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\%
Why? (¢)

@ challenge the SM to get a
fundamental understanding of
the universe

@ particle couplings to Higgs
boson are central to the theory

— Gauge Couplings to vector bosons provide information of
spontaneous symmetry-breaking

— Yukawa Couplings further probe the Higgs sector
— couplings to heavy particles like top quark sensitive to BSM
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Higgs Production & Decay

w/z

H
©13 TeV: 87% 1%
¥ bl 2
tb/t
H ------< - b/ [r—— < H ==eee= <
/e
VZ4 blc T/
@125 GeV: 22%(WW)/3%Z7Z OZ%('y’y 2%(Z~) 58%(bb).9% (cc) 6%(77).02%(pt)

— ambitious program measuring all accessible production and decay channels
— latest results show evidence for rare decays (Z7, ..)

Key ingredients to challenge the SM:
— advanced analysis strategies
— more statistics (Run 2: 140fb™*, Run 3 targets ~ 300fb™" )
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Measurement Strategies

. . . ﬂllphase space \
— Fiducial Cross-Sections

fiducial phase space

e fiducial: having trust (in the detector)

@ select phase-space accessible to
detector/ reliably reconstructable

@ theory and experiment comparable with

m|n|ma| eXtrapO|ati0nS \ \ reconstructed phase space J

Stage 1.2
Pl — Simplified Template Cross-Sections
0 (STXS)

60 @ phase-space regions split according to

120 production mode/ kinematics

200 @ reduction of theoretical uncertainties
. . . . H

400 @ regions promising for BSM (high p7)

150 e facilitation of combination

o0
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EFT Interpretation

@ anomalous interactions may affect interaction vertices and are
introduced in an EFT Lagrangian via higher dimensional operators O,

EEFT—ESM+ZZ d4) ford>4

@ Wilson-coefficients c,-(d)

specify strength of anomalous interaction
@ A : scale of new physics

@ only dimension 6 operators considered (dimension 5 and 7 violate lepton
and baryon number conservation, higher dimensions suppressed )

@ derive constraints on Wilson coefficients by comparing measured
cross-section to the prediction of SMEFT

o differential cross-section depends on linear (suppressed by A=2) and
quadratic term (suppressed by A~%)(interference between SM and EFT
amplitude/ pure EFT contribution)

o X |MEFT‘ ‘MSM + Z ./\/l ‘2
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Tau Coupling
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H — 77: STXS Results (Run 2) (arxiv:2407.16320)

di-tau channel promising
branching ratio of 6.3%

dominant
background: Z — 77

6 bins in ggF, 1 V(had)H,
8 VBF & 3 ttH

improved MVA strategies in
VBF and ttH
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relative precision (1 =1): 35% - 300%

99 H, Ljet, 120 < pl* < 200 Gev

99-H, = Let, 60 < p! < 120 Gev/

99-+H, 2 24t m, <350, 120 < pY < 200 Gev

g H, = 2-jet, m = 350 GeV, p: <200 GeV

99-~H, 200 < p'* < 300 GeV

99~ H, pl’ 2300 Gev

a0+ Hag', 2 24et, 60 < m, <120 GeV

0’ Hag’, 2 2-et, 350 < m, <700 GeV, ol <200 Gev
4G/~ Hag. 2 24et, 700 <, <1000 GeV. pl < 200 Gev
a0~ Hag' 2 2jet, 1000 < m, < 1500 GeV, ' < 200 Gev
aq'Hag', 2 24et, m, 21500 GeV, ' < 200 Gev

a0’ HAg',  21et, 350 s m_ <700 GeV, P 2200 Gev
q0'-+Hag', 2 2-et, 700 s m, <1000 GeV plf 2 200 GeV
ag+Had, > 24et, 1000 £ m <1500 GeV, pl 2200 Gev
a0~ Hag', 2 24et, m, 1500 GeV, pl! 2 200 Gev

tH, p!f < 200 Gev.

tH, 200 < p'* < 300 GeV

ttH, pl! 2300 Gev
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https://arxiv.org/abs/2407.16320

V(lep)H — TT (Run 2) (arxiv:2312.02394)

@ four channels differentiated by

leptonic decay of W or Z, and TiepThad

Of ThadThad Channel of Higgs decay

@ 1 measured by fit to NN score
distribution, 6 classifiers trained
(three for WH(TiepThad))

30 AR RN RN T

iy T T
L ATLAS —4— Data

c
&
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o F 2 H-t, 1, -
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Comb.

wiz

u = 1.28 & 0.3(stat) £ 0.2(syst),
evidence of the process with a sig-

nificance of 4.2¢
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Top Coupling
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tfH(bE) (RUI’] 2) (arxiv:2407.109004)

Lena Herrmann, Universitat Bonn

heavy top interesting for
BSM searches

ttH channel enables
top-Yukawa measurement

high branching ratio of
bb but large background
from tt + jets

advanced b-jet
identification (DL1r:
multiclass DNN
differentiating b,c,l)

multiclass NN
differentiates signal from
5 background categories

single lepton channel
limited by systematics,
dilepton by statistics

evidence with 4.60

@ STXS cross-section measurement in 6 p7

H

bins, compatibility with SM prediction:

p-value of 89%

T
ATLAS

T
SM + Theory

le{Total Unc. = Syst. only Stat. only

Vs =13TeV, 140fb™", my=125.09Gev Total  (Stat. Syst.)
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P} €[200,300) GeV |- p—y 077 i 0% l0h
pH €[300,450) GeV - Ho—=—= 027 5% r0d rod E
pl€[450,) GeV [ H—— 0.63 GE  o7 o B
Inclusive - Fe=f 081 0% on o N

T 2 s 4 s e
Higgs Production & Decay 10 cﬁH/GSM
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Charm Coupling
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H(—> ’y’y) + c (Run 2) (arxiv:2407.15550)

@ charm coupling challenging due to low

@
S
=3

branching ratio and large hadronic 3
& — GPR Mean
background S 60 GrRzo Gl
s ¢ Data
@ measure inclusive H4-c: g+c — H + ¢ ()« S o

sensitive) contributes with ~ 1%
200} c-tag signal region

ATLAS
@ non-resonant pp — <y + n parton /5-13 TeV, 140 fo-!

background: data-driven estimation,
: %M bt
P RS

interpolate contribution from sideband to SR
using Gaussian process regression (GPR)
120 140 160
m, [Ge]

i)
o

o
N
&

Data / GPR Mean
o
3

@ resonant Higgs boson background modelled
from simulation

examples of H+-c inclusive Ye sensitive

9
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H(—> 77) +cC (Run 2) (arxiv:2407.15550)

@ charm coupling challenging due to low

branching ratio and large hadronic g asof Y E
& 400 E|
background 3 3sop 5
. : g 005 E
@ measure inclusive H+c: g+c — H + ¢ (ye Y omf e e Gre) 3
oyt . . EATY , - Non-resonant background (pre-fi)) 3
sensitive) contributes with ~ 1% 200 s tevaio’ o bsgona oty 3
150 ;7 c-tag signal region fxir:;:;gl:stbackgrcunﬂ (PDS"‘\l)g
@ non-resonant pp — <y + n parton e o E
background: data-driven estimation, I o ]

. . . . & lif
interpolate contribution from sideband to SR : Ly ++ +*+++++++++*+¥
using Gaussian process regression (GPR) £ t -
120 121 122 123 124 125 126 127 128 129 130

. y [Gev]
@ resonant Higgs boson background modelled "

from simulation

— binned likelihood fit to m,,
— dominant uncertainties from GPR (statistical) & theory
— 1.70 observed significance of inclusive H+c process
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V(—) /eptons)H(—> C(__‘/bE) (Run 2) (ATLAS-CONF-2024-010)

— study c-Yukawa coupling in Higgs decay

@ V(— leptons)H provides clean signature
suppressing multi-jet background

@ reliable jet flavor tagging crucial
— dedicated flavor tagging regions based
on the DL1r output

@ 0-/1-/2-lepton channels differentiated

@ methodology validated in VZ(— c&/bb)
@ likelihood-fit to BDT-observable

@ dominant backgrounds: tt and V+jets

@ VH(— cc) similarly affected by
statistical and systematic uncertainties

H — cC observed upper limit at
11.3 x SM ©@95% CL

Lena Herrmann, Universitat Bonn Higgs Production & Decay

Events/0.13

Data/(S+8)

0lepton 4
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.

050604702 0 02 04 05 05 1
BDT,, output

ATLAS  Preliminary (=1
=13 TeV, 140 fo! [
VH,H - BIeT — Expected

Combination q
Ep.= 10xSM g
Obs.= 11 SM H
I it L

I I I
5 10 15 20 25 30
95% C.L. limit on e,
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https://cds.cern.ch/record/2905263/files/ATLAS-CONF-2024-010.pdf

Gauge Coupling
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Relative Sign of Higgs Boson Couplings to W and Z in
VBF WH Production (Run 2) (arxiv:2402.00426)

@ channel: WH — lvbb

@ same-sign (SM-like) vs.
Ew

opposite sign of Az = o
corresponds to destructive vs.
constructive interference of
VBF WH production with H
coupling to either W or Z

combined Higgs
measurements yield |Apz|
consistent with 1 ( kw
expected to be positive due
to interference with t)

opposite sign coupling
excluded with
significance > 5¢

Lena Herrmann, Universitat Bonn

negative Az analysis

Kw

05|

" \s=13 TeV, 140 fb*
\1s.=13 TeV, 36.1-139 fb™*
_ L L

',.16 obs. -~ 10 exp. --10 obs.

A (£1,71)
Higgs comb.
OBestFit |

2SM pred.
VBF WH
@ Best Fit

20 0bs.
- 50 obs.

20 obs. 20 exp.
5c0bs. 50 exp.

-1

-0.5 0

Kz

Higgs Production & Decay

16


https://arxiv.org/abs/2402.00426

H — Z(— )y (Run 2)

(Phys. Rev. Lett. 132, 021803)
@ rare decay, ATLAS + CMS
analysis

@ decay via loops
— sensitive to BSM scenarios

@ dominant background: Drell-Yan

in association with

@ ATLAS/CMS: 6/8 categories
(i.e. VBF via BDTs, exploit
kinematic properties..)

H---- t I

Weighted events / GeV

Data - Bkg

S LANLL L BN B B
r ATLASand CMS 1
80 | HCRun 2 4 Daa E
[ In(1+8/B) weighted —— Signal + background
50— -
r ---- Background
40F E
30 =
20 -
ol b b b b 1 1®1
oFT T T T T T T3
o E
ol v L L b b b 1
115 120 125 130 135 140 145
mzy [GeV]
< T T T T T
£ ATLAS and CMS
& 18F B

LHC Run 2 — ATLAS + CMS

Evidence with 3.40 significance from ATLAS 4+ CMS combination

Lena Herrmann, Universitat Bonn
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021803

Interpretation : arxiv:2402.05742
— STXS measurements of various Higgs production modes and decays

Decay Channles

ATLAS ATLAS.
= 13Tey, 130150 Ferfros e [ Ferfros (R
™, = 12508 Gev, b | <25 — - -G <25 [ [

il
|

Production Modes

’ f lllll IHIPII l gt

)
)
)
)
)
)

o x8B normalized to SM value 0B nomalized to SM value 0B nomalized 1o SM value

Compatibility with SM prediction: p-value 99.4%
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Interpretation : arxiv:2402.05742

@ SMEFT interpretation based @ data not sufficient to

on combined STXS results simultaneously constrain all 50
CoeffICIentS (see Appendix)

@ constrain d=6 wilson
coefficients that impact Higgs
coupling to SM particles

@ choose rotated basis by
principal component analysis

ATLAS
V=13 TeV, 139 fb~', my = 125.09 GeV SMEFT A =1 TeV
10" £ gy Linear (obs) Jos2 _
o Linear+quad. (obs.) e
2 ol | =
£ 1o &
2 =
g Y
S 10 132 3
g (2]
N 2
2 107k 10 8
E @
3
1072 1392
= 4 1
> ' ' H .
22 I , . . : :
L > o, . ' ' . . ! '
3 i : : H
85 2f + i [ + + [ : 4 i .
2% H [ . H i g H ® BestFit
58 i Jq ot : ;s
S5 o - H | l * Rl | l | —s8%cCL
53 e h + + LR + AR BN 99 % O
o N H H ' ' T ! ! H
§8 -2f ! L . H S LA k!
£E I ' :
2
i 1
Q a oz g 2 % 1 o, 7,
EAA AR CCEE S SNt AR
sSTS
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Conclusion

— ATLAS is progressing well in characterizing Higgs production &
decay rates

— increasing level of detail: STSX cross-sections

— increasingly model-independent interpretation (SMEFT)

— overall good agreement with SM at present level of precision

arxiv:1811.08856, H — Tiep Tiep

— expected increase in statistics
by a factor two in Run 3 and
an order of magnitude in the
HL-LHC era j my = 122.9 Ge

— highly complex analysis 4 P =464 Ge
strategies are continuously
refined to profit from the full
physics potential
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Additional Material
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VBF H - WW* — EV LV (arxiv:2304.03053)

T
ATLAS
VBF H- WW* — eviy

fiucialsross socton o fiducial cross-section measurement
Powheg+Pythiag . . .

: Powheg+Herw\g7 A. (|ntegrated & dlﬂferentlal)

¥ MGS5+Herwig? v

v VBFNLO@LO+Pythia8 x

% VBFNLO@LO v

4 VBFNLO@NLO A Ofid — 168 :l: 04fb

Data Vs = 13 TeV, 139 fb™*
—— 1.68+033:0.23b

e @ statistical uncertainties dominate
NPT EESTN PN I S ST . .
TS oes s e s differential measurement

ATLAS S @ constraints on anomalous interactions via

R LR — interpreation in EFT formalism
:z: - @ set limits on dimension six CP-even and
sl 419%) == CP-odd operators
051410 B @ stringent constraints obtained when
e — quadratic terms included
Co [ ¥107] = .

Parameter value
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https://arxiv.org/abs/2304.03053

Eur. Phys. J. C 83 (2023) 774

e Data -\ Total Unc. ATLAS
WogFH EEVBFH

ggF H - WW* — evur (Run 2) 3

o WOther H  ti/wt H = WW? -~ evav; Ny =0.1
3500 mww  Z/y* Vs =13 TeV, 139 fb*
. . & Mis-1d Other VV(V) H<
@ channel profits from large branching £ ol MONerVt) - prsa0cev
>
w

fraction (22%)

@ mixed decay to reduce Drell-Yann

background
@ single- and double-differential
cross-sections measured in bins of 5 1oF E
transverse mass - 5 087 st e E
mr = \/(E# + Emiss)2 _|pll 1 pmiss| R o R E R N s “nlid[‘e‘eé]o
@ fiducial measurement: jet-criteria S L4r o ]
(sensitive to production kinematics) § 120 § e ecat) ]
& leptonic kinematic observables gO; ' jtkee S
@ leading uncertainties: jet/muon osf- ATLAS .
reconstruction, theoretical modelling o4F : P E
of WW/ Vy i .
g_ 21: ~n ‘ * " | § . | * - E
measurement consistent with SM g = 030 30-60 50120 1201000 .
pi[Gev]
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https://link.springer.com/article/10.1140/epjc/s10052-023-11873-5
https://link.springer.com/article/10.1140/epjc/s10052-023-11873-5

Considered operators and Wilson coefficient: arxiv:2402.05742

Wilson coefficient Operator Wilson coefficient Operator
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