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Outline ETH:irich =

o Introduction on ttH and tH processes
o ttH (H — yy)

o ttH+tH multilepton

o ttH (H — bb)

o ttH (H — bb) EFT
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Why measuring ttH...? ETHziirich =
”
The ttH production process is a direct probe of the top-Higgs interaction...
v
o Access to the top-Higgs Yukawa coupling y, o h
o The top quark has the largest Higgs-fermion coupling in the SM (y,°M = 1) Ye
oy, has a crucial role in the stability of the electroweak vacuum ¢
o Sensitive to new physics £
... and a challenging process to observe due to its rarity 4 o
o Cross section: ~507 fb at Vs = 13 TeV (@ NNLO) S~
4 %
It was first observed by ATLAS and CMS in 2018, combining several channels
CMS result: 5.26 (4.26 exp.) with Run 1 + 35.9 fb' Run 2 Phys. Rev. Lett. 120 (2018) 231801
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. and tH? ETHzirich >

The tH production is also an important probe ,
of the top-Higgs interaction 1 1
o Sensitive to the relative sign of y, and g,
o Enhancement of cross section up to 10% in the W

inverted top coupling scenario H
o tH final state is orthogonal to ttH -7

b UE t
0

tH is even more rare than ttH

o Cross section: ~90 fb at Vs = 13 TeV
o No evidence yet in CMS data

b
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Measurements overview

ttH/tH analyses span a wide range of final
states

o Several combinations of top and Higgs decays Alljets
o Many possible final states including several 4ok
different particles
— jets, b-tagging, leptons, photons, MET

Covered in this talk:

ttH (H — pp) Run 2

Phys. Rev. Lett. 125 (2020) 061801
JHEP 07 (2021) 027

ttH multilepton Run 2

Eur. Phys. J. C 81 (2021) 378
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u + jets ’
o Accurate modeling of backgrounds is crucial , / 15% 4
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ttH (H — py) — Differential measurements srep o7 2021027 ETHzlrich

STXS = Simplified Template Cross Sections

Categorization in STXS bins based on p.(yy)
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ttH (H — ) Phys. Rev. Lett. 125 (2020) 061801 EEFH zlirich =

H — yvy provides a clear signature

o Reconstruct Higgs boson from pairs of photons in ECAL _
o Exploit outstanding mass resolution (1%)

CMS 137 o' (13 TeV)

%106 N O tirizs)
/ \ b |
Analysis strategy

Wy +jets

CMS 137 b1 (13 TeV)
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ttH (H — py) -

Results

Phys. Rev. Lett. 125 (2020) 061801

First observation in single-Higgs decay channel
with full Run 2

CMS
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ttH multilepton Eur. Phys. J. C 81 (2021) 378

Analysis targeting H - WW/ZZ/tr decay channels

o Multitude of final states including e/u leptons and hadronic ¢
o Dedicated categories sensitive to tH production
o First simultaneous measurement of ttH and tH

” CMS Preliminary 137 fb' (13 TeV) .
§0F mo o om Challenging background
i} F [tz / ty* N Fakes

WtW(W) EFlips
mwz [JConversions

mZz [CJRares NN
[ Other Higgs proc.

estimation:

o lIrreducible:
ttW, ttZ/gamma, diboson
o Reducible:
non-prompt or fake leptons

XY
[ ]

6’/,%)2;7 e/s&l~ of/ss -
h h

tH enriched categories
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Eur. Phys. J. C 81 (2021) 378

ttH multilepton — Analysis strategy

o 10 event categories based on
— lepton flavour, multiplicity and electric charge
o Signal extraction with
— DNN in tH enriched categories
— BDT in other categories
o 3 control regions to constrain ttW and ttZ backgrounds
o Simultaneous fit of signal and control regions

Maximum Likelihood Fit

e

*bl (bt): < 2 (2 2) tight b-jets
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. oo [@vS
ttH multilepton — Results Eur Phys. J. c 81 (2021)378  ETHzurich =
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ttH (H — bb) cms-PAs-HIG-19-011  IETH zUrich
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ttH (H — bb) — tt+bb background

cms-pas-HIG-19-011  ETHZzUrich &2

tt+bb is the irreducible background

o Difficult to model and to measure

o Simulations underpredict cross-section by
~20-30%

o Data/MC differences in relevant distributions

Two approaches to simulate events: _

o tt ME @NLO + PS g—bb splitting (5FS)

Z‘GCMSPrleliminary‘ . 1§sfb-' (1:|3TeV) .

O ttbb ME @NLO (4FS) é + z;z:::‘t;::
ME: matrix element, PS: parton shower, FS: flavour scheme ém_j e+ ~

. . . 0 1.4
tt+bb background joint simulation: i
o ttbb Powheg 4FS o
o ttinclusive Powheg 5FS o
o Overall tt+bb normalization freely-floating T

M+

Matteo Marchegiani ttH + tH Production (CMS)

l

(o Rl = 5

Qa

o

Background normalisation

ttB norm. = 1.19+0.13



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-011/index.html

Northeastern University, Boston

ttH (H — bb) — Results

CMS Preliminary 138 fo (13 TeV)
| I | I ] | I
i tot stat syst
[0,60[ | ——=—— 023 7 NN
+1. +1. +0.91
[60, 120[ 0.06 %5 Ha o
[120, 200[ 114 V% e o5
+0.89 +0.65 +0.60
[200, 300[ 019 D90 065 -062
[300, [ | —a— 120 o5 o7 om
1 | | l 1 | l
5 10
[l = 6/,

Dominated by systematic uncertainties

CMS-PAS-HIG-19-011

ETHziirich =

CMS Preliminary 138 fb! (13 TeV)
[ttt L
tot stat syst
FH H-H 0.84 Tis 035 lom
SL| 0.48 0T 0E 0
DL [ 023 5 ot o
2016 0.49 Tic 0a 0w
2017 »-« 0.32 0% 5% oz
2018 H-H 028 55 & oz
Combined Im| 10-3I3 ?22:] I;fgl T&?ﬁ |
0 5 10

il = 6/0g,,

Significance: 1.3¢ (4.16 exp.)

0 leptons
1 lepton

2 leptons


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-011/index.html

Northeastern University, Boston

o C i
ttH (H — bb) — EFT Phys. Rev. D 108 (2023) 032008 EETHzirich =
=0 for lepton number conservation
1 5 1 6) (6 1 \ Standard Model EFT
SM A - k k A2 ; k Qk A3 Lagrangian CMS | . 1.38fP_1 (|13TeV)
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in ttH (H — bb) Suman’s talk! Confidence interval [TeV 2]
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Summary ETH:zurich

o Plethora of analyses targeting the ttH final state
—  ttH (H — py), ttH multilepton, ttH (H — bb)
o Very challenging measurement due to small cross section
and complex final states
— ML-based strategies are fundamental
o Good precision of inclusive ttH results
o First differential results and analysis of CP structure in ttH+tH
o Observations are overall compatible with the SM

A lot was learnt in Run 2, looking forward to apply new ideas in Run 3!
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o CMs /|
ttH (H — py) — STXS results JHEP 07 (2021) 027 ETH:zurich
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ttH (H — yy)
s CMS 137 fb” (13 TeV)
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ttH multilepton — Background normalisation  EurPhys s cst021)37s  ETHzurich |

ttZ and ttW signal strength
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CMS 137 fb' (13 TeV) CMS 137 fb' (13 TeV)

CMSs 137 fb! (13 TeV) CMS 137 b (13 TeV!

o 70, - - ~ « 80 = = . N
. 21 SS + 01, tiH node, u(tiH, tH)=ji 1 21 S8 + 01,, ttW node, u(tiH, tH)={i 3 3I-CR, p(ttH, tH)=i1 41-CR, p(ttH, tH)={
[ o0 ¢ Data Misid. leptons [[T]Flips 2 7oF ¢ Data Misid. leptons [} Flips 7 ¢ Data Misid. leptons ~ [_] Conversion N A

w [JConversion []Rare Wz w mwz Wiww) [JRare  Mzz Bwz t pata D e

ll ttz Total unc.

mwz ) Mtz
50— M+ tH Total unc:

Total unc.

[t tH tH . }
60 = B = Wiww) [Hiiz Total unc.

50|

uy
40,

é e + S 1E E é i E|

5 055 Sls osb E §ls ost =

e KT sls oSt o iy b d 1 52 Oot ] *.mlll ot tonhidi

g 0 ARE TS ARAS PO PO A AR glg o #H it '115 i $4titginy £l8 9:4“7[”'!7”?7' AL AL

s | AR B B Gk sy e

8 s s w0 30 e 8 TlesTie s 202550 8540 45
Bin number Bin number Bin number Bin number

Matteo Marchegiani ttH + tH Production (CMS)


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-008/

Northeastern University, Boston

ttH (H — bb) cvs-PAs-HIG-19-011  ETHZzArich ==

CMS Preliminary 138 b (13 TeV) CMS Preliminary 1|38 ' (1 3‘TeV)
£ T T T E| = " T T =
£ b FH(7jets, >2 b-tags)  « dua — signal x 1200_] 3 SL(>5jets, >4 b-tags) o dta  —signalx50 3
- Prefit =n90°'3 (MC) @iLF E z Prefit @i Wic =
= Sy @ 2 s g  Bow - i ey .
T . VW @signal 3 € O V+ets 5
K Bon Bimhe 1 b Boirn G Prefit distributions of the

jet multiplicity in the
FH, SL and DL channels

<3 .
= 0 .
05 |
7 ] 9 10 5 6 7 8 9
Number of jets Number of jets

CMS Preliminary 138 fb™' (13 TeV)

= ) T T T I

] DL (>3jefs, >3blags) ecaua —signaix 100

2 Prefit ='E;F =lﬂc

5 i

> @signal v

2 th Ov+iets

3

frr

@iy
WBHW (SM) [JtHa (SM)

L muuf

05k -

Number of jets

Matteo Marchegiani ttH + tH Production (CMS)



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-011/index.html

Northeastern University, Boston

ttH — CP properties cuvs-pas-HIG-19-011  ETHZzUrich |
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