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The reaction pp— ppr*r” at 205 GeV/c is analyzed in terms of the rapidities of the sec-
ondary particles to measure the contribution of the double-Pomeron exchange process.
Using a sample of 191 events, we estimate the maximum possible contribution for this
process to be 44 pb for the region of mp effective mass greater than 2.0 GeV in a total

cross section of 680 £140 pb.

Many of the features of high-energy reactions
observed in the CERN intersecting storage rings
and with the bubble chamber at the National Ac-
celerator Laboratory (NAL) have been under-
stood in terms of multiperipheral ideas.! The
nature of the exchange particles has not been
explicitly studied except that Pomeron exchange
is thought to be responsible for the diffractively
produced events. In one of the simplest multi-
peripheral models,? multi-Pomeron exchange
processes with nonzero couplings would lead to
divergence problems in the cross section, so it
is important to search for evidence of multi-
Pomeron exchange.

We have looked for double-Pomeron exchange
(DPE) in the reaction

pp = pTTp (1)
at 205 GeV/c which would occur via the diagram
of Fig. 1(a). This diagram, with a single pion
loop, is perhaps the simplest case where one
might see evidence for DPE. Reaction (1) has
been extensively studied for momenta up to 28
GeV/c,® and several attempts have been made to
evaluate the DPE contribution.*® However, at
low energies such a contribution in the central
rapidity region is essentially masked by the pro-
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FIG. 1. Feynman diagrams representing (a) double-

Pomeron exchange and (b), (c) diffractive production
of the pr*r” system.
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nounced p7 71" low-mass enhancements resulting
from diagrams such as 1(b) and 1(c), so that the
earlier estimates were not conclusive. The
present experiment has the advantage that at
our high energy a much larger range of rapidity
space is available to the secondaries, which re-
duces the degree of overlap between the diffrac-
tive and any DPE contributions in the central
rapidity region.

The data were obtained from 50000 pictures
taken with the 30-in. hydrogen bubble chamber
exposed to a 205-GeV/c proton beam at NAL,
The results reported here are based on 191
ppm*T” events selected by kinematic fitting from
1191 successfully reconstructed four-prong
events in a 36-cm-long fiducial volume. A de-
tailed discussion of the fitting and event selec-
tion is contained in Derrick et al.® We measure
the cross section for Reaction (1) to be 680+ 140
pb, where the error quoted includes our estimate
of the possible contamination.

Figures 2(a)-2(d) show the pn*n~ pu*, p7u~,
and 77" mass distributions, respectively, and
summarize the prominent features of Reaction
(1). The p7*7~ low-mass enhancement, which
results from diffractive excitation of the proton,
and pronounced p7* and p7” low-mass peaks
dominate the reaction in a way similar to what
is seen at lower energies. The 7*7~ mass dis-
tribution in Fig. 1(d) shows that the di-pion mass
tends to be small with most events falling below
the p mass. There is no evidence for strong
production of either p(765) or f(1260), in qual-
itative agreement with results at 24 GeV/c.®

To isolate the DPE contribution, one can im-
pose cuts on the various subenergies to restrict
the rapidities of the secondaries. Figures 3(a)-—
3(c) show the longitudinal center-of-mass (c.m.)
rapidity distributions of the pions and protons
for the fitted events. There is good overall for-
ward-backward symmetry in each case, demon-
strating that our fitted sample is not strongly
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FIG. 2. The effective-mass distribution for (a) the
pr*n™, (b) the pr*, (c) the pr~, and (d) the 7*r~ sys-
tems. The hatched events correspond to those where
both protons are at the ends of the rapidity chain; the
blackened events also have the pr effective masses
greater than 2 GeV.

affected by any bias or contamination. Over all,
the low-mass pn7 system is associated with a
single proton in the opposite hemisphere with an
average gap from this leading proton to the pn7
system of ~5 units. The p77 system has a dis-
persion of £ 1 units of rapidity, and this com-
bined with the p77m and 77 mass distributions of
Fig. 2 shows that most of the 7*7” pairs are
emitted as a result of diffractive excitation of
either the beam or the target proton. Since we
expect the pion pairs from the DPE process to
have a large rapidity gap from both protons, we
first impose a restriction that the longitudinal
c.m. rapidities of both the 7* and 7~ lie between
the two proton rapidities as implied by the dia-
gram of Fig, 1(a). Events selected in this way
are shown hatched in Fig. 2,

Figure 3(d) shows the longitudinal c.m. rapid-
ity (Y ,,) distribution for the 7*n” system con-
sidered as a single particle. The hatched area
again corresponds to the rapidity selection de-
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FIG. 3. The c.m. longitudinal rapidity distribution
for (a) them*, (b) the 7~, and (c) the proton from
Reaction (1); and the c.m. rapidity distribution for the
7*r” system (d) for all the 7 mass range, (e) for the
77 mass less than 0.6 GeV, and (f) for the 7 mass
greater than 0.6 GeV. The hatched events correspond
to those where both protons are at the ends of the or-
dered rapidity chain; the shaded events also have the
pr effective masses greater than 2 GeV.
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scribed above. The clear double-peaked struc-
ture is attributed to the p7 7~ low-mass enhance-
ment observed in Fig. 2(a). The double-Pomeron
contribution is expected to be most easily seen

in the central region where the distribution is flat
within our statistics. This is true both for the
total sample as well as for the hatched events.
However, since the tails from the diffractive
process also populate the central region, any
estimate of the DPE contribution can be strongly
influenced by the parametrization adopted for the
diffractive process.

To isolate a possible DPE contribution, we
simply define as diffractive those events having
any one of the four possible p7 masses less than
2.0 GeV. This leaves the nine events’ shown in
black on Figs. 2(a), 2(d), and 3. Most of the nine
events are in the central region of rapidity, i.e.,
Y ;,1<1.0. Effectively, these mass cuts remove
all the events having p7*7~ mass less than 3 GeV
as well as the low-mass p7* and p7~ enhance-
ments. The remainder contains the possible DPE
contribution plus other contributions such as sin-
gle diffraction in the region of p7 mass greater
than 2 GeV, and these nine events correspond to
a cross section of 44+ 15 ub.®

The y distributions of the individual 7 and p
tracks of these nine events are shown blackened

81



VOLUME 32, NUMBER 2

PHYSICAL REVIEW LETTERS

14 JANUARY 1974

in Fig. 3. The proton tracks are limited to the
large-y region. An examination of the x (x =2p,*/
Vs) distribution shows that all events have both
protons with |x|=0.75 and five of the nine have
both protons in the region |x|=0.9 where Pom-
eron exchange dominates.

However, we find that the events in the central
rapidity region mainly come from those with
7*1" mass greater than 0.6 GeV, whereas we
expect the DPE process to be dominated by a
low-mass s-wave 77 system. This is best shown
by the Y, distributions of Figs. 3(e) and 3(f),
where the 77~ mass is selected to be less than
0.6 GeV and greater than 0.6 GeV, respectively.
As indicated by the hatching, events in both plots
satisfy the rapidity ordering previously discussed.
We note that with the restriction of M, ,<0.6
GeV, we obtain a cross section of 9ub based on
two events.

The diagrams of Fig. 1 assuming a fixed 77
mass suggests a Y, distribution of the form®

dN
dy ..

=2A%cosh?(8Y ,) + 2AB cosh(8Y ) + B

where A and B are the parameters to character-
ize the diffraction and the double-Pomeron pro-
cesses, respectively, and 0 is the difference be-
tween the intercepts of the Pomeron and the f
Regge trajectories, taken to be 0.5. We have
fitted the hatched distribution in Fig. 3(d) by this
form. In the fit, we only consider |Y,,/<2.0
where the above formula should be appropriate
to our data. We find that the DPE parameter B
is consistent with being zero.'® The best-fitting
curve is shown in Fig. 3(d). We note that the
nonzero value in the central rapidity region comes
from the diffractive component of 242,

A naive calculation of the DPE contribution
based on the Amati-Bertocchi- Fubini-Stanghel-
lini-Tonin (ABFST) model,? without introducing
any form factor, gives'! a cross section of 70 ub
for the region of the p7 mass greater than 2 GeV
and |t,,1<0.5 GeV.? Here t,, is the square of
the momentum transfer between the two pions as
shown in Fig. 1(a). For the same p7 mass and
t:+ selection, we measured a cross section of
24+ 11 pb which is substantially less than that
calculated.'?

In conclusion, we see no evidence for a double-
Pomeron-exchange contribution to the pm*17p
final state and measure the maximum possible
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DPE contribution of 44+ 15 ub for the region of
the pm mass greater than 2 GeV. Compared to
a naive ABFST calculation of the DPE calcula-
tion of the DPE contribution in a restricted pm
mass and £,, region, our data give a cross sec-
tion which is smaller by a factor of about 3.
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