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Introduction

Multiboson production

@ Tests of the electroweak sector
o Tests calculations in perturbative QCD 7’

o Search for new physics at the TeV scale

Plethora of ATLAS measurements:
o Regular p — p events: a g wt
> (ZZ/H/Z —) 41 differential measurement [arXiv:2103.01918] 5 wH+
» WW(— eu)+ > 1 jet differential measurement [arXiv:2103.10319]
> Z~ differential measurement [JHEP 03 (2020) 054]
> ZZ+2 jets observation [arXiv:2004.10612]
@ Photon-photon interaction:

> vy — WH W~ observation [Phys. Lett. B 816 (2021) 136190]
> Forward proton scattering in vy — /7/~ observation
[Phys. Rev. Lett. 125, 261801 (2020)] 5

Analysis presented today:

Combination of SM searches and precision measurements with few BSM interpretations
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https://arxiv.org/abs/2103.01918
https://arxiv.org/abs/2103.10319
https://arxiv.org/abs/1911.04813
https://arxiv.org/abs/2004.10612
https://www.sciencedirect.com/science/article/pii/S0370269321001301
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.261801

4/ differential measurement: Introduction [arXiv:2103.019189]

doidm, [fb/GeV]

Prediction/Data
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1+ X=gg - 4H+H - AHVVV+TV(V)]

> Single Z production  [60-100 GeV]
» Higgs production [120-130 GeV]
» ZZ on-shell production [180+ GeV]

@ Remaining ms; dominated by ZZ off-shell

s logarithmic for m

ATLAS p-val (Sherpa)=0.22 ~4= Data' 3
L{s=13 TeV, 139 fb* p-val (Powheg)=0.09xxx% Powheg qq- 4l + X
sy Sherpa qq -4l + X 3
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@ 4/ Final state dominated by 3 main processes based on the my;:

<— Four regions based on the my,

o Large number of
differential distributions, e.g.:

12 .34
> mi2, M34, p1, P1
> AyPairsaA¢pairs

@ Vast majority dominated by
statistical uncertainties

7))

H(*)

Z(*)

AL

£l

07-12.06.2021

[+

3/14


https://arxiv.org/abs/2103.01918

4/ differential measurement: Results [arXiv:2103.019189]

@ Bayesian unfolding to particle level,
pre-unfolding efficiency correction for each of the four leptons
(minimizes dependence on SM description of lepton kinematics)

@ Measured fiducial cross-section in agreement with predictions

Region
Full Z -4 H — 4¢ Off-shell ZZ On-shell ZZ
Measured 88.9 22.1 4.76 12.4 49.3

fiducial +1.1 (stat.)  +0.7 (stat.)  +0.29 (stat.)  +0.5 (stat.) +0.8 (stat.)
cross-section +2.3 (syst.) +1.1(syst.) +0.18 (syst.) +0.6(syst.) 0.8 (syst.)
[fb] +1.5 (lumi.) +0.4 (lumi.) +0.08 (lumi.) +0.2 (lumi.) +0.8 (lumi.)
+3.0 (total)  +1.3 (total )  +0.35 (total) ~ +0.8 (total) ~ +1.3 (total )

SHERPA 86+5 23.6x1.5 4.57+0.21 11.5+0.7 46.0£2.9

POWHEG + PyTHIA8 83+5 21.2+1.3 4.38+0.20 10.7+0.7 46.4+3.0

@ Most precise Z — 4/ BR measurement:

B(Z — 41) = 4.41 4+ 0.13(stat.) & 0.23(syst) & 0.09(theory) + 0.12(/lumi) x 10~° J

Filip Nechansky (DESY)
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https://arxiv.org/abs/2103.01918

4/ differential measurement: BSM interpretation [arXiv:2103.019189]

ATLAS
E:13 TeV, 139 fb-l Expected 95% CL
Coeff. Observable Draw Scale
Cu  May T x 10
Cup  Mas
Caws  Mae
Cug Pryy x0.01
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@ m, : *o1
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| | !
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only linear term
Observed 95% CL

Obs. 95% interval
[-0.0090, 0.014 ]
[-0.63,0.28]
[-0.29,0.13]
[-3.0,18.0]
[-1.6,6.2]
[-0.76,0.21]
[-0.19,0.57]
[-051,0.12]
[-1.1,0.46]
[-0.15,0.54]
[-0.98,23]
[-27.0,100.0]
[-0.36,0.64]
[-1.4,3.0]
[-18.0,130.0]
[-17.0,71.0]
[-0.17,0.51]
[-4.1,055]
[-0.051, 0.098 ]
[-0.77,1.4]
[-067,1.2]

< Limits on 22 Wilson coefficients of 6-dim SMEFT

(both linear and full model, give vastly different limits!)

B-L spont. breaking, predicts exotic Higgs h» and Z’,

limits on masses |
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https://arxiv.org/abs/2103.01918

WW+ > 1 jet measurement [arXiv:2103.10319]

First detailed study of WW+jets!

o Sensitive to NLO EW corrections

o Dominated by qg — WW, tt dominant background

@ Paper provides large number of differential quantities
and comparison to various generators (MATRIX, SHERPA, ...)

e, me, > 85 GeV
(suppresses DY and Higgs)

10

E ATLAS
Vs=13TeV, 139 fo*

PP — €UV

- '“"wwwahwww

1y

fue

"
Data and Stat. Uncertainty
Total Uncertainty

Sherpa 2.2.2*
MG5_aMC+Pythia8 FxFx *
MINLO#Pythias *

H10°
MATRIX nNNLO [ NLO EW.

*plus Sherpa+OL gg ~ WW

JitE

o
<

@ Data-driven tt based on yield
in 1/2 b-jet control regions:

_ \2
Ny +2Ng )
Ntf _ &( 15 2% _ Ntt' _ Nrt'
o=y e N
2

10

Prediction/Data
I

1'2 j " |
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@ Unf. of many kinematic variables, e.g.:

> pr of the two leptons, p3, me,
lead . jet
> pr oY, Nigr, Hr

0
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.
107
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https://arxiv.org/abs/2103.10319

WW+ > 1 jet measurement: Cross-section and BSM interpretation [arXiv:2103.10319]

T Measured cross-section:

ATLAS

aodiniadd B ine 258-+4(stat.)+25(syst.) fb
3 Predictions

I2)5aéa* 4 (stat) + 25 (syst) fb
MATRIX 20 aNNLO < consistent with SM prediction
279 + 2 (PDF) = 18 (scale) fb

MATRIX 2.0 NNLO [ NLO EW
278 + 2 (PDF) + 18 (scale) fb

o Limited by jet calibration
and background modeling

Sherpa 2.2.2 (0-j@NLO, 2-3/@LO)"
277 + 3 (PDF) + 44 (scale) fb

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

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

[ Sherpa & OpenLaops gg - WwW | ATLAS — 68%CL
00 150 Z00 250 300 (s=13TeV,139fb* o 95% CL
Integrated Ttucial crose-section [tb] PP — SV | — Linear

—— Linear + Quadratic

BSM interp. for p* I > 200 GeV

jet > 3
@ 6-dim SMEFT for the anomalous triple gauge coupling (aTGC) Pr > 30CeV

o Limits on the Wilson parameters cy —
(both linear and quadratic interpretation, quadratic terms have
sizeable effect = higher orders and the dim-8 interference
terms cannot be ignored ) e T e Y
Cy/A? [Tev?)
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https://arxiv.org/abs/2103.10319

Z~ measurement [JHEP 03 (2020) 054]

o Goal: measure Z(Il)y with initial state photon
= my + myy > 182 GeV excludes Z — Il — Iy
o Background from pile-up:

> ~ and /I from different p — p interaction o ee/up, my > 40 GeV
H _ H 0,
> estimate through data-driven method, several % o my + my, > 182 GeV

Phase-space

o Limited by instrumental uncertainties and by background from
mis-identified jets

L L e e T E T E
ATLAS 8 E ATLAS E
- . . . * — -1 -
Z(~lly Vs =13TeV, 139 0" Several kinematic variables i 10k E_ 1"3 TeV, 139 fb™ |
Data 20152018 (sta) i (o) unfolded to particle level: “e E (=lhy 3
533.7+ 2.1(stat) + 15.4(syst+lumi) fb v C |
MATRIX NLO (incl EW Zyjj) e ET’ |77’7|r m(”’Y) =3
444.2 1 J(scale) + 9.8(stat+C__ +PDF) fb 3
18.0(scale) (stat+C,,  +PDF) ° PT(”'Y)v A¢(/l, ’Y) B
MATRIX NNLO (incl EW Zyjj) [T =S Sherpa NLO 7
518.95(scale) £ 121(stat+C,  +PDF) b %2 Sherpa LO =
MATRIX NNLO x NLO EW (incl EW Zyjj) A o ~—— Madgraph NLO 3
513,5?:;(51:3&)111,3(s!at+cmewaDF)'h Measured cross-section: - e Data T
MATRIX NNLO + NLO EW (incl EW Zyjj)
5183} (scale) £ 11.3(statsC, __ +PDF) fb i3§; 4:|(: 2:')(Sj:at9) 1 (I ) b §
.4(Sys - umi = =
I R BT I W Y B E
250 300 350 400 450 500 550 o E L L P
2 5 10 20 50 100 200 500 1000
Integrated fiducial cross-section [fb] pY [Gev]
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https://arxiv.org/abs/1911.04813

Vector boson scattering (VBS in) ZZ + 2 jets

EW:
q/
o Presence of Higgs cancels out VBS divergences in the SM:
fundamental test of electroweak symmetry breaking ;
o Also sensitive to anomalous ZZ — ZZ coupling
@ Pure EW (no color-flow between protons/quarks)
o Background from QCD production QCD:
o EW VBS large rapidity separation and invariant mass of the two jets _ g
@ Showing today ZZ + 2 jets observation ’
@ Older Z~y + 2 jets VBS measurement [arXiv:1910.09503] A
Z
q g

Filip Nechansky (DESY) 07-12.06.2021 9/14


https://arxiv.org/abs/1910.09503

ZZ + 2 jets observation [arXiv:2004.10612]

o Data WZZ(EW)
m2Z(QCD) m9gZZ
BmOthers 7, Uncertainty

peopN
F mTev lﬁsfb‘-gﬁ‘e’s = =R
Elifisa.

Events / Bin

o Measured in /llljj and llvvjj final states
o [llljj allows full kinematic reconstruction

S\gnal Region
%

Events /0.125

r 13TeV 139 o™
S\gnal Region

Main selection to separate EW from QCD

> mj; > 300(400) GeV for Il (llvv)
> ijj > 2

o QCD background: data driven normalization

1 from control region with reversed mj;/y;; selection

e =
SR

i

-1 0806 04-02 0 02 04 06 08 1

o -

X

Data/ Pred.
Data / Pred.

21 -08-06-04-02 0 02 04 06 08 1
MD

& T e Data | mZZEW)
é B ZZ(QCD) mg9ZZ
2 o B Do any
Yy r”';rev 139" @ BDT used to separate EW from QCD 1
w G BortrlReaon o EW-interf. generated using MADGRAPH 2.6.1, QCD with SHERPA 2.2.2
% @ ZZ + 2 jets observed with 5.50 significance, statistically limited!
* @ Measured cross-section consistent with SM:
N Measured fiducial o [fb] Predicted fiducial o [fb]
ok 700075 | 1.27 % 0.12(stat) + 0.02(theo) = 0.07(exp) & 0.01(bkg) + 0.03(lumi) | 1.14 = 0.04(stat) = 0.20(theo)
‘:; 1%45%%*%9 W/MWWWM% lyvjj | 1.22 £0.30(stat) £ 0.04(theo) + 0.06(exp) + 0.16(bkg) £ 0.03(lumi) | 1.07 + 0.01(stat) & 0.12(theo)

081 0805 04 02 0 02 04 08 08 1
MD
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https://arxiv.org/abs/2004.10612

Photon induced processes

@ Photon-photon interactions: Rare processes, great way to study the EW part of the Standard Model

o Proton/heavy ions charged particles =—> boosted EM field behaves as a field of quasi-real photons
—> photon-photon interactions!

@ Pure EW interaction = low particle activity
— exclusive selection to find such events:

Exclusive selection for vy = W W~ (= /) and vy — [T/~

o Signal: Only two leptons in the final state s = (a4 22)/2 Exn-zmck
e Background (e.g. Z — Il, WW — llvv): Lotonz
Extra tracks from underlying event, ISR Lepton 1 !
1
E
—> reject events with additional activity near the dilepton vertex ) Lo
0 ~0 1

Beam -

For following analyses activity =
= extra tracks of charged particles in central detector (|n| < 2.5)

Az =l - 2] =
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vy — WT W™ observation [Phys. Lett. B 816 (2021) 136190]

+
U w e vy — WHW™: a unique probe into the EW sector
(yyWW quartic vertex!) Signal region
o Studied in events with low multiplicity of tracks o pl > 30 GeV
o Multiplicity of tracks badly mode_led. in background o No extra central
—> various data driven correction: -l
> Underlying event correction particles
v wW-

> Pile-up correction

E A';'LAS ‘
@ Simultaneous fit of the signal region and several control regions ° fo-toTov. 13910
_ i i i . € to— Data
o vy = WTW™ observed with 8.4 sigma significance! 3 = v
: — Eé‘i”m‘
Measured cross-section: —

N Other qq initiated
%444 Total uncertainty

3.13£0.31(stat.)£0.28(syst.) fb

@ Result consistent with the Standard Model
o Limiting factors:

> Modeling of the inclusive WW ) ‘ ‘ ‘
» Statistical uncertainty of data-driven background 0 20 40 60

Data / Pred.

n A W
80 100 120
Py [GeV]
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https://www.sciencedirect.com/science/article/pii/S0370269321001301

Forward proton scattering in 4y — I/~ observation [Phys. Rev. Lett. 125, 261801 (2020)]

@ Photon-photon processes:
uncertainty from modeling of interaction between scattered protons

o Proton-tagging offers direct probe
= take advantage of ATLAS Forward Proton (AFP) spectrometer

Energy loss of proton

> Energy loss of proton measured by the AFP: éarp = 1 — Egcattered / Ebeam
> Central detector estimation: §”i = myeV /2Epeam

> Difference [£arp — f,:,t| < 0.005 used to match dilepton pair with scattered proton

o Results consistent with the SM prediction

o Ability to measure the scattered proton == can be used in future vy — WT W™ measurement
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.261801

Summary

ATLAS has a rich multi-boson program:

Great way to probe the EW part of the

@ Precision measurements

@ Observations of new processes

o BSM limits

ATLAS p-val (Sherpa)=022 ~¢~ D:
10L45=13 TeV, 139 fb* p-val (Powheg)=0. ogw Puwheg Q-4+ X;
Sherpa qq-—4l + X

L Xoag A AV
f Heal

dofdm, [fbiGeV]

" 04l
107} Y

109

04
7)—1 HHiggs 4% On-shell ZZ
Fi

%W«wwm WF““%

standard model! O T e s 300 S0 7001500

Prediction/Data

Events / 5 GeV

Data / Pred.

T
ATLAS
Vs =13 TeV, 139 fb"
Ny =0
—e— Daa
3 moww
ot
. OrollYan
i - aaWW
. = Non-prompt
1Signal ey Other gq niiated
: %555 Total uncertainty

150

50

ol b 1l

0 20 40 60 80 - 100 120
Py [GeV]
Filip Nechansky (DESY)

m, [GeV]

o 4/ and WW+jet differential measurement, with BSM interpretation
(SMEFT, B-L symmetry breaking)

o Z~ measurement, with non-negligible contribution of Z and v from
different p — p collisions

@ Vector boson scattering measured in ZZ+2jet final state,
large invariant mass and rapidity difference compared to QCD
@ New photon-photon processes observed recently!

> vy — WW final state
> Proton scattering associated with vy — I/
07-12.06.2021
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4/ extra: Uncertainties breakdown

'\? : T T T UL ‘ T T T T T 171 ‘ :
°: [ATLAS = Total —+ Data Stat. —* Background
c | Vs=13 TeV, 139 tb™ - Generator -o- Lep. Eff. -m-Lep. Res. & Scale -
g -5 Other
8 100 = =
< o E
2 = m
101
1= =
0.1 IO, o nnnnnnal
: 30 40 5060 100 200 300400 1000 2000
m, [GeV]
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WW +jet extra: detector level

> T T > =
> ATLAS Dat > E ATLAS Dat.
o \s=13 TeV, 139 fb* - bata @ 180F Vs=13Tev, 139 fb* ~bata
- &4, 21 jet (30 GeV,|7|<4.5), b-veto LIWW £ - £ Top enriched CTop
) Top $  » 160 Jww EH
S [ Drell-Yan 3 $ 140F [JFakes =H
@ [CFakes g Lﬁ 120:, mwzzzvy 3%
Ewz,zzvy =2 E [ Drell-yan 43
[ Stat.Osyst* 100 [ Stat.Osyst*—
80 =
60— =
= =
[ n
S k|
© ©
[a] [a)

30 40 60 80 107 3x102
plead. lep. [GEV]

Leading jet pr in:
o Left: Signal region

o Right: Top control region (top - data-driven normalization)
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WW +jet extra: particle level

> 102F T 1"
8 ATLAS +  Dataand Stat. Uncertainty
& [s=13Tev, 139 10" = ;f]j:pi’f;ffl"’y
2 pp — €V | L MG5_aMC+Pythiad FxFx *
g 10 % MINLO+Pythia8 * 4
E ¢ MATRIX nNNLO [ NLO EW
° * plus Sherpa+OL gg — WW
- TN
aests .
o,
1 pusre E|
oo
107 F Froge E
iy
t it
s Lap | B
i {
= 3 L L |
i -Aef fnd l..éiL_g!ﬁi%!&"ﬁ" l&’? l{.ﬁ# l¢¢ L4
S ogf (i N i}%,
& o6p L IL |
0 20 30 40 5060 10° 2x10°  23x10°
P, [GeV]

Ten
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J10°E

g

10°

10

Process Generator Parton shower PDF Matrix element O(as)
qq > WW MATRIX 2.0 - NNPDF3.1 NNLO
gg > WW MATRIX 2.0 - NNPDF3.1 NLO
qq > WW  SHERPA 2.2.2 SHERPA NNPDF3.0 NLO (0-1 jet), LO (2-3 jets)
qq - WW  Pownec MINLO PyTHIA 8 NNPDF3.0 NLO (0-1 jet)
qqg - WW  MapGRraAPH 2.3.3 PyTHia 8 NNPDF3.0 NLO (0-1 jet)
g8 > WW  SHErpa 2.2.2 + OpENLOOPS ~ SHERPA NNPDF3.0 LO (0-1 jet)

35; —— Total Uncerta‘inly ATLAS é

E T Tenavocing {5 =13TeV, 139 b

o Left: Unfolded p¥*

@ Top right : Summary of

qq — WW generators

Relative Uncertainty [%]

o Bottom right: Uncertanties

- Fake Lepton Backgr.
Other Systematics
- Statistical Uncertainty

pp — eVIVj

P PRSP Y P e |

p\'ead  [Gev]
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Z~y extra: Selection

53
8 ATLAS
= Vs=13TeV, 139 fb*
=3
=
€
40~ 0
70 80 90 100110 120 130 140 150 160 170
m(upy) [GeV]
Photons Electrons/Muons
E} > 30 GeV pr > 30,25 GeV
In"| < 2.37 | < 2.47
E{'«O"CO'Z/E% < 0.07 dressed leptons
R(t,v) > 0.4

Event selection
m(€l) > 40 GeV
m(l) + m(lly) > 182 GeV

Filip Nechansky (DESY)

Events

— my + my,, > 182 GeV
to separate ISR/FSR photons:

-
Z/y*

€+

_ 0
q

Z/y ‘-
q Vs
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Z~ extra: PU contribution and XS

[%]

Ney
Nobs"Ney

Boe e

F T T T |
4= i
E ATLAS [J68% CL El pe—
o Vs=13TeV, 13916 Slope=0.13£004 | — ; Cross-section [fb] ;
Foz(-ny Intercept = 0.31+1.32 ] eey 530.4 =+ 9.0 (uncorr) =+ 11.7 (corr) £ 9.0 (lumi)
o B Wy 535.0 =+ 6.1 (uncorr) = 11.5 (corr) £ 9.1 (lumi)
8F 7 0y 533.7 =+ 5.1 (uncorr) = 11.6 (corr) £ 9.1 (lumi)
6 B SHERPA LO 438.9 =+ 0.6 (stat)
a3 E SHERPA NLO 514.2 + 5.7 (stat)
E ] MADGRAPH NLO 503.4 + 1.8 (stat)
2 3 Marrix NLO 444.2 4+ 0.1 (stat) + 4.3 (Cineory) = 8.8 (PDF) T155 (scale)
oF ‘ ‘ ‘ ‘ ‘ 4 Marrix NNLO 518.9 =+ 2.0 (stat) £ 5.1 (Ciheory) £ 10.8 (PDF) *15§ (scale)
071020 30 40 50 60  MATRIX NNLO x NLOEW 5135 +2.0 (stat) £ 2.7 (Cypeory) £ 10.8 (PDF) 115 (scale)
<H>  MaTRIX NNLO + NLO EW 5183 = 2.0 (stat) + 2.7 (Ciheory) £ 10.8 (PDF) F193 (scale)

Left: Contribution of PU as function of average number of int. vertices

Right: Measured cross-section vs. various generators

Filip Nechansky (DESY)
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ZZ+ 2 jet extra: Detailed selection

o0t Ui

pr > 7 GeV, || < 2.47

Flectrons |dy/oq,| <5 and |z x sinf| < 0.5 mm

, . pr > 7 GeV, n| < 2.7 pr > 7 GeV, n| < 2.5
Muons |dy/oq,| < 3 and |z x sinf| < 0.5 mm

Jets pr > 30 (40) GeV for |n| < 2.4 (2.4 < |n| < 4.5) pr > 60 (40) GeV for the leading (sub-leading) jet
pr > 20, 20, 10 GeV for the leading, sub-leading and third leptons pr > 30 (20) GeV for the leading (sub-leading) lepton
Two OSSF lepton pairs with smallest |m,+,- —mz| + |mé/+[/, —my| One OSSF lepton pair and no third leptons
ZZ selection my+,~ > 10 GeV for lepton pairs 80 < my+,~ < 100 GeV
AR, 1) > 0.2 No b-tagged jets
66 < my+,~ <116 GeV BT -significance > 12

Dijet selection

Two most energetic jets with y; xy;, <0
mj; > 300 GeV and Ay(jj) > 2 mj; > 400 GeV and Ay(jj) > 2
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Zvy+2 jets extra:

Variable used in the BDT

mjj
Anjij
L(tty)

meey

L0y
Pr

mee

144
pr
lead lep
Pr
lead jet
Pr

77lead jet
minAR(y, j)
Ag(tly. jj)

AR(LLy, jj)

(¥ 0"y} preselection

Lepton P7 > 20 GeV
Inel <2.5
remove e if AR(e, ) < 0.1
Ne=2

Boson Mo > 40 GeV
e+ mey > 182 GeV.

Photon E} > 15GeV
Iyl < 2.37
remove y if AR(,y) < 0.4
Ny 21

Jet Pr > 50GeV | el < 4.5
Nyets 22
remove jets if AR(C,jet) < 0.3 OR AR(y,jet) < 0.4
|An;;] > 1.0
my; > 150 GeV

Signal Region T Fyjj preselection

(ety) <5

Source Uncertainty [9c]
atistica 19
Statistical M
Zyjj~EW theory modelling o
Zyj-QCD theory modelling +6
17 +y theory modelling +2
Zyjj~EW and Zy;j-QCD interference 3
Jets +8
Pile-up 5
Electrons +1
Muons 3
Photons £l
Electrons/photons energy scale +1
b-tagging +2
MC statistical uncertainties +8
Other backgrounds normalisation (including Z+jets) b
Luminosity +2
Total uncertainty £26

Filip Nechansky (DESY’

o Left: variables used to train the BDT

o Middle: Selection
o Right: Uncertainties
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LHC as a photon collider

proton-proton

o Regular LHC event: interaction of constituent partons
= large activity due to presence of strong interaction
(parton shower, hadronization, underlying event ...)

(Event displays taken from

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayRun2Physics)

o Proton/heavy ions charged particles:
boosted EM field behaves as a field of quasi-real photons
—> photon-photon interactions!

TN wn ‘
AIRIE =
. [
o No color flow between protons = no extra particle activity c e . il
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayRun2Physics

vy — WTW~ extra: Modeling of inclusive WW

o Data driven correction from unfolded Drell-Yan:

5 il T T T H
i C ATLAS | @ = ; ;
g :gzcgze:\'ii'sbsev ] s L ATLAS
g Lt e 3 03;1&:13Tev,139fb'1 T
_ B L ogqq - wWw, p:“>30 GeV _
= o
| 9 I |
| ksl r N
] & L |
4 w
P 02— —
e 33‘2:,2:,‘,: uncertainty) L Puwheg+Py|hia(li B
~ oY Pouheg+Pyhias L Nominal R
= ) . oY P"W"B?'HE’WW - - - --- Envelope of Pythia8 eigentunes—|
g lag = : = = - Other MC -
8 12Ej 3 0.1— Powheg+Herwig? _
= e [ ——— Sherpa —
08 m ——— Central value i
06 E , . . o ) Modeling i L
5 10 15 ° T : : —
Nurmber of charged particles, n_ 8 El
o Numerous samples available 1 5
© Powheg+Pythia 8 + parameter variations 095 E
Q Sherpa R B w e
© Powheg+Herwig 7 (IaSt minute add't'on) Number of reconstructed tracks, n,,
@ HS and PU corrections applied on all of them [arXiv:2010.04019]

@ Remaining mismodelling taken as a systematic

PP8/Sherpa mean value +- envelope)
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https://arxiv.org/abs/2010.04019

vy — WT W™ extra: uncertainties theoretical prediction

Source of uncertainty

Impact [% of the fitted cross section]

Experimental

Track reconstruction

1.1

Electron energy scale and resolution, and efficiency 0.4
Muon momentum scale and resolution, and efficiency 0.5
Misidentified leptons, systematic 1.5
Misidentified leptons, statistical 5.9
Other background, statistical 3.2
Modelling
3.13+0.31(stat.)£0.28(syst.) fb :
Pile-up modelling 1.1
Underlying-event modelling 1.4
Signal modelling 2.1
WW modelling 4.0
Other background modelling 1.7
Luminosity 1.7
Total 8.9

© 2.34 £ 0.27 fb (HERWIG7+data driven modeling correction)

0 2.8+ 0.8 fbor35 =+ 1.0 fb MG5_.aMCONLO with two estimates of the survival probability

Filip Nechansky (DESY)
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vy = 171~ extra

OHERWIGHLPAIR X Ssurv U?Sjrp [fb] 62241, [fb]
Squry = 1 155+1.2 135+1.1
Seury Using Refs. [31,30]  10.9£0.8 9.44+0.7

SUPERCHIC 4 [94] 122409 10440.7

Measurement 11.0+2.9 72+1.8

o Left: Prediction of survival factor vs measurement

o Right: Distribution of measure events

Filip Nechansky (DESY)

ATLAS

{s=13TeV, 14.6 fo™
AFP matched candidates

é\de C o ﬁgﬁeacceptance 5
[INear and Far stations —|

- ee []Far station only |

° HH [1Both sides 3

* N ‘ L Lol ‘ L N ‘ 1
10 10° 10° 10*
m, [GeV]
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