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1. Introduction: Soft QCD

The processes of interest at hadron colliders are mostly the hard scpgeents. However,
soft ! QCD processes are an unavoidable background to all the collidervabses and they are
generally not well understood since non-perturbative physics is iadol$oft QCD distributions
are used to test the predictions from the phenomenological models implemenggibirs Monte-
Carlo (MC) generators. Exploring the different aspects of QCD in a higlv energy and high
multiplicity regime is interesting in itself, since higdf and lowx phenomena, such as the effect of
high parton densities and the interplay between perturbative and nomljadrta regimes are also
not well understood. Several soft QCD measurements made using Aptai@n-proton collision
data at center of mass energy\@§ = 7 TeV are discussed here.

2. Minimum Biasand Underlying Event

Minimum bias (MB) is dominated by purely soft QCD scattering with minimal eveletsien
criteria, whereas underlying event (UE) is the soft QCD componenthwoions an irreducible
background in events with an identified hard scattering. ATLAS performi@émum bias [1] and
underlying event [2] measurements with 2010 low pileup data. For the MBhiistons, pre-LHC
models show significant disagreement, especially in thegpwnd low multiplicity region where
one expects to have the largest contribution from diffractive eventshasn in Fig. 1 (a). All
the pre-LHC MC tunes considered show lower activity than the data in thevieese region UE
distributions, as shown in Fig. 1 (b). The clusfgrsum from UE, sensitive to both charged and
neutral components was also measured for the first time [3], shown in Y. The new ATLAS
tunes [4] of shower MC, obtained by using these data, resulted in a samifimprovement in
describing the soft QCD distributions.

3. Two Particle Correlation

Correlations in the pattern of radiation emitted in proton-proton collisions canagi insight
into the underlying particle production mechanism. The correlation is defined as
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where< >y, indicates an average over contributions from all particle multiplicities.

The two-particle correlation function shows the probability that given aeipgrticle emis-
sion in (, ), there will be a second particle emitted at a distadaog, A@). The strength of the
correlation seen in data is not reproduced by available MC tunes, aimdeign 2.

R(AN,A) = (Non— 1)y, (3.1)

4. Diffractive M easurements

Diffractive events are characterized by the fact that the one or batieahcoming protons
emerge from the interaction intact, or are excited into a low mass state with onljl@aeergy loss.

1By soft we mean low transverse momenta transfer from initial to final stadevery few or no particles produced
with significantpr.
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Figure 1. In (a) the average charged particle multiplicity per unitagidity forn = 0 is plotted as a function
of the center of mass energy and compared to various paleigéMC predictions [1]. In (b) and (c), the
density of the charged particles and average sqalaaum for stable particles per unit arearjn- ¢ in the
transverse region as a functionf of the leading track [2] or cluster [3] is shown.

The topology of diffractive events is characterized by an empty regioreimapidity distribution
of final-state hadrons, known as a rapidity gap.

4.1 Full In€lastic Cross-section

Events are selected by requiring hits on scintillation counters mounted in thartbregion
of the detector. We defing = Mf /s, calculated from the invariant maddy, of hadrons selected
using the largest rapidity gap in the event. Experimentally the cross-sectialtigdated using:

(N — NBG) v 1- ff<5><l(ﬁ6

Oinel(§ > 5% 1076) = P -

(4.1)

whereN is the number of selected everlits is the number of background eventg, 146 is the
fraction of events wittf < 107 that pass the selectiofiLdt is the integrated luminosity, arggig
andege are the trigger and offline event selection efficiencies in the seléctadge. Data values
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Figure 2: (a) Two-particle correlation distribution iin andAg@. To explore the structure of the correlation
in more detail, the (b) pseudorapidity and (c) azimuthal-pagticle correlation distributions are compared
with different MC predictions [5].

are found to be lower than MC predictions, but the extrapolated valuesgrigh most analytic
models, as shown in Fig. 3 (a).

4.2 Rapidity Gap

Inelastic cross section is also measured as a function of forward rapégtitsigeAn, defined
as the the largest empty eta region extending to the edge of the calorimegiaaceg as shown in
Fig. 3 (b). The size of the rapidity gap is related to the invariant mass of thedaiided diffractive
system(s). The non-diffractive contribution dominates|foy| < 3, as seen in in Fig. 3 (c).

5. Summary

In the first year of LHC running, ATLAS successfully performed a nemabf different soft
QCD measurements, with the aim of rediscovering’ the Standard Modelirigiitew Physics at
the LHC requires an excellent understanding of Standard Model arid @Gwvhich all of these
studies are essential ingredients.



ATLAS Soft QCD Kar DEEPAK

= T T
(S r . Data 2010\s = 7 TeV:E > 5x 10° ]
= 100f Schuler and Sjostrand: £ > 5 x 10° -
2 L === PHOJET (Engel etal): & >5x10° ]
© r A Data 2010\'s = 7 TeV: extrap. to & > md/s q
80— Uncertainty (i olation) Lot
r — — — schuler A
- Blo %/ b
r [ Achiliietal ( 1102.1949) 2 —
60— /g,// LI
L . pp Data i i
|- ) )p Dat: = 4
L ppbaa = '/,e/' 4
40 oo oo T ATLAS
[ “‘ - aiie s ]
20— Theoretical predictions and data are shown for & > m3/s unless specified otherwise ~ —]|
[~ ATLAS data extrapolated using Pythia implementation of Donnachie-Landshoff model
[ with € = 0.085 for da/dé ]
07 el vl vl il
1 10 10° 10° 10*
\s [GeV]
(a)
T T T T T T ) T 4 T T T T T T T Y
élO B \s=7TeV e DataL=7.1pb E| 535 Ns=7TeV . DataL|—-1_7.1ub
P p, > 200 MeV ,\Sﬂyét;mi‘:(aum' E o3 p, > 200 MeV e
g r —— MCPythia8 | 33 DD
8 r MC Phojet 1 8 250 ND
10 ATLAS Preliminary 5 2F ATLAS Preliminary
F b 15
L Ors il 1
_‘_‘:_‘l}'_::‘??.—k,_m_
1= fececceacacces? 0.5
E I I I I I 3
g E E £ 15 =
5 1_5:, _I_'_'_:‘_,__’_.—‘—'-‘}D—siss_._b; S E - =
%1:——'-""£ E g s
1 2 3 4 5 6 K 25 3 385 4 45 5 55 6 65 I
An An
(b) (©

Figure 3: In (a), the measured inelastic cross section is comparddvaiious theoretical predictions [6].
In (b), the inelastic cross section as a function of gap sizeompared between data and different MC
predictions, while in (c) the contributions of the PYTHIA idgle-, double- and non-diffractive components
are shown separately fén > 2 [7].

References

[1] The ATLAS CollaborationCharged-particle multiplicities in pp interactions messd with the
ATLAS detector at the LH@ew J. Phys13 (2011) 053033ar Xi v: 1012. 5104 [ hep-ex].

[2] The ATLAS CollaborationMeasurement of underlying event characteristics usinggethparticles
in pp collisions at,/s=900GeV and? TeV with the ATLAS detectdPhys. Rev. [83 (2011)
112001ar Xi v: 1012. 0791 [ hep-ex].

[3] ATLAS Collaboration,Measurements of underlying-event properties using neatrd charged
particles in pp collisions at 900 GeV and 7 TeV with the ATLA®&ctor at the LHCEur. Phys. J.
C71(2011) 16364ar Xi v: 1103. 1816 [ hep-ex].

[4] The ATLAS CollaborationATLAS tunes of PYTHIA 6 and PYTHIA 8 for MC2011.
ATL- PHYS- PUB- 2011- 009.

[5] The ATLAS CollaborationMeasurement of Inclusive Two-Particle Angular Correlagan
Proton-Proton Collisions at/s= 900 GeV and 7 TeM2011.ATLAS- CONF- 2011- 055.

[6] The ATLAS CollaborationMeasurement of the inelastic proton proton cross-sectiope= 7 TeV
with the ATLAS detectpNat. Commun. 2:463r Xi v: 1104. 0326 [ hep-ex].

[7] The ATLAS CollaborationRapidity gap cross sections in pp interactions, &= 7 Te\, 2011. .
ATLAS- CONF- 2011- 059.



