Discussion of QCD aspects of
multi-boson production measured
with the ATLAS detector

Dimos Sampsonidis

Aristotle University of Thessaloniki

On behalf of the ATLAS Collaboration

e — Low-x Meeting 2016,
6-11 June 2016

w Kdroly Rébert College, Gyéngyés, Hungary



Introduction

7()

Multi-boson production measurements : o
. Diboson (ZZ, WZ, WW, Wy, Zy)
Triboson (Wyy, Zyy)

VAQ) o+

Z[y @y

Physics Motivations:

* important test of Standard Model (SM) predictions at TeV scale
«  EWK precision measurements with higher order corrections
« understand background for many (Higgs, BSM, ...) analyses
« explore new heavy particles decaying to diboson
» probe new physics through deviations of measured cross sections from
predictions (anomalous couplings)
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N.,,.. |Number of signal events
— — ) tOt . o
Nsigal =N, . — kag =/.-0 -BR N,. |Number of data events
N Number of background
| "¢ levents
A = Nisc gen Acceptance correction L
— NifC,gen for the geometrical & L |Luminosity
kinematic criteria BR |Branching Ratio
Efficiency correction . .
O — Ngelected for detector ability to C Efficiency corrections
— T .
Nire.gen reconstruct these objects A Acceptance
siaucial _ Nops = Nppg We measure a “fiducial cross section” corresponding to the
o = I-C reduced phase-space of the actual measurement
ot _ N,,—N bkg We then extrapolate to the “total cross section”
L-BR-A-C

*Background estimation from Data or/and MC
Differential distributions in key kinematical variables
*Systematic Uncertainties from Data/MC
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Dibosons
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77 @ 13 TeV

13 TeV ATLAS event display
Event display for the ZZ-> ee + yu candidate event

A | AN

EXPERIMENT

Run Number: 271421, Event Number: 287349506

Date: 2015-07-12 09:53:46 CEST
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77 @13TeV

ArXiv:1512.056314 Phys. Rev. Lett. 116, 101801 (2016)

ZZ — llll channel (eeee, eeuu, Uuuu)

Event selection <180 TATLAS

« Exactly four isolated, AR(/,/) > 0.2, S 160F 5= 13 TeV, 3.2 1"
« prompt final state leptons (e or p only) @ T : » Data

- All four leptons p; > 20 GeV & |n|<2.7 g 140 i De-d
« Opposite Charge (OC), Same Flavor (SF) L0 N S N T

pairing

Z candidate
o
()

*  On-shell mass selection 805_. ) ““,_ :
66 GeV <|m ,| <116 GeV IS R
« When 4 leptons SF: select the pairings Q. 60 :
s e (®)] r
minimizing  [my , - M| + [M3 4- M| £ 40F .
i"“)2:||1|1|||1E|111QI||||.'|||||||||1||
The precision on the measurement is % 40 %Obl 8dQ 100Z 12%,d 1t40 1GOG \1/80
dominated by statistics ubleading-p;, £ candidate mass [GieV]
T8 vt
3 | " ATLAs "1« NNLO: ggbar >ZZ >4l
S s-taTevazi’ 1. NLO:  gg >ZZ 4l
~ — e Data ] . . . .
2 .F W G722 4l E » interference with Higgs production and off-shell
et [1gg—2ZZ— 4l . . _ . . .
T b Srossioton uncertalnty—_ Higgs ->ZZ production is taken into account
C Expected background: 0.62" 108 7 . . . .
8- pocieahacte . «  Maximume-likelihood fit.
e E « Signal and background yields treated as Poisson
ZE_ + + E variables.
i 4+ 4+ - Systematic uncertainties treated as Gaussian
200 300 400 500 600 700 :
Mass of four-lepton system m,, [GeV] nuisance parameters
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77 @13TeV

Phys. Rev. Lett. 116, 101801 (2016)

Measurement O(a predlctlon
O reere 84 T3i(stat) T (syst) To(lumi)
O-%dZ—m‘Fe—;ﬁ‘u— 14.7 +2 5(stat.) To:3(syst.) To:g(lumi.) fb 1 b
ﬁd +0.3 +0.4 .
027 sutu—ptu- 6.8 15(513‘“3) Zo3(syst.) Zgiz(lumi.) b fb NNLO calc.
0%y er-ero- 297 13 G(St&t) Tos(syst.) Ti5(lumi) fb 27 4+ g b
tot +2 +0.9 +1.0 . +
o%y 16.7 T3 2(stat.) To2(syst.) T52(lumi.) pb 15.6°
24
o) 222_ ATLAS MCFM CT14NLO
Ipb |%||zz| |%‘|4I| T LA L B L T T T T T T .9.— E LHCDat32015(\‘S=13TeV) zz(pp) Up to NLO
Fiducial ATLAS BN 203_ ©ATLAS ZZ- Illl (m 66-116 GeV) 3.2 fb" No additional
© 18F LHCData2012 (is=8Tev) order in this plot
4e d \s=13TeV. 3.2fb"! E  OCMSZZ- Ilil (m, 66-116 GeV) 19.6 b’
’ 16 LHC Data 2011 (15=7 Tev)
e  Measurement E  @ATLASZZ li(Iliv) (m 66-116 GeV) 4.6 fb”
26 | ) 14:_ ® CMS ZZ Illl (m, 60-120 GeV) 5.0 b
e B Tot. uncertainty 12__ Tevatron Data(\s 196 TeV) ,
Stat. uncertainty C ® CDF ZZ— li(ll/vv) (on-shell) 9.7 fb y
o = ®DO0ZZ- Ii(ll/ivv) (m 60-120 GeV) 8.6 b
o2 prediction 10 =
4u 1o 8:—
+ 26 62_
Combined T E— Theory: PLB 750 (2015) 407 4= )
| \ | | |, CTIPNNLO, | =T
04 06 0.8 1 1.2 1.4 1.6 1.8 2/ 2.2 g C 4|¢ | | | | I I
Gdatactheory C1oe® L1 L1 L1 L1 L1 L1 1
0 2 4 6 8 10 12 14

Measured fiducial cross-section vs

O(a,2) Prediction \s [TeV]

Total cross section NLO prediction compared to
measurements for different center of mass
energies at p-pbar and pp collisions
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pp >4l @ S8TeV

arXiv:1509.06734, Physics Letter B753 (2016) 552-527

I%H"LAS Simulatfon -G 4l f
R Rk TR — gg — 4l (total) 3
. - I_: - T gg—>H—->4 3 — 0.4 . _
S --I_I_-_l----gg—>ZZ—>4I ; E 0as.. ATLAS —4— Measurement E
"-‘.- \s=8TeV ] % 0.35_ — Prediction _i
E £ o250 + \s = 8TeV, 20.3 b
£od ; Foay | 1a
10 °© o.15fi i N
10° 2 ] 0.1F —_ B
P i 0.05/- =+ R
] ! I 1 1 L T E =+ —— =
90 200 300 400 1000 ot A ‘ =
m,, [GeV] 3 15, td+a, ., E
Contributions to the my, : & o5 T ]
90 200 300 400 1000
« LO: non resonant gg—>4{. m, [GeV]
« NLO QCD: qg—>4¢. > 80~ — ]
(] C 3
. NNLO QCD+NLO EW: H->4t S 70%: ATLAS o
60 e \s=8TeV,20.3fb" -
on-shell qq>Z>41 & ¢ :
: . 2 50;_ —4— Data E
Extract gg component o(LO) in m,>180 GeV region. S 40 | 0 e Fit E
> 3 —— Non-gg ZZ Signal -
w30 g E
: —_— Back d .
ZZ )7 g groun ]
R R T e L g
Hgg = o(data)/c(LO) ok [ . E
200 300 400 500 1000
=2 5
Hgg = 2.4 £ 1.0 (stat.) £ 0.5 (syst.) = 0.8 (theory) m, [GeV]
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Event selection

W+Z @ 8TeV

« Three isolated charged leptons
* Lepton p;>15 GeV
Z selection

« 2 0C SF leptons
* |my—m;| <10 GeV

W selection

* Lepton p> 20 GeV,
« my(W)>30 GeV

WZ — Iv Il channel (eee, eeyu, uue, uuu)

Background
Reducible: 1fake lepton
(Z+j, Zy, tt, and WW )
Irreducible: all prompt leptons
(ZZ, tt+V, VVV, tZ(j) )

Main systematic is the background estimation method
(data driven)

eee

uee

eup

Hip

combined

I|IT||III|ITI|\I|I|I|III|\II[\II
1.27 £ 0.10 +—e—+ ATLAS
Is=8TeV,20.3fb"
1.21 £ 0.08 +—o— .
wW-Z
1.19 +0.08 +o—+ ® Data
= Powheg
1.11 £ 0.06 +o—+
1.17 £ 0.05 +o+
I|I\I|I\I|I\II\Il\lll\lll\ll‘\ll
04 06 038 1 1.2 14 16 1.8 2
fid. theory
GWiZ/ GWiZ

(

r(id.
W
W2Z 0 vil

NLO MC 6=30.0+2.1fb

>

Events /10

Data / MC

@ Data 2012 ]

. s=8TeV,20.3fb" CIWZ (x1.17) ]
300 - ° ¢ Misid. leptons

- [ P

t+V
250 Il Others
=== Tot. unc.
200
et

arXiv:1603.02151 Phys. Rev. D 93, 092004 (2016)

E ATLAS

(¢',¢=eorp)

L g I
Py
—* 3
—
gllllll H—f‘—l—f-l!llI|IlII|lIII|IlII|IIIIIIII
o

et 4]
o it
0 100 200 300

Pz [GeV]

Signal MC prediction is scaled
by a global factor of 1.17 to
match the measured data

=35.1 £ 0.9(stat.) £ 0.8(sys.) £ 0.8 (lumi.) tb.

WZ production rate is higher than MC
NLO calculation
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W+Z @13TeV

IIIII|III|IIIIII|III|III|III|III |I||]|I||] |||II|III|III
eee | 093:+017 —+—@—T+ ATLAS Preliminary eee | 125£036 + L t ATLAS Preliminary
{s=13TeV, 321" s=13TeV, 321"
unee 1.01+£014 —— . nee [ 141+032 —e—
W=Z
elu 1.38+0.17 —+—— el | 1.49+0.30 —>—
® Data ® Data
Hup 117 £0.13 +—e—+ == Powheg+Pythia UUR | 1354025 —e— == Powheg+Pythia
CT10 CT10
combined 1.17+0.10 —+o—+ combined | 1.39+0.15 —e—
IIIIIlIIIlIIIIII|III|III|III|III ||||||||||||||||||||||||l
04 06 08 1 12 14 16 1.8 2

fid. theory ' fid. fid.
Oz / Oz Owiz | Ow:z

* NLO SM prediction from POWHEG+PYTHIA with pg= 0.5m,, and CT10 PDF
* Same deviation (~1.30) from NLO prediction as observed in Runl

NNLO 14% higher than NLO - compatible to measurements
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W+Z @13TeV

T I T T T I T T
ATLAS Preliminary
WZshvil

ol [pb]

50
ATLAS Vs=13 TeV (m,  66-116 GeV), 3.2 fb™
ATLAS Vs=8 TeV (m,  66-116 GeV), 20.3 fb™
40 ATLAS Vs=7 TeV (m_ 66-116 GeV), 4.6 fb™

Z-l

DO Vs=1.96 TeV (m,_, 60-120 GeV), 8.6 fb

CDF Vs=1.96 TeV (corr. to m,  60-120 GeV), 7.1 fb”

« Comparison of previous
results vs Vs to MCFM(NLO) 30

E <4 m > e
|IIII|IIII|III

predictions 20
== MATRIX NNLO, pp—>W2Z (mbu 66-116 GeV) ~|
. NNPDF3.0, u_=i_=(m, +m,)/2 =
« ATLAS results in excellent 10 T eramo o PP WE (T, , G116 GV —
agreement Wlth NNLO gy,/' --MCFMNLoF,'pﬁF—>wz(mMeo-moGeV) _
- 0 _—'I | | cI:T14n|o, p.R=p.FI=mWZ/2 | i
predictions 014__"%"'."'."i|11'|"| =
| S —]
Z — -
o 12 T - + —
o AE---t------- =
= R (T E T E U BN S B
T 2 4 6 8 10 12 14
Vs [TeV]
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Differential W*Z @13TeV

— 10° £ . _ _
2 ATLAS Preliminary Differential cross-section vs Ny
e \s=13TeV,3.21b"
ol « Al 4 channels added together
- . Jets with p; > 25 GeV, |n|<4.5
- ® Data 1 |
| — Powheg+Pythia | " j """ » Unfolded distribution (Bayesian iterative)
----- Sherpa
TE
- WZ o ovel
i | |
g S5F
e r
2 aF
o -
~§ o Data in good agreement with Sherpa
= 2F
o -
1 B T
0

jets
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W'W-2llv @ 8 TeV

W W-— Iv Iv channel (ee, ey, uu)+E/mss

arXiv:1603.01702 submitted to JHEP

!ﬁ

 I—

80 100 120
p. (leading lepton) [GeV]

Event Selection: Backgrounds: _ _
- 2 opposite sign high p; leptons « top, drell-yan. W+jets (data driven)
- High Emiss other dibosons (MC based)
« Additional lepton veto, top veto, Jet veto, " | | | | | | |
Z veto, etc S12000 ATLAS —— Data .
. . I H- 9 WW . I Lﬁ B \s=8 TeV, 20.3 ﬂ'.')1 % -\II—VOVTIC’\)ALgrk MC ]
INCI. IggS as Slgna 10000 e*v u*v channel I Drell-Yan MC -
B I W-+jets MC i
] ) ] ] C I other diboson MC ]
Dominant systematic from modeling of signal 8000 ##% stat.une. ]
efficiency (Jets) 6000 A . =
> —_I T | T T T | T T T | T T T | T T T | T T I_— 4000_— —_
3 999 arLas 4 Daa  [(Jww E ] ]
f 800;_ /s = BVTe;/’ 20'? o E .[r)(:g”?]aar:k= z\t/r:::iboson _; 2000:_ _:
- €°v u'vchanne ““stat. unc. — stat. @ syst. unc. _7 B 7
% 700E tat tat. @ syst E . | | ]
>  B600E '+'-+- = 0 1 2 3 4 5 6 7
L = -+ 3 C s
500E- = Jet multiplicity
400 = : .
2000 . The dominant top-quark background is
S E suppressed by requiring 0-jets
200 =
100E- b
E
140

NN
o
(@]
o
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WW-2llv @ 8 TeV

o(total) (pb)

Data 71. Ii}::(fstzlt) S()(“ st) ” :zj(lumi)

arXiv:1603.01702 submitted to JHEP

NNLO 63.274(scale)+1.2(PDF)

I|III|III|IIIIIIIIIII III|III|II||III[I

IIII|I]II|IIII|III]IIII|IIII|IIII|IIII|II[I|IIII
ATLAS Total cross section pp— WW ATLAS \s=8TeV, 20.3 fb"
Vs=8TeV, 20.3fb' approx. NNLO+NNLL }
[arXiv:1410.4745]
=kt : etv ufv
approx. NNLO + -
>—i | e'v ev [arXiv:1408.5243] WW — e*v ptv
Fiducial cross section
— [TRAVETIY NNLO pT-Resum +
[arXiv:1407.4481]
- Combined
SM prediction (MsTw 2008 PDF) Data (£ stat. i+2t70 t)
16 — 37417 5 fb
GTheory=63'2—1A4 (scaie)+1.2 (poF) pb stat.
[arXiv:1408.5243], [arXiv:1307.1347] stat.+syst.
poa gl b b e b b b Lo v b a g el b b b Lyva Il | I T I R
45 50 55 60 65 70 75 80 8 90 95 260 280 300 320 340 360 380 400 420 440 460
WW
Gtot [pb] Gfl [fb]

Comparison of the measured fiducial cross

The WW cross sections measured at Vs=8 TeV ! _ _ _ O
sections with various theoretical predictions

compared to the NNLO prediction
Consistent within 1.4 standard deviations
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W"W- 2hlv @ 8 TeV

arXiv:1603.01702 submitted to JHEP

2 - ATLAS
-~ NNLO WW (MSTW PDF) (arXiv:1408.5243 [hep-ph])
+ NNLO H—>WW (MSTW PDF) (arXiv:1307.1347 [hep-ph])

— WW (pp)
— WW (pp)
(incl. H—= WW above 7 TeV)

\WW
total

9)

10?

LHC Data 2012 (Vs=8 TeV)

® ATLAS WW (20.3 fb™)

O CMS WW (19.4 fo)
+ H— WW contribution
LHC Data 2011 (Vs=7 TeV)

O ATLAS WW (4.6 fb™)

B CMSWW (4.9 b7
Tevatron (Vs=1.96 TeV)

A CDFWW (3.6 )

Y DOWW (9.7 b

2 4 6 8 10 1 14
/s [TeV]

10
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/Zy (@ 8TeV
arXiv:1604.05232, accepted by PRD

Zy_)ee, ep; ul-l+y LS L L L L IR L B DL DL R

pp — Zy N >0 ATLAS 4
OC SF lepton pair 1o=8TeY, 20310
* Measurement
Y ET > 15 Gev e'ey T — Tot. uncertainty
) Stat. uncertainty
for the aTGC search WY T —wwo
Y pr > 250 GeV [lly channel] ry | 8 +;‘;
Y pr > 400 GeV [vvy channel]
_ | | : vy
% E ® Data E OIHO.|2HIO.|4HIO.|6HIO.|8H‘1‘H1!2H|1.‘4H|1.|6|H1!8H|2
:‘5’1 ] s s % Sherpa (CT10) . Ogatel Oineory
2 F 7% MCcFM (CT10) 3 measured cross sections and the theory
5L e : predictions in the inclusive Njets = 0 and
% 10° E exclusive Njets = 0 extended fiducial regions.
- ATLAS ’ ]
- \s=8TeV,20.3fb" P — AR R R AR AR R
10 é_ _§ op > Zy N =0 AjLAS Preliminan{1
E Nje‘szo I+|-Y channel E Jets \s=8TeV,20.3fb
- b * Measurement
'1 : : : _ eey BB —— Tot. uncertainty
3 Stat. uncertainty
E Wy N | — NNLO
3 . +1o
>=3 N My -1 +20
The measured and predicted cross” oy |
sections as a function of N in the o M
extended fiducial region. 0 02 04 06 08 1 12 14 1.60 1}c85 2

data’ “'theory
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> E 5
8 o0 e Data -
g 10 ~ = 3888 Sherpa (CT10) 3
= - 4 MCFM (CT10) 1
—| 10 *m‘m : .
& E —eo— N\ NNLO (MMHT2014)3
ol E C —— E
Q|
I 1 o= —— -
© - - 3
10" ATLAS —a— =
C \s=8TeV,20.3fb" o I
10'2:5
10° ;_ Njetszo I+|'Y channel gi
10 L ! | ! ! ! | . ) . | _:
1.4:
> 12k
SIE B¥
(o8
0.6&

50 86 96 110 135 170 210 270 350 470 640 2000

Zy @ 8TeV

My, [GeV]

[fo/GeV]
2

o
IIIII|T|'| IIIII|T|'| TTT

I'Ty

f

do(pp—I'Ty)
dm

50 86 96 110 135 170 210 270 350 470 640 2000

arXiv:1604.05232, accepted by PRD

ATLAS
\s=8TeV,20.3fb"

N.

Jets

=0 Iy channel

HIII| IIIII|T|'| IIHI|T|'| IIIII|T|'| TTT

==

T T T T

e Data
REX Sherpa (CT10)
Y4 MCFM (CT10)
N NNLO (MMHT2014)

L|.|.| IIIIILI.I.| 111

==

—_——
o

sgeen

II]IILlJ.| I]IIILI.I.| IIIIIIII| 1

{

I]III| LIl

[GeV]

Ily

The measured and predicted differential cross sections as a
function of m,, in the inclusive Njets = 0 and exclusive Njets = 0
extended fiducial regions
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Tri-boson Production
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Wyy @ 8 TeV

Final state:

|solated lepton p>20GeV + E, . + two photons
N;=0 : inclusive

N;=0 : exclusive

. - ® Data .
Backgroungs. | 35F ATLAS ) Wn, :
- multijet (data driven) : L. ]

30 0 Wyj + Wij E

- prompt leptons (MC) : 3 vy +iets ]

o5 < [ Other backgrounds -

o [fb] ‘ oMCFM [fp] 20 E N s =8TeV,20.3 1 3

electron channel (N >0) A
jets 1

Inclusive (Njet > 0)

uvyy 7.1 *13 (stat.) £1.5 (syst.) 0.2 (lumi.)
evyy 18 (stat.) *13 (syst.) 0.2 (lumi.) 0.16
tvyy 6.1 -1 (stat.) 1.2 (syst.) £0.2 (lumi.)

L0 y

Exclusive (Nje; = 0)

Events / 50 GeV

pvyy 3.5+ 0.9 (stat.) *{-§ (syst.) £0.1 (lumi.)
evyy 1.9 fé:‘i (stat.) 1) (syst.) £0.1 (lumi.) | 1.88 +0.20
tvyy 2.9 *938 (stat.) *10 (syst.) +0.1 (lumi.)

« Combined significance over background : 3.60

« Consistent with SM, within 20 for inclusive (less than 10 exclusive)
« May have better agreement with NNLO

« Exclusive cross section, m(yy)>300GeV used for aQGC limits
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Zyy @ 8 TeV

Final state:
Isolated leptons m>40GeV N 20 ATLAS Preliminary

. fets \s=8TeV, 20.3 b’
two isolated photons E>15 GeV

i * Measurement
E,™5>100GeV (for the vvyy) o |
NZO - |nCIUS|Ve . Stat. uncertainty

J . _ HHTY T — MCFM (NLO)
N;=0 : exclusive | t1o
My - + 20
Statistically limited Vory
-1 0 1 2 3 -4 5 6
Channel I Measurement [fb] | MCFM Prediction [fb] | O gatal Cheory
Niets 2 0 ) LI B T T 1 71 T 1 1 1T T 1 T | T 1 T | T 1 T | 1 1T
etemyy | 6.2 T12(stat.) £ 0.4(syst.) + 0.1 (lumi.) 0P — ZyY N =0 ATLAS .
+ = n +0.95 +0.48 . +0.21 ! \s=8TeV,20.3fb
T yy | 3.83 Toga(stat.) Tz (syst.) £ 0.07(lumi.) 370701
(re=yy | 5.07 fg:gg (stat.)fg‘éé(syst.) £ 0.10(lumi.) erey . Measuremeht
vy 2.5 T30 (stat.) £ 1.1(syst.) £ 0.1(lumi.) 0.73710 0% — Tot. uncertainty
N 0 i Stat. uncertainty
iets = WYy | —— MCFM (NLO)
ete™yy | 4.6 Th3(stat.) 03 (syst.) + 0.1(lumi.) i
iy | 238 Tog(stat.) T (syst.) o) (lumi.) 2915575 vy — v 20
(0 yy | 348 05 (stat.) o 5a (syst.) % 0.07(lumi.)
VD’)UY 1.18 1—8:2-21 (Sta‘t.)tgiig (SySt.) :h 0.02(1umi.) 0.395t8"g§g IV‘VIY'IY 1 ‘ | N | N I | | N - | | T - | | I - | | I -
-1 0 1 2 3 4 5 6
Gdala/ G1heory

« Exclusive cross section, m(yy)>300 (200) GeV used for aQGC limits for the vvyy (llyy)
channel.
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The non-abelian nature of the EWK sector of the
SM predicts the self-interaction of gauge bosons
in the form of triple and quartic couplings

Deviations from SM are parametrized, in terms
of anomalous couplings using effective
Lagrangian (SM+higher dimension operators)

(d)
C;
Leff = Lsm + Z Z WO,@)

dimensiond i
A: scale of New Physics

coupling parameters channel
W W~ Ay, Ak WW, Wr
WWZ | Ag.Aky, Agi | WW.WZ
Z 7 h% . h% Zy
Z Yy hi, h) ZA
Zn7Z f4ZU f520 Z7
227 fio: I50 27

Anomalous Couplings

Triple Gage Coupling / Quartic Gage Coupling

H'g
* W~—
- Zn

AN TGC vertex " QGC
ZI'Y Wt
W+ "
Z g
s ‘
A WS
@aTGC ol aQGC
I,.l_
L3 w
Z

Anomalous couplings can manifest as
increase cross sections and modification
of kinematic distributions compared with
SM predictions

The SM predictions should be known to
high precision.
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Limits on aTGC W*Z (@ 8TeV

ﬂ 1 05 B 1 T T I T T 1 I 1 T 1 T T T |
c E ATLAS o Deita 2012 3 L e e T T
((b) C ‘ —1 W_Z ]
o - s=8TeV,20.31b" Misid. leptons - B ATLAS B
104=_ el -ﬁfv — AL o == ATLAS Vs =8 TeV
= o Il Others 3 g L, 20357, A=2TeV
- (f ’ £=eor u) == Tot. unc. 3 ! et aa ATLAS Vs = 7 TeV
1 03 -_ ..... A g1z=-0_1, A ¥%=0.25, 2?=0.1 __ L 4617, A=2TeV _|
; ﬁ*ﬁ ..... A g12=0, A K2=-0.1 9, AZ=0 ; -— DO Vs =1.96 TeV
=, N oo IS 2
AT LT -1 o= === CDF \s=1.96 TeV
1 02 3 3 - 741" A=2TeV |
K ] Ax? LT nnnnnNnnnn W'Z - FvitT
10— 49— = p kil e S -
-1 | ||||||||| | 1 L 1 1 I 1 1 1 1 I 1
] 05 0 0.5 1 15
1 1 ] 1 1 1 mi o,
aTGC Limits at 95% CL
1o 200 400 600 oo

m¥z [GeV]

The Powheg+Pythia MC prediction for the SM
Wz=Z signal contribution.
Predictions with nonzero values of some of the
anomalous coupling parameters by the
dashed and dotted-dashed lines, respectively.
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> L L L B BN 3
[0} - ATLAS Preliminary e Dat 7
© 10° 1 Z(a a) f =107, Amoe =
o E a_ - === Zwy f =107, A= 5
2 = \s=8TeV,20.3fb )z SM'\BA =
2l O jets+v(v) ]
c 1% ] Weeviy 3
> = 3 wyy 3
w __ - Z(vv)y+jets __
10E . o E
1 T -
L =
107" L E
< E ' ' ' ' j 3
S 25F E
g8 2 + * E
©|o 1.5 =
| e S e SRR R 3
=3 0.5;—+r . . ‘ . ‘ E
w 100 200 300 400 500 600

m,, [GeV]

» Exclusive cross section, m(yy)>300 (200) GeV
used for aQGC limits for the vvyy (llyy) channel.

W*W* CMS, Vs=8 TeV, 19.4 fb™
Wyy ATLAS, {s=8 TeV, 20.3 fb
Zyy ATLAS, {s=8 TeV, 20.3 fb

WVy CMS, Vs=8 TeV, 19.3 b’

||||||||||IIII:I||||IIII|IIII

ATLAS Preliminary 95% C.L.
Agg =0
fro/A*
fre/A%| I
fro/A*
IIII|IIII|||II:IIII|IIII|II||

-30 20 -10 0 10 20 30
Coupling strength [TeV™]

Limits for ft5 and ft9 were
obtained in ATLAS and CMS
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Summary table ATLAS

Standard Model Production Cross Section Measurements suus: warcn zms.ll"-;.'_dt

1 Reference
L\l ) . T b 1 N l o 1 1 bl T . Ll ]
. 46 Eur. Phys. J.C 74: 3109 (2
tt e 8 20.3 Eur. Phys. J. C 74: 3109 (2
- 3.2 ATLAS-CONF-2016-005
ttW et E 203 JHEP 11, 172 (201
| 32 LAS-CONF-201
ttZ o ! )3 H, m‘ 1
. 3.2 . INF-201
ti)’ fid. . 46 PRD 91, 072007 (2015)
RS 46 PRD 90, 112006 (2014)
Le_chan ot ATLAS Preliminary 20.3 ATLAS-CONF-2014-007
ts_chan 1o Run 1,2 \/- =7,8,13 TeV
Wt e -
HagF 1o S| ——
Hver 1ot [ - T I:I
| Theory
W o j
0 J LHC pp ‘,; =7 TeV
Z . _ Data
wWwW R sar
1o, . stat & syst
.o
LHC pp Vs=8TeV
WZ i« [ 2 Pat
ata
i o
ZZ - m LHC pp Vs =13TeV
YY _sd _ Data
LA : e SO
_ZY 1% . )
Ziiews oo
W*W*ijWK fid.
Wyy tid niet=0 1 1 | —— 2 1

Good agreement with SM,

WZ cross-section higher than NLO prediction (8 TeV) - in 13 TeV NNLO nessecery !l

06 08 10 12 14 16 18 2.6 22 24

data/theory

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
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Summary of aTGC Limits

September 2015 CMS
Central SELAS .
FitValue  gp Channel Limits JLdt Vs
- S . _A°°A -4.3e-02, 4.3e-02 6f"  7TeV
https://twiki.cern.ch/twiki/bin/view/CMSPublic/ Axz wa Ee 06-02. 466 021 ?geibfb" BT:V
PhysicsResultisSMPaTGC WV [9.0e-02, 1.0e-01] 46fo' 7TeV
—_— WV [-4.3e-02,3.3e-02] 50fb" 7TeV

LEP Comb. [-7.4e-02,5.1e-02] 0.7fb"' 0.20 TeV

J

ww [6.26-02,5.9¢-02] 46fb" 7TeV
Charged aTGC for : — W [48002.48002 498" 7TeV
—— WW [-2.4e-02,2.4e-02] 19.4fb" 8TeV
WWZ Vertex _— Wz [-4.66-02,4.76-02]  46f' 7TeV
—_ wv [-3.9e-02, 4.0e-02] 46" 7TeV
b WV [-3.8e-02,3.0e-02] 50fb"' 7TeV
——— DO Comb. [-3.6e-02,4.4e-02] 86fb' 1.96TeV
e LEP Comb. [-5.9e-02, 1.7e-02] 0.7fo" 0.20 TeV
Ad? —_ ww [-3.9e-02,5.2e-02] 46" 7TeV
! ! | ww [9.5e-02,9.56-02] 49fb' 7TeV
Neutral aTGC ZZY and ZZZ ——e— ww [-4.7e-02,2.2e-02] 19.4fb" 8TeV
Mar 2015 I ! Wz [-5.7e-02, 9.3e-02] 46f" 7TeV
L [ [T T I " aTaS LimitsT 7 T = T } i wv [-5.56-02, 7.1e-02] 4.6fo' 7 TeV
CMS Prel. Limits — —_—— DO Comb. [-3.4e-02,8.4e-02] 86fb' 1.96TeV
—e— LEP Comb. [-5.4e-02,2.1e-02] 0.7fb' 0.20 TeV
fy — ZZ -0.015-0.015 4.6 fb" ! ! (‘) ' ! ! 0‘2 ' ' : 0‘4
4 — Y4 -0.005 - 0.005 19.6 fb! : - :
. 77 (2l2v) -0.004 - 0.003 24.7 b aTGC Limits @95% C.L.
— ZZ (comb) -0.003 - 0.003 24.7 fb'!
fz — 2z -0.013-0.013 4.6 fb"
4 — 2z -0.004 - 0.004 19.6 fb™!
ZZ (2l . . -1 . ..
- 7 (o) 005 - 0008 2aT i, . Stringent 95% CL Limits, and agree
ft —— zz -0.016 - 0.015 4.6 fo'! with SM prediction
5 — Y4 -0.005 - 0.005 19.6 fb™
— ZZ(22v) -0.003 - 0.004 24.7 fb - Limits similar or (way) better than
— ZZ(comb) -0.003 - 0.003 24.7 b . .
Z — 7z -0.013-0.013 4.6 fb" previous experiments at Tevatron
5 — 7z -0.004 - 0.004 19.6 fb"!
- 77 (212v) -0.003 - 0.003 24.7 b (DO) and at LEP.
| ; |zz (comb) 1 -0.002 - 0.902 24.7 fp
-0.5 0 0.5 x10™

1 15
aTGC Limits @95% C.L.
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Summary

Large set of ATLAS results from the analysis of multi boson final states have
been presented.

« Diboson

* Most measured cross-sections agree with SM predictions (compared
to calculations with NNLO QCD corrections)

* NNLO calculations agree much better with the measurements
« NNLO QCD calculations are needed
» Differential measurements consistent with SM prediction
« Explored aTGC with good sensitivities
. Triboson
« Starting probe triple boson physics including aQGC
« NNLO QCD calculations may also needed

Looking forward on LHC Run 2
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Thank you!
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Backup Slides
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WW/WZ =2 lvjj (semileptonic)

Event Selection Backgrounds: |
one high P, isolated lepton - W/Z+jets: ~89% (data driven)
E,™ss >30 GeV, M;>40 GeV - multi-jets: ~5% (data driven)

- top: ~4% (MC)

> 22000F T E Total bkg modeled w/ combined LH fit

S 20000; J'L dt=4.61fb" ? > 1000 _| L B I A L B B B B ]

P 18000~ \5=7 Tev ; \?va\:va/wz = S [ ATLAS _

g 160001~ W opqvaks 0 s00l [Ldt=46f0" ]

C multijet ] —_ — ]

L 14000:— . W/zj+jets B Q N \s=7TeV .
12000 | = % I —— Data |
10000;* . W= v+ 2jets *; _*..cl:.‘J 600— — WW/WZ (Best Fit) ]

8000 =. — LI._ L Systematic Uncertainty |
C e ] © L : i
6000 = = ,
Rl . a 400— W—oiv+ 2 jets n
4000 = ~ = b
. ] L u
2000:— \\w i |
0 00 Ts0 200 250 200~ |

— (Nl ) h

[ E A/,!'?‘ 2 * + i

..Ri- 1,05/ + , "yg:%?é ,f;',éﬂ'//////.‘;;;:;;i;., Srla i

g 1 Lk )8 gﬁ%g? ‘ T 5% + T

0s 50 100 150 200 250 _200_| T ,\ | Lo v |
Dijet Mass [GeV] 50 100 150 200 250
Dijet Mass [GeV]
Measured (tot. comb.) [pb] | 68 +7(stat.)x19(sys.) agreement w/ SM — limits
Theory pred. [pb] 61.1+2.2 on aTGC couplings
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Multiboson cross section

Multiboson Cross Section Measurements  siius: Nov 2015

o™ (r7)[AR,, > 0.4] ATLAS  Preliminary
afid(Wy = tvy)

— [Mjex = 0] Run1 +/s=7,8TeV

afid(Zy - tty)
— [Njer = 0]

o (Wyy = tvyy) I
= [njee = 0]

o(pp»WV-¢rqq)

o (WEWE]) EWK

o°t(pp—>WW)
- o4 (WW-ee) [nje:=0]
— oI (WW—spapt) [mjer=0]
- o (WW-ep) [nje:=0]
- o4 (WW-ep) [nje:>0]

o (pp—o>WZ)

.,h“‘

Theory

LHC pp s =7 TeV

Data
—of(WZ > ever) o Sl syst
ot*(pp—-Z2Z) LHC pp V5 =8 TeV
—o°l(pp>ZZ-4¢) [

- o'(Z2Z - 4¢)
- ofid4(z2Z* - 4¢)
—ofd(Z2Z* - ttvy)

06 08 10 12 14 16 18 20 22 24 26
data/theory
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Summary of aTGC limits

WWy

771, 7yZ

September 2015 CcMS — Mar 2015
Central AELAS : T T [T A LAé L|m| —
Fit Value LEP —— Channel Limits ILdt Vs CMS Prel. lelts —
- ' I [4.1e01,4.6e-01] 46f' 7TeV
—_— wy [-3.86-01,2.9¢-01] 50f" 7TeV fY — 7z -0.015-0.015 4.6 fb™
— ww [21e-01,2.2¢-01] 49fb" 7TeV 4 — 7z -0.005 - 0.005 19.6 fb!
——i ww [1.3-01,950-02] 19.415" 8TeV — ZZ (212v) -0.004 - 0.003 24.7 fo'!
—_— wy [21e-01,22e:01] 46fb" 7Tev — ZZ (comb) -0.003 - 0.003 24.7 fb
— wv [1.1e-01, 1.4e-01] 50fb" 7TeV fZ e 2z -0.013-0.013 4.6 fb™
— DO Comb. [-1.6e-01,2.5e-01] 86f" 1.96 TeV 4 — Y4 -0.004 - 0.004 19.6 fb™
i LEP Comb. [-9.9¢-02, 6.6e-02]  0.7f5" 0.20 TeV — ZZ (212v) -0.003 - 0.003 24.7 fb'!
N — Wy [6506-:02,6.16-02] 460’ 7TeV - ZZ (comb) -0.002 - 0.003 24.7 fb’
! — Wy [5.06-02,3.76-02] 50fb" 7TeV fr _ 2z -0.016 - 0.015 4.6 fo’!
— ww [-4.86-02,486-02] 49fb" 7TeV 5 — zZ -0.005 - 0.005 19.6 fo'
ol ww [2.46-02, 2.46-02]  19.4fb" 8TeV — ZZ(212v) -0.003 - 0.004 24.7 fb
— Wy [3.9e-02,4.0e:02] 46fy" 7TeV = ZZ(comb) -0.003 - 0.003 24.7 fb’!
— Wy [-3.8¢:02,3.00-02] 50f6' 7TeV fZ — 7z -0.013-0.013 4.6 fb"
e DO Comb. [3.66-02,4.46-02] 865" 1.96TeV 5 — 7z -0.004 - 0.004 19.6 fo'!
For LEP Comb. [5.96-02, 1.76-02]  0.7fb" 0.20 TeV — ZZ (212v) -0.003 - 0.003 24.7 fb’!
ol L . Loy R R i ZZ (comb) -0.002 - 0.002 24.7 fo'!
-0.5 0 0.5 1 TGE Limit 1%957 oL ! 0‘ 5 T (‘) PR I -‘I L 1[5 L X1\0_1\
a IMITS o U.L. M- . . p
aTGC Limits @95% C.L.
July 2015 September 2015 MS
t ' b I 7 cMs Prel. Linfits | 1 | S i
LEP —— Channel Limits JLdt s
Ak, [ ww [-4.3e-02,4.3e-02] 46fo" 7TeV
————— ww [-6.06-02, 4.66-02] 19.4fb" 8TeV
Y —_— Zy(lly,vvy 7TeV) -2.9e-03 - 2.9e-03 5.0 b’ wv [-9.0e-02,1.0e-01]  4.6fo" 7TeV
h S — wv [4.3e-02,3.3e-02] 50fo" 7TeV
3 Zy(lty) -4.6e-03-4.6e-03  195fb" S LEP Comb. [7.46-02, 5.1e:02]  0.7fo"  0.20 TeV
— Zy(wy) -1.1e-03-9.5e-04  19.6fb" . —_ ww [626-02,5.9¢-02] 4610 7TeV
-4.86-02, 4.8¢- g
HZ — Zy(lywvy 7TeV) -2.7e-03-2.7e-03 5.0 fo" T ax {252% 33233} ji:t:b-' Qiiz
3 Zy(lly) -3.8¢-03 - 3.7e-03 19.5 fb! —_ wz [-4.6e-02,4.7¢-02] 46fp' 7TeV
- - | - -1
—_— Zy(vy) -1.5e-03-1.6e-03  19.6fb" '—'.—. m {3323§ 33:33 ;:g IE' ﬁZﬁ
hy B — Zy(lty,vvy 7TeV) -1.5e-05-1.5e-05 5.0 fb” P DO Comb. [-3.6e-02,44e-02] 86fb' 1.96TeV
: —— LEP Comb. [-5.9¢-02, 1.7¢-02]  0.7fb" 0.20 TeV
4 Zy(ly) -3.6e-05-3.5e-05  19.51b" o —_— ww com {-3.99,»02, 5A2e-02} 2_6 ftt;" 7TeV
— Zy(vvy) -3.8e-06 - 4.3e-06 19.6 fb! ' b ] ww [-9.5e-02,9.5e-02] 491" 7TeV
7 —_— Zy(ltyvvy 7TeV) -1.3e-05-1.3¢-05 5.0 fb" e ww [4.76:02,220:02]  19.4fb" 8TeV
h —_— wz [5.7e-02,9.3e-02] 46f' 7TeV
4 —_— Zy(lty) -3.1e-05 - 3.0e-05 19.5 fb’! 1 wv [-5.5e-02,7.1e-02] 46" 7TeV
L Zy(wvy) 4.00-06 - 4.66-06  19.6 b —— DO Comb. [-3.4e-02,8.4e-02] 86fb' 1.96TeV
| | L | | L1 L ‘ | L | | | L | | | '—.T‘ LEP Comb. J[‘5-4e’02x 2.1e-02] 0.7 fo'! 0-%0 TeV
05 0 05 1 5x102(h 310 (h) L I L 0 I L L L I L

aTGC Limits @95% C.L. aTGC Limits @95°/2'é.L.
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Summary of aQGCs at LHC

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC

Jan 2016 CMS —
ARG Channel Limits JLat s
fro /A* T i Wryy [-1.6e+01, 1.6e+01] 20.3fb" 8 TeV
NSNSV 1 Wvy [-2.5e+01, 2.4e+01] 19.3fb" 8 TeV
— Zy [-3.8e+00, 3.4e+00] 19.7fb" 8 TeV
o —— Wy [-5.4e+00, 5.6e+00] 19.7fb"' 8 TeV
Limits on 8-D P ssWW  [4.2e+00, 4.6e+00] 19.4fb' 8TeV
Transverse iy /A® — Zy [-4.4e+00, 4.4e+00] 19.7 fb' 8 TeV
Parameters ——1 Wy [-3.7e+00, 4.0e+00] 19.7 fb' 8 TeV
(o ss WW [-2.1e+00, 2.4e+00] 19.4fb" 8 TeV
N —_ Zy [-9.9e+00, 9.0e+00] 19.7fb' 8 TeV
_———— — Wy [-1.1e+01, 1.2e+01] 19.7fb"' 8 TeV
[ i ss WW [-5.9e+00, 7.1e+00] 19.4fb" 8 TeV
fr g /A* ——1 Wy [-3.8e+00, 3.8e+00] 19.7 fb' 8 TeV
frg/A* —— Wy [-2.8e+00, 3.0e+00] 19.7fb"' 8 TeV
fr o IA® ————e Wy [-7.3e+00, 7.7e+00] 19.7 fb' 8 TeV
frg /A® — Zy [-1.8e+00, 1.8+00] 19.7fb' 8 TeV
frg /A® — Zy [-4.0e+00, 4.0e+00] 19.7fo"' 8 TeV
, | | . [ | l . , | | |
0 50 100

aQGC Limits @95% C.L. [TeV™]
. No deviation from SM so far
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VBS Production
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\ﬁ W Wt W+
I
WWjj-Ewk |
/',dt\ w+ Wt w VBS pp > W*W4jj
q q q q

VBS W+W3jj @8TeV

7

, Phys. Rev. Lett. 113, 141803 (2014)

q q q qd q q

/ q q (15t evidence of VBS
r+ diboson production)

I{/+

q q q W
W+ qd W*n*jj Candidate Event
mi=2800 GeV |Ayil=6.3
WWijj-strong ’
W ¢ R ‘
q qd q ‘ : s 5 |
- )

VBS topology :
2 bosons with two high momentum, forward jets
Jets well separated in rapiity

Same charge WWijj scattering (VBS) is a key process to experimentally probe the SM
nature of EWSB

WWijj production process classification
*  Pure EWK WWjj production (VBS contribution)
« Strong + Ewk WWjj production (inclusive)

WxW+ has the best ratio of o(VVjj-Ewk)/o(VVijj-strong)
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VBS W+W3jj @8TeV

- Final states: {xvitv + jj ({=e,p)
« Main backgrounds:
- WZ+2jets , Wy+2jets: estimated from MC

- tt(bar) and single Z production through charge misidentification : estimated
from data

« Systematics dominated by jet energy scale and WZ+2jets normalization

measurement of EW + strong production

o . measurement of EW only
selected with high dl-jet mass

selection enhanced by AY;; cut

> T LANLENLEN N B B T T g w IIIII | LI I T T TT | LU | LU | LI I L | LU | LU | T 17

® ATLAS | e Data2012 1 c 30 7

O j°¥ 203f" 15=8TeV EXI Syst. Uncertainty = o C ATLAS ® Data 2012 7

3 fy W-WHjj Electroweak w - 20.3fb",1s=8TeV BXJ Syst. Uncertainty

2 ; | WEWHjj Strong ] 25— W*W-j Electroweak

L%’ 10 o B Prompt | C m; > 500 GeV ” 7

“"q Conversions 3 - W W ” Strong 4

>,—>j—x " B Other non-prompt 7 o0 i B Prompt -

] _E C —p Conversions ]

g C : B Other non-prompt 1

] 15~ : -

10" n ]

10— _:

2 * Data/Bkg ] C ; ]

5 C |:I Bkg Uncertainty ] C .

5 f %55 (Sig+Bkg)/Bkg | ] 5 ]

[S] L : = —

-— - ‘V’I 0 .\ .\ .\ .\ .\ | | Lol l 1 | ]
8 97300 400 600 800 1000 1200 1400 1600 1800 2000 0 1 2 3 4 5 6 7 8

= of
=< [

m, [GeV]
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VBS W:Wij @8TeV

ATLAS SM aiet =1.52 + 0.1 [fb] ATLAS SM 6\B8=0.95 + 0.06 [fb]
203 fb-1, \JS=8 TeV NLO, POWHEG-BOX, CT10 203 fb-1,\‘ S=8 TeV NLO, POWHEG-BOX, CT10
eet etet
2.0+ 1.5+0.5[fb] 0.4+ 1.0%4.0 [fb]
ei-ui ei-“i
2.1£0.7+0.3 [fb] 1.3+ 0.6 0.25 [f0]
T T .
2.2+0.9+0.2[fb] 1.7+ 0.8+ 0.15 [fb]
Combination Combination
2.1£0.5 + 0.3 [fb] 1.3+ 0.4+ 0.2[fb]
PR [T S TR NN AN TR SO TR N | [N SO T WO (NN T SN TR SO (N SO SR S S N N PN T T A N NN T T ST NN T S B (IR TR TR S T TR S T S S

L L L PR R
0.5 1 1.5 2 2.5 3 315 -1 -0.5 0 0.5 1 1.5 2 2.5

o it [fb] Gy 0]
Theorv [fb measurement
HUEEEUIETIERE (3] (PowhengftLiaS]) significance
Inclusive 2.1 £ 0.5(stat) £ 0.3(syst) 1.5 +0.11 4,5
Ewk-only 1.3 + 0.4(stat) + 0.2(syst) 0.95 + 0.06 3,6

First evidence for EWK VV — VV scattering !
Measurements consistent with prediction
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VBS: WZj) @ 8 TeV

arXiv:1603.02151, submitted to Phys. Rev. D.

> [ aATLas 12 fid 0.14 +0.09
® - ® Data 2012 = e 0.29 7117 (stat.) 77 (sys.) b,
O) - 1s=8TeV,20.3%b" __ gSherpa — 1032 ( W2Zjj-EW= vl —0.12( tat )—0-1 () ) b
e 1 %
= T, e Sherpa WZjji-EW 7 < . .
R Do AT VBFNLO MC Prediction: 0.13 +0.01 fb
S 10_2 egelybelrbelrtet owheg n
< SR s I MC@NLO -
) . WZ - evee |, q q
< 3
- : ] W
103 = . D G [0,00.] WIZARD MC for aQTGC
- erivseritsrto P 45 cross-section contribution
E R ppp used in the fit
e L A ARARERRRRE DA \S-8TeV,2031" 1
8 o S r ATLAS K-n_1atrix ur;itarization T
’a_;) - pp - WZjj ’
n 0.5 T
L - i
o 1 — - )
&U '""':T.'f.'f.'.'.'.'.'.'.':.':.'T.';_‘__-,_.__-,_.__-,_.__-,_-__.,_-__.,_-__.,_-__-,_.__-,_: 0_ i
0 ST e v A i ]
0 200 400 600 800 1000 00 - - B
m; [GeV] OB — o s ct- ] 1
" Bt opeded i
SHERPA is used for the SM W/Zjj-QCD L R R o -
and WZjj-EW predictions 1 05 0 0.5 1
o
4
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Gpp 4 (pb)

20

15

10

< > me

CMS 4l channel
CMS 2I2v channel
ATLAS 4l channel
ATLAS 4l+212v
MATRIX NNLO (qqg+ag+gg)

NNPDF3.0, fixed n=u = M,

MCFM NLO+gg

NNPDF3.0, fixed H=H = M,

I
CMS -

Preliminary
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/Zy @ 8TeV

g: - e Data Y ATLAS  Preliminary ]
105 _F'_ - Z(\'V')Y h =0.0001, A= |r—= -1 —-
> E ] 2o, oM {s=8 TeV, 20.3 fb :
;&:‘; C I v+iets ]
> 10* e wr -
u E [ Weev) E
C B Zevvets ;
103 B zioy E
102 E

10

c d
S 15F E
© C ]
o ]
u>j 0.5k 4 -

130 200 350

E.(y) distributions are used for aTGC limit

1000

E} [GeV]

setting

hy

arXiv:1604.05232, accepted by PRD

ATLAS, lly and vvy, /S=8 TeV, 20.3 fb'
CMS, vvy, (=8 TeV, 19.6 "

CMS, Iy and vvy, {5=7 TeV, 5.0 "'
CMS, Ity {5=8 TeV, 19.5 b

ATLAS, lly and vvy, /s=7 TeV, 4.6 fb”

T T T
ATLAS Preliminary 95% C.L., A=

b b by e Lo n Lunaa Laas

-15 10 -5
x 10” Coupling strength
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ATLAS, Ily and vvy, {5=8 TeV, 20.3 b’
CMS, vvy, {5=8 TeV, 19.6 "

CMS, Ity and vvy, (s=7 TeV, 5.0 fb"!
CMS, Iy, /s=8 TeV, 19.5 "'

ATLAS, Ily and vvy, {5=7 TeV, 46 "'

ATLAS Preliminary 95% C.L., A =0

[ U RS AR
-0.1 -0.05 0 0.05 0.1
x 10 Coupling strength
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aTGCs ZZ @7 TeV, 4.6 fb’!

aTGC contribution not the same across phase-space
Use event yield as function of single kinematical variables.

full 7 TeV result, 4.6 fb-
pr(Z)
m(ZZ) system
Effect of aTGCs most significant
in high pT / mass values

T T 1 1
7z =
fs e e i ——
ATLAS
1 e oy | mmmemeess T eeeencanan
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