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We investigate the main features of the reaction pp - pp1r+‘rr7 at 69 GeV/c from data
obtained in the Mirabelle bubble chamber at Serpukhov. A search for a double pomeron
exchange mechanism contribution leads to an upper limit of ~20 ub for M(7r+7r7) < 0.7
GeV under reasonable assumptions. The four-body final state is dominated by proton
diffractive dissociation p — pn+1r7 (mostly A++1r_). The cross section for this process,
as well as the ¢ production slope and the decay distributions (of the A show little
variation in comparison with lower energy data.

1. Introduction

We present an investigation of the main features of the reaction pp > pr'7n p
at 69 GeV/c. The data have been obtained in an ~ 0.2 events/ub exposure of the
large (4.5 m long) hydrogen bubble chamber “Mirabelle” to a 69 GeV/c proton
beam at the Serpukhov accelerator. The beam momentum spread was +0.25%, and
the beam contamination is negligible. The average number of beam tracks/picture
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is 4. Events are accepted from a 2.0 m long fiducial volume insuring a minimum
beam track length of >1 m for beam direction determination, and a minimum out-
going track length of =1 m. The film was scanned and digitized on about ! life size
projections. The track matching and the geometrical reconstruction are performed
by the program HYDRA. For this first Mirabelle run, track ionization information
allows to separate protons from lighter particles for momenta <1.2GeV/e.

2. Data selection

To extract from the total sample of 4-prong events (2150 events) the sample of

events corresponding to reaction

pp~ ppm A (1)
we do not make constrained kinematical fits but use directly the measured track
parameters and the ionization information. We require a proton recognized by
ionization which corresponds to a lab momentum cut-off of 1.2 GeV/c; sucha
proton is henceforth called pg. The equivalent momentum cut-off in the antilabo-
ratory frame corresponds to a laboratory momentum of 27 GeV/c. A positive track
of p1p, =27 GeV/c is interpreted as a proton (henceforth called py); in case of two
positive tracks with p,,;, = GeV/c (3%), the fastest one is taken as a proton. Such a
selection seems a priori to strongly bias the data. However, as it will be seen, the
data are entirely dominated by proton diffractive dissociations p ~ prtn and a
Monte Carlo simulation of the projectile proton fragmentation shows that the frac-
tion of events with 7* having a larger laboratory momentum than the associated
proton is small (S 15%), and entirely negligible for py,, =27 GeV/c. This kine-
matical feature comes from the proton-pion mass difference and is insensitive to the
details of the diffraction fragmentation model. This property gives us confidence in
assigning the p/#* interpretation to fast positive tracks.

To extract events corresponding to pp = pfphﬂn‘ from the sample of 524
4-prong events with a recognized proton (py) of pyp, < 1.2 GeV/c and at least one
fast positive track of py,, = 27 GeV/c (pg), we use the (measured) transverse momen-
tum balance and missing mass cuts.

Fig. 1a shows the scatter plot of the missing transverse momentum pIISIng pepgys
the overall missing mass squared MM?2 for the sample of 4 prong events interpretable
as pp — p¢Ps7 atr + nn® (n > 0). Events corresponding genuinly to reaction (1) show
up clearly as a marked accumulation i m the lower center part of the diagram. In the
region pMISINg < 200 MeV/e, the MM? distribution (shaded part in fig. 1¢) has the
typcial shape for a sample of 4C fits. The pml“mﬁ’ distribution (fig. 1b) peaks at
~70 MeV/c, has a dip around 200 MeV/c and a broad secondary peak at ~350 MeV/¢
We attribute the first peak to genuine 4C fits and the second to 0 (n=1) events
The shaded area in fig. 1b corresponds to events with —0.2 < MM?*<0.03 GeV
this sample is obviously enriched in 4C fit candidates and their association with the
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Fig. 1. (a) Scatter plot of missing transverse momentum py MisSing ,epqys the missing mass
squared MM?, for all four prong cvents with a recognized proton (pg) and a fast positive track
of 227 GeV/c (pg). Also shown are the kinematical cuts applied to extract the sample of 4C
fits. (b) The p, mlssmg projection; the shaded area corresponds to events with —0.2 < MM? <
0.03 GeV2, The curve is explained in the text. (¢) The MM? projection; the shaded area corre-
sponds to events with py mlssmg, < 200 MeV/c. (d) The missing mass squared MM2 to the
psn+7r system for Pips” 7 candidate events.

missing ~,

peak at p; 70 MeV/c is evident. A Monte Carlo simulation of pp > pprna~
at 69 GeV/c events as measured in the chamber, taking into account the estimated
setting error (€ = 600 w), with event vertices distributed along the fiducial volume
leads us to expect the missing transverse momentum distribution shown by the full
curve in fig. 1b. On the basis of fig. 1b we select our candidates to reaction (1) as

p S8 <200 MeV/e and —0.2 < MM? <0.03 GeV? ., For the sample of 5o selected
pfpsn+7r candidates, fig. 1d shows the missing mass squared MM recoiling against
the (slow proton, 7t , 77) system. The distribution is centered onM proton the

small excess on the thh mass tail is eliminated with a cut MMR < 3.3 GeV2, After
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these p{“iSSi“g,MM2 , MM2R cuts we are left with 123 events we attribute to reaction
(1). After correction for background (= 10%) and losses (= 20%) induced by the
ptmiSSing , MMZ,MM2R cuts, this corresponds to a cross section of (690 + 70)ub for
PP~ pfpsﬂ‘Ln‘ with py > 27 GeV/c, pg < 1.2 GeV/c. The error is statistical, and
takes into account our estimate of background and losses; the scanning loss of short
recoil protons has been corrected for assuming an exponential Zpp, distribution of
slope 10 GeV 2 (see discussion in subsect. 3.2).

The largest measuring error in our data is on the momentum of the fast tracks
(80% of pspyn* = events have py > 50 GeV/c) and are typically a few GeV/c for
the fastest tracks (p = 69 GeV/c). As we do not make kinematic fits, we partially
compensate for this by recalculating, for our final sample of data, the fastest particle
momentum so as to satisfy longitudinal momentum conservation.

3. Main features of the data

The principal features of reaction (1) at our energy are evident from the 7% versus
7~ center-of-mass rapidity plot y, . versus y - (with y = S In[(E+p )/E-pp])
shown in fig. 2a. The data exhibit a striking correlation whereby both pions tend to
be simultaneously either in the forward or in the backward hemisphere. Such kine-
matical configurations are most naturally associated with the N - N diffraction
dissociation diagrams in figs. 3a and b. The two quadrants (fig. 2a) corresponding to
pions going in opposite hemispheres, where we expect a contribution from reaction
pp > A**AD for example, are almost totally depopulated (12% of the data). The
few events found in these regions may just be tails from the dominant diffraction
dissociation mechanism. We also show in figs. 2b and 2¢ the p; and p, center-of-mass
rapidity distributions (and the proton rapidity kinematical limits), separately for the
forward and backward going Nan clusters, defined respectively by y,+ + y,- 2 0 and
Vur P V-0

We note that the symmetry of the initial pp state implies symmetry (within
statistics) of the experimental distributions in fig. 2 with respect to the center-of-
mass median plane (dashed diagonal in fig. 2a). The experimental resolution and
biases are however quite different for the two hemispheres. For example the y;m
distribution in fig. 2¢ is more degraded than the corresponding y[g:" in fig. 2a, and
we have 68 events in the backward hemisphere as opposed to 55 in the forward one.
The scanning loss of short recoil protons associated with diagram 3a for ¢p, < 0.04
GeV?2 is estimated at 15 * 5 events; no similar loss exists for fast protons correspond-
ing to diagram 3b.

That the p > pr¥a— diffractive dissociation mechanism dominates reaction (1) at
our energy is also manifest from the M2 (per*n—) versus M2(prtn—) scatter plot
shown in fig. 4. The strong threshold enhancements in both the M(pem* 7 ~) and
M(p m*n—) spectra are the empirical signature allowing us to attribute the data
respectively to projectile and target proton fragmentation according to diagrams a
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Fig. 2. (a) The nt versus n~ longitudinal rapidity plot for all pp — pgpgnn— events at 69 GeV/c.
(b) The py and pg rapidity distributions for events in the projectile fragmentation sector defined
as Yo+ + Yy~ = 0. (c) Same as in (b) but for the target proton fragmentation sector defined as
Yat+ yp-< 0. All rapidities are defined in the overall center of mass.

and b in fig. 3. These diffractive enhancements are studied in the second section. In
the first section we turn to the question whether there is in reaction (1) a “central
emission” component, which could be due to a double pomeron exchange mechanism
(DPE) represented by the diagram in fig. 3c.

3.1. Search for a double pomeron exchange (DPE) contribution
A contribution from a double pomeron exchange mechanism to high energy

processes is a subject of considerable theoretical interest [1-3] and is actively
investigated experimentally. Lower energy experiments [4,5] give no evidence for
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Fig. 3. (a, b) Diffraction dissociation diagrams for pp — p(patn 7). (¢} The double pomeron
exchange diagram for pp — p(nta—)p.

a DPE contribution; recent experimentson 7~ p > 7~ 7' 7 p and pp — pprtrT at
200 GeV/c [6, 7] give upper limits of, respectively, (30 + 11)ub and (44 + 15)ub,
the latter value, obtained for pm masses >2 GeV and no limitation on nmw masses,
reduces however to 9 ub for M(nm) < 0.6 GeV [7].

The possibility of a DPE contribution to reaction pp ~ p(n* 77 )p is based on
the fact that the 777~ effective mass (fig. 5) is strongly enhanced in the near-thresh-
old region. We may therefore expect the 7" 7~ system in the region M(n 7)< 0.7
GeV (below the p) to be predominantly in an S-wave / = 0 state, which may couple
to the double pomeron as in diagram 3c. The decay angular distributions of the
mta~ (M(am) < 0.7 GeV) system, in the n* 7~ rest frame with z axes along the
exchanged pomeron direction, and the x-axis in the plane containing P, and P¢
are indeed consistent with isotropy (fig. 6) indicating a strong S-wave component
in the 77 system.

Fig. 7a shows the 7" versus n~ center of mass rapidity plot Y°i" versus YT
for pp = pp(n* 7™ )p, events with M(n*n~) < 0.7 GeV (henceforth we call this 77
system the “€”). The DPE contribution clearly cannot be large as we expect this
mechanism to be largest around Y.~ Y -0 i.e. at the center of the plot, while
the data still exhibit the same forward—backward correlation noticed for the overall
data (fig. 2). For a more quantitative estimate of the cross section for 7* 7~ produc-
tion by a DPE mechanism, we compare the data in fig. 7 to the DPE model predic-
tions. The DPE diagram is parametrized as follows:

opl, )
A ) & PP F(tppf, ) pS,MTm, Q)

DPE B pll’pf(tppr) (Spfmr p

o (pp)
X 6plpps(fpps) (Sp ) s . ()
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Fig. 4. Scatter plot with projections of the effective mass squared Mz(pfw+1r_) versus Mz(psw+1r_)
for all events consistent with pp — pspfn"'n_. The insertions indicate the diffractive dissociations
diagrams to which the threshold enhancements are ascribed.

The variables are:

tppf - (pil’lC - pf) s tpps - (ptgt ps) >

= 2 = 2
Spfnn—(pf+pn*+prr_) ’ Sps1r+n__(ps+pn*+p1r—) >

2. is the 7 scattering angle. In the Monte Carlo calculation the nm system has
been parametrized as an S-wave Breit—Wigner with M, = 500 MeV, I’y = 300 MeV
(the “€”). The pomeron trajectories ap(?) in (2) are taken as fixed poles ap(?) = 1.0.
The residues Bplpp(t) are taken in the form exp ( Tp tpp) withy, =5 GeV—2, which
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along the pj; . to pp momentum transfer and the x axis is in the plane containing pj, . and py.
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Fig. 7. (a) The n* versus n~ longitudinal rapidity for M(rr+1r") < 0.7 GeV events from

pp— pfn*‘n‘ps at 69 GeV/c. All rapidities are defined in the overall center of mass. (b) The
Y+ + Y= projection for same data as in (a). The shaded area corresponds to events with
M(pn*) < 1.5 GeV. The solid curve is the DPE model prediction (shown in the insert) and the
dashed curve the single diffractive dissociation (SD) model prediction; for details see the text.

is obtained from the pp — pp elastic scattering slope at the same energy [8], assum-
ing, of course, pomeron dominance and factorization for the elastic process. The
unknown pomeron-pomeron-e(nm) coupling function F is taken as a constant.

The model prediction is compared to the y_+ + y - projection in fig. 7b (full
curve, arbitrary normalization), since the most sensitive variable is obviously
Yu+ + ¥~ The DPE mechanism contribution is strongest around y,+ + y,- =0 and
is in sharp disagreement with the data, the central region being totally depleted. We
note that the model predictions are insensitive to the details of the parametrization.
In particular, they are insensitive to the parametrization of the “¢”, to a pomeron
trajectory slope of up to ==0.5 GeV 2 and to moderate variations in Yp “40< Tp <
6.0 GeV“z). To estimate the maximum possible DPE contribution in the central
region of fig. 7b, we evaluate the fall-off due to the dominant single dissociation
(SD) mechanism, parametrizing it as follows:
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= aM(th ) o‘]p(f )
Asp = BpMpf(tppf) (Spfﬂﬂ) Y GBpIPpS(tpps)(Spsﬂ.ﬂ) PPg’ (3)

This corresponds to a double peripheral diagram as in fig. 3¢, but with a meson
exchange in one branch and a pomeron in the other and therefore effectively reduces
to the diffractive dissociation diagram in fig. 3a. A similar parametrization is used
for diagram 3b. In amplitude (3) the meson trajectory is taken as apq (f) = 0.3 +1.0 Xz,
the pomeron as agp(?) = 1.0. The residues are parametrized as follows: Bpvp(fpp.) =

. . . . f
exp(vm tppf) with vy = 1.0 GeV~2 to give a small “leading particle” characteristic
to the py (in fig. 3a), and Bypp(fpp,) = exp(%ylptpps) with yp =10 GeV 2 which is
the slope we observe experimentally in our data for the diffractive component.

The prediction of the SD model is shown in fig. 7b (dashed curve) and clearly
provides a good qualitative description of the data especially for events which have
a pr* mass less than 1.5 GeV (shaded area on the figure). The SD model predictions
are rather insensitive to moderate parameter variations: to the oy (0) intercept vary-
ing from —0.2 to 40.4,to 0 Sy <3 GeV-2Zand to 7< T S 12 GeV~—2. Qur data
in fig. 7b are clearly consistent with no contribution from the DPE mechanism. To
obtain an upper limit, we may in a first step attribute to DPE the three events
(non A** ie. M(pr*) = 1.5 GeV) in the central region: —1.6 <y« +y, -<1.6;
normalising to these the DPE model prediction, we arrive at an upper limit of 24 ub *
With the somewhat stronger requirement of M(pa*) = 1.5 GeV and M(pr*n~) >
2.0 GeV we are left with two events and an upper limit of 16 ub. Finally, a maxi-
mum likelihood fit to the data in fig. 7b of a superposition of SD and DPE contri-
butions indicated in fig. 7b is consistent with zero DPE and a two-standard deviation
upper limit of 19 ub. We may therefore conclude at an upper limit of =20 ub for
the DPE contribution to reaction (1) with M(n*7—) < 0.7 GeV, this limit depend-
ing somewhat on the exact selections made. We note that these estimates are not
affected by our experimental cuts on p¢ and p;. This can be seen from the py and p,
momentum distributions expected from diagram 3¢ parametrized following ampli-
tude (2) and shown in figs. 8a, b (dash-dotted lines). We also note that our value is
noticeably lower than the theoretically expected value of =40 ub [3].

3.2. Study of the diffraction dissociation component

As already seen in figs. 2, 4 and 7, the reaction pp - pprta~ is dominated by
p — prtn— diffractive dissociation. Fig. 9a shows the pn*n— fragmentation spec-
trum, for the target proton fragmentation component selected according to
YR+ pM < 0.0 (we analyse only the target fragmentation as the effective mass
resolution is better than for projectile fragmentation). For comparison we also show
the p—> patan~ spectrum (selected again by y,+ +y,- < 0.0) observed in the K

* We checked that events rejected by our kinematical cuts (sect. 2) would not modify this result
appreciably: selecting as potential 4C fits events with 200 < p,MSSIM8 < 400 MeV/c and with
same MM? and MM%{ cuts as before, we have 1 additional event in the central region —1.6 <
Y,n,+ + Yﬂ—< 1.6.
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Fig. 8. Laboratory momentum spectra expected for the ps and pg from a pp — pfpsﬂ+7r_ reac-
tion at 69 GeV/c according to the single diffractive dissociation model (SD) and the double
pomeron exchange model (DPE); also shown are the experimental cuts defining pg and py.

induced reaction K~ p > K (pn'n ) at 14.3 GeV/c [9] (fig. 9a, dotted histogram).
The two diffractive dissociation spectra exhibit similar shapes as expected from
factorization. Figs. 9b and 9¢ show the pr* and pr~ components of the par*n~
system. The proton dissociation cluster has a dominant A**n~ component, as
already found at lower energies [9, 10, 11], and in a semi-inclusive study of pp
interactions at 69 GeV [12], with only weak evidence for a AUzt subsystem. We
note that for a diffractive / = 0 (pomeron) exchange mechanism we expect for the
=% pr*n~ = Anclustera 9 : 1 ratio of (AY ) (AOT{+) neglecting interferences.
Our data are in rough agreement with such a prediction.

The A**(1236) polar (8) and azimuthal () decay distributions, in the At
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Fig. 10. (a, b) The polar (8) and azimuthal () decay distributions of the A™™ from the target
proton fragmentation sector. The dotted histogram in fig. 9a is the corresponding distribution
from the reaction K™p — K’(A++1r") at 14.3 GeV/c. (¢) Momentum transfer distribution from
the target proton (p,) to the target proton fragmentation cluster (psn+7r_) for M(ps1r+1r") <24
GeV.

Gottfried—Jackson frame, are shown in figs. 10a and 10b. The polar distribution is
compared to the corresponding one from the K" p > K (A**n ) data at 14.3
GeV/c (dotted curve, fig. 10a). The two distributions have obviously similar
features.

In fig. 10c we show the production differential cross section for the pgntn—
cluster ]1m1ted to M(pgntn—) < 2.4 GeV (no selection on A**). The observed slope
is = 10 Gev—2 , comparable to the elastic pp slope at the same energy (10.3 = 0.3)
GeV [8]) what supports the diffractive nature of the production mechanism.
This slope is also consistent with the pp > p(pn* 7~ ) production slopes at 12, 19,
24 and 205 GeV/c [10,11,7].

Qur experimental cuts on p, and py do not bias appreciably the distributions
in figs. 9 and 10 as they eliminate only a small fraction of the data. This can be
seen from the expected py and pg lab momentum distributions for proton diffrac-
tive dissociation corresponding, for example, to diagram 3a and parametrized
according to amplitude (3). For diagram 3b, which corresponds to the data in figs.
9 and 10, the conclusions are identical due to the symmetry of the initial state and
the equivalence between the p; and pg cuts mentioned in sect. 2.

The shapes of these spectra are shown in figs. 8a and b (denoted by SD); these
shapes are very insensitive to the details of the parametrization, and show that our
experimental cuts in p, < 1.2 GeV/c and p; > 27 GeV/c result in ~15% loss of
diffractive dissociation events in reaction (1).

The cross sections for pp = p(prt7—) at 69 GeV/c, for a fragmentation cluster
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mass M(pntn~) < 2.4 GeV and with no background subtraction, is estimated at

(315 + 50) ub (for one hemisphere). This value is corrected for the p and py experi-
mental cuts. The equivalent production cross sections for the pa*n~ system in pp
interactions at 12, 24 GeV/c¢ [10] and 205 GeV/c [7] are, respectively, (550 = 80)ub,
(450 £ 50) ub and (290 £ 60)ub *. The relatively slow variation of the cross section
over the 12—200 GeV/c range strongly supports the diffractive nature of the produc-
tion mechanism of the Nzr cluster. This is further supported by the most recent ISR
results [13] on reaction (1) at ~1000 GeV/c and 1500 GeV/c equivalent incident
momenta, yielding cross sections of respectively (165 * 50)ub and (170 + 50) ub

for M(pr*n~) < 2.5 GeV (for one hemisphere). A fit of these production cross
sections of the low mass pa* 7~ cluster over the 12—1500 GeV/c range ** in terms

of 0 =Ap~" gives n =0.25 £ 0.05. This should be contrasted with the overall rate

of change of the reaction pp ~ ppr*a— which is given by p~0-64 in the 7—28 GeV/c
range [7] . With the vanishing of the non-diffractive production mechanism contribu-
tions at higher energies, we may expect this rate of change to slow down and approach
asymptotically the behaviour of the diffractive component.

4. Conclusions

The reaction pp > ppn' 7~ at 69 GeV/c is entirely dominated by the nucleon
diffractive dissociation N - Nnwr. The properties of the Nz dissociation cluster:
the mass spectrum, dominance of the A** 7~ substate, the A*" decay angular dis-
tributions and the Nz production differential cross section, are very much the
same as these observed in high statistics lower energy experiments. Furthermore,
the Nan cluster production cross section shows little energy variation between 12
and 200 GeV/c, supporting the diffractive nature of the production mechanism. A
search for a central emission component pp — p(7* 77 )p due to a double pomeron
exchange mechanism gives no evidence for such a contribution at a level of <20 wb
for a 777~ mass < 0.7 GeV, at an incident momentum of 69 GeV/c. The lack of
evidence for a DPE contribution in this study may be due to the small value of the
pomeron-pomeron-€e coupling.

* These cross sections arc estimates based on published data [4, 7, 10]. They correspond to
similar definitions of the Naw cluster, with minor differences however; they are all reduced
to one hemisphere.

** We neglected the small difference in prr+17' mass cuts (2.5 GeV versus <2.4 GeV) applied
to the 1000 and 1500 GeV/c data.
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