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1 Introduction

Besides the longitudinal direction of a high energy collision, the transverse plane contains
important information on the production mechanism. Of particular interest for the con-
struction of parton models is the way in which transverse momentum pr is compensated
within the final state of a collision. In early studies [1], pr was found to be compensated
over a range in rapidity compatible with the total rapidity range available.

In [2] it has been shown that mini-jets with |pr| more than a few GeV/c become
important at energies exceeding ISR energies. Many authors have suggested that, at high
energies, mini-jets are responsible not only for the global properties, such as the rapid
increase of the total cross-section and the average charge multiplicity, but also for local
correlations, such as fluctuations of multiparticle production and the mechanism of pr-
compensation [3-12]. To trace possible differences in the particle production mechanism,
it is interesting to compare pr-compensation in inclusive reactions with that in events
with high pr-production.

An elegant method to study pr compensation in detail has been suggested in [13]
and applied to heavy ion collisions in {14]. In this paper, the method proposed in [13]
is used for w*p-interactions at 250 GeV/c. The role of individual particles is studied
in the compensation of the total pr in each hemisphere, with respect to the beam, as
well as to the sphericity axis. In addition, compensation of the highest pr in the event is
investigated. A related analysis in terms of longitudinal and transverse collective variables
is performed in [15].

Two versions of the FRITIOF model (FRITIOF6.0 and FRITIOF7.0) and the Quark-
Gluon-String Model (QGSM) are used for comparison with the experimental data.

In Sect.2, the experimental procedure and the statistics used for the analysis are
presented. Section 3 contains a brief description of the models. The method is recalled
and the data are compared with the model predictions in Sect. 4. Conclusions are given
in Sect. 5.

2 The experiment

The experiment has been performed with the European Hybrid Spectrometer (EHS),
using a meson-enriched beam from the SPS accelerator. The analysis is based on results
of the reconstruction of events in the hydrogen filled rapid cycling bubble chamber RCBC,
used as a vertex detector, and a downstream spectrometer. A detailed description of the
experimental set-up is given in [16, 17] and references therein.

Events are accepted when measured and reconstructed charge multiplicity are consis-
tent, charge balance is satisfied and no electron is detected. Only events with all tracks
satisfying our quality criteria are included in this analysis. Two-prongs are excluded.

For momenta pr 45 < 0.7 GeV/c, the range in the bubble chamber and/or the change
of track curvature is used for proton identification. In addition, a visual ionization scan
has been used for prap < 1.2 GeV/c on 62 % of the #*p sample. Particles identified
as protons are given proton mass. Particles with momenta pr4p > 1.2 GeV/c are not
identified in the present analysis and are treated as pions.
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Single diffractive events (from %1 or p dissociation) are defined as events of charged
particle multiplicity n < 6 with at least one positive particle having Feynman |zr| > 0.88
and are removed from the sample.

After these cuts, our sample consists of 41.533 non-single-diffractive 7 *p events with
charged particle multiplicity » > 2. A correction is applied for the loss of events during
measurement and reconstruction by normalization to the topological cross section data
[16]. The average charge multiplicity of inelastic non-single diffractive events is 9.2340.14
[18].

3 Quark models

A comparison is performed with three models: the Lund type models FRITIOF6.0 [19]
and FRITIOF7.0 [20] and the Quark-Gluon-String model QGSM [21].

The FRITIOF mechanism of producing particles can be characterized as ”total diffrac-
tion”, in which each of the colliding particles is excited to form a dipole. During the
collision between the two hadrons, many uncorrelated momentum transfers occur. This
leads to a reaction of the evolving strings as if they had been worked upon by a single
momentum transfer. The color separation causes gluonic bremsstrahlung. The beam me-
son fragments like a quark-antiquark chain in e*e”-annihilation and the target-nucleon
dipole like a quark-diquark chain in lepton-nucleon collisions. In both versions, default
parameters are used (e.g. mean primordial p for string ends equal to 0.25 (GeV/c)? for
version 6.0 and 0.30 (GeV/c)? for version 7.0, width of the Gaussian transverse momentum
distribution for primary hadrons o, = ¢, = 0.35 GeV/c and 0.405 GeV/c, respectively).

The main difference between versions 6.0 and 7.0 is that hard (Rutherford) parton
scattering is included in 7.0, but not in 6.0.

The QGSM is based on dual topological unitarization. In addition to 2 strings being
formed between valence quark and antiquark and between quark and diquark of the
colliding hadroms, respectively, strings are formed between sea quarks and antiquarks
of the primordial particles. The string breaking algorithm of QGSM is described in
[21]. At the string break-up, the transverse momenta of the sea quark pr and antiquark
—pr are assumed to be distributed according to P(p3) = 3b/[x(1 + bpZ)*] with b =
0.34(GeV/c)2. The diquark from the proton compensates the total transverse momentum
of the other quarks (antiquarks). Due to an increase of the number of quark-gluon strings
with increasing energy, the average pr of quarks and antiquarks, and via the compensation
that of the diquark, increases. The transverse momentum of valence quarks is distributed
according to P(pZ) = cexp(—cp%)/m with a slope parameter ¢ = 10 (GeV/c)~2. QGSM
does not include any hard parton scattering.

The main differences between the models used for comparison with the experimental
data are colour exchange (present in QGSM, but not in FRITIOF) and hard parton
scattering included only in FRITIOF7.0. So, a comparison of the experimental data
with model predictions is expected to elucidate the role of hard processes and the role of
colour exchange at our energies. All three models give reasonable descriptions of the gross
features of the data in terms of multiplicity, single particle pr and rapidity distributions,



and as such can be used as background for observation of any multi-jet effects or any
other phenomena in pr-generation. Rather than attempting to tune the models to the
data presented in this paper, we restrict ourselves to a comparison in terms of the default
parameters. Retuning of the parameters on the basis of all NA22 results is foreseen in
later stage.

Two-prong and diffractive events are excluded from the Monte Carlo events by the
same cuts as used for the data. Proton misidentification is treated as in the data.

4 Results

4.1 Transverse momentum compensation between hemispheres

The total transverse momentum of charged particles in one cms hemisphere gives a first
estimate of typical pr-values of groups of particles. It sets the scale of any collective effects
in the transverse plane. Neglecting neutral particles, total transverse momentum vectors

Qs and @ ¢ are defined over all charged particles in backward (proton) and forward (77)
hemispheres, respectively, as

Q= )_P1; ) Qr= Y Bri » (1)
=1 j=k+1
where n is the total number of charged particles in the event and k that of charged
particles in the backward hemisphere. The average values of the magnitudes of Q s and
Qb are presented in columns 2 and 3 of Table 1, together with the corresponding model
predictions. The values of (@) and (Qs) (= 1 GeV/c) observed are significantly larger
than the average transverse momentum of single particles and also larger than expected
from FRITIOF and QGSM. The former means that significant pr-exchange takes place
between hemispheres, the latter that there is significantly more pr-exchange between
hemispheres in the data than in the models.
A difference exists between the (Q4) and (Q;) values in columns 2 and 3 of Table
1. This difference is explained from neutral particles not included in the analysis, since
otherwise @, = —d + would follow for every event from momentum conservation.
Fig. 1 shows the distribution in the azimuthal angle Ay between ] s and Qs. A devia-
tion from Ay = 7 means that the role of neutral particles is not negligible. However, even
when including neutrals, transverse momentum conservation imposes some constraints on

the Ay distribution. A simple statistical model can be constructed, in which d—'f; can

be derived analytically. The three vectors @ f Qs and the total transverse momentum of
neutrals ¢J, must sum up: . . .

Qs+ Q+Q.=0 . (2)
Let us assume the same Gaussian ansatz for each Q vector. Then the differential cross
section can be written in the form:

do -
—— —b ,'2 6(2) i . 3
dQ;dQydQ, 1L exp(-5@) (2.9 ®)



We assume the same value of b for @y, @, and Qo, which seems reasonable, as the
average multiplicity of neutral pions is approximately 1/2 of charged ones. Using a Fourier
representation of the §(?) function and performing the integration over all variables except
the azimuthal angle Ay between any two Q vectors, one gets (independent of the value
the parameter b) [22]:

do 3 ( T
dAp  4m(1 —22)'(1 — z2)1/2

(arcsin(z) — g) +1] , (4)

where ¢ = 1 cos Agp. Thus, in the statistical model the angular correlation between Q sand

(jb does not depend on the magnitude of the Cj vectors. The d%p distribution calculated
according to this formula is shown in Fig.1 as dotted line. It provides a satisfactory
description of the data (taking into account the deficiency of the approximation used).

Model predictions are presented as dot-dashed line (FRITIOF6.0), full line (FRITIOF
7.0) and dashed line (QGSM) and are also in agreement.

To understand how the transverse momentum is distributed inside the two hemispheres
and to understand the role of the central region, we distinguish particles from the central
region (| zr |< 0.2) and define the vectors Cj s and éb for this region, separately. The
average values of the vectors Q s and Qb in this region are presented in columns 4 and 5
of Table 1. Differences between (Q;) and (Qs) can now be due to neutral particles and to
the asymmetry of the =5 distribution of charged particles. The models also underestimate
the total transverse momentum in the central regions.

Large pr-exchange between the two hemispheres leads to strong correlations between
the values of (Q;) and (Qs). In Fig. 2, the dependence (Q#(Qs)) and (Q5(Qy)) is presented
for all charged particles, as well for particles in the central region, together with the model
predictions. The models are below the experimental points for all values of @y and Q.
This is in agreement with the observation made for the averages in Table 1, but does not
of itself mean that the correlations must also come out too low in these models. Indeed,
an increase of (Q;) and (Q,) with increasing @, and Qy, respectively, is seen for data and
models.

To give a qualitative estimate of the strength of the correlation effect, we fit the
observed increase by the usual linear functions

Q) =ar+b Qv , (@) =as+b; Qs , (5)

excluding the first points. Results of the fits are presented in Table 2. Strong positive
correlations (measured by the slope b) are observed in the experiment between the total
hemispheres, as well as in the central region. For the total hemisperes, FRITIOF6.0
underestimates the slopes, while in QGSM and FRITIOF?7.0 the slopes are in agreement
with experiment. All models underestimate the slope in the central region.

The correlation between the values of Q; and @, is influenced by the correlation
between the number of particles produced into the forward and backward hemispheres.
Assuming absence of pr-correlations inside a hemisphere and neglecting transverse mo-
mentum conservation, one can derive the relation

k
(@) = (X Frs)") = kipz) - (6)

i=1




For the case that the (pZ) of particles in the forward hemisphere is independent of that
in the backward hemisphere, one can expect the same strength of correlation between
Q? and Q% as for (ny(ny)). These forward-backward multiplicity correlations have been
studied in our experiment in [23]. The slopes of (QZ(Q%)) and (Q3(@3)), for the total
hemispheres, as well as for the central region, are presented in Table 3, together with the
model predictions and with the slopes for the forward-backward multiplicity correlations.
A strong positive correlation is observed between Q? and Q?c defined for the total hemi-
spheres. A comparison of the correlation strength in Q? and n shows that the parameter
b is much larger when evaluated in Q2. The strength of correlation in n increases when
limiting the analysis to the central region, but the difference remains very big even there.
The models underestimate the slopes.

Since the forward-backward multiplicity correlations are weaker than the QF(Q%)-
correlations, one can conclude that a correlation exists between pr-values of particles
from different hemispheres. A comparison of experimental slopes with model predictions
shows a big discrepancy between models and experiment for the central region and for
the total hemispheres.

So, significant transfer of pr is observed between forward and backward hemispheres
in the cms, larger than predicted by FRITIOF and QGSM. The pr-transfer is mainly
absorbed by the large number of particles produced in the central region. This means that
the mechanism of multiparticle production leads to a collective eftect of large-pr groups
of particles in the central region. No such mechanism exists in the models examined.
Semi-hard processes, such as mini-jet production, could be responsible for this effect.

-—p . . . . .
4.2 pr-compensation in inclusive reactions

In this section, we study the role of individual charged particles in pr-compensation,
within the same and between opposite hemispheres. The projections of pr on to the
Qs and ] 4 - directions are calculated for each particle. In order to remove a distortion
resulting from the projection of the particle momentum on to itself, vectors Q i and
Qb,; are defined for each particle i by the sum over the remaining particles in a given
hemisphere as
k n
Qoi= Y Prjr Qri= Y Pri - (7)

I#i=1 JEi=k+1

. We study the components of the transverse momentum in the direction of Q 44 and
Qb,is - -
o Q1 Qb,i

Qs | @bl
(with py ; or pa; set to zero when |Q;.l or |@Qs.s| is zero, respectively). The component of Pri
in the direction of the residual transverse momentum of a hemisphere gives information
to what extent pr; of particle i is compensated in that hemisphere.

In Fig. 3 the dependence of (p;;) and (p2;) on the particle’s rapidity y is shown for

all charged particles, in comparison with the models. Small, but negative values of (py ;)
and (p;;) are observed in the full rapidity region, indicating some compensation of pr;

Pi= P2 = PTi- (8)
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over the whole event. Small values of (p; ;) and (p,;) mean that, on average, the direction
of pr; of particle i correlates only weakly with the direction of the residual transverse
momentum of a hemisphere. The largest negative values are observed in that hemisphere
in which particle i is produced. So, compensation of a particle’s transverse momentum is
stronger in its own hemisphere than in the opposite hemisphere, but the difference is not
large. The models follow the trend of the experimental data, but significant differences
are observed, in particular for FRITIOF7.0.
In addition, a vector Q,- is defined as the difference,

Qi=Qri— Qoi (9)

Apart from the transverse momentum of neutral particles, Q,- corresponds to the trans-
verse momentum transmitted from one hemisphere to the other.
In Fig. 4, the transverse momentum component in the direction of Q;,

-

Qi
1Q: 1
is averaged over all charged particles of given y in all events and the dependence of (p. ;)
on the particle rapidity y is studied in the cms. The shape of the distribution for |y|<2.5
is a consequence of definition (9) and (10) and reflects the fact seen in Fig. 3 that the
Pr-compensation of the given particle (y|<2.5) in his own hemisphere is stronger than in
the opposite hemisphere.

The particles in the bin centred at y = —2.8, mainly the final state proton, are
negatively correlated with the direction of Q,-. This shows the important role of the
relatively large transverse momentum of the proton in the pr compensation. Except for
this, the models approximately reproduce the trend of the data.

In tracing effects originating from local (essentially within one hemisphere) and from
global (between the two hemispheres) pr-compensation, it is interesting to compare the
results obtained with respect to the beam axis to those obtained with respect to the
sphericity axis. By definition, effects of global pr exchange between initial particles are
suppressed in an analysis with respect to the latter.

The sphericity frame (p;"’,-h) and (p;‘:-h) distributions, are compared with the models in
Fig. 5, where now y is defined with respect to the sphericity axis. The forward hemisphere
w.r.t. the sphericity axis is chosen at random event by event, so that the p;"’,-h and p;’;h
distributions are forced to follow:

() = (P (-9)) -

The component of pr; in the direction of the residual transverse momentum of the same
hemisphere is negative and has larger absolute value than in Fig. 3. All models roughly
describe the pr-compensation inside the hemisphere of the detected particle ¢, but the
model curves are broader in y than the data. On the other hand, the component of pr;
in the direction of the opposite hemisphere is small in the models, but has clearly positive
values in experiment.

(10)

Pzi = PTi"



The average of component p”, " in the sphericity system is shown in Fig. 6 as a function
of rapidity y along the sphericity axis. The random choice of the forward direction here
defines the form of the distribution to follow (p;"f‘ (v)) = —(pﬂ’ (—vy)). Indeed, in the
new basis, the picture of compensation changes, for experiment as well as for the models.
The values of (p;”,h ) at |y| ® 2 — 3 are much larger than those of (p,;) in Fig. 4 and
pr exchange is considerably larger in experiment than in the models. The differences
between the models themselves are largely reduced.

Transfer of pr between forward and backward hemispheres becomes more evident in
the new (sphericity) basis. A particle which compensates the residual transverse mo-
mentum of the own hemisphere is positively correlated with the direction of the total
transverse momentum of the opposite hemisphere. Absence of these positive correlations
in the models shows that pr-exchange between hemispheres is smaller in the models than
in experiment.

So, the role of a particle in the compensation of the total transverse momentum of
its own hemisphere becomes more essential when evaluated in the new basis than with
respect to the beam axis (Figs. 5, 6 as compared to Figs. 3, 4). Long-range positive
correlations become evident between a single particle from one hemisphere and the total
pr of the opposite hemisphere (Fig. 5). Both FRITIOF versions and QGSM qualitatively
describe the experimental data, but the models predict a pr-compensation region wider in
y than observed in experiment (Fig. 5). In the models practically no long-range positive
correlations are expected between pr; of a particle from one hemisphere and the direction
of the total pr of the opposite hemisphere (Fig. 5).

4.3 High-pr compensation analysis

To study the properties of production of particles with transverse momentum larger than
average, the compensation of the highest charged particle transverse momentum in the
event is investigated with respect to the sphericity axis. Only events with at least one
charged particle (trigger) with pr > 1.5 GeV/c are accepted in the analysis. To exclude
distortion of the pr-distribution by fast particles from the fragmentation regions and by
phase space limitations, only triggers with | y |< 2.0 are accepted. The cross section of
selected events (1065 events) is given in column 2 of table 4.

For the selected events, the vectors é s and éb't, are defined for triggers w.r.t. the
sphericity axis. In Fig. 7, (p{"t’,‘.) and (p;”:,'.) are shown as a function of the trigger rapidity,
and (p;”t':) in Fig. 8. Due to the random choice of the forward hemisphere similar
symmetry properties are expected for Figs. 7 and 8 as observed in Figs. 5 and 6. Due
to limited statistics, these properties are not perfect here. In Fig. 7, a deep minimum
is observed in the trigger hemisphere. This means that all other particles within the
trigger hemisphere tend to compensate the large pr of the trigger. Only small positive
correlations are observed between the pr of the trigger and the total pr of particles in
the opposite hemisphere. QGSM reproduces the trend in the experimental data, but not
FRITIOF.

A detailed analysis of trigger compensation is useful in tracing semi-hard processes in
multiparticle production and is performed in the following w.r.t. the beam axis.



A comparison of global event characteristics with model predictions of FRITIOF and
QGSM are presented in Table 4. The average charge multiplicity (n) is larger in events
containing a particle with pr > 1.5 GeV/c than the (n) ~ 9.2310.14 observed for our
inelastic non-single diffractive events in [18]. Reasonable agreement is observed between
experiment and QGSM. FRITIOF6.0 cannot reproduce the cross section. On the other
hand, FRITIOF7.0, which includes hard parton scattering, underestimates their multi-
plicity.

Let us now define a transverse momentum flow as the sum of transverse momentum
components in the trigger direction over all charged particles in an event, at given rapidity
distance Ay to the trigger,

L(Ay)= Y prcosAp.

charged
particles
at Ay

Here, Ay is the azimuthal angle between the trigger and the particle. The transverse
momentum flow averaged over all events is shown in Fig. 9 as a function of Ay, separately
for negative and positive particles, along the trigger direction in the transverse plane
(A¢ < 7/2) and in opposite direction (Ap > 7/2). The distributions have a maximum
at small Ay. FRITIOF6.0 predicts far too small a flow of positive particles in both
directions. Near the trigger (Ay<2) also QGSM and FRITIOF7.0 underestimate the pr
flow of positives in both directions. Also for negatives none of the models is able to
describe the flow simultaneously for Ay < 7/2 and Ap > 7/2.

The discrepancies in L may be connected with deviations between models and exper-
iment in the average transverse momentum flow per particle, (pr cos Ap), or in number
of particles following the trigger or going into the opposite direction. The analysis of
(pr cos Agp) in Fig. 10 shows practically no dependence on Ay. The average values are
(pr cos Ap) = 0.2 in the whole region of Ay for particles in the trigger direction and
(pr cos Ap) = 0.3 for particles in the opposite direction. The models overestimate these
values for negative particles.

In Fig. 11 the number of positive and negative particles (not including the trigger) is
presented in the trigger direction and in the opposite direction. All models underestimate
the number of positive particles in both directions. QGSM describes the number of
negatives reasonably well, but both FRITIOF versions are too flat.

From figs. 9,10,11 it follows, that the trigger p; is compensated mainly by a large
number of particles with average pr, emitted opposite to the trigger direction. This result
agrees with observations made in [24] in terms of transverse energy (see also the model
argumentation of {25]). The details of the compensation mechanism are not accounted
for by the models considered in our analysis.

The charge flow (n*-n") along the trigger (not including the trigger) and in opposite
direction is shown in Fig. 12, together with the model predictions. Both FRITIOF6.0
and QGSM, not including hard parton scattering, underestimate the charge flow opposite
to the trigger. FRITIOF7.0 describes the experimental data very well. It has, however,
been verified that this success is not due to the presence of hard scattering in the latter.




5 Conclusions

An analysis has been performed of transverse momentum compensation in 7* p-interactions
at 250 GeV/c. The main results can be summarized as follows.

1. Significant transverse momentum transfer is observed between cms hemispheres. The
transfer is larger than predicted by FRITIOF or QGSM. The transfer is mainly absorbed
by the large number of particles in the central region.

2. Non-trivial correlations (beyond the multiplicity effect) exist between the total pr of
charged particles in forward and backward hemispheres.

3. Transverse momentum compensation with respect to the sphericity axis mainly takes
place within one hemisphere. The models predict a compensation region wider in y than
observed in experiment.

4. The analysis of the compensation of the highest pr (>1.5 GeV/c) shows that the large
pr of the trigger is compensated mainly by particles in the trigger hemisphere.

5. The analysis of events with a trigger particle shows that the average charge multiplic-
ity of such events is larger than that for all events. Significant flow of p7 and number of
particles is observed along the trigger direction in the transverse plane and in opposite
direction. This means that the high-pr compensation is local in y-range and the mech-
anism of high-pr production leads to collective effects. Neither of the examined models
can reproduce these effects in detail, but QGSM is in better agreement with experiment
than FRITIOF.

6. Within FRITIOF, a large cross section for high pr trigger events can be obtained only
by FRITIOF7.0, where hard parton scattering is included. So, hard processes cannot be
neglected even at our energies.
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Table 1. Average values of transverse momenta in the forward and backward
hemispheres and in the central region

total hemispheres |zr| < 0.2
(Q1) GeV/e | (Qu) GeV/e | (Q)) GeV/e | (Q4) GeV/e
experi- 1.0281+0.004 | 0.974+0.003 0.936+0.004 | 0.885+0.004
ment
QGSM 0.684+0.002 | 0.676+0.002 0.62810.002 | 0.628+0.002
FRITIOF6.0 | 0.61940.002 0.5954-0.002 | 0.5514-0.002 0.517+0.002
FRITIOF7.0 | 0.64940.002 0.63310.002 | 0.648+0.003 0.63110.003

Table 2. Slopes of the (Q#(Qs)) and (Q4(Q;))-dependence
(fit range 0.1 to 1.2 GeV/c)

total hemispheres |zr| < 0.2
by by by by
experiment | 0.34 + 0.03 | 0.37 4 0.03 | 0.32 =+ 0.03 | 0.32 + 0.03
QGSM 0.31 £ 0.01 | 0.30 + 0.01 | 0.17 + 0.01 | 0.19 + 0.01
FRITIOF6.0 | 0.18 + 0.02 | 0.19 £ 0.02 | 0.09 + 0.02 | 0.10 + 0.02
FRITIOF7.0 | 0.32 + 0.01 | 0.33 £ 0.01 | 0.17 % 0.01 | 0.18 + 0.01
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Table 3. Slopes of the (Q3(Q3)) and (Q}(Q%))-dependence

total hemispheres lzr| < 0.2
by by by be
experiment | 0.60 +0.06 | 0.74 £0.08 | 0.67 & 0.08 0.63 = 0.09
(ni(n;)) | 0.1540.02 | 0.15 £ 0.02 0.30 + 0.01
QGSM 0.39 + 0.002 | 0.38 £ 0.02 |{ 0.24 £+ 0.02 | 0.26 £ 0.02
FRITIOF6.0 | 0.25 4 0.02 | 0.27 £ 0.02 | 0.14 £ 0.01 | 0.14 + 0.02
FRITIOF7.0 | 0.38 +0.01 | 0.39£0.01 | 0.21 £0.01 | 0.21 +0.01

Table 4. Global characteristics of events with trigger (pr > 1.5 GeV/c)

o (mb)

(n)

(prer) GeV/e

experiment

0.0286 + 0.0007

11.36 £ 0.09

1.75 £ 0.005

QGSM

0.0265 + 0.0006

12.30 + 0.06

1.75 = 0.005

FRITIOF6.0

0.0021 =+ 0.0002

10.50 £ 0.40

1.66 + 0.01

FRITIOF7.0

0.0268 + 0.0008

9.29 + 0.12

1.78 £ 0.001
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Figure Captions

Fig. 1 Distribution i in the azimuthal angle Ap between the forward and backward transverse
momentum vectors Q ¢ and Qb, in comparison to a statistical model described in the text

(dotted), to FRITIOF6.0 (dot-dashed), FRITIOF7.0 (full) and QGSM (dashed).

Fig. 2 (Qy) as a function of @ and (@) as a function of @y, for all charged particles
(upper diagrams) and those from the central region (lower), in comparison to FRITIOF6.0
(dot-dashed), FRITIOF7.0 (full) and QGSM (dashed).

Fig. 3 The average components (p1,,-) and (pz,,-) of the transverse momentum pr; in the

direction of Qs; and Qs ;, respectively, as a function of rapidity y, compared to predictions
from FRITIOF6.0 (dot-dashed), FRITIOF7.0 (full) and QGSM (dashed).

Fig. 4 The average component (p. ;) of the transverse momentum pr; in the direction of Q;, as
a function of rapidity y, compared to predictions from FRTIOF6.0 (dot-dashed), FRITIOF7.0
(full) and QGSM (dashed).

Fig. 5 Same as Fig. 3, but evaluated in the sphericity frame.
Fig. 6 Same as Fig. 4, but evaluated in the sphericity frame.
Fig. 7 Same as Fig.5, but for high-pr trigger particles.

Fig. 8 Same as Fig. 6, but for high-pr trigger particles.

Fig. 9 Transverse momentum flow per event as a function of Ay, separately for positive
and negative particles, in trigger direction (A < 7/2) and opposite to the trigger direction
(Ag > 7/2), in comparison to FRITIOF6.0 (dot-dashed), FRITIOF7.0 (full) and QGSM
(dashed).

Fig. 10 (prcos Ap) per particle as a function of Ay, separately for positive and negative
particles, in trigger direction (A¢ < 7/2) and opposite to the trigger direction (Ap > 7/2),
in comparison to FRITIOF6.0 (dot-dashed), FRITIOF7.0 (full) and QGSM (dashed).

Fig. 11 Average number of particles (n) as a function of Ay, separately for positive and negative
particles, in trigger direction (Ap < 7/2) and opposite to the trigger direction (Ap > 7/2),
in comparison to FRITIOF6.0 (dot-dashed), FRITIOF7.0 (full) and QGSM (dashed).

Fig. 12 Charge flow as a function of Ay, in trigger direction (Ag < 7/2) and opposite to the
trigger direction (6¢ > m/2), in comparison to FRITIOF6.0 (dot-dashed), FRITIOF7.0 (full
line) and QGSM (dashed).
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