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Introduction

» Discovery of the Higgs boson in 2012

. | | | 'il; e
» Properties compatible with SM hypothesis £ [ LHC Runt
_ _ L ~  [JHEP 1608 (2016) 045)
* key role of the Yukawa interaction describing g, 1o}
the coupling between the Higgs field and *
quarks/leptons 10°F
- top quark Yukawa coupling A, =2 m /v~1 b ATLASICMS ]
. . top t_ oty M SM Higgs boson |
— largest coupling of Higgs boson to fermion — M, ] fit ‘
and a key parameter of SM %’gzj o
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. )\top probed indirectly though loops in gg—H
and H—-vyy

o(pp — H+X) [pb]
=)
[
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. )\top can be probed directly in ttH production
— process at tree level

10—2; : — Large increase in the expected signal cross

section from 8 to 13 TeV

zzzzzzzz



Experimental signatures for ttH Production

o ud | Cs ey T da . :
| %—u O full hadronic Decay mode Branching fraction [%]
s g 2ip O semileptonic H - bb 7.5 +1.9
jets .j‘:’, ;‘?’ jf , 2% @ dileptonic |H—-> WW 21.6 +0.9 |
| [H > 6.30 +0.36 |
o e+jets ee epierif g 3 H — cc 290 +0.35
E U+ jets  ep IJIJUTi 3 2 \H - 77 267 +0.11 |
i T4jets  er uT TTi [H =S yy 0.228 £ 0.011]
g | jets S S H— Zy 0.155 +0.014
LALAC LI - H - uu 0.022 + 0.001
3 P+ jets ey

« Several final states probed:

— ttH H—bb : large BR, but limited sensitivity due to high bkg
« atleast one of the W from top with leptonic decay
— ttH multilepton (H-WW,11,ZZ) : smaller rate but also reduced
background
— ttH H—vyy : final state clean very small rate
— ttH H—-ZZ—4l : extremely low rate (~0.01 ev/fb) but highest S/B

* The challenge: large backgrounds (tt+jets, tt+bb, ttW, ttZ2)
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L =36 fb' : Phys. Rev. D 97, 072016

* H—bb most abundant ttH event sample t - t -
— focus on single lepton and dilepton final states s <;e’“~ il
— main bkg contribution from tt+HF jets g o . .
. . . a e,y
* Events categorized according to N, Nj, b-tagged jets . 5
« CR used in the fit to estimate them and constrain modeling uncertainties
—  tt+2>1 b, tt+21C, tt+2l|gh.t flavour . ATLIAS LI B B QQéta L -'tfH o B
« One BDT in each SR, with several inputs S e=13Tev, 3011 Ol +lont EE+ e
. . . . 400} Single Lepton Non-tt ~/Total unc. ]
— general kin. variables, b-tag discriminant SRS N :
. . . \ 350F ) --- ttH (norm)
— top and Higgs kinematic variables reconstructed _ 300_Post-F't
with dedicated BDTs S ke
— 1D likelihood discriminants, MEM (1lep) :ﬁj
ATLAS {s=13TeV, 36.1 fb™
— o m, = 125 GeV
stat.
tot (stat syst)
Di|epton | +1.02 , +0.54 +0.87
(two-p1 combined fit — o — 0.24 i05 (2052 —091) 8 ol -
N R I
Single Lepton § . - - o 75k ]
(two-u. combined fit) et 095 o5 (o3 os) 8 007_ Z S
___________________________________________________________ -1 -08 06 -04 -02 0 02 04 06 08 1
BorBine el 0.84 j:gﬁ(ﬁgg ﬁgZ) Classification BDT output
ER PR :
s Observed significance:1.40 (1.60 expected)
Best fit p = o™/olH
)
ATLAS

ttH (H—bb)
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L = 36 fb-! : Phys. Rev. D 97, 072003 ttH multilep ton

7 Orthogonal analysis channels
— overlap with H->ZZ*->4| removed in the 4l
category
* jet requirements: Njet > 2, Nb_tag > 1
— 2{SS, 2{SS+11had: Njet =2 4
— 200S+11had, 1{+2thad: Njet = 3

» it suppressed by requirement of at leasttwo

Number of Thad

Number of light leptons

@ F 1 3 Lo
SS or additional leptons m12: 13 TeV, 3811 5" —ffs ?
- Different bkg composition in the various SR F ' Ely
* Irreducible bkg. e b Ehs
— estimates rely on MC prediction + 22: __________________ Elgs
validation region 2:;,—'7 ............. mg:
* Reducible bkg e B — IS : s
— Non-prompt light leptons: from b-hadron g 80
decays (tt) and photon conversions % o ove
— Electron charge mis-identification (q mis-id): % 50 Ef
from 2£0OS tt events 8 O
— Fake thad: from light flavour jets and fg =
mis-identified electrons 0 B

2Ass Slsp Y2, 4/de>//es* k’Os 3’»% ”"?‘r , iy 3/172 %D,bo i "o
Cr
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L = 36 fb~' : Phys. Rev. D 97, 072003 ttH multilePton

- BDTs employed in 5/7 channels O aias | eoa Win ] O aras | ebmmir
] ) ) ) F G-13Tev, 36 o'W @z ] b 5= 13TV, 361 fb"gg&son Sﬁ;pmmm;
— trained against different bkg according [ 2rss Mosien, Wi o Soner | Dlcrany
. 10°E 7 Uncertainty --- Prefit Bkgd. 25 B
to the different SR < f g | '
« 3l and 2ISS most sensitive channels £ £

« Systematic uncertainties with largest
impact on errors on y ., are

— ttH cross section uncertainty e ) “+ el
— Jet energy scale (JES) and resolution g ’ e 8 ;.5: ;
(JER) e e S rea
— Non-prompt light lepton estimates, | | | | |
large contribution of CR statistics ATLAS Vs=13 TeV, 36.1 b
—Tot. -+« Stat. Tot. (Stat., Syst.)
« Observed (expected) significance at 2608 + 1Thag ol 17 2] (M8 14
4.10 (2.80) over SM background 1€+ 2Mhag | bt - 08 55 (s, i)
« Alternative fit with free floating 3¢ + 1:; l’rlo ----- [ ?Z jé Ef? :§§;
normalisation for ttV 2688 + 1Thag bowond 3517 (15 409
— Same central p value for signal 3¢ *H 1.8 107 (158, %52)
(degradation in sensitivity) 2SS [’" ................. ! 5§§(§§—§§)
o =TT o B I
My = 0.92 £ 0.32 Best-fitn__ for m, =125 GeV
ATLAS
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L = 36 fb™! : Phys. Rev. D 97, 072003 ttH combination with 36 fb'1

« Cross-section measured: Oy = 5901%28 fb (SM: 507*3° _

wwwwwwwwww

Combination of ttH Hbb and I .. R
multilepton together with ATLAS (s=13 TeV, 36.1 b’
Z2Z*—4]l and H—yy —total — stat.
Assumptions: ttH ZZ — <1.9(68% C.L.)
— tH production treated as fH vy el 06 F02 (a0 w2 5
background (fixed to SM
expectations within theory ttH bb e 0.8 “5¢ (3.5 )

uncertainties)
— BR of Higgs decays fixed to
SM values

+0.5 +03 +04
fiH ML Fed 16 ;4 (03,203 )

..................................................................

ttH combined ted 0.3 023 02
Observed (expected) eg v b o |y pas g voen iy Py
. . -2 0 2 4 6 8 10
significance: 4.2 (3.8)o Best-fit p_ for m, =125 GeV

Evidence of ttH production!
fb)

50

ttH (H—-ZZ*—4l and H—yy) statistically limited
Analyses updated and improved using 80 fb™
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NEW! L = 80 fb™! : arXiv:1806.00425

ttH (H—>ZZ"—4

EEEEEEEEEE

Analysis updated wrt the evidence paper
selection

H—ZZ*—4l candidates selected first

— follow the standard 4l couplings analysis
ttH enriched events selected requiring >0 b-jet
and =4 leptons

“Leptonic” category: 21 extra lepton and =2j
cut and count S/B~10

“Hadronic” category: = 4jets

BDT exploiting jet, Zs and ME(H—4I)
information to separated ttH against

mainly ttZ and ggH
improvement of ~30% wrt the previous
categorization
expected significance: 1.20
no events observed (1 total expected)

Events / 15 GeV

D

8 7| | T 1T T T I T L T T ‘ T T T |7
L ATLAS - :
— tH -
E H - ZZ* - 4| ggF+bbH ]
6 [ 13TeV, 79810 e R
[ ttH-had category . 27 ]
n 4V, VWV .
5t N Z-jets, tt .
C vy Uncertainty .
4F .
3 =
2 [ ]
1fe 3 « .
O s e | o DN | [
100 150 200 250 300 350
m,, [GeV]
1.4 |
- ATLAS —
1.2FH sz S 4 SaF+bbH g
T 13TeV,79.8 fb" il
1115<m, <130 Gev 2z ]
C {E+V, VWV
Bl Z-jets, tt

0.8]
0.6 §
0.4

0.2

iy, Uncertainty

Had 2

Had 1

Lep
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NEW!! L = 80 fb"! : arXiv:1806.00425 ttH (H —>YY)

- 2isolated photons, p; > 35, 25 GeV Ef?:i&%“”"s‘;" g
- At least one jet with p_> 25 GeV
- Specific ttH categories
— leptonic (>0 b-jet, >0 leptons) _ 1 Do commtmeam
— hadronic (>0 b-jet, > 2 jets, 0 - o g G j_
leptons) L
« Events are then further divided into oo E
categories based on an XGBoost BDT = ;
discriminant score R aan .
— Training uses energy and direction E 8:: ATLAS v 798 1" g“::fff,ﬁt?;dﬁ?;;: :
of photons, jets, leptons, b-tag flag, ¢ & Hadregon th'_* [ 3
MET and MET_¢ g o6 L =
» Simultaneously fit to m  spectrum gi: :
across 7 categories to extract the 03 T gl —
signal 2211 R s st .
e T
0 01 02 03 04 05 0.6 07 08 09 1
BDT Output
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NEW! L = 80 fb"' : arXiv:1806.00425 ttH (H —Yy

» Higgs signal modeled as a double-sided 3 ]i: Vo Camas 3
Crystal Ball function (m,, = 125.09 GeV) RN vt S A A

« Background modeled by a smooth falling % 105 T SR e romegay
function w oc E

— functional form from simulated | \ | L/N\l l l [t
bkg(Lep) or CR (had) g - e ]

— Non-ttH Higgs processes are fixedto 2_1 Il w\LL Il 0
the SM é § i 5 % 740 55 Eeo

e m,, [GeV]

* 100% unc. - negligible impact

£ 45 ATLAS | e E + had-BDT selects clearly events with
Q 40E-Vs=13Tev, 79817 i+ yy E top candidates
W E [ tiH -
35 e Fitted total E
30 —+— Data =
25F- * 0-lep, 2 3jets, > 1 bjet 3 Main Systematics:
o0k 9., 105 GeV <m,, <160 GeV 3 ]
3 } * E « Exp syst: y/jet energy scale and
10 L E resolution, y isolation efficiency (~5%)
s } L F « TH syst: Shower uncertainty for ttH
00 B0 100 150 200 250 300 350 400 450 500 signal (8%)
Top candidate mass [GeV]
ATLAS
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NEW!! L = 80 fb™ : arXiv:1806.00425 ttH (H —>Y'Y)

« Observed ttH significance : 4.10
— expected 3.70
e Measured cross section at 13 TeV:

onm = 7107250 (stat) 155y (syst) fb (SM = 507130 fb)

> L LA AL L L L L B L & £ 100 ' —
35 — N ¢ Data .
8 - ¢ Data ATLAS ] :>j AT';AST . 7908 1 B ttH (u=1.4) n
0 gyl Continuum Background Vs =13 TeV,79.8fb" I gol_ \ST13TeV. 798 Non-tiH Higgs B
N E - === Total Background my, = 125.09 GeV E @R Cont. Bkg. i
~ —— Signal + Back d Al categori . : ]
% 25; g acKaren In(1j83g;):veesighte d sum E 60 Had categories Lep categories -
2 20p = 40 —
5 sb = i
= 15: 7 20 —
A u ] ]
D10k - -
- ] o 20 _ —
5 ' . * l l ] 2ol — tiH (u=1.4) |
C ¢ + ¢ ! t ¢ F—E § 0
C PR T T N T A T T SN T AN SN T SO SN N SO T NN TR NN SO S N S [ ) ]
110 120 130 140 150 160 Had4  Had3  Had2  Had1  Lep3  Lep2  Lepft
m,, [GeV]
- considering same statistics as for the previous analysis with 36 b
~50% improvement
ATLAS
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NEW! L = 80 fb™! : arXiv:1806.00425

-

ATLAS 4 =«

EXPERIMENT

Run: 303079
Event: 197351611
2016-07-01 05:01:26 CEST

\'\

\

/
sl
< ;fkmm

ATLAS
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NEW! L = 80 fb™! : arXiv:1806.00425

Combination

e Run2 combination

updated yy and ZZ—4l (80fb™")
combined with ML and H—bb (36 fb™)
event overlap negligible

some syst components on lumi, JES,
ely E scale/resolution and ID efficiency
correlated

Theory uncertainties correlated
between channels

SM Branching Ratio assumed

Observed ttH significance: 5.80

expected 4.90

e Run1+Run2 combination

Run1 channels: bb,ML,yy

Observed ttH significance : 6.30

expected: 5.1 0

Uncertainty source Aoy /oir %)
Theory uncertainties (modelling) 11.9
tt + heavy flavour 9.9
ttH 6.0
Non-ttH Higgs boson production modes 1.5
Other background processes 2.2
Experimental uncertainties 9.3
Fake leptons 5.2
Jets, Emiss 4.9
Electrons, photons 3.2
Luminosity 3.0
T-lepton 2.5
Flavour tagging 1.8
MC statistical uncertainties 4.4
5 ST
S 40  ATLAS
oy

Run 1 observed (4.5, 20.3 fb™ at Vs = 7, 8 TeV)
Run 2 observed (36.1 - 79.8 fb™" at Vs = 13 TeV)
— Full observed

35
30
25
20
15
10

.......... Expected

.................................................................

IIII|IIII|I II|IIIIT\*I]‘&'IIII|IIII|IIII

TTTTTTTT]TTTT[TIFI-FTTTT
JARRRRRARRRRRRNPES 201
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NEW! L = 80 fb™! : arXiv:1806.00425 Combination
« Measured total cross section of ttH production at Vs=13 TeV :
11
o = 670 90 (stat) Tig0 (syst) fb  (SM = 5077350 fb)
« Measured total cross section of ttH production at Vs=8 TeV :

o i = 220 4 100 (stat) £70 (syst)fb  (SM = 13375, fb)

T T T | T T T T | T T T I T T T T | T T T I T T 5' ‘I: T | T T T | T T T T T T T T . ]

ATLAS e Total Stat. [ Syst. — SM = 0.9- ATLAS £

Vs=13TeV, 36.1-79.8 fb .E 0 85— = Theory (NLO QCD + NLO EW) _5

Total Stat. Syst. T e ]

ttH (bB) I 0.79 + 0.61 0.29 o 0 7:_ i Combined data _:

I € | T9% g ( o2 ,£0.53) o ' Stat. only ]

] © 0.6 -

ffH (multilepton) He=e— 1568 Jan £ oo pEk 027 ) 0 55_ E

i (77 ee=y re9x i (38, 02) 0.4F £

fH (Z2) e <1.77 at 68% CL 0'35 ‘

------------------------------------------------------------------------------------- 0.21- Vs =13 TeV 361—798fb'1_:

Combined H==—H 182+ 0% (+0.18,+ 02 0 1;_ \/5; o e ,20..3 N o’ ]

[ P R T R R B P I I TR T TR N NN T S N S AR oE L -- (AR ANN N NN SR NN NN SN SO NI ST N NS :
—1 0 1 2 3 4 6 8 10 12 14 16

Sy O (s [TeV]
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Conclusions

Results presented for ttH searches with 36 and 80 fb™" of pp collision data
Improved techniques compared to Run1 for ttH bb ML and yy

ttH, H—-yy and H—ZZ—4l improved sensitivities allowed the observation
of the ttH process at 13 TeV

Observed ttH significance of 6.3 o

— direct observation of the Higgs boson Yukawa coupling to the top quark

— constraint on the )\top coupling at 10-15% level with direct measurement
Cross section measurement for this process at 13 TeV
o = 670 90 (stat) Tig0 (syst) fb  (SM = 5077350 fb)
Working on further improvements and analysis of Run2 data

— increase sensitivity on )\top to find possible NP effects

Roberto Di Nardo — UMass 15
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e Four b-tagging working points

calibrated on data: Uncertainty source An
0 Loose — Medium — T|ght — Vew tt + >1b modeling +0.46  —0.46
. . o Background-model stat. unc. +0.29 —-0.31
T|g ht Corr'eSpondlng to: 85 /0 = b-tagging efficiency and mis-tag rates +0.16 —0.16
o/ _ o/. _ o Jet energy scale and resolution +0.14 -0.14
77 %0 - 710% - 60% eff. to tag a tt H modeling +0.22 —0.05
b-jet tf + >1c modeling +0.09  —0.11
. . JVT, pileup modeling +0.03  —0.05
© ASSIQn a b-tagglng Score from 1 Other background modeling +0.08 —0.08
to 5 (fr'om not-tagged to 60%) tt + light modeling +0.06 —0.03
. . . Luminosity +0.03 —0.02
® b-JetS calibrated with ttbar events (2- Light lepton (e, p) id., isolation, trigger +40.03 —0.04
10% uncertainty, dominated by ttbar Total systematic uncertainty +0.57 —0.54
. tt + >1b normalization +0.09 —0.10
mOdelllng) tt + >1c normalization +0.02 —0.03
Y C'jetS calibrated with ttbar events Intrinsic statistical uncertainty +0.21 -0.20
W d VV+ t 5 2 O(y Total statistical uncertainty +0.29 —-0.29
( —)CS? an ) C.even S.( - 0 ] Total uncertainty +0.64 —0.61
uncertainty) light-jets calibrated with
dijets events (10-50% uncertainty)
Roberto Di Nardo — UMass 17




Signal Fraction [%]

* 1) 50 ]
90 E 70; ATLIAS I I ') DataI .IITH E g E ATL;IAS I I [ Daial l .t?‘H E
& ol Vs=13Tev, 36.1 " Jiw [tz = D 45 (5= 13Tev, 36.1 fo! [JW Oz
80 I 3/t1ZCR [CIDiboson [@Non-prompt | 40 F 3/tIW CR [ Non-prompt [CJother 7
L Pre-Fit [JOther 77 Uncertainty 7 F Pre-Fit 7/ Uncertainty ]
70 50F - 35[- =
60 403_ __ 30;— —;
50 ¥ ] = =
40 3 E L ]
30 20 3 — _
20 : -
10 - 1 L ] ]
0 8w 1 | ' 3
o Z ) E o 1.2
2/38 3/ SR 9 Z‘en,;l/ 2. depflss *71_2/0\9*%3/*71;7 7/*21}7 < 1'251 / / Af /%/ / j/ o Y Jf///- < > /
Ched efed hag hag o % § 0.07: vf/ // 4 o 4/ 777 /é § 0;: 3 . . 7 // %
‘ 2 3 4 5 6 7 >8 2 3 4 5 6 7 >8
Number of jets Number of jets
3l ttZ CR 3l ttW CR
2£SS 3L 4¢ 1€42Thag  2€SS+1Thag  2€0S+1Thag 3¢+ 1Thad
BDT trained against | Fakes and ¢V 1, ttW,tf1Z, VV ttZ / - tf all tf -
Discriminant 2x1D BDT 5D BDT Event count BDT BDT BDT Event count
Number of bins 6 5 | | 2 2 10 1
Control regions - 4 - - - - -
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Systematic uncertainty

Type Components

Luminosity N 1
Pileup reweighting SN 1
Physics Objects
Electron SN 6
Muon SN 15
Thad SN 10
Jet energy scale and resolution SN 28
Jet vertex fraction SN 1
Jet flavor tagging SN 126
Efr‘“ss SN 3
Total (Experimental) - 191
Data-driven non-prompt/fake leptons and charge misassignment
Control region statistics SN 38
Light-lepton efficiencies SN 22
Non-prompt light-lepton estimates: non-closure N S
<y-conversion fraction N 5
Fake Thaq estimates N/SN 12
Electron charge misassignment SN 1
Total (Data-driven reducible background) - 83
ttH modeling
Cross section N 2
Renormalization and factorization scales S 3
Parton shower and hadronization model SN 1
Higgs boson branching fraction N 4
Shower tune SN 1
tfW modeling
Cross section N 2
Renormalization and factorization scales S 3
Matrix-element MC event generator SN 1
Shower tune SN 1
ttZ modeling
Cross section N 2
Renormalization and factorization scales S 3
Matrix-element MC event generator SN 1
Shower tune SN 1
Other background modeling
Cross section N 15
Shower tune SN 1
Total (Signal and background modeling) - 41
Total (Overall) - 315

Roberto Di Nardo — UMass
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20SS 3¢ 40 1442maq  20SS+H1mhaq  200S+1Thad 3l+1Thad

BDT trained against | Fakes and ttV  tt, ttW, ttZ, VV ttZ / - tt all tt .
Discriminant 2x1D BDT 5D BDT Event count BDT BDT BDT Event count
Number of bins 6 5 1/1 2 2 10 1

Control regions - 4 - - - - -
_-g 10‘;vv]vvv[ T T T A IR RSN g T LARAY RARAI ALY RARAY | ‘Dv‘xv!|vvvJ"v’ ) g man T T ‘H‘l[)”w' T JHyu|u -g 104 pr—rrT T |DH| ‘vvl";xv‘v 3
P E ATLAS 10 = E P fATEAS Emav‘\f E:iz 1 - b ATLAS \;ll?z:}va E;;z P ATLAS Elrianl;) E::z ]
2 E Vs=13Tev,36.1 o' CJtIW @z 3 2 [ Vs=13TeV,36.1 fb" . 1 2 35 {s=13TeV,36.1 1" i £ Vs =13 TeV, 36.1 fb" ]
H B ] 3 300~ [l Diboson [ Non-prompt_] S [l Diboson W g mis-id ] [l Diboson [CJOther
2 L 2¢SS [Diboson  [lNon-prompt | & F 3¢ SR []Other Uncertainty & F 2SS +1Thg [C]Other [ Non-prompt o 2/0S+1Thag WFake 7, Uncertainty |
o|  Post-Fit Mg misid  [[JOther h F Post-Fit - Pre-Fit Bkgd. ] 30 Post-Fit MFake 7, 7 Uncertainty Post-Fit -~ Pre-Fit Bkgd. .
10 Uncertainty -+~ Pre-Fit Bkgd. 3 25)- ~ F - Pre-Fit Bkgd. 3
F 3 E ] 25 ]
1 20 3 E 1
. r ] 20 E
E 15} - 3 E
] L ] 151 ]
10 10}
: 5 5(
Y PO T I PPN [P PP PP PPN OO Y o s v rvwws e PR T FRVTY YR FRRU IO o
% ot ot { ; T st ; ot ;
E 1 ¢ ) +— + & 1 + E 2F ‘ 4 E 1 L} " 3 [} # + ? ! 1
8 o | + 3 g onf 4 E - ) { g ok + '
9 s S os S S o
“-1 -08 -06 -04 -02 0 02 04 06 08 1 0 01 02 03 04 05 06 07 08 09 1 -1 -08 -06 04 02 0 02 04 06 08 1 “-1 -08 -06 -04 02 0 02 04 06 08 1
BDT output RDT autout BDT output BDT output
- JLURARE RARE obaa’ Tman 2 [ & D " 1 2 o ® Data WH g 8l i .
3 ata 1 ata [ : - -]
- | ATLAS ottw mz 1 e 4 ATLAS @iz Cloth 7 2 [ ATLAS LIz {3 Non-prompt 14 [ ATLAS o [fa'a WiH ]
2 \5=13TeV,36.1 " mpiboson  [JOther = [ Vs=13TeV,36.1 fo' 1T er ] - [ Vs=13TeV,36.1fb" —oter Uncertainty I E Vs=13TeV,36.1 o' [z [Diboson 1
3 10° E 1£42Thag WFake 7, Uncertainty 3 12l 36+1Thag .Non-prqmpl-Fake Traa ] 250 47 Z-depleted --- Pre-Fit Bkgd. 7:— 4¢ Z-enriched [l Non-prompt[T] Other 3
F Post-Fit .- Pre-Fit Bkgd. 3 I Post-Fit Uncertainty --- Pre-Fit Bkgd. | [ Post-Fit [ Post-Fit Uncertainty --- Pre-Fit Bkgd. -
r 1 F 1 F [y e
i 1 10 a 2 E 3
[ ] F sE- =
10? - 8- <l r E ]
3 F g 151 4 ]
] 6 “ r
i £
055
. g 0 . . 0
@ 125 | 4 g 125 | 5 6 E E 3 15 F E
a o Qa a .
-~ 1 * S 1 = 4 F E = 1
% 075 | - g 0.75 T E ,‘;" 2 F E T 05 F + E
9 s 05 0 . e

-1 -08 -06 -04 -02 0 02 04 06 08 1
BNT Avdect

£
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—
Data

> n T ot ]

(GD) 120 ¢ ATLAS — Expected Observed

) C e Continuum Background Vs =13 TeV,79.8fb" Bin ttH (signal) Non-ttH Higgs Non-Higgs Total Total

Qv 1003_ ----- Total Background my=125.09GeV =

P - ——— Signal + Background : ]

£ 80 gnal+ Backd All categories 5 Had 1| 4.2(11) 0.49(33) 1.76(55) 6.4(13) 10

L%’ 601 - Had2 | 3.41(74) 0.69(56) 7.5(11) 11.6(15) 14
s0F- 3§ Had3 | 4.70(38) 2.0(17) 32.9(22) 39.6(32) 47

= 1 Had4 | 3.00(55) 3.2(31) 55.0(28) 61.3(47) 67
201 a Lep 1 | 4.5(10) 0.25(9) 2.19(59) 6.9(12) i
_ . . , . , Lep 2 | 2.23(39) 0.27(10) 4.59(91) 7.1(10)

(@] - -

= " 1 _Lep3 | 0.82(18) 0.30(13) 4.58(91) 5.70(88)

2 B + + . H—- 77— 4

o L -

S o — 7 44ty 5 Had1[0169(31)  0.021(7) 0.003(3)  0.108(33)

@ . | | ' | 1 Had2 | 0.216(32)  0.20(9) 0.22(12) 0.63(16)

©

a 10 120 130 140 150 m,, (G e\}]ﬁo Lep | 0.212(31)  0.0256(23) 0.015(13)  0.253(34)

TLAS .
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[ee]
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.-g :III|IIII|IIIIIIIIIIIIIIII|IIII|IIII[III§
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