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My contributions within ATLAS in a nutshell

Data reconstruction

Detector : . Physics Analysis
simulation
'% 105? ATLAS ! ! Iéllalaitzazom
Lﬁ C [s=8TeV,20.3 10" -;/IZisid. leptons
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V' Detector optimizations for the v Coordination of TRT software Y Analyst of 9 ATLAS publications
ATLAS upgrades team (~20 persons) v Analysis contact of 4 publications.

~ 10-20 persons

v Convener of the ATLAS Standard Model
Electroweak Group (~ 250 persons)

v MC simulation / modelling studies

v' Convener of the ATLAS-Germany
Standard Model Group (14 Universities +

. DESY + MPI
Representing ATLAS )
v Convener of the ATLAS Diboson
v LHC Electroweak Multibosons working group resonance search group (~ 100 persons)
v VBSCan EU COST Network
v COMETA EU COST Network G@@EJ In this talk:

@% Direct participation | g
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quantumdiaries.org

Before Electroweak symmetry breaking

. V($)
Symmetric: ¢

mw=mz=m,=0

Value of the
Higgs Field ¢

photon 4 massless gauge bosons
(Only Transversal polarization states)
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quantumdiaries.org

Electroweak symmetry breaking

. V()
Symmetric: $ e
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This costs too much
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Electroweak symmetry breaking
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Electroweak symmetry breaking
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The Goldstone bosons

A V()

Broken Symmetry!
m,=0
Mw, mz# 0

W,Z longitudinal polarization

16



Goldstone boson

E I ECtrOweak Sym mEt ry b reaki n g Equivalence theorem

“At high energy, longitudinal
vector bosons are analogous
The Goldstone bosons are absorbed to goldstone bosons”

becoming the W and Z
Longitudinal polarization (Vo = 20, Wo)

4 V()

Broken Symmetry!
m,=0
Mmw, mz#0

The photon remains massless and with only transversal polarization -
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Now we know that the cast is all related

the main actors \

\Y . Challenge the SM

AN Gevic Quartic Bogons interactions ©
Longitudinally polarized bogon interactiong ©

Z boson Higgs Boson self interactions ©
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The Outline
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Quartic Bogons interactions ©
Longitudinal polarised bosons interactions ©
Higgs Boson self interactiong ©

2. Look for New physics

New resonance ©

Deviations on SM predictions ©
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How do we explore those interactions?

1. Bosons collisions

2. Compare measurements with theory predictions

21



The Large Hadron Collider and ATLAS

p-p collisions happen the
center of the detector

~100 m

underground

proton
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The Large Hadron Collider and ATLAS
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From proton collisions to vector boson pairs

ATLAS detector

time
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Measuring and calculating Cross-
sections!

is a measure of
the probability that a specific process
will take place
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The Standard Model testing status

Status: June 2024

Events per
month*
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The Standard Model testing status
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Vector Boson Scattering at the LHC

Protons in LHC serve as source of vector boson beams.

W,Z

% . <_ pro’rqns
A
1/

/
protons ——>
>.@ . W.Z

o

0

jet

- - V \%4 1% %
O - E ﬁ e W Lo, O Ay : order 6
- +
v v PR a, : order 0
Vv Vv v \%4 V vV Vv V
gauge structure of the electroweak symmetry
Standard Model breaking
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The Large Hadron Collider and ATLAS
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Run 1: Vector Boson Scattering

a bit of perspective

The 8 TeV dataset gave us first analyses and with them the first evidence !

k endi
PRL 113, 141803 (2014) PHYSICAL REVIEW LETTERS 3 OCTOBER 2014
@ Evidence for Electroweak Production of W=W=jj in pp Collisions at /s = 8 TeV
with the ATLAS Detector
(ATLAS Collaboration) 4.5 0 (3.6 0)

(Received 23 May 2014; published 3 October 2014)

week ending

PRL 114, 051801 (2015) PHYSICAL REVIEW LETTERS 6 FEBRUARY 2015
CMS, Study of Vector Boson Scattering and Search for New Physics in Events
> > with Two Same-Sign Leptons and Two Jets
iy % .
T V. Khachatryan et al. 200 (3.1 0)

(CMS Collaboration)
(Received 23 October 2014; revised manuscript received 11 December 2014; published 2 February 2015)

PHYSICAL REVIEW D 93, 092004 (2016) @d‘g

Measurements of W*Z production cross sections in pp collisions
at \/s=8 TeV with the ATLAS detector and limits
on anomalous gauge boson self-couplings

G. Aad et al.”

(ATLAS Collaboration)
(Received 8 March 2016; published 13 May 2016)

Only upper limit on the cross section reported

Physics Letters B 770 (2017) 380-402

Measurement of the cross section for electroweak production of Zy in
association with two jets and constraints on anomalous quartic gauge
couplings in proton-proton collisions at /s = 8 TeV

3.0 0 (2.1 0)

The CMS Collaboration ™
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Run 1: Vector Boson Scattering
a bit of perspective

The 8 TeV dataset gave us first analyses and with them the first evidence !

PHYSICAL REVIEW D 93, 092004 (2016)

k endi Measurements of W*Z production cross sections in pp collisions
PRL 113, 141803 (2014) PHYSICAL REVIEW LETTERS 3 OCTOBER 2014 P Pp
at \/s=8 TeV with the ATLAS detector and limits
§ on anomalous gauge boson self-couplings
@ Evidence for Electroweak Production of W=W=jj in pp Collisions at /s = 8 TeV .
with the ATLAS Detector G. Aaderal.
(ATLAS Collaboration)
EXPERIMENT G. Aad et al.” (Received 8 March 2016; published 13 May 2016)
(ATLAS Collaboration) 4.5 0 (3.6 0) o .
(Received 23 May 2014; published 3 October 2014) Only upper limit on the cross section reported

Physics Letters B 770 (2017) 380-402

PRL 114, 051801 (2015) PHYSICAL REVIEW LETTERS 6;:;;
40 BVVEW at /5 e P. Anger CERN-THESIS-2014-105
ii-EW at /s =8 Te
C . Study of Vector Boson Scattering and Search for New Physics in Events ] J & ' : i
0 with Two Same-Sign Leptons and Two Jets 35 DVVJ_ J 'QCP at /s :8 Tev
et S 506 EVV]J-E\\" at /5 = 13 TeV
- . Khachatryan e al. . d0 i1-QCD : s = 1¢ ’
- (CMS Collaboration) 30+ VVjj-QCD at \/; 13 Tev
(Received 23 October 2014; revised manuscript received 11 December 2014; published 2 February 201!
95 x 10
L= x 10
— 20
. S
Run-2 data was coming:
15+
® Increased energy — larger cross-sections (factor ~3)
@ But still a small signal/background ratio 10 %10
@ Required analysis optimisations to reach observation sl x10
® First observations were expected with the early Run-2
dataset !

WEW= W-W~— ZZ—2f ZV Zy Wz Z7 — A
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Analysis strategies

Small signal over a large irreducible background

Control regions to estimate from data the main backgrounds

C. Bittrich cern-THESIS-2020-039
S. Todt ceErN-THESIS-2022-268

@ge@

Use of discriminant variables or MVA to increase the signal and background sedation

Discriminant varlable for ssWW measurement

®

= _

)

2 B
60 —
40
20 =

I I 1 I I

ATLAS —+— Data

W*W-jj electroweak
\s =13 TeV, 36.1 fo WAL cirens
Non-prompt
B e/y conversions
s Wz
| Other prompt

4444<. Total uncertainty

122 events

Y IS

+

500

1000 1500 2000 2500

dijet invariant mass - m, [GeV]

Events /0.2

Data/ MC

Discriminant variable for WZ measurement

45

= ATLAS | . o
40 's=13TeV, 36.1 fb" 1 W'Z-Ew =
£ WZjj SR -z E
39 J B Misid. leptons E
30 161 events — :[[tZJ]\;nd VvV =
- / s Tot. unc. -
25 ;— / _;
20 E
15 5_ //J//// _5
ot gy |
7//Y/// -

/7717,

05 1
BDT Score
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Gepes)
Some lessons learned _ , o0

e} ! i
_;';- s =13 TeV, 36.1 fb” Total experimental uncertainties _|
_ _ _ © S ==z Experimental stat. uncertainties
V' Accurate MC modeling is essential — the 41— Total theoretical uncertainties —
ShapeS Of the d|Str|but|onS are key' : % Theoretical scale uncertainties :
I NLO QCD e
3 * o 3@3
I Z / =
| LO (merged) : R

§‘ :] LI I L I L I 1 ] 1 I L I LI l LI I L I LI l LI l: / |
5 0.07 Vs =13 TeV - EW6 WhizardPy8 — o / _
C Fiducial PS -+ EW6 MG5H7 . Z -
0.06= all channels -+ EW6 MG5Py8 o | Interference with strong production and NLO EW -
R / EW6 MG5Py8Fix - | corrections are not included in theoretical predictions 4
. / 5547 +EW6 S2 ] | | |
0.05 - M Stat. Unc.only  — Sherpa PB+Py8 MG5+Py8 Data
0.04f ' (i 3
- 7 s s s 5
B 7/74/] o7 /// n
0.03[ — .
: ﬁ AL, .
0.02}- s = Very different cross
s At ] sections !
0-01 [ 7~ £ -
II:l L1 1 I L1 11 I L1 11 I 1111 l L1l l | I . I L1l I L1 11 I || ;‘ ; L1 1 I:
N _l LI I LI I L I I_I.LH LN I LI I LI I LI I LI I LI |_ '
T 15 —— - and shapes!
(29 - +—i—+_'_ |
=~ 1- Z £ /q: 2 /l l -4 ]
- 4 777 7 777 4 ' [ S =t /| o .
R Sl o SCOPEN. | | |
6 —l Ll I L1l I L1l I Ll 11 I L1l I L1l I L1l I_l'_l;n 1 I-Ehj Ll I— It IS essentlal to get and prOVIde

o

Third jet centrality =  n(,)
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C. Bittrich cern-THESIS-2020-039

First observations of VBS in 20191 vtememn_

g

| was the convener of the EWK physics group, overseeing VBS analyses during the first

observations.
Standard  HC PP Vs =13 TeV LHC pp Vs =8 TeV
Evidence 4.10 ! Model Data Data
7 - Theory = stat A stat
| stat ® syst stat & syst
T 17 v ‘1 °¢vr1r g1 ¢v°¢v o T ¢t T 1 T Tt
Zyjj EWK

ATLAS Preliminary

~ (WV+2ZV)jj EWK

WiWijj EWK < my contributions —
|

WZjj EWK < my contributions —
| ZZjj EWK

Run 1,2 5 =7,8,13 TeV

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
data/theory

> Observations > 56 !!

With Full Run-2 observations for all diboson combinations even with semi-leptonic decays!
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Now with full Run-2

Let’s have a closer look to our VBS golden channel

Events/50 GeV

Data/SM

T. Herrmann CERN-THESIS-2023-419

Geab
3%

We have with full run-2 ~500 events in this region (~250 ssWW signal)

With this data we can now go differential !

60
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40

I | | 1 | I | | I | I I I I I I 1 1 1 | | 1 1 1
- @ Data

- B WWHj EW (bin 1) [IW*WFjj EW (bin 2)
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- W W EW (bin 6) W Wi Int W*W*jj QCD
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e Data

n MG5_aMC+Herwig7

o MG5_aMC+Pythia8

¢ Powheg+Pythia8

A Sherpa 2.2.11

v Sherpa 2.2.11 ® NLO EW
Total Uncertainty

III
m
= ¢
=
_E.

% Systematic Uncertainty
3 +¢°
- ///W/W/
3 $5 0}
- ; WW%WW%
n v
C | | I | | L 111 | L1 11 I L 111 | L 111 | | I | | L 111 | 1111 | L1 1]
L | | | | L I | L | | L | | I L | L | | L | L
2 1077 '//")"fz 4 ‘
// ’/A'/ 7 77 *d] . E:J 0 A * [:] O
n ; * ]
- oy 2

50 100 150 200 250 300 350 400 450 500

My, [GeV]

Are we really testing quartic couplings and the EWSB?

38


https://repository.cern/records/wpxk0-kgm16

A unitarity argument

“No-lose theorem” for LHC

the

&Uamln w. Lee

ths. ReV. Lett. 38, 883 Fub"sh

Stren

Ngth of we
H'QQS BOSO ak

\

Showmore

—— ed 18 April, 1977

We need something to regularise the Wy,W, — W, W, cross-section\ -

‘No loose’ theorem for LHC

+

Michael S. Chanowitz 0000 104
We have two options: Born
e We find the Higgs at the LHC pb 012
x lts existence, mass and other properties gives deep
knowledge on the realization of Electro-Weak symmetry
breaking mechanism 1010

e We do not find the Higgs at the LHC

x There is something serious wrong with our understandin 108
of the Standard Modelnd it is observable at LHC
» In the absence of Higgs, the WW scattering amplitude violates
unitarity (this happens at WW cm energy ~Té¥/ ) 106
IIKH I\>L<Il ||‘-\\\r/|\
z z z z [’J-rr;\\/ 4
10

» New (strongly interacting) dynamics has to cure this behavior,
e.g. Technicolor. They lead to observable effects at LHC

o — S

Now that we know the Higgs exist, we
can still verify if he ie doing the job

[Denner, Hahn, 1997]
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S. Todt CERN-THESIS-2022-268

Challenge: Unitarisation Gk

10*
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W*WHjj EW
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W*W=jj EW in the SM

Gauge dependent non-SM calculations
no HWW vertex
no WWWW vertex

Unitary gauge
ST Dy - - - - - - no WWWW vertex -+
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S. Todt CERN-THESIS-2022-268

G
N

Challenge: Unitarisation
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A unitarity argument

We need longitudinal bosons!

WoW, = WyW, cross-section

>
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. Challenge the SM

Quartic Bogong interactions ¢
Longitudinal polarised bosons interactions ©

| % Vv
- WL VVL L
lt ' H VL
Vi O‘JJ\'\ Vi VL

N VL VL
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The state-of-the-art

Measurements at LEP:

Only diboson process accessible for such measurements ete- =& W+W-

o Single boson polarization measurements: L3 [arXiv:0301027], OPAL [arXiv:0312047], DELPHI [arXiv:0801.1235]

o Joint-polarization measurements: OPAL [arXiv:0009021], DELPHI [arXiv:0908.1023]

Never reached observation level sensitivity for longitudinal-longitudinal joint-polarization
Measurements at the LHC:
Single and Joint- boson polarization measurements

pp = W=Z

o CMS @13TeV 137 fb-1 (inclusive phase space) CMS-SMP-20-014
o ATLAS @13TeV 139 fb-! (inclusive phase space) Phys. Lett. B 843 (2023) 137895
o ATLAS @13TeV 139 fb-1 (high pT(£) phase space) Phys. Rev. Lett. 133 (2024) 101802

pp = ZZ
o ATLAS @13TeV 140 fb-1 (inclusive phase space) JHEP 12 (2023) 107

pp — WeWsjj
o CMS @13TeV 137 fb-1 (VBS phase space) Phys. Lett. B 812 (2020) 136018
o ATLAS@13TeV 140 fb-1 (VBS phase space) Accepted by PRL (2025)
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https://arxiv.org/abs/hep-ex/0301027
https://arxiv.org/abs/hep-ex/0312047
https://arxiv.org/abs/0801.1235
https://arxiv.org/abs/hep-ex/0009021
http://0908.1023
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-014/index.html
https://www.sciencedirect.com/science/article/pii/S0370269323002290?via=ihub
https://arxiv.org/abs/2402.16365
https://arxiv.org/abs/2310.04350
https://www.sciencedirect.com/science/article/pii/S0370269320308212?via=ihub
https://arxiv.org/abs/2503.11317

Longitudinal polarised bosons interactions

The goal

Measure longitudinal bosons interactions — even better if it is a high energy

Goldstone boson Equivalence theorem

“At high energy, longitudinal vector
bosons are analogous to goldstone
bosons”

The challenges

Simulation tools for polarised amplitudes — Madgraph [D. Buarque Franzosi et al. 2020]

Vector Boson Scattering cross sections are tiny (~5% of itis Vj3V,))
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The Standard Model testing status

Status: June 2024 Events per
month*
| |
_Q OAQ total (x2) . .
Q_ 1011 0AG inelastic ATLAS Prellmlnary
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1 . R A0 g WVDVWtot.
- '
1071
1072
1073
2
PP Jets 4 w Y4 tt t vV H Hjj VH ttv ttH WWV Yy Vyy  yy-WW
tty Vjj  tttt Vyij VVjj

tot. tot. VBF tot. EWK  (ot. EWK

EWK



WoZo joint polarization - 00-enhaced region

Increase the W,Z, contribution — exploit the RAZ by pt(WZ)<70 GeV Prediction
L _ 100 < pZ <200 GeV  pZ > 200 GeV
Require high boson p; — closer to the Goldstone boson behaviour
foo 0.152 +0.006 0.234 + 0.007
Jor 0.120 + 0.002 0.062 + 0.002
fro 0.109 + 0.001 0.058 + 0.001
frr 0.619 + 0.007 0.646 + 0.008
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https://arxiv.org/abs/2402.16365
https://repository.cern/records/eb2kp-nva28

WZ joint polarization - 00-enhaced region

We are able to measure W,,Z, bosons at high pr(Z) !!

Measurement 3
100 < pZ <200 GeV pZ > 200 GeV 3
foo 0.17 £(7; (stat) 005 (syst)  0.16 +002 (stat) £7703 (syst) k
fxx 0.83 705 (stat) 007 (syst)  0.84 +0-02 (stat) 00> (syst) y
foo obs (exp) sig. 7.7(6.9) o 32(4.2) o =
Obsgervation Evidence
q 2% v
Are we really testing longitudinal bosons interactions? G = + >A~{:
o AN~V T v
® R.=1N lati
The spin correlations using R, = Joo ‘ o eoneEen
f(‘)"fg @ R.=72.1 SM prediction
Measured value 2.4J_r8:2 excluding the no correlation hypothesis with 2.8(2.2)c iﬁpﬁ

J. Nitschke CERN-THESIS-2024-044 43
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What can we do better?

Source Impact on fyo [%]
Experimental 100 < p% < 200 GeV p% > 200 GeV
Luminosity 0.1 0.1
Electron calibration 1.0 0.9
Muon calibration 0.6 0.6
Jet energy scale and resolution 3.1 4.8
ET™ scale and resolution 0.3 0.3
Flavor-tagging inefficiency 0.0 0.0
Pileup modelling 1.0 0.7
Non-prompt background estimation 3.6 0.6
Modelling
Background, other 0.9 0.9
Model statistical 1.6 2.2
NLO QCD effects 3.7 9.1
NLO EW effects 0.9 7.5
Effect of additive vs multiplicative QCD+EW combination 0.5 1.7
Interference impact 2.4 1.4
PDF, Scales, and shower settings 4.0 4.0
Experimental and modelling 8.1 13.9
Data statistical 11.4 314
Total 14.0 34.4

Phys. Rev. Lett. 133 (2024) 101802

G
2%

J. Nitschke CERN-THESIS-2024-044
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Some nice work has started

Monte Carlo generators

Several generators in the market:

® ¢ o o

PHANTOM: 2 — 6 processes @ LO+PS [A. Ballestrero et al. 2008, 2017]
Madgraph: arbitrary processes @ LO, PS matching, multi-jet merging [D. Buarque Franzosi et al. 2020]
POWHEG-BOX-RES: diboson processes @NLO QCD+PS [G. Pelliccioli, G. Zanderighi 2023]

Sherpa: arbitrary processes @nLO QCD, PS matching, multi-jet merging [MH, M. Schénherr, F. Siegert 2023]

Madgraph has been so far the one used by the collaborations

Fixed-order calculations

Fixed-order calculations available for some
processes (NNLO QCD, NLO QCD and EW)
show large polarization depended corrections

NLO corrections are
polarization acoare and
Ahave difFerent shape
and Size

R. Poncelet and A. Popescu

LHC 13 TeV, fiducial cuts NNPDF31_as 0118  7-scale scheme (p, = M)
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Some nice work has started

Monte Carlo generators

Several g

PHANTO
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Sherpa: ar F. Siegert 2023]
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In the future

ATL-PHYS-PUB-2018-052

Expected Significance

Now in 2025: The same sign W*W™jj team reached evidence 3.3¢ of single boson polarization W; W=jj !
Some projection studies for polarization measurements in the HL-LHC were made back in 2018

Updated projection results are more optimistic with evidence of W;W;" jj possible with 500 fb-1 !

25
n M. Stange PhD thesis |~ % LLin WW-cmf
_ : . . i LL i -cmf
- ATLAS Simulation Preliminary X in pp-cm
51— 20 - % LXin WW-cmf
- Is=14 TeV X LXin pp-cmf
[ i +:
Lo PP Wi 5
- @ 15 - % %
n 5 x X ) X
3 = x x x
- R € 10 - x x X
L L - — x
o e ! X
- X
I | | ST XX TR TR
- — w!th all sourc.es.of uncertalr.Ity. 3 ____x___X___)?__X___x__x__.x___x.
- ———— with only statistical uncertainties 32 X X
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Exploiting polarization in hadronic decays?

Polarised interactions will keep us busy
o2


https://cds.cern.ch/record/2652447/files/ATL-PHYS-PUB-2018-052.pdf

. Challenge the SM

Quartic Bosons interactions ¢
Longitudinally polarized boson interactions ¢’

2. Look for New physics

New resonances ©
Deviations on SM predictions ©
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How to look for the unknown ?

Direct search approach Indirect search approach

(model dependent) (model independent)
New physics may be

beyond the energy
reach of the LHC

New resonance Peviation in tails /
ELHc
1 IV.IX /

M

Mv1v My 1vo My > ELHc
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Diboson resonance searches in ATLAS

Model

ATL-PHYS-PUB-2023-007

ATLAS Diboson Searches - 95% CL Exclusion Limits

Status: March 2023

Channel’

Strategy*

£ =139 o™
Limit

ATLAS Preliminary

\s=13TeV
Reference

()]
(=
4
(7]
<
[
kS
©
©
<
(1]

Bulk RS (kzr. = 35, Ag = 3TeV)

Bulk RS (kzre = 35, Ag = 3TeV)

Bulk RS (kzr. = 35, Ag = 3TeV)

RS1 (k/Mp; = 0.01)

RS1 (k/Mp; = 0.05)

RS1 (k/Mp; = 0.1)

Bulk RS (k/Mp; = 1.0)

Bulk RS (k/Mp, = 1.0)

Bulk RS (k/Mp; = 1.0)
(

R - WW,ZZ - wqq, tvqq, ttqq

R - WW — evuy
R —» WW, ZZ - qqqq
Gk = vy
Gkk = vy
Gk = vy
Gk — ZZ — e’ vt
Gk = WW — evuy

Gk = WW, ZZ — vvqq, tvqq, ttqq

resolved, boosted
resolved
boosted
resolved
resolved
resolved
resolved
resolved

resolved, boosted

|
0.3-3.2 TeV

.
0.6-1.8 TeV
0.3-1.3 TeV
0.3-2.0 TeV

Eur. Phys. J. C 80 (2020) 1165
ATLAS-CONF-2022-066
JHEP 06 (2020) 042
Phys. Lett. B 822 (2021) 136651
Phys. Lett. B 822 (2021) 136651
Phys. Lett. B 822 (2021) 136651
Eur. Phys. J. C 81 (2021) 332
ATLAS-CONF-2022-066
Eur. Phys. J. C 80 (2020) 1165

L 06-1.8TeV]
[ 03-1.3TeV|
. 03-20TeV]
Bulk 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 — tvbb 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 - {vqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT model A Z' — ZH — vvbb, tlbb resolved, boosted arXiv:2207.00230
o HVT model A Z' - WW - qqqq boosted JHEP 06 (2020) 042
§ HVT model A Z' —» ZH — qqbb boosted Phys. Rev. D 102 (2020) 112008
S HVT model B W - WZ - o't resolved arXiv:2207.03925
B HVT model B W’ — WZ - wagq, tvqq, tlaq 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 - evuy 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 — vvbb, ttbb resolved, boosted arXiv:2207.00230
HVT model B Z' - WW - qqqq boosted JHEP 06 (2020) 042
HVT model B Z" — ZH — qqbb boosted Phys. Rev. D 102 (2020) 112008
|

HVT model A: g¢

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
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ATL-PHYS-PUB-2023-007

Diboson resonance searches in ATLAS

ATLAS Diboson Searches - 95% CL Exclusion Limits ATLAS Preliminary

Status: March 2023

£=13917! \s=13TeV
Model Channel’ Strategy* Limit Reference
1 1 1 1 I | I ] ]

Bulk RS (knr. = 35, Ap =3TeV) R — WW,ZZ - wqq, {vqq, t{qq resolved, boosted 0.3-3.2 TeV Eur. Phys. J. C 80 (2020) 1165

Bulk RS (kxre = 35, Ag = 3TeV) R - WW — evuy resolved 0.2-1.0 TeV ATLAS-CONF-2022-066
53 Bulk RS (knre = 35, Ag = 3TeV) R—> WW, ZZ — qqqq boosted 1.3-3.0 TeV JHEP 06 (2020) 042
-g RS1 (k/Mp; = 0.01) Gkk = vy resolved 0.5-2.2 TeV U 2.4-2.6 TeV [ | Phys. Lett. B 822 (2021) 136651
< —
053 RS1 (k/Mp; = 0.05) Gk = vy resolved 0.5-3.9 TeV Phys. Lett. B 822 (2021) 136651
S RS1 (k/Mp; = 0.1) Gkk = vy resolved 0.5-4.5 TeV Phys. Lett. B 822 (2021) 136651
©
*E‘ Bulk RS (k/Mp; = 1.0) Gk — ZZ — e’ wtt resolved 0.6-1.8 TeV Eur. Phys. J. C 81 (2021) 332
0 _ - - p—

Bulk RS (k/Mp; = 1.0) Gk = WW — evuy _ e ) . — ATLAS-CONF-2022-066

—_— pm— = \
Bulk RS (k/Mp; = 1.0 ’ —— Eur. Phys. J. C 80 (2020) 1165
(/Me =1.0) boosted 1.3-2.9 TeV ,

==JHEP 06 (2020) 042

qqbb boosted
W' — WZ — tv't! resolved
W’ — WZ — vvqq, tvqq, ttqq resolved, boosted
W’ — WH — tvbb resolved, boosted
W’ - WZ - qqqq boosted
W’ - WH — qqgbb boosted 1.5-3.2 TeV

Z' - WW — evuy resolved 0.8-2.4 TeV

5 WW — (vqq resolved, boosted 0.8-3.9 TeV P
% Vrh . ‘,// '
SR HVT modd B — resolved, boosted 0.8-3.2 TeV I il
——— P— JHEP 06 (2020) 042
= — ———— B — o Phys. Rev. D 102 (2020) 112008
— resolved ATLAS-CONF-2022-066
q resolved, boosted Eur. Phys. J. C 80 (2020) 1165
resolved, boosted arXiv:2207.00230
— boosted JHEP 06 (2020) 042
Z f boosted Phys. Rev. D 102 (2020) 112008
| | | | | | | | |
0.5 1 1.5 2 2.5 3 3.5 4 4.5
Wl —0.55, gy = —-0.56 Excluded mass range [TeV]
W €:§: 10.14, gy = -2.9
: 0, 8H — 1
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What if new physics Is fermiophobic?

Direct search approach Indirect search approach
(model dependent) (model independent)
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What if new physics is fermiofobic?

The new particles couple bosons

Direct search approach .. Georgi-Machacek (GM) model
(model dependent)

Extends SM Higgs sector with scalar triplets
Keeps custodial symmetry = p =1 at tree level
Among the new scalars Hz', H: ™, Hg

These couple directly to vector boson pairs
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A. Nag CERN-THESIS-2022-115

Charged Higgs resonance search Gk
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Charged Higgs resonance search

Events / GeV

Data / Prediction
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Charged Higgs resonance search
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Data / Prediction
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A small excess to follow up, but so far no clear sign of a new physies..... .



How to look for the unknown ?

Indirect search approach ... Effective Field Theory interpretation
(model independent) Eboli model

m Extends SM using higher order operators
m Focus on genuine quartic couplings i.e dim-8

Ci Ci
Lerr = Lsw + %WZ Oi.dim-6 + %7\5 Oj.dim-8

Lsm ~ determines UV theories maps

the bulk distribution to specific
A coefficients
7 [arXiv:1711.10391]

New interactions
from UV theories

My,



The dim-8 Operators

S-Type: affecting Longitudinal polarised bosons and Higgs
[9 parameters™ VL JH W
CP Operator - }
VL ' H VL
M-Type: involving Higgs and gauge Fields
h 05,0, 05,1, 052 I Vs H Vr A
Om,0, Om,1, Om.7 'LQQ_, ‘SJJ
VT(JJ\) ‘ H

Owr .2, Or 3, Ong 4, Opp s
VT VL

VL

e

VL

o7

5

++

Ort.,0,Or.1, OT 2

T-Type: involving transversally polarised gauge bosons
Or,5, Or,6, Or,7

Vr VT

Ors, Or.9

VT Vr



S. Todt CERN-THESIS-2022-268

The dim-8 Operators Gt
iy

Many vertices affected by the same operator

Vertices
CP Operator -
E E NN ENE R S S
o
AR NN
= | 2|2 |2 IN|N [N |[N|S
Os.0, Os,1, Os 2 v |V v
Om.0, Om.1, Op .7 VA VA VAN VAR VAR VAN V4
Om,2- Om,3, Om o4, Oyt 5 A A A VAR VA B
++
Or.,0,O7.1, O1 2 VA RVA VAR VAR VAN VAR VA EVER V4
Ors,Or6, Or7 VA VAR VAN VAR VA VAR VAN V4
Or3,0r9 SNV V|
Effort so far by the ATLAS First results HH !
and CMS collaborations A. Tegetmeier, T. Amezza
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https://repository.cern/records/wkatj-kcz38

The effect of the EFT operators s eractons. VR e

of SM particles

Same Charge WiW+ij |
Lert = Lsm + Fr2 012
|
Coefficient
7 cof Coefficient values
= N —e— ATLAS data
e L ATLAS hepdata [ Other prompt ---.S02 =15 TeV™
LLI - \s=13TeV, [Ldt=36f" = wz _...TOo=1.0 TeV*
40 — [ e/y conversion -
- ] Ngn prompt -~ T1=05TeV*
- | [ WWjj QCD T2=1.5TeV"
R | .- M1 =15 TeV™
20__ """" M7 = 25 --eV-4
/A REERER Other channels affected by

the same operators, huge

T possible gain by
combination!

0 100 200 300 400 500 600
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Effective Field Theory

CcMS —
ATLAS — Channel Limits [ Lat s
—— ss WW [-3.0e+00, 3.2e+00] 137 fb” 13 TeV
—— ss WW [-4.1e+00, 4.1e+00) 139 fb™ 13 TeV
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| | | | | | | | | | | |
0 50 100
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ATL-PHYS-PUB-2023-002

Huge gain by combining channels! ig%@

First combination of dim-8 EFT operators !

q-< i : | : I I | I l ! I I : | l ! I | I l : ﬂ'< 4 :!— T I I | L I L I L | L | B I—E
e 40+ ATLAS Preliminary 4 35 ATLAS Preliminary E
= T (s =13TeV,36.1 6" | & °f {5 =13TeV, 36.1 fb” :
20 B - 25_ _E
_ : 1 -
OF - o- -
: : - c
201 . : :
: i 2F E
-40 _— — obs. 95% CL, comb. —_ '3 :_ — obs. 95% CL, comb. _:
i — obs. 95% CL, W*W=jj | - —obs. 95% CL, W*Wjj a
i —obs. 95% CL, W'Zjj 4 —lobs. 95°/|° cL, w=|zjj | | | | -
i | | | | | | | | | [| A | | | | A | | | | | O 1 1 L1l [ [ L1l [ [ Eip g g
40 20 0 20 40 2 -15 -1 -05 0 05 1 15
4
fiq /A fro /A

Ongoing work in preparation for EFT dim-8 recommendations inside ATLAS

so far there is no clear sign of a new physics.... But manyiideas to test !


https://cds.cern.ch/record/2850667

A. Tegetmeier PhD

Polarised EFT dim-8 Gepsf)
iy

There is correspondence between each operator, the vertices it modifies, and its polarization.

@ 02— B e = -
S — ATLAS Internal Simulation —— HHjj = - HH“
S 0.2 : — 77 - Y4
1T — EFT dim-8 aqgc — W B - —
5 0.18 136Tev, 300" — = W v{)
§ o.16 MO operator ol = ssWWii Vr VL
§ 0.14F = OSVVVV]]

.12 = Zy|j

o | + —H . YY)
0.1 = == =
= == P = Vr H

008L- [ == e = (JJV VLL,

O.OG;PJ;; , == = = L Vr VL

0.04 * ] = )

0.02F- E

V1 H

O YgETT T T T T T T T
T I | OSSO SO=" ==SoooNOO SUOSOO DOU! MO
< =1 0SSO Wl s OO DO O
B - ¢ W .......
% 5000000000000 N SO N J J

= /

u < S, u &
W y W] !
Vv

The link between polarization and EFT still Our current understanding
needs to be explored further, especially in
the context of future analyses.
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. Challenge the SM

Quartic Bogons interactions ¢’
Longitudinal polariged bogong interactions ®’

2. Look for New physics

New resonances
Deviations on SM predictions

3. What ig next?

Di-Higgs ©
Quartic gauge Higgs couplings ©
Polarised EFT ©
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Outlook : More data

180
B Run 1 Run 2 | Run 3

o oe 7TV \/s= 13 Tev L V/5=136Tev
140 ) 140 fb-1

160

120 - \/g= 8 TeV

100 Long Long

- Shutdow Shutdown

80

Integrated Luminosity [fb-1]

60

40—

4/

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Run 3 already has delivered 220 fb-1 of data, we might triple the Run-2 dataset by July 2026
HL-LHC expected to deliver ~ 3000 fb-1 by 2041
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Projection studies

Vi v VL |
‘\‘\rﬂ VL% ‘
H
Polarisation PN w /

\'[ VoL
Run-3 will probably confirm interactions V. VLVL Vi w
Double longitudinal interactions will probably have to wait for the ";{ |
HL-LHC statistics W Ve
Di-Higgs
Di-Higgs &)
Crucial to describe the shape . CH

of the Higgs potential

Direct access to

V
i AHHH

1
V(h) ~ =m3%h? + \h® + = Ah* + ...

N 1
Pl 2 4

<\ ——T oo
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Projection studies

Polarisation

Run-3 will probably confirm interactions V. V.V,
Double longitudinal interactions will probably have to wait for the

HL-LHC

Di-Higgs
Crucial to describe the shape of the
Higgs potential

HH signal significance of 4.5 per
experiment, above 7 after
ATLAS+CMS combination.

Imagine what we can do in 20 years!

Significance [0]

»

©

(0]

~

. '/
VL VVL L
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'\ VL’JJ\'\VL Ve
- VL VL

B | I | | | | I | | | | I |
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Vs =14 TeV
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! !
——
——

I | | | | I | ]
No syst. unc.
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Theo. unc. halved -
Run 2 syst. unc.

. | E
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Outlook new analyses

Look for rare processes with even smaller cross sections

VBF di-Higgs

A. Tegetmeier
T. Amezza
S. Zhang

- K\ Y - H
VBS Higgs 4 Ky New in ATLAS !
A. Martone W Analysis in preparation, first
q > v v v sensitivity studies made by
\ > \\ our group
q

CERN-THESIS-2024-105
ANA-HMBS-2024-57

q
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Quartic Gauge Higgs Couplings

First ATLAS studies show excellent sensitivity!

A +yr7+
VBF di-Higgs VBS W=-W~h — [vivbb
Kove[0.4,1.7] Kov €[ -1.0, 2.7 ]
3 4 L L 1 sy ) O I L O B NN B B

— 10°= ATLAS —— Observed limit = - - |

I [ Vs-13TeV, 140" -~ Expected limit : | T.Allene and A. Martone 1 Beectedimit=lo |

BN Expected limit +10 10 Expected limit =20 =

L | VBF HH bbbb p il - Work o -

Q i Expected limit +20 i - vvor - - - Expected upper limit .

e} / —— Theory prediction T - — - Theory prediction -

c 10° = i \ ¢ SM prediction = 2 ~ .

o - Observed: Koy € [0.5,1.5] i | —-- Expected boosted-only - @ | ~ ]

é - Expected: kpy € [0.4,1.7] — — Expected resolved-only i b> — —
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— = 1 L |

50 o \ ] O L ]
o) C N - 2
o - O
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i - \ / ]
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WW

Koy (K;\ =1.0, Kv=1.0)

CMS just presented in EPS this results using more decay channels with k5, observed
(expected) range [0.40, 1.60] ([0.34, 1.66]) — best result on K, !
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Even further ahead

HiLuMi

LARGE HADRON COLLIDER

HL-LHC

13.6 TeV LS3 13.6 - 14 TeV
energy
o HL-LHC
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And an amazing group of people




