Recent diboson and multiboson results from ATLAS
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What’s happening inside the detector

ATLAS

EXPERIMENT

Run Number: 336852, Event Number: 883966264

Date: 2017-09-29 09:19:23 CEST

A reconstructed Z-> up candidate event from the
simple physics process

€+

v Very complicated experimental environments in
proton-proton collisions

v" One vertex correctly reconstructed from 66
candidates. Two muons correctly reconstructed
and calibrated, from numerous tracks.

Z=0K


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayRun2Physics
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ATLAS Run 2 and Run 3
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SM precision measurements and rare

Processes

ATLAS Physics

Standard Model Total Production Cross Section Measurements
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Higgs (and di-Higgs) measurements |  -.. .

and searches

Searches for new physics beyond SM . .

Heavy flavor physics
Heavy ion physics

Full list of ATLAS public results
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-009/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic

Multi-boson production

Measurement of multi-boson productions at LHC is
important to test the validity of the SM at TeV scale
* Many precision differential measurements

x VBF/S processes with relative lower cross-section,
being key process to probe the mechanism of

electroweak symmetry breaking (EWSB)
Involve with Triple or Quartic Gauge Couplings
(T/QGCs)
x 10 look for vector boson self-couplings

* Probe new physics through deviations from SM
couplings ®

~ r@ i © (8)
EFT interpretation LSMEFT~£sM+Z 0 Z B 2 9

A way to search for high mass resonance decaying to

VV final state
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Precision measurements of
diboson processes

With Run-2 luminosity, ATLAS has been able to provide precision measurements of diboson
processes, and start to looking into polarization studies
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v" Vey rich physics information can be
obtained from the four-lepton channel, given
the very clean and fully reconstructable final
states

v" Very clear structures in the four-lepton mass
distributions at different mass regions

v’ Z region, Higgs region, on-shell ZZ region
and off-shell ZZ region
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https://doi.org/10.1007/JHEP07%282021%29005

Differential measurements and BSM interpretation

JHEP 07 (2021) 005

+ Differential cross sections measured vs. several An example for BSM interpretation with a model in which the
. : . . global baryon-number-minus-lepton-number (B-L) symmetry is
variables, in four different my, region treated as a local gauge symmetry and spontaneously broken

x  Myp Mag, P2, pr3?, COSO4, ... (JHEP 08 (2018) 181)
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https://link.springer.com/article/10.1007%2FJHEP08%282018%29181
https://doi.org/10.1007/JHEP07%282021%29005

arXiv:2310.04350

Polarization measurements at ZZ channel

+ Using events from the on-shell ZZ region

+ Observed 4.30 for the Z,Z,, two longitudinally polarized Z bosons

ATLAS Simulation
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Modelling of different polarization fractions
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https://arxiv.org/abs/2310.04350

Events

Data / Exp.

Measuring the Higgs width

arXiv:2304.01532

With a precise measurement of the qq—=>ZZ process, the Higgs
width could be constraint through its interference effect with the

gg box process, under certain assumptions
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https://doi.org/10.48550/arXiv.2304.01532

ZZ measurement at 13.6 TeV

ATLAS-CONF-2023-062

Fresh new results with Run-3 datal!

ATLAS introduced new slim data format to deal
with the bigger and bigger data size

25
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Dear 13.6 TeV ZZ Cross-Section Team,

Email from ATLAS spokesperson

Congratulations on achieving the first public ATLAS result based on the PHYSLITE format — with the additional

bonus of being a Run-3 result!

Following the announcement at the Vancouver ATLAS Week, and also at the ATLAS Weekly meeting, it is my huge

pleasure ics, Software & Computing Coordinators and ATLAS Management,
with thg PHYSLITE Champaign Challenge Award.

Champaign to be served to the team on Oct. 16 (next Monday)

ATLAS measures ZZ production using Run-3 data and a

new slim data format

25 August 2023 | By ATLAS Collaboration

Physics Briefing

The ATLAS Collaboration has just released a new measurement of the production
cross section of two Z bosons. This highlight result examines data collected

L ettt Sa=s ns colliding at a record energy of 13.6 TeV —
and pioneers the use of PHYSLITE 4 a new, reduced data format that requires
significantly less storage.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-062/
https://atlas.cern/Updates/Physics-Briefing/ZZ-PHYSLITE

Events /0.2

Data / Pred.

W/Z polarization

Phys. Lett. B 843 (2023) 137895

Eur. Phys. J. C 79 (2019) 535

+ Longitudinal component is critical to understand the Higgs mechanism and probe

VBS unitarization

+ ATLAS reports the first measurement of joint polarization, with significance of the
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https://doi.org/10.1140/epjc/s10052-019-7027-6
https://doi.org/10.1140/epjc/s10052-019-7027-6

* First differential measurements in this final state at the LHC

WW (—2evuv) + 1jet

+ lest of perturbative QCD and EW theory
+ Dominant background from top processes

x Estimated with data-driven method

x Factor of b uncertainty reduction w.r.t. MC based
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https://link.springer.com/article/10.1007/JHEP06(2021)003

Crosse section measurements and EFT

Integrated cross section, 10% uncertainty
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Very good agreement between measurements
and SM predlctlons
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JHEP 06 (2021) 003

Looking into high pT region
(leading jet pt > 200 GeV)

Relative contributions from
linear terms become larger
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https://link.springer.com/article/10.1007/JHEP06(2021)003

Events / GeV

Data/SM

Inclusive WW measurements

ATLAS-CONF-2023-012

+ Jet inclusive phase space, allowing comparison to precise theoretical predictions

+ WW decays leptonically to different flavor channels, WW—>evpv
+ Dominant background from top processes
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oW MM 1nou;

in Bui

0.9

0.8t

o

Number of jets (pT > 30 GeV)

Dedicated control region to estimate the top

background (~80% of total background)

Uncertainty source Effect
Total uncertainty 3.1%
Stat. uncertainty 1.1%
Top modelling 1.6%
Fake lepton background 1.5%
Flavour tagging 0.7%
Other background 0.9%
Signal modelling 1.0%
Jet calibration 0.6%
Luminosity 0.8%
Other systematic uncertainties  0.9%

Good control of top systematic

T I T T T T I T
ATLAS Preliminary
Vs=13TeV, 140 fb™
pp = W'W-

123 + 1 (pdf) = 2 (scale) pb

This measurement
127 = 1 (stat.) = 4 (syst.) pb

CMS 36 fb™'[1]
118 + 1 (stat.) = 7 (syst.) pb

ATLAS 36 fb'[2]

[1] Phys. Rev. D 102 (2020)

MATRIX 2.0 nNNLO ® NLO EW

137 = 2 (stat.) = 10 (syst.) pb

[2] Eur. Phys. J. C 79 (2019) 884
1 1 1 1 I 1 1 1 1 I 1 1 1 1

[ PDF Uncertainty
[ ] Total Uncertainty
—e— Measurements

T T T | T T T T
Theory Prediction

092001

I Il | — I

1 l | I —

80 90 100

Also have differential measurements. Check the CONF note

Z=0K

110 120

I
130

140 150

Total cross-section [pb]

Most precise measurement
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-012/

Observation of photon-induced WW production
Phys. Lett. B 816 (2021) 136190

\

e~ ¢

Figure 7: Diagrams for the exclusive yy — WW production representing the (a) elastic process and the inelastic
processes consisting of (b) single-dissociation where one initial proton dissociates (SD) and (c) double-dissociation

T
* F O r -t h e p p (YV) NN p ( * )WW p ( * ) where both protons fragment (DD). The symbols X and X’ denote any additional final state created.

+ The final state protons stay either intact or fragments after emitting a photon (elastic, single-
dissociative and double-dissociative WW production)

+ Rather clean events (two charged leptons and no additional charged-particle activity) for
elastic case

+ In the dissociative cases, remaining charged particles often fall into the forward region
beyond tracking detector

+ Signal selections

+ eJ pairs with different charges, no tracks near leptons vertex, pT(ll) > 30 GeV (MET proxy)
+ Major challenges

+ Modeling of number of charged particles from underlying events for background process
x Corrected with data measurements of DY—=21l production
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https://www.sciencedirect.com/science/article/pii/S0370269321001301

Cross-section Measurements

Phys. Lett. B 816 (2021) 136190

2 T ' ' f I = B n Signal region Control regions
S 1200~ _o_ pata ATLAS 8 - ATLAS 1 : gntrk ~0o lg 2 e 2
0 E {s =13 TeV, 139 fb o 150 Is = 13 TeV, 139 fb - >30GeV  <30GeV  >30GeV <30 GeV
1000~ o qqoww p™ > 30 GeV @ Mg = 0 1 o ww 74 20 45 + 6 95 = 19  24x 5
— BN Cihergqq inftiated § =¢— Baia 4 Tyt 55 + 03 396=% 19 56+ 12 2% 7
800 — = Non-promt i Cy o < Drell-Yan 45 + 09 280 +40 106 + 19 4700 +400
O oo, ainty 100 — | gg— WW(incl ggand VBS) 101 17 55 x10 1700 £270 970+ 150
600 __ r--> B q-WW i Non-prompt 14 =14 36 +35 220 +220 500 + 400
- <--=n I Non-prompt | Other backgrounds 7.1 = 1.7 19+ 04 311 =+ 76 81+ 15
- B Other qq initiated | Total 305 18 459 +19 2460 + 60 6320 = 130
400 — e 50 Grieer RotalUnRGerIEiy — Dan 307 249 2458 6332
200 i
&=t - ﬁ
T T T . T T T e
3 1.41 ] B 1‘21-_ | /£ /L "%I/I/ g
i 1 '2 .................. o . __-, ----- 4 . .
PR e IR 7 * 2 / Integrated event yields from different
I C ' 1 = i Rlaz7,% % : : . : :
O OB o 18 ook | T ﬁ ( 7 i regions are used in profile likelihood
0.6 I ! ! I 1 ’ T LI : H H
0 1 > 3 4 0 20 80 10 120 fit to get the signal events
Number of reconstructed tracks, n p [GeV]

Signal strength:1.33+0:14 (stat.) 922 (syst.)

Events categorized into 4 regions based on ny, and pT(ep) Significance: 8.4 ¢ .
SR: ny = 0 and pT(ep) > 30 GeV Measured fiducial cross-section:

Other 3 CRs to constrain dedicated backgrounds 3.13 £ 0.31 (stat.) £ 0.28 (syst.) b
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https://www.sciencedirect.com/science/article/pii/S0370269321001301

t on o(pp — X—> WW) [fb]

imi

95% CL |

Searches for BSM decays to VV

ATL-PHYS-PUB-2023-007

Status: March
T T I T T

2023
T

LN N L L N N L L L L N I L L B B (L B

ATLAS Preliminary
Vs =13TeV, 139 fb’

——— evuv [ATLAS-CONF-2022-066]

Ivaq [EPJ C 80 (2020) 1165] .

—— Observed

Expected

T
L Q
| Q
M

m(X) [TeV]

One example from WW channel

ATLAS Diboson Searches - 95% CL Exclusion Limits

ATLAS Preliminary

Status: March 2023 £=1391b! V5=13TeV
Model Channel’ Strategy* Limit Reference
Bulk RS (knr. = 35, Ag =3TeV) R — WW,ZZ — waqq, tvqq, tfqq resolved, boosted ! ! ! ! ! 0.3-3. TeV ' I ' Eur. Phys. J. C 80 (2020) 1165
Bulk RS (knre = 35, Ag = 3TeV) R — WW — evuv resolved ATLAS-CONF-2022-066
» Buk RS (knre = 35, Ag = 3TeV) R— WW,ZZ - qqqq boosted JHEP 06 (2020) 042
-é RS1 (k/Mp; = 0.01) Gkk = vy resolved [ ] Phys. Lett. B 822 (2021) 136651
é RS1 (k/Mp; = 0.05) Gk = vy resolved Phys. Lett. B 822 (2021) 136651
Sl RSt (k/Mp =0.1) Gk =7y resolved Phys. Lett. B 822 (2021) 136651
‘g Bulk RS (k/Mp = 1.0) Gk — ZZ — L0t vt resolved Eur. Phys. J. C 81 (2021) 332
o Bulk RS (k/Mp; = 1.0) Gk = WW — evuy resolved ATLAS-CONF-2022-066
Bulk RS (k/Mp; = 1.0) Gk — WW, ZZ — vvqq, vqq, ttqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
Buk RS (k/Mp = 1.0) Gk = WW,ZZ - qqqq boosted JHEP 06 (2020) 042
HVT model A W - WZ - tve't! resolved arXiv:2207.03925
HVT model A W’ — WZ — vvqq, (vqq, tlqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT model A W’ — WH — (vbb resolved, boosted arXiv:2207.00230
HVT model A W — WZ - qqqq boosted JHEP 06 (2020) 042
HVT model A W’ - WH — qqbb boosted Phys. Rev. D 102 (2020) 112008
HVT model A Z' > WW - evuv resolved ATLAS-CONF-2022-066
HVT model A Z' - WW - tvqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT model A Z' — ZH — vvbb, ttbb resolved, boosted arXivi2207.00230
o HVT model A Z' - WW - qqqq boosted JHEP 06 (2020) 042
2}
g HVT model A Z' —» ZH — qqbb boosted Phys. Rev. D 102 (2020) 112008
8 HVT model B W' - WZ - tve't! resolved arXiv:2207.03925
q§> HVT model B W’ - WZ - vvqq, tvqq, (aq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
8 HVT model B W’ - WH — tvbb resolved, boosted arXiv:2207.00230
HVT model B W’ - WZ - qqqq boosted JHEP 06 (2020) 042
HVT model B W’ — WH — qqbb boosted Phys. Rev. D 102 (2020) 112008
HVT model B Z' > WW — evuv resolved ATLAS-CONF-2022-066
HVT model B Z' - WW - (vqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT model B Z' — ZH — yvbb, ttbb resolved, boosted arXiv:2207.00230
HVT model B Z' - WW - qqqq boosted JHEP 06 (2020) 042
HVT model B Z' - ZH — qqbb boosted 1.5-2.7 TeV Phys. Rev. D 102 (2020) 112008
HVT model C W —» WZ - tvt't resolved [ ] 0.3I-0.34 TeVv . . . . . . . . arXiv:2207.03925
0.5 1 1.5 2 25 3 35 4 4.5

HVT model A: gr = —0.55, gy = —0.56
HVT model B: gr = 0.14, gy = —2.9
HVT model C: gr =0, gy =1
*small-radius (large-radius) jets are used in resolved (boosted) events

fwith € = p, e

=0k

Excluded mass range [TeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-007/

Observation and measurements
of vector boson scattering
processes

With Run-2 luminosity, ATLAS has been able to observe VBS processes in all major channels, and
start to have differential measurements



The Higgs Mechanism and EWSB

+ The Higgs boson is special in the SM, as to

explain how other particles get their
masses

+ Known as the “Higgs Mechanism”, with a Link
very delicate electroweak symmetry EEANaE R A
breaking (EWSB) Francois Englert  Feler W. Higgs
+* From the proton-proton collisions at the
. . The Nobel Prize in Physi rded jointl
LHC7 the EWSB can be StUd|ed W|th the to lgral?g(fis é:fgjéilt an}(,ng::tSS %ﬁﬁ?ggasvz?(l)r?héomty
. heoretical di f a mechanism th
vector-boson scattering (VBS) processes ot Eiiesto ok Chie it siefilisolmmiat

mass of subatomic particles, and which recently was
confirmed through the discovery of the predicted
fundamental particle, by the ATLAS and CMS
experiments at CERN's Large Hadron Collider."
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https://www.nobelprize.org/prizes/physics/2013/summary/

The VBS Processes at the LHC

Phys. Rev. D 55, 7165 — Published 1 June 1997

SM VV scattering processes with SM VV scattering processes w/o a Higgs boson
low mass Higgs (120 GeV) )
nb , —— - Q1 - 0
vvvvvvvv ’ a(VV = VV) with my, = 120 GeV ' DD:Z* i o e Wi Vs
-
> Rare process
‘ 2 "4

q2

0.014 — WrWT - WtW—

- ‘0 > o o 0 1000 e 2000 3000 Ve Cto r b oson
V5 [GeV] 5 [GeV i
couplings Vi
JHEP11(2008)010 /)\

+ Involving Quartic Gauge Couplings (QGCs) which is
. . QGC
sensitive to new physics

> Only charged QGCs allowed at Standard Model (SM)
tree-level (WWWW, WWZZ, WWZy, WWyy)
> Constraint on anomalous QGCs (aQGCs) Higgs couplings o JA\ i

> Probe new physics through deviations from SM

Z=0K
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.55.7165
http://iopscience.iop.org/article/10.1088/1126-6708/2008/11/010

From VV to VVjj

Physics Letters B 775 (2017) 206

= Theoretically more complicated mostly % _F anas "+ Dam E
due to the jet modelling B 12E 25 oo oty B 00O} Sutrr22)
+ A typical issue observed by several ATLAS z 102 -%io:zzrk E
measurements, m; modelling 1g 7 bataSit OSyst. - 2
+ In most analyses the m; is corrected to 10 N
data -2 introduce additional uncertainty 02k E
+ Experimentally also challenging 1o—3:E .

+ Pileup effect in the forward region s [wAleEn 2GS ae i—l—— 377 ] _

+ Lack of detector coverage in the forward g 2; '.SHP ;.,,,;,, 4 4, /él

= o 1000 2000 2000

region makes it more difficult

+ Will be more challenging at HL-LHC when
luminosity further increased

o

Dijet invariant mass [GeV]
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https://www.sciencedirect.com/science/article/pii/S0370269317308523

Observation of VBS at the LHC

+ [wo intermediate vector bosons radiated from two incoming quarks

+ Final state with decay products from two vector bosons plus two

outgoing jets
+ In general, two “tag” jets in forward region with large rapidity

separation and large invariant mass The first evidence of these processes at LHC
+ Cross-sections of the EW VBS are small, in the same-sign WW channel

suffer from irreducible QCD VV + 2jets events

m;i=2800 GeV | Ayil=6.3

Candidate VBS event from ssWW
Phys. Rev. Lett. 113, 141803

w;AH.AS

|| === N EXPERIMENT
Now have been observed in all major channels during Run-2! | [— e ||| Run Number: 207290, Event Number: 33152138

Date: 2012-07-26 04:16:35 UTC

Z=0K


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.141803

Observation Of EW sz. Nature Physics 19, 237-253 (2023)

] . ® ¢ Data @ ZZ(EW) ' 40 | ATLAS ¢ Data
+ Two Z bosons decaying leptonically 0 oo 0 iy as | o= 1TeV. 139" m zeEw
9 [ [ SR
x ZZ >l (4e, 4y, 2e2p) S sl \/— S R { e
E’_ ¥ g [l Others
x [/ 9 llvv (292V, 2H2V) % 10 SR *% 20 p 77 Uncertainty
i o 15
+ Iwo jets in the back and forward regions s anl vl 10}
_ | X Tt 1
+ Clear experimental signatures e o ey
3 1.50 ’ . 1.50
. . L. . © 125} o B 1o5F
+ Large modeling uncertainties of the dijets ¢ 1.00 %/f}%/f/%%%(%% S 100 4 f////(//W/%}///////////////%
g A ‘ . . . . . . . ‘ ® 075F
O 0a 080402 0 02 04 08 08 10 X e e e e %.'e 10
MD MD
Mew ”eeeej; Significance obs. (exp.)
QCD
- 2008jj 0.97+0.27 0.99+0.22 5.5 (5.6) 0
S 20WVjj 0705 - 13210
N le I8 Event with m;; = 2228 GeV; ma = 605 GeV
|1 i I'-— Combined  0.92+0.24 0.99+0.22 57(5.9) 0

1 il il

o0 ¥ YATLAS

EXPERIMENT

Leads to the first observation of the EW ZZjj production at the LHC

Event: 454611985
2017-11-09 04:06:14 CEST
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https://doi.org/10.1038/s41567-022-01757-y

arXiv:2308.12324, submitted to JHEP

Follow-up measurements in the 4ljj channel

r T T ]
CATLAS - Jet -* Background —
[ Vs=13TeV, 140 fb” ~-Other -+ Lepton ]

[ VBS-Enhanced region Theory + Unfolding

—
>

+ Differential measurements of EW+QCD processes in the VBS
enhanced and suppressed regions

Uncertainty [%]
R

o

\

. [ [ 6? _:
+ Several measurements covering the typical VBS variables, : :
4- -
polarization and CP sensitive variables, and QCD sensitive variables | E
C L L L TR | L ]
_ —— 4x10? 10° 2x10° 3x10°
< = T T T T T L T T 2 — . — < L I L L L L I
E - ATLAS VBS-Enhanced region, ¢ < 0.4 j §A10 = ATLAS VBS-Enhanced region, { <04 2 = ATLAS VBS-Enhanced region, { < 0.4 m; [GeV]
S 107" E Vs=13 TeV, 140 fo" —e- Data, stat. unc. = * oﬁ E Vs=13TeV, 140" —e- Data, stat. unc. ] g Vs=13 TeV, 140 fb" -e- Data, stat. unc.
= E 4 © B 10 = I N Wilson [Mag|>  95% confidence interval [TeV %]
o é= r Total unc. 1 © 8 E Total unc. 3 g Total unc. coefficient Included Expected Observed
olg 102 =5 s =) oF Fro/A® yes [0.98,093]  [-1.00,0.97]
Exe——o— 3 B 1 ®lg 4q2 RO 1o [-23,17] [-19, 19]
= 9 ATe . 1 — 107, e A es 12,12 13,13
s —see- Ee=o—— o ——————= Fral y (12,121 [13,13]
10° == = E © o 3 —1_ ° 1o [-160, 120] [-140, 140]
E 3 Do - - L) fralA* yes [-2.5,2.4] [-2.6,2.5]
e e = T T T s e . T = — i no [-74, 56] [-63, 62]
0 e l"'gé = 3 S Frs/AF ves [25.24] [-2.6.25]
E 3 C ] no [-79, 60] [-68, 67]
r B o Fre/ A yes [-3.9,3.9] [-4.1,4.1]
1075 |~ ===A===  Strong 4ljj (SHERPA) + EW 4ljj (MG5+PY8) - 107° E- s Strong 4ljj (SHERPA) + EW 4ljj (MG5+PY8) E| E=—pc Strong 4ljj (SHERPA) + EW 4ljj (MG5+Py 8) | 10 [-64. 48] [.55. 54]
E m==ge== Strong 4ijj (MG5_NLO+PY8) + EW 4ljj (MG5+Pv8) 3 E === strong 4lj (MG5_NLO+Pv8) + EW 4Ijj (MG5+Pv8) 3 E==g==—Strong 4ljj (MG5_NLO+Pv8) + EW 4ljj (MG5+Pv8) YN ves [85,8.1] [-8.8,8.4]
C EW 4j (MG5+Py8) i 7 - EW 4ijj (MG5+Py8) ) . EW 4ljj (MG5+Py8) ' 10 [-260, 200] [-220, 220]
1076 e o .EW 4|.u (PO‘WHEIG+FI’Y8|) +ZZV(V- jj) (SHERP{\) ‘E_ 1073 ? ,EVY 4ljj (POWHEG+PY8[) + IZZV(V—> i) fSHElERP}I\ L = \ EW 4ljj (F:OWHEG+PY8|) +ZZV(V— j|j) (SHERPA) J N ves [2.1,2.1] [2.2,22]
{Z 16E : I ——— : 3 ® 16t L. LIS S | LI © O OO L0 OO A DAV OO OO LA no [-4.6,3.1]x10* [-3.9,3.8]x10*
© E 3 © 4 4E E © 4 4 3 frolA* es [-4.5,4.5] [-4.7,4.7]
14E E E = X ¥
% 19k [ 3 o ]‘21 = [ [ ‘ E (S i 3 no [-7.5,5.51x10* [-6.4, 6.3]x10*
. E 3 o . = o - E
2 : e e
:g 0.8 ;—I & 1 & I 2ol g 0.8 B n T ‘ . e =1 = g . i & ) |
c 06F e 1 S o6 el i 1 S ospe ® 3
0.4E L 1 1 T L L3 0.4E 1 1 L TR L L 7 1 | I | 1 | L E A4 E I T T T R M MM AR I I 3
4x10? 10° 2%10° 3x10° -1 -0.5 0 0.5 . 1 50 100 150 200 250
m; [GeV] cos(8,,) Py [GEV]
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https://arxiv.org/abs/2308.12324

Same-sigh WW channel sasconer03.003

The large majority of backgrounds from the top-related processes have two different-sign Ieptons

%*
in the leptonic decay § o Amas ey
+ The WWijj events from strong interactions are also largely reduced " e ‘Ei)i(i) :
+ Observation (6.50) with partial Run-2 data, Phys. Rev. Lett. 123, 161801 g = oo ]
E Non-prompt 7/, Tot. Uncert.
* leferentlal measurements of the EW process with full Run-2 data ol
= R ] ) I I B L L L B oof
& 0.45—ATLAS Preliminary « Data —; = Obs. 95% CL upper limit -
= o 1 MG+Herwic-EW ; = 410° = ATLAS Preliminary _| “f
s °4§ =13 Tev. 139 A WGP EW E § = (s=13TeV, 139 o — — Exp. 95% CL upper limit ] 22
0% L SERAEWNOEW ] Toor [ Expected limit (+1c) - _wE ] E
s 03 7/ Total Unc. - 1o 2 12
o ozsk 2 Sys. Unc. —E % - E Expected limit (+20) . é 0;%/// 404064554 //,//%/ %//
0.2;— p{i , —; é 102 E_\ _E 0:6
015;_ i % % _: E E 0 500 1000 o [GelIS]OO
0.1F e 4’ / E N i
°-°Z§‘I o N .i. e ol | Also set limits on doubly-
g T T = S : charged Higgs
T e AR : 1 Also has EFT limits
R T 500 1000 1500~ 2000 . 2500 3000
800 1000 1500 2000 2500 3000 3500 mHﬁ [GeV]
m; [GeV] °

Z=0K
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.161801
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-023/

The Zyjj channel

Eur. Phys. J. C 82 (2022) 105
JHEP 06 (2023) 082
arXiv:2305.19142, accepted by PLB

: . E atas Wt ]
[} 0.005 —
+ Observation in both the Z->vv and Z->1l channels & Mhantevuon’ oy
8 Signal Region % EWZijiMG ]
. . . . . = 0.004 7 EW-Zy —
Observe the SM process Search for Higgs invisible decay and dedicated 3i§ Differential ]
. i i ]
g T T T H to dark photon modelin the Z->vv channel measurement of |
§ 10°E aTLAS - Data Z(vV)yjj EWK 3 . a1
i /s =13TeV, 139" IZ(v¥)yj QCD [ W(v)j QCD | = 10— ' ' L E 0002 EW Zyjj in Z21I E
Background only fit W(lv)yii EWK I W(eW)ji, tjj, ttj _| o = 3 ]
5| Signal region W Wi N = F —— Observed ATLAS . channel .
10°E postit Wz j I 2y E e Expected s =13 TeV, 139 fb” . 0.001 -
7/ Uncertainty ~ --- Pre-Fit Bkgd. ] T 1 I Expected + 1o Limits at 95% CL — 1
b = Expected + 26 : . E ]
i T = | GVEF with B(H—1y,)=0.05 VBF Higgs couplings s < 14
E o . 3l
. Q 107" = — gg 8§
% . x 107" E &l "500 1000 1500 2000 2500 3000 3500 4000 4500 5000
0 | L - 3
7 4 = g g
i 3 10_2 E = % ;ATLAS ~+- Data, stat unc. E
5 e e = (2 Vs =13 TeV, 140 fb™' Il Total uncertainty .
P ) E C -1 -
c:.\“ 1_251 ”{ ” i 7 - a _ 107 =Extended SR 4 EW-2yjj MG + QCD-2yjj SHERPA 3
8 o075t R ( . 10°% . . .| . L 8§ F ]
E E -2 —
0% 030 053 071 0.81 0.86 090 0.93 095 1 102 10° 10 E 3
BDT classifier response m H [GeV] C ]
10°E E
q q E E
—4|
4 Also has EFT '€ Differential measurement of
> f limits - EW+QED Zyjjin Z->l channel
q y v ‘ég }g
_ : 88 o 7
(b) VBF clectroweak diagram () Triboson diagram .Ob.S?rVGd (eXpe.Cted) 95% CL upper limit on Higgs Bl OO ot 15k 5000 2500 3060 3506 4006 4500 5500
invisible decay is set as 0.37 (0.34) m, [GeV]
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https://doi.org/10.1140/epjc/s10052-021-09878-z%20Focus%20to%20learn%20more
https://doi.org/10.1007/JHEP06%282023%29082
https://doi.org/10.48550/arXiv.2305.19142

The W/Zjj channel

+ Only leptonic decays of the W/Z are

considered

* A statistical fit on the BDT score is used to

extract the EW component
+ Observed significance: 5.3 o

Data / MC

Data/MC

~ [aV]

N E ® Data S ATLAS ® Data E

o 3B wzew s=13TeV,36.1 b T 40FE s-13Tev. 364 1" CIwzEw 3

° - 3 , 36. =
, * E N WZ-QCD

P _ WZjj SR Wi £ E WZjj SR 7z 3

GC) id. le 7/ > 35:— I Misid. lept =

> -
T w :

- -05 0 0.5

1

BDT Score

Z=0K

Phys. Lett. B 793 (2019) 469

e/

ATLAS
's=13TeV, 36.1 fb™
uee | 0.87 +0.19 )
W*Zjj
eup | 0.73+0.17 ® Data
#4e% Sherpa

MUK 1 0.79 £ 0.16

0O 02 04 06 08 1 12 14 16 18 2

fid. theory
Swizi/ Owizj

combined

Measured cross section:

0.14 0.0
owzjj-ew = 0.57 to.:3 (stat.) io.og (syst.) fb.
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https://www.sciencedirect.com/science/article/pii/S0370269319303211

Searching for triboson processes

With Run-2 luminosity, ATLAS has been able to start looking for very rare VVV processes



Observation of WWW production

Phys. Rev. Lett. 129 (2022) 061803

+ Directly probe the gauge boson self-interactions

+ Events with 2 same-sign leptons and two jets, 0
charged leptons are considered

r three

+ BDT used to discriminate between signal and background

1r

» First observation, 8.0c [
ENERGY

Measured cross section FRONTIERS CERN Courier

approximately 2.6c higher than
the SM prediction at NLO QCD
and LO EW it P
Measured: 820 £ 100 (stat) & 80 (syst) fbii:
Predicted: 511 £ 18 fb

Reports from the Large Hadron Collider experiments
ATLAS

Signal strength consistently high in all channels

be consistent: 1.54 4= 0.76 for e*e™, 1.44 4 0.39 for ey,
2.23 +0.46 for p*u*, and 1.32 4 0.39 for 37.

First observation of WWW production

Z=0K

Data / Pred.

Events

Data / Pred.

100 F T T T T
L 1 € 300 -
[ ATLAS e Data 1o ATLAS e Data .
L s=13TeV, 139 1" = R T {5 =13 TeV, 139 fo" = Wy =18
80[-SR e’e* T Non-prompt | . [ Non-prompt 1
[ Post-Fit [y conv. 1 Post-Fit [y conv.
B [ Charge-flip [ Charge-flip
0 [ Other @ Other ]
60— 777/ Uncertainty 777/ Uncertainty
co. o e Pre-Fit Bkgd. - | e Pre-Fit Bkgd. ]

0 = 0
1.4 o 14F 3
1.2) j g 1.2F o ¢ .
VW%///%V //f * VR T sk » % W
038 s 08F ¢ 5
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All agree well with SM predictions
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Summary

* An overview of ATLAS multi-boson results

+ Precision measurements of VV processes. Already observed joint-
polarization states in certain channels

+ Observation of VBS processes in all major channels
+ Observation of VVV processes in certain channels
+ Searches for new physics
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