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Overview

« Electroweak (EW) sector with ATLAS: some recent
results

* Electroweak production of (multiple) vector bosons

» focus on massive vector bosons
* Precision measurements from Z decay

« W Mass measurement: separate talk by Fabrice Balli
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Why Electroweak physics in ATLAS?

* Precision Electroweak (EW) measurements in pp collisions

* relevant for Standard Model (SM) results

» even when less precise than in e*e

* sensitive to underlying QCD / PDF
* Direct test of SM through search for anomalous couplings

« Backgrounds for Higgs physics and beyond the SM searches
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MULTI-BOSON PRODUCTION



Vector boson associated production:
towards higher precision...

* Diboson
production

 "Vector Boson
Fusion’ (VBF)

* Vector Boson

Scattering’
(VBS)

* Triboson
production

Ref. Standard Model public results
and references therein.

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
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Standard Model Production Cross Section Measurements
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Vector boson associated production:
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Vector boson associated production:
towards higher precision...
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production
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Diboson production

Well measured at 7/8 TeV:
« WW, WZ, ZZ: leptonic and semi-leptonic decay channels

) 8 103:_ ATLAS Prellmlnary » B

First 13 TeV results: § [ mmew ]

[&) - easuremen .

* early WW and WZ 5 T :

N B NNLO+NNLL T

> 3.2 fb! data s | N i—

differential ZZ S _ T

S 102 P “ NLO+NNLL —

» 36.1 fb"! data 3 Uf 2 :

5 B I X~ NNLO % ]

T L pp—1qg X -

° - pp — WW _

Generally good = ~ _

agreement with SM - }i T Sessmonn 1

o 4 pp —

prediction oL )

- NNLO .

Standard Model public results : oz IZ
and references therein. 4 6 8 10 12 14

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults Vs [TeV]
29/05/18 Margherita Spalla - CIPANP 2018 6



Ajb/( Latest diboson measurements

PI«gs Lett. B 773 (2017) 354

© W*W- > uvev,

* About 10 deviation from SM at

8 TeV

« 13 TeV data compared with
more precise simulation.

o ZZ > ¢ (+ any jets)

» Differential cross section in 20

observables

Sensitivity to PDF and QCD
« Towards measurement of ZZjj

from EW VBS.

*  No significant discrepancy with
SM emerges from 13 TeV

results

* Still room for modeling

Improvement

29/05/18
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VBF Zjj/W|j

A vector boson (W or Z)

associated to forward-backward

jets

EW production interferring with
larger QCD production
* EW contribution larger at e.g.
low activity in central region
» no color flow in EW
large jet-jet mass

Tipical approach:

* Fit simultaneously EW and QCD

contribution

« Control region used to rescale

QCD W/Zjj to data

Effect of interference term
treated as systematics

Found to be at percent level

C(r‘nr e et
ra region|

.j@t 7

Beam

EW contribution

q

eT,

S]]
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VBF Zjj/Wjj

* A vector boson (W or Z)
associated to forward-backward
jets

«  EW production interferring with
larger QCD production
* EW contribution larger at e.g.
low activity in central region
» no color flow in EW
large jet-jet mass

 Tipical approach:
* Fit simultaneously EW and QCD
contribution

« Control region used to rescale
QCD W/Zjj to data

Effect of interference term
treated as systematics

Found to be at percent level

Events / GeV

Data / Prediction

Centra] reg: I
1tral 1()glOnI

jet 2
Beam

[ [ [ [
ATLAS {s=8TeV, 20.2 fb'

102 Wijj signal region ® Data E_
M EW Wj =
I QCD Wijj .
10E Top quarks 3
= I Multijets 3
15 Zjj and dibosons—i.
= %% Uncertainty 3
10" E
102
107
E
1.5 —
1le , 20X
0.5 . o
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
M. [GeV]

i

Eur. Phys. J. C77 (2017) 474
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VBF Zjj/Wjj: recent results

Zjj: first measured at 8 TeV, repeated at 13 TeV (3.2 fb1)

7+8 TeV Wjj recently published. Eur. Phys. J. C77 (2017) 474
. . . . 5 J 1T T ‘ T T ‘ T 1T ‘ T T \_‘ T T ‘ T T -\1 | 1T L
* Include differential cross sectionin 2 ;oL PG TG GODAEW)-
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Anomalous Gauge Couplings: tl«e

W\eanmg
« Triple (Quartic) Gauge Coupling /" | ;
q ARG -
* Particles beyond the Standard Model N j
might contribute through loops. 2 2
> Anomalous Triple / Quartic Gauge =~ Phys Rev. D 97 (2018) 032005

ATLAS \/“ 13TeV 36.1fb"

Couplings (aTGC / aQGC)

* Would increase production rate at high
energy.

10%%

.

2L _ _ SM stat. & syst. uncertainty |

+ +

VA A AL A

10"k B g9 22 i
pp — ZZjj (EWK)

Il Non-ZZ background J
SM +aTGC, f;' = 0.0038

Eo e —— SM + aTGC, 4
Pttt f{ =0.0038, f = 0.0033

» Parametrized with model independent ) e ——— |
method (e.g. Effective Field Theory)

Events / GeV

 Limits on the parameters from fit to g e
most sensitive variable P
- mass, leading object’s p, etc. ° 0 mee pr 2 [GeV]
g J T. aTGC Z
L = £5M+ZA2 /(dim 6) +Z ;(dim 8)

aQGC
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aTqC

* Three bosons couplings: accessible by diboson and
VBF analysis

e First 13 TeV results from ZZ = ¢7¢-¢*¢- and WZ > £véf

cMs —
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\l o o
o ¥ Processes involving four boson
interaction: VBS WW?|j w

S - ]

arXiv:1611. 02428v2.
* Two leptons of same charge and two  —— o
ATLAS SM Prediction (NLO, POWHEG-BOX, CT10)
fO rward-backward JetS 2r0.3 fb! 0, =1520.11fb
. s=8TeV
® QCD and EW contrlbutlon lnc(usive Measured cross-sections
— o - €7
22+16=+061f
 Cross section measured i‘g"‘éﬁca"ge‘ = . S o 0et
. . Observed 4.50 -
* Both inclusive and EW = . ' D 0r0zm
- . » Expected 3.10 .
* Large, statistically dominated | " evonroan
uncertalnty 05 1 15 2 25 3 "3.'5'"'A'ff'd' 45 [fb]s
. . . .« . o'nc
« aQGC limits: improved precision .
ATLAS SM Prediction (NLO, POWHEG-BOX, CT10)
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3 C ]
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N . .
«**  Processes involving four boson

interaction: WWy/WZy

- WWy > evuvy : cross sectionf\ Eur. Phys. J. C 77, 646 (2017)

measurement evuvy
* Significance 1.4 ¢ Thg = 12 £09(stat) + 0.5(syst.) b
Theoretical prediction: 2.0 £ 0.1 tb

= Upper limit for WWy/WZy = tvjjy

° 2to 5time larger than SM cross Confidence Inervals at 95°% CL. [ Observed [l Expectec
section fuo /A [ATLAS ™~ ™ o mmm | Ns=8TeV,202M"
Fu /A% mr— Arp=1TeV.
| N S — N =2 118
[ ) Al | Ch a n n e |S CO m b I n ed fo r a QG C f",\:’i /A4 _ .................. ...................... ._ ...................... . .................. —
Sea rCh fM,4 /A4 _ ,,,,,,,,,,,,,, e — ,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,, ................. ]
. . ZEEISN I R | — B
* Results consistent with SM 7R R — |

\ M,!7 /A (I ..................... ..... Ry N
99@ Observed Expected  SM Prediction fro/A*| L] W)z
RS S— J— T —
\\W\ limit [fb]  limit [fb] O theo [1D] fri/A EX A — - ’

fra/AL B —— T '
evjjy 10 16%¢ 2.4 +0.1 ’;T,s ;2; R — —— _—
Wiy g 10f§‘ 59 4 0.1 f;,:‘ N — i — A— 6§O><1o3
.. +3.4 -60 -40 -20 0 20 40
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PRECISION MEASUREMENTS FROM
Z DECAY
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* Semileptonic channel.
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triggering events

* Maximum likelyhood fit to variable
sensitive to T polarization
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N
20 C
¢** 1 polarization from Z->tt

!\'f Observed: P. = —().14

H+

0.02 (stat) + 0.04 (syst)
SM: P. = —-0.1517 + 0.0019

* First LHC measurement

: arXiv:1709.03490
* Precisely measured at LEP

2500 e e D™ i
. . S - [] others 7% Uncertainty (total) ]
* Semileptonic channel. 2 5000l E
_ £2000F | -
* One leptonic tau needed for e :
. . L - ATLAS -
triggering events 1500 | Vs=8Tev,2021b" =
B Signal region, TuThad channel 7]
_ . . ' 10001 -
* Maximum likelyhood fit to variable - ]
sensitive to T polarization 500 .
0_ —rt—TrTT Tt =
. . ! [ [ [ [
* Still much less precise than LEP & 141
) ) p 8 1 ///b////‘///y//)///,3///ﬁ///‘///)///g//)////’///(///(/W//WM/V///
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Conclusions

+ Electroweak studies in ATLAS go towards higher

precision measurement and more rare processes.

+ Can provide significant input to precision SM
constraints.
* And insight into non perturbative QCD.

* Direct test for deviation from SM (anomalous
couplings) found no evidence of beyond the SM
contribution.
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EW and QCD contributions in VBF

q
QCD contribution
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aTGC limits for WWZ vertex

» From: WZ = fvif Analysis paper: ATLAS-CONF-2016-043

cMs
Jan 2018 Cenvtal  ATLAS
Fit Value DO . 2
LEP ° Channel Limits [ Lot s
A — ww [-4.3e-02, 4.3e-02] 461" 7 TeV
KZ — WW [-2.5e-02, 2.0e-02] 20.3fb" 8 TeV
—e—r WW [-6.0e-02, 4.6e-02] 19.4 fb' 8 TeV
I | WZ [-1.3e-01, 2.4e-01] 33.6fb’ 8,13 TeV
I | WZ [-2.1e-07, 2.5e-01] 196" 8 leV
e — wv [-9.0e-02, 1.0e-01] 46fb"’ 7 TeV
— wv [-4.3e-02, 3.3e-02] 5.0 fo 7TeV
— wv [-4.0e-02, 4.1e-02] 231fb"’ 13 TeV
—e— LEP Comb. [-7.4e-02, 5.1e-02) 0.7 fb" 0.20 TeV
—- wWwW [-6.2e-02, 5.9¢-02) 461" 7TeV
7"2 — ww [-1.9e-02, 1.9e-02] 20.3 fb" 8 TeV
— ww [-4.8e-02, 4.8e-02) 4.91fb" 7 TeV
o WwW [-2.4e-02, 2.4e-02] 19.4 1 8 TeV
A wz [-4.6e-02, 4.7e-02] 4.6 fb’ 7 TeV
H wz [-1.4e-02, 1.3e-02] 33.6fb’ 8,13 TeV
— Wz [-1.8e-02, 1.6e-02] 196f0" 8TeVv
— wv [-3.9e-02, 4.0e-02] 46fb" 7 TeV
— WV (Ivjj) [-2.2e-02, 2.2e-02] 20.2 b 8 TeV
H WV (IwJ) [-1.3e-02, 1.3e-02] 20.2 o 8 TeV
— wv [-3.8e-02, 3.0e-02] 5.0 fb”" 7 TeV
H WV [-1.1e-02, 1.1e-02] 19 fb™ 8 TeV
— wv [-3.9e-02, 3.9¢-02] 231fb" 13 TeV
H VBF Z [-1.0e-02, 1.0e-02] 35.9 fb 13 TeV
—e— DO Comb. [-3.6e-02, 4.4e-02] 8.6fb" 1.96 TeV
—eo— LEP Comb. [-5.9e-02, 1.7e-02] 0.7 fo” 0.20 TeV
A Z — wWw [-3.9e-02, 5.2e-02) 461" 7 TeV
g, — ww [-1.66-02, 2.7-02] 203 fb" 8 TeV
| WW [-9.5e-02, 9.5e-02] 4.9 b’ 7 TeV
—o—| WW [-4.7e-02, 2.2e-02] 19.4 fb" 8 TeV
_ w7z [-5.7e-02. 9.3e-02] 46fh! 7 TeV
— wz [-1.5e-02, 3.0e-02] 33.6 fb" 8,13 TeV
— Wz [-1.8e-02, 3.5e-02] 19.6 fo’' 8 TeV
e | wv [-5.5e-02, 7.1e-02] 4.6fb" 7 TeV
— WV (Ivjj) [-2.7e-02, 4.5¢-02] 20.2 fb’ 8 TeV
— WV (IvJ) [-2.1e-02, 2.4e-02] 20.2 fb’ 8 TeV
— wWv [-8.7e-08, 2.4e-02] 19 fo! 8 TeV
—_ wv [-6.7e-02, 6.6e-02] 23fb" 13 TeV
— VBF Z [-3.5e-02, 4.2e-02] 35.9 b’ 13 TeV
—e— DO Comb. [-3.4e-02, 8.4e-02] 8.6fb’ 1.96 TeV
\ | | , e . . , LEP Comb. [-§.4e-02, 2.1¢-02] | 0.7 fo" | 020 TeV |
For this and other summaries: . o
aTGC Limits @95% C.L.

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC
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Leptonic WZ at 13 TeV

ATLAS-CONF-2016-043
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