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� >30 presentations in the Hard QCD program 
� It is impossible to cover all QCD results 
presented in this workshop in a 20-minute 
talk  
� Apologies for the ones left out 

� Thanks to all speakers for the excellent 
presentations and the fruitful discussions!  

The Hard QCD Program 



Jet Substructure 
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Theory Developments 

So much sub-structure in a paella! 

Christopher Vermilion  



N. Varelas HEP2011 ‒ July 27, 2011 

Christopher Vermilion  

 
Vermilion 



N. Varelas HEP2011 ‒ July 27, 2011 

David Miller 
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Grooming Algorithms, CMS 

David Lopes Pegna 
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Shower deconstruction Soper 



Jet Production 
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Inclusive Jets: Tevatron àLHC 
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Inclusive Jets: a closer look 
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Inclusive Jets: a closer look 
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Dijet Cross Sections 
�  Tevatron 
�  Comparisons to NLO×NP 

�  LHC (7 TeV) 
�  Comparisons to NLO×NP 

Wobisch 
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3-Jet Production at Tevatron 
�  3-Jet Mass Cross Section (dσ3jet/

dM3jet) in three rapidity bins and three 
pT3 bins 

�  Comparisons to NLO×NP with several 
PDF choices 

�  Potential impact of 3-jet data in PDF 
fits (need of NNLO) 

Wobisch 
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Dijet Azimuthal Distributions  
C

M
S

: P
R

L 106, 122003 (2011) 

ATLAS: PRL 106,172002 (2011)  

�  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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Multijet Production at LHC 

�  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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αs Determination at Tevatron (1) 
� Use a new observable variable: RΔR  	


Wobisch 



QCD@LHC ‒ Aug. 24, 2012 Campbell/Mellado/Varelas 

αs Determination at Tevatron (2) 
Wobisch 
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Jet production at NNLO 
�  End of decade(s)-long program finally in sight 

�  predictions available on timescale of one year (really!) 

Gehrmann 

�  Discussion: 
how to 
distribute 
results, e.g. for 
pdf fits 

�  n-tuples? 
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EW corrections Wackeroth 

�  Large effect in multi-
TeV region 



Direct Photons 
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Direct Photon Production 

LHC Tevatron 

R.Ichou & D.d’Enterria arXiv:1005.4529 (2010) 

� 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 
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Diphotons at NNLO 
�  Many benefits at NNLO 

�  large corrections (~50%), better description (e.g. Guillet shoulder), 
all partonic channels, reliable uncertainty estimate 

de Florian 

�  Computed using pragmatic 
approach: smooth 
‘Frixione’ cone 
 

�  Advocate dropping higher-
order N3LO terms 
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Photon + HF at Tevatron  
Vellidis 
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Diphotons at Tevatron  
Vellidis 
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(Di)Photons at LHC  CMS: PRD 84, 052011 (2011) 

ATLAS: PRD 85, 012003 (2012) 
�  Data/theory: Overall agreement with NLO QCD 
�  Experimental uncertainties ≥ PDF uncertainty 
�  Theory scale uncertainty > PDF uncertainty  Carminati, Chetluru 



W/Z+jets 
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W+5 jets at NLO 
�  BlackHat: preliminary results presented for jet ratios 

Ozeren 

�  Coming soon: web-page for distributing n-tuples with sample 
analysis routines, easy variation of scales, pdfs 
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MEPS@NLO in Sherpa 
�  Merging procedure at NLO (“on steroids”?) 
�  First hadron collider application: W+jets (up to 2 at NLO) 

Schoenherr 
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W/Z + Jets at Tevatron 
Jet multiplicity �  Comparisons of jet multiplicities with NLO up to W+3 jets 

�  Good agreement Rocket+MCFM and BLACKHAT+SHERPA 
�  Good agreement of LOOPSIM+MCFM and MCFM with leading 

jet pT in Z+jets data 

D0: arXiv:1106.1457 (2011) 

Lammers 
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Z + 3jets at Tevatron  Lammers 
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W/Z + Jets at LHC Mishra 
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W/Z + Jets at LHC: Jet Multiplicity 

�  Good agreement with Matrix Element + Parton Shower 
�  Poor agreement with PYTHIA 

Mishra 
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Z + Jets at LHC: Azimuthal Distributions Mishra 
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Z + Jets at LHC: Event Shapes Mishra 
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W/Z + HF at LHC Mishra 
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Jet bins and vetoes Stewart 

�  Much recent work on theory predictions in jet bins/with vetoes. 
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NLL+NNLO predictions Monni 



Top Production 
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Top cross section @ NNLO 

�  All-fermionic channels done → most Tevatron phenomenology 

Mitov 

�  qg channel 
�  completed, prelim. 

result: 1% 
correction 

�  checks, analysis 
ongoing 

�  gg channel 
�  hard at work, 
“on track” 



Keith Ellis 
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Keith Ellis Top processes in MCFM 
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Status of Backward-Forward asymmetry  
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Top @ LHC 

ttbar with jet veto 

Frank-Peter Schilling  



Event Generators 
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POWHEG BOX 
�  MINLO: new scale-setting procedure 

�  inclusion of Sudakov logs improves usual NLO behavior 

Nason 

�  Coming soon: easy scale/pdf changes in POWHEG events, GoSam 
interface for more NLO, NLO+PS in resonance decays 
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aMC@NLO Zaro 

�  2012: migration from MG4 
to MG5 for speed and 
more versatility 
 

�  Aim for public release by 
end of the year 
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CKKW-L in Pythia 8 

�  Steps towards 
alternative NLO 
merging. 
 

�  “UMEPS”: 
unitary MEPS 
→ “UNLOPS” 
 

Prestel 



…and finally 

�  Thanks to the organizing committee 
�  Johannes Bluemlein, Keith Ellis, Walter Giele, Nigel Glover, 

Michelangelo Mangano, Fred Olness 
�  Thanks to the conveners 

�  John Campbell, Albert de Roeck, Sasha Glazov, Pedro 
Jiminez-Delgado, Bruce Mellado, Pavel Nadolsky, Nikos 
Varelas 

�  Thanks to Brenda and Cathy for all of their logistical 
support 

�  Thanks to Steve Ellis for attending every session by evo 
�  …and most of all, thanks to you for coming to MSU for 

this workshop 50 



�  Make plans for QCD@LHC 2013 at … 

51 




