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I. Soft processes  
 Underlying Event  (UE)   

 Spectator partons fragments 
 Initial/Final State 

Radiation(ISR/FSR) 
 MultiPartonInteraction(MPI) 

II. Hard processes    
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QCD in p-p collisions 

A proton-proton collision is: 

I. Non perturbative effects of QCD  
 Experimental measurements used to improve the phenomenological 

modeling of soft QCD (jets measurements, vector  meson production) 
 

II. Predicted through perturbative calculations 
 

 Experimental measurements test the higher order theoretical predictions  
 Additional constraints on Parton Distribution Functions (PDF)s  
     (jets and photons cross section measurements) 

PDFs Matrix element  
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Soft QCD 
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Underlying Event  

 

 Study performed in the transverse region that is most 
sensitive to the UE  

 
 Studying for ex.  𝐸𝑇 , 𝑁𝑝± ,  𝑝𝑇 as a function of 

leading object pT  

 Trans(max/min) observables : max/min  𝐸𝑇, on event 
by event basis 

H. Keoshkerian 

Looking to the particles 
energy densities in the 

azimuth plane  

UE is irreducible background for precision and new physics measurements  
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Underlying Event ATLAS-CONF-2012-164 

high pT
lead: increase from wide-angle 

emission of the hard scatter 

 

 leading jet pT: inversely proportional to impact parameter 

Selections: 
 1-jet: pT>20 GeV, |y|<2.8 or 2-jet: pT

sub/pT
lead > 0.5 and |Δφ|> 2.5 (back-to-back jets)  

>=1-jet 

=2-jet 

best description: Pythia6 AUET2B 

Remove the wide-angle emissions 
• Flat or falling with      pT

lead 

• MPI modeling independent of hard 
process scale (central collisions) 

best description: Herwig++ 

Measurement going to larger η: larger deviations from MC  tune   5/6/2014 
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Φ(1020)-meson production cross section 
submitted to EPJC 
arXiv:1402.6162 

 Pythia 6 DW &EPOS-LHC tunes closer to data  
 

 Discriminating power between generator tunes 
 Inputs for tuning MC generators   

Cross section measured in ΦK+K-  minimum bias events 

 Probe the strangeness production and 
hadronization models at a scale of ~ 1GeV 

 Kaons identification: energy deposited in 
the pixel 
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Hard QCD 



Inclusive Jets cross section EPJ C73 (2013) 2509 

NLO QCD/ 2.76 TeV data 

σ 2.76 TeV /σ 7 TeV  

 

 Main experimental 
systematic  uncertainty is 
JES  
 

 NLOjet++ describes the 
data well 

 

 Corrected for non 
perturbative effects 

Reduction of correlated 
uncertainties in the ratio 

with 7 TeV data  

New measurement at 2.76 TeV 
with 0.20 pb-1 
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Inclusive Jets cross section PDF constraints 

Changes at high x due to ATLAS data:  
 Gluon momentum distribution: Harder  

 Uncertainty on xg reduced after including ATLAS jet data  
 

 Sea quark momentum distribution: Softer  
 Larger relative uncertainty on xS 

Sea quark momentum distribution Gluon momentum distribution 

HERA I + 2.76 and 7 TeV ATLAS data included in NLO PDF fit 

Correlated uncertainties are taken into account in PDF fit: more sensitivity 

EPJ C 73 (2013) 2509 

H. Keoshkerian 
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Dijet cross section with 7 TeV data 
accepted by JHEP: arXiv:1312.3524 

 Double differential cross section as a function of m-dijet and y* = |y1-y2|/2 
 Improved precision at high m12 

 Constrain proton PDFs at high xbjorken 
 
 

 Agreement with MSTW08, NNPDF2.3, but not for ABM11  
 

 Unfolded cross section sensitive to new physics models 

 Increased statistics: > 100 × 2010 statistics  
 Improved JES calibration (Still largest systematics)  

NLO QCD/data  

H. Keoshkerian 
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 Photons provide a cleaner environment than jets  
 

 Precise tests of perturbative QCD (pQCD)  

Prompt photons produced from: 

Prompt photons production  

Hard scattering Fragmentation 

Among the hard scattering 
processes: Dominant 
process qg->qγ   => 

Sensitive to gluon PDFs 
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Inclusive isolated prompt γ cross section 
Phys. Rev. D 89, 052004 (2014) 

 ET
γ
 >100 GeV and |ηγ|<1.37 

(0.03<xbjorken <0.3) 
 Isolation: ΔR<0.4, ET

iso < 7 GeV 
 Avoid photons from hadron 

decays 
 

 Pythia: describes well the data 
 Herwig: ~ 15 % lower cross section 
 Shape description: Both 
 
 NLO Jetphox : Good agreement up to 

highest photon energies  

Scale uncertainties most important  
 
 

Measurement more sensitive to constrain PDFs  

In the kinematic regime: for 200 <ET
γ
 <600 GeV 

For ET
γ
 >600 GeV 

5/6/2014 

A study of PDF sensitivity of this measurement can be found in 
ATL-PHYS-PUB-2013-018 H. Keoshkerian 



pT,γγ[GeV] 

Isolated di-photon cross section 
JHEP 1301 (2013) 086 Di-photon pair’s differential cross section  

 mγγ sensitive to new resonances  
 pTγγ senstive to pQCD and fragmentation 

 

 Good description by  
the 2γNNLO for 
pT>150 GeV.  

 

 20-150 GeV range: 
fragmentation 
component significant 

 

 Divergence at low pT: 
needs soft gluon 
resummation  

 

Parton shower SHERPA 
very good agreement 

 Sherpa, Pythia: global under-
estimation of σtot by 20%  

 Shape well reproduced by parton 
showers  

 DIPHOX + γ2MC is NLO: global 
normalisation problem  

 2γNNLO: divergence at low  pT< 20 GeV and 
missing fragmentation at pT in[20, 150] GeV  

MC 
predictions 

rescaled by 1.2  

Compare to theory calculation Compare to MC predictions 

13 5/6/2014 

2γNNLO very good 
agreement for pT>150 GeV  
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Conclusion 

 QCD measurements at ATLAS are more and more precise  
 

 Unfolded measurements available for any further phenomenology studies 
 
Soft QCD results 
 Underlying event measurements can be used to further improve the MC 

modeling (“tuning”) 
 

Hard QCD results 
 Jets and photons cross section measurements show a good agreement with 

the NLO predictions except for low energies where soft processes are 
dominant 

 Potential for new PDF constraints at high x from jet and γ+jet data  

 

 Different 𝑠 cross section ratios strongly reduce the experimental 
systematic uncertainties 
 

 NNLO calculations would be desirable to reduce the scale uncertainties  
 

Ongoing effort to improve results using 8 TeV data  
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Thank You For Your Attention 
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Backup 
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Soft QCD Introduction 

Double parton scattering  

Underlying Event  
 Studying for ex.  𝐸𝑇 , 𝑁𝑝± ,  𝑝𝑇 as a function of 

leading jet pT 

 

 Study performed in the transverse region that is 
less affected by the hard scatter  
 

 UE is irreducible background for precision and 
new physics measurements  

 

Single Parton Int. (SPI) Double Parton Int. (DPI) 

+ 

 Y+Z final state production [W(->lν)+2jets]  

 Measured quantities  Effective area 

Fraction of DPI 
used to compute 
σeff(s)  

σeff(s) regulator parameter of the DPI 

contribution to dσY+Z 

Back-to-back jets Non back-to-back jets 

H. Keoshkerian 
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Double Parton Interaction 
arXiv:1301.6872  

http://arxiv.org/abs/1301.6872
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Glazov, ICHEP2012 

PDF Data 
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Study of the PDF sensitivity of Inclusive isolated 
prompt γ cross section measurement  
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Study of the PDF sensitivity of Inclusive isolated 
prompt γ cross section measurement  
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Dijet cross section with 7 TeV data 

Good agreement also with CT10  
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Underlying Event 

Energy densities spectra for a wider range 
 

For the exclusive measurement the depletion of the spectrum at high 
pT

lead ~300 GeV more accentuated  
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Underlying Event: The most violent collisions are central  

Ann.Rev.Nucl.Part.Sci. 55 (2005) 403-465 
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Isolated di-photon cross section 

Guillet Showlder  
Phys Rev D 63 (2001)  

Enhancement due to NLO effects of fragmentation  
When two photons are produced close to each other 

Extra particles in the final state 
generate kinematical 

configuration which is 
forbidden at LO  
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y* variable use in dijet cross section 
measurement  

Phys. Rev. Lett. 103:191803,2009 

Rapidity (y) is related to the polar scattering angle θ with 

respect to the beam axis  

 

(y*) is related to the polar scattering angle θ* in the partonic 

center of mass frame for massless 22 scattering 

 

(y*) more suitable than (y) for constraining the PDFs  
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Main sources of background  

Analysis Dominant Background  

Underlying Event  Cosmic ray muons, non-collision 
backgrounds 

Phi (1020) meson  Pairs containing one or two charged 
particles that are not kaons  

(mostly pions, discriminated using the 
energy loss in the pixel)  

Inclusive jet  Non collision signals: beam related 
background, cosmic rays, detector noise 

Dijet  SM, QCD  

Inclusive prompt photon Photons from decays of light neutral 
mesons like pi0 or eta  

Di-photon  Hadronic jets and isolated electrons  
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Main sources of Systematics 

Analysis Dominant Systematics  

Underlying Event  Track and cluster reconstruction efficiency  
(10-15 %)  

 

Phi (1020) meson  MC material description (5 % per track pair) 

Inclusive jet  JER (10%) JES (2.514%)  

Dijet  JEC (5 %) JER (10%)  

Inclusive prompt photon Photon energy measurement (2 6%)  

Di-photon  Choice of the background control region (9 % ) 


