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Introduction

Multiboson studies probe the SM EW symmetry breaking mechanism

. Study of vector boson self-couplings .

= Vector boson self-interactions determined by the
gauge symmetry of the EW theory

= VBS of particular interest due to its sensitivity to triple
and quartic gauge couplings

q q
q q
wE w*
TGC QGC
z Z
qH qH
qh’ qrr

= Search for anomalous gauge couplings in context of an
EFT interpretation

Lege = Loy + 2

EFT aQGC
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Study of vector boson polarisation states

= Vector bosons obtain through the EW symmetry
breaking mechanism longitudinally polarised states

P
) )
TT LT LL Direction of motion

= Deviations of the cross-section of the longitudinal
polarisation state indicates physics beyond the SM
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Multiboson studies probe the SM EW symmetry breaking mechanism

. Study of vector boson self-couplings . Study of vector boson polarisation states
= \Vector boson self-interactions determined by the = Vector bosons obtain through the EW symmetry
gauge symmetry of the EW theory breaking mechanism longitudinally polarised states
= VBS of particular interest due to its sensitivity to triple c , I
and quartic gauge couplings — — I I
. a ; q 1T LT LL  Direction of motion
w* w=

= Deviations of the cross-section of the longitudinal

TGC QGC polarisation state indicates physics beyond the SM
Z Z
qH qH
qh’ q”
= Search for anomalous gauge couplings in context of an ATLAS analyses presented in this talk
EFT interpretation New energy: 77 at13.6 TeV

W Z polarisation

(8) . . . . N
6 f 8 Polarisation:  ZZ polarisation & CP .
Lest = Lsm + 22 Oi()+zi 11\‘.* Oi()+ TR tytii a.t.hlghpT
i VBS: W=Zjj  W=W=jj Wyjj
EFT aQGC
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ZZ at 1 3 . 6 Tev 13.6 TeV 29 fb! Partial Run-3 &Ir!ﬂﬁré

f VA q A g il 3
. First Run-3 ZZ cross-section measurement! %%a J_rf’ﬂ
Z
. Rarest diboson process but attractive due to high -
signal-to-background ratio in fully-leptonic channels j ‘-L,_HN %
. Key channel for aTGCs searches & studying off-shell v - PR A x e T
Higgs boson production qq > 2Z 99 » 27 qq — ZZ2j
*  Signal: 2 SFOC lepton pairs (e, p) with on-shell Z GOOd data/MC agreement'

L B N T T ]
ATLAS . Data Iqq — zz 7
Vs=13.6TeV,291b ' Mgg > ZZ WEWZZj ]
ZZ — 4l [l Ireducible [_]Reducible
P 77 Uncertainty

L I B I
ATLAS ¢ Data Mag—2Z ]
Vs=13.6TeV, 29 fb'Mlgg —» ZZ WEW ZZjj
ZZ >4l [l Ireducible [_JReducible ]
77 Uncertainty

requirements
160

. qq — ZZ dominant process "

Entries / 20 GeV
Entries / 10 GeV

. Irreducible backgrounds from ttZ & triboson

. Non-prompt lepton background

. Comparison of results to state-of-art MC simulation
and fixed-order calculations (NNLO QCD & NL EW)

Data / Pred.
Data / Pred.

B ///% /%/ /{///W/%
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https://www.sciencedirect.com/science/article/pii/S0370269324003228
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13.6 TeV 29 fb! Partial Run-3

Cross-section measurements:

. Inclusive measurement & extrapolation to a total phase space
with 66 < m; < 116GeV

MC prediction
36.8 732 b

MATRIX prediction
36.5£0.7 fb

Measurement

Fiducial | 36.7 & 1.6(stat) & 1.5(syst) = 0.8(lumi) fb

Total | 16.8 = 0.7(stat) + 0.7(syst) + 04(lumi) pb | 17.0 £15 pb 16.7+ 0.5 pb

Differential measurements

Detector effects corrected by unfolding Detector effegts cpr(eqtc—;d ‘b‘y‘unfold‘inq ‘
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ZZ at 13.6 TeV in a historical context:

. Extension of diboson studies to a new centre-of-mass energy
—_ 25
o) | LHC Data 2022 ys=13.6 TeV
& L o ATLASZZ— Il (mH 66-116 GeV) 29 !
=N LHCDatayis=13TeV ATLAS
‘-'bN r m CMS ZZ— llll (m 60-120 GeV) 137 o'

20— o ATLAS ZZ- llll (m, 66-116 GeV) 36.1 1b”

[~ LHC Data {s = 8 TeV
m CMS ZZ— 1l (m 60-120 GeV) 19.6 fb H
o ATLAS ZZ Ii(I/vv) (m, 66-116 GeV) 20.3 fb”

LHC Data Vs = 7 TeV

| m CMS ZZ— Il (m 60-120 GeV) 5.0 fb”
| e ATLAS ZZ—s li(lifvv) (m, 66-116 GeV) 4.6
I Tevatron Data ¥s = 1.96 TeV

- m CDF ZZ— li{ll/vv) (on-shell) 9.7 fb™
10[—e DO ZZ— Il(llivv} (m, 60-120 GeV) 8.6 b

15

MATRIX CT14 NNLO

— 22 (pp)
— 2z )
L1 | | I ‘ 1 | 1 ‘ 1
0 12 14
(s [TeV]

All results well described by SM predictions!

Phys. Lett. B 855 (2024) 138764
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ZZ polarisation & CP 13 TV 140 b Full o
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x
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* Signal: qq — 27, g9 — 2Z,qq = ZZj] Polarisation states sensitive to |
. 2 SFOC e or p pairs, on-shell with |m;; — my| < 10 GeV angular observables !
_ I

. Prompt lepton background from ttZ & triboson i

JHEP 12 (2023) 107

. Non-prompt lepton background

. 3 helicity states: Z;Z;, Z, Zr, ZyZ¢

. Z, Z, signal extraction by profile likelihood fit on BDT distribution --

. Additional reweighting of MC templates to account for NLO/LO corrections
of ZZ polarisation states

CP-odd aNTGC

P AN i 2 i ; .
. aNTGC cross-section: ' = 0§y + COipterference T € Catiadratic 1; Tyz1(3) = Sin @3y X €0s By (3)
ATLAS Simulation ATLAS Simulation ATLAS Simulation
¥5 = 13 TeV SM g ZZ— 4l 0.08 Vs =13 TeV BSM qf— zz— 4l x10° ¥5= 13 TeV o> 22 4l
% R ] o)
= T F
: 006E5 08
. Construction of an observable : Ty
. el
0Tyz,1 T,,s O improve
sensitivity to CP-odd aNTGC
-0.5
] 05 0 0.5 1 - 05 .
Tsz1 T,
Symmetric SM prediction Presence of aNTGC
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https://link.springer.com/article/10.1007/JHEP12(2023)107

ZZ polarisation & CP

13 TeV 140 fb! Full Run-2 ?EXPERIMENT LMU
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Polarisation measurements:

obs

07,7, = 2451 0.56 + 0.21 fb with 4.30 significance

stat syst

. Zy.Zy.-polarisation cross-section consistent with SM prediction
. Measurement limited by data statistic & polarisation modelling

Study of the CP property :

. Inclusive (Z, Z;+Z; Z+Z 1 Z ) differential cross-section
measurement for OTyz,l Tyz3

* O, 1,,, asymmetric for CP-odd aNTGC

CP-odd aNTGC:

. Constraints on ZZZ & ZZy coupling parameters f5, fv4 at 95% CL
using the differential cross-section distribution

. First constraints using only linear interference terms
. No significant deviations from SM

2 Sep 2024 Stefanie Gotz

do/dO, . [fo]
yzilyz

Pred. / Data

'? ﬁ#ﬁi+*ﬁ$iﬂ%TL?ﬁ+ﬁi++ﬁ

Good data/MC agreement!
Detector effects corrected by unfold/ng
ATLAS + Dala
Vs=13TeV, 140 1b" ——— SMpred. (Sherpa qq — Z2)
pp—» ZZ— 4l SM pred. (Powheg qq — Z7)

EI
I -El:
N1 ERETE FTETE AT SRR A

I

o SN

5 0 15 20 25 30

with Jquadratlc

aNTGC parameter

Full
Expected

Interference only
Expected Observed

Observed

4 [-0.16,0.16] [-0.12,0.20] [-0.013,0.012]

[-0.012,0.012]

r [-0.30,0.30] [-0.34,0.28] [-0.015,0.015]

[~0.015,0.015]

JHEP 12 (2023) 107
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https://link.springer.com/article/10.1007/JHEP12(2023)107

WZ polarisation at high p- ey FATLAS |y

arXiv:2402.16365

. Signal: Z — [I'l' (SFOC) with |m); — mz| < 10 GeV

. 7 wE g wt
W - lvwithm? > 30 GeV 7 W
[l =eu
q q
W
Measurement in s-channel to obtain a sufficient / 10%
contribution of 00 WZ polarisation states g ' z
s-channel q

VA q
t-channel u-channel

. Selection of 2 fiducial regions such to enhanced prevalence for the 2 longitudinally-polarised (00) bosons for the measurement of
diboson polarisation fractions f, for, f1o, frr = high p%

. Exploit Radiation Amplitude Zero (RAZ) effectin WZ

= Dominant helicity amplitude of the TT-polarised bosons becomes zero when the scattering angle of the W boson to the
incoming antiquark g approaches 90° in the W Z restframe

= NLO QCD corrections dilute effect

Reduced jet activity for the observation of the RAZ Reduced TT contribution and increase of f,, from 5-7% to 20-30%
\ Signal regions
Radiation Amplitude Zero | 00-enhanced region 1 00-enriched region 2
Pass inclusive WZ event selection \ v p L L N
Transverse momentum of the Z boson ( p% ) - [ 100, 200] GeV > 200 GeV
Transverse momentum of the WZ system (p}vz ) < 20,40, 70 GeV < 70 GeV

2 Sep 2024 Stefanie Gotz 8


https://arxiv.org/abs/2402.16365

WZ polarisation at high p

LUDWIG-
EXPE RIM ENT IVIU onenen T

13 TeV 140 fb! Full Run-2

RAZ effectin WZ:

. First-time study in WZ

. Evaluation of the 00+0T+T0-subtracted |AY (I Z2)| &
|AY (W Z)| distributions for TT events

. Evaluation of the dip depth

Nunf
D=1- Z;L”al > 0 indicates dip

unf
sides

Energy dependence of diboson polarisation fractions

. Signal extraction from maximume-likelyhood fit on BDT score distribution

. foo Observation in agreement with SM prediction

Detector effects corrected by unfolding
L L B B R L B R B B

bE 0.7— ATLAS -s-Data [ Stat. Uncert. é
A Vs =13 TeV, 140 fb"' [ Tot. Uncert. -« MG+Pythia 5
3 08 RAZ Region p:‘z< 70 GeV -
o 7
Dip indicates RAZ ' st E
1P Indicates E
P 04 Good data/MC 3
] =
\ 03 — agreement! -
0.2 =
0.1 E
0 1 L 1 L |
3 14 =
& 12 =
3 1 & 3
3 os E
06 e
0 l z 3 T %
AY(WZ)|
1.47 T T
- ATLAS » Data —+ MG+Pythia @ Tot. Uncert.

g

3

2 1 Vs=13Tev, 1401b"
£ TT polarization state
&

o

08[- 2
Measurement F ]
100 < pZ <200 GeV P > 200 GeV 0.4~ -
foo 0.19 003 (stat) £0-02 (syst)  0.13 002 (stat) £0-02 (syst) 02 ]
for+To 0.18 0 07 (stat) = 00 (syst)  0.23 +0-17 (stat) £0-0% (syst) r ‘ | .
frr 0.63 007 (stat) 0y (syst)  0.64 +0-17 (stat) +0-0° (syst) 3
[ foo 0bs (exp) sig. 52(43) 0 1.6 (2.5) o ] e
a8
arXiv:2402.16365 max(p ) [GeV]
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WEZjj

13 TeV 140 fbr! Full Run-2 &I!ﬂﬁé M

VBS not independently gauge invariant, therefore study with
same final-state processes required

= Exclusively EW ~ afy,
= QCD ~ o afy

= EW-QCD interference ~ ag agw

Signature: WZ — I'vll & > 2

SR with enhanced VBS: m;; > 500 GeV, Njy_gyark = 0
Main irreducible background from ZZ & ttV
Background from misidentified leptons

EW & QCD cross-section measurements

2 Sep 2024

Multivariate discriminant constructed from BDT to separate
EW from QCD

Most precise EW W Zjj cross-section measurement to date!

Good EW agreement! “F § Seomen
0.2¢
A 1.80 QCD agreement [ - 5% Confence Lovel

Stefanie Gotz

JHEP 06 (2024) 192

q P
q q
w W Wk w
VBS .
Z z z z
o "
? " 7 'LY/Q ? o
7"
a g

=)
Q

q q"

1.8
1.6

L L AL B B BLNLELEN BN BRI
L ATLAS

EVs=13Tev, 14007 ¥
14Fwezj— eveej

1.2F

r .
3
0.6F

F e Data
0.4 . MadGraph+Pythias

O wzjj—strong [fb]

2| — 68% Confidence Level

AR RS NRTE FETE ST AR FAe
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https://link.springer.com/article/10.1007/JHEP06(2024)192

ATLAS

LUDWIG-
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13 TeV 140 fb! Full Run-2

WEZjj

JHEP 06 (2024) 192

EW & QCD differential cross-section measurements aQGC
* Inbins of Njers, my; «  BDT score & m" to search for aQGC
. 20 EW agreement in all SR sub-categories . 95% CL limits D-8 EFT operators indicating no deviation from 0
. QCD mis-modelling by MADGRAPH+PYTHIA8 or SHERPA Expected  Observed
—4 T —4
2.2.12 for events with exactly 2 jets of p; > 25 GeV or with L eV ] [TeV ]
Fro/AT  [-0.80, 0.80] [-0.57, 0.56]
500 <m; <1300 GeV Fr/A 052, 0.49]  [-0.39, 0.35)
fra/AY 16, 1.4] [-1.2, 1.0]
fao/A* 8.3, 8.3 [-5.8, 5.6]
_ Detector eff‘ects correct‘ed by unfolclﬁng 10— oy . . . fMl/A4 [-12.3,12.2]  [-8.6, 8.5]
% L[ ATLAS Dt ER-=) W=Zjj |n(':Iu5|ve differential Far/AY [162,16.2]  [-11.3, 11.3]
9[-t Tasemnlas 4 ¢ cross-section measurements fooa/AY [[14.2,14.2]  [-10.4, 10.4]
=0 f W2~ AN L wgpaco xS far /A [-42, 41] [-30, 30]
= E o Sherpa 2.2 12 (scaled) . .
g 1 For several kinematic . L . L
3 F 1 Evaluation of relevant limits as a function of the unitarisation
3 - 5 . observables
bl 4
R S N 1. Statistical uncertainties = T i 2
r 1 <10 . S ATLAS S gk e ATLAS |
[ SR £ S . dominant é (s=13TeV, 140" | é L } Vs =13TeV, 140 fo"
104 7: & TO =
‘ ‘ SO E s o
g o | | ] 5 S
S sk E g g 1
o - |
L e S - g g
e AT - - :
S 45 = E &) ==« Unitarity bounds . (@] L ==« Unitarity bounds
T E - o — Observed 95% CL limit o /= Observed 95% CL limit
o ot L o L 7 ig ----- IExpecled 95"/IoCL limit | % -5 l‘ y o Expe;cled 95% CL limit  —
200 400 m W;[Eg[;w 5 2 25 1 2 3
T my, cut-off [TeV] my, cut-off [TeV]
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https://link.springer.com/article/10.1007/JHEP06(2024)192

WEWEj

13 TeV 139 fb! Full Run-2
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. Largest EW to QCD production ratio among final
states sensitive to VBS

. Triboson production with 1 hadronic decay
suppressed in EW VBS phase space region (— my;)

. Clean signature: 2 same-charged leptons (e,u),

>2j (high m;; & |Ay;j]) & Emiss
. Dominant WZ/y* and non-prompt lepton background

EW W™ W' jj & inclusive cross-section measurements

. Cross-section from maximum likelihood fits with signal
strength of SR & WZ CR (m;; reduced) as free parameter

*  Most precise WEW4jj fiducial measurements to date!

EW+Int+QCD
T [1b]

3.38 £ 0.22 (stat.) + 0.19 (syst.)

Ty (]
2.92 +0.22 (stat.) £ 0.19 (syst.)

2 Sep 2024

exchange of a higgs boson,
no s-channel triple vertex W
& non-VBS

Events/10 GeV

Data/SM

EW
VBS with triple/quartic vertices/ -

® Data B whwi EW (oin 1) [lIWSWSj EW (bin 2)
W wW-W EW (bin 3) Bl WAW-ji EW (bin 4) [l W"W-jj EW (bin 5)

W W EW (bin 6) JllW W Int WWj QCD
Bwz Qcop Bwz Ew Non-prompt
Conversions Other prompt % Tot, Uncert,

ATLAS

¥s=13TeV, 139 b"
SR

A% a7 . .
iz v
08

50 100 150 200 250 300 350 400 450 500

my. [GeV]

Stefanie Gotz

' acp

, Woqg &gg
initial states

EW WEw=

Detector effects corrected by unfoldmg

. Dala

-1 = MG5_aMG+Herwig7
o MG5_aMC+Pythia8
¢ Powheg+Pythia8

2 Sherpa 2.2.11 .
¥ Sherpa 2.2.11® NLQ EW

Total Uncertainty
# Systematic Uncertainty i

ol

: IR ]
0.04 .bo$* =
0.02 W‘”‘.‘W‘“’m

GH\uuw\.uu\uuuluu\uuluulu.u\nu\ Ld

Theory/Data

50 100 150 200 250 300 350 400 450 500
m,.[GeV]

JHEP 04 (2024) 026
12



https://link.springer.com/article/10.1007/JHEP04(2024)026

T x i e
W_ W_jj 13 TeV 139 fb Full Run-2 EAx:Is-n!Tnﬁré LMU | e

aQGC Search for doubly-charged Higgs boson

. Limits on 9 relevant D-8 EFT operators at 95% CL from the m; production
distribution in both SR & CRs

. Evaluation of the my distribution in
Coefficient Type No unitarisation cut-off Lower, upper limit at the respective unitarity bound context of the Geo rgi-MaChaC@k model
[TeV™4 [TeV™]
o EEP [-3.9,3.8] 64 at 0.9 TeV, 40 at 1.0 TeV
o Obs. [-4.1,4.1] -140 at 0.7 TeV. 117 at 0.8 TeV . . -
) Exp. [-6.3, 6.6] 255 at 1.6 TeV, 31 at 1.5 TeV i : t+ t+ Tyt
MG -6.8, 7.0] 45 at 14 TV, 54 at 1.3 TeV ’ Upper limits on sin Oy & GVBF(H5 ) X B(H5 > wWEw )
ot B [-9.3, 8.8] -33at 1.8 TeV, 29.1 at 1.8 TeV' at 95% CL
Juz Obs. [-9.8,9.5] -39at 1.7 TeV, 42 at 1.7 TéV )
. a8 Exp 55,571 94 at 0.8 TeV, 122 at 0.7 TeV . sin Oy > 0.11-0.42 excluded for 200 GeV <m++ < 1500 GeV
Fsoaf A o, [-5.9,5.9] - H Hg
, Exp. 220,225 -
7SI s - . Local excess of events for m++ = 450 GeV at 2.50
/A Exp. [-0.34, 0.34] 32at 12 TeV, 49 at 1.1 TeV >
fro Obs. [-0.36,0.36] T4at 1.0 TeV, 12.4 a1 0.9 TeV o R s e o A S F P
A Exp. [-0.158, 0.174] -0.32 at 2.6 TeV, 0.44 at 2.4 TeV = 102 ATLAS —— Obs. 95% CL upper lmit 5 o ATLAS g
fnf Obs. [-0.174, 0.186] -0.38 at 2.5 TeV, 0.49 at 2.4 TeV § F E=13Tev, 1391 == Exp. 95% CL upper limit OBE_'§=‘3T3V-‘39"J" &/,
e Exp. [-0.56, 0.70] -2.60 at 1.7 TeV, 10.3 at 1.2 TeV T C [ Expected limit (+10) ’ | — Obs. 95% CL upper mit
fraf Obs. [0.63, 0.74] B 10 | [ Expecteaimit 426) 0.7 E -~ Exp. 95% GL uppor Imit
5 - _ 06 ;-Expsmed limit (1)
; 3 osE Expecled limit {22a)
. Evaluation of limits as a function of the unitarisation cut-off = gaf T 0 2
excludes zero-values for f o, fs1, fso2, f1o for clipping " oL &3 E
E 0.2 =
scales below ~ 1 TeV at 95% CL : o E
° Additional 2D limits on operator pairs 500 io00 1800 000 2500~ 4000 R R R R R
My [GeV] M [GeV]

JHEP 04 (2024) 026
2 Sep 2024 Stefanie Gotz 13



https://link.springer.com/article/10.1007/JHEP04(2024)026
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Wyjj

arxiv:2403.02809

W

=

. High precision for differential EW WYyjj cross-section d —<—NAN 7T
[ d Z

measurements compared to other VBS processes (large . W )

production cross-section) EW ”ﬁg d W bremsstrahlung
. Combined measurement of EW WYjj processes in region with v A~ d v

enhanced VBS

u d d —<— 1NN T
. Clean signature: le/y, pt'°°, = 1y, = 2j (high m;; & |Ay;|) B d muji/\,
. QCD WYyjj dominant prompt background VBS ., - S Qcb
g

. Background from misidentified leptons and photons u u g 'xmn‘é‘nmm g
. Multivariate techniques including a Neural Network to isolate g s e

EW Wyjj from QCD Wyjj (G 1600 fo i Tov a0 e mew
. gap 1400 sR™ . 12 Non-prompt—|

SR & CRs separated by N].ets & &y 0] O mTorsig

1000; 27 Uncertainty _i
EW Wyjj fiducial cross section measurement s00)- ““ E
ogw = 13.2 £ 2.5 fb with > 60 significance (6.3 expected)
Good data/MC

. MADGRAPHS5+PYTHIAS8 in agreement with data within uncertainties agreement!

. ~20 underestimation by SHERPA 2.2.12 from the 3™ parton in the
SHERPA matrix element

2 Sep 2024
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Data / Pred.

%% 01 02 08 04 05 06 07 08 09
NN score

1
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https://arxiv.org/abs/2403.02809

Wyjj

13 TeV 140 fb! Full Run-2 EXPERIM ENT LMU)| i

EW WYyijj differential cross section measurements

arXiv:2403.02809

Search for WWyy & WWyZ (aQGC)

. Differential measurements for a set of variables
sensitive to QGC or the CP violation structure of
WWyy &WWyZ

. Reasonable agreement of data & LO SM prediction

. Slight overestimation of the measurement by

MADGRAPH5+PYTHIA8 at high m;; & high p{;j
. Good shape agreement for SHERPA 2.2.12 but
tendency to underestimate

Detector effects corrected by unfolding
[ ATLAS Vs=13 TeV 140 1b1

=
[
0] -
8 g2\ EW W)t Nige =0.£, <035(SR) |
_‘: f 4 Data stat. unc.
'g -] [ Total unc.
B [ t, n+ [=] Sherpa 2.2.12
=l - n [@] MadGraph5+Pythia8
+§
10°F E
a
t
o
§ 1.5 ¥ -
o 1 nh % 1o L.
0.5 °
ﬁ L n n
o« 2x10° 3x10°  4x10° 5x10°

m; [GeV]

2 Sep 2024

° 95% CL limits on EFT Coefficients [TeV-7] _Observable _Expecied [TV ] _Observed [Tev—1]
D-8 operators fro/A* pJT’ [-2.4,2.4)] [-1.8, 1.8]
fri/At Py [-1.5,1.6] [-1.1, 1.2]
fra/At Jad [-44,4.7] [-3.1,3.5]
JralA* Py [-33,3.5] [-2.4,2.6]
Fralnt Py [-3.0,3.0] [-2.2,2.2]
Srs/A* Py 1.7, 1.7] [-1.2, 1.3]
Observable most sensitive _frs/A* |7 [-15,1.5]) [-1.0, 1.1]
to tensor-type operators _/r7/A "o [-3.8,3.9] [-2.7,2.8]
SuofA? Py [-28,28] [-24,24]
S /A ry [-43, 44] [-37.38]
Fazf A Py [-10, 10] [-8.6,8.5]
stfAj Py [-16, 16] [-13, 14]
SaaafA p [-18, 18] [-15,15]
Observable most sensitive fis/A* R pgr [-17, 14] [-14, 12]
to mixed scalar operators _fu7/A” ey [-78, 771 [-66, 65]
v 400 T T T
. Additional constraints with unitarity = E ATLAS 1
; : £ 300f | Vs = 13 TeV, 140 fb ]
preservation are obtained by ‘5 : \ ]
applying the clipping technique = 200F =
1002— —
. First LHC constraints on f; and f;, oF E
E — Exp. 95% CL Limit E
-100— —— Obs. 95% CL Limit  —]|
C —— Unitarity Bound b
- I R S

My, cut-off [TeV]
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Summary ATLAS

*  Several exciting results by the 6 ATLAS analyses presented!

/ ZZ at 13.6 TeV \ /ZZ polarisation & CP\ / W Z polarisation \

* Extension of diboson * Observation of Z},Z;, at at high pr
studies to a new centre- 430 * First time study of RAZ
of-mass energy e First constraints on CP- effect in WZ
* Good agreement with SM odd aNTGC e Observation of 00 WZ
predictions! (SM-EFT interference) polarisation at 5.2¢ in
K ) \ ) \ 100 < pZ < 200 GeV )
/ Wiij \ / WiWijj \ K Wyjj \
* Most precise W*Zjj EW * Constraints on aQGC * Constraints on aQGC
cross-section * Search for H¥* s First LHC constraints on
measurement the f;3 & f;, operators of
* Constraints on aQGC the EFT framework

N AN AN )
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Backup ATLAS
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ZZ at 136 TeV 13.6 TeV 29 fb'! Partial Run-3 &I!T.ﬁé LMU |

Source Relative uncertainty (%)
Data statistical uncertainty 4.2
MC statistical uncertainty 0.3
Luminosity 2.2
Lepton momentum 0.2
Lepton efficiency 3.7
Background 1.6
Theoretical uncertainty 1.0
Total 6.3

Phys. Lett. B 855 (2024) 138764, STDM-2022-17
2 Sep 2024 Stefanie Gotz 18



https://www.sciencedirect.com/science/article/pii/S0370269324003228
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-17/

ZZ polarisation & CP

LUDWIG-

13 TeV 140 fb! Full Run-2 EXPERIM ENT LMU| s

Contribution Relative uncertainty [%]
Total 24
Data statistical uncertainty 23
Total systematic uncertainty 8.8
MC statistical uncertainty 1.7
Theoretical systematic uncertainties
qq — ZZ interference modelling 6.9
NLO reweighting observable choice for g§g — ZZ 3.7
PDF, o, and parton shower for gg — ZZ 2.2
NLO reweighting non-closure 1.0
QCD scale for gg — ZZ 0.2
NLO EW corrections for g — ZZ 0.2
gg — ZZ modelling 1.4
Experimental systematic uncertainties
Luminosity 0.8
Muons 0.6
Electrons 0.4
Non-prompt background 0.3
Pile-up reweighting 0.3
Triboson and tfZ normalisations 0.1

2 Sep 2024

BDT distribution
= eoof T T T T
% ATLAS # Data
5 sool fs=13TeV, 140 fb" mzz
& pp — ZZ - 4l Wz.z
Post-Fit ZZ
4001 M Intert.
[l Non-prompt
300% Others
77 Uncertainty
F L]
200 .
100
. ch J / * |
o . ;
- peidgacsimdinnits, b2 /+-/s&+/ i ?’
.E 0.9 (/& ; + + + 4
8
e D'\i -0.8 -06 -04 -02 0 02 04 0.6 08
BDT Score
Impact of NLO corrections
® 022 T T T T T T T T
S 02 E  ATLAS Simulation —Z,Z. - 2,2 (wio NLO cerremlon)i
@ E is=13Tev — 2,2, --- Z,.2,(wio NLO correction) =
5 018 qgozZ - =
g 018 £ polarisation states — 2 oo B2 (wie NLO correction) -
% 0.14F shape-only =
o E = |
5 ooteE by =
0.1 =
008f ... =
006 B, = —=
0.04F- E
0.02— —
o 0 E 1 1 1 1 1 1 =
= 1
QO 105
)
zZ 1
0.95
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06 0B
BDT Score

Asymmetric prediction

o T T T
- ATLAS —a— Data
P Ye=13 ToV. 140" ey
c Othi
o srtwirsesm fi=1
w Unce‘ainty
.
el
@
5 th { + gt *
£ *H‘ + { ¥y + ++ paded
[m]

o L
70 75 20 25 30
O

T!HTuG

Detector-level distribution to train BDT

‘%" ATLAS Smulaton T ]
& 0.05 Vs=13Tev Iy -
s C qg—2Z—4l —ZZ, ]
5 - polarisation states —2,Z .
£ 0.04- shape-only B
© [ ]
e

0.03 —:

0.02F -

0.01- 3

0806 0402 0 02 04 06 08 1
cos8,
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https://link.springer.com/article/10.1007/JHEP12(2023)107
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2021-05/

WZ polarisation at high p rsionirn: FATLAS iy s

(RAZ) effect in WZ Energy dependence of diboson polarisation fractions
p, V<70 GeV Impact [7o] Source Impact on foo [%]
Source TT state ‘ Sum of polarizations Experimental 100 < p% < 200 GeV p-f > 200 GeV
Experimental AY(EwZ) AY(WZ) ‘ AY(twZ) AY(WZ) Luminosity 0.1 0.2
Luminosity 1.5 0.6 0.5 0.1 Electron L:a]ibfation 1.0 0.9
Electron calibration 0.9 0.5 1.7 0.4 Muon calibration ) L1 1.3
Muon calibration 1.6 0.8 1.4 0.5 Je;:?ergy scale and m?”'“t“’" _5'9 9.0
Jet energy scale and resolution 34 1.9 1.8 1.2 Ep™ scale .and.rf:so]u.tmn Lo 0.6
EMs* scale and resolution 13 1.0 22 1.4 Flavor-tagging inefficiency 0.1 02
Flavor-tagging inefficiency 0.0 0.0 0.1 0.0 Pileup modelling L 1.6 1.1
Pileup modelling 0.0 0.4 34 0.4 Non-prompt background estimation 5.8 0.8
Non-prompt background estimation 9.5 3.6 13.5 3.7 Modelling
Modelling Background, other 1.4 1.6
Background, other 5.7 2.1 8.0 2.1 Lﬂfgf" E;‘S‘Ejﬂ{ ‘ z'g gg
Model statistical 24 13 46 2.0 QCD effects : '
\ NLO EW effects 1.1 33
NLO corrections 9.2 1.0 0.0 0.0 Effect of additive vs multiplicative QCD+EW combination 13 38
PDF, Scale and shower settings 75 3.9 0.7 0.2 add P : :
Unfoldi Laint 0.0 23 0.0 26 Interference impact 1.4 0.7
nolding uncertamty : - . : PDF, Scales, and shower settings 3.5 9.2
ED}‘iperlmt.ant.a? ]and modelling gg gg é;g 156?3 Experimental and modelling 12.1 17.7
ata statistica : : : : Data statistical 18.0 64.5
Total 21.3 9.3 32.0 11.8 Total 317 66.9

arXiv:2402.16365, STDM-2020-01
2 Sep 2024 Stefanie Gotz 20



https://arxiv.org/abs/2402.16365
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2020-01/

icati i ATLAS |y i
MAXIMILIANS-
WZ pOlaHSathn at qlgh IDT 13 TeV 140 fb! Full Run-2 experiment | LIVIU Gt
; I\I‘I\I‘I\\‘\I\I\I\‘\\\‘\\I‘\\\‘\\\\I\: ;180;!\IIII\I\II‘III‘II\I\I\I\\I‘I\I‘\\\\II—7
B ATLAS « Data mWyZ, 1 B r ATLAS « Data mWeZ, ]
£ _ O W ZeWZ,  EW.Z 3 T 160F - _ 4 WeZeW Z, EW.Z =
2 \E713Tezv,140fh Pr%nqpt 0 NoTn—Tprompt 1 © E J§713Tez\/,140fb Pr%r;pl ° NJn—Tprompt 1
o SR 100<p?s200 GeV 4 Tot. Uncerl. E W4 40F SR 100<p <200 GeY 44 Tot. Uncert. J
Post-Fit ' ] [ Post-Fit ' ]
3 120 -
] 100F , 3
80 3
1 60 =
E 40F =
P S 0 ‘
T I e e L IR e b= =
B F E T E E
a 1.5:* E & 1.5; E
% o P | ) Y 3 % Elod. 4. 4 n 44 . . o 7
8 F T FyrT v ¥ [ a g (] ¥ ¥ ¥ YT s
3 -{ P AN RPN ARPUUIN RPN R EAPIN A IIRTN B 1= AN RPN AU AP RV BN B IIRT B
-1 08 -06 -04 -02 0 02 04 06 .8 1 -1 -08 -06 -04 -02 O 02 04 06 08 1

BDT score cos 8,
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https://arxiv.org/abs/2402.16365
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2020-01/

W_ij 13 TeV 140 fb! Full Run-2 EXPERIMENT LMU| sz

Source Aowaiimw () Awziiown (] ED;I’ score dlstrlblutlon in the sngq{gl reglons | |
WZji-EW W Zjj—strong o | ATLAS * D S ETATIAS' * D E
WZjj—EW theory modelling 7 1.8 2 S0F o, “N“b‘ , = wectoar w°F NN et ]
W Zjj—QCD theory modelling 2.8 8 § £ Postit - apons § 1405— Postfit | & -En}}d wpens
WZjj—EW and W Zjj—QCD interference  0.35 0.6 W 4op -y e Vv S I Y
PDFs 1.0 0.06 sk 3 E
Jets 2.3 5 wb 3 E
Pile-up 1.1 0.6 E E
Electrons 0.8 0.8 10F E
Muons 0.9 0.9 s ]
b-tagging 0.10 0.11 =P e E
MC statistics 1.9 1.2 é 1; % ]
Misid. lepton background 2.3 2.3 o 05 3 o
Other backgrounds 0.9 0.23 '
& 05 0 05 1
Luminosity 0.7 0.9 BDT score BDT score
All systematics 16 12 . . w2z . L.
Statistics 10 6 2D combination of BDT score and my “ to obtain the EFT limits
[ E o TR Sh mie
w Post-fit SM ) At =25Tevt 3
10 st s cor ;oo &
10°? . : -;
10 o
1 3
107!
o 14
2 2
s
S o8
e Y Y- T I YT
JHEP 06 (2024) 192, STDM-2018-35 SEFERFEEFFREEFHES
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https://link.springer.com/article/10.1007/JHEP06(2024)192
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-35/

W_ W_jj 13 TeV 139 fb Full Run-2 EXPERIM ENT LMU 5

— 7 Distribution for JHEP 04 (2024) 026, STDM-2018-32

Source Impact [%o] 2 [ amas E
e 0L & 1atev, 1a9m? ¢ Data 3 Hii h
Experimental 46 S b e ] HgT searc
5 F postmr e HE (1000, sinte) - 032 E X .
Electron calibration 0.4 & af v Somersrs 3 . The differential measurements are for all
Muon calibration 0.5 150 tomprompt 42 Tot ner. | parameters except well described
Jet energy scale and resolution 1.9 b E — —
E_l]1_11ss scale and resolution 0.2 E 3 Variable 2EW WEW=Si lnzcluslve WeW=j Max. value in data
b-tagging inefficiency 0.7 E E X[ Noot _p-value | x"/Naor _p-value
Background misid leptons 3.4 E 2 L = Myep 4.5/6 0.605 7.34/6 0.291 1081 GeV
* ) ’ 1.4 | |
Background, charge misrec. 1.0 - + L E mr 13.0/6 0.043 16.33/6 0.012 1270 GeV
Pl o o1 3 b mj 76/6 0266 | 8676  0.193 6328 GeV
tie-upm g : E it T T ¢ Nepies | 252 0282 | 2532 0282 5
Luminosity 1.9 3 E &, 42/5 0517 | 4935 0424 1.74
Modelling 45 0 =00 N
my [Ge -
EW W*W?*jj, shower, scale, PDF & a; 0.7 Distribution for aQGC limits Example of 10 IIF“t -on D-8|EFT operators
EW W*W*j j, QCD corrections 1.9 s e — 100z s CIPPINg scale .
EW W*W*;j, EW corrections 0.9 g 10 fsn?:'rev . i -ﬁﬂé‘& 7 > 80n ATLAS . =
Int WEW# j, shower, scale, PDF & a 0.6 3 pp > Wwj o mmwen 3 £ 60"' 5= 1510V, 1398 1
§ SM prefit or prompt %7 Tot. Unce = Y =
QCD W*W=*jj, shower, scale, PDF & a, 2.6 2 i e =, ]
QCD W=W=*jj, QCD corrections 0.8 T m <0 TV : 2 40 E
Background, WZ scale, PDF & a 0.3 =20 ]
Background, WZ reweighting 1.5 OF -
Background, other 1.3 -20 =
Model statistical 1.8 —40 3
4 1
Experimental and modelling 6.4 = -60 fc';":s/g%cu i
[ —_— . im -
Data statistical 7.4 fmg _80 ~-- xp.9%% CLImit i
I I I I T - | {1 e B R R ol IS e s
Total 9.8 o200 300 500 800 1000 1200 1400 Ll 3 B
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Wyjj

13 TeV 140 fb* Full Run-2

LUDWIG-
MAXIMILIANS-

TLAS |

EXPERIMENT

UNIVERSITAT
MUNCHEN

Uncertainty Source

Fractional Uncertainty [%]

ATiAs T
MC Statistics 11 {5 =13 TeV, 140 16’
Jets 8 EW W[ —=Iv)yji
Lepton, photon, pile-u 8 L . )
P p . p . P Fiducial cross-section SRfid CRf Data (syst) 1 (otah) M
EW Wy jj modelling 7 12252510
Data Statistics 6 cap eap
Strong Wy j modelling 6 N =0 Nigg > 0 Sherpa 2212 e
8.9° 7 (scale) ' ' (statsPDFsct,) fo
Non-prompt background 2 Differential cross-section SR CR, CRg CR¢
Luminosity 2
- gap gap gap 2ap
Other Background modelling 2 my; > 1TeV ij =0 ij >0 Nm >0 ij =0 MadGraph5+Pyihias =L
EJF‘SS 1 £, <035 £, <035 035<é, <1 035<&, <1 13.0° 0% (scale) * 7 (statsPDFsct)
o oo b L Ll (L
0 2 4 6 81012141618
ogv Wi—Iv)yii [fb]
. Distribution for predicted and observed yields as
Fractional uncertainties as a function of m;; & py a functmn of m;;
> 0.4 > 0.4 ‘ @ — . .
= ATLAS Vs =13 TeV, 140 1t' = ATLAS Vs =13 TeV, 140 1t' s 1
g 0.35- EW W(—=v)7jj Nf;:: 0, ;U’ <0.35(SR) ] g 0.35- EW W(—=v)7jj Nf;:: 0, ;fr <0.35 (SR) 1 E 10t + Daa -POEHI;H” F 13 'g?r\;n; t&,:b EW W(va)yjj
2 = Luminosity Strang Wyjj modelling 2 = Luminosity Strang Wyjj modelling I Non-prompt Bl Top Bkg. I Zvjj 77 Uncertainty
g 0.3- - g}grenrpt non-Wy bkg madelling - JE‘EI;/rWy” modslling g 0.3- - g}grenrpt non-Wy bkg madelling - JE‘EI;/rWy” modslling 107 i
= == Non-prompt backgrounds == MC Statistics = == Non-prompt backgrounds == MG Statistics CHA CRC ' SR
< 0.25F == Unfolding — Total ] < 0.25F == Unfolding — Total A ..
2 £ 10° !
& o2f 1 g2 .
i _l_,— s 10
0.15F E 0.15
0.1 0.1 1
0.05 0.05 B 1sf ! ] ;
E o 1 - P ]
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my [GeV] pl [GeV] a i i :
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