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§ 1. Introduction

Recently, the experimental studies of high energy two-body hadronic
reactions have been progressing so that the structures of the amplitudes
decomposed by the t-channel isospin and s-channel helicity states have
bean able to be investigated. Accordingly, it has became possible to
judge fairly definitely which model is adequate for explaining the
characteristic features of the scattering amplitudes. Particularly the
Regge pole and cut models confront with some difficulties in the inter-
pretation of t(squared four momentum transfer)-dependence of the forward
amplitudes. In the context of the Regge model it is impossible to
explain the zero of the imaginary parts of helicity nonflip amplitude
for the 7N and KN scattering, i.e. tz-0.2. On the other hand, in the
impact parameter (b) representation it has been found that the structures
of the imaginary parts of the nonflip and flip amplitudes could be under-
stood on the basis of common properties of the b-distribution, i.e. the
b~distributions have a peak centered around b~1 fm. Furthermore, it has
been shown for Binscattering that the characteristic b-distributions
share their properties in common except for a peak centered around
b¥1.2 fm. 1In the present situations, it would be important to investi-
gate wether the high energy amplitudes are characterized by the t-channel
exchange objects (e.g. s—-channel resonance) and how these circumstances
are entangled in the structures of the amplitudes. Table I shows a
éomparison between the Regge model and the dual effective resonance

model in the forward regions (0 < ]t[ $ 1 (GeV/e)?).



In addition to the above mentioned features, it is interesting to
study the breaking of line reversal relations and D/F ratios of the
amplitudes. In order to grasp the dynamical features of hadrons, it is
useful to study systematically the prominent structures of the scattering
amplitudes for two-body reactions.

§ 2. Breaking of line reversal relations.l)

In the context of thevRegge pole model, we have the following

amplitudes for the processes K-p + X°n and K+n > Kop,
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Then we get the equation of differential cross section between the

processes provided that ap (t) = o, (£), i.e.

A
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The same arguments lead to the following relations,

do . + + 4+ _ do - -+
at (TTP+KE)~dt Kp->mZ)
dg - o,y _ do - o
at (mp KA =2 It Kp>mAh

From the standpoint of the composite model of hadrons, the above rela-
tions mean that in the urbaryon rearrangement scheme the moduli of the

H-type amplitudes are equal to those of the X-type ones.z) The KN
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and KN charge exchange data show that the relation holds good above
P, ~5 GeV/c, but the modulus |X| is larger than |H| below P, ~5 GeV/c.s)
In the processes the helicity flip amplitudes doqinate.

For the strangeness exchange processes it has been found that the
breaking of line reversal relations are rather conspicuous.A) All the
present data show that the breaking is strong in the slope, while weak
in the absolute values of the differential cross sections at t = 0, i.e.
g > Px
0

e

|H| ~ |X] at t
where bH and bX are the slope parameters in the differential cross sec-
tions. Since the slope bH has a marked change near t = - 0.4(GeV/c)2,
the slope parameters are determined in the region 0 < [t} S 0.4 (GeV/c)z.
Integrating the differential cross sections in the forward region, we
have

Oy < Ox

In Fig. 3 we display the slope parameters and the integrated cross

sections in the region 0 < {t} < 0.4 (GeV/c)2 versus s. Figure 3 shows
that bH increases with energy as bH ~ 2 1ln s + 4, while bx increase at
the rate of bx Z4 Ins - 4. If we extrapolate the presently available
data, both the slopes and the integrated cross sections converge about

P = 20 GeV/c. Therefore it is expected that above P_~20 GeV/c the line

L L

reversal relations hold good for the strangeness exchange processes.
.In these processes the helicity nonflip amplitudes dominate.

In summary for the processes in which the helicity flip and nonflip
amplitudes dominate, the line reversal relations break down below PL~5
GeV/c and PL~20 GeV/c respectively. These features contradict the

Regge pole model.
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§3. D/F ratioss)

So far the accurate values of D/F ratios have not been obtained in

the two-body reactions. The general tendency of the values of D/F ratios,

however, can be studied. From data of the total cross section of 7N and

£
KN (KN) scattering the nonflip D/F ratio F, = E——EFE— is determined at
+ 7 %

t = 0. The total cross section of the processes can be parameterized

approximately as follows,ﬁ)

=
~
(o))

e (T p) = 21.3 + —"-mb
T Vo
+ 11.2
or (mp) =21.3+ ——— b
Vv
or (Kp) = 17.1 + =L
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oy (Kn) = 17.1 + 2255 g
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+
or (K+p) = gr (Kn) = 17.1 mb

where v is the incident laboratory energy measured by GeV unit. The

nonflip amplitudes of the processes can be expressed in terms of F+ as

+ ; _
T(n'p) =D+ QF, - 1) H  +2F X
T(m p) = D+ 2 F H  + (2}?+ - 1) X,
T(Kp) =Dy +2 F H_
T(K'n) = D, + (2F, - 1) H
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1) = D, + (2F, - 1) X

K + +H
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where D, DK are the diffraction amplitudes for 7N and KN (fN) scattering,
respectively. Therefore, we obtain F = 1.5. As is well known, in SU(6)
symmetry model we have F _ = 1 and F_ = 2/5.

Next consider the value of F+ at t % 0. Writing the t-channel
isovector and odd charge conjugation part of nonflip 7N amplitudes and
the t-channel isoscalar odd charge conjugation part of nonflip KN (KN)

amplitudes as Prx and w respectively, the following relation is obtained,

KN
N - 4 F, - 1 .
KN 2 N
and then
ImQKN - : F; — ImpWN

Recognizing that in the forward region the diffraction amplitude dominates

the imaginary part, Id» and ImpWN are extracted from the differential

KN

cross sections of the TN and KN (KN) scattering as follows,

do - do +
at (TP -3 (TP

Iop o~
m TN
Verare) + 90ty

do - do +
- ®p -5 ®p)

I ~
ﬁnKN V G - G+
S[EE{K p) + EE(K p)l

In Fig. 4 the r.h.s. and 1l.h.s. of the above relation are shown. It is
found that the D/F ratio F_has a tendency to increase with |t|.
' 2

In the large momentum transfer regions (1 < ]t[ < 2(GeV/e) ), it is

expected that the contribution of diffraction amplitude become$very small.
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As a first approximation, if we neglect the contribution of the diffrac-

tion amplitude, we have the following relation,
- - + + - -
(Po -Po + P°%°) - S (Po + P+c+ - P°c°) = 4 F, P°%°
4E+—1 + ’

-+ - _+

where ¢ , 0 , 0°, P , P, P° stand for the differential cross sections
o - -+ + -

and polarizations for m p>mwp, Tp>mp and T p > T°n scattering

respectively. In the region 1 S'[tl < 2 (GeV/c)? where P = -P+ and

+
0 =g >> g° above PL = 5 GeV/c, we have

(Po -Pg +P°%°) > (Pg + P+o - P% ).

Taking F+ > 1.5 into account, the relation is simplified as

(4 F_ - 1)P°%° = P o - ptot

—2ptot.

114

From the experimental data, the rough estimation of c°/c+ and P°/P+ can

be made in the region 1 < |t| £ 2 (GeV/c)? and P, > 5 GeV/c as

+
c°/o =

U=

~ L
10

0<-po/pt 512,

Then we obtain F+ 2 5 which is considerablv large compared with

F+ 1.5 at t = o.

On the assumption of the s-~channel helicity conservation and the
dominance of the imaginary part for the diffraction amplitude, we have
the following relations,

- F - -
s 2F - ReH, + (2F_-1) X __

ptot  (2F_ - DReH,_ + 2E X__

The denominator and numerator become zero at t = -0.6 (GeV/c¢)? and

around the value of t the mirror symmetry holds. This means that
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F = 1/4. From the results of Regge pole analyses, it is known

phenomenologically that
= cosma (t)

and
a(t) = 1/2 + 0.9 t.
It follows that
P 2F_cosma(t) + 2(F_-1)

g
ptot  (@F_ - 1) cospa(t) + 2F_

ne

In Fig. 5 the r.h.s. of the relation is compared with the l.h.s. calcu-
lated from experimental data. As is seen from Fig. 5, the ratio F_ is

nearly equal to 1/3 at t = -0.1 and F_ approaches 0.25 ~ 0.26 with

increasing |t

. If F_is a constant lying between 2/5 and 0.26 in the
region 0 £ |t| £ 0.5 (GeV/c)?, o P~ is expected to have a zero in the
region. The experimental data on P ¢ do not show such a zero.
§ 4. Counting of urbaryon rearrangementss)

On the assumption of U(6) symmetric wave functions for hadron and
s—-channel helicity conservation for the spectator urbaryons, in the
pseudoscalar meson-octet baryon scattering the baryon part of effective

interaction caused by two urbaryon rearrangements can be given by

- & . ,
Ju: = [G’}k ij‘d’,i 1-6{(1 ngg’(‘} + C;{-) on\{g’k ]

_ *
X LengtYﬁ",Q T €y B@ru < 693 ngéjkk ]
where Greek and Rome suffices represent the unitary spin and the s-

channel helicities of urbaryons respectively. Here we have reinterpreted

the spin as the helicity. For baryon the unitary spin wave function
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BQBY is antisymmetric under the substitution of the latter two suffices.
In the above equation the spectator urbaryons have unitary spins and
helicities labelled by (Bj) and (yk) and the rearranged have (0ji) and
(§1). From the equation it follows that the D/F ratios of helicity non-
flip and flip amplitudes F+ and F_ are 1 and 2/5 respectively.

. The urbaryon rearrangements are counted in equal weight irrespective
of the unitary spin part of the urbaryon states being antisymmetric or
not. The fact F+ = 1.5 at t = 0 suggests that it is needed to introduce
some distinctions between constituent urbaryons of a octet baryonm.
Taking into account that the U(6) symmetry is realized only approximately,
we may consider that there are some differences between interactions or
binding of the urbaryon in the unitary spin anti-symmetric states and in
the non-antisymmetric ones. As the result of the differences, the
rearrangements of the constituent urbaryons are not counted completely
in equal weight. In this viewpoint, the D/F ratios will deviates from
the values given by the U(6) symmetry and are more dynamical quantities
which reflect the urbaryon rearrangement interactions and composite
structures of baryon but not simple parameters in the U(3) symmetry.
Therefore, it is not unnatural that the ratios depend on s and/or t.

We introduce a weight parameter x which distinguishes the rearrangement
of urbaryon in an antisymmetric unitary spin state from that of a non-

antisymmetric state. Then the equation is modified as

. A | s
ch = X €k Bapyi T Cxi BN"‘,J Tci[) B“{"ak]

. X
X %€ Bagn T €y Byyg ) TEy; B“@/*]
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Then we have

3
2x* +2x - 1 = o5/
2F, -1

2 —_ 1
2x° + 2x + 1 = Ef:_:_f

Eleminating x, we obtain

(4F, + 1) (4F_ - 1) = 3

The ratios Ft are not independent with each other. If x = 1, the set of
ratios is (F+, F) = (1, 2/5), When F+ = 3/2 which is approximately
obtained from experiments on total cross sections, we have (F,, F_) =
(3/2, 5/14). 1If F+ increases infinitely, F_ tends to 1/4. The set

(F,,

F) = (», 1/4) leads to complete s-channel helicity conservation in
the t-chainnel isoscalar amplitudes, and realized the mirror symmetry of
polarizations of ﬂtp elastic scattering. The mirror symmetry holds
rather well also around t~-1 (GeV/c)?. If E+ 2 1.5, F_ is restricted

to 1/4 £ F_ < 5/14 which is consistent with experimental data in the

small t regions.
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Table 1

zeros of imaginary part of amplitudes

non flip

single flip

double flip

Regge model

X

O

dual effective
resonance

model

Regge Model

dual effective
resonance

model

-11~
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Figure Captions

Fig.

Fig.

Fig.

Fig.

Fig.

1.

Examples of the urbaryon rearrangement scheme for the H-type
amplitude and the X-type.

Data for the KN and KN charge exchange reactions.

Data from Ref. 3).

(a) Slope-parameter, b as a function of s in the WtN, the KN

and the KN reactions. (b) shows'the s-dependence of integrated
cross section, 0 of the w+p - K+Z+ and the K p ﬂ_2+ reactions.
t-dependences of the t-channel isovector, odd charge conjugation
part of non-flip amplitude, pﬂN and the isoscalar one for non-

flip KN (KN) , . (for details, see text)

w,
KN
-, + -
Ratio of the polarizations (p /p ) for the reactions of T p >
T p and W+p > W+p, as a function of t. Data are for the reac-

tions at P = 14 GeV/ec.

-12-
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Fig. 5
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