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Introduction
Measuring and Interpreting the SM through the Higgs Boson

* Using the Higgs boson, we test the
Standard Model

 In this talk, new H — V'V results from
ATLAS covering:

e Measurements

* |nterpretations

Visit CERN
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Single Higgs Production

. Each Higgs boson production mode has unique T T T T T T T T T
characteristics M(H)= 125 GeV
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. Differences appear in kinematics variables like
jet count, angular variables, lepton
momentum, ...
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H — VV decay channel Wiz

Nature 607, 52 (2022)
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 The Higgs can decay on-shell or off-shell

* On-shell: Probes small deviations through precision

measurements and interpretations W/ Z
° Oﬁ-SheII: PrObeS the high energy regime’ Where BSM phySiCS O LT T | 1T L 1T F T 1 I?IEIFI%II\I|IYIe|I|(I)|V\I/ IFI{eI[l)?IrtII4 ©
could occur = I EE
T e
« Allows for Higgs-width measurements o | 15
.E - WW _%
1 99 |3
%101_ :
» Two decay modes covered in this talk: & -
. cC B N
e H—> Z7% — 4] 102l ZZ B
 Smaller branching ratio (2.6%) : -
Ly _
* Clean, fully leptonic final state B
10°5 2, =
c H—-> WW - 2[2v ; -
 Bigger branching ratio (21.5%) E uu :
411 | | 111 | I I L 111 I I | L 111 | I I I I I | | | 111
* More difficult to reconstruct due to missing transverse energy 10420 121 122 123 124 125 126 127 128 129 130

M,, [GeV]
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Included Analyses
All new for Moriond QCD

e H— Z/* — 4[, ANA-HIGP-2024-22

. Run 3 (56 fb™1), 2022 + 2023
. 13.6 TeV

« H—-> WW — 2[2v, CERN-EP-2025-054, CERN-EP-2025-059

 Run 2 (140 fb™!)
e 13 TeV
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Measurements

Simplified Template Cross-Section (STXS)
Fiducial Differential Cross-Section

Off-Shell Cross-Section



STXS Strategy

H—-ZZ*% >4 & H > WW* = 2|20 On-Shell CERN-EP-2025-054

Reconstructed event classes ATLAS Simulation Preliminary

PY Prod UCtlon mode measurements are perfo rm ed In Production mode Particle-level production categories Reduced STXS 1.2 Signal Regions Vs =13TeV, H - WW' — vl

py ™ < 10GeV

bins optimized to maximize sensitivity (STXS bins) o Vw0 \ B - —
§ oo ciel pr T > 10GeY
« Each bin is sensitive to different areas of 2 <60GeV — LT ey

s < aoF | VeF

N ggH 1et low pt ogF 1-jet low p

kinematic phase-space of the Higgs production

category label

pH <200GeV |Ngs=1 |60<pt < 120GeV 60 < pi ™S < 120 GeV

N ggH 1-jet
© ! >

medium p?

ggF 1-jet

medium p; ™ | IS

goF | VBF

composition for
different-flavour category

120 < pHf < 200 GeV

e Signal strength in STXS bins is evaluated based N aort it rign
on reconstructed event categories. Nits 22 N oz

7

oo 1t D 120 < py ™S° < 200 GeV
I, miss N

high py'

ggF-like

p ™SS < 200 GeV ¢

ggF 2-jet

medium low pp ™5 IS

- ggF 1-et 200 < py ™% < 300GeV | Njgts = 1 |
ATLAS Preliminary : 200 < p7 < 300GeV very high by ™7 N
' ® ggH very high pf I, miss
: ! ggF 2-jet 200 < py < 300 GeV ggF-like
Particle-level Reconstructed event categories +  Reconstructed event categories very high p! ™S < ®
production bins Signal Region " Sideband Region I miss
________________ L ggF 1-jet y br > 300GeV
; ' ma=[105115]! © pH > 300GeV highest py ™® I
' 115 < ma < 130 GeV r o [130, 160] GeV v ggH highest p# I, miss v
--------------- | tmssscscmssmsaneaa ggF 2-jet , Pt > 300Ge
: highest p# iss S
QA _ ttH selection E : Py miss 60 GeV
N ttH tH-enriched |4 : <
I 1
. _ I, miss
N § : Njets = 1 S VR, 60 <pp ™ <120GeV VBF-like
c O Nep! 5 ¢ : aqri 1e medium p;7 ™ I ?
- - i << ! :
5 C}J VH-Lep-enriched : VBF 1.jet ) py ™ > 120 GeV
m & VH E h|gh p_'ll_, miss S
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N :|_: 2j-VH-Had-enriched < : > - ot low mj jow - ™ £ Niets = 2
Nies! 2. ¢ Niets ! 2
L <;: est 2y SB -2, el 2y 700 < m; <1000GeV [T WS 0 | 700 <my <1000GeV |
CRE < ' )\ .
< 2J-VBF-enriched : 1000 < mj; < 1500 GeV\ EW qqH 2-jet VBF 2-jet ) 1000 < my; < 1500 GeV
VBF ; 4 low p{ high mj low pi* ™ high mj; IS
" Niets > 2 i > 1500GeV - : ", mi mjj > 1500 GeV -li
' jets = mjj =2 N EW qqH 2-jet VBF 2-jet low p;' ™ B i = VBF-like
Np=1 g | N = 1 | / hignestmy |3 T
. jet — ' . jet — -y :
1j < : . SB - 1 — 350 < m;; < 1000GeV EW qgH 2-jet . ] 350 <my < 1000GeV
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1 I
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STXS Strategy

H->Z77Z% >4 &H - WW* = 2|20 On-Shell

ATLAS Simulation Preliminary [ ggF+bbH VBE
-HI ZZ*1 4] .
E = 13.6 TeV VH .ttH+tH

 Neural networks enhance
production mode separation;
Increasing sensitivity

0j

1)

Reconstructed Event Category

* Different NN’s based on 2 Vi-Had-enrichec
expected signal composition in R
each reconstructed event i
CategOry VH-Lep-enriched

ttH-enriched

0) 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
ANA-HIGP-2024-22 Expected Composition
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STXS Measurement

CERN-EP-2025-054
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Fiducial Differential XS

< B | | | | | | | | 7]
3 - ATLAS Preliminary % 2@ | -
K S 012( H# zz'# 4 MO5 PFXKolaL X —
- S— 012 [ ¢ —1. , T
H ﬁ Z Z % 4| On Shell = B vg =13.6 TeV, 56 fh1 e NNLOPS Kzl.l_, +XH_ |
% | -=ww=es XH=VBF+VH+ttH+bbH+tH _|
= 0.1— Total stat. " syst. uncertainty —
 Goal is to measure the Higgs cross-section differentially across © N #— Fitted 2% Normalisation
- - - B p-value NNLOPS = 46% .
different variables of interest 0.08|— H - value MGS = 27% —
. p7' (Transverse momentum of 4 signal leptons): 006 -
o Sensitive to QCD radiation and potential BSM effects at B ’ i i
hiagh 0o4—L | G e ! —
an pr ! 4 -
i L _
» y,, (Rapidity of 4 signal leptons): 0.2 | | 7 i b —
o Can test PDF parameterizations from Parton momentum O Frmmeeae T R T R PO, JONE ST e
fractions S 25— - ! ! ! ! - ——
© ¢
Q 2 ' ' '
» my, (Invariant mass of the sub-leading signal leptons): %‘ 1-51 o - —
o Sensitive to spin and CP properties — 0.5 ’ ’ —
O
. . S - —
* N, (Total number of jets in the event): § 21 ; + : |
_ _ - T |
o Can help disentangle production modes; e.g. ggF 0 . . . . . . . .
prOduceS fewer jets than VBF 0 10 20 30 45 60 80 120 200 1000
ANA-HIGP-2024-22 p* [GeV]
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Off-Shell Strategy

H>I< — WW — 2|12v Off-Shell

e Goal: measure EW and ggF production cross-section at the WW mass peak

i \\ T
ELECTRON ™o
GUN

* The analysis is split by jet multiplicity:
e O = ggF, 1] = mixed, 2) - EW

UMY

S
’ > SOOI TN SN SSSSSSS i

=
-

BACKSTOP

* Also split on same and different flavor decay modes (SF and DF)

« WW — evev/uvuv and WW — evuv

9 STV
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— ATLAS Other H Mis-1D I Other VV
1.2 B Wz Mz Top
— E*T 13Tev, 1407 Blaq/ WwElgg/ (H/ )WW Bllqq/ (H / )WWj
—  H*I WwW! e"e"/u"u @ Data BNy Uncertainty
1

0.8

CERN-EP-2025-059

0.6

Observed Composition

0.4

0.2

S E— E— - Main background: -+ Signal and background events with the same final

: i g9 > WW.it,Z+jets ¢ state creates quantum interference
=@ A Al SEN N NN SR v\\%\\%&\\%\\i\\é\w 351 AN %
0.9F A Q\\\\i\\\\\ ] : 3 DNN bins per

Data/Pred.

YTy el oy gy g @nasisregion -+ Separation is performed by a DNN to separate ggF vs |
: 2 2':% % 2!z 2 =z EW and a my,y;, proxy that is sensitive to interference
O-jet 1-jet 2-jet

Same Flavor
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Off-Shell Higgs Couplings

H* - WW — 2120 Off-Shell

» 95% upper C.L.: 3.4 observed and 4.4 expected and U011 = O.3f8§0bs(1.0f%:(3)exp)

e Other results to compare to

e (Most similar) Run 1 H->WW: 95% upper C.L.: 17.2 obs. and 21.3 exp. (HWW-only)

- . _ 0.8 1.0
+ (Best constraints) Run 2 H->ZZ Off-Shell: 4.y = 0.9720bs(1.07 | jexp) 2412.01548

 Measurements are statistically limited

LA A A A N S S L A A E
w E - ATLA -.- Expected (68% CL) o 14 ¢ ATLAS /, -
5710 ys=13 TeV, 140 b ---+- Expected (95% CL) — 12 Vs=13Tev, 140" ,;.! 7

T WW L1 --- Observed (68% CL) - C L OHE WWL 7 R
8- T — Observed (95% CL)~ 10 ' -
- ¥ SM ‘ - . -- Expected s
R _— 8§ -.- Expected stat-only /! 7
i T Observed best fit - B / -
e D i CERN-EP-2025-059 ¢ ‘_:}I — Observed -
ar - - ; --- Observed stat-only -
B _ 4" =
2r - - -
i Z 2 ]
O - ~ - -
I I ! I ! I I O P N
0 2 4 6 10 5 6
=W I
off-shell off-shell
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Interpretations

Kappa framework
Standard Model Effective Field Theory (SMEFT)
Higgs Width



H—- ZZ% - 4] On-Shell

2

Kappa Framework «and ky, ~

ANA-HIGP-2024-22

2
- (k. K) = Ooor i i L o 77Ky ( | )
F—-H—-7Z/\"\f> V] —
* ! I'y BRy_ gx7+BRy_yyKy
g % Z/W
A
o 59999} 7/W Z|W
Rz=Rw=Rvy
Z/W
2 2
- (k. ) = ovpr—HKy " 1 oo 72Ky ( 1 )
VBF—H—ZZ\Kp» Ky) =
! Iy BRy_<7+BRyy_ yyi3

» Only krand ky, considered

- ATLAS Preliminary  * SM i

- . Exp Run 2 -

25 "_H L zzx1 Al — EXp Run 2+3 |

*~ | 13 TeV, 139fb™ + Obs Run 2+3 _

- 13.6 TeV, 5606 68% CL . ~

: SM p-Value =79.2% _ 95% CL :

21 ~

1 ~

O 5 i | | | | | | | | | | | | | | | | | | | .
0.8 0.9 1 1.1 1.2

» Signal strength parameterized to coupling !/ v

modifiers

* |nvisible Higgs decays not included

First Run 2+3 combination of ATLAS Higgs
measurement
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SMEFT '

category label

composition for
H _) WW>I< _) 2| ZU on-SheII ““““— same-[3avour
! 'J-J bin category

* By further dividing STXS bins with ggF VBF composmon o
+
Niers 2 2 by Ag:r, CP can be measured different-Ravour category
CERN-EP-2025-054
* (Goal to constrain dimension 6 operators ATLAS Preliminary ——— SM
vV's =13TeV, 140fb" H Observed
* Principle component analysis to find linear H— WW* — vty ke Expected

N=1TeV
95% confidence level

combinations of operators to which
analysis has sensitivity
I—'—O—I +0.010 +0.009
_ _ _ cn [x10%3 0.0057 0.0007;
» Simultaneous constraint on 5 linear o [x107 ' o o
. . |_I‘—| +0. +0.
combination of EFT operators c; [x10*1] | 0.1*9¢  0.0%9%

| ? |

Most contributing operators: |
C |—rH 0 4+1.2 0 0+1.2
2 —c—] = T-2.0 V2.2

I

|
: (3) t- Cs -1.2535  0.0753

"% CHG ‘Hq “t6 we CHW
------ I—{ --_-.H- -----I-i i C4 Otg Otg
b~ A \ 2t

®
-5 0 5 10 15 20 25
g e g s Value of Wilson coefficient



https://cds.cern.ch/record/2919068/
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1 1 =
W — NS e — g)?c-le‘s’ﬁ)r:] acg?\tgsr-sodd do not interfere: eIIipticaIi
e Differential cross-section in m34 is 13- —E;EB gg;‘; gt = e usion contours e
used to set limits on SMEFET N : Sﬁ’f’ BestFil - Im .................... — || ..... - | .............
6 !4 12 0 2 4 6 S . oo 000 OL.
: o _ — Exp95% CL. -
* Independent fits of CP-even coefts ANA-HIGP-2024-22 . Cop,. V[ 130TV 0 e
show Sensitivity com parabie to Run Cp ..... t rf ........................................ t | .................. |t ..................... 1: ;\:;T;Ve 0 5o N -
: :CP-even interference: non-trivial correlation  : — -value = 80.5% -
2 results [2004.03447]: .patterns and poorly constrained directions due ! - -
.to BSM cancellations. . o5k N
— - — o ST :
coefficient | 68% CL 95% CL 68% CL 95% CL value : i i
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CHB [-0.4,0.4] [-0.7,0.6] | [-0.3,0.8] [-0.5,1.1] | -0.3 - I
caws | [<0.9,0.7] [-1.3,1.1] | [-1.5,0.5] [=2.0,0.9] 0.5 105 N
ANA-HIGP-2024-22 i ]
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'] 10.5 0 0.5 1
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2,2
son—shell _ 5i SHWW
i-H->WW B
Mgl g Off shell

I o >sH—WW
H Gon —shell
sH—WW

Width interpretation
H* - WW — 212v Off-Shell

2 2
off shell gi EHWW

 SM prediction of FH 4.1 MeV; inaccessible from CimH-wWw mxsz

direct measurements.

OFF-SHELL REGION (> 140 GeV)
(_—_/

* Any new partial decay modes to BSM particles
would contribute to the total width

e 1 ,,95% upper C.L.: 13.0 MeV obs. and 17.1 MeV

exp.and [ ', = 0. 91“8 gObS(4 lfg %exp)MeV

6 ON-SHELL PEAK

WW PEAK

 Compatible with the SM 4- o~

« Competitive with state of the art, Run2 H — ZZ

Off-Shell: I ', = 4.31_%:;0[95‘(4.11_%:26)6]?) MeV

——————————————————————————————————————————————————————

N

o
A

PRODUCTION RATE PER MASS INTERVAL [fb-GeV™1]

' C ' ' i i
100 150 200 250 300 350 400
INVARIANT MASS OF THE FINAL STATE [GeV]

s’
-

For a detailed
discussion on Higgs
width in BSM scenarios
refer to [2107.08343]

AN
A
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Conclusions

* Newest results from H - WW — 2[2v on and off-shell and H — ZZ* — 4/ on-shell
* All measurements and interpretations agree with Standard Model

e Firsts!
* First standalone H* — WW Higgs width measurement

» First time reaching MeV level precision with H* — WW, Run 3 will reveal much more
about the true nature of the Higgs boson

e First measurements on 2023 data

» Since the measurements presented today are statistically limited, Run3 and High Lumi data
will certainly provide improvements
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Differential XS Results
H - ZZ% — 4] On-Shell

e Differential cross-section results not shown in main body
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Differential XS Results
H - ZZ% — 4] On-Shell
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Off-Shell Strategy

Different flavor regions
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: Particle-level binning in 1 1% Reconstructed event categories ATLAS Simulation
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SMEFT

H - ZZ*% — 4] On-Shell
« SMEFT parameters studied and their impact
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SMEFT

H—- ZZ% - 4] On-Shell

 CP-even fits not shown in main body
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SMEFT

H—- ZZ% - 4] On-Shell

 CP-even and CP-odd fits not shown in main body
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Higgs Width Negative Log Likelihood Scans

« Higgs width measurements from H — ZZ Run 2 Interpretations (left) and
H — WW Run 2 interpretations (right)
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https://cds.cern.ch/record/2842520/files/ATLAS-CONF-2022-068.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-05/

