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Introduction

Theoretically well established picture
PDF from deep inelastic scattering
Well identifiable final states

Corrections: QCD, EWK, including radiation, line
shape, spin-correlations ...
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Introduction

proton - (anti)proton cross sections
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Need to cover a wide
region of cross sections

Tevatron Run Il
2002-11 1.96 TeV 10.5 fb?!
LHC
2010 7 TeV 36 pb!
2011 7 TeV 5 fbl
2012A+B 8 TeV 5 fbl
2012C S TeV

Due to natural limitations of
this talk only most recent
measurements will be

presented
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Drell-Yan Production
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Few Millions of events, NNLO describes the data well
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W, Z cross section measurement

= LHC luminosity is increasing - 2x10°! in 2010 to
7x10%2012

= Average number of inelastic pp interaction (pileup)
increased from 2 to 20

m Precise measurement of inclusive cross section

requires low pileup and low P trigger thresholds
CMS-PAS-SMP-12-011

T
18.7 pb™ at Vs =8 TeV %
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W, Z cross section measurement
CMS-PAS-SMP-12-011
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ATLAS 7 TeV
Phys.Rev. D85 (2012) 072004
(01 2) 07200 almost the same as CMS
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Phys.Rev. D85 (2012) 072004
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Cross-section ratios W/Z

Phys.Rev. D85 (2012) 072004
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10.65 +/- 0.11 (stat.) +/- 0.23 (syst.)
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Cross-section ratios W+/W-

CMS Preliminary 18.7 pb” at \s = 8 TeV
T T T T

T I T T T T | T T T T
| T T T T | T T I T I T T
ATLAS NNLO, FEWZ+MSTW2008 prediction
[with MSTW2008 68% CL uncertainty]

j Ldt=233-36pb " 1.41£0.01

+ + - -

— Data 2010 (\s =7 TeV) W'—e'v, W —ev o
. 1.44+0.01,+0.05_

total uncertainty sta sys

exp. uncertainty WSy, Wy
ABKMO09 1.38+ 0.01Slat + 0'03syst

JRO9 . -
HERAPDF1.5 W' sl'v, W-lv (combined)

MSTWO8 1.39+0.01,, +0.02,

|||||||||I||II|II||| T T |,

1 1 1 | 1 1 1 1 1 1 1 1 1 1 |
1.25 1.3 135 . . . _ 05 1.|o 15
R,.=[oxBR](W") /[ oxBR (W)

1.454 +/- 0.006 (stat.) +/- 0.012 (syst.) +/- 0.022 (acc.)
1.421 +/-0.006 (stat.) +/-0.014 (syst.) +/-0.029 (th.)
1.39 +/-0.01 (stat.) +/- 0.02 (syst.)

W, Z and Y Production - PIC2012 - A.Savin, UW



W and Z from LHCb

0<n<4.
20<n<45 JHEP 06 (2012) 058 (mumu), LHCb-CONF-2012-011 (ee)
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universality

ATLAS

J Ldt=33-36pb”

World average
R\y=1.017 +/-0.019
e ocns R,=0.9991+/-0.0024

B R, PDG world average
O Standard Model

0.8 0.9 1 1.1
R; =0, -BR(Z— e'e) /6, - BR(Z— u'w)
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Study of differential distributions
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Differential distributions
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Study of differential distributions
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W charge asymmetry

*Charge Asymmetry, in pp access of u- over d- quarks
*Transverse Polarisation, N ;>N
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the deviations - individual XS measurements and correlations
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W charge asymmetry
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W polarization

The left-handed, right-handed ¥ of6")« , (1—0259*)2 o sin;Q* o (1+c2sg*)z

and longitudinal polarization
fractions are measured using
both muon and electron decays

Phys.Rev.Lett. 107 (2011) 021802
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Tau polarization
Using W — T v

= W-coupled to left-handed ©
= W7 coupled to right-handed ©
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DY forward-backward asymmetry
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DY forward-backward asymmetry
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DY forward-backward asymmetry

POWHEG (CT10) + PYTHIA (Z2) with PDF uncertainties —}
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Effective weak mixing angle

Phys.Rev.D84, 012007 (2011)

S \CE I EGEEIILUEE [N the vicinity of the Z
pole, A is sensitive to
Al 0.23099 + 0.00053 the effective weak
A(P) 0.23159 + 0.00041 mixing angle
A, (SLD) 0.23098 + 0.00026

0.23221+ 0.00029

0.23220 + 0.00081
Phys.Rev.D84 (2011) 112002

0.2324 + 0.0012

A,, (DO), 5.0 ' —e—— 0.2309 + 0.0010 First measurement at
® | | | | | LHC by @Y
023 0232 0234 0236 0238 EAPPREN /0.020+/-0.025
sin” Oy using 1 fb of data
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Diboson production
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Wvy/Zy production
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Anomalous WWy coupling

Phys. Rev. Lett. 107, 241803 (2011)

DO, 4.2 fb’

080 100120140160180
E; (GeV)
o data - background
= SM
AC (Ax, =-0.6, 1, =-0.13)

£
o]
~
(2]
e
c
()
>
(I7]

20 40 60 80 100 120 140 160 180
E; (GeV)

The most stringent limits on anomalous WW ¥ couplings
for data from hadron colliders:

—04<AK ,<04and—0.08< A, <0.07

at the 95% C.L.
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Anomalous ZZy and Zyy couplings

0-008_ T T LI T T T[T T T
0.006F 5. + 4 £ Tay e
0.004-

Phys. Rev. D85, 052001 (2012)

0.002

;IE % 1 o II IDI o % 0:_
> C - ) ata ] B
3 | pe.e2m’ e by : 0.0021 |
= 10:°, — MCFM : ]
- : 0.004- T e E
= r° Scale uncert. C T Iy 7.2 fb™ -
~+~ 10= § 5 -0.006 " A
o = - PDF uncert. - C vy 3.6 fb™
T - [ . 20,0080l e e ]
o} B - 2 7] -
S 1= M"Y >0 GeV/c _ -0.15 0.1 -0.05 O 0.05 0.1 0.15
C - 0.008—— ]
107 E ]
- $ : 0.006 77, A =1.5TeV = . =
102 ' 0.004 =
o 1.5¢ E 0.002 E
& 14:;;-;-*4 ............ ' ]
“ o5t | : 1 0 E
0 i L -0.002 -

-0.004
-0.006
20,0085t s Lo
-0.15 -0.1 -0.05 0
hgs

Iy 7.2 fo"
vvy 3.6 fb”
L v v v 1y

0.05 0.1 0.15

CDF: Phys. Rev. Lett. 107, 051802 (2011)




WWy, ZZy and Zyy aTGCs
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WW production

ATLAS-CONF-2012-025

— T T T T T T T T T
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Background is under control,
good MET reconstruction
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WW production
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- -e data [J] Z+jets CMS preliminary

B WW W+ets L=3.540f"
data-driven normalization ]|

lIIIllIIII[III]IIIIIIIIIII

CMS preliminary 2012 I
Vs=7TeV,L =492 " L W w top

stat @ syst

events/bin
entries / 5 GeV

G (stats.® syst.) %

lllIIIIIIII]IIIIIIllllllllllll_l

»

E 4 + ALV E
J: | | +1117
50 100

150

data / prediction

| Bttt A

0 20 40 60 80 100 120 140 160 180 200 max (3
eV
M., (GeV) Py [GeV]

7TeV 1134  247+33 524 #2.0(stat) +4.5(syst) +1.2(lumi)  45.1 +2.8

8 TeV 1111 275+ 34 69.9 £2.8(stat) £5.6(syst) £3.1(lumi) 57.3 +2.4-1.6




WZ production LHC

ATLAS —  Monte Carlo (MC@NLO)

@® Data
ata 2011 (Vs =7 TeV) Total Uncertainty

Ldt=46fo"

|

fj+

|

+
:
i

0-30  30-60 60-90 90-120 120-150 150-180 180-2000
pZ [GeV]

ATLAS  71eV 317 6810 19.07)4(star) + 0.9(syst) = 0.4(lumi)  17.67}
M5 7TeV 75 91 1702 4(star) +1.1(syst) = 1.0(lumi) 17.6+0.6
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WZ production Tevatron

IIIIIIIIIIIIIIIIIIIIIIII Illllllll L IIIIIIIIII

\'s = 1.96 TeV

Phys.Rev.D85, 112005(2012)

MCFM MSTW2008 - 3.21+ 0.19

ik - 5.0 7 Most of the

00,41 1" 39015 measurements are

N slightly above the

ecev . 5.40"15 SM prediction

eeuv = 3.0411

uu ev -~ 5.01, 7

" CDF —@— His +0.60 +0.59
R el

o(pp — W2Z) (pb)
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(b) D@, L= 8.6 fb! +Data
[IWZ
DY

Il Other bgd.
7% Uncert.
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== ATLAS, Vs =7 TeV

46107, A=co ®20 40 60 80 100120140 160 180200
ATLAS, s = 7 TeV p! (GeV)
T

461", A=2TeV
- = CDF, \s = 1.96 TeV
7117 A=2TeV

== D0, Vs =1.96 TeV
417 A=2TeV

Events / Bin

II||III|IIII II|IIII|II|I|II|I|IIII

|

W*Z — IFvI'T
95% C.L.

A AR B arXiv:1208.1390 , submitted to EPJC
-06 -04 -0.2 O . . . :
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/ZZ production: Z to 4l

CMS-PAS-SMP-12-009
a £ 26 observed

25 expected in

80-100 GeV mass range

SM o*Br=120 fb
12675 (stat)’o(sys)"s (lumi)

CMS Preliminary fs=7TeV,L=4.7fb"
B [Jzzy— a

B z+x

® Data
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>
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ZZ production

q

T . T T T T T T 71 T T 177 I T T T I T T 1T 71 I T 171
\s=1.96 TeV
MCFM MSTW2008 & 1.30 + 0.10

CDF, 1.9 fb"’
lill and llvv —_——

CDF, 6.0 fb"'

+0.44
il and Iivy —_— 1.64 .

Do, 2.7 fb™
lvv g 2.01+0.97

Do, 6.4 b’

1 _—— 130 0y

Do, 8.6 b’ -
+0.
'V —_———
eev\ 0.98 s

vV +0.79
iy 2.52 et

+0.46
-0.47

lvv _ 1.64

llllllllllllllllllllllllllll

0 2 4
o(pp — 22) (pb)

q
Zly

SM Forbidden

Phys.Rev. D85, 112005(2012)

Big statistical
uncertainties due to
very low cross
section
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ZZ production

27 =227

Muon,

CMS Fxperiment. at LIIC, CTORN P, = =29.11 GeVIc
Run/Event : 171178/11110024

p, = 19.21 GeVic

Tau, p,= 33.85 GeVic

primary Z mass : 89.18 GeV

secondary Z mass : 88.03 GeV
pr(ps) = 42.69 GeV

M.z, = 189.9 GeV/c?

First time taus are used in this channel

ATLAS
ATLAS

7 GeV
7 GeV

5447 (stat)*, 5 (syst) = 0.2(Ilumi) 0.5+0.3

7210 (stat) ) (syst) = 0.3(lumi) 6.5+0.3
(syst) £ 0.14(lumi) 6304
9.3 +1.1(stat) = 0.4(syst) £ 0.3(lumi) 74+04
8.4 =1.0(stat) =0.7(syst) = 0.4(lumi)

4142121 7GeV  6247%(stat)!

ATLAS 8 GeV

41+212t
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ZZ production
CMS Preliminary \s =7 TeV, L = 5.0 fb
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CMS-PAS-SMP-12-014
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ZZ7Z and ZZvy aTGC

CMS-PAS-SMP-12-007
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The most stringent limits on anomalous ZZZ and ZZ v
couplings using shape of the M, distribution

W, Z and Y Production - PIC2012 - A.Savin, UW



- - - -
q’ o (e} ()
w e o

Production Cross Section [pb]

N
o

= Tevatron Run Il SM Cross Sections
s o/o DO pub./prelim.
L 01,02 " o/e CDF pub/prellm
= 5o Theory
E 02,42f0" 0514
B e
L 36,11 M"
L Q== 46,540
E @wOy 71,86M" 75, 541"
- = & B 60,860
B o
: .Au92012 : : ,

w Z Wy Zy WW fi wz t 7

[pb]

Production Cross Section, Oyt

10°

10

- W : ! & 7TeV CMS measurement (stat®syst) -

[~ i 3 8 TeV CMS measurement (stat®syst) |
10 ——— 2z ¢ (stat@syst)
— 5 po— 7 TeV Theory prediction =
ey —o— * 8T icti .
L P e— eV Theory prediction -]

10 7 =1 3 E
= >2j —— 3 : =

- - 3D § ; i ; o
10° >3 o W, | =
— = . : fo3 ; ! : : .

B = 23 —o— ; 3

o 24 } - WW ; ]
107 — 2 L= . 3
— 1 '];_ . wz : I

B jat G I 3 o G —_— ZZ § N
10 ES > 30 GeV E!> 10 GeV P -
— In® <24 AR(y.l)> 0.7 T L
13_ 36, 19 pb”! 36 pb! 4ot b som’ 3
= »19pb pb Cast M sapt 3

JHEP10(2011)132 CMS-PAS-EWK-11-010 (WZ)

JHEP01{2012)010
CMS-PAS-SMP-12-011 (W/Z 8 TeV)

PLB701{2011)535
CMS-PAS-SMP-12-005,
007,013, 014 (\WW ZZ)

ATLAS Preliminary

= = :
= 35pb” E :
— : - 5 LHC pp Vs = 7 TeV
B 35pb’ Theory
= ; ® Data 2010 (L=35pb")
- 0 Data2011(L=1.0-47f0"
| LHC pp ¥s = 8 TeV
= mm Theory
- e Data2012(L=581f"
B s ; ; ;
— (LA I
- i 10f" — i
N 471" g
el 1 ; 5.8 fb"
= 46 P24 |
- P47 o
w oz e e Tww Towz Tow Tozz




