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The model for ~A —~d scattering constructed in a previous paper is applied to the four
quasi-two-body reactions ~+p —~4++, m p ~n, m p -p n, and 7t p B p. It is found that
reasonable agreement with the data is obtained for the features of the model which do not
involve the B meson. It is also found that B exchange is too small to account for the
unnatural-parity contribution to the two ~-production reactions, indicating that the p-p
cut might be important in these processes.

I. INTRODUCTION

In a previous paper' (herein referred to as I) a
dual resonance-type model is constructed for the
reaction nN me¹ The main feature of the model
is that the spin of the external particles is taken
into account. This is done, in the invariant for-
malism, by combining the analytic structure given
by Feynman graphs with the B, functions of
Bardakci and Ruegg, thus providing a way to an-
alytically continue the amplitude in all kinematical
regions. The model contains both normal and ab-
normal vertices and consequently trajectories of
both parities can appear in the same channel Ifor
example, the (v&u) channel contains both the p and
the B trajectories]. It was also shown that, at
least in meson channels, there was no parity dou-
bling. Other properties of the model are the same
as those of the generalized Veneziano formula':
resonance structure, Regge behavior, duality, and
bootstrap consistency (with some restrictions,
however, concerning the baryon channels). The
only parameters of the model are n', the common
slope of the Regge trajectories, and the coupling
constants. Relations are derived between them,
and making use of the fact that a' and some cou-
pling constants have well-known values, we are
left with two free parameters, Q~ and G~, the
coupling constants of the ~ meson to the (NÃ) sys-
tem.

In this payer the model is compared with the
quasi-two-body reactions: KN~ pN~ 'FN~ EdNq

nN-cob, , and nN-BN, which are subprocesses of
the reaction nN- n~¹ There are several reasons
for this choice of reactions: (a) The kinematics is
simpler for two-body reactions than for processes
with three particles in the final state, and there-
fore the numerical calculations will be easier; (h)
the two-body reactions under consideration will
allow us to separate the various dynamical contri-
butions to the amplitude for nN neo% and to com-

pare them with experimental data (differential
cross sections and the density-matrix elements of
the resonances produced); (c) finally, these re-
actions will test the model in two distinct kine-
matical regions, baryon-resonance production and
meson-resonance production.

The fits to the data are presented in Sec. II,
while a discussion of the results concerning the
coupling constants is given in Sec. III. Section IV
contains the conclusions.

II. THE FITS

A. Generalities

P0'BB' g jI0 BB'6J -jf0'BB' (2.1)

where p. is the helicity of the spinning meson pro-
duced (l.e.~ P~ Id~ or B)q B ls 'tllat of tile ant1nu-
cleon, and B' is that of either the nucleon or the
~. If p, , are the G.J. density-matrix elements of
the meson produced, we find in all cases that

2
Poodt 2 ~ Ifoo;aa'I

B ~ &0;B=%1/2

do'

Plodt ~ flo .BBsf OO. BB t
B~&0'B =+1/2

(p„-p, ,)dt
— ~ Ifio, aa I ~

B'&0;B=al/2

do +
(PII+P1 I)~&

= ~ -If io:aa'I
B &0 B=~l/2

(2.2)

All amplitudes will be calculated in the t-channel
baryon-baryon —meson-meson channel and the
density-matrix elements will be expressed in the
Gottfried-Jackson (G.J.) frame. o This is the most
natural frame to use in models with t-channel
Regge poles since the structure of the G.J. den-
sity-matrix elements is closely related to quantum
numbers exchanged in the t channel. Since some
features are common to several of the reactions
under study we mention them here. Let us define
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From these equations several conclusions can be
drawn. Consider first the reactions where a vec-
tor meson is produced (i.e., wN-pN, wN-&uN,
wN- &u6). It is well known that, in these process-
es, natural-parity exchange in the t channel cannot
couple to the longitudinally polarized vector me-
son. Furthermore, at high energy, it ean be
shown that f „O.ss, is predominantly of unnatural
parity, whereas f „',.ss, is dominated by natural-
parity exchanges. Consequently,

channel. The relations between A' and A (given
in Appendix A in I) and the amplitudes for the
quasi-two-body reactions are as follows:

For w p«p 8

3R„-p po„= -vY Res„~ ~A

X~+p ~g++ = Res~6, 3/2
CX~-

=Res c v, (A'-A ) .
p00 is pure unnatural parity at all energies, For ll' p «(dt's,

(2.4)
p» and p» —p, , are unnatural parity at

high energy (to leading order in s),
and

p»+ p, , is natural parity at high energy.

(2.3)
X/23g~-p ~„=3 Reso & „g2A

=-,'Res ~ ~,(A +2A ) .

In the case of nN-pN and mN-~N these conclu-
sions can be refined further if it is assumed that
the unnatural-parity contributions are, respec-
tively, pion-Pomeranehon cut and B exchange. In
both cases the G parity of the exchange requires
that f„',.g, ,g, =0 and the statement (2.3) about p»
+py, becomes exact at all energies. It is interesting
to note that, due to unequal-mass kinematics, 4

the pure pole natural-parity contribution to all
these reactions is suppressed in the forward di-
rection, and hence at the energies studied to date
g or B exchanges dominate in this region although
their trajectories are much lower than those of the
p or the ar.

For B production, and more generally for axial-
vector production, the conclusions of (2.3) are re-
versed and poo Reps' and p» —p~ ~ are dominated
by natural parity and p»+ p, , by unnatural parity.

Now a word of warning: The model constructed
in I is a pure pole model and as such will produce
dips in differential cross sections when the Regge
signature factor goes through zero. One of the
well-known problems for Regge theory is the ex-
perimental absence of dips predicted by p exchange
in nN +Mand mN cvA. Vfe assume in this work
that the Regge concept is basically correct even if
certain details about the shapes of the cross sec-
tions are not understood. Consequently, we focus
on the over-all magnitudes of various contributions
to the cross sections and predicted relations be-
tween different reactions; we expect that when
(and if) the problem of the missing dips is resolved
for t-channel Regge exchanges it will not be dif-
ficult to extend the solution to dual models.

In the following, four quasi-two-body reactions,
which appear as subprocesses of nN- nwN scatter-
ing, are used to test the model. %'e recall that the
amplitude for mN- ncaa can be defined by the func-
tions A' and A which are, respectively, the am-
plitudes for isospin 0 and isospin I in the (NN)

=Res„a,(A +A ) .

2 Q 2~'" =2 and ""~ =14.V
4N 4n

(2.6)

need no explanation. From the decay 6 Nm we
obtain

(2.V)

The p~n coupling constant can be calculated either
by the method of GeD-Mann egal. ' or from the de-

The dynamical content of the amplitudes under
consideration ean be decomposed according to the
nature of the t-channel exchanges, and for each of
these exchanges the model will be compared with
experiment:

g exchange. In our model, this is completely
determined by the known we% coupling. %e com-
pare with the data for peda/dt in s p p's scatter-
ing.

p exchange. This is the only contribution to
(p»+ p, ,)da/Ch in the reactions s'p -~a" and
s p - &un. Since p exchange (in sN scattering) is
at the origin of the idea of duality, it seems to be
the proper place to determine (G ~- G r) and G f„
the two parameters in our model.

The following are then predictions of the model:
B exchange in both &u production reactions; A, ex-
change in ~ p -p'n scattering; + and A, exchange
in w p«Bp.

Before we go into the details of the fits let us
list the values of the constants which are the in-
put to the model. The common slope of the Regge
trajectories, e', is chosen to be

(2.5)

a value commonly accepted in Regge phenomeno-
logy. The choices
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cay co-ym using the vector-dominance model. In
both cases we find

2

-28 GeV '
4w

(2.8)
500

pan

A last constraint comes from the B-meson width,
which, together with

/c

2M

g~ M~ -M -M„ (2.9) I 00
V/c

[cf. Eq. (3.20) in I], determines completely the B-
decay parameters.

G ~ and G ~, the two coupling constants left for
the fitting, are constrained experimentally by~

5 ~ G «/4«15, IG r/G «I small.

B. mexchangein n p-+p n

The helicity amplitudes involving m exchange are

foo ga j./a-
f ~co;aa=0 YB, B,

Ig„„g, „„,~t
oox /xa/a 2~m m P

x[B,(-n,", —,'-n, )+B,(-n,", —,'- n„}],

50

Cl

O
~O

IO

I

0.0 0.2 0.4 0.6
-t (GeV~)

0.8 I.O

where

(2.10) FIG. 1. pppd(T/dt distribution for ~ P p n at 15 GeV/c
(Ref. Sb) and 16 GeV/c |Ref. Sc).

r„o Qt-(m„m +) ]o[t
——a—(m -ma} ]]~ . (2.11)

It is easy to check that this parameterization has
the correct kinematical factors corresponding to
evasive solution of the conspiracy relations in the
forward direction. '

Several features of the modelare already ap-
parent. p»da/dt will show the typical t/(t —m, )a

behavior in agreement with experiment. Because
I exchange does not contribute to the transversely
polarized p's (since the v couplings are like the
field-theory ones), the statements (2.3}become

pj~=p, ~ and Repro=o .
The signature zero is at t=-1.25 (GeV/c}'; how-
ever, this zero should not be seen, since, at that
value of the momentum transfer, the I contribution
is very small. It should be noted that we have not
specified what the trajectories in the s and u

channels are because they are not leading in these
channels; either the N or the 6 trajectory can be
chosen and this will not affect the fit since both will
produce the same Regge behavior.

The prediction of the model for pd/»dt cat 15
GeV/c (Ref. 8b} is shown in Fig. 1. Not surprising-
ly, the size of p»dc/dt compares rather well with
experiment, expecially in the forward direction;

this is so because the n pole, where the coupling
constants involved in the calculation are deter-
mined, does not lie far from the scattering re-
gion. However, the predicted t dependence is not
steep enough due to the fact that the vertex func-
tions do not contain the adhoc exponential e "
present in ordinary Regge models. At 'l GeV/c
(Ref. 8a), where the model was also applied, we
obtained similar agreement with the data.

+ B,(1 —naa, —,
' —n~)]n„. (2.12)

(The dot notation is defined in I.) Since the indi-
vidual helicity amplitudes are complicated to write
out and do not give any insight on the physics of
the reaction, we will not show them here.

C. p exchange in m'p~wlL" and x pecan

In m'p -cu6" scattering the contribution of p ex-
change to the invariant amplitude isp, 3 (G«-Gr}
b, N um + ~ ~ gp~a m@6 ~ ~

5 + ~ pta} ++

pv y P5
m +mm&+m~

x [B,(1 —n,', —,
' —n~)
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For the +n final state, we obtain for the invariant amplitude

(2.13}

and for the helicity amplitudes

a"g, „'(G „-G ) Wy t
16G ~ (4m t} ~

I 2 ld

Sg„,„„=2 ~ ' e. . . "p',p'(d'T(, 2 [(mq'- ,'t)yq+—mq p, q] -a'mq(G"„- G r)[(mq'- ,'t)yq+—mq p»]+4 rNN Slp

X [B4(l —a), —,
' —n,")+ B4(1 —a), —,

' —a„")]u,

foo;ss=0

G 4J

+~tv, „m'm, (G"„-&„)(m,' t(--2—', (m '- t1)(( (2.14)

where

r„~= gt - (m~+m, )'][t (m —-m, )o])'t', (2.15)

dtq=B, (1-nf, —,
' —n,")+B,(1-af, —,

' —as),
(2.16)

and ((((, the Kibble function, is defined by

(t( = -[st(s+ t —2mq' —m, ' —m ')

+t(mq' —m, ')(mq'-m ')+mq'(m '-m„'}'] .

(2.17)

A few words of comment about this parameteriza-
tion: First, in order to reduce the number of B4
functions and to be able to extract the factor
[B4(t, s)+ Bo(t, u)] we have modified the baryon tra-
jectories so that the arguments —,

' —e,"and —,
' —O.

N

appear in the s and u channels, respectively (this
simplification will make no difference as far as the
Regge behavior is concerned). Second, it can be
checked that the amplitudes possess the correct
kinematical singularities for an evasive p.' Final-
ly, the extra t factor in f q»o,~,~, does not have a
kinematical origin but comes from the pNN cou-
pling in the model.

The signature factor S~ is of the form

Z'(1-a )(1 —e '" ")(a's)" (') '

snq(t) (1-e '"" e)}(, )„q(,),
I'(1+ nq(t)) sinsnq(t)

This term, which contains the aq(t) dependence of
the amplitudes, shows that the p trajectory chooses
the nonsense (Gell-Mann} mechanism; this is so
because the invariant functions B, (and consequent-
ly also the B,'s obtained by taking the residues)
contain the argument 1 —aq(t) necessary to elimi-
nate the ghost at nq(t) =0. This choice of coupling
mechanism will create dips in all p-exchange am-
plitudes at t = -0.6 (GeV/c}'. No such dips are ob-

served in (p»+p, ,)do/dt and the (s, u} terms are
unable to fill the dips created by the (s, t) and (u, t)
terms. Thus, either a secondary trajectory is
present, or another ghost-eliminating mechanism
might be necessary (generated by terms like
[B,(-af, o —ns) -B4(-nf, —,

' —ns)]).
As shown by Eq. (2.12), (G „-G r) is the only

free parameter in the natural-parity contribution
to the reaction n'p-~b" and it will therefore be
determined by normalizing the prediction of the
model for (p»+p, ,)der/dt to the experimentally
measured distribution at 11.V GeV/c (Ref. 9b). We
find

G -G =9. (2.16)

Using this value we can then, in the same fashion,
determine G ~ from I P -~'n scattering at 6.95
GeV/c (Ref. 10b), and we find

G 1'= -2.2 . (2.19)

D. B exchange in x'p~wh" and n p~u n

The contribution of B exchange to n'p -co4"
scattering is given by

The distributions for (p»+p, ,)do/dt are not shown

because of their poor experimental statistics in
both reactions. As a further test for the model we
computed the ratio

~ffo.,t,~,/f fo.t t ~; it was found

that over a wide range in t the ratio was approxi-
mately equal to 0.1V, except in the forward direc-
tion, where it was much smaller, and this is in

good agreement with several analyses of m p -m'n

scattering e

It should be emphasized that, in the model con-
structed, the only freedom we have is in fixing the
sizes of the p-exchange contribution to the co-pro-
duction reactions considered above, but we have
no way to vary the shapes of the t distributions.

The following sections deal with other predictions
of the model.
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, 8 (G„-Gr) m~-m, gD, „g~gg bN (uf)'
= -Q

4 ~ mgV5 gsma+ + Pm '~n gp~Q pb++ mb+mp m~ mQ

where

x [a,(1 —n,', —,'- n,')+a, (1 —n'„-.' - n„')]~",

mb+mp

(2.20)

2

gg =gs+ g (ms t) q

ED

and the contribution to m p-~'n scattering is given by

K~ „= " "Tiy, "+~P, wP~)P& [B(1—a, ,
—'-a,")+B(l-a, ,

—'-a„)]M (2.21)

Note that, in contrast with the case of ~L produc-
tion, the B-meson contribution to the above reac-
tion comes entirely from that part of the five-point
amplitude where the B is dual to itself. The vari-
ous helicity amplitudes for un production are

s a"Gs (G v-Gr) ~t
WYG m mINN ~ p

x (s -u)(t+ m ' -m, ')

+~, '(m~'+m„' —s)~
s

500

200—

+ g++

11.7 GeV/c

direction, the main t dependence and the sign of
Rep„are those of

G m2+~ +m2 m2 2~Q 6
G ~ Qs D

QJ QJ
'

QD

Studying the position of the roots of this quadratic

n G~(G v- G z) vQ ~t ~tlo:Il2J/2 4G m T B I
mNN p 7I'(d

f vo;x/2-ga =

6ts is defined in the same way as 6t~ in Eq. (2.16).
As is the case for the p trajectory, the B chooses

an evasive solution to the forward conspiracy rela-
tions. Since the BNN coupling is in a pure spin
$=0 state, the amplitudes with spin flip at the nu-
cleon vertex vanish. Without going into the details
of the fit we can already make predictions about
the density-matrix elements p~ and p„, which are
dominated by B exchange. The element pro contains
the expression

CU

C3

J2

100—

50 -.

10-

5-.

~sS % ~

ting (s —u)(t+m '-m, ')+ tt ~, '(m~'+m„'-s)
s

--stag ~ t'-2t m '+ ~
Gs GD

+m ' m '-2~ 223G

D

I00
I I

0.4 0.6
-t (GeV~)

I

0.8 1.0

if we keep only the terms leading in s and neglect
m ' compared with m '. The remaining t depen-
dence from the kinematical factors is smooth. Be-
sides the factor ting which vanishes in the forward

FIG. 2. Differential cross section for ~+p -~A+' at
11.7 GeV/c (Ref. 9b). The solid curve is'the prediction
of the model; the dashed curve is the prediction when
the B-exchange amplitude is arbitrarily multiplied by a
factor 4.



1536 P. AURENCHE

0.8
I
I
I
I
I
I
I
I0.6 -I
I
I
I
I
I
I
I
I
IQ4 —.ii

I
I
I
I
I
I

0.2-

0.0

0.6

II
I

I

0.2 -,'
I
I
I
I
I
I
I

0.0

0.2

I
I

II
o

/

r
rrr

r

\

\
\
I
\
\
\

\

l

00

(a)

(b)

Re pro
(c)

0.6

Q4—

I0.2 —]'
I
I
I
I

0.0

0.2

0.0

-0.2—

-04—

0.4

0.2—

(a)

(b)

(c)

~ ee
~ay~

Re pal

Re p~(

00 '

-0.2—
-0.2—

-04—
0.0

I

0.2
I I

0.4 0.6
-t (GeV~)

I

0.8 I.O '-40.0
I

0.2
I I

0.4 0.6
-t (GeV~)

I

0.8 I.O

FIG. 3. Density-matrix elements in the Gottfried-
Jackson frame for the ~ produced in x+p cvA++ at 11.7
GeV/c. The definition of the solid and dashed lines is
the same as for Fig. 2.

equation as a function of gn/gz [=ms'G~/G~ by Eq.
(3.18) in I], we find that for g~/gz & 5, p, o is al-
ways positive; for 5 &gn/gz &0, p„starts out with
negative values and becomes positive for some
value of t between 0 and -0.6 (correspondingly,
p«vanishes in the same interval); and for g~/g~
&0, pyp is negative and neither p„nor p~ vanishes
in the measured momentum transfer range.

In the data, p, p is negative for all measured val-
ues of t()t~ &1 (GeV/c)') Hence we. need gn/g~

FIG. 4. Same as Fig. 3 for the A

negative. However, our model in its present form
predicts just the opposite [see Eq. (2.S)J. To
change this we could either try to put in the part
of the five-point amplitude where the B meson is
dual to the p or else add satellites, but neither
will be done here.

In the ~A" production, where a similar dis-
cussion can be made, the combination of the terms
where the B is dual to the p and those which con-
tain the B in both (&uw) channels produces a nega-
tive g~/gz ratio for B in the momentum-transfer
region, and we expect to get the right qualitative
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FIG. 5. Differential cross section for ~ p -con scatter-
ing at 6.95 GeV/c (Ref. 10b).

features for pro.
An interesting feature of the data is the broad

dip at t = -0.2 (GeV/c)' observed in p» in both cua
and con scattering. '" This dip has been much
talked about in the literature and was explained,
in pure pole models, by a wrong-signature non-
sense zero of the B trajectory"; the trajectory
slope required to produce a zero at this point is
o.s =0.58 (GeV/c) '. This solution is not very at-
tractive for two reasons: First, this value of e~
is much smaller than that of the well-established
Regge trajectories; second, it would give o, ~(0)
=0.11, in contradiction with the observations of
Holloway etal."' In fact, in the newer data, this
dip is too broad to be associated with a signature
zero. It is probably a consequence of unequal-
mass kinematics. Indeed (p„+p, ,)der/dt, which
represents the natural-parity contribution to the
cross section, is suppressed in the forward direc-
tion due to the presence of half-angle factors in
the helicity amplitudes and peaks at about t = -0.2
(GeV/c)'. At this value of t, it dominates over
p»do/dt[and (p» -p, ,)da/dt), which peaks at
smaller t or even t=0. The net effect is a wide
dip in p«. The same argument can also be used
to account for the smallness of pro at t = -0.2
(GeV/c)'; p»do/dt is pure unnatural-parity [cf.
Eq. (2.2)] and no structure is expected there,
whereas do/dt shows a maximum due to the p con-
tribution.

0.2—
(c)

-0.2—

"c.o I

0.2
I

0.4
I

0.6
-f (QeV~)

I

0.8
I

I.O
I

I.2

FIG. 6. Same as Fig. 3 for the ~ produced in ~ p -~
at 6.95 GeV/c (Ref. 10b).

The predictions of the model for w'p - coL"
scattering at 11.I GeV/c (Ref. 9b) are represented
by the solid line in Figs. 2-4, where the differ-
ential cross section and the Gottfried-Jackson den-
sity-matrix elements for both the v and 6 are dis-
played. In Figs. 5 and 6, we show the results for
the reaction v p - &un at 8.95 GeV/c. 'ob In both
reactions it appears that the B contribution is too
small, as evidenced by the almost vanishing val-
ues predicted for p«between t=-0.05 and t=-0.4
GeV/c. The structure at t=-0.7 GeV/c, espec-
ially visible on all three co density-matrix ele-
ments in Fig. 6, comes from the signature factor
of the p trajectory. The 6 dmsity-matrix ele-
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FIG. 7. Same as Fig. 2 at 5.45 GeV/c (Ref. 9a).
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ments predicted by the model (see Fig. 4) agree
fairly well with the data due to the fact that, in
these quantities, the B- and the p-exchange con-
tribution are not separated.

To check the energy dependence, we show, in
Figs. 7 and 8, da/dt and (p»+p, ,)dv/dt for w'p

-(dt), at 5.45 GeV/c. " Figure 8 shows that the
p-exchange part of the amplitude has the right
magnitude, but a comparison between Fig. 2 and

Fig. 7 shows that the over-all cross section is
better predicted at larger energies. This is ex-
pected because the magnitude of the unnatural-
parity contribution relative to the natural-parity

FIG. 8. Natural-parity contribution to the differential
cross section for 7I+p ~4++ at 5.45 GeV/c.

contribution decreases with energy and therefore
the contribution of the improperly predicted B ex-
change becomes smaller. At 5.45 GeV/c, where
it is important in the data, the predicted cross
section is too small by a factor of about 3.

E. A~ exchange in n pompon

The helicity amplitudes we are concerned with
are

t

f, ',0.~2~, =- '
2 '[ (G v-Gr)[B,(1-a, , ~a —n, )-B,( —n", , —,'-n„)]

+2G ~ 4 2 -1 B4 1-n+, ~ - n, -B4 1-(y, , ~ —(yg
P

~ o'(Q"„—G )( ) [B (2 — 4, —' —o.,)+B (2- +, —' — „)]I,

{[t(s —u) + 7 „~v -t (4m&2 —t)][B~(1—a+, -', —u,")-B~(1- n+, -', —u„")]

(2.24)

-n'y[B, (2 —ngm, —,
' —u,")+B,(2 —a)2, -', —n„")]],

where r, ~ is defined in Eq. (2.11)and g is obtained from Eq. (2.17) by replacing m by m~.
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It should be recalled that, since we did not in-
clude cuts, we are unable to reproduce the sharp
forward peak in p,",der/dt (the H superscript stands
for helicity frame) which is well accounted for by
destructive interference between the m-pole con-
tribution and its associated I-Pomeranchon
cut."'" We regard this cut as an accepted refine-
ment of the Regge picture which can be easily
added to our calculation. Its effect is important
in only a small part of the scattering region, and
the comparison with the data outside this region
will not be affected by its omission. Hence we
feel justified in neglecting the cut at this time.

The predictions of the model for the differential
cross section and the density-matrix elements for
the p are shown in Figs. 9 and 10, respectively.
The predicted t dependence is less steep than that
of the data; this may be attributed to a number of
facts. First, pooda/dt has the same property, in-
dicating that the Regge residue functions given by
the model may not be exactly correct. Second, an
amplitude analysis of the recent CERN-Munich
data at 17.2 GeV/c (Ref. Sd) showed that the A,
contribution interferes destructively with the n-
Pomeranchon cut (neglected in our model), there-
by making dv/dt much sharper. " Finally, the
~NN coupling const'ants (and consequently the
A2NN coupling constants which are proportional to
them [see Eqs. (3.28) in I] ) might have been over-
estimated because of the dip problem in p'p -+6"
and n p -~n. We doubt that the overestimation is
very great, however, due to the reasonable values
of the other coupling constants predicted (see Sec.
III below).

The predicted values for the (Gottfried-Jackson)
density-matrix elements are in very good agree-
ment with the new data at 1'1.2 GeV/c (Ref. 8d) in
which it was found that, for -t&0.45 (GeV/c)',

(pM-pii)--o. 4o

IOOO

500
P~P

100

l5 GeV/c

l6 GeV/c

50

IQ

0.0 0.2 0.4 0,6 0.8
—t (GeV2)

I.Q

I

l.2 l,4

P1 1-0.40,

Replo

We also applied the model to data at 7 GeV/c (Ref.
Sa) and we found a similar agreement with the
data.

F. u and A~ exchange in w p~B p

The invariant amplitude in this case is given by

FIG. 9. Differential cross section for ~ p p n at
15 GeV/c (Ref. Sb) and 16 GeV/c (Ref. Sc). The dash-dot
line represents the A2 contribution.

9R—„„B-,=--,'e' g~mBB" + P„'BP"„v, G ~-G» B, 1-n, , —,'-n, +3B 1 —o', , —,'- n„
B

+2 ' (P4-P, )i B,(1 —a„2 —a,")
mp

+4a'(G „—G r)P'„P4„B4(2 —a„—,' —a,") u4, (2.25)

where

2
x &n~w (m 2 t)

gg)
(2.26)

In the kinematical region of interest the ratio
g~/gD is always negative.

We compare the model with the data for m p

-B P at 9.1 GeV/c. " The computed value of the
cross section is about 10 times too large (440 gb
vs 45 pb) (see Fig. 11). The contribution of p„do/
dt alone accounts for this fact. That is, the model
seems to enhance the amplitudes for longitudinal-
ly polarized B's over those required by the data.
Note, however that the forward peak in the differ-
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FIG. 10. (a)-(d) Density-matrix elements in the Gottfried-Jackson frame for the p produced in ~ p p n at 15/16
GeV/c. (e)-(h) Same as above in the helicity frame. The definition of thedots and of the open triangles is the same as
that of Fig. 9. Data points corresponding to unphysical values have not been shown.

ential cross section is correctly reproduced. A
similar effect was obtained by Fox and Hey in a
model which extrapolated the Bm "Regge " cou-
pling from the B- rum decay, and they were also
unable to fit the data properly. "

In order to get a better agreement with the data,
we tried a solution in which the B trajectory was
exchange-degenerate (this is possible, although
no meson with the quantum numbers J~ 0, I~ = 1'
has been discovered, because the 0 member of
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A. Natural-parity meson coupling constants

From Eqs. (3.32) and (3.28) in I we obtain the
coupling of the p meson to the (17N) and (blV) sys-
tems. Assuming that gp+, is known from the de-
cay A, -pm,

I.O

0.5

Q. I

bi- 005

Q.OI— II / r
r

0.005—

the B trajectory would have a mass below the 4n
threshold). The prediction under such an hypoth-
esis is shown by the dash-dot curve in Fig. 11,
and it is still too large by a factor 5.

III. DISCUSSION OF THE COUPLING CONSTANTS

In this section we look at the predictions of the
model for the various coupling constants of the
mesons p, u, B, and A, which enter the model.
Since some of them depend on the momentum
transfer, to allow comparison with other theoret-
ical or experimental predictions we use the values
of the coupling constants for all the particles on
the mass shell.

QQQI I I I I I

0.0 0.2 0.4 0.6 0.8 I.O 1.2
-t (GeV~)

FIG. 11. Differential cross section for m P B p
scattering at 9.1 GeV/c {Ref.15). The dashed line rep-
resents the prediction of the model when the B trajectory
is exchange-degenerate.

g~&„'/4w=41 GeV 4, (3.1)

we can readily calculate the +NB coupling con-
stants [see Eq. (3.28) in I]. A summary of our
results concerning the coupling constants is given
in Table I (see Ref. IV). We recall that G„and
G r are determined from fitting the natural-parity
exchange in the reactions m'p -~h" and m p

~n, whereas the other coupling constants are
consequences of the model after gp pp G
G g and Gp are chosen according to Eqs
(2.6), (2.'l), (2.8), and (3.1). Whenever compari-
son with other calculations is possible, the agree-
ment is rather good. This is not surprising since
the model reproduces rather well the sizes of the
various natural-parity exchanges except those in
the production of the B meson.

B. The B-meson coupling constants

In I we found that the ratio g~/gn, which is a
measure of the D wave/S -wave ra-tio in the decay
B-&un, has the value g~/gn=3. 42. This is com-
patible with a recent bootstrap calculation" which
yields for the same ratio the value 2.56. As shown
in Table II, the decay parameters calculated in
our model compare rather well with the measured
values, "but are in complete disagreement with
the quark model, "which predicts IE,~' = 1. It is
interesting to remark that the quantities displayed
in Table II depend only on the ratio g~/gn, but not
on the size of g~ or g~. Note also that a small
IF, I' in the B-&on decay requires a positive g~/gn
ratio, but we have seen that in order to reproduce
the qualitative features of the co-production reac-
tions we need a. negative vs.lue (i.e., g~/gn must be
less than 0 when the B meson is in the momentum-
transfer region).

TABLE I. G~~ and C~~ are actually fitted and the other coupling constants are predictions
using as input to the model the values of gp ~ and 6~++' ~ Q pQ++ pp~~ ~ pp+~ given in Eqs.
(2.6), (2.7), (2.8), and (3.1), respectively. The "other calculation" value for Qp&~++ is obtained
from the reaction ~ 6 xN (Ref. 17) using the vector-dominance model. All the other cou-
pling constants used for comparison are taken from Ref. 6.

GP iG'„ GA, 2
2 G pPg++

Calculated
or fitted -0.30 6.9 1.95 -16.6 -8.3 22.5

Other
calculations 0.1+0.2 4.5+ 2.5 5+1 3.2 + 0.7 +at given Not given 18+ 2
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TABLE II. The decay parameters of theI p meson:
predictions of this model and comparison with other
theoretical and experimental values.

References gD4S JB/S/2

19a
19b
19c
19d

19e

Quark model
Q,ef. 20)

Bootstrap model
(Ref. 18)

This model.

2.56

3.42

0.4+ 0.2
0.03 to 3
Not given
0 00-'o'. oo

0.04 to 3

0.5

0.033

0.032

0.06+ 0.10
0.10+0.08

0.184+ 0.052
0.33+ 0.06

0.09+ 0.07

Not given

0.18

(see Appendix B in I for the definition of g~, g~),
and with the help of Eq. (3.33) in I the couplings of
the B meson to the (NN} and (6177) systems can be
obtained. The results are summarized in Table
m.

Unfortunately, none of the coupling constants
(except g2 and g~) listed in this table have been
measured experimentally. The numbers do show

that the B-meson couplings to the baryon vertices
are of reasonable size (comparable to those of the
more well-known mesons), but the B trajectory is
unable to fill the large unnatural-parity contribu-
tion in the co-production reactions due to its low

trajectory. In other words, if we insist that the
B meson alone contributes to these reactions, it
should have abnormally large coupling constants
at the baryon vertices; this possibility is not very
attractive since the backward production of the B
meson is not important. As an illustration of this,
we relax the constraints imposed by the model on

Making use now of the experimental width of the
B-~N decay, we can predict more coupling con-
stants involving the B meson. In particular, taking
the residue of A (see Appendix A in I}at o2e2=1

and n4, =2, we find for the coupling constants at
the BA,v vertex

8L — ~g ZP (uw
(

2 2)
gP ED gD

the B-exchange amplitude in the ~-production re-
actions and we allow the unnatural-parity ampli-
tude in I'p -~h" reaction, for instance, to be
multiplied by a factor 4. The corresponding pre-
diction is shown by the dashed line in Figs. 2-4.
We find that, indeed, the fits to the differential
cross section and all density-matrix elements are
considerably improved, but for this we pay the
price of having large coupling constants for the B
meson. In this respect, this model is not differ-
ent from other pure pole (or pure pole+weak cut)
models (see, for example, Ref. 11}.

IV. CONCLUSIONS

The model for nN- n coN scattering constructed
in I is applied to the four quasi-twp-body reac-
tions: n'p-cud", m p -con, r p-p n, and I p-B p. When the two parameters of the model are
determined by fitting the size of the p-exchange
contribution to the reactions m'p -~h" and I p- con, the model has the following properties:

It relates coupling constants to each other and
in this respect is rather successful.

It relates coupling constants (i.e., behavior at
poles) to behavior in the scattering region. For
w exchange and for p exchange the 'model agrees ~

well with data (however, we still have the usual
problem at the nonsense wrong-signature point of
the p trajectory). This good agreement for the p
trajectory is not surprising in view of Randa's
work" on p-exchange amplitudes.

It relates the sizes of various amplitudes in
several reactions; in general the natural-parity
exchanges were adequately reproduced. However,
the model failed in its attempts to fit the Bpro-
duction and also in its attempt to explain the large
unnatural-parity exchange in the co-production re-
actions by B exchange. In the latter case, it is
plausible to assume that the p-p cut plays an im-
portant role. In the former case, it seems that
the data show a suppression of the cross section
which we cannot explain.

In conclusion, it appears that the attention paid
to spin theory in I allowed us to obtain a set of
mutually consistent coupling constants which agree
with those obtained in other analyses. We also
have reason to believe that this kind of model
might provide a proper way to continue the ampli-
tude from the pole region to the scattering region

TABLE III. The B-meson coupling constants calculated in this model. The notation is de-
fined in Appendix B in I.

gD4S gs 6gag++
1 ~~p~++«ap~++2 1

C~~~++ /G~p~++3 1

3.42 2.99 0.84 1.23 3.5 1.75 16.2
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(in particular for the w and the p). However, the
inclusion of duality into the Regge model has not
solved the problems associated with the 8 meson
in the usual Regge language. This probably in-
dicates that the p-p cut is important in co produc-
tion.
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