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« Studying Higgs boson properties is essential for probing the Standard
Model (SM) with high precision.

- Any deviations from expectations could be signs of new physics.

« Some Beyond the SM (BSM) theories predict effects on the mass, width,
and Charge-Parity (CP) of the Higgs boson.

« Will highlight the most recent ATLAS results on Higgs mass, width, and CP.
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Higgs mass (my) not predicted in the SM.

Necessary input to calculate other parameters (e.g. couplings).

Related to the stability of the Electro-Weak vacuum.

H - yyand H - ZZ* — 4¢ chosen for their good resolution.
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Mass measurement in H - yy ATLAS Yale

Latest result from 2023: Phys. Lett. B 847 (2023) 138315 using full Run 2 (140 fbT)
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Latest result from 2023: Phys. Lett. B 847 (2023) 138315 using full Run 2 (140 fbT)
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Latest result from 2023: Phys. Lett. B 847 (2023) 138315 using full Run 2 (140 fbT)
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Latest result from 2023: Phys. Lett. B 843 (2023) 137880 using full Run 2 (139 fb)
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Latest result from 2023: Phys. Lett. B 843 (2023) 137880 using full Run 2 (139 fb)
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Latest result from 2023: Phys. Lett. B 843 (2023) 137880 using full Run 2 (139 fb)
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Latest combination from 2023: Phys. Rev. Lett. 131 (2023) 251802 using full Run 2 (140 fb")

Combine channels:
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Mass measurementin H » yy and H - ZZ*

Latest combination from 2023: Phys. Rev. Lett. 131 (2023) 251802 using full Run 2 (140 fb")
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Theoretical Higgs width: I'y = 4.1 MeV, calculated from all possible Higgs decays —
sensitive to any BSM particle that would interact with the Higgs.

Not enough resolution to measure I'y directly at the LHC — indirect measurement in
H->VV IV =W,2Z):

— .2 2 _ SM
Hon-shell = Kprod X Kdecay X P ky =TIy /Ty
H

— 2 2
Hoff-shell = Kprod X Kdecay Ki = gi/gst

Uoff-shell
—
HUon-shell

Ky (assuming Kion-shell = Ki,off—shell)

Off-shell H* — VV slightly enhanced because the vector bosons become on-shell.

Destructive interference in off-shell regime:
ggH < non-resonant VV and VBFH < non-resonant VVjj
= deficit in events compared to background-only.

Higgs property measurements in ATLAS
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2504.07710 (submitted to Phys Lett. B.)
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Full Run 2 analysis (140 fb-") from April 2025
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Width measurementin H - WW — £vfv
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Full Run 2 analysis (140 fb-1) from April 2025: arxiv:2504.07710 (submitted to Phys Lett. B.)

 Different Flavor (DF) and Same Flavor (SF) lepton selections
« 0,1,and = 2 jet selections
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Full Run 2 analysis (140 fb-1) from April 2025: arxiv:2504.07710 (submitted to Phys Lett. B.)

 Different Flavor (DF) and Same Flavor (SF) lepton selections DNN to separate signal (with ana
« 0,1,and = 2 jet selections without interference) from background
— - — used to define regions in the fit
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Full Run 2 analysis (140 fb-1) from April 2025: arxiv:2504.07710 (submitted to Phys Lett. B.)

 Different Flavor (DF) and Same Flavor (SF) lepton selections DNN to separate signal (with ana
« 0,1,and = 2 jet selections without interference) from background
— - — used to define regions in the fit
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Full Run 2 analysis (140 fb-1) from April 2025: arxiv:2504.07710 (submitted to Phys Lett. B.)

 Different Flavor (DF) and Same Flavor (SF) lepton selections DNN to separate signal (with ana
« 0,1,and = 2 jet selections without interference) from background
— - — used to define regions in the fit
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Likelihood scan for pyssherr :
(Confidence intervals from Neyman construction)
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Width measurementin H - WW — £vfv

Likelihood scan for pyssherr :
(Confidence intervals from Neyman construction)

EXPERIMENT

Likelihood scan for ky:

3 T o o T 16 . C
314 - ] . ¥ Lo ’; ]
M ATLAS { Taketheratio [ ATLAS FEE
+* 12F Vs=13TeV, 1401b i = with 1 C | Vs=13TeV, 1401b” i ;
oI HWWsIviy j?- ¢ | on-shell 12;;H%WW%NW ﬁ! ’
EE S Expected .,. :,: ] (See arXIV.2504.07686) 10 :_i Hgg=1, RVV=1 _:
8:_:'3 -..- Expected stat-only . ‘ E 81_5_ -~ Expected E
sEi — Observed “ ] o) |~ Expected statonly z
- ; --- Observed stat-only ] 6 — Observed =
qEE s . Treness--22959%, - & --- Observed stat-only ]
Co T Lo . Y NP ELLL L gl L 395%
2'_!' """""""" — - ;‘ """""" . el -
i R (.—-"" *’: 68% 2 :— |_"-\ ______________ ____’_' —:
SN e S B P s 168%
0 I 1 2 3 6 0 6 i 1 o 3 T 4If T 5
off-shell SM
\ ' J \ ' 1 Ky =T,/T}

Best-fit: pofshen = 0.31932 (expected 1.07%3
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Best-fit: Ty = 0.9136 MeV (expected 4.1%53 MeV)
Upper limit: Ty < 13.1 MeV (expected 17.3 MeV)

Compare with Run 1: Ty < 17.2 MeV (expected 21.3 MeV)

Higgs property measurements in ATLAS


https://royalsocietypublishing.org/doi/10.1098/rsta.1937.0005
https://arxiv.org/abs/2504.07686

Width measurementin H - ZZ — 4¢ ATLAS Yale

Full Run 2 analysis (140 fb-') published in May 2025: Rep. Prog. Phys. 88 (2025) 057803

Improves upon previous result from 2023 using same dataset (Phys. Lett. B 846 (2023) 138223)

Unique statistical approach to deal
with non-linear signal model:
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=55 )ln [P(xi|#a9,&)]
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systematics (m)
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Full Run 2 analysis (140 fb-') published in May 2025: Rep. Prog. Phys. 88 (2025) 057803

Improves upon previous result from 2023 using same dataset (Phys. Lett. B 846 (2023) 138223)
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Width measurementin H - ZZ — 4¢ ATLAS Yale

Full Run 2 analysis (140 fb-') published in May 2025: Rep. Prog. Phys. 88 (2025) 057803

Improves upon previous result from 2023 using same dataset (Phys. Lett. B 846 (2023) 138223)

. o Poisson term for total S 10 ATLAS | oz -
Unique statistical approach to deal ield in each resion g | TR — s
. . . . y g g 10° N qqoH* 5)ZZ+2) |
with non-linear signal model: (@ — Signa
. . . 1 //¢/, B:::Zrtainty )
—2InA(,0,0) =—=2 3 In[Pois (Nyfu (11,6,0))] Probability density ratios 02 ettt e,
regions (/) / from Neural SImU|atI0n 100ﬁ
B3 i [p(xilu,(?,a)] Based Inference (NSBI) I ]
= Pref (Xi) g 150 =
events (i 31011* . ' . ' - E - —
= ATLAS 5 5 O o R NeL
t o, (mman) PR AL FEIPT SIE B BF S 1704 e
systematics (m) 2 107+ m—qq H* -)2Z+2] 20 45 40 <05 00 05 1.0
o5 4 baa . Dpre
3l 727 Uncertainty | Ly .
o s veseesenssett Initial multi-class NN to

split events into signal

. o . . 10—1
Estimate probability density ratio for each and control regions.

process (e.g. SBI = ggF signal+interference) g 1s:

S 1oEg

T
|

as a function of 14 kinematic variables (x)  g.s5 @ * — 10 talk
1 o E ) L _1.0+Interf./Exp. ]
using an ensemble of NNs. 0002 04 08 08

NN predicted score function (SBI vs ref)
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EXPERIMENT

Likelihood scans for ugee.sher -

ATLAS
Vs=13Tev,140ft ~ — ObsNSBI
-~~~ Exp NSBI

—-— Obs Histogram
--—- Exp Histogram

tlJoff-sheII

4¢ only

AR BNANE. \TENANEN AR B

70 15 2.0 25 3.0
I Hoff-shell

Best-fit: tofr.shen = 0871023
(expected 1.00* 592
Significance: 2.5¢0 (expected 1.30)

Compare with previous ATLAS result

using same dataset:

Uoff-shell = 079t(1)%%, 0.80 Significance
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EXPERIMENT

Likelihood scans for ugee.sher -

Combinewith H - ZZ - 2¢2v
(Phys. Lett. B 846 (2023) 138223)

= Jar és{ev,mo T g::"\‘l‘g’;' E - 2ol ot éSTeV,MO o T g:: sggl' -
10 42 only —:= Obs H.istogram - - —-= Obs NSBI stat-only .
--—- Exp Histogram ] 20| --—- Exp NSBI stat-only Y.

8 / i , /

5] - °F e

; d

0.0 0.5 0 15 2.0 25 3.0 T 0. T.
I Hoft-shell i Moft-shell
Best-fit: pogr.shen = 0.8773:23 Best-fit: pogr.shen = 1.0670 5
(expected 1.00+3:92 (expected 1.00%5:53)
Significance: 2.5¢0 (expected 1.30) Significance: 3.70 (expected 2.40)
Compare with previous ATLAS result = Clear evidence for off-shell
using same dataset: Higgs production.

Uoff-shell = 079t(1)%%, 0.80 Significance
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EXPERIMENT

Likelihood scans for ugee.sher -

Combinewith H - ZZ — 2£2v
23) 138223)

(Phys. Lett. B 846 (20

- ATLAS

12 /5 =13 TeV, 140 fo-!

—— Obs NSBI
-—— Exp NSBI
—-— Obs Histogram

--—- Exp Histogram

tlJoff-sheII

10 4¢ only

\l\lllll

AR BNANE. \TENANEN AR B

I Moft-shell
Best-fit: tofr.shen = 0871023
(expected 1.00* 592
Significance: 2.5¢0 (expected 1.30)

Compare with previous ATLAS result

using same dataset:

Uoff-shell = 079t(1)%%, 0.80 Significance
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|

tﬂoff-sheu

Likelihood scan for ky:

Take the ratio with tgq-shen

(Eur. Phys. |. C 80 (2020) 957)

- ATLAS
T Vs=13TeV, 140 o1

N
al

—— Obs NSBI
--— Exp NSBI
—-= Obs NSBI stat-only
--—- Exp NSBI stat-only

X

= o90F ATLAS
‘ 17.5:

15.0
125§

10.0f

N
1 1|ﬁ'n|'\|||\||||||

75
5.0

2.5F

Hoft-shell
Best-fit: pogr.shen = 1.0679:62
(expected 1.00*5:83)

E Vs=13TeV,140f0-" — Obs NSBI

-—-— Exp NSBI
—:= Obs NSBI stat-only
--—- Exp NSBI stat-only

Best-fit: Ty = 4.3%37 MeV

(expected 4.1133)

Significance: 3.70 (expected 2.40)

= Clear evidence for off-shell
Higgs production.
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EXPERIMENT

Charge-Parity measurement
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Introduction ATLAS Yale

EXPERIMENT

« In SM, Higgs is CP-even — CP violation would be a sign of new physics —» need to search
for it in as many interaction vertices as possible. Focusing here on HVV vertex.

- Effective Field Theory (EFT):
e (d)
Lgpr = Lsy + EWOL'
;

 |dentify CP-odd dimension-6 terms:

o HISZ basis: ¢yyy, Cuyz €2z, Cww — Can all be parameterized by a single parameter d,
assuming ¢,z = 0.

o Warsaw basis: cyw, cys, cywg = HVV CP analyses mostly sensitive to cyp.
= Deviations from 0 indicate new physics.

 Interference between SM and CP-odd term causes CP violation effects.
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CP measurement in VBF H - 1t ATLAS Yale

Brand new full Run 2 analysis (140 fb") from June 2025: arxiv:2506.19395 (submitted to JHEP)

Sensitive variable: Optimal observable:

2R(MS ‘M/\ Matrix Elements calculated from
O = (MsmMcp-odd) inematics of Higgs and VBF jets.

x 2
Msum
-‘(2 0.4_| T | T T T T | T T T T T T T T | T T T T | T T T T
o E ~
® 0.35F ATLAS Simulation —SMVBFH (d=0)
.35 I S
2 E Vs=13TeV, 140 b 4204
© 03F VBFH- 1 ~ —
5 b --d=-0.02
S o025 =
3 02- =
2 - s
£ 0155 3
S - .
Z 01 3
0.055- -
_154 - _ion-d-"‘" _5I 1 1 IOI 1 1 I5I 1 I -10 L I15

00
sign

= ~40% improvement in expected confidence interval for d compared to using A
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CP measurement in VBF H - 171

ATLAS Yale

EXPERIMENT
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Optimal observable used as fitting variable J
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Target VBF topology
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Optimal observable used as fitting variable J
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CP measurement in VBF H - 1t ATLAS Yale

Target VBF topology Channels: 1,,,7)¢p (eu ONIY), T1epThadr ThaaThad
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Optimal observable used as fitting variable J

7/15/25 Higgs property measurements in ATLAS



CP measurement in VBF H - 1t ATLAS Yale

Target VBF topology Channels: 1,,,7)¢p (eu ONIY), T1epThadr ThaaThad
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Optimal observable used as fitting variable J

NN to separate signal (independent of CP) from background — used to define signal regions.
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Target VBF topology Channels: 1,,,7)¢p (eu ONIY), T1epThadr ThaaThad
VA
j | i Background estimation:
'\H/ « |Z—1t: object-level
/ embedding: take Z—£42 data
e o mn 8 amaseoma | mernionw | £ [ amas | eom | mrnions and replace the ¢&'s with 7s.
o O R (@=0014) | > gof 15=13TeV, 140" gzt M Others ] > gl 15=13TeV, 140" Wzt MOthers ] :
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* ) normalization.
[ S S 4 A s S « Mis-identified: data-driven
10 . .
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5 .
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S S B IR F-1 M A i e 5 0 i ' 5 0 ' ‘ '
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Optimal observable used as fitting variable J

NN to separate signal (independent of CP) from background — used to define signal regions.
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Likelihood scan for d: Likelihood scan for cypp
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Likelihood scan for d: Likelihood scan for cypp
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Full Run 2 analysis (140 fb-') from May 2025: ATL-PHYS-PUB-2025-022

First CP study in VH production

Allows to probe HWW vertex specifically - only ¢y is relevant

£
q W<
W vV
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Full Run 2 analysis (140 fb-') from May 2025: ATL-PHYS-PUB-2025-022

First CP study in VH production

Allows to probe HWW vertex specifically - only ¢y is relevant
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CP measurement in WH, H — bb ATLAS Yale

Each SR separated into Q, cos(6*) < 0 and Q,cos(6%) > 0
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CP measurementin WH,H — bb

Each SR separated into Q, cos(6*) < 0 and Q,cos(6%) > 0
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CP measurement in WH, H — bb ATLAS Yale

Each SR separated into Q, cos(6*) < 0 and Q,cos(6%) > 0
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CP measurementin WH,H — bb

4.5

3.5

- Alog(L)
AN

2.5

1.5

0.5

n | ]
=N ATLAS Preliminary e
= Vs =13 TeV, 140 fb’ K=
a WH, H— bb, A=1TeV Rl
= 95%CL intervals: A3
- Observed: [-0.62,0.85] /' -
— - -Expected: [-0.58, 0.59] y
1:' ] | ] |\\“r~ | —l’,: ] 1 | 1 ] 1 ] ':f

— 0.5 0 0.5 , 1

! Chiw

7/15/25

EXPERIMENT

Parameters of interest in the fit:
cyw + WH signal normalization in each p¥¥ bin.

= 95% confidence interval: cyyr € [—0.62,0.85]
expected: ¢y € [—0.58,0.59]
(considering only linear order).
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https://indico.ijclab.in2p3.fr/event/11484/timetable/

Summary of ATLAS CP constraints in Run 2 ¥ATLAS | Yale

Brand new public plots using 5 full Run 2 analyses (140 fb-'): ATL-PHYS-PUB-2025-031

Summary of constraints on cyy:

ATLAS Preliminary | A =°1 TeV. Expected e Observed |

V5 =13 TeV, 139-140 fb-1| 95% confidence level
i Best Fit 95% CL |
VBF H - 17 (prod.)— —— 0.21 [-0.23, 0.70] -
arXiv:2506.19395 | [-0.41,0.44] ]
WH,H — bb (prod.)— _—0 0.10 [-0.62, 0.85] —
ATL-PHYS-PUB-2025-022 [-0.58, 0.59] |
H—- WW’ (prod.)~ < -0.20 [-1.00, 0.60]
arXiv:2504.07686 | [-0.90, 0.90] |
H - yy (prod.)- —_— 0.24  [-0.53,1.02]
Phys. Rev. Lett. 131 (2023) 061802 | [-0.94,0.94] ]
H—ZZ" (prod.+decay)~ ; 0.60  [-0.81,1.54]
JHEP 05 (2024) 105 [-1.26,1.28] |
-1 0 1 2 3 4

CHW
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Summary of ATLAS CP constraints in Run 2 ¥ATLAS | Yale

Brand new public plots using 5 full Run 2 analyses (140 fb-'): ATL-PHYS-PUB-2025-031

Summary of constraints on cyy:

ATLAS Preliminary | A=1TeV Expected o Observed |

Cove rEd i n th i S ta I k Vs=13 TeV, 139-140 fo-1 : 95% confidence level
i BestFit 95%CL |
. VBF H - 17 (prod.)— —— 0.21 [-0.23, 0.70] -
arXiv:2506.19395 | [-0.41,0.44] ]
WH, H - bb (prod.) B P 0.10  [-0.62,0.85]—
ATL-PHYS-PUB-2025-022 | [-0.58, 0.59] |
Linear only — , |
H—- WW" (prod.)— & -0.20 [-1.00, 0.60]
arXiv:2504.07686 | [-0.90, 0.90] |
Simultaneous ﬂt// : |
i H - yy (prod.) —_— 024  [-0.53,1.02]
Wlth Other WCS __ Phys. Rev. Lett. 131 (2023) 061802 | [-0.94,0.94] ]
H—ZZ" (prod.+decay)— | 060  [-0.81,1.54]
JHEP 05 (2024) 105 [-1.26, 1.28] |
-1 0 1 2 3 4
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Summary of ATLAS CP constraints in Run 2 ¥ATLAS | Yale

Brand new public plots using 5 full Run 2 analyses (140 fb-'): ATL-PHYS-PUB-2025-031

Summary of constraints on cyp: Summary of constraints on A:
ATLAS Preliminary i A= *i TeV | g | ATLAS Preliminary
. . A . Expected e Observed | = i ’ _, W cp=(47)? EEE Cui=1 EEE Cyy=0.01
Covered in this talk V5 =13TeV, 139-140 fo-1| 95% confidence level S Vs =13TeV, 139-140b
i BestFit  95%CL | M |
- VBF H - 7 (prod.) - —_— 0.21 [-0.28, 0.70] - sk ]
arXiv:2506.19395 | [-0.41,0.44] ] <

WH, H - bb (prod.) B P 010  [-0.62, 0.85]

ATL-PHYS-PUB-2025-022 | [-0.58, 0.59] |
Linear only — , j ]

H— WW" (prod.)[~ ® -0.20  [-1.00, 0.60] — E

arXiv:2504.07686 | [-0.90, 0.90] |

Simultaneous ﬂt// : |

i H - yy (prod.)[~ —_—— 0.24  [-0.53,1.02] -

Wlth Other WCS __ Phys. Rev. Lett. 131 (2023) 061802 | [-0.94,0.94] ]
i i 1071 — —

H—ZZ" (prod.+decay)— | 0.60  [-0.81,1.54]

JHEP 05 (2024) 105 i [-1.26,1.28] ] L

C L | L L L ] VBF H - t1 (prod.) WH,H — bb (prod.) H - WW"* (prod.) H - yy (prod.) H— ZZ* (prod.+decay)
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Bonus: CP measurementin H - ZZ ATLAS Yale

Not an explicit CP measurements but constrains some CP-sensitive operators:

Differential and production mode cross section in H - ZZ* — 4¢ (ATLAS-CONF-2025-002)
from April 2025, using 2022-2023 data (56 fb):

:l T 1T I T T 1T I T T 1T | T T 1T | T T TT | T T 1T | L | T TT |: [ T I T T T T I T T T T I T T T T | T T T T | T ] T TT | T TT | T TT | T T T | T T T ‘ T T T I T TT I T T 7
- P Obs 68% CL. — C P — Obs 68% CL. _| 4 - o % N
@ 6. ATLAS Preliminary 8228208 20 ATLAS Preliminary " 502 geo/ 61 - ATLAS Preliminary " 3oz &

E s o Exp 68% CL. B *_s4 Exp 68% CL. C oA e Exp 68% CL.
5LH 22 >4 e 15__H%ZZ >4l EdSencr g H—> 2z -4l " Exposs ol

- 13.6 TeV, 56 fb + Obs Best Fit ] -9 [13.6 TeV, 56 fb + ObsBest Fit | - 13.6 TeV, 56 b + ObsBestFit

S A=1TeV * SM 1 T A=1TeV * SM ] - A=1TeV * SM

—SM p-value = 81.3% = 1[-SM p-value = 80.5% - 2 [~ SM p-value = 81.8% B
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Summary ATLAS Yale

EXPERIMENT

Summary of results shown in this talk:

| Mas | Width | P

H - ZZ m%% = 124.99 + 0.19 GeV Iy = 4.3727 MeV
(Run 2)
H-vyy myY = 12517 + 0.14 GeV
(Run 2)
H—-ZZ+H->vyy my = 125.10 +£ 0.11 GeV
(Run 2)
H->WwW [y = 0.9735 MeV
VBFH - 17 d € [—0.012,0.034] 95% Cl
cyw € [—0.23,0.70] 95% CI
(linear only)
WH,H — bb Cyw € [—0.62,0.85] 95% CI
(linear only)

ATLAS is making full use of the full Run 2 dataset and improved analysis techniques to
reach ever higher sensitivities in Higgs properties!
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Mass measurement in H = yy ATLAS | Yale

EXPERIMENT

Uncertainty breakdown:

|||||||IIIII|II|||||||II|II|I|II
Summary: .
Source Impact [MeV] y ATLAS Total DStat. DSyst.
Photon energy scale 83 .
7 — ete™ calibration 59 ! Total Stat.  Syst.
Er-dependent electron energy scale 44 Run1H-yy | ———126.02+0.51 (+ 0.43 £ 0.27) GeV
et o v extrapolation 30 !
Conversion modelling 24 l
%gn?l—;)ackground interference ?g ATLAS + CMSRun 1 —t— 125.00 + 0.24 (£ 0.21% 0.11) GeV
esolution H—yy, H—ZZ* 4 :
Background model 14 I
Selection of the diphoton production vertex ) :
Signal model 1 Run 2 H—yy . 125.17 + 0.14 (+ 0.11 + 0.09) GeV
Total 90 _ _ i
< T I T _ T T T T T 7 :
o 800F ATLAS = |
=, 700F Vs=13TeV, 140 b, Hoyy 3 Run1+Run2 Hoyy .- 125.22 + 0.14 (+ 0.11% 0.09) GeV
i3] F [ Previous calibration 3 i
I t . h t | 8 6005_ [CTTY) New calibration, w/o linearity 3 | | | i | | | |
mprovement in photon energy scale: & soot (D wew earstom wimosnty | L Lot L Lo Lo b L Ly
P P &Y ° 4005_—I_|_ | T 1 123 124 125 126 127 128 129
© E | E
2 300 N\\\.=q P L — 1| m, [GeV]
3 200' ,\\\
o 100
c
o O s s s r Fr erEr @ EF EFEFEF EF EFE @
c Q ¥ Q [¥ [ Q ] Q [¥ [} [¥ o o S
2 5 § 8 2 § 8 8 2 § 8 5 § & B
=) €< 5 - £ 5 L W e 5 . < 5 . U
o T g £ 8 g ¢ 5 g g &2 g g & O
s $ 8 8 g 8 s 5 & 8 5 38
Q g =T 29 Q A Q g = 29 e r
Tz f358% $5f:og ¢
t§ ¥ 8 S & 9 5 ¢ 8 6 5 9
$ £53558>5 S8E£5s5 &
> 8 o o 8 a
5 = S o
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Mass measurement in H » ZZ* ATLAS Yale

Pre-fit m,, distributions: Channel comparison and combination:
% B T T | T T T | T T T T | T T T I‘ IDI T T T | T T T ]
: ATLAS iatas seon . : :é\ __I LI R B T T T T Olmlinel T |__
< 120 Ho 77 o4l T g boson (126 GEY) ] < 18- aTLAS S ] ATLAS e Tom
~ [ fs=127evV, XX, VWV i Ql - . E—s E * Stat. Only
2] r 2 B Z+jets, tt _ v -6: H— 77" — 4l gugg : E:SZTEV 1_3>94];L_1 [ Sys. Only
S 100 W) Unceninty ] { 4f 75 =13Tev 139" ——de E i ’ I -
0 - “ i T f . 4e | .- | 12451+ 0.73 (£0.73 Stat.)
80 \ - - - B | _
C ] C 1 2u2e ——&— 125.33 +0.50 (+0.49 Stat.)
60 . A B L A 7 L _
i ] - E 2e2u |—|—|| 125.01+0.29 (£ 0.29 Stat.)
40[- . : : - | §
- . - — m —— 124.93 £0.29 (t0.28 Stat.)
20| : 3 - - | N
B - 1 Combined I—T—| 124.99 +0.19 (+ 0.18 Stat.)
0 19 0 _7_______ ___ 60 - E Run1+2 |_II_| 124.94 +0.18 (£ 0.17 Stat)
IR R | L [T R [ B BN B RN I R B B
my, [GeV] 0 124 1245 125 1255 123 124 125 126 127
m,, [GeV]

Uncertainty breakdown: My [GeV]

Systematic Uncertainty | Contribution [MeV]
Muon momentum scale +28
Electron energy scale +19
Signal-process theory +14
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Mass measurementin H - yy and H - ZZ* ¥AILAS Yale

Uncertainty breakdown for Run 2 combination:

Source Systematic uncertainty on mpg [MeV ]
e/y Et-independent Z — ee calibration 44 . .
e /v Et-dependent electron energy scale 28 Summary IndUdlng CMS reSU|tS-
H — vy interference bias 17 —T T — . — T T T T T T T T T T
e/y photon lateral shower shape 16 ATLAS e Total Stat. only | Combination
e /y photon conversion reconstruction 15 Run 1: /s =7-8 TeV, 25fb~', Run 2: \/5 = 13 TeV, 140 fo~*
luti 11 Total (Stat. only)
e/ energy resolution . Run1H — vy ! o | 126.02 + 0.51 (+ 0.43) GeV
H — 7y background modelling 10 Runi1 H — 4/ [ o i 124.51 + 0.52 (+ 0.52) GeV
Muon momentum scale 8 Run2 H — vy |—|0—-| 125.17 £ 0.14 (£ 0.11) GeV
All other systematic uncertainties 7 Run2 H — 4/ —e— 124.99 + 0.19 (+ 0.18) GeV
Run1+2 H — ~v e 125.22 + 0.14 (+ 0.11) GeV
< 12_ T T LA LA B I B B ] Run1+2H—)4€ I—.— 124.9410.18(j:0.17) GeV
= [ ATLAS Comtinalon ur | i Run 1 Combined i 125.38 + 0.41 (+ 0.37) GeV
"ol HSZZ Ho yy Combination Run 1 + Aun2. ] Run 2 Combined e 125.10 + 0.11 (+ 0.09) GeV
. . . [ Runi:{s=7-8TeV,25f" Stat-Only ] Run 1+2 Combined e 125.11 + 0.11 (+ 0.09) GeV
Run 1+ 2 : | .
u combination g[ (e -18TeV, 14000 b ATLAS + CMS Run 1 f—e—i 125.09 + 0.24 (+ 0.21) GeV
] | CMS Run 2 (36 fo~1) H — 7~ | ——r 125.78 + 0.26 (+ 0.18) GeV
o 1 CMS Run 2 (36 fb~!) H — 4¢ —e—i 125.26 + 0.21 (+ 0.19) GeV
I B CMS Run 2 (36 fb—1) Combined F—o— 125.46 + 0.16 (+ 0.13) GeV
i o CMS Run 1 + Run 2 (36 fb~!) e 125.38 + 0.14 (+ 0.11) GeV
L e N AR | [t S Il e 2 1 | | | | | | | | | I | | | | | | | | | I | | | | l |
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Width measurementin H » WW - ¢vfv ATLAS Yale

EXPERIMENT
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Width measurementin H - ZZ — 4¢

ATLAS Yale

EXPERIMENT

ger
-
g Yg gv 4
5= j;i‘ﬂii

Kg Z
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q L O
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\ - J \ }

| |
Signal Interfering background

a )

(m
Likelihood ratio as test statistic:; ty=—2In ()\ e

v

Probability density equation:

ggF

ggF EW 1
p (X |:uoff shell’s Moff- shell)
v :uoff shell? luoff shell)
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F F
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Bonus: width measurement in tttt ATLAS Yale

Full Run 2 analysis (140 fb-') published in February 2025: Phys. Lett. B 861 (2025) 139277

Constraint on Higgs boson total width from combination of on-shell Higgs production and
tttt production:

6_I| T T T T TTTT T T T T TTTT T T IIIIII| T T II_ bl
- ATLAS — Observed ]

2In A

- (s=13TeV,36.1-140 1" -+ Expected

{s=13TeV, 36.1-140fb™" 1
+ Best fit X SM

.
.
.
.
.
.
.
.
.
-
- .
l-“
.
ey
.
ey
-
Le

0 1, o 1, dabdala Ll il L :: dalabbd "‘ 1 1 1 11 1 1 1 I_ 0-5 _I_I II 1 1 1 1 1 11 I| 1 1 1 1 1 1 1 I| I__
107" 1 10 10° 1 10 10° .
M
I, [MeV] FH/FH

95% CL upper limit: Ty < 450 MeV (expected 75 MeV) — 20 tension with SM,
talk driven by measured tttt cross-section, which is 1.80 above the SM.
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https://www.sciencedirect.com/science/article/pii/S0370269325000371
https://www.sciencedirect.com/science/article/pii/S0370269325000371
https://www.sciencedirect.com/science/article/pii/S0370269325000371
https://indico.ijclab.in2p3.fr/event/11484/timetable/

CP measurement in VBF H - 1t ATLAS Yale

Momentum fractions calculated from
kinematics of Higgs and VBF jets

Sensitive variable: Optimal observable:

'R
. 2R (MgyMcp-odd) = Ji(x1) £ (x2) 2R (MgyMcp-oda) (i — kIH)
0 _ ZR(]\/[SMMCP_Odd) ; SMZ Y {CP-odd i’jz’l;’l 1)Jj\A2 SM”Z YCP-odd
My” Msul® = .Z;lﬁ<x1>f,-<xz>|MSM|2(ij — kIH).
)'l’], i ‘
Sum over all Matrix Elements are
possible initial and fixed calculations taking
final quark flavors quark flavors as inputs.
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CP measurementin VBF H - 11 ATLAS Yale

EXPERIMENT

Uncertainty breakdown: Sensitivity of Optimal Observable
compared to alternative variables:
Systematic source Uncertainty [%]
. - L S L S L B R I

Jet/ EMSS reconstruction + 20 Z 20 ATLAS Simulation —— 00 Exected =

T < - {s=13TeV, 140 fb' A 2
Signal theory + 15 18 VBFHow e A6 Expected =
Background theory + 11 16 84 Excectd 5
Normalisation factors +09 wE N R =
Misidentified 7-leptons + 4.8 120 -
T-leptons reconstruction + 4.0 o 0N L T —
Sample size + 3.0 8F- =
Leptons reconstruction +2.4 6 =
Luminosity + 04 4 A . =
Flavour tagging +0.3 o 95%CL SN E
Embedding + 0.2 P e e

15 0.1 0.05 0 0.05 0.1 0.15

Total systematic uncertainty + 30 5
Total statistical uncertainty + 95
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CP measurement in WH,

Region definition:

ATLAS Yale

EXPERIMENT
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