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Double-Regge-Pole Analysis of the Reaction X—
p ~ X*'(890)~ p at 7.3 Gev/c*
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We apply the double-Regge-pole model to the 6nal state X*'(890)~ p. Reasonable Gts to the data are ob-
tained by using the matrix element corresponding to exchange of the pion and Pomeranchukon trajectory.

'HE double-Regge-pole model has so far been
successful in describing reactions with three-

body final states such as pp ~ 6++ps.-,' pp-+ pcs+, '
and s p —+ p's p.' In this paper we apply the same
model to the reaction E p ~E*'(890)s.-p at an
incident E momentum of 7.3 GeV/c. We have ex-
amined all the invariant-mass, invariant-momentum-
transfer, and angular distributions. Although they may
not be kinematically independent of one another, it is
found that certain distributions are more sensitive to
a particular exchange mechanism or a model parameter.
%e believe, therefore, that, in order to adequately
test the theoretical model, it is necessary to examine
all the di6erent distributions. It is the aim of this paper
to show that essentially the same range of parameters
as that found in previous works gives reasonable 6ts to
all the distributions from our experimental data. In
particular, the double-Regge-pole model gives the best
over-all description of the low-mass E*'x enhance-
ment including the angular distributions in the E*'vr
rest system than was hitherto possible with Deck-type
calculations. 4

The data for this study come from a portion of
150000 pictures taken in the BNL 80-in. hydrogen
bubble chamber exposed to a 7.3-GeV/c E beam at the
AGS. 1707 events of the type E p —+E s+s p have
been processed, representing 2.2+0.4 events/pb. Our
analysis for the reaction E p -+ E*'s p is based on a
sample of 303 events which satis6ed the following
selection criteria:

0.86 GeV(M(E or+) &0.94 GeV,

0.025 (GeU/c)'& t(p +p)(0—.5 (G-eV/c)',

t (E +—E*)(-1.0 (GeV/e)',

M(or p))1.34 GeV,

*Work performed under the auspices of the U. S. Atomic
Energy Commission.

f Visiting scientist for the summer of 1968 from the Department
of Physics, University of Washington, Seattle, Wash.

f Present address: Max-Planck-Institut fur Physik, Munich,
Germany.

'E. L. Berger, E. Gellert, G. A, Smith, E. Colton, and P. E.
Schlein, Phys. Rev. Letters 20, 964 (1968).

2 E. L. Berger, Phys. Rev. Letters 21, 701 (1968).
3M. L. IoGredo et a/. , Phys. Rev. Letters 21, 1212 (1968);

see the paper on the Reggeized 7t-p enhancement by E. L. Berger,
Phys. Rev. 166, 1525 (1968); also, A. M. Cnops et a/. , Phys. Rev.
Letters 21, 1609 (1968).

4 J. C. Park, S. Kim, G. Chandler, G. Ascoli, E. L. Goldwasser,
and T. P. Wangler, Phys. Rev. Letters 20, 171 (1968);F. Bomse
et al. , i'. 20, 1519 {1968).

where

7l 0,'

X G , (2)
2 (1—cosn-n. ) so

Q ~=s„„txe mp'+ ,'—(t„+—tx. m-'), —
n. =n '(tx. m. '), — (3)

G = (gx "/4s )Lmx. ' —(~x+~.)'j
X l

eslre' —(nsx m. )'j/m—xe',

Qx.. s»*, t, mx——'+ (t,—+tx—. m')—
X (txe+mx' —mme')/(2(x*) .

Here s,„is the square of the invariant mass of the s p
system, i.e., s ~=M'(n=p). We have employed a short-
hand notation for the invariant momentum transfers,
i.e. , tx~ ——t(E~E*) and l„=t(p-+ p). n is the pion
trajectory assumed to be linear in tx~ as shown in (3),
and the Pomeranchukon trajectory is assumed to be

' The form of the matrix element is the same as that used by
M. L. Ioff'redo et al. (Ref. 3), which was originally suggested to
them by E. L. Berger.
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where iV(E s+) stands for the effective mass of the
E s.+ system, and t(p +p) f—or the square of the in-
variant momentum transfer between the incident and
the outgoing proton. The lower cut on t(p ——& p)
has been introduced to eliminate the possible scanning
bias that may be present for events with short stopping
protons. Events satisfying the above selection criteria
are free of contamination from other processes; we have
examined the distributions in 3f(s+p) and M(s+s )
for these events and found little evidence of Ã*++ or p'

contamination.
The difterential cross section for the reaction

E p -+ E'*'m p is given by

do =(2s)—'(4Fr) '(Q l~l')~&»

where Ii I is the usual Aux factor and dy3 is the diBeren-
tial element of the invariant three-body phase space.
P lml' is the absolute square of the invariant ampli-

tude, averaged over initial and summed over anal
splns.

The square of the amplitude for the double-Regge-
pole model with Pomeranchukon and pion exchange

l
see Fig. 2(a)j is given by'

Q
2—P lml'= or'(harp)e"~
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FIG. 1. EGective-mass spec-
tra. Curves shown have been
obtained by using the matrix
element {2).

obtained by setting o.'=1.0 GeV ' and so=1.0 GeV.
Note that so' is merely a multiplicative parameter
which may be determined by simply normalizing the
total cross section to the experimental value. If it is
arbitrarily chosen to be 1.0, we obtain 61. pb for the
theoretical total cross section, to be coI»pared wit.h
the experimental value of 138+25 pb.

Figures 1—3 give various invariant-mass, invariant-
momentum-transfer, and angular distributions. The
curves drawn in each figure are the theoretical pre-
dictions normalized to the total number of events.
Figure 1(a) shows that the low-mass E*pa enhance-
ment is well described by the model. The mass and
width predicted by the model are 1.28 and 0.35 GeV,
respectively, It appears that the description of Pomer-
anchaukon exchange by a form analogous to that of
the conventional diffractive ~p scattering [the first
square brackets in (2)] does not adequately describe
the experimental M(ap) .distribution [Fig. 1(b)].
Of course, one expects that a diffractive prp scattering
description is valid only for large values of M(a. p);
we compared our data with the model by making a cut
in M(m p) at 1.8 GeV and found that the agreement did
not substantially improve. "Any future improvement
in the double-Regge-pole model may have to include
exchanges other than Pomeranchukon at the nucleon
vertex.

I I I

2.6 3.0 3.4 3.8
M (K~p) GeV

Qat, i.e., nJ = i. Note that, for large s „,

The normalization in (2) is chosen so that as txe —+ m ',
(2) approaches the conventional one-pion-exchange
(OPE) model expression. ' provided that (Q „/Sp')' is
replaced by A, o."

The matrix element (2) contains six constants, three
of which have been Axed as follows'. o.r(prp) =29 mb,
a=7.8 GeV ' and gx~'/4a. =1.654. The two constants
0. ' and so have been varied in order to estimate the
sensitivity of the model to these parameters; we found
acceptable its to our data for n ' in the range 0.8—1.2
and for sp in the range 0.8—1.4. These values are in the
same range as those found in pp and vrp interactions. ' '
The theoretical curves' drawn in all the figures were

' The OPE-model formula is derived by using the on-mass-shell
pion exchange and di6'ractive xp scattering, whose normalization
is given by the optical theorem.

~We have tried an alternative formula which exactly ap-
proaches the OPK calculation by replacing Q „' in (2) by
XoQ~&/I „j&~ ~ '. The resulting distributions did not changg
appreciably from those obtained by using the matrix element (2).

0.T{m.p} is the total x p cross section at high energy; c is the
experimental slope of m p elastic scattering at high energy;
go*2/4~ is the coupling constant for the decay E*'—+ E 7t-+.

'The Monte Carlo program zowr. was used to generate thy
theoretical curves.
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FIG. 2. Momentum-transfer distributions. Curves shown have been
obtained by using the matrix element {2).

"We found, however, that the theoretical and experimental
q(E*~ ) distributions Lsee Fig. 3(b)j were in somewhat better
agreement. We have also tried using an expression proportional
to the on-mass-shell mp scattering data instead of the erst square
brackets in (2); there was no improvement in the 6t.



Not all the momentum transfer distributions in
Fig. 2 are kinematically independent of each other.
However, certain momentum-transfer distributions
may be more sensitive to a particular exchange mech-
anism than others. Three diferent exchange processes
that may be important for the reaction E p —+ IC*'m p
are shown in Figs. 2(a), 2(c), and 2(d). The mornentum-
transfer distributions in each of these figures should
peak at low values, if the corresponding exchange
diagram is the dominant process. The curves drawn in
Fig. 2 are those predicted by the matrix element (2),
which corresponds to a Pomeranchukon and pion
exchange process [see Fig. 2(a)]. We see that it is not
necessary to consider other types of exchange mech-
anisms in order adequately to describe our data. "The
slope of the —t(p -+ p) distribution [Fig. 2 (b)g is about
8.5 GeV ' for both the experimental and theoretical
distributions. We note that input to the slope was
7.8 GeV ' [see Eq. (2)j.

Four di6erent angular distributions are compared
with the theoretical curves in Fig. 3. In the E*'x rest
system, the angles 8(IC*2r) and y(E*m) are the spherical
angles of the outgoing E*' in a coordinate system in
which the s axis is along the incident beam direction
and the y axis is along the production normal. The
angles 8(vr p) and q(s p) are defined in an analogous
way. The predictions of the model are in good agree-
ment with the data. In particular, the relatively Oat
cos8(IC*2r) distribution (both theoretical and experi-
mental) is consistent with previous results" that the
E*x is predominantly in a J"=1+state. Also, we have
examined the angle between the normal to the decay
plane of the Exm system and the incident beam direc-
tion (evaluated in the Error rest system), as well as the
angle between the x and ~+ in the E m+ rest system.
Both distributions (not shown) are also consistent with
the J~=1+ interpretation for the low-mass E*x
enhancement. "

We emphasize that, while the low-mass E*x enhance-
ment is well reproduced by the double-Regge-pole

"This is in contrast to the conclusions reached by P. J.Dornan
et u/. , Phys. Rev. Letters 19, 271 (1967).

~ J. Serlinghieri et al., Phys. Rev. Letters 18, 1087 (1967);
G. Goldhaber, A. Firestone, and 3.C. Shen ibid. 19, 972 (1967)."The cos'P distribution, where p is the angle between the beam
direction and the E in the L ~+ rest system, gave further evi-
dence for the J'&=1+ (s-wave) assignment.
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Fro. 3. Angular distributions. See text for the definition of
these angles. Curves shown have been obtained by using the
matrix element (2).

' model, it is by no means certain that the enhancement
is totally of a kinematic origin. Rather, according to
the principle of the Dolen-Horn-Schmid duality, " the
low-mass E*x enhancement may well consist of closely
spaced resonances, the semilocal average of which the
double Regge pole model is able to describe. The
duality principle also implies that the double-Regge-
pole model can be expected to describe only the gross
features of the experimental data. From this point of
view, one may conclude that the description of narrow
peaks such as those found in the M(w p) spectrum
[Fig. 1(b)g is beyond the scope of the double-Regge-
pole model.
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