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Abstract.

The ATLAS Collaboration has measured a wide range of pragseof soft particle production in
\/$=900 GeV and,/s=7 TeV proton-proton collisions at the Large Hadron ColtileHC). These
include forward-backward and azimuthal correlationsyraghal ordering of hadron production,
underlying event properties and their dependence on aspéthe hard scattering process. The
inelastic and diffractive cross sections have also beersured, using particle forward flow and
rapidity gaps. Many of these measurements are used to geaabbtune models for soft particle
production.
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INCLUSIVE PARTICLE SPECTRA

The measurements of soft particle pro-
duction test various phenomenological -
models of the hadron production and g
serve as input for the adjustment of =
model parameters. g 10
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The measurement of the charged
multiplicity and of the inclusive p and
pseudorapidity distribution [1], one of & 10
the first ATLAS [2] publication based =
on initial LHC data, revealed significant £ i
discrepancies between the observed dis- 10
tributions and the Monte-Carlo (MC) 10
predictions (see Fig. 1). Although these
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cured by subsequent retuning of the g *f

model parameters (AMBT2 tune [3]), & i D e —
a completely satisfactory understand- osEEF T T .
ing of the physics processes involved 10° 1 10 -
in soft particle production has not yet p, [GeV]

been achieved. A selection of recent AT- _

LAS publications investigating various FIGURE 1.: Inclusive transverse momen-
aspects of the problematics is presente¢dm distribution of charged particles [1].
below.



DIFFRACTIVE PROCESSES

ATLAS measured the dependence of the inelastic cross seatidhe forward rapidity
gapAnF [4] measured from the edge of the calorimeter acceptéamgce 4.9. As shown
in Fig. 2a), none of the available models describes the dagatbe whole gap range.

The slope of the distribution at large gap sizes, dominatethb single diffractive
(SD) contribution, was used to extract a value of the Pomarancept

a(0) = 1.058+0.003(tat) + 0.034(syst). (1)

For SD process, the rapidity g&m between the scattered proton (at- + 8.9) and the
dissociated hadron systexnis closely related to the mass of the systein
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Figure 2b) shows the measured inelastic cross sectionrateghoveréy < &cyt cOm-
pared with previous ATLAS measurement [5] and with the meament done by the

TOTEM Collaboration [6]. The MC models fail to describe thg: dependence, in par-
ticular the steep rise of the cross section at w
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FIGURE 2. (a) Forward rapidity gap distribution [4]. (b) The inelastiross section measured by
ATLAS and TOTEM Collaborations [4, 5, 6].

EXCLUSIVE HADRON PRODUCTION

Kg andA production has been measured in [7] using a cut on transflegeedistance
between primary and secondary vertices and on the pointigigaf the reconstructed
resonance candidates. The production ratit found to be somewhat underestimated
(Fig. 3a) and the tail of the transverse momentum of Ahéaryon is significantly
overestimated (Fig. 3b) by the models.
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FIGURE 3. (a) The measured production rate of tﬁé resonance. (b) The transverse momentum
distribution of the/\ baryon [7].

PARTICLE DENSITIES

The multiple parton interactions con-

tributing to the so-called _underlying g 0145 ATLAS === pataz010 | Nertev
event activity can be studied throughs | F" Pyia6MCo9  Ii<2S
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the measured particle production ins & - ... Pythia s Perugiazon P2
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track/jet in the event. ATLAS mea- = <% Herwig++ E
sured the azimuthal correlations be- E ]
. 0.04 ]

tween the charged particles and the sk E
leading track [8]. The models tend to B 2
overestimate the particle flow around T e 2

the leading track and to underpopulate ' Ao

the phase space regions away from

the leading track, as shown in Fig. 4. FIGURE 4.: Distribution of the azimuthal
The analysis also comprises the mea-opening angle between charged particles
surement of forward-backward corre- and the leading track, after subtraction of
lations in multiplicity and summed distributions from the same and the opposite
transverse momentum between sym-hemisphere [8].

metrically defined pseudorapidity in-

tervals.

A recent measurement of the characteristics of the uncdheylgvent and their depen-
dence on the properties of the leading jet in the event [Q)airticular the jet transverse
momentum and the clusterization parameter, provides ale@taformation for fine-
tuning of the MC models.



PARTICLE CORRELATIONS

Particle correlations reflect the dy-
namics of the particle production and
provide an important test of the mod-
elling of the soft particle production.
ATLAS has measured the inclusive
two-particle angular correlations [10]
with help of a multiplicity indepen-
dent 2-dimensional correlation func-
tion (Fig. 5a) using a reference sam-
ple constructed from pairs of parti-
cles from different events. The com-
parison between the data and mod-
els of the correlation function inte-
grated over the azimuthal angle, resp.
over a given pseudorapidity interval,
is shown in Figs. 5b and 5c. None of
the models fully describes the shape
of the measured correlation function.
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FIGURE 5. Top:(a) The two-particle correlation function [10]. Batto The correlation function inte-
grated over the azimuthal angle difference (b) and over the\d) < 2 range (c).

ATLAS also performed a spectral analysis of correlationsveen longitudinal and

transverse components of the momentum of charged partarieen by the search for

phenomena related to the structure of the QCD field [11].
Fig. 6 shows the measurement of the power specByiaefined as
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FIGURE 6. The S; power spectrum measured in a phase-space region resthgtatie cut on
max(pr) <1 GeV (a) and with the low pcut raised from 100 MeV to 500 MeV (b) [11]. The mea-
surements have different sensitivity to the hadronizagibects.

whereé stands for a paramet&Xny andAg are the differences in pseudorapidity and the
azimuthal angle. The power spectrum is normalized to thebmurof charged particles

in the event, and to the number of evenltg,. In the phase space region most sensitive
to the hadronization effects (Fig. 6a), the data show a fogmt amount of correlations
not present in the MC models. On the other hand, reducingdhteat of soft particles

in the sample with an increased fhreshold leads to an overestimate of the shape of the
power spectrum by all models (Fig. 6b). The latter behavisyorobably related to the
overestimate of the particle flow around the leading tracktmnaed above (Fig. 4) but
the origin of discrepancies and the interplay between dmurting physics phenomena is
not yet understood.
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