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INTRODUCTION

Production of the Higgs boson in association with a pair of
top quarks (ttH) probes the top quark Yukawa coupling

=  Direct handle on the ttH vertex at tree level : gluon fusion _
. gluon fusion
involves a loop ggH(87%)
=  Cross-section of ttH is ~508 fb at 13 TeV, roughly 4 times

the value at 8 TeV, increased potential for discovery

- Searches for ttH at CMS in Run 2 : based on decay
channel of the Higgs

VBF (7%) VH (4%)

=  Multi-leptonic (H—ZZ* , H—WW?*, H—r) : higher rate, £ e | | 3k
: . . 0C [ bb 1e
multi-lepton final state with low background 2w 1
%CJWE_ 99 _:‘s’
= 14 (H—tt, also H—ZZ* , H—-WW?*): One t decaying 5 -
hadronically, significant ‘fake’ background o — )
= H-—vyy : small branching ratio, but clean final state (low ”
systematic uncertainties). Excellent diphoton mass resolution  10°FZ E
= H—bb : high branching ratio, but complex multi-jet final state [ ", . | L
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ttH MULTI-LEPTONIC

« Event selection :

= Four lepton channei (4L):

i
|
f
I

g s

| - Same-sign dilepton channel

L = Three lepton channel (3L): ‘

| (2LSS):
» 3 leptons » =24 leptons
» 2 leptons (e or p) with same sign :
further categorisation : ee, py, ey » 22 jets » 22 jets

L= - —— s ——— : L= —— = e ———

= B Tag jets: at least 1 jet passing medium WP or 2 jets passing loose WP of B tag algorithm

miss miss
= Zveto :based on mys, ET |, HT

= 1, veto : veto events containing reconstructed 1y : for orthogonality with analysis for ttH in the t,, channel

= 2LSS and 3L categories have further sub-categories based on charge of leptons, B Tag criteria
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ttH MULTI-LEPTONIC : SIGNAL EXTRACTION Z

Expected and observed yields after the selection in 2LSS sub-categories, 3L and 4L categories

KU cu ee

ttW 51.0 £ 0.6 (stat.) £ 6.9 (syst.) 72.8 0.7 (stat.) £10.2 (syst.)  20.54 0.4 (stat.) == 3.1 (syst.) ~ 32.8 £ 1.0 (stat.) == 4.9 (syst.)

ttZ /v* 17.7 £ 0.8 (stat.) £ 2.9 (syst.) 473 £ 1.6 (stat.) £9.0 (syst.) 175+ 1.0 (stat.) +£3.6 (syst.) 49.8+3.9 (stat.) £11.1 (syst.)  2.15 £ 0.24 (stat.) & 0.44 (syst.)
4 4.2 £ 0.6 (stat.) =4.1 (syst.) 7.0 £ 0.8 (stat.) = 6.8 (syst.) 1.8 0.4 (stat.) £ 1.7 (syst.) 9.1 £0.9 (stat.) £ 4.0 (syst.)

Rare SM bkg. 4.2 +1.5 (stat.) £ 3.0 (syst.) 13.3 £1.9 (stat.) 9.3 (syst.) 4.8 1.1 (stat.) £ 3.6 (syst.) 8.8 4.3 (stat.) £5.9 (syst.)  0.27 £0.16 (stat.) £ 0.19 (syst.)
WWss 3.5 £ 0.6 (stat.) £ 2.5 (syst.) 4.1 + 0.6 (stat.) £ 3.2 (syst.) 1.4 £0.3 (stat.) = 1.2 (syst.)

Conversions 7.8 £2.5 (stat.) &= 2.3 (syst.) 3.6 3.5 (stat.) £ 1.7 (syst.) 5.3 £1.2 (stat.) £ 4.0 (syst.)

Charge mis-meas. 16.4 £0.2 (stat.) 9.1 (syst.)  10.5+£0.2 (stat.) 5.9 (syst.)

Non-prompt leptons 38.7 £ 1.6 (stat.) == 20.5 (syst.) 61.8 £2.0 (stat.) +£13.0 (syst.)  17.7+1.1 (stat.) = 5.4 (syst.)  30.8 4 1.5 (stat.) +10.9 (syst.)

All backgrounds 120.3 + 2.5 (stat.) = 11.7 (syst.)  231.24+4.3 (stat.) £13.3 (syst.)  77.9 £4.0 (stat.) £9.0 (syst.) 137.3 £6.2 (stat.) = 12.4 (syst.)  2.42+0.28 (stat.) £ 0.56 (syst.)
ttH signal 20.1 £ 0.5 (stat.) £ 2.1 (syst.) 27.9 £ 0.5 (stat.) £ 3.0 (syst.) 8.0£0.3 (stat.) £1.1 (syst)  19.54+ 1.0 (stat.) £3.0 (syst.)  1.00 &= 0.09 (stat.) - 0.11 (syst.)
Data 150 268 89 148 3

- Background estimation:

= Signal like final states : ttV, Di-boson : estimated from MC simulation

= Others : Non-prompt leptons (largely from tt), charge mis-measured leptons : Data driven estimation
- Signal extraction :

=  Multivariate BDT discriminants trained in simulated events to separate the signal from ttV backgrounds and
also non-prompt (tt) backgrounds (not for statistically limited 4L )

= 2 separate BDTs trained using kinematical observables.
miss

* 1 of leptons, jet multiplicity, distance between lepton & jet, m, E;
- Against tt : 2SS : jet BDT discriminator score that is used to identify jets from top decay
- Against ttV : leading, trailing lepton p+ ;

for 2LSS : jet BDT discriminator score that is used to identify jets from Higgs decay

/ 1 7 ’ = /
for 3L category : MEM weight : | %ia(®) = U—a/d% (P +vh— L pb) JAEIHE) ) Ma(pf)| - W(@|@2)

k>2 Xixas
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‘Compact Muon Solenoid

ttH MULTI-LEPTONIC : SIGNAL EXTRACTION

- Distribution of discriminating BDT outputs after fit to data, combined from different sub-
categories, for 2LSS and 3L categories

2LSS

W
r

CMS Preliminary 35.9fb" (13 TeV) CMS Preliminary 35.9 fb! (13 TeV) 20 CMS Preliminary 35.9 fb' (13 TeV) CMS Preliminary 35.9 fb! (13 TeV)
(D \\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\ (n 7\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\7 w 7\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\7 (D 7\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
€ 1405 “I¥, post-fit (SM prediction) 1 T 200 [, post-fit (SM prediction) ] IS L 31, post-fit (SM prediction) 1 © 80 31, post-fit (SM prediction) ]
Q - +Data @WZ  INon-prompt 1 9 - +-Data @WZ  [INon-prompt ] Q B +Data [ttZ [JConv. 1 9 N +Data [tz [JConv. ]
w120 | ttH []Re}re§ [MCharge mis-m. 1 o 180 WttH O Raje§ [MCharge mis-m. ] L 60— EtH @MWz SNon-prompt —| LW 70 WttH [@WZ SNon-prompt |
- mtW  @mW W ggTotal unc. . C mtW  @W W ggTotal unc. ] B @EtW [JRaresEgTotal unc. . C WtW [JRaresgiTotal unc. ]
I Otz  [JConv. 7 160— [tz [1Conv. - - ] C ]
100/ B = ] 50 = — 60 | & =
-» — -
- B0 . g= BDT vs ttV - BDT vs tt . . BDT vs ttV .
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9 1.8 @@ stat. unc.  [Jtotal unc. 4 9 1.8 - @@ stat. unc. [ total unc. ] 9 F [ stat. unc.  [Jtotal unc. E F B stat. unc.  [Jtotal unc. E
(O] L (0] (O] 1 (&) 1 =
= 1.6 -4 X 1.6 —e— ol & ¥ S E
5 14 1§ 4f E 3 10 3 :
T 12 x _‘_++ d 5 4B R S—— E 5 © E
a & u a ’ — E o 05 a E
08 0.8 E
0.6 0.6 : : : : 0.0 : : : : 0.0 ‘ ‘ ‘ ‘ ‘ : : : :
-1 -0.8 —0 6 0 4 —O 2 0 0. 2 0. 4 0. 6 0. 8 1 -1 —0 8 —O 6 0 4 —0 2 0 02 04 06 08 1 -1 —0 8 —O 6 0 4 —0 2 0 02 04 06 08 1 -1 -08-06-04-02 0 02 04 06 08 1
BDT (ttH,tt) BDT (itH,ttV) BDT (ttH,tt) BDT (itH,ttV)
CMS Prel/m/nary 35. 9 fb™! (13 TeV) CMS Prelimi-35.9 b (13 TeV) CMS Preliminar 35.9 fb™ (13 TeV)
c - [ I- post-fit (SM predlct|on) . < 5 41, post-fit (SM prediction) | < - 31, post-fit (SM prediction)
Y 1201 +Data @WZ Non-prompt | o L -+ Data [JRares § @ 70 +Data [tz [JConv.
w B WtH  [JRares [[Charge mis-m. ] i - mttH  E@Totalunc. w s EttH [@EWZ Non-prompt
B mtwW W=W* g Total unc. 4 C otz ] u @EtW [JRaresfgTotal unc.
: X 100\ Otz [ Conv. — ar i 60
Combination of - ] B ] - SR
BDT f 2LSS 2 . i ] 50— Comblnatlon Of
S 0 r 80 B ] 3 _ C
] B ] ok BDTs for 3L
60 - i -
40 ]
— E : :
20 gﬁim : ] O =
BN SN R e v oy .~
8 1.8 j [ stat. unc. [Jtotal unc. —: 8 - I stat. unc. |:|tota| unc. ] 8 - B stat. unc. [Jtotal unc. E
bt 16 . - F ] et 15F =
S 1ap ] S % E S * ]
T 1o S SN . T 1 T b E
O o8 —— . o o 7 ;
0.6 ‘ ‘ 0 0.0

1 2 3 4 5 6 7 8 0 20 40 60 80 100 120 140 160 180 200 : 1 > 3 4 5
BDT (ttH,tt/ttV) bin min M, (GeV) BDT (ttH,tt/ttV) bin
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ttH MULTI-LEPTONIC : RESULTS

-1 -
- Results based on 35.9 fb of data collected during 2016 and combination with 2.3 fb1 collected

in 2015
Signal strength measurement (2016 + 2015 dataset)
- 4
CMS Preliminary 3:].9_fb1 2(;36-;6\\// ) Category Observed u fit +1o Expected pfit 1o
" Same-sign di-lepton 7 (—0.5) (+0.6) 1 0(—0.5) (+0.5)
w=15"% | 07 (stat) 0% (syst) ] Three lepton 0(=0.7) (+0.8) 0(—07) (+0.8)
B Four lepton 9(—1. 6) (+2.3) 0(—1.6)(+2.4)
ol Combined (2016 data) 5(—=0.5) (+0.5) .0(—0.4) (4+0.5)
_ 1806 — Combined (2015 data) [42] 6(—1.1) (+14) 0(—1.1) (+1.3)
06 Combined (2015+2016 data) 5(—=0.5) (+0.5) .0(—0.4) (+0.5)
3l
-1.0 +0.8 i
0.7 Limits on signal strength (2016 dataset)
41 Category Observed limit Expected limit +1c
u=0.9 fz - Same-sign di-lepton 2.8 0.9 (—0.3) (+0.4)
T L Three lepton 2.5 ( ) (4+0.7)
-1-050 05 1 15 2 25 3 3.5 Four lepton 5.9 49 (—-1.7) (+3.1)
Best fit u(ttH) Combined 2.5 ( ) (+0.3)

- Main sources of systematic uncertainties:

=  Lepton selection efficiency, modelling of non-prompt backgrounds, charge mis-identification, diboson
background modelling, theoretical uncertainties

« Signal significance observed (expected) : 3.30 (2.50)
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ttH TAU-HADRONIC (t},)

tH identification: Dedicated MVA based discriminant
(isolation, impact parameter, t lifetime)

with “hadrons plus strips” (HPS) algorithm to identify

™+ — htvy,

™+ = htaly,
= = a7
™ — hthThtv,

+ Event selection :

= 2058 +1 7, |
!

—
=1L +271,:
|

» 1 lepton (e or p)

» 23 leptons of » 2 leptons of same sign

» 1 T, sum of charge with £ = 0, ‘medium’
WP of T, ID, p>20 GeV

» 1 T4 opposite charge wrt £, ‘medium’
WP of T4 ID, p:>20 GeV

» 2 T, opposite charge, ‘tight’' WP of T, ID,
p>30,20 GeV

| » 23 hadronic jets » 23 hadronic jets

—_—

l, IL » 22 hadronic jets

—_——

» sub-categories :
Il

= B Tag jets: at least 1 jet passing medium WP or 2 jets passing loose WP

miss miss

= Zveto : based on me, ET |, HT
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Search for ttH at CMS

ttH TAU-HADRONIC (t,) : SIGNAL EXTRACTION

Expected and observed yields after the selection in the different categories

Process 10 + 27y, 30+ 1ty
ttH, H — 77 2.84 £ 135 1.01 £ 0.65
ttH, H - WW 0.07 £ 0.04 0.63 £ 0.29
ttH, H — ZZ 0.02 = 0.01 0.09 £ 0.04
ttZ 407 £ 0.56 3.78 £+ 0.62
ttW 021 £0.05 0.24 £ 0.05
Electroweak 1.10 = 1.05 0.32 =+ 0.05
Fake 2098 += 3.87 1.07 == 0.34
Other 0.54 = 0.23 0.24 &= 0.08
Total expected background | 26.91 + 3.84 5.65 + 0.85
SM expectation 29.85 = 4.07 7.38 £ 1.10
Observed data 24 7

Background estimation:

20ss 4+ 11y,
Process " N
no-missing-jet missing-jet

ttH, H — 171 1.38 4 0.89 2.86 + 1.68
ttH, H — WW 1.03 £+ 0.47 2.09 £ 1.01
ttH H — ZZ 0.06 £+ 0.03 0.06 + 0.04
ttZ 3.07 £ 0.46 8.33 + 1.08
ttW 1.10 £+ 0.15 7.18 4+ 0.80
Electroweak 0.21 £+ 0.19 3.73 £+ 3.39
Fake 1.66 + 0.52 7.80 + 2.51
Charge flip 0.05 + 0.01 0.39 £+ 0.10
Other 0.50 + 0.20 244 + 1.01
Total expected background 6.59 £+ 0.88 29.87 £ 4.75
SM expectation 9.06 = 1.33 34.88 = 5.05
Observed data 8 41

= |rreducible : ttV , Di-boson+jets (estimated from MC, validated in data)

= Reducible : Non-prompt leptons (largely from tt), charge mis-measured leptons : Data driven estimation
Ty . data driven estimate in 1£+2t, category, simulation based estimate in other categories.

Signal extraction :

=  Signal extraction through maximum likelihood fit to the distribution of discriminating observable

. Fake

= Multivariate BDT discriminants to separate the signal from tt, ttV backgrounds, separately in each category

= Additionally MEM based discriminant used in 2¢ss+1t, category to discriminate signal from ttV backgrounds
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ttH TAU-HADRONIC (t,) : RESULTS
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-1
* Results based on 35.9 fb of data collected during 2016

CMS Preliminary 35.9 fb™ (13 TeV)
« Main sources of systematic uncertainties: 11+2r,
. . L. I @ w = -1 20+1.50
=  Affects yield : Charge mis-measurement, lepton & T, efficiency, theory a7
uncertainty 2lss+tr,
M = 0.86+0.79
. . -0.66
=  Affects shape : Jet & Tty energy scale, b-tag efficiency, fake background
o . . . : 3+t
estimation, modelling of signal and background in simulation w=1.00+13
T -1.01
- Signal significance observed (expected) : 1.40 (1.80) —— Best fit Combined
------- SM Expectation u = 0.72+9-62
| | | | | | | | -053
Signal extraction fits -2 0 2
o ) Best fit u = O‘/OSM
o _CMS Preliminary 35.9_fb (13 TeV) CMS Preliminary 35.9 b (13 TeV)
[= B . (F)bks erved _ :%V 12 g e Observed [ Electroweak CMS Prelimina 35.9 fb' (13 TeV)
o 10°¢ tfli ?—IS s = Electroweak GCJ - EtHH-w [ JRares = :
> = , = — T - S
LI - [CJfH, H—WwizZ  [JRares Rt 85 % II;' H = Wwizz Eﬁ'p(ses 11427,
102 :_ " Uncertainty 75— o W " Uncertainty 1< 2.6 (3.4 exp)
A LLDIND 6 2lss+t,
AN - o = - -. t
& 5:_ no-missing-je 2|SS+1‘Ch
10 -
\\ 4 u<2.4 (1.4 exp)
3
1 oF 3+t
= = h
fim =T 1< 4.0 (2.7 exp) "¢ Observed
ot B o o AN £ -©- Expected
5. o % . Combined " +10 Expected
§§ .0§ . . | . %% u<2.0 (1.1 exp) +20 Expected
L; L;:.J' _0_55_ _+_ é u% ! ! | ! ! ! ! | !
= = S | . | L . Ly 0
o 1 0% 05 ] ° 0 02 04 06 08 1 0 . ° . 10
MEM LR 95% CL upper limiton u = O'/O'SM

MVA
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ttH WITH H—vYy

» A part of the general H—vyy analysis

o MO Prlmnay 35.9 fo” (13 TeV)
. . . 81 4000 E H—yy All categories E
=  Events with two high pr isolated photons selected D100, =125.4 GeV, =116 g o o0 g ]
212000} ¢ Data -
: ,_%10000: — S+B fit =
= Narrow peak around my on top of the falling myxy N T B component
. . . g 8000 — 1o -
distribution S o0l =20 E
2\4000— —
=  Different production modes (ttH, VBH, VH) identified & 2000 E
based on additional final state objects P o
600
400

=  Signal, background extraction from fit to myy distribution 2~

0
-200

100 110 120 130 140 150 160 _ 170 _ 180

« QOverview of the H—yy analysis : m,, (GeV)

Photon Signal, Bk

Photon Vertex : ’ Event g g

. e Diphoton SR extraction;
Reconstruction |dentification : Categorisation e .
Selection Statistical analysis

=- Event categorisation for different production modes of Higgs based on

> additional final state objects to tag production modes

> mass resolution and kinematics for the ‘Untagged’ categories
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ttH WiITH H—>YY : ttH CATEGORIES

- 2 categories corresponding to ttH based on the decay of the top quarks

= _ — —

- TTH Leptonic Tag: |« TTH Hadronic Tag: £ — bqq bqq

- — / = —_ /
| tt — blvibgqg  or tt — blybl vy | ]
! Q | |‘ e
¢ M Al
> _ = ¥
H 'l ~ 7
- W=I_2 | Cco o 7 LLL o
Ets - || + Loose selection : =
t L"\“ — q \ \(f
| <<T | = 2 3jets CMS Prelimi 35.9 fb (13 TeV)
| | reliminary : e
h - 2 1 B-jet (loose WP) 57000
= 0 leptons 26000 * Data sidebands |
= Cut based approach: | 2 000 — Gontrol Sample
- MVA with inputs:
| - 21 lepton (muon or electron) 1 p. woo| MO (m,=125 GeV)
I = number of jets ;
* 22jets =~ lead jet pr oo
-+ 21 B-tagged jet Il = Max B-tag discriminant val&e’
Diphoton BDT cut - Second max B-tag value '
. 0—1 -08-06-04-02 0 02 04 06 0.8 1 ||
‘ Dlphoton BDT cut BDT score of the ttH Hadronic MVA

Event Categories SM 125 GeV Higgs boson expected signal Bkg
" | Total ggH VBF ttH bbH tHq | tHW |[WHlep | ZHlep | WHhad | ZHhad | 0.7 [ oum | (GeV ™)

ttH Hadronic | 585 | 10.99% | 0.70% | 77.54% | 202% | 4.13% | 2.02% | 0.09% | 0.05% | 063% | 1.82% | 1.48 | 1.30 240

ttH Leptonic | 381 190% | 0.05% | 87.48% | 0.08% | 4.73% | 3.04% | 1.53% | 1.15% | 002% | 0.02% | 1.60 | 1.35 150
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ttH WITH H—Yy

Search for ttH at CMS

RESULTS

. Results based on 35.9 fb” of data at 13 TeV collected during 2016

CMS Preliminary

35 9 fb (1 3 TeV)

12—r|||||||||||||||||||

A
i ‘ix

% H—yy ]
S Emet254Gev,i=t1e Lepto”'c Tag ]
5 o § Data 7]
5 N —— S+B fit §
|.|>J 8— |l |l e B component ]
B N EAKe; i
6 ¢ [ =20 .
4 .
(o] i
- 0 2 —
(7 ) § _ ]
ot f
h o 0 1 I 1 1 11
T O EE
o) 2 = B component subtracted 3
O ® 6F =
£ © = } =
2F —
= 0 ,
5 . -2 =
(<IN -4 , , , , , , 4
5 i 100 110 120 130 140 150 160 _ 170 180
:é ) mYY (GeV)
_8 5 CMS Preliminary 35 9 fb (1 3 TeV)
Q > _I |I-II T I T T 17T I T T 17T I T T 17T I |||||||||||||||| ]
By Q4 eyy ]
ER O [ R-1254Gev,fi=t1e Hadron'c Tag .
0 = EEERHS ¢ Data =
© 4 QC) C —— S+B fit .
c > LS B component
O £ oF | 1o E
o b =20 ]
6 7

ok !mw.'uﬁwmljHll'lﬂﬂilll.l!.nu.u-.a-.

'B component subtracted -

]\\\\\\\\‘\\\\

< .
~ o
o

m,, (Ge

Signal strength for each process

CMS Preliminary 359fb (13TeV)
———— — .

T T T T | |
H—yy - Combined = 1o

| —— Per process + 1o _|

o | 11100 B s Uy
B lAlcombined = 1.16 ig}i o

+0.6
Uygr | 0% s m,, profiled
W | 22%5 —a—
_2 1 1 1 (l) 1 1 2| 1 1 1 4|- 1 1 1 é 1 1 1 8| 1
u
« Uncertainties are statistics dominated

Signal significance observed (expected) : 3.30 (1.50)
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SUMMARY & OUTLOOK

- Search for ttH at CMS in Run 2 (13 TeV) are being performed in different decay modes of the
Higgs, with complex analysis techniques. Latest results are compatible with standard model :

-1 1
- Multi-leptonic (H—ZZ* , H—WW*, H—t) : 35.9 fb (2016) + 2.3 fb (2015)
s
Min=15 5 (x0.29 stat. + 0.24 theo. + 0.32 exp.)

observed (expected) significance of 3.30 (2.50)
) The data says we need more data.
- 1, (Ho11, also H—ZZ* , H—WW*): 35.9 fb (2016)

CMS PAS HIG-17-003
+0.62

Mgy = 0.72 -0.53

observed (expected) significance of 1.40 (1.80)

1
-~ Hoyy:359f (2016)

CMS PAS HIG-16-040

+0.9
Mgy =2.2 5 (stat. dominated)

observed (expected) significance of 3.30 (1.50)

_ -1
= H—bb:129fb (2016)

CMS PAS HIG-16-038
.8 +0.45 +0.66

+0
Hin =-0.19 45 ( 044 Stat. .68 Syst.)

- Data taking for 2017 underway, more updates to come from Run 2...
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ADDITIONAL MATERIAL
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SUMMARY OF RUN-1 RESULTS

« Studies of the ttH production in LHC Run-1 at CMS were based on the different Higgs
decay channels : vy, bb, Tt (hadronic) and multi-leptonic (H—Z2Z* , H—-WW*, H—tt with
multi-lepton final states).

- Combination of different Higgs decay channels :

CMS PAS HIG-13-029

= ttH combination from Run1 CMS measurements : JHEP09(2014)087

> 95% CL limit =4.5

Best fit signal strength : pin 95% CL upper limit pix

CMS {s=7TeV, 5.0-5.1f";{s=8TeV, 19.3-19.7 b CMS {s=7TeV, 5.0-5.1f";{s=8TeV, 19.3-19.7 fb"
L B E== Expected = 10
" = W --- Expected = 2 o
— _ --- Expected (sig. inj.)
bb — B bb [—

- Observed

T, B hth

4 | 41

3l — i 3l

Same-Sign 2| — | Same-Sign 2|

Combination — o Combination
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
10 -8 6 4 ) 0 2 4 6 8 10

10
Best fit o/og,, at m, = 125.6 GeV 95% CL limit on o/og,, at m, = 125.6 GeV
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CMS AT THE LHC

CMS detector

STEEL RETURN YOKE
° - - Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
O I I I paC u O n O e n O I I S a g e n e ra Overall diameter : 15.0m Pixel (100x150 um) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 ym) ~200m?> ~9.6M channels
Magnetic field  :3.8T
urpose detector at the LHC
g Niobium titanium coil carrying ~18,000A

CMS DETECTOR

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

=  Multiple layers based around the solenoid
magnet to detect different kinds of particles

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channel

= ttH process produces jets, leptons along with \
photons, other sub detectors also play crucial role

 LHC operations for proton-proton collisions zoxeme

~76,000 scintillating PbWO, crystals

= At center of mass energies of 7 TeV (2010-11)  sorovcommersn gicaf)
and 8 TeV (2012) during Run 1

CMS integrated luminosity (pp)

- At center of mass energy of 13 TeV during Run 2 | Data include‘d from 3010-0?-30 11:‘22 to 2‘017-06-‘30 00:570 uTC co
(2015-18) Tev, 45000
,7TeV, 6.1 b’ lso

,8TeV,23.3m!
,13 TeV, 4.2 !
, 13 TeV, 40.8 b ! 140
,13TeV, 6.3 !

= CMS is expected to collect 100 o by the end of
Run 2 (2018) and 300 fb by the end of Phase 1

Total Integrated Luminosity (b ')

(2022)

* Analyses presented in this talk : 35.9 fb" of ol 10
data at 13 TeV collected in 2016 | o
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RESULTS WITH LIMITS

- Search for ttH at CMS in Run 2 (13 TeV) are being performed in different decay modes of the Higgs, with

complex analysis techniques. Latest results are compatible with standard model :
-1 -1
=  Multi-leptonic (H—ZZ* , H—WW*, H—1r) : 35.9 fb (2016) + 2.3 fb (2015)
CMS PAS HIG-17-004

+0.5
Magu=15 5 (x0.29stat. + 0.24 theo. + 0.32 exp.)

observed (expected) significance of 3.30 (2.50)

observed (expected) limits on p;;, = 2.5(0.8 without SM ttH)

1
- 1, (Ho11, also H—ZZ* , HHWW*): 35.9 fb (2016)

+0.62
Hay =072 5, CMS PAS HIG-17-003

observed (expected) significance of 1.40 (1.80)

observed (expected) limits on py;, = 2.0 (2.2 with SM ttH; 1.1 without SM ttH)

-1
= Hoyy:359fb (2016)

CMS PAS HIG-16-040
0.9

+
Mgy =2.2 5 (stat. dominated)

observed (expected) significance of 3.30 (1.50)

1
= H—bb:12.9fb (2016)

+0.8 +0.45 +0.66
Hin =-0.19 g (044 Stat. 068 SYyst.)

CMS PAS HIG-16-038

observed (expected) limits on pgz, = 1.5(1.7)
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