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Motivation —

w

< Study of the Higgs properties is crucial
for Standard Model validation and
understanding of electroweak symmetry
breaking
< Top-Higgs Yukawa coupling »; is one of
the key features to measure
v It’s the biggest in SM: 3,~0.94
v" Top loop contribution to the Higgs mass is
dominant
v" Mandatory to understand stability of
electroweak vacuum
v Direct coupling measurement may give

insight into scale of new physics

/TeV 8TeV 13TeV

ttH x-sec(fb) 89 133 507

V. Kostyukh

< J, can be constrained indirectly via loop

contributions in ggF and H->yy processes

g o

T
i B H < t
t t Navwvn

|

< ATLAS+CMS Run 1 combination:

_ 9uH +0.7
Heen = s = 2-3206
ttH

K, — y;—fv, = 0.8713 (< (SM only)

Current presentation: 36.1 fb-! data
collected in 2015+2016 at 13 TeV
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anas  Higgs and top quark features v

13TeV ttH production cross-section ~507fb (cf. ggF ~49pb)

SM Higgs decay branching ratios(M=125.09GeV) Top quark pair
Decay channel Branching ratio [%] § 1 R g decay branching fractions
H — bb 575+ 1.0 é ig Top Pair Branching Fractions
[ H— WW 21.6 £ 0.9 }fw alljets™ 4%
H — gg 8.56 + 0.86 a ko 1o
((H-rr 6.30£0.36 ] Sioe
H — cc 200+035 |
H—7Z 2.67+0.11 ] 109 ot 16%
[ H — ~y 0.228 +0.011 "dileptons” . “lepton+jets”
H — 2y 0.155 £ 0.014 10300 120 140 160 180 200
H — pp 0.022 £+ 0.001 M, [GeV]

ttH experimental challenges
0 Small cross section as compared to other Higgs production channels

O Many different final states/experimental signatures (y, u, e, 7, jets, b-jets, MET)
depending on chosen Higgs and top quark decay modes

O Different final states have similar sensitivities to the ttH contribution
v" H-bb: dominant, but large background
v' H-yy: experimentally clean, but tiny

0 Combination of channels is necessary to observe this small production process

V. Kostyukhin SUSY2017 Dec,2017
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ttH(—>ZZ —4¢)

v
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* Prominent inclusive Higgs invariant mass peak in selected 4{ events

“* Analysis strategy: select Higgs candidates 118 GeV < M,;< 129 GeV and

categorize them according to topological and kinematical event features.

¢ ttH-enriched category:

v >4 jets, > 1 b-jet
v’ > 2jets, = 1 b-jet, = 1 lepton.

0j
1 p:‘—Low
1j pi-Med
1j p;-High
VBF-enriched p/ -Low
VBF-enriched p‘T -High

Reconstructed category

VH-Had enriched
VH-Lep enriched
ttH-enriched

H— ZZ* — 4l
13 TeV, 36.1 fo’!

ATLAS Simulation Preliminary g gqr-1j.p* Low
B ggF- 1JP Med

I ggF-1j-p] High
I ggF-2j

9ggF-0j

VBF-p_JT Low
- VBF-p‘T High
VH-Had
I VH-Lep
o ttH
I bbH

~

Events/2.5 GeV

ATLAS-

CONF-2017- 043|

60 ATLAS Prellmlnary

7H — Z2ZF - 4l
[ 13Tev,36.11b"

50

80 100 120

T
O D:-‘na l |

Higgs (m, = 125.09 Ge! V)
- 77 1

tt+V, VWV —
W Zjets, tt q
7 Uncertainty

140 160
m‘(‘)lonstrained [GeV]

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Expected Composition
Reconstructed Signal 77% Other Total Observed
category backgrounds expected
ttH-enriched 0.39+0.04 | 0.014+0.006 | 0.07+0.04 0.47+0.05 0

Production bin

cross section(aBr)

Observed signal

Observed| SM

b (95% CL,)

V. Kostyukhin

ttH

<120 fb | 15.4 fb

<77
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ATLAS ttH(—vyy) -
ATLAS-CONF-2017-045|

% Prominent Higgs mass peak in two good y’s invariant mass spectrum

% Similar to 4L, select Higgs candidate events in 105 GeV<M, <160 GeV AIBSIEGE] g [ ESEEE: SHEBEe
. . . . ¥ weighted by In(1+S4y/Bgy) Where S, and
and categorize them based on topological and kinematical features to B, are expected signal and background
maximise sensitivity to different production modes. In total 31 categories. : .= o arlasProimnay ]
%, 600 m_mg?g%kaglrgug:ckground ‘{gmz l31£§%938-;Jb-1 ]
Moo+ ver [wH lizH ogzH [ltH [llobH [TltHgb [ tHw 2 — Signal In(1+S/B) weighted sum

500

ATLAS Simulation Preliminary H — yy, m = 125.09 GeV

400

tH lep Ofwd

300
tH lep 1fwd |

S

20

S

NN R ERY SRRNRRRRNRR!

100

topH= thaasom

ttH had BDT3 @ TN
ttH had BDT4 =
H had 4j1b L 3 :
e 425 'Top" categories target ttH, tHW, 3
VH diep tHgb and bbH production channels. b3
VH lep HIGH .
VH o LW They are dominated by ttH.
VH MET HIGH -
VH MET LOW Category Selection
jet BSM tH lep Ofwd Niep = 1, NES2 < 3, Np_tag > 1, NIWd = 0 (" > 25GeV)
V‘;”h":":"g“‘ tH lep 1fwd Niep = 1, NE2 < 4, Ny—tag > 1, NS > 1 (' > 25GeV)
ad loose
VBF tigh,high p¥ ttH lep Niep > 1, N2 > 2, Ni—tag > 1, Zee veto (pff > 25 GeV)
VBF loose, high ptl ttH had BDT1 Niep = 0, Njets 2> 3, Np_tag = 1, BDT > 0.92
VBF tight, low p;‘li ttH had BDT2 Nlep =0, Njets > 3, Nbftag >1,0.83 < BDTyg < 0.92
VEF loose, low p'l ttH had BDT3 Niep = 0, Nicta > 3, No_tag > 1, 0.79 < BDTyp < 0.83
ggH 2J BSM ttH had BDT4 Niep = 0, Nicts = 3, Np_tag > 1, 0.52 < BDT < 0.79
ggH 2J HIGH tH had 4j1b Niep = 0, NES& =4, Niy_tag = 1 (" > 25GeV)
o :j E"OEVDV tH had 4j2b Niep = 0, N2 = 4, Nyp_tag > 2 (PR > 25GeV)
99 = = 0 T
ggH 1JBSM Hadronic ttH selection exploits BDT trained to
211‘11 e identify ttH against ggF and multi-jet events
o rb Higgs signal strength is extracted by fitting the m,, in each analysis category.
9gH 0J CEN Higgs peak is modelled by Crystal Ball function, while background shapes are
0 01 02 03 04 05 06 07 08 09 1 defined for each analysis category using high statistics MC or data in

Fraction of Signal Process / Category background enriched control regions

V. Kostyukhin SUSY2017 Dec,2017




ATLAS ttH(—y7y)

Observed yy masses in ttH+tH categories.
Events are weighted by In(1+Sq,/By,) where Sg,
and By, are expected signal and background

> = T T T T T T T
& F + Daw ATLAS Preliminary 7
@  B8E - Background /s =13 TeV, 36.1 fo' =
% B Signal + Background my=125.09 GeV 7
s 'p — Signal In(1+S/B) weighted sum 3
N 6 ttH+tH Categories —
°E E Observed pfop=uﬁ,_,+ﬂ_, signal strength and limit
4F —
i ] Hiop = 0.5 +06 =057 + (stat ) o 0.1 1 (exp.) 7y 0.1 | (theory)
of— 1| OT1 || [T q==-.. + ' n
1 ‘ ‘o »‘ ]
. DR
2 E Limits
£ E Observed | Expected(u=0) |Expected(u=1)
g TR t ™ 1.7 1.2 2.3
© I |
5 AT

110 120 130 140 150 160
m,, [GeV]

V. Kostyukhin
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ATLAS ttH(—Dbb) e
¢ No visible H(—bb) peak due to limited mass resolution and ATLAS-CONF 'Zm
high background including combinatorial one ttH signal
% Analysis strategy: categorize events into different signal and ° ' 9 O00000Re00———— !
control regions to enhance signal sensitivity and constrain i~ | _H < ’
different background components b
¢ Dilepton channel: a f  9.90000000000}——<—— ¢

« Exactly two opposite sign leptons, Z-veto, no hadronic
« 23 jets, 2 2 medium b-tagged jets
% Single lepton channel:
« Exactly one lepton, < 1 hadronic t
« “Boosted” category Dominant background: +++bb

o One boosted Higgs and one boosted top candidates, R=1.0 . b )
o 21 loose b-jet

b
+ “Resolved” category
o =25jets
o 2 2 very-tight b-jets or 2 3 medium b-jets

g t

B-tagging is crucial for this analysis.

V. Kostyuk

B-tagging selection - loose | medium tight | very-tight
Efficiency 100% 85% 7% 70% 60%
B-tagging discriminant 1 2 3 4 S
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Events are classified based on
number of jets and b-tagging
discriminants as presented

(lst' 2nd) jet

ttH(—bb)

v

UNIVERSITAT

Dilepton and single lepton channels sub-categorization

Dilepton, 3 j

b-tagging

discriminant

(15‘, 2nd) jet
b-tagging
discriminant
(3.3)

*3)

(5.3)

*4

(5.4

(5.5)

V. Kostyukhin

3.3)
(4.3)

(5.3)

(4, 4) CRi7t1ight

(5.4)

(5. 5) CRi7>15

5 4 3 2 1 3 jet
b-tagging
discriminant
Dilepton, > 4 j
CRtf+2]c
x CRiflight
SR,
SR SR;

(5.5) (5.4) (5.3) (5.2) (4.4) (43) (42) (3.3) (3.2) (222) (5.1) (4 1) (3. 1) (2.1) (1, 1) (3™, &™) jet
b-tagging
discriminant

(ISt, znd) jet
b-tagging
discriminant
33

(4.3)

(5.3)

*4

(5.4

(55)

(lst' znd) jet
b-tagging
discriminant
(33

(4.3

(5.3)

(4.4)

(5.4

(5.9)

= Categories with enhanced ttH and tt+bb content are labelled “signal
regions”’(SR), in these multivariate techniques are used

= Other categories are labelled “control regions”(CR), they are used to constrain
backgrounds and systematic errors. No multivariate techniques are applied

Single Lepton, 5 j

CRirtlight
CRizsp \{ \
SR, SRy ™~ \'\-
(5.5) (5.4) (5.3) (5.2) (4.4) (43) (42) (3.3) (3.2) (222) (5.1) (4 1) (3. 1) (2. 1) (1, 1) (3", 4') jet
b-tagging
discriminant

Single Lepton, > 6 j

CRiz pight
CRizsp \_CR"\IE \
SR SRy SR3 \'\’
(5.5) (5.4) (5.3) (5.2) (4.4) (43) (42) (3.3) (3.2) (22) (5.1) (4 1) (3. 1) (2.1) (1, 1) (3", 4') jet
b-tagging
discriminant
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L T T

[ ATLAS Preliminary
r {s=13TeV,36.11b"
r Dilepton

S/B[%]

S/sqrt(B) in the defined categories

S/B[%]

S/B (<5.3% in the best case) and

[ ATLAS Preliminary
r {s=13TeV,36.1fb"

r Single Lepton 42

Multivariate analysis

Reconstruction BDT:

» Dilepton and resolved single lepton channels

» Attempt to assign jets to top and Higgs decays

» Train BDT on simulated ttH events to distinguish
correct and wrong assignments

» Use masses, Ap and AR separations, P;s

Likelihood discriminant(LHD):

V. Kostyukhin

» Resolved single lepton channel

» PDFs for masses, angles, MET from jets and lepton
for signal and backgrounds

» Two backgrounds: tt+1 b-jet and tt+ =2 b-jets,
weighted according to relative fractions

> Psi9and PP are PDFs products averaged over all jet
permutations weighted with the b-tagging information

> Final discriminant: LHD=Psi9/(Psi9+Pbkg)

Matrix Element(MEM):

» Most sensitive SRf6j single lepton region
» LO ME using MadGraph5_aMC@NLO for
ttH(—bb) signal and tt+bb background
» Final discriminant: MEM=log,,(Ls)-10g4o(Lg)

Classification BDT:

» RecoBDT+LHD+MEM (+related variables)

» General kinematic variables

» B-tagging discriminants

» Jet constituents in boosted category

» 20/23/8 variables in dilepton/single lepton/boosted

SUSY2017 Dec,2017
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Discriminant distributions from signal regions and

normalisations from control regions are combined in a profile

Events / bin

T T T T
ATLAS Preliminary
/s=13TeV, 36.1 fb"
200} Dilepton

SR

-‘tiH ‘
Ot +>1c

T
o Data
[t + light
q mtt+ Vv

7/ Total unc.

Post-Fit

likelihood fit to measure the ttH signal strength

7 ////////////////////

1007777~

N., single lepton post-fit N., dilepton post-fit

17
c
i)
(@)
o
S
o
=
=
175}
c
(0]
»
e
= T T T T T T T T T T T f= T T T T T T 8
S 10°F ATLAS Preliminary ¢ Data WH [J4f + light S L ATLAS Preliminary ¢ Data WH [t + light € o ) s
£ [ s=13Tev,36.1f0" [t+>1c ME+>1b mtt+Vv ] £ 10°F (s=13TeV,836.11b" [Jtt+>1c [@@tf+>1b mEERY S ¥
o 10 Single Lepton [JNon-tt /7 Total unc. ---ttH Q  t Dilepton [INon-tt // Total unc. ---ttH @ 8 <
W ook PostFit ] W10 postFit £ 5 g o
10°E o = % 1 08 0.6 04 02 0 02 .(.).4. 06 08 1
,_._l 45 8 Classification BDT output
4 c T T T T T T T T
10 -og_ e S ATLAS Preliminary EI git?ight Eg"i 1o
3 O L2 (s =13 TeV, 36.1 fb < -y
102 © T --- ttH (norm)
Q £
10 m o}
C © osofummmelems 0000
° 1 5 1 9 S ,,,,,
£ 4 E £=3 -—
é) 1.25?l _ élj 125: 8 §
Sorst E Sorsf = 8
O o5 O o5 N =
08,08 R, SRy Sy Saten, O O iy Oy S Sh Sy By Py, P, Py, e Shp Sy (_‘@ :,C:L _ |
o+ 3
M d ttH signal strength o8-
s o
easure signal streng WG ° %7 68 06 04 02 ¢ 02 04 06 08 1
) © Classification BDT output
ATLAS Preliminary _ {5 =13TeV, 36.1 fb" o0
T T L L B I R
—_— “:tt m,, = 125 GeV Uncertainty source Ap
stat. = -
tot (stat syst) L. tt + >1b modelling +0.46  —0.46
. 95% CL upper limits Background model statistics 1029 031
Dilepton -0.24 192 (1054 1087 : : )
(two-y combined fity| F— ® T 1051052 001 b-tagging efficiency and mis-tag rates ~ +0.16  —0.16
Observed|Expected(u=0)[Expected(u=1) Jfrt energy scale and resolution +0.14 -0.14
Single Lepton — e 0.95 g-gg(w‘om 1057 - ttH modelling +0.22  -0.05
(two-p. combined fit) 623-031 -0.54 Dilepton 2.64 2.74 3.63 # + >1c modelling +0.09 —0.11
""""""""""""""""""" PSS Single lepton 1.95 1.40 2.27 VT, pileup modelling +0.03 ~0.05
Combined —eo— 084 “gei( 52 0s4) Dilenton(2u fit 184 547 339 cher background modelling +0.08 —0.08
ilepton(2p fit) : : : Hf + light modelling 1006 003
40 1t 2 3 4 5 6 Single lepton(2p fit) 2.09 1.26 213 Luminosity 1003 -0.02
- — tH/<tTH . . . . .
Best fit p = o™/ogy Combined 196 1 24 212 Light lepton (e', w) id., 1s<.)lat10n7 trigger  +0.03  —0.04
Total systematic uncertainty +0.57  —=0.54

V. Kostyukhin SUSY2017 Dec,2017
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ttH multilepton(ML) -

% No Higgs mass peak due to missing neutrinos

% Targets HH>WW=*, ZZ*, 1t — leptons channels
v Overlap with H—4{ analysis is removed

% 7 different categories to maximise sensitivity

3
s
°2
o
R
£
=]
b4
1 38+1Thaa
0
1 2 3 4
Number of light leptons
Selection details
2ESS 36 4€ 1£+2Thad 2(88—}—17'}1&(1 2[OS+1Thad
Light lepton 2T* 1L*, 2T* 2L, 2T 1T 2T* oLt
Thad 0M 0M - 1T, 1M 1M 1M
Niets, No—jets | 24, =12 >2,>1 >2,>1 >3, >1 >4,21 >3, 21

OS/SS - opposite/same sign

Light lepton selection: L-loose, L*-loose isolated, L*/M/T* +non-prompt BDT loose/medium/tight

Tau selection: M-medium, T-tight

V. Kostyukhin

Signal Fraction [%]

ATLAS-CONF-2017-077

Higgs decay mode composition in
the selected signal categories

100

(3/.,~ /4.
71;73(7 Qz;laq

2sg G/SR 4/2 4/2 SS*IT

r/C/I ol e[ed hag Thad

S/B and S/sqrt(B) in the signal and control regions

S/B

F T T T T T T T T T T T \g
18 Eo ATLAS Preliminary 3 E
16 Vs =13 TeV 8

1.4
1.2

T

0.8F PP
o6 ] N S,
0.4F '
0.2F

0.2

0
2Isg, 20g, Sxg, T
Asg Ysg Uzg 4/ Z N p/gg k/os* /+1-,- /+g, "’”w a/,,z C‘Zo,b e/zrc,q
Cr

HtHML vs ttH(bb): better purity, but similar
S/sqrt(B) due to smaller statistics

SUSY2017 Dec,2017




ATLAR ttH ML P

UNIVERSITAT
e
Major problem - light lepton and t fakes
ATLAS  Preliminary E%?is-id Eglév
iooson
fs =13 TeV MFake 7,,, @ Non-prompt
[ Other
2¢SS 37 SR 4¢ Z-enr. 4¢ Z-dep. i L. L.
@ @ @ Light lepton fake origin T fake origin
g K] ATLAS Simulation |
g 5 Preliminary, Vs =13 TeV 3
g s — E
2£SS +1Thaq 2008 +1Thag 30+ 1Thag g 5 o =
. : D BN
% ‘ @ :2 E jf;versmns E b-guark é
_é [ light quark+gluon
21SSep 2iSSuu 3le 3 21SSe+t 21SSp+te ?/osﬂrc?ﬁlo& 7782/”’ 5 Q/Ss*bs I;/*QT o Tleo, 5
3¢ fw CR 3¢ fiZ CR 3¢ VVCR 3¢ {TCR
Fake lepton estimate strategies
20SS 3¢ 40 1042704 20SS+1Thaq 200S+1Thaa  30+1Thag
Non-prompt lepton strategy | DD DD semi-DD MC DD MC MC
(MM) (MM) (SF) (FF)
Fake tau strategy - - - DD semi-DD DD semi-DD
(SS data) (SF) (FF) (SF)
Control Region Selection
Light lepton IT* 1L | 3L 1T 1T*, 1L oLT —
Thad OM | 1T, 1M < 1M 1L -
Niets 2< Niets <3 [ 1< Njets <2 23 2< Njes <3 >3 -
Nbfjets >1 | =0 -

DD - data driven, MM - matrix method, SF - scale factor, FF - fake factor(ABCD)

V. Kostyukhin
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Summary of analysis strategies in different categories
20SS 4/ 104210 20SS+17haa  200S+17haq 3l+1Thad
BDT trained against | Fakes and ¢tV tt, ttW, ttZ, VV ttZ | - tt all tt -
Discriminant 2x1D BDT 5D BDT Event count BDT BDT BDT Event count
Number of bins 6 1 2 2 10 1

Control regions -

/1

BDT: 2x1D - scatter plot of 2 usual BDTs, 5D — five-class BDT |

7 signal regions and 4 control regions
are used in profile likelihood fit

< 10° T T T T T T —T
2 ATLAS Preliminary —-Data it
£ \s=13TeV, 36.1 fb" oaw 0uz
S 10°F oo o o [ Diboson [ Non-prompt
o Post-Fit Bl g mis-id [ Other
Il Fake 7, 7/, Uncertainty
10°F --- Pre-Fit Bkgd.
107
10
1
107"

Data / Pred.

;,/-b‘/ﬁ/f*///%//i//y‘//*/////y////(f//%/ ///;T/A;/‘ s Tecan e

075 f
05 : v
¥ss ¥sg ey, iz vy vy 288, vy W2 2 IPro, ¥Og
CR<Cr "YCRCR 7r,,aq hag CNr, Bp, = ‘hag ”’naq

V. Kostyukhin

2708 + 11,4
1€ + 2Thag

47

3¢ + 1Thag
2¢SS + 1Thag
37

2788

combined

Data / Pred.

Data description examples in different analysis regions

Wasss -
ATLAS Preliminary #Data  WH

15 = 13 TeV, 36.1 o' W oz

2¢88 [@oiboson  [Non-prompt

Womsia  [Joter 0t

7/ Uncertainty --- Pre-Fit Bkgd.

Events / bin

Post-Fit

1 Lol

Y

T
ATLAS Preliminary * D2
w
I5=13TeV, 36.1 lb‘EDbm"
2008 +17359

WFake 7,
- Pre-Fit Bkgd,

I

)

AMSEAAAM LA A A
ATLAS Preliminary 53?,77
15 = 13 TeV, 36.1 0" G Diboson
3¢ SR
Post-Fit

Events / bin

DIOther
- Pro-Fit Bkgd

2
. W»/W/f,‘,ﬂww»V,AMA»M//;W/////}W
7

Data/ Pred.

vy

y

125
1
075

Data / Pred.

17208 06 04 02 0 02 04 06 08 1
BDT output

17208 06 04 02 0 02 04 06 08 1
BDT output

090002705 04 05 06 07 08 08 1
BDT output

ttH multilepton states analysis results

ATLAS Preliminary  {s=13 TeV, 36.1 fb"
—Tot. -Stat. Tot. (Stat.,Syst.)
R 1.7 %3 (15, 99

bt e -0.6 13 (%5, 113)
e -0.5 05 (105, 103)
b @ 1.6 73 (17, 799
peeeed 3507 (53, 159

o 1.8 795 (1%, 99

oH 1.5 07 (04, 03)
i ot 1.6 053 (03 33)
2 0 2 4 6 8 10 12

fi f =12 V
best fit Hon orm, =125 Ge

Channel Significance
Observed|Expected

2I0S+17,,4 090 | 0.50
210S+27; 44 - 0.60
4] - 0.80
31T 130 0.9¢0
2ISS+11y4 340 110
3 240 1.50
2ISS 270 1.90
Combined 410 2.80

SUSY2017 Dec,2017



ATLAS ttH(bb)+ttH ML -

In order to visualise the ttH signal presence in data both ttH ML and ttH(—bb) analyses combine
all used events into bins of log,,(S/B) for background(B), SM 125GeV Higgs signal(S) and data.

ttH(->bb) ttH multilepton
U 0 L = L B B B B BN B LN I = c L L L B I L B
e = ATLAS Preliminary -¢- Data 3 e ~ ATLAS Preliminary -+-Data ]
2 s Vs=13TeV, 36.1fb" Ml ttH (u =0.84) . L | Vs=13TeV, 36.1 fb" MttH (u =1.6) |
g 1075 fiHu  =2.0) 3 2 | PostFit ttH (u=1)
a0 F Cbecais S0 [JBackground —
oL L 9 ] SR 7/, Bkgd. Unc. 3
= 7, Bkgd. Unc. = C el Bkgd. (u=0) 1
- ---- Bkgd. (u=0) . i -+ Pre-Fit Bkgd. |
10°e E
: : 3 oy E
10°E E : | :
- tiH (bb) Combined - ; -
10? E-Dilepton and Single Lepton
- Post-fit ] 10
S N VN VN NN TN U AU P 3| 20
Bl 4F 3 2|S 15}
i AP . 4+t sy
§|B oEssigst T s|9 5
Sld _F : al® o

—2

36 24 25 5 18 16 A4 92 -7 08
log (S/B)

|Dotted black line — background only data fit, full red line — nominal signal+background data fit |

Some excess of data over background-only fit in the most sensitive to
the ttH presence bins is observed in both ttH(bb) and ttH ML analyses

V. Kostyukhin 2017 Dec,2017




ATLAS 13 TeV ttH combination s

% The ttH-enriched categories from H—yy and H—-ZZ*—4¢ analyses were combined ATLAS-CONF-2017-077
with the ttH(—bb) and ttH ML analyses to extract the ttH signal strength. Combined
likelihood was obtained as a product of likelihoods of individual analyses.

+ Non-ttH Higgs production cross sections and Higgs Uncertainty Source Al
H H H tt modelling in H — bb analysis +0.15  —0.14
) d(_ac:?\y brar_lchlng ratios were set to SM expectations. T modeling (oross sestion) 00
% Slmllar nuisance parametel’s were correlated Non-prompt light-lepton and fake 7,,4 estimates +0.09 —0.09
o0 o Simulation statistics +0.08 —0.08
= Background uncertan}tle.s(except for tt model in ttH(—bb)) Tet energy scale and resolution 008 —007
= Experimental uncertainties t1V modelling +0.07  —0.07
ttH modelling (acceptance) +0.07  —0.04
Other non-Higgs boson backgrounds +0.06 —0.05
Other experimental uncertainties +0.05 —0.05
Individual analyses and Luminosity +0.05 ~0.04
b. . l Jet flavour tagging +0.03 —0.02
com ination resultfs Modelling of other Higgs boson production modes +0.01 —0.01
Significance Tota.l s:vstematic uPcertainty +0.27 —0.23
Channel | Best fit u Statistical uncertainty +0.19 —0.19
Observed EXpeCted Total uncertainty +0.34 —0.30

Multilepton | 1.6333 | 4.10 | 2.80

Best fit y for Higgs boson decay modes

H—bb |[0.8%5¢ | 1.40 1.60

(tot.) (stat. syst.)

L AL B A B
H->yy |0.6X37 | 090 1.70 ATLAS Preliminary 5=13 TeV, 36.1 fo"
—total stat.
H—4¢ <1.9 - 0.60 tiH, Hoe Kre—- 15 9% (58,708 )
Combined | 1.2153 | 420 | 3.80 fiH, Hory e 0.6 3¢ (5.2 )
Cross tiH, H->bb et 0.8 g ('03. %05 )
. 5901185t (SM: 507+351h)

section ) 06 (404 105
iH, HoWV Ko 1.5 5 (Do4sox )
The compatibility of the individual i combined Loy 1.2 037 (02 Tos
analyses signal strengths with the B e e
combined value of p is 38% best fit u, _for m,=125 GeV
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ATLAS Summary L

S m—

» ttH search has been performed by the ATLAS collaboration using 13 TeV data
delivered by LHC in 2015+2016 and corresponding to 36.1 fb-1.

> The accomplished ttH(—YY), ttH(—4¢8), ttH(—Dbb), ttH ML(—-WW", ZZ", 1)
analyses target different Higgs boson decay modes.

» Advanced and complex analysis methods have been exploited to obtain
maximal sensitivity to the Higgs signal.

» The ATLAS collaboration has made a combination of the ttH searches. The
observed best fit value is u,,;=1.2%03. This corresponds to an observed
significance 4.2 standard deviations as compared to 3.8 expected.

» This combination provides an evidence for the associated production of the
Higgs boson and a top quark pair.




ATLAS

EXPERIMENT

ATLAS ttH 7+8TeV combination

v

UNIVERSITAT

HH(H — vy)

ttH(H — WW/z1/Z2)

tH(H — bb)

ttH Combination

2 0 2 4

larXiv:1604.03812 (submitted: 2016/04/13)
Combined 95% CL limits ttH 7+8TeV

Best fit ttH 7+8TeV
AR L B
| ATLAS ls=7 TeV, 4.5 b
— total /s=8 TeV, 20.3 fb”'
—— statistical (tot) (stat)
| —e 1 n= 1.2 +2.6 +2.5 ]

— F-o--

-1.8 -1.7

+1.4 +1.1
=21 -1.2 -1.0

+1.0 +0.6
u=1.4 -1.0 -0.6

+0.8 +0.5 _
u=17 -0.8 -05

1 1 | 1 1 1 | 1
10 12
Best fit p for m =125 GeV

Best combined 7+8TeV ttH fit:
npgy = 1.7£0.8

V. Kostyukhin

The combination includes

ttH(H — vvy)

ttH(H — WW/tt/ZZ)

ttH(H — bb) [~

ttH Combination

ATLAS

/s=7 TeV, 4.5
/s=8 TeV, 20.3 fb™

f===== Expected * 16
------ Expected + 26
—— Observed
------------ Injected signal (u=1)
M

1 1 1 | 1
6 8 10
95% CL limit on p for mH=125 GeV

Combined 7+8TeV 95% CL ttH limit:
3.1(1.4) obs.(exp.)

following channels:

ttH(—vy)
ttH(—-WW*,ZZ" t7)
ttH(—bb) leptonic
ttH(—bb) hadronic

DN NI NN

12
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ATLAS Backup: H—vyy - oA

In(1+Syy/By,) transformation
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