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high energy for both reactions is then of the form
(S)Za(u)—z’ where a () is the real part of the Ag
trajectory. This simple model leads to the pre-

dictions that R; =R and AB;=AB,.

Our results and these predictions differ by 1.2
standard deviations for the R’s and by 2.5 stan-
dard deviations for the AB’s. This discrepancy
could be due to the following: (1) An incorrect
description of the background. However, the dis-
crepancy remains the same even when we fit the
data with more complicated backgrounds. (2) In-
adequacies in the simple Regge model outlined
above.” It should be pointed out that more de-
tailed Regge calculations for backward p~ produc-
tion are in reasonable agreement with our data.?
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REGGE-POLE ANALYSIS FOR 7~ PRODUCTION OF p~ MESON NEAR THE BACKWARD DIRECTION*

C. C. Shih
Brookhaven National Laboratory, Upton, New York
(Received 12 November 1968)

p~ production near backward direction has been analyzed in a Regge-pole model with
the emphasis on kinematic structures and constraint relations. We obtain results
which agree well with experimental data and are consistent with backward elastic scat-

tering.

Recently many attempts have been made in Reg-
ge-pole models to understand the connections be-
tween high-energy backward meson-baryon scat-
tering and baryon trajectories.!’ Theoretically,
unequal-mass kinematics,? conspiracy,® MacDow-
ell symmetry,* and Gribov’s theorem® complicate

the problem. With the success for backward
elastic scattering, it is natural to investigate
whether the same kind of analysis can be achieved
for the more complicated production proceses.®
Because of the data available, and the more com-
plicated spin structure, we shall restrict our-
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selves here to the vector-meson production only.
Through the use of invariant amplitudes, the kin-
ematic structure of the helicity amplitudes and
their constraint relations are derived. Special
attention is paid to MacDowell symmetry and the
pseudothreshold constraints at ug=(my-mp)*
~0.03. As s=0is in the physical region and s, is
very close to the backward direction, these points
are very important in any phenomenological anal-
ysis. On the other hand, these relations reduce
considerably the arbitrariness of the otherwise
unrelated individual Regge-pole residues. A
parametrization satisfying all the constraints re-
quires less parameters and therefore makes the
comparison with experimental data possible.
Recent data” on 7=p - pp~ near backward direc-
tion are especially suitable for this purpose. On-I

F =g 1" a0 11 Fag 107) =7 0lat )+ 2llat o) + 2 ) )

where y; .(w) are the reduced residue functions
and .‘;"‘(w) the signature factors.
MacDowell symmetry* takes the form

atw) =a=(-w), v,w)=y,(-w),

Y4,e(w) = "}’3,5(_“)), (2)

and the constraint relations,
Y1=2wys=F27 V%, =0, w=-(m=p). (3)

The constraint relations at w =+(m —p) take
much simpler form for some linear combinations
of the y;(w). Defining

yo'(w) =y, w)—zwy ),

ve' W) =[=(2)3y4(w) +w(ko/p)yw)]

v ) =y ), k=g lwi-m+p), @

Eq. (3) reduces to
vo' W) =y¢'w) =0, atw=-(m—p),
va'(w)=yq'w)=0, atw=0(m-p). (5)

If y;'(w) are slowly varying, it is reasonable to
parametrize y;’(w) as
75

yo'w)=4, vy’ Ww)=y¢ W)= B<1+
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ly one known baryon trajectory exchange, Ay, is
allowed. Our simplest possible parametrization
of the residues for this process uses three pa-
rameters. Using the trajectory function a, (s'/?)
obtained from backward elastic scattering as the
fixed input, we find a best fit which is in excel-
lent agreement with the existing data. Also, the
density matrix elements of p~ meson thus ob-
tained are sensitive to the input trajectory func-
tion ap(s'/?). Thus the measurement of p densi-
ty matrix can be very informative in helping to
determine the more detailed structure of the
baryon trajectories.

We Reggeize the parity-conserving kinematic-
singularity—free helicity amplitudes 7;(w) in the
usual way. Taking a simple parametrization, we
get

ot (w)-3
w=s2 (1)

We get finally

yil=w) =y,(w) =3 wA + <1 +m"_)_

—ys(-w) =y, w) =4,

_75(_74)) =76(W) =‘/L§-[2L

-B <1+m”ip>] . (8)

Still another parameter is the scaling factor «,.
For the choice of the trajectory function a, (w),
we take the form-given from the analysis of back-
ward elastic scattering. As the same trajectory
is exchanged in both cases, a,(w) should be the
same for consistency. Besides, the data for
backward production are much less abundant than
those for the elastic scattering. A more detailed
analysis allowing the variation of a,(w) can only
be done after we have more data.

Using the elastic scattering data at 8 and 16
GeV! and the usual parametrization,® a reason-
able fit to the backward elastic scattering can be
obtained with

ReaA(w) =0.049 + 0.76w2,

y(w)=0.36[1+ (Z'Q/mA)W](l/“O)a(w)—%,

u0=1.85. (n
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FIG. 1. do/du vs u for 7~ p—pr~ and 7~ p—pp~ at 8
and 16 GeV/c. Experimental data for backward =~
(triangles) and backward p~ (circles) are Refs. 1 and 7.

Taking this ap(w) as fixed input, the best fit for
the p~ production is obtained with

A=0.27, B=0.046, wu,=3.2T7. (8)

As shown in Fig. 1, both fits agree very well
with the experimental data.

A very interesting result is the prediction for
the p~ density matrix. With different choices of
the trajectory functions ap(w), the best fits all
agree very well with the experimental cross-sec-
tion data, but the predicted density matrices dif-
fer considerably. For example, for

a'®=0.049+0.76u, A=0.27, B=0.046,
u,=3.27, and x*=9.1;
a®=-0.06+0.8¢, A=0.67, B=-0.10,
u,=2.92, and x%=8.5;
a®=0.15+0.9%, A=0.26, B=-0.07,
u,=3.56, and x%=12.5.

As shown in Fig. 2, at 8 GeV, away from the
backward direction p? = 0.75, p,'*~ 0.2, and
P = 0.1. We feel therefore that understanding
of the p density matrix near the backward direc-
tion can be very useful in helping to determine
the properties of the baryon trajectories.

As for the polarization of the final nucleon, it
depends on the phase difference of the f, “i am-
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FIG. 2. The predictions of the density matrix ele-
ments for backward p~ production in the c.m. frame of
the direct channel at incident 7~ -meson momentum of
8 GeV/c.

plitudes and is given asymptotically in our pro-
cess® as

tanh{}[a(s*?)-a((-s)*?)]}.

Similar analysis can be done for the recent 7
photoproduction data in the backward direction.®
Because of the different isospin structure and
the presence of more trajectories, e.g., N, and
Ag, the results are less unique, and will be men-
tioned elsewhere. Backward production of higher
spin resonances can also be done in a very simi-
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lar way. It is easier to work directly, and equiv-
alently, in the crossed channel'! than to intro-
duce invariant amplitudes. Detailed calculations
are in progress.

Thanks are due to Dr. H. R. Blieden and Dr. D.
Garelick for their very fruitful discussions and
to members of the Theory Group at Brookhaven
National Laboratory.
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working directly with the crossed-channel helicity
amplitudes we get

do 1 s 2

Although the daughter mechanism is assumed to use the
asymptotic expression for fz-s, the remaining half-
angles are unchanged, and they are quite rapidly vary-
ing, e.g., cosfg=—1 at s=sy,(cosf,=1), cosOg=1 at
s=0, and cosfg~—u/2qgkg at s~ —|a few | s;, |. Thus
because of the unequal-mass kinematics, at the back-
ward direction those amplitudes involving (1 +cos6 )
vanish exactly. At the same time, 1/s~u. We expect,
therefore, that (sin30)/(s)V2~ ()2 and cos6g re-
mains small in backward core including (s)2=0, Away
from the extreme backward direction all half angles
may be replaced by their asymptotic expression. This
has also been emphasized by Paschos (Ref. 6).
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The asymmetry generated by the interference between the n and nonresonant back-
ground 37 amplitudes has been calculated for previously reported data in the decay 7n
—ntr™7%. An upper limit of 0.23 % has been found for the effect in this sample of data.

Recently Yuta and Okubo?! proposed a mecha-
nism that could produce a charge asymmetry of
~2% in experimental samples of the decay

n—nTn" 7
This proposal did not invoke C nonconservation.
The mechanism involved an asymmetry generat-
ed by the interference between the n and nonreso-
nant background 37 amplitudes. In this Letter,
we report that after further study of our previ-
ously reported data,? we find that only a small
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part of the asymmetry of 1.5% can be explained
by this mechanism. We find an upper limit of
0.23% as the largest possible asymmetry in our
data due to this kind of interference.?

In our calculation of the maximum asymmetry
of this kind, we have taken into account the de-
pendence of the 37 background amplitude on the
Dalitz x coordinate. The Dalitz coordinates, x
and y, are

X =\/§—(T+—T_)/Q7
y=3T,/Q-1,



