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Probing the Standard Model at the
Large Hadron Collider

At the LHC:

Probing the Standard Model by measuring
processes containing the predicted
interactions

Electroweak sector:

« Interaction of fermions through gauge / / !
bosons Image: CERN

+ Non-Abelian nature of
SU(2) x U(1)y allows for
self-interactions of the gauge bosons

= Triple and quartic gauge interactions

Allowed are vertices with charged gauge ¥ By
couplings: WWZ, WW~, WWWW, WWZZ, v = Do -V/(@)

WWZry, WWAry ”

http://www.quantumdiariesAorg
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Latest results on
anomalous gauge

couplings in ATLAS The case for an effective field theory

Ulrike Schnoor
Standard Model Production Cross Section Measurements

g 10“§> ATLAS  Preliminary
ot LHC measurements: % et A1 Ea7,6TeV
field theory well described by 0 f LHCpp Vi=7TeV  LHCpp vi=8TeV

Theory Theor,
the SM ' F 250 : Obse:/edu aon [ onseryved 2031
10°
BUT: i
open questions remain " =
— DARK MATTER? 0y +
» HIERARCHY L
PROBLEM? 10
> HIGGS PROPERTIES? 02 ;
107 1’*3

W JetsDiets W Zff bamWW 77 Wi M WZ 22 w,WW zy W

Goal: Assess contributions of new physics
Quantify deviations from SM (for search or exclusion)
in a model independent way
interpret deviations in terms of models

TECHNISCHE — effective field theory
@ UNIVERSITAT
DRESDEN
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e g/ Effective field theory with anomalous gauge
Ulrike Schnoor COUpIingS
?ffm'hve Introduce additional operators O of higher dimension (d) and add to
' SM-Lagrangian:
o (d)
J— 1
Lo = Lot Y 50
d i
A: scale of new physics
= anomalous triple and quartic gauge couplings in the effective Lagrangian
=> lead to increase in total and differential cross sections
charged TGC neutral TGC QGC
O SR Resulting amplitudes need to be unitarized
DRESDEN
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Experimental strategy

Measurements provide the opportunity to assess compatibility of anomalous couplings
models with data

Diboson production Vector boson scattering

triple and quartic gauge couplings

triple gauge couplings (neutral and charged) ~ (With or without photons)

Vector boson fusion Triple boson production

q

q

triple gauge couplings (neutral and charged) ~ quartic gauge couplings
(with or without photons)
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Triple gauge couplings

SM charged TGC; no neutral TGC

BSM modelled by effective Lagrangian with anomalous TGC parameters
imposed constraints: C and P conservation, electromagnetic gauge invariance

5 charged couplings (cTGC):

& Kz, kys Az, and Ay
Lwwy/gwwy = igl (WL, WHVY — WiV, W) g
Z __ _ 1.
g1 =Kz = Kky = 1;
’/\V WT W“V”)‘ )\Z:)\,Yzo
W

+iry WiVH 4 25

8 neutral couplings (nTGC):
e
Lzzy = -z IR (8, VHP) Za (8% Zp)
z

hY By fY Y with vV =2Z, 5
all hY = 0in SM

+ (07 Vou) 210 Z5)

Several scenarios constrain the dependencies to reduce the number of free parameters
e.g. LEP scenario: Ar = (cos? Ow/sin? 0w )(AgZ — Akz) and Az = Ay
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TGC in diboson production

P

WW, Wz

Parameters’ accessibility by channel:

aTGC vertex parameters channel
WWry Ay,s Dby WW, Wry
wWWwWZ Az, Akz, AgZ  WW,WZ
ZZvy hZ, h% 77
Zvyy h, h{ Zy
ZyzZ o Zy
777 Ay 77

Triple gauge couplings in WW, WZ production

- WW, WZ channels: sensitive to cTGC parameters Az, Akz, Agé

+ 3 measurements:

- WW — vty
- WZ — v
- WV — Lujj

TECHNISCHE
UNIVERSITAT
DRESDEN
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Measurement of WEZ — £E00EF production

—_ T T T T ]

-‘é [ ATLASPreliminary e

© NLO QGD (MGFM, GT10)
Wz Event selection: 10 e WE G <116 Gov)

—— WZ (pp)6am <116 GeV)

3 high-pr isolated leptons,
large EMSand mYY

LHG Data 2012 (15=8 ToV)

© ATLAS WZ— Wl (66<m,<116 GeV) L=13 1o
LHC Data 2011

© ATLAS WZ-s Iv
Tevatron ({s=1.96 TeV)

® DO WZ-> il (60<m <120 GeV) L=8.6 fb
CDF Wz Wil L7.1 fb

V)
<116 GoV) L4 6 o

Backgrounds
1

Z+jets, top (fake leptons): e L
data-driven estimate 6 2 4 6 8 10 12\3 [‘|1':V]

22, W/Z + Z ot o ulati Measurement at /s = 8 TeV
estimate rrom simulation (AT]_AS—CONF—ZO]?)—Oz])

TECHNISCHE
@ UNIVERSITAT
DRESDEN
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WW, WZ: Leptonic channels

Measurement of WT W~ — £tu€~ D production

Event selection:

+ 2 high-pr isolated leptons, ATLAS Preliminary r
a Measured
opposite charge J- Ldt=2031b" cross sections
. Z-mass veto \s=8TeV et e'e
. ) ww e
o MISS 1SS
large EF"S°, E"IrI:Rel
. . ot
- jet veto
'SM Prediction Combined
aqiag» WW: NCFMNLO GT1o
9g— WW: MCFM LO CT10
9g — H— WW: NNLO MSTW2008
Il Il 1 L 1 Il Il Il
Backgrounds 10 20 30 40 50 60 70 80 90 100
top (b-tagged): Gl [Pb]

data driven estimate
Wijets (fake leptons):
data driven
Z+jets:
transfer factor from control region

Measurement at /s = 8 TeV
(ATLAS-CONF-2014-033)
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5
Triple W 140 ATLAS —+-Data
gaL 5 JLdt=46t" \Ns=7TeV OsMmwz ]
5 120 @@Bkg =
[t s sy
100 T, =005
0.57

o4

W Z~
VBF Z
Quartic -
Zal 150 180 2000
uplings
coupling 2 [GeV]
VBS

wEwt ) o

Extraction of aTGC limits from
W
pr(Z) spectrum

Conclusions
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A,

aTGC limits based on
v/s = 7TeVmeasurement
Eur. Phys. J. C (2012) 72:2173

ATLAS — ATLAS, Vs =7 TeV
L 4617, A=co |
—— ATLAS, Vs =7 TeV
— 46" A=2TeV
—
el === CDF,\s=196TeV

741" A=2TeV
— DO, Vs =196 TeV
4117 A=2TeV

W'Z - Ivirr
95% C.L.
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aTGC limits
Triple extracted from the pr distribution of the
g highest-pr charged lepton

strategy

% 600 T T T T T T T 3
(0] j Ldt=46f"' \s=7TeV 1
> ]
v < 500 —4-Data B
2 CIsmww ]
Wn . ZA Y S K I— Ak,=01 =
] A,=1,=0.15 ]
VBF Z Ag7=0.2 ]
300 I Background =
Quartic Cataty ]
o 200 - =
couplings o
100 o
VBS o]
wEwE i Gz
20 40 60 80 100 120 140 160 180 200
WA Leading lepton P [GeV]
Conclusions
Backup
WW
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Limits on aTGC from WtW— — ¢tuve— o

Limits based on
Vs=7TeV, L =4.6fb~ "
Phys.Rev. D87, 112001 (2013)

T T T T T T
95% C.L. limits from WW production
—— ATLAS (4.6 fb', A=6 TeV)
Febed ATLAS (46 fb', A=)
=e0)

Ak,
—
beebent

Az e
——
ria

v4 C 1
Agy i

I I I I I
06 -04 02 0 02 04 06

Limits on charged aTGC for WWZ and WW~
(LEP scenario)
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WW/WZ in the single lepton final state

/5 =7TeV, £ = 4.7fb~": JHEP01(2015)049

Semi-leptonic WW/WZ — lvqq

v v
V/VJ'//‘<Z U ‘ZL/<Z

(s
d d
_ e d - ~, d
U W_\\<_ d Z‘\<7
(7 d
+larger branching ratio

—large background from W/Z+jets

Event selection: _ :
one high-pr isolated lepton, EX'S, mr (¢, EXM'S)

2 jets, well separated

Dominating background W /Z+jets: Estimated from data
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WW/WZ in the single lepton final state

/5 =7TeV, £ = 4.7fb~": JHEP01(2015)049

2 10° AtLas 4 Data
Ldt=461 [ Jn=0.05
\s=7TeV B smwwwz
[JWiz+jets
[l top quarks
[ multijet

W—ev + 2jets

Data/SM

binned maximum-likelihood fit to the p7j;
spectrum to extract aTGC limits

ATLAS

Aky

—_ 467 A=

e o e R
— LEP comb
0.7 % A =0
— ATLAS vjj, V5 = 7Tev

CMS vjj, 5.
500", Ay,
““““ DO comb., Vs = 1.96TeV|
86107, A= 2TeV

=7Tev

95% CL intervals
LEP Scenario

-

-03 -02 -01 O

01 02 03 04
95% CL Limits

Limits on aTGC parameters in the

LEP scenario
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- combined to
same-flavor, opposite
charge pairs

ZZ — AL
Vs =8TeV. L = 20 b~ 1: ATLAS-CONF-2013-020
& 2200 T T T T T T
& 200 ATLAS:Preliminary - =
: AL N ]
Event selection: = ; ; 27 1
4 leptons very clean 5% ; 5 4]
e & 140— : : ILdt:ZOfb .
; %120i : Is=8TeV E
- 4 isolated leptons T e VLA ]
(=2
£
T
[+
[
-

. Z-mass window

2 et e
50 40 60 80 100 120 140 160 180 200 220

Subleading Lepton-Pair Mass [GeV]
Dominant background: WE/Z + X (X =~ or jets - misidentified)
data-driven estimate

Data events: 305
Signal yields: Signal expectation: 292.5 +10.6 “golden channel”
Background expectation: 20.4 + 5.8
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Ulrike Schnoor V/s = 8TeV, L = 20fb™ ': ATLAS-CONF-2013-020

aTGC based on
Vs=7TeV, L =1.02fb~!
(Phys. Rev. Lett. 108 (2012) 041804):

—_— N T ]
e) [ ATLAS Prelimi NLOQCD (MCFM, CT10.0) 7] .
s | relminary - zZemesmescen | Using total number of observed events
®
N
SN
o4 ')
; I
] ° ATLAS
LHC Data 2012 (Ys=8 TeV) 1
O ATLAS ZZ- Il (86 Gev) L-20 15" > i
vV CMS ZZ- llll {80< G 5
LHC st 201 107 o) 4 L
o ATLASZZ >H!H\\Hsﬁ\m <16Gev) L-461b" o
¥ CMS ZZ— il oOd“dZU(eV\L* ofo”! | 7
Tevatron (15-1.96 TeV) ] f
m D0ZZ-5 Iliv) (B0<m,<120 GeV) L-8.6 1
23072 i)l Lo i L
L L - L L
0 2 4 6 8 1 0 1 2 1 4 [
\s [TeV]

Limits on neutral aTGC
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Ulrike Schnoor V5 =7TeV, £ = 4.6,fb~": Phys. Rev. D 87, 112003 (2013)

Three decay channels: Wry — fvy, Zy — £F 07, Zy — vy

Wy — lvy Zy — 0y Zy — vy
1 high-pr lepton, 2 opp. charge, same flavor 1 very high-Er photon
1 high-Er photon, leptons, (E? > 100 GeV),

high £miss, high My, high Ex™

high mr (€, Ef***) 1 high-Er photon large AD(EF™S, )

Wy, Zv

Limits on aTGC parameters set by fitting to the E7 distributions

TECHNISCHE
UNIVERSITAT
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Ulrike Schnoor V5 =7TeV, £ = 4.6,fb~": Phys. Rev. D 87, 112003 (2013)

Tttt Three decay channels: Wy — fvy, Zy — £747~, Zy — vy

Effective
field theory W g £+£
Experimental v gl A
strategy .
' 2 > >
° ATLAS - Datazon ) ATLAS
8 Seescaasd S0 ATLAS ~wm 1 B ]
Triple 2 Juamssn' mrre ——— ] Jrassont o " 1 o L eas b 7TV
2 N 20, E)>15Gev @ Mo 0, E115 Gov [] e sweneax o] o N30, 15100 GoV
gauge 2 v - 4 e 206 3 2
3 [—r— 5 Wi £ =
couplings s & ER-
: I
WW, WZ
100
10° Jo
7z Siof < e 3
o|® e olF o7
8= g o gl
e g 8% | B
20 0 100200 300 36 3040 00 200 300 7000 = 500,600
VBF Z E} [GeV] wt £ [GeV] Er[GeV]

Jauge

couplings

VBS
wEwE

Wern
Conclusions
Backup

WW
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Ulrike Schnoor V5 =7TeV, £ = 4.6,b~": Phys. Rev. D 87, 112003 (2013)

Introduction

Three decay channels: Wry — fvy, Zy — £F 07, Zy — vy

Effective
field theory W ) £+£ Z
Experimental v Y
strategy 3
g > 10 - .
D L ATLAS —e- Da 201t ® ATLAS () ATLAS
o . Wivyor (ALPaEN 157 e Dan 2011 E 8
Triple D pf Jrassswimrw LM 193 < [ - 1 o Jracasst o
T 2 N 20, El>15Gev - 3 P 220, Em5Ga Car o hereA 1078 g N 20,1 2100 Gov e i
couplings 2 [ LN 5 Wz H e et
- w E i} [im)
WW, Wz
7z
W, Zy

VBF Z Limits on charged and neutral aTGCs:

Quartic

gauge

ATLAS -+ ATLAS, 15 =7TeV === DO (Wy), 5= 1.96 TeV ATLAS e ATLAS.15=7TeV === CDF. 15~ 196 TeV ATLAS < ATLAS, 15 7TV ==+ GDF. 15~ 196 TeV
couplings Pohy  4bhA—e 2%, A=2Tov e T T e 5115 A= 1sTev Pl ovTy st Amw S, A= 15Tev
95%CL ATLAS, 15 =7 TV === DO (WWWZW), 15 = 1.96 TeV 95% 0L ATLAS. 15 =7TeV == DO, 15= 196 TeV 95% CL ATLAS, 15 =7TeV == DO, 15 = 196 TeV
VBS 46mLA-BTY  86M%A-2TeV 46BLA-ITeV  72M% A-15TeV 46BLA-3TeV 72 A=15TeV
4+ - LEP -eLEp

W=—w-— T T T T T T T T T T
Wy z z

A L n

Conclusions

Backup
A 1
WW e hs
1 1 L L 1 1 L L L 1 1 1 L L L
-06 -04 -0.2 0 02 04 0 -0.001 0 0.001 -0.2 -0.15 -0.1 -0.05 0 0.05
TECHNISCHE Coupling Strength Coupling Strength Coupling Strength
D REEER

16/24



Latest results on
anomalous gauge
couplings in ATLAS

Ulrike Schnoor

Introduction

Effective
field theory

Experimental

strategy

Triple

VBF Z
Quartic
gauge

VBS

wE wE
W
Conclusions
Backup

WW

TECHNISCHE
@ UNIVERSITAT
DRESDEN

17/24

Vector boson fusion to Z boson
/5 = 8TeV, £ = 20fb ™" JHEP04(2014)031

First ATLAS measurement of a VBF — Vector Boson process

’

q q

_ Selection
Z-boson candidate: 81 < my, < 101 GeV
pr(j1) > 55GeV, pr(j2) > 45GeV, M;; > 250 GeV

noe

+ et B . . . .1
1" jet veto on jets with pr > 25 GeV in rapidity gap of
tagging jets
q ¢
5
3 " ATLAS baseline region 8- Daia (2012) N ATLAS baseline region ~ -#-Daia(2012) 3
=10 fLdt=203m" 3902 [} fLa=203m' 3oz 3
= GeaTey EON 8 s=sTev HEWH g
10° g ) =i E
Multjets. 2 Multjets
10 z E
10° E
107 E
10 10 =
9,5 g, 2
o8 5815
8519 - S SRR A
ol ol
o 1 2 3 4 % 1000 1500 2000 2500 _ 3000

7
[4y| m; [Gev]

Extract electroweak component by a fit to the dijet invariant mass distribution
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couplings in ATLAS Vector boson fusion to Z boson
Utrike Schnoor 5 = 8TeV, £ = 20fb—: JHEP04(2014)031
Introductiol
S Measurement:
Experimental Tz 10— T T T T T T T g
strategy 3; E LIS ATLASE
¢ F JLdt=2031"
“““‘ r ot o s=8TeV ]|
upli 1§_ . 3
[ Data2012 1 search region: M;; > 1000 GeV

1075 | Powheg (Zjj) + Sherpa (VZ) oi

11 |
i

Y l
no.g—f t + 1 T

0.8

theory

<
=
S
N
Odata

gauge baseline h‘\ghpT search control  high mass

Limits on charged aTGC in the search region

Suilhete aTlGC A =0 TeV (obs) A=06TeV (exp) A=oc (obs) A=oo (exp)
Backup Agrz [-0.65, 0.33] [-0.58, 0.27] [—0.50, 0.26] [-0.45, 0.22]
Az [-0.22, 0.19] [-0.19, 0.16] [—0.15,0.13]  [-0.14, 0.11]

A: scale of new physics in form-factor used for unitarization
TECHNISCHE
@ UNIVERSITAT
DRESDEN
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Quartic gauge couplings

Quartic gauge vertex
Quartic vertices with photons (ww~~, wwzy)

+ Charged vertices with photons predicted by electroweak theory — no Higgs
contributions — study gauge structure

+ Neutral vertices: not allowed by the SM

Quartic vertices with massive electroweak gauge bosons (wwww, wwzz)

+ Longitudinal degrees of freedom of electroweak gauge bosons are generated
through the Higgs mechanism — study the electroweak symmetry breaking
mechanism in addition to the electroweak gauge structure

+ Neutral vertices: not allowed by the SM
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Electroweak production of

B Other non-prompt

(EuiEujj
® T T T T T T T s |
g ATLAS *  Data2012 B
- a L f 20.3fb% (s=8Tev B&R Syst. Uncertainty ]
C W*W*j Electroweak]
Wi Wi Eom> 500 Gev W’W’ﬂ Strong 3
200 S Prompt |
L Conversions |
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Scattering of two like-charge W bosons
/5 = 8TeV, £ = 20fb~ ":Phys. Rev. Lett. 113, 141803

Selection:

M;j; > 500 GeV (inclusive region)
+ AY(jj) > 2.4 (VBS region)
Extract electroweak production of
WEWj

= First evidence of W W+
scattering and wEwtjj

production

ATLAS SM 0}2%=0.95 + 0.06 [fb]
20.3 fbl{s=8 TeV NLO, POWHEG-BOX, CT10
etet S
0.4+ 1.0+4.0 [fb]
efpt PR
1.3+ 0.6 +0.25 [fb]
pps —_—
1.7+ 0.8+ 0.15 [fb]
Combination e
1.3+0.4+0.2[fb]

. \ . . \ .

N
e
u
N

1 05 0 05 i
o VES[fb]
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Scattering of two like-charge W bosons

5‘“ [ T T T T T T T 1

. . . F ATLAS ]
Limits on anomalous quartic 06f 20.3|5;,v\;=snv’:
. o PP — i ]

gauge coupling (WWWW vertex) oaf Kematix unitarization
0.2 =

derived from fiducial cross sections of E
Electroweak chiral Lagrangian with the E ]
0.2 confidence intervals =

operators M6e%CL E
P 04E mesw oL E
) 0.6/ — expected 95% CL 4

L4 = (tr[VMVV]) F = Standard Model E

L L
04 0502 01 00102703 0.4

and

=

One-dimensional limits at 95% C.L. :
Ls = a5(tr[vuv“])2

oy € [—0.14,0.16
with parameters oy and o, el ’ ]

unitarized using K-Matrix unitarization a5 € [—0.23,0.24]
= First limits on aQGC with massive electroweak vector bosons

+ Scale of new physics [hep-ph:1307.8170]:

A~ v/ e

= A > 500...650 GeV
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Triple boson production with W~ final state

Selection

lepton and E.‘l.“issfrom W decay . .
. Exclusive region: veto on

two isolated photons dditional jets with pr > 30 GeV

AR(£,7) > 0.7 additional jets with pr €

m¥/ > 40 GeV (Inclusive region)

P L B e e — > T — —
() C 1 o C 4
O 35F ATLAS Iil \?Vf‘;\? 3 O 70F aras Iil \?ﬁi E|
o F ] o ]
© C I zy i w 60 Il zy =
5 30¢ 3 Wyj + Wij 1 &% O [ Wyj + Wij 1
c f C vy +jets 1 € ¢ vy +jets ]
o C [ Other backgrounds | & 501~ [ Other backgrounds —|
w E 1w L 3]
£ Vs=8TeV,203fb" 3 40F Vs=8TeV, 203" -
F electron channel (N, > 0) ] C muon channel (N >0) ]
Wy E E 301 E
E 20F E
= 10 E
] o w . ]
500 0 500

m,

@ TECHNISCHE \y [GeV] m,, [GeV]
UNIVERSITAT
DRESDEN
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Invariant mass of the two photons in electron/muon channel
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W~~ production

/5 = 8TeV, £ = 20fb~": CERN-PH-EP-2015-009

Measurement
o )] [ PN (]
Inclusive (Njey > 0)
%% 7.1 T13 (stat.) £1.5
evyy 4.3 T1% (stat.) *13 2.90 £ 0.16
lvyy 6.1 *10 (stat.) 1.
Exclusive (Njey = 0)
oy 3.5+ 0.9 (stat.) T1°f (syst.) £0.1 (lumi.)
evyy 1.9 F17 (stat.) T13 (syst.) £0.1 (lumi.) | 1.88+£0.20
vy 2.9 08 (stat.) 1§10 (syst.) £0.1 (lumi.)

aQGC limits

Parameters a¥, a), and f7€0> unitarized by a form-factor

Limits on aQGC with photons
derived from the number of events
in the exclusive selection with
additional requirement of

Moy > 300 GeV

3 “
IIS [Tev
al »

A°2 [Tev?

aW y
A°2 [Tev?

Lep ATLAS
- < CMS 77 > WW
— D07y > WW
— ombwy — ATLAS Wyy
AQGC Limits 95% CL

-10°-10°-10°-10? -10 10 10 10° 10* 10°



Latest results on

anomalous gauge
couplings in ATLAS Conclusions
Ulrike Schnoor

Anomalous gauge couplings describe new physics contributions in the frame of an
effective field theory

Various di-boson, VBF, VBS, and tri-boson measurements at ATLAS have set limits
on anomalous TGC and QGC

Neutral and charge triple gauge couplings are accessible in di-boson production
and vector boson fusion; improvement of limits compared to LEP and Tevatron
in many cases

Since recently, quartic gauge couplings with and without photons are accessible
in vector boson scattering and triple gauge boson production at the LHC

Conclusions
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Need for Unitarization

Amplitudes with additional operators can violate unitarity = unitarize in order to

retain physical events

Form factor unitarization

- apply form factor to coupling f as
[ = £/ +3/N2)"

Unitarization with k-matrix method

unitarization using K-MATRIX METHOD:

. projecting the amplitude on the Argand circle
Backup

implemented in WHizARD

on a low-energy theorem amplitude, it acts as

infinitely heavy resonance
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couplings in ATLAS TGC: LEP scenario
Ulrike Schnoor

In order to reduce the number of free TGC parameters, different
scenarios can be used:

Equal couplings scenario: WWZ and WW~ couplings are equal

LEP scenario: Ak~ = (cos? Oy /sin? Oy )(Ag? — Akz) and Az = Ay (motivated
by SU(2) x U(1) gauge invariance)

HISZ scenario Ag? = Akz/(cos? 8y — sin? Oy,
Ak = 20Kz cos? Oy /(cos? Oy, — sin? Oy ), and Az = A,

Number of free parameters:
2 for “equal couplings” and HISZ scenarios, 3 for LEP’ scenario

Backup
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Event selection:
3 high-pr isolated leptons,

miss w
large Ef***and my

o' [pb]

WZ — L0y

V/s = 8TeV, L = 13fb~ ': ATLAS-CONF-2013-021

Backgrounds

Z+jets, top: data-driven (fake leptons)
ZZ, W/Z + ~: from simulation

T T
ATLAS Preliminary

LHC Data 2012 (15=8 TeV)

O ATLAS WZ- M (B6<m <116 GeV) L=13 f
LHC Data 2011 (1s=7 ToV)

© ATLAS WZ- il (86<m,<116 GeV) L4 "

Tevatron (15=1.96 TV

NLO QCD (MCFM, CT10}
+vae WZ (pP)(86<m <116 GeV)
—— WZ (pp)(E8em, <116 GeV)

® DO WZ- Wi (60<m <120 GeV) L=8.5 fb”
4 COFWZo Wi L7 1"

Measured total cross section:

o=
20.3793 (stat) 712 (syst) £ 27 (lumi) pb
Theory: 0 = 20.3 + 0.8 pb

Dominated by systematics
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Selection:
+ 2 high-pr isolated leptons (opposite
charge)
+ Z-veto to suppress Drell-Yan:
|my — mz| > 15,10 GeV(ee, 1112)
- EiSS > 45,4525 GeVi(ee, ep, 1uj1)
i~ {2‘:::’ sinAd, ifA® < /2

ifAG > /2
« jet veto to suppress top background

ww

> 800¢ T T T T
8 E ATLAS Preliminary + Daa [ WW (x121)
700 (5= - a1 [OTop [ Zets
S E Vs= ?Tev‘ JLat=203 0 [ Wiets [ other diboson
% 600 &V WV channel % stat. unc.~ stat. O syst. unc.
€ E
2 500
400
300F
200F

100

100

150 200 250 300

TECHNISCHE
@ UNIVERSITAT m(I+EM) [GeV]
DRESDEN T

3024 mT(I|E¥‘iSS) in signal region

wWtw— — ¢tue— o

Events

V/s = 8TeV, L = 20.3fb™ : ATLAS-CONF-2014-033

[ T T T T T T
12000{— ATLAS Preliminary —— Daa A
[ Vs=8Tev,[Ldt=2031" %wwmc ]
[ e - Top MC —
10000 € v channel B e ]
[ W Wes vc ]
8000— I other diboson MC -
C %44 stat. unc. |
60001 3
4000 {
2000 {
N ]

7
Jet multiplicity

Background estimates

top data-driven
(b-tagged)
Wijets data-driven (fakes)
Drell-Yan transfer-factor

Drell-Yan control
region
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