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Overview

e The discovery of the Higgs boson at the LHC opened new opportunities to
rigorously test the Standard Model (SM) and search for possible new
phenomena beyond it, commonly referred as Beyond the Standard Model
(BSM) physics.

e This presentation highlights the most recent results obtained using the full Run 2
(13 TeV) and partial Run 3 (13.6 TeV) proton-proton collision datasets
collected by the ATLAS experiment.

o Higgs width measurement through off-shell Higgs.
o Higgs cross-section measurement at 13.6 TeV.

o Differential cross-section measurement of Higgs boson via WW#* /ZZ* decay modes.
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Higgs Boson Width

® In the SM, the Higgs boson width can be calculated using the known masses and couplings of all
particles to which the Higgs decays. This yields a predicted value of approximately 4.1 MeV
with an associated uncertainty of about 1%.

® A direct measurement of the Higgs boson width is challenging due to limited detector resolution.
However, an indirect method exploits Higgs decays to pairs of vector bosons (WW or ZZ).

® The total Higgs boson width can be extracted by taking the ratio of the measured on-shell (which
depends on the width) to off-shell (largely independent of the width) signal strengths.
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Off-shell Higgs Production H* > Z2Z

Fully leptonic decay final state is used to measure off-shell higgs (ZZ—> 47).
arXiv:2412.01548

Four lepton invariant mass lager than 180 GeV (on-shell ZZ region).
Events are described in the analysis by 14 observables.

Neural simulation-based inference (NSBI), uses neural networks (NN) to estimate the per-event likelihood ratio
of different hypotheses instead of using histograms of kinematic observables as an approximation to
probability density ratios.
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Off-shell Higgs Production H* > Z2Z

Pre-selection NN NN for each process in the SR
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4] only results
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Off-shell Higgs Production H* > Z2Z
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Off-shell Higgs Production H* > WW

® Consider both different-flavor (ev,uv,) and same-flavor (eveev,, uv, uv,) leptonic final states.

® Events are categorized to six regions by considering final states and number of jets (O, 1, or >2).

® A classification neural network (DNN) is trained for each region to discriminate against non-
interfering backgrounds, and in each region, events are divided into three categories based on
the DNN score. arxiv: 2504.07710

® Self-defined variable I'3; = 0.3 - mpy + mT, which provides a simple proxy for my, .
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H->ZZ*and H-> yy(13.6 TeV)
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https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5

H-> WW* - 2vlv (13 TeV)

WW decay mode: much higher branching ratio comparing to ZZ & vyy
o STXS is used to target ggF and VBF mode (details in backup)

o DNN is used for each SR to get a better sensitivity
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https://arxiv.org/abs/2504.07686

H-> WW* - 2vlv (13 TeV)

Best-fit values and uncertainties for the Wilson coefficients of the d = 6 operators considered by the
SMEFT interpretation of the STXS measurement in a CP-conserving scenario
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https://arxiv.org/abs/2504.07686

H-> WW* - 2vlv (13 TeV)

arxiv: 2504.07686

® CP-sensitive measurement (Cyg, CHw, Cué» Cyw )-

0/osm

Similar as STXS, good agreement with SM.

61-ggH, ggH 1-jet ' ggH ggH ‘2 2-]ets‘ agH ‘2 2-]ets‘ ' — AILAS
[ O-jet <2-jets Pt <200GeV pH>200GeV 1 Vs=13TeV, 140fo™"
L 1 H- WW* = evev
‘r ] ¢ Observed (p-value = 91%)
r ==~ sMprediction
r 1 — cue=001(A=1TeV)
2 %,_+—+~ T — cue=-04(A=1TeV)
. —
0 m
Yy 4
a,. &
%, ©
7
P [GeV] Agj [rad]
T T T T T
ATLAS

Vs =13TeV, 140"
H - WW* - ¢vbv
A=1TeV

95% confidence level

Cra [x10%]

|—|_‘—| 0005+001O
S 005

=== SM prediction
K4 Observed
tei  Expected

0.000+3:98°

0.008
1
. |
CHG| — e 0.02:38%  0.0:3%
1
1
Chw| —_— ¢ 075 00
1
1
CHV —_ e -0.2:88  0.0%3
1 1 1 1 1 1
-3 -2 -1 0 1 2 3

May 20

Value of Wilson coefficient

Production mode
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H->ZZ* > 40 (13.6 TeV)

ATLAS-CONF-2025-002

® Fully reconstructed final state with a clean signature, used similar strategy as STXS.
® Generally good agreement with the SM predictions.

® Neural Networks are employed to disentangle different production modes and backgrounds.
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H->ZZ* > 40 (13.6 TeV)
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E - Exp68%CL. [ 1 L — Obs 95% CL. |
r B -3F  Epos%cl 13.6 TeV, 56 fb [ - Exp68%CL
r b _ac + Obs Best Fit ] 4T A =1 Tev -4 L opeseC ]
05 [ L L L ] 5% ‘ A *‘ SM | E :‘ SM p-\falue=8‘72% ‘ ‘ ‘ r/ xS 1
" _ — = . = = — —6 L S S S L . ANAAA v b b b b
0.8 0.9 1 1.1 1.2 6 4 =2 0 2 4 6 6 4 2 0 2 4 6 6 6 4 2 0 2 4 6 8
Ky e Crw Crw
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-002/

Summary

® Off-shell Higgs production observed with sensitivity 3.7 (2.4) o, and the Higgs width
measured to be
o 4.3%%27 MeV from H*>ZZ measurement.

o 0.9%33% MeV from H*>WW measurement.

® The Higgs production cross-section measured at 13.6 TeV to be
o 58.2 + 8.7 pb, comparable with SM prediction 59.9 + 2.6 pb

® Use STXS approach measured differential cross sections of H>WW?* /ZZ* and set
new limits on anomalous couplings parameters using the SMEFT models.

e Additional data will be collected during the Run 3 phase at 13.6 TeV, which is
expected to yield improved and more precise measurements of the Higgs boson.

May 20 Pheno2025 13






H*—>ZZ Probability Density Model

Given the signal strength, the probability density model can be written as,
1

ggF
('u off-shell’ off shell)

ggF ggF ggF ggF ggF ggF ggF ggF
Hoshen’s Ps X) ¥\ HoggenVt. P () +vyg pg (X) +

ggF —
P (XK e 'uoff shell)

EW EW _EW / EW w EW _EW
Hof.shellVs  Ps (%) + lloff shell V1 (x)+vg pg (x)+vnipNi(x) |,

Handle the interference term

F F F F
vis i (x) = v pe () — v PEE () — Vi PR (x).

EW _EW EW
VSBllpSBll(x) = Vs Ps

ngmpsmm (x) = 10v§wp (x) + ‘/Evf:wpfw(x) + vgwpgw(x).

(x) +V (x)+VB PB (x),
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Definition of Processes in the Probability Model

Process Multipliers Samples
ggF geF *
ggF s Hofi-shent ~ VHoff-shell 88 > H > ZZ —> 4t
F — (H* =)ZZ — 4¢
geF SBI V'uﬁigf-shell 88— ( 2 _)

(ky, =1)
l ggF 88~ 2Z -4

ggF B 1= Hoff-shell (K%, =0)

EW EW i i
— (1= V10) g s + 9yHofp-shen ~ 10+ Vio EW gq — (ZK?/ 1201) —4l+2j
~10+v10 277 — 46 +2j
EW SBI mﬂoﬁg‘fshell - lo\lﬂoﬁf\sthell EW 99 = (H*(j)zzl; 2‘] -4+ 2‘]
1 Ky =
-10+ V10 ZZZ — 46 +2)
_st\sthell + ’”Et‘f’\-/shell EW gq — (H* —4>)ZZ +2j > 40+2j

EW SBIjo v (4, = 10)
-0+ ZZZ — 4€+2j
4GZZ njes = 0 072 94— ZZ — 4L
qQ4ZZ njes = 1 2{;22 Z}ZZ qq > ZZ — 4t

_ 0j i p2) _
9GZZ njers > 2 %ZZ%ZZ%ZZ qq > ZZ — 4¢
WWZ — 4¢
vvv - WZZ — 4¢
ttZ — 4¢

May 20
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Input Variables in H*>ZZ Measurement

g, and g, are momentums of Z, and Z2 individually

Variable Definition
My quadruplet mass
mz, Z| mass
mz, Z» mass
cos 6* cosine of the Higgs boson decay angle [q; - n;/|q;|]
cos 61 cosine of the Z; decay angle [-(q2) - q11/(|q2| - |q11])]
cos 6, cosine of the Z, decay angle [—(q1) - q21/(|q1] - [q21])]
D, Z; decay plane angle [cos™! (n; - ny) (q1 - (0 X ) /(|qs] - [0 X nc])]
() angle between Z;, Z, decay planes [cos™' (n; - ny) (q; - (n; xm2)/(|q1] - [m; X my])]
p¥ quadruplet transverse momentum
y‘(f quadruplet rapidity
Mijets number of jets in the event
m;; leading dijet system mass
Anjj leading dijet system pseudorapidity
Adjj leading dijet system azimuthal angle difference

17
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Unbinned Likelihood Function

—2InA(u, 0, a) = -2 Z In [Pois(Ny|vi(u, 0, @))]

regions (/)
-2 Z In [p(xilu, 0’ a) + Z (a, —a )2.
pref(xi) " "

events (i) systematics (m)

The reference probability density function cancels out in the likelihood ratio test statistic.

t, = —21n 2L 2W)
A(u, @)

May 20 Pheno2025 18



Simplified Template Cross Section

Define standardized production and kinematic
regions for consistent measurements across analyses

Enable simultaneous measurement of production
modes and relevant kinematic observables

Cover four main Higgs production modes: gluon-
gluon fusion (ggF), vector boson fusion (VBF),
associated production with a vector boson (VH), and
associated production with a top-quark pair (ttH)

Use reconstructed-level categories that closely
match truth-level regions to reduce event migration
and correlations in the global fit

Category merging or reduction is based on the
statistical precision achievable in each channel

May 20

Reconstructed event classes
Signal regions

Particle-level production categories  Reduced STXS 1.2

Production mode

ATLAS Simulation

P < 10GeV

Niets =0
e a0t
w pl!

i < 60GeV

coms || P | B R

Njets =0
PO > 10 GeV
o

P < 60 GeV

VE=13TeV, H — WIW* = tulv

P <200GeV | Njgts =1 | 60 < plf < 120GeV 60 < pi™ < 120 GeV
120 < pff < 200GeV 120 < piP™SE < 200 GeV
qgF-like
Niets > 2 PSS < 200 GeV
- ggH >2-jets
200 < pi™ < 300 GeV Niets = 1
200 < p < 300GeV —
ool
TR 200 < pi ™ < 300 GeV. ggF-like
> 300 GeV
pi > 300GeV
Py > 300 GeV
7™ < 60GeV
Nets =1 ¥ 60 < pf"™* < 120GeV X
ets o o P VBF-like
120GeV
VB 1-jet high py o
350 < mj; < 700 GeV EW qgH >24ets s 350 < mj; < 700 GeV o
— i low m; Njets = 2
700 < m;; < 1000GeV " 700 < m;; < 1000GeV
P < 200GeV i P < 200GeV
1000 < mj; < 1500 GeV._ [T 1000 < my; < 1500 GeV
E—— low pf" high
Nets = 2 m; >150GeV [l T > 1500 GeV VBF-like
o
350 < mj; < 1000 GeV 50 < my; < 1000 GeV
pf >200GeV | 1000 < m;; < 1500 GeV. 1000 < my; < 1500GeV || py ™ > 200 GeV
mj; > 1500 GeV EW gqll >24ets mj; > 1500 GeV.
high pt! highest m,;

Pheno2025
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H-> WW* - 2vlv

Mo x B)(c)/SM Ao x B)(c)/SM Ao % B)(c)/SM

Ao % B)(c)/SM

Various BSM couplings may have similar impacts, resulting in
highly correlated Wilson coefficients. Used principal component
analysis (PCA) to get a set of orthogonal linear combinations.

Only the eigenvector with eigenvalues greater than 0.01 are

kept.

ATLAS Simulation
VS =13Tev
H—-WW* - fviv
N=1Tev

Lo

e
|

May 20

Warsaw-basis Wilson coefficients
Cvg=0.01 WM c=-02
- =2

Warsaw-basis Wilson coefficients
o
=5

- o5 =4
Warsaw-basis Wilson coefficients
cm=2 chiln=-2
W o= =9 g ;=16
cuw=3
- cow . i =2
[
g - =3
- i = -2
Rotated-basis Wilson coefficients
=001 W ;=3
., -05 - -4

- -1

Co (Texp 0.004)
C1 (Taxp 0.213)
Co (Texp 0.767)
Cs (Toxp 1.467)

Ca (Torp 2.223)

Rotated-basis Wilson coefficient

Pheno2025

ATLAS
Vs =13TeV, 140b~"
H—- WW* - fvev
N=1TeV

95% confidence level

T T T

=== SM prediction
K4 Observed
te1  Expected

1
I 1 4 1
& [x107]], — — ' 0.005:353 0.000°3353
)
}_L‘—{ 0.6 0.5
¢ [x10*1] [T A 0.1%54 0.0%4
1
1
¢ i vy 044f 0012
1
1
o /= 12438 008
1
1
Cq — 03 0%
1 1 1 1 1 1
-5 0 5 10 15 20 25
Value of Wilson coefficient
ATLAS
Vs =13TeV, 140fb~"
H- WW* - tvbv
A=1TeV
+0.003|-0.001 [EEEEY +0.002(-0.001|-0.002(-0.002(-0.002 | 0.000 | 0.000 [-0.001| 0.000 | 0.000 |-0.003|-0.035|+0.002
+0.108|-0.008|~0.002(+0.076 | +0.047|-0.041|~0.148|~0.148|-0.012|+0.078 [EKIFAl -0.046|+0.008|+0.001 | +0.004 |+0.098
-0.317|+0.042|+0.003|-0.228 [+0.574| +0.149|+0.429 +0.428 | +0.035|+0.103|~0.186| ~0.001| -0.012|+0.002| -0.023 |-0.283
-0.021|-0.017|-0.032(-0.027 [-0.320| -0.029 | +0.142| +0.142|+0.006|-0.008|~0.075| ~0.001| +0.002| ~0.129 [EelEN -0.073
+0.245|-0.037|-0.015(+0.214 -0.107|-0.244(-0.243(-0.032|-0.029|+0.176+0.006 | 0.000 |-0.071|-0.365(+0.173
CHm C C C Ci C (3) (3) (3) (1) @) ¢ Ci C Cig Ci,1221
W Chpp CHe CHe CHw CHWB cj)\\ c)ss Ciylas Clig Cg CHu CHd CH CiG Cil

Warsaw-basis Wilson coefficient
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H->Zz* > 48

ATLAS Preliminary :
Particle-level Reconstructed event categories i Reconstructed event categories
production bins Signal Region . Sideband Region

my = [105,115] U H
[130, 160] GeV_ 1

ttH selection y
ttH ttH-enriched —

Niep 25 3
VH-Lep-enriched  —""]

m;; < 120 GeV
—

2j-VH-Had-enriched
Niets 2 2 ¢ SB-2j Nits 22 3
2j-VBF-enriched
VBF
Niet = 1 Njet = 1
1 -——= 3 SB-1j «—
o ——— SB-0j ——Y

:
:
:
:
:
:
:
:
:
:
:
:
:
:
mj > 120 GeV :
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
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