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A Bit of Legacy

Over the years | did

® 7 — 4/ (discovery) @UF
* H — 4/ (discovery) @UF
e H — 4/ CP and properties @UF
¢ ttH (discovery) @Cornell U.
¢ ttH differential, CP, and properties ... ~ @Cornell U./Vilnius

Hardware: muon chambers, pixel tracker

Melange on the horizon: neutrinos, diHiggs.
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ttH Importance g

Dominant gg

e Only way to directly probe ttH vertex:

o ggH vertex depends on other fields.
o Way to probe ffH Lorentz structure. LA ™~ ... 7. .
o Critical piece of Higgs properties.

¢ Bridge to ttX searches.

Mode | gg VBF VH itH bbH ttH
o,pb |439 37 22 05 05

/s, TeV| 7 8 13
oo |89 133 507

Almost 4 x better with 13 TeV!
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Variety of ttH Decays =

"alljets" 46%

T+ets 15%
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"dileptons™ "lepton+tjets"
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e ttH, H — bb: dileptonic, ¢+jets, hadronic S
] = H “y H ” H ﬂ o
e ttH,H — 77: universal (“inclusive”) categories S 5
— . . . . . > x
e tH,H — ¢; (multileptonic): dileptonic, (+jets it §
e ttH,H — ~~: leptonic (dileptonic, ¢+jets), hadronic 2 g
- zz* . .
o ttH, H = 4/¢: one special category o S
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Summary of LHC Run 1 for ttH %

All Higgs decay modes (7+8 TeV)

ATLAS and CMS Preliminary --ATLAS
LHC Run1 - CMS
Production process Measured significance (0) Expected significance (o) -+ ATLAS+CMS
VBF 5.4 4.7 — —z+1lo
WH 2.4 2.7 M —— —rx
ZH 2.3 2.9 99F T
VH 3.5 4.2 [
ttH 4.4 2.0 m
Decay channel VBF 4:__7.
H— 717 5.5 5.0 L
H — bb 2.6 3.7
Mo I S
ttH
M l.‘lZH o
ATLAS | 1.9708 -
—0.7 M
In short: +1.0 M
CMS | 2.9+10
0.7 =
Both | 237/ " -
—U.0 e beenn b b b bevn b

0 05 1 15 2 25 3 35 4
Parameter value
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Full Run 2: 11/diff/CP /EFT

H — bb oo fon
ttHin CMS = ¢ multilepton v /---/---/---
H— vy V]
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Multilepton ttH Strategy

CMS Supplementary 137 fb™ (13 TeV)

al fraction

W tH H - ww
5 07
EtH, H - zz

[CJtH,H — e :
B 0 o Additional event selection for each cat.

e Define signal regions on ¢&t, multiplicity

¢ Sensitive to different Higgs decay modes
o has different background composition

0
s, 02""5 4/+0rh sy Ii'?/ﬁ,h 2los, l?j/q’n 2/*2’»' 1/*2% 0/*21/7

¢ Multivariate techniques to discriminate ttH and tH from bckgs.
o Extra subcategorization in lepton flavor and b jet multiplicity

¢ Likelihood fit to all subcategories
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() Some “Money Plots” '
e CMS 137 b (13 Tev) CMS 137 ™ (13 Te\

£ "F 2155 0r, t# node, . =i £ 14025 ¥ or, tHa node, w(iH. 1= 4
2 4 0ua | [visctlepons [Fips H + Daa s iepons EFipa]
G 6OF omerson v W22 == .
A~ N OF BV« oot + 4 I E|
S0f- Mw Wi Tota un 100 i 3 " CMS 137 i (13 Tev)
40 80 ee d = b 31+ 0t, tiH node, u(ttH, tH)=i
30 ] g lOOj ¢ Data NI Misid. leptons  []Rare
& E w [ mzz mwz [ cEw(w)
20 40| —tl i " tiz tH ttH
1ol ..-"'\\Q"'-' ==K 807i:|Total unc - -
- 20 === - :
LS A ot
5L 60
[ MHM MHMM;LH“ bty H \JH H
| AN i
& E I R 1 R g 15 15 % 40—
Bin number Bin number -
CMS 137 b (13 Tev) CMS 137 b (13 Tev) 20
2 2155 + 0, W node, (i, tH1=H 8 1o 2155+ 0, Gher bkg. node, (T, IH)R
g 4oua | Vs letons H + oa I Wis. lepons. B FIps
& "9 Gne & 00f- GEamesin 27

Rare
= =T
5 VH + ggh + qaH i
Totalunc.

oK RN MM\ TS

—

Expectation

Data - Expectation

y T3 3 4 5 6 7 8
*J Bin number

gl X 8| o4

g bbby MHHW%“J I *l‘ Lt NTTER

L BT B T RO

F e §F o4

3 I (O I 3 R I I
Bin number Bin number

Aurelijus Rinkevicius (Vilnius University) (tH in CMS 2021-03-09 9/11



Analysis

ttH Overview
A Full Picture g

41+ 07, W 31+ 17,

e, Nl
e et
514 W

0l + 27,
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Maximum Likelihood Fit

*bl (bt): < 2 (2 2) tight b-jets
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Combined

2lss + 0t
31 +0t,
2Iss + Ir,
1+ 21,
2los + Ir,
31+ I,
21+ 21,
41 + 0t
Ol +2t,
1+ Ir,

CMs

Run 2 Results from Multilepton ttH

137 fo™ (13 TeV)
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For details see CMS HIG-19-008, arxiv, accepted in EPJC.
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-008/index.html
http://arxiv.org/abs/2011.03652
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