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Overview
What makes a Higgs 'the” Higgs

Vi) = k2@ 'h) + AT

) 9

Fundamental (free) parameter of the SM

4

« Only depends on V(¢) parameters

FE’IM ~ 4 MeV

Sensitive to un-observed massive
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New physics parameterisation with
Asselluie sabiliiy | SMEFT and Kappa frameworks - Higgs sector in SM is CP-conserving
165 | | | | - CP-violation in Higgs sector hiding?
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overview

What makes a Higgs the” Higgs: this talk

V(g) = u (") + A" )’

Re (¢)
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Instability -
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Absolute stability
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Fundamental (free) parameter of the SM

4

« Only depends on V(¢) parameters

Coupling

See talk by Y. Zhu

Mohamed Aly

| explain matter-antimatter asymmetry

FE’IM ~ 4 MeV

Sensitive to un-observed massive
oarticles

| CP-violation in SM is not enough to

4

- Higgs sector in SM is CP-conserving

- CP-violation in Higgs sector hiding?



https://indico.cern.ch/event/1307446/contributions/6039379/

HIgJS Mmass

Probed with H = yyand H - ZZ* — 4¢

H — yy :Phys. | ett B 847 (2023) 138315 — qux materid|

H — ZZ* : Phys. Lett. B 843 (2023) 137880



https://www.sciencedirect.com/science/article/pii/S0370269323006494?via=ihub
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-16/
https://www.sciencedirect.com/science/article/pii/S0370269323002149?via=ihub

Choices to be made

The Higgs mass: decay channels

Higgs mass = invariant mass of decay products

H— ZZ/yy
- Manageable backgrounds
- *Easy* reconstruction
- High resolution

ICNFP 2024 Mohamed Aly
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7x regions for C-type (>0 y conv) and U-type (no y conv)

Mass with H — yy vy g [

Full Run-2 (140 o™ 1): setup o

Phys. Lett B 847 (2023) 138315 — aux material

Central barrel Outer barrel End-cap

> i' [ L L L L B

& 1233_ ATLAS —4— Data E

Categorisation Bqagof. o 3TV MOBT Background E
_g) - Ho vy - Signal + Background ]

: : : : . . ‘© 12002 All categories =

- Regions based on photon kinematics with improved y reconstruction = 1000 1+ S8 woighod sum

. Optimised to reduce Higgs mass uncertainty 3o e E

- Improved mass precision by 6% w.r.t partial Run-2 400 =

2001 >
0" "T10 120 130 140 150 160

m,., [GeV]

Modelling = a0k e
: , . % 700t \/§=13PTe_v,14I(_)bfb:1, vy

- Signal modelled with double-sided Crystal Ball 3 o0 = o ey
L . . . g :— New calibration, w/ linearity —;

- Background modelled empirically with exponentials and polynomials E ggg_'—pxx_' N
3 800 T —1 ]

- Better y energy scale: improved detector model w.r.t partial Run-2 5 200 T ,
GCJ O S F T F EF T F EF E Q_ﬁ % io_ﬁ io_ﬁ ;'Q_ﬁ ZQF io_ﬁ ;'Q_‘“ %
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https://www.sciencedirect.com/science/article/pii/S0370269323006494?via=ihub
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-16/

Masswith H — yy

_ ] 1\ Fitting
r UH _RUD‘Z <14O ie ) f@SUh - Simultaneous maximume-likelihood fit in all categories

Phys. Lett B 847 (2023) 138315 — aux material

I|IIII|IIIIIIIIIIII|IIII|IIII|II
ATLAS —Total DStat. DSyst.
Source Impact [MeV]
Total Stat. Syst.
Run 1H—yy i — e 126.02 + 0.51 (+ 0.43 + 0.27) GeV. Photon energy scale 83 x4 smaller than
! Z — eTe™ calibration 59 £ | R 9
E;-dependent electron energy scale 44 partial kun-
ATLAS + CMS Run 1 —I:— 125.09 + 0.24 (+ 0.21+ 0.11) GeV ¢ =y g pelaion =
Hosyy, H—ZZ* 4l : Conversion modelling 24
' Signal-background interference 26
Precision x3 better | Run2H-yy Il 125.17 + 0.14 (+ 0.11+ 0.09) GeV Resolution 15
thq N pa rtia | Ru N _2 : Background model 14

| :
! Run1+Run2H—yy ‘ 125.22 + 0.14 (+ 0.11+ 0.09) GeV
|

Selection of the diphoton production vertex 5
Signal model

Total 90

123 124 125 126 127 128 129
m, [GeV]
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https://www.sciencedirect.com/science/article/pii/S0370269323006494?via=ihub
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-16/
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Mass with H = ZZ* — 47

Full Run-2 (140 b~ 1): setup

Phys. L ett. B 843 (2023) 13/880

Modelling

- Signal PDF combine 3 distributions:

. 4-lepton Mass

Categorisation - Signal/background DNN score

- 4 channels split by leading/sub-leading lepton flavours
« 4u ,2e2u 2ule 4e

. Per-event mass resolution (with Quantile Regression NN)
- Background PDF based on smoothed MC predictions

Events / 2 GeV

—h
N
o

—h
o
o

60

40

20

- Improved ;1 momentum scale by 20% w.rt partial Run-2

:|A|7|-L|A|S||||||| I‘|Dlatalll|llll 1?_IOO|||||||||||||||||||| |||||||| |‘IIIDIa|taIIII|IIII|IIII_ % :| L |||D||||||||: % _||||||||||||||| |||||||||||||||| ||||||||||| ||||||||
ATLAS iggs bosen (125 6o | S [ ATLAS e oo (25.CoV) 8 b ATLAS S i1z Cow ] G o LATLAS ¢ Data
- = 7 A . oz . ; H— 272" - 4l B 7z ] — C H— Z7* — 4l B 2z 7] Q\ - H— Z7* — 4] — Fit
Vo= 18TV, 159 roe i € go| s-13TeV 139" XX, vy _ o - (s=13TeV, 139 fb” XX, VW - - - 1
= 7 o Lt ] ) 115 < m,, < 130 GeV B Z:jets, tt ~ 60 , B Z:jets, i - % /0 Vs=13TeV, 139 b’ Background
| % 7, Uncertainty | Lﬁ - 4 4 Unce rtalnty T ..9 B 74 YW Uncertainty ] -GE) C
_ 1 - B i C B By i >
:_ T - 60 - B L?>j 505_ % 115 < m,, < 130 GeV _f H
: %% ] Q i ] 9 401 % = #
- s — - B 7, _
. | 1 40 // — 30 7
- | - ///( i + ] - 7 9
: i V. ///J(//// A : 20 1 3
- - ! 20 2277 i_— - : o
i £ ‘ iz 10_— — >
| - . g
O N | IIIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIIIIIII|IIII_
e En Usy ey sy el 0 0102030405060.70809 1 4 35 05 110 115 120 125 130 135 140 145 150 155 160
m,, [GeV] D o, [GeV] m,, [GeV]
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https://www.sciencedirect.com/science/article/pii/S0370269323002149?via=ihub

Masswith H — ZZ* — 4¢

Full Run-2 (140 b~ 1): result

Phys. L ett. B 843 (2023) 13/880

ATLAS —e—Toal
i =5
i 4e : —e- : 12451+ 0.73 (£ 0.73 Stat ;
Fitting :ZuZe : .- 1 125.33 + 0.50 (* 0.49 Stat E
- Un-binned maximum likelihood fit in each ceau ] 125014029 (+0.29 Stat)
channel then combine | — 124.93£029 (0.28 Stat)
Statistically limited, tiny systematics

!

_________________________________________________ improvement in Run-3
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https://www.sciencedirect.com/science/article/pii/S0370269323002149?via=ihub

Combpination



Mass with ATLAS

Combpined ATLAS results with full Run-2 data

Phys. Lett. B 131 (2023) 251802 — aux materigl

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

ATLAS e Total Stat. only | Combination

Run1: ,/s=7-8TeV,25fb~!, Run2: \/s = 13 TeV, 140 fb—!

Total (Stat. only)

Run1 H — v : o | 126.02 + 0.51 (+ 0.43) GeV

Runi1 H — 4/ : o : 124.51 + 0.52 (+ 0.52) GeV

Run2 H — v I—IO—I 125.17 £ 0.14 (= 0.11) GeV

Run2 H — 4/ F—eo— 124.99 + 0.19 (£ 0.18) GeV

Run 142 H — v I—e—i 125.22 + 0.14 (+ 0.11) GeV

Run 1+2 H — 4/ —e—] 124.94 + 0.18 (+ 0.17) GeV

Run 1 Combined I | ® : 125.38 + 0.41 (+ 0.37) GeV

Run 2 Combined e 125.10 + 0.11 (+ 0.09) GeV

e (+ 0.09) < 0.1% precision
Most precise my
123 124 125 126 127 128
measurement to-date!
my [GeV]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.251802
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-20/

Higgs width

Probed with on-shell to off-shell ratios

H — Z/:Phys. Lett. B 846 (2023) 138223 — gux materidl

titt ond ttH ¢ arXiv:240710631 (see backup)



https://authors.elsevier.com/sd/article/S0370269323005579
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-32
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-22/

Extracting the total width

The challenge of detector resolution

Challenge % E||||||||||||||| |||||||||||||||| |||+||[|)|a;8|‘|| |||||||| E
L SM _ 41 O oof ATLAS -
. I I I — O [ R o
SM Higgs width is 1, .1 MeV & CH 72 4 Fit E
- 1000x times smaller than reconstructed mass resolution o O Vs=13TeV, 139 fo” Background
- = -
& 60 E
50 =
40F —
301 —
20F —
10F, H 4 ) ;
+ __,,..,-"" & 1
OIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIII|IIII_
105 110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]

ICNFP 2024 Mohamed Aly



Extracting the total width

The challenge of detector resolution

Challenge
. SM Higgs width is [/ = 4.1 MeV

« 1000x times smaller than reconstructed mass resolution

Solution

doi—H—sf N /{%92’2 ' ’i?fg]zf
dM? (M? —m%,)? + m# 14,

ICNFP 2024 Mohamed Aly

K i1s a coupling modifier
g is SM coupling

16



Extracting the total width

The challenge of detector resolution

Challenge
. SM Higgs width is [/ = 4.1 MeV

« 1000x times smaller than reconstructed mass resolution

Solution 5 9 5 o K is a coupling modifier
dO_i—)H—)f AN K lifgf g is SM coupling
Y

dM? (M? —m%,)? + m% 1%,

on-shell measurements constrain /1
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Extracting the total width

The challenge of detector resolution

Challenge
. SM Higgs width is [/ = 4.1 MeV

« 1000x times smaller than reconstructed mass resolution

Solution 5 5 o o
Aoi—H - f N hiGi " hedy

dM? (M2 —m%,)? + m# 1%,

off-shell measurements constrain

ICNFP 2024 Mohamed Aly

K i1s a coupling modifier
g is SM coupling
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Extracting the total width

The challenge of detector resolution

Challenge
. SM Higgs width is [/ = 4.1 MeV

« 1000x times smaller than reconstructed mass resolution

Solution 5 o 5 o K is a coupling modifier
dO_z’—>H—>f Kk, g, - Iifgf g is SM coupling

AMz (M2 —m%,)? + m% 14,

off-shell measurements constrain on-shell measurements constrain /1

O on-shell / O-on—shell X Hon-shell (K7 P)

Uoff—shell/goff_shell Moft-shell (’i)

~ Ty /Ty

ICNFP 2024 Mohamed Aly
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H* > 7ZZand H - ZZ*
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Width from H* — ZZ — 4£/2¢2v

Cull Run-2 (140 =) setup

Phys. Lett. B 846 (2023) 138223 — aux material

Categorisation

. 2 channels: 4¢ ,2¢62v
- 3 SRs in each channel: ggF, EWK and mixed

Fit variables
- 4¢ channel
* S/B NN score — 1x for EWK and 1x for ggF
« 20210 channel
- Di-boson transverse mass 3

ICNFP 2024

Large destructive interference for off-shell signal

NIITTY A
H
A D>-------
39998/ Z
T T | T T T T T T T T T T T T | T T T T | T T T T |
10°E ATLAS ® Data =
= [] Systematic uncertainties 3
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— ggF Signal Region Bl oo H—) 2z =
1 04 E [__] Other Backgrounds ~ —=
— 4f [ aa— (H* =) ZZ+2] -
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<
[ JFTTT IIIIIIH]I
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I
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ggF Signal Region

202U

® Data

[77”7] Systematic uncertainties

[ Jag—>2zz
[ Iwz
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B W
[ ] Z+jets

[ ] Other Backgrounds
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-
E
=
=
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=
E
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|
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https://authors.elsevier.com/sd/article/S0370269323005579
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-32

-2In(\)

Width from H* — ZZ — 4£/2¢2v

Full Run-2 (140 1) result Fitting

. Binned maximum likelihood fit in channels = combine

Phys. Lett. B 846 (2023) 138223 — aux material

Off-shell On-shell Width
M(M ) T 11 | T T | T 11 | T 11 | T T | T 11 | T 11 | T T
_|||||||||||||||||||||||||||||||||||||_ 5 __ . _ __
ZOTATLAS — - Obs-Stat. only ] 2 14-_'"'|""|""I""I""I""I'i c 2OEATLAS _822_:;T'only .
y 8:— . — Obs-Sys - < - ATLAS Observed-Stat. only - S 18F0n + Off-shell combined — - Exp-Stat. only -
- H* —» ZZ — 4Kivy — - Exp-Stat. only : o\ [ 4 77% s 4 i - y — Exp-Sys -
6 13 TeV, 139 fb™ —— Exp-Sys ] 12 - - — Observed — 16— 13 TeV, 13910 -
= ’ 06 £0.8 . - Vs=13TeV, 139 fb” i -~ Obs-Stat. only: 1.17>° Exp-Stat. only: 1.0 *>° ]
- Obs-Stat. only: 1.17 Exp-Stat. only: 1.0 ' 5 "y 1<25 N 14 = obs-sys: 1.17°7 05 Exo-Svs: 1.07%2 09 ]
i 4__Obs-Sys: 1.1’:3:; | Exp-Sys: 1.0f8:2 | ] 10 [ H ' ] ~ y 0.6 P-oyS: 1Y 4 E
21 - i ) 2t E
: - 8 ' -
0 ] i Ot -
— 6 8! _E
- i 61 —
26 - \o. e -
"""""""""""""""""""""""""""""""""" f______ 5 - 4 B T -
: = 2 25N T -
-----------"""" o o |"-"-“"|"-q""§ b e e SRRl <L L L L L L EEEEEEEEE R O ""----- I < N A A A A |:
= T 11 11 L1 1 1 L1 1 1 L1 1 1 L1 1 1 B . 1 1.5 2 2.5 3 3.5 4
1 15 2 25 3 35 4 0 0 05 .
/T
0.7 lJ‘off-shell SM ; : H
_ . — + . _ 4 =+3.
Hoff-shell = 1-1Z0g Hon-shell = 1.01 £0.11 Iy =42MeV I'y=4.555MeV

Statistically limited

ICNFP 2024 Mohamed Aly 22


https://authors.elsevier.com/sd/article/S0370269323005579
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-32
https://link.springer.com/article/10.1140/epjc/s10052-020-8227-9

CP violation and Higgs

Probed with bosons and termions

VBF H — yy:Phys. Rev. | ett. 131 (2023) 061802 — aux material
VBF H — Z/: JHEP 05 (2024) 105 — aux materiq|
H — 77:Eur. Phys. J. C 83 (2023) 563 — gux material

ttH( — bb) : Phys. L ett. B 849 (2024) 138469 — aux material



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.061802
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-08
https://link.springer.com/article/10.1007/JHEP05(2024)105
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-30
https://link.springer.com/article/10.1140/epjc/s10052-023-11583-y
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-10
https://www.sciencedirect.com/science/article/pii/S0370269324000285/pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-03

CP-violating models

Recipes to include CP-violation in the Higgs sector

Higgs to bosons Higgs to fermions

| | |

ICNFP 2024 Mohamed Aly 24



CP-violating models

Recipes to include CP-violation in the Higgs sector

Higgs to bosons SMEFT Higgs to fermions

— —_

| Wilson coefficients New physics operators |

| \c f | |

| 1 |

| LsmerT = Lsm + E Foi '
1

New physics mass scale ‘-)

ICNFP 2024 Mohamed Aly




CP-violating models

Recipes to include CP-violation in the Higgs sector

Higgs to bosons SMEFT Higgs to fermions

| 1 - o {
Wilson coefficients New physics operators | T
| \ . f w( | |
| 1 | |

| LsmerT = Lsm + E FO’L' | | |

New physics mass scale

Higgs basis | |
Measure c¢; associated with CP-vioICM e e
Higgs coupling operators O, ___/ |

S - HISZ basis (simple)
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CP-violating models

Recipes to include CP-violation in the Higgs sector

Higgs to bosons SMEFT Higgs to fermions

» 1 B ]
Wilson coefficients New physics operators
4, \ C f *\1 | |
| 1 | |
| LsmerT = Lsm + E Foi | | |

’ i
| l
New physics mass scale

Higgs basis | |
Measure ¢; associated with CP-ViO|Gting/ Warsaw basis
Higgs coupling operators O, __/ '

— - HISZ basis (simple)
‘ |
Optimal observable | ‘
. 2 \ |
. Interference in | A sMmEET | 2% (MgMMBSM) l | \
- Sensitive to CP-violation 00 = ‘MSM‘Z i ‘i

- Model independent
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CP-violating models

Recipes to include CP-violation in the Higgs sector

Higgs to bosons SMEFT Higgs to fermions
| ~ L New physics operators |

| Wilson coefficients phy P | |

‘,' O, | |

| — 0. | |

LsmerT = Lsm + Z A2 O;

(/
New physics mass scale ‘) Fermion mass CP mixing angle

| Yukawa coupling
| | | | Higgs basis V\Tn / T
Measure ¢; associated with CP_VIOl% Warsaw basis 1 »CHff — Uf K f (COS ¢f ff + 7 sin Qbf ]?V5f) H

nggS COUp“ng operators @i ——— L HISZ basis (simple) (!

n
Optimal observable | CP-violating interactions at tree level
: 2 \
. Interference in | A sMEFT | IR (MgMMBSM) |
- Sensitive to CP-violation 00 = ‘MS ‘2 i
M

- Model independent

ICNFP 2024 Mohamed Aly



CPstructurein H - VV



q1 q1
- H H
G2 G5

Production-side

v/ Z

v/ Z

Decay-side




Y.

_%

Full -

~H — yy

Run-2 (140 b~ setup

Phys. Rev. Lett. 131 (2023) 061802 — aux material

Categorisation

- 3 SRs in 2D BDT-score space

Fit variables
. Di-photon mass

ICNFP 2024

. Signal vs: (yy) and (ggF)

. Compute OO0 in each SR — six bins — six regions (total 18 regions)

o — e — _ -
1_- 80 - | T |8 = q)
= _F ATLAS E o
c - Vs=13TeV, 139 5" = ;
Q g0 m,e[118, 132] GeV 5 = £
o E TT+TL+LT £ : S
© [ 2 = :
L2 0= 4 pata ? =
_-5) 40 — VBF (SM) = = 8
5 — [ Total bkg. | | . = £
E — 2\ Syst. Uncer. ha B = =)
o so— 7T L = S
CTJ E \\\\\\ E ;
= E o
= — : Q
- 10 — =
= +
—
<

Data - bkg.

- oo w e

Mohamed Aly
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25

20

15

10

LooseTight Tight Tight
-
g
—
M
>
=
-
- TightLoose
BDTVBF/ggH
_I [ | [ [ | [ [ | [ [ [ [ ]
— ATLAS t Da -
— ——— Signal+Background —
- {s=13TeV, 139 f5' T -
— Total background —
B TT+TL+LT Continuum background |
j Sum of all ®0 bins -
t L -
-t i E
— by FURS 5 -
:I | | | | | | | | | | | | | | | | | | | | | | | | | | :
110 120 130 140 150 160
m, [GeV]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.061802
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-08

25

20

2 x ANLL

10

95% CL 5

68% CL
0

Constraint at 95% CL:

ICNFP 2024

15¢

VBEH — yy

Full Run-2 (140 tb=1): result

Phys. Rev. | ett. 131 (2023) 06180

? — gQux materidgl

’
h,.
‘

ol
l.'
.,
.I

| ATLAS -.- Exp. Comb — Obs. Comb _|

Vs=13TeV, 36 - 139 15" ... Exp.Hoyy — Obs. Hovyy |

|IIII|I&

||||||
--------------
-------
'''''
'''''
1 -
L] )
'w
1
«, ¢,

- - o= "L IR R B S G RV DY - ORI R R R R R R R R i I R R B R

—0.15

01 -005 0 005 01 015

—0.034 < d < 0.071

Fitting

See |ater!

= Exp. H5> 1t == 0Obs. H—> 11 ﬂ

- Un-binned maximum likelihood fit in all regions

. Free-float signal normalisation

2 < ANLL

- 00 only probes shape effects due to CP-violation

9
8
7
6
5

95% CL 4

3

2
68% CL 1

0

ATLAS
Vs =13 TeV, 139 fb'
VBF H— yy

~|.IIII|IIII|II

NPT Exp. stat. + syst.
—— Obs. stat. + syst.

|IIII|IIII|III‘J‘l'IIII|IIII|II

.........................................................................

IIIIIlIIIIlIIII

-----------------------------------------------------------------

.
.,

—1 —0.5 0 0.5 1

—0.55 < ¢y < 1.07

no CP-violation observed

Mohamed Aly
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.061802
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-08

d1 q1
- H
g ¢

Production-side

v/Z

Decay-side



VBFH —» ZZ* — 4¢

Full Run-2 (140 b~ 1): setup

JHEP 05 (2024) 105 — aux material

Categorisation
- Split phase-space by kinematic selections into

. ZZ* CR
- VBF-enriched SR (useful for production-side CP-violation)

- Split to 4 regions by S/B DNN score
- VBF-depleted SR (useful for decay-side CP-violation)

Fit variables
- Compute two sets of optimal observables:
- Production-level: use VBF production ME (decay-agnostic)
- Decay-level: use Higgs decay ME (production-agnostic)

. 7x Wilson coefficients of-interest — /x observables of each type

- OO0 for a Sig Nnal (combo of active Wilson coeffs) by morphing method

Normalized to unit area

BSM/SM

0.9
osF. ATLAS Simulation
g H%ZZ*%4I m--- VBF+VH, CZZ =50
07 —
7E /s =13 TeV VBF+VH SM
06 115GeV<m, <130 GeV VBRI, €, =50
05— N_ =2 m >120GeV
= et i
0.4— P |’O d .
03— !-
- :
02— g
01E- aead B
O E‘ i = - -I l.I ..... !1“'.% -------
:I 1 | 1 | 11 1 | 1 | 11 1 | 11 1 | | 1
20 :_'i'-"-i.-.‘"-". ........................................................................................... '._...._..!-.“.‘“.1
0] Ea—— P g I__.=.___.__E.'..'..'..'..'.. ........................
0 f_ ............................................ -Lull‘ﬁ.llﬂ.ﬂl..... .................................................

160 -

130 T

Myy [GGV]

115 1

VBF SR 1-4

Inclusive SR

105

0, 1 jet(s) or

m;; < 120 GeV

ICNFP 2024 Mohamed Aly

Normalized to unit area

BSM/SM

0.18

0.16

0.14

0.12

0.08

0.06

0.04

0.02

20

> 2 jets and

myjj Z 120 GeV

_ \
I

I4
Jet Selection

ATLAS Simulation
H—-ZZ*—A4l

s =13 TeV

115 GeV <m, <130 GeV

ggF,c _=15
= ggF SM
----- ggF,c _=-1.5

10 - omEEm m W



https://link.springer.com/article/10.1007/JHEP05(2024)105
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-30

Y.

JHEP 05 (2024) 105 — aux material

SFH —» Z7Z* — 4¢

Full Run-2 (140 tb=1): result

Fitting — Direct coupling measurement

- Three fits are performed

- Production-only, Decay-only and combined

. Different combos of SRs/C
- Float signal normalisation to

Rs and OO-type to fit

orobe shape-only effects

Mohamed Aly

EFT coupling Expected 95% CL
production-only decay-only combined
Cyp — +().37 —
CHWB — +(0.72 —
C g +4.8 +1.34 +1.27
d +0.63 +0.018 +0.019
Crz +2.4 — -
Czy +6.6 +0.76 +0.80
Copy — +0.76 —
ATLAS Expected: Stat+Sys
H->Z2 4l Ca3 oes satony
SMEFT CP-odd couplings
Best Fit 95% CL
Crp = -0.078 [-0.61,0.54]
CmB n -0.017  [-0.97,0.98]
S o 06  [-0.81,1.54]
8 | x10 -0.003 [-0.026, 0.025]
Crp - 3 078 [-1.2,1.75]
EZy E = 0.083  [-0.84,0.83]
C,, E - ] .0.0083 [-0.99,0.93]
'"—'0.51”61”6.5'"'1””1.5””2”"2.5

Parameter value

no CP-violation observed
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https://link.springer.com/article/10.1007/JHEP05(2024)105
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-30

JHEP 05 (2024) 105 — aux material

VBFH — ZZ* — 4¢

Full Run-2 (140 tb=1): result

Fitting — Direct coupling measurement

- Three fits are performed

- Production-only, Decay-only and combined

. Different combos of SRs/C
- Float signal normalisation to

Rs and OO-type to fit

Fitting — Differential XS measurements

. Unfold OO

- Fit my ., in each bin

orobe shape-only effects

Mohamed Aly

EFT coupling Expected 95% CL
production-only decay-only combined

Cyp — +0.37 —

CHWB — +0.72 —

C 4w +4.8 +1.34 +1.27
d +0.63 +0.018  +0.019
Crz +2.4 — —
Czy +6.6 +0.76 +0.80
Ty — +0.76 —

ATLAS Expected: Stat+Sys
122" 4 pritis b

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

Crgy .
CHVV -

d - x 10
Cr : = 3
527, E =
G - .

l}
1 ] 1 1 1 1 l 1 1

Best Fit 95% CL

0.078  [-0.61,0.54]

0.017  [-0.97,0.98]
0.6 [-0.81,1.54 ]

-0.003 [-0.026, 0.025]

0.78 [-1.2,1.75]

0.083 [-0.84,0.83]

-0.0083 [-0.99,0.93]

'—0.5 0 l(').|5"'1

1.5 2 2.5

Parameter value

no CP-violation observed

36


https://link.springer.com/article/10.1007/JHEP05(2024)105
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-30

CPstructure in H — ff






H — 17
Full Run-2 (140 b~ 1): setup

Fur. Phys. J. C 83 (2023) 563 — aux material

Categorisation L S o e —
. 2 channels: Thad%lep and ThadThad 2‘0.12:— ATLAS Simulation -
- Split to VBF and ggF enriched regions ) 11_ H — U * vy E;nggoscalar -
- VBF and ggF SRs split by BDT scores / kinematics p PR IR CPemix (0,2457)-
- SRs split by impact parameters and spin-analysing functions 0.08}"-.-_,:,,..‘..“" """ ki s .'—
006+ T . TS
Fit variables I . w0
. Signed a-coplanarity angle @qp 0.04 - :t o ‘:‘_:_ B
- Angle between T decay planes o_ozl+ o h +—
. Reconstruction method depends on z7/z° multiplicities 0 60 120 180240300360

- Sensitive to CP-mixing angle ¢, U

ICNFP 2024 Mohamed Aly


https://link.springer.com/article/10.1140/epjc/s10052-023-11583-y
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-10

H _) TT Fitting

:UH RUD—Z <14O ﬂO_1>I Setup - Binned maximum likelihood fit in all regions

- Free-float ¢, and py_, ..

Fur. Phys. J. C 83 (2023) 563 — aux material

’_-T i I | I | I I I I I I I I I | I I I | I I | | | | | | | | | | | :]_ j‘g 25 I P | P | P P e P L | b | E
= 71— ATLAS —— Observed: q>:bs' = 9+16° (68% CL) ] 1.8 ¥ Bestfit —1c 4
I F ; . - ¥ SM 26 ]
! o V's=13TeV,139fb" ... Expected: ¢”* = 0+28° (68% CL) - 1.6F ) -
. - 1.4F -
N S 30 1.2 | -
4r E 1 -
3f = 0.8~ -
2512:::: ............................................................. 2 g.j':.; 06:_ _:
- ) . . 0.4 =
1 -~ - ATLAS :
OE"-'-""""' """" N - 0.2 s=13Tev, 139 b E
_80 _60 _40 _20 ] O ] 20 40 60 80 Tl b v bvv s bvv s bvv s b s by g 1T

¢ -80 60-40-20 0 20 40 60 &0

¢ [degrees]

0 [degrees]

¢, =9=x16° and ¢, = 90° excluded at 340

no CP-violation observed

ICNFP 2024 Mohamed Aly


https://link.springer.com/article/10.1140/epjc/s10052-023-11583-y
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-10

H — bbinttH and tHg



ttH( — bb) and tH( — bb)q

Full -

Run-2 (140 b~ setup

Phys. Lett. B 849 (2024) 138469 — gux material

Categorisation
. 2 channels: 1 and 27

N
N

O

O

it regions in each channel by jet multiplicity and S/B BDT score

it 1Z channel to resolved and boosted

Fit variables

- Build CP-sensitive observables based on top-quark kinematics

- Use reconstruction BDT to build Higgs and top

. Fit b, and b, in resolved regions

ICNFP 2024

Mohamed Aly

T normalised to data yield

c s ]

5 2500— ATLAS 1 Other 7777 Unc. (Total) —

= ~ Vs=13TeV, 139fb-1 [ fi+light === ttH+tHT(0°) ]

c - [+jets 3 tt+21c ttH + tH? (90°) -

e — 26j, 24b e+ 21b e Data .

=2 2000 SR —— -

i - i

- = |

2 1500 _

LLI Wi ]

1000 = —

500 | ]

0 | —————————r—

e 1.5 e =
O 1.0 Bsssas555555 5655555555 a 5555555545055 5150580 5 1 5 5
— c

0565 00 05 1.

bo

T normalised to data yield

E T T T T ]

© - ATLAS 1 Other 777/ Unc. (Total)  _

= - Vs=13TeV, 139 fo-! [ fi+light === fiH+tH" (0°) -

= 200~ pilepton 3 i+ 21c ftH + tHT (90°) ]

o) | gR24 24 B e+ 21b e Data |

~ B L B tH+tH |

(% - i

(- — —

e 150 B i

> [ _

LLI i
100 —
50}

0 S e s | W S S |

o[ 1.5 S =

“l& 1.0 Z;%%%‘/i%o%‘#ﬂﬁ%Wﬂfﬂyﬁfﬁyﬁ,‘#ﬁﬂﬂ,‘ﬂ/%yfﬂﬁz
057 05 0.0 0.5 1.0



https://www.sciencedirect.com/science/article/pii/S0370269324000285/pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-03

ttH( — bb) and tH( — bb)q

“ull Run-2 (140 =) setup

Phys. Lett. B 849 (2024) 138469 — gux material

F

itting

- Binned max-likelihood fit in all regions

- Free-float a and k;

Lt = — Kb (cosa+ ipssina)

ICNFP 2024

_2 "~ ATLAS -
n /s =13 TeV, 139 fo! |
X 2 ]
1|~ N
0— h |
e -
217 ¢ Bestfitt ar=11", k/=0.84 ]
- % SMCP-even: o=0,k =1 _
B CP-odd: or=90", k] = 1 1
2 |
K; COS &
_ 11+52°
a=1l_s.

a = 90° excluded at 1.20

Mohamed Aly

40

30

—2AIn L

Uncertainty source Aa[°]
Process modelling
Signal modelling +8.8 -14
tt + >1b modelling
tt+>1b 4VS FS +23 37
tt + >1b NLO matching +22  -33
tt + >1b fractions +14  -21
tt + >1b FSR +52 9.9
tt + >1b PS & hadronisation +16  -24
tt+>1b p?b shape +5.4 -4.6
tt + >1b ISR +14  -24
tt + >1c modelling +6.6 -11
tt + light modelling +2.5 4.7

Systematics dominated

43


https://www.sciencedirect.com/science/article/pii/S0370269324000285/pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-03

Conclusions

- Wide range of Higgs boson properties measured at ATLAS with full Run-2 data

. Mass measurements with H — yy and H — ZZ* — 4¢ reach 01% precision

- Best in the world!

. Width measurements with H — ZZ* moving closer to d precise value

- Expected precision improvements with more data in Run-3

- CP structure measured for Higgs interactions with bosons (yy , ZZ) and fermions (z7, bb)

- With interpretations in the SMEFT and kappa frameworks

ICNFP 2024 Mohamed Aly 44



Thanks for listening!



overview

How we get Higgs and how we lose it

PrOd uct|on Cross-sections from LHCWG at 13 TeV for my = 125 GeV
| . - -
| t
| 1 7 L ‘
| . |
+ - H e H 7 ---H
»1

g2 q5 q t

VBF (6 = 3.93 pb) VH (6 = 2.26 pb) tHq (6 = 0.077 pb) ttH (c = 0.50 pb)
Decay
b/ c T/ wjz - /%
H------ < H------ < H------ ﬂ\fi: H------ W

l b/c T/ 1 W/Z v /4
S | I .
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https://cds.cern.ch/record/2227475/files/CERN-2017-002-M.pdf

HIggs mass




Choices to be made

The Higgs mass: decay channels

Higgs mass = invariant mass of decay products

others 0.2%

ICNFP 2024 Mohamed Aly

H — bb/cc/gg

« Difficult to reconstruct hadronic final states
with high resolution

H — WW/tt
- Neutrinos in final-state are invisible

H — uujee/Zy
- Low branching ratios, large backgrounds

H— 77/
- Manageable backgrounds
» *Easy” reconstruction

48






Masswith H — yy

Photon energy scale improvement

JINST 19 (2024) PO2009

- The photon energy scale measurement combines has improved:

- Material modelling — 3x better

- On-detector electronics non-linearity modelling — 2x better

- Electron-to-photon scale extrapolation — 2x better

.+ / — ee calibration scale-factors parameterised in prand 7

2 4
simulation

> >

Z— ee
resolution
smearing

—> ely

EM MC-based
cluster e/y energy 3
energy calibration

1 uniformity

data LAr layer corrections L

ADC non-
linearity

5 Z-ee
residual scale
calibration calibration and

linearity

calibrated

—> € energy

correction

v

6 Photon

leakage

correction

éy

ICNFP 2024

v

7

JW—ee,Z—lly
data-driven scale validation

Mohamed Aly

x10™

ATLAS
's =13 TeV, 140 fb™
ml < 0.6

Pre-fit calibration model
== Post-fit calibration model
Z — ee data
J/y — ee data

20

80 100

120 140
E. [GeV]
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02009




Mass with H = ZZ* — 47

Phys. L ett. B 843 (2023) 13/88

O

Full Run-2 (140 fb~1): misc

P(mae, DNn,o; | mp) = P(mae | Dnn,oi,mu) - P(Dnn | 0i,mu) - P(o; | mp)

ICNFP 2024

~ P(mye | Dnn,os,mp) - P(Dyn | my)

Crystal-ball
NN independent of m;,

Gaussian core parametrised
for a channel A with

o - (my — 125GeV) + b (Dyn ), Determined by

A And interpolation across
bis 2 order poly. neighbouring simulated

A .
a* = 1 mass points
Determined from separate

ML fit

Core stdev expressed as function of ¢; and
parametrised as function of DNN

Mohamed Aly

Neglected because it's same for signal and
background around mass peak
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https://www.sciencedirect.com/science/article/pii/S0370269323002149?via=ihub

Mass with H = ZZ* — 47

Full Run-2 (140 fb~1): misc

Phys. L ett. B 843 (2023) 13/880

I (\MHZZ* 2)
M 77+

20

o 1 OO _II [T | T T | T T | T T | T T | T T | I'TTT | 'TTT | 'TTT1 | [T II_
A ® Data |

o - ATLAS W Higgs boson (125 GeV)
; - H— ZZF — 4l A )

— Vs =13 TeV, 139 fb™ tXX, VWV

- : GC) 80_115<m <130 GeV B Zjets, tt N
Four-lepton kinematics > - 4 U Uncertainty -
i i .
60— ° —
/ 40 - N

Systematic Uncertainty

Contribution [MeV]

Muon momentum scale
Electron energy scale
Signal-process theory

+28
+19
+14

O ———————————————————————————————————

0O 0.1020304050.60.70809 1

DNN

ICNFP 2024 Mohamed Aly
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https://www.sciencedirect.com/science/article/pii/S0370269323002149?via=ihub

Combpination



Mass with ATLAS

Combined results with full Run-2 data: misc

Phys. Lett. B 131 (2023) 251802 — aux materigl

< 12 B ! | ! ! ! | ! | ! ! ! | ] < 1 2 I I | I I I I I I I I | I I I I | I I I
= | ATLAS H =2z Run2 _ S [ ATLAS Combination Run 1 i
c\Il — H—yy Run2 . C}I B Combination Run 2 |
* . .
10-H—>22" H— VY —— Combination Run 2 T 10—-H—=Z2Z* H— vy Combination Run 1 + Run2 —
| Run2:{s=13TeV,140f6" 7 Stat-Only i " Runi:{s=7-8TeV,25M" Stat-Only ]
] 7 - Run2:\{s =13 TeV, 140 f&' -
8 __ __ 8 ] Source Systematic uncertainty on mg [MeV |
_ i i e/y Er-independent Z — ee calibration 44
. ] e /v Et-dependent electron energy scale 28
6— — ] H — vyv interference bias 17
B n . e /v photon lateral shower shape 16
B ) — e /v photon conversion reconstruction 15
4 R U N YA 20 | o5 e/y energy resolution 11
B ’ | oot £ A A ] H — vy background modelling 10
u / | | Muon momentum scale 8
u / - i All other systematic uncertainties 7
2 — _
B o] -
0 i Ll . ;‘;A 1~ . | ] 0 3 f | | | ]
124.6 124.8 125 125.2 125.4 125.6 124.5 125 1255 126 126.5
m,, [GeV] m,, [GeV]

ICNFP 2024 Mohamed Aly


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.251802
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-20/

Higgs width




H* - 7ZZand H - ZZ*



VBF H — ZZ* — 4¢

Full Run-2 (140 tfb~Y): misc.

JHEP 05 (2024) 105 — aux material

ggF . ggF
V= (U otshels @)

- s = S ghen -1 (0)
77 _ 2 | (nff)\2 ) miss )’ Sc¢ | FMISS ’ + U (0) —nEEF(0) —nEFF(0)) + nEF (6)
met = \/mz+ (pT ) +\/mz+ <ET ) — P+ E , off-shell ~ ']
\ - - = (u“g%flishell \/ :‘Lg%fF shell) ggF @)
T \/ L chen - Tiem 0) + (1 — \/ WEG cher) - e (0)
Systematic Uncertainty Fixed Uoff-shenl Value at which —2 In A(uofr-shen) = 4
Parton shower uncertainty for gg — ZZ (normalisation) 2.26
Parton shower uncertainty for gg — ZZ (shape) 2.29
NLO EW uncertainty for gg — ZZ 2.27
NLO QCD uncertainty for gg — ZZ 2.29
Parton shower uncertainty for gg — ZZ (shape) 2.29
Jet energy scale and resolution uncertainty 2.26
None 2.30

ICNFP 2024 Mohamed Aly


https://link.springer.com/article/10.1007/JHEP05(2024)105
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-30

H* - ttand ttH



Or width

Multi-top united

The idea

Phys. Rev. D 99, 113003 (theory)
arxXiv:240/10631 — submitted to PLB

Off-shell On-shell
4-tops ttH g9 > H
t t ! g AN t/b/c
— t
_1_LI__<t 2/ ‘ e t/b/cA ---H
' . i
21172 2 2
x K-(k., k)1

l Production Decay
\ ooF, VBF, WH, ZH, tfH,tH = H — vy
: . ttH + tH H — bb
g+ Z/y interference Higgs Wi ZH o
VBF H — bb

geF, VBF, WH + ZH,tiH +tH H — ZZ

ggF, VBF H—->WW

WH,ZH H—- WW
ggF, VBF, WH + ZH, ttH + tH H— 11
ggF+ttH +tH, VBF+ WH+ZH H — uu
Inclusive H— Zy

2 2 2
X k(K KV)Kf (K, ky)/ T

ICNFP 2024 Mohamed Aly

Combination

Aggregate statistical model from
all ATLAS Higgs measurements

. Except ttH( — leptons)

Perform a fit using the
aggregated model

Free-float:
. tree-levelk (e.g. K, K, -..)
. effective loop k (e.g. Kor Ky o )

Allow Higgs width to float for all
models
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.113003
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-22/

Multi-top united

The result

Phys. Rev. D 99, 113003 (theory)
arxXiv:240/10631 — submitted to PLB

Off-shell

4-tops — multi-lepton final state

g ST T
£ 45[ ATLAS ] =
§ o fs=si3TevitofT Po20] 3
3.55 =
3t E

2.5F —
2;——Observed —i

1.5;— - - Expected —i

| e S SRR e iR =

0.5 —
OOW“ILSI | 2 — 2_.5

Iic, |

Limit obs (exp): |k,| < 2.3(1.9) @ 95% CL

for widtn

On-shell

Higgs combination model

L IR B L I [ [ [ 7
KZ s
e | ATLAS Run 2 ]
w
Kt i 'T_ETT' Leptons Quarks |
. ve v v ]l u] c B
A p—— e- -
B jers Higgs boson |
——|
ol s i
Kyl oo I\ p———— !
- —e— B _=B,=0 |
K —— inv. u.
< S | --®- B, free, B, =20,k =1
K B —— SM prediction _
4 e Parameter value not allowed
KZ}/ --------------- .-'- -----------
TIT ERPE PRR PR B P P R |
0.8 1 1.2 1.4 1.6
68% CL interval
| ]
Binv. __________________________ 1
2 D |
0 0.05 0.1 0.15 0.2
95% CL limit

k.| = 0.94 +0.10

Fur Phys. J. C 83 (2023) 496 [ erratum — aux materidl s tfH( . ML) L> | Kt ‘ _ 086 + O 13
ICNFP 2024 Mohamed Aly

( ] [
Combination

< 6_ T T IE T T 1T 17T | 1

ST . ATLAS — Observed -

5;_ (s=13TeV,36.1-140fb" ... Expected E

e N ss%cL [ —

3 -

2 -

1= =

O: tepdala==" :

10
I, [MeV]
¥ o5 -
- —— 68% CL i
IRGELRE 95% CL ]
2 ]
15 - ~
1% . ~
T (s=13TeV,36.1-140fb"
e + Best fit X SM i
0.5 0o | ] ] Lol ] ] Lol ]
1 10 10?

SM

| WA B

[, < 450 (75) MeV @ 95% CL
Resolve loop k L; FH < 157 (55) VeV
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.113003
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-22/
https://link.springer.com/article/10.1140/epjc/s10052-023-11573-0
https://link.springer.com/article/10.1140/epjc/s10052-024-12458-6
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2021-08/
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
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Operator Structure Coupling

Warsaw Basis

Opy  OIOWLWW ¢ o

Opyyp  @IT'OW. B ¢ =
CP structure
Higgs Basis
0,5 hZy ZH Cez
i OhZA hZWAW Czy
]_n_ H E VV Opai hAWAW Coyry
HISZ basis ,
d: éywp=0, Céaw =~C¢ypp= %J,

Eny — O, 677 = Sin2 HW 6082 Hwézz x d



VBEH — yy



VBEH — yy

Full Run-2 (140 b~ 1): setup

:II 1 4_ I I | I I I I | I I I I I I I I | I I I I | I I j
% N ATLAS —— Combined .
0 25_ I 1 LI I LI I LI I rrri I LI I LILELL I LI I 1 |-_| 1 LU LI I rrri I rrri I LI | LI I rrri I rrri I LI | I_ x 1 2__ Vg = 1 3 TeV, 1 39 fb-1 —_— TT __
<L ATLAS + ¢ Data sidebands E AN B — TL |
: I - -\ VBFH— v ]
23 Vs =13 TeV, 139 fb’ T e SM VBF ] 10 s Observed —LT -
2 > N e SM ggF ] I i
% B 1 Continuum background 8 ]
2 0.15F I - - >
5T T ] i
S L b e e s BT L ] 6
S 01 T : § - g
L A I S o T ) u i
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0.05[- T . A NN ]
0: |"|";”|”: I E NI AR N AN IR A A |-- — :IIII;.I.I |:: I'J--:I'I"i”r.;l 11 I 1111 I 1111 | 111 -l -“.-- . : 2 __
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1
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B . : e c - . -
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0.2 - £ ool VBF H— vy, Observed —TL B
- . X
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I SM VBF i g 016 E B -
w 0.14F E
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B i 0.08F- = 95% CL 5 N N -l
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VBFH = ZZ* — 47



Y.

_%

JHEP 05 (2024) 105 — aux material

o
Dd§
S 10
kS,
@)
©
1
1071
1072
(4v]
= 2
Q 15
>
) 1
§ 0.5
0
S 15
z .
=Z 1
0.5

“H — Z7* — 4

Full Run-2 (140 fb=Y): differential measurement

|
~ ATLAS —+— Data i
B [ ] Systematic Uncertainty 7
. H—=ZZ" —= 4] . MG5 FxFx K=1.47, +XH ]
- _ oS I NNLOPS K=1.1, +XH_ =
- ls=13TeV,139fb" "7 XH=VBF+VH+ttH+bbH+tH ]
B Total stat. @ syst. uncertainty ]
e —4#— Fitted ZZ* Normalisation |
p-value NNLOPS = 75%
= p-value MG5 = 91% =
[ RN )= = SN . % ........... : —
- T Wt -
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I P e —
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https://link.springer.com/article/10.1007/JHEP05(2024)105
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-30




H — 17
Full Run-2 (140 b~ 1): setup

Fur. Phys. J. C 83 (2023) 563 — aux material

IP-method p-method mixed

k
Yop

(a) H—> 1t~ - ntn™ +2v b) H— 71~ - 7atalva— 7% o) H—-> 1ttt - n'n

Ovn‘v

one &~ pert >0 7 per t >0 7" for one 7, zero
for the other

ICNFP 2024 Mohamed Aly
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https://link.springer.com/article/10.1140/epjc/s10052-023-11583-y
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-10

H — 17

Fur. Phys. J. C 83 (2023) 56

3

Full Run-2 (140 b~ 1): setup

— aux material

Decay channel Decay mode combination Method Fraction in all 7-lepton-pair decays

{—1pOn IP 8.1%

Tlep Thad {—1pln IP—p 18.3%

{—1pXn IP—p 7.6%

{—3pOn [P-a, 6.9%

IpOn—1pOn IP 1.3%

1pOn—1pln IP—p 6.0%

o Ipln—-1pln P 6.7%

had thad 1pOn—1pXn IP—p 2.5%

Ipln—-1pXn Je 5.6%

Ipln-3pOn p—aji 5.1%

Al g7+ - = 1 = b(E—l-)b(E—)_

16

Set of nuisance parameters

Impact on ¢, [degrees]

Channel Signal region Decay mode combination

Selection criteria

Channel Signal region Decay mode combination

Selection criteria

|d3% ()] > 2.5 or |d3 % (u)] > 2.0

{—1pOn ,

High |dy* (Tipon)| > 1.5
{—1pln |dy®(e)| > 2.5 or |dy* ()| > 2.0

|y? (Tipin)| > 0.1

’ 3 (Tipxa)]| > 0.1

Medium = _

£-3p0n |dy©(e)] > 2.5 or |dy* ()] > 2.0

|yt (T3p0n)| > 0.6
Low All above Not satisfying selection criteria

ICNFP 2024

()] > 1.5

Jet energy scale 3.4
Jet energy resolution 2.5
Pile-up jet tagging 0.5
Jet flavour tagging 0.2
EZ™ 0.4
Electron 0.3
Muon 0.9
Thad Teconstruction 1.0
Misidentified 7 0.6
Thad decay mode classification 0.3
n¥ angular resolution and energy scale 0.2
Track (7*, impact parameter) 0.7
Luminosity 0.1
Theory uncertainty in H — 771 processes 1.5
Theory uncertainty in Z — 77 processes 1.1
Simulated background sample statistics 1.4
Signal normalisation 1.4
Background normalisation 0.6
Total systematic uncertainty 5.2
Data sample statistics 15.6
Total 16.4

IpOn—1pOn :
|d(s)lg(7'2)| > 1.5
. > (T1p0n)| > 1.5
High 1pOn—Ipin Ido " (T1p0n
P Y (Tiptn)| > 0.1
Ipln-1pln [v°(11)yP(12)] > 0.2
Thad Thad Ln0n_1oXn |5 (T1pon)| > 1.5
T 3 (Tipxa)| > 0.1
Medium lpln—len |yp(T1p1n)yp(T1an)| > 0.2
|y° (T1p1n)| > 0.1
Ipln-3pOn ?
PP [y (z3p0m)] > 0.6
Low All above Not satisfying selection criteria

Mohamed Aly
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https://link.springer.com/article/10.1140/epjc/s10052-023-11583-y
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-10

H — bbinttH and tHg



ttH( — bb) and tH( — bb)q

Full Run-2 (140 fb™1): setup

tt + >1b modelling

Uncertainty source Aa|®]

Channel (TR) Final SRs and CRs | Classification BDT selection | Fitted observable tt+>1b 4V5 FS +23  -37
CRZ4:24b ~ Anee tt + >1b NLO matching +22  -33
_ CRI;Z;'?CZOM? BDT24j,24b c [_1 —0 086) b4 tlT+ Zlb fraCtiOHS +14 21
Dilepton (TR=4/>240 ) W . o - _
SR1—4],—4b BDTZ4],24b c [—0086 0186) b4 It + Zlb FSR +52 99
SR224j,z4b BDT24/-24 ¢ [0.186, 1] ba tt_ +2>1b Pgl;& hadronisation +16  -24
CRlz6j,24b BDT=5/2% ¢ [_1.0.128) by tt_+ >1b p7” shape +54 -4.6
. >67,>4b >6j,>4b >6.>4b It + Zlb ISR +14 -24
{+jets (TR=%/:245) CR;™ BDT=% >‘f e [-0.128,0.249) by Py o1 Aol e |
SR26/-24b BDT=6/-24b ¢ [0.249, 1] b, W er L oo el HOO -
o (TR SR S—— 0051 S——— tt + light modelling +2.5 4.7
+Jets (TRboosted) boosted € 12005, 1] b-tagging efficiency and mis-tag rates
b-tagging efficiency +8.7 -15
T normalised to data yield T normalised to data yield c-mis-tas rates 167 -11
c [ T T T T T T T T T T T T T T T ] c — T T T T T T T T a ] g )
_'-'CZ) — ATLAS 1 Other 77/, Unc. (Total) | '-'C:J 350— ATLAS [ Other 777/ Unc. (Total) —] l‘mls'tag rates +2.3 -2
i 6000 /JE ’ 13 TeV, 189 o™ Z+“>g1h£ —- ZT;ZI Eg;))—_ i - SIE =t13 Tev, 139! Z+h>g:1(t: —- ZT;ZI Eg"o)) . Jet energy scale and resolution
- rlels e + R — Dilepton +2 ¥ %) - )
S ool S+ijooste ; — t};zxa e Data E 5 300 - R ﬁf“f’éﬁé’ — t§; z;ja e Data R b-jet energy scale +1.6 -3.8
P - e - @ o50f e E Jet energy scale (flavour) +7.8 -11
S 4000 o - S = - Jet energy scale (pileup) +5.2 -7.9
o - L . 11 200k — Jet energy scale (remaining) +8.1 -13
3000 — E ] . o n Jet energy resolution +5.7 -9.3
E . 150] = Luminosity <+l
2000 ; — 1001 n Other sources +49 -8
! - | E
1000 ___________1; 50 —f Total systematic uncertainty +41 54
. tf + >1b normalisation +8.2 -13
b L ee————————————— 0 . ,
cSlo 1.5:' T T T T T T T T T T T T T T T T T T T T ] cSlo 15: T T T T T T T 3 Kt +17 _33
SIE 1.0 ?fﬂﬂW%AMWM%%%WM SIE 1.0 %1#,‘/;/,%*/,‘/,{4#,‘/,‘/,@,‘/,‘/,W,‘/,‘/,Wﬁ/,‘/,%,‘/,‘,gy#,‘/,wﬁ% Total statistical uncertainty +32  -49
05 [ ! ] ! ! ! ! ] ! ! ! ! ] ! ! ! ! ] ! ! ! M 05 — ! ! ] ! ] ! ] ] .
OO 01 02 03 04 0 1 2 3 4 Total uncertalnty +52 _73
Boosted BDT score Any
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overview

How we get Higgs and how we lose it

PrOd uct|on Cross-sections from LHCWG at 13 TeV for my = 125 GeV
| . - -
| t
| 1 7 L ‘
| . |
+ - H e H 7 ---H
»1

g2 q5 q t
VBF (6 = 3.93 pb) VH (6 = 2.26 pb) tHq (6 = 0.077 pb) ttH (c = 0.50 pb)
Decay
b/ c T/ wjz - /%
H------ < H------ < H------ ﬂ\fi: H------ W
b/c T/ 1 W/Z v /4
| _ _ R B — o
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https://cds.cern.ch/record/2227475/files/CERN-2017-002-M.pdf

HIggs mass




Choices to be made

The Higgs mass: decay channels

Higgs mass = invariant mass of decay products

others 0.2%

ICNFP 2024 Mohamed Aly

H — bb/cc/gg

« Difficult to reconstruct hadronic final states
with high resolution

H — WW/tt
- Neutrinos in final-state are invisible

H — uujee/Zy
- Low branching ratios, large backgrounds

H— 77/
- Manageable backgrounds
» *Easy” reconstruction

76






Masswith H — yy

Photon energy scale improvement

JINST 19 (2024) PO2009

- The photon energy scale measurement combines has improved:

- Material modelling — 3x better

- On-detector electronics non-linearity modelling — 2x better

- Electron-to-photon scale extrapolation — 2x better

.+ / — ee calibration scale-factors parameterised in prand 7

2 4
simulation

> >

Z— ee
resolution
smearing

—> ely

EM MC-based
cluster e/y energy 3
energy calibration

1 uniformity

data LAr layer corrections L

ADC non-
linearity

5 Z-ee
residual scale
calibration calibration and

linearity

calibrated

—> € energy

correction

v

6 Photon

leakage

correction

éy

ICNFP 2024

v

7

JW—ee,Z—lly
data-driven scale validation

Mohamed Aly

x10™

ATLAS
's =13 TeV, 140 fb™
ml < 0.6

Pre-fit calibration model
== Post-fit calibration model
Z — ee data
J/y — ee data

20

80 100

120 140
E. [GeV]

/8


https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02009




Mass with H = ZZ* — 47

Phys. L ett. B 843 (2023) 13/88

O

Full Run-2 (140 fb~1): misc

P(mae, DNn,o; | mp) = P(mae | Dnn,oi,mu) - P(Dnn | 0i,mu) - P(o; | mp)

ICNFP 2024

~ P(mye | Dnn,os,mp) - P(Dyn | my)

Crystal-ball
NN independent of m;,

Gaussian core parametrised
for a channel A with

o - (my — 125GeV) + b (Dyn ), Determined by

A And interpolation across
bis 2 order poly. neighbouring simulated

A .
a* = 1 mass points
Determined from separate

ML fit

Core stdev expressed as function of ¢; and
parametrised as function of DNN

Mohamed Aly

Neglected because it's same for signal and
background around mass peak

30


https://www.sciencedirect.com/science/article/pii/S0370269323002149?via=ihub

Mass with H = ZZ* — 47

Full Run-2 (140 fb~1): misc

Phys. L ett. B 843 (2023) 13/880

I (\MHZZ* 2)
M 77+

20

o 1 OO _II [T | T T | T T | T T | T T | T T | I'TTT | 'TTT | 'TTT1 | [T II_
A ® Data |

o - ATLAS W Higgs boson (125 GeV)
; - H— ZZF — 4l A )

— Vs =13 TeV, 139 fb™ tXX, VWV

- : GC) 80_115<m <130 GeV B Zjets, tt N
Four-lepton kinematics > - 4 U Uncertainty -
i i .
60— ° —
/ 40 - N

Systematic Uncertainty

Contribution [MeV]

Muon momentum scale
Electron energy scale
Signal-process theory

+28
+19
+14

O ———————————————————————————————————

0O 0.1020304050.60.70809 1

DNN

ICNFP 2024 Mohamed Aly
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https://www.sciencedirect.com/science/article/pii/S0370269323002149?via=ihub

Combpination



Mass with ATLAS

Combined results with full Run-2 data: misc

Phys. Lett. B 131 (2023) 251802 — aux materigl

< 12 B ! | ! ! ! | ! | ! ! ! | ] < 1 2 I I | I I I I I I I I | I I I I | I I I
= | ATLAS H =2z Run2 _ S [ ATLAS Combination Run 1 i
c\Il — H—yy Run2 . C}I B Combination Run 2 |
* . .
10-H—>22" H— VY —— Combination Run 2 T 10—-H—=Z2Z* H— vy Combination Run 1 + Run2 —
| Run2:{s=13TeV,140f6" 7 Stat-Only i " Runi:{s=7-8TeV,25M" Stat-Only ]
] 7 - Run2:\{s =13 TeV, 140 f&' -
8 __ __ 8 ] Source Systematic uncertainty on mg [MeV |
_ i i e/y Er-independent Z — ee calibration 44
. ] e /v Et-dependent electron energy scale 28
6— — ] H — vyv interference bias 17
B n . e /v photon lateral shower shape 16
B ) — e /v photon conversion reconstruction 15
4 R U N YA 20 | o5 e/y energy resolution 11
B ’ | oot £ A A ] H — vy background modelling 10
u / | | Muon momentum scale 8
u / - i All other systematic uncertainties 7
2 — _
B o] -
0 i Ll . ;‘;A 1~ . | ] 0 3 f | | | ]
124.6 124.8 125 125.2 125.4 125.6 124.5 125 1255 126 126.5
m,, [GeV] m,, [GeV]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.251802
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-20/

Higgs width




H* - 7ZZand H - ZZ*



VBF H — ZZ* — 4¢

Full Run-2 (140 tfb~Y): misc.

JHEP 05 (2024) 105 — aux material

ggF . ggF
V= (U otshels @)

- s = S ghen -1 (0)
77 _ 2 | (nff)\2 ) miss )’ Sc¢ | FMISS ’ + U (0) —nEEF(0) —nEFF(0)) + nEF (6)
met = \/mz+ (pT ) +\/mz+ <ET ) — P+ E , off-shell ~ ']
\ - - = (u“g%flishell \/ :‘Lg%fF shell) ggF @)
T \/ L chen - Tiem 0) + (1 — \/ WEG cher) - e (0)
Systematic Uncertainty Fixed Uoff-shenl Value at which —2 In A(uofr-shen) = 4
Parton shower uncertainty for gg — ZZ (normalisation) 2.26
Parton shower uncertainty for gg — ZZ (shape) 2.29
NLO EW uncertainty for gg — ZZ 2.27
NLO QCD uncertainty for gg — ZZ 2.29
Parton shower uncertainty for gg — ZZ (shape) 2.29
Jet energy scale and resolution uncertainty 2.26
None 2.30

ICNFP 2024 Mohamed Aly


https://link.springer.com/article/10.1007/JHEP05(2024)105
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-30

H* - ttand ttH



Or width

Multi-top united

The idea

Phys. Rev. D 99, 113003 (theory)
arxXiv:240/10631 — submitted to PLB

Off-shell On-shell
4-tops ttH g9 > H
t t ! g AN t/b/c
— t
_1_LI__<t 2/ ‘ e t/b/cA ---H
' . i
21172 2 2
x K-(k., k)1

l Production Decay
\ ooF, VBF, WH, ZH, tfH,tH = H — vy
: . ttH + tH H — bb
g+ Z/y interference Higgs Wi ZH o
VBF H — bb

geF, VBF, WH + ZH,tiH +tH H — ZZ

ggF, VBF H—->WW

WH,ZH H—- WW
ggF, VBF, WH + ZH, ttH + tH H— 11
ggF+ttH +tH, VBF+ WH+ZH H — uu
Inclusive H— Zy

2 2 2
X k(K KV)Kf (K, ky)/ T

ICNFP 2024 Mohamed Aly

Combination

Aggregate statistical model from
all ATLAS Higgs measurements

. Except ttH( — leptons)

Perform a fit using the
aggregated model

Free-float:
. tree-levelk (e.g. K, K, -..)
. effective loop k (e.g. Kor Ky o )

Allow Higgs width to float for all
models

38


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.113003
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-22/

Multi-top united

The result

Phys. Rev. D 99, 113003 (theory)
arxXiv:240/10631 — submitted to PLB

Off-shell

4-tops — multi-lepton final state

g ST T
£ 45[ ATLAS ] =
§ o fs=si3TevitofT Po20] 3
3.55 =
3t E

2.5F —
2;——Observed —i

1.5;— - - Expected —i

| e S SRR e iR =

0.5 —
OOW“ILSI | 2 — 2_.5

Iic, |

Limit obs (exp): |k,| < 2.3(1.9) @ 95% CL

for widtn

On-shell

Higgs combination model

L IR B L I [ [ [ 7
KZ s
e | ATLAS Run 2 ]
w
Kt i 'T_ETT' Leptons Quarks |
. ve v v ]l u] c B
A p—— e- -
B jers Higgs boson |
——|
ol s i
Kyl oo I\ p———— !
- —e— B _=B,=0 |
K —— inv. u.
< S | --®- B, free, B, =20,k =1
K B —— SM prediction _
4 e Parameter value not allowed
KZ}/ --------------- .-'- -----------
TIT ERPE PRR PR B P P R |
0.8 1 1.2 1.4 1.6
68% CL interval
| ]
Binv. __________________________ 1
2 D |
0 0.05 0.1 0.15 0.2
95% CL limit

k.| = 0.94 +0.10

Fur Phys. J. C 83 (2023) 496 [ erratum — aux materidl s tfH( . ML) L> | Kt ‘ _ 086 + O 13
ICNFP 2024 Mohamed Aly

( ] [
Combination

< 6_ T T IE T T 1T 17T | 1

ST . ATLAS — Observed -

5;_ (s=13TeV,36.1-140fb" ... Expected E

e N ss%cL [ —

3 -

2 -

1= =

O: tepdala==" :

10
I, [MeV]
¥ o5 -
- —— 68% CL i
IRGELRE 95% CL ]
2 ]
15 - ~
1% . ~
T (s=13TeV,36.1-140fb"
e + Best fit X SM i
0.5 0o | ] ] Lol ] ] Lol ]
1 10 10?

SM

| WA B

[, < 450 (75) MeV @ 95% CL
Resolve loop k L; FH < 157 (55) VeV
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.113003
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-22/
https://link.springer.com/article/10.1140/epjc/s10052-023-11573-0
https://link.springer.com/article/10.1140/epjc/s10052-024-12458-6
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2021-08/
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
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Operator Structure Coupling

Warsaw Basis

Opy  OIOWLWW ¢ o

Opyyp  @IT'OW. B ¢ =
CP structure
Higgs Basis
0,5 hZy ZH Cez
i OhZA hZWAW Czy
]_n_ H E VV Opai hAWAW Coyry
HISZ basis ,
d: éywp=0, Céaw =~C¢ypp= %J,

Eny — O, 677 = Sin2 HW 6082 Hwézz x d



VBEH — yy



VBEH — yy

Full Run-2 (140 b~ 1): setup

:II 1 4_ I I | I I I I | I I I I I I I I | I I I I | I I j
% N ATLAS —— Combined .
0 25_ I 1 LI I LI I LI I rrri I LI I LILELL I LI I 1 |-_| 1 LU LI I rrri I rrri I LI | LI I rrri I rrri I LI | I_ x 1 2__ Vg = 1 3 TeV, 1 39 fb-1 —_— TT __
<L ATLAS + ¢ Data sidebands E AN B — TL |
: I - -\ VBFH— v ]
23 Vs =13 TeV, 139 fb’ T e SM VBF ] 10 s Observed —LT -
2 > N e SM ggF ] I i
% B 1 Continuum background 8 ]
2 0.15F I - - >
5T T ] i
S L b e e s BT L ] 6
S 01 T : § - g
L A I S o T ) u i
- + . 95% CL 4|— —
0.05[- T . A NN ]
0: |"|";”|”: I E NI AR N AN IR A A |-- — :IIII;.I.I |:: I'J--:I'I"i”r.;l 11 I 1111 I 1111 | 111 -l -“.-- . : 2 __
03 02 -01 0 01 02 03 04 -04-03-02-01 0 01 02 03 04 05 s8%cl L. NN~ ST B
BDTygr/gqr BDTgr/continuum 0 . ]
1
§ T 7 | 7 | 7 LI B .I..: . | _fé’ % 0.55_ ATLAS = seeen SM VBE _E C,_“"’/
£ = ATLAS | .!:::EE - G>.) 5 F Ys=13TeV, 139 fb’ "'SMQQF 1 1 I L B B B B I — N L L L B B A
(§ 04 [ -1 - = mee — Hq__) é 0.4:_ BDTVBF,ggF tight === Continuum background _: 1 : :
;| (s=13Tev, 13916 |8 TT] 7'25 ¢ 7 Vo] Z o5 ATLAS —~— Combined ~ —
B . : e c - . -
o | : ' ] 2 X - (s=13TeV, 139 fb’ 1T i
o0 —1 Q9 Al - i
0.2 - £ ool VBF H— vy, Observed —TL B
- . X
- 1 0.8 3 —LT -
ol _ _
B 10-10.6 15 .
— - %0-24:"|""|""|'"'|""|""|""|"": - -
| i S 0.22F aTLAS BDTygrggr l00S€ = -
w 02F ~=_ -1 - - ~
-0.2— Data sideband — 04 g 0.182— Vs=13TeV, 139 fi _ 1 O . |
I SM VBF i g 016 E B -
w 0.14F E
B 180.2 0.12F E -
-0.4 — 0.1 E -
B i 0.08F- = 95% CL 5 N N -l
1 I 1 1 1 I 1 1 1 I 1 1 I 1 1 1 I 1 1 O 0065_ _E I
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Full Run-2 (140 fb=Y): differential measurement
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https://link.springer.com/article/10.1007/JHEP05(2024)105
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-30




H — 17
Full Run-2 (140 b~ 1): setup

Fur. Phys. J. C 83 (2023) 563 — aux material

IP-method p-method mixed

k
Yop

(a) H—-> 1t~ - ntn” +2v b) H— 71~ - 7talva— 7% o) H—-> 1ttt - n'n

Ovn‘v

one &~ pert >0 7 per t >0 7" for one 7, zero
for the other
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https://link.springer.com/article/10.1140/epjc/s10052-023-11583-y
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-10

H — 17

Fur. Phys. J. C 83 (2023) 56

3

Full Run-2 (140 b~ 1): setup

— aux material

Decay channel Decay mode combination Method Fraction in all 7-lepton-pair decays

{—1pOn IP 8.1%

Tlep Thad {—1pln IP—p 18.3%

{—1pXn IP—p 7.6%

{—3pOn [P-a, 6.9%

IpOn—1pOn IP 1.3%

1pOn—1pln IP—p 6.0%

o Ipln—-1pln P 6.7%

had thad 1pOn—1pXn IP—p 2.5%

Ipln—-1pXn Je 5.6%

Ipln-3pOn p—aji 5.1%

Al g7+ - = 1 = b(E—l-)b(E—)_

16

Set of nuisance parameters

Impact on ¢, [degrees]

Channel Signal region Decay mode combination

Selection criteria

Channel Signal region Decay mode combination

Selection criteria

|d3% ()] > 2.5 or |d3 % (u)] > 2.0

{—1pOn ,

High |dy* (Tipon)| > 1.5
{—1pln |dy®(e)| > 2.5 or |dy* ()| > 2.0

|y? (Tipin)| > 0.1

’ 3 (Tipxa)]| > 0.1

Medium = _

£-3p0n |dy©(e)] > 2.5 or |dy* ()] > 2.0

|yt (T3p0n)| > 0.6
Low All above Not satisfying selection criteria

ICNFP 2024

()] > 1.5

Jet energy scale 3.4
Jet energy resolution 2.5
Pile-up jet tagging 0.5
Jet flavour tagging 0.2
EZ™ 0.4
Electron 0.3
Muon 0.9
Thad Teconstruction 1.0
Misidentified 7 0.6
Thad decay mode classification 0.3
n¥ angular resolution and energy scale 0.2
Track (7*, impact parameter) 0.7
Luminosity 0.1
Theory uncertainty in H — 771 processes 1.5
Theory uncertainty in Z — 77 processes 1.1
Simulated background sample statistics 1.4
Signal normalisation 1.4
Background normalisation 0.6
Total systematic uncertainty 5.2
Data sample statistics 15.6
Total 16.4

IpOn—1pOn :
|d(s)lg(7'2)| > 1.5
. > (T1p0n)| > 1.5
High 1pOn—Ipin Ido " (T1p0n
P Y (Tiptn)| > 0.1
Ipln-1pln [v°(11)yP(12)] > 0.2
Thad Thad Ln0n_1oXn |5 (T1pon)| > 1.5
T 3 (Tipxa)| > 0.1
Medium lpln—len |yp(T1p1n)yp(T1an)| > 0.2
|y° (T1p1n)| > 0.1
Ipln-3pOn ?
PP [y (z3p0m)] > 0.6
Low All above Not satisfying selection criteria

Mohamed Aly
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https://link.springer.com/article/10.1140/epjc/s10052-023-11583-y
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-10

H — bbinttH and tHg



ttH( — bb) and tH( — bb)q

Full Run-2 (140 b~ 1): setup

Channel (TR) Final SRs and CRs | Classification BDT selection | Fitted observable
>4j,>4b
CR;04{6504b o - Anee
: 24],2 24j,2 _1 —
Do (TRZ4-24b CR>4]' 0 BD"£4. » e [-1,-0.086) by
SRy~ BDT="/-="? € [-0.086,0.186) by
SR; /=4 BDT2%-24 ¢ [0.186, 1] by
CR>*/>=% BDT2%-2% ¢ [-1,-0.128) b,
£+ jets (TR=0/-2%0) CR;®/-=* BDT>%/-24> ¢ [-0.128,0.249) b)
SR=0/-24b BDT=%/>2% ¢ [0.249, 1] b,
£+jets (TRpoosied ) SRpoosted BDTP0%s%d ¢ [—-0.05, 1] BDTPoosted
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Boosted BDT score

Mohamed Aly
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=

Uncertainty source Aa[°]
Process modelling
Signal modelling +8.8 -14
tt + >1b modelling
tt+>1b 4V5 FS +23  -37
tt + >1b NLO matching +22  -33
tt + >1b fractions +14  -21
tt + >1b FSR +5.2 -9.9
tt + >1b PS & hadronisation +16 -24
tt+>1b pf}b shape +5.4 -4.6
tt + >1b ISR +14 -24
tt + >1c modelling +6.6 -11
tt + light modelling +2.5 4.7
b-tagging efficiency and mis-tag rates
b-tagging efficiency +8.7 -15
c-mis-tag rates +6.7 -11
[-mis-tag rates +2.3 2.7
Jet energy scale and resolution
b-jet energy scale +1.6 -3.8
Jet energy scale (flavour) +7.8 -11
Jet energy scale (pileup) +5.2 -7.9
Jet energy scale (remaining) +8.1 -13
Jet energy resolution +5.7 -9.3
Luminosity < +1
Other sources +4.9 -8
Total systematic uncertainty +41 54
tt + >1b normalisation +8.2 ~-13
Ky +17  -33
Total statistical uncertainty +32 -49
Total uncertainty +52  -73




