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higher momenta, although the statistical accu-
racy of the measurements for t& 0.5 (BeV/c)'
is rather poor. Three points from the CERN
experiment' at 4.0 BeV/c are shown in Fig. 1

in support of this conclusion. The over-all be-
havior of the cross section as a function of en-
ergy and t seems to be very similar to that ob-
served in the mN experiments. The cross sec-
tion for PP scattering at 1.75 BeV/c from this
experiment is also shown in Fig. I for compar-
ison. All the data of our experiment are com-
patible with measurements made at other lab-
oratories for this cross section, and no indi-
cation of a minimum appears in any of these
data. These results may, of course, be com-
patible with diffraction theory'~; however, if
Regge theory is working at these low energies,
as is indicated in other experiments, then this
experiment, as explained in the following Let-
ter, offers additional evidence in its support.

A more complete set of data will be published
at a later date.
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REGGE TRAJECTORIES AND MINIMA IN DIFFERENTIAL CROSS SECTIONS*
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California Institute of Technology, Pasadena, California

(Received 8 August 1966)

Attempts to fit' the earliest accurate measure-
ments of high-energy cross sections, namely
the total cross sections and diffraction peaks,
by Regge poles have not been totally convinc-
ing because a number of high-spin trajectories
contribute, and the theory involves a correspond-
ingly large number of parameters. Some of
the smaller cross sections now being measured,
however, can be described in terms of only
one or two trajectories, thus providing a clean-
er test of Regge theory. ' 4 For example, only
the p among known trajectories contributes to
m +P —wo+n, ' and the experiments on this re-
action have confirmed the striking, qualitative
features of a single-Regge-pole model: the en-
ergy dependence at t= 0' and the shrinking for-
ward peak. In addition, the helicity-flip am-
plitude vanishes when the exchanged p trajec-
tory passes through spin zero, giving rise to

a minimum in the differential cross section
at t= -0.6 (BeV)'. ' ' The purpose of this Let-
ter is to emphasize that minima in do/dt near
t = -0.6 (BeV)' associated with passage of ex-
changed spins through zero may be very com-
mon, that study of this easily recognized qual-
itative feature promises to become a major
aid in unravelling the details of Regge trajec-
tories even in cases where several trajectories
contribute, and that in particular, the minimum
of do (p+ p -p+ p)/dt reported in the accompany-
ing Letter' may have this origin.

To illustrate the Regge description of the min-
ima near t =-0.6 (BeV)', we shall first review
the situation for m + P - m +n and then proceed
to the progressively more complicated reac-
tions m++p-w +p and p+p-p+p.

+P-m +n. —The p is the only known tra-
jectory contributing to this reaction at small
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t. Comparing the one-pole relation dg(s)/dt
= f(t) exp([2o. (t)-2] ins) with the measurements

p
at 3 to 18 BeV/c, 'a one finds that a&(t) has de-
creased from 1 at t =m&'=0. 6 (BeV)' to about

& at t =0 and continues to decrease steadily,
passing through zero near t = —0.6 (BeV)'. At
the zero of np, the helicity-flip amplitude is
predicted to vanish. " Now from the tendency
of do/dt to rise" at very small t before the
exponential falloff sets in, one may infer'"'
that the helicity-flip amplitude is much larger
than -nonf lip; this conclusion is supported by

study of the p contributions to nucleon electro-
magnetic form factors and by analysis of back-
ward nP scattering. " Thus the zero of the he-
licity flip leads to a definite minimum of da/dt,
which is indeed observed at t =-0.6 (BeV)' for
all energies [Fig. 1(a)].

Now the analysis of other reactions usually
involves more trajectories. From Fig. 2, how-
ever, one sees that of the known meson trajec-
tories with n(t =0) & 0 (P; 2+ nonet with S = 0
members T, (P'), Ta, A„' 1 nonet with S = 0 mem-
bers V„V„p),"most or possibly all except
P pass through z =0 in the general vicinity of
t = -0.5 (BeV)'. Moreover, the helicity-flip
amplitude associated with exchange of each
of the vector nonet (V) trajectories vanishes
at n =0 It is an open theoretical question wheth-
er exchange of the 2 nonet (T) trajectories
can produce helicity flip at n = 0"; for the pur-
poses of the discussion, we shall suppose they
cannot. Thus, dips of do/dt in the vicinity of
t = -0.5 (BeV)' are likely to occur whenever
helicity flip is important, even though several
trajectories may be interfering. ""From the
occurrence (or absence) and relative sizes of
the secondary peaks following the dips in dif-
ferent reactions, one can test the scheme pre-
sented in Fig. 2 and infer the relative strengths
(or destructive interference) of helicity flip
associated with different trajectories. One can
also check experimentally whether helicity flip
due to T exchange indeed vanishes at n = 0,
which will be of great interest for the theory
of ghost-killing. " Let us see how this works

.6

0.6- (c) 5—

0.4—

0,2—

-04—
.2

-06—

I

2.0 1,8
I I I I I I I I

1.6 1.4 1.2 1.0 0.8 0.6 0.4 0.2 0

-t(GeV C)
0
—.6

FIG. l. (a) do(n +p ~~+ n)/dt at 5.9 and 9.8 BeV/c
(Ref. 5). (b) do(n +p m +p)/d't at 1.6-18.0 BeV/c
(Ref. 20). (c) Polarization in n +P m +P at 2.1
BeV/c (Ref 16).
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FIG. 2. A tentative plot of leading meson trajec-
tories, obtained by extrapolating the straight-line tra-
jectories of H,ef. 11.
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out in mN, PP, and PP scattering.
v++p-m+ +p —.Here, any of the G=+ trajec-

tories, P, P', T„and p, can be exchanged.
At 2 BeV/c, "a large polarization is observed, "
which requires a large helicity flip that is out
of phase with a comparably large nonf lip term. "
Presumably the main nonf lip term is P exchange;
the out of phase helicity flip then has to be as-
sociated with secondary trajectories. Since
the secondary trajectories all pass through
zero, the helicity-flip amplitude is expected
to change sign somewhere near t =-0.5 (BeV)'.
Experimentally, both dv(~ +p-n++p)/dt""
and der(rr +p-n +p)/dt'o do have minima around
t = 0.6 (B-eV)', followed by similar-appearing
secondary maxima, at energies up to about 3

BeV/c [Fig. 1(b)]. The helicity-flip zero is
further confirmed by the t dependence of the
polarization at 2 BeV/c, which changes sign
near the minimum of dv/dt [Fig. 1(c)]." The
secondary peak melts steadily as the energy
rises and reduces to a shoulder above about
3 BeV/c; this is consistent with the notion that
this peak is caused by secondary trajectories
whose influence relative to P exchange decreases
as the energy rises. The polarization also de-
creases considerably as the energy rises. "'"

The trajectory mainly responsible for the
helicity flip could be either p (C = -) or one of
the secondary 2+ trajectories (C =+). To see
this, note that the phase of a Regge term at
t & 0 is given by the signature factor, which
iS

for p and other members of the vector nonet

(V), and

(2)

for P and the 2+ nonet (T). If all secondary
trajectories have similar o. (t) =aP(t)--'„ then
both p and the 2+ secondary trajectories are
out of phase with P (by 45', or 135', ~ ~ ~ ) in a
way suitable for polarization to occur. Further-
more, V and T are 90 out of phase with each
other, so the near equality" "of the secondary
peak heights in m++ p —v++ p and m +p - ~ + p
does not rule out their simultaneous presence
even though V and T have opposite C. A T tra-
jectory probably does dominate, though, since
the strength of p-exchange helicity flip as de-
duced from the height of the secondary peak
in wN charge exchange is several times too

small to explain the secondary peak or shoul-
der in elastic mN scattering at the same ener-
gy. This conclusion can be checked when the
m+P polarization is measured: If a C =+ (-) tra-
jectory dominates, the polarization should have
the same (opposite) sign for w+p and elastic w p.

p + p - p + p and p + p - p +p. —All the leading
meson trajectories contribute to these reactions.
In the imaginary part of the forward nonf lip
amplitude, as deduced via the optical theorem
from v(total), the secondary trajectories of
opposite C cancel for pp and add for pp. ' In
the helicity-flip amplitude, the large helicity
flip in the vN secondary peak suggests the pos-
sibility of a similarly large term in NlV and
NN. Experimentally, dp(PP)/dt has a minimum
at t = 0.5 (B-eV)' for plab =1.5 to 2.75 (BeV/c),
as reported in the accompanying Letter'; thi. s
is so similar to do(vN)/dt that one immediate-
ly suspects helicity-flip phenomena. There
is no secondary peak in do (pp)/dt, "on the oth-
er hand, and the PP polarization though substan-
tial at -t =0.3 (BeV)' is small at -t ~ 0.6 (BeV)'
over the range plab = 2 to 6 (BeV/c)." These
facts suggest that for helicity flip at -t ~ 0.5
(BeV)' (at least, for the part which is 90' out
of phase with P exchange), the secondary tra-
jectories of opposite C again tend to cancel for
pp and add for pp.

If this interpretation of the dip in do(pp)/dt
is correct, one expects that: (i) The dip-sec-
ondary-peak sequence, being associated with
secondary trajectories, should go away with
increasing energy as it did in elastic mP scat-
tering. It need not go away at exactly the same
rate since different interferences may be in-
volved. (ii) Where the secondary peak is prom-
inent, pp scattering should exhibit a sizeable
polarization as did v P scattering.

Detailed analysis of the helicity flip presents
challenges. As mentioned earlier, if the main
secondary trajectories share a common n(t),
then the C = —exchanges are 90' out of phase
with the C =+ exchanges and cannot cancel them
in the pp helicity-flip amplitude [the parts which
are 90 out of phase with P exchange can can-
cel, however, thus explaining the small PP po-
larization; similarly the cancellation in the
optical theorem works because it involves on-
ly the imaginary parts of (1) and (2)]. It may
well be that interference" with some other ex-
change such as P is important in helicity flip.
For a full understanding of the situation, Pit)

and pp elastic scattering will have to be sup-
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plemented by studies of polarization, combined
with pn charge exchange and p +p -n +n, which
depend only on the I= 1 exchanges.

In addition to the cases discussed above, many
other reactions are presumably affected by the
passage of the secondary trajectories through
spin zero. For example, in the ABBBHLM col-
laboration, ' one finds some indication of dips
at plab =4 BeV/c, t =-0.5 (BeV)' in v++p-p+
+ p, m++ p -~'+ N*++, and ~++p -p'+ N ~++

On the other hand, the dip expected from A.,
exchange is not seen in v +p-q+n. ' More
detailed experiments on all these reactions
should prove most illuminating in sorting out
the secondary trajectories and their helicity-
flip couplings.

The author is greatly indebted to Geoffrey
Chew and Alvin Tollestrup for many helpful
discussions.
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