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Introduction and Motivations

\‘V]l)’ Mullib()sons PllySiCS?

TGC vertex

SM forbidden

SM Test: Measurement of the SM cross-sections and triple gauge coup]ings (TGC) tests the

EW interactions structure
> ZWW and yWW fixed by SM
» ZZZ and yZZ SM forbidden

BSM Probe: Possible beyond SM physics interacting with gauge bosons could modify production

cross-sections and final states kinematic.

Other Searches: Diboson production is one of the main backgrounds for many SM measurements

and HiggS/BSM Searches at LHC

Sara Borroni
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Introduction and Motivations

In This Talk

> Diboson CrOSS-SECﬁOnS measurements and Iimits on anOmaIOuS TGC in ATLAS are presented ]']ere,
using 2011 data. Only leptonic channels considered, i.e. | = e, ji: small branching ratio, but clean
experimental signature

> WW — Ivlv, ZZ — Il and ZZ — llvw with 5 fb~!

> WZ — Ivll, Wy — lvy and Zy — Iy with 1 fb™!

> B(‘I-I\g as ”]()(l(‘] i”(l(‘})(’l](](‘”i as P()Sﬁil)l(‘ — test L\\“ symm(*lry

> Minimize the impact of theoretical uncertainties on the experimental measurement — measuring
fiducial cross-sections!

> Minimize the experimental uncertainties — take special care of object definition and background

estimation
Main goal of this talk is to show both how we deal with these issues and results that we get.
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Analyses Description

Expt',l'illlt',llllll (:llullenge

1. Collision events selection: single lepton

triggers and good primary vertex

2. Good reconstructed objec‘rs selection:

leptons, jets, photons and Elx_niss

4. Background estimation
> Monte Carlo (MC) simulation for the
()tlwrs, (‘(yrr&-('ted to mzlt('h data
conditions/performances (pile-up,
lepton energy smearing and scale, JES...)
> D?lta'(]rl’\/(‘n ]11(‘t|’\()(1$ {:()1' l’)a(‘l(gr(nln(ls
with fake lcpions or photons

5. Cross-section and TGC limits extraction

Sara Borroni
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Analyses Description

Cross-section is sensitive to new physics

Main background for H — WW search
Event Selection:

Two high-pr (> 20 GeV), opposite
charged and isolated Ieptons (e, )

Events / 20GeV

Veto events with [mgg — mz| <10
GeV

— to reduce other diboson bl(g
High EP'S)
fake E'r“iss from lepton mis-id
— to reduce Z/’Y* bl(g

jet-veto

removing the events with

— to reduce top bacl(ground

Events / 10GeV

Data-driven background estimation from
single bosons production in association

with jets, where the jet “fakes” a Iepfon

Observed events in 4.7 fb™": 1524
Expected bkg: 531.1 +-13.7 4 48.7

E]{“Tss X sin (Ad)l,/)
s

5= {
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http://arxiv.org/abs/1203.6232
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Analyses Description

Directly sensitive to alGC

Event Selection:

Two high-pr (> 10 GeV), same-flavor
and opposite-charge, isolated Iepfons
(e, 1) within |mgg — mz| <10 GeV
third isolated lepton pr > 20 GeV

from W

— to reduce other diboson bkg
High Eiss (> 25 GeV)

mi > 20 GeV

— to suppress Z and ZZ bl(g

Same fake background estimation as in

ww

Observed events in 1 fb~": 71
Expected bkg: 12.1 + ].4t§'_]0

Events / 3 GeV

Events / 10 GeV

50 ATL‘AS ‘ <+ Data B
F Wz ]
a0l Lot= 10207 \s=TTev 355 K
E D Z+ets ]
n mZ+y ]
30— + [0 Ostatssyst 4
20 # —+ -
10 H L 3
70775 80 8 90 95 100 105
M, [GeV]
45T R ABAABasanss
—+-Data
100 ATLAS e
a5t Lot = 10207 \s7TeV 3%
[ Z+jets
30| =Z+y

{» + [ Ostatssyst
i

0 20 40 60 80 100 120 140 160 180 2
MY [GeV]

0
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http://inspirehep.net/record/954993
http://arxiv.org/abs/1111.5570

yses Description

ZZ — Il Analysis [ATLAS-CONF-2012-026, PRL paper]

v

Directly sensitive to the SM forbidden
TGC

Main background for H — ZZ search

v

v

Low statistics but very clean channel

v

Event Selection:

> Two pairs of same-flavor and
opposite-charge, isolated ]eptons (e, ),
with pr > 7 GeV, within
|mu — mzl < 25 GeV

> forward muons (up to 1| < 2.7) are
used, with pr > 10 GeV, to increase
the acceptance

> in same flavor channels, pairs
ambiguity resolved choosing pairs with
lower sum of |mgg — myz| value

> Observed events in 4.7 fb™': 62
Expected ]Jl(g: 07t1037+_1037

Sara Borroni

Events / 20 GeV

Leading lepton pair mass [GeV]

240 T T T T ]
2oF ATLAS Preliminary _,  pqia
20E- J' Lotearts' [ 2z simulation

Total Uncertainty
18- \s=7Tev -
16F- Estimated Backgrouns

07733 (stat) :;: (syst)

100 200 300 400 500 600 700

Four-lepton mass [GeV]

T T \
" Expoctod Bockground nsignal regon: 0713 (ota) 13 oy
©Total Expected Background: 12.3 + 3.8 (stat) + 3.9 (syst)

- ATLAS Preliminary * Data

2y 21y Simulation

20 . B

S RIS FCN T K WU I B s e |
20 40 60 80 100 120 140 160 180 200

Subleading lepton pair mass [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-026/
http://arxiv.org/abs/arXiv:1110.5016

Analyses Description
ZZ — Il Analysis [ATLAS-CONF-2012-026, PRL paper]

SATIAC

114
VDED|MENT

http://atlas.ch

primary Z mass : 89.18 GeV
pr() = 61.60 GeV
pr(ua) = 25.68 GeV

Sara Borroni
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-026/
http://arxiv.org/abs/arXiv:1110.5016

Analyses Description

First measurement!

> B e e e
8 ATLAS Preliminary Eg;tam EW\ZM
. .. . g vy
Dlrectly sensitive to the SM forbidden S B [Lgt=4a7t’ Dz @zzom
Ny o e
TGC % 20 \s=7TeV Ebé Y
[}
>
Event Selection: T

A pair or high-p’[ (> 20 GeV), 1
same-flavor and opposite-charged,

isolated Ieptons (e, p) within

|’"U — ’”Z‘ <15 GeV 60 80 100 120 140 160 180 200

Axial-EP®* > 80 GeV Pl [GeV]
Ef“iss X cos A¢(Elr~“i“, p’ll)

=)

o

ST T T T
T T A S N

.

IS

> a5 T T T T T
. . @ [ ATLAS Preliminary =~ %Daa  CJwWz
— to reject Z.+jets l?l(g . (85 s JLdt-a7t’ E%\EM e
Veto evelnt‘s with any jet with pr > 25 T o Ne=TTV iy
GeVin |n| < 4.5 s :
— to reject Z-+jets and top bkg I 201
Fractional pr difference 15[
miss 4 4 =
|EF™ — ptl/pf < 0.6 10
— to reject WW bkg 55—
Observed events in 4.7 fb~": 78 E T T
Expected bkg: 40.7 4.3 £ 3.7 my(I+ET*) [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-027/

W~ /Z~ Analysis [ATLAS-CONF-2011-013, to be

Sara Borroni

Analyses Description

> Background {OT many searches

> Directly sensitive to alGC

> Event Selection:

| 4

| 4

One high-Er isolated photon

Z7 : pair or high-p’r (> 25 GeV),
same-flavor and opposite-charged,
isolated Ieptons (e, p) within

myp > 40 GeV

W~y: one high-p]‘ (> 25 GeV), isolated
lepton and mT(/, l/) > 40 GeV

w/ and wlo vetoing events with any jet
with Er > 30 GeV in |n| < 4.4

— w/ jet veto analysis used to extract
TGC limits

ISR is included in the signal, FSR is bkg
and suppressed by AR(/, 'y) > 0.7

» Data-driven background estimation from

ingle bosons production in association

with jets, producing non-prompt 7y from

meson decays from jet fragmentation

updaled so()n]

Data/MC Events / 20 GeV

Events / 10 GeV

Data/MC

N0 ATLAS meimnay S 0He
[romroen S W
7TV gz

i
[ W(ev)+ WWasingle top

ol o v el il 10

250 300 =

15 3
g
T4
R
E! [GeV]

ATLAS  Preliminary e~ Data

Lo [mEC
o 7TV Ny>=0 [ zn+pets

2040 60 e 100 TR 10 T80 80 200 %20

o5k —4— 4
2040 60 80 100 120 140 160 180 200 220

E} [GeV]
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Results and Comparison With Theoretical Predictions

(]1‘()ss—secli()ns Summury

To minimize the effect of theoretical uncertainties on the measurement, mainly on the acceptance
(kinematic distribution predictions, PDF.), fiducial cross-section is measured and total cross-section is

extrapolated from it

> (‘ 1S II](‘ ratio l)(‘l\\(‘(‘l] I'(‘('()I]Sil'll(‘l(‘(]

. X . 8105 ATLAS Preliminary
Slgﬂill events over Slgni\l events in Tl]e g f 350" 9
lefined fiducial | ) 9 C 35',,1,* det:o.oas-um
dennec 1ducial volume 104; E=7TeV
F Theory
fid Niata — ]Vbl(g 1% = Data 2010
= E o Data 2011
Cx¥ F
. . 2 L - 1 I
> acceptance A is ratio between generated 10 ror =
= 0.7 " "
events in the fiducial volume and all r e L
. 10 10" 5
generated events (comprehendmg the E e
]eptonic BR). It contains all the model L ! |
w z i t ww wz zz

assumptions and uncertainties

6d ot Black bars: statistical uncertainties only.
— 0
o =0" XA Red bars: full uncertainties.

Sara Borroni
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Results and Comparison With Theoretical Predictions

Limits on anomalous TGC

» The deviation of dimensionless parameters from the SM predicted ones, are used to exp]ore the
most general TGC vertex:

> gl =1 kz =Tand Az = 0 for WWZ, WW~
> £ (CP-violating) and £ (CP-conserving) for ZZZ, ZZ~
> ]’I’V7 l - ]47 V - Z7 'Y FOT ZZ’Y and Z’Y’Y SM forbidden vertices

> to conserve the unitarity, a form factor is introduced which vanishes the couplings to high-energy,
which depende on a cut off scale A

> results are given for each parameter for different A assumptions, fixing the others to the SM values

> The most sensitive observable is chosen for each analysis to predict the effect of different aTGC,

and compared to data

> 95% confidence intervals (C.l.) on the aTGC parameters are extracted for each analysis. Systematics

uncertainties are included as nuisance parameters

Sara Borroni 15/30



Anomalous Triple Gauge Couplings Limits - from WZ, ZZ

Results and Comparison With Theoretical Predictions

> Total number of observed events is used to determine aTGC limits from WZ, ZZ

> Re-weight procedure is used to predict the expected number of events using different TGC values

assumptions

> Profile likelihood ratio test is used to determine the 95% C.. for the anomalous couplings

— N5 =7TeV,A = 2TeV.

L e o
1] AT\ASIm -1.0M"
NE=7TeV,A ==

N P

7Du‘j’uﬂ:4.w o’
N5 =196TeV, A = 2TeV

T
ATLAS
Az
Ak,
W'Z - Nt
A% esyc.
.
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http://arxiv.org/abs/1111.5570
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-027/

Results and Comparison With Theoretical Predictions

Anomalous Triple Gauge Couplings Limits - from WW

> Leading Iepton pr distribution is used in a binned likelihood fit to extract aTGC limits from WW

> Re-weight procedure is used to predict the Ieading ]epton pr distribution with different TGC

values assumptions

> Better sensitivity than Tevatron, due to high statistics and center of mass energy!

T
10 ATLAS  [Ldt=1.021b"Ns=7Tev - 95% CL limits from WW production
o L 4
o r —4- Data ] — ATLAS (1.02 6! A=3TeV)
£ ] ATLAS (102 16" A=)
2 CIsmww 1 Ak o -1 CMS (36 pb!, A=)
2 100 i - AK,=0.1 B z LEP ,
L/ = 7 re- CDF (3.6 fb™, A=2TeV)
h=h=0.15 4 [ DO (1.1 b, A=2TeV)
sol - Agf=o.2 I
L [ Background
60— [ZZ]) Ostatssyst 3 A
Z [
Ag1
a0 | | L [ |
Lepton p, [GeV] 06 -04 02 0 02 04 06
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Results and Comparison With Theoretical Predictions

1\11()111{11()[15 Tl'iplt‘ (}illlgt‘ (:()up]ings Lilllils - [‘l"()Ill H"’Z"

» Number of events with ij =0 and pg > 60(]00) GeV are used to extract aTGC limits from

Zy (W)

> NLO predictions with different TGC assumptions are generated using MCFM

> Bayesian approach to set the limit

g 102 E T _—@— Electron channel (Inclusive)
= = —H— Muon channel (Inclusive)
= [ —A— Combined (Inclusive)
= [——=1 MCFM (Inclusive)
1 —@— Electron channel (Exclusive)
a . —#— Muon channel (Exclusive) 3
a L el __a— Combined (Exclusive)
® 1 L (arTev :| MCFM (Exclusive)
r J‘Ldt=1.02fb" .
10" ¢ . |
E ATLAS Preliminary "4“
10? :
= 1.8¢ m T
o E A A
m& IERCTL ® $ i
e k !
0.2F
= 1.8
%U- 4E o _m._A B4 j
S8 ool L
0.2
>15 > 60 > 100
4!
E! [GeV]
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= E —@— Elettron channel (inclusive)
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= 107 [ MCFM (Inclusive)
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T C —— Muon channel (Exclusive)
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1 TORNRI - R -
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107 s
E \s=7TeV | Ldt=1.02b
102
1.5
alZ "JF
b o R Y N S ¢ b4
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Anomalous Triple Gauge Couplings Limits - from W+, Z~

FT "ATLAS Preliminary

L 95% C.L. intervals

L —_— ATLAS(1.02fb", A=2TeV)

L — ATLAS (1.02fb", A==0) 4

[ }\'Y — DO (4.2fb", A=2TeV) 1

F - LEP 5

| | I | I |

03 o2 0z o0& 05 08 |

L Ak, - ]
L I I I ]
1 1 2 3

""ATLAS 'Preliminary "TATLAS Pre'iminary‘

95% C.L. intervals from Zy 95% C.L. intervals from Zy

Ve ——  ATLAS(1.02fb", A=1.5TeV)
h3 —-— ATLAS(1.02fb", A==c)
—_— DO(7.2fb", A=1.5TeV)
== CDF(5.1fb",A=1.5TeV)

—— ATLAS(1.02fb7", A=1.5TeV)
ATLAS(1.02fb™", A==0)
——  DO(7.2fb", A=1.5TeV)

== CDF(5.1fb", A=1.5TeV)

P SR N |
ES
P I R |

7 = 1 ! 1
- 1 N 1
I | I I L I L] | 1. L | 1

-0.3 -0.2 -0.1 01 02 03 04 05 06 -0.01  -0.005 0.005 0.01 0.015 0.02
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Sara Borroni

Results and Comparison With Theoretical Predictions

Diboson production cross-sections have been measured in agreement with the SM

predictions

Both total and fiducial cross-sections are measured to provide theory-independent

results

Limits on aTGC have been set, competitive with LEP and Tevatron results

Many new results to come this year:

Higher center of mass energy - 8 TeV - measurements

Aiming for 20 fb~" dataset by the end of this year

This is going to be an exciting year!
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Results and Comparison With Theoretical Predictions

Than]cs!
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Backup

Inclusi\"e VS li(lll(fiill CI"()SS'SGC[i()Il

> To minimize the effect of theoretical uncertainties on the measurement, mainly on the
acceptance (kinematic distribution predictions, PDF.), fiducial cross-section is measured
> the fiducial volume is defined to match the experimentally accessible phase space, e.g. two high pr
leptons within some 77 region
> ( {5 ”H,’ U\Clu” |CCU|V\“'[|L‘“1)” L‘H}Ci‘,‘”l,\““‘lL'S(\lUli””““‘(‘l,’l(‘(:“” L]L‘(,’L‘l)lL””:L‘ |)1]1|NC \lllICL' L‘HIH,‘A,\;(HI I‘L]Ll(”',

i.e. ratio between reconstructed signal events over signal events in the fiducial volume

fid _ Ndaw — Mg
Cx%¥

> o s extrapolated to the full production cross-section ¢, assuming predicted acceptance A
from MC, i.e. ratio between generated events in the fiducial volume and all generated events

(comprehending the leptonic BR)

o_ﬁd _ o_mt Ny (2)

> The factor A contains all the model assumptions and uncertainties

23/30
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Introduction and Motivations Analyses Description

Fake Leptons Background Data-Driven Estimation

YZview

= =
S| iJ

= N\
S

*

et

Results and Comparison With Theoretical Predictions Backup

Single bosons production in association with jets, where the jet “fakes” a lepton
— difficult to accurately simulate in MC, data-driven method used

=
= ‘[{D‘W“\ﬁ?’t‘i‘;:?
L ’—i—!—‘l’lf |

XY view

Sara Borroni

runf: 155112, event#:98844660
Date: 2010-05-16 05:47:06 CEST

» A control region is defined,

kinematically close to the signal region,
containing one good lepton and one
“Iepton-like" jet, i.e. a jet passing loose
Iepton reconstruction criteria (no
isolation cut)

the probability for a lepton-like jet to be
reconstructed as goncl Iepton (f(pq‘)) is
measured from a di-jet independent
sample

Number of fake background events in
signal region is determined opportunely

scaling the control sample by ]{(PT)
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Backup
Fake Photons Backgr()und Data-Driven Estimation

Single bosons production in association with jets, producing non-prompt 7y from meson decays from
jet Fragmentation — difficult to simulate in MC as well, data-driven method used

W( uv)#rCandidate

> TWO dimensional Side'band method iS
used to determine non-prompt photon
N B rs Tre = background - photon identification and

(Isolated) (Non—isolated) isolation are used to define signal and

control regions

c D N/Na = No/Ne

(Control Region) (Control Region)

A B

(signal Region) (Control Ragion)

<
S8
S8
S
35
i
3
3

5 6 Isolation Energy [GeV]
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Final State ete  ES utuEms eFUTEMS Combined
Observed Events 196 287 1041 1524

Total expected

events (S+B) 20294724153 250.1£7.4+15.9 916.9+10.0+68.9 1370.1+14.3+£96.5

MC WW Signal

88.5+1.3£10.1

137.0£1.6+14.4

613.6+3.6459.8

839.04+4.2+83.3

Background estimations

Top(data-driven) 14.04+2.0+2.9 25.242.9+45.1 70.84+5.2+14.4 110.0+6.2+22.4
W+jets (data-driven) 19.8+0.5+10.5 5.1+0.9+2.0 54.1+1.0+£28.3 79.0+1.4+39.0
Drell-Yan (MC/data-driven) ~ 72.0+£6.7+3.2 70.0+£6.5+3.5 142.2+7.1+12.5  284.2+11.7+£17.2
Other dibosons (MC) 8.6+1.2+1.9 12.84+0.6+2.0 36.24+2.9+3.5 57.6+3.2+7.4
Total background 11444714115  113.1+7.2+46.8  303.3+£9.3+34.3  531.1+13.7+48.7
Significance (S / v/B) 8.3 12.9 35.2 36.4

Sara Borroni

Backup
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Backup

Final State eee + EX'  eep+ ET' euu + ET™ puu + ET' combined
Observed 11 9 22 29 71

zZ 0.34+0.07  1.03+0.13  0.82+0.12  1.40+0.15  3.55+0.24+0.17
W/Z+jets 2.03£0.38  0.64+0.18  2.03£0.38  0.44+0.15  5.14+0.59*37]
Top 0.26+0.10  0.31+0.09  0.41+0.12  0.60+0.15  1.58+0.23+0.10
WIZ +vy 0.49+0.28 - 0.56+0.39 - 1.05+0.48+0.08
Total Background 3.08+0.49  1.98+0.24  3.82+0.56  2.44+0.21 10.5:{:0.83?
Expected Signal 7.55+0.17 11.27+0.20 12.12+0.22 18.16+0.27  49.1+0.4+3.02
Expected S/B 2.5 5.7 32 7.4 43

ara Borroni
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Backup

Final state eeee yrn eept combined (££€€)
Observed 15 21 26 62
SignalMC) 99+05+0.8 16.6+06+03 268+08+1.0 532+1.1+19
Bkg(dd)  0.6%%¢ <03%53 0.353%3 0.7%57%3
Bkg(MC) 03+03 <0.8 0.6+0.6 1.0+ 0.6

ara Borroni
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Backup

Final State etevy wruvy vy
Observed 33 45 78
Expected ZZ 193+05+1.2 23.0+0.6+0.9 423+0.8+1.8
Background estimations:

W*Z (MC) 94+05+15 133+£0.6+2.1 22.7+0.8+35
W*+y (MC) 020+0.10+0.01 0.09+0.06 +0.01 0.29 +0.12 +0.01
tf, W=t, W*W~ and Z — 77 (data-driven) 65+1.8+03 82+23+03 147+4.1+0.6
Z+jets (data-driven) 08+04+04 09+03+04 1.7+£05+0.8
W*+jets (data-driven) 1.1+£04+0.3 02+0.1+0.1 1.3+04+0.3
Total Background 180+£2.0+1.6 22.7+24+2.1 40.7 £43 +3.7

Sara Borroni

29/30



Sara Borroni

o,e,zt—fid [pb]

o_ezt—fid [pb]

Low pr exclusive

Low pr inclusive

evy 3.42 £ 0.14 £ 0.50 4.35 + 0.16 £ 0.64
pry 3.23 £ 0.14 £ 0.48 4.82 £ 0.15 £+ 0.64
vy 3.32 £ 0.10 £ 0.48 4.60 £ 0.11 £+ 0.64
etey 1.03 £ 0.06 £ 0.13 1.32 £ 0.07 £ 0.16
pwhp=y|  1.06 4+ 0.05 £ 0.12 1.27 £ 0.06 £ 0.15
Tl 1.05 4+ 0.04 £ 0.12 1.29 £+ 0.05 £ 0.15
Medium pr exclusive Medium pr inclusive
evy 0.14 + 0.02 £ 0.02 0.36 £ 0.03 £+ 0.03
pry 0.15 £+ 0.02 £ 0.02 0.41 £ 0.03 £+ 0.03
vy 0.15 + 0.01 £ 0.02 0.38 £ 0.02 £ 0.03
ete | 0.044 £ 0.010 £ 0.004 0.069 + 0.012 + 0.006
wtp~y] 0.050 £ 0.010 £ 0.004 0.068 + 0.011 + 0.005
1T | 0.047 4 0.007 & 0.004  0.068 & 0.008 & 0.005
High pr exclusive High pr inclusive
evy | 0.040 £ 0.011 £ 0.009 0.114 £ 0.018 £ 0.010
pry | 0.026 £ 0.008 £ 0.003  0.135 £ 0.018 &+ 0.010
vy 0.030 £ 0.006 &+ 0.006 0.125 + 0.013 £ 0.010

Backup
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