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The evolution of the Higgs boson
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Beginning of Precision Era...

More precise measurements

of the Higgs mass, width, couplings and cross sections
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More stringent constraints on anomalous Higgs boson

couplings with other SM particles

Interpretation of the results in different theoretical framework
...walking towards higher energy and higher luminosity
looking to the Higgs boson production at 13.6 TeV!
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The Large Hadron Collider

Proton — Proton collider of 27 km with 4 interaction points

Why protons? Protons consist of quarks and gluons Higher Energy collisions with respect to electron-positron colliders
—> their interactions produce other particles - hadron colliders are for “Discovery”
cMS

Run 2 (2015-2018)  Run 3 (2022-now)
\Js =13 TeV Vs =13.6 TeV

Amount of data collected in the collisions is called Luminosity
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barrel New Small Wheel (NSW)
muon chambers muon chambers

*
barrel toroid magnejs*
*

endcap \
muon chambers ‘ 8 \\ . inner detectors
A - / 7 Vi
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ehergy
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barrel electromagnetic calorimeter *

solenoid magnet
barrel hadronic calorimeter

* |nner Detector

* Vertex detector: pixel detector * Magnet System

° Trackers: SCT’ TRT ° SOlenOid (2 T) + TOI’Oid (05 -1 T)
Calorimeters * Muon Spectrometer (MS)

* Electromagnetic (ECAL) : sampling Lar + lead ~ * Trackers: MDT, Micromegas

 Hadronic (HCAL) : TileCal + LAr (endcap) * Trigger: RPC, TGC, sTGC
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The Higgs boson production @ LHC

gluon-gluon fusion (ggF)

Vector boson fusion (VBF)
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Associated production with
top/bottom quark pair (ttH/bbH)

QMUL Seminar

Chiara Arcangeletti



The Higgs boson decay modes

Hard to detect decays - y Most precise decays
H — cc cc  260%  02%  015% H-ZZ"
H- gg 58 3% 0,02% H- yy

High mass resolution

High probable decays Rare decays

H — bb H—>,u+,u_
Ho WHw- H— 2y
bb
H-ttt™ ww

58%
21%

high backgrounds and
poor mass resolution
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The Golden Channel: H>ZZ* 4]
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H—>Z7Z*—->4l: Higgs candidate selection ..

Two Same-Favour and Opposite-Sign (SFOS) lepton pairs

Leptons are required to be well separated and with p;>20,15,10 GeV
and coming from a common vertex

Mass requirements

On-shell Z
50 < my, <106 GeV

Off-shell Z
My, <M< 115 GeV

20

s T oz
CH—>Zzzr >4 % o .
_— E=7TerLdt=4.5fb_1 -Signal(mH=1ZSGeV<x=1.51)_: 0-18
C S =8TeV det=20.3fb'1 |:|BackgroundZZ',Z+jets _0-16
- 120 <m,, <130 GeV E 0-14
SEEmn- 0.12
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On-shell z my, [GeV]

*min= 12 GeV if my <140 GeV and rises linearly to 50 GeV for my = 190 GeV.

Lepton Isolation

Track- and calorimeter- based
isolation requirements applied

AR

Impact parameter
d, significance cut

‘]

Primary Vertex

Suppress tt and Z+jets background
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H—>Z77*—->4l: background estimation
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Higgs Cross Sections as Precision Observables

Cross section measurements are the core of the
Higgs boson precision physics

Branching Ratio
« couplings

9

Production
cross section
« couplings

o cross sections as probability to produce Higgs bosons

BR: Branching Ratios as probability that the Higgs decay
in a specific channel

What do we measure? g x BR

& selection

_ efficiency
How do we measure it?

Experimentally, we can only \
measure number of events
selected as Higgs candidate

o Luminosity
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From inclusive to differential measurements

Measure o x BR for different Production Modes Measure ¢ x BR in bins of Final-State Observables

do A
P dcos©
0 -
6 :
P cos 0
Sensitive to the dynamics and tensor structure of the Higgs interaction
do A ...and to the theoretical
c e . dpH icti
Further split in kinematic oT /h\\\ predictions
regions based on Higgs y A\
transvers momentum, or — = DT -
the number of jets ,
| i
pT
11
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Interpretations frameworks

Kappa-framework Pseudo - Observables Effective Field Theory

Parametrize momentum expansion of

Rescale Standard Model couplings the on-shell Higgs decay amplitude Add higher-dimensional

S operators to SM Lagrangian
;_ o(RIY(R) dr’ 2
xR = 2 T .y |
H dmydms,, I c@
/\ Lgrr = LSM+ZA(d 4)Ol(d) ford > 4
ff / f
----------- F---#----n £ 9797 €zy 9z €zf 9z
L2 i 12 IS (ot a) = R2Zp 2 T 5w T 3 2
K5 = LIRS = | (¢1)Pz(¢5)  mz Pz(q mz Pz(q : :
T (asu Y s — ) mz Pola)  mz Prlay)  Directly access possible

anomalous couplings (Wilson
coefficients) and new heavy
physical states

* Interpret both shapes and
rates in a field-theory
framework

e Directly links rates to
coupling strengths

* Simple, intuitive, widely used

e Sensitive only to effects on
the rate

f_l

 Test kinematic structure of the interaction

e Easy interpretation of the effective coupling POs

Different frameworks extract different kinds of information about Higgs couplings.
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CP violation: anomalous Higgs couplings

The asymmetry between the matter and
antimatter content in the universe is one of
the unsolved problems in Physics

\

It implies the violation of the charge
conjugation and parity symmetry

Yes, but does it
really matter?

Standard Model can explain just a small level of
the CP-violation required

— Other sources of CP-violation must
exist Beyond the Standard Model

I matter more
than you

Higgs is a good candidate to look at!
SM: Spin 0 and CP-even particle

We can look at the tensor stucture of the Higgs interactions
to identify possible mixed CP-even and CP-odd state
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From Precision Measurements...

Fiducial and Production Cross Sections



Fiducial Cross Sections measurement

Provide cross section measurements in the most model independent way

* Fiducial phase space at particle-level definition based on detector
and analysis selection acceptance to minimize the extrapolation

effects. The fiducial cross section g ;4 - BR is defined as:
O.fld 'BR —_ O-tOt ‘BR ° A

A = Nfiducial

where:
BR = Branching ratio
A = acceptance

Ntotal

Detector/selection
Acceptance

/ Total Phase Space \

\ Fiducial Phase Space/
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Fiducial Cross Sections measurement

Provide cross section measurements in the most model independent way
/ Total Phase Space \

* Fiducial phase space at particle-level definition based on detector
and analysis selection acceptance to minimize the extrapolation
effects. The fiducial cross section g ;4 - BR is defined as:

Detector
o Nfiducial

A== Reconstruction
Ntotal

O.fld.BR - O-tOt ‘BR e A
where:

BR = Branching ratio
A = acceptance

* Correct for detector level effects, efficiencies and resolution, defining
the correction factor entering in the fiducial cross section extraction: \ Fiducial Phase Space/

Ng;onal

ofia - BR = 20

where: b We unfold the reconstructed
o ] ) C.. — Nreconstructed . . . .

Lint = integrated luminosity F= ‘ distribution of a given observable
C; = correction factor fiducial i h icle-l |
Ngignal = NUMber of signal events extracted fitting the observable able to to estimate the particle-leve
discriminate signal vs background. spectrum
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Fiducial Differential Cross Sections measurement

ATLAS s=13TeV H-—ZZ >4l
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= jets, tf = 0.04( 1§ 7
= 7 B Zjets, tt . : . 3] . .
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£ = 02— e ] .
@ ] 0.02¢ {f |+ ' 57 for detector effects:
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< 3 R L v o s Joreoses frepary, ol 2] i i
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] . . o 1
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1 E P 215 ZZ* background
] Z|
(e . 2|50 1 | estimation from data
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Fiducial Differential Cross Sections measurement

Observables studied are sensitive to different Higgs boson properties or theoretical predictions

® Data

- Signal

Background

Higgs kinematic variables (some) Jet — related variables (some) 2D differential e
pr¥: perturbative QCD, light quark Niet, My, Any;: different production mode distributions (some) i
el po?, p{2: quark gluon radiation m;,M3,: modification
4l. : i HZZ vertex
R [PRIRESI DS M YETO Ag;;: Sensitive to spin/parity properties in the R R T
M1,, M3,, COSH,, cOsO,, d,P,] cosO*: VBF production vertex = ar | | | ] m,, [GeV]
Sensitive to spin/parity properties in the T T : : : - = [ ATLAS ) S5 uncertainties .
"_-'.n 3’_ATLAS ¢ Data o = _s 25—_H_)ZZ*_>41 i MG5 FxFx K = 1.47, +XH -
decay vertex £ tuszzsa S GE PXExk a7, XH ] > 250 o taTey, 120" K P o
% p5f E-13TeV. 130 o C NNLQUETK=TaXH T £ I XN ~VBFSVHetH: bbHetH ]
Peculiar of the , ST ot S o vty coA e R ™
H94| decay Run 2 prOVIdEd 2 —3— Fitted 22" Normalisation - p-value MGS FxFx = 61%
3 1 L ramaEETI ] o e o M1z VS M3
channel very Iarge dataset 1.5 pvalue NNLOPS = 77% ] - p-value NNLOPS = 59% IE*JI lllllllllllllll y
1 E e i3 EE
INCreasing the 05 l :{: - - ™ +ldF Bt E
sensitivity in each  [....... e =i m
differential bin 3 S
> 3
g £
/ L o
/ , 2 z
// ’ ’ g 2 = -
17 Bin 0 Bin 1 Bin 2 Bin 3 Bin 4
Selection of results from Run 2 paper N mygvs.may
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Fiducial Differential Cross Sections measurement

Observables studied are sensitive to different Higgs boson properties or theoretical predictions

Higgs kinematic variables (some) Jet — related variables (some) g oo
&8 S ,sE. ATLAS Preliminary Simulation
m,,, M3,, cos@,, cosd,, ¢,¢p,, cosf*: Ag;;: Sensitive to spin/parity properties in 5 = H->ZZ*—4l M veriv g, =50
Sensitive to spin/parity properties in the VBF production vertex 2 *TE (=13 TeV [0 vBF+VH su
the decay vertex 8 98 115GeV<m, <130 GeV 0 vBFaVH, B, = 5.0
. . g osE N, =22 m > 120 GeV
Lepton and jets kinematic information can be combined in a much more S ..E
powerful observable sensitive to CP effects > Optimal Observable I
The matrix element of the e S
process is the sum of a SM q Al 01E- R T
CP-even contribution plus a Z - O e e
BSM CP-odd one i =
n
Ci 2 q A (% -
IMI? = Msy + Z e MBsm.i /- m %
; i
l . “_— —_— ._ | ] | ] | ] | ] | ] ._ _mmmm e l
Interference term become our 00 = 2R (M5, Mpsm) I The interference become asymmetric in presence of CP-odd :
Optimal Observable — Mg |* I contribution in the coupling=> sensitive to the sign :
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Fiducial Differential Cross Sections measurement

Observables studied are sensitive to different Higgs boson properties or theoretical predictions

Different Optimal Observables can

o) C T T T T = . . o 60 T T T T ]

2 —+— Data be studied looking for anomalous =2 00r —+— Data .
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o B Total stat. @ syst. uncertainty 7 an d / or d e Cay ve I’teX % T p-value MG5 = 74% Total stat. ® syst. uncertainty —

° | O —#— Fitted ZZ* Normalisation i © 40— p-value NNLOPS =84%  —#— Fitted ZZ* Normalisation ]

p-value NNLOPS = 75% - ]

1 = p-value MG5 = 91% = - .

AR I — " W%H : 3 q q e-l— 30— -]

M i 7 7 - """" .+ """""""""" ‘+ """""" I

107 é : — W, A e_ 20— —

- ] ----H------- + - ]

NN ot s B t ] W, Z A l 10 : E

) E Z T e o+ --------- - ________________________________ M.+. U 7

107 eereeeeeeeee 1 | RSAAAASAAE q q e_ 0_ | S 4 | fhomenannannn i il

S R B S 15— -

5 - « i [ — [— S— — S A—
0 0

2 150 - g 150 ) -

2 8 ittt R - = 1 Uy - -

0.55 : : = 0.5= . - . . . =

Njets<2 -5 -0.40 0 0.40 5 -15.0 -0.15 —0.035 0.0 0.035 0.15 15.0
C i Crive
00, 00,
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Production Cross Section measurements: STXS

Simplified Template Cross Section Framework
Exclusive regions in the Higgs phase space

of the Higgs production processes, based on the

kinematics of the Higgs and of the particles/jets
produced in association -

- - -

Maximize the experimental
sensitivity to possible BSM effects

7 ] | Lower [T o

w/z

w/Z

I
g
%
I_I_I

| Lo |
- tH bbH
| Highor |
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Production Cross Section measurements: STXS

Exclusive regions in the Higgs phase space Stage 0 Stage 1

of the Higgs production processes, based on the ,

\
kinematics of the Higgs and of the particles/jets : |
produced in association | I

: |

l | |

Maximize the experimental ! :
sensitivity to possible BSM effects : T

: |

Different STXS Stages definition at | :
particle-level, increasingly fine granularity | |

| |

| ,

| VH ! iy == :

: [ aa>Hev * VeryHighp™2 | '

: | |

o] !

[ eH '— e bbH | |

| | Highor | '

AN R
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Production Cross Section measurements: STXS

Exclusive regions in the Higgs phase space Particle-level categorization Reco-level categorization
of the Higgs production processes, based on the ~
kinematics of the Higgs and of the particles/jets ‘

produced in association

!
| |

Maximize the experimental
sensitivity to possible BSM effects
Different STXS Stages definition at

particle-level, increasingly fine granularity:
|

Reconstructed event categorization

as close as possible to this definition
—> minimize model-dependent extrapolation

Different production modes can

populate a reco-level categories

-> discriminant observables to
extract production cross sections

not all the final states are
sensitive to all the STXS
categories
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Production Cross Section measurements: STXS

Discriminant Observable between different production modes: Neural Networks

— R S o
- e ~
B 2T T T - S o
§ mlATAS |, ien - .
& 205 (5-13Tev, 139 b VBF XX, VWV - ™
I 1t‘,’:_115<m‘,,<1:so<sev [HVH W Z+jets, tt - “
ac, E Niets 22 HtHAH % Uncertainty 4 o= ™ 25
>16:— m IIIIIIIIIIIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIII"I m IIIIIIIIIIIIIlIIIII]IIIIIIIIIIIIIIIIIII
Tt S [ ATLAS ¢ Data 1§ *°CatLas o oata _
2f 4|-system transverse s 0 ‘[H—> 22" > 4l .vsFF be.thz; w1 @ ‘[H—> 27" >4l =VHF belthZ): ]
10 [ - [ Vs=13TeV, 139 fb 9gF+ VW T s=13TeV, 139 fb ggF+ VW
ab . momentum in for NJE'CS—2 20_ 115 < m, < 130 GeV W VH W Z+jets, tt | 20 |- 115 < m, < 130 GeV VBF M Z+jets, tt |
65 L 2j with NN, <0.2 WitH+H % Uncertainty - 2j with NN, > 0.2 MttH+H 7 Uncertainty
45 ‘ Only kinematic 150 - , i
: 7 7 15 -
N ST T observables not / / . 44 )
0 50 100 150 200 250 300 350 7 i B
mie Powerful enough as 0 _ ] ]
C ] 10 -
3 20F arhe | eoa 4 discriminant... ] ]
O} r ﬂ TL'ZAZ§ 4 19 ggF +bbH I ZZ* ] N
Q 18 e e n mver oo but can be used as i
E 16 [-115<my <130 Gev I +jets,tlt = 5 5
c [ Nes22 MttH+H 7 Uncertainty H ////////////// A -
L%’ 14; 7 mneena y,; Input Ofthe NN 7/////////4 |
12f =
101 2-jet invariant mass o) Es A s s rwwa SESRE SRR \ L ey N e
o Jerin 0 0% 2 03 04 05 06 07 08
g 1>« more ggF-like 2j more ggF-like 2j
4 S~ more VBF-like ~ more VH-like
2 ~ - - v
0 L‘lﬂ“f“‘r‘:ﬁ“‘—‘“——— 3 _— — - _ /
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m; [GeV]
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Production Cross Section measurements: STXS

Results from Run 2 (Reduced) Stage 1.1

Sensitivity is statistically limited, but large Run 2 dataset ATLAS Z(Z T ]

allowed to probe more STXS regions than previous analyses |

H—- Z7* — 4l zzz| ——n 1
. — -1 B : n
Production Mode Stage (Stage 0) (s =13TeV, 139 fo oo |
Reduced Stage 1.1 - |yH| <25 1 12 14 16 1.8
ATLAS 24| —-— i —=— Observed: Stat+Sys SM Prediction e
> zz-1j _—-:— i B [m] Observed: Stat-Only p-value = 77% c-B [fb] (G'B)SM [fo] _
‘["1 — 27" - 4l 1 Z4| | 9g2H-0j-p*-Low —— 170+55 176+ 25
s=13 TeV, 139 fb” XX E - T — : ]
Production Mode -y, | < 2.5 R R I R N B 992H-0j-p -High | - C 630+£110 550+40 |
NN, gg2H-1j-p"-Low —u—3 | 50 + 80 172 + 25
—&— Observed: Stat+Sys SM Prediction y :’ M — . —]
[m] Observed: Stat-Only p-value = 91% o5 b) (0:B). [f] gg2H- I pI- .ed B E | 17(1)6i 50 119+ 18 |
] | sM | gg2H-1j -p:’-ngh E — 9 t12 20+ 4
ggF Emd 1120+ 130 1170 + 80 992H-2f | i 40 + 75 127+£27 |
- ; - 9g2H-p!’-High i E u 3 38 % 15+ 4
VBF - 110+40  92.0%20 qq2Hqq-VH - 21+ 35 138 jgg
— E - qq2Hqq-VBF —m 150 tg: 107.6 tgg
i +61 +2.7 L i ’ —
VH . 5 4 52445 q92Hag-BSM - ; 05°7° 4.20 +0.18
| _ — ! +28 7]
tH E = 3 Zstfs 15.41:2 VH-Lep | ! L 22 _;Z 16.4 ;_: 34
B N tH | E : = 3 25", 1545
Inclusive 3,3 1340+ 120 1330 +80 T B SR RS RS RS B RS B
P T S S B
R B e R 4 0 1 2 3 4 5 6 7
.B/(c- ¢-B/(c-B
c-B/(c B)SM ( )SM
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Production Cross Section measurements: STXS

ZZ* and tXX background estimated

from data in ad-hoc categories \

Results from Run 2

ZZ-0jf ——

Sensitivity is statistically limited, but large Run 2 dat ATLAS | ]
allowed to probe more STXS regions than previous-analyses = -
P 5 P y H— ZZ* - 4l za|
\s=13TeV, 139 fb™ ox | . i
Reduced Stage 1.1 -]y |<2.5 B B I R v S S - R
' ; H Src NN,
ATLAS O i —&— Observed: Stat+Sys SM Prediciion =
> ZZ-Ij_—I;— | | [m] Observed: Stat-Only p-value = 77% o-B [fo] (0-B)g, [fb] |
H— 27" - 4l . zg| ———— | 992H-0j-p*-Low Fm ' 170+55 176+ 25
{s=13TeV, 139 fb xx : u . ¥ 7
Production Mode - |y | < 2.5 I R S NN ¥ 992H-0j-p-High C 630+ 110 550 + 40 _|
NN, gg2H-1j-p:’-Low 50 + 80 172 £ 25
—&— Observed: Stat+Sys i : ]
[m] Observed: Stat-Only p-value = 91% B [fb] (o:B)_ [fb] gg2H-1j-pT-Med —m—] 170 £ 50 119+ 18 |
\ SM 992H-1j-p“-High ] g*16 20+ 4
L . | T -12 - ]
agF :1—] 1170 + 80 40+ 75 12727 |
_ 5 B \ E m - 382 15+ 4
VBF = 110+40  92.0%20 - 21+ 35 13_8th2
- ; 61 27 | qq2Hqa-VBF —m 150 tg: 107.6 tg; |
VH . 5 4 52445 q92Hag-BSM - 05°7° 4.20 +0.18
" i . A 54110 Excellent VH-Lep | . 22ti§ 16.4 ¢1g.4
i ’ el epe . — 3 o5 * 154"
: | 4 compatibility with ™ |- S > s ]
Inclusive £ 1340+ 120 1330 + 80
N R S S S Standard MOdEI I : I : : I I I I
I T L 4 0 1 2 3 4 5 6 7
expectation
o-B/(c-B) P o-Bl(c-B)
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Production Cross Section measurements

STXS approach comes with several model dependencies

 Measurements are extrapolated to a phase space with the only selection that |y,| <2.5
 The Neural Network are trained on Standard Model predictions

ggF
VBF
VH
ttH

Inclusive

ATLAS

H— ZZ* — 4l
Vs=13TeV, 139 fb™

Production Mode - |yH| <25

—— Observed: Stat+Sys

—n—

|
—_—
1

'
—_——
|

I
1

1 1 1 1
1.2 1.4 1.6 1.8

SM Prediction

[m] Observed: Stat-Only p-value = 91%

NN,

o-B [fb] (c:B)g,,[fol

E-—:| 1120+ 130 1170+ 80
= 110+40  92.0+2.0
75" 52.4°%7
» 3 26'% 15.4"19
Eha 1340 £ 120 1330 % 80
T S T S RS S S
1 3 4 5
6-B/(c-B)

Can we be more
model-independent?
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Production Cross Section measurements

STXS approach comes with several model dependencies

 Measurements are extrapolated to a phase space with the only selection that |y,| <2.5
 The Neural Network are trained on Standard Model predictions

Fiducial Phase Space is the answerI

ATLAS o 1| Apply “simple” kinematic = T o
H— ZZ* — 4l 2] ——— I Py g S 12 ATLAS Vsl ]
_1 | — ] selection to select a more [ HoZZ- 4l 8 ggF Signal i
{s=13TeV, 139 fb XX : . - . . . . - Vs = 13 TeV, 139 fi5' Other Backgrounds |
Production Mode - ly | <2.5 R R VBF_llke flduc|a| phase space 10_— —
—m— Observed: Stat+Sys SM Prediction ° PRI H i _ . 7
[m] Observed: Stat-O:Iy p-value = 91% B [fb] (o-B)___[fb] Mlnlmlze the eXtrapOIatlon 8_— Bin 1 ) . \ o
B | 1 ¢ Lessassumptions -
ggF E-—:| 1120+ 130 1170 + 80 6_— ; .- , .
- : - : ’- - - -
VBF D om 110+40  92.0+20 - . - = - . B
I ; 75 *61 52.4+27 N 4 I N - . 7 ) i
VH £ : = 3 —49 A4 49 . - IIN.I 1| m - . -
B | 1 Open the possibility to perform 21 u},,,, -
H E— = 3 2677 154703 . . . - : 1
L | | differential measurementsin a o & Bin2 |
Inclusive @ 1340+ 120 1330 +80 i ol b b b b ]
P N - | purer VBF-like phase space 0 500 1000 1500 2000 2500

1 2 3 4 5
cB/(c-B),, m; [GeV]
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Cross Section scale with collision energy

""""""
R w,
. e,
e
G
&

D 20F a1y ac e D
- ATLAS ata E
— 100 —— ———— %3 180 H—> 2z > 4l o poe (125:09Ge) 3
Q0 C ! ! ! ! ! ! ! ] rr - Vs=13.6TeV, 29.0 fb™ XX, VWV ]
o 3 8 T VWV .
— - ATLAS — SM o (pp—H, m, = 125.09 GeV) o c 16 B Z-jets, t =
I 90 - . K g’ » W Uncertainty .
? = ¥ Hoyy & H>ZZ*—4l QCD scale uncertainty » @ 14F .
Q - i 7 - 4
" 80 — ¢ Combined H—yy + H—4l mm Total uncertainty (scale ® PDF+o.,) g 12[- =
- ] 10f
70 . -
- 3 8F
60— - 6}
C . af
50 . -
C ] 2
405_ ! * E 07410 120 130 140 150 160
30F | = m [GeV]
- \s=7TeV, 451t ]
— 1 _ -1 ]
20— v@- parvadnd 1 0¥ =2.80%0.74fb O = 7614 43 fb
- s=1s 1€V, - . .
105 (5= 13.6 TV, 20.0-31.4 f5' E (SM: 3.67 +0.19 fb) (SM: 67.6 + 3.7 fb)
0_. P I T S SR R I S S N S RS ST SR S (T SR SR S T N SR S S S N T S S S SRS SR SR S
7 8 9 10 11 12 13 14 \/
VE [TeV] Oiotal = 582 t 87 pb
First measurement of the Higgs boson production cross section @ 13.6 TeV (SM: 59.9 + 2.6 pb)
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Cross Section measurements @ 13.6 TeV

First differential measurements at 13.6 TeV, with partial Run 3 dataset of 56 fb'! (~1/3 of the full Run 2 dataset)

—> much more statistically limited

—> kinematic observables related to the Higgs production change their shape with the energy
(hard to appreciate 13 TeV —13.6 TeV scale due to the low statistics)

Higgs is produced at higher p;

H + jets production changes

Decay kinematic observables do
not change distribution

= C T T T T T T T T i oy F T T T 3 = 0.35— T T T T T T ]
[ B P ¢ Data | = - o ¢ Data - [0 . - P ¢ Data -
Q - ATLAS* Preliminary [ Systematic Uncertainty - 2 35— ATLAS* Preliminary [ Systematic Uncertainty ] Q C ATLAS* Preliminary [ Systematic Uncertainty ]
£ 012~ H->ZZ" -4 [e MG5 FxFx K=1.41,+XH = — z F H-ZZr -4 #00 MG5 FxFx K=1.41, +XH ] £ - H—=ZZ" >4 [Ue MGS5 FxFx K=1.41,+XH -
-1 T (s=136TeV,56fb" e NNLOPS K=1.1, +XH_ ] 3 E (5=136TeV, 561" e NNLOPS K=1.1, +XH_ 3 3 0.3 \s-136Tev, 561" e NNLOPS K=1.1, +XH_ ]
_g- I [ e S e XH=VBF+VH+ttH+bbH+tH _| -8 3  smema XH=VBF+VH+ttH+bbH+tH — e I XH=VBF+VH+ttH+bbH+tH ]
B 0.1— Total stat. ® syst. uncertainty —{ - Total stat. @ syst. uncertainty | ke 0.25 C Total stat. @ syst. uncertainty
© - —+— Fitted ZZ* Normalisation B o5 E —#— Fitted ZZ* Normalisation 3 .8 e —+— Fitted ZZ* Normalisation -
- p-value NNLOPS = 46% N T p-value NNLOPS = 78% . C p-value NNLOPS = 13% .
0.08|— p-value MGS = 27% ] - p-value MGS = 81% 3 02 p-value MGS = 14% -
S . 2o B E R S :
I . n — — H :
0.06— — - T 0.15— ; : -
B N C m . o] emen - u
- e § 151 = . é ]
z : - E - ]
0.04— I . — C 3 0.1 C—
- . : B 1— : — - : N -
- H a - i — - : o -
: + e : : | : : ne i
- H — - i i — v _
0.02 B EYTY PR _ 0.5 _— Zeesensanned AOT I [4:] —_ 0'05 [ H ?/ —
: o ’i llllll : - memtsesessssssssseetnnnnnnang \'\'\\'\'\'\'\'E """""" ol . .:. ......... A o .+ llllllll ° .
O ,,,,,,,, J AT ALLLLLLAY ALR RN ANRRRRARA ANNRRRRRRERT ""i’e"é':'ﬁ""'l 0 AR RRRRRRRRRRS IR IR N R S A R R R o N R e Y N A N e r oo
© — - © © — o,
5§ 2 . 5 2 - g 2 [
Q 2= i f . Q 45 . - Q 15 —
E‘ 1 -5 L . | 2’ ) * E‘ N NI (Ol L A
o] S ol S I — S 1 3 (
5] ‘ o . . 7] “
£ 05 = — £ 05— — £ 05— —
s o ' ' N g =
Z —— Z Z
=z 1 P4 b4
o— 0 : : : : : :
0 10 20 30 45 60 80 120 200 1000 12.0 20.0 24.0 28.0 32.0 40.0 55.0 65.0
P} [GeV] mg, [GeV]
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Cross Section measurements @ 13

6 TeV

[ ]
First production mode measurements at 13.6 TeV, with partial Run 3 ‘5 25f_HA[nggfrelliminar'y;;’;:LbH.zz', 1
dataset of 56 fb! (~1/3 of the full Run 2 dataset) VOIS Ew mmeer
— only Production Cross Section Stage (Stage 0) could be measured 20p" m i—
— much more statistically limited 153
ATLAS Preliminary No data observed in the categories 0l
Particle-level Reconstructed event categories with highest sensitivity to VBF and VH One ttH candidate!

production bins Signal Region

{116 <ma < 130Gev ; ATLAS Preliminary

—&— Observed: Stat +Sys | 0

. o 0. 0 0 0 0
e e AT HoZZ 41 Iy | <25
- SM Prediction NN
. Vs=13.6TeV, 56 fb™ ~ a0F
25 ] %) T T ]
VH-Lep-enriched _ [¢ =y & 167 ATLASPreiminary® e =
_ = o-Bfb] (0-B) SM [fb] i 14 VE - gf} ;;\‘}I 56.0 fb! [ ggF+bbH " tXX, VWV ]
. . j < 120 GeV B s f ]
2j-VH-Had-enriched <—mu = c ttH - 1 8 +40 1 70 +1.2 <] ;}Fvg/:f:ﬂ:cagg Gev I ttHtH ZUTTJ:;TT;:“W__
Netw =2 ¢ - 21 -1.8 12 ]
120 GeV [ 1
I m; > e 10 -
. 2j-VBF-enriched = 4———————— VBF+VH KX e <162 154 Té
VBF L (95°/O CL) ) _ 8 —
lack of
— Moot | goF - 133072 1270+ 90 6 ackor
I < I N VBF-like 1]
4 ]
o Inclusive - 1310*2° 1400 = 100 events
| | 1 1 1 I | | | | 1 1 1 I | | | | 1 1 1 | | 2
o < Njet = 0 0 2 4 6 8 1 0 0 e
B/ 0.66 - 0.90
lo o "
( B)SM NN
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...to Interpretations
(Anomalous) Higgs Couplings



k-framework: constraint on Yukawa couplings

Higgs coupling to light quarks (e.g. charm) may be possible to constrain c% DR ]
without direct measurement (e.g. H->cc decay) ’E 1.4+ — K.=-10 |
. . . — c=_5 )
nggs transverse momentum is sensitive to the Yukawa § _ ¢ :
. (3} Kc=0

coupling of the charm, bottom quark <R 1.2} o
b [ — Kc= 1
— constrain the charm coupling from the bottom = _ :
*  non-SM values of the coupling modifiers k.and k, are investigated "= L0 ;:;_-I:_;"_'—-—-::I:I-_

5 |

C % 0.8_‘

H S
c 0

pr.n [GeV]

The variation of the coupling modifiers can impact both the Cross Sections, the Branching Ratio and the
Shape - different tests can be performed with different level of model dependency
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k-framework: constraint on Yukawa couplings

Only the p shape can be modified The cross section and the p;" shape The cross section, the p;" shape and the

. Cross sections and BR are “free to float” can be modified Branching Ratio can be modified

* Intermediate approach with no * more assumptions

* less assumptions assumptions on the BR

* more stringent constraint

(o) T I T T T | T T T T T T ‘ T T T | T T T 3 o) CTTTT I T T 1T I LI LU | T T TT | LU | T T 1T LI o FrTTT ‘ T 1T | L LI I L | T T T | T T 1T T T T
¥ o5f + BestFit - ~ - + BestFit ] ~ E + BestFit 3
- ATLAS 7 68% CL. . 20 '_ATLAS ----- 68% CL. A 12:—ATLAS ----- 68% CL. ]
20-H—>Z2Z" > 4l 95% CL. = rH—>ZZ" - 4l 95% CL. ] 10-H— ZZ* — 4l — 95%CL. =
- Vs =13 TeV, 139 fo"! * SM ] [ Vs=13TeV, 139 o™ * SM ] - Vs=13TeV, 139 fo™ * SM ]
15 :_ Best Fit p-value: 0.10 _: 15 [ Best Fit p-value: 0.09 - 8 :_ Best Fit p-value: 0.10 _:
- ] r ] 6 =
10(- - 101~ - C ]
- . B ] 4 -
F E 51 g 2f :
o - - . = =
- ] 0 7 - ]
-5F = - ] —2E E
- . -5~ = -4 =
-10— - r 1 - ]
- ] 10:_ B -6 B
_15__I | 1 1 1 | 1 1 1 | 1 1 1 ‘ | 1 1 | | 1 1 | \__ _I 111 | | | I | | | | | | | | | 1111 | 1111 I 1 \_I _8:I 111 ‘ | - | - | | | | | | | 1111 | 111l I 11 I:I
-4 -2 0 2 4 6 -3 -2 -1 0 1 2 3 4 2 15 -1 05 0 0.5 1 1.5
Shape dependency become subdominant
Results from H->ZZ* -4l analysis with full Run2 - still sensitive to the sign!
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k-framework: constraint on Yukawa couplings

O QO T T T T T T T T T T T T T H .
.. . V) L o ]
This interpretation has been performed also on T oy N omaae wa ] Anomalous couplings can
combined differential cross section measurements 30fE-iatev 1w’ v oty 1 only modify the p;" shape
of the Higgs pr between H>ZZ*->4l and H->yy ook ]
decay channels i ] Including direct measurements
10/~ .
S 22 T T T 1 — - | VH(bb) and VH(CC)
o - ATLAS L H-oZZ* 3 o A T | S A B B
% 2:— H - ZZ* H - vy * H oy = - 1 ® - ATLAS % Standard Model ~ ----68% CL
% 1_8;_ Vs=13TeV, 139 b ¢ Combinat-ion . —; _10:_ _: S?CH—(;;Z,*\’/:(;) Y + g:;f‘;mbination —95%CL_;
JiB'_ 160 [ ] Systematic Uncertainty = C ] Gl Vs =13TeV, 139 fb" -
35 T Total Uncertainty ] C | e E ]
B 14F W0 MGS5 FxFx K=1.47,+XH = — 4 o 12 ab B
© A e e NNLOPS K=1.1, +XH . C ]
1'22_ o e XH=VBF+VH+{TH+bbH+tH - Kb o -
L= E ¥ 10LATLAS ok SandedModel - 68%CL ] o E
0.8_‘[#,_? '[*] — FH>ZZH >y A Obs.H -2z —95%CL | r 1
- | \ {r . 8[-Vs=13TeV,139f" ¥V Obs.H - yy - _oF 4
0.6H ﬁ —] - Shape + normalisation '# Obs. Combination 1 E E
045 g E % E 4 -2.47 <K, <2.53 @ 95% C.L.
- +++°++* . 4r . - R BRI B -
0.2 . = F ] 1 05 0 1
0 Gsssaadnnnnes geesses VASRARN NNNNNN Josssss Jrocece LMY gy | oml qu] 2:— E )
8 2F — ] 1] o~ = b
S 15k I ' i - ]
E\ 1= i em=o=t RO S e b-:---- T TS — -2 - . .
S os5- e aF 3 Anomalous couplings can modify
= 0 10 20 30 45 60 80 120 200 300 650 13000 _65_ 1 also the cross section and BR
py [GeV] 15 1
Kp
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k-framework: vector vs fermion couplings

Production cross sections can be used to put constraint on the Higgs Universal coupling strength modifiers

boson couplings modifiers Ky (vector bosons) and k; (fermions)
e Parametrizing the cross section as function of the k we can s
extract constraints on the relative modifiers - ATLAS Preliminary  * SM
Combined to increase L H - z7* — 4 —Xprung
= — —
% = > B — Exp Run 2+3
H->ZZ*-54] Run 2 results the statistical power 2:5 [ 13Tev, 139 " + Obs Run 2+3
1 - 136Tev,56f07" 68% CL.
ATLAS iy : [ SMpvalie=792% "\  —95%CL.
Ho 22 o4l e H->ZZ*->4l Run 3 results 2 N
ProductionMode-|yH|<2.5 1 T2 7478 1.'sN/N LA I s L ) N L ) BN S B B B
—#— Observed: Stat+Sys SM Prediction " ATLAS Prellmlnary

[m] Observed: Stat-Only p-value = 91% —&— Observed: Stat +Sys |

| I | | I I | I | I I | | | I I | I | I I |

w8, T HoZZr4l, ly | <25 ]
w| e r0s v 10580 | 5=13.6TeV,56f" «  SMPreden | 1.5
VBF I . 110+40  920%2.0 | B B [fb] (0B, [f6] _| :
i — o we | " 18 17042 JL {
e . A VBFAVH % , <162 154 % - N\
Inclusive Eia 1340+120 1330+ 80 (95% CL) — |, T
1 2 3 4 5 9gF . 1330*2° 1270+ 90 i
GB/(GB) e e e e _ 0 | | | | | | | | | | | | | | | | | |
s Inclusive - 131072° 1400+ 100 %8 0.9 1 1.1 1.2
1 I 1 1 1 I 1  § 1 I 1 1 1 I 1  § 1 I 1 1 1 I 1
0 2 4 6 8 10 . . .
First Run 2 + Run 3 Combination k',
(5~B/(0~B)SM
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k-framework: independent couplings

Production cross sections can be used to put constraint on the Higgs  Generic parametrization with coupling strength

boson couplings modifiers modifiers for W, Z, t, b, c*, T and p treated
- : : independentl
e Parametrizing the cross section as function of the k we can — ...,.lp | Y
. . .o S>> - _|
extract constraints on the relative modifiers . |§’ jL ATLASRun2 ]
< = =
. . — — i K¢ = K¢ _
Production Mode cross section measurement can be 5 FF kisates paramets: -
performed in different Decay Channels and then Combined E|§ 10 2 SM prediction 5
~ — ]
ATLAS Run?2 ke Data (Total uncertainty) [ Syst. uncertainty ¥ sM prediction 1072 = N =
T | T T T T — T I — - Leptons Quarks 2
4 B Vel Vu| Vel U -
TR RRANE S 2ongy |
H &1 = - — E
> P Force carriers Higgs boson ]
% P ¢ * + 104 | cl | El —
b é wi—' El k> 1'4__|_III| T T IIIIII| T T IIIIII| T T IIIIII| I__
I?! HzAH . . S 12F ]
HAZH & &b i
. 5% 1 1: = -
| ] | ] | | ] ] | | ] 1 I | B i i 7
0 1 2 123 4 0 1 2 1 2 3 0 1 2 01213 4 O 8 - } ]
bb WW TT ZZ }/}/ #ﬂ - SRR 1 Lol 1 Lol 1 il [

10 1 10 10°
Particle mass [GeV]

¢ x B normalized to SM prediction

QMUL Seminar Chiara Arcangeletti 37



-ﬂ 180 C I
- ATLAS ; 3::;5 (125 GeV)

Pseudo Observables Broo 002 =

14(Q 115 < m, <130 GeV B Zijets, tt
. . . . - VA Uncenaiqty
Study the effective coupling of the Higgs boson to the SM gauge bosons using the 120 & = 7
invariant masses of the two Z my, vs. m,, distribution ob o
* From amplitude decomposition the most interesting terms (assuming CP-invariance) are: 80 .
’ . o 60 :— e T R
Fff’( 5 2) €7f gg N €z gé * kzz ~ coupling modifier : ¢
1 41,49 - ) ) B} : 40
m2 Pz(¢2)) |\ m% Pz(q?) only poss@le sou.rce of
flavor non-universality! 20
0= : : : :
Momentum expansion around physical pole Pz(¢*) = ¢* — m, + imzI'z Bin0  Bint  Bin2  Bn3  Bind
7 — my, vs. My,
; 5 parameters can be studied: Kz, €z¢1, €715 €zerr Ezpr
f - & 7T S Em_E—_—_—_—_—_— - N
” Projection on my, integrating on m, for BSM values of the parameters \
PZ (q I 0.20 T T T T T 020/~ > P 2 ' ) :
I . “U. 0.15f
h kzz | i (1’0 5' 0 5‘0’0) ] (1,0,0,0.5,'0.5) :
I E 0.10 E 0.10 11
—1 | < < |
Pz (qg) | I 4 ] | 11
. . / |
kz; is the coupling ! is the contact term I /L :
to th? hZz vertex of the Z boson with 7 | G 2 % % © e R » w0 % % %
(=1in SM) P leptons (-0 in SM) N e i G. Mancini e /
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Pseudo Observables: Run 2 results

Different scenarios have been investigated with Run 2 analysis

Lepton Flavor Universal scenarios Lepton Flavor Non — Universal scenarios
Linear EFT — inspired Contact Terms Vector Contact Terms Axial Contact Terms
Assume Higgs as part of a doublet No assumption on &z and ¢, No assumption on ¢,and &, No assumption on &, and &,
&r ~0.48 ¢ Assume g, = & Assume & = &g Assume & =- &g
N 2.5 T T T T T T N A A A R R RARAN AR RN 025 g O LAY ALY LALRN RS R ]
2% amas rmn | Y og amas s || S amas romn | S ATLAS s
20H > 22 > 4 — 95%CL. E [ H—>2ZZ* >4l — 95%CL. ) 020y L7z 4 — 95%CL. E I FH—ZZ" -4l — 95% L. ]
C Vs=13TeV, 139 1o x SM ] - Vs=13TeV, 139 1o * SM N [ 5=13Tev, 139 0" * SM B 80-06/ s - 13 Tev, 139 b * SM E
1.5 Best Fit p-value: 0.64 ] 0.6 Best Fit p-value: 0.66 ] ~ 0'15: Best Fit p-value: 0.73 7 & [ Best Fit p-value: 0.86 ]
r ] : r 5 0.04_— ]
- L 0.1— ] C ]
- 0.4~ - - ] 0.02[~ -
5F I 005} = ob- E
0.2/~ B of - _0.02[- E
. o:— ] -0.05[~ _ —0.045— —
i ; 0.1 11 % E
_15: | 7 _0'2‘_|\||,‘|‘,HM||\|\|\|‘|I|\|\|y|\|||\|\_ _01 :\\II|I\\I|\\\IlI\\Il\!\lll\\ll\l\lll\l:l _O.Oa;llll\l\l‘\I\\I\I\Il\lllllllll\l\\I\I\\l\ll\lllF
©7204-03-02-01 0 01 02 03 0. ~05 —04 —03 -02 -01 0 01 02 192015 201 005 0 005 01 0.15 -0.04-0.03-0.02-0.01 0 0.01 0.02 0.03 0.04 0.05
€ € (SZHL = SZHR) (gZuL = _EZHR)
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Effective Field Theory

A powerful tool to interpret results in terms of New Physics without assumptions of the underlying theory (or just
partically) & Perturbative expansion of the Standard Model Lagrangian adding new operatore suppressed at a

new high energy scale /A
Wilson coefficients (free parameter

of the theory) - constrained from
@ @ the experimental measurements
Z L(n) —  Lgpr = Lsm + ‘ e

LE

n

Operators from SM fields
with higher mass dimension
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Effective Field Theory

A powerful tool to interpret results in terms of New Physics without assumptions of the underlying theory (or just
partically) & Perturbative expansion of the Standard Model Lagrangian adding new operatore suppressed at a

new high energy scale /A
Wilson coefficients (free parameter

- of the theory) = constrained from
the experimental measurements

Sl = Lepr = Lsu +

n

Operators from SM fields
Dimension-5 (and Dim-7) operator with higher mass dimension
violates the Lepton (and B-L) Number

— neglected because suppressed by

previous experiments

Standard Model Effective Field Theory (SMEFT) Lagrangian

i (6) Leading contributions of
LsmerT = Lsm + Z pOz‘ New Physics are from
: dimension-six operators
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Effective Field Theory

A powerful tool to interpret results in terms of New Physics without assumptions of the underlying theory (or just
partically) & Perturbative expansion of the Standard Model Lagrangian adding new operatore suppressed at a
new high energy scale /A

Standard Model Effective Field Theory (SMEFT) Lagrangian

&
LsmerT = LM + Z FO"(G)

CHG. N\ =imemimmns H
g
(a) (b)
g H g t Production modes and H->7Z*->4l| decay
e ' channel are sensitive just to a subset of all
CHBW, CuH S : | . ..
e t the Wilson coefficient
q W, Z g t — ~ =
4 CP-even CP-odd A
) @ Operator ~ Structure Coefft. ||| Operator ~ Structure Coeff. (©) (@
Z Oun HHquurﬁ CuH Oun HHTc_j!,urﬁ CiH 7
/ Ong HH'G4,G"*  cpg ||| Oys HHT@;‘VGWA CHE
HW » v v Caws
H------- CHBW Onw HHTW}WW” ' ocnw OHW HHTYYII'VWM : ‘HW H------- Cng’
CHE Oue HH'B,,B*  cpp || Oys HH'B, B*™  cyuj e
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Effective Field Theory in Run 2

STXS measurements give enough sensitivity to probe anomalous Higgs boson couplings in EFT
framework

Parametrize the STXS cross _ _— N\ \

sections and Branching Constraint CP-odd couplings

Ratios as function of the Constraint CP-even couplings (not sensitive to the sign)
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Effective Field Theory in Run 2

STXS measurements give enough sensitivity to probe anomalous Higgs boson couplings in EFT
framework

Parametrize the STXS cross
sections and Branching
Ratios as function of the

—

Constraint CP-even couplings

\

Constraint CP-odd couplings
(not sensitive to the sign)

Wilson coefficients r N ™
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Conclusions

Cross section measurements to study the Higgs boson couplings with other Standard Model particles
and to probe possible New Physics phenomena

* Presented results from full Run 2 analyses and preliminary picture using Run 3 dataset

Experimental Data Observable Measurements Lagrangian parameters
ATLAS

EXPERIMENT

More Run 3 data coming,

Stay Tuned!
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Thanks for the attention



Pseudo Observables: Prospects

Constrain PO using also EW production modes - probe new PO Kzz, Kww, €zut, €zdL, €zurs €zdRs EWuL Prospects for Higgs PO in EW
production @ the HL- LHC

arXiv:1512.06135

* VBF: double-differential distribution on p{! vs p{? to access the F(q,%,9,?) A .
k
+  ZH (or WH): differential distribution of pZ or myy, ~ g2 S s s S
[ 4
VBF @ 13 TeV LHC: Z' model R s anaans S N s
1-0'M§,=700 R - —— — dd->Zh 0 0.5 1. 15 2
—HPO /N A T I R ]
i . == HPO linear 1
0.5 o BY; L TR R
T F---+ F--1
R [
& 0.0 & 0.10} — : i s e
B S ——
—0.5' “““““ | 1 F €z -+ | ——
""""" Z' model — 0.01¢ T Tm——el
HPO —— — T
N HI.J.O.I{”?‘.ZF. s Mz =0.7TeV, I7=100GeV, g.;r=0.367, g,r=0 €2dR - e
-1.0 -05 00 05 10 200 300 400 500 600 700 800 900 E Y v R
8dR mzy, [GeV] EWuL T
- Define fiducial volume targeting specific production modes can improve sensitivity -003 -002 -001 0. 0.01 002 003

QMUL Seminar Chiara Arcangeletti 40


https://arxiv.org/abs/1512.06135

The Higgs boson Mass

H—>ZZ*->4l and H->yy are the most sensitive channels

Clear signature final states

High mass resolution 1-2 %

Main uncertainties: Electron/Photon energy scale and Muon momentum scale

Combination of the two channels and of the two runs lead to the most precise

measurement of the Higgs boson mass!

Phys. Rev. Lett. 131 (2023) 251802

< 12 T | T T T I T T T T T T | T T T I T T T
£ . ATLAS —— H-ZZ*Run2
(\Il | —— H->yyRun2
10-H->ZZ*, H-> yy Combination Run 2
| Run2:{s=13TeV, 140" =~ Stat-Only

8_

L1 1 | | | | I L1 1

| | 11 |

[N R R N R S R
0

T

T | T

T

T | T T T T I T

ATLAS e+ Total Stat. only | Combination
Run1: /s =7-8 TeV, 25 fb~!, Run 2: /s = 13 TeV, 140 fb~!
Total (Stat. only)
Run1 H — y I L 1 126.02 + 0.51 (+ 0.43) GeV
Run1H — 4/ ; ! 124.51 + 0.52 (+ 0.52) GeV
Run2 H — vy o 125.17 + 0.14 (+ 0.11) GeV
Run2 H — 4¢ I—O—II 124.99 + 0.19 (+ 0.18) GeV
Run 142 H — v 125.22 + 0.14 (+ 0.11) GeV
Run 142 H — 4¢ 124.94 + 0.18 (+ 0.17) GeV
Run 1 Combined e 125.38 + 0.41 (+ 0.37) GeV
Run 2 Combined I—O:—I 125.10 + 0.11 (+ 0.09) GeV
Run 1+2 Combined e 125.11 + 0.11 (+ 0.09) GeV
R T . T R TR
123 124 125 126 127 128

my [GeV]

1246 12438 125 1252 1254 1256
m,, [GeV]

my = 125.11 + 0.11 GeV

0.09% precision achieved on this
fundamental parameter of the Standard
Model of particle physics.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.251802

The Higgs boson CP structure

In Run 1 analyses aimed to assert that the Higgs boson is CP-even

Eur. Phys. J. C75 (2015) 476

ATLAS
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——————— Expected
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Test of fixed spin and parity hypotheses

e Using kinematic 4-lepton information

 JPMELA or BDT to discriminate different
hypotheses

* JP=0* compared with alternative spin
models - non-SM hypothesis excluded with
at least 99.9% CL in favor of SM Higgs boson
with Spin/Parity O**

Investigation of mixing CP-even and CP-odd
state looking at HVV tensor structure

* First use of the Optimal Observables...
* EFT model based on Higgs Characterization

In Run 2 the focus is mainly on production modes
rather than decay only.
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------- 95% C.L.
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https://link.springer.com/article/10.1140/epjc/s10052-015-3685-1

The Higgs boson CP structure

Looking for signs of CP-violation in the Higgs sector arxiv:2304.09612

Study the coupling with vector bosons (HVV) both at production
level with Vector Boson Fusion (VBF) production and at decay

level in the H>ZZ* >4l decay

q

q

q

W, Z
- H
W, Z
q

VBF - high Q?
process BSM
effects expected
to be higher

Use of observables optimized to
discriminate different CP hypothesis

Rate cannot disentangle anomalous
CP-even or CP-odd effects,
observable shapes does

—> Matrix — Element based variable
called Optimal Observable (0O0)
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