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1 Introduction
Studies of underlying event and particle production allow tuning and validation of models while
helping describe pile-up and soft backgrounds to other processes. Such measurements in AT-
LAS [1] at the LHC use the inner tracking detectors, sensitive to charged particles with transverse
momentum pT > 100 MeV and pseudorapidity |η| < 2.5, and the electromagnetic and hadronic
calorimeters, sensitive to electrons, photons and hadrons that have transverse energy ET greater
than a few hundred MeV and |η| < 4.9. Often “Minimum Bias” events are used: inclusive colli-
sions triggered by scintillators located at 2.1 < |η| < 4.9.

2 Underlying event
Underlying event (UE) is any hadronic activity not associated with the hard scatter; an unavoid-
able background to collisions. UE is modelled with multiple parton interactions (MPI), initial-
and final-state QCD radiation and colour-reconnection to the beam remnants. A reference object
is identified in each event, such as the highest-pT jet, track or Z-boson. For each particle, the az-
imuthal distance to the reference, ∆ϕ, is used to assign it to one of several regions: “towards”
(|∆ϕ| ≤ π/3), “away” (|∆ϕ| ≥ 2π/3) and “transverse” (π/3 < |∆ϕ| ≤ 2π/3); “trans-max” and
“trans-min” are subdivisions of the transverse region. UE is characterised in each region using
calorimeter deposits and charged tracks.

Using a leading jet reference [2], the differential pT sum of charged particles is shown for
inclusive (Fig. 1a) and exclusive events (Fig. 1b). The roughly flat trans-min activity shows UE
can be treated as constant at hard scales. Inclusively, activity increases in the trans-max region,
showing colour connection to the jets. For exclusive events, vetoing extra jets lessens sensitivity to
perturbative QCD. Another measurement at 7 TeV used a Z-boson as the reference [3], for which
the towards region has a smaller amount of hard QCD activity. UE is compared for different
reference objects in Fig. 2a; agreement between jet and Z-boson references supports the model of

1



>
 [G

eV
]

φδ ηδ
 / 

Tp
∑ <

1

2

3

4

5
Data 2010 - trans-max
Pythia6 Perugia 2011 - trans-max
Data 2010 - trans-min
Pythia6 Perugia 2011 - trans-min
Data 2010 - trans-diff
Pythia6 Perugia 2011 - trans-diff

Inclusive jet

ATLAS
 = 7 TeVs, -1 = 37 pbintL

 [GeV]T
leadp

20 30 40 100 200 300

M
C

/D
at

a

0.8
0.9

1
1.1
1.2

(a) Inclusive: ≥ 1 jet
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(b) Exclusive: exactly two jets

Figure 1: Average scalar pT sum of charged particles using a highest-pT jet reference object [2].

universal MPI, as does Fig. 2a showing 13 TeV data [4]. In all cases the data are used to constrain
state-of-the-art theoretical predictions.
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Figure 2: UE measurements using track, jet and Z-boson reference objects [3, 4].

3 Diffractive dijet production with rapidity gaps
Diffractive dijet production is analysed in terms of ∆ηF , the largest forward pseudorapidity re-
gion devoid of hadronic activity and of ξ̃, an estimator of the fractional momentum loss in single
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diffractive dissociation [5]. Differential cross-sections (Fig. 3) show the non-diffractive component
dominates at low ∆ηF , but diffractive components are significant at higher ∆ηF and low ξ̃.
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Figure 3: Diffractive dijet cross-sections [5].

4 Exclusive photoproduction of dileptons
The cross-section of exclusive γγ → l+l− production was measured using 7 TeV data [6]. For
electron or muon pairs passing a strict selection, the fiducial cross-section is extracted by fitting the
dilepton acoplanarity distribution, shown in Fig. 4a. When the Equivalent Photon Approximation
(EPA), which corrects for the finite proton size, is taken into account then the extracted cross-
sections are found to be consistent with theoretical expectations, shown in Fig. 4b.

π|/-e+e
φ∆1-|

0 0.01 0.02 0.03 0.04 0.05 0.06

E
ve

nt
s 

/ 0
.0

02

0

50

100

150

200

250

300

350

 ATLAS
-1 = 7 TeV, 4.6 fbs

Data 2011
-e+e→γγExclusive 

-e+e→γγSingle-diss. 
-e+e→γγDouble-diss. 

-e+e→*γZ/

(a) Template fit to acoplanarity distribution
nominal
EPAσ / σ

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

 = 7 TeVs ATLAS

-1, 40 pb-µ+µ→γγCMS 

| < 2.1)µη > 4 GeV, |
µ

T
 > 11.5 GeV, p-µ+µ

(m

-1, 4.6 fb-e+e→γγATLAS 

| < 2.4)eη > 12 GeV, |e

T
 > 24 GeV, p-e+e

(m

-1, 4.6 fb-µ+µ→γγATLAS 

| < 2.4)µη > 10 GeV, |
µ

T
 > 20 GeV, p-µ+µ

(m

nominal
EPAσ / meas.σ

stat. uncertainty
 syst. uncertainty⊕stat. 

nominal
EPAσ / corr.

EPAσ

nominal
EPAσ / EPAσ

theo. uncertainty

=nominal
EPAσ

4.07 pb

=nominal
EPAσ

0.496 pb

=nominal
EPAσ

0.794 pb

(b) EPA-corrected cross-section

Figure 4: Extraction of single dissociative fraction and comparison to theoretical predictions [6].
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5 Transverse polarisation of Λ and Λ̄ hyperons
The transverse polarisation of Λ and Λ̄ hyperons was measured as a function of Feynman xF [7].
Large polarisation of Λ hyperons was observed by previous experiments, while Λ̄ was consistently
compatible with zero. Fig. 5a shows no significant dependence on xF , and compatibility with zero
in both cases. Fig. 5b demonstrates that the ATLAS results are compatible with an extrapolation
from fixed-target experiments to the xF range accessible in this measurement.
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Figure 5: Extracted Λ/Λ̄ polarisations as a function of xF ; comparison to other measurements [7].

6 Conclusion
The ATLAS collaboration has measured underlying event with different references, diffractive
dijet and dilepton production and Λ polarisation. Such measurements are helpful for the devel-
opment and tuning of models of soft particle production.
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