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Snow-Houches 
l  There is an ongoing workshop in the US titled ‘Snowmass’ even though 

the final meeting will be held in Minneapolis at the end of July 
l  Many of the issues being investigated are the same as what we are 

interested in at Les Houches 

 
l  So we have been coordinating some of the common work between the 

two-> and Eric has pointed out that until recently, there has been a mass 
of snow at Les Houches 

l  Some of the Snowmass topics are more ‘future-oriented’ (see extra 
slides), but many are topical issues of importance to Les Houches 

l  Some of the slides I’ll show will be from Snowmass meetings, particularly 
the meeting at Brookhaven in April 

+ 

==Snow-Houches 
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(Partial) Les Houches worklist from Day 1 
1) Higgs-related 

 a) PDF uncertainties for gluon-gluon fusion* 
 -trace differences between CTEQ, MSTW and NNPDF to see if uncertainty can be reduced 
 b) acceptances and uncertainties of acceptances for Higgs *->Higgs 
 c) Higgs+jets cross sections*->overlap with Higgs/MC 
 -comparisons of @MC@NLO, Powheg MINLO, MEPS@NLO, HEJ, etc*->overlap with Higgs/MC 
 -comparisons of W/Z+jets with above (+LoopSim) as a testbed*  
 -revisit tag jets:  hadronization uncertainties for high rapidity jets 
 d) Higgs+jets uncertainties*->overlap with Higgs 
 -new scheme for jet veto uncertainties using Higgs+0, Higgs+1 jet resummation calculations 
 -comparison of Higgs+0 jet resummation results 

2) PDFs 
 a) impact of LHC data, current and future* 
 b) impact of/need for an LHeC* 
 c) combination of PDF sets* 
 d) impact of NNLO jet calculations->still waiting 

3) (N)NLO QCD + (N)NLO EWK 
 a) wishlist of calculations* 
 b) study of the 'Sudakov Zone’* 
 c) PDFs with QED corrections, photon PDFs, gamma-gamma processes* 
 d) update of BLHA* 

 *addressed at Les Houches 3 
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PDFs 
l  There has been a great deal of PDF benchmarking, with the latest exercise 

given in 1211.5142 

improvements 
from 2010 to 
2012… 
 
…and from NLO 
to NNLO 
 
so Higgs PDF 
uncertainty under 
good control 
 
αs uncertainty 
still +/-0.002 
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…but are they good enough? 
l  Can we further improve the gg PDF 

luminosity uncertainty in the Higgs 
mass region?  

l  NNPDF2.3 marks the high edge and 
CT10 the low edge 
◆  full gg uncertainty is ~ factor of 2 

more than any of the individual 
group uncertainties 

l  The gluon in this region is determined 
primarily by the HERA combined Run 
1 data set (for CT10); the correlation 
with the HERA data is not large, but 
there are 500 data points 

l  Studies started: 
◆  examine correlations in NNPDF 

(to be expanded to MSTW,…) try 
to understand any differences in 
the impacts of various 
experiments 

◆  effects of different heavy quark 
schemes 

◆  influence of LHC data 5 
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…but are they good enough? 
l  For CT10, the gg Higgs cross 

section uncertainty is largely 
determined by a few 
eigenvectors 

l  Detailed study of those 
eigenvectors may add to 
knowledge of how to further 
reduce uncertainty 

l  It’s also interesting to see the 
anti-correlation of the gg 
fusion subprocess with the 
VBF subprocess, expressed in 
terms of the individual 
eigenvectors 
◆  note this anti-correlation breaks 

down for higher eigenvector 
(more poorly determined) 
directions 
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Influence of collider data 
l  Compare NNPDF2.3 with 

and without collider data 
(green and red curves) 

l  Very little difference, at 
least partially because 
LHC does not have much 
constraining power yet 
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PDF Higgs projects 
l  With NNPDF2.3, look at 

correlations between 
different experiments and 
the gluon distribution as 
a function of x 

l  Strong correlations with 
H1F2c and ZEUSF2c 

l  Mild anti-correlation with 
the HERA Run 1 
combined data  
◆  curve is yellow, so I 

superimposed a dashed 
purple line in the relevant 
region 

S. Forte and J. Rojo 8 
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PDF Higgs Projects 

CT10 

NMC is  
important 

so I’m not  
comparing  
exactly the  
same thing for 
CT10 and  
NNPDF2.3, but 
conclusions can 
still be drawn 

This is just the beginning if we are to improve our understanding of the gluon PDF in 
the Higgs x range. Summary in Les Houches writeup. 

so is BCDMS 
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PDF Higgs Projects 
l  NNPDF2.3 fit only to collider 

data leads to a slightly 
different gluon and a 
prediction for the gg->Higgs 
cross section at 8 TeV in 
better agreement with CT10 
and MSTW08 
◆  but factor of 2 larger 

uncertainties 
l  We will re-investigate the 

impact of BCDMS and NMC 
data on Higgs cross section 
predictions 
◆  impact is on the order of a 

few percent, but this is one 
place where that order of 
magnitude is critical 

so we may be able to improve the PDF 
uncertainty but there is still a strong 
αs(mZ) dependence 10 



!
!

PDFs from different groups have different physics inputs. But if we only 
focus on the phenomenological studies at the LHC with the limited x and Q 
ranges, the idea of META PDF is reasonable and also feasible.  
 
Procedure (for LHC):  
1, selecting a specific x-Q range, and a parameterization form to describe 
all the PDFs at an initial scale above the bottom quark mass;  
2, check that the fitted PDFs can well represent the original PDFs at the x-
Q range studied; 
3, choosing a scheme to combine the PDF measurements of different 
groups in the new PDF parameter space;  
 
Benefits: 
1, A nature way to compare and combine the LHC predictions from 
different PDF groups independent of the process, works similarly as the 
PDF4LHC prescriptions but directly in the PDF parameter space; 
2, Especially desirable for including results from large number of PDF 
groups, in this case also minimizing numerical computation efforts for 
massive NNLO calculations;   
 
   	

Fits of the fits: META PDFs 

Jun Gao: talk (by vidyo) Wed aft 
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Jun Gao 



!
!
Jun Gao 
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Jun Gao 
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Meta-PDFs 

Jun Gao 

effect of  
tolerance  
on impact 
of new data 
in global 
fits needs 
to be  
better  
understood 
 
CTEQ/MSTW 
may be  
different than 
NNPDF? 
 
investigate 
for Les  
Houches  
Writeup 
 
use-cases for 
META-PDFS 
or  
equivalent 
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Photon PDFs 

S. Forte and S. Carrazza 16 
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Result 
consistent 
with  
MRST2004 
at high x,  
smaller at  
low x, with 
most of 
constraint 
coming from 
LHCb data 
 
CT study in  
progress… 
maybe  
update of  
MRST2004? 
would like to  
improve  
understanding 
of γ PDFs 
for Les 
Houches 
writeup 17 
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 Large Hadron Electron Collider - LHeC 

      ep/A synchronous to pp/AA 
-    LHC is the only place for TeV energy DIS 
-    ~60 GeV electron beam upgrade to the LHC  
-    DIS at TeV energies: Q2

max106, x > 10-6 

-    A new Higgs facility – new detector 
 
      Noteable: 
-  Unprecedent precision (αs to per mille) 
-  Complete unfolding of PDFs (1st time) 
-  Precision electroweak measurements 
-  Novel precision input for LHC physics 
-  BSM (RPV SUSY, e*, CI, lq resonances?) 
-  Quark Gluon Plasma – initial formation 

      QCD 
-  Discovery/disproval of saturation at low x 
-  Less conventional partons (kt, diff., GPDs) 
-  Nuclear structure in huge kinematic range 
-  Top with 10pb cross section in DIS, tPDF 

The LHeC is a new laboratory for energy frontier particle physics of unique character. 

Information on http://cern.ch/lhec 

Ref’s: CDR arXiv:1205:2913, summary: arXiv:1211.4831, relation to LHC: arXiv:1211:5102 
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 LHeC – Partons and αs 

Gluon at large x > 0.5 unknown 
LHeC: xg to 10% accuracy at x=0.7 
Saturation, BFKL at low x? 
 
Full set of PDFs in huge x,Q2 range 
uv,dv,dbar,ubar,s,sbar,c,b,top, xg 
Important for HL LHC – high M, CI 
 
Partons from LHeC comprise:  
unintegrated, diffractive, GPD 
photon, neutron, nuclear 

Per mille measurement accuracy 
Testing QCD lattice calculations  
αs small in DIS or high with jets? 
DIS without BCDMS.. 
Leads to unprecedented level 
of precision in all of DIS, e.g. 
charm mass to 3MeV;  N3LO 
Constraining GUT (CMSSM40.2.5) 

PDG 
LHeC 
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Ref’s: CDR arXiv:1205:2913, summary: arXiv:1211.4831, relation to LHC: arXiv:1211:5102 
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          Higgs with the LHeC 

Rates for Ee=60 GeV, proportional to Ee 
Initial study for CDR:  
H àbbar: selection efficiency: ~2.5%  
which gives  5000 events with S/B=1. 
corresponding to 0.7% coupling precision. 
[cf: CDR, U.Klein ICHEP12, B.Mellado LPCC] 

Unique production mechanism (WW,ZZ) 
Clean experimental conditions: 
No pileup, simpler final state … 
 
LHeC at 10^34cm-1s-1: arXiv:1211:5102 
Nb: Cross section and luminosity as large 
as are projected for the ILC. Access to 
difficult channels (ττ, cc – under study) 
 
With its unique Higgs measurements and  
precision N3LO PDFs and δαs ,  
ep upgrade transforms the LHC facility 
into a precision Higgs factory. 
[cf arXiv:1211:5102 + OB, MK: arXiv:1305:2090] 
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ZZ à H  ~10 times lower rate 
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NLO ME+PS 
l  There are several frameworks 

now, such as Sherpa, 
aMC@NLO, MINLO in which 
multiple jets can be included 
at NLO, with additional jets at 
LO, with additional additional 
jets via the parton shower 

l  For example, Higgs + 0, 1 and 
2 jets at NLO, with up to 3 
additional jets at LO (matrix 
element) in Sherpa 
◆  hope to have Higgs+3 jets 

at NLO  soon, e.g. from 
Gosam 

l  The result is a MC dataset 
similar to what is seen in the 
data, with a NLO(+NLL) 
accuracy 

l  This is a good framework to 
try to further understand Higgs 
cross sections plus their 
uncertainties…with 
comparison to the well-known 
W+jets 

l  Covered in more detail in MC 
summaries, but on next slide 
are some details of a study 
being carried out 

l  See wiki 
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l  Intended both for 
Les Houches and 
for Snowmass 
◆  note the higher 

energies 
l  Coordination 

needed with other 
(related) studies 
going on at Les 
Houches 

l  See wiki 
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NNLO QCD+NLO EW wishlist 

N. Glover, S. Dittmaier 

add a column here 
for current exp  
precision and that  
expected at 14 TeV 23 
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NNLO QCD + NLO EWK wishlist 

N. Glover, S. Dittmaier 
24 
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NNLO QCD + NLO EWK wishlist 

N. Glover,  
S. Dittmaier 
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Electroweak Corrections 

S. Dittmaier 26 
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Electroweak Corrections 

S. Dittmaier 27 
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Electroweak Corrections 

S. Dittmaier 28 
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M. Chiesa et al arXiv:1305.6837 

W+1 jet Z+1 jet 

Z->νν + 2 jets Z->νν + 3 jets 
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Lepton Definitions – as agreed on in W,Z LPCC EW WG 
(CMS, ATLAS, Lhcb) in May 2012 

During series of meetings,  Lhcb and CMS experiments agreed on following 
up ATLAS proposal of lepton definitions, in particular to add ‘dressed’ leptons 
è presented at 22.5.2012 in the  LPCC session 
https://indico.cern.ch/conferenceOtherViews.py?
view=standard&confId=178469 

W 

l 

γ	


ν	


l 

γ	

Born 

Bare 

Dressed 

From slides by Atlas W,Z contacts Alberto Belloni & Uta Klein @  W,Z LPCC subgroup  
meeting 27.4.2012  30 
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Issue : Application of HO EW corrections 

example: for  8 TeV 
Z’ searches, NC DY 
dominant background 
è  lepton defined on 

QED FSR corrected 
level (NO HO EW 
corrections for Z’ 
signals!!) 

è HO EW corrections 
of NC DY 
background have 
large uncertainty due 
to method of 
application 

è  under discussion 
with theorists 

è Current ATLAS 
procedure : choose 
black dots as 
nominal values and 
apply symmetric 
uncertainty which is 
up to 9% at 4.5 TeV  [GeV]llM
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Searches at 8 TeV – consistency of systematic 
uncertainties? 

W’: CMS-PAS-EXO-12-060                            Z’ : CMS-PAS-EXO-12-061 

20 fb-1 

Z’ : ATLAS-CONF-2013-017  

shaded 
band: 
mass-
dep. 
bgd. 
syst. 

MT>1 TeV : 22 (33) events  
in e (mu) channel 
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NC & CC DY : A wish list for discussion & studies 
.. some tasks are already under study also in LPCC and EW experimental and 

theory WG’s  
è  “optimal” choice and documentation of EW parameters and SM inputs for 
matched QCD and EW calculations to be used by theorists and 
experimentalists à task for Les Houches ? or LPCC? or both? 

è  improved communication between Les Houches and LPCC activities! 
v  Precision evaluation of missing HO EW (ISR, interferences, weak) corrections 

and QED FSR modelling; application of missing HO EW corrections and 
remaining systematics 

v  Improved modelling of pT(W,Z) : implementation of resummation into NLO MC 
models (but e.g also control of resummation scale)  

è missing HO EW corrections (+systematic uncertainties) for more complex 
kinematic variables like phi*(Z), M_T(W), W polarisation è crucial W mass 
measurement precision! 
 
v  Improved modelling and uncertainties and measurement proposals for non-

resonant photon-induced dilepton productions, but also for the NLO gamma-p 
induced dilepton and W productions 

v  Improved modelling of real W and Z radiation beyond LO approach outlined 
by U.Baur, arXiv:hep-ph/0611241  
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Gudrun’s task 
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Beyond NNLO 
l  Note the considerable 

flattening of the scale 
uncertainty at approximate 
NNNLO 

l  Note also the importance of 
including BFKL logs in 
addition to soft logs 

l  Note also that the net result is 
an increase in the (gg->) 
Higgs cross section that we 
currently use for our 
comparisons 

l  Snowmass+Les Houches 
project: investigate effects of 
BKFL logs in resummation for 
the higher energy 
accelerators, plus the explicit 
expected effects of BFKL logs 
in hard scattering processes, 
a la HEJ, compared to fixed 
order predictions for multi-jet 
final states, such as from 
Blackhat+Sherpa 

Plot produced by Marco Bonvini 
Paper==‘Higgs production in gluon fusion beyond 
NNLO’, R. Ball et al; arXiv:1303.3590 
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Scale dependence at N3LO 
l  Scale dependence estimated 

at N3LO 
l  Depends on (uncalculated) 

value of K 
l  Guess reasonable value of K 

may be 20-30 
l  Effective value from previous 

slide ~25 
l  We would be unhappy if it 

were 0 or 40 
l  Will not know until full 

calculation is complete: 1-2 
years 

A Lazapolous, S. Buehler  
arXiv:1306.2223 
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The frontier 
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Something to think about when calculating at N3LO+NNLO EWK 

hopefully, this is a 
gross over-estimate 
but our 8 TeV 
data may really be 
8.1 TeV data or 7.58 
TeV data 
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The future looks bright 
l  Les Houches (in situ) has been very 

productive 
l  As usual, the close environment has 

meant that it has been a very good 
breeding ground for both ideas and 
cold germs (the infamous Les 
Houches A’cold) 

l  The trick is to continue this flood of 
enthusiasm until the studies are 
finished and published 

l  So the conveners will be bugging 
everyone 

l  …and Fawzi will be bugging the 
conveners 

l  …and we can meet back here in 2015 
and start to see how our predictions 
are starting to agree/disagree with the 
`14 TeV’ data 

l  …and if 2d) (impact of NNLO jet 
calculations on PDFs) happens in the 
next 6 months, we may be able to fit it 
into the NLM writeup 

CMS 

pay your bar 
tab before  
      then 
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…and finally 


