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using a multiperipheral model*
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Using a version of the multiperipheral model, the Pomeron-nucleon-nucleon helicity residue functions are
obtained over a wide range of t values. Pions are assumed to be exchanged along the sides of the
multiperipheral ladder and all but the lowest helicity-determining loop are replaced by a Pomeron exchange.
The helicity-flip-to-nonflip ratios are found to be in good agreement with experiment while the overall
normalization is less than experiment. An interesting sign structure is found in the individual flip amplitudes
for the exchanged baryons. A review is also given of the current experimental status of the helicity structure
of m N and NN elastic scattering.

. I. INTRODUCTION

It has long been suspected that in certain dif-
fractive processes such as elas'tic scattering and
vector -meson photoproduction s -channel helicity
is conserved. The most convenient reactions used
to study this phenomenon are p photoproduction,
pion-nucleon and nucleon-nucleon elastic scatter-
ing. In this paper we model the Pomeron-nucleon-
nucleon (P N N) vert-ex -and compare the results to
data from both mN and NN scattering. A similar
model for vector-meson photoproduction is de-
scribed in Fishbane and Sullivan (Ref. I).
Throughout, this work we adopt a t-channel lan-
guage and assume that the amplitudes are described
by the exchange of one or more Regge trajectori-
es.

The main purpose of this paper is to give a de-
scription of the helicity structure of the P-N-N
vertex utilizing a version of the multiperipheral
model. In order to isolate the contribution gf the
Pomeron to the amplitude we work in the asymp-
totic energy region. We take the viewpoint that
Regge cuts, while being ultimately necessary, are
not needed for the level of accuracy being consid-
ered here.

The basic idea of our model is illustrated in Fig.
1. In the multiperipheral ladder diagram for the
specific nN elastic scattering [Fig 1(a)] we assume
that the intermediate baryon state propagates along
the lowest rung of the ladder. The rest of the lad-
der is taken to be composed of meson exchanges.
Thus all of the pertinent helicity information is
contained in the lowest loop of the ladder. Be-
cause of this, we do not need to be concerned with
the remainder of the ladder. Since a calculation
of the full ladder would generate a Regge exchange,
we replace all but the lowest loop of the ladder
with a Pomeron exchange as in Fig 1(b). This
leaves a single-l. oop integral which completely de-

termines the helicity structure of this mN scatter-
ing process. The elastic scattering process NA
-NN is described in a similar manner.

Utilizing this procedure, we calculate the P-N-
N residue function for various t values [0~

~
t

~

—I (GeV/c)']. In particular, we obtain the helicity-
flip-to-nonf lip ratio of the P-N-N vertex which we
compare directly to experiment.

The relative phase between the flip and nonQip
amplitudes in this model is completely determined
and real. The experimentally determined relative
phase, however, is only known at low energy and
at these energies is dependent on the interplay be-
tween the various possible Regge exchanges. Thus
we will not compare our phase results with experi-
ment.

The first calculation of this type to be done was
carried out by Islam. ' He calculated the s-channel

M'

N, N

FIG. 1. {a) Multiperipheral ladder diagram for ~
elastic scattering. M and M' are mesons. (b) Replace-
ment of the upper part of the ladder with a Pomeron
Regge trajectory (P).
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0.24—
is given in Fishbane and Sullivan (Ref. 1). Section
IV is reserved for the results and conclusions.

0.20— II. EXPERIMENTAL EVIDENCE FOR HELICITY
CONSERVATION AT THE I'-N-N VERTEX
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FIG. 2. Absolute value of the 8-channel helicity-flip-
to-nonflip ratio at P&

= 6 GeV/e versus the four-Inomen-
tum transfer squared t for the isospin-0 exchanges in
the t channel. The data points indicated by x are from
Ref. 2 and those indicated by e are from Ref. 3. The
parameters for the theoretical curves (discussed in
Secs. III and IV) are curve I: A =1 (GeV/c), n=1 for
spin ~ and 2-for spin 2; curve II; A =1.4 (GeV/c),
n=2; curve III: A =1.8 (GeV/c}, n= 2.
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helicity-nonf lip amplitude F„and the derivative
of the flip amplitude dE /dV'-I for vN elastic scat-
tering at t= 0 only. Using a different method for
calculating the lowest loop he demonstrated ap-
proximate s-channel helicity conservation for the
very forward t region. A second calculation per-
formed by Dash and Jones obtained Hegge residue
functions in wN and NN elastic scattering over a
wide range of t.' 'They calculated the entire lad-
der assuming p exchanges along the rungs and
only the 4(1236) as the intermediate baryon state.
As we see below, however, the contribution of the
N(939) intermediate state is equally important and
is crucial for the helicity conservation which we
obtain.

This paper is organized as follows: In Sec. II
we review and summarize the experimental evi-
dence for s-channel helicity structure in wN and
NN elastic scattering. In particular, we determine
the degree of helicity conservation at the P-N -N
vertex. In Sec. III we present the details of the
model we use for our theoretical calculations. A
detailed description and motivation for this model
in the context of vector-meson photoproduction

Pion-nucleon scattering is the most throughly
studied of all scattering processes. Seven mea-
surements at each energy and momentum transfer
are necessary in order to determine the four com-
plex spin and isospin amplitudes (up to an overall
phase which must be determined in a different
manner). The most convenient experimental quan-
tities that one may use to determine the amplitudes
are the three cross sections (do/dt)" ', the three
polarizations P" ', and a spin rotation parameter
R (or R'). The superscripts+, —, and 0 refer to
m'p elastic, m p elastic, and m p-m'n charge-ex-
change scattering, respectively.

In m-N scattering a complete set of experiments
has been done at only one energy, p~ = 6 GeV/c.
The R parameter measurement at this energy is
described in Ref. 4. Following this latter experi-
ment several model-independent analyses were
carried out which determined the amplitudes up to
an overall phase. ' '

Some of the results for the amplitudes corre-
sponding to isospin-0 exchanges in the t channel
are shown in Fig. 2. Both analyses shown in this
figure used the same R measurement, but the an-
alysis of Ref. 6 utilized more recent P' and do/dt
data. The quantity exhibited is the s-channel heli-
city-flip-to-nonflip ratio, IE'+I /IE,', I, where the
amplitudes E~o~, are normalized according to do/
dt= IE-I + IE.-I The supe»cript 0 onE d~~ot~s
isospin 0 in the t channel. One sees that the I, = 0
exchanges approximately conserve s -channel hell-
city, i.e. , the flip-to-nonf lip ratio at t = -0.3 (GeV/
c)'.is about 0.1 for p~ = 6 GeV/c (note that this ratio
is constrained by angular momentum conservation
to vanish at t=0).

From the results at this one energy alone, it is
impossible to separate the contribution of the Pom-
eron exchange from the other I, =O exchanges. In
spite of the fact that a complete set of measure-
ments does not exist at any other energy, estimates
based on incomplete data sets have been made at
P~ = 16 and 40 GeV/c. "At 16 GeV/c several am-
plitude solutions are allowed by the available data.
The ones which are most likely are those which
correspond to R'&R as is the case at 6 GeV/c.
'The composite range of these latter solutions is
shown in Fig. 3. At 40 GeV/c if one assumes that
(i) the charge-exchange nonf lip amplitude may be
neglected compared to the elastic nonf lip ampli-
tudes, and (ii) powers of F. (tt p)/F. .(n p) higher
than the first are negligible, one may derive bounds
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FIG. 3. Plot of s-channel helicity-flip-to-nonflip
ratio, [EO {/{Eo,[, versus center-of-mass energy
squared s at t=-0.33 (GeV/c)2. The data are from
(P&= 6 GeV/c) Bef. 6, {16GeV/c) Bef. 5, and (40 GeV/c)
Ref. 8. The curve is g~&/s~&, cy&=1.0+0.3t, and ~„
=0 6+i, nor.malized to O.l atpz, =6 GeV/c. This would
be the approximate g dependence of the flip-to-nonflip
ratio if P,+=0.

on the flip-to-nonf lip ratio. Figure 3 shows this at
t= -0.33 (GeV/c)' as a function of s. The down-
ward trend of the data is indicative of the presence
of other I,= 0 trajectories in addition to the Pom-
eron. If this trend is smoothly continued out to
very large s, where the lower-lying trajectories
will be insignificant, we see that the Pomeron-
flip-to-nonf lip ratio might range from 0 to about
0.06 at this particular t value. Thus, while we
cannot make a precise estimate of the Pomeron
helicity-flip-to-nonf lip ratio, we can place an up-
per bound on this ratio of about 10% which is com-
patible with all known mN scattering data.

'The helicity structure of the P-N-N vertex may
also be studied in p-P elastic scattering. In this
process there are five complex amplitudes, thus
requiring the measurement of nine independent
quantities. At the present time the only measured
quantities in the GeV energy range are the unpolar-
ized cross section do/dt, the polarization P, the
spin rotation parameter R, the depolarization pa-
rameter D„„, the spin-spin correlation parameters
C„„and C„, and various spin-state cross-section
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FIG. 4. The spin rotation parameter g for pp elastic
scattering at pi=45 GeV/c as a function of t. The para-
meter associated with the theoretical curves are (X+,X ),
where X'= P+'„/P+'+.

measurements. Here n refers to a unit vector per-
pendicular to the scattering plane while s refers to
a unit vector in the scattering plane perpendicular
to the beam. 'The 8, D„„, C„„, and C„data are de-
scribed in Refs. 9, 10 and 11, respectively. The
total and differential cross-section spin-state
measurements at several s and t values and a mea-
surement of the polarization transfer parameter
K„„ata single s and t value are described in Ref.
12. The relationship of these parameters to the
five independent s-channel helicity amplitudes
is given in Ref. 13. The experimental information
thus far known is not enough to carry out a model-
independent amplitude analysis. However, with
the assumption of the Regge-pole model and fae-
torization we can get an idea of how well s-channel
helicity is conserved at the P-p-p vertex.

A very useful parameter for this purpose is the
spin rotation parameter 8 which has been mea-
sured at Pz = 3.83, 6, 16, and 45 GeV/c. ' The
experimental data for R at pz =45 GeV/c are
shown in Fig. 4. These data contain contributions
from the Pomeron, other I,= 0 Hegge exchanges,
and I, = 1 Regge exchanges. To determine how

well the data are fitted by a Pomeron exchange
and to test the sensitivity of the resulting curves
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FIG. 5. The R parameter for pp elastic scattering
versus t for pi=3.83 (&&) and 45 (o) GeV/c. The data
are taken from Ref. 9.

6, and 12 GeV/c. " The data at 6 and 12 GeV/c
are shown in. Fig. 6. If we assume a single Pom-
eron exchange and factorization then

4XP (f)2
nn 1+XP (f)2

By taking X~(t) from the data for vN scattering we
generate the curve drawn in Fig. 6.

The conclusions we can draw from the data and
curves shown in Figs. 4 and 6 are:

(i) There are not yet sufficient P-p data. to ex-
tract the t dependence of the helicity-flip-to-non-
flip ratio of the Pomeron.

(ii) The curves in Fig. 4 indicate that the R data
at p~ =45 GeV/c are consistent with the I,=0 ex-
changes collectively conserving s -channel helicity
to 20% or better W.e also see that a reasonable
admixture of the I,=1 exchange does not signifi-
cantly alter this conclusion.

(iii) The R parameter experiments, although done
over a relatively wide range, are not accurate
enough to separate the P from lower-lying trajec-
tories.

(iv) The C„„data, while not reproduced well by
a Pomeron exchange alone, and consistent with a
helicity-flip-to-nonf lip ratio X'='(f) ~ 0.20.

Thus we see that one gets a consistentpicture of

to the inclusion of I, = 1 exchanges, we assume that
two Hegge exchanges contribute to the amplitude
at this energy —the Pomeron and a composite I,= 1
exchange denoted by p. With the further assump-
tion of factorization it is possible to draw a family
of curves in Fig. 4 which depend only on the two
parameters X' = p,' /p,'„ i = P, or p where p,

'
~ (f)

is the corresponding Begge vertex function. 'The

ratio X' should contain the kinematical factor
V-t, but for simplicity X' is chosen to be con-
stant. The parameter i)~, (t) is determined from
the pp elastic differential cross section" at s
-3000 GeV' while P' (f) is determined from the
pn -np charge -exchange differential cross sec-
tion. " The two parameters associated with each
curve in Fig. 4 are (X~, X').

We can also attempt to determine the sensitivity
of the 8 parameter to I, =O Hegge exchanges other
than the Pomeron by studying the energy depen-
dence of R The .data for R at p~ = 3.83 and 45 GeV/
c are shown in Fig. 5. It is clear that the current-
ly available data do not permit a meaningful separ-
ation of the Pomeron and other I, =O low-lying tra-
jectories.

The C„„parameter also provides information
about the helicity structure of the I'-N-N vertex.
Medium-energy data for C„„exist at p~ = 2, 3, 4,

O.I6—

O. I 2—

0.08—

)
~ 004-

O

-0.04—

-0.08
0

I

0.4
I t I

08 t.2
—t [(GeV/c) 2]

FIG. 6. C«versus t at pz, = 6 {&&) and 12 (e) GeV/c.
The curve is calculated by assuming a single Regge ex-
change, i.e., the Pomeron. The data are from Ref. 11.
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N

FIG. 7. Feynman diagram for N-N elastic scattering
in the multiperipheral model. The blob represents all
the upper rungs of the ladder.

tbe P-N-N vertex from both the pp and 7tp data,
and that the latter process provides the sharpest
results on the P-N-N vertex. For the helicity-
flip-to-nonflip ratio we take the data exhibited in
Fig. 2 with the realization that this includes signi-
ficant contributions from other exchanges. Rem-
embering the s dependence shown in the data, of
Fig. 3, we suspect that the true Pomeron-flip-to-
nonQip ratio will be somewhat lower than the data
in Fig. 2.

III. MULTIPERIPHERAL MODEL FOR THE P-N-N VERTEX

In this section we calculate the s-channel helicity
amplitudes in the asymptotic energy region within
the framework of a multiperipheral model using m

exchanges on the sides of the multiperipheral lad-
der. In particular, we ealeulate the P-N-N vertex
functions over a range of t values [0—

~
t~ —I (GeV/

c)']. For definiteness our calculations are car-
ried out for nucleon-nucleon scattering. However,
since factorization is implicit in our model, P-N-
N vertex functions at any t will be the same for
the elastic scattering of any particle on a nucleon.
For the same reason we may average over the
helicity values along one of the nucleon lines when
carrying out our calculations for N-N elastic scat-
tering.

From our results for the spin dependence on one
of the nucleon lines it is easy to calculate the full
spin dependence of the N-N amplitudes. For ex-
ample, the helicity amplitude H, =(++ j++) is sim-
ply proportional to the square of our nonQip resi-
due function.

The basic diagram for this calculation is shown
in Fig. 7. A convenient choice of kinematical vari-
ables for this process is enumerated in Ref. 1.
Only the lowest loop of the ladder is shown because
this is the part which determines the helicity struc-

TABLE I. The P-N-N vertex functions at g =-0.1 (GeV/
c) for the various intermediate baryon resonances. The
input parameters are ~z ——1.0+ 0-3t, A =1 (GeV/c), n
=1 for spin-2 states and 2 for spin-~ states.

Intermediate
state J Nat. v, /v„

N(939)

N(1470)

N(1780)

Z(1910)

N(1535)

Z(1650)

N(1700)

Z(1232)

N(181o)

N(152O)

Z(1670)

1+
2

1+
2

1+
2

1
2

1-
2

2

128.5

1.6

1.3

32.15

4.55

0.30

0.24

0.25

0 ~ 19

0.18

1.2

0.7

-0.13 -0.11

-0.07 -0.10

2.4 -0.24 -0.10

51.5 -21.1.5 -0.41

15.0

-0.44 -0.31

9.11 0.61

2.2 1.19 0.54

Totals 226.6 25.51 0.11

ture of the lower vertex. The rest of the ladder,
which builds up the diffractive behavior of the
amplitude, is treated as an input, as described
above, by replacing it with a Pomeron Regge ex-
change.

We calculate the diagram with pion exchange
along the sides, because it is assumed that this
constitutes a large portion of the amplitude. Since
we are using as input on-the-mass-shell pion-nu-
cleon scattering in place of virtual pion-nucleon
scattering it is necessary to include pion form
factors in the expressions for the amplitudes.
The parameters describing these form factors
are essentially the only arbitrary items in the cal-
culation and will be discussed in more detail be-
low.

The intermediate baryon state in Fig. t (momen-
tum I) is taken to be either a J~ = —,

' or a —,
' state.

Both I=
& and & states are included. Exclusion of

the known higher-spin intermediate states (J ——,)
and any unknown but presumably higher-mass
states is not completely justifiable a priori. For
the nonQip amplitude, however, examination of
the results (see Table I) shows that all contribu-
tions are of the same sign and that the lower-mass
intermediate states, in particular the N(939) and
4(1232), are dominant. The flip amplitude, on the
other hand, could, in certain instances, depend
very critically on contributions from higher-mass
intermediate states. This occurs because the heli-
city-flip amplitudes enter with R mixture of signs
(see Table I). In particular, for suitable choices
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of the pion form factors, it is possible to achieve
almost complete cancellation in the flip amplitude
between the dominant low-mass states N(939),
N(1470), &(1232), andN(1520). In this case the
higher-mass intermediate states will make the
controlling contribution to the flip amplitude. As
a practical matter, however, with the cancellation
of the lower-mass states the resultant flip am-
plitude will have a very small value.

Hy utilizing the recursive structure of the multi-
peripheral model, the amplitude corresponding to
Fig. 7 can be written as

d4]

(2 -)~ ML ~,~,I'(q, ')&(q,'), (2)

E'!/'=1 for 7 7 =—
i 0

——ys fOr 7',.7'0=+
1

p
2 j

v = naturality= parity && (-1)
C = isospin factor,

i(l'+ po)
&/2 )2 p 0

i(g'+ p.,) i 2 lvl„ l„y„—ivy„
(~3/g)vv —

p a -8'vv+»vyv+ ~
0 3Po

pl/2k,„I', , i= 1

and uu is normalized to 1.
In Eg. (2) M is the input 7/N elastic scattering am-

plitude. It is represented by the Regge exchange
of a Pomeron

p(t) p ebvt/a

s'= (P)+qi) ~

(4)

This particular form for P(t) is chosen because,
for diffractive scattering, the differential cross
section is a, rapidly falling exponential of t (for
small t) with a well-defined slope parameter b.
The coefficient Po is obtained from the total cross

where A., and A., are the initial and final nucleon
helicities, respectively. The index J~ refers to the
spin parity of the intermediate baryon state. The
factor L includes the spinor factors associated with
the lower ba.ryon line as well as the exchanged pion
propagators. It is written down using standard
Feynman rules:

(q v))( v)
(3)

where

section for mN elastic scattering.
We choose for the form factor E(q, ') in Eg. (2)

the two-parameter form

where M,. is the mass of the particle exchanged
along the side of the ladder. %e assume that the
major contribution to the amplitude comes from
pions near the mass shell. Using this as a guide
the parameters we choose are A'=1.0 (GeV/c)'
and n= 1 or 2. For convergence of the integral in
the spin-& case n=2 is required.

In our actual work we calculate the s-channel
discontinuity of the amplitude, Disc, (M) = [M(s+ i c, t)
-M(s-ie, t)], rather than the amplitude itself.
This effectively reduces the number of integrals in

Eq. (2) from four to three Fo.r more details on

this procedure, see Ref. 1. The resulting three in-
tegrals are calculated numerically using Qaus-
sian quadrature. The full amplitude M is then
reconstructed from Disc, (M) by the simple formula

1+e" & Disc, (M)I=-
sin(vo. ~) 2i~

~

~

IV. RESULTS

Table I gives a breakdown of the contributions by
intermediate baryon resonance to the P-N-N ver-
tices y~ ~, at t = -0.1 (GeV/c)'. The vertex func-
tions are related to the absorptive parts of the am-
plitude by

X)„~ =8.2e"~Disc, (M~ ~ )/(2is &), (I)

where the numerical factors come from the spin
average of the upper vertex. One interesting fea-
ture of the results shown in Table I is the fact that
the sign of the flip absorptive amplitude is always
equal to the naturality of the intermediate baryon
resonance. This result holds for all values of A',

n, and t thus far investigated [0.001»A'» 10' (GeV/
c)', 1»n»4, 0» t» -3.0 (GeV/c)']. Moreover,
one notes that the flip-to-nonf lip ratios for the in-
dividual intermediate states varies from about 0.1
to 0.6 with the major contributions being about 0.25
from the N(939) and 0.41 from the &(1232). When .

all the states are added together, however, can-
cellation among the contributions to the flip am-
plitude brings the final ratio down to about 0.11,
in general agreement with experiment.

The t dependence of the flip-to-nonflip ratio,
y, /y„, is shown by the curves in Fig. 2 along with
the experimental data. One sees from this that
with the appropriate and reasonable choices of the
form-factor parameters ~2 and n we can approxi-
mately reproduce the t dependence of the data.

In contrast to the good agreement between the



15 HEI, ICITY STRUCTURE OF THE. . .-

ratios, the model prediction for the N-N total cross
section differs from the experimental value. Using
the same input parameters that were used in cal-
culating 'Table I, we determine that the total A'-N

cross section is 28.1 mb. 'This is about —, of the
experimental 8-N total cross section at high ener-
gy (c»=40 mb). We note that by increasing the
form-factor parameter &' we can increase the
model prediction for the total cross section. In
fact, for A'& 1.5 (GeV/c)', n= 1 for spin--,' states
and n=2 for spin--,' states, the model total cross
section is already greater than the experimental
total cross section.

In order to satisfy both requirements that the
flip-to-nonf lip ratio be consistent with experiment
and that the m-exchange total cross section be less
than the experimental total cross section we need
to choose form-factor parameters of A'= 1.8
(GeV/c)', n= 2 for both spin--,' and spin- —, inter-
mediate states. 'The t dependence of the flip-to-
nonf lip ratio for these choices is shown in Fig. 2.
The total cross section corresponding to these
parameters is about 36 mb.

In a multiperipheral ladder calculation of this
type one might ask about double counting. This
occurs when, in the course of doing the loop integral

. in Fig. V, the bottom baryon rung plus one or more
of the meson rungs coritained within the Pomeron
can have an invariant mas's equal to a higher-mass
baryon resonance. Thus in the spirit of duality it
might be argued that there is no need to include
higher-mass baryon resonances as the bottom rung
of Fig. 7. However, the meson rungs and the bot-
tom baryon line are connected only once by un-
Reggeized pion exchange. This seems insufficient
to generate the full resonance. In fact, the inter-

play between the twin principles of unitarity and
duality has not yet been fully resolved. The multi-
peripheral approach used here is based primarily
on the unitarity relation. It is not surprising,
therefore, that implications of duality are not clear
at present. For these reasons we have chosen to
explicitly include all the baryon resonances in our
calculations ignoring the possible (hopefully small)
double-counting effects.

We conclude from the results of the above cal-
culation that the m -exchange multiperipheral pro-
cess contributes a large fraction of the total N-N
amplitude. This is to be contrasted with the cal-
culations of p photoproduction in Ref. 1, where the
m-exchange multiperipheral contribution repre-
sented only about 0.3 of the experimental ampli-
tude. The remainder of the N-N amplitude pre-
sumably comes from the exchanges of higher-mass
particles along the sides of the multiperipheral
ladder.

We also see that, since the m flip-to-nonf lip
ratio is approximately equal to the experimental
ratio, the aggregate Qip-to-nonflip ratio for the
other exchanges must conserve s-channel helicity
to the same degree. Furthermore, we conjecture
that each individual exchange approximately con-
serves s-channel helicity. It would also be inter-
esting to determine if the other amplitudes ex-
hibit the same sign pattern in the intermediate
baryon contributions to the flip amplitude as in the
m exchange.

ACKNOWLEDGMENT

The author wishes to thank Dr. J. D. Sullivan for
many helpful discussions.

*Work supported in part by NSF under Grant No. PHYS
75-21590.

P. M. Fishbane and J. D. Sullivan, unpublished work.
2S. Islam, Nucl. Phys. B41, 226 (1972).
3J. W. Dash and S. T. Jones, Phys. Bev. D 11, 1817

(1975).
4A. de Lesquen et al. , Phys. Lett. 40B, 277 (1972).
'G. Cozzika et a/. , Phys. Lett. 40B, 281 (1972).
I. Ambats et a/. , Phys. Bev. D 9, 1179 (1974).

~F. Halzen and C. Michael, Phys. Lett. 36B, 367. (1971);
P. Johnson et a/. , Phys. Bev. Lett. 30, 242 (1973);
R. L. Kelly, Phys. Lett. 398, 635 {1972);M. Qiffon,
Nuovo Cimento 7A, 705 {1972).
J. Pierrard et al. , Phys. Lett. 578, 393 (1975).

9J. Deregel et al. , Nucl. Phys. B103, 269 (1976);
J. Deregel et al. , Phys. Lett. 43B, 338 (1973);
J. Pierrard et a/, ibid. 61B, 107 (1976).
G. W. Abshire et a/. , Phys. Rev. D 12, 3393 (1975).

G. Hicks et a/. , Phys. Rev. D 12, 2594 (1975);
D. Miller et a/. , Phys. Bev. Lett. 36, 763 (1976);
K. Abe et a/. , Phys. Lett. 638, 239 (1976); I. P. Auer
et a/. , Phys. Bev. Lett. 37, 1727 (1976); 38, 258 {E)
(1977).

'2E. F. Parker et a/. , Phys. Bev. Lett. 31, 783 (1973);
W. de Boer et al. , ibid. 34, 558 {1975);P. B.O'Fallon
et al ., ibid. 32, 77 {1974);R. C. Fernow et a/. , Phys.
Lett. 52B, 243 (1974); this group also measured B«
at one s and t value.
E. Leader and R. C. Slansky, Phys. Rev. 148, 1491
(1966).

'46. Barbiellini et a/. , Phys. Lett. 39B, 663 (1972).
~~H. B. Barton et a/. , in Parti'/es and Fields —2975,

proceedings of the meeting of the Division of Particles
and Fields of the American Physical Society, Seattle,
edited by H. J. Lubatti and P. M. Mockett (Univ. of
Washington, Seattle, 1976), p. 424.


