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Motivation for QCD Studies 
*  Fundamental tests of QCD in a new energy regime 

 measurement of αs 

 comparison to NLO pQCD calculations 

*  Understanding backgrounds in searches 

 Testing leading-order (LO) and  
 next-to-leading order (NLO) Monte Carlo simulations  

  ATLAS detector performance 
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Jets 

€ 

d2σ
dpTdy

=
N jets

ΔpTΔy ⋅ L

	  

A jet is a collimated group of particles travelling in the same direction as the 
original parton:  



Non-Perturbative QCD 
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Hadroniza)on	  

Underlying	  Event	  	  Pileup	  

We never observe partons! 

•  Parton shower  gluon emission,  
 quark/antiquark pairs 

•  Hadronization partons combine 
into hadrons 

•  ISR: initial state radiation 

•  Underlying event:    
 parton-parton interactions 

•  Pileup:       
 proton-proton interactions,  
  only experimental! 

Parton	  Shower	  

Monte Carlo event generators: 
•  contain models for parton shower evolution, hadronization, ISR 
•  “tuned” to reproduce measurements in data 

ISR	  



Factorization Theorem 
The LHC collides hadrons, not partons… 

Leading order (LO):  
Next-to-leading 
order (NLO):  

σNLO = σLO(1+αsc1) 

σ(P1, P2) =
�

i,j

�
dx1dx2fi(x1, µ

2
f )fj(x2, µ

2
f )σ̂ij(p1, p2, αs(µ2

r), Q
2/µ2

r, Q
2/µ2

f )
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Factorization Theorem 
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Note: √s = 14 TeV 



From Particles to Jets 
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Parton-level jet Particle-level jet Detector-level jet 

	  

	  

A jet algorithm defines how group inputs into objects called jets 

ATLAS uses the anti-kt algorithm:  
•  infra-red and collinear safe 

Two distance parameters:  
•  R = 0.4 and 0.6, where R ≈ radius of jet 
•  smaller more sensitive to parton shower, 
  larger to underlying event 

J
H
E
P
0
4
(
2
0
0
8
)
0
6
3

Figure 1: A sample parton-level event (generated with Herwig [8]), together with many random
soft “ghosts”, clustered with four different jets algorithms, illustrating the “active” catchment areas
of the resulting hard jets. For kt and Cam/Aachen the detailed shapes are in part determined by
the specific set of ghosts used, and change when the ghosts are modified.

have more varied shapes. Finally with the anti-kt algorithm, the hard jets are all circular

with a radius R, and only the softer jets have more complex shapes. The pair of jets near

φ = 5 and y = 2 provides an interesting example in this respect. The left-hand one is much

softer than the right-hand one. SISCone (and Cam/Aachen) place the boundary between

the jets roughly midway between them. Anti-kt instead generates a circular hard jet, which

clips a lens-shaped region out of the soft one, leaving behind a crescent.

The above properties of the anti-kt algorithm translate into concrete results for various

quantitative properties of jets, as we outline below.

2.2 Area-related properties

The most concrete context in which to quantitatively discuss the properties of jet bound-

aries for different algorithms is in the calculation of jet areas.

Two definitions were given for jet areas in [4]: the passive area (a) which measures

a jet’s susceptibility to point-like radiation, and the active area (A) which measures its

susceptibility to diffuse radiation. The simplest place to observe the impact of soft resilience

is in the passive area for a jet consisting of a hard particle p1 and a soft one p2, separated

– 4 –

theory simulation 



Jet Reconstruction 
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1.9 TeV dijet mass  



Jet Energy Scale Uncertainty 

 Single particle 
 Test beam 
 Track jets 
 dijet and γ/jet balance 12	  

€ 

0.3 ≤ η < 0.8

€ 

2.1≤ η < 2.8

some studies performed: 



II.   Inclusive Jet Studies 
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Jet Shapes 
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~20% difference between AMBT1 tune and measurement 



Inclusive Jet cross section results 
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Inclusive Jet cross section results 
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Inclusive Jet cross section ratios 
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III.   Multijet Studies 
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Six Jet Event 
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pT > 60 GeV 
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Comparison of pT(lead) vs pT(lead) + pT(second)  

pT(lead) + pT(second) 

 path to an αS measurement 24	  
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ΔR < 1.0	

Ejet > 7 GeV 



III.  W + Jet Studies 
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Black Hat (BH) 

program to calculate  
NLO pQCD corrections 

to W+ jet events 

L. Dixon (SLAC) 
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Raw Distributions for W + jets 
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pT
Jet > 30GeV



Total Cross Section vs. Inclusive Jet Multiplicity 
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Total Cross Section vs. Inclusive Jet Multiplicity Ratios 
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IV.   Z/γ* + Jet Studies 
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Raw Distributions for Z + jets 
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Multiplicity Distributions for Z + jets 
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Multiplicity Ratios for Z + jets 
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V.   Soft QCD 
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Further Underlying Event Studies 
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Soft Physics Tunes General Comments 

*  Still at the stage where different tunes have different levels of 
success depending on the process studied 

*  Differences in UE cross sections at ~20% still in play 

*  Generally, tunes optimized for 7 TeV data due better than older 
Tevatron based tunes 

(For multijet studies, 26 LO MCs do better than 2  2 LO MCs) 
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Summary 
*  From the QCD perspective, huge data samples 

*  Pushed the limits/quality in energy, kinematic 
 range, event reconstruction compared to past 
 hadron colliders 

*  Should have reasonably accurate determinations  
 of αs from ATLAS soon. . . 

*  Future data will extend the kinematic reach 
 (√s ~ 14 TeV) 

*  Soft QCD measurements will become more 
 challenging in the higher energy and higher 
 luminosity environment, where large pileup 
 rates may dominate 44	  
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