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Introduction

* The Standard Model (SM) is a
successful model describing the past
50 years of experimental data
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VECTOR BOSONS

. , the last missing piece co-
discovered by ATLAS and CMS
collaborations in 2012 - a particle that
gives mass to fermions and gauge
bosons
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* Many unexplained physics
phenomena call for the precise
determination of the Higgs boson
nature
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Higgs measurements - past, present and future [High Lumi LHC Project]
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Higgs measurements - past, present and future [High Lumi LHC Project]
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Higgs measurements - past, present and future [High Lumi LHC Project]
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Higgs measurements - past, present and future [High Lumi LHC Project]
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Higgs boson production and decay modes [Nature 607 (2022)]

* Experimental data further verified this 125 GeV particle follows the predicted production and decay

mechanism
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This talk has particular focus to H-V coupling vertices

Jiayi Chen | jiayi.chen@cern.ch Probing new physics with Higgs coupling


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/

Higgs boson production and decay modes [Nature 607 (2022)]
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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*00% = 1.023 + 0.028 (stat.) 552 (exp.) 0%, (sig. theo.) +0.012 (bkg. theo.)

Analysis Prod 7T STXS Improvements 29 simultaneous measured cross-section
modes (fb~!) stage relative to Ref. times branching ratios
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* 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

e The k-framework introduces coupling modifiers for the Higgs coupling with the fermions (x0) and
bosons (k)
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Expected uncertainty
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Simplified Template Cross Sections (STXS)

[Nature 607 (2022)]
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* The STXS binning minimize
measurement dependency on theory
predictions

STXS also maximize BSM sensitivity
* Run2 measurements are designed
around Stagel.2 of the STXS

* Run3 with planned Stagel.3 and
HL-LHC with Stage2.0
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Single-Higgs helping to constrain Higgs self-coupling
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Effective Field Theory framework

* The SM with no new resonance
* Complete BSM theory with new resonance with mass M
* The “integrates out” the heavy new particle field; equivalently describes the

phenomena below cut-off scale

A

* Precision measurement of the Higgs helps to narrow the window of new physics (constrain the

Wilson coefficients c)

* One can “translate” EFT constraint to specific new physics model
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Example with new scalars at very high mass scales

Fit to Higgs data
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Slide credit: Sally Dawson; paper:
https://arxiv.org/abs/1704.07851
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Standard Model EFT framework

* Expand SM Lagrangian with higher dimensional operators (assuming conservation laws, such as
baryon/lepton number) using SM gauge fields - SM-EFT framework

DimenSiOnal—6 Ope]"ators E-...................: ...... : ...... E

EPure BSM from square of individual EFT operators oré
. cross-terms of different operators (quadratic)

* Anomalous (CP-conserving) couplings of the H-V vertices in the Warsaw basis:

Wilson coefficient Operator Effect or affected diagram
. q q
CHB H'H B, B"” E o
y 2T H ey
q q Modlﬁcahon of SM vertices
) I I q W q lllllllllllllllllllllllllllllllllllllllllllllllllllllllll
c HH WL Wik L geasestss s s s :
v uv . WE s’ i Insertion of BSM vertices
q q
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q q
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Zoom in on the Higgs charge-parity property

Exotc Bsm * CP property studied in 5 different decay channels

Higgs Mass particle

s A s sona A Py e A using the Run-2 ATLAS dataset under the SMEFT
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e ATLAS Preliminary | p=1 Tev

. Expected e Observed |
Vs =13TeV, 139-140 fb-1[ 95% confidence level P b

Higgs Portal ; & A Origin of EWSB?

to Hidden Sectors? .
ittt Y stabiity of Universe I BestFit 95%CL |
/ VBF H - 17 (prod.) [~ e ——— 0.21 [-0.23, 0.70] -
arXiv:2506.19395 | [-0.41, 0.44] ]

4 . . . . A
*Key ingredient to forbid same amount of anti- : ,
) ) WH, H = bb (prod.)|~ | o : 0.10  [-0.62,0.85] -
matter at early Universe by breaking charge- ATLPHYS.PUB.2025-022 10.58, 0.59] ]
parity (CP) symmetry. : ;
H—WW (prod)~ o : 020 [1.00,0.60]
* But CGP-violating component in the SM is too AXIV2504.07686 [-0.90, 0-907 ]
small (via CKM mixing matrix for the three Hos vy (prod) | . | 024 058,102
generations of quarks). Phys. Rev. Lett. 131 (2023) 061802 [-0.94,0.94] ]
*Higgs CP-violating coupling is considered H—2Z" (prod.+decay) - 060 {?Zé 12‘;}‘
JHEP 05 (2024) 105 | -1.260, 1. |
_ Beyond Standard Model. ) -1 0 i 5 3 4
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Signed A¢; as the CP-sensitive observable

« Wilson coefficient that characterize the CP coupling of the H-W 7 7
vertex caw HYH W,INWI’” WE____ H
« Warsaw basis CP even: cyy; CP odd: ¢y g ¥ q

« The signed A¢;; provides distinct feature for CP-even vs CP-odd

[hep-ph/0703202]

coupling

- pp—ijjH —— CP-even
- m, =160 GeV

H
o

« “signed”: the azimuthal angle of the “away” jet minus the
angle of the “toward” jet

----- CP-mixed

1/c dc/dAd)"
FN
=)

W
o
Ty TTT

30
25

20f

15}

L[] i T I B I T I
-150 -100 -50 0 50 100 150
ADy

Pure CP-even and symmetric
about A¢]§j1gnedzo with phase shift

CP-mixed asymmetric
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ool +VBF H > WW* — [uly - CP-sensitive STXS

 An alternative STXS scheme is developed to probe the Higgs CP property: pﬁ Vs 1, Vs A¢]§igned

. Agl);igned is a charge-parity (CP) sensitive observable, which is defined as azimuthal angle difference between the forward

F I wl 1 Wz 1
\ 4

e CHW H HvaW H ----H

i q q

(larger n7) and backward jets

ggH VBF
|
A 7 Y L 4
=0 jet j > 2jet = 1jet > 2jet
0
CHG G mjj [350, 00]
60 |
A:p0,2
i pr [0,200]
. 4 4 Y Y p— 4
v 200 Pl [0,200] Pl [200,0] my 50,00 || mylroo,od] | P [200,0)
v ¥ v v |
¢ ¢ 300 CHG) Cye CHG) Ché CHW Cpyi CHW, Cpyir CHW, Crpyir
CHG Y Y /2 Y Y Y /2 Signed
b CHG»Cha CHG>Cha CHW s Cyir CHW Cyir CHW ) Cyir 4 A¢]] blnS
pr
- - i - - - to capture CP
g CHGCha CHG»Cya CHW Cyir CHW ) Cyir CHW ) Cyiy effect
T A Auy
CHG H HGuVG H S Y Y 37/2 L7 L7 Y 37/2
CHGyChya CHG,Cya CHW Cyiy CHW, Cyiy CHW Cyi
g 27 27
Agj Adjj
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CPV strategy in the ggF+VBF H - WW* — lwlv channel

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

 Multi-dimensional differential improved cyy; limits by >50% compared to the 1-dimensional Aqﬁjj sensitivity

(>3times larger effect than low Higgs p;)

* Distinct shapes of EFT impact from the four CP

operators make their

ATLAS

Vs =13TeV, 140fb™"
H - WW* - ¢vbv
N=1TeV

95% confidence level

——- SM prediction
M Observed
tei  Expected

<

Cra [x107?]

! 0.005:3838 0.000:332

—
]
I |
o — oo oo
]
N 1 !
oo ——1— o7 003
I
]
. A m | +0. +0.
CHw —_———— -0.2:38  0.0:33
ATLAS S

Vs =13TeV, 140fb!
H - WW* - ¢vev

N=1TeV
+10 (@)
[o%%e] +1.00 9
o
] +05 §
(o) BXZY +1.00 g-
0.0 3
CHw @
-0.5 5
CHW +0.03 | -0.03 [ESH) )
-1.0 —

CHG CHG CHW CHW

Value of Wilson coefficient

0/0sm

0/0sm

6

-2

—ggH i ggH i-jet I ! ggH i ggH 'z 2-jetsI i ggH IZ 2-jetsI | ATLAS ]
- Oet! I <2jets | pHc200GeV I pH>200GeV 4 Vs=13TeV, 140fb-
B ! ! ! ! 1 H- WW* > ¢vbv
— 1 1 1 1 @ — o
B : ggF : : : | ¢ Observefd (P-value =91%)
u 1 1 1 1 - === SM prediction
i ] : : 4 —— Ccue=0.01(A=1TeV)
— 1 | + + 1 1 | ] cng =-0.4(AN=1TeV)
P H 2N ____?___ I == ______|_*:_______
1 1 i
i i } l ® ]
L 1 1 |
1 1 ® !
~ 1 1 1 1 ]
- 1 1 1 1 .
L 1 1 1 1 —
1 1 1 1
C i . . i . 1 . i . ]
Q.
e Coy B Ty Ry By Gy B B B K K @ fy
);”0/ )?’)0 )00 ’ \&/ }0/ % 7 x \&/ '0/ % 7 x
9 9 < 2 2
Py [GeV] Agj [rad]
8 T T T T T T
L EW | EW qgH > 276t I EW ggH > 24ets I EW ggH > 24ets ] ATLAS p
9aH ! pH < 200GeV I pH ¢ 200GeV I pH>200GeV 1 V’s=13TeV, 140fb
6 11et! 350 <m; <700 GeV L_m;>700GeV I m;>350GeV | Ho> WW* — fvev
i i i i i ¢ Observed (p-value = 91%)
- i i - ——- SM prediction
a4l : ! — Crw = -2 (A =1TeV)
I i l ] cmir= -1 (A =1TeV)
L 1 1 |
2 i =
O —

% A % e A A % V.

2% a2 T2 2 a o T Ta T T
%, 0 R Tk 2 0 R Tx 2 0 R Ux
< 7 2 2

Agj [rad]
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WH H — bb CP [ATL-PHYS-PUB-2025-022]

Flavour
. o« e, . tagging VH, H — cc
* The object definition and event selection ’ v " JHEP 04
follows the improved VH bb/cc analysis o tagaing A% N . [
cosely (2025) 075]

’ c-tagged

* Including improved b/c-tagger as well

as optimized MVA strategy \,W"XH~<eptons Wv‘r\,rf<,t
b-tagging v v

., b-t d e b-t d
L L L L s J-'| 2P 998 J-.l e ‘ Lar:;%gg jet
ATLAS Preliminary WH, H— bb VYs=13 TeV, 140 fb™
# biagoe Boosted VH, H — bb
e Obs. —Tot. unc. — Stat. unc. Theo. unc.
Tot (Stat., Syst.) 75 GeV 150 GeV 250 GeV 400 GeV 600 GeV prv
WH, 75 < p* < 150 GeV, Q cos5" <0 ——e—— 156 i3 (o7 » 115
WH, 75 <p"* < 150 GeV, Q cos5” >0 | F——®—T— 003 g (L7 » 33 .. .
e Similar strategy as HWW: STXS measurement with the
WH, 150 < p** < 250 GeV, Q cos3" <0 H—e—H 024 (L0 » ok . . ..
addition of CP-sensitive observable:
WH, 150 < p* < 250 GeV, Q, cos8" >0 k=e—+ 181 yg (“0% » “ou ( )
WH, 250 < p"* < 400 GeV, Q cos3" <0 [ 160 o3 (Co% > Zom + -(p XpW)
" . —el=1 080 +0.54 ( +0.49 +0.21 Q{COSS Q‘e ( )
WH, 250 < p!"* < 400 GeV, Q, cos" >0 . ~0.49 046 7 -047 De IpH X pWI
WH, p** > 400 GeV, Q cos" <0 I—e—l 0.03 g% (“o5 » Zom
WH, % > 400 GeV, QcosB" >0 1—e— 047 of (3% 0% * Cross-section measurement compatible with SM
D WS wa prediction

O - B normalised to SM
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WH H — bb CP [ATL-PHYS-PUB-2025-022]

q
« WH particularly sensitive q - ’ * Only shape of the CP observable is used to
to cyyy as the process is 2 W _ q constrain Cyyy
not diluted by ZH H b
b 3 4.5 = T T —
ras e o S 4, ATLAS Preliminary1 -
Imulation Freliminary — \ _ - R
Vs =13 TeV, 140 fo~' — SM == cyw=03 —-- cyw=-03 < 3 52_ ﬁl—l_ :—IS TE?_)/’ 1/4{0_&1’ TeV S 3
14l 75<p¥ <150 Gev | 150 <p¥ <250 Gev I 35_ 95%CL intervals: _E
- - Observed: [-0.62, 0.85] -
[ e 2.5 - -Expected: [-0.58, 0.59] 7
e ; e - ]
08 2E 3 =
g oo 15 3
é w W 1:_ \ ,/ _:
S 141 250 <pt <400 GeV pt >400 GeV - \ /' =
1.2-_____,___,___i_ _____________ T T }- _____________ 0'5:_ N ,,’/ =
1 | | 1 1 \“r | —I’, 1 1 1 | 1 -_t
b | | 05 05 0 05 1
0.8 T T T T T T T T T s et s s s s I
0.6- —————————————— — CHW
-1 0 1 -1 0 1
Q;cosd Q;cosd
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Inclusive H — ZZ* CP

[JHEP 05 (2024) 105]

e Use Matrix-Element based

optimal observable (OO) to

compress full event kinematics

into statistically optimal
quantities

e Use VBF dominant SR measure

production OO (VBF)

* Use VBF-depleted region to

measure decay OO
(H— ZZ* — 4))

Normalized to unit area

BSM/SM

my [GeV] ATLAS
4 = 14
160 <
Al
voq12
130 10
Inclusive SR
VBF-depleted VBF 8
Region SR 14
6
115+ 4
2
105 - - >
0, 1 jet(s) or > 2 jets and Jet 0
m;< 120 GeV m; =120 GeV ~ Selection
018~ S oo
ossf ATLAS Simulation S ,sE ATLASSimulation
T Hozzrsal -ggF.c =15 S E  Hozzod == = VBF+VH,3,, =50
SME s=13Tev —ggF SM g 07 (s=13Tev —— VBF+VH SM
02k~ 115GeV<m,<130GeV " ggF, ¢ =-15 8 085 115GeV<m, <130Gev VBF+VH, 3, = 5.0
G g ost N,z2,m>120GeV
- S =
0.08— Z 04
:_ 0‘3; .........
0.2;
R vt N ot
0:- | [ | i | [ |
E s
............ — k=
20‘ ............. (é) 20; Fhebii., . SERT
2 o oy s

- Ys=13TeV, 139 fb™

—T T T | T T T T T T T T T ét tI II T | T T —
e at-only

- A TL AS — With systematics

L HoZZ*—4] == Expected combined

Observed production
Observed decay
Observed combined

| p-value SM: 37% —
B 95% CL
B 68% CL
L L 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 i
C ~
HW

Jiayi Chen | jiayi.chen@cern.ch

Probing new physics with Higgs coupling


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-30/

Inclusive H — ZZ* CP [JHEP 05 (2024) 105]

m4/feV] ATLAS @ e .
. = o + Obs Best Fit =
e Use Matrix-Element based 160 T o JPATLAS o gmema
. 4EH =225 - 4l oo BpgLOL 3
Optlmal observable (OO) to E Vs=13TeV, 139 fb" « SM ' .
o . 3 :_ p-value SM: 88% _:
compress full event kinematics 130 - E
. . e . . 2 =
into statistically optimal Inclusive SR : ]
quantities VBF-depleted VBF 15— -
Region SR 1-4 OF E
: : 154 3 E
* Use Inclusive region to measure i ]
" 30 B
é % \\\\\ ‘ 1111 | 1111 ‘ I | | 1111 ‘ 1111 ‘ 111 I| IIIII
decay OO (H — ZZ 40) 105 : L 2 15 -1 05 0 05 1 15 2
= 0, 1 jet(s) or " >2jets and Jet c -
m; < 120 GeV m;=120 GeV ~ Selection HB
= AT‘LAsl T ks mastr |
. . 2 L L L L L U S L B rAILAS .o Obs 68% GL. ]
» 2-dimensional OOs for ¢y and o 4 ATLAS Lookemlol ] R P Tommid
C —— Obs 95% CL. ] C —— Exp 95% CL. i
. FH 77* 4| o EXP 68:& CL. b [ Vs= eV, -1 * —]
cy used to constrain three CP-odd AN RS L O S " ]
H-V anomalous couplings o ] 3 E
r . 2r -
- = r
C . or -
o~ . g
- ] —2F h
—1- - C
- : —4F 3
_oF = C
C : _67\ 11| ‘ 1111 | 1111 | | | | I 111 | 1111 | 111 \k
_ | IR B | 3 4 -3 -2 1 0 1 2 3 4
45 1 05 0 05 1 15 )
c - HWB
HB
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Higgs at High-Luminosity LHC

. the ATLAS Run-2 measurement (Nature paper) to HL-LHC (ATLAS+CMS), sensitivity
improvements for Higgs coupling to
e W boson, from 9% to
* Z boson, from 9% to percent level

o Zy, from >50% (~30% combined with partial Run3) to <10%

S. : Total ATLAS+CMS
This analysis ATLAS Preliminar N isti
— ) Run 2: Vs = 13 TeV 36.1){ 140 fo StatlSt,lcaI Projections ESPPU 2026
Nature 607 52 (2022) Fun2: Vs - 13 Tev. 6.1 - 14 Experimental
un 3: Vs =13.6 TeV, .
B Run 3 + Run 2 combination "_ Parameter Resolved kg, ky,kz,  Effective kg, ky, k7, Theory Uncertainty [%]
Free K. Ke = Ky Ke = Ky o b= 32% 4% Tot Stat Exp Th
K -14% o Y — | ‘ 18 07 09 13
K 0.97*: 0.96 + 0.05 0.96 + 0.05 ] I
K 18% = =L Ky =] | 1.6 07 06 13
w Kw 0.997099770.99 + 0.04 1.00 = 0.05 : 3
-26% Ko=) | 16 07 05 1.3
4 ki 0.99*0:10°0.99+0.06 0.99 + 0.09 Z ; ;
Ky 5% | gy 0.90*%12 " 0.89 +0.09 0.89+0:10 K= 24 08 0.7 22
. 4% | ke 0.95*0:1%  0.94 +0.06 0.94 + 0.06 KE 3.4 08 09 32
7o Ke 11758 — — o = | a5
Ku ST 0.25 0.24 0.23 M=l 6 12 12 3.2
K, 1.05%025 1041024 1.04+02 | |
KQ -14% +0.07 K"C .='_. 3 3 1.9 0.8 0.7 15
Kg — — 0.99% 06 3 3
K, 7% K, . o 0.97 + 0.06 Ky i | 3.0 27 09 1.0
0 0.30 : :
%, — -48% KZ/y* — — 1.36" 36 KZy — ‘ | 6.8 59 1.6 3.0
0 01 02 03 04 05 06 0 002 004 006 008 01 012

Expected uncertainty

(s =14 TeV, S2, 3 ab' per experiment

[ATLAS-CONF-2025-006]

Expected uncertainty
[Europe Strategy 2025]
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Summary and outlook on single-Higgs
* Lessons from Run-2 to carry to Run-3 and HL-LHC:

* Experimental advancement: analysis improvements alone can deliver sensitivity comparable to (very
roughly) ~3x more data (such as H — bb/cc)

» Higgs self-coupling: Single-Higgs (in particular VH) can help to constrain Higgs self-coupling on top
of di-Higgs productions

* Evolution of STXS: constant evolution of STXS staging is needed to improve BSM sensitivity (boosted
region, self-coupling) and add CP-sensitive splitting

* Natural future directions include: “Constraining the CP structure of Higgs-fermion couplings

° Combined Run-2 CPV interpretations with a g/oba/ LHC fit, the electron EDM and baryogenesis”
(¢, €;) free
: L5 5 — grassssssant s :
e Zy for a more global (;onstralnts on all S 5 Below blue line is :
H-V anomalous couplings 1'05' e irequirement for observed:
* Dedicated H-g and Higgs-lepton CPV 0.5 f ., | baryon asymmetry i
analysis and combination | R AL
< 00f : : g : : :\ eEDM constraint
: X7 /1. T2 e
 Final remark: can we map the current HVV 0.5 fron N Yoo f ] B P
CP con.stramts onto Spelel(} benchmar1.< 1.0 _ ______________ ................ T ................ S ' 10 - Currenf LHC sen5|1-|v|1-y ;
scenarios, so we can quantify the physics Y temmmmrzmmmnnirzinnd
reach from constraints on EFT Wilson 1S 0 05 00 05 1o is
coefficients? Cr

Eur. Phys. J. C 82 (2022) 604
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VH H — bb/cc analysis - and VZ Z — bb/cc [JHEP 04 (2025) 075]

e Improvement from previous Run-2 analyses:

 combined resolved and boosted H — bb as well as H — cc; new flavor tagger; new or re-optimized MVA;
better control of the background through updated analysis categorization

 Categorization based on number of leptons, number of b/c-tagged jets, flavor tagging efficiency and p}/
 Simultaneous fit from 59 signal regions and 97 control regions

* Analysis strategy verified with VZ, Z — bb/cc using the same categorization but switch between two BDTs
which treat either VH or VZ as the signal against the background processes

e First observation of WZ,Z — bb 6.4 (6.5)c and VZ,Z — cc 5.2 (5.3)c

< L L B L L L B L LN BN BLER A L B I L L B L BN DN B
S 10°E aTLAS ® Daa 3 | ATLAS o Daa i - .
~ = I VZ,Z 5 bb (1=0.91) T . B VH,H - bb (1=0.92) _| =
% C Vs=13TeV, 140 fo" -VZ,Z—>cE(:LL=g.9971) 7] 103§ s =13 TeV, 140 fb -VH,H—>cE(:LL=10.3)2 3 VZ) Z - bb/CC Slgnal Strength
o) - 2leptons, 2 jets, C_C-tag Diboson background | C 2 leptons, 2 jets, C_C-tag [ Diboson .
> L T Top(ba/qq) _ C T B Z+hf ]
m pY 2 250 GeV B Zhi _ pY>250Gev B Zemi ] O 92+0 13 O 92 O 05 +0.12
21— i +m — -Fi + ) f—
10 & SF, Post-Fit -;-IIf § 102:—3’?’ Post-Fit lZJnItI:ertainty = /’lVZ O 11 + (Stat ) 0 10 (SySt.)
7] Uncertainty n = ) = SMVH,H— bb x120 T +O 25 +O 22
] C —— SMVH,H—cC x120 ] .
] 1| Myz =0.98757, =0.98 +0.13 (stat.) "y (syst.)
10 —
= 3 10 =

VH, H — bb/c¢ signal strength

VTR psh = 0. 92+%11§5 =0.92 £ 0.10 (stat.)*% 13 (syst.),

| I |

o L B L B B L I B B R 1.5 | \ LR I I IR I +5.4 +4.0 +37
+ C O — — .
& 1fy s _ 1] + b A My = 1.07275 = 1.075 7 (stat.) ™5 5 (syst.).
%Os_lllllllllllllll\lll III|III" I: 057IIIII|III‘\II|I\\| |I | I:
o

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

BDT,, output BDT,,, output
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VH H — bb/cc - results [JHEP 04 (2025) 075]

e Measured H — bb/c¢ signal strengths  H — bb channel measured in very granular STXS bins
agree with SM and have also small also agree with SM
correlation: 5% * Dominated by statistical uncertainty
25_ T T 1T T [ T T T T 1T T T 1T T T 1T T ] O 5
8 E C /|\TL A sl | | ] é 10 ATLAS VH, V- leptons, H— bb cross-sections %
= 20E Vs =13 TeV, 140 ! E Eﬂ 10 {s=13 TeV, 140 fb"! ® Observed == Tot. unc. Stat. unc. ]
15F. VH, H— bb/ct E == Theory (SM) [_]Theo. unc. =
- E X 10° V=W V=2 =
3 E & 0J =1J: 0J =21J:1 00 =1J, -
o E T 10° e T T
E E _' —#: — — | | | —
= _— x_ 10 = % ﬁ :—E——H : : =
E E o) I - _ T | I =
5 = 1 — Tl
of . 1 H $ | . L 3
-10E E 107 g ~ | | . 1 _=
15:_ Observed 95% CL o SM _ 3 = — ' L L L T =
~'VE ... Expected 95% CL + Observed best fit . oL - ' - - [
o — Oheanved 890 OL (i 1 ~052.1.0) - = d_ - 3 0 SO o D 8 s o
— o Expected 68% CL ] o 0 o # -— ? AL —-— ﬁ : e —_ : L2 L : <L | T
_ co v v v b v by by L A - B —_— - | 1 | |
25704 06 08 1 12 14 16 % —1—)1- 0 — - — 1
S, 5 <%, 7 3 5 5 0, R
uep * W Sk o ot G, R, e e s Gy
VH Y7 50) Vé’gf V¢0f Y6y, Ge 750 4 s, 7 %) Y6y, Ge
0 0 0 L G 0 0 0 v
el G@V QGV GGV oL G@l/ G@V O@V
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VH H — bb/cC - strategy overview R

tagging

 Improvement from previous Run-2 analyses: Al y -
» combined resolved and boosted Hbb as well as o-tagging W " -
Hcc; new flavor tagger; re-optimized or new MVA; < -

better constraint on background through updated

analysis categorization mmms mt
* Hbb: extended STXS on pTV and 0 or >=1 P-tagging

‘, J—| b-tagged ‘e J;' ‘ b-tagged

LS ~ LS Large R jet
additional jet # o005 oo ocied Vi H o bb
» Hcc: large improvement in limit and kappaC 75GeV 150GeV 250 GeV 400 GeV 600 GeV s
c-tag score
a  b-tagged
o
c-tight (Ct) :
b-jet: 4.8% - c-tight
c-jet: 24% * "g 5
a5 light-jet: 0.9% e ) "g
c-efficiency cloose (CL) b-70-60% b-60% S c-loose
b-jet: 12% b-jet: 11% b-jet: 58% g)o
c-jet: 21% c-jet: 5.2% c-jet: 2.7% _E.O
5% light-jet: 6.5% light-jet: 0.13% light-jet: 0.05% T non-tagged
c-efficiency Untagged (N)
b-jet: 15%
c-jet: 48%
light-jet: 92%
70% 60% b-tag score . .
b-efficiency b-efficiency HiggS candidate Jet 1

 Categorization based on number of leptons, number of b/c-tagged jets, flavor tagging efficiency and p}/

 Simultaneous fit from 59 signal regions and 97 control regions
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ggF contamination in the CP analysis

[Dhyc Rov D 108 (?ﬂ??) n7?an_7

i ggF Contamination large at lOW pTH Particle-level Reconstructed event classes ATLAS Simulation

i ; : inning in Ag3; . ¢ ;= 13TeV, H W* — i
Production mode production categories Binning in A¢7 Signal regions NG 3 Te S WW* — tuly

Jiayi Chen | jiayi

£¢,miss
ggF O-jet low pt-miss Pr < 10Gev
Niets =0 o : Niegs =0
99H 0-je £0,miss
miss
ggF O-et high ptm'ss T = 10Gev
H L L0,miss
= e 7 i pf’rfv"‘iss 0 = 00eey . i A
— same-fl r
. a0 oo IR 505
60 < p¥ < 120GeV y 60 < pi™* < 120 GeV 97 VBT sompositon for
9gH 1-jet medium pZ¥ ggF 1-jet medium p.‘;f misg different-flavour category
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ggF+VBF H —» WW* — lvlv - CP results

e Second local minimum for cya
and using only the shape of
A¢;; induced the large

asymmetric limits
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-2Alog(LH)
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goF+VBF H - WW* — [ulv - results [Phys. Rev. D 108 (2023) 072003]
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Ratio to NLOPS

Ratio to Pwg+Py8 (dip)
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Systematic comparison of theoretical modeling

[LHC Hioos Workin
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* Modeling of the 3rd jet with
NLOPS problematic

* PS uncertainty doesn’t cover
the difference between
and NNLO

* Uncertainty reaches >15%

* Experimental
measurements need to
reconsider the central jet
veto selection for next
round
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HVV EFT status from combined interpretation (I) [HComb BSM interpretation]

e This talk will focus on the status of constraining ©,,,,, ©0,,; and ©,,,,;, and their CP odd counter parts
* Oypp effect relatively small and similar effect as HZee and HZup anomalous coupling

- SMEFT operators in the Warsaw basis
ATLAS Preliminary /s=13TeV, 139fb'
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HVV EFT status from combined interpretation (II) [HComb BSM interpretation]

ATLAS Preliminary
Vs =13 TeV, 139 tb~1, my = 125.09 GeV SMEFT A =1 TeV
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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
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“SM Higgs?”

Di-Higgs search

Higgs
potential q

Our Stable
vacuum

?
Metastable

Higgs \ q
field N\

Self-coupling (x,):

Mass: minimum of shape of the
the potential potential
Nature Reviews Physics volume 3, pages608-624 (2021) Phys. Rev. Lett. 133 (2024) 101801
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Combination of search for di-Higgs
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