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studied this system in detail; however, we expect that
it is of more than academic importance. There happens
to be a moderately broad ~+ state at 1860 MeV, which
is the same distance above the threshold for these

nucleon resonance + pion combinations as the A& is
above the pn threshold. Detailed analysis of the mmN

region near this effect could well run into ambiguities
similar to those discussed here.
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From Mueller's Regge analysis of the pionization region, symmetry relations to order
s ~/4 among invariant cross sections at x = 0, in which a final pion is observed, are derived.
SU(3) and quark universality are assumed to relate the Regge residues at the projectile-
Reggeon vertex. There is good agreement with experiment to 10-15% indicating that the
approximate symmetry pattern at nonasymptotic energies is that of total cross sections. The
rising of the invariant cross sections to their asymptotic forms as c -bs ~/4 ean be under-
stood in terms of @nolan j-plane singularities if the f-Pomeron central vertex g&z (q~ ) & 0.
Symmetry relations valid for final kaons and nucleons and for both the pionization and the
target-fragmentation regions are also given.

I. INTRODUCTION

Relations among total cross sections derived
from symmetries and quark models, ' ' such as the
Johnson-Treiman relation, ~ are known to be in
good agreement with experiment in the range
25-55 GeV/c. ' Previous applications of internal
symmetries to inclusive reactions using Mueller's
analysis' have concentrated on the fragmentation
region. ' Recently we have applied the additive
quark remodel to the pionization region to obtain
relations' among invariant cross sections at x =0,
in which a final pion is observed, for different
projectiles at nonasymptotic energies (see Appen-
dix A).

In this paper we show that these symmetry re-
lations among pionization cross sections also fol-
low to order s " from the conventional Regge
analysis of the pionization regio~. The derivation
exploits Q parity to restrict the relevant Regge
exchanges to only P, f, and p. The symmetry input
is through the mell-known quark model relations' "
among the Regge residues p~ at the projectile-
Reggeon vertex. We obtain good agreement with
existing experiments indicating that the approxi-
mate symmetry pattern in the pionization region
is the same as that of two-body total cross sec-
tions —i.e., SU(3) and quark universality.

the inclusive reaction, a+b —c+ anything, to the
discontinuity in (p, +p —q) of the forward ampli-
tude, a+b+c- a+b+c. Following Mueller, in the
pionization region it is convenient to work in the
rest frame of particle c where

p, =m, (cosh), , sinh$, cosy, sinh$, siny, 0),

p, =m, (cosh)„—sinh)„0, 0), (2.1)

q = m, (1, 0, 0, 0).

q p, „=m,m, ~cosh(, , -s"'(m, '+q~')"'-,'e"*

become large and

(q p. )(q p, ) m,',(, ,)
Pg 'pg 1 +cosg

remains finite. If the singularities in the aa and
bb channels are Regge poles, the invariant cross
section is (see Fig. 1)

For the pionization region, we consider s = (p, +p~)'
increasing to infinity with p~ and q~~

= (m, +q ')
x sinhy* fixed and small in the center-of-mass sys-
tem, so x=2q ~~/~~-0. In this limit the invariants

II. SYMMETRY RELATIONS AMONG
PIONIZATION CROSS SECTIONS

Mueller's analysis' of inclusive reactions leads
to an, analog of the optical theorem that relates

d 0'z, =-E(ab —c;q~'),

where

(2.2)
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(2.3}
i v'P
j Wp

E(ab c.q 2)~ PaPb gc (q 2) + PaPb T gc (q 2)(s/s )-(1-n (0).)/2 g Pa Pb + c
(q 2)(s/s )-(1-n&(0))/2

f, v5
y wsp

+Q P
a

P b g g g c
(q 2) (S/S )-{2-[&;(0) + ~/(0) )/2)

The sums are over the non-Pomeron j-plane
singularities in the aa(bb) channels with intercepts
(2, (0) k2&(0)]. The signature of the i Reggeon is 7;.
In writing (2.3) we have set x =0 and have assumed
factorization for all the Reggeons. The Pomeron
is assumed to have (2~(0}=1.

For very large s, since the leading singularities
are Pomerons, we have scaling and E(ab- c)/vr(ab}
-g'(ql2), where g'(q~2) is independent of both par-
ticles a and b. However, assuming each non-
Pomeron has n,.(0) =-,', the next term in this expan-
sion is expected to be s "', so that the limit will
be approached slowly and hence ideas based on the
asymptotic form, such as the independence of
g'(q, ') from the quantum numbers of a and b, are
not expected to be valid for all reactions in existing
experiments (& 30 GeV/c). Ferbel" has shown that
existing experimental data are consistent with
JoE(ab- c;ql2)dql2 rising as c —bs '" to its
asymptotic form.

Therefore, we consider only the terms in the
Begge expansion to order s "'. First it is impor-
tant to note from Fig. 1, that for c a final-pion'
parity restricts the possible non-Pomeron ex-
changes to this order to f and p. Second, since
the additive quark model gives good results at
nonasymptotic energies for a variety of two-body
reactions, it seems natural to apply it here to
relate the Regge residues. Of course, depending
on one's point of view, these residues can be re-
lated by different symmetry arguments, such as
exchange degeneracy and p-(0 universality, or
simply determined from fits to two-body data. "
For definiteness, we take the quark model
where' "

z+ 2 p
&J =&I" =w~J»

P
b q

wwww

Pb q

P/ =2P/ =wP/,

Pc 2 PIC 2PP
P P P

(2.4)

The first e(luality amounts to SU(3) and the second
is quark universality, i.e., that quarks in mesons
and baryons are equivalent.

We fix c to be either a n' or m . Factorization
at the bb vertex gives

E(ab- c;q,2)~„0=p~bR~'+p', R," pboR'p-'
+0 (s-"'),

with the unknowns

(2.6)

Rac Pa gc (q 2)+Pa gc (q 2)(S/S ) n 0L/(0))/2

{l'g' -(q ')(s/s ) " "0""'
(2.6)

R- =0'g,' (q, ')(s!s ) "
Ignoring the 0(s "') terms, we obtain using E(l.
(2.4) the following independent linear relations be-
tween invariant cross sections (c =w' or wo), where
a is any target:

2F(pa- c) =2E(w'a- c)+E(w a- c),
2E(pa- c) =2E(w a- c)+E(w'a- c),

2E(K a- c)+E(w+a- c) =2E(K+a- c)

+F(w a-c).

(2.Va)

(2.Vb)

(2.'7c)

The cross sections in these sum rules are to be
evaluated at the same energy.

Some of these sum rules can be tested with
present data in the pionization region. By charge
conjugation F(pp-w'}=F(pp-w ), so we obtain
for proton targets

2E(pp w') =2E-{w'p w')+E-(w p w "}, -(2.8a}

2F(w p-w+)+F'(w+p-w+)=2E(w p-w )

+E(w'p-w },
(2.8b)

2F(rC p-w')+F(w-'p-w') =2F(K'p-w')

+E(w p-w'),
(2.8c)

2F(pp-w )=2F(w p w')+F(w+p-w ), (2.8d}

FIG. 1. Generalized unitarity relation for the pioniza-
tion region.

where only one of the sum rules (2.8d) is indepen-
dent as the other follows from (2.8b). These sum
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rules' were first obtained by an alternative argu-
ment based on the additive quark model (see Ap-
pendix A).

The model can be extended" to photon-induced
inclusive processes by vector-meson dominance.
For instance,

E(yp-v') = ,'n g-, F(Vp-~'),
p(d 0

with

E(p'p -v') =E((up —7(')

=-,'[F("p-v )+F(~-p-")],

F(yp-~') =E(K'p-~* )+E(K'p-m'-)

(2.9)

(2.10)

,'[F(m'p-—7(')+E(m p-m')].
To probe the contributions of particular pairs of

Reggeons, it is useful to consider the sum and
difference relations. The p-P pair with a C-odd
meson exchange is isolated by considering"

a(ab)= E(ab-—v') —E(ab-v )

= (P&P +P& P~)g& (q )(s/s ) (1- exp(o)j/2
pP

+O(s "') (2.11)

and for the quark-model residues the predictions
are

v ~(pp) =~(v'p)

=-2a(w p)

=-: ~(K'p)
= —8~(K-p). (2.12)

Similarly the C-even exchanges can be isolated by
defining

Z(ab) =E(ab-v')+F(ab-v ), (2.13)

—:Z(pp)= Z("p)
= Z(v-P). (2,14)

which contains contributions from both the P-j"
and f-I' pairs. Charge conjugation gives for proton-
targets Z(pb) =Z(pb), where b is any projectile,
and with the quark-model residues

=-;Z(K'p) (2.16)

pK Lpp

~A ~A

(2.1'7)

and we obtain for any a and c the sum rules

E(pa-c)+E(na- c) =2F(m a- c)+E(7(+a-c),

F(pa-c)+E(na- c) =2F(n'a- c)+E(w a- c),

3F(K'a-c)+E(pa-c)+E(7( a- c)

=3F(K a- c)+ E(pa c)+E(w'a- c),

and, of course, Z(Pb) =Z(Pb).
It should be noted that we are assuming that the

usual Regge-pole singularities in the j-plane are
sufficient for describing the behavior of one-parti-
cle invariant inclusive cross sections in the pion-
ization region. We are ignoring the contributions
of cuts and other possible singularities, such as
a Q trajectory. " If such singularities should play
an important ro&e in the pionization region, then
agreement of these sum rules with experiment
would indicate that their couplings to hadrons, i.e.,
their residues, also manifest the SU(3) and quark-
universality symmetries of the quark-model. In
this circumstance, the conclusions, see Sec. III,
from present data that g~p(q~'}, gp~(q, ') & 0 and

g&~(q~') &0 would need reinterpretation in terms of
these additional singularities. It should be stressed
that these conclusions are also relative to the
convention that Pp, P~, and P p

are positive, e.g. ,

g~p (q z ) gpss (q '), andyz~ (q, ') could all be positive
if p~&&0, p p &&0, and p z && 0. In Regge phenomenolo-

gy of quasi-two-body reactions, amplitudes are
proportional to P;.P,'. ; hence, only the relative signs
of the P,'. 's are determined there, not their absolute
signs.

Finally, if other trajectories are included, the
derivation can be extended to final kaons and
nucleons. Simultaneously, this also extends the
derivation to include terms of order s "' in the
pionization region and to terms of order s ' in the
target-fragmentation region. For example, for the
~ and A, trajectories the quark-model residues
arel-3 g

To isolate the f Ppair, we con-sider

Z(ab) =Z(ab)l. +Z(ab)(s/s. ) " +""'
~0 (s-1/2}

Z(ab) =(eP.'+~.'O,')g,.(q, '),
(2.15)

where the second follows from the first by charge
conjugation. (The third requires Pr = —,'PP; none
requires PA" =PPA. ) Further knowledge or assump-
tions about the relations of differentg, ', (q~')'s
would yield additional sum rules [cf.Eq. (A3)] ~

III. COMPARISON VfITH EXPERIMENT

so Z(ab} is the coefficient of the s "~ contribution.
For the quark-model residues the predictions are

We must compare our sum rules with experi-
ment'~ to test whether the approximate symmetry
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TABLE I. Tests of relations among invariant pionization cross sections. ~e

Sum rule
Ed 20

E(a5 c) =
2

[mb/(QeV/c}2] (GeV/c)

References

plus mode of {2.8a)

negative mode of (2.8a)

{2.8b)

negative mode of (2.8c)

2E(~'p —~'}+I(~ p —~')
2+(pp- ')
2I (~'p-n )+T(~ p-7t )
2E'(pp-~ )

2Z (~-p —~+) +Z (~+p —~+)
2E(x p 7t )+E(7t' p 7t' )

2E (Z -p —~-}+E (~'p —~-)
2J (E."p —~-)+I'(~ p —~-)

81
88, 90

58
50, 60

71
63

7.4 mba
73a

16
19.2, 12

16
19.2, 12

16
16

10(Ep), 16{~p}
12.V(Xp), 16(xp)

14b
c 28d

14b
c 28d

14b
14b

20, 14
21, 14

~ For the negative mode of (2.8o) the value Listed is for J0 E (ab —c; q„2)dq~ .
b Bin size 0&q~ &0.06 (GeV/c) .

Value for q~ =0 from fit to data of Ref. 17.
Bin size 0&q~ &0.04 (GeV)'.

pattern at nonasymptotic energies in the pionization
region is that of the quark model, i.e., SU(3) and

quark univer sality.
Ideally the relations, Eq. (2.8), should be tested

by comparing the invariant cross sections E(q~')
at q, '=0, or by comparing J,"E(q,')dq, ', using
experiments done at the same energy by the same
experimental group to minimize normalization
errors. Unfortunately, only (2.8b) can be tested
(Table I) under these conditions by using the
16-GeV/c bubble chamber data from the collabora-
tion'4 of ABPCCHLVW. Relations (2.8a) and (2.8c)
can be tested by comparing the available results
of different groups at slightly different energies.
Notice that on a scale s "' this difference in ener-
gy is only about 10% which is less than the scatter
and error bars of the data. For the negative mode
of (2.8c) it is necessary to compare" J,"E(q ')dq '.
We were unable to locate the necessary data for
testing relations (2.8c) (plus mode) and (2.8d) in
which final m' are observed. Experimental error
bars are about 15%% and unknown normalization
errors may be serious in some cases. The
results are given in Table I (see Ref. 16). There
is good agreement to 10-15%. The agreement is
unchanged if comparison is made for JoE(q~s)dq~s
instead of E(q, ') at q~'=0. This is the accuracy
one would expect, we think, by comparison with
applications of symmetries to two-body total cross
sections.

From photon-induced inclusive processes, using
relations in Eq. (2.10), a value for y~'/4m can be
obtained: For the ratios of the y-V coupling con-
stants, SU(6) predicts~a y~

2. y~ " y&
2 =9:1:2and

symmetry breaking changes these ratios to
9:1.2 ], " Prom the data '4 ""by relations (2.10)
we find E(yp-n ):E(pop- n ) =0.21. Since ap-

plicatjons of vector -meson dominance indicate
that the y contribution is suppressed, we neglect
it and accept the SU(6) value for the ratio y~

'. y„'.
So, from E(yp - m ) = Jo E(q~') dq~' = 17.1 +0.V p, b of
Moffeit et aL. and Ref. 14, the y-p' coupling con-
stant is y~'/4m =0.32. This agrees with the values
obtained from two-body photo-production data,
which are smaller by a factor of two from those
from e'e annihilation.

We also note that it is amusing that the negative
mode of (2.8a) provides a possible explanation of
the analysis of Chen etal. 24 to verify factorization
experimentally by comparing (I/or) dc/dq"' in the
laboratory frame: They find the average values
for this quantity for the region q» & 0.5 GeV/c for
m'p —q , K'p- m , pp —p , and z-p- n are, respec-
tively, 0.23 +0.02, 0.20 +0.02, 0.23 +0.02, and
0.32 a0.02, thus making m p - n' anomalous (The.
distribution for m p - n is an exception as a func-
tion of q„b even if the average is not taken. ) How-
ever, the negative mode of sum rule (2.8a) gives,
when the o„, dependence'4'of these numbers is
removed by multiplication (P =average do/dq hb for
q 0.5 GeV/c),

2E(pp - v ) = 18 mb,
(3.1)

2I(m'p-s )+E(s p-s )=19 mb,

well within experimental errors. It must be
stressed that this agreement is only suggestive and
'should not be takentoo seriously since q ~~

& 0.5 GeV/c
includes both the pionization and ~target-fragmen-
tation regions. In the target-fragmentation region
the negative mode of (2.8a) should only hold for
the contribution from the 6 -parity-even exchanges.
Of course, by exploiting factorization in the bb,
channel sum rules, e.g. , Eq. (2.18), can be derived
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which should hold in both the pionization and
target-fragmentation regions.

Finally, we consider the sum and difference re-
lations to study the above agreement as a function
of energy and as a function of the C quantum num-
ber of the exchanges. The difference relations,
Eqs. (2.12) which isolate the p-P pair, can be test-
ed (Fig. 2) (see Ref. 25) by comparing

b, (~+ p)

&b, (p p)

Q -26(e p)

gC

0 0
F(ab--m )]dqe.

All available experimental data" is plotted as a
function of (p„,) "' except for the CERN ISR data"
for -', 6(PP), which is 0.0 mb at (p„) ~'4 =0.162
GeV ",0.5 at 0.176, 0.1 at 0.212, and 0.3 at
0.244, but with very large error bars of +2.5 mb
so we have excluded these data. The straight line
through the b, (m'p) points is an eye estimate. While
better data is badly needed, the difference rela-
tions are not inconsistent. Clearly gp~(q~e) & 0
below ISR energies.

The sum relations, Eqs. (2.14}which contain
both the P Pand f-P-pairs, can be tested at about
16 GeV by comparing Z(ab) =F(ab-w')+F(ab-)) )

2 014i27,28 .'1 J

-', Z(pp) =48+4, 50 +4 mb/(GeV/c}

Z(r'P) =46 ~4,

Z(m P) =43+3.

However, a plot of

Eq ' dq = Eab-m'
0

+E(ab-m )]dq e

as a function of (p„b)
' shows that while -', Z(pp)

agrees with Z(m'p) and Z(7) p) at about 16 GeV, or
(p»} "'=0.5 GeV "4, it is much smaller than
Z())'p) at lower energies. Thus, as with sum rules
for two-body total cross-sections, the sum rules
for C-odd exchanges agree much better at low
energies than do those for C even. Here this dis-
agreement may also be due to effects from the
neglected M-M terms of order s "'. For P„
&16 GeV, comparing" the ISR data" for -', Ztpp)
with the lower-energy data" shows that gg~(q, ') & 0,
but that g&~(q~e) &0 (see Sec. III). The latter is the
apparent reason that JeE(ab- c; q~e)dq~e rises~e
as c-bs ' to its asymptotic form.

IV. CONCLUSIONS

The various sum rules that relate invariant cross
sections at x = 0 for different projectiles at non-
asymptotic energies agree with experiment to
10-15%. This agreement indicates that the ap-

OJ ~

4
8~O

0
0

(p~g)[(Gev/c)]
.8

FIG. 2. Data for test of symmetry relations A(~+p)
= &3&(pp) = -24(7t p). (See Ref. 25.) For ISR data see
text.

proximate symmetry pattern of E(ab- c) is the
same as that of two-body total cross sections —i.e.,
SU(3) and quark universality. While the sum rules
were derived for E(ab-)() in which a single final
pion is observed, they clearly also follow for the
corresponding invariant cross sections for n
final pions in which all are in the pionization
region. The rising of Je E(ab -c; q~') dq~e to its
asymptotic form as c —bs " can be understood
in terms of known j-plane singularities if g&~ (q~')
& 0. Hence, there is no need for other possible singu-
larities, such as a @trajectory. Hopefully, under-
standing the approximate symmetry pattern will be
a useful step towards discovering the dynamics of
production processes in the pionization region.

ACKNOWLEDGMENTS

We wish to thank Dr. J. Coyne, Dr. O. W. Green-
berg, Dr. D. Horn, and Dr. S. Meshkov for useful
discussions. Ne wish also to thank Dr. Harry J.
Lipkin and Dr. J. D. Sullivan for their useful
correspondence.

APPENDIX A: ADDITIVE QUARK MODEL

In this appendix we present the alternative deri-
vation' of the sum rules based on the additive quark
model.

For the two-body elastic scattering amplitude T„,
the additivity assumption can be expressed by
writing it as the sum of all possible elastic ampli-
tudes t,, for the scattering of a quark or antiquark
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i in a with a quark or antiquark p in b:

r„(s, t)=QF; (t)F. ', (t)t. , (s, t),

where F,.'(0) =E,'. (0) =1. The quark-quark ampli-
tudes are asymptotic below 30 GeV/c, but the
quark-antiquark amplitudes are not." Therefore,
we follow the approach of Levinson, Wall, and
Lipkin~ and assume that these amplitudes are
given by

first and second sum rules listed in Eq. (2.18) and
also the third if S =S' and (XX) = (u). Formally
these also follow for final nucleons [and Eqs. (A3)
and following, with K'- p, K -p]; however, the
y's then involve baryon-antibaryon annihilation so
they should not hold in the quark model. Since the
invariant cross sections involving neutrons will be
difficult to measure, we set P =P' and obtain

F(pa-K')+F(pa-K') =2F(K a-K")+F(K'a-K'),

(d'd') = (XX) =P,

(d'X) =P',

(d'X) = (3td') =P+~',
(O'Z) =(XX)-P-S, (Al)

(A3)

F(pa-K )+F(pa K-) =2E(K a-K )+F(K a-K ),

3tl =r;.(~)r;, (t)Z'(e, '), (A2)

where the y's are calculated by analogy with the
two-body case, giving SR as a product of quark-
quark scattering amplitudes. Thus, the reaction
pp -7t'+anything, is given by

SR(PP -K') = (2P'+4P+2A+A')'g' (q, '),

where P', P, A, and 4' are defined as in Eq. (A1).
By charge conjugation 5R(pp - K ) = 3R(pp- K ), so
g' (qi') =g' (qi'). By making similar expansions
for other reactions involved and combining terms,
we obtain the sum rules given in Eq. (2.8).

This model, Eq. (A2), only uses the symmetry
of the quark model to classify and count the y's
and not for their s, t, u physics. Additivity is
assumed for the y's, but not with respect to the
intermediate particle as a whole. Since t and u
both go as —y. vs, it seems unlikely that additivity
corrections to a and b, e.g. , rescattering of ac
again before or after bc scatters, will be impor-
tant. Double scattering effects are small in two-
body scattering.

At x =0 for final kaons, c =K, we obtain the

(d'd) =(%X)=P+&, (Xd') =(X6l) =P -S',
This parametrization, ' it should be stressed, only
depends on charge conjugation and isospin, and it
holds for the ful/ qq and qq scattering amplitudes,
not just for the imaginary parts. The power of the
Muell. er analysis is that it relates a sum over
many complicated processes to a much simpler
one, forward 3-to-3 scattering. Since t and u both
go as -p, vs in the pionization region and since the
additive quark model gives good results at nonas-
ymptotic energies for a variety of two-body reac-
tions, it seems natural to apply it here. We view
Fig. 1 as a two-step process splitting the Mueller
amplitude into two successive two-body scatter-
ings. If, as in Sec. II, we restrict ourselves to
the asymptotic (P', P", etc.) and s " terms (PA,
PA', etc. ), th. en the intermediate particle must
have the same quark content as c. Therefore we
take

E(pa-K') =F(na-K'),
E(v'd-K') =E(K'd-v ),

E(np-K') =E(np-»-),

E(K d- K') '=-E(K'd -K ), -

E(pp -K') =E(pp -K ),

(A4)

if P =P'. We do not list the other P =P' relations,
e.g. , for c = K', K', w', P, and A.

APPENDIX B: PHENOMENOLOGICAL SUM RULES

In this appendix the analogous sum rules based
on phenomenological two-body residues are given
and compared with experiment. We take"

P' =3.6, P~ ~6.1, P» =2.9,
P7I P1l 2 9

P~ =P", = 6.3, P~ =P'„=1.4,
+ + + +

p» p» p» p»

and to order s " obtain

(Bl)

2E(pp-K')+ 3.3E(K p-K') 2 -VE(K'- K--').

+3.4E(K p-K'),
(B2a)

1.8F(K p-v+)+F(m+p-K+) =1.8E(v p K )

+F(v'p-v ),
(B2b)

1.9F(K p-w')+F(K'p-K') =1.9E(K'p-K')

+ F(K p-n'),
(B2c)

since F(pa-K') =F(na-K') and E(pa-K )
=E(ng K ) [in the Hegge approach E(p&-c)
+F(pa- c) =2E(K a- c)+F(v'a-c) since F(pa- c)
=F(na- c) if the p -A, exchange degeneracy rela-
tion for the residues, P p

=P~~, can be extended to
Z'„.(q, ') =Z„',. (q, ')] . Other interesting equalities are
(d = deuteron)
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TABLE II. Tests of sum rules based on phenomenological residues.

plus mode of (B2a)

negative mode of (B2a)

(B2b)

negative mode of (B2c)

Sum rule

2.7F (n p m+) +3.4E(7(' p 7r+)

2E (pp 7t+) +3.3E(K p m')

2.7E(~'p -~-)+3.4F (~ p- ~-)
2E (pp —7t-) +3.3E (K-p —~-)

1 8E{7t p m )+E(m p m )
1.8F(7t'"p n' )+E(m'+p 7t' )

1.9E (K-p —r-) +E (7t'p —~-)
1.9F (K'p —~-) +E (~ p —~-)

Jo F{ab c; qi)dq
(mb)

25
20, 17

20
16, 14

11
10

7.3
7.2

P|b
(GeV//c)

16
24, 12(pp); 10(Kp)

16
24, 12(pp); 10(Kp)

16
16

10(Kp); 16{~p)
12.7(Kp); 16(7('p)

References

14
28 20

14
28; 20

14
14

20; 14
21; 14

2E(pp - m ) + 3 3F(K. 'p - m ') = 2.7E(m a- m ')
+3.4F(m+p —m ).

and since Z(pp) and Z(n'p) are now not proportion-
al

(B2d)

In Table II (see Ref. 33) comparison with experi-
ment is made for JOE(qi )dqi' There. is good
agreement except for (B2a) where the agreement
is worse than for the analogous symmetry relation
(2.8a) of Table I Beca. use of experimental error
bars, possible normalization errors, and the
neglect of O(s "') terms, we do not think this
discrepancy is serious.

From Eq (2.11) the phenomenological difference
relations for the p-P contribution are

l ~(pp) = ~(~'p)

0.60Z(pp)+Z(K p) =1.8Z(w'p),

Z(~'p) =Z(~-p).

Experimental data at about 16 GeV give

0.60Z (pp) + Z (K p) = 10 mb,

1.8Z(&'p) =14 mb

and at qi'=0

Z(v'P) =46 mb/(GeV/c)',

Z(m p) =43 mb/(GeIt'/c)'

(B5)

= —1.8~(~-p)

= 1.7a(K'p)

= -4.5b (K p), (B3)

For final kaons and nucleons, and to terms of
order s "' in the pionization region and of order
s ' in the target-fragmentation region, we also
have the prediction

where the coefficient of h(K p) is about half that
of Eg. (2.12}. Figure 2 is unchanged except that
now the r p points are lowered by 10%. We have
from Eq. (2.15) sizable changes for the f-P contri-
bution

0.46K (pp) = Z (m'p}

4.2E(K'a- c )+1.7E(m a- c)+E(pa- c)

=4.2F(K a- c)+F(pa- )c+1.'I F(m'a- c).

(B6)

The analog of the first sum rule of (2.18) involves
b =K or K' unless further assumptions are made.

= 1.9Z (K'p), (B4)
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