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Introduction

Motivations for studying the ttH process

@ After the new boson discovery (Higgs-like), focus on measuring its properties
— couplings to fermions, gauge bosons, and itself

@ Top quark is the most strongly-coupled SM particle (Y; = 1)

@ Indirect constraints on the top-Higgs Yukawa coupling Y; from
loop diagrams where top quark contribute to
gg — H production and H — ~~ decay
but assuming no new particles

@ Directly probe top-Higgs coupling through ttH production mechanism

@ Large deviation from SM Higgs coupling could be explained by some beyond
SM models with enhanced ttH production without changing the Higgs BR
(Vector-like, heavy top partner, Compositeness, RS, little Higgs)
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Introduction

The ttH measurement

Production Decay BR = 0.58: dominant mode
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Cha”enges resonant signature
@ Low signal cross-section
@ Complicated final states with high-jet/b-tag multiplicity
A priori, some handles but large combinatorial and physics bkg
(in large part irreducible and affected by large sys unc)
Vs (TeV) 7 8 13 | ttH cross section increased by 3.9
ttH(my = 125GeV) (fb) | 86 | 130 | 507 | while tt cross section by 3.3
tt (pb) 177 | 253 | 832 | at 13 TeV (compared to 8 TeV)
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Introduction

CMS Runl results

19.7 b (8 TeV) + 5.1 b (7 TeV)

Combined

197" (8 TeV) + 5.1 16" (7 TeV)
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ttH, H — bb

Event selection in ttH, H — bb [PAS-HIG-16-038]

Two main categories according to the decays of top pairs

lepton+jets Dilepton
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@ 1 ¢ pT> 25 (30) GeV for i (e); @ 2 ¢ pT> 20,15 GeV;

In| <2.1 In| <2.4
@ > 4 jets (pT>30 GeV, |n| <2.4) @ > 3jets (pT>30,30,20 GeV, |n| <2.4)

@ Sub-categorisation: jet and b-jet (> 3) multiplicity
@ IHEP participants: HB.Liao, F.Romeo, A.Spiezia, J.Thomas, HQ.Zhang
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-038/index.html

Results of ttH, H — bb

Simultaneous binned maximum-likelihood fit to data in all analysis categories

Dilepton

Lepton+jets

Combined

11.4-12.9fo™ (13 TeV)

CMS Preliminary
n tot. stat. syst.
+1.50 +1.05 +1.01
ol — -0.04 -1.39 -0.96 -1.06
+1.02 +0.51 +0.88
ol -0.43 -1.02 -0.52 -0.87
+0.80 +0.45 +0.66
= -0.19 -0.81 -0.44 -0.68
1 P 1 P P 1 P
-2 0 2 4 6

Best fit u = o/o_ atm, =125 GeV
SM
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11.4-12.9 fb* (13 TeV)

Dilepton

Lepton+jets

Combined

CMS Preliminary

------ Expected +1o

- Expected +20
rrrrrr ttH(u=1) injected
—m— Observed

1 10
95% CL limiton p = cloSM atm, =125 GeV
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ttH, H — ~~

Event selection in ttH, H — v [PAS-HIG-16-040]

Two main categories according to the decays of top pairs

Leptonic tag Hadronic tag
@ 27: pT> myy /2, myy /4 @ 27 pT> myy /3, myy /4
@ Diphoton selection through dedicated @ Diphoton selection through dedicated
BDT BDT
@ > 174 pT>20 GeV @ No leptons

@ > 2jets: pT>25 GeV, |n| <2.4, > 1 b-jet )

Clean resonant signature (tough tiny BR) — searc
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> 5 jets: pT>25 GeV, |n| <2.4, > 1 b-jet
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-040/index.html

ttH, H — ~~

Background characterisation and result of ttH, H — v~

Smooth fit functions, several functional forms

, CMS preliminary 35.9 b (13 Tev) CMS Preliminary 35.9 fb! (13 Tev)
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ttH, H —MultiLeptons

Event selection in ttH, H —MultiLeptons with 7, [PAS-HIG-17-003]

Three main categories according to the lepton and tau, multiplicity

lepton + 2 tauy Dilepton + 1 tauy Trilepton + 1 tauy,
@ 1/¢: pT> 20 (25) @ 2 same-sign {: pT> @ 3¢ pT> 20, 10, 10
GeV for u (e); 25, 10 (15) GeV for GeV; || <2.5
[n] <2.1 (e); In| <2.5
@ 2 tauy, : opposite @ > 3jets (pT>25 @ > 2 jets (pT>25
charge GeV, |n| <2.4) GeV, |n| <2.4)

Signal is extracted using BDT(1 ¢) ; MEM (2 ¢) ; combined BDT ( 3 £) discriminator

CMS _Preliminan y 35.9 10 (13 Tev)
eak

Events
o
o

Expeciaion
o
o
Lkl o RN RN AR

o N » 0 ®

Data - Expecaton
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ttH, H —MultiLeptons

Results in ttH, H —MultiLeptons with tauy,

The signal rate p is computed for each of the categories individually and for
thier combination, upper limit on 1 is computed at 95% CL

CMS Preliminary 35.9fb™ (13 TeV)

— Best fit

Best fit p= G/OSM

pengn@ihep.ac.cn (IHEP Beijing)

1l+21,

— +1.50
p= -1.20_147

2lss+1r,

— () qrt0.79
H= 0'86-0.66

3l+1Ir,
— +1.33
H= 1'22-1.01
Combined

— () 79+0.62
H= 0'72-0.53

1+2t,
U <2.6 (3.4 exp)

2lss+1Ir,
H<2.4 (1.4 exp)

3l+1r,
U<4.0 (2.7 exp)

Combined
U<2.0(1.1exp)

0 5

CMS Preliminary 35.9 b (13 Tev)

-@- Observed
-© Expected
. +10 Expected

+20 Expected
‘ L ‘ L
10

95% CL upper limiton p= G/GSM
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ttH, H —MultiLeptons

Event selection in ttH, H —MultiLeptons w/o 7, [PAS-HIG-17-004]

Two main categories according to the lepton multiplicity
Dilepton Trilepton

@ 2 same-sign {: pT> 25, 15 GeV ; @ >3 /(: pT> 25, 15, 15 GeV;

In| <2.4 In| <2.4
@ > 4jets (pT>25 GeV, |n| <2.4) @ > 2 jets (pT>25 GeV, |n| <2.4)
@ Lepton identification through a dedicated BDT

Analyis with hadronic tau is done separately
IHEP participants: BH.Li , F.Romeo, HQ.Zhang
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-004/index.html

ttH, H —MultiLeptons

Hjet Tagger in ttH, H —MultiLeptons w/o 7,

ttH o0
bkg: all jets in ttV

. CM§ Prellmlnary N 35 9 fb (13 TeV)

o Objective : Ildentifiying a Jet 180 e gm o
decayed from W from Higgs iiz :

@ Sig: correctly matched Jet in 120 *

@ Variables :
jet ID (b-tagging, qg likelihood)
geometric (dR to |) properties

o take the highest BDT score jet

stat. unc. [Jtotal unc.

Data/pred.

>1 -0.8 -0.6 0.4 -0.2 0 0.2 04 06 08 1
H — Iv+jet(s) tagger BDT score
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ttH, H —MultiLeptons

Background Characterisation of ttH, H — MultiLeptons w/o 7,

CMS Preliminary 35.9 fb! (13 TeV) CMS Preliminary 35.9 fb (13 TeV,
T T T T T T T T T T T T T T T
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BDT (ttH,tt) BDT (ttH,ttV)

@ Mismeasured charge ( Flips ): Weight data events selected with opposite sign

@ Objects misidentified as prompt leptons ( Fakes ): Weight data events selected with
reversed lepton BDT

@ ttW, ttZ : Irreducible, taken from simulation
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ttH, H —MultiLeptons

Results of ttH, H —MultiLeptons w/o 7

The 2| and 3l signal are extracted from a combined multivariate
discriminator obtained by a training against tt and ttW, Z
The 41, due to low statistics, is estimated using less sophisticated method

CMS Preliminary 35.9 fb! (13 TeV)
T T T T T T T

CMS Preliminary 35.9fb? (13 TeV)

w
5] U v A B m,, = 125 GeV
w -::\';'\I E\?VB‘K/?[S‘ g_?h!arlge mis-m. 05
*W* g Total unc. ; _
B S, combined p =157
2l
p=18"%6 ———
06
3l
u= 1.0 +0.8 B
o7
'qc; [ stat. unc. [total | 4]
% 3 W=09%3 -
g —— t . e | | | 1 | | |
P S S S -1-050 05 1 15 2 25 3 35
BDT (ttH, tt/ttV) bin Best fit p(ttH)
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ttH, H —MultiLeptons

Combined results of ttH, H —MultiLeptons

CMS 35.9 fb" (13 TeV)

[ CMS 35.9 b (13 Tev)
Combined [ u=1.23 % [ T3stat) 7 (syst)] 1le2r, ] — ]

i <27 (4.1exp)
1+ 21, L 2lss

- I —_—G
p=-152 "1'_725 E w<28 (1.0 exp) -8 Observed
2ss L 2ss+1r, -6)- Expected
p=161 ﬁf‘s o 7 w<25(14exp) [ 5 Expected
Ass+t, [ 3l +20 Expected
u=094 7201 B n<27 (16 exp) - fH{u=1) injected
9 C 3|+1'Eh
n=082 f;;r F n<44(2.8exp)
Ak, [ 41
p=1372 L T w<B5(49exp)
4 I Combined J (i+
“20-57:25279_H|....|....|.m\...lj. il peat@sen) S
- - -1 0 1 2 3 9 10
Best it u(fH) 95% CL upper limiton p = csIc;SM
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Conclusions
Conclusions

@ ttH observation and Yukawa coupling measurement
amongst priorities for Run 2 at LHC

@ CMS has performed following measurements with 13 TeV data of 2016:
ttH, H — bb
ttH,H — vy
ttH, H — MultiLeptons

@ The results:
LgH, 15 Best-fit value of —0.1970:80
[LtEH,H—>~- Best-fit value of 2.2732, with observed (expected)
significance of 3.30(1.50)
HtEH, H— MultiLeptons: Best-fit value of 1.23:“8:13, with observed
(expected) significance of 3.2¢0(2.80)

@ data to come in 2017
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Backup

Summary of ATLAS and CMS Runl results

Combination of all Higgs analysis channels

Wy dominated by: ttH(yy), ttH(multilepton), ttH(bb)

ATLAS and CMS Preliminary -—ATLAS
LHC Run 1 - CMS
-+ ATLAS+CMS
- H —+ 1o
u —+ 20
wF TS | et
" ATLAS 1.9 +0.8 -0.7
VBF i —
| —r— CMS 29 +1.0 -0.9
n — Combined 2.3 +0.7 -0.6
WH R —
lJ'ZH A
My
M g
——
I e T ELa b e bra e umed e fea i
0 05 1 15 2 25 3 35 4

Parameter value
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Backup

Background characterisation in ttH, H — bb

CcmMs Simulation Lepton+Jets Channel
26jet, 24 b-tags 26 jets, 3b-tags 4jets, 4 b-tags 5jets, 24 b-tags
oo oo ” >
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" e
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T " " i
o
- e e
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o 1o — 12 s -

180035, 5180973 siB=0011, S/B=095 siB=0015, S/(B=0242 SB=0.04, SNB=0532

@ Use dedicated BDT per category
and/or MEM methods
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CMs Simulation Dilepton Channel

24 ets, 24 b-tags 24jets, 3b-tags 3jets, 3b-tags

1t W i

[ Y

[
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[
EWK

[ [

ot

o i
180,040, SI1B=0417 SB=0012, S/VB=0453 5/B=0.004, SiVB=0.084

@ Use dedicated BDT per category




Backup
ttH, H — MultiLeptons sub-categories

Sub-categorisation according to
e lepton flavour

e lepton charge

e presence of 7y

e b-jet multiplicity

ui' ui ei' ui' ei'ei' 3L
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Backup

ttH, H — MultiLeptons 3l 4l signal extraction

Events

Data/pred.

a

I
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CMS Preliminary
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RASERRRA

41, post-fit (SM prediction) |
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BDT (ttH, tt/ttV) bin
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