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Introduction - Standard Model and the Higgs mechanism
*The Standard Model (SM) is a successful model describing the past 50 years of experimental data
, the last missing piece co-discovered by ATLAS and CMS collaborations in 2012

.
*fundamental particles acquire mass through interaction with the Higgs field
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Introduction - Higgs boson production and decay modes
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Different production modes probe different couplings.
This talk focuses on VBF because it provides unique sensitivity to anomalous HVV interactions.
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Combined Higgs cross-section measurement in ATLAS (my slide 1week ago)

*Experimental data shows agreement with the SM prediction
*However, agreement with SM within current uncertainties doesn’t imply absence of BSM effects

« Coupling modifiers for the Higgs coupling * Differential cross-section (or STXS bins)
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Combined Higgs cross-section measurement in ATLAS [NEW!]

[CERN-EP-2026-228]

*Experimental data shows agreement with the SM prediction
*However, agreement with SM within current uncertainties doesn’t imply absence of BSM effects

* Coupling modifiers for the Higgs coupling
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* Differential cross-section (or STXS bins)
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Introduction - Standard Model and the Higgs mechanism

The next question:

is this particle exactly the SM Higgs or the first window onto new physics

Exotic

Self
coupling
measurements

Multi-Higgs
resonances

Higgs Portal
to Hidden Sectors?

Higgs signal
strengths

Thermal History of
Universe

Electric

CPV and
Baryogenesis

Origin of EWSB?

| stability of Universe

Snowmass [arXiv:2209.07510]

Higgs sector remains largely
unexplored...?

*Charge-parity (CP) violation is one of the Sakharov conditions required to generate the
baryon asymmetry of the Universe...
»...but CP-violating component in the SM is too small (via CKM mixing matrix for the three
generations of quarks).
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Probing new physics with Higgs-to-fermion coupling

Higgs—-fermion (Hff) Higgs—gauge boson (HVV)
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Higgs—fermion (Hff) Higgs—gauge boson (HVV)

SM: £ D —y; ffh SM: L D gmy hV,V#

BSM: f(a +ibys)fh  BSM: RV, V¥ + hV,, V*
Py

W, ke W,k

Any CP odd effect at HVV is BSM:
* No tree-level CP-odd diagram - SM ;h
contribution at two-loop level—>tiny;

* HVV uniquely probe BSM model such as
complex 2-Higgs doublet model (1-loop) e——p
- minimal extension of SM that introduces

“Within reach
at HL-LHC”

Huang, Morais
RS,

! JHEP 01 (2021)
W ky Wk, | 168.

new CPV directly into the Higgs sector
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How to probe BSM effect from SM Higgs measurement?
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How to probe BSM effect from SM Higgs measurement?

v
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How to probe BSM effect from SM Higgs measurement?

v
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* The SM with no new resonance
* Complete beyond the Standard Model (BSM) theory with new resonance with mass M
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How to probe BSM effect from SM Higgs measurement?
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* The SM with no new resonance

* Complete BSM theory with new resonance with mass M

* The tive theon
* ‘“integrates out” the heavy new particle field —> model-independent!
* equivalently describes the phenomena at energy below cut-off scale A
* has no knowledge of the the resonance
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EFT parametrization
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* Reparametrize cross-section as a linear and quadratic function of the Wilson coefficients:

|-MSMEFT|2 =i

ure BSM from square of individual EFT operators org
cross-terms of different operators (quadratic)
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EFT beyond Higgs and LHC

* Combinability with other LHC measurements and *Model independent, but can be
other experiments B £ bocsted £ eptonic translated to exclude specific
B Higgs— VWV A Higgs— ff
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Talk: outline

* Apparatus: the ATLAS detector
*Highlight the HWW channel:
¢ Eur. Phys. J. C 85 (2025) 1403
* Latest ggF and VBF cross-section
measurements and their EFT interpretations
*CP combination:
e Phys. Rev. Lett. 137 (2026) 021801

* Combine 5 different decay channels using the
Run-2 ATLAS dataset - best constraint on HVV
CP-odd effective couplings to-date

*Reducing theoretical uncertainties in VBF
analyses

* The Yellow Report 5 series: SciPost Phys. Comm. Rep. 13
(2025)

* High-Luminosity LHC and the new inner tracker
« JINST 21 P07026
* Assembly and testing of the local support
structure

arXiv:2603.20087
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Apparatus
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The Large Hadron Collider

* LHC is the world’s largest (27-km long)
and most powerful collider

* Proton-proton (pp) collision energy up to
14 TeV (few tens of km/h slower than
speed of light)

* Results shown in this talk use the dataset
collected during the second operational
run (Run-2) from 2015-2018 with an
integrated luminosity (L) of 140 fb~!, at
13 TeV

e 1fb~! ~ 100 trillion pp interactions
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The ATLAS detector

* A Toroidal LHC ApparatuS: a general-purposed cylindrical-shaped multi-layer detector
* pp collision at the center and outgoing particles leave signatures (tracks or energy) in each sub-detector

x-y-z right-handed Cartesian coordinate system

.. Transverse
Ccent plane

r-¢p-z cylindrical coordinates and polar angel ©

* From beamline going outward
* Inner detector (ID) in a 2T magnetic field in z-direction
e Electromagnetic calorimeter (ECAL)
e Hadronic calorimeter (HCAL) /
e Muon Spectrometer (MS) with toroidal magnet at 3.5T
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The ATLAS detector - object reconstruction

* Reconstruction“translates” detector signals into

Visualization of outgoing particles in the transverse plane
meaningful information about the outgoing particles ;

Muon
Spectrometer

* Electrons:
¢ track from ID + energy deposition in ECAL :
* Muons: Aoy Nourss)
e tracks from ID + MS " i/ y
» Jets (parton shower induced by a gluon/quark) Calormete
* energy deposition in HCAL
* Within the acceptance of ID, tracks of charged
jet components included
* Missing transverse energy (MET)

* Inferred from other reconstructed objects plus
additional reconstructed tracks from the primary
vertex

http://atlas.ch
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The HWW channel

[Eur. Phys. J. C 85 (2025) 1403]
[Phys. Rev. D 108 (2023) 072003]
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HWW channel in a nut-shell

Large branching ratio Challenging backgrounds
b
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First observation ( > 7o) of Higgs
signal in the VBF production and
H — WW#* — evuv decay channel,
using deep neutral network!
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HWW channel in a nut-shell cont. [Eur. Phys. J. C 85 (2025) 1403]

Sensitivity to BSM
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HWW channel in a nut-shell cont.

Sensitivity to Higgs self-coupling * Out of other production modes, VH at low Higgs transverse
H ’ R— .
momentum has stron nsitivity to Hi 1f-
NLO EW corrections on VH . (P T) - - g. SEnS ty to Higgs se
q v coupling through NLO EW correction

¢ Out of other decay modes, HWW can measure low p# most precisely

* Nice preparation for future electron colliders, e.g. CEPC (can

g i only probe single Higgs production)
Phys. Lett. B 843 (2023) 137745
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Eur. Phys. J. C 77 887 (2017) CERN-EP-2026-228
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Signed A¢; as the CP-sensitive observable

+ The signed Ad)jj provides distinct feature for CP-
even vs CP-odd coupling P
*“signed”: the azimuthal angle of the “away” jet -
minus the angle of the “toward” jet

Ny T
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CPV strategy in the ggF+VBF H - WW* — [vlv channel [Eur. Phys. J. C 85 (2025) 1403]

e Multi-dimensional differential measurement to constrain CP-odd

: e o H signed q q
HWW Couplll‘lg (CHw). pT VS mjl- VS A¢jj CHW H'H Wlllvwluv x E____ H
* This attempt will bridge towards global implementation in the 4q q
STXS framework for both ATLAS and CMS in Run-3
«Improved the ¢y limits by over 50% compared to the 1-dimensional Aﬁlg“edsensitivity
(Phys. Rev. D 108 (2023) 072003)
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[Phys. Rev. Lett. 137 (2026) 021801]
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[ A=1TeV ]
95% confidence level
r BestFit  95%CL |
. ) r 0.51 [-0.99, 1.8]
CP H—2ZZ (prod +decay): Haia T
! : VBF H— WW' (prod.)r ~ ———e— 015 [1.1,0.85]
combination : 0.8, 0.85
VBF H d.)F _— 029  [057,1.2]
4 7Y {po ): %~0,99. 0.9]8]
WH, H - bb (prod.)|~ —_— 0.10  [0.63,0.84]]
: [-0.59, 0.59]
VBF H - 11 (prod.)- —_— 021  [-0.22,0.67]
: [-0.41, 0.43]
Lots of IHEP Combined|- —— 017 [-0.14,0.49]
collaborators in this L [-0.28, 0.29]
work :) = 0 i 2 3 4
) CHW
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Combined results - single-parameter fit [Phys. Rev. Lett. 137 (2026) 021801]

- F ' T HS ]

z 7 6_1'LAS ‘ Ve roww

- .. e . . . | Vs=13TeV, 140 fb ——— VBFHoyy 1

*WH H — bb uses similar multi-dimensional differential 6f Linear-only — WHHot 3
F A=1TeV — VBFHotr

measurement as HWW & Observed —— Combined
*HZZ, H — yy and H — 77 also use Matrix-Element 4igs%c\ \ \\ / / / E
optimal observable as the CP sensitive observable 4= E
*Result compatible with SM (¢ = 0) i ]
*Combined single-parameter fit provides a constraint oo /_
on ¢y which is improved by over 40% compared to 015 1
3 5 s -1.5 -1.0 -0.5 0.0 0.5 1.0 15

the most stringent single-channel constraint (H — 77) .
. . . :l F —— H-o2Z =

*Most stringent limit to-date 2 7 ATLAS e S

J [ V/s=13Tev, 1401 —— VBFHoyy ]

6 Linear+Quadratic WH. H > bb
F A=1TeV _ VBF’H—»rr
Single-parameter fit 5 Opserved —— Combined
E \
Parameterization ‘ 68% CL (exp) ’ 95% CL (exp) | 68% CL (obs) ’ 95% CL (obs) 4?95‘@ oL \ \ \

[-0.14, 0.15] [-0.28, 0.29] [0.01, 0.33] [-0.14, 0.49]
[-0.15, 0.15] [-0.30, 0.30] [0.03, 0.39] [-0.13, 0.60]

¢pw Linear-only
¢y w Linear + quadratic

1.0 15
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Combined results - quadratic effect [Phys. Rev. Lett. 137 (2026) 021801]

*Lesson learnt in Run-2: quadratic effect is non-negligible and typically deteriorates limits on ¢y

*This is because quadratic effect is CP-even and reduces degree of asymmetry on the CP observable
of each input channel

*Most noticeable in the WHbb channel

| ATLAS Expected | ATLAS Expected
1 P
ﬁe?r?ozrvy 140t Observed \/_§=13Tev, 140 fbr! —e— Observed ]
AeiTeV RPeAr b <= Undefined CL
I 95% confidence level § % i ]
. o L Vi Best Fit 95% CL | 95% confidence level — —
¥ I = 0.51 [-0.99, 1.8] * - —_— e 0.46 0.86, 1.5] |
H—2ZZ" (prod +decay)i SEERE H—ZZ" (prod.+decay) { 08 1»4]]
VBF H— WW' (prod);-  —————— 015 [11,085] - VBF H— WW" (prod.)\- 017 (1612
[-0.83, 0.85] [-1.0,1.1]
VBF H rod.) —_—————— 0.29 [-0.57,1.2] - VBF H rod.) —_———— 0.32 [-0.60, 1.3]
~yrle ); -0.99,0.98] ¥y (prod) (10,10 ]
WH, H - bb (prod.)[- e 0.10 %'ggg» g‘gg%i WH, H - bb (prod.)[~ * O =
VBF H - 17 (prod.)|- ——— 021 [0.22,0.67]] VBF H - 17 (prod.)- —_—— 025  [0.23,0.77]
[-0.41,0.43] [-0.43, 0.43]
Combined- — 0.17  [-0.14,0.49 Combined- —— 020  [-0.13,0.60]]
F [-0.28, 0.29] ] F [-0.30, 0.30] ]
= 0 1 2 3 4 -1 0 1 2 3 4
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H — 77* CP

[Eur. Phys. J. C 85 (2025) 1403]

Wilson coeflicient Operator Effect or affected diagram ,..........cocoeviciiicnnn,
g " . Modification of :
¢ H'H B, B Yi ....... SM vertices  :
*HZZ channel has a = i o A
. . g e
unique opportunity to p 4 i Insertion of i
probe two additional iy H'HW,, Wi “f} r By
HVV CP-odd couplings q q
q q
CEvE Ht'HW! B* i H
q q
= SERREAR g & T T T e beet e | Y A RRARE AL SRR R
g% L ATLAS SEEE 4 5 ATAS =t of gLATLAS SEEE
Ho2z s —pme apHozz o4 —EEE FHozz s —pme
3FVs=13TeV, 139 16" + SM b Séﬁz‘msx\:;agm" * SM E 6}&:131ev,139m" 5 ﬁ
2 ) |
3 i E 2f
R - 3 oF
E -1 E 2
¥ 3 _; -4f
el -3 s U el e o e il s Uiy —6:
115 215 1050 05 1 15 2 4
Cua S [JHEP 05 (2024) 105] Cuis
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[Phys. Rev. Lett. 137 (2026) 021801]

Combined results - simultaneous fit

ATLAS

o F =
2’ 6; ———Single-parameter fit observed -
ﬁ [ Vs=13 TeV, 140 fo-! - ginghla»paramefter I:t expee(;:led ]
4 & r i i = Simultaneous fit observ 1
¢ Result Compatlble Wlth SM 5:— I/-\Irlia!rg\r}ly Simultaneous fit expected _:
*Constrain all three CP-odd couplings simultaneously F J— \ \ ! / ]
- i 4
" . .. [ 1 1
«still most stringent ¢y limit to-date : ! ]
3 i .
wee . F ! ]
° D T r &
Sensitivity to ¢y and ¢y arise from HZZ channel i ; ]
. . . - h .
*Combination helps to improve degeneracy . ! ]
1 I 68% CL \\ / R
F \\M ]
r \ ]
9C.8 -06 -04 -02 0.0 0.2 0.4 0.6 0.8
CHw
@ f 7 Q g = Q F B!
3 4l ATLAS —- Observed68%CL | 'S | ATLAS —- Observed68%CL { 'S 6~ ATLAS — - Observed 68% CL —|
Vs =13TeV, 140 b — Observed 95%CL | O Vs=13TeV, 140 tb! — Observed 95% CL S Vs =13TeV, 140 fb-' — Observed 95% CL
| Linear+Quadratic -~ Expected 68% CL | I Linear+Quadratic ~-- Expected 68% CL | | Lnear+Quadratic -~ Expected 68% CL |
o[ s profiled — Sxp‘s;:l:ed 95% CL 41~ ey profiled — Exzte::ed 95% CL —| 4l cui profiled — Sxp{eﬁ:sd 95% CL _|
| - es 4 ) e fie§ est
fin] foV : SM prediction r A=1TeV : SM prediction 1 L A=1TeY : SM prediction
i 1 7 1 .
of . ol j o J
-1 . 2k — .l 2f .
-0.75 -0.50 -0.25 0.00 0.25 050 0.75 1.00 -0.75 -0.5‘6“‘_333 0.00 0.2‘_‘5 050 0.75 1.6_0‘_ -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
CHw CHw CHB
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[SciPost Phys. Comm. Rep. 13 (2025

pp — H + 2j (VBF only) VS =13.6Tev
— NLO ME scale
F=E —— NNLO ME + PS starting scale
1073 NLOPS scale + PS scheme

do/dpr, 4 [pb/GeV]
g

10-5

Reducing
theoretical uncertainties

2.50+
L]
§
z
2
2
3
( o L L L L | i i
- Pwg+Py8 (dip)  —4— Hw7 (AO) —— Sherpa3 (CS)
Have you ever seen a = Pwg-+Py8 (Vincia) —— Hw7 (dip) 4+ Sherpa3 (Dire)
= % L ~#— Pwg+Hw7 (AO) —#- aMC+Hw7 (AO) Pwg+Py8 (dip, pThard2)
theory plot busier than 2 1,
1.15+
experiment plot...? ¥ e
I -
That’s because an e 1osf ——
8 *
experimentalist made it... g
0.95F
” 090, 100 200 300 400 500 500 700 800
pPru [GeV]
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[High Lumi LHC Project]

Higgs measurements - past, present and future

LHC HL-LHC
* Run-3 delivered ~twice B ‘ T ' ‘ o ‘ el
integrated luminosity compared 13 Tev 136 Tev = ALLE L O
Diodes
lice consolidation o it Installation -
to Run-2 . Lo tnv;;ﬁc::g:w ;@ﬁm ::. £ng.P1-PS e Tackation i instatistion
* Another 10 folds of increment EE ""M
data statistics at HL-LHC phase - ATLAS - CliS susscus =1
. plpa. x nominal Lumi . 2 x nominal Lumi -
S——— g =
o 1
/im Ex e
Run:1 _ Rum2 Partial Run-3
> T T A A T v T T T A A LI F > PTryrrrrrrryrrrrrrrrrrrr3j
$ | o Daa ATLAS ] § [ ATLAS $i. S 3 1801 + Data E
825 [l Background 22" 0 . 2 120-H - 22" — 41 — e o F ATLA,,S 1 Signal ]
3 ) H-ZZ ‘-4l 1 iy FVs=13TeV, 139 1™ SOE o 160FH— ZZ* — 4l -z -
£ | [l Background Z+jets, f 1 e I " s @ [ (s=136TeV, 164" DOGIY ]
[ Signal (m =125 GeV 1 € 100} 2 W) uncerai 5 140 I Pod. Bkg. =
u>Jzo ;s'gr:z::n eV) 1 o F 7, Uncentinty 5 g 772} Uncertainty ]
/ SystUnc. ] a b 120 £
15[Vs = 7 TeV: [Ldt = 4.8 fo" ] 5 1001 E
/s =8TeV:JLdt =58 fb" ] 60~ soF- 3
] 40k 601 4
" 201 m
0
100 150 200 250 110 120 130 140 150 160 R T T T
Phys. Lett. B 716 (2012) m, [GeV] Phys. Lett. B 843 (2023) m, [GeV] arXiv:2605.19016 my [GeV]
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Theoretical bottleneck for VBF

[Eur. Phys. J. C 85 (2025) 1403]

A(Teeb X By ww+) A(ovBrX By ww*
Source T :;Frx B:-.\\‘/Vx:»v: [%e] (‘rrvxn’:;x&::w?v' '[%]
* Theoretical uncertainty can no longer hide Total | 10 22
behind statistical uncertainty | Data statistical uncertainties ] 52 14
s s s Total systematic uncertainties 8.7 16
* VBF Slgnal modehng Unceftalnty are now Experimental uncertainties 7.2 7.9
comparable to the statistical uncertainty of the MC statistical uncertainties 22 4.5
Experimental uncertainties (excl. MC stat.) 7.0 6.8
HWW measurement Elecions 19 13
a Muons 4.1 0.7
* Also seen in other decay channels Tet sty sl by i
: . : . Jet energy resolution 1:1 22
e Particularly, large contrlbutllon from the modeling Flavour tagging s G
Ofpar[’OTl ShOWGT' and matchlng Missing transverse momentum 0.6 0.2
. y . Pile-up 22 0.9
* Different event generators simulate VBF in Luminosity 0.9 1.0
slightly different ways because they make Misidentified leptons 23 0.9
: A ; . Th rtainti 5. 15
different practical choices, which affects how e e g
extra jets are added and how the hard scattering | VBFH 1.1 13|
from matrix-element (parton-level) simulation is Other Higgs 02 0.2
. . Top quark 22 1.8
combined with the parton shower (process know ww 28 29
as “matching”) Other V'V 12 0.9
Zly* > 17 19 33
Z]y* — eeluu 0.5 1.2
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Systematic comparison of theoretical modeling [SciPost Phys. Comm, Rep. 13 (2025)]
pp — H + 2j (VBF only) VS =13.6TeV
—— NNLO ME + PS starting scale
NLOPS scale + PS scheme
< 6x107*
LHCHWG-2025-003, CERN-TH-2025-126, FERMILAB-PUB-25-0410-T, FR-PHENO-25-08, §
MCNET:25-16, TIFUNIMI-2025-14, TTK-25-19 | <
3 4x107 R ——
Higgs production via vector-boson fusion at the LHC ®
3x107* |
Gaetano Barone!, Stephane Cooperstein®, Nikita Dolganov?, i ‘ i i i —_—
Silvia Ferrario Ravasio?, Yacine Haddad®, Stefan Hoche®, Barbara Jiger’,
Alexander Karlberg?, Alexander Miick®, Mathieu Pellen®, Christian T. Preuss?, 1.04f2
Daniel Reichelt*, Simon Reinhardt”, Marco Zaro!! 9 1ok
g W/ .
E 1.00
* The study compare multiple simulation with QCD NLO 3 om g y [
matrix-element calculation + parton shower programs o6l
(NLOPS), within a common ATLAS/CMS kinematic phase 0.94 : - : : ‘ ' :
Pwg+Py8 (dip) —4— Hw7 (AO) —&— Sherpa3 (CS)
space for VBF _ Pug+Py8 (Vincia) —#— Hw7 (dip) 4~ Sherpa3 (Dire)
.g | —&— Pwg+Hw7 (AO) —#- aMC+Hw7 (AO) Pwg+Py8 (dip, pThard2)
* We recommend how to estimate theoretical uncertainties 3 |
Y
related to parton shower which sufficiently capture the g 100
difference between NL.OPS and fixed-order QCD accuracy at ¢ oss- =
NNLO in Run-3 " osst
* Published results part of Yellow Report 5 o0 a0 S0 &0 aE T Cp e A

Jiayi Chen | jiayi.chen@cern.ch Probing new physics with Higgs-to-vector-boson coupling




Systematic comparison of theoretical modeling [SciPost Phys, Comm. Rep. 13 (2025)]

pp — H + 2j (VBF only) VS =13.6TeV
—— NLO ME scale
—— NNLO ME + PS starting scale
NLOPS scale + PS scheme
= 6x10~
38
2
§ 4x107*
3
3x107%

1.04F
R 11 e e * NLOPS uncertainty is the sum of QCD scale variation
g 100 and the f 9 different N 5 MO g
% 0.98F s '
® £ 5 * Only at percent level, doesn’t match the 10-15%

0.96 . .

observed impact from experiment?
S Pwg+Py8 (dip) —4— Hw7 (AO) —&— Sherpa3 (CS)
Pwg+Py8 (Vincia) —#— Hw7 (dip) ~#— Sherpa3 (Dire)

% | —#—- Pwg+Hw7 (AO) —#— aMC+Hw7 (AO) Pwg+Py8 (dip, pThard2)
@©
€ 102t
o
e
8 = ,
E=1 0.981 -
&

0.96

0-9450 300 500 500 700 800 500 1000 1100

My [Gev]
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Systematic comparison of theoretical modeling [SciPost Phys, Comm, Rep. 13 (2025)]

pp — H + 2j (VBF only) VS =13.6TeV pp — H + 2j (VBF only) VS =13.6TeV
1 : :'l:loLo m: ic:lses(arting scale m—zﬁz‘— : z;?.o ::E ici‘l:startmg scale o MOdeling Of the 3rd jet
é_ 2 - NLOPS scale + PS scheme g 3 - NLOPS scale + PS scheme with NLOPS iS problematic
H sjet H | = etl ;
= S J * Uncertainty reaches >15%
3 3 1075
\ ‘ ‘ j : : - . - ‘ ; ‘ . * More concerning: total
i 250l uncertainty doesn’t cover
2\—.:: the difference between
s s NLOPS and NNLO
2 0.60F 2
0.401
o ‘ : s o . . * Experimental measurements
Pwg+Py8 (dip) —4— Hw7 (A0) —&— Sherpa3 (CS) Pwg+Py8 (dip) —4— Hw7 (AO) —4— Sherpa3 (CS) .
_ Pwg+Py8 (Vincia) —#— Hw7 (dip) #— Sherpa3 (Dire) _ Pwg+Py8 (Vincia) —#— Hw7 (dip) #— Sherpa3 (Dire) need to reCOHSlder event
% | ~4#— Pwg+Hw7 (AO) —#- aMC+Hw7 (AO) Pwg+Py8 (dip, pThard2) g' L —4— Pwg+Hw7 (AO) —— aMC+Hw7 (AO) Pwg+Py8 (dip, pThard2) P 3
s Ll R Y Y I P selection or machine
E oo | S S—— - learning using 3rd jet
mﬁ% I ~—w——  kinematics —> likely to
& 090 e . .
ossl 005 reduce uncertainty from
8

e e S S S SO | e
.80 100 200 300 200 500 600 700 800 990, 100 200 300 200 500 600 700 0 10% to few percent level
pru [Gev] pr.u [Gev]
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Summary and outlook

* HWW decay channel has its unique physics reach
* Topics NOT covered such as, Higgs width interpretation, quantum entanglement, etc.

* Effort for searching CP-odd interaction at the Higgs sector has marched

*New LHC Higgs CP working group initiated this year: joint Vs = 14 TeV, 52, 3 ab" per experiment

ATLAS+CMS and theory effort 7vTota}I _  ATLAsicMs
=To make early and unanimous decisions on basis and — g(apt::rtiﬁae]ntal PrEREIE ERRALANE

strategy for future combination, as well as theory input on . Uil ot st

other Hff/HVV benchmark models |1< :—: :: :: :: :z

* ATLAS reported the most stringent limit on CP-odd effective K\AZ' ; 1:6 ——

HWW coupling while simultaneously constraining other HVV CP- K i —

odd interactions under the SMEFT framework K P —

* Projecting the ATLAS Run-2 measurement to HL-LHC LN — i 36 12 12 32

(ATLAS+CMS), sensitivity improvements for Higgs coupling k=1 19 08 07 15

* W boson, from 9% to percent level KK” —r ‘ 80 27,09 10

* We are now a the precision era for Higgs measurements - A 608 = 1(':'1 ~

require high-precision theoretical modeling (down to few- Expected uncertainty
percent level)

[Europe Strategy 2025]
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The new inner
tracker
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High-Luminosity LHC - ATLAS inner tracker upgrade [JINST 20 (2025) P02018]

E 1200: ATLAé Simulatio‘n = l"ixel BN Strips Tk Layou!: 03-0(;-00 E

" 1000 e 1

800} n=20 ]

600} b

400 ]

n:s,o:

200 1

n=4.0

% 500 000 1500 2000 2500 3000

z [mm]

) & 'OTATLAS Smuiation Rung i 2.4]

* New ATLAS Inner Tracker (ITk) replaces current inner S e G il i< 24
£ 1.02F ’ TR E

detector . E
* All silicon: inner pixel and outer strip detectors E o - 3

* Increase from 100M channels to 5000M 0.99F 3

* More front/back coverage to capture forward objects 1 E

. “ 0.97F =
(typically larger pile-up) b

i A " © 1.004F T T 13 EEEE T i 3

* Vancouver effort: electrical unit (module) production and 5oz o L 3
SRREREEEEER e SRS E

assembly of local support for the ITk Strip Endcap 3 e b pnss e cnecoponn 1 veee yen ne g e
E g =3 =) 9 0 1 2 3 4
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ITk Strip Endcap support structure - Petal

Wire-bonds

DC-DC converter

HCCStar Power
L.--.....-. Hybrid

Sensor

~97mm

» Silicon sensor strip
pitch 70-80 um

* 6 different types of
modules on each side
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Bonus slide: petal assembly
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Automated Petal assembly at Vancouver
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Electrical testing for quality control

o RSHL_under

o RSHO_under

oo BSHLaway

o RSHO away

* Test petal
electrically at near
operation
condition: -35C

Noise [ENC]
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RaH1 under RAHO_under

|
o RAHT_aWay
L

o RAHO_away.

R3H2 away

50 R3HZ_under

T

i

o RIHO away

o ROHL away

- Expected noise
MW w5 —— Maximum noise
No TC, 350V
« o First-35C, 350V
- ROHO_away Fifth -35C, 350V
woa | Fifth -35C, 50V, only R2
First -40C, 350V
First -40C, 50V, only R2

o ROHO_under

e e s m— s |

Channel

Cracking under pressure [JINST 21 P07026]
* The surprise: silicon sensors designed for extreme radiation were
being defeated by something much simpler—the cold. ASIC

* The culprit: a mismatch in the coefficients of thermal expansion
(CTEs) between the copper-based PCBs and the silicon sensor, as well
as glue dots and unsupported edges which concentrate the stress on
the silicon sensor

The fix: omit glue dots and improved glue pattern

The result: No cracking down to —45 °C, safely below the detector’s
—35 °C operating temperature, with rare failures at —55 °C.

22
~®— VAN2 - SE4445 Snake
201 4~ IFIC2 - SE4445 Snake
» 181 —¥— DESY1 - SE4445 Snake
§ 16|~ VAN3-HYSOL Snake
LO) ~#»— VAN4 - HYSOL Full-Coverage
o 14 DESY2 - SE4445 Snake
o] and HYSOL Full-Coverage
© 121 _4 VANG - SE4445 Improved /
< 101 —* VAN7 - SE4445 Improved
>
28
-}
€ 6
3 o | e @
4
2 //’L//
*
0

=35 -40 =50 —B5: -60

Temperature [°C]

—65 =70 =75
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Glue - Loctite 3525
Hybrid
Glue - Eccobond F112

Glue - SE4445
Carbon Fiber Support

R.Rl-



Backup
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Single-Higgs combined measurement [ATLAS-CONF-2025-006]

* Latest combination reported 10% improvement in single Higgs signal strength compared to the “10th year
anniversary” Nature paper:

p = 1.023*0:0% = 1,023 + 0.028 (stat.) *H9 (exp.) *005° (sig. theo.) = 0.012 (bkg. theo.)

~0.053 =
ARG Prod. Z STXS Improvements 29 simultaneous measured cross-section
modes (ﬂJ_l) stage relative to Ref. tim()s branching ratios

H— 77 >4 All 140 12 - -

H— WW*— tvly ggFVBF 140 0 Reanalysis e o vtk . et ot M peiin
H— WW* = tyly VH 140 12 Full Run 2 P e R I T O I T ',Lla'_"' T L L R
H—yy All 140 12 - H— [

H—Zy All 140 0 = ttH

H-orr All 140 1.2 Reanalysis goF+bbH

H- 17 VH 140 0 New analysis %

H— uu All 140 0 = VBF H

H — bb VBF 12612 - i v
| H — bb, cc VH 140 1.2 Reanalysis | HE—

= multleptons— 17H 610 - 2 0l v W PP Cen S IR PR I ) -
H_,b[] rtH 140 1‘2 Rea“alysis 08 112 05 115 2 05 1 15 12 3 0 1 2 0123 1.2 3 0 5 10
bb ww % z2Z Yy o Zy cc

o x B normalized to SM prediction

* Measurement also split by 5 production cross-sections, or 7 branching ratios
*WH (ZH) sensitivity improved by 30% (20%) thanks to updated VH bb/cc analysis
e Uncertainties on H - WW?* and H — 77 branching ratios reduced by 20% and 10% respectively,
thanks to improved analysis strategies
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The x-framework

[ATLAS-CONF-2025-006]

*The k-framework introduces coupling modifiers for the Higgs coupling with the fermions (ky) and

bosons (k)

a-B(i—)H—»f):K,-:-K}-a

SM
SM Ji
1

rH(KiZ.K})
= and =
o} i F[

s [T -
g2 1 E ATLAS Preliminary | . el ATLAS Preliminary
|£ E Vs=13TeV,36.1- 1401 g ! o andls Vs=13TeV, 36.1 - 140 fis"
= T my,=125.09 GeV, ly,| <25 ] | Nature 607 52 (2022) K. free floating R 0~ ToY = N N NUL TR B I IS B =
o aml & ko= KDy, =82% & F ATLAS Preliminary FLsieill
10 — E 4 1
R E ¥ k. isafree parameter, p_ =90% 3 40% 1.20F ¥s=13TeV,36.1-140fb [ Observed 68% CL |
< E SM prediction " 3 "2 ImprOV(’m(’nt ’ F my=12509GeV, |y, | <25 Observed 95% GL 7
o - {45F _ 62% Expected GB:/e CL A
- 1 « based on the 59 E Py, =62% Expected 95% CL
W e ® E 2 B
102 - i same Run-2 1.10F E
s 1 0« smmm dataset e 1.055 E
107 E Iz]Farce carriers Hrgﬁson = K 8 -33% 1.00 f_ _E
g - 3 g ]
b i Ll T T K, 8 -40% 0.951 =
=~ 1.4._||||| T T T = E E
= 1 i 0.90F -
o 12p E " i = = F E
v 1 T s o 005 01 015 02 02 03 0% 04 0.85L | ettt
r [] { L B _ T T T 0.94 0.96 0.98 1.00 1.02 1.04 1.06 1.08
08E B Ko | -43% .
Bl v vl v vl 0yl |- . .o 4 ) v
-1 > 0 T 2 3 z 5
10 1 10 10

) Expected uncertainty
Particle mass [GeV]
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[Nature 607 (2022)]

Simplified Template Cross Sections (STXS)

* STXS bin defined by production mode and kinematic selections

ATLAS Run2

10 200
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Stage 1.2

Probing new physics with Higgs-to-vector-boson coupling

(992 9]
§ Data (Total uncertainty) Z
— oy * * The STXS binning minimize
g g  F1E measurement dependency on theory
! T + l B . ] predictions
& S Woe o * STXS also maximize BSM sensitivity
@MH N Tm *  Run2 measurements are designed
g{ h ElT around Stagel.2 of the STXS
m&' T T & j;g I * Run3 with planned Stagel.3 and
T S e I - =S HL-LHC with Stage2.0



Single-Higgs helping to constrain Higgs self-coupling

0.14 —
* Higgs self-coupling (coupling modifier «;) can be probed not ok < I—-— ofig — §
; ; ¢ . as. o . & v e 1
only directly via di-Higgs production but also indirectly via NLO g o2 S
2 o
EW corrections on single-Higgs g %
eLow p}/ of ZH STXS bins are particularly sensitive to k; 3;; N
. § Differential (&)
* Addition of VH HWW will provide more sensitivity (not in — 1 Hﬁﬁ—\_i ke !
X : 3
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Signal extraction - Multi-variant technique

[Phys. Rev. D 108 (2023) 072003]
T T 9000

Signal optimization
* Machine learning techniques to further separate signal
from bkg while modeling major bkgs in control regions

E Vs=13Tev,139 10" (post-fit) 8000

Events / .50

[Phys. Rev. D 108 (2023) 03200. X .
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Events / 120 GeV

Data / Pred.

Signal extraction - kinematic selection

* Kinematic selection to select signal

Signal optimization

and reject backgrounds

« Jets separated by a large rapidity gap (Ay;) and large

0
4500 g
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* Production kinematics example:

the central region

* Typically also apply a veto on events with central jet (central

jet veto) between the two VBF jets

invariant mass (mjj) with no significant hadronic activity in
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Constrain HVV CP-odd effect with signed A¢;; in the VBF HWW channel

I

do/dAg [foirad)

Prediction / Data

Measurement of signed A(,bjj is

shows compatibility with SM
predictions

[Phys. Rev. D 108 (2023) 072003
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g9F+VBF H - WW* — [ulv - CP-sensitive STXS

«An alternative STXS scheme is developed to probe the Higgs CP property: p; vs m;; vs Aq&;igned

*Simultaneous constraint on CP even/odd and ggF/VBF CP couplings
e N.b. A(r/);igned added to updated STXS scheme - to be used in Run-3 analysis
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ggF contamination in the CP analysis

[Dhys Reovu D 108 (20223) 0720037
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goF contamination in the CP analysis

[Dhys Rov D 108 .(2022) 0720037
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CPV results in the ggF+VBF H - WW* — [vlv channel

Probing new physics with Higgs-to-vector-boson coupling

[Eur: Phys. J. C 85 (2025) 1403]

* All four Wilson coefficients are effectively constrained

* Strategy makes less assumption about the CP-even effect, yet the multi-dimensional differential (Higgs p; vs
signed A¢;)) improved the ¢y, limits by over 50% compared to the 1-dimensional A¢);; sensitivity

* Distinct shapes of EFT impact from the four CP operators make their correlation small
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ggF+VBF H —» WW* — lvly - CP results

[Phys. Rev. D 108 (2023) 072003]
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WH H — bb CP ATL-PHYS-PUB-2025-022

q
* WH particularly sensitive q .. . ..
P h y . W )/ q * Similar alternative STXS binning as HWW
to ¢y as the process is .1 :
HW P q b * Only shape of the CP observable is used to
not diluted by ZH H .
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b
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H — 7Z7* CP [JHEP 05 (2024) 105]
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HVV EFT status from combined interpretation (I) [HComb BSM interpretation]

» This talk will focus on the status of constraining ©,,, 0,,; and 0,,,,;, and their CP odd counter parts

* Oypp effect relatively small and similar effect as HZee and HZuyu anomalous coupling

o SMEFT operators in the Warsaw basis
ATLAS Preliminary /s=13Tev, 139 b~ p
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Caidgd s P T -
" P HID*H)" (H'D,H 2 o H '
L amo () (D) DRy .
CoH B e R RS R R SR R e S B RS SR . e, - 06
e[I]F ‘ q q ’
e?:l ...................... 4 CHB H'H By, B" i o8 H i i
e ] o T T T O T P s v : . 7z v : 0.4
3 [ L et :
elgglr < q q 0.3
1] : .
e[);;'v.lq CHW HTH ‘V;,,WI“V w ——H ' 0.2
&z o2 q i ] [|™
&, ; : i5—a 3| |||
9[2‘1!4 ﬂ -0.35-027 0.02 ~0.02 -0.01 CHWB Hir'H W,{,/B“ 7 E--- H ‘ =01
ézzll, 021 —0.39 0.19 —0.05 -0.08 ~0.06 0.03 q q -0.2
2 : e H
&, -0.32 -0.34 058 ~0.02 ~0.08 ~0.06 0.02 [First Run2 combined EFT] -0.3
e[;,!, 022 0.08 0.02 -0.03 ~0.02 : —04
e{l".]‘ : \m} 017 045 027 027 046 0.16 0.4 006 005 0.03 0.02 —0.01 .: -05
e{ﬁ]‘ E g ~0.34 -0.23 -0.29 -0.16 ~0.15 ~0.05 ~0.06 ~0.2 -0.11 -0.03 -0.02 -0.01 :: —06
9[3] § § 0.08 70.|5 -0.13 -0.08 —0.08 —0.03 -0.03 ~0.17 —0.04 —0.02 -0.01 -0.01 ,'. ~0.7
[1] ¥ - 2 -08
ey i : 0.8 -0.48 0.3 gusvapd
! : -0.9
e[,,),,,, = h—a 39-039 0.27 4) 14 -0.13}
: Ho) . =

Jiayi Chen | jiayi.chen@cern.ch Probing new physics with Higgs-to-vector-boson coupling



HVV EFT status from combined interpretation (II) [HComb BSM interpretation]
ATLAS Preliminary

. . Vs =13TeV, 139 fb~!, my, = 125.09 GeV SMEFT A =1TeV
* All HVV PCA directions are measured to be i Boom
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More recent/ongoing HVV EFT ideas - HVV off-shell and EFT [HZZ off-shell EFT]

* HVV off-shell analysis probe higher energy regime and has the potential to decouple H-t and H-g anomalous coupling
* HZZ off-shell provided constraints on the two Wilson coefficients
* HWW off-shell is on-going and plan for a similar interpretation

03 T T T T S T T T T T
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Higgs at High-Luminosity LHC

* Projecting the ATLAS Run-2 measurement (Nature paper) to HL-LHC (ATLAS+CMS), sensitivity
improvements for Higgs coupling to
* W boson, from 9% to percent level
* Z boson, from 9% to percent level
* Zy, from >50% (~30% combined with partial Run3) to <10%

Vs = 14 TeV, S2, 3 ab' per experiment
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[ATLAS-CONF-2025-006]
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Expected uncertainty

[Europe Strategy 2025]

Combination of search for di-Higgs

Probing new physics with Higgs-to-vector-boson coupling
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