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Introduction

A detailed map of Higgs boson interactions by the
ATLAS experiment ten years after the discovery

The ATLAS Collaboration

The Standard Model of particle physics [1-4] describes the known fundamental particles and
forces that make up our universe, with the exception of gravity. One of the central features
of the Standard Model is a field that permeates all of space and interacts with fundamental
particles [5-9]. The quantum excitation of this field, known as Higgs field, manifests itself
as the Higgs boson, the only fundamental particle with no spin. In 2012, a particle with
properties consistent with the Higgs boson of the Standard Model was observed by the ATLAS
and CMS experiments at the Large Hadron Collider at CERN [10, 11]. Since then, more
than 30 times as many Higgs bosons have been recorded by the ATLAS experiment, allowing
much more precise measurements and new tests of the theory. Here, on the basis of this
larger dataset, we combine an unprecedented number of production and decay processes of
the Higgs boson to scrutinize its interactions with elementary particles. Interactions with
gluons, photons, and W and Z bosons — the carriers of the strong, electromagnetic, and weak
forces — are studied in detail. Interactions with three third-generation matter particles (bottom
(b) and top (1) quarks, and tau leptons (7)) are well measured and indications of interactions
with a second-generation particle (muons, u) are emerging. These tests reveal that the Higgs
boson discovered ten years ago is remarkably consistent with the predictions of the theory and
provide stringent constraints on many models of new phenomena beyond the Standard Model.

This updated analysis presents:
» Global production/decay rates

Original Run 2 Higgs
Combination (Nature
607, 52-59 (2022))

Improvements in statistical power
in measurements, new analyses

—

Final Run 2 Higgs Combination
(arXiv:2608.07332)

Combination of Higgs boson measurements at s =

13 TeV and their interpretations by the ATLAS
experiment

The ATLAS Collaboration

This paper presents combined measurements of Higgs boson production and decay us-
ing up to 140 fb~! of proton—proton collision data collected by the ATLAS experiment
at the LHC at /s = 13 TeV. The inclusive Higgs boson event rate relative to its
Standard Model prediction is determined to be 0.990‘_’%1%%1 = 0.990 + 0.027 (stat.) +
0.024 (exp.) f%_g%g (sig. theo.) fg'_%llg (bkg. theo.), separating statistical, experimental, signal-
theory and background-theory uncertainty components. The signal theory uncertainty is the
largest contribution, dominated by missing higher-order terms in QCD and the modelling of
parton shower effects. Inclusive production cross-sections and decay branching ratios are
measured, with sensitivities improved by up to 35% relative to the previous ATLAS publication.
Production cross-sections for individual decay channels are also reported. The results are
interpreted in terms of modifiers to Higgs boson couplings. The combination of single Higgs
boson and Higgs boson pair production measurements yields x; = 1.3‘:?"6 for the modifier to
the Higgs boson self-coupling, with an interval of [-1.5, 6.5] at 95% confidence level. The
partial width in the H — bb decay channel is used to obtain the first ATLAS determination
of the running mass of the b-quark at the Higgs boson mass scale in the modified minimal
subtraction scheme, found to be mj,(mp) = 2.73*927 GeV. The total width of the Higgs
boson is measured to be 'y = 3.6f2|'}) MeV based on its on- and off-shell production rates.
The kinematics of Higgs boson production are probed within the framework of Simplified
Template Cross-sections in 44 kinematic regions, and the results are interpreted in the context
of Standard Model Effective Field Theory models.

» Coupling strengths to fundamental particles, BSM physics, and invisible decays in the k framework

« Higgs width combination i‘ﬁk

» The mass of the b-quark on the Higgs mass scale and Higgs Self-Coupling i‘ﬁ?
» Simplified Template Cross Section (STXS) measurements of Higgs productions and decays

» SM Effective Field Theory (EFT) interpretations of Higgs productions and decays
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ATLAS Higgs boson combination strategy

The combination effort used the most up-to-date analyses from
ATLAS Run 2 at the LHC:

« 14 Analyses used (8 updated or new)

4 Higgs - Invisible decays analyses (2 new)

e 3 analyses (H* - ZZ - 4¢, H" - ZZ — 2£2v, H > WW -

fvev, all new)

6 di-Higgs analyses

~600-800 Analysis regions, “6000-8000 NPs across all combined studies!
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Analysis

H— 77" — 4t
H—WW*— tveiv
H—WW*—tvliv ivijj
H—vyy

H—Zy

H— 17T

(V — leptons)H — t7
H—pp

VBF H — bb

(V — leptons)H — bb

H — bb (high pi)

H — multileptons

ttH — bb

tH — bb

VBF H — invisible

VBF + y H — invisible

(V — leptons)H — invisible
ttH — invisible

off-shell H) — ZZ — 4¢
off-shell H'*) — ZZ — 202v
off-shell H*) — WW — ¢viy

HH — bbbb

HH — bbbb (high p¥)
HH — bbtt

HH — bbyy

HH — bbl{ + EMsS
HH — multileptons




Global signal strength

« Signal Strength p defined as u = 051(‘?1]:9“
i i

» Single Higgs measurements yield an inclusive signal strength of:
g =0.99070 021 = 0.990 + 0.027 (stat.) +0.024 (exp.) *oi5 (sig. theo.) *0012 (bkg. theo.)

-J 8_ 1 I I I I 1 I | 1 I | 1 | | 1 1 | | 1 I 1 1 ] 1 1 ]
c ATLAS — Total - . . ae .
o 75 Vs=13TeV, 126- 140 fo" — Remove Background Theory ] Signal Theory Uncertainties now biggest
Y F m=12509GeV.ly <25 Ronove signal Theory - contributor to overall uncertainties:
6 p_=77% .. Statistical ] .. . . +0.026
F T tatstia 7 - Missing higher-order QCD corrections: 24
sF - ~+0.019
— _ - PS/UE —-0.018
~ | ; Z . +0.017
A\ L EanRE R EEED Foeee e e —es%CL | T PDF:  _o.015
3 —
of = ~15% improvement over Nature 607, 52-59 (2022)
P NN e A —e8% CL
O: 1 1 I | 1 1 | | 1 N " 1 1 | | 1 1 1 1 I 1 1 :
0.9 0.95 1 1.05 1.1

Signal strength u

28 September 2026 Higgs Combinations & EFT Interpretations 4


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

Higgs Boson production modes

g
t/b/c
t/b/c _____ H 1 1 1 1 | I I I I I 1 1 1 1 I I I I | 1 I I I I I 1 1 1 I 1 1 1 I | I I I 1
. Syst.
o e f;ﬁfi\, 16 140 b FeATotal [_|otat. mm Syt [l S Improvements over Nature 607, 52-59 (2022)
Gogr = 48.5 pb (87%) My = 125.00 GeV, ly | <25 (and their main contributors):
q q P, =20%
Total Stat. Syst. . SMunc.
----- H ggF+bbH )F{ 1.04 :o06 ( 004, +005) i +0.06
' ! +0.12 +0.08 +0.09 E
ovar = 3.78 pb (7%) VBF *EIE* 103 o (Coo7s o) | £0.02 . ggF/VBF: 15% (updated H > WW*, t7)
Wiz E
< WH I"E?'l 096 :o015 ( +o011, +o010) E + 0.02 e VH:20-30% (neW + updated VH, H->S
ZH F==H 100 7037 (o1, Igg) i +0.04 WW* /t1/bb/cC)
’ H ttH H==H 0.63 :013 (to010, +009) ; +0.10 e {tH/tH: 40-45% (updated ttH >
UVH=2-3pb(4%) [ T T T A I I T T TR T N T T TN T (NN TN TN T N TN TN NN T N TN TN TN NN N M M I .
0 0.5 1 15 2 2.5 3 35 4 bb/multilepton)
T T ] L L R A I L RN AL R I R B
Fem==— 518 2% (1%, *1%) ! 1010

tH T2 (li78s _147) :
A B | A B B B B B
05 b (0 gbo/) -5 0 5 10 15 20 25
Oy = U2 pb LU t° Cross-section normalized to SM value

.
o = 0.09pb (0.16%)
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Higgs Boson decay modes

Improvements over Nature 607, 52-59 (2022) (and

their main contributors):

1 1 1 I T I 1 I 1 1 I T I 1 I 1 1 1 I T I 1 I 1
ATLAS }—e—] Total Stat.
Vs=13TeV, 126 - 140 b’
my, = 125.09 GeV, ly, | <25 [ Syst. | sm
Py = 85% Total  Stat.  Syst.  SMunc.
: )
Y F—e—r 1.03 0% (008, T007) +oos
I ' o
zz* F———— 098 10 (o8, =zo05) i =zo002
ww- H— 1.07 009 ( o005, ig:gg ) i 002
T ——— 0.94 tg:gg ( +o.086, jg:gg +0.02
bb H— 0.87 ig:ﬁ ( +007, +009) E +0.02
1 1 1 I 1 1 1 I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
0.6 0.8 1 1.2 1.4 1.6 1.8
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zy  e—emm=—20s 0% (32 3B
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WWwW*: 20% (updated ggF+VBF/VH/ttH > WW*)
bb: 20% (updated VH - bb/cc, ttH - bb)
1T 40-45% (updated ttH - bb/multilepton)
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k-framework coupling modifiers

Measure Higgs coupling to fundamental particles — modify couplings by multiplicative ratios relative to SM-predicted

values

Separate modifiers to couple to gluons and photons over entire triangle loops to account for possible BSM effects.

As always assumed in the k-framework approach, these couplings have the same energy evolution as in the SM

All Run 2 measurements allow for simultaneous measurements of:;

Gauge Bosons Loops Fermions

Ky = Ky = Kz Kgr Kyy Kzy K, Kby Koo Koo Ky

~I
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k-framework and the Higgs boson width

. - , KK T
On-shell Higgs boson modifiers are proportional to ;Zf where k% = FS—’;’,[
H

H

- There is a degeneracy between k;k; and k. We perform three different measurements:
* On-shell only measurements and assume ky = 1

« On-shell with some external condition to limit the value of k;: traditionally |k, | < 1 Do not
assume

KH:1

» On-shell + off-shell since off-shell modifiers are proportional only to ;cfrc]? breaking the degeneracy

A modification on width can be interpreted as the Higgs boson decaying to a light BSM state

Y el kfBSM(H-F)
f(f ):BBSMzBi_l'Bu H

X )
1-B;—By - ——< }Dark Matter = p{,mss
X

- Higgs Total Width Modifier k2 =

- Searches for H — E®I5S need to be included to break the degeneracy between BSM undetected (B,,) and
invisible decays (B;)
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k-framework coupling modifiers

: + ATLAS
Improvement over Nature 607, 52-59 (2022) by ~15% in k; Ky s e {5 = 13 TeV, 126 - 140 fo’”
L m,=125.09 GeV, ly |<2.5
K l'_—_Q_—_H Leptons Quarks
t_ L P |n
Significant improvement in constraint on k. in the global combination Ixc | IERr: ek e d|s ﬂ
due tO ded'cated VH — CC anaIyS|S B - Force carriers Higgs boson
ki wES A
. . IKNI ,}t::.::.:.:.r.:..:"..:...'& i :
Limits on B;: - —e— B, =B,=0,p_ =75%
o |Kg| L. - --m-- B, B, free, Ix,I<1,p =69%
* On-shell + Invisible + |k, | < 1: < 12% Observed, < 7.6% Expected R G- B, B, free, oftshellincl, p__ =73%
I, | SM prediction
. . 'y B H
* On-shell + Invisible + off-shell: < 12% Observed, < 7.5% Expected u Parameter value not allowed
. x| P ————— e ——— -
° New to the anaIySIS KZ']/ | T e e O_.-l .............. e i
0.8 1 1.2 1.4 1.6
68% CL interval
Limits on By: Il
L L | L | L |
« On-shell + Invisible + |k, | < 1: < 18% Observed, < 20% Expected 0 1 2 3 4
95% CL upper limit
* On-shell + Invisible + off-shell: <32% Observed, < 45% Expected B oo 4
N ettt
B, :.:.:..:.:.:..:.:,:..:.:..T..:.':..T..:,:.:..:..'...:.:,:l ........... R o I
T S ST NN S TN T TR N TN SN T TN SO TR T N T N SR T N SO S H S N T
0 0.1 0.2 0.3
95% CL upper limit
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Bosonic and fermionic Higgs boson decays

A coarser model defines measured coupling strength modifiers for Similar plots with on-shell + off-shell Higgs production

general vector bosons and fermions: . . ] _
No assumption on the Higgs width with off-shell

Constraints on kr comes mostly from ggF production resolving information

Kg (KF, Ky) _ _
Uncertainty on x;, worsens from approximately [0.94,

Assumes Ky = 1 1.07] t0 [0.9, 1.2] at 95%CL
LL1.25_| T | T T T | T T T | T T T | T T T T T T | T 71 ‘ T T1TT1 | T I__ > T v T v v v M T T T T T T T T T T T T ¥ ¥ v T v v v ¥ T ¥ —]
* - ATLAS + Observed bestfit 3 < 15 ATLAS Full on-shell + off-shell —]
1.20F Vs=13TeV, 126 - 140 fb” X oo - /s= -1 + Observed best fit 7
20F Vs= , W Observed 68% CL — - vs=13TeV, 140 fo *  Standard Model ]
C m,=125.09GeV,ly |<25 Observed 95% CL. - W Observed 68% CL |
1150 = H=SY Expected 68% CL - 1.4 Observed 95% CL ]
. E pSM =34% L. Expected 95% CL E - -~ Expected 68% CL ]
1 1 0 :_ ______________________ _: 13 :_ —— Expected 95% CL _:
1,05 E 12 =
1.00 = ! -
: ] 141 =
0.95— - - .
0.90 = 1.0 E
o.85:_| 1 | 1 1 | | 1 1 1 | 1 | 1 | 1 1 1 | | 1 1 | 1 1 1 ‘ 1 1 1 | 1 I_: 0.9:— _:
0.94 0.96 0.98 1.00 1.02 1.04 1.06 1.08 — 08 09 1o 11 172 i3
Kg

K
v
10-15% improvement over Nature 607, 52-59 (2022)
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Measurement of the Higgs boson width

Measurements of the Higgs boson width were performed combining only the channels that are measured simultaneously on-
shell and off-shell (H — ZZ + H — WW, floating only k;, and k) and with all on-shell + off-shell analyses (floating all k)

e UsingH »ZZ + H > WW:Ty = 3.3%%1 (obs.) (4.13% (exp.)) MeV

* Similar uncertainty as the most recent CMS combination

Absolute impact on Ty /TS Absolute impact on Ty /T3M

Uncertainty source
Nuisance Parameter Method Global Observable Method

Electron uncertainties (-0.02, +0.03) (-0.02, +0.02)
Muon uncertainties (-0.01, +0.01) (-0.01, +0.01)
Jet uncertainties (—0.04, +0.05) (—0.04, +0.03)
Fakes uncertainties (—0.01,+0.01) (-0.01,+0.01)
Luminosity (-0.01, +0.01) (-0.01, +0.01)
Total experimental (—0.05, +0.06) (—0.05, +0.04)
Signal modeling (—0.15,+0.10) (-0.12, +0.10)
Background modeling (-0.02,+0.02) (—0.03, +0.02)
Total modeling (-0.15,+0.10) (-0.12, 4+0.10)
Systematic uncertainty (—0.16,+0.12) (-0.13,+0.11)
Statistical uncertainty (-0.39, +0.40) (-0.40,+0.41)
Total uncertainty (-0.42, +0.50)

28 September 2026

Theory
uncertainties
dominate total
uncertainty

| — T T T T . |!.'I '_
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L ; /]
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6 ===~ Expected ! ! ,f —
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|41  —— Observed ! ,’ .

)z -:—- Observed, Stat.-Only ! / .

I

4 e . fimv == gemmmamz=-795% CL

RN AN 7]

! ’

4 ,/ i

2 S _
e S > , AR S SR —~{68% CL

| T |

M/

Close to asymptotic behavior for points away from kg = 0
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Measurement of the Higgs boson width

Measurements of the Higgs boson width were performed combining only the channels that are measured simultaneously on-
shell and off-shell (H — ZZ + H — WW, floating only k;, and k) and with all on-shell + off-shell analyses (floating all k)

e UsingH »ZZ + H > WW:Ty = 3.3%%1 (obs.) (4.13% (exp.)) MeV

* Similar uncertainty as the most recent CMS combination

; . — +2.1 +3.0
« Using all on-shell + off-shell analyses: Ty = 3.67%¢ (obs.) ( 4.1737 (exp.) ) MeV
~ )
Uncertainty source Absolute impact on Ty /TS Absolute impact on Ty /T3M c 3 £
Nuisance Parameter Method Global Observable Method <] Vs =13 TeV, 140 fb | !" .
L ~ _ al k r
Electron uncertainties (-0.02, +0.03) (-0.02, +0.02) | Full on-shell + off-shell i ’, i
Muon uncertainties (-0.01, +0.01) (-0.01, +0.01) 6 Expected E I |
I ) : /
Jet uncertainties (-0.04, +0.05) (-0.04, +0.03) Theory --.= Expected Stat-Only H '.-' / .
inti - - JE i — Observed i : / 1
Fakes uncertainties (-0.01, +0.01) (-0.01,+0.01) un Certa | nt| es - Observed Stat-Only [ '; !, ]
Luminosity (-0.01,+0.01) (-0.01, +0.01) . 4 / —gEso
dominate total e e
Total experimental (—0.05, +0.06) (—0.05, +0.04) ,’
Signal modeling (~0.15,+0.10) (~0.12, +0.10) uncertainty /’
Background modeling (-0.02,+0.02) (—0.03, +0.02) 2 ]
Total modeling (=0.15,+0.10) (~0.12,+0.10) LA A oo oL
Systematic uncertainty (—0.16,+0.12) (-0.13,+0.11) o m
L P - PR
Statistical uncertainty (=0.39, +0.40) (-0.40,+0.41) 00_0 0.5 1.0 1.5 20 25 3.0
Total uncertainty (-0.42, +0.50)
/M
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Higgs boson self-coupling

Single Higgs analyses combined with di-Higgs analyses to measure the Higgs self-coupling Expected value
strength 1 follows “true”
- : _ value thanks to
M_ost power through di-Higgs in ggF, some power through NLO EW processes of single- single-H
Higgs inclusion!
Define x; = 1/A¢), to measure self-coupling strength of Higgs j
h-l 8_ — T T T T ] . TU 25 ! 1 ! r ! | ' ! v | ' ! ' ] ! ' ! T ’ ! ! 1 r ! ' I ' M !
£ [ ATLAS — H xy only | ™generic” = other > ATLAS o H
<] 7 Vs=13TeV, 126-140fb" —— HH k; only — K parameters © 20 Vs=13TeV, 126-140 fb ——
R S — H+HH ryonly 4 floating (“only” = € mu=125.09 GeV, |yn] < 2.5 B H+HH
; T friHmeeneie 2 other parameters 1 150 K, free; all other « fixed to SM
5 - E fixed at SM values) (@] Expected
/ 3210 .
1S VR W | P A S A P ) g I

68% CL -5F

”'1l””T””Lln”"l"”lm'["”
—
—
*
h
_
_
_ —
-
—

— lIIIIJIlI|IIJI|lIII1JIIlI|IIJIlIIII

o

—_
|
1
1
1
1
1
1
|
|
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
|
|

— \HIIIII\‘\III'IIH

S

=
>0
c
o

Off-shell Higgs measurements not included here

Observed k; = 1.0132 at 95% CL
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Running mass of the b-quark

— 4_5 T T T L T T T T T T 1
. . > u i

We use the coupling strength of Higgs to b- 3 i ATLAS ]

quark to determine the b-quark mass at Higgs G i o= 1132;:;2\6{-140fb“ :

mass scale £ f a,(m,) = 0180 -

* Reinterpretation of the partial Higgs width to bb a5 § i
decay: Cop/Tzz)obs _ 0.967949, from which b mass I Z

(Tvp/Tzz)sm ' B ]

is determined 3l B
Compared to other m;, measurements 2.5 |~ my(m): % PDG world avg. B RG evolution | +3c, (0.004) ]
B mb(mz): v ALEPH m DELPHI ¢ OPAL A SLD ]

» b-quark mass measurement from B-hadron - m,(m): ® ATLAS Run 2, following PRL128 122001 (2022) a
spectroscopy and decay kinematics (including ol . o i
lattice-QCD simulations) at low-scales 10 10°

Q [GeV]

* Measurements of the b-quark mass at the Z-pole — v —
from three-jet production rate and event-shape my(my) = 2.73Z535(stat.) Iy 13(syst.) Zgg6(theo.) GeV
variables at LEP and SLC First determination of m,(my) from an ATLAS Higgs Combination

Excellent agreement with the RG evolution predicted by the SM.
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ATLAS
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Changes compared to
Nature 607 (2022) 52-59:

Finer binning in m;; for p7
200 GeV of EW qqH
process

New bins for p¥ < 75 GeV
and for 0j and 1j between
75 < p7 <400 GeV in

the VH production

-~
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%

Extend the SM with new Lagrangian terms: £ = Ly, + ).; ci(6)0(6) J\?

With the 116 STXS measurements as inputs, 20 SMEFT Parameters were fitted simultaneously.
Linear and linear + quadratic fits performed.

PCA performed on groups of Wilson coefficients in Warsaw basis
28 September 2026 Higgs Combinations & EFT Interpretations 16



ATLAS

. V8=13TeV, 126 — 140 fb~', my = 125.09 GeV, |y4| < 2.5 SMEFT A =1 TeV
Up to 55% improvement over JHEP 11 _ o/ | | ey
(2024) 097 S5 iz
5 o | Y B
E 0 T B B -
First ATLAS constraint of ¢,y :?’H ? 1B Dw > _______ ;
» Constrained by VH — cc kY 11 . . Oun
measurement . 1" —linear (obs) 032 .
£ —— Linear (exp.) g
- Additional degree of freedom P mostly ¢yg '€ S "
weakens constraint in other directions g I l 2 $ .
« Particularly relevant for c,5 which was g’ 102 = B | % 14
mostly constrained by total Higgs & LHC ehergy scale ae g8 g "
production < - ; O
Bz | | » BestFit
Strongest couplings in 5e | il
Cer 22, CHG» Crp> Cyw - Sensitivity to EFT — f3 ¢f it
scales from 10 — 30 TeV SE 2 | | |
e b Linear + quadratic
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Conclusion

Many improved and some new studies have been

performed as part of the ATLAS Legacy Run 2 Higgs E>|j§' 15—”'ATLIASI o ) .
Coupling Combination effort (s = 13 TeV, 126 — - F fH==1132§0‘;’;‘§f|2ﬁ2_5 .
14‘0 fb_l) Eu‘la; 101:_ i Ko =Ky —
_z = 1 x.is afree parameter =

X N SM prediction ]

New results were presented for the k-framework, the - i
102 =

Leptons Quarks

v vl v ][ « AN 1
(- W <] - [ -

mass of the b-quark at Higgs mass renormalization
scale, the Higgs total width, the Higgs self-coupling,
and in STXS and SMEFT interpretations. 107

Force carriers Higgs boson

X E

Improvements up to 45% or entirely new results. / v | 7 ]
; 1.4:—“"& b "+'"| N o -

More can be found in arXiv:2608.07332 S 1ep | E
3 1 I 1 = :

This paper contains data up to 140 fb~! at 13 TeV, but 08k ! f : : E

there is another 312 fb~tof data at 13.6 TeV being bl el Ll

_ 107 1 10 10
analyzed. Stay tuned for much stronger results in Particle mass [GeV]
the future.
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Questions?
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Backup
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Production x Brancing Ratio Measurements

Up to 70% improvement in total uncertainties (VH, H 2 WW?) over Nature 607 (2022) 52-59

ATLAS

¥s=13TeV, 126 - 140 fb"", m, = 125.09 GeV, IyHI < 2.5, P, = 53% e Data (Total Unc.) Syst. Unc. | SM prediction
10 5 0 5 5 0 5 1 2 3 10 0 10 =20 -10 0 10 -10 O 10 0 1 2 3 1 2 3 0 10 20

T T T T T T T m T T T
| siets| i |esots BB vy [nos | | ezt v | i 2t
Ly Ly 1 Ly Ly L r Fﬂ : L — 1 r .| o i L Ly
fitH |HEH  |psssisfosely HH HeH | 04505 | HEH |os0li:| B8 o820 #0567

ggF+bbH (10473 84 |10s5 M [ 09395 1.19%1] ‘g 08073 0,959

ot 20332
K 128700 o.gsjf;é 1045 |—=— P

+H12 +0.28
VBF |1.037) & (12705 e
5 56127 5.087; 7
- -1.11
WH |osstiHEsH  |1400s o 14755 | HEH | o485y 1405 HAEH e84 09857 —s— HzsZH
+0.18 6 52 +0.47 +0.22 +5.90
ZH 1005y HE®EH |- o225t 17155 | HEEH 10877 I-P—I H®H 08855 He#g- 07153
inl. [roozsc: B |rooSs p I e 0.94% 4 B oeri HiH 223 HEEH 1.
0.6 0.8 1 1.2 0 1 2 1 2 3 0 1 2 0 i 2 05 1 1.5 0 1 2 3 1 2 3 0 10 20
Incl. Yy ZZ* ww* TT bb My Zy cc

o X B normalized to SM prediction
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The k Framework

Once Higgs mass is known, all other Higgs parameters are fixed in SM

« Coupling modifiers allow for measurement deviations from SM rates:

N q gW’Si ga
w&;%g:%;_ qgwgzO---- _“—<[:: ___K (ga)SM
T 2., 42
(0-B) (i H— ) = 5L = oMo 1) 3 (1 ) - T
Y.kt BM(H->f
f(xfl_Bi_<Bu )

« Narrow-width assumption: Only one SM Higgs-like state at 125 GeV with negligible width
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SM-Predicted Higgs width of 4.1 MeV much narrower than current
energy resolution of ATLAS measurements

The SM prediction

. 3 5 e g < > L BN B L L N L B
SM Higgs cross-section distribution & | ATLas
o 120FH - 22" > 4l =
0.08 E ; Vs=13TeV, 139fb" -th'x VW
@ 100 f Z 7% Uncentainty
= 0061 Perfect detector & s a ? limited by |
) resolution ; detector resolution
Pang ! ~ i
© 0.04 601
S i i
< I'y" =4.07 MeV 401
0.02 [
20
0.00 . i
110 120 130 140 150 160 110 120 130 140 150 160
my [GeV] m, [GeV]

Combining on-shell with off-shell measurements of Higgs production

allows for an indirect method of measuring the Higgs boson width (J.
Campbell et al. JHEP 04 (2014) 060)
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Measurement of the Higgs Boson Width

« Combining measurements in the high-mass off-shell regime allow for Width extraction via indirect method:

g TFp/
glz-lgggIZ-IVV © i g
* For on-shell measurements: 6,,,_spenn X ——— = i , 5
muTy 2 §
< g
« For off-shell measurements: o, _shenr % 915995y g 10"
m

«  Then ZeLf=shel o T, (assuming no BSM physics changes off-shell couplings from on-shell couplings)

10‘2:;‘
 H > WW has largest off-shell branching ratio, but with large backgrounds :

« H - ZZhas 2" largest off-shell branching ratio, but with much cleaner backgrounds ([T T T T T
* Both are subject to significant quantum interference effects in the ggF production channel, especially for background-dominated hypotheses M, [GeV]
s 0.0015 — 1,
gg o+ H—2ZZ > MT |3
-§‘. # My = 125 GeV e
o s 0,001 | LHC, \/5 = 13 TeV :,_
—‘z _E ‘Q. . ’1 1;1i11..('uts Z
- - % wW/z < 0.0005 | S
< 1= g
RS y- s
oS g_:‘g- < 20.0005 |
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1 1 g?
For g% & m? > and >
q wo q%-mi, —-miy, smi, V2

Gp
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Coefficient Operator Example process
CuG (qpo T4u,) H G2,
v (@etu)r B, <"
CuB (cjpa“”ur)f[ B t
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Cuu (tpyp e ) (e us) t
Cqu (@) (U us)
Cud (YT ) (dsy*TAdy)
Cau (@ T qr) (asy" T4 uy)
i (@T4gn)(dy T Ady)
ca FABC GAvGErGOn = ’}1,
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Coefficient Operator Example process Coefficient Operator Example process
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x Framework vs. SMEFT

K Framework SMEFT

3: E ' ' ' ' | ! i ' ' | T ' ' ' ' | ! ' ' ' E 3‘ : T T T | T T T T | T T T T T T T | T T T T
© : MadGraph Simulation — SM ] @ B MadGraph Simulation — sM? ]
10* = pp — WH — vbb — BSM — 10* & PP — WH — Ivbb — SM%+SMxBSM —
= ky=15 = = SMEFT Operator: O with c = 0.1 e
— 7 - A qr, V 7
10° —= 10° =
10° = 10° H —=
10 = 10 = 3
1 1 . L | 1 L 1 L | L | 1 1 1 1 | 1 L 1 1 | ] 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 | 1 1 1 1 I_
E 1 C I Tt I I T I |: 1 - T T =
@ C . 3 - .
s 2C - 5 20 ~
© N ] 3 - .
= o B s B ]
] | L L L PP P PP TP P PP EEEEEEEPE — = ]
m - PR N T T [ PR R PR B L |Z % 1_ . L , | ) . L |, L , , |:
0 100 200 300 400 500 0 100 200 300 400 500
Higgs p, [GeV] *Graphics from Brian Moser, Higgs 2020 Higgs p [GeV]

28 September 2026 Higgs Combinations & EFT Interpretations 27


https://indico.cern.ch/event/900384/contributions/4063544/attachments/2131095/3589029/BrianMoser_ATLASHiggsEFT.pdf

EFT Eigenvector Rotation

ATLAS Vs =13TeV, 126 — 140 fb~1, my = 125.09 GeV
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