* values (for 40 degrees of free- —— Chew’s or Gell-Mann's mechanisml 00|
dom) and the calculated width of the (33) resonance. @~ "TTTTmoes no-compensation mechanism
L 1 L 1 1 1 1 1 1 ]
S0 Yo rcale -08 -06 -04 -02 o ol
Case n  (GeV?) (Gev™l) ¥  (MeV) u (Gev/ef®
FIG. 1. Backward 7~ p differential cross-section da-
) 0 4,2 0.10 61 2.0 ta compared with the Regge fits in terms of the four
(ii) or (iii) 1 0.7 0.5 58 60 mechanisms mentioned in the text. The data are taken
(iv) 2 0.10 2.6 114 2200 from Ref. 5. The 16.3-GeV/c results are plotted one

decade lower,
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magnitude of the backward 7~ p differential cross
section with a reasonable choice of the parame-
ter s, and the extrapolated magnitude of the Ag
residue at the pole, ap =3 (Vu=1236), the Ag
trajectory should favor the Chew or the Gell-
Mann mechanisms.

(2) The wide backward peaks® for the 7~p scat-
tering can be explained as a consequence of the
wrong-signature sense zero'! at o =3 on the ex-
changed Ag trajectory while a wrong-signature
nonsense zero at o) =—3 is responsible for the
sharp backward peaks for the n*p scattering.®

(3) Future experiments on the backward 7~ p
charge-exchange scattering would confirm the
first evidence for the wrong-signature sense ze-
ro in the Regge-pole theory, since the results
are sensitive to the relative sign between the N,
and Ag residues.®
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Note added in proof.—After completing our pa-
per, we learned that the Carnegie-Brookhaven
data have been published.'? A least-squares fit
of Eq. (3) to the Carnegie-Brookhaven data on
backward 7~ p differential cross section has also
been carried out in terms of the four mecha-
nisms mentioned in the text. The best x* values
for 17 degrees of freedom for s, and y, are list-
ed together with the calculated width of the (33)
resonance as follows:

S Y, IﬁAcalc
Case n (GeV™) (Gev™T) x¥  (MeV)
() 0 6.4 0.1 15 1.3
(ii) or (iii) 1 1.0 0.5 19 43
(iv) 2 0.16 2.6 35 1430

Therefore, we can also conclude from the Car-
negie-Brookhaven data that the Chew or Gell-
Mann mechanisms are most favorable.

*Work supported in part by the U, S. Atomic Energy
Commission.
TAddress from September 1968: Theoretical Divi-

582

sion, CERN, Geneva 23, Switzerland,

i{Present address: Department of Physics, Brookha-
ven National Laboratory, Upton, N.Y.

§On leave of absence from Department of Physics,
University of Tokyo.

IC, B. Chiu and J. D. Stack, Phys. Rev. 153, 1575
(1967).

2y, Barger and D, Cline, Phys. Rev. 155, 1792
(1967).

3V. Barger and D. Cline, Phys. Rev. Letters 19,
1504 (1967).

%y, Barger and D. Cline, Phys. Rev. Letters 21, 392
(1968).

5J, Orear, D. P. Owen, F. C. Peterson, A. L. Read,
D. G. Ryan, D. H. White, A. Ashmore, C. J. S. Dam-
erell, W. R. Frisken, and R. Rubinstein, Phys. Rev.
Letters 21, 389 (1968).

See Ref. 3. Barger and Cline have fitted the experi-
ments in terms of the choosing~-sense mechanism of
the Ag trajectory at aa = 3. The extrapolated magni-
tude of their parametrized Ag residue gives an unrea-
sonably small width for the (33) resonance.

"We use essentially the same notation as Ref. 2.

8C. B, Chiu, S. Y. Chu, and L. L. Wang, Phys. Rev.
161, 1563 (1967); L. Bertocchi, in Proceedings of the
International Conference on Elementary Particles,
Heidelberg, Germany, 1967, edited by H. Filthuth
(North-Holland Publishing Company, Amsterdam, The
Netherlands, 1968), p. 197. In Table III of above Pro-
ceedings, the behaviors of the residuum functions and
the amplitudes near the wrong-signature point, a=j;
in a sense-sense transition, are listed as follows:

Residue Amplitudes
functions —wrong signature
Mechanism Yss Tgs
(i) 1 const
(ii) or (iii) a—j, a—j,
(iv) (@=jg)? (@=jy)?

We essentially follow the above convention.

%The explicit form of the #~channel amplitude is giv-
en in Eq. (15) of Ref. 2. This definition of v, coincides
with that given in Eq. (14) of Ref. 2.

15ee footnote 22 in Ref. 2. If we retain all the zeros
atap=-n-3 =0,1,2,+++), FAcalc increases to as
large as 280 MeV. Anyway, I'C2lC jg in agreement
with 'y ®XP within a factor of 2 for this mechanism.,

1Using the finite-energy sum rule (FESR), we can in-
vestigate whether there exists a wrong-signature sense
zero or not. When we perform this program, we must
calculate the integral of the imaginary part of the scat-
tering amplitude with /=0 exchange in the ¢ channel.
But there is much ambiguity in estimating the contribu-
tion to this amplitude from f(1260). Moreover, the
convergence of the partial-wave expansion is not so
good. Therefore, we cannot draw any definite conclu-
sion from the FESR.

E, W. Anderson et al., Phys. Rev. Letters 20, 1529
(1968).



