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�   68 presentations just in the QCD parallel program 
�  + many posters 

�  It is impossible to cover all QCD results presented in this 
conference in a 25-minute talk  
�  Apologies for the ones left out 
�  Thanks to all speakers for the excellent presentations and the fruitful 

discussions!  
�  References (arXiv/pubs or physics analysis reports) for the results 

presented in this talk are provided so you can get more details 
�  QCD results are also included in other plenary talks 

�  W and Z Physics – Juan Alcaraz 
�  Covered W/Z+HF, EWK measurements related to PDF tuning 

�  Standard Model Theory for Collider Physics – Giulia Zanderighi 
�  Status of strong coupling constant… 

�  Flavor Physics at the LHC – Guy Wilkinson 
�  Flavor Physics at the Tevatron – Diego Tonelli 
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pQCD	
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�  Understanding of QCD is important for  
�  Interpretation of data 
�  Precision studies 
�  Searches for New Physics 
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Running Period: 1992 – 2007 
      p    920(820) GeV 
         (Low Energy Runs: 575, 460 GeV)  
      e+/e-     27.5 GeV 

   à √s = 318 GeV 

1992-2000 

2003-2007 

 
  
 
 
 
 
 

s = 0.9 TeV!  Luminosity ~ 10 µb-1

s = 2.36 TeV!  Luminosity <  1 µb-1

s = 7 TeV (2010)!  Luminosity ~  46 pb-1

s = 7 TeV (2011)!  Luminosity > 1.5 fb-1

Recorded ~10 fb-1	



Delivered ~12 fb-1	
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Soft QCD 

γ/W/Z+Jets 

PDFs 

Jets 
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The “underlying event” consists 
of everything else but the hard 
interaction 

l   the “beam-beam remnants” 
l  particles arising multiple parton 

interactions (MPI) 

 
Hard Scattering 

PT(hard) 

Outgoing Parton 

Outgoing Parton 

Initial-State Radiation 

Final-State Radiation 

 

Proton AntiProton 
Underlying Event Underlying Event 

� Define three regions: 
�  “toward” 
�  “away” 
�  “transverse” 

�  Sensitive to UE 
 

R. Field 
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CMS: arXiv: 1107.0330 

d2Νch/dηdφ vs pT (7 TeV)  
d2Νch/dηdφ vs pT (900 GeV)  

d2ΣpT/dηdφ vs pT (7 TeV)  
d2ΣpT/dηdφ vs pT (900 GeV)  

The pre-LHC MC tunes predict lower 
activity than the data in the 

transverse region    

ATLAS: arXiv: 1103.1816 

•  A factor of ~2 increase in activity 
from 0.9 to 7 TeV   

•  Shape predicted well from tunes 4C 
and Z1 (but not from the older D6T)   
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CMS: JHEP 01, 079 (2011) 

Significant discrepancies with 
MC models/tunes 

ATLAS: arXiv: 1012.5104 
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CMS: PAS-FWD-10-011 

ATLAS: CONF-2011-059 

�  Use MinBias Events 

�  Require dijets in central region 
(pT>20 GeV, |η|<2.5) 

�  Measure energy flow in the 
forward region 3.15<|η|<4.9  

�  Predictions w/o MPI are too 
low 

�  Rapidity Gap cross section for 
particles with pT>200 MeV 

�  Diffractive fraction is overestimated in 
the MC 
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Soft QCD 

γ/W/Z+Jets Jets 

PDFs 
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Determine PDFs 
from global fits 

to many 
observables 

�  DIS (HERA, fixed target) 
�  Drell-Yan (Tevatron, fixed target) 
�  Vector boson production (Tevatron)  
�  Jet Production (Tevatron, HERA) 
�  Heavy quark production in DIS (HERA)  

Input data to  
 

MSTW2008 
(~2600 points)  

NLO 

NNLO 

NNLO 
NNLO 
NNLO 
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Data used in NNPDF2.1 
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�  MSTW: (DIS+DY+Jets+W/Z, LO/NLO/NNLO) (Martin, Stirling, Thorne, Watt) 
�  MRSà…àMSTW2008       arXiv: 0901.0002 
�  http://projects.hepforge.org/mstwpdf/    

�  CTEQ: (DIS+DY+Jets+W/Z, LO/NLO) (Lai, Guzzi, Huston, Li, Nadolsky, Pumplin, Yuan) 
�  CTEQà…àCT10        arXiv: 1106.5788 
�  http://www.phys.psu.edu/~cteq/#PDFs    

�  NNPDF: (DIS+DY+Jets+W/Z, NLO) (Ball, Bertone, Cerutti, Del Debbio, Forte, Guffanti, 
Latorre, Rojo, Ubiali) 
�  NNPDF1.0à…àNNPDF2.1     arXiv: 1101.1300 
�  http://sophia.ecm.ub.es/nnpdf/     

�  JR09: (DIS+DY+Jets, NNLO) (Jiminez-Delgado, Reya)    arXiv: 0810.4274 
�  GJR08: (LO/NLO) (Glück, Jiminez-Delgado, Reya)    arXiv: 0709.0614 
�  http://durpdg.dur.ac.uk/hepdata/grv.html   

�  ABKM09: (DIS+DY, NLO/NNLO) (Alekhin, Blümlein, Klein, Moch)     arXiv:0908.2766 
�  https://mail.ihep.ru/~alekhin/abkm09/abkm09.html  

�  HERAPDF1.0à1.7 (v1.5 w/ HERA II DIS data, v1.7+H1/ZEUS jets+F2cc): (NLO/NNLO) 
�  https://www.desy.de/h1zeus/combined_results/herapdftable  arXiv: 0911.0884 

http://projects.hepforge.org/lhapdf/ The	
  Les	
  Houches	
  
Accord	
  PDF	
  Interface	
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From scaling violations: 
FL ~ αsxg(x,Q2) 
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H1 & ZEUS: JHEP 1001:109 (2010) 

Combined H1-ZEUS inclusive data 
HERAPDF fits work well Combined H1-ZEUS data reduce  

uncertainties 
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Combined HERA I+II inclusive data 
à HERAPDF1.5 
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Combined HERA I+II inclusive data 
à HERAPDF1.5 
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�  Variations among sets (differences in data samples, value/uncertainties of αs, treatment of heavy quarks, 
initial parametrizations,...)   

�  Tevatron high-pT jets affect the high-x gluon distribution  
�  The new LHC results on W/Z production, W asymmetry, Z rapidity distribution, photons… will help to 

further constrain the PDFs   

G. Watt: arXiv:1106.5788 
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Soft QCD 

γ/W/Z+Jets 

PDFs 

Jets 
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� Clustering algorithms:   
�  Cone algorithms: 

�  Iterative Cone, Snowmass, and other Legacy algorithms  
�  Midpoint (Tevatron Run-II) 
�  Seedless Infrared Safe Cone (SISCone)  

�  Recombination algorithms:  
�  p=1  à kT jet algorithm 
�  p=0  à Cambridge/Aachen jet algorithm 
�  p=-1 à “Anti-kT” jet algorithm                default algorithm for ATLAS & CMS  

�  Soft particles will first cluster with hard particles before among themselves 
�  Almost a cone jet near hard partons 

�  Sensitivity to clustering radius 

Salam 
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1-Ψ(r) 

∑=Ψ
jets T
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Integrated Jet Shape: average fraction of 
jet transverse momentum that lies inside a 
cone of radius r concentric to the jet axis 

Gluon à Quark jets 

ATLAS: PRD 83, 052003 (2011) 

�  Jet Mass Distribution for jets 
with pT > 400 GeV 

�  Midpoint and Anti-kT Jets 
�  Comparison to Pythia + NLO Jet 

Function for quarks/gluons 

CDF: arXiv:1106.5952 
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Larger hadronization 
corrections for SISCone 

than anti-kT & kT 

Good agreement with NLO QCD 
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�  Inclusive Jet Cross Section 
�  Comparisons to NLO×NP 

CMS: arXiv:1106.0208 
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�  Inclusive Jet Cross Section 
�  Comparisons to NLO×NP 

CMS-PAS-FWD-10-003 (2011) 
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�  Inclusive Jet Cross Section 
�  Comparisons to NLO×NP 

CMS-PAS-FWD-10-003 (2011) 

�  Dijet Mass Cross Section 
�  Comparisons to NLO×NP 

ATLAS: CONF-2011-047 
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�  Inclusive Jet Cross Section 
�  Data/Theory (NLO×NP) 

�  Dijet Mass Cross Section 
�  Data/Theory (NLO×NP) 

CMS-Note 004  (2011) 
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�  Inclusive Jet Cross Section 
�  Data/Theory (NLO×NP) 

CMS-Note 004  (2011) 

�  Dijet Mass Cross Section 
�  Data/Theory (POWHEG+Pythia/Herwig) 
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C
M

S: PR
L 106, 122003 (2011) 

ATLAS: PRL 106,172002 (2001)  

�  dσdiet/dΔφdijet: Sensitive to Initial State 
Radiation Data/Theory 

�  Can be used to tune PYTHIA ISR (as it 
was done with the Tevatron data) 
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�  LO multi-leg MCs agree better with the data  
�  SHERPA gives the best normalization CMS: arXiv:1106.0647 

ATLAS: arXiv:1106.0647 

pT > 50 GeV 
|y| < 2.5 
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�  3-Jet Mass Cross Section 
(dσ3jet/dM3jet) in three 
rapidity bins and three pT3 
bins 

�  Comparisons to NLO×NP 
with several PDF choices 
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Soft QCD 
PDFs 

Jets 
γ/W/Z+Jets 
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�  Photon processes: 
�  Annihilation 
�  Compton (dominate at LHC) 

�  Also fragmentation contributes 
�  But suppressed with isolation 

�  Directly sensitive to hard 
scatter 

�  Important for QCD studies, 
gluon PDFs, background to 
many discovery channels 

�  Challenging measurement 
�  Large QCD jet background 

�  Observable: isolated photons 

LHC Tevatron 

R.Ichou & D.d’Enterria arXiv:1005.4529 (2010) 
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CMS: PAS-QCD-10-037  

�  Data/theory: Good agreement with NLO QCD 
�  Experimental uncertainties ≥ PDF uncertainty 
�  Theory scale uncertainty > PDF uncertainty  

ATLAS: CONF-2011-058 
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�  Sensitive to gluon PDFs via Compton sub-process  
�  But it has been excluded from global fits due to theoretical difficulties to 

reproduce some of the data 
�  350+ data points from LHC/Tevatron/SppS/RHIC covering xT: 10-3-0.4 
 
 

D.d’Enterria: HEP2011 
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�   Confronts pQCD predictions 
�  Current state of the art calculations: 

�  W+4 jets @ NLO (for LHC): PRL 106, 092001 
(2011) 

�  Z+3 jets @ NLO: PRD 82, 074002 (2010) 
�  Offers a test of tree-level ME+PS event 

generators 
�  MadGraph, ALPGEN, SHERPA  

� Background to single-top and tt 
production, and searches for the 
Higgs boson and signatures 
beyond the SM 
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Leading jet pT Jet multiplicity 

�  Good agreement with MadGraph/ALPGEN and 
NLO MCFM and BLACKHAT+SHERPA 

�  Poor agreement with PYTHIA 

CMS: PAS-EWK-10-012 ATLAS: CONF-2011-060 
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Jet multiplicity �  Comparisons of jet multiplicities with NLO up to 
W+3 jets 

�  Good agreement Rocket+MCFM and BLACKHAT
+SHERPA 

�  Good description by MCFM of leading jet 
rapidity in Z+jets event 

D0: arXiv:1106.1457 (2011) 
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� QCD dynamics plays an important role at LHC 
physics for understanding signals and backgrounds 

� Spectacular performance of the LHC and the 
experiments have resulted in a plethora of high 
quality QCD results at a record time 

� The combined DIS cross section results from HERA 
provide better constraints of PDFs 
�  Several new results confront the precision of PDFs 

� More work is needed on MC tuning and on 
understanding the UE/MPI 

� Measurements are challenging the precision of the 
theoretical predictions! 
     


