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* Measurements of the Higgs Boson properties (mass,
spin, width, cross sections, couplings) with increased
precision

* Consistency with SM predictions intensively tested

* The combination of single Higgs analyses allows " Credit: CERN webpage
us to test the Higgs sector and constrain the strength g —
of the interaction between the Higgs and the SM RN years
particles - 4 HIGGS boson

Rl discovery

* Higgs boson rates (cross section X BR) and x—
framework

Higgs Symposium at CERN for 10 years discovery



https://home.cern/news/series/higgs10/higgs10-when-spring-2012-turned-summer?fbclid=IwAR2oEcqr1Ehb5lqgwz1XS4-Bad8RRTgSAd0F0xmn7WHXO4BfLxpgY_qKtxg
https://indico.cern.ch/event/1135177/

Higgs Boson production and decay at LHC

W Higgs Production processes: agF VBF
* Gluon-gluon fusion (ggF) (dominant production mode)

* Vector-boson fusion (VBF)

* Association with a vector boson (VH)

* Association with top and bottom quark pair (ttH/bbH) ttH/bbH ;

W Higgs Decay channels:

*H—- Z7* — 4land H — yy

* Low BR and high mass resolution Higgs to WW/ZZ Higgs to yy/Zy
_ W/Z Y Y
* H— bb,H—> W*WF,H— t7t"and H = c¢ v vore
[ P— H == w H -- tb/x
* High BR and low mass resolutions W b/
W/Z v/Z v/Z

* Raredecays: H — pu"pu~and H — Zy b/c /1L

@ BR =2.17 x 104 (at mH =125.09 GeV)

H eeeces H =eeese Higgs to t7/uu

® BR =1.54 x10-3 (at mH = 125.09 GeV) .
Higgs to bb/cc b/c /i


https://www.nature.com/articles/s41586-022-04893-w

Recap of ATLAS Run2 measurements (Nature)

 Production cross sections (free parameter in the fit, BR fixed to SM values):

* ggF and VBF observed in Runi, precision in Run2 7% and 12% respectively

* Observed in Run2: WH (5.80), ZH (5.00) and tH + tH (6.40)

. 4 Branching ratio (free parameter in the fit, XS fixed to SM values):

* vy, ZZ, W*W¥ and t*z " already observed during Run 1, precision in Run2 ranges from 10% to 12%

* H — bb decay mode observed with 7.06, H — u*u~ and H — Zy signal significances measured

to be 2.00 and 2.3, respectively

P-value compatibility with SM: 72%
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https://www.nature.com/articles/s41586-022-04893-w

Recap of ATLAS Run2 measurements (Nature)

* 0 X Bis parametrized in terms of multiplicative coupling strength modifiers (k) (x-framework)

N

ature, vol. 607, 52-59 (2022

* Total decay width accounts for all decay modes, direct/indirect decays and hypothetical decays to non-SM particles

* ky = Kk, = kyy (for the weak bosons), k- (all fermions)

* Assuming no invisible or undetected Higgs Boson decays beyond SM (B

* Higgs Boson coupling to SM particles as a function of their masses: xy, k, K;, Kp, K5 K5 K5

ky = 1.035£0.031
kr = 0.95 + 0.05

Compatible with
SM predictions
(p-value 14%)
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(p-value 56% for k. = k)

(p-value 65% for k. floating)


https://www.nature.com/articles/s41586-022-04893-w

New single Higgs combination: input analysis channels

NEW RESULT - - ATLAS-CONF-2025-006

H->yy All 140 1.2
H->ZZ*->4| A 140 1.2
H->tautau A 140 1.2 Reanalysis
H->WW?*->Inulnu ggF, VBF 140 1.2 Reanalysis
H->WW?*->Inulnu VI 140 1.2 Full Run2
H->bb VBF 126 1.2
H->bb,cc VE 140 1.2 Reanalysis
H->multileptons tth 36.1 1.2
H->bb ttH 140 1.2 Reanalysis
H->tautau VE 140 O New analysis
H->Zy (*) Al 140 O
H->mumu (*) All 140 O

(*) new results including Run 3 dataset 6


https://www.nature.com/articles/s41586-022-04893-w
https://cds.cern.ch/record/2937634/files/ATLAS-CONF-2025-006.pdf

Phys. Lett. B 855 (2024) 138817

H — tr analysis

, , @ 700-atas  4-pma  —
* ~7x larger dataset wrt previosu analysis (Runt, 20.3 3 [ &-nmevion e : e
fb_l) g 600 ;_Sig'nal region, postfit g | | —; ATLAS E =13 TeV, 140 fb'1
500: — Misidentified jets —Total — Stat. VH,H — 11
. — Other —
* NN-based for better signal and background - :
rejection 400 = Tot. (Stat., Syst.)
: T e 1.09 0% (0% %)
. . . — — V9 0.44 . .
* Better 7, , ;. (visible products of hadronically - :
decaying r-leptons) indentification algorithms 200# 1 WH| e 148 00 (Y03 ‘0a1 )
> Main analysis: NN as fit discriminant b e U
C P— 1  Somb. [ B 1.28 —0.36 (—0.29 -0.21 )
; . 3 ' ' ' . o b e e e
* Check with mass-based analysis (11,,,¢), where 3 —— I T S e S S —
MMC stands for Missing Mass Calculator =) I S e - Mum
3 325 2 A5 9 05 0 05
Iogw(S/B)

> NN analysis:
Y » Mass-based analysis:

* Observed (expected) significance 4.2¢ (3.60) * Observed (expected) significance 3.56 (2.60)

+0.39

o i L TT — 0.49
~0.36 Signal strength: puf7, = 1.407 <

* Signal strength: py,, = 1.28

Most sensitive measurement of the VH, H — 17 /


https://doi.org/10.1016/j.physletb.2024.138817

H — bb/cc analysis

® A few improvements with respect to previous analysis (VH,
reanalysis):

* Better reco. and calib. of leptons and jets and FTAG algorithm

-A log(L)

* Extended acceptance for the WH process to events with pVT <
150GeV

* First application to the H — b'b boosted regime and H — cc” search

* Increased granularity of STXS measurements: high pT and as a
function of jet multiplicity

* Limits on |« < 4.2 (0bs) at 95% CL and |k /x| is 3.6 (obs) at 95% CL

* Looser selection requirements and improved b-jet ID that increase the ttH
signal acceptance

Control regions enriched in each of the tt + jets components defined based on
a more powerful multi-class neural network

Modelling uncertainty in tt + = 1b is no longer the dominant contribution to the
total systematic uncertainty

* This analysis is the most precise ttH cross-section measurement in a single
decay channel, inclusively and in each pﬁbin

JHEP 04(2025) 075

4.5 I I I \l I I I l I I 1 1 1 I 1 1 | I I I I l I l" 1 _ — - T I T UmL l I T T T I T T T I T T T I T
- ' — — B ' . -
: d ATLAS ; : = : t ATLAS A -
4E s = 13 TeV, 140 fb” E S 5 ! Is=13TeV, 140" -
a5k VH, H— bb/ct E < ST E— VH Hobblet -
F 95% CL Intervals: . ' 4 '-‘ 95% CL Intervals: ] T
3 ;— , Observed: [-4.2, 4.2] ; = - ' Observed.: [-3.6, 3.6] -
- ' -~ Expected: [-4.1, 4.1] [ . - -- Expected: [-3.5, 3.5] 1
2.5 :_ \‘ ‘l —: 3 — I'Kcyc|=|Kbyb| —
2E-95%. Gl b A £ - ' ; §
150 \ E G S e E
13 E i A / =
0.5 2870 L - .. 68%. <“.\ ....................... '.;f.._‘. .................. .
= NG Ay | MR IR A I YRS R A B PR B
%6 4 =2 0 2 4 & 8 6t <4 -2 0 2 4 6
Ko Ko/ K
| | | | | T |
ATLAS le] Total Unc.  mm Syst. only Stat. only SM + Theory
Vs =13TeV, 140fb™", my=125.09Gev Total ( Stat. Syst.)
+ 0.69 +0.52 +0.46
p €[0,60) GeV |- === 125 “ges - 0.51 - 0.40 .
+0.54 +0.41 +0.35
p; €[60,120) GeV |- === 0.77 o502 - 040 - 0.32 .
+0.46 +0.34 +0.31
pi €[120,200) GeV |- === 088 “o43 033 - o028 N
+0.44 +0.36 +0.26
pY €[200,300) GeV |- === 0.77 “o42 035 - 024 .
+ 0.55 +0.44 +0.33
pY €[300,450) GeV [ === 0.27 454 - 042 - 033 7
+ 0.89 +0.76 +0.47
pi €[450,0) GeV |- F———a=——mrd 063 “os3 071 - 043 7
. + 0.20 +0.11 +0.17
Inclusive |- jeos 081 ~,3s 0.11 - 0.15 7
| | | | | | |
0 1 2 3 4 5 6


https://doi.org/10.1007/JHEP04(2025)075
https://doi.org/10.1140/epjc/s10052-025-13740-x

Higgs boson Rare decays

T T T B R
® H — Zy Run2 analysis results: £ F aras | - mun -
Y 7E Vs=13Tev, 140 o’ —
* Significance observed (expected) with a mass of - s=136Tev,165f7 7 Run3 -
125.09 GeV is 2.20 (1.20) P H = 2 cbserved ~ Combination - — 1.3+0.6
O 5F \ ;o H=12 05
* u=2.07% . (dominated by statistical uncertainty - \ D ..
09 E /21 Obs. (Exp.) significance
® Run2 ATLAS + CMS analysis results: 3 -
- \ : =2.50 (1.90)
* Significance = 3.4¢ (1.60, exp.) (Svidence!!!!) 2F W\ E
1 \\\ ’ G':
* 4 =22%0.7 (1.0 £ 0.6, exp.) AT s .
® o o —1 0 1 3 4 5
New analysis: Full Run2 + partial Run 3 M,
. S o-amAs 00 —Rm2 -
i . " 18 Run 2: {s = 13 TeV, 140 fb" Run 3 =
H — puu Run2 analysis results: ::E_Run Zfs=1aToy. W0b Combination
. . - Ho --- Stat.Only
* Significance observed (expected) with a e M f u=14=x+04
mass of 125.09 GeV is 2.00 (1.70) :2: E Obs. (Exp.) significance
~ 30 \ o\ / ! ,' E
*u=12%0.6 E A = 3.40 (2.50) (bkg-only
@ New analysis ( Full Run2 + partial Run 3): 4F-- 20 Vi = hypothesis)
Evidence!!l | SN AT 21X(v:2507.03595
) 1 0 1 2 3 4

9 Signal strength


https://arxiv.org/abs/2507.03595
https://cds.cern.ch/record/2937635

Global Signal strength (u)

* Rate of Higgs boson production and decay processes:
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Higgs Boson production rates measurements

* Measurements for different combinations of production and decay processes

* Relaxed assumptions by measuring the ¢ X B
* Combine or separating production modes:

* driven by experimental sensitivity and ability to distinguish different process in a given decay channel

ATLAS Run 2 e Data (Total uncertainty) Z Syst. uncertainty -SM prediction
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Higgs Boson coupling measurements

| | 1 LA | I | P i I 1 I LI l| |
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" m, = 125.09 GeV, <25 Observed 95% CL 4 [} K= Ky P, = 82% N
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Ky 10~ 1 10 10°
_ +0.028 .
ky = 10157557 Particle mass [GeV]
— +0.044
K = 0979 5,045 C ible with SM predicti
Compatible with SM predictions Ompft' € Wit pre ICtIOI’].S :
(p-value 62%) (p-value 90%) for resolved parametrization
. Improved VH, H(cc) constraints halved uncertainty on « ;
Improvements: VH, H(WW?*) with lower kV and ’ o
P ’ 12 uncertainty on x, improved 15% (vs. Nature).

ttH(bb), with higher kF



Higgs Boson coupling measurements

"""" AR I R I L I I I
* o X Bis parametrized in terms of multiplicative coupling strength K - ATLAS Preliminary
modifiers () (k-framework) - f=13Tov So1-ta0m’ -
Kw = o m,; =125.09 GeV, |y, | < 2.5

* Total decay width accounts for all decay modes, direct/indirect - -
decays and hypothetical decays to non-SM particles K, —o— Leptons Quarks

i Vel Vu| Vel U | C _
t @ {
A== . - [FI8 -

* Higgs boson coupling modifiers in the effective parameterization:

* Ky K, and Kz, are treated as independent parameters - Force carriers  Higgs boson
° KT H

* Assuming K. = K; § i

* Assuming no invisible or undetected Higgs Boson decays beyond H
SM K — e Effective x,.x,.xz,, pg,, = 89%

g

I Resolved x,x,.x7,, P, = 82% |

K y —— SM prediction

Compatible with SM predictions

(p-value 89%) for effective Kzy ’
parametrization

Parameter value
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Coupling modifiers: expected uncertainties

ATLAS Preliminary
(s =13 TeV, 36.1 - 140 fb’ |
" Nature 607 52 (2022) k. free floating Bl This analysis ATLAS Preliminary
| | d (s =13 TeV, 36.1 - 140 fb"
ov | Nature 607 52 (2022) =,
-45% -15%
-44%
-14%
-33%
-23%
-40%
-21%
-11%
................................ 0 -4- _1 8%
-43%
5 6
................................. .

Expected uncertainty Expected u-ncertainty

Reduction of 43% on exp. k. uncertainty .




Run 2 + Run 3 Expected Uncertainties

I This analysis ATLAS Preliminary
- Nature 607 52 (2022) Run 2: Vs =13 TeV, 36.1 - 140 fb’
" Run3:Vs=136TeV, 165"

-14%

* Runj dataset (2022, 2023 and 2024 =165 :; o
fb-1) is used for analysis of H(uu) and H(Zy) | e
* Reduction on the expected uncertainty 15%
for x, of about 37% while 48% reduction . 14%
is expected for «,, Ki 37%
Kq 14%
K, 7%
Kzy -48%
0 0.1 0.2 0.3 0.4 0.5 0.6

15 Expected uncertainty



Run2+Run3 Couplmg modifiers
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Parameter value

Particle mass [GeV]

Addition of Run3 data significantly Rel. improvement on the precision of k, (~38%) and k,

reduces total uncertainty for k, wrt Run2 16 (~30%) adding Run3 data wrt Run2 measurements




Summary

" The combination of the single Higgs measurements has been updated
with the LHC Run 2 dataset:

* It allows to test the Higgs sector by measuring the Higgs production and

decay rates and the its couplings to the SM particles Run 3 Analysis are on-
going! There are much

more to come!

Stay tuned!

* Addition of channels with partial Run3 significantly improves precision on
couplings:

17






Recap of ATLAS Run2 measurements

W Simplified template cross section framework:
ATLAS Run?2

* Mutually exclusive regions (36) of the phase
space split based on Higgs kinematics (+ W or *

w
O

w-r —

Z bosons and associated jets) 2% 3 7 3 1o Ewly
020— 05‘ B v T 'I' b10:—”'—1
*q s . . L i ] i . 10% |-
* Sensitive to SM deviations; reduce large theory LI - 0 s | - 71 ;
uncertainties and minimize model-dependence o T e T - T e B
. . . . pr [GeV] py [GeV] p¥ [GeV] p¥ [GeV]
when extrapolating to accessible signal regions
* More regions are probed compared to $ D (Total umcadtainty 350 Gev |
previous result [1], specially for High Pt Higgs == SMpedeten L s, S — _ [p¥z200 GeV]
Boson Rl {1 I UL &
i N Fis 1
" Good compatibility between the measurements and B R S S 1 L Sl
. . VH-enriched VBF-enriched 350 700 1000 1500 0o 350 1000 oo
the SM predictions! T m [Ge] m; GV
qq' > WH > Hev | pp > ZH > Hee tiH tH
— 103 1 T —_ . T 1 T . J— 1 — 1000 .
% :2 FE 3 % 0° ?T — 1 S0 E % 750 - 1 :
. o F - 1 — ®
P-value compatibility of ol T ¥ « 1 " = 7 W T 3 i
: : i 1 = = F
Comblned measurement and 1000 715 1510 2510 460 ©o 0 1510 2510 4(110T0° 00 450_:-:_00 )

SM: 94% pi' [GeV] p? [GeV] b [GeV]
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[1]: PhysRevD.101.012002



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002
https://www.nature.com/articles/s41586-022-04893-w

® Rare decay in the SM via loop-induced processes with BR =1.54 x 10-3 (at mH =

125.

H — Zy analysis

09 GeV)

Significance observed (expected) with a mass of 125.09 GeV is 2.20 (1.20)

U= 2.01%:8 (dominated by statistical uncertainty)

Significance = 3.40 (1.60, exp.) (Evidence!!!!)

10=22+07 (1.0 +0.6, exp.)

@ New analysis (Full Run2 + partial Run 3) enhancements:

M

Higher Higgs cross-section and larger datasets

Relaxed pT thresholds for muons and photons
13 exclusive categories, including a new multi-lepton one

XGBoost classifier replaces cut-based selections

Combined with Run 2 for improved sensitivity

— 1.3+O.6

Tos Observed (expected) significance = 2.56 (1.90)
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http://www.apple.com
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021803

H — up analysis

® Rare decay in the SM with BR = 2.17 x 10-4 (at mH = 125.09 GeV)

* Significance observed (expected) with a mass of 125.09 GeV is
2.00 (1.70)

* u=1.2+0.6
@ New analysis (Full Run2 + partial Run 3) enhancements:
* The statistics increased by over a factor of 2

* 5B-event NLO Drell-Yan simulation

* Mass resolution improvement due to H — uu vertex fit
* Addition of 2-lepton VH category; ttH fully hadronic decays

* Recategorization of ttH (distance-correlation NN)

£ 20

- 1 I 1 | I 1 ] 1 1 I I | I 1 I ! 1 I 1 ] ] I I I 1 I 1 1 .
- ATLAS Run 2 =
18— Run 2: ¥s = 13 TeV, 140 fb" Run 3 —
C Run3: Vs =13.6 TeV, 165 fb” Combination =
16 - H—up - - - Stat. Only -
14 :_' \ \ \ ] ’
- \ Lo\ oS ) A
12 v L\ Y -
— \\ \ \ ! ” ; _
10 — 2 \ \ ! / -]
E = \‘ \‘ \\ I’ ’ " E
8— ., \\ \ ! /, /, .
- v\ ",/ .
6 \\ \ " , l’ .
- 2 \ /7 /) -

| \ A =
- Y, —

- Y -
2 ., E
O - I 1 l 1 L l 1 ]
=2 —1 0 1 2 3 4

Evidence for H — iy decay

Signal strength

u=14=+04 Observed (expected) significance = 3.40 (2.50) (bkg-only hypothesis)
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H — up analysis

All selections

Triggers: at least one high pT muon (pT > 24 GeV) and isolated or pT > 50 GeV without isolation

Selection
Primary vertex
Common preselection Two opposite-charge muons
Muons: |n| < 2.5, plT‘?ad > 27 GeV, pf‘l.“bl"“ld > 15GeV
Fit region myy, = 110 - 160 GeV

pr > 25GeV and |n| < 2.4

Jets or with pt > 30GeV and 2.4 < || < 4.5

pr > 25GeV and || < 2.4
b-tagged jets or with ptr > 30GeV and 2.4 < |n| < 2.5
Tagging efficiency working point of 85%

ttH categories At least one b-jet

VH 4-lepton category Exactly two additional e or u with pt > 8 GeV, 5 GeV (u) / 7GeV (e), no b-jets
VH 3-lepton categories Exactly one additional e or u with pt > 15 GeV, no b-jets

VH 2-lepton categories No additional lepton, no b-jets, E.'[.‘fliSS > 120 GeV

VBF and ggF categories No additional lepton, no b-jets, Efr“iss < 120 GeV
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Higgs boson production cross sections

* Production cross section for main production modes (BR are fixed to their SM expectations)

* bbH mode considered together with ggF (acceptance for both processes are similar in all channels
considered)

* Fiducial volume: |y, | < 2.5;

* Excellent agreement with SM (predictions): p-value of 97% —+—+—+«++¢1++"++4+-+—++1r+-—1+"—r"""r—r——+17+

ATLAS Internal —e—| Total Stat. [ Syst. SM
Vs =13 TeV, 36.1 - 140 fb™
m,, =125.09 GeV, |y | <2.5

* Comparison wrt Nature paper 2022: b =97% St St
SM ota at. yst.
* Reduction of about 30% on the uncertainty of oy 99F o 105 10 (:o0t, 00s)
and Oy VBF H——H 1.04 *97% (o008, T903)
. WH F—e— 096 015 (011, ~goa)
* Due to updates on VH(bb,cc) analysis
ZH ——e—— 1.00 *955 (+o013, T91%)
* Reduction of about 40% on the uncertainty of o, 4 e 0.97 15 (soom, 072
° l|lllIllIIlllIlllIlIlIlllIlll|Ill|lll|lll
* Due to updates on ttH(bb) analysis 06 08 1 12 14 16 18 2 22 24 26

3 Cross-section normalized to SM value



Decay branching ratio measurements

* Branching ratio measurements (production cross sections are fixed to their SM expectations)

* Fiducial volume: |y, | < 2.5;

* Good agreement with SM (predictions): p-value of 68%

* Comparison wrt Nature paper 2022: ATLAS Intermal kel Total [ ]stat mm Syst. Wl sM
Vs =13 TeV, 36.1 - 140 fb”
» Reduction of about 20% on the uncertainty of BR et Toal St  Syst
bb s
' YO b = 089 *22 (007, ‘22
* Due to higher sensitivity of updated VH(bb,cc) " - 11400 (oo som)
analysis T i 099 oI (o007, *0%)
: : 2z ) 1.01 2010 ( Zggg. oos)
* Reduction of about 20% on the uncertainty of . L 105 som (o, 08
0 : , +097 , +0.89  +0.38
BRWW and 10/0 fOl‘ BRTT Zy | 2.06 -z.:: ( Zos7> _:35)
, . ML I% 1.20 "5 (2058, “45)
* Due to updates on HWW*) and H(zt) analysis - T
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Higgs Boson production rates measurements

Decay mode Prod. mode Measurement SM prediction Ratio to SM
ggF + bbH + VBF 27 + 10 pb 28.0 +1.5pb 1.0+ 0.4
" WH 0.68*0-15 pb  0.706 £ 0.016 pb 0.96*%:21
ZH 0.41*00pb  0.462+0.018pb  0.88*)%
+0.029 0.19
ttH + tH 0.27 + 0.06 pb 0.340*0.929 ph 0.80*0:1%
ggF + bbH 113+ 1.1 pb 9.6+06pb 1.17+0.11
VBF 0.73*%17 pb  0.753 £ 0.018 pb 0.97+9:22
H—-WW' WH 0.13+0.08pb  0.262 + 0.006 pb 0.48*0-30
ZH 0.29*9% pb  0.171 £ 0.007 pb 1.7403
ttH + tH 0.21 +0.08 pb  0.126 +0.011 pb 1.7+0.6
ggF + bbH 2.2*0% pb 2.80 +0.17 pb DTHESS
0.040 0.18
VBF 0.226*290 pb  0.219 £ 0.005 pb 1.03*0:18
H-rr WH 0.110*%%40 pb  0.0761 + 0.0018 pb 1.4403
ZH 0.052*2:923 pb  0.0498 + 0.0020 pb L1
ttH + tH 0.040*%92% pb  0.0366 + 0.0032 pb 1.1:07
ggF + bbH 1.11*9:13 ph 1.18 +0.07 pb 0.94*0:11
47z VBF 0.12*99 pb  0.0924 + 0.0022 pb 1.3403
+1.2
VH 0.08*%:0% pb  0.0321 + 0.0008 pb .55
0.026 0.0013 +1.7
ttH + tH 0.026*9:926 pb 0.0154*0:0013 bl 1.7+47
ggF + bbH 106 + 10 b 102+6fb  1.04+0.10
VBF 10.0*32 fb 7.94 +0.20 fb 1.26*0:2%
H - yy WH 4.2\ fb 2.76 £ 0.07 fb 1.5%%
ZH -0.4*11 fb 1.81+0.07fb -02+0.6
ttH 1.01*9:49 fb 1.13+0.11 fb 0.89*0-32
tH 0.5*0% fb 0.192*05% fb 2.5%5%
ggF + bbH + ttH + tH 6+9fb 9.8 +0.6 fb 0.6 +0.9
H=ue ppava 2.6'15 b 1.196+0:926 2.2413
U-1.4 0027 i
H— Zy All 16050 fb 78 + 6 fb 2.0°L9
WH 135+320 fh 35.1 +2.01fb 3.8+9.0
H - cc ~310
ZH -8+ fh 23.0+1.5fb -04+7.0

-~ 150

* Granular measurement of ttH and tH in the H(yy)
channel (cleaner channel)

* ggF+bbH and VBF are combined in H(bb) for improving
sensitivity

* In H(uu), ggF+bbH, ttH+tH, and VBF+VH; while in H(Zy),
all production modes are grouped together
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Resolved and effective parametrization

Higgs boson coupling modifiers

Resolved kg, Ky, K7y

Parameter Effective kg, Ky, Kzy
Free k. Ko = Kp Ke = Kp
Kz 0.97*9%  0.96 + 0.05 0.96 + 0.05
Kw 0.99*%°  0.99 +0.04 1.00 + 0.05
K 0.99*01%  0.99*0:% 0.99 +0.09
Kb 0.90*%-12 0.89 + 0.09 0.89*0 1%
1.6
K, L1755 - -
K 0.9570 0.94 +0.06 0.94 +0.06
+0.25 0.24 0.23
K, 1.05*02>  1.04*9% 1.04*0-2
0.07
Kg — — 0.99*0-07
' — — 0.97 + 0.06
KZ/y — — 1.36*0-30



Run 2 + Run 3 Decay branching rations

Observed Expected
ATLAS Internal ATLAS Internal
{s =13 TeV, 36.1-140 fb™ e Total | Stat. == Syst. | SM /s =13 TeV, 36.1 - 140 fb"" e Total | |Stat. =m Syst. | SM
m,, =125.09 GeV, |y, | <2.5 m,, =125.09 GeV, |y, | <2.5
P, = 68% Total Stat.  Syst. Expected Total Stat.  Syst.
bb - 0.89 *912 (.07, *%10) bb = 1.00 1B (1007, *O19)
WW Fod 1.14 070 ( 005, +008) WW hed 1.00 008 ( 2005, ‘go3)
T e 099 011 (+007, go7) 11 —— 1.00 915 (2007, ‘oo7)
7z = 1.01 :ot0 (1508, 700s) 2z e 1.00 :o10 (1008, 7002)
YY e 1.05 009 ( 2006, ‘goe) YY bon 1.00 998 ( 2006, ‘oor)
Zy H——e====—r1 206 05 (s, l03) Zy — 1.00 Zgss ( Zos3» Z029)
Zy(Run2+Run3) ————— 1.30 ‘950 ( £050, +020) Zy(Run2+Run3) ——es==—»H 1.00 ‘g% (<050, *920)
L ——————— 1.20 “9%a ( zo0s8, ‘o> L b —— 4 1.00 9% ( zo0s8, foi>
u(Run2+Run3) v 140 1040 ( 2040, +0.10) uu(Run2+Run3) pF—ss— 1.00 +o040 ( 2040, +0.10)
WSS BT E S S SR SR A S AT B A A ST ETE BT oo by oo b by by
—1 0 1 2 3 4 5 —1 0 1 2 3 4 5

Branching ratio normalized to SM value

Branching ratio normalized to SM value

H — pupu and H — Zy BR includes Run3 dataset
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Higgs Boson production rates measurements

L 1 I L] L] L l L] L] L I 1 L] L] l 1 L] L] l L 1 L] 1 L] l L 1 L] L] l L) L] L] L] I 1 L] L L] l L] L] L Ll l L] L] L 1 l L] L 1 L] I L] L} 1 L] I L 1 L] L] l Ll I'I
ATLAS Prelimina —— Total ATLAS Preliminary +——i Total
Vs =13 TeV, 36.1- 140 fb" gtatt- Vs =13 TeV, 36.1 - 140 fb" gtatt-
m,, = 125.09 GeV _'I s:: ' m,, = 125.09 GeV '-l SKAS '
p_ =84% Expected
SM Total  Stat. Syst. Total  Stat. Syst.
! +0. . . A 3 " +0.
ggF+bbH yy - 1.04 00 (‘o0 » oo ggF+bbH yy - 100 '330 (008 » oo )
ggF+bbH ZZ o 0.94 0% (010 003 ggF+bbH 2Z t 1.00 ‘g3 (0% . oos)
ggF+bbH WW b 147 230 (9% . 100 ggF+bbH WW b= 100 *51 (0% . 13%)
ggF+bbH 77 0.77 03 (101 ‘ot ggF+bbH 77 e 100 '0% (033 ‘o2 )
ggF+bbH+tH+tH uy ——es—— 058 ‘o5 ('ome. ‘ou ggF +bbH+tH+tH uy ¢ == 4 1.00 2% (o ‘ote
VBF 7y ot 126 0% (9% Toar) VBF yy Fe—i 100 '03 (0% o1
- +0.51 +0.50 +0.11 —b +0.51 +0.50 +0.12
VBF 2Z == 130 (251 (0% +0M1 VBF ZZ = 1.00 ‘251 (ros0 002
VBF Www = 097 3% ('oi . Ton VBF Ww > 100 '03 (333 o1
VBF 77 = 103 08 (9. fou VBF 77 o 100 ‘gi8 (‘0% loto
VBF+ggF+bbH bb i 096 3 (3%, oW VBF+ggF+bbH bb o 1.00 O (3%, 9%
VBF+VH pp s=— 217 5 (il ‘ox VBF+VH up : == 100 ' (il ‘ox
WH 7y === 153 G5 (‘0s0 .+ oos WH 7y === 100 ‘o3 (‘0 . oo
ZH yy e 022 9 (0%, on ZH yy — 100 050 (‘oe » oo
VH 2Z ——— 150 ‘3oz (0@ + o1 VH 2z == = 100 07 (‘0% . for)
Observed |vww i 048 03 (0 o WH WW = 1.00 03 (‘028 + o1s )
] +0.52 +0.42 +0.30 l +045 +0.38 +0.23
ZH WW == 171 “oas ( Zo39 + —023 ) ZH ww I 100 “oss (o34 + 017 ) ExpeCted
WH 17 = 144 104 (0% . 0% WH t7 HE— 100 *043 ('o% . 10%)
+0.47 +0.42 +0.21 +045 +0.41 +0.20
ZH 17 e 1.05 * (to42 v ZH 17 bt 100 * (o4 e
I 0.41 0.38 0.16 l 0.39 0.36 0.14
W b = 0% 0% ("8, 'B WH bb == 1o 0B (g, Y
ZH bb ot 0.88 ‘0% (151, 01 ZH bb = 1.00 0% (5% . ‘ot
ttH yy =3 0.89 03 (038 . ‘oo ttH vy B9 100 ‘0% (‘0% . ‘oo
ttH+tH 2Z : s 1166 100 (i Ton ttH+tH Z2Z : 1.00 ‘13 (o Toss
HH+H WW e 170 0% (195, 0¥ tH+H WW —— 100 137 (3%, r3®
thstH oz oe— 109 (G (3%, o thstH oz Ho— 100 G (i, 2%
ttH+tH bb q 0.80 ‘038 (g0 ‘o ttH+tH bb e 100 0% (‘0% . ot
L 1 l ' L 1 l ' L L l 1 ' L l 1 ' ' l 1 1 ' 1 il I 1 4 ' 3 l 1 4 4 1 l 1 L 1 l 4 3 L 1 l 4 3 1 4 ' ! L 1 4 l L 1 1 4 l 1 1 1 Il I 1 "
-2 0 2 4 6 8 -2 -1 0 1 2 3 4 5 6
1 1 1 1 I 1 1 1 1 I 1 I I I I I I I l 1 1 1 1 I 1 1 I I I I I I I 1 1 I 1 1 1 I 1 1 1 1 I 1 I I I I I 1
tH yy e 251 53 (3%, 0% tH yy ¥ l_ ! 1.00 ‘3% (32 . ‘o7
Zy L——c 204 05 (loar s lom Zy = 100 ‘0% (08 » o2
1 1 1 1 I 1 1 1 1 I 1 1 1 l 1 1 1 1 | 1 1 1 I 1 1 1 1 1 1 I 1 1 | | l I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 L
-5 0 5 10 15 -5 0 5 10 15
I | I 1 I I | I | I l | | | | I I 1 | | I I 1 I | l 1 | I I 1 | | I | 1 I | I 1 | | | I 1 | 1 | I | I | | I | I
WH cc P e——] 3 85 tg:;? ( :‘g:gg , tg:g; WH cc —_— 1.00 tg:gg ( ig:;; , tg:gg
ZH co R 035 3B (5%, au ZH co — 100 '3 (3%, Al
I | | 1 | I | 1 | | I | 1 | | I | 1 | 1 I 1 | | 1 I | | I | | | 1 I 1 | 1 1 l 1 | 1 | I 1 | 1 | I | | 1 | I | |
—20 —10 0 10 20 30 —20 ~10 0 10 20 30

o X B normalized to SM 78 o X B normalized to SM



Coupling modifiers: expected uncertainties

ATLAS Preliminary
s =13 TeV, 36.1 - 140 fb"
. Nature 607 52 (2022) =

c t
K, | -14%
Ky -18%
K, -26%
K, -15%
K, -14%
K!.l
Kq -14%
Ky -T%
KZy

T

Expected uncertainty
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Summary of the new combination results

» Higgs boson production cross-sections are consistent with the Standard Model
(SM), exhibiting 6-18% uncertainties, with notable reductions of 30% for WH/ZH and
40% for $t\bar{t}$H/tH rates compared to Ref. [3]. Branching fractions for major
decay modes (H—yy, H-ZZ+—4¢, H-WW:z—{tvetv, H—-bb~, H—tt) also align with
SM predictions, having 8-13% uncertainties. Specifically, uncertainties for H—=bb ™ and
H—WW: are reduced by 20%, and for H—tt by 10%, relative to Ref. [3]. Results for 29

combined production and decay channels are also provided.

» Higgs boson coupling modifiers are also presented, assuming only Standard Model
(SM) loop and unprobed Higgs processes. Couplings to W, Z, t, b, and t are measured
with §-12% uncertainties, improving by 10-20% compared to Ref. [3]. The muon
coupling uncertainty is about 25%, while the charm quark coupling has a +1.6-3.8

uncertainty, a factor of 2 improvement over Ref. [3]. All results align with SM
predictions.
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