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ttH in a nutshell ﬂ(“

a SM: Yukawa-type coupling of Higgs boson
to fermions (ys o< m¢/v)

— expect largest coupling to top quark
® ogu(itH) ~ 0.5pb at /s = 13 TeV
m ttH: direct tree-level access to the coupling
(instead of indirect by loop contributions)

a Final state signature determined by decay
of tt-system and Higgs boson

Observation in 2018 by
CMS: Phys. Rev. Lett. 120, 231801 (2018)
ATLAS: Phys. Lett. B 784 (2018) 173
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ttH anatomy
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This talk will be focused on ttH, H — bb.
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ttH, H — bb analyses

leptonic fully-hadronic
2016 dataset, 35.9fb~" JHEP 1903 (2019) 026 JHEP 06 (2018) 101

2017 dataset, 41.5fb~"
2017+2016 results combined

NEW CMS-PAS-HIG-18-030 NEW

Improvements of 2017 analysis with respect to 2016:
a One more pixel layer, better algorithms — improved b-tagging
a Combination of all tt decay channels

a Improved modeling of parton shower (PS) uncertainties
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Challenges T

Karlsruhe Insttute of Technology.

CMS Preliminary ttH

Pre-fit expectation Multijet
w Small signal ogy gy X BRgy 1y_,pp = 0.29 pb SRl ol L
tt+cc
a Complex multi-jet final state — no unambiguous Wb
event reconstruction W20
l' W bbb
m Large (almost irreducible) backgrounds due to tt + Other Bkg
b-jets production — small S/+/B even in CMS simulation Preliminary
signal-enriched categories PLT('SX;ZTSC,!ZfLags)

S/B = 0.0624, SNB = 0.89
m Theoretical description of tt + b-jets very difficult y -
— large uncertainties (20-30% @ NLO QCD)

a Large QCD contribution in channel with no leptons

Need categorization, control regions and multivariate methods.
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tt + b-jets ﬂ(“

a PS has large impact on used simulation
m tt + b-jets signatures on particle level: tt + b/2b/bb

a These signatures

a contribute differently to different phase spaces

(e.g. jet/b-tag multiplicity) ETH 00 o morebjets
m are affected by different PS uncertainties KT @ ot in acceptance

= treat as separate processes with separate PS °

uncertainties

m Add additional 50% normalization uncertainties (separately to tt + b/2b/bb) to
PS (ISR, FSR, ME-PS matching, Tune) and matrix element (ME) scale
uncertainties

= Flexible model to account for remaining differences with alternative
theoretical predictions
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Analysis overview
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events

preselection fully-hadronic - -
et jet/b-tag

categorlzatlon mu'tlp“c'ty - -

) . MEM output
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Semileptonic channel A
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multiclass ANN
events for each category
4,5, 26 jets

CMS simulation Preliminary

ttH +If tt+cc +b tt + bl
Cco on Ccol | regiol
Pre-fit expectation

signal region | [ 0I ([l  |control region
ANN ANN

_ _ ANN ANN _ ANN
ttH output tt +If output [RCERERNI b outpu tt +
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Semileptonic channel A
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CMS Preliminary 415 b (13 TeV) CMS Preliminary 415 b (13 Tev)
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- ttH node ) Wi+t [l Singlet - [ ttHnode W+t [@@Singlet
2 10 Pre-fit expectation Otivcc  [JV-Hets g 10k Post-fit Diircc [ V+ets
Q Wb [t 2 E Wb [y
w | [t+2b [l Diboson w T [l t+2b [l Diboson
10 Wb JUncertainty 10" W+bb [ Uncertainty
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ANN discriminant ANN discriminant
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Dileptonic channel
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CMS simulation Preliminary

Pre-fit expectation
tiH
| [
thec
Wb
| [
Wb
Other Bkg

Introduction
000

number of jets
events | wemp
number of b-tags
3 jets 3jets 24 jets 24 jets 24 jets
2 b-tags 3 b-tags 2 b-tags 3 b-tags >4 b-tags

ttH, H — bb analysis
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Fully-hadronic channel
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27 jets, 2 b-tags
control region fOor | m—

data-driven
CMS Preliminary

\ Nsimatlon

Pre-fit expectation

[ tH

I Multijet

| &

[ ti+cT

| 8

W ti+2b

W ti+bb
o ! ! ! ! ! !
v
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Results A\ ¢

Karlsruhe Institute of Technology.

415 fb* (13 TeV) 35.9 fb! (2016) + 41.5 fb (2017) (13 TeV)
T T T

——
CMS Preliminary

CMS Preliminary

tot stat  syst B tot stat syst
Fully-hadronic | +——a—— -1.69 13 108 w18 Fully-hadronic [N 038 10 0% o
Single-lepton - 122 9% 0 0%
+0.62 +0.26 +0.56
Single-lepton He- 184 00 000 om0 Dilepton - 1.04 ,37,2 ‘21; ‘gzg
+0.43 +0.22 +0.37
Dilepton hewe 162 0% 0% 070 2016 0% o oz o
2017 w149 000 0% 0%
! ‘a8 021 039
Combined ‘ - 14? 040020 '“‘35 Combined ‘ - 1-1? 03 0 t‘;‘ii
PN S - PR AR
fi = dlag, fi = d/ag,
Channel & Analysis Best-fit i obs. (exp.) Significance
) n
2016 leptonic 0.72+4%% (tot) 16 (2.2)c
0,
2017 only 1.49744% (tot) 3.7 (2.6)0
. 0,
2017+2016 results combined 1 .153@{;0 (tot) 3.9 (3.5)0

Result is dominated by systematic uncertainties and compatible with
the SM.
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Systematic uncertainties IT
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of Technology

Most important uncertainties for 2016+2017 combination in table below

Uncertainty source Af (observed)
Total experimental +0.15/-0.13
b tagging +0.08/-0.07
jet energy scale and resolution +0.05/-0.04
Total theory +0.23/-0.19
signal +0.15/-0.06
tt + hf modeling +0.14/-0.15
QCD background prediction +0.10/-0.08
Size of simulated samples +0.10/-0.10
Total systematic +0.28/-0.25
Statistical +0.15/-0.15
Total +0.32/-0.29

tt + hf modeling: PS uncertainties (ISR, FSR, ME-PS matching, Tune), ME scale, additional
normalization uncertainties

Introduction ttH, H — bb analysis Summary
000 00000000@ o

Michael WaBmer — Measurement of ttH in the H — bb decay channel at CMS June 4, 2019 13/14



Summary ﬂ(“

m Latest CMS result on ttH, H — bb with 41.5fb~" of data

m Analysis relies heavily on b-tagging, description of tt + hf processes
(dominant uncertainties), and machine learning techniques

m 2017 analysis combines all tt decay channels with improved b-tagging
and better handling of parton shower uncertainties

m Combination of 2016 and 2017 results: Evidence for ttH production in
the H — bb decay channel

Thank you for your attention!
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Baseline event selection ﬂ(“

FH channel SL channel DL channel

Number of leptons 0 1 2

pr of leptons (e/ ) [GeV] — > 30/29 > 25/25GeV

pr of additional leptons [GeV] < 15 <15 <15

|| of leptons <24 <24 <24

Number of jets >6 >4 >2

pr of jets [GeV] > 40 > 30 > 30, 30,20

|| of jets <24 <24 <24

Number of b-tagged jets >2 >2 >1

pimiss — >20GeV > 40GeV
General information Dileptonic channel Semileptonic channel Fully-hadronic channel References
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Best-fit values

AT

Karlsruhe Insttute of Technology.

Al £ tot (+stat =+ syst)

significance obs (exp)

General information Dileptonic channel

FH 3 b-tags 136735 (ﬂgg tg(l)g)
FH 4 b-tags ~15470 (+8 % ﬂ%)
FH combined 169773 (*8 . f};?)
SL 4 jets 173555 (0% 200
SL 5jets 0731438 (1047 10%0)
SL > 6jets 2051378 (1031 1083)
SL combined 1.841082 (020 £036)
DL 3 jets -2357448 (1382 13%)
DL > 4jets 157458 (103 10%)
DL combined L6202 (Y038 2070
FH+SL+DL combined 1497048 ( 0% t8;§§)
FH+SL+DL combined 2016+2017 11503 (*013 *0%)

O@000000000000000 000000 0000000000
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Systematic uncertainties part 1 AT

Karlsruhe Insttute of Technology.

Source Type Remarks

Integrated luminosity rate  Signal and all backgrounds

Lepton identification/isolation shape Signal and all backgrounds

Trigger efficiency shape Signal and all backgrounds

Trigger prefiring correction rate  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 If fraction shape Signal and all backgrounds

b tag If stats (linear) shape Signal and all backgrounds

b tag If 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

QGL reweighting shape Signal and all backgrounds

TFjg0se cOrrection shape QCD multijet estimate

Hr reweighting shape QCD multijet estimate

Multijet normalisation rate  QCD multijet estimate

Renorm./fact. scales (ttH) rate  Scale uncertainty of NLO ttH prediction

Renorm. /fact. scales (tt) rate  Scale uncertainty of NNLO tt prediction

tt+hf cross sections rate  Additional 50% rate uncertainty of tt+hf predictions

Renorm. /fact. scales (t) rate  Scale uncertainty of NLO single t prediction
General information Dileptonic channel Semileptonic channel Fully-hadronic channel References
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Systematic uncertainties part 2 A
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Renorm./fact. scales (V) rate  Scale uncertainty of NNLO W and Z prediction

Renorm./fact. scales (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 qq initiated processes
(fE+W,W,Z)

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

PDF shape variations (ttH, tt) shape Based on the NNPDF replicas, same for ttH and ad-
ditional jet flavours

ur scale (tt) shape Renormalisation scale uncertainty of the tt ME gen-
erator (POWHEG), same for additional jet flavours

ur scale (tt) shape Factorisation scale uncertainty of the tt ME genera-
tor (POWHEG), same for additional jet flavours

PS scale: ISR (tt) shape Initial state radiation uncertainty of the PS (for tt
events), same for additional jet flavours

PS scale: FSR (tt) shape Final state radiation uncertainty of the PS (for tt
events), same for additional jet flavours

ME-PS matching (tt) rate  NLO ME to PS matching, hdamp [? ] (for tt events),
independent for additional jet flavours

Underlying event (tt) rate  Underlying event (for tt events), independent for
additional jet flavours

Bin-by-bin event count shape Statistical uncertainty of the signal and background

prediction due to the limited sample size

General information Dileptonic channel Semileptonic channel Fully-hadronic channel References
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Input variables part 1

[ ¢
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% %
3% % . - 55 %
£ g 2 % % §f f %
2 3 ® =g g & 2 %
S (R S S
Al Al 8 & o 2 8 8
s & O 95 £ £ 2 2
* b oA e o AN A
TS 3R 2 2 3 2
Variable Definition 3 ® ® o B B A B
MEM maxtrix element method discriminant + + 4+ - - 4+ +
BLR likelihood ratio discriminating between + — 4+ - - -

events with 4 b quark jets and 2 b quark jets
BLR!rans In[BLR/(1 — BLR)] B
pr(jet1) pr of the 1. jet, ranked in jet pt -+ - - - - =
pr(jet3) pr of the 3. jet, ranked in jet pr -+ - - - - - =
H.? scalar sum of pr of b-tagged jets + + + 4+ - = = 4
Yjlep PT scalar sum of pr of leptons and jets - - - + + - + -
N:gm number of b-tagged jets at a working point + + - - - - - -

with 0.1% probability of tagging gluon and

light-flavour jets
d(jet 4) b-tagging discriminant value of 4. jet, + - - - — — — -
General information Dileptonic channel Semileptonic channel Fully-hadronic channel
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Input variables part 2

dy

v
4

avg
EN

min
dy

o (g

i
"

closest to 125
My

minAR
Miep by

minAR
i

minAR
myy

General information
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ranked in jet pt

2. highest b-tagging discriminant value of all
jets

average b-tagging discriminant value of all
jets

average b-tagging discriminant value of all
b-tagged jets

minimal b-tagging discriminant value of all

b-tagged jets

squared difference between the b-tagged dis-
criminant value of a b-tagged jet and the av-
erage b-tagging discriminant values of all b-
tagged jets, averaged over all b-tagged jets

sum of the masses of all jets divided by the
number of dijet pairs

mass of pair of b-tagged jets closest to
125GeV

mass of pair of lepton and b-tagged jet clos-
estin AR

mass of pair of jets closest in AR

mass of pair of b-tagged jets closest in AR

Dileptonic channel Semileptonic channel
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Input variables part 3

[ ¢
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% %

z B £ % & £

) T o~ =~ o0 o0 T

< g Q & [ = R B =}

g £ 2 @ o % g
a4 g £ <2 29 Al
w A L o A

Al Al 8 & o & 2 2
P R N R N NN

5 & © ®» 3 T T %
¥ o A2 o aAA

S04 3 2 2 2 a 2

Variable  Definition ? ® ®» A A A A A

mﬁ;"AR mass of pair of jet and b-tagged jet closestin - - - - — 4+ - 4

AR
mla)lg average mass of all pairs of b-tagged jets + - - - = -
mpPX™  mass of pair of b-tagged jets with largest - - - - + - 4+ -
mass
mjn; ?x PT mass of trijet system with highest pr - - -+ - - - +
p‘%‘;i‘b"bAR sum pr of pair of closest b-tagged jets - - - + - + + +
PRBAR . sum pr of pair of closest jets - - - + o+ -

ARJF;“‘X largest AR between any two jets -+ - - - - - =

ARETE average AR between b-tagged jets - + + - - - + +

AR;ng average AR between two jets - - - + 4+ + - -

AR;;g average AR between a jet and a b-tagged jets - - - - - + - -

General information Dileptonic channel Semileptonic channel Fully-hadronic channel References
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Input variables part 4

ARmin
2

ARpE

AR

Arlirj\ax

A
Sl

sb

5

Cilep

cb

Ry

minimal AR between any two jets

minimal AR between any two b-tagged jets
minimal AR between lepton and b-tagged jet
largest Ay between any two jets

largest Ay between any two b-tagged jets

%(/\2 + A3), with A; the eigenvalues of the
momentum tensor computed with jets

3(A2 + A3), with A; the eigenvalues of the
momentum tensor computed with b-tagged
jets

’\Zzif\l, with A; the eigenvalues of the mo-

mentum tensor computed with jets

scalar sum of the jet and lepton pr divided
by the sum of the energies of all jets and lep-
tons

scalar sum of the b-tagged jet pt divided by
the sum of the energies of all b-tagged jets

Oth Fox-Wolfram moment computed with
all jets

ratio Hy/Hp of Oth and first Fox-Wolfram
moment computed with all jets

[ ¢
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General information
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Post-fit pulls and impacts 2017
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20

General information
00000000@00000000

{tH (renorm./fact. scales)

{i+bb cross section (50%) (2017)
{4 cross section (50%) (2017)
PDF (gg ttH)

underlying event (tt+If) (2017)
underlying event (tt+2b) (2017)
b tag charm (linear) (2017)

PS scale: ISR (tt+f) (2017)
underlying event (tf+bb) (2017)
multijet (Hr reweighting = 4 b tags) (2017)
PS scale: ISR (ti+bb) (2017)

jet energy scale (1)

jet energy scale (2) (2017)
ME-PS matching (tE+If) (2017)
Signal MC stat. uncertainty(1)
jet energy resolution (2017)
Signal MC stat. uncertainty(2)
ME-PS matching (tt+2b) (2017)
pileup

Signal MC stat. uncertainty(3)

K
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--Pull J+1o Impact [J-10 Impact

000000

Dileptonic channel

I ~ +0.4
CMS Preliminary pH=157"%
——
——
—
——
—
—
—e—
——
—
——
2 -1 0 1 2 -0.1 0 01
(6-8,)/08 Al
Semileptonic channel Fully-hadronic channel References
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Post-fit pulls and impacts 2016+2017

10

1

12

13

14
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16

17

18
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20

--Pull J+1o Impact [J-10 Impact

General information

{tH (renorm./fact. scales)

{t+bb cross section (50%) (2017)

{t+bb cross section (50%) (2016)
multijet (norm) 9 Jets, = 4 b tags (2016)
tE+cT cross section (50%) (2017)

multijet (norm) 8 Jets, 4 b tags (2

PDF (gg tiH)

multijet (norm) 9 Jets, 3 b tags

multijet (norm) 8

3btags

multijet (norm) 7 Jets, 3

multijet (norm) 7 Jets, 2 4 b tags (2

jet energy scale (1)
b tag charm (linear) (2016)

ft+2b cross section (50%) (2016)
underlying event (tf+bb) (2017)

PS scale: ISR (ti+) (2017)

underlying event (tt+f) (2017)

PS scale: ISR (tt+f) (2016)

1st bin multijet MEM modelling (4b) (2016)

b tag charm (linear) (2017)

Dileptonic channel

000000000e0000000 000000
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tt + additional b-jets

Karlsruhe Institute of Technology

Inclusive b-jet multiplicity distribution

o S T T T e
T 102 [pp~ D@13TY = Sherpa+Openloops Inclusive b-jet multiplicity distribution
E — MGamcoNlo 25 g
PowHel+PY8 - E o e /ol i |
10! - NLO & E Oownrc/ Biitrea >+ LOPS E
g 2 === NLOPS =
£ E i
1 = 7
d 2 1SE 7 %
- E E f
o 1 o rrrrrey j
102 055 =
P R B SR B B b o b o b e Lo o L d
A D = e e 1>
—T 5
;:‘}.g oF OFownec/ Fhierea / /
T L E
& 14 £ B 7,
112 o 15 7
g1 £ oF V22 Z
& o8 : g E
I R S R B 1E
Zer— SN L S B B L BB B E
218 o5E
Z 16 E
g 14 LL
712 25
> 08 2F /
5 06 E
ZETT T T T T o 15
g U = E
R 2
EY] E
é-m]; 05~
° 06 R SR NI A

T SRS SIS ST TS S NI ° 1 2 3 4

1 2 3 4th [2] Noos [1]

Conclusign: account for uncertainties of around 30% (left plot) and consider differences between
inclusive tt and tt +bb simulation (right plot) = 50% uncertainties on tt +hf processes
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tf + additional b-jets AIT

® QCD multi-scale problem

a LO tt +bb renormalisation uncertainty ~ 70 — 80%

a NLO ~ 20 — 30%

® 5FS with massless b-quarks: collinear g—bb singularities —
generation cuts to phase space

m 4FS considering b-mass effects applicable to complete b-quark phase
space

® matching & shower effects have a large impact

Cossiveamesen  sshens T akwemees | e TR
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tt + b-jets ﬂ(“

a it events with additiogal initial or final state radiation
(ISR,FSR) and g—bb splitting

m Using 5FS inclusive tt + jets simulation — additional
b-jets (not from top decay) modeled by parton
shower (PS)

m PS has large impact on this simulation
— uncertainties on PS parameters essential

a Considering PS parameter variations in (ISR, FSR,
ME-PS matching and Tune) and QCD scale

variations
General information Dileptonic channel Semileptonic channel Fully-hadronic channel References
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tt + heavy flavor splitting ﬂ(“

tt sample split further according to gen-jets containing additional b/c hadrons
with CMSSW GenHFHadronMatcher tool

m gen-jets: clustered from final state generator particles, pr > 20, |n| < 2.4

a containing hadrons: jets into which b/c hadrons (before decay) that are
injected as “ghosts” (energy scaled — 0) are clustered

m additional hadrons: cannot be traced back to top-decay products

tt +HF classes:

tt + bb: at least two add. b-jets I @@ o more b jets

tt + b: one add. b-jet from a single b hadron % ot in accentance
tt + 2b: one add. b-jet from two or more m o P

overlapping b hadrons ()
it + cC : at least one add. c-jet, no add. b-jets
it + If : does not belong to any of the above

General information Dileptonic channel Semileptonic channel Fully-hadronic channel References
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tt + heavy flavor splitting

a Physics motivation

m tt + bb and tt + b in principle same
process, well separated jets = can be

treated perturbatively
tt + bb signal-like in terms of jets and tags

m tt + 2b different: collinear gluon splitting
within one jet = depends on parton

shower tuning

m tt + cC Similar issues, but less signal-like

a Scheme developed in coordination with ATLAS

m Assigning 50% rate uncertainty for tt

subprocesses
General information Dileptonic channel
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Matrix Element for ttH(bb) vs ttbb AT

Karlsruhe Insttute of Technology.

a Signal extraction via Matrix Element Methods (MEM):

a Event-by-event discriminator build upon matrix elements, combined with
reconstruction-level information.

Resolution
Numerical Momentum
function
integration conservation
(allow ISR)

dx,dh 8 d34 8 8
0 -3 [ e [ 1] (o oo o S )R ()

k=1 k=1
xg(Xa, pF)9(Xp, /J'F)‘M(px’hpbvfhv > p8) P W(¥, B)

Parton LO scattering Detector
density amplitude transfer
functions (Open Loops) function

a Construct per-event signal/background probability using full kinematic
information in an analytic approach
w(7|fiH)

Ps/o = w(F|fTH)+ ks /oW (7| {1+ bb)

m ti +bb taken as background hypothesis, permuting over all jet assignments
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B-tagging performance [ ¢

Karlsruhe Institute of Technology.

(s=13 TeV
Vs=13 TeV, 2016

>
1 =
2 EcMssi FelitRiATy A 3 CMS Simulation
2 ttevent /) 2 [ tevents
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Dileptonic channel IT

m Split events according to number of jets and btags: (3j,2b), (3j,3b), (> 4j,2b),
(= 4j,3b), (> 4j,4b)

a Construct BDT separately for each category

BDTs to separate signal (itH) from background (it +X)

m BDT uses kinematic, event-shape and b-tagging variables

For (> 4,3b),(> 4j,4b) also the output of the matrix element method is used
as an input variable
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Details on BDT training AIT

separate BDTs for each of the 5 categories
implemented in TMVA package
gradient boosting algorithm

50% of tt DL sample used to construct BDT (splitted in half for training
and testing)

= dedicated ttH, H — bb DL sample used for signal (splitted in half for
training and testing)

a at least 1750 events per process and category available for training

m only well modeled variables considered (quality measure?) and best
12 variables chosen

a hyperparameters optimized by particle swarm algorithm
m inclusion of MEM improved sensitivity around 10%
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DL channel jet/b-tag multiplicity pre-fit

CMS Preliminary
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Examples of BDT input variables post-fit

CMS preliminary
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BDT discrimants pre-fit A\ ¢

Karlsruhe Institute of Technology.
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BDT discrimants post-fit R\ ¢

Karlsruhe Institute of Technology.
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Semileptonic channel IT

Karlsruhe Institute of Technology.

m Split events according to number of jets (4, 5, > 6)

a Multi-class ANN classifies events into classes corresponding to

m Main tt +X backgrounds
u ttH signal

a ANN uses kinematic, event-shape and b-tagging variables as well as output
of matrix element method

m itH node: signal enriched category

m Background nodes (control regions): constrain systematic uncertainties,
especially on tt +hf processes

Multi-classification Probability Categorize
(D) ttH 041
<7 - .
] (. ttbb 0.18 use:
el o fee - number of jets
Events = © fee 0% g | rocess with
5 i 0.09 pI
g highest DNN output
2=1
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Details on ANN training

a input variable validation with goodness-of-fit tests in 1D and 2D

a fit 1D and 2D distributions to data in each category with complete
uncertainty model

m calculate p-value from post-fit uncertainty model,

a only allow variables with p-value > 0.05 in all combinations

implemented in Keras
feedforward NN with 3 hidden layers of 100 nodes each
at least 2100 training events in each of the final categories

events in each jet-multiplicity category
a 500 epochs with early stopping
m cross-entropy loss function
a L2 regularisation and dropout used
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Examples of ANN input variables A\ ¢

Karlsruhe Institute of Technology.
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SL channel jet/b-tag multiplicity

CMS Preliminary
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ANN discrimants pre-fit A\ ¢

Karlsruhe Institute of Technology.
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ANN discrimants post-fit R\ ¢
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ANN discrimants pre-fit
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ANN discrimants post-fit R\ ¢
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ANN discrimants pre-fit A\ ¢
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ANN discrimants post-fit
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ttH, H — bb hadronic

m Selection: > 7 jets, > 3b-tagged jets, Hr > 500 GeV, lepton veto
m Categorization: jet and b-tag multiplicity

m 2 main backgrounds: QCD multijet and tt
a Data-driven QCD multijet determination:
a Kinematic cuts to reject QCD events
a Discriminate against QCD multijet with Quark-Gluon-Likelihood-Ratio
a Estimate shape from controlregion with low number of b-tags
m Rate is obtained during final fit to data

tt:

a Estimated from MC simulation (same as in leptonic analysis)
a Difficult contribution: tt + bb

a Final discrimination with matrix element method separating ttH,H —
bb with tt + bb
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FH channel jet/b-tag multiplicity
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FH channel Arjets K

Karlsruhe Insttute of Technology.

FH SRext (8 jets, 2 4 b tags) 41.5fo* (13 TeV)
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FH channel MEM example €
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FH channel data-driven QCD
determination b S
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MEM discrimants pre-fit AT
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MEM discrimants post-fit R\ ¢
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