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The top-Higgs Yukawa coupling is speciall
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Higgs Yukawa sector — unlike anything we have probed before

Higgs-fermion interaction
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fermion masses

Top-Higgs Yukawa coupling y;

By far the largest Higgs-fermion coupling (= 1)

= Significant role in electroweak vacuum stability

= Sensitivity to new physics

= Relevant in measurement of Higgs boson self-coupling
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Outline: How to probe y,?
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t
2?
Indirect H----- Direct
t
Loop-induced single Higgs processes Top quark associated production
ggF production and H — yy decays ttH and tH production

Virtual contributions to top quark production
4t and tt production
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Indirect measurements of y,: Higgs and top physics



y; from Higgs combination

Nature 607 (2022) 52

Nature 607 (2022) 60
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Combination of Higgs boson measurements in various production x decay channels
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— extract coupling y, — most precise measurement but indirect
(assumptions on which particles in loops, total decay width)
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Assuming SM structure
(resolved loops):

ATLAS: x, = 0.9519:57
CMS: ¥, = 0.95%757
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Coupling strength
modifier k; = yt/SM


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/

f . Eur. Phys. J. C 83 (2023) 496 Eur. Phys. ). C 84 (2024) 156 [Erratum]
y; from 4t cross section Phys. Lett. B 844 (2023) 138076 MY universitit Hamburg
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4t production cross section sensitive to strength See talk by Tae Jeong

and CP properties of top-Higgs coupling

= Indirect measurement: model dependent

= Only depending on top-Higgs coupling ATLAS:
(no other Higgs coupling) analysis of CP structure
_ CMSsuplementary 1381 (13TeV) of top-Higgs coupling
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2021-08/
https://indico.cern.ch/event/1346940/contributions/5785432/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2021-08/

y; from tt cross section
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tt production (differential) cross section sensitive T " haTHOR ey,
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-19-008/
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Direct measurements of y;: ttH and tH production



UH
ttH measurements at the LHC
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ttH production: direct probe of top-Higgs coupling

Talk by Anna

Small production cross section: 0.5 pb at 13 TeV

Multitude of possible final states with many and different objects ¢

tt decay channels Higgs boson decay channels

H — bb

=
>

Independent observation by
ATLAS and CMS in 2018,

H—> WW*/77/2Z"

<. IS combining several channels
P— — ) =
‘multi-lepton analysis’ o &
H— vy
lepton: electron, muon
H— Z2Z* — 41
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https://www.arxiv.org/abs/1610.07922
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-035/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-13/
https://indico.cern.ch/event/1346940/contributions/5785453/

] JHEP 07 (2023) 088
ttH Wlth H — yy Phys. Rev. Lett. 125 (2020) 061801 il niversitat Hamburg
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Very clean channel: o 100 CMS e 137 7 (13 TeV)
. . b E + Data [JttH(125) ]
clear signature + excellent mass resolution (1%) g o W +iets () + jets]
. 10°e Bt +yy tt+y
— reconstruct Higgs boson from photons : 4 jots WV 41

10%E
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102

Strategy overview
= Events splitin leptonic & hadronic channels 10

= Dedicated BDT in each channel
— reject main backgrounds

. 3 . 2
— categorise events by signal purity s 1
= Simultaneous fit to m,, distribution in each category g o
09 [ stat. Unc ’ '
% i 3 3 4 5 6 7 8

BDT-bkg
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-013/

. JHEP 07 (2023) 088  [EX
ttH WIth H — yy rESUItS Universitdat Hamburg

Phys. Rev. Lett. 125 (2020) 061801
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-013/

ttH with H — yy STXS analysis
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Step towards differential measurements:

Simplified Template Cross Section (STXS) framework

= Signal strength for each Higgs production mode

= Separated further in different phase-space regions

A

>
p;(H)

H — yy channel: first ttH STXS results
Part of inclusive H — yy STXS measurements
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https://indico.cern.ch/event/1346940/contributions/5785170/

ttH with H — yy STXS analysis

JHEP 07 (2023) 088

JHEP 07 (2021) 027

UH

ifi
L2 Universitdt Hamburg
DER FORSCHUNG | DER LEHRE | DER BILDUNG

STXS bins assigned by multi-class BDT (ATLAS) or p+(yy) (CMS)
Several additional BDTs or NNs to reject backgrounds
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107"

137 b (13 TeV)

f o Observed \

s ;
st I +1o (stat @ sysp)
18548 .
5
[+ 373% 0027 . B =10 (syst) -
i 357
00 p - 3
2-5[“ oe2ln . e : Jg 512 SM prediction 7
—— =211 0.155 % 07155 —
L P fon OMW 0713 o
L i 1 o5 l 05002
01697 | | 4 A ‘Bm L 0243
H—yy,lyl<25 oy | | «I—-O‘Z e w0155
H ! 1 | o
4. w:4240.00°
STXS stage 1.2: mihimal : -
m, = 125.38 GeV, Py = 70Po [}
]
¥
)
]
I |
1 | l 1 ! | | |
AP AF i it Af: Af? 2 S I W _..| _||_ o |
I | [ | I
= I ' | - |
= L
E AU NN ANNNNNNNNNNNN ~
R R TR R Y8 8 8 i 2z R38 I8 8 8 8|F
2 £ 20 £ 3275 £ ¥~ o o 5 c T pveo - Iy doo®
8 25 2258 2 2V.VvVAZEZDSEI >V ATV VLV oA
<= £ < E © = £ =_E > [ Q T +-I Tz H
8_,?__,_,3_,—,Q.Q.Q.E=.=E==Igo_o_c_ T & aaa
T g s A D A s E - E S 2 v g = vV vV VvV E
o o O < n = o O o
2 5 25 955 I I o S @8 8 B 2 5 I N T @ X o
> 5 33 QNS L g o2 < 2 o = T -
® ®s s 52 220y 2 ® £ £
Q @ o FoF 5 X T = =
m o g Louw 7 = \ J
1F >%5%8g
>
o o

ATLAS
H— vy m,= 125.09 GeV IyH|<2.5

e Obs + Tot. Unc. . Syst. unc. | SM + Theo. unc.

Vs=13 TeV, 139 fb™

p-value = 93%

Tot. Stat. Syst.
gg—H, O-et, pf < 10 ——i 0.67 1323 (‘ggg :g.lg)
gg—H, O-et, 10 < pl! <200 o= 1.23 :3:3 (‘31: i833)
st 11 <t ——— 107 265 (-84 8%
0g-H, 1461, 60 =p!' < 120 t—o—1 111 253 (205 Zo%)
gg--H, 1-jet, 120 = pl* < 200 —_— 1.0 752 (152 19%)
gg-+H, =2-jets, m_ <350, pl! <120 ——— 06 ‘52 (:05 :Sf)
ggﬂH‘zE-]eLs,rn”<350‘1205p:<200 [ —] 1.3 _85 (:gi jﬁ})
gg-=H, =24ets, m, =350, p! <200 —_————— 1.0 250 (708 03)
9g—H, 200 = p!! <300 —oc—1 1.6 fg: (fg: tgf)
gg-H, 300 = p!! < 450 —c— 02 52 (07 1)
gg-=H, pt = 450 ———— 21 11 (1 0)
aq—Hqq', <1-jet and VH-Veto f————— 0.9 :83 (fgg fgé)
qa—Had, >2-ets, VH-had —_—— 02 57 (5% 61)
aq'~Ha’, =2-ets, 350 = m, <700, pY <200 —_—— 12 758 (152 193)
qq'—~Had, =2-ets, 700 = m <1000, pi!< 200 [ — 14 758 (5% 193)
aq'—Hqq’ =2-ets, m_ = 1000, /<200 —c—t 1.19 :8;2 (*833 53
q'-+Hqg, =21ets, 350 = m <1000, pf = 200 [ — 0.2 :8; ( ool )
aq'—Hag', 22-ets, m, = 1000, p¥ = 200 —c— 16 752 (132 132)
qq-+Hiv, pY < 150 —_—— 1.8 758 (158 19%)
qq-+Hv, pY = 150 —_—y 16 b (6 91)
PP—HI/Y, pY <150 | A\ et 0.6 03 (103 09)
pp—=Hilivy, p! = 150 —_— 04 ‘i (fl‘y; igﬁg)
et ] S AN U eamem I
H, 60 < pl < 120 —— 08 0% (08 60 )
1tH, 120 = Y < 200 ———t 06 02 (Tos To1)
1H, 200 = pH' < 300 ————— 12 108 (08 1)
4,2 300 e 11557 (55 )
4
-1 0 1 2 4 5 6
" : 23 (5 3)
P R R R PR S SR R
-2 0 2 4

from ttH and top physics


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-015/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/

ttH with H — yy STXS analysis

JHEP 07 (2023) 088
JHEP 07 (2021) 027
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Additional effort to isolate tH production
Multi-class BDT (ATLAS), NN (CMS)
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-015/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/

° ATLAS-CONF-2019-045 UH
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Targeting H decays to vector bosons or t Challenging SM backgrounds
Complex categorisation by = Irreducible: ttW, ttZ/y, diboson
lepton flavour, multiplicty, and sign = Reducible: non-prompt and fake leptons

No resonance peak:

+ multi-class BDTs (ATLAS)} signal + bkg.
BDTs or NNs to extract signal

+ multi-class NNs (CMS) control regions
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-045/

ttW background

Talks by Jonathan
+Anna

ATLAS-CONF-2019-045

Eur. Phys. J. C 81(2021) 378
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ttW background difficult to model

= Shape from simulation 3
— ATLAS: Sherpa ttW+1/2j (NLO/LO) -

— CMS: MadGraph5 aMC@NLO (NLO)
= Normalisation freely-floating in fit

CMS 137 fb” (13 TeV
o 80¢ - - -
£ [ 21SS+0r, ttW node, w(itH, tH)={
°>’ 70~ ¢ Data Misid. leptons  [[[[[Flips _
L E [CRare mwz mtww) J
goF [tz W Wi
E Total unc. E
50 —
C T eu ee
=

Data - Expectation
Expectation
o

570 15 20 25 30 35
Bin number

1 Example ttW control region from

dedicated NN class in 21(SS)+0t,

Post-fit ttW normalisation
larger than SM expectation*

ttW norm. =1.43 +/- 0.21 (CMS)

* Different predictions as reference

(consistent with dedicated measurements)

Pre-fit impact on u:

Various systematic uncertainites
Theory (scale choices, shower, etc.)
Charge asymmetry and b-jet multiplicity

[ 10=0+A0 0= 0-A0
Post-fit impact on u: Ap
0 = 0+aD 0= 0-a0 -015 -01 -005 0 005 01 015
Pull: (0-0,)/A0 L e A I B e S SRS
Norm. Factor ATLAS Preliminary
{s=13TeV, 799 fb"
[ ttW norm. factor: 3¢ channel _ B g
Jet energy scale: 7) intercalib. NP1 5__:
t / cross section: scale varmuons _-_
L1 JeHina—seal 0 H .
i e |
ttW norm. factor: 2(SS channel, 2-3 jets N [ ——
& T R ——
ttH cross section: scale variations . - .
Jet energy scale: pileup : — :
1 modelling:charge lation : i :
ttW norm. factor: ’lSS channel, > 4 jets - | ——

opTarc uu.ay TTOSS=SCCHOT

Jet energy scale: ﬂavour response
ttH modelling: parton shower

ttW modelling: alternative generator
4-top cross section
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/
https://arxiv.org/abs/2401.05299
https://indico.cern.ch/event/1346940/contributions/5785451/
https://indico.cern.ch/event/1346940/contributions/5785453/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-008/
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ATLAS Preliminary @ =13 TeV, 79.9 fb—1 CMS 137 b (13 TeV)
L B e L L L I
— tot. (tot) (stat) Combined | 1 =092 7 [ 035 (stat) 7 (sys) |
-
2¢SS : : 2lss + 01, | n=1.017%
3¢ b® 4 m=093 o5 o B+0n, | w=tsgy,
2lss + Tt w=0.62 0%
+0.93 +0.88 h -0.62
4£ |:.:| “’ = 052 -0.72 -0.68 11 +2Th u=0.36 +[:)f41
101 2he| e W=030 0L 0T 2os v, | 20025
_ 049 0% 1083 3l + tr, p=152"4"1
2SS + 17,54 F e A n=~u. -082  -0.71 21 + 21, k=000 02"
1.10 1.04 _ +1.62
41T |9 p=043 ‘e oo 4+ 0, H=128
. Py YT e Ol + 27, w=222"""
combined F-@-4 u=_u. -0.33 -0.25 11+, w=180 2%
IIIIIIIIIIIIIIIIIII

3 2

best fit p = o™/olh for m, = 125 GeV Best fit u(ttH)

Significance 1.8c (3.1c exp.) Significance 4.7c (5.2c exp.)
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CMS analysis: dedicated analysis categories targeting tH events

) CMS 137 b (13 TeV)
T ST T g
= - pp — tH + ttH ]
, ; 2.5 H— WW/ZZ/x -
2k =
y 15 T .
tH production: sqy =90 b 3 4 IS
(can be strongly enhanced for non-SM) - V]
0.5 e .- © ]
E Observed E
0 - —68% CL region E
. . . . C ---95% CL region ]
Simultaneoulsy floating ttH and tH contributions 0.5 o gesti +SMexpected
_1:\ 1 I 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 I 1 1 \:
-5 0 5 10 15
M
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ttH and tH cross-sections depend differently on top-Higgs coupling

-

g

tH: 3.40 k2 + 3.56 k> — 5.96 KK,
(diagrams interfere)

Simultaneoulsy floating ttH and tH contributions
— constraints on k;and xy (including relative sign!)

5 CMS 137 fb' (13 TeV)
[ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ]
B — tH + ttH - ]
1.8 PP * ' ]
C H—= WW/ZZ/t Y ]
1.6F v
1.4 L
1.2 ]
1 NE
0.8 - -
0.6 -
” Observed: ]
0.4r __ 68% CLregion ---95% CLregion @ Bestfit
0.2 - 4 Standard Model ‘ B
. AN U T AT T T T A [N M T M A Y B L1

-15 -1 -05 O 0.5 1@
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. JHEP 06 (2022) 97
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0 leptons | I 1 lepton | I 2 leptons |

Benefit from large BR(H — bb) ~ 58%

27 jets, 24 b-tags I I >6 jets, 24 b-tags I I 5 jets, 24 b-tags I |24 jets, 23 b-tagsl

Only Higgs-fermion couplings involved l e e ng
Challenging final state % E %
= No unambigious event reconstruction 1 ‘ ‘ 1 LIJ ‘ ‘ ‘ 1 LIJ ‘ ‘
= Irreducible tt+bb background @ EEDE B DEEEE B
Complex analysis strategy , CMS Proliminary — 507 1 (13 Tel)
= Categories in #leptons, jets, b-tags and %:Z ::,_tags _ M =§§Ft o

b-tag eff. (ATLAS) / multi-class NNs (CMS) 1o s e e

— ATLAS: dedicated boosted category 10° R T L

— CMS: 0 lepton channel (data-driven QCD) |,

= BDTs for jet-parton assignment i
. . D 14f '
= Signal extracted using BDT or NN S 12t ACNST AL ITMIE SUSTEIRTTAATIC £ BPY 4
information 2 0ok O AL ML LA S S SR |
0 20 40 60 80 100

2018 discriminant bins
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tt+bb backgroun

b
L £

tt+bb difficult to model and to measure
= Simulations typically underpredict cross section by =20-30%
= Differences in relevant kinematic distributions

Different approaches to simulate events include: ¢
£ ook ' '  ATLASPPBfE
> - — CMS PP8 tfob 3
g = — ATLAS PP8 if =
= ttbb ME at NLO (4FS) g o= Tt =
ME: matrix element, PS\parton shower, FS: flavour scheme 0'15;_ _;
C ATLAS + CMS ]
0.1 Generator Level .
C Vs=13TeV, = 4b, = 4j n
C Dilepton channel 1
. . . . 0.05— —]
expect better description of kinematics . % ]
and better defined uncertainties e - -
:
Sé 1 -
§ 2 osf 3 ttbb 4FS
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tt+bb backgroun

b
L £

tt+bb difficult to model and to measure
= Simulations typically underpredict cross section by =20-30%
= Differences in relevant kinematic distributions

Different approaches to simulate events include: ¢
£ ook | | o ATLASPRBE ]
> - — CMS PP8 b 3
= ttbb ME at NLO (4FS) g 0= T owseet
ME: matrix element, PS: parton shower, FS: flavour scheme 0'15;_ _;
- ATLAS + CMS .
0.1 Generator Level -

- Dreponaramer
tt+bb background from 0.051 =
Powheg ttbb 4FS simulation o A g -

. 2'81.2F 3
= Embedded into Powheg tt 5FS sample to A -
cover full phase space 82 osf = ttbb 4FS

= Overall tt+bb normalisation freely-floating
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tt+bb background Talk by Tae Jeong

JHEP 06 (2022) 97
CMS-PAS-HIG-19-011 'lt'i Universitat Hamburg
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Pre-fit impact on u: Ap
. . . . []6=0+A0 [ |6=0-A0 -0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 Fit aint (ob | b | b
Varlous mode"lng uncertalntles Postfit impact on ‘H)“."-"-‘XW“ku“m‘m‘mw fconsra!n (obs.) +10 Impact (obs.) -1o Impact (obs.)
0= 04aD 0= 0-AD f S , Fit constraint (exp.) +10 Impact (exp.) -1o Impact (exp.)
= = s =13 TeV, 139 fb" o R
] S ca | e C h O i ce i n IV\ E a n d PS —e— Nuis. Param. Pull Combined CMS Prellm/nary u=0.33 tg:gg
th+21b: NLO match. liets p!! €[0,120) GeV/ |:E- Co"ine’i“ luon splitn :::
- IV\ E PS m atc h i n f+21b: NLO match. liets p!' €[120,200) GeV m = B normalisation 1195 ]
— PS scale ISR (tiB) —_— —_—
g (‘:w‘:a‘::: [.Iil QCD normalisation (= 9 jets, 2018) 0.964: 981 —_—
. . ) ) P QCD normalisation (= 9 jets, 2017) 0.968 561 = =
n H a d ro n I S a t I O n teatb: NLZ?:;:?@:?Z::‘:;ZI:C QCD normalisation (= 9 jets, 2016) 0.98210%%" —
. ot NLQYmalchv Rt E QCD normalisation (8 jets, 2018) 0982987 —_—
u tt+ b f (AT LAS) / I I g —_ b b (C N\ S) W: PS & hadronisation __._ Jet energy scale (1) —— —_—
ra c' CO I n e a r {fH: NLO matching —_.—— ME-PS matching (ffLF) | M —E
l K(tf+=1b) . l MC stat. (1) —_—
| | pT( H ) S p e Ct r u m (AT LAS) +=1b: NLO match. dilep p! [120,200) GeV QCD normalisation (8 jets, 2017) 0.979:98% —_—
ti4=1b: p™ shape E._ Jet energy scale (2) —
_I._ QCD normalisation (7 jets, 2017) 0.99188%% —_—
—.— QCD normalisation (8 jets, 2016) 0.991881% —_—
‘L M tE+=1b: NLO mateh. liets p!! €[300,450) GeV Underlyi t (D) [ L,
In addition to varying generator parameters “oinines T _
. et 1SR B e MC stat. (2) —_—
= ATLAS: diff. between generators as uncert.  =emmeom [ =
tW: NLO mtching QCD normalisation (7 jets, 2018) 0.98795% —
. . fi+light: PS & hadronisation | ‘ ‘ | Jet energy scale (3) - -
= CMS: bias tests with other generators o 1 o 01
(6-05)/40 ®-6,)/48 A

Post-fit tt+bb normalisation larger than prediction

(consistent with dedicated measurement)

= ATLAS:1.28 +0.08

= CMS: 1.19+0.13 * Different predictions as reference
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. . C . CMS Preliminary 138 fb™' (13 TeV)
Dominated by systematic uncertainties LA AL A N B B S e
w tot stat syst
3 049 4025 +0.42
T T T T FH HH 0.84 jr0.46 jr0.25 j-0.39
ATLAS s=13 TeV, 139 fb”, m =125 GeV 3
1 +0.33 +0.21 +0.25
SM compatibility: 8.5% SL| i 046 33 021 -026
_Tot:aI Stat. Tot. ( Stat. Syst.) DL | -0.23 T&g T00_'3311 ff_f:
l+jets resolved Lo 0.30 *043 (022 4037 : 042  +0.25 +0.33
i 041 1021 -034 2016 | Hm 0.49 jr0.40 jr0.25 jr0.32
I+jets boosted ko4 0.32 *0o7 (Y0 ‘oss 0017 | s 0.32 1038 024 029
Dilepton o 0.60 ‘oes (‘039 ‘os 2018 | v | 0.23 08 <021 <027
Inclusive o 0.35 %930 (92 2%) | Combined | 0.33 G5 i lom
2 0 =2 4 6 8 10 0 5 10
_ ~ttHy ttH -~ -~
MITH_O- /OSM M — O_/O_SM
Significance 1.06 (2.7c exp.) Significance 1.3c (4.1c exp.)
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Signal region events separated into 5 py(H) bins using BDTs (ATLAS) / NNs (CMS)

CM§ Prlelin‘ﬂna‘xvry‘ ‘ | 1:?8 f?‘1 (}STeV)
peyraaraesnssnesse IS U
SM compatibiliy: 45% o, 60[\ 023 12+ s
 —Total —Stat Tot. ( Stat. Syst.
(oo | edm 08 mcgmm | | o] e 000 U
W ﬁ$€[120,200) [GeV] ":F" -0.18 f:s: tg.'g; tg;g [120, 200[ H_H 144 095 4069 4065
., P'E[200,300) [GeV] e 105 0% (08 0% | o oe 0e
1y PE1300450) (GeV) | bo-s 019 P58 28 200,300 || w019 P 0 0w
\_ M U0 CV) ) eyt 010 550 (55 15) |
Inclusive L IIol L ‘0:35 ‘:'3_';: (‘f‘g_"zzg‘ ;3_'282 [300, | *_'_HI ’ -1.20 ‘-1.(‘)5 ‘-O.‘78 ‘-o.|71 |
-2 0 2 4 6 8 10 12 0 5 10
b = ool 6= of Oy
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Signal region events separated into 5 py(H) bins using BDTs (ATLAS) / NNs (CMS)

CMS Preliminary 138 b (13 TeV)
T T | T T T ‘ T T T | T
ATLAS (5213 TeV, 139 fb, m =125 GeV PR Lo sE e
s=13 TeV, 7, m =125 Ge ;
SM compatibility: 45% H A ; pg +1.90 4124 +144
compa y: ° [0, 60[ '—'_'——'—' 023 575 o1 127
—Total Stat. Tot. ( Stat. Syst.) |
N i
+1.04 [+0.48 +0.92 60, 120 i 0.06 % 100 4091
m ﬁ?E [0,120) [GeV] I—:J:—| 0.86 ~0.99 (f0‘47 t0.87 [ [ | 1.39 1.00 -0.96
1.03 ,+0.71 +0.75 :
pher120 2 v F—e— -0.18 * N N :
s PrE1120,200) [GeV] L2 toee 07 [120, 200] b 114 1085 4069 4065
a : +0. +0.70 +0.57 ; : : -
., PE[200,300) [GeV] b= 105 Dy (Cose o3
« 0.74 ;+0.58 +0.45 § . . .
n_ . PrE[300,450) [GeV] ke -0.19 *07 (P05 “047) [200, 300[ e 0.19 1089 1085 4060
o 1.47 /+1.06 +1.03 ‘
\“m’ p:e[450'°°) [GeV] ) ——H -0.10 j1.39(fo_91 "i05
A 0 6361020 1030, | [300, oof || f—m—s 120 N3 O o
Inclusive tod 0.35 "5, (Y020 T028) ’ % ‘-1<05 0.78 -0.|71
PN IR S ol T T | ! ! ! ! !
-2 0 2 4 6 8 10 12 0 5 10
_ tiH) < fTH n -
. =0 /o w = 0/0g,

Gain from boosted reconstruction 0.6
CMS boosted ttH/Z — bb: ,uttH = _027—083
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138 fb' (13 TeV)

CMS

Preliminary

e Observed === +1SD (stat @ syst)

| W fsysn.ﬂ 50 (20 From combination of ATLAS Run 2 Higgs analyses:

ud st Syst Nature 607, 52 (2022)

Eu??hys.J.CB! (2021)455- 017703 0% 06
3 $ Data (Total uncertainty)

- Syst. uncertainty
Tt | g=== SM prediction

ttH ; 017 1020
HIG-19-011 - : 0.33:026 53¢ o

—

| | . — 1000
=
w

' F I I
" £ 200 15 ]
JHEP 07 (2021) 027 * 1.0079% 037 008 ° L 1 S
ILmunnepton E III 1
| |

I
|
0 60 120 200 300 450 oo

ttH 250 - =
Eur. Phys. J. C 81 (2021) 378 .- 0927528 w019 1917 _I.
1 ¢ o oE—
1 1 1
0 0.5 1 1.5 2 25 3
H
Parameter value p¥ [GeV]

ttH results with full Run-2 dataset in (almost) all channels
Major improvements in sensitivity & extended interpretations (STXS, targeting tH)
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Top Yukawa CP properties

Phys. Rev. Lett. 125 (2020) 061802

UH

Phys. Rev. Lett. 125 (2020) 061801

s
L2 Universitdt Hamburg

CP-odd component in top-Higgs interaction?
In principle allowed at tree level!

(v

CP-even/CP-odd Yukawa coupling
(SM Kt = 1, R’[ = O)

my
A(Htt) = _7t1/]t u ikt'YS) Py

— impact on ttH + tH rates and kinematics

05
0
05

-1
15

BDT to distinguish CP-
even/odd contributions

Simultaneoulsy floating ttH and tH contributions

— constraints on CP-odd top-Higgs coupling K

H — yy: first measurement of Htt CP structure
Pure CP-odd structure excluded at 3.9c6 ATLAS / 3.26 (2.
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CP analyses in multilepton (CMS) and H — bb (ATLAS, CMS) channels
= Building on inclusive ttH+tH measurements
= Dedicated observables exploiting kin. differences of CP scenarios (multilepton, ATLAS H — bb)

CMS 138 fb"' (13 TeV)  CMSPreiiminary 13810~ (13TeV) 0
= C— T T 1 17 LI L L L L R BN 5202 1 L L L L L L L L LB LI 1 ke B T 7*
% 15 ] H — Muttilepton 1™ | ¢ expected k=1] | 1925 ¢ [ATLAs 1
B ] -— [o - Observed .. .. B e = 4L o9 L Vs =13 TeV, 139 fb™! 4l
L H— iz 1 T s k083 1 | fesd ¥ 2 -
- [ H — Multilepton/yy/zZ - E k=000 - [ E—— |
C - pronry ] 1.0f — 68%CL / 7 B 1130
- § -- 95%CL/ {14.4 e 1
0'5; -,_ E 0'5? 1 | 120 C 1
[ Pure CP-odd structure ERY 1| s of- 20
" excluded at 3.7¢c ] i - 1N
- 1 -osf 1 |72 . .
—0.5? i : [~ 1
- C368% CL 1 OF 1 fpe —-—-pF-—-—=-=°% —— - e -
e 95% CL ] r “2I7 % Bestfit a=11", /=084 ]
L+ Bestfit 1 e IS i e 2.4 - % SMCP-even:a=0"k=1 -
¢ SMexpecied N o T C CP-0dd: ar=90",k{=1 ]
B 1 I R EE R SR S B R — L ! L
S AT - H I TS 29595 10 05 00 05 10 15 20 0 %z = 0 1 2 0
Ky Kt K; COS of
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Several complementary probes of top-Higgs coupling

= Indirect: ggF production and H — yy decays, 4t and tt cross section t
= Direct: ttH and tH production 2?

Rich set of results with Run 2 data by ATLAS and CMS t
covering many different channels

= Very challenging measurements: complex ML-based analysis strategies
= Modelling of backgrounds is key

= First differential (STXS) ttH results, analysis of CP structure from ttH+tH and 4t
= Consistent with SM expectation, some tension in ttH, H — bb channel

Run 3 at full swing with much more data to analyse
Many more opportunities for y; measurements ahead!
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