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Drell-Yan like proesses at LHC. Motivation
• Drell-Yan proesses have lear signature and largeross-setion and ontribute to the bakground in manysearhes for new physis
• Preision study of DY will be used to de�ne moreaurate the parton density funtions, for luminositymonitoring and to speify the values of MW , sin2 θeff ,

ΓW

• Required theoretial preision < 1%

• To gain the required auray it is neessary to takeinto aount EW and QCD orretions at least at NLOand their interplay 3/24



LHC simulation. Full hainThe full hain simulation of Drell-Yan events in ATLAS isrealised within Athena framework and inludes severalsteps:
• Generation
• Simulation (through GEANT4)
• Digitization
• Reonstrution
• Creation of AOD (Analysis Objet Data) �lesThe usual running time ∼ 10 min/event 4/24



LHC simulation. MC generationThere are many MC generators with various levels of tuneswhih have an interfae in Athena or are planned to haveone soonhttps://twiki.ern.h/twiki/bin/view/AtlasProteted/MGeneratorsForAtlasMost usefull and well tuned Monte Carlo programs forgeneration of Drell-Yan events at LHC:
• PYTHIA (LO + parton showers)+ Photos (multi-photon FSR)
• MC�NLO (NLO QCD)+ HERWIG (parton showers)(+ Photos) 5/24



LHC simulation. Missing ontributionsThe following ontributions required to ahieve the desiredpreision of 1% are missing in the standard ATLAS MCsimulations:
• NNLO QCD orretions (O(α2

s ))
• omplete NLO EW orretions (O(α))
• mixed EW/QCD orretions (O(ααs))We need the MC generator ombining these orretionsIn addition we need the improved PDFs 6/24



Reweighting
• The validation of new MC generators requires muhtime
• Due to this we need to study the possibility to inludeNNLO QCD and NLO EW orretions to DY proessesinto MC simulation in an approximate way bymultiplying probabilities of events by ertain weights.
• These weights fore the Monte Carlo output to agreewith ertain observables. This tehnique is alled eventreweighting. 7/24



Preision MC toolsNLO EW:- WGRAD2, ZGRAD2 (U. Baur et al.)- HORACE (C. Carloni Calame et al.)- SANC (SANC group)- SANC+WINHAC (S. Jadah et al.)NNLO QCD:- FEWZ ( K. Melnikov and F. Petriello)
8/24



Drell-Yan proesses in SANCSANC modules for neutral and harged urrents Drell-Yanproesses inlude the omplete NLO EW orretions.We take into aount two types of subproesses:quark-quark interation (qq):
p[q] + p[q̄] → X + {γ,Z} → X + ℓ+ + ℓ−(+γ)
p[q] + p[q̄

′

] → X + {W±} → X + ℓ± + νℓ(+γ)photon-quark interation (γq):
p[γ] + p[q] → X

′

+ q + {γ,Z} → X + ℓ+ + ℓ−

p[γ] + p[q] → X
′

+ q
′

+ {W±} → X + ℓ± + νℓ

ℓ = e, µ, τ

q = u, d , c , s, b 9/24



Photon-indued subproessesA. Arbuzov and R. Sadykov, Eur.Phys.J.C54:451-460,2008
pT ,l ≥ GeV 25 50 100

σ0(pb)DK 2112.2(1) 13.152(1) 0.9452(1)SANC 2112.2(1) 13.151(1) 0.9451(1)

δγq(%)DK 0.071(1) 5.24(1) 13.10(1)SANC 0.074(1) 5.24(1) 13.09(1)

pT ,l ≥ GeV 200 500 1000
σ0(pb)DK 0.11511(2) 0.0054816(3) 0.00026212(1)SANC 0.11511(2) 0.0054813(1) 0.00026211(1)

δγq(%)DK 16.44(2) 14.30(1) 11.89(1)SANC 16.43(1) 14.30(1) 11.90(1) 10/24



Drell-Yan proesses in SANC
• SANC Monte-Carlo generators for neutral and hargedurrent Drell-Yan proesses produe unweighted eventswith help of FOAM algorithm
• The transfer of information between SANC MonteCarlo generator and the general purpose eventgenerators PYTHIA and HERWIG is organized viadata �les ontaining the event kinematis in thestandard Les Houhes Aord format
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pp → Z/γ → µ+µ− (α-sheme)
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pp → Z/γ → µ+µ− (α-sheme)
y(Z)
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pp → Z/γ → µ+µ− (GF -sheme)
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pp → Z/γ → µ+µ− (GF -sheme)
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pp → W + → µ+νµ (GF -sheme)
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pp → W + → µ+νµ (GF -sheme)
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pp → W + → µ+νµ (GF -sheme)
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QCD and EW orretions interplayIt is important to ombine both QCD and EW orretionsonsistently at the MC generator level.The reent attempts an be found inU. Baur et al, arXiv:0803.0678, pp.12-17The formula for the ombination of QCD and EW e�ets isgiven by:
{

dσ

dO

}

QCD⊕EW

=

{

dσ

dO

}

best QCD
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QCD&EW interplay (U. Baur et al)
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Born-level in Pythia
• In Pythia the running of α is used in hard proesses(�rst order running whih is agree with Standard Model

αMZ
at the Z 0 mass)

• The gauge boson propagator is proportional to
1

s−M2

Z ,W+isΓZ ,W /MZ ,W

• The weak mixing angle as used in all Z 0 and
W±masses and ouplings sin θW = 0.2312

• The weak mixing angle, as used to derive the vetorouplings of fermions to the Z 0 sin θeff
W = 0.2315 21/24



Reweighting tehnique and general requirementson reweighting toolTo implement the e�ets of the required orretions eahgenerated event of the orresponding bin aquires a newweight
w =

dnσbest/dO1...dOn

dnσ/dO1...dOnThe reweighting tool must be relatively fast and �exibleIn general the implementation of reweighting to simulatedevents is not a trivial task 22/24



PDF reweighting as simple example
As a simple example of reweighting one an onsider thePDF reweighting

w =
d2σPDF1/dx1dx2

d2σPDF2/dx1dx2
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Conlusions
• To gain the required 1% auray it is neessary to takeinto aount NLO EW and NNLO QCD orretionsonsistently at the event generator level.
• Sine the validation of new MC programs requires muhtime we need to study the possibility to inlude theseorretions into MC simulation in an approximate way byreweighting tehnique.
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