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ABSTRACT

We report on diffractive production of 6T systems with a continuum of masses
2 . s + -+ - + - .
from 2 te 5 GeV/c? in the reaction yp > m ®m 7™ m m # p. The event structure 1s
compared in detail with Monte Carlo studies of pT—limited phase space, and with
the jets observed in hadronic systems produced by electron-positron annihilation.
Strong similarities are found. For this jet-like structure of the 6T system the

axis is consistent with being along the incident photon directiom.
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INTRODUCT ION

We discuss the characteristics of the reaction

Ypr AW T T p ¢h)
for incident photon energies from 25 to 70 GeV. In particular we study diffrac-
tively produced e A A systems of masses from 2 to 5 GeV/c?. A study of
diffractive processes is of interest because diffractive dissociation of the
photon has provided a means of studying the hadronic content of the photon.
Previous experiments have demonstrated [l] that a large fraction of the photom
cross-section is due to p, @ and ¢ mesons. However a centinuum of higher mass
states is also expected to contribute [2] and could be observed in reéction (1).
Another motivation for studying this reaction is the suggestion that the increase
in Yp cross-section over that due to vector meson dominance may be due to the

production of high transverse momentum jets.

We have chosen to study reaction (1) because its multiplicity permits a
detailed jet analysis to be made. A channel involving only charged particles was
chosen to reduce experimental uncertainties and to maximize experimental accept-—

ance.

We observe a structureless 67 mass spectrum. The 6T system is well described
by transverse momentum limited phase space, and this forms an apparent two-jet
system. The axes of the jets are aligned along the beam direction. The structure

of the jet is similar to that found in electrom—positron annihilation.

EXPERIMENTAL DETAILS

2.1 The electron beam

Protons of 210 GeV energy from the CERN Super Proton Synchrotron (SPS) struck
a beryllium target. The resulting charged particles were swept out by a magnetic
field, while gamma-rays (and neutrons) struck a lead converter of thickness

0.5 radiation lengths, where the gamma-rays produced electroms. A conventional
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beam line selected and transported electrons of a mean momentum of 81.5 GeV/c to
the tagging system. A typical electron £lux was 2 X 10° per spill of ~ 1 sec,

for a momentum bite of *2%.

2.2 Photon tagging system

The tagging system is shown schematically in fig. 1. The electrons produced
photons in a tungsten radiator of thickness 0.076 radiation lengths. The energy
of each photon was deduced from measurements of the incident and scattered
electron momenta. The incident electron momentum was determined from the 68 mrad
deflection in the last bend of the beam line. The precise deflection was de-
termined from trajectories measured in two systems of multiwire proportional
chambers placed before and after the bend. FEach of these systems extended over
7 m and was made up of four sets of four planes, with each set of four planes

°, and 135° to the vertical. The large number of planes

having wires at 0°, 45%, 90
allowed reconstruction of tracks even in the presence of background tracks or of
depressed chamber efficiencies due to high inmstantaneous beam rates. The scat-
tered electrons passed through a further system of multiwire proportional chambers,
counter hodoscopes and lead-glass counters, which accepted scattered electrons
with momenta from 10 to 60 GeV/c. Their trajectories were determined by & planes
of multiwire proportional chambers with wires inclined at 0° or 60° to the
vertical. These were followed by two plames of scintillation counter hodoscopes,
which were used in the trigger, and then by a hodoscope of 56 lead—-glass blocks,
whose pulse-height provided a final check on the correct identification of the
particles as electrons. The tagging system was completed by various veto

counters placed downstream of the radiator to reject events in which more com—

plicated processes such as multiple bremsstrahlung took place, or when the photon

was off axis.

2.3 Detection system

The Omega detection system, as equipped for this experiment, is shown

schematically in fig. 2. The photon was close to collinear with the incident
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electron, which enabled the photon beam to be effectively focused on the centre

of the hydrogen target, which was 25 mm in radius and 670 mm in length, The target
and charged particle detectors were placed in the magnet of the Omega spectrometer
which provided a field, in this experiment, of 0.9 T over a volume of radius

~ 2 m and height 1.5 m. The primary particle detectors were spark chambers com-—
prising a forward detector of 7 modules each of 10 gaps, and two side detectors
each of 4 modules of 8 gaps. The spark chambers were complemented by other de-

tectors:

i) A detector surrounding the target, formed by the combination of a multiwire
proportional chamber, with wires spaced at 0.5 mm over an active area of
40 mm radius, placed at the downstream end of the target and a cylindrical
hodoscope, surrounding the sides of the target, made up of 24 seintillation
counters aligned along the length of the target. This detector was used in

the trigger.

ii) Three further multiwire proportional counter systems, distributed downstream
of the target. These were used in the trigger and to aid pattern recogni-

tion.

iii) Two large drift chamber modules, each of four planes, placed downstream of
the magnetic field region. They provided precise measurements of points on
particle trajectories which both aided pattern recognition and gave con-

siderable improvement in momentum resolution for higher momentum tracks.

iv) A large threshold éerenkov counter filled with carbon dioxide at atmospheric
pressure, following the drift chambers. The threshold momenta which we
used for identification were " 5.9 GeV/c for pions and v 19 GeV/c for kaons.
Almost all particles produced with momenta greater than 5.9 GeV/c passed

through this counter.

v) A large photon detector, following the Cerenkov detector. The information

from this photon detector is not used in the presemnt paper.



2.4 Trigger

The trigger used in the present work required a forward multiplicity between
4 and 9, which eliminated most of the electromagnetic background. In detail,

there were four components of the trigger:

i) A signal from the tagging system, indicating the production of an incident

photon of energy between 20 and 70 GeV.

ii) A signal from the detector around the target, indicating that 4 or more

particles had been detected in it.

1ii) Signals from two planes of a multiwire proportional chamber system of area
1.5m % 1 m placed 1.5 m downstream from the centre of the target. Ome of
these planes, with vertical wires, was required to have detected M charged
'particles where 3 < M < 9, while the other, with horizontal wires, was re-

quired to have detected N charged particles where 4 SNZL9.

iv) A signal from a further multiwire proportional chamber system downstream
requiring there to be at least one particle produced in a region away from
the median plane. This requirement further reduced the background due to

electromagnetic processes.

This trigger produced an event rate corresponding to a cross—section of

about 70 ub. “About 207 of the triggers were due to electromagnetic processes.

2.5 Data taking and data analysis

A total of 6 x 10° triggers of the type described in Section 2.4 were re~

corded. These data were passed successively through three analysis programs:

i) A fast pattern recognition program which identified high momentum tracks
from hits in the drift chambers and multiwire proportional chambers. ‘Some
events with tracks only in the median plane were rejected at this stage
as electromagnetic background, Tracks with momentum greater than 5.9 GeV/c

v - . + )
and with no signal from the Cerenkov counter were identified as kaons, or
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as protons if above 19 GeV/c. The data were then divided into two categories:
one containing those events with one or more particles identified as a kaon
or proton, and the other with no such particles. Only events in the latter

category were used in the present work.

ii} The ROMEQ program [3], which does pattern recognition and geometrical re—
construction for tracks in the Omega spectrometer. In the version used
in this experiment pattern recognition was improved by information passed on

from the fast pattern recognitiom program.

1ii) A further program which received the output of the ROMEC program, analysed
the photon tagging system and Berenkov counter information, and produced

data summary tapes.

About half the data from the non~kaon category have been used in the present

work,

SELECTION OF EVENTIS

In our study of the reactionm
Yp ﬂ+ﬂ#ﬁ+ﬂﬁﬂ+ﬂ‘p

the recoil proton was detected in approximately 307 of the events. This was due
to the low momentum of the proton and to the incomplete geometrical coverage of
the side spark chambers. We therefore accepted events in which three negative
tracks and either three or four positive tracks were detected. For events in
which 6 particles were detected we took them all to be pions, while for the events
with 7 detected particles we assumed the positive particle which had the smallest
longitudinal momentum, with respect to the beam, to be the proton and took the
other six particles to be pioms., 1In this latter case we only accepted the event
if the apparent proton had a momentum less than 1 GeV/c. The treatment of this

data sample required the solution of two problems discussed in Sections 3.1 and 3.2.



3.1 Separation of elastic sample

We require to select events such that when 6 particles are observed only a
recoil proton is missing and when 7 particles are observed there are no missing

particles. For each event we calculated the variable:

AE = Incident beam energy - sum of pion energies

- proton kinetic energy (when the proton is observed) .

In principle, a distribution of measurements of AE should show a peak at AE = 0
for elastic events, and a distribution with AE > 0 for inelastic events {(events
with missing particles). In practice, owing to our limited emergy resolution,
these distributions overlap, as shown in fig. 3. To separate elastic and in-
elastic events further investigation was needed. This was possible when 7
particles were observed, and for those events we studied the distribution of com—
ponents of total observed momentum transverse to the beam. Each component of
this transverse momentum gave rise to two quite distinct but superimposed dis-~
tributions: ome with FWEM = 0,06 GeV/c, assumed due to elastic events, and the
other with FWHM = 0.8 GeV/c, assumed due to inelastic events. From the intensities
of these two distributions as a function of AE we determined the numbers of
elastic and inelastic events as a function of AE for events with 7 observed
particles. The curve in fig. 3 corresponds to inelastic events from this sample.
We assume that the shape of the distribution for inelastic events is the same
.function of AE for events with 6 observed particles. The difference between the
data points and the curve in fig. 3 then indicates the peak in the region AE = 0

due to elastic events of reaction (1).

The conciusion of this study was that a cut on AE from =1.4 to +0.6 GeV makes
a suitable selection of elastic events. The fractiom of inelastic contamination
varied with photon energy: for 67 masses between 2 and 4 GeV/c? we found that

this fraction falls from ~ 1/3 at EY = 35 GeV to ~ 1/5 at EY = 70 GeV.

P P T,



3.2 Proton identification

Slow recoil protoms could not be identified event-by-event, since they over-
lapped in momentum and angle with slow pions, especially for high mass events.
Hence we selected protons as described above and analysed events only in regions
.of 6T mass and photon energy such that the proton identification is satisfactory.
To find these regions we have used our observation that the 67 system is well

described by pT—limited phase space, and have generated Monte—Carlo events with

this characteristic. Specifically we generated

X = W+W_W+ﬂ‘ﬂ+ﬂ
for various masses of X, assuming the pions are distributed according to phase
space weighted by Hi=1 exp (-Apy;), where Prs is the transverse momentum of the
pions with respect to an axis. The values A = 3.0 for M < 3,5 GeV/c?, and
A = 3.5 for M > 3.5 GeV/c?, were found to give the best correspondence with the
experimental data. We then generated Yp + Xp, aligning the axis with the beam
and giving the reaction a distribution of exp (—6pT), where p, now denotes the

transverse momentum of the protom with respect to the beam.

Monte Carlo generated events were subjected to the same analysis procedure as
our experimental data. This provided a measure of the reliability of the proton
identification procedure described above. It was found that for events with the
range of mass and photon energy given in table 1 the fraction of events with
proton misidentification was less than 25%., Tt was also found from these Monte
Carlo studies that event selection according to these limits would correspond to
good experimental acceptance as shown in fig. 4. Event selection according to

table 1 was therefore adopted for the experimental data.

4. PRODUCTION OF 6m SYSTEM

We have divided our experimental data according to three ranges of incident
photon energy: 25-35, 35-50, and 50-70 GeV. The experimental 67 mass spectrum

corresponding to each range is shown in fig. 5. These spectra are uncorrected
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for effects of acceptance and biases introduced by the proton identification
procedure. We remark only that they are structureless, and show little or no

dependence on incident photon energy apart from kinematics.

In Section.3.2 we described a procedure by which we generated Monte Carlo
events.with the characteristic of Pr limited phase space for the 67 system. For
comparison we also generated Monte Carlo events for ¥p * 6Tp, in which the seven
final-state pérticles were distributed according to phase space weighted by
H;=1 exP(_APTi)' Such models produce only a small proportion of events within
the limits of table 1, imdicating that the contamination from central collision

processes is small in our data.

'In order to make a quantitative estimate of the energy dependence of the
cross-section, we have studied a region of mass and photon energy where proton
ideﬁtificatfon and acceptance are good, as deduced in Section 3.2. The 6T mass
range 2-4 GeV/c? was chosen and consequently photon energies greater than 35 GeV.
We found that the magnitude of the cross—section for producing these 67 states
was approximately 0.1 ub, falling only by the factor 0.9 0.2 froﬁ incident
photon energy 353-50 GeV to incident photon energy 50-70 GeV. This constant
cross—section is suggestive‘of diffractive dissociation of the photon, producing
a smooth mass spectrum up to masses 0.45 vs. Masses up to a similar fraction of
the available energy have been attributed to diffractive dissociation in other
high—enérgy reactions [4,5]. Qur t-distributions, fig. 6, also have slopes
(table 2) similar to those found in diffractive dissociation processes producing
high mass states in other reactions [&]. We therefore conclude that, with the
event sglection described above, diffractive dissociation of the photon is a

major contributor to the reaction channel (1).

Rho-meson preoduction is not dominant in these events. The mass spectrum

+ - . . . . . +_+ - . . .
for T T combinations is shown in fig. 7a and for T 1 and T T combinations 18
shown in fig. 7b. The 0% meson peak in fig. 7a corresponds to approximately

+
0.5 p% meson/event, which means the pb/m ratio is approximately 0.1.
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STRUCTURE OF 67 SYSTEM

The six pions produced by diffractive dissociation of the photon canm be
regarded as the products of a photon-Pomeron collision. Therefore we took as a
polar axis the direction of the photon in the 67 c.m. system, and examined the
distributions of momenta and charges with respect to this axis. We shall show
that the experimental results are well described by prlimited phase space

relative to this axis.

To establish this conclusion we compared our data with results of Monte

Carlo calculations; we generated
X - W+ﬂ_ﬂ+ﬂ_ﬂ+ﬂ—

for a fixed mass, with the pions distributed according to phase space weighted
by H;=lexp(—ApTi). Qur comparisons have been for calculations with
A = 3.0 (GeV/c) ! for masses < 3.5 GeV/c? and with A = 3.5 for masses > 3.5 GeV/c?.
The agreement between these Monte Carlo distributions and our experimental P
distributions was good. A typical comparison, for ome mass range and for three
regions of Feynman x, is given in fig. 8. It was found that Monte Carloc simula-~
tion with phase space weighted with ﬂi=1 axp (—Bp;i) did not produce agreement with
the experimental Pr distributions, even for a value of B which simulated adequately

the mean value (P ) An example of this poor agreement is the broken curve in

fig. 8 calculated for B = 4.5 (GeV/c) 2.

The structure of the 6T system will now be described in terms of the mean P,
the rapidity and x distributions, and the charge distributions and correlations.
In each case we studied dependence on the 67 mass M and photon energy EY over the
ranges specified in table 1. We found dependence on M, but not on EY. This
result is consistent with what would be expected from production of the 6T system
by an exchange process, such as occurs in diffractive dissociation of the photon,

and also with pT—limited phase space for yp * 67p.
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5.1 (pp) as a function of 6T mass

These results are summarized in fig. 9, where we show, as a function of 6w

mass, the average wvalues of Pp
_ 1
(o) =5 ), Pp >

where the summation runs over all the pions from the 6T systems selected, N is
the total number of pions, and Pp is the component of the pion's momentum
transverse to the incident photon direction in the 67 c.m. system. We see that
though (pT) rises slowly with 67 mass, it is, for masses > 2.5 GeV/cZ, much less
than is calculated for isotropic phase space. In fig. 9 we also show calculated
variations of (Pr) for phase space weighted by ngl exp (—ApTi) and with

Hi=1 exp (—Bp%i). We' see that our results are in good agreement with the data
for A =~ 3.0-3.5. The agreement for B = 4.5 is satisfactory for (Pp) > but as

already noted the distributions of fig. 8 are not well reproduced with this

welghting factor.

5.2 Distribution in rapidity and in Feynman x

Figure 10 shows the distributioms of particles as a function of longitudinal
rapidity in the 6T c¢c.m. system. We note that as the mass of the 67 system in-

creases, a rapidity plateau develops as expected from pT—limited phase space.

Figure 11 shows the distributions as a function of Feynman x, where we
have taken
* = pL/PLmax ?
and where Pl max ig the maximum possible pion momentum for the event of mass M,
calculated from
E o= fF -2au)/2m .
Here py is the pion mass. The results indicate rather good agreement with

Feynman scaling, and there is also good agreement with pT—limited phase space

as is shown by the calculated curves.
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In both figs. 10 and 11, there is forward-backward symmetry in the 67 c.m.
system. This is interesting since a photon-Pomeron collision does not necessarily

have such symmetry.

5.3 (pr) as a function of Feyoman x

The variation of (pp) as a function of x for various 67 mass ranges is
shown in fig. 12. One notes again the rise in (Pp) with mass, already seen in
fig. 9, and the development of a "seagull" dip at x = 0, especially at large 6T
mass. The data indicate also a possible small departure from forward-backward

symmetry.
In the literature the seagull effect has been attributed to [6—8]

i) an effect of pT—limited phase space,
11} a kinematic effect f£rom meson resonances,
iii) an effect of mixed final-state multiplicities,

iv) dynamical effects of quark dressing.

In our data there is a unique multiplicity. There is no contribution from
w® and n° meson resonances, and we found that the small p’ contribution already
mentioned results in both its decay pions lying outside the small x and small
Py region. $Since it is the large number of pions with |x| < 0.1 and
Py < 0.3 GeV/c which cause the seagull effect, we conclude that neither p° mesonms,

nor other known resonances cause the seagull effect in our data.

In order to investigate (i), we studied Monte Carlo events generated
according to phase space weighted by H;=1 exp (_ApTi) as described above. The
curves in fig. 12 show that the results of these Monte Carlo studies agree well
with the experimental data. For confirmation of this we studied (pT> as a func-
tion of rapidity, and found both for the experimental data and Monte Carlo events
that the seagull dip disappeared as expected for a purely pT—limited phase space
effect. TFor another confirmation we calculated, following Apeldoorn et al. EQ],

the energy weighted average p; a5 a function of x, as shown in fig. 13. Again



_12_

the absence of a dip at small x is to be expected for a pT—limited phase space
effect. We conclude that the seagull effect in our data is satisfactorily

explained by (i)} alome.

5.4 Distribution of charge

We have made a detailed analysis of how the charge is spread in longitudinal
rapidity using procedures proposed by Newmeyer and Sivers [10] and by Cahn and
Colglazier [11]. The procedure is to make a cut in rapidity at some value,

v and for each event sum the charges of those particles whose rapidity is

cut’
less than Vout? that is those whose rapidity is closer to the recoil protom. We
then study how the moments, (Qn), of this summed charge vary with Yout? with 67

mass and with EY.

For a multiperipheral ladder produced by diffractive dissociation of the
photon one would expect {Q) = 0 everywhere. If, however, the distribution of
particles were due to a multiperipheral ladder including the proton, leocal con-—
servation of charge should cause (Q) to be less than zero for large negative Yeur”
Measurements of (Q) are shown in fig. 14: they are in substantial agreement with

the prediction for diffractive dissociation.

Figure 15 shows considerable variation of (Qz) with Y out and with mass,
but no variation with Ey' We also see good symmetry between positive: and
negative Yeur® pointing again to forward-backward symmetry of the photon~Fomerecn

collision.

Tn detail (Q®) shows a change from a distribution at low mass which peaks
at Yo = 0 to a distribution which does not vary with Your 2t higher mass. The
peaked distribution at low mass can be understood as due to a random arrangement

of charges; as le Bellac [12] shows this would give

(Q®y « k[1-(v/y__ %] .

BRI L b L s (i RS AR BB WP D R e e e b



_13_.

The curve compared with the results for 2.0 < M61T < 2.5 GeV/c? in fig. 15 was
calculatéd by the Monte Carlo method, assuming pT—limited phase space and
random assigpments to the charges. The results of this calculation agree well
with the low mass data in both shape and magnitude. A flat distribution of

(Q*) as a function of Youp €80 be understood as the result of a multiperipheral
ladder in which no link transfers more than one unit of charge. A naive counting
of possible arrangements of charge then predicts for this model a constant value
of {(Q?) = 0.6, as discussed by Newmeyer and Sivers [10] and by Cahn and

Colglazier [11].

5.5 Two-particle correlations

To obtain further information we compared the observed number of coincidences,

N_, between pairs of particles at rapidities y1 and ¥z, respectively, with the

C’
number NR of coincidences expected from the single-particle distributions under

the assumption of random coincidence. We calculated from the data
c = NC-NR N

chosen so that non-zero values display non-random effects, and we show the results
in fig. 16. There is forward-backward symmetry in the 67 c.m. system. All the
results for equal charge pairs, together with those for opposite charge pairs

at the lower masses, show positive long-range correlation at y1 ==yz v £l.6 and
negative short—range correlationm at y1 v yz = tl.6. The curves, from Monte Carlo
calculation of pT—limited phase space, reproduce these results in both shape and

magnitude.

In contrast to these results, high—energy proton—-proton collisions are known
to result in strong short-range correlatioms, resulting from large contributions
to the final state from mesonr resonances [13-15]. Any short-range correlation in
our data, for example in pairs of oppositely charged particles, is certainly much

less strong than in proton—proton collisions.
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We note also that these results show no long—range correlation such as has

been suggested [16,17] could occur in the dressing of a quark-antiquark jJet,

JET ANALYSTIS

The phenomenon of transverse momentum limitation relative to the beam axis
is already well known in hadromic interactions and therefore, within the frame-
work of VDM, weuld be expected in photoproduction., Transverse momentum limitation
has also been observed in the jets produced in e+e‘ annihilation. In that case
the jets are believed to originate from a quark-antiquark state. We therefore
speculate on the possibility of a similar process contributing to our observa-
tions, and we compare our results with those from eTe” annihilation at

SPEAR [ 18,19 and at DORIS [ 20].

Because of the similarity of jet systems with pT—limited phase space, the
only significant comparison we can make between our data and that from SPEAR and
DORIS 1is in the degree by which the transverse momentum is truncated. Specifically

we compare measurements of (p.). The SPEAR measurements, which have been cor-

)
rected for apparatus problems including uncertainty in determination of the jet

axis [19, are shown in fig. 9 with our results; there is excellent agreement.

The DORIS results [20] are measurements of the mean value of P with respect to

the sphericity axis*): (pT}SPh. Our measurements of this quantity are shown in
fig. 17, where they are compared with the results from DORIS [20]. Again the

agreement i1s good.

We now consider the angular distribution of the jet axis. We define a jet
axis as that direction along which the pion momentum vectors most nearly lie.

We have used the sphericity axis [18,21] for this purpose, but have checked that

%) Qur Monte Carlo calculations showed

(p {p = 0.75-0.85
T}sph/ T>true

for the pp limitation found to fit our data. This ratio varied only slowly with
mass of the hadronic system.
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the use of thrust axis [22] makes no change to the conclusion. We have calculated
the angular distribution of the sphericity axis with respect to the incident
photon direction in the 67 c.m. system. The distribution is strongly peaked near
zero angle, showing that the t—channel axis is significant for the process which
produced these events. To confirm this point we examined the angular distribution
of the sphericity axis with respect to the recoil proton direction in the 67 c.m.
system (s-channel axis) and found it to be appreciably broader. TFigure 18 shows

the angular distributions with respect te the t—-channel axis for the mass ranges:

2.75 < M6Tr < 3.5, 3.5 < MBTr < 4.25 , 4,25 < M6Tr < 5.0

(with the selection of photon energies already described). It was checked before
compiling fig. 18 that there was no observable dependence on the photon energy.
The curves shown in fig. 18 are the distributions from our Monte Carlo calcula-—
tions of the angle between sphericity axis and true axis. These curves are in
substantial agreement with the data, showing that the jet axis is along the
photon direction. We conclude therefore that if the jets have arisen from the
materialization of the photon into a quark-antiquark pair, the quark-antiquark

axis is aligned along the photon direction.

The consistency of the data with this quark-antiquark interpretation raises
the interesting question as to whether such a quark-antiquark pair could originate
from a point interaction of the photon, or from the well-known hadronic content of
the photon responsible for the majority of the total cross—section. At present
it is not possible to distinguish between these possibilities, since data of
comparable detail to those presented here are not available from m and

interactions in the 20-70 GeV range.

SUMMARY

. . + =+ = + - . . . . . '
i) In the reaction yp > T W T T T T P, there 1s a major contribution 1n which
the six pions are produced by diffractive dissociation of the photom. This

diffractive dissociation produces states with an essentially flat mass
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spectrum from 2 to 5 GeV/c?., Most of the pions are directly produced, the

+
p%/1” ratio being approximately 0.1.

ii) The pion transverse momentum with respect to the photon directiom is
limited. Specifically the distribution of momenta is found to be in good

agreement with phase space weighted by HE=1 exp (-APTi)‘ with A = 3.0-3.5.

iii) The structure of the 6T system shows several features, all of which vary
with the 67 mass but not with the beam energy. The following features of
the 6T system are well described by pT—limited phase space:

a) (pT) as a function of 6T mass,

b) rapidity and Feynman x distributions,

c) seagull effect,

d) two-particle correlations.

The charge distribution in rapidity indicates that for high mass states
there is a dynamical effect on the charges in addition to the pT—limited

phase space affecting the momenta.

iv) The 6T state has a jet-like structure which is similar to that observed in
. + - P . . . . . .
hadronic states from e e annihilation. The jet axis is consistent with

lying along the photon direction.
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Table 1

Mass cuts for the three photon enmergy ranges used in the analysis

Photon energy Mass
{GeV) (GeV/c?)
25-35 < 3.5
35-50 < 4,25
50-70 < 5.0

Table 2

Values of b resulting from fitting t-distributions with A exp (bt)

Photon energy range 6T mass range b

(GeV) (GeV/c?)

25-35 2-3 5.67 £ 0.50
35-50 2-3 5.32 + 0.48
50-70 2-3 4.67 £ 0.56
35-50 3~4 5.40 * Q.44
50-70 3-4 3.538 £ 0.44
50-70 4=5 4,78 £ 0.38
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Figure captions

Fig. 1

Fig. 2

Fig. 3 .

Fig. 4

Schematic view of the photon tagging system. The incident electron
of momentum 81.5 GeV/c is detected by the beam spectrometer before
entering this system. An electron which radiates in the tungsten
radiator is detected in the multiwire proportiomnal chambers MWPC 1-4
and the hodoscopes HC1-2, while the photon produced travels on into

the Omega spectrometer.

Plan view of the Omega spectrometer as equipped for this photo-

production experiment.

Number of events as a function of AE = incident photon energy - L
(energies of observed charged particles) for events selected as the

67 sample with 2 < M__ < 4 GeV/c¢® and with incident photon energy

et
between 35 and 65 GeV. The steep rise at AE =-0.5 GeV indicates
one side of the elastic peak, the other side of which merges into

the inelastic distribution. This inelastic distribution is indicated

by the curve, and has been estimated as described in the text.

Acceptances for detecting 67 candidates from the reaction
Yy+p-rp+ (X~ BT A
as a function of mass of X for three photon energies:
E_ = 30 GeV, = - - = E = 42,5 GeV, -:.-.—.— E = 60 GeV,
Y . Y Y
as calculated with the Monte Carlo program described in section 3
of the text. The curves which fall with increasing mass show the

fractions of events which were detected with all six pions iden-

tified correctly, while the curves which rise with increasing

mass show the fractions of events where at least three positive

and three negative particles were detected, but with the proton

identified as one of the six pioms.



Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. 9

a)

b)
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Experimental 67 mass spectra for three different ranges of photon

energy.

Experimental t distributions, where t is the four-momentum transfer
with which the 67 system is produced, for ranges of 6T mass and
photeon energy. The relative normalization has been adjusted to cor-—
respond to the same total numbers of events in each case, to
facilitate comparisoms. The results of exponential fits to these

data are given in table Z.

+ - X
Observed mass spectrum for T T pairs.

+ =+ .
Observed mass spectrum for m T pairs.

A sample Pr distribution, dN/dpé, as a function of Pp» for events
with 67 mass between 3.5 and 4.25 GeV/c? and incident photon energy
between 35 and 70 GeV. The results have been selected for three
ranges of x = PL/PLmax; —IL—O.5 < x < -0.1, § 0.1 < x <0.1,
{0.1 < % < 0.5, The results for -0.1 < x < 0.1 have been dis-
placed upwards for clarity. 1 and pp are defined with respect to
the photon direction in the 61 rest system. The curves are calcu-~
lated assuming phase space weighted by the factors:

R 1 - L - - T8 _ 2
Hi=1 exp (3.5 pTi)’ Hi=1 exp (-4.5 pTi)‘

Experimental values of (pT), the average of Pr of the six pions
with respect to the photon direction in the 6T rest system, as a
function of mass of the 67 system, for three ranges of incident
photon energy: {25 < EY < 35 GeV, -£ 35 < EY < 50 GeV,

i 50 < EY < 70 GeV {(data from this experiment)}; and # SPEAR
results. The curves show behaviour expected for phase space and
for phase space weighted by Hz=1 exp (—ApTi) or H;=1 exp (—Bp%i);

the values of A or B are marked on the curves.,
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Pion longitudinal rapidity distributions with respect to the incident
photon in the 6T rest system, for ranges of 67 mass. The normaliza-
tion is to unit area. The curves are calculated assuming phase

space weighted by HE=1 exp (_ApTi)’ with A = 3.0 for the two lower

masses and A = 3.5 for the two higher masses..

Distributions of numbers of pions as a function of x = PL/meax
with respect to the incident photon in the 6T rest system for
ranges of 67 mass and for ranges of incident photon energy:
}25 <Ey<35GeV, IBS <Ey<50GeV, ESO <EY<7OGeV.
The curves are calculated assuming phase space weighted by

HE=1 exp (—ApTi) with A = 3,0 for the two lower masses and

A = 3.5 for the two higher masses.

Values of (pT} as a function of x = pL/meax’ with Pr and 129
determined with respect to the incident photon direction in the 6w
rest system. The curves are calculated assuming phase space
weighted by H§=1 exp (-Ap;.), with A = 3.0 for the two lower

masses and A = 3.5 for the two higher masses,.

Experimental values of the energy-weighted average pT’z:EipTi/ z:Ei,
functi = i

plotted as a function of x PL/meax’ where all these variables

are defined in the 67 rest system with the momentum components

being with respect to the incident photon direction.

Values of the average charge, on one side of a longitudinal rapidity
Y eut (defined with respect to the incident photon direction in the
6T rest system) plotted as a function of Y eut? 67 mass and incident

photen energy: .} 25 < EY < 35 GeV, i 35 < EY < 50 GeV,

{50<E < 70 GeV.
Y
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Fig., 15 : Values of the average of the square of the total charge on one side
of a longitudinal rapidity, Y eut (defined with respect to the
incident photon direction in the 6T rest system} plotted as a func—
tion of Yout? 6m mass and incident photon energy: i 25 < EY < 35 GeV,

£35<E < 50 GeV, %50 < E_ < 70 GeV.
Y Y

Fig. 16 : Values of C = (NC-NR)/(total number of coincidences). Here NC is
the observed number of coincidences per unit range of rapidities
between a pair of particles: one with rapidity yi;, and the other
with rapidity y2. NR is the corresponding number of coincidences
one would deduce from the observed single-particle distributions
if the probability of coincidence were random:

a) 2.0 <M,_ < 2.75 GeV/c?;

6T
b) 2.75 <M, < 3.5 GeV/c?;
c) 3.5 <M. < 4.25 GeV/c?, equal charge pairs;
d) 3.5 <M < 4.25 GeV/c?, opposite charge pairs;
e) 4.25 < M6TT < 5.0 GeV/c?, equal charge pairs;
£) 4.25 <M < 5.0 GeV/c?, opposite charge pairs.

The symbols denote: } 0.4 < y; < 2.0, equal charge pairs,

i -2.0 < y; < -0.4, equal charge pairs, :} 0.4 < y1 < 2.0, opposite
charge pairs, ‘I -2,0 <y < -0.,4, opposite charge pairs. The
curves are calculated assuming pT-truncated phase space:

0.4 < y1 < 2.0, - === =2.0<7y <-0.4

Fig. 17 : Values of (pT)Sph, the average value of Pp with respect to the
sphericity axis in the 67 rest system as 2a function of 67 mass and
for three ranges of incident photon energy: }- 25 < EY < 35 GeV,
% 35 < EY < 50 GeV, éE 50 < EY < 70 GeV. Also shown are cor-
responding measurements from jets from electron-positron annihila-
tion, for data of all multiplicities and uncorrected for detector

apertures: 4 DORIS [20].
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Fig. 18 : Experimental distribution of the angle between the sphericity axis
and the incident photon direction in the 6T rest system for three
ranges of 67 mass:

a) 2.75 <M. < 3.5 GeV/c?,

6
2
b) 3.5 <M. < 4.25 GeV/c*,
¢) 4.25 <M, < 5.0 GeV/c?.

The curves are calculated assuming pT-limited phase space, as

described in the text.
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