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Making QCD Great Again 

l I will concentrate on just a few topics, 
since Gudrun will be discussing issues 
related to NNLO calculations and Jesse 
on jet issues 

l Mostly scale dependence and PDFs 
l Following up on the Cambridge 

Workshop:Taming Unphysical Scales for 
Physical Predictions 

l https://indico.cern.ch/event/555452/ 
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…but first 
l  Follow-up of Higgs+jets studies from 2015 

◆  comparison of predictions and effects of parton showers on 
fixed order predictions for Higgs+jets 

◆  spoiler alert: parton showers affect fixed order cross sections 
basically only in Sudakov regions 

…and not so much for 
inclusive observables 
such as the lead jet 
pT for H+>=1 jet 
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Inclusive jets 
l  This Les Houches try inclusive jets 

◆  PDF fits use fixed order (+NP) 
corrections 

◆  are we making a mistake, i.e. 
do the parton showers change 
the slope/normalization of the 
jet cross sections?  

◆  if so, then PDF fits may be in 
error, at least to the extent that 
jet production at the Tevatron 
and LHC affects the resulting 
PDFs 

◆  amazingly enough, there has 
been no systematic study  

l  Related 
◆  we determine hadronization 

effects from PS predictions 
and apply them to fixed order 

Hoeche, Schoenherr 
arXiv:1208.2815 

try comparing 
predictions at  
parton/parton 
shower level 

How correct 
  is this?  
At NLO/NNLO? 
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…and by the way 
l  In light of the high luminosities in Run 2, both ATLAS and CMS use 

the Cacciari-Salam jet area subtraction scheme, where the pileup 
(and underlying event) is subtracted 

l  Then cross sections are corrected back to the hadron level, by 
effectively adding back the underlying event (from Monte Carlo, 
with uncertainties) 

l  I don’t completely understand this 
l  I hope to find out more at Les Houches 

arXiv:0707.1378 
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Scale choices 
l  Motivated choice of scale very important 

at NLO 
l  Still relevant at NNLO 
l  In some cases, relevant scale choice is 

obvious 
◆  pT

jet for inclusive jet cross sections 
◆  …or should it be pT

leadjet 

l  Does the preferred scale choice depend 
on the kinematics and/or the topology of 
the event?  
◆  if so, to what extent should this be 

taken into account? 
l  More and more NNLO calculations are 

becoming available allowing more data 
to be used in NNLO PDF fits 
◆  what are the best scales to use? 
◆  scale dependence may not be 

negligible, even at NNLO 

l  What about more complex 
situations, such as W+5 jets, 
or Higgs+3 jets, where there 
are multiple scales in the 
event?  

l  Does a global scale, like HT/2 
work (all the time)?  
◆  does it also depend on 

kinematics/topology?  
l  Why does it work?  
l  Can we make a connection to 

MC-like scales, such as with 
using a MINLO-approach? 
◆  work in progress, hopefuly 

extended at Les Houches 
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Scale choices 

l  Take inclusive jet production at 
the LHC 

l  Canonical scale choice at the 
LHC is µr=µf=1.0*pT 

◆  CTEQ6.6 used 0.5pT  for 
determination of PDFs 

◆  CT10/14 uses pT 

l  Close to saddle point for low pT 

l  But saddle point moves down for 
higher pT (and the saddle region 
rotates) 

l  Saddle point also moves down for 
larger jet size  

l  For some kinematics, there is no 
saddle point 

l  Cross sections can even become 
negative for some scales of pT 

R=0.4 
antikT 
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Scale dependence depends on rapidity 

l The saddle point tends to move upwards in 
scale as the rapidity increases 

l Is the physics changing; no, just the kinematics 
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Scale dependence also depends on jet size 

R=0.4 
antikT 

R=0.6 
antikT 
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Scale variations 
l  Note that you may come up with a different estimate of the scale 

uncertainty depending on whether you use coherent or incoherent 
scale variations 

l  For many cross section,  incoherent leads to smaller scale 
uncertainties 
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Data precision requires NNLO 
l  Luckily NNLO is available for most of the LHC processes that are 

essential for PDF fits (jets, top, Drell-Yan, photon/W/Z+jet) 
l  (Correlated) systematic errors can be so small that it can be 

difficult to get a good χ2 in global PDF fits 
l  Jitter on K-factors (NNLO) often needs to be taken into account 
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Inclusive jet production at NNLO 
l  Basically only process 

included in NNLO PDF fits 
not (until now) at NNLO 

l  Scale dependence greatly 
reduced…but sizeable 
differences between pT

jet 
and pT

leadjet 

l  Which scale choice is 
preferable? Difference 
larger than the nominal 
factor of 2 variation 

l  Religious wars: my opinion 
is that since this is an 
inclusive calculation, you 
should use an inclusive 
scale 
◆  this is not a classical 

Monte Carlo 

arXiv:1705.08205 
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K-factor dependence 
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Dijet production 
l  Two scales: pT and mjj 

l  Can be very different in the forward-backward  region (large y*) 
l  With scales of pT, can even end up with negative cross sections in the 

large y* region at NLO (don’t know at NNLO) 
l  Ameliorated using a scale of mjj (scale dependence shifting higher) 

arxiv:1705.10271 
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What else (for inclusive jets)? 
l  There are tensions between ATLAS and CMS jet data 
l  There are tensions within the ATLAS jet data (between rapidity intervals) 
l  We know that the jet data as a function of rapidity have to be consistent, 

i.e. PDF’s are universal 
l  Even with very precise data, it may be difficult to reduce PDF uncertainties 

in global PDF fits, due to these conflicts; this requires a comprehensive 
exploration by PDF groups 

l  Many/most of LHC measurements made with the antikT jet algorithm with 
R=0.4; a few processes measured at multiple jet sizes->this provides more 
information 

l  Are there important ln R terms that should be resummed for best 
accuracy?  
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Nigel Glover 
Scales Workshop 
Cambridge  
March 2017 

For X+jet 

pTX 
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for tT 
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HT/2 
 

HT’/2 
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Top production in PDF fits 
l  Tops at the LHC are produced 

primarily by gg fusion, so great 
handle on the gluon distribution, 
especially at high x 

l  Several observables that provide 
information 
◆  mtT 

◆  ytT 

◆  yT 

◆  pT
t 

◆  pT
tT 

l  But, there is tension not only 
between ATLAS and CMS, but also 
between observables within each 
experiment, which cover similar x 
ranges 

J. Rojo 

How to deal with the tension and provide 
better constraints on the gluon  
distribution?  
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Google document for Cambridge Scales Workshop 

l https://docs.google.com/document/d/
1h1WM_6m-
Y2MhShxi7glW87FFBuK0rpWeK9AIB3nn-pE/
edit?pref=2&pli=1  
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Summary questions for workshop 
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Schwartz 
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What else for PDFs?  
l  The global PDF groups (CT, MMHT, 

NNPDF) have achieved good 
precision, especially for gg 

l  But have they achieved good 
accuracy? 

l  One way of understanding the 
accuracy is if new data leads to 
refinements of current PDFs, rather 
than leads to new conflicts 

l  We also need to consider the scale 
uncertainties in global PDF fits 
◆  less impact at NNLO than at 

NLO, but still may be important 

l  There is an NNLO revolution going 
on, but we need good access to the 
results for PDF fitting 
◆  session on Wed 
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10th Les Houches 

l At the first Les Houches, the non-French 
attendees asked the French attendees 
what a Houches was. 

l …and no one knew 
l Turns out it wasn’t a French word per se 

but a Gallic word, meaning a small plot of 
land near a building used for cultivation 
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Les Houches 2017 

l As an American, I expect to be asked the 
meaning of covfefe  

l I think it means a small plot of hair on top 
of a head, that looks too bad to be a wig 

l But I think it should play a role in the 2017 
Les Houches theme song 



!
!



!
!

In production 
available December 2017 
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Another scheme 
l  F. Olness and D. Soper, arXiv:

0907.5052 
l  Define x1 and x2 

l  Make a circle of radius |x|=2 around a 
central scale (could be saddle point, 
or could be some canonical scale) 
and evaluate the scale uncertainty 

AJ and MJK carry information on the 
scale dependence beyond NLO 

col 


