Latest CMS results
on Higgs boson production
in association with top quarks
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Introduction

* In SM, top-Higgs coupling (Y:) very large wrt other fermions: good opportunity to study
Higgs Yukawa couplings to fermions

- Access to Yt with ggF + H-yy decay ML t

* Only model-dependent constraints on Y, tY (>
assuming no BSM particles in the loop

v T
g

 ttH => direct probe to study Y:

« Large cross-section boost from 8 to 13 TeV (x4)
=> expected to be observed by the end of LHC
Run 2

- Challenging because complex final state
=> use of MultiVariate Analysis (MVA)
discriminants for signal extraction
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Previous CMS results

- ttH searches in CMS covers all main Higgs boson decay modes:
- Ha>yy
- H>bb
- HOWWY/ZZ/tt (multilepton)

« Sensitivity to processes with top quarks enhanced with jet multiplicity + b-tagging

tH
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* Run 1 CMS ttH combination yielded in a
mild 20 excess with respect to the SM

expectation

« 2015 CMS ttH combination:

- | 4— - 95% CL upper limit on p(ttH):

Combined H—leptons
HIG-15-008

CMS ttH 2015
combination (link)

- Results presented here correspond to updates of all those analyses with 12.9/fb of 13 TeV

H—bb
HIG-16-004

H—yy
HIG-15-005

collision data collected in 2016

2.1 obs. (1.9 exp.)
- Best fit

floba (tLH) = 0.157 ]
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/TTHCombMoriond2016

ttH H>yy cwms PAS HIG-16-020

Targets H-yy decay mode: limited statistics but
distinctive signature + very pure channel

Two ttH sensitive channels, part of main H>yy analysis
- ttH leptonic: 2y + =1 lepton + =2 jets (= 1 b-tag)
- ttH hadronic: 2y + =5 jets (= 1 b-tag)

Main background tt+genuine/fakes y: estimated from
fit of m(yy) distribution

Diphoton mass m(yy) used for signal extraction

Best fit value /i, (ttH) = 1.917_%22

Events / GeV

Events / GeV

CMS Preliminary

12.9 fb™ (13 TeV)

e e R
E H—yy
- m,=126.0 GeV, 1=0.95

TTH Leptonic Tag 3

¢ Data E
— S+B fit 3
------ B component 3
I +1o =
[ ]*20

|

- I |

" B component subtracted ]

LI

=i = DU
%»—0—4 H
. o
—
|-
—
£
—
«
.1:1
e
—
—
—
—
—
—
=
vl

th

110 120 130

CMS Preliminary

140

70 180

m,, (GeV)
12.9 o™ (13 TeV)

50 160

[ M,=126.0 GeV, 1=0.95

': mﬁﬂﬁﬁmﬂ‘%’nnmn-n-..-;-.-iﬁi..,...e..

| TTH Hadronic Tag I -

¢+ Data ]
— S+B fit .
------ B component
1o ]
[ ]*2o0 ]

1

T. Strebler — CMS ttH results — Lake Louise 2017



https://cds.cern.ch/record/2205275/files/HIG-16-020-pas.pdf

ttH H>bb cMs PAS HIG-16-038

- H->bb decay mode: highest BR but:
- large b-jet multiplicity
- irreducible ttbb background

« Update wrt 2015 analysis:
MC signal + ttbar background evaluated with new CMS tune CUETP8M2T4 for Powheg

BOX V2 + Pythia 8 (aISR=O.118 and hdamp=272.2)
=> better data/MC agreement for jet multiplicity

129fb (13 TeV) 129fb (13 TeV)
) LI B B B B B 17 N . e e e e B e e e e e e e e e
e 107 - o dat —fiH x 534 = o dat " _ttHx 554
g CMS Preliminary -Hflfa Wiico g 107 CMS Prel/m/nary e -M’é ;:
w o[ lepton+jets, =tf+b7 Wl ti+20 w lepton+jets, =t§+b7 @l ti+2b =
; ~ tt+bb [ Single To ; _ tt+bb [ Single Top 7|
10°E = 4 jets, = 2 b-tags DViets [V 108 = 4jets, =2 b-tags I
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IIIIL|,|,| IIIIIL|,|,| IIIIIIII]: L1

10*

10?

o 155 — o 15

X - R~ —

T 7 S 1
D0.5_—| | el | | | 1 D0.5_—....|....|....|....|....|....|....|....—
4 5 6 7 8 9 10 15 2 25 3 135 4 45 5 55
Number of ak4 jets Number of b-tags
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https://cds.cern.ch/record/2231510/files/HIG-16-038-pas.pdf

ttH H>bb cMs PAS HIG-16-038

- Categories based on jet multiplicity + b-tagging

Events

Data/Bkg.

Two channels considered:

- lepton+jets: 1 lepton + =4 jets
- dilepton: 2 OS leptons + = 2 jets

12.9 fb' (13 TeV)

L I L B B D LN L VLN R
220~ CMS Preliminary Dﬁfff ;E:'C’é 8
200l lepton+jets, @b Wt+2d
- =6 jets, 24 b-tags @ tt+bb @l Single Top 3
1801 pre-fit expectation BVsets OtV
- [ Diboson -
160:— =
140~ =
120;— —;
100 77 %% —
= % =

7 v :

2 :
R e N D AR
Y
Tk ;=244 YA ik
05= 1 v v i v v v B
-0.6 -0.4 -0.2 0 0.2 0.4 0.6
BDT output

Example:
BDT input in lepton+jets = 6 jets,
= 4 b-tags

best Higgs mass

Mo(tag,tag) closest to 125 GeV
M(jets,lepton,MET)

4th and 5th highest b-tag
discriminator score

2 pr(jets,lepton,MET)

- Further categorization based on Boosted
Decision Trees (BDTs): ttH(bb) signal vs
inclusive ttbar background

- Subcategories for low/high BDT score
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https://cds.cern.ch/record/2231510/files/HIG-16-038-pas.pdf

ttH H>bb cMs PAS HIG-16-038

12.9fb" (13 TeV)

- Matrix Element Method (MEM) used to » = ™ ASSLEARAS RARAN RARRS RARAS RARRI RERR) RAR:
compute per-event signal/background § 140 CMS Preliminary ¢ data  —15 xttH
probability: hard scattering ME + detector LW - lepton-jets Qtlr  Wtwoc 3
transfer functions 120~ =6 jets, =4 b-tags Mo .tt.+ S

"~ BDT>0.13 Btt+bb Msingle-t |
100F- pre-fit expectation [tt+v [ vsjets -
_ [l diboson .

+ Used to define MEM discriminant optimized // ]
to separate ttH(bb) signal from irreducible 80 _
ttbb background y

60K
b () . 1
/b — T T T Lk
° w(if|ttH) + ks /pw(Y|tt+bb) w4
20
D 1B
A
3 1.0

- Fit MEM discriminant for signal extraction S o5

in each BDT subcategories 00 01 02 03 04 05 06 07 08 09

MEM discriminant
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https://cds.cern.ch/record/2231510/files/HIG-16-038-pas.pdf

ttH H>bb cMs PAS HIG-16-038

11.4-12.9" (13 TeV)
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https://cds.cern.ch/record/2231510/files/HIG-16-038-pas.pdf

ttH multilepton cws pas HiG-16-022

- Multilepton final states from H-WW/ZZ/rr decays

« Two main channels:

- 2 same-sign leptons - 3 leptons or more (with Z-veto)
+=4 jets (= 1 b-tag medium or +=2 jets (= 1 b-tag medium or
> 2 b-tag loose) b > 2 b-tag loose) b

« Further categorization based on lepton flavor, lepton charge, b-tagging, presence of
hadronically-decaying 7

« Main sources of background:
- irreducible: itV (from MC), di-boson (normalization from data)
- reducible: non-prompt leptons and charge mis-ID (data-driven)

T. Strebler — CMS ttH results — Lake Louise 2017 9



https://cds.cern.ch/record/2205282/files/HIG-16-022-pas.pdf

ttH multilepton cws pas HiG-16-022

CMS Preliminary 12.9fb™ (13 TeV)
@ [T T I T . Leptons selected with MVA - trained to
S 10 E+t[t)ata \ Prompt CR discriminate prompt leptons (from W, Z
|_|>J :Ett’ grimlfp (ttbar DL OS) i or t decays) from non-prompt leptons

[t j =l Selection cut (from b-jets and mis-identified hadrons)

[ |

[ Z+jets 1

10* W tW \ '
|

|

10°

 Inputs:
- isolation
- vertex
- lepton ID
- jet variables

...........

[ ] 1 11 | 1 11 | 111 | 111 | | * Performance Validated in data ContrOI

-1-0.8-0.6-0.40.2 0 0.20.40.60.8 1 regions (CR)
lepton MVA score

+ Residual background with non-prompt evaluated using tight-to-loose fake rate method

+ Main systematics:
- lepton selection efficiency
- fake rate measurement used for background estimation
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ttH multilepton cws pas HiG-16-022

Signal extraction based on 2 BDTs trained to discriminate ttH / ttV and ttH / tt
Inputs: jet multiplicity, lepton/jet angular separation, MET, lepton pt

New for 2016 analysis: in 3| category, MEM weights for ttH and ttV hypotheses used
as additional inputs

CMS Preliminary 12.9 0" (13 TeV)
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ttH multilepton cws pas HiG-16-022

- Results from early 2016 dataset (12.9/fb) and from the combination with the ttH

multilepton 2015 result

Categor Obs. limit Exp. limit =10 Best fit u +10
8gory P H
Same-sign dileptons 4.6 1.7199_45 2.7,
Trileptons 3.7 23112 . 1.3712_ 44
Combined categories 3.9 14197 _o, 23709 4
Combined with 2015 data 3.4 1.3706_,, 2.0108_,
CMS Preliminary  2.3+12.9 fb™ (13 TeV) 10 CMS Preliminary (2.3+12.9) fb™ (13 TeV)
m, = 125 GeV S /
m -
o 9
— combined u = 2.0 "8 < F
-0.7 fo]=
N
al B s
+1.4 — C
n=2. 5-1 2| 6
2l 17, ;
u=007 - °F
ee, no, B ar
. [ -
w=1 22‘3‘ 3f
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ew, no T B 1B
M=2'4+13 | E\\\\‘\\\\\#‘Y'\I\ \\\‘\\\\‘\\\\‘\\\\
_12 IIIIIIIIIIIIIII IIIIIIII IIIIIIIIIIIIIII
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Conclusion

Total Integrated Luminosity (b ')

- Latest CMS results on the associated production of the Higgs boson with top quarks have

been presented

- Allows to probe top-Higgs coupling at tree level

« Challenging final states with large multiplicity of jets and leptons but benefits from advanced
methods used to improve the sensitivity (BDT, MEM)

CMS Integrated Luminosity, pp, 2016, v's = 13 TeV

Data included from 2016-04-22 22:48 to 2016-10-27 14:12 UTC
\ T 45

I LHC Delivered: 41.40 fb!

CMS Recorded: 38.27 b ! 40

135
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- ttH, Hayy flobs (ttH ) = 1.917773
- ttH, H-bb flobs (1t H) = —0.1970g)
- ttH multilepton

7 _ 9 (+0.8
(2015+2016 combination) flobs (1t H) = 2.0%07

* Results compatible both with SM or possible
ttH excess

- Full 2016 dataset currently being analysed:
stay tuned for upcoming ttH results
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Back-up
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ttH H>yy cwms PAS HIG-16-020

- ttH leptonic tag selections

e leading photon pt >m.., /2;
e sub-leading photon pr >m.. /4;

e atleast one lepton with pr > 20 GeV: electrons must be within the ECAL fiducial re-
gion and pass the recommended criteria for loose requirements on the same observ-
ables as described in [27]. In addition the electron should satisfy |m(e,y) — mz| >
10 GeV, where myz refers to the Z boson mass. Muons are required to have |y| < 2.4
and to pass a tight selection based on the quality of the track, the number of hits in
the tracker and muon system, and the longitudinal and transverse impact param-
eters of the track with respect to the muon vertex; additionally, it has to satisfy a
requirement on the relative isolation with pileup correction, based on the transverse
momentum of the charged hadrons, transverse energy of the neutral hadrons and
photons in a cone of R = 0.4 around the muon;

e all selected leptons (¢) are required to have AR(¢,y) > 0.4;

e at least two jets in the event with pr > 25 GeV, |y| < 2.4, and AR(jet,y) > 0.4 and
AR(jet, £) > 0.4;

e at least one of the jets in the event has to be identified as b jet according to the CSV
tagger medium requirement [28].

e BDT,, output > —0.4. Too few events are available to optimise this selection for
signifiance, so this choice is made simply to remove most of the events with low
BDT,,, score.
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ttH H>yy cwms PAS HIG-16-020

+ ttH hadronic tag selections

e leading photon pr >m.,, /2;

e sub-leading photon pr >m., /4;

e no leptons defined according to the leptonic tag;

e at least five jets in the event with pr > 25 GeV and |7| < 2.4;

e atleast one of the jets in the event has to be identified as a b-jet according to the CSV
tagger medium requirement [28];

e a minimum value of BDT,, output. The value is a compromise between significance
optimisation and the need of a minimum number of events to fit the background.

T. Strebler — CMS ttH results — Lake Louise 2017
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Matrix Element Method

CMS PAS HIG-16-038 CMS PAS HIG-16-022

« Used in ttH H->bb and multilepton analyses

- Event weight computed for hypothesis Q (Q=ttH, ttbb, ttV...), using observables y as inputs
(lepton + jet 4-momenta, MET) and integrating over unmeasured or poorly measured
guantities x (neutrino 4-momenta, quark energies...)

Momentum Detector transfer

Numerical integration conservation functions

| | \

wo(y) Z/dxdxadxbf(xa’ Q)J (s, Q)dz(a:aPa + 2Py — > i) [ Ma (%)W (y||x)

TaThS

Hard-scattering
Parton density functions matrix element

T. Strebler — CMS ttH results — Lake Louise 2017 17



https://cds.cern.ch/record/2231510/files/HIG-16-038-pas.pdf
https://cds.cern.ch/record/2205282/files/HIG-16-022-pas.pdf

ttH H>bb cMs PAS HIG-16-038

- Jet multiplicity + b-tagged jets multiplicity

Events

Data/Bkg.

12.9 fb' (13 TeV) 12.9 fb' (13 TeV)
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ttH H>bb cMs PAS HIG-16-038

- Jet multiplicity + b-tagged jets multiplicity

Events

Data

11.4-12.9 fo™' (13 TeV)

.. ¢ Data — ttH x930
CMS Preliminary  gie — gmtiscs
dilepton B tt+b B tt+2b
p _

. I tt+bb [ Single Top
= 2 jets, = 1 b-tag O V+ets [tV

pre-fit expectation [l Diboson  [77) Total uncertainty

Events

Data

MC

107
10°
10°
10*
10°
10°

10

11.4-12.9 b (

13 TeV)

CMS Preliminary
dilepton

= 2 jets, = 1 b-tag
pre-fit expectation

¢ Data — ttH x923
[ tt+if [ tt+cc
[ W tt2b

B tt+bb I Single Top

[ V+jets v

Il Diboson [ Total uncertainty

15 L ) |
1 & “ %% / / //

I 7

055 ] 5 3 4 5 6

b-tags
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ttH H>bb CMs PAS HIG-16-038

- Categories based on jet multiplicity + b-tagging

CMS Simulation Lepton+Jets Channel

= 6 jet, = 4 b-tags = 6 jets, 3 b-tags 4 jets, 4 b-tags

tt+cc tt+If

tt+bb tt+b tt+2b tt+bb
S/B=0.035, S/¥B=0.973 S/B=0.011, s/\B=0.895 S/B=0.015, S/VB=0.242
CMS Simulation Dilepton Channel
> 4 jets, = 4 b-tags > 4 jets, 3 b-tags 3 jets, 3 b-tags

tt+If

tH
EWK

tt+bb
tt+2b

tt+2b tt+b
S/B=0.040, S/VB=0.417 S/B=0.012, S/VB=0.453 S/B=0.004, S/VB=0.084

5 jets, = 4 b-tags

tt+cc

tt+bb
S/B=0.024, S/\B=0.532

D tt+If
B tt+cc
B it+b
B it+2b
B it+-ob
I EWK
B -
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ttH H->bb cMms PAS HIG-16-038

« BDT input variables

Event variable

Description

Object and event kinematics
<ARtag,tag>

Z PTjets leptons

max mass
Tjet,jet

min A Rtag/tag

max Antag,tag

minAR
Mjet,jet

ji
Mhiggs—like

minAR
Mtag,tag

minAR
p T tagtag

Centrality (tags)

Centrality (jets, leptons)

Average AR between b-tagged jets

Sum of the pr of all jets and leptons

Twist angle between jet pair

AR between the two closest b-tagged jets

An between the two furthest b-tagged jets
Invariant mass of jet pair with minimum AR

Invariant mass of a jet pair ordered in closeness to the Higgs
mass

Mass of b-tagged jet pair with minimum AR
Sum of the pr of b-tagged jet pair with minimum AR

Ratio of the sum of the transverse momentum of all b-
tagged jets and the sum of the energy of all b-tagged jets

Ratio of the sum of the transverse momentum of all jets and
leptons, and the sum of the energy of all jets and leptons

T. Strebler — CMS ttH results — Lake Louise 2017
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ttH H>bb cwMs PAS HIG-16-038

- BDT input variables

Hr
min ARjet,jet

median Mjetjet

max mass
Mtag,tag

<ARjet,tug>

minAR
Pt jet,tag

max mass

Tjet,tag
max pr
jet,jetjet

bj
Mhiggs—like

CSVv2 b-tag

<d > tagged /untagged

Event shape
Hy, H1, Ha, H3, Hy
C(jets)

Scalar sum of transverse momentum for all jets
AR between the two closest jets
Median invariant mass of all combinations of jet pairs

Mass for b-tagged jet pair with maximum invariant mass
combination

Average AR between jets (with at least one b-tagged jet)

Sum of the pr of jet pair with minimum AR (with at least
one b-tagged jet)

Twist angle between jet pair (with at least one b-tagged jet)

Invariant mass of the 3-jet system with the largest trans-
verse momentum.

Invariant mass of a jet pair (with at least one b-tagged jet)
ordered in closeness to the Higgs mass

Average CSVv2 b-tag discriminant value for b-tagged /un-
b-tagged jets

Fox-Wolfram moments [? ]
3 (Al/\z + Az + A2A3) [?2]
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ttH H>bb cMs PAS HIG-16-038

- BDT input variables

* Dilepton channel

4 jets, 4 tags 5 jets, > 4 tags
Y. pr(jets, lepton, MET) avg. Ay (jet,jet)
avg. CSVv2 of b-tagged jets HT
aplanarity avg. CSVv2 of b-tagged jets
Hj Mj;(tag, tag) closest to 125
(Epr(jet))/ (ZE(et)) M
M; of min AR(tag, tag) Y. pr(jets, lepton, MET)
M, of min AR(tag, tag)
aplanarity

avg. AR(tag, tag)

> 6 jets, 3 tags

> 6jets, > 4 tags

3jets, 3 tags

>4 jets, 3 tags

>4 jets, >4 tags

<d > tagged

Hi (jets)

Mll?iggs-like

Mtnggi ;gmss
min ARtag tag
max Affjetjet
min ARjet,jet
Z PTjets leptons
H,y/Ho(tags)

Centrality(jets & leptons)
C(jets)
H,(tags)

ji
Mhiggs—like

maxpr
Mjet,jet,jet

minAR
Mtag,tag

min ARtag,tag

max Aftag tag

max mass
tag,tag

Centrality(jets & leptons)
Centrality(tags)
H8

M
higgs-like
min ARjet,jet
inAR
Mjettog

max mass
Mtag,tag

minAR

Mtag,tag
max Affjetjet
max Afftag tag

median Miet jet

aplanarity best Higgs mass
\/Aﬂ(tlep,bb) x An(th2d,bb) M (tag, tag) closest to 125
(Zpr(jet))/ (EE(jet)) M(jets, lepton, MET)
min AR(tag, tag) 4th highest CSVv2
2nd moment of b-tagged jets’ CSVv2 Y. pr(jets, lepton, MET)
Y. pr(jets, lepton, MET) 5th highest CSVv2

b-tagging likelihood ratio

- Lepton+jets channel
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ttH H>bb cwms PAS HIG-16-038

« Particle Swarm
See: Particle swarm optimization, J. Kennedy, R. Eberhart
Proceedings of the IEEE International Conference on Neural Networks, 1995.

+ Optimization algorithm
+ Different BDT setting (i.e. tree structure and variables) form the search-space
+ A specific setting corresponds to one point in this search space

- Algorithm:
- Create swarm of candidate BDTs
- Each BDT is initialized with a random set of input variables and position in parameter-
space

- Do N iterations
- Repeatedly train/test at current position
- Vary input variables to maximize ROC curve
- Then the BDTs move to new positions, based on their own and swarms best

previous positions
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ttH H>bb cMms PAS HIG-16-038

- Systematics uncertainties

Source Type Remarks

Luminosity rate  Signal and all backgrounds
Lepton ID/Iso shape Signal and all backgrounds
Trigger efficiency shape Signal and all backgrounds
Pileup shape Signal and all backgrounds
Jet energy scale shape Signal and all backgrounds
Jet energy resolution shape Signal and all backgrounds
b-tag HF fraction shape Signal and all backgrounds
b-tag HF stats (linear) shape Signal and all backgrounds
b-tag HF stats (quadratic) shape Signal and all backgrounds
b-tag LF fraction shape Signal and all backgrounds
b-tag LF stats (linear) shape Signal and all backgrounds
b-tag LF stats (quadratic) shape Signal and all backgrounds
b-tag charm (linear) shape Signal and all backgrounds
b-tag charm (quadratic) shape Signal and all backgrounds
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ttH H>bb cMs PAS HIG-16-038

- Systematics uncertainties

QCD scale (ttH) rate  Scale uncertainty of NLO ttH prediction

QCD scale (tt) rate  Scale uncertainty of NLO tt prediction

QCD scale (tt+HF) rate  Additional 50% rate uncertainty of tt+HF predic-
tions

QCD scale (t) rate  Scale uncertainty of NLO single t prediction

QCD scale (V) rate  Scale uncertainty of NNLO W and Z prediction

QCD scale (VV) rate  Scale uncertainty of NLO diboson prediction

pdf (gg) rate  PDF uncertainty for gg initiated processes except
ttH

pdf (gg ttH) rate  PDF uncertainty for ttH

pdf (qq) rate  PDF uncertainty of qg initiated processes (tt W, W,
Z)

pdf (qg) rate  PDF uncertainty of qg initiated processes (single t)

Q7 scale (tt) shape Renormalization and factorization scale uncertain-
ties of the tt ME generator, independent for addi-
tional jet flavors

PS Scale (tt) rate Renormalization and factorization scale uncertain-
ties of the parton shower (for tt events), indepen-
dent for additional jet flavors

Bin-by-bin statistics shape statistical uncertainty of the signal and background

prediction due to the limited sample size
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ttH H>bb cMs PAS HIG-16-038

- Specific effect of systematics uncertainties in = 6 jets, 3 b-tag category

Process tt rate up/down [%] ttH rate up/down [%]
Jet energy scale +12.6/ —11.8 +8.4/ —8.0
Jet energy resolution +0.2/ —-0.3 —0.0/ - 0.1
Pile-up +0.1/ - 0.1 -0.2/+0.1
Electron efficiency +0.5/ - 0.5 +0.5/ —-05
Muon efficiency +04/ -04 +04/ - 04
Electron trigger efficiency +12/—-12 +13/-13
Muon trigger efficiency +0.8/ —0.8 +0.9/ -09
b-Tag HF contamination —94/+98 —2.6/+28
b-Tag HF stats (linear) -3.1/+33 —25/+27
b-Tag HF stats (quadratic) +2.6/ —24 +24/ —22
b-Tag LF contamination +7.1/ —5.2 +5.8/ —45
b-Tag LF stats (linear) —2.0/+44 +05/+15
b-Tag LF stats (quadratic) +2.1/+4+0.2 +1.5/+0.5
b-Tag charm Uncertainty (linear) —-11.1/ 4149 -3.1/+41
b-Tag charm Uncertainty (quadratic) +0.5/ -0.5 —0.0/ +0.0
Q? scale (tt+LF) —6.2/+75 —

Q? scale (tt+b) —-1.7/42.0 —

Q? scale (tt+2b) -1.1/+14 —

Q? scale (tt+bb) —-2.0/ 425 —

Q? scale (tt+cc) —43/ +54 —

PS scale (tt+LF) +4.8/ —9.0 —

PS scale (tt+b) —-09/+0.7 —

PS scale (tt+2b) —-0.8/+0.9 —

PS scale (tt+bb) —1.5/ 427 —

PS scale (tt+cc) -39/ 4+3.0 —
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 Final discriminant in lepton+jets channel, = 6 jets, = 4 b-tag high-BDT category
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ttH H>bb cwMs PAS HIG-16-038

- Final discriminant in dilepton channel, = 4 jets, = 4 b-tag high-BDT category
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ttH multilepton gt

CMS PAS HIG-16-022
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ttH multilepton cws pas HiG-16-022

BDTs in 2ISS channel
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- BDTs in 3l channel
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Unfolded 2D BDTs distribution for used for signal extraction
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- Systematics with largest effect on the fitted signal strength

r=2.0=+=0.7

1 Tight lepton selection efficiency

2 Muon fake rate, normalization

3 2016 luminosity calibration

4 ttH theoretical uncertainty (scale)

5 Jet energy scale
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- Best fit signal strength
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ATLAS results on ttH ATLAS-CONF-2016-068

e L B L R
ATLAS Preliminary (s=13 TeV, 13.2-13.3 fb™

—total stat. (tot.) (stat., syst.)
(13 TeV 13.3f0™) 0.3 -1.0 ( -1.0 7 0.2 )

- . +1.3 +0.7  +1.1
ttH(H—WW/tt/ZZ) =—e—— 25 7 (7,09 )

(13 Tev 13.2f0™)

tfH(H—>bB) ————] 21 +1.0 (+O.5 +0.9 )

1 09 \ 055 -07
(13 Tev 13.21b™)
t inati P +0.7 +0.4 +0.6
T gfeton 18 97 (34,782
ttH combination o - 1.7 jgg ( +05 +0.7 )

(7-8TeV, 4.5-20.3fb™)

best fit u_ for m =125 GeV
ttH

- CMS results: - ttH, Hayy flops (ttH) = 191175
- ttH, Hbb flops (ttH) = —0.1915-59
- ttH multilepton A _ +0.8
(2015+2016 combination) fobs (tLH) = 2.0Z477
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