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Overview
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Diboson physics overview

e Diboson production cross-section measurements

e High energy test of Standard Model(SM) predictions at TeV scale
e Irreducible background to Higgs
e Sensitivity to new particles decaying to diboson (Technicolor, SUSY)

e Anomalous Triple Gauge Couplings (aTGC)

e Vector boson self-couplings fundamental prediction of the
Electroweak Sector of SM

e Probe to new physics through deviations of measured cross sections
from predictions
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Overview
oe

Diboson measurements with ATLAS at the LHC

e Diboson measurements performed S T ¥
at ATLAS with 2011 data @ 7TeV: | S| .
0k Tevatron w
e WW, WZ, 77, W/Z~ L ]
e Using the full dataset available 0 b / J108
(~4.7f71) E = 1 ] -
X 10° | 410 .g
e Diboson measurements performed E G ER > ds20) I
at ATLAS with 2012 data@ 8TeV: 2 af o {i¢ &
i o z
e ZZ with 5.8/~ ! © F o€ 100Gey) 1 4
10! Wy ; 0° £
e Leptonic decay channels with clean b w// i °
signals and low background 10° v e
. [ ouEf> o) /) : ]
e Small cross sections O(1-100pb) . 1.
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10-7 1 1 I 10-6

0.1 1 10
Vs (TeV)

Diboson Physics at ATLAS 3/19



Analysis Strategy
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Common signatures and selections

e Leptons 3 60000F=TT e P
8 LATLAS Preliminary o damongE=7Ten ]
. . . 2 F \ A ]
o High-pr leptons > 7 — 20GeV in geometrical gooooffLa=10215 ==L
El [ “statistical errors only Hz-u ]
acceptance of || < 2.7(p), < 2.47(e) P B otors E
. . . m 5 [ Muon smearing derived trom data oco |
e Calorimeter and track isolation utilised FE = i
e Single lepton triggers 23000k E
e Photons e E
e pr > 15GeV in geometrical acceptance of || < 2.4 o E
o Calorimeter based isolation L TR B O T T
_ . my, [GeV]
e Z — IT]~ selection "

e Invariant mass in windows of 10 to 25 GeV away 3 240 ! - i

o 20 o e

from PDG mass 2 200 53 000 (empiate) E

. B 180 E

e W — |v selection £ 160 —H E

5 i ]

P i . 0 140| &3 Dibosons. 3

e Large Missing transverse energy, ET™° cuts starting 20 ATLAS Prlimi E

> 25GeV 100 ey g

e Computed from jets, leptons and calorimetric 28 A
clusters .

40 ILm:QO E

. \U\ErTm‘ss <45 20 3

e Transverse mass, mr, cuts starting > 20GeV % 60 80 w0120 14




Analysis Strategy
o

Common backgrounds

e Mainly 3 sources of background common to diboson processes

o W/Z+jets “ l
e Genuine isolated high-pr leptons from boson q M/ (V)
decay
e Lepton(s) from heavy and light flavour decays 7 ¢ é
o Lepton-like jets Jet

e tf and single-top

e Prompt isolated leptons from W decays q
miss

o Large E7" and jet(s)
e Diboson processes

|

e Each diboson process is a background to the
others

e Background estimation using
@ Data driven methods

e MC is weak in describing fragmentation processes
® W/Z+jets and tt usually estimated from data driven techniques

@® MC based estimation
e Dibosons. MC expectation and shapes enter directly in the analysis.
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Analysis Strategy
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Cross-section measurement methodology

e 'Cut and count’ analysis yields observed events
e Background estimation with data-driven and MC based methods

e Measure the total and fiducial cross-sections

Total x-section Fiducial x-section

_ Nobs—Npy _ Nobs— N
Otot = AxCxLxBR Ofiducial = — Cx[

Nops: number of observed events passing selection
Npkg: number of estimated background events

A: acceptance

C: efficiency correction

L: integrated luminosity

BR: Branching ratio of bosons decaying to leptons
e Correct for acceptance and efficiency

e The fiducial acceptance is calculated from truth objects imposing all
analysis cuts
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Analysis Strategy
oe

Background estimation methodology

e Data-driven techniques used for
backgrounds containing jets

e Based on the concept of defining
control regions in data enriched in the
background one wishes to estimate

e Defined by reversing analysis cuts
(e.g isolation, E7"*, impact

parameter significance)

Control Control
Region B Region C

Loose
quality

Signal Control
Region A Region D

Tight
quality

isolated not isolated

Example:Fake Factor Example:ABCD method

e The probability of a jet mimicking a e Background expectation
lepton inferred from ratios of 2
o Used to extrapolate the background uncorrelated variables
from the control to signal region o Ny~ Nglc
A BNp
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e Analyses of /vy, /7~ and
vy final states

e Backgrounds from
W /Z + jets(dominant),
~v+jets, tt, WW

Selection highlights

® Require an isolated high-E+ photon

and isolated high-p7 lepton(s)

® Suppress FSR cutting on angular

separation of lepton and photon
AR > 0.7

® For exclusive measurement veto jets

with pr > 30GeV

Diboson Physics at ATLAS
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e
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Cross-section measurements
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Z~,Wr cross-section measurements



Cross-section measurements
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Z~,Wr cross-section results

- T T T T | -
3 10 E H
(Y} 3 o
8 oL Amas ] =3
3 IL dt=460b" 3 =
i 7Tev - 1
L] Ef alT
g [0 oaazout (o) [0 pata 20 Excusve) 3 g [ et 2oms (ncsve) [ oot 2018 Excusve)
S [ —&— SHERPA x 1.0 (Inclusive) —@— SHERPA x 1.0 (Exclusi 7 i1
° 10" (inclusie) (Exclusive) 3 —6— SHERPA x 1.0 (Inclusive) —@— SHERPA x 1.0 (Exclusive

—a— ALPGEN 15 (Inclusive) —&— ALPGEN x 1.5 (Exclusive) ”
—E— MCFM (inclusive) —B— MCFM (Exclusive)
L L L

—F— MCFM (inclusive) —8— MCFM (Exclusive)

o S s . . . . . S
k<l E| = oD o o0 0.1 I e
9 E = LLE
> 2 T T
2 g3
faf D;E 18- g8
1000 °15 20 30 0 80 100 1000
E! [GeV] E! [GeV]

® Alpgen (Sherpa) includes LO diagram for W + ~ + up to 5 partons ( V+~+ up
to 3 partons). They can describe the Vv kinematic distribution in data quite well.

® Inclusive W+ measurement above NLO theoretical prediction (from MCFM
generator)

® Systematic uncertainty dominates (photon ID, backg normalisation, jet energy
scale)

® Fair agreement for Zy
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Cross-section measurements
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WW cross-section measurement

e Analyses of /Tv/~ v final states § 2400C arias’ —+ Data
i) [ WW-evuy
2000
e Backgrounds from Drell-Yan, 1800 e e
. e . 1600 i
_ B W+jets
W + jets, tt and single-t, 140 e cboson
dibosons 1000
800 JLat=as"
600 Vs=7TeV
Selection highlights 400

0 1 2 3 4 5 6 7 8 9

. Apply Z veto Jet Multiplicity
(lmz — my| > 15GeV) to
suppress Drell-Yan background

T
ATLAS —4— Data
1 C O wwohviv
[lai-ssm 3 Drell-Yan
=7Tev [ top-quark
E W-jets
[ non-WW diboson
+ [0 Csatusyst

Events / 5GeV

e Apply hard jet veto to reject tt
and single-top events

e Require exactly two isolated
leptons and large EF"™°

o
=]
S L U R

40 60 80 100 120 140 160
pT(Ieading lepton) [GeV]
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Cross-section measurements
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WW cross-section results

o Using unfolded distributions ATLAS | ‘ " Monk Cato pHC@NLO) |

) (E 0.03 Data 2011 ({5=7 TeV) ® Daz
e Total cross-section: & o dex . + su sy
T 0. =4 ull Uncertainty
o 51.9 4+ 2.0(stat) = ¥
3.9(syst) + 2.0(/umi)pb o
©

e Theory:
o 447734 pb

e Measurement slightly higher

than theoretical prediction g
(MCFM generator) £ :
. . . 25 40 60 80 100 120 140 ! 350
e Higgs contribution of the order Leading lepton p, [GeV]
of 3% (not considered in this
plot)
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Cross-section measurements
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/Z cross-section measurement

e Analyses of 4/ and 2/2v Selection highlights
final states

o Very clean signature
e Backgrounds only

e 4]: 4 isolated high-pt leptons - enhanced
e muon acceptance |n| < 2.7

significant for 2/2 process: e 202u: Require axial-E™ > 80GeV to
Drell-Yan, tt, dibosons suppress Drell-Yan background (for 2/2v)
e 212v: Apply jet veto pr > 25GeV to reject

tt events
P ASREASEsanssasansss 7 = SRR P 3 J T i !
3 40FaTLAS oaa Dww 8 soof 3 %23+ 1 o) ] § [ Anas 4 oaa
o BE J Ldt=4gfy? Oz EZZ-ITT Py Total Expected Backprou 35 (sa) + 25 (sy50) S b X
a i IW%V Bz.Mw §190’ATLAS —~+ oaa B N JLm:A.GdIb Ezz-rm
5 30 \5=7TeV Em; " B Total Uncertaintyy < 160F - 3 g T 7TV [ Background (dd.)
t 22w . § af I 3
$ 5b 0wz W < 1a0f- Junzson® & [ ol Uncerainy
H g - =TTV E . I
20F E : 3 sl 22+ - (1T E
157 E 2 .
3 ) E
108 E| =
5F B E
- - e S bt E
60 80 100 120 140 160 180 200 2‘0 40 6‘0 8‘0 10‘0 1%0 1#‘10 léD léD ZC‘JD 220 100 200 300 400 500 600 700
pi [GeV] Subleading lepton pair mass [GeV] e (GeV]
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Cross-section measurements
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ZZ cross-section results

e Statistical uncertainty dominant

E L ATLAS NLO QCD (MCFM, CT10.0)
e 7 TeV analysis: T 2z
N — 2Z(m)
e Using unfolded distributions e
e Total cross-section: 6.7 & 0.7 10

(stat) + 9% (syst) + 0.3 (lumi)pb
e Theoretical cross-section:
5.89705pb

LHC Data 2012 (5=8 TeV)
® ZZ- Il (66<m <116 GeV)L=581b"
LHC Data 2011 ({5=7 TeV)

© ATLASZZ -~ Il vv) (66<m, <116 GeV) L=4.6 fb™

Eb“ L ATLAS — POWHEG BOX B B CMSZZ- Il (§0<m <120 GeV) L=5.0f0
T sy ¢ Daa A T e ot 50
EON C ILd1:4_s ' l:Jrl%a ngzgz:gg ] ® D0ZZ-. I/ v) (60<m, <120 GeV) L=8.6 o™
1 08 77 L 11T - P S NN B R SRR AP RN B
r b 0 2 4 6 8 10
LI E— - (s [TeV]
£ T ]
0.4 = e 8 TeV analysis:
02 i\i; e Total cross-section: 9.3%%
F = (stat) 94 (syst) +0. 3(/um1)pb
Q 1sF E e Theoretical cross-section:
S + :
D ——= 74404
T 05 3 4 _0.4P
] 0 240 300 400 800

m?Z [GeV]
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Cross-section measurements
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WZ cross-section measurement

¢ Analyses of 3/v final 3 °F Atias T
states 2 jg fLdt=46m? \5=7Tev Owz
Z

e Backgrounds Z + jets,
tt and ZZ

Selection highlights

e 3 isolated high-pr

e Tight isolation and ID 20
criteria on the W-lepton

leptons, ETss > 25GeV 3 o e R

: . & r _ 1 yse S z+jets ]

e Tight Z mass window 5 opfraseent NV g@zz o o
requirement g oo Jr B
(|M// = Mpdg| < IOGE\/) a0 .

O
o
IS)
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Cross-section measurements
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WZ cross-section results

o Using unfolded distributions
e Total cross-section:
e 19.0"1%(stat) & 0.9(syst) + 0.4(lumi)pb
e Theoretical cross-section:
+1.1
e 17.677
o Statistical uncertainty dominant
%,5 E ATLAS — Monte Carlo (MC@NLO) - %? [ ATLAS — Monte Carlo (MC@NLO) |
oN 0.6 ® Data i oN 1 ® Data —
‘gg PF Data 2011 (15=7TeV) Total Uncertainty E ‘23 E Data2011 (¥5=7TeV) Total Uncertainty 1
05 ILdt:4.sfb" - 08 ILdt:AGfb" B
04 E F 1
C ] 0.6 Py —
E | hd i
03— = L ]
1 04 —
0.2 — C ]
0-1; é 0z 4—’—1i7
O 150 == E 0 150 ,
s SPP S + s - e ———
E 0.1— == E 0.51 - E
8 0 30 60 9 120 15 180 _ 2000 8 170 270 05 2500
P [GeV] My, [GeV]
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Anomalous couplings
o

Anomalous couplings

e The s-channel diagrams contain the triple gauge coupling vertex
e New physics may modify these couplings.

o Effect of aTGCs are modelled using an effective Lagrangian which
depends on few parameters

e aTGCs modify total production

coupling parameters channel rates and kinematics
WW-~ Ay, Dky WW, W+ e Increase of cross section at high
WWZ Xz, Akz,Agf  WW, WZ invariant mass and high
ZZ h%, h Zy transverse momentum
Zyy hy, hy Ly e Neutral TGC are not allowed in
ZyZ i, 156 24 the SM
24 £10 fs0 2z e In SM all parameters are 0

except g/ and " which are 1
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Anomalous couplings
L]

alTGC in Wr,Zy

T T L I o L AL A e o o o o e
ATLAS e ATLAS, Vs =7 TeV ATLAS e ATLAS, Vs =7 TeV
46" A=oc 46" A=o
L PP~ 1Ty, pp - Vviy ATLAS, V5=7TeV _| PP~ vy ATLAS, V5= 7 TeV |
95% CL 467" A=6TeV 95% CL 461", A=6TeV
--- CDF, V5 = 1.96 TeV L e DO (Wy), V5 = 1.96 Tev
5.1fb% A=15TeV s 4.2 A=2TeV
h| eeeemeeea DO, /5 = 1.96 TeV. Ay Pt ea. DO (WW,WZWy), VS = 1.96 TeV
" 7.2 A=15Tev i 8.6f%,A=2Tev
‘‘‘‘ LeP
hx .- Ak,
P S R E SR R R N P B R S IR B
-0.004 -0.002 [0] 0.002 0.004 0.006 -1 -0.5 o 0.5 1 1.5
Coupling Strength Coupling Strength

o Analysis on 2011 dataset

e Study performed where highest sensitivity is expected — highest EJ
bin

o Make use of exclusive Vy measurement (with jet veto) in high
photon E7 regions(>100 GeV)

o No deviation from SM seen
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Anomalous couplings
o

alGCin ZZ

A
| AT ] e Analysis on 2011
] _ dataset
| s i e No deviation from SM
e — s values observed
— _ o Significantly tighter
" : limits than LEP and DO
ol b b b b b b by

-1 -08 -06 -04 -02 O
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Conclusions

Conclusions

o Excellent performance of the LHC has provided high quality/quantity data
e Studies on diboson production utilised 7 and 8 TeV dataset. More results in

the pipeline!
T L ATLAS Preliminary
S E e
2 E . LHC pp Vs =7 TeV
. © I 35pb" Theory
o Cross-section measurements 10 © Data (L=0035-4610)
e Measurements have been 103? LHC pp 6 = 8 ToV
. E Theor
performed in WW,ZZ WZ W~ som! " Duat-sam
s _ J
and Z~ channels s el d
e SM predictions verified in all E o R
F B g
channels 10 e g A
E 46"
1 w 1z T T t Tww T owz T owe |z

e aTGC measurements
e All diboson channels investigated with no apparent deviation from SM
prediction
e Limited statistics does not allow to probe deeper
e Sensitivity is expected to increase with increased centre-of-mass energy and
integrated luminosity
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Conclusions

Backup slides
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Conclusions

Z /W selections and fiducial volume

L] Slngle Iepton or photon Cuts pp—}[[//y pp—}ﬁ'[‘ﬁ/ P — VY
triggers: Lepton p5 > 2% GeV g% > 25 GeV —
e Electrons: 20-22 GeV nel <247 |ne <247 —
e Muons: 18 GeV Ne=1 Np=LN-=1 N=0
e Photons: 80 GeV pp > 35 GeV — —
Boson — My~ > 40 GV pp’ > 90 GeV
* Idol/oe <10(3) e(n) Photon ] >15C&V B} > 15 GV ] > 100 GeV
* |z| <1mm | < 237, AR(E,) > 07
e Calorimeter isolation in cone 6 <05
AR < 0.3 less than 6 GeV (e) Jet Ep > 30 G, || < 44
AR(e/p/, jet) > 0.3

e p7 isolation in cone AR < 0.3
less than 15% of the u pr

e W+~ modelled with ALPGEN
(CTEQ6L1)

e Z~,vvy modelled with Sherpa
(CTEQ6.6M)

Inclusive : Niet > 0, Exclusive : Nigg =0




Conclusions

Z /W event yields and x-section results

ey pEy e
Nju >0 Njw =0
Ng 198 2756 17 203
NZG SILESTL08 36683573 156243530 L4149

Nys 1600£ 71468 23909773 12604 56432 1790£59£ 49

o wy il wy
N 20 Ny =0
- Uexn—hd b ”ext—hd b
N ] 10914 [ 678 o o Presn
W( ) ets M2 I60£210 2560 £ 2102380 91021602160 162002270 T 0T (sf;t) 2D TR T
)X OBEIBE8 TOLI0LD U115 STHIGET wy 280 4005 (stat) £ 0.37 (syst) £ 0.14 (lumi)  1.96 % 0.17
4 1 1 i 2.77 + 0.03 (stat) £ 0.33 (syst) £ 0.14 (lumi) 1.96 £0.17
A(+.Ets L8028 =Dzl WAL T2 ej‘ezy 1.30 £ 0.03 ﬁsm; £0.13 Esist) 4 0.05 (lumi) 1.18 £ 0.05
i W88 6BLULT  NidEd UIL6 pTHTy 1324003 (stat) & 0.11 (syst) £ 0.05 (lumi) 118 0,05
oflerbackgomd 141216413 WIEWV4% D456 WLN4B o ‘;;’ o x0 fiﬁiﬁ £ 0<S(§;?t)§° % o(é“ﬁ'l'r)m) ety
Ny, B0 E200:2250 640 3004500 2180 190 £ 180 4040 804 20 N =0
1.39 £0.13

evy 177+ 0.04 (stat) £ 0.24 (syst) + 0.08 (lumi)

pry 174 £0.04 (stat) + 0.22 (syst) £ 0.08 (lumi) 1.39£0.13

fvy 176 £ 0.03 (stat) £ 0.21 (syst) + 0.08 (lumi) 1.39 +£0.13
ete™y 107 4+ 0.0 (stat) £ 0.12 (syst) £ 0.04 (lumi) 1.06 + 0.05
Wy 1044003 (stat) £ 0.10 (syst) + 0.04 (umi) 106 % 0.05
L5407y 105 £0.02 (stat) £ 0.10 (syst) % 0.04 (lumi) 1.06 £ 0.05

vy 0116 + 0.010 (stat) + 0.013 (syst) & 0.004 (lumi) 0.115 % 0.009
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Conclusions

Z /W~ systematic uncertainties

Systematic uncertainties on Cy/ Systematic uncertainties on
Source PP — evy pp = pvy pp — ety pp = Ty pp o vy parton—level x-section
Relative systematic uncertainties on the signal correction factor Cy-y [%]
y identification eficiency 60 (60) 60(60) 60(60) 60(60) 53(53) e PDF: 3%-4%
+ isolation efficiency 19(18) 19(L7) 14(14)  14(14) 28(28)
Jet energy scale 04(29) 04(32) -(22) S@4) 06 (20) e Scale L JAR: 3%_7%
Jet energy resolution 0.4 (L5) 06(L7) - (L7) S(18)  0.1(0.5)
unassociated energy cluster in EJ*™ 1.5 (1.6) 05 (1.0) - () ) 0.3 (02) ° v isolation defl nition:
4 momentum scale and resolution - () 05 (04) - () 1008 -
EM scale and resolution 23(30) 13(L6) 28(28)  15(15) 26(27) 1%-5%
Lepton identification efficiency 15(16) 0.4(0.4) 29(25) 08(08)  -(-)
Lepton isolation efficiency 08 (0.8) 03(0.2) 20(16) 05 (0.4) -()
Trigger efficiency 08(0.1) 22(21) 01(0.1) 0606 10 (L0)
Total 71(80) 68(78) 76(79) 65(T1) 66(70)

Systematic uncertainties on Ay,

® PDF: ~0.8% estimated using the CT10 error
eigenvectors at their 90% CL limits rescaled to
68% CL with variation of asin0.116 — 0.120

® Scale pg,pur: ~0.5% obtained by varying x2
around their nominal value
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Conclusions

vv7y final states

Buof T e giieomin]
2} N, 20, E} >100 Gev B 2w its, mutijet
g b -W\(/e;)»r’ry,ﬁ
B 7% vy
_glf; ' ' ' ' B Njet 20 Njet =0
g e e g 1094 662
I PR W(eu) ITI£2£17 132+2+13
Z(vi)Hets, multiciet 70+£13+14  29+543
iz ‘ ; Wy 28+12437 10449424
Eioo- ff;’*i,b é%’%‘}:‘iﬁ‘m 0 YHjets 168+20+42 247411
”Jaw; ooy W mite Ity ILTH07409 65406406
0F - t 1412410 09+06+0.1
e E Ny 2042260 360 +29+30
200 E
g‘go.s{
3 0 1 2
w Jet multiplicity
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Conclusions

aTGCs in W/Z~

Measured Expected
processes pp — Ly
A o 00
Aky (—0.41,0.46) (—0.38,0.43)
Ay (—0.065,0.061) (—0.060, 0.056)
A 6 TeV 6 TeV
Ak, (—0.41,0.47) (—0.38,0.43)
Ay (—0.068, 0.063) (—0.063,0.059)
processes pp—>vvyand pp— £ 4y
A o 00
h3 (—0.015,0.016) (—0.017,0.018)
h3 (~0.013,0.014) (—0.015,0.016)

hj (—0.000094,0.000092) (—0.00010,0.00010)
hZ (—0.000087,0.000087) (—0.000097,0.000097)

A 3 TeV 3 TeV
hl (—0.023,0.024) (—0.027,0.028)
nZ (—0.018,0.020) (—0.022,0.024)

h]  (—0.00037,0.00036) (—0.00043,0.00042)
h  (—0.00031,0.00031) (—0.00037,0.00036)
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Conclusions

WW /WZ — lvjj cross-section measurement

o Analyses of semi-leptonic final state
e Main backgrounds W, Z + jets, tt and
other dibosons

Entries /5 GeV

Selection highlights

e Exactly 1 reconstructed lepton suppresses
Z+jets background

o Restrict multi-jet background by requiring
exactly 2 jets and angular separation of
leading jet and Ef'ss of Ag(EM™s ji) > 0.8 S ppracen W ey + 2jets

[Vs=7Tev
[ATLAS Preliminary

o, sttt
sttt sttt T T

EY 160 150

(DataMOMC
°
5

200 25
Dijet Mass [Ge

Cross-section results

o(WW + WZ) =

72 + 9(stat.) £ 15(syst.) £ 13(MCstat.)pb, F

consistent with the Standard Model expectation 200b T NN SUE SR
of 63.4 £+ 2.6pb Dijet Mass [GeV/c?
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Conclusions

WW Event Selection

Single lepton triggers: Calorimeter isolation in cone

e Electrons: 20-22 GeV AR < 0.3 less than 14% of the
e Muons: 18 GeV lepton pr
e pr isolation in cone AR < 0.3
® pr >20GeV less than 13%(15%) of the e
* |do|/ogy < 10(3) e(p) (1) pr
o |z < 1mm o |my—mz|>

15,15, 0(ee, i1, eft)

E;'nff‘e;/ > 45, 45, 25(66; L e,u)
jet veto (pr > 25GeV,

[n| < 4.5)
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Conclusions

WW Event yield and x-section result

Event yield

ee m el Combined
Data 174 330 821 1325
WW 100£249 18642415 53843145 82444269
Top 2041243 3241445 8T£23+13 141430422
Wjets 2141411 74143 T04+2+31 98+2+43
Drell-Yan 124343 344610 54241 514712
Other dibosons 134142 21142 441246 78+2410
Total background ~ 68+12+13 94+15+13 206424435 369431453
Total expected 169412+16 28041620 T44124£57 1192431487

Cross-section results

Measured ofyyy (1] Prcicted oty () Measured oy (pb) Prdicted oy (ph)

3 564£68=98=22
p T39£59-6929

Combined

6137
589140
g BIzIIZNTz102 BLA41T

16957482418
6724012512
11224142420
319120439420

“r=28
R
#7128
“r=28

Diboson Physics at ATLAS 28/19



Conclusions

WW systematic uncertainties

Relative uncertainty

Source of uncertainty ee I el

PDFs 0.9% 0.9% 0.9%

i and pr scales 0.5% 0.5% 0.6%

Jet veto 5.6% 5.6% 5.6%

Total 5.7% 5.7% 5.7%

Cww
Relative uncertainty

Source of uncertainty ee 7 en
Trigger efficiency 0.1% 0.6% 0.3%
Lepton efficiency 2.9% 0.7% 1.4%
Lepton pr scale and resolution 0.9% 0.8% 0.6%
Jet energy scale and resolution 0.6% 0.5% 0.5%
EX'*°* modeling 0.5% 0.2% 0.4%
Jet veto scale factor 2.8% 2.8% 2.7%
PDFs, ur and pur scales 0.7% 0.7% 0.3%
Total 4.2% 3.1% 3.2%
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Conclusions

alGC in WW

3 T | T T T T T T T
©  600] 3 0 e ;
& [Lat=a6m’ VS=7Tov B 95% C.L. limits from WW production
< 3 — ATLAS (4.6 fb™, A=6 TeV)
< 500 —4-Data 3 ria ATLAS (46 155 Ae)
2 sMww 3 ' 1" CMS (36 pb’, A=)
] p— ] AKz W LEP .6 >
P I (e — ,=0. e eeeoesed CDF (3.6 1% A=2 TeV)
i 2,=1,=0.15 E 1 DO A=2 TeV)
300 ~ag-0z E —
[ Background B beded
[ statesyat B Az ,
200 I R AT

5]
S
Lilin
T

1
>
Q
N

20 40 60 80 100 120 140 160 180 200
Leading lepton p_ [GeV] ! | [ S | |

® Analysis on full 2011 dataset

Expected Observed
® Maximum likelihood fit performed for Parameter (A =120) (A=)
events in bin p'® > 120GeV

PT Akz [-0.077,0.086] [-0.078, 0.092]
® No sign of deviation from SM Az [-0.071, 0.069] [-0.074, 0.073]
predictions Ay [-0.144, 0.135] [-0.152, 0.146]
Ag? [-0.449, 0.546] [-0.373, 0.562]
Ak, [-0.128, 0.176] [-0.135, 0.190]
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Conclusions

TGC scenarios in WW

e Equal Couplings scenario assumes WWZ and WW+y are equal.
(Ak, = Dky, Az = Ny, 878 = 1)

e LEP scenario assumes Ak, = (cos?0w /sin*0w)(Agf — Akz) and
A=A,

e HISZ scenario assumes Agf = Akz/(cos® Oy — sin0w),
Ak = 20K zc0s?0y /(cos?Oy — sin®Oy) and Az = A,
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Conclusions

ZZ event selection and yields

® pr > 7GeV, SA muons Zans

pT > 10GeV, calo muons and fwd e ® AR(h,h)>0.2

pT > 20GeV ® |my — mz| < 25 on shell my; > 20
® Calorimeter isolation in cone off-shell

AR < 0.2(0.3) less than 30%(15%) ZZ — 212v

of the lepton pt for o AR(h,b) > 0.3

77 — 41(ZZ — 212v)

. - ® 76 - 106
® pr isolation in cone AR < 0.2(0.3) < Imy = mz| <

H miss
less than 15% of the lepton pr for ® axia-ET'™** > 75GeV
ZZ — Al(ZZ — 2I2v) ® jet veto pr > 25GeV
® [do|/og, < 6(3.5) e(n)
® |z| <2mm
ZZ) S ete—pteo— eteete ot ete ptu— e ot
Observed ZZ 16 23 27 66
Observed ZZ™ 21 30 33 84
Expected ZZ signal 10.3 = 0.1 = 1.0 16.5 &+ 0.2 £+ 0.9 26.7 + 0.2 + 1.7 53.4 + 0.3 &= 3.2
Expected ZZ* signal 12.3 = 0.2 + 1.2 20.5 = 0.2 = 1.1 31.6 + 0.3 = 2.0 64.4 + 0.4 = 4.0
Expected ZZ background 0.5 + 0.6 + 0.3 < 0.6 0.7 &+ 0.7 &+ 0.6 0.9 + 1.1 &+ 0.7
Expected ZZ* background 4.3 = 1.4 = 0.6 < 0.9 5.8 & 1.6 = 0.9 9.1 23+ 1.3
Z7Z > 0 0—vp e B W B Gl
Observed ZZ 35 52 87
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Conclusions

ZZ summary of systematic uncertainties

Source ZZ s 0000 ZZF s 0t ZZ s un
Czz
Lepton efficiency 3.0% 3.1% 1.3%
Lepton energy/momentum 0.2% 0.3% 1.1%
Lepton isolation and impact parameter 1.9% 2.0% 0.6%
Jet+ERi® modelling - - 0.8%
Jet veto - - 0.9%
Trigger efficiency 0.2% 0.2% 0.4%
PDF and scale 1.6% 1.5% 0.4%
Azz
Jet veto - - 2.3%
PDF and scale 0.6% - 1.9%
Generator modelling and parton shower 1.1% - 4.6%
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Conclusions

alGCs in ZZ

ZZ — 4l ZZ = 2[2v
R SR —— T L e o T R
8 1o ATLAS —+— Data ] S —+Data ATLAS
PR ILdt PP Ez-nr ] < 25¢ %éﬁgk'g[xznd Lacann’
c - =4 B [4) r ) =4, 1
SEr kB W i Rkl
0 F e=rrev 0 EE =01 ] E 2 f5=7Tev
o8 zz-ImT f=l=01 - Foodg 27 - (T
r i=0. 150 =01 v
1= E
0.5 B
07 0 100 150 200 TR0 S0 me 4;0 G0 50 100 150 200 250 300 350 400 450
P [eeV] P2 [GeV]

A fa fi fi f
STV 002,000 —0.019,0019 [-0023,008] [00,0019
% [-005,0018 -0013,0013 [-0016,0015) 00130013
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Conclusions

WZ Event Selection

e pr > 15GeV and pr > 20GeV e pt isolation in cone AR < 0.3
for the W lepton less than 13%(15%) of the e
o |n| < 2.5(u),n < 2.47|(e) (1) pr
e |my—mz| <10 e Calorimeter isolation in cone
. 0
. EME S 25GeV AR < 0.3 less than 14% of the
V;/ lepton pr
" mr > 206V “ [dol /o, < 10(3) e(s)

* || < 1mm

eee uee Epp i
Nobs 56 75 78 108

Ngig 389421 540+22 566+1.7 8L7£21
Npie 145+29 115+25 210+£35 210456
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WZ summary of systematic uncertainties

Source

Conclusions

)
T

1 reconstruction efficiency
p1 scale & resolution

reconstruction efficiency
identification efficiency

energy scale

energy resolution

E.‘i.”?ss cluster energy scale
E.’i."?ss jet energy scale
EXRiss jet energy resolution
EmRiss pile-up

Muon trigger

FElectron trigger

cao0OOTT

oo
| o~

isolation & impact param.

isolation & impact param.

Po000

Event generator
PDF
QCD scale

T.uminosity

=|OrQOIO0000000OFNFOODQ

S|eso|e Po0Q0OORWN

CIEN VRS R R |
W|ANR[RFREORNRRR O R D
~lo~olocoocopoocroooo
L POCEN P G R TR U R 0
wlavwp]|l w=bR |

=l0=0

Source ok gict
1 reconstruction 07 07
e reconstruction 21 20
EP' reconstruction 05 05
Trigger 02 02
Signal MC statistics 05 05
Background data-driven 4.0 40
Background MC estimates 0.4 04
Event generator - 04
PDF - 12
QCD scale - 04
Total 46 48
Luminosity 18 18




Conclusions

alGC in WZ

g 1607 T T T T
E — ATLAS, 5= 7 Tev
; 140; ATLAS -+-Data L 4.6 17 A=co
S F[lit=46f’ \5=7Tev  Osmwz —ATLAS, (5= 7 ToY
§ b ke - e st A= 2 Tev
F S g b -~ CDF, V5= 1.96 TeV
F [ %tat+ syst 1 7110 A=2Tev
100 A, =005 — DO, V5= 1.96 Tev
C A, =0.57 [ 41t A=2Tev |

)\Z WAZ 1l
95% C.L.
Ak,
=| oo b b b b b e b
180 2000 -0.6 -0.4 -02 O 0.2 0.4 0.6 0.8

P2 [GeV]
o No deviation from SM predictions observed
o Analysis performed with 2011 dataset
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