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ABSTRACT

Properties of proton diffractive dissociation have been investigated for four-prong final states in
proton-proton reactions at 360 GeV/c, in particular for pp = pprt-mn® (m = 0,1,2). Mass
distributions and decay angular distributions are given. The decay of the diffractive system is
seen to be very anisotropic, and large pr is suppressed at higher masses. It is found that the
"Pomeron” couples with a single valence quark of the incident proton, but indications for a
diquark-Pomeron coupling are also found. Similarities with fragmentation in lepton-hadron
deepinelastic scattering are underlined.




1. INTRODUCTION
Single diffractive dissociation (SDD) plays an important role in hadron-hadron interactions
at low transverse momentum and high energies. This process may be described in terms of the

exchange of a "Pomeron”, a hypothetical entity with the quantum numbers of the vacuum

carrying only energy and momentum [1]. Insingle diffraction, the Pomeron is absorbed by only
one of the initial state particles leading to an intermediate excited state of mass My which

subsequently fragments. It has been pointed out that the Pomeron may create a quark-antiquark
pair which couples with the valence quarks resulting in multi-quark diffractive states [2].

For invariant masses of the intermediate excited state (My) near threshold, resonances have

been found to play a prominent role. However, at incident energies of several hundred GeV, an
excited state well above threshold (e.g. > 3 GeV) can be easily produced. Such "high mass"”
diffractive dissociation is a typical example of a peripheral collision at high energies. This
process cannot be calculated using perturbative quantum chromodynamics (QCD); nevertheless
it is of much interest since it contributes significantly to the total cross-section in proton-proton
and proton-antiproton scattering [3].

Single diffractive dissociation has been studied for various incident particles from low
energies to the highest available energies at the SPS Collider [4] and is characterized by scaling
of the invariant cross-section in terms of the variables M2,/s and of the four-momentum transfer

squared, t [5].

Although many experiments have studied diffractive dissociation, there is very little
experimental information concerning the internal structure of the excited system. Such
information may shed light on the nature of the Pomeron [6-14]. Historically it has been
proposed that the diffractively excited system may decay isotropically [8,9] or alternatively
elongated along the iongitudinal direction [13]. Recently this question has been investigated
again in several experiments [6,11-14]. This is also done in the present paper on the basis of
angular and Feynman-x distributions. One possible interaction mechanism for this process is
that the Pomeron couples in a pointlike fashion to a quark in the proton similarly to a photon in
deep inelastic lepton-hadron scattering [15]. The Pomeron can also couple to gluons in the
proton {16].

In this paper, we shall investigate experimentally certain characteristic features of "high
mass” diffractive dissociation, confining our attention to quark-diquark fragmentation of the
excited intermediate state produced by the Pomeron single quark (diquark) coupling.




Figure 1a shows a schematic diagram for beam diffractive dissociation. In the Gottfried-
Jackson frame, the rest frame of the excited system composed of the Pomeron and of the
incident proton, these two particles collide head-on as shown in Fig. 1b.

The experimental procedure and the details of the method used for selecting a diffractive
component are given in Section 2. Experimental results are presented in Section 3 and compared
with models in Section 4. Conclusions are given in Section 5.

2. EXPERIMENTAL PROCEDURE

The NA23 experiment was performed at the CERN SPS with the European Hybrid
Spectrometer (EHS). It consisted of a Rapid Cycling Bubble Chamber (RCBC), combined with
upstream and downstream spectrometers. The downstream spectrometer included wire and drift

chambers to complement the momentum information for charged tracks obtained from RCBC, a
pictorial drift chamber (ISIS) giving particle identification information based on relativistic rise
of ionization and two gamma detectors allowing the reconstruction of n0's produced in the

forward hemisphere.

Details about detectors, trigger efficiency, data handling, particle identification and =©
reconstruction have been published elsewhere [17-20]. The interaction trigger used for on-line
data acquisition has a global efficiency of 97% for the "four-prong" topologies which will be
used in this paper [18]. However, this efficiency strongly depends on the configuration of the
four prongs, being low for "target" diffraction and, on the contrary, large for "beam” diffraction.
The interaction trigger was designed to discriminate between non-interacting beam particles and
elastic and target diffraction dissociation events with fast forward going particles produced with
small momentum transfers. The incident beam had approximately a rectangular cross-section at
the level of the vertex detector (RCBC), with a horizontal width of 3.5 mm (FWHM) and a
vertical extension of ~ 5 cm; the trigger hodoscopes had a horizontal-vertical asymmetry which
resulted in a loss of elastic and single diffraction events with a fast forward going particle at 8 =
+900, § measuring the azimuthal angle. The experimental distribution of 6, which should be
flat, showed that we lose less than 4% of the beam fragmentation events, whereas 25% of the
target fragmentation are lost . In the following, we shall restrict to the analysis of the beam

fragmentation events, for which the trigger biases are minimal. Furthermore, most of the
azimuthal losses affect small momentum transfers, i.e. small masses My for the intermediate

excited state. A cut on My will eliminate any residual bias due to the interaction trigger.

Single diffraction interactions lead to relatively simple topologies as compared with other
interactions. We have limited our analysis to a sample of "four-prong events” since, for this




sample, single diffraction is easy to identify and the trigger losses are minimal (at least for beam
diffraction).

The sample consists of 2822 four-prong events without strange particle decays.

The reactions relevant for the present analysis are therefore:

pp — pprtn- + mr@, where m =0,1,2 (4Cfit) (D
pp = pprtr-x© (1Cfir) (2)
pp ~ prtata n (1Cfit) (3)
pp —* prtntr + multi-neutrals (no fir) 4)

In reaction (1), the =@ are reconstructed using the gamma detector information. In reaction
(2) and (3), the € and neutron, respectively, are undetected. Reaction (4) corresponds to
interactions where two neutrals, at least, are undetected.

Particle identification, which allowed the separation of protons from ntt, for charged

positive tracks, was used in the following way: based on the information measured in ISIS [19],
a 2 probability was computed for each mass assignment. A hypothesis was rejected if its

probability was less than 1%.

46% of the four-prong sample, i.e. 1289 events, give no-fit (reaction 4) whereas 1371
events yield at least one kinematic fit with a %2 probability larger than 1%. Moreover, for events
with more than one acceptable kinematic fit, particle identification was used to select the most
probable hypothesis. In this way, we were able to establish a one-to-one correspondence
between each event and one of the reactions (1-4).

The sample of single diffraction dissociation was then defined in the following way:

- Each identified proton with Feynman x (x), i.e. with a fractional longitudinal momentum
larger than |xg|= 0.85, is designated "spectator”. This value was chosen since in a previous
work [21], it was shown that this selection is very efficient to isolate single diffraction, keeping
however a background of other inelastic interactions of the order of 15% at our energy. This
selection is also justified by optical model considerations [5].

- The rapidity gap Ay between the "spectator” proton and the nearest neighbouring charged

particle must be larger than 2.0. We first intuitively justify this choice by showing in Fig. 2a the
average value of the relative excited mass (<My2/s>) for interactions with a "spectator” proton




and for various values of the rapidity gap Ay: above Ay = 1, the distribution falls quickly as Ay

increases, as it should for "central" inelastic interactions. The tendency is reversed for small
values of <My2/s>, with the distribution having an inflection point at Ay ~ 2. This is taken as an

indication of a transition between two distinct mechanisms.

Another indication that Ay ~ 2 corresponds to a transition between two distinct

mechanisms is provided by Fig. 2b where the number of events which are kept after successive
Ay cuts show again a change of trend around Ay ~ 2.

Of the 1371 events satisfying the kinematic conditions corresponding to reaction (1-3), 629
had one positive particle fulfilling the condition: x < -0.85. 544 of those also satisfied the
criterion: Ay > 2.0. Finally, 498 good candidates for "beam single diffraction" (BSD) were

found with a well-identified spectator proton. To this sample of BSD one may add 105
candidates extracted from reaction (4) once the xg and Ay cuts are applied.

Among the 498 BSD events with a well-defined kinematic fit (reactions 1-3) one finds:
229 "4C fits" which correspond to reaction (1) with 0, 1, or 2x¢ (167, 45 and 17 events,
respectively). For this sample, the number of "low mass" BSD (My < 2.8 GeV) and "high

mass” ones were 130 and 99, respectively.

3. EXPERIMENTAL RESULTS
Figure 3 shows the distribution of My, the mass of the excited intermediate state produced

in BSD. My was defined as the effective mass of the final state, excluding the spectator proton,

for reactions (1)-(3). In the case of multi-neutral undetected final states [reaction (4)], the
missing mass to the spectator proton was used. o

One observes in Fig. 3b the well-known 1/M,2 linear dependence {5], for "high" mass
values of My, i.e. above ~ 3 GeV. In the Regge picture, this arises from triple Pomeron

dominance [22]. A fit of the form
InN=a+bin (1/My?)

yields a = 6.521 0.02 and b = 0.94 £ 0.02 above M, = 2.8 GeV. In the following, the events
with My > 2.8 GeV will be referred to as "high mass diffractive dissociation events".

The My distributions for the 4C fit interactions [reaction (1)] with 0,1 or 2 associated =°
are shown in Figs, 4a-c, respectively. One notices that the average value of My increases as the

multiplicity increases in the final state.




Figure 5 shows the Feynman x distributions for positive, negative and neutral particles
produced in the selected BSD sample. The isolated positive particle distribution at xg < -0.85

corresponds, of course, to the "spectator” protons. One notices that all three charges (positive,

negative, neutral particles) follow the same trend for x ~ 0-0.2 but that positive particles depart
from this common trend as xf increases, the large xg values being mainly populated by positive

particles,

Figure 6 shows the average Ipy [ and pT, the longitudinal and transversal momenta,
respectively, of the secondary particles for the BSD sample, as a function of My. One notices a
striking difference in the behaviour of these distributions, the longitudinal component showing a
continuous rise with increasing My whereas the transverse component tends to flatten at 0.4-0.5
GeV. This behaviour is similar to the one observed for hadrons produced in e*e- annihilations

into quark jets (the longitudinal and transverse momenta being then defined with respect to the
"jet axis"). The average values of pT for protons, charged pions and neutral pions are given in

Table 1, for My < 2.8 GeV and My > 2.8 GeV. The results are given for the BSD sample of
reaction (1) (4C fit events) but the values obtained for reactions (2) and (3) are not significantly
different.

To look for further dynamical structures, we studied the properties of the diffractive system
in terms of the Gottfried-Jackson angle 8, where 0 is the angle beiween the incident proton and

decay particle in the rest frame of the diffractive system. To define the Feynman x in this system
we projected the momenta onto the direction of the incident proton in this frame (Fig. 1b).

The analysis described in the following uses only the 4C fit events (reaction 1) with a "high
mass" excited diffractive system (My > 2.8 GeV).

Figure 7 shows the Gottfried-Jackson angular distributions for the n+, the n-, and the

protons of the "high mass" BSD sample, as well as the corresponding Feynman x distribution.

The protons exhibit a pronounced peak in the forward direction (cos 6 = +1) which is
balanced by a backward accumulation for ©t- (Fig. 7b) also for © (not shown). The nt, on the
other hand, do not show a significant forward-backward asymmetry, but still exhibit a large
anisotropy.

Obviously, these angular distributions exclude the possibility of an isotropic decay of the
excited system: they confirm the high pT suppression observed for single diffraction at ISR

energies [11]. A comparison of the angular distributions for events with My below or above 2.8




GeV shows that this anisotropy is larger for higher masses (A = 5.06 for My > 2.8 GeV as
opposed to A = 2.0 for M, < 2.8 GeV. A is the ratio of the number of particles with icos 61>
0.5/lcos 81 < 0.5).

A non-negligible fraction of protons is however going backward and produces a secondary
peak at cos 0 = -1 (or xp =-1) (Fig. 7c,f). In view of the particular interest of this observation,
the events containing backward going protons were scrutinized one by one, and were all found
to correspond effectively to a non-ambiguous 4C fit hypothesis leading to the “abnormal”
emission of a backward proton (compensated by a forward n+ emission). A hypothetical
double Pomeron exchange is completely negligible at the present incident momentum and at the
sensitivity of this experiment. Moreover, it was checked that none of the events containing a
backward proton could be attributed to double-Pomeron exchange. A9 decaying close to the

primary vertex were also excluded.

A natural interpretation of these observations can be attempted in terms of a dominant
Pomeron-valence quark collision complemented by a significant Pomeron-valence diquark
interaction. Similar phenomena were observed in deep inelastic muon-proton [23] scattering.

The flavour composition of forward or backward going diquark can be approximately
estimated by the charge state of the pion going in the opposite direction. The diquark
composition can be (ud) if a positive pion (ud), [or (uu) if a negative pion (ud)] is going in the
opposite direction. The dependence of the (uu)/(ud) ratio on the proton direction is shown in
Table 2 for My < 2.8 GeV and My > 2.8 GeV. Whereas one does not observe a dependence of
(uu/ud) on the direction of the final state proton for "low masses” My- this ratio is strongly
direction dependent for My > 2.8 GeV.

Figure 8 shows strong angular correlations between the proton, the 1t and n™ in the decay

of the "high mass” diffractive system.

4, COMPARISON WITH MODELS

We have compared our experimental data with Monte Carlo generated events, using the
Lund Models FRITIOF [24] and PYTHIA [25].” Since we could not find significant differences
between the two models, we shall, in the following, limit the comparison of the experimental
data to PYTHIA (we have used the version 4.8 of PYTHIA).

PYTHIA treats hadron-hadron interactions in terms of the parton-parton picture, including
an attempt to describe single diffraction with a Pomeron-quark interaction. The Monte-Carlo
events were submitted to the same selection criteria as those applied to real events. A




fragmentation model has a hard task, in general, to reproduce the few body final states because
the fragmentation chain has to stop after very few iterations and four-momentum conservation
strongly influences the final hadron state. One should also add that the PYTHIA sample can
only be regarded as a first approximation to the real single diffractive process since in PYTHIA
the 1/2 isospin baryon resonances are not included and we know that these resonances play an
important role in diffractive dissociation. Another shortcoming of the model may also come
from the simplified treatment of the decay angular distributions of resonances.

The predictions of PYTHIA are shown in Fig. 7: the general trends are in global
agreement with the experimental data. One notes, however, striking differences: the x+ and -
distributions, which are identical according to PYTHIA, show experimentally significant

differences. For the proton distributions, PYTHIA fails to reproduce the backward peak, clearly
visible in both cos 6 and xf distributions.

To explain the differences observed between the model predictions and the data, one may
invoke, as already mentioned in Section 3, a Pomeron-diquark scattering and/or the presence of
baryon resonances in the final state, which may interfere and conspire to produce some of the
structures observed in these angular distributions.

5. CONCLUSIONS
Using data obtained on proton-proton interactions at 360 GeV, we have investigated the

properties of particle production for "high mass” beam diffraction dissociation (BSD) mainly in
the topologies pp ~ pX, where X = pnfrmn® (m = 0,1,2). '

For the 4C fit "high mass" BSD sample, we have carried out an analysis in the Gottfried-
Jackson frame. We have observed that the "decay” of the diffractive system is very anisotropic,
and that larger p are suppressed.

We have presented evidence that the particle exchanged in the BSD process, presumably
the Pomeron, collides with a single valence quark (or diquark) in the incident proton. This
collision causes a quark-diquark dissociation of the incident proton which is reflected in the
kinematic behaviour of the secondary particles due to hadronization of the quark and diquark.
These results are in accord with the idea that the Pomeron couples in a point-like way toa single
quark and diquark of the target hadron and the struck quark or diquark undergoes a significant
scattering, whereas the spectator diquark or single quark goes forward. The trend observed for
the (uu)/(ud) ratio, which is far from the values predicted by exact SU(6), could confirm the
SU(6) symmetry breaking observed in other experiments [26].




The Pomeron in this case is very similar to gauge bosons in deep inelastic lepton-hadron
scattering (24]. The agreement of the Feynman x distributions for "high mass" BSD in proton-
proton scaitering with those for antineutrino-proton deep inelastic scattering (Fig. 9) indicates
that once the quark-diquark pair is created the hadronization process of this pair proceeds in a
quite universal way independentty of any details of the initial interactions.
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Table 1

Average transverse momenturn: <p1> (GeV) for protons, 7t and 70
produced in the excited diffractive system from the BSD sample of reaction (1).

My > 2.8 GeV Mx < 2.8 GeV
P 0.50 £ 0.03 0.37 £0.02
at 0.46 £ 0.02 0.27 £ 0.01
0 0.30 £ 0.03 0.31 £ 0.04
Table 2

(uw/ud) ratio of the diquark which participates (proton going backward)
or not (proton going forward) in the Pomeron-hadron collision

My > 2.8 GeV My < 2.8 GeV
Proton backward 0.17 £0.10 1.1£0.4
Proton forward 1.1+£0.3 1.1+x0.2
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Figure captions

Fig. 1

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. 9

a) Schematic diagram for beam diffractive dissociation. b) Schematic diagram of

Pomeron-proton scattering in the Gottfried-J ackson frame. The invariant mass of the
system is denoted by My and the direction of the incident proton (dashed line in the

figure) is chosen as 0 = 0.

a) <szls> distribution as function of Ay. b) Variation of the number of events

selected as function of Ay.

Invariant mass, My, distribution. a) Linear scale: the shaded area shows the pntr”

effective mass in the case of reaction (1). b) Logarithmic scales. The dashed line is
proportional to 1/M2y.

Effective mass distributions for different multiplicities in the final state: a) My =
M(prtn), b) My = M(prtrn0), and ¢) My = M(prtr-nOno0).

Feynman-x distribution of secondary particles in the c.m. system separated according

to theircharge.

Average of the transverse and longitudinal momenta (circles and crosses, respectively)
as functions of the mass of the excited system, My.

Goutfried-Jackson angular distributions and Feynman-x distributions for: ¥ (a,d), T
(b,e), and p (c,f) of the "high mass” BSD events, reaction (1). The curves represent
the distributions obtained by Monte Carlo generation using PYTHIA.

Scatter plot of cos Oyt versus Cos Bp for reactions (1) and (2).

Feynman-x distribution in the Gottfried-Jackson frame. Dashed histogram shows
data for negative hadrons in antineutrino-proton deep inelastic scattering [24], and the
solid line histogram shows negative pions of our proton-proton "high mass” BSD

sample.
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