
ATLAS soft QCD results

Tom§Ģ Sĩkora

on behalf of the ATLAS collaboration

Institute of Particle and Nuclear Physics

Faculty Mathematics and Physics

Charles University

7th International Conference on High Energy Physics in the LHC Era

Valparaiso, Chile



so
ft

 &
 h

a
rd

12-Jan-18 Tom Sykora: ATLAS soft QCD results 2

hardness of the process ðusually specified in terms of the 

momentum component that is transverse to the beam, pT

hard Ⱡ: leptons & photon > 20 GeV, jets 30 GeV (can be lowered)  

http://arxiv.org/abs/1202.0583v1

soft interactions ðlow transverse momentum, require non-perturbative treatment (models) 

soft interactions dominate processes at the LHC, play key role in a description of Underlying Event (UE) and 

hadronization; Multi-PartonicInteractions (MPI) enter especially in UE and color interaction between products of 

MPI collisions creates correlation

soft QCD - diffraction, MPI, soft initial & final-state radiation (ISR/FSR), hadronization, beam-beam remnants

picture from
Jonathan M. Butterworth, Guenther Dissertori, Gavin P. Salam
Hard Processes in Proton-Proton Collisions at the Large Hadron Collider
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Frank Siegert, Soft and hard QCD processes in ATLAS, QCD Old Challenges and New Opportunities, 2017

from the concluding part:

a bit strong statement, but message is clearê  

in particle physics



Frank Siegert, Soft and hard QCD processes in ATLAS, QCD - Old Challenges and New Opportunities, 2017
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MPI UE



Measurement of the total cross section from elastic scattering in pp collisions at äs= 8 TeVwith the ATLAS detector, Physics Letters B, 

Vol. 761, 10.10.2016

Measurement of the Inelastic Proton-Proton Cross Section at äs=13TeVwith the ATLAS Detector at the LHC, Phys. Rev. Lett. 117, 

182002

Measurement of charged-particle distributions sensitive to the underlying event in äs= 13 TeVprotonðproton collisions with the 

ATLAS detector at the LHC, JHEP 03 (2017) 157

Measurement of multi-particle azimuthal correlations in pp, p + Pband low-multiplicity Pb+Pbcollisions with the ATLAS detector, The 

European Physical Journal C, June 2017, 77:428

Measurement of multi-particle azimuthal correlations with the subevent cumulantmethod in pp and p+Pbcollisions with the ATLAS 

detector at the LHC, arXiv:1708.03559 [hep-ex]

Measurement of longitudinal flow de-correlations in Pb+Pbcollisions at äsNN = 2.76 and 5.02 TeVwith the ATLAS detector, 

arXiv:1709.02301 [nucl-ex]

Measurement of the kt splitting scales in Z ŽŽevents in pp collisions at äs= 8 TeVwith the ATLAS detector, arXiv:1704.01530 [hep-ex], 

JHEP08 (2017) 026

A measurement of the soft-drop jet mass in pp collisions at äs = 13 TeVwith the ATLAS detector, arXiv:1711.08341

Study of ordered hadron chains with the ATLAS detector, Phys. Rev. D 96, 092008 

Measurement of contributions of diffractive processes to forward photon spectra in pp collisions at äs= 13 TeV, ATLAS-COM-CONF-

2017-098
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outline ðcovered& not covered in the present talk
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pp x-sections 



total cross section Űtot of proton-proton interaction

ÅŰtot of p-p interaction is a fundamental quantity giving the upper 
bound on probability (cross section) of any process in p-p collisions

Åmeasurement of Űtot at LHC energies ðTOTEM and ALFA

Åat higher energies (57 TeV) ðcosmic showers, Auger experiment
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Å1973 ðIntersection Storage Rings (ISR): risingof Űtot value



„ ί

Åusing optical theorem and Reggetheory we can write for a process

where ‌(0) is so-called intercept of a Reggetrajectory

Åif  ‌π ρȟ„ will rise with rise of s

Åtrajectory with  ‌π ρhas only one òparticleó ðpomeron P  , ‌π ρ ‐, ‐> 0

ÅŰtot is not calculable in the framework of the perturbative QCD; Reggemodel is used in HEP 
generators to describe kinematic area where the QCD cannot be applied
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rising Űtot, Reggemodel, pomeron
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ways of measurement of Űtot

Ådirect (Ȏ-independent) measurement of Űtot = Ntot /L, where Ntot is 

total number of events with interaction, L is luminosity, is nontrivial  (due to 
limited acceptance, model dependence)

Åtraditional way(ISR)of Űtot measurement ðvia elastic cross 
section measurement and the use of optical theorem 

t̀ot = èl + ìnel

ìnel= ̀ inel diffractive ( S̀D + D̀D +Χύ Ҍ ǹon diffractive 

luminosity dependent measurement, 
NX - number of events of XÍ(el, tot, inelΣ Χύ ǘȅǇŜ

luminosity independent measurement 

elastic events are the subset of 
diffractive events; diffractive 
pattern was observed in elastic 
collisions
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where fel is elastic amplitude
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Simon Holm Stark, Elastic and inelastic cross section measurements with the ATLAS detector, MPI@LHC 2017
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final result based on subtraction method 

fit range set to 0.014-0.1 GeV2 where acceptance > 10% and non-exponential 

terms expected to be negligible (<0.1)

ALFA fit result, 8 TeV, Ȃ* = 90 m  

both - nuclear part



ATLAS ðŰinelat 13 TeV
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ÅMBTS ðsignificantly upgraded for LHC RUN II, ATL-COM-DAQ-2014-056.pdf

Å2 cm thick discs in front of forward calorimeters, made of 

highly efficient polystyrene scintillator

Å trigger requires signal at least in one MBTS counter

Å inclusive selection - at least 2 of 24 MBTS counters have to 

collect charge above the threshold of 0.15 pC

= 2.08
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MBTS acceptance depends on MX , required acceptance > 50% ->  MX > 13 GeV  &  ‚MX
ϳMX ί 10-6

IP

uncertainty on extrapolation to full cross-section given by variations of model Ȍ-dependencies

try to minimize the impact of physics 

mismodelingwithin the fiducial range 

of the measurement by constraining 

the fraction of diffractive events

we get diffractive-enhanced sample 

by requiring hits in only one side of 

MBTS

ATLAS ðfiducial cut & diffractive enhancement



after the tuning
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Å RSSdepends on diffractive fraction fDⱠ (ŰSD+ŰDD)/Űinel

Å fD in data = 10.4 Ò0.5% 

Å for each generator/tune, fD tuned to match RSSmeasured in data

e.g fD(Pythia DL) = 25%

ATLAS ðmc tuning and fiducial Űinel
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ATLAS ðextrapolated Űinel

extrapolation to full phase space using 7 TeVmeasurement
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UE measurement 
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common strategy

Ådivide ȅ x Ų region according to the direction of the leading energy flow in the event

Å remove effects connected to the hard part of the event production

Å identify Trans(versal)-max and Trans-min regions 

max = the region with a higher activity

Å study activity central and forward ȅ regions

Å it is not possible, on event by event basis, to distinguish 

the hard process from the rest of the soft QCD interactions 

-> we define specific observables sensitive to different mixture 

of hard process and underlying event

Å distributions (typically) measured in transverse, towards and away regions
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data: pT
lead > 1 GeV ðrather flat, pT

lead > 10 GeV ðclear effect of the hard part of event in òtowardsó and òawayó regions, 

òtransverseó region not affected

generators: tunes di er mostly inMPIand color reconnection (CR)/coherencemodelling; Minimum Bias tunes do better job for lower 

pT
lead, while UE tunes are better for higher pT

lead

˃ [0.003,0.03] data taking/selection  conditionstrigger: one or more MBTS counters above threshold on either side of the detector
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after original 

common rise of 

number of 

charged particles 

Nch in all regions, 

the grows 

become slower, 

especially in the 

transverse region 
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Epos lookswell (Ⱡ up to 10% difference from data)
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UE+hardregion (max) and UE (trans-min) regionare (relatively) well (<10%) described by all generators, except 

EPOS & Herwig7

Trans-diff (max-min difference) region is well (<10%) described only by EPOS 
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correlation <mean pT>-Nch is sensitive 

to color reconnection (CR)

underestimated at low multiplicity 

by all models

Herwigdescribes well, for pT
lead

>5 GeV, <mean pT> vs. pT
lead
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Universality of the underlying event in pp collisions

Antonio Ortiz, LizardoValencia Palomo

arXiv:1710.04741v2 [hep-ex]

ATLAS data used

ATLAS f used
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UE - Summary

Å run 2 MB and UE measurements showed better MC modelling compared to early Run 1, still 

Åthere is no òperfectó generator, tension between MB and UE tunes remains 

Åpredicted increase of UE activity (Nch) on collision energy confirmed ðincrease of ca. 20% (7 -> 13 TeV)

Åstandard UE measurements are contaminated by hard scatter, so alternative measurement strategies 

are needed if modelling of MPI/CR to be improved



12-Jan-18 Tom Sykora: ATLAS soft QCD results 31

ordered hadron chains
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idea

proposed idea: correlation between like-sign hadrons ðconsequence of coherent hadron emission

linked to attempt to understand the shape of a QCD string in 3d and stabilization of the end of the parton

shower cascade 
B. Andersson, G. Gustafson, J. Hakkinen, M. Ringnerand P. Sutton, άIs there screwinessat the end
of the QCD cascadesΚέΣ WI9t 09 (1998), p. 014

it was deduced, on the basis of optimal packing of non-collinear gluon emissions, that the shape of the QCD 

string should be helix-like

one dimensional string -> 3d string & quntum tunneling -> gluon splitting to quark-antiquark pair

fragmentation generates intrinsic transverse momentum that depends on the folding of the string and implies 

azimuthal correlations between hadrons

azimuthal correlations compatible with the helical shape of the QCD string have been observed by ATLAS 

Phys. Rev. D 86, 052005, 2012
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S. Todorova, άQuantization of the QCD string with a helical structureέΣ Phys. Rev. D 89 (2014), p. 015002

3d fragmentation model enables cross talk between break-up vertices; causal constraints imposed on the 

fragmentation, the mass spectrum of light mesons is reproduced, if string breaks in regular çŬintervals

a fit of mass spectrum predicts rather narrow radius of the helix, ȈR= 68Ò2 MeV, where Ȉὴ 1 GeV/fm is the 

string tension, and çŬ= 2.82Ò0.06 rad, i.e. almost back-to-back
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calculated in the limit of locally homogeneous string field
adjacent

local charge conservation -> production of pairs of pionswith equal charge for r = 2, 4, ê 

and opposite charge for r= 1, 3, ê only

region Q < 100 MeV is occupied by pairs with r = 2 -> production of same sign pairs

chain of n adjacent ground-state pions represent the lightest chain of hadrons with mass:
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Oldśich Kepka, Jet and particle correlations with ATLAS experiment, LHCP 2017, Shanghai
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