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—C~.
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The superconvergent sum rules for helicity-flip and -nonf lip amplitudes controlled by
only the R trajectory are used to clarify the ghost-eliminating mechanisms.

The diffraction shrinkage at high energy for
the reaction m +p-m'+n has been successful-
ly explained by the Regge-pole model based
on a single p-meson exchange. ' In addition,
the dip phenomenon observed in the above re-
action around t= -0.6 GeV' has also been clear-
ly explained in the Regge-pole model with a
vanishing helicity-flip amplitude at o. = 0.'~'

Shrinkage is also seen in another reaction rr

+p -q+n which is supposed to be controlled
by the R (or A, ) trajectory with even signature. '
In this case, however, there remain the follow-
ing unsettled questions'.

(i) Experimentally, it is not yet known wheth-
er the B trajectory passes through spin zero. 4

If it does, we have a ghost problem. Then to
eliminate this ghosts the residue function of
the helicity-nonf lip amplitude will have to van-
ish.

(ii) It is an open question whether the exchange
of the 8 trajectory can produce helicity flip
at +=0.' If the trajectory simply "chooses

nonsense" as suggested by Ge)1-Mann, the he-
licity-flip amplitude comes out finite but non-
vanishing at 0. =0. On the other hand, if the
trajectory "chooses sense, " an additional ze-
ro occurs at n =0 in the residue of the helic-
ity-flip amplitude as implied by the ghost-elim-
inating mechanism of Chew. ' Then the helic-
ity-flip term will actually vanish at Q. =0. There-
fore, it will be of great interest for the mod-
els of ghost elimination whether the helicity-
flip amplitude due to the 8 exchange indeed
vanishes at e = 0. Phenomenologically, the
discrimination between these models by Arbab,
Bali, and Dash' has not yet been convincing
since two trajectories contribute, and the the-
ory involves a number of parameters.

The purpose of this Letter is an attempt to
answer the above questions (i) and (ii) in con-
nection with the ghost-eliminating mechanisms,
applying the previous techniques'~" of super-
convergence sum rules to the helicity-nonf lip
and -flip amplitudes controlled by only the R
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trajectory at high energies. This method al-
lows us to deduce a clearer conclusion on the
zeros of the R-pole residues. The essential
point of this is to connect the R-pole parame-
ters (as a function of t) with the low-energy
integrals using the above technique, which en-
ables us to investigate the zeros that are char-
acteristic in the Regge formula. "

We shall start from question (i): whether
the R trajectory passes through spin zero or
not. In order to answer this question, we first
derive a superconvergent sum rule for the he-
licity-nonf lip amplitude

A'+'(v, t)=-', [A (v, t)+A ~ (v, t)KP ' KP
—A (v, t) A+ (—v, t)]

the R pole in the complex J plane for e~ -2
at t=0.'s Then A'+'(v, t) can be separated as

A (v, t) =A (v, t) +A '(v, t)

with

lmA (v, t) = o. (t)[n (t)+ 1] l l (2)
i

in an asymptotic form at high energies. " Fol-
lowing the same procedure as in the previous
papers, '~' ~" we obtain the super conver gent
sum rule

f dv vlmA'+'(v, t) =0.

[which Singh" calls A '+ "(v, t)] which will be
controlled by only the R pole at high energies.
Here v= vt + t/4m&, with vt the incident K-
meson energy in the lab system. Let us assume
that there are no other singularities except for

If the Regge asymptotic behavior is assumed
to be already established at high energies vt
& vA (we take" vA =2 GeV for convenience),
we can express the term involving the R-pole
parameters in terms of the low-energy integrals
as follows

2 11 g 2 lg ' 1 1g
, v (t)X (A, t)- , v (t—)X (Z, t)+ — ', v (t)X (r *,t)

(t)Z(F *,t)+, i dv liv + llmA
l v +

4 47™+l' 1 2 ~ I~ L 4
N ~K

m~ a (t)[a (t)+ 1] )v +t/4m

2m'm a (t)+2 P ( m (4)

where"

rn2 2m2
v (t)-=— +

F N E
F 2m 4yyg

(5)

Z(F *,t) = —(m +m, )——
1

v~(t)

F mN 1-t/4X Y t~=+m +m +

N

6'Y,*'

1 t/4m ' 2— 6m
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and mA denotes the mass of a particle A. In the narrow-width approximation,
el

1 p I'& t t
d v (v + t/4m) ImA (+)(v + t/4m, t) =) aC, , I v + l[P '(Z ) ((M -m )'

-m ']X (M, t) —P '(Z )((M +m )'-m ')X (M, t)], (8)

with the same notation as in II and III except
that p should be replaced by m~ and CI=-, (--, )

for I=0 (1), respectively. Here Zt~=1+t/2qt '.
In order to investigate possible zeros in the
Regge amplitude we shall search for the zeros
of the left-hand side of Eq. (4) with the use of
Eq. (8). For evaluating the left-hand side as
a function of t the following data are used: For
the K%A and KNZ coupling constants, nothing
definite is known. Therefore, we considered
the following two cases: case (a), values ob-
tained by Zovko, "

g '/4)T = 6.8+ 2.9 and g '/4)) =2.1+0.9;

case (b), values" obtained from SU(3),

! spin zero and the ghost is shown to be eliminat-
ed by a zero.

Secondly we come to question (ii): choice
of "sense" or "nonsense". In order to answer
this question, we derive a similar sum rule
for

B '+'(v, t) = ,'[B -(-v, t)

+B i (v, t)-B (v, t)-B + (v, t)].

Under the weaker assumption that there are
no other singularities except for the R pole
in the J plane for n) 0 at k=0, separating

g'~ 8'~ (1+2o')

4m 4v 3
and

B (v, t)=B (v, t)+B '(v, t)

2 2 2

Z N N
(1—2a)' with = 14.5.

The coupling constants gy g and@@ g, accord-
ing to the estimates of Warnock and Frye, "
are

g „'/4p = 0.32 and g „'/4)) = 1.9/m
0 1

VA
I 47llN (+)

dv vs.A ( V,t) =
~H

0
Cg(4)+2

G (t)
m„ue(&)(e(„(t)~l) ( vA+„~

)

-- 3.0

= NR(t)=o.og+o.egg

.38 GeV)

As direct-channel resonance parameters, those
tabulated in the Rosenfeld table ' have been
used. In Fig. 1 we plot the left-hand side of
Eq. (4) for various values of t. We find two
zeros at t = —0.11 GeV' and t = —0.39 GeV' (see
Fig. 1). Qf course, there are some ambigu-
ities arising from the above data. Notice, how-

ever, that these ambiguities are not large enough
to change the above results qualitatively. '

Therefore, we can conclude as follows:
(1) Within the present approximation, the

left-hand side of Eq. (4) gives us two zeros
around t = -0.11 GeV' and t = -0.39 GeV', which
suggests" that aP(t) =0 at t= -0.39 GeV', as
well as that C&(t) also vanishes at t = —0.11
GeV' (see Fig. 1).

(2) Thus, the It trajectory passes through

C (4)~—=
I

R jO
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/
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RESULT FROH BARGER AND OLS&ON

FIG. 1. Plot of the left-hand side of Eq. (4) as a func-
tion of t in the narrow-width approximation. The helic-
ity-nonQip residue function evaluated from Eq. (4) for

.Q.g(t) =0.34+0.87t is also shown.

930



VOLUME 19, NUMBER 16 PHYSICAL REVIEW LETTERS 16 OCTQBER 1967

with

ImB (v, t) = n (t)[n (t)+ I] (C (t)jm 2)(v/m ) (12)

we obtain

J, d vI.mB'+'(v, t) =0.

Similarly as before, Eq. (13) reduces to

4 4~ 4 4~ 6~

tv +t/4m
~

Rn (t)

+, dv ImB'+', v +,t~
=, [n (t)+ lIC (t)l

(14)

with

m
d v ImB (+ '(v + t/4m, t)

$ÃQ

el

8 ~ m nz + '+ +m I

In order to discriminate between "sense" or
"nonsense, "we shall investigate possible ze-
ros of the left-hand side of Eq. (14). It should
be noted, in this case, that the A and Z make
significant contributions to the left-hand side,
but other ambiguities arising from higher reso-
nances become smaller. We consider Case (a)
and Case (b) separately for the IfNA and RNZ
couplings. The left-hand side of Eq. (14) is
plotted for Case (a) and for Case (b) in Fig. 2.

Thus, we would like to conclude as follows:
Case (a). If we use Zovko's values" for gA

andy~, the left-hand side of Eq. (14) becomes
zero around t= -0.48 GeV224 (see Fig. 2). There-
fore, there is a chance that the 8 trajectory
could choose "sense, '" within the errors of
Zovko's values. "

Case (b). For values" obtained from SU(3),
we plotted the left-hand side for three choices

--6

-O.S -0. 0 02

--2

Case a ZOVKOS VALUES FOR g~ AND gZ—= 6.8+2,94m
= 2, I +0,9

Ql d/f =l.5
02 4/f =1.75

d/f =2.0

(I) —Ql

(I) —
6 (I) —gq

"a+-t

m 4mN
(I) —2 4& Im B' '( v, f ) = (gR( f) + l ) C ( f )2~2 2vr2mK

(II) CR (f) x—
lO

=f
2

GeV

FIG. 2. For Case (a) and Case (b) the left-hand side
of Eq. (14) is plotted as a function of t in the narrow-
width approximation. The helicity-flip residue func-
tions evaluated from Eq. (14) for eg(t) =0.34+0.87t
are also shown. For Case (a) the bars show the varia-
tion within the errors of Zovko's values for gA and g&.
For Case (b) the results from three choices of the d/f
ratios are shown.
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of d/f ratios: d/f=1. 5, 1.75, and 2.0. We can
find no zero in the interval -0.8 GeV' & t ~ 0
for any values between 2.0 ~ d/f ~ 1.5 (see Fig.
2). Therefore, if Kim's analysis's that@A and

g& are consistent with SU(3) predictions with

d/f= 1.5 is correct, the R trajectory would fa-
vor "nonsense. "6

In conclusion, we would like to point out that
the superconvergent sum rule for an amplitude
controlled by only one Regge pole is particular-
ly useful to pin down the zeros which are char-
acteristic in the Regge formula and for trac-
ing out the trajectory. In the present paper
we have calculated the low-energy integrals
of Eqs. (4) and (14) in the narrow-width approx-
imation. If the phase shifts of KN and KN scat-
tering become available up to high energies
(a few GeV) in the near future, then the super-
convergent sum rules Eqs. (4) and (14) will
allow us to argue more precisely on the R tra-
jectory and the ghost-eliminating zeros in the
Regge amplitudes. We hope that careful inves-
tigation of the A and Z couplings as well as de-
tailed analysis of low-energy resonance param-
eters and phase shifts will be made as early
as possible.

Detailed analysis including further applica-
tions will be published elsewhere.
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A test of T invariance in p-p triple scattering has been performed at 430 MeV. The
difference in two polarizations which are identical if T is valid was found to be 0.0006
+ 0.0028. The T-nonconserving amplitude was found to be less than 2 Vo of the T-con-
serving amplitude. The T-nonconserving phase was found to be less than 0.06 of its
maximum value.

This Letter describes a test of time-rever-
sal invariance in strong interactions using p-p
triple scattering at 430 MeV. The test is to
compare the final polarization in Figs. 1(a)
and 1(b) or, as seen in the laboratory, in Figs.
2(a) and 2(b). The two proton-spin and -mo-
mentum configurations shown in Fig. 1 in the
p-p center of mass are related by time rever-
sal. The Lorentz transformation to the lab
frame as shown in Fig. 2 leaves the incident
spin directions unchanged, rotates the final
momentum forward (8-8), and changes the
angle between final spin and momentum [)(f
-)(f+8 for Fig. 1(a) and X~'-)(f—8 for Fig. 1(b)].'

Thus for arbitrary angles )(f and )(f the final-
state polarization in Fig. 2(a, ) along the direc-
tion )(f + 8 must be equal to the final-state po-
larization in Fig. 2(b) along the direction )(&
-8 if time-reversal invariance is valid. The
argument can be phrased in terms of the Wolf-

S

FIG. 1. Two configurations for initial- and final-
state proton spin components (double arrows) and mo-
menta for p-p scattering through an angle 8 in the
center of mass. The angles gz and yy are arbitrary.
The velocity of the center of mass is in the direction
of P. Reversing spins and momenta in' gives B after
a space rotation.

FIG. 2. Transforming the spins and momenta of
Figs. 1(a) and 1(b) into the laboratory gives the spins
and momenta shown in Figs. 2(a) and 2(b) respectively.
The solenoid magnet 8 and the first bending Inagnet 8

&

prepared the initial spin direction X =gf. =45 . The
scattering angle 8 =30' was chosen. In geometry A the
magnetB 2 precessed the spin from 75' to 90 so that it
could be analyzed by the wire chambers; inB a preces-
sion from 15' to 90' was required. An "up-down" asym-
metry resulted from this polarization component.
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