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Introduction Sk OO
« Special place in the SM of particle physics - the - T i r[‘uj
only fundamental spin-0 particle in the SM

 Responsible for the mass generation for the

vector bosons (spontaneous symmetry breaking) _I_ 2 Q;? '7U = R é\ o

and the fermions (Yukawa interaction)

* Discovered in 2012 at the LHC, 11 years later:

= (Observed couplings with vector bosons, 3rd —_
generation fermions, evidence for the 2nd + (.}/‘ a & t?} ~+ L, i
generation ‘j Y

= Higgs precision measurements

= Probing the production of HH "‘" (:D #’[Q T V (¢)
¥,
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Introduction

« Special place in the SM of particle physics - the
only fundamental spin-0 particle in the SM

 Responsible for the mass generation for the
vector bosons (spontaneous symmetry breaking)
and the fermions (Yukawa interaction)

* Discovered in 2012 at the LHC, 11 years later:

= QObserved couplings with vector bosons, 3rd
generation fermions, evidence for the 2nd
generation

= Higgs precision measurements

= Probing the production of HH
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This talk: summary of Run 2 measurements from ATLAS and CMS

UH
Aliya Nigamova (UHH) | 34th Rencontres de Blois | 15/05/2023

ATLAS
CMS 138 fb~' (13 TeV)
_I 1 I 1 1 1 UL I ) 1 1 LI I 1 1 1 UL I 1 ”_-
: m,, = 125.38 GeV W Z',:E"' :
O"'
b B
i T .87 -
o"‘ ]
i Vector bosons
i Third-generation fermions
E ;
: i"" § Second-generation fermions
i --- SM Higgs boson
:_ 1 I 1 1 1 L1 111 I 1 1 1 L1 111 I 1 L 1 L1 1 11 I _:'
1 I.. 1 1 1 UL I ) 1 I LI I 1 v i on TR :
bk RECELCECEEPEPTCRCREREPITE (EEL TR REP I I REREY 1.00F---kf-o--g--- ~
3 ¢ 0.95 t _f
:I | I | | | . 1 111 I | | | ] 1 1 11 I ] | | P 1 111 I
1071 1 10 102

(2202) 89—09 ‘209 @inieN



https://www.nature.com/articles/s41586-022-04892-x

Overview

|. Yukawa term, couplings with vector bosons:

« Measure BR, x - framework, CP-structure,
cross sections (fiducial, Simplified Template
cross section)

g too000)
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Overview j/ - 'k f F FV
p— - 4‘

ll. Higgs potential: Higgs mass, self-interaction

 Limits on HH production cross section, Y o~—
intervals for K, K,y A

g coo , H
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Overview j/

lll. Search for the signs of BSM through the EFT
formalism (e.g. SMEFT)

* Introduce contact interactions and model

|
them as additional terms in £ ~ (d=6),

— measure C; modifying effective vertices:

q q
E:
W@ H

- g q

HG

g q W, ¢
P
q "~ H -+
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Overview e F o

|. Yukawa term, couplings with vector bosons:

« Measure BR, k - framework, CP-nature, cross

sections (fiducial, Simplified Template cross
section)

ll. Higgs potential: Higgs mass, self-interaction

 Limits on HH production cross section,
intervals for k;, K5y,

lll. Search for the signs of BSM through the EFT
formalism (e.g. SMEFT)

 |ntroduce contact interactions and model them

|
as additional terms in £ F (d=6), —

measure C;
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SM Higgs production and decay @

Production modes and decay channels of H(125) at pp 13 TeV @LHC.
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— | 1 (4310 QDS 8 2 10" =
X e 18 T Fw =
+ ~ m - _
1 105_ E | cC B =
u - Y4
1 - LO EW) - 102 |- —
o qaH (NNLO qcb + s = -
- pp’> - — _
= \L0 QCD + NLOEW) ‘ - .
o 1L ~>WHWN L0 EW) = ]
- . pbH (NNLO QcD inSES: N 10 = Zy E
B PP W) 7 u -
I QCP O ] - _
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i | My [GeV]
- 1 - Best sensitivity achieved by balancing large couplings in the initial (final)
2L _ . . . . L
10 I A | | | | E state with clear signatures in the final (initial) state.
I | [ 11 1 [ 1 1 1 [ 11 1 [ 1 1 1 [ 1 1 1 [ 11 1 _l
6 7 8 9 10 11 12 13 14 15 _ Taking car of complicated backgrounds (final states with jets)

/s [TeV]
- Gain sensitivity from new analysis and jet-tagging methods (ML)
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Higgs boson properties



nggS mass measurement Most precise channel: H — ZZ — 4l final state

ATLAS: Combined Run 2 + Run 1 measurement

o
% ATLAS —e— Total
) H—> Z7Z* - 4] Stat. Only
() | | . Onl
— | Vs=13TeV, 139 fb" Sys. Only
- - -
Q\
<; 4e 124.51+0.73 (+0.73 Stat.)
Z | _
©, | 2u2e 1 125.33 + 0.50 (* 0.49 Stat.)
2e2u 125.01+0.29 (+0.29 Stat.)
4 s 124.93 + 0.29 (+0.28 Stat.)
Combined i 124.99 + 0.19 (+0.18 Stat.)
Run1+2 F—e—i 124.94 + 0.18 (+ 0.17 Stat.)
Lo o b llllll
123 124 125 126 127
m,[GeV]

CMS: Combined H —» ZZ — 4l with H — yy
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2016 H— ZZ— 4l

2016 Combined l-'
a
I

Run 1 + 2016

Run 1: 5.1 b (7 TeV) + 19.7 fb™" (8 TeV) —— Total Stat. Only
2016: 35.9 fb' (13 TeV)
Total (Stat. Only)
Run 1 Hoyy —— 124.70 £ 0.34 (£ 0.31) GeV
Run 1 H— ZZ— 4l —— 125.59 £ 0.46 ( £ 0.42) GeV

Run 1 Combined 125.07 + 0.28 ( + 0.26) GeV
2016 H—syy H—— 125.78 + 0.26 ( + 0.18) GeV

= 125.26 + 0.21 ( £ 0.19) GeV
125.46 + 0.16 ( + 0.13) GeV

125.38 + 0.14 ( + 0.11) GeV

122 123 124 125 126 127 128

129
m,, (GeV)

Similar sensitivity with partial Run 2 + Run 1

(stay tuned for the full Run 2 update)
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https://arxiv.org/pdf/2207.00320.pdf
https://arxiv.org/pdf/2002.06398.pdf

Higgs width measurements ATLAS |
' - ~-shell gzg?l ff-shell
Can be accessed through the ratio of on-shell and On-shell _ op&d u_ = O she gpgd o< u Iy
] - e I p p
of-shell production cross sections: H
2 TTTI]TITIIIITT[TTTI[TIITIITTTITIIIIIITTL CIMSI : : | : : : IS14|-OfIb-1I(13ITIeV)
c [ ATLASPreliminary ~~ ggzgtyf ony 1 14/ — 212v+4] off-shell + 41 on-shell  —
N -
' 20_—On + Off-shell combined ----- Exp-Stat. only B - —— 2I|2v off-shell + 4| on-shell 1 =
- 13 TeV, 139 fb” — BeSys - 121~ — 4l off-shell + 4l on-shell - =
~ Obs-Stat. only: 1. 1_06 Exp-Stat. only: 1 Ojg‘; 7 i 1
Obs-Sys: 1.1°° Exp-Sys: 1.0° )0 i i Iy
15__ TS os Y F, 7 10 Observed — ﬁ
N (41 + 212v) (off-shell) + 41 (on-shell) | [ Expected ] s
2 ! ] _CI 8 — “A
= 5 _ A GH2.6 ] = °I __ 1 n+24 1w
< 10 [ =4.675 MeV : < ['y=232"777 MeV N
% _ | 1T
N . i} ] oW
= A _ J] C_&J
X s
: 95% CL 1R
o 1=
I AT TN TN 589% OL N
O 05 1 15 2 25 3 35 4 - ]
I‘l-/rﬁM | | | | 15
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https://arxiv.org/abs/2304.01532
https://www.nature.com/articles/s41567-022-01682-0

Higgs couplings
measurements




Couplings summary
from ATLAS

* Full Run 2 for all single Higgs

production and decay channels “1.15
 Summarised in [Nature 607, 52-59 (2022)]
1.05
- Precision of 10-12 % for H — vy, 1 00
ZZ, WtW=x, 1+1— couplings 0.95
- Production processes: ttH, WH, ZH ;4
individually observed 0.85
* Inclusive sensitivity: 0.80
o X B)°”
//t=( ) =1.05%=0.06
(6 X B)exw

Nature 607, 52—59 (2022)
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4 Observed best fit
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- A TLAS Run 2 Observed 68% CL
_ Observed 95% CL
= A SM prediction —
— + -
- L L L1 L =

0.95 1.00 1.05 1.10 1.15
Ky
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EXPERIMENT &
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'- |
. o ATLASRun?
b
o Leptons Quarks
- ._._
- Ve I V,u Ve u C g _
D . oD -
B Force carriers Higgs boson ]|
H
i ;j_q —— Bmv.:Bu.:O |
i --m- B, free,B, 20, k,<1
SM prediction
[ |
= o = Parameter value not allowed
.
——————————————— e oA R |
P B B I T N T | I |
0.8 1 1.2 1.4 1.6
68% CL interval
| [ ]
__________________________ 1
R CEE P L P PR 1
: | N I N
0 0.05 0.1 0.15 0.2
95% CL limit


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

Couplings summary
from CMS

* Full Run 2 for majority of single Higgs

production and decay channels N
. . . 1_05— ----- *]] ----- {l] -1.00-']}—--- ‘ ----- {l] ----- {ll---too-lll—-—i
 Summarised in [Nature 607, 60—68 (2022)] gg: I N
04f | | | :
- Precision of 10-12 % for H — vy, ZZ, 20 F ; ; -
W=W=  1*1- couplings 1.5 F ]
2 ---=-- SRR 1 YN || F.00- T4l - -
- Evidence of H — uu decay ;: ¥ I lﬂ] w Iﬂ E
* Inclusive sensitivity: ) S — S
20 F ' i ' b -
(6 X B)ObS 1.5_— W 1.05 | -1.05 _g
U= = 1.002 £ 0.057 < iy w-t-fH
((5':>< jE?)ész’ 0.5 } 0.95 -0.95 €
0 . . .
1.4 T 1 | ! {ﬂ] ' E
1.2 .05 -'1.05 _:
1.0 : --------------- 41 1.0frl|}—-- ------------------- _-1.00-Ii]--:;
® E;g;_ ﬂn 0.95 098 é
0.4 ;_ m‘ 0.90 j0.90 _g
0.2 F E
° & o‘\\ & \\3\0 ¢ Observed (stat ® syst) | Stat
O.\c,oo Q\QQ\ «\.\\@Q(b Y [ Projected (stat ® syst) | Syst
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https://www.nature.com/articles/s41586-022-04892-x
https://www.nature.com/articles/s41586-022-04892-x

Higgs CP (H — 77) ATLAS (o

Parametrise CPV with effective Yukawa Interaction : Zyy = keypy(cos a + iys sin a)y;

CMS Simulation 13 TeV
=’ - T 1 1 I L I L L I T 1 I T |
< = CP even -=== CP odd )
0.1 == CP mix JLIEY Z —
N - Hrtt i
S L. 2 .-
N i .’Q L 4 . 0.‘ i
S 0.08— ‘., R
Q\ = Ry ¢ _
L\O/ :‘. t‘ "
o — . . ’ B
0 S . . _
LL] N . .
E 006 _i! “ '0' T
0.04 =
0001 - - Neural network based 7 reconstruction
- - - Additional MVA (BDT) for classification
: 1:+1:- —> n"'n- p_rl_>33 GeV : .
| I O | I | I I I | I O | I | I I I I I | | I I — Observable: ¢CP X BD)T to Improve

o

60 120 180 240 300 360 o
¢, (degrees) sensitivity to CP-odd vs. CP-even
P
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https://link.springer.com/article/10.1007/JHEP06(2022)012

Higgs CP (H{ — 7)

Parametrise CPV with effective Yukawa Interaction : Z iy = Ky (cos a + iys sin @)y

-Aln(L)

HIGG-2019-10
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~ ATLAS Preliminary —— Observed: 5 = 9+16° (68% CL)
- Vs=13TeV, 139" ... Expected: & = 0+28° (68% CL) 1
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CMS 137 b~ (13 TeV)
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N --- Expected: 177 =0+£21°(683%CL)  —
L 97% _
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Compatible with CP-even hypothesis
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-10/
https://link.springer.com/article/10.1007/JHEP06(2022)012

Higgs CP (H—ff)

Parametrise effective CPV with effective Yukawa Interaction :

CPVin ii1H — bb

C """"""""""" o \l
f=  ATLAS Preliminary 1| - 35 =
n s =13 TeV, 139 fo! | . §1|
- 1| —30
< - 1| Z
~  F 1l 2
S m =
o ¥ Jdl
cC*)) [ |l 2
N O o e
= L Al -
S0 1115 g t
© 4L F = Q000000000 -
i - _ \
217 % Bestfit a=11", x/=0.83 | P R H
- % SMCP-even: a=0",k;=1 - A
i CP-odd: a=90", k; =1 _
- Y T S S S Q00000000 - —
3 ~1 0 1 S t

ATLAS

EXPERIMENT £\ |

Z i = KrYrpWy(cos a + iys sin @)y
CPV in //H — multilepton

CMS 138 fb™' (13 TeV)

lllllllll | | | | | | | | | | | | I | I |

W 150 :
“ 1.5 [ H — Multilepton

- [ JH—yy/zz

1~ [_]H — Multilepton/yy/ZZ

0.5

[168% CL
---------- 95% CL
+ Bestfit
¢ SM expected

| | | | I | | | | I | | | | | | I | | | | I |
-1.53 05 0 05 1 1.5

K4

Compatible with CP-even hypothesis
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https://arxiv.org/abs/2303.05974
https://arxiv.org/abs/2208.02686

CPV in HVV coupli ngs ATLAS |2

K, g2+ K, " g2 ) «(1) 7
AMHEVV) ~ |aVV + 51T B2l 2 e ero 4 ayy D @ g gVV gD pr@pe

@)

CMS 138 fb™' (13 TeV)
2 _I 10 :l | I | I | | | | I | I | I | I | I [ I: O
fas = =i sgn (a—?’) S 9f Tt + 4l 1 5
. Zy — - - 2
a1 201 + |ay|?05 + |ag|?05 + K1 |01 + |K] |2‘7A1 “ < - —— Observed - GI)
o\ 8- Expected ERS
I - 1 S
- - o
MELA observable: use event kinematics, 7F 4 <
=results in significant improvement in sensitivity 6 -
5F
4 - 95% CL -
3F =
2 - =
- 68% CL ]
1 .
:l Ll I L1 1 I L1 1 I L1 1 | | I~~I‘~J 4 L1 1 | L1 1 | L1 1 | |- l:

0
-1 -0.8-0.6-0.4-02 0 0.2 04 06 08 1
fggH
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https://arxiv.org/pdf/2205.05120.pdf
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Higgs CP (SMEFT)

Parametrise CP-odd effects by
expanding the SM with dimé SMEFT
operators

LsmerT = LsMm +Z — O (©)

Optimal observable constructed :sgi
based on the BSM/SM matrix 12
element ratio (back up) T

SMEFT is considered for production 8,:
and decay processes ol

Results from H —» ZZ* — 4l analysis 45
combined with the measurementin 5

H — 77 channel

p-value SM: 37%

Operator Structure Coupling
Warsaw Basis
g TAW I vi —
g T+ LW I 14 —
- TDR 14 ~
Higgs Basis
- AUV ~
Onzi hZ,vA Czy
. ALV ~
Onai hAuyA Cyy
14__| R D étatonly T 11
. ATLAS — With systematics
B *x Al e - Expected combined
- H>ZZ2" -4l Observed production
- Vs =13 TeV, 139 o' e === Observed decay

||||| Observed combined

95% CL__
...................... Go%CL |
| I | |
4
C -~
HW
(b) c ;3
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arXiv:2304.09612
Expected: Stat+Sys
A TLAS —— Observed: Stat+Sys - this result
H— ZZ" — 4] A— Observed: STXS

Vs=13 TeV, 139 fb™
SMEFT CP-odd couplings

—%¥— Observed: Hyy
—k— Observed: Hyy + Htt
®— Observed: CMS

BestFit  68% CL
g oos Toasom
* 000  [-0.37,0.37]
B 0.06 [-0.22,0.09]
_______________________________________ iy
A 0.00  [-0.69,0.69]
P— 025 [-0.82,0.31]
............ —— oo Toorieer
A A +0.60  [-1.50,1.50]
L ¥ 026  [-0.15,0.67]
o 023 [-0.75,0.28]
o ... T e
R x10 001 [-001,003]
1 0 2 3 4
Parameter value
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https://arxiv.org/pdf/2304.09612.pdf

Cross section
measurements and
Interpretations




Cross section measurements TLAS

|. Fiducial differential measurements

- Define fiducial region to minimise acceptance effects (A ~ 1), i.e. try to match

. . NTeco
experimental selection 5 =
- Differential: Unfolded to particle level kinematical variables py -, m; ... (A X 6) 1
II. Simplified template cross section (STXS)  Stage 1.2 _
- Aim to separate BSM sensitive region
pr [0,200] pH [200, o]
- Reduce the dependence on theory Py
. . . . : : ) 200
- Bins based on kinematic variables o L= = Tet = 2et -
H
]vjets’ pT’ mjj - ggF, VBF, ttH . | m; [0, 350] m; [350, 0o] . 450
vV g 353(;
]vjets’ pT - VH - 650
60 700 0
0.15
120 1000 pgj/pf_,f!
1500
2OOO 25 oo Hjj o0
Pr—p 25 0
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H— yy @13.6 TeV

New: First Higgs measurement @13.6 TeV from
ATLAS inclusive cross-section measurement in

H — yy channel

90
80
70
60
50
40
30
20
10

0

1 [Pb]

pp—
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ATLAS Preliminary

¢ Combined H—yy + H—>41

\s=7TeV, 4.51b'
Vs =8 TeV, 20.3fb'
Vs =13 TeV, 139 fb'
Vs =13.6 TeV, 31.4 b’

1 I 1 I I 1

— SM o (pp—H, m, = 125.09 GeV)
QCD scale uncertainty
' Total uncertainty (scale ® PDF+«.,)

I 1 1 1 I I 1 1 1 L] l I 1 1 1

I"»lllllllllllllll

<

-lllllllllllllllllllIlllllllllzz“l\.z'

1 I 1 1
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ATLAS Preliminary ¢ Data

\s=13.6 TeV, 31.4 fb" —gqtal ?dg f
— Signal p

A=yy ... Bkg. pdf

Illl IlllllIIIIllIIlllllllllllll

110 120 130 140 150 160
m,, [GeV]
Source Uncertainty [%0]
Statistical uncertainty 14.0
Systematic uncertainty 10.9
Photon trigger and selection efficiency 6.7
Background modelling (spurious signal) 6.0
Photon energy scale & resolution 5.5
Luminosity 2.2
Pile-up modelling 1.1
Higgs boson mass 0.1
Theoretical (signal) modelling <0.1
Total 17.7
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https://cds.cern.ch/record/2853060

H — bb final state

ciy [x 10.0]
C,, [x5.0]

Cyw [X2.0]

CS(: [x 10.0]
C,, [x5.0]

Cyw [X2.0]

ATLAS-CONF-2021-051

ATLAS Preliminary Vs =13 TeV, 139 fb”
—68% CL ---95%CL VH,H —bb, A=1TeV
e Best-fit, observed

m Resolved (EPJC 81 178)
Boosted (PLB 816 136204)
m Combination

Linear parameterisation

lIIlIIlIlllIIllll'llllllllllllll

-3 2 -1 0 1 2

Parameter value

ATLAS-CONF-2022-015

£ 12t N - ]
= . ATLAS Preliminary — SM prediction
2 ol (s =13 TeV, 139 fo’ ¢ Data
$ : Statistical unc.
7)) i .
@ of [ Systematic unc.
i) Tot. (Stat., Syst.)
.(ls i 5.5 +4.3 ,+26 +3.4
(5) 6r 9 39 (1261 29 ) -
O | SM pred. 5.8 + 0.3 fb
i®)
L o
o 4 -
X I Tot. (Stat., Syst.) ]
I Eﬁ 19792 (47 )
| SMpred. 1.5+ 0.1fb |
|

150 GeV < ET™** < 250 GeV

ET®® > 250 GeV

miss

Particle level E; ™" interval
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EXPERIMENT &0

CMS-HIG-20-001

CMS Preliminary 138 fb' (13 TeV)
: | | I I | | | I I | I | | I I :
: - = Expected L ]Th. Unc. ® Observed = Total unc. = Stat unc. :
| ZH — li(vv) bb WH-—Ivbb  _
I romcmmccn ]
= e it it ___?___ E
_ | =T )
i
i | ] | l | | I | | | | | | |
- I I I * ' * :
: * t | { | * | :
s<pre S50, V 15 s 150 o <o 250 % <0, Vprz 0 Ge,, 150 <0, 25, oo, b e,
e 0 e 1 e e e

| atest status of the measurements in the VH — bb channel:

« ATLAS: V(H — bb) fiducial, H = bb resolved + boosted combination

(SMEFT)

e CMS: released full Run 2 STXS results
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https://cds.cern.ch/record/2827421?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-015/

H — cc final state ATLAS |~

CMS-HIG-21-008

138 fb' (13 TeV)
L L L L Y

—e— Observed  ----- Median expected
B 68% expected
----- 95% expected

« Low H — cc BR and challenging to reconstruct CMS

* V(leptons)H production produces a cleaner
signature due to the lepton in final state Sy

Observed 14.4

+ Challenging backgrounds: V+jets and VH — bb  Mergedet

Expected 8.75
Observed 16.9

 Relies on c-tagging algorithms Resolved-jet

Expected 19.0
Observed 13.9

* Analysis includes resolved and merged-jet
topologies in CMS Epeced 128

Observed 18.3

« Leading limit on k. from CMS : 1L

Expected 11.5
Observed 19.1

1.1 < |k.| < 5.5 (|x.| < 3.4) 2L

Expected 14.3
Observed 20.4 il | I

0 S 10 15 20 25 30 35 40

95% CL limit on Mo — o
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/index.html
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H — cc final state ATLAS €S
 Low H — cc BR and challenging to reconstruct ArXiv-2201. 11428
(&) 30 U U B U I U B N B T T 1 T T 1 T 1
* V(leptons)H production produces a cleaner - - | AITLAS | | | | -
signature due to the lepton in final state 20— s =13 TeV, 139 fb” _
B - VH, H — bb/ct -
« Challenging backgrounds: V+jets and VH — bb 10:— e
* Relies on c-tagging algorithms - :
0__ (o _
* Analysis includes resolved and merged-jet - -
topologies in CMS _10E- -
+ Leading limit on k. from CMS : _202_ Observed 68% CL 0 SM ~
1.1 < |k.| < 5.5 (|x.| < 3.4) - Observed 95% CL  + Best-fit -
_30_...I....I||..I..|.I....I....I....I..._

+ ATLAS: 'k.<8.5(12.4)at95% % -2 -1 0 1 2 3

A
o

* Combined with VH — bb
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https://arxiv.org/abs/2201.11428

STXSinH->WWandH — 77

 VBF and ggH cross sections measured in STXS 1.2 scheme

« H—->WW cut based categorisation

« H — 77z DNN multi-classifier reduced correlations between

STXS bins, improved sensitivity

CMS

138 fb~! (13 TeV)

ZH(Z - leptons); p% > 150 GeV -
ZH(Z - leptons); p% <150 GeV -
WH(W - leptons); p¥ > 150 GeV -
WH(W - leptons); p¥ <150 GeV -
VH(V = jj); 60 <mj <120 GeV -
qqH; mj > 350 GeV; p{ > 200 GeV -

aqH; mj;>700 GeV; p¥ <200 GeV -

[arXiv:2204.12957]

qgH; 350 <m; <700 GeV; pf <200 GeV -
ggH; p% > 300 GeV -

ggH; 200 < pY <300 GeV -

ggH; =2J A

ggH; 1); 60 <pt <200 GeV A

ggH; 1); pY <60 GeV -

ggH; 0J 1

—EFAFp— ° = 0.06=00: b

w 0=0.17%313 pb

* 0=0.023*3313 pb
|
L 0= 004010 PO
0/Osm = —2.1753

0=0.22*31% pb

H—-WW

<4 Total unc.

@ 4 Stat. unc.
Theo. unc.

e ggH

e qqH

e VH

—-—- Standard model
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138 fb™' (13 TeV)

qaH: p!' > 200

qqH: =2 J, mﬂ>700 N

qqH: = 2J, m [350,700] N\

gqH: Non-VBF-topo

ggH

ggH: p: > 300N\

ggH: p:[zoo,soO] N

ggH: = 2 JN NP

ggH: 1J, p:n 20,200]1\: \

ggH: 1, p[60,120]| N\

agH: 1, p[0,60]

ggH: 0J P[10,200N\ N\ | ¢ ¢

ggH: 0J P:[0,10]

ggH:0J

3-2-1012 3 4

Ratio to SM
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i . .
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https://arxiv.org/abs/2206.09466
https://arxiv.org/pdf/2204.12957.pdf

H—WW final state ATLAS [

VBF Run 2 differential analysis, Powheg, Madgraph ggF Run 2 differential analysis, targeting many

predictions. SMEFT mterpretatlon observables, compared with Pythia8, Herwig
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' - o — , : Y
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https://arxiv.org/abs/2304.03053
https://arxiv.org/abs/2301.06822
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H — yy, ZZ final states (ATLAS) £ 12

« Combinations of differential H — yy and ZZ analyses, compared with different generators.

« Constraints in k. vs. K, plane are extracted [HIGG-2022-04]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-04/
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H—2Z final state (CMS)

CMS Preliminary 138 b (13 TeV) CMS Preliminary 138 fb' (13 TeV)
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ggF Run 2 differential measurement in kinematical observables, angular distributions and
ME observables

Compared with different predictions: generators, parton shower models
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https://cds.cern.ch/record/2858768
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https://www.nature.com/articles/s41586-022-04893-w

Towards global fits

« SMEFT combination including
- Higgs STXS
-  EWK measurements

EWPO (LEP)

 Complementarity of different
observables

 (Constrained 6 operators

+ 18 linear combinations

Observable Measurement Prediction Ratio

'z [MeV] 24952 + 2.3 2495.7 + 1 0.9998 + 0.0010
RY 20.767 + 0.025 20.758 + 0.008 1.0004 + 0.0013
R§ 0.1721 £ 0.0030  0.17223 + 0.00003 0.999 + 0.017
RY 0.21629 + 0.00066 0.21586 + 0.00003  1.0020 + 0.0031
Agg’ 0.0171 £0.0010  0.01718 +0.00037  0.995 + 0.062
Agi;: 0.0707 + 0.0035 0.0758 + 0.0012 0.932 + 0.048

A i;’ 0.0992 + 0.0016 0.1062 + 0.0016 0.935 + 0.021
Opaq [PD] 41488 + 6 41489 + 5 0.99998 + 0.00019
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https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf

Higgs potential:
di-Higgs Is essential

138 fb™' (13 TeV)

V@) = Sl + A + g

K/l —
Asm

Nature 607, 60-68 (2022) K,


https://www.nature.com/articles/s41586-022-04892-x
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k, from di-Higgs production ATLAS |2
g oo , H
Significant improvement wrt. projection studies in di-Higgs analyses, due to the Lo /
. . — . H
analyses techniques and particle identification. Combination of t b ~- - @K,
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https://arxiv.org/pdf/2211.01216.pdf

Nature 607, 60—68 (2022)
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HH production at CMS

95% CL limit on o(pp — HH) fb
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Multiple final states are already being probed:
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HH production at CMS

Multiple final states are already being probed: a
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Higgs CP (SMEFT) Operator _ Structure _ Coupling AAveDRONIZ - ATLAS [
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https://arxiv.org/pdf/2304.09612.pdf

H — cc final state
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/index.html

H — yy, ZZ final states

Channel Parameter Observed Expected
anne aramete 95% confidence interval | 95% confidence interval
H — 77% — 4f Kp [—-1.8, 6.4] [-3.3, 9.3]
K [-7.7, 18.3] [—12.3, 19.2]
H = vy Kp [-3.5, 10.2] [-2.5, 8.0]
K [—12.6, 18.3] [-10.1, 17.3]
Combined Kp [-2.0, 7.4] [-2.0, 7.4]
K [-8.6, 17.3] [-8.5, 15.9]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-04/

H—-WW final state

VBF Run 2 differential analysis, Powheg, Madgraph

predictions.

SMEFT mterpretatlon mcludlng CP odd operators

< 0.04p I | | | | .
8 - ATLAS ® Data B Powheg+Pythia8 E
S 0.035( - =
é C {s =13 TeV, 139 fb™ | Data Stat. Unc. A Powheg+Herwig7 N
?g_" 0.03F- VBF H—> WW* — evuy | DataTotal Unc. ¥ VBFNLO@LO+Pythia8 -
=) - ¢ VBFNLO@NLO h
5 0-025:_ ¥ MG5+Herwig7 -
0.02F —
0.015F " —
0.01 -
- ¢ ¢ N
S X o v ¥ -
0.005F = -
ofF RSN
B 1 1 1 I 1 1 I l I 1 1 1 I 1 1 1 1 I 1 1 Ill’[l I 1 1 1 1 a
_,‘E 3é .Aw“ | l 'I""I""I"'I""E
8 2 = m, Vv ¥ =
; 1 g \*’% mA Y *x .
m = -
a Of =
_1 : 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 ]/I/l I 1 1 7

0 50 100 150 200 250 850
p! [GeV]

UH
Etii Aliya Nigamova (UHH)

| 34th Rencontres de Blois | 15/05/2023

arxiv:2304.03053 p) CMS,
L = Lsm + o<6>
SMEFT — &~<SM
| | 1T 1 I L L I L L I | I L I |
ATLAS Exp. lin. Exp. lin.+quad.
_ -1
(s=13TeV, 139 fb -e-Obs. lin. —*- Obs. lin.+quad.
; A
Cy[ x107] 5
[ x107] .
Cogy [ ¥107'] -
Chaa -
- -
C = x10™" *
Cog %10 ',
c ~ [x107] —
HWB ' =
Cowe | x10 . ‘_
Col .
CHW .o
| I L1 1 1 I L1 1 1 I | I I | ' | T | | | I I | I L1 1 1 | | 1
-3 -2 —1 0 1 2 3
Parameter value
42


https://arxiv.org/abs/2304.03053

CMS H — yy mass measurement ATLAS (o

CMS 35.9 b’ (13 TeV) CMS 35.9 fb™ (13 TeV)
> : LI I | I | L I LI L I LI I L | LI I | L : > 1 6000 __l LI I LI I | I L I LI L I | L L l LI I LI l—_
8 30000 [— H—=>yy All categories — 8 - H—yy All categories .
> m : Data N =, 14000 — S/(S+B) weighted —
-'g 25000( S+B fit E *qc'; 12000 ¢ Data _f
T R N B component ] ) - — S+B fit .
20000 — B 1o B o 10000 % e B component —
u - D : _
- +2 O . £ 8000 B 1o -
15000~ E o - +2 O .
- - ® 6000 -
10000 |- = = . -
: : o 4000 -
5000 — ] + N _
- - 9 2000 -
- S~ -
0 B | m 0 B 11 1 1 l L1 1 1 I P11 1 I 11 1 1 l | I .| | 1 1 1 l L1 1 1 I 1 1 1 B
600 . Bcomponentsubtractedd =0 g0k @@ 1 | B component subtracted -
400 .
200 E
0 g e é -
~200 -] ¢ ¢
~400 - ‘ 3
100 ' 150 160 170 180

UH
Aliya Nigamova (UHH) | 34th Rencontres de Blois | 15/05/2023



H—ZZ final state

CMS Preliminary

138 fb' (13 TeV)

-1.5

+ Best fit

*SM --20 —1o

=1 1 1 I L1 1 I L1 1 I L1 1 I L1 1 I 1 1 I 1 1 I | -

B(xe ;)

-8 -6

4

-2 0

2

4 6 8
Ke

0

-2A In L

Aliya Nigamova (UHH) | 34th Rencontres de Blois | 15/05/2023

10

10k

o

MS Preliminary

CMS-HIG-21-009

138 fb' (13 TeV)

-~
-
-
-
- .
- -

-
-
-
.’-‘
-

+ Best fit *SM --20 —10 | Bunconstr.

-30 -20 -10 O

10 20 30
KC

-2A In L

)

TLAS

EXPERIMENT

44



https://cds.cern.ch/record/2839931/files/HIG-21-009-pas.pdf
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