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Drell-Yan Production

Production of vectorbosons vy, Z, W in pN, pp or pp collisions
with leptons in final state. Quark + Antiquark of p from uni-
versal partondensities fa(x), a=q,q, from DIS. Factorisation :

O = Zq f fq(Xlan)fg(Xzan)
o(qg~1l) dx dx,

< o(qg~1]) = 4T[0(29q2/(3s) 1/N

N* N = # colours
S = (p1+p2)2 =Q’ = m112

12 +yll
Ellis, Stirling, Webber 1996 X, = (s/ Spp) e 7"
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= Z->np candidate in 7 TeV collisions

Run Number:154822, Event Number: 14321500
Z: Minv=87 GeV, Pt=26 GeV
. P{u+) =45 Gev, n=2.2
| Pt{u-) =27 GeV.1=0.7

_ ATLAS Z - p"y Event
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Drell-Yan spectrum
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Probing pQCD with W/Z

e Total cross sections

e Differential cross sections
e W/Z + jets

 Relation to e'e
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o, X Br(W— Iv) [nb]

W= total cross sections
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gy X Br(Z/y*— Il) [nb]

7, total cross section
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Cross section ratios
W/Z + 1 jet (anti-k (R=0.4))

W/Z cross section ratio
Precision measurement
Constrains PDF's
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(W (= Iv) + 1-jet)

Cross section ratio
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7, differential cross sections

60 GeV < m < 120 GeV

r— 1 0-1 H LI I| I I LI II 1 I lE
~ 5 —.—— o, 3 0_4_1 LA L I L L L L I L ]
%\ : - -—0-'.....** CMS E E + CMS E
2| - 4 - e B 0.35[¢ + —
ED._./ 10 EJLdt 36 pb™ at \s =7 TeV -~ ?+++ ++ +++++++ ++ E
T - ] 0.3F b HH =
E 3 _ mi<2.1, p_>20 GeV BN 1 - - ]
_8 107 ¢ « data (e + 1 combined) N E §>’0 251 J Ldt=36pb at Vs =7 TeV |H —;
‘L_D 1 0_4 i POWHEG + CT10 - ) _8 0.2F + _f
g < oosftTT T ' - + ] \b E
3 o+ ; :0.15— g
108k %50:04; . _ t - 0.15_ —=— data (e and p combined) :
2 0_035_+ 4+ E ] B POWHEG + CT10 1
100k ot e + 005 |
0.0.E; 3 0 1'5 2'0_;5—;0 ; :l L1 1 | I 11 1 I 111 | | 11 1 | | L1 1 1 | L1 1 1 | L1 1 I:

9, 1Gev] i O 05 1 15 2 25 3 35
—7 L1 1 11 II | 1 L1 11 II| | | L1 111 II | 1 L1 1

q, [GeV] NLO POWHEG reasonable,
MCs problems at low q,

arXiv:1110.4973, CERN-PH-EP-2011-169

Physics of W and Z Bosons at LHC



Data / RESBOS

W difterential cross sections
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o(W)

o(W + = n-jets)

o(W + = n-jets)
o(W + = (n-1)-jets)

W/Z + jets
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Berends-Gele (Staircase) scaling

Ratios of n and n+1 jet rates in Z events expected to scale
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e i ' | ' | ' | i i ' | ' | ' | |
o(Z +2njets
_3 i ) - a+tfBxn
o(Z + 2 (n+1) jets)
25 uncertainties: i B uncertainties: 12
> jet energy scale P> jet energy scale
—= MG+D6T migration matrix —=> MG+D6T migration matrix
+] QEEETCEEELEFLERL P LEPLEITLEILEEE s I aEERCLEELEEL LR L ER CELTEILEEE -0
Z— ee Z — uu
- @ data - -  ® data
o MadGraph 22 o MadGraph 22
stat. only 68% C.L. contours stat. only 68% C.L. contours
-2 | , | , . | . | -2
4 6 8 4 6 8
o o

arXiv:1110.3226, CERN-PH-EP-2011-125
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6(W—Iv +> 1 b-jet) [pb]

W/Z + b-jets
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7 + b-jet:
p, > 20 GeV, anti-k (R=0.4) jet
E > 25 GeV + b-tag
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Electroweak tests

e Lepton universality in W and Z decays
« WW, WZ and ZZ production

Physics of W and Z Bosons at LHC
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Lepton universality

=
? - ATLAS
2 1
T
m

1 Lepton universality
i (e and n) in W and Z

] j L dt = 33-36 pb ™’

decays
=
" .
= LEP & Tevatron still
o
1 | unbeaten
1 68.3% CL ellipse area
E—f 0 9__ Z#= Data 2010 (1s = 7 TeV) |
m | R, PDG world average 1
g - [ R, PDG world average .
tlf - O Standard Model ]
g _| | | 1 I 1 1 | | | | | 1 1 | | | | | | | |_
= 0.8 0.9 1 1.1

R, =0, BR(Z— e'e) /6, - BR(Z— p'w)

arXiv:1109.5141, CERN-PH-EP-2011-143
Physics of W and Z Bosons at LHC 16



entries / 5 GeV/c?
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WW, WZ, ZZ production

Tests of SM, important background to searches,
limits on SM extensions
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Soft QCD Physics

 W/Z events with rapidity gaps

e Associated charm in W events

Physics of W and Z Bosons at LHC
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Rapidity gaps in W/Z events

Z->ee

Lumi section: 563

W or Z with low
activity in one
hemisphere of
forward calorimeters

-~ Single diffraction (SD,
Pomeron exchange)
. a possible process

Physics of W and Z Bosons at LHC 19



events / 0.5

Rapidity gaps in W/Z events
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Associated charm in W events
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momentum transfer

p'>25GeV, Inl <2.1




Summary
e Very rich physics with W and Z at LHC

e Searches not covered

e Mainly probing QCD at EW scale

« QCD (NLO or NNLO) extremely successful
« MCs have (known) problems

« EW tests possible
« LEP+Tevatron still rule
« Studies of soft QCD with W and Z

 Constrain diffraction models, PDF's, etc

Physics of W and Z Bosons at LHC
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