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High rate at the LHC
v’ Provides statistic to study inclusive and differential

distributions
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v' Gives important constraints
on the ratio of u and d quark
distributions in the proton

Phys. Rev. D 102 (2020) 092012
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CMS
é $ATLAS Measurement of the W-boson mass
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v" The W-boson mass is obtained from template fits to the

=
§ W — u'v
reconstructed distributions of the charged lepton transverseg B Beckground
momentum and of the W boson transverse mass by ATLAS
collaboration at 7 TeV
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v" The W-boson mass
measurement is compatible with
the current world average of my,
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% OATLAS Z (Differential) Cross Section (1)

* Important information about BSM physics background
W boson mass measurements relies on p¥ spectrum 1 _
« Different approaches to describe p¥ spectrum in different p¥ ranges ~ 0s(¥y) =tanh[(7"—77)/2]
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ATLAS

EXPERIMENT

Channel Measured cross-section X B(Z/y" — £€) | Predicted cross-section X B(Z/y~ — (f)
(value + stat. + syst. + lumi.) (value + PDF + aq + scale + intrinsic)

Zly" — ee 7383+0.2+ 7.7+15.5pb

Zly" - up 731.7+02+11.3+15.3pb

Zly' -t 7362402+ 6.4+155pb 70353 13t 2 pb [72]
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JHEP 12 (2019) 061
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ATLAS and CMS results of cross section measurement are

agree within uncertainties!
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ATLAS

EXPERIMENT

Z Differential Cross Section (ll)

Differential cross sections of the transverse momentum pr, the optimized angular variable
¢@*, n, and the rapidity of lepton pairs are measured by ATLAS and CMS at 13 TeV (2016)
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% ATLAS Drell-Yan Differential Cross Section

JHEP 12 (2019) 059 EPJ C75(2015) 147, arXiv:1412.1115
CMS 2.31b™ (ee) 2.8 fb™' (up) (13 TeV) o
> F YZ = e'e, u 14 L R ' AL R~
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v’ The total cross section measurements are 3x10%<x<1.0and 6x102< Q%<3 x 10°GeV?
presented as a function of dilepton invariant mass
in the range 15 to 3000 GeV v’ The shape of the distribution is defined entirely by

v' The measured differential cross sections are in the Vs and the Bjorken x dependencies of the PDFs,

good agreement with the theoretical calculations since the dependence on the hard scattering cross

(NNLO QCD + NLO EWK) section is canceled out. In the Z peak region, the
expected double ratio is close to 1 by definition.

We observe agreement of the cross section(s) and double ratio
measurement with the theoretical prediction within uncertainties 10




ATLAS

EXPERIMENT

Drell-Yan Angular Coefficients ()

= CMs * Data
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The lepton angular distribution in the Drell - Yan process in the
v*/Z rest frame is expressed by both the CMS and ATLAS
Collaborations (measured at 8 TeV) as:
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where 0 and ¢ are the polar and azimuthal angles of [ (e~ or u™) in the rest frame of y*/Z
(Collins-Soper) and coefficients A, — A, are functions of pZ, Y4, M* kinematic variables.
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between the interacting quarks
26.01.2020 Vladislav Shalaevy, llya Gorbunov; SMP-V 11
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Drell-Yan Angular Coefficients (I1)
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Angular coefficients Ag_7 (Ag—4)
are obtained in bins of dilepton
(dimuon) transverse momentum
and rapidity 80 < MH+H_< 100
GeV by ATLAS (CMS) collaboration
at 8 TeV

v

Lam-Tung relation 4, = 4,
(related with rotation
invariance) violation was
observed

Non —zero coefficients Ag_-
were measured by ATLAS
collaboration

Experimental data of CMS and
ATLAS experiments are in
agreement with each other
and with SM NNLO
predictions, but some
deviations are exist at high pZ
Ap_7 measurements at 13 TeV

are in progress (CMS) >
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= | YATLAS

e A, (ZAFB) sensetive to V-A structure of the
couplings in parity violation terms
e OnlyA, (EAFB) is non-zero at LO QCD at

small pZ

Weak Mixing Angle

* App was used to extracting SinZHéff value by
CMS and ATLAS collaborations

LEP-1 and SLD: Z-pole
LEP-1 and SLD: Ay
SLD: A,

Tevatron

LHCb: 7+8 TeV

CMS: 8 TeV

ATLAS: 7 TeV

ATLAS: eeccHum
ATLAS: ee ¢

ATLAS: 8 TeV

ATLAS Preliminary

ATLAS-CONF-2018-037

. 2]
sin Geﬁ

Fe+ | 0.23152+0.00016
B —e— | 0.23221+0.00029
B i 1 0.23098 + 0.00026
B — | 0.23148 + 0.00033
B | 0.23142 + 0.00106
B — o | 023101+ 0.00053
B . 1 0.23080 + 0.00120
B — e "1 0.23119 + 0.00049
B e |0.23166+0.00043
-~ — "1 0.23140 + 0.00036

023 0231 0232

EPJ C 78 (2018) 701

CMS ) C78 (2018) 70 196 b’ (8 TeV)
m 0.4 LI L | Tl L L
LL |00<|y|<04 |04<|y|<08 |08<|y|<12 |12<|/|<16 [16<|y|<2.0 |20<|y|<2.4 |
R f
02— %

0 ]
-0.2 —]
L 11 |_
= S B I
L oo0sF 4 } =
1 F + N E
S 0§+'++ it ++ +he - H ++..~t+ ++++m++++ <~> Hi Hﬁ
O _gosF =
(] E T T
70 90 110{70 90 110[70 90 110[70 90 110[70 90 110{70 90 110

mg. (GeV)

sin?6; ¢ (ATLAS):

0.23140 + 0.00021 (stat.) + 0.00024 (PDF) + 0.00016 (syst.)‘

0.23101 =+ 0.00036 (stat) + 0.00018 (syst) £ 0.00031 (PDF

sin?6. - - (Global EWK fit):

0.23150 + 0.00006
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ATLAS Conclusions

EXPERIMENT

CMS and ATLAS show an excellent performance to detect different signals and
produced many EWK measurements at 7, 8 and 13 TeV

Precision measurements of inclusive W and Z and di-boson production cross section
with large statistic

Detailed studies of differential cross sections and many observables, like asymmetries
and angular coefficients

W and Z production associated to jets, including Z plus b-jets, studied W polarisation in
W+jets

All ATLAS and CMS measurements are so far in agreement with theoretical predictions
from the Standard model and each other. No new physic is observed

- Theory prediction
L 4 Z CMS 95%CL limits at 7, 8 and 13 TeV

June 2021 CMS Preliminary
o] S
[N R S § 7 TeV CMS measurement (L < 5.0 fb™)
— T T T & 8 TeV CMS measurement (L < 19.6 fb™)
© O @ 13 TeV CMS measurement (L < 137 fb™)

— —
L
o ‘-gl ‘“"":-" 'f'
_:'...‘E‘

RO

—_—
<

102k e

Production Cross Section
)

4
1 0 T T 1 1 I 1 1 1 1 Ll 1 1 1 T T |7 —’IE |E 1 E 'EW 1 1 T 1 T 1 T 1 1 1 L) 1 1 1 T 1
EW "EW fY W EW EwW VBF
W'z Wy zy WWWZ' 22 N bz wez 22z Wy Wer 2t e few T oo few Bw b Dot oWttty 29 1z by W 2?]#?” VVH'VVHAZH ttH' tH HH 14
. EW,Zyy,Wyy: fiducial with W—slv, Z—I, I=e, . Ag,, in exp. Ac
All results at: http://cern.ch/go/pNi7 e Teses R e S e "
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Summary

CMS Preliminary

R IR

— — — —
o O o o
N w S ()
IR IR I

roduction Cross Section, o [pb]
o
T

P
N
o

N

—
<
T ||||m T ||||m T ||||m

—
S
w

September 2019

on je(s)

HEH

I_ﬁ - |
|\\
1

A m 7 TeV CMS measurement (L <5.0 fb)
A R S R S @ 8 TeV CMS measurement (L < 19.6 fb™)
S S S @ 13 TeV CMS measurement (L < 137 fb)
:,gm‘eﬂ:) R -- Theory prediction
mo:o : % Z Z CMS 95%CL limits at 7, 8 and 13 TeV

|
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-I- -I-I- I-I-IM- -

ol sl

.
|
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All resu

qqW gqZ WW qqWyssWWqaZy qqWZqaZZ
EW,Zyy, Wyy: fiducial with W—lv, Z—ll, I=en

Its at: http://cern.ch/go/pNj7

T 7 IWYIZY Www'wz'zz Tew Tew tn—Ew ew Tew Bw Tew !Nwwwwlzw IWWI it ltmltwltmlm 'th'ttZ | ty Tew ! it IQQHEEIVH TWHYZH TttH TtH THH

Th. Ac,, in exp. Ac



ATLAS t — physics. Vtb Measurements

’ -

— q q q W q b
llomeas. b "
. — | “t—chan. . 7
|1'(‘L‘n-'r thl_ || theo . ’W”h|vtd 2 Vt.s| < th "
G[—fhan. b ¢ b / q’ /

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOPSummaryFigures#tt_cross_section

Single top quark productions Assumptions:
has direct access to V,,

(6~ V,2) - BR(t — Wh) =1

CMS Preliminary o ; summary, s = 13 TeV Jun 2021
i i NNLO+NNLL PRL 110 (2013) 252004
Vy has been constrained in all  « V| >> [Vl IVl | | e T A o ]
- - scale uncertainty otal
t-channel and Wt-channel o Pt . uncertainty o+ (stat)  (syst)  (lumi)
measurements = f,=1forthe SM :
— Dilepton ep. e 803+ 2 + 25+ 20 pb
fk':.(l:-t‘;;s);v%”s Preliminary AR c;’:“ from single top quark production September 2013 EPJC79(2019) 368, L, = 35917, 25ns

o, NLO+NNLL MSTW2008nnio
""" bRD 83 (2011) 091503, PRD 82 (2010) 054018, tofal theo
PRD 81 (2010) 054028

Ao, . scale ® PDF Dilepton t+e/p ; —— 781+ 7+62+20pb
My, = 172.5 GeV JHEP 02 (2020) 191 L =359 17, 25ns H
[f, Vil £ (meas) £ (theo)
t-channel: .
ATLAS+CMS combination 7+8 TeV" i 1.020 +0.040 +0.020 )
JHEP 05 (2019) 088 All-jets b—+te+— 834+25+118+23 pb
CMS 13 TeV* . —ti— 1.00 £ 0.08 £ 0.02 CMS-PAS TOP-16-013, L =253 25 ns i
arXiv:1812.10514 (35.9b) : int :

ATLAS 13 TeV" R 1.07 +0.09 £ 0.02
JHEP 04 (2017) 086 (3.2 fo™)

w L+jets o 791
; : + 1+21+ 14 pb
ATLAS+CMS combination 7+8 TeVv" ; 1.020 +0.090 £ 0.040 - - .
JHEP 08 (2018) 08 i—*—‘—'—' CMS-PAS TOP-20-001, L, =137 o™, 25 ns
ATLAS 13 TeV* ) ! ; .t ;114 £0.24 £0.04
JHEP 01 (2018) 63 (3.2f07) :

CMS 13 Tev ‘ [ 0.94 +0.07 +0.04
JHEP 10 (2018) 117 (35.910)

NNPDF3.0 JHEP 04 (2015) 040

JHEP 05 (2019) 088

s-channel:
ATLAS+CMS combination 8 TeV"”  j————jati——— 0.970 +0.150 £ 0.020 I I MMHT14 EPJC 75 (2015) 5
JHEP 05 (2019) 088 : * Preliminary
Il ch I H CT14 PRD 93 (2016) 033006
all channels: i .
ATLAS+CMS combination 7+8 TeV" H-'-H 1.020 £ 0.040 £0.020 ABM12 PRD 89 (2015) 054028

[o,(m,)=0.113]

; including top-quark mass uncertainty

G,..: NLO PDFALHC11 (NPPS205 (2010) 10, CPC191 (2015) 74) | |
s

.

including beam energy uncertainty
1 L

1 1 1 | 1 1 | | | 1 1 1 ‘ | 11 | 11 |
n s o 1 VR R 1!6 —— 1?8 200 400 600 800 1000 1200 1400
IV, o, [Pb] 17

L




C“% $ATLAS Rare decays: B4/B® —puu

SM pred|ct|ons 40:—:MS . Doala 3_61b"(13TeV)‘+-2-C'0ft;;‘:%;’;\?jsfb"(TTeV)
Br(Bs —pupt ): (3.66+0.14)x10° s - Comblornio - Saiesoncis
BF(BO _)MM ): (1.03i0.05)><10'10 _ 30§ High BDT Categories
S 25
T,0 = 1.509 + 0.004 ps 2k JHEP 04(2020)188
Bs R < 0.052 S 20f
Measurements: £ s
Br(B —>up ): (2.69+0.36)x10° op N + *
Br(B® —>up ): < 1.6x1019 SEr, * """ | [t
1. 1—1—0 37 obon s
TBU—>,{L+,U,_ 9 —0.35 ps 49 5 51 52 53 5.[4G %iﬂ, 56 57 58 5.9
8 m,., [Ge
CMS-PAS-BPH-20-003 ; LHCb-CONF-2020-002 ; ATLAS-CONF-2020-049
0.6 ATLAS CMS LHCDb - Summer 2020 06 ATLAS CMS LHCb Summer 2020
Cli_: F /,,- 'Prehmmary' TSI ATLAS ‘ . cli: E ] Prehmmary .
= 05F . S 2011 - 2016 data - CMS - = 05F 2011 -2016 data 3
—_— -,"‘/"-_ ;-“""'-. T - . —_— - ]
I <SS e Il "'LHCb . ! - .
= 04E/ / i < — Combined = 04F ~
= F EE 5
T 03F /[ / = T 03 =
= A 1 = : ]
Q 02F [/ 41 2 02F 3
Q o if i . Q I ]
0.1F§ | = 0.1F =
| | : :
O1 . 5 01 4 5
B(B! — pur) (107) B(B! — pur) (107)

No significant excess from SM predictions are observed! 18




CMS

Anomalous Triple Gouge Couplings

Standard model predictions: cw = cwww = ¢, = 0

.. . . . Ve, Vi
Non-zero c-coefficients could indicate a new physics! ¢
— 0 +
7 AN
CMS _
Sep 2020 F‘fQﬁfl ATlAs — q
alue  [ep - Channel Limits I Lat 5
) :| WW -2 1e+01, 2.6e+01 20.3 fb’! 8 TeV/
Cc. /A ww -2.1e+01, 1.8e+01 36.1 fb! 13 TeV
B | ol ] Wi -g, ga+01 , g.gm—m 19.1 ;b‘} ?J?rvv
— WwW -9.4e+00, 8.5e+00 11y e
I | WV (Ivjj -6.4e+01, 6.9e+01 iﬁs fb’l.'. 7 TeV
} 1 WV (v -3.6e+01, 4.3e+01 20.2 o’ 8 TeV
— wv -1.9e+01, 2.0e+01 20.2 fp" 8 TeV
—_ wv m -agau)m é.ge-;-m 19 Fb; , ?:;I'gi_\a‘v
|—.—| WV -8.8e+00, 8.5e+00 . 3 e
I | EW qaW.qqZ -4.5e+01, 4.6e+01 %g g fg" 13 TeV
> — Wy -1.6e+01, 1.5e+01 461! 7 TeV
IA — Wy -1.2e+01, 9.0e+00 5.0 fb’! 7TeV
CWWW | — | Ww -1.5e+01, 1.4e+01 4.6 fo™ 7 TeV
i WwW -4.6e+00, 4.6e+00 20.3 b’ 8 TeV
| WW -3.4e+00, 3.3e+00 36.1 fiy" 13 TeV
— WW -1.2e+01, 1.2e+01 4.9 fo 7 TeV
ey WW -5.7e+00, 5.9e+00 19.4 b’ 8 TeV
i e shrigRne SR
WZ -1.1e: ,1.1e X 3
H WZ -3.3e+00, 3.2e+00 33.6 b’ g 3 ev
| w2z -4.6e+00, 4.2e+00 19.6 fb’! 8 TeV
H W, -2.0e+00, 2.1e+00 35.9 iy 13 TeV
— We -9.5e+00, 9.6e+00 46 fb 7 TeV
— wv -5.3e+00, 5.3e+00 20.2 b’ 8 TeV
i wv -3.1e+00, 3.1e+00 20.2 fiy" 8TeV
— wv -9.2e+00, 7.3e+00 5,0 fb. 7 TeV
H wv -2.7e+00, 2.7e+00 19 b’ 8 TeV
ol WV -1.6e+00, 1.6e+00 3591b"! 13 TeV
! | EW qq -3.6e+01, 3.2e+01 20.31b! TeV
— EW qqwW -1.3e+01, 9.0e+00 20.2 fb! 8 TeV
H EW qqW,qqZ -2.3e+00, 2.5e+00 35.9 ﬂi“ 13 TeV
—e— DO Comb. -8.7e+00, 1.1e+01 8.6 fb 1.96 TeV
—e— LEP Comb [-1.4e+01, 4.1e+00 0.7 b 0.20TeV
2 — -9.4e+00, 1.3e+01 4.6 " 7 TeV
Cyw IA — WW -5.9e+00, 1.1e+01 20.3 b’ 8TeV
— Ww -7.4e+00, 4.1e+00 36.1 fq“ 13 TeV
—_— WW -2.3e+01, 2.3e+01 4.9 fo 7 TeV
—e— wWw -1.1e+01, 5.4e+00 19.4 1! 8 TeV
H WwW '?'E‘”g?' g-gen-g? 36,1 1y i 3{ T?
: : P wZ -1.4e+01, 2.2e+ 4.6 fo )
WZ -3.6e+00, 7.3e+00 3361 A eV
Contrlbutlons WZ -4.2e+00, 8.0e+00 19.6 fb} 8 TeV
i isite g S by
— -1.3e , 1.Be. : 3 e
from a TGC arc — WV (Ivif -6.4e+00, 1.1e+01 20.2fb" 8 TeV
WV (b -5.1e+00, 5.8e+00 20.2 fp” 8Tev
Wi [Boeee s o HR
-2.0e ,2.7e . 3 =)
not Observed I I EW 4q 536401, 3.00+01 50.2 fo! 8TeV
||_—.|_| EW qgqW.qqZ -8.8e+00, 1.6e+01 35.9 fiy’! 13 TeV
DO Comb. -8.2e+00, 2.0e+01 8.6 fb” 1.96 TeV
| | | , —eH [ | | , LEP Comb. -1.3e+01, 5.1e+00], | o7 o' | 0.20 TeV |

aC summary plots at: http://cern.ch/go/8ghC aTGC leltS @950/0 CL [TeV'z]
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC 19



2| SarLas

35910 (13 TeV)

x10° CMS 35.910" (13 TeV) x10° CMS
AL L L L DL L L B L L L
& ¢ Data @mace 8 400
= W—pnv - - EW Wajets x 30 D:’:""k = Woev
- .EW_W+jets D z+iets < 350
g B w-iets [ Interference d:’
T [ I I MC stat. unc. = 300
L w
250

—_

data / pred

0.
0.

IIIIIIII]II[llllllll[llllllIll[IIIIIIIIII

data / pred

I # lljatla o (] aco

- - EW Wajets x 30 =t quark

W =W Wejets E \Z’Yiets

[ weiets [ interference
[ I = MC stat. unc.

150

JHEP 06 (2021) 003

S

-l

T W=

Agrees with the NLO

p;"iss [GeV]

200 250
sts [GeV]

and NNLO standard
model prediction!

ATLAS
Vs =13 TeV, 139 fo

PPEVEVE \WW + jets
Data
258 * 4 (stat) = 25 (syst) fb

MATRIX 2.0 nNNLO
279 £ 2 (PDF) + 18 (scale) fb

MATRIX 2.0 nNNLO ® NLO EW
278 £ 2 (PDF) + 18 (scale) fb

Sherpa 2.2.2 (0-1j@NLO, 2-3j@LO)*
277 £ 3 (PDF) + 44 (scale) fb

MG5_aMC + Pythia8 FxFx (0-1j@NLO)*
263 £ 3 (PDF) + 16 (scale) fb

Powheg MIiNLO + Pythia8 (0-1j@NLO)*
254 + 3 (PDF) + 21 (scale) fb

* + Sherpa & OpenLoops gg—WW

T I T T T
— Data
[ Stat. Unc.
[ ]Tot. Unc.
# Predictions

| | | I | | | | | | | |
100 150

Integrated fiducial cross-section [fb]

250

|
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d

u

[fb]

do
d Nj ets

d d d d
i oW z d z
W d w
d u w u

2o (Wii) = 6.23 £ 0.12 (stat) = 0.61 (syst

Data/MC Data/MC

=

=
[

4
o
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o
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NLO pQCD Stringent Tests: V + jets, VV+jets

EPJ C 80 (2020) 43
W + 2jets

{

)

anti-k, (R=0.4) Jets
| p’T>30 GeV, mi|<4.7
C 1

35.9 b (13 TeV)
I

" ZZ =+ j etS —+— Unfolded data + stat. uncertainty

- Stat. © syst. uncertainty
PSR AR mR R

i % MGS5_aMC@NLO+MCFM+Pythia8 ]
:_ &\\\\ Powheg+MCFM+Pythia8

- CMS

E- MG5_aMC@NLO+MCFM+Pythias.
F——e——

0 1 2 >3
PLB 789 (2019) 19-44



CMS . . .
%\ ATLAS  Drell-Yan Differential Cross Sections vs M;;

PAS-SMP-20-003
CMS Preliminary 363107 (13TeV) CMS Preliminary 36.3 0! (13 TeV)
) ) 7k o 08 - 4 aMC@NLO
v" The double differential s T SMCENLO | O e + ArToMiDe
N7/ “ CASCADE = = o9, 4 CASCADE
cross sections of the Drell- § o . © Geneva Tl . & Geneva
Y I + . d t ol S =% ¢ Measurement E ézn -4~ Measurement
an lepton pair production, =4 e S ol .
. S o P
as a function M, p¥, @Qypare Lo g‘gg o %2
o° 0.2 a
measured up to M;; = 1000 ? 106 my < 170 GV ‘3’**
GeV EELE’EE = E— S p——
v’ Measurements are 5[8 1 ook
c £l80.750 swustcal QCD scale (@ PDF @ ot unc.
compared to state-of-the- § = Nli:s::num::e T
art predictions based on +120.757 Statistical -GBQCDscaIe e PDF@asunc %gmo_m% ssssssssse
. [E1.25F I Statistical M@ QCD scale C_J@ TMD unc. | =|20.75}; mmNOQED g
perturbatlve quantum :% %1.0{)? W//// - ‘5‘1.253_ -Staﬂsﬂcal -Ie QCDscaIe [J:IEB TMD unc.
chromodynamics including Eém | P I——— = e
soft gluon resummation o Siateical 6 OCD soae @ resum o BT i i
s E T = J - ‘51‘253_ Statistical W ¢ QCD scale @ resum. unc.
S[21.00p% 2 Dot A 1 g, f o
82 Tk et gz 2|5 1.00¢ o
l§0-75; L N y :5_%0‘?5:— -
10° TR 100 = #"“;(‘,1 i
©7 pr(e?) [GeV]

v'The DY double-differential cross sections and double ratio measurements presented here can
be used to impose constraints on the quark and antiquark PDFs in a wide range of x
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ATLAS W Charge Asymmetry and Branching

CMS Preliminary 35.9 fb” (13 TeV) CMS Preliminary 35.9 b (13 TeV) —
2300 T T T T T [ T = AR EaEaE e o e e ud — W‘l‘ {@ @
=N -4~ measured W Sy £2.1800 \
=2200! |B@aMC@NLO — — _ % G'
g £ PDFs ® o plT € [26, 56] GeV 51700 du % \4 V B
3 S 1600 .

1500 A(n) = Ty — 9y
1400 (n) = ot oo
—+- measured ] ) Ui Ui )
1300 Bacan 6. 56)Gev v’ Gives important constraints
PDFs ® ag| Py €140, e .
R ‘ L T on the ratio of u and d quark

distributions in the proton

: ¢
= > Also done by ATLAS at 8 TeV
Q o] .
S T T T R e T in muon channel
0 02040608 1 12 14 16 18 2 22 24 "0 0204 06 08 1 12 14 16 18 2 22 24
gen lepton | gen lepton | (EPJ' c79 (2019) 760)
CMS Preliminary 35.9fb™ (13 TeV) CMS Preiiminary 35.9f " (13TeV)

E\ 24 III||I|||I||II||III‘III‘III‘III‘III‘III[III[III-
"g 322 ~+- measured : gmg LU (68%/95% CL)

. . “ LEP
E 02 =:“;‘F’§@gi° v Measured leptonic and Wosev, | (10850109 e L
S 018f inclusive hadronic decay
()
o 0.16 i i o+ = (10.89 £.0.08% |
S o14f P} <120, 561GeV Eramh'”g fractions of W B Eoresem
c oson —

0.12

. . . W— (10.94 £ 0.08)%
0.1 v’ Precision is better than for =~ "
0.08 ' the LEP results
006 III|III|III|III|III‘III‘III‘III‘III‘III‘III‘III
. 0-02 III|III|III|III|III‘III‘III‘III‘III‘IIIIIIIIIII / Results Support the
£ 0.0t ;
¢ hypothesis of lepton Wos1v,{ (077s0211%
o 0 . .
-8 _004 III|IIIllllllllllll‘lll‘lll‘llTTTl 1 ‘ 111 | 111 | 111 unlversallty for the Weak ¥
“0 02040608 1 12 14 16 1.8 2 22 24 . .
interaction 0100  0.105  0.110  0.115 0120  0.125  0.130
gen lepton n| Br(W — &v)

Phys. Rev. D 102 (2020) 092012 PAS SMP-18-011 22



ATLAS Multi-boson production

= EXPERIMENT
s — e Challenging analysis, benchmark for
3 [ ATLAS ¢+ Data 2015+2016 p
0 F = S | syst. uncertain E
SR Y By | MWW search
s 10F Bl Powheg Boxrtenges, ke1.13° 3 e Limits to anomalous WWy and WWZ
-E.g 1?’#% - Kﬁﬁh?;:e€;+glggaw k=1.7 _5 COU plings Set
104;_ g _;
E - E T T T I T T T T Eg T T T I T T T T I T T T T I T
102k 4 eee | 1.07+0.08 e
: ] ATLAS
10°F, - = {s=13TeV, 36.1 b
1;: E fid pee | 099+005 —+—@=tH— Wz
e fid =1.47+0.05 (Stat-) ellL | 1.0120.07 —l—-*——|— ¢ Data
) i == MATRIX, NNPDF3.0
W-Z-l'vet 1 MATRIX, MMHT2014
* 002 (SySt‘) MUK | 1.06 +0.06 -:-:-——.—l— ..... MATRIX, CT14
______ il —— Sherpa222,
_ . i NNPDF3.0
g = (379.1 £ 5.0 (stat) + 25.4 (syst) + 8.0 (lumi)) fb combined | 1052 005 L
T T T 1 L 1 I 1 1 1 1 E; 1 1 1 I 1 1 | 1 I 1 1 1 1 I 1
0.9 1 1.1 12 1.3

ATLAS  Eur. Phys. ). C79 (201

- ﬁd_ théory
pp — etVl,l;V /s =13 TeV, 36.1 ! Eur. PhyS. J.C79 (2019) 535 GWiZ/ GWiZ

Multiboson eee | 1644013 : -
i ATLAS
production E
Lee 1.47 £ 0.10 —e 5= 13 TeV, 36.1 B
measurments are :
® Data

well described  ew| 143010 " — MATRIX, NNPDF3.0
z or CT14

Data 2015+2016
379+ 5 (stat.)*+ 27 (syst.) fb

MATRIX NNLO (incl LO gg— WW)
357 + 4 (PDF) 20 (scale) fb

MATRIX NNLO + NLO gg— WW H
368+ 4 (PDF)+ 20 (scale) fb with NNLO | ... o, MATRIX, MMHT2014
standard model I POF uncertanty
(MATRIX NNLO + NLO gg)® NLO EW .
347+ 4 (PDF)i 19 (scale) fb pred |Ct|0n | combined 1.47 £0.05 i-——.—f
T R T T T B T T T BT R T | b Lo bbb Lo Lo L aa by
200 250 300 350 400 : SO oo

Integrated fiducial cross-section [fb] 0{,&2 | oWy 23



Production of Three Massive
Gauge Bosons

e Triboson final states are among the least-

ATLAS

EXPERIMENT

. Significance
known SM processes due to their small Decay channel Observed Expected
production cross sections )

Th f d | b WWW combined 320 240
. e pre§ence of quadruple gauge boson WWW — £vlvaq 4.00 170
interactions can be probed through VVV WWW —s evevly 1.00 2.00
production WVZ bined 39 2.0
. . . . (e combpine L o
First bservation t?y ATLAS with 5|g|n|f|cance WVZ — tvqqtt 0.50 1.00
4.1 standard deviations at 13 TeV! WVZ — tvEvel]qqllee 350 1.80
Observed by CMS as well (PRL 125 (202) S— bined 41 31
combpine A0 Ao
151802)
3 500F arias rroiminary o Datn | WGt 98] B " F mrr s mer o e | oot oo L W
g :E=131a$IT£ag‘ ;"“"Z Egc‘“fr‘ﬁ"_‘ 1 2 E?Ergi‘r::"g;?‘ ;'Rra;:m Emﬁgﬁ:":"—'ﬂﬂﬁ A, Zr
T [sra @Oher 7 Uncertainty & soofgra e B ety N L
2 400 post i " Pre-Fit Bkgd. 1 2 [rosen ot Y i
E N L% av0f- ] . W

.  O—— ————
& 12 . - E . .
3 0 i e £ B Contributions from a
] =
a8 n-n 20 40 B0 80 100 120 140 180 OO TGC and OGC are not
. [Gevl observed!

PLB 798 (2019) 134913
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CMS
= YATLAS 4 Lepton Processes

Region
a R R o Full Z->4l  H-4l  Off-shell ZZ On-shell ZZ
Z U ¢ 0000 ) Measured 88.9 2.1 4.76 124 493
€ ' )\ o+ fiducial +1.1(stat.)  +0.7 (stat.)  +0.29 (stat.) ~ +0.5(stat.) ~ +0.8 (stat.)
e et cross-section +23 (syst.) 1.1 (syst.) +0.18(syst.) +0.6 (syst.) £0.8 (syst.)
z /4 & N [£b] +15(lumi) +04 (lumi) +0.08 (lumi) +0.2(lumi) 0.8 (lumi.)
a i e +30 (total) +1.3 (total) 035 (total)  +0.8 (total)  +1.3 (total)
SHERPA 86+5 23.6+15  457:021 115207  46.0£2.9

POWHEG + PyTHIAS 8345 21.2413 4.38+0.20 10.7+0.7 46.4+3.0

g
7 B
e W2, © '« Measurements can be used to set limits on variety of
o BSM models

* Measurements are performed as functions of kinematic
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