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Introduction and physics
motivation

V V
q , 2 q - vy 9 TGC vertex ‘
V
q - V- a : V1 q V1
t-channel u-channel s-channel

Di-Boson production cross-sections and couplings at the triple gauge-boson

vertices are precisely predicted by SM
P WWY and WWZ vertices are predicted and have been measured
P ZZY,ZYY,YYY and ZZZ vertices are forbidden (Henso’s talk)
P Provide direct test of SM predictions

The presence of new physics :

P anomalous Triple Gauge Couplings (aTGC) and exotics resonances.
P Modify cross-sections and kinematic distributions

Di-Bosons are also irreducible background to the Higgs boson measurements.
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Introduction (I)

[1 Today’s menu Dibosons measurements

performed with :

7/ TeV data ( 4.6 fb-! ) = 1 | | l — | | T—
> WWWZ.Z7Z £ 30—ATLAS Online Luminosity —
’ ’ 2 [ ==—2010pp\s=7TeV a
8 TeV data 8 ol === 2011pp\s=7TeV .
B | 3 fb-l WZ é : w— 2012 pp \'s = 8 TeV 77 :
> 20 fb! ZZ 3 20 -
Fully leptonic decay channels allow g 152_ E
P clean signal, small branching ratio g’ : Wz Wz, -
E: ZZ,WW
P low background 10»_ ‘/ ]
Common signature : 5 -
P high pt leptons, - -
icci miss 0 l ' : ' : : -

P missing energy (ET™*) yon A" W ock

when V is present. Morth avas:
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Common signatures and
selections:

” R
8 160%7 +4-data :’
0 1401 SYe 3
2 BW/Z+y ]
5 12011, e
P> Leptons (electrons, muons) : D 400 F% — o
: , ]
P High-ptleptons > 7 - 20 GeV in a geometrical 60 “"&L \s=8TeV,[Lat=131" ]
C 2
acceptance |n| < 2.7(M), < 2.47(e) 408 ﬁi; .
. : : = c
P Calorimeter and track isolation used. 208
0==20 60 80 100 120 140
» When a W— IV is involved : By ey
= - JRELEN FFLEE SR LN BE L LLEE LB [ELEEILECL L INY EELOREL AL L B
. . o 350 =
P Large ET™ss cuts to account for the neutrino, cuts © R ]
QY 1
starting at ET™s > 25 GeV ° 300; gﬁzﬂ
& 250 EW-jet j-i
w - B%ﬂe‘ 4 -
ic i = op =
» Whena Z—, Il is involved : 200 + ]
) o - ATLAS Preliminary 3
? Invariant mass close to the Z PDG mass within 1O e - e ev,[Lat= 131 E
|0 to 25 GeV. 100}
50— 3

0 70 80 90 100 110 120
M, [GeV]
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Common Backgrounds

Dibosons processes make background to each

other — estimated mainly from MC (Powheg,
Pythia, Sherpa, MC@NLO)
Top (single top and tt) or W/Z+jets mimics

diboson final states:

P Real leptons from Z or W decays

P Lepton(s) from heavy flavor decays 200000000000
P Jet mis-identified as an electron or a photon

2

» Use data driven methods, since fragmentation
functions are difficult to model.

Figure : Feynman diagrams for Z/W+jets (top) and tt
(bottom) decays
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Data Driven Methods (I)

E le :
[1 Data-driven techniques are used for xampie

backgrounds containing jets.

[1 The concept is to build background enriched

Control Regions (CR) by reversing analysis
cuts (ex. isolation, ET™S, impact parameter

significance)

[1 The background is extrapolated from the

control region to the signal region using a
transfer factor.

[1 Different methods (ABCD, Fake factor,

Sideband ﬁt, Heu Contl"OI regiOn, matrix Figure : Data Driven principle. A Control Region enriched with

background is built the amount of background in this region is

method) and CR definitions depend on the estimated. Then Transfer Factor from the CR to the Signal

Region is defined, and used to estimate the Final Yield.

analysis.
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Data Driven Methods (ll)

Sideband fit method example : For WZ analysis

> gor_TYYYIY"7]|YYY III ."'.IYlIY YYYY_
— o it = —13fb" Z
[ Define a Control Region, enriched with t t and Z+jets & 80" +\s ‘8TerL‘ L b =
P Same Z requirement (except mass window cut). S 70 —Eit 8\2/22 =
(7)) C i
. . < £ . BW/Z+y
P On the W lepton no isolation cut, and reverse the dO S 60E . BWiiol -
significance cut. W go- OZ+jet
- TOp DTOp
[1 On this region we will fit the data using : 40" :
> for the t t a second order Chebychev polynomial. S0k ATEAS Ereliminary E
» For the Z+jet a BW line-shape convoluted with a 20t
Gaussian resolution. 10F fripgm—].
[1 To extrapolate to the signal region we use, the Transfer | : : s U
% 60 70 80 90 100 110 120
Factor extracted from MC :
m,, [GeV]
freanster = RSB
transfer Ncn
f ~ __ CisoX€qy
transfer — (1 —Gdo)
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Cross Section

[ 1 Measure a cross section within the fiducial region. Ndata= Number of data events

Npe = Number of background
events either fromm MC or data driven

methods
fid Ndata Nbg L =

= Luminosity

O det BR = Branching Ratio

C NMC Reconstructd
efficiency corrections ~ _Vevts passing the cuts

MC Fidutial volume
Nevts generated

O'

P The fiducial volume is defined by the limited coverage of our detector ( n

cut) and is even more reduced when we apply our selection cuts (leptons
pt, dR(L,])).

Then we extrapolate to the full phase space so we have a total cross section

N N MC Fidutial Volume
data bg A = N, evts generated
Q C- [ Ldt-BR v Al

Nevts generated

acceptance

We also provided unfolded distributions.
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4.6 bl @7 TeVv
13 bl @8 TeV

[0 Two data samples 4.6 fb"! of data at 7 TeV and
|3 fb-! of data at 8 TeV
[1 Selection :
P 3 isolated leptons, pt(l) > 15 GeV,
P Tight Z mass window |my - mz|<|0 GeV
P Tight W lepton ID and isolation
requirements
P W mt> 20 GeV, large Et™ss > 25 GeV
[1 Major backgrounds :
P Ztjets, ZZ,WIZ Y, Top.
P Z+jets,and Top backgrounds are
estimated using data driven methods.

P ZZ and W/Z y using MC.

ATLAS-CONF-2013-021
arXiv:1208.1390
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Events / 5 GeV

SR B e B e e
- ATLAS .
60— 1 -+ Data —
- [Ldt=46f" \s=7TeV Cwz -
50 OZ+jets —
- 0zz .
40— .Z+Y -
: + @Top :
30 + -
20 + -
oty ;
00 20 40 60 80 100 120 140

MY [GeV]

ety S

120}~ <4-data

’ Owz

Events / 5 GeV

0
o

100} ‘ ’ 0zz
- BW/Z+y
i ¥ BW+jet
- # OZ+jet
+1 1# BTop
601 +, | ATLAS Preliminary
40 -# +£+ ﬂ.

\s=8TeV,[Ldt=13"
20 q ﬂ F 3
: ﬂu:léi

%0 40 60 80 100 120 140 160
Mr{1,ET**) (GeV)

™ X TAITH IPIPTH AT P

i
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WZ — KVZZ reSUItS 4.6 fb'l @7 TeV

13 bl @8 TeV

Measured total cross section at 7 TeV
owz = 19.0 £1.4(stat) £0.8(sys)£0.4(lumi) pb
» Theory

SM: owz = 17.6*]:} pb

] ] | ] | 1 | ] ) ] ] [ 1 I | I ] | ] I i ] | I | 1 I.I ' |

ATLAS Preliminary

1

"1 -
....
.....
"
"
.-
-
-
-t
-
-
-
-
-
e*

“
-
-
.
-
*
-

ol [pb]

NLO QCD (MCFM, CT10)
csas WZ (pp)l‘66<m“<116 GeV) —

w— WZ (pp)(66<m <116 GeV)

Measured total cross section at 8 Te¥ 10
Oowz = 20.3 £0.7(stat) £1.1(sys)x£0.6(lumi) pb
P Theory

SM:owz =20.3 + 0.8 pb

| IITIII]

1

LHC Data 2012 (\s=8 TeV) ‘
O ATLAS WZ- Wl (66<m <116 GeV) L=13 b

LHC Data 2011 (\s=7 TeV) .
® ATLASWZ- Nl (66<m <116 GeV) L=46 b

Tevatron (1s=1.96 TeV) :
® DOWZ- Wil (60em <120 GeV) L=8.6fb

A

Systematic uncertainties became

1 IIITIT]

llllllll

dominant on the 8 TeV analysis. The

dominant one is from the data driven ENS B ol i i Bapp vk ainh Fad-5 0495

background estimation. - < * . ° 10 12\ S ['?':V]

[l The results are compatible with the
ATLAS-CONF-2013-021

arXiv:1208.1390

SM expectations.
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WW — Ly Ly

[ arXiv:1104.5225]

4.6 fb'! @7 TeV

[ Selection :
P Two isolated high ptleptons.
P Z veto to suppress Drell-Yan (|mz- my | > |5 GeV)
P Large Ey™Miss
P Jet veto : remove events with jet pt>25 GeV to reject top-quark background.
[J Major backgrounds :
P Drell-Yan,W+jets, Top.
0 T T I T T T | T 3 > 250 L B LA B S R B S S S B BN R Sy
5 oooor ATLAS — Data 8 F ATLAS —— Data :
> - -
w —— L) WW-sevpv 3 2 : [Lat=a6t’ L] WWoiviv -
2000 ] Drell-Yan 1 © 200 (] Drell-Yan —
1800 = £ - \s =7 TeV [ top-quark 3
[ top-quark 4 Q@ .
1600 Waiet < : B W+jets §
1400 Bl W-+jets E 150 [ non-WW diboson ~ —
[ non-WW diboson : 1 . :
1200 = : :
1000E" : E 100~ -
800;— ILdt=4.6 fo _; - ]
600;'_ \s=7TeV _; : ’
400F= E S0 0 jet bin~
200 = - = + )
0 1 2 3 4 5 6 7 8 9 % 40 60 80 100 120 140 160
Jet Multiplicity pT(Ieading lepton) [GeV]
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WW _ ¢y Ly results 4.6 fbl @7 TeV

_ "L Y LA AN LA A B AL R NN RN AL NS AL DAL
% —  ATLAS —— Monte Carlo (MC@NLO)
(.2, 0.03 :_' Data 2011 {(\s=7 TeV) ® Dala
. o - ) <4 Stat. Uncertainty
Measured total cross section € 0005 J Ldt = 4.6 ft5" S

Oww = 51.9+2.0(stat)%3.9(sys)+2.0(lumi) pb
[1 Theory

llllllllllllllllllIllllllllllll

8
x 0.02
Pbg )fi'—ﬁ
SM: oww(NLO) = 44.7+2) pb = 0.015—
> Measurement slightly higher than it o
theoretical prediction. 0.005—
. Lo - —o— 1,
P Higgs contribution of the order of b gl 1:.:\—0—.==='¢.E_.==-,
3% (not subtracted in the unfolded 2 '1% o ——_¢ ) 3
8 —— - l
distribution) S 05E__. A . , —
. o 25 40 60 80 100 120 140 " 350
P Dominant uncertainty jet veto Leading lepton p, [GeV]

[ arXiv:1104.5225]
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S T paced B In 22 signat rogion: 0. - 11 (sta) - 07 (oyat) |
O] 200; Expected BG in ZZ* signal region: 9.1+ 2.3 (stat) + 1.3 (syst) _
Z Z Z Z e e ';' _ Total Expected Background 18.7 £ 3.5 (stat) + 2.5 (syst) B
_> §180—ATLAS E | +- Data .
4 -1 = 160} o : ZZ T ‘
.6 fb! @7 TeV S Lt | :
20 bl @8 TeV S 140C - det=4.6 " .
‘g 120:‘ R ! \s=T7TeV ]
2 100}
Two data samples 4.6 fb-! of data at 7 TeV and Sk
@ 80
20 fb! of data at 8 TeV - T
. 60/s o N : -]
Selection : S DR ; :
: 40fs T ? —
P 4 isolated leptons, pt(l) > 7 GeV, I O :
0= eua.gTrETwl =
7 leading lepton pT>25/20 GeV(e/ i10, i ToRY 19, M Bl il iliailiniliailing
&P P ( IJ) 20 40 60 80 100 120 140 160 180 200 220
P 66<m)<I|16GeV Subleading lepton pair mass [GeV]
Major backgrounds : = 90 LALLM
: 0] - ATLAS Prellmlnary * Data
P Very clean signature backgrounds from o 80:_j ' dt m 20 fis’ o 2z
W/ Z+jets, Top, WW, WL, > 705—\ _8TeV [ Background
> Al | d . d usine d ‘8‘ = Total Uncertainty
backgrounds estimated using data 2 605— ,; 27 Il
driven methods. SOE-
40
30
20
ATLAS-CONF-2012-026 10E-
- I
ATLAS-CONF-2013-020 100 200 300 400 500 600 700 800 900
Four-Lepton Mass [GeV]
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L/ — Cl Ul results

4.6 fb'l @7 Tevy

<0 fb'l @8 TeV
Measured total cross section at 7 TeV
— +0.4 :
Ozz = 6.7 £ 0.7(stat) *33(sys)£0.3(lumi) pb
P Theory
SM: G = 5.89+0‘22 b P— B 1 | | ' | 1 | I ] | 1 I 1] ] ] l | ] ] I | ] ] I 1 | ' l 1 ]
ZZ -0.18 P O 3 ATLAS Preliminary NLO QCD (MCFM, CT10.0)
& . esssss ZZ (pp) (‘66-:m”-:116 GeV) _|
. R © — L7 (OD) (66<m <116 GeV)
[ 1 Measured total cross section at 8 TeVsN + i s
o | s
Ozz = 7.1 £0.4(stat) £0.3(sys)%0.2(lumi) pb 10 e A
» Theory R i .
SM:0zz=7.2%+0.3 pb E g
LHC Data 2012 (\s=8 TeV)
. .. . . . ] B O ATLAS ZZ-; llll (66<m <116 GeV) L=20 fb” H
[1 Statistical uncertainty is still dominant. ' CMS ZZ-> Il (60<m <120 GeV) L=5.3 fb”
. . . 1 — LHC Data 2011 (\s=7 TeV) -
Dominant systematlc uncertalnty e ® ATLAS ZZ- li{l'vy) (66<m <116 GeV) L=4.6 b’
B Y CMS ZZ- Il (60<m <120 GeV) L=5.0 fb |
electron ID and muon reconstruction - Tevatron (15=1.96 TeV) PR
B ® DO ZZ- WIKvy) (60<m <120 GeV) L=86 fb™ ol
efﬁCienC)’. § A CDFZZ-| . |60 ¢ s
1 | ] 1 l L 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l |
The results are compatible with the 0 2 g 6 8 10 12 14
: s[TeV
SM expectations. \s [TeV]
ATLAS-CONF-2012-026
ATLAS-CONF-2013-020
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SM total production cross section

measurements 1n Atlas ...

April 3,2013

= 35pb° : : :
— § : LHC pp Vs =7 TeV
B . 35pb’ Theory
= ' o Data(L=0.035-4.6fb")
B LHC pp \s =8 TeV
= : mm Theory
- 58 _ e Data(L=5.8-20fb")
| : i 4
= : 5.8 fb :
= 1.0fo? % &
- 5 107 TR gt
— B ; )
; ; | 20 fb

= : 4.6 fo! : :
= : : 240" L3 =
- 4.6 fo

w 'z T a T ¢ T ww I wz I wt ' 2z

~ ATLAS Preliminary
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Anomalous couplings (1)

The effective Lagrangian used to describe the effect of
non-SM processes on TGCs depends on a number of
parameters (only the ones conserving CP are listed):

coupling (Aazlll’za?ei:]eg;]) channel & v w:‘ff'w
WWy Ay, Aky WW Wy % _;::,\ |2
WWZ Az, Akz, Agi? | WW,WZ -
ZyZ fa0%, f50% ZZ
777 fa0Y, fsoY Y4 Example: W, Z’ could be SUSY, Technicolor, Higgs...

In the SM kv, g1¥ =1,We look for deviations Ak, Ag from | and A =0.
aT GCs modify total production rate as well as event kinematics. So we can use
the cross section or kinematics to constrain aTGCs.
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Anomalous couplings (ll)

Experimentally:

P  The aTGCs will modify the total production rate as well as event kinematics.
P We can write the expected number of signal events as a function of the standard model
cross sections plus some other terms depending on the aTGC parameters.

P Example on the WZ case :

N{(Agy, A, A7) = W,

SM cross section

P We make Maximum likelihood fit leaving
some of the aTGC parameter free.

» We make the measurement on pt%. Higher
aTGC sensitivity at high pt4 (high mass or
lepton pr)

P Form factor defined like :

Ag(s) = Ag/(1+s/N\?)?
used in old results and for recent we
have A=00

April 3,2013

+ (MG W + (AP WS + (A7) W4
A+ 2AGTWL + 2AK°WE + 205 W

I Zyxrsi VARY ALV

+ 20gTAKCWE + 2AgT A2 Wy + 2AK° X W,
c 160r .
Q ~ ATLAS B
«» 140 -+-Data =
g - [ Ldt=46f" \s=7TeV 23&1 Wz |
> 120} g -
- u "-‘_T+t_'_ ' D Ostat + syst -
100 L l = 0.05 ]
- Ay =057 -
80E- 4., Ag =010
60} e -

40
2 ——
% 30 60 90 120 150 180 2000

pz [GeV]
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WZ aTGC limits .

Measurement performed using the
Z boson pr.

30GeV bins, with larger last bin
[180-2000] GeV

No significant deviation wrt SM
predictions is observed.

Atlas results already competitive
with Tevatron.

April 3,2013

bl @7 TeVv
IIIIIIIIIIIIIIIIIIIIIII]TIIIII
ATLAS —— ATLAS, Vs = 7 TeV
B 46" A= B
~ ATLAS, Vs = 7 TeV
— 467", A=2TeV
Ag? boxenanen - =+ CDF, Vs = 1.96 TeV
1 [ ' '
717, A=2TeV
-~ DO, Vs = 1.96 TeV
B 416" A=2TeV
s |
—
Az —— g W*Z — IFVI'T
95% C.L.
AKZ l"-_- ------------------------------ :'I ------ <
1 1 1 lllllll:lllllll 111]111[11
-0.6 -04 -02 0 0.2 04 0.6 0.8
Figure : 95% confidence intervals for anomalous TGCs from

ATLAS, CDF and DO.

Integrated luminosity, center-of-mass

energy and cut-off A for each experiment are shown
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Events / 20 GeV

WW aTGC limits ,qp.p0me

Feb 2013
I B B (ELELELE BLELELE NLELALEN NUNLELE NUELELE BUNLELL o BOR R R 2 TR BN ¥EE ¥ YATEASUms L
600— - MS Limits b
L ATLAS [Lat=a6m' \s=7Tev : BT el
500 —4— —4- Data . i WW -0.043-0.043 46 b
. CJsmww . AK, — WV -0.043-0.033 5.0fb™
awob- 7V Ak,=0.1 - HeH LEP Combination -0.074 - 0.051 0.7 fb™"
00 rers A=k 20,15 B A — ww -0.062 - 0.059 46"
L AgP=0.2 . Z | WW -0.048 - 0.048 4.9 b
300}~ ' - . Wz -0.046 - 0.047 4.6 fb"
L -:ackground . = WV 10,038 - 0.030 50 b
2001 e R DO Combination ~ -0.036 - 0.044 8.6 fb"
. 1 1 to _LEP Combination -0.059-0.017 0.7 fb™"
L : . b WW -0.039-0.052 46 b
100 == N e Agf } i WW -0.095 - 0.095 4.9 b
‘ o o — WZ -0.057 - 0.093 46 b
20 40 60 80 100 120 140 160 180 20 e DO Combination  -0.034 - 0.084 8.6 fb”
. . -1
Leading leptonp [Gev] | 9"~~~ [‘EPCombination -0.054-0921 071"
-0.5 0 0.5 1 1.5
aTGC Limits @95% C.L.
Fit for anomalous couplings using distribution pf leading lepton pr
No significant deviation wrt the SM predictions is observed
arXiv:1210.2979
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ZZ aTGC limits 4.6 fb'l @7 TeV

Tevatron

April 3,2013

arXiv:1211.6096

I ] l ] LI I 1 I Ll l L | I ] | ] 1 I |l 1 ] ] I |l 1 [ 1 ] ] I I

ATLAS

= CMS, s = 7TeV " o e e e — — -

50fb", A=co
w— ATLAS, \s = 7TeV
46", A=c .
m= ATLAS, s = 7TeV -
46", A=3TeV @  ssmsss=== mEmmmm---
=== LEP \s=130-209 GeV '
0.7fb", A=co

e w— = D0, s = 1.96TeV —

1.0fb", A=1.2TeV

1 1 I 1 | 1 l 1 1 1 l 1 1 | l 1 1 | l 1 1 | ' 1 | 1 l | 1 1 l 1

-1 -08 -06 -04 -02 0 02 04

No significant deviation wrt SM predictions is observed.
ATLAS and CMS results are already more constraining than LEP and
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Conclusions

Dibosons production cross-sections and aTGC parameters have been

measured using 7 TeV data and for some channels at 8 TeV data.

We have a good agreement with the SM predictions, within uncertainties.

Most of the results are still dominated by the statistical uncertainties, but we

have a lot of data to process.

1 Still most of the LHC data at 8 TeV to be analysed ... more results with

improved precision expected soon
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Backup
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Unfolding methodology

M Ot | VvV at | on Background Fiducial

Substracton Correctons

Determine true value of an observable T’ Sinfoking ok

Measured value is distorted by detector's
e imited acceptance | T[] —
e imperfect efficiency
e finite resolution

Truth

Elachound‘
Signal

.
| S
[
—_—

Data

' Heco

Efficiency
Corrections

Method LT T T TT]
Common Framework among Electroweak Group )

LI 7T

e use iterative Bayesian unfolding (d’Agostini) Efficiency Comected

Rasult

e normalized unfolding within fiducial region only
e based on RooUnfold using response matrix

Published Results \

Fractional, binned kinematic distributions
e Ac™d(x)/c"@ 24z
Full correlation matrices (on HEPDATA)

e combined stat, syst, background 1034 s oo w0
DemoVariable (Reco.)

DemoVariable (Truth)
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Systematics uncertainties on

WW=2Ivlv jet veto (3.6%)

W(W/Z)=2lvaq jet energy scale (12%), W/Z+jets normalization (11%)

wWZ-> vl electron identification efficiency (3.5% for eee, 2.3% for eem)
muon reconstruction efficiency (0.8% for puu, 0.5% for uue)

Wy photon identification (11% for E;>15GeV, 4.5% for E;>60,100GeV)

ZZ=2 1 electron identification efficiency (3.8% for eeee, 1.9% for eeup)
muon reconstruction efficiency (1.0% for puup, 0.5% for eeuu)

ZZ21lvv jet veto (5.3%)

Zy photon identification (11% for E.>15GeV, 4.5% for E;>60,100GeV)
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Summary of aTGC

z.- OG_I L s, v | I’ L IW vt et (oL e e L B -v—
9 - [ Ldt=46b |, §=7TeV , A=w .

0.2k

0 ; \ \' ‘

: |
0.2F / da
0.4F ]

F oo iy 95%CL ATLAS Prelnmmary

-06-"“"“"“" 8 AN FVENENAT |
~0.08 -0.06 004 002 O 002 004 006

i,

2 All channels studied. No deviations from SM expectations

P> But sensitivity still low :
P> Channel with highest statistics WY give Ak, < 0.4 and A, < 0.05

P> while the « interesting » range is rather Ak, ~ 0.01 and >\Y ~ 0.001

7 Expected improvements soon with the full 2012 stat to be analysed (23 fb-') and
combination of channels measuring the same couplings.

2 The aTGC are proportional to s (or /s) it will be interesting to look at the 13 TeV
data.

7 Need to run at 13 TeV (higher sensitivity W|th increasing s) and 100 fb"! (2 to 3 years)
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Introduction ()

To detect a fully leptonic decay we use :

? The muon spectrometer

» The electromagnetic and hadronic WW _— UUVV event display
calorimeters T Bl 5 Gl 4 U4 2 4

? The inner detector

The missing energy (ET™s), is

calculated all the detector
informations.

—
X

— ‘\ \WW 2 vV pUv Candidat

It is also important to know

i 2
) <\
oA

the acceptance of our detector
for an accurate fidutial cross

section measurement, as well Run 167607
| Time 2010-10-
as a total cross section \
57 /\ il

extrapolation. s/
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