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Introduction @ ‘

* Since its discovery, a large effort has been made to ! i
improve the sensitivity of analyses and make precision
measurments of the properties of the Higgs Boson.

- 1tH coupling drives SM proprieties at higher energy ' \
scale (where top quark is the strongest coupled SM v
particle).

* Indirect measurement of the Top-Higgs Yukawa H
coupling via gluon fusion production (ggH).

» Direct measurement of the Top-Higgs Yukawa
coupling via #tH production: o( #tH) ~ Yt
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ttH production

* The ytH represents the smallest o of the Higgs

production mechanisms.

« NLO ?tH cross section is 130 fb for mH =125 GeV

@ 8TeV.

- ~ 2600 events with L = 20.3 fb'.

» Main background is s +jets with o = 250 pb.

Vs (TeV) 7 8 14
o (ttH) (mH=125 GeV)(fb) 86 130 611
o (tt) (pb) 177 253 950
Higgs decay mode Branching
H - bb 58 %
H-2>vyy 0.23 %
H-> WW, ZZ, tt 30 %
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ttH production

* The ytH represents the smallest o of the Higgs
production mechanisms.

gg Fusion tt Fusion

« NLO ?tH cross section is 130 fb for mH =125 GeV N —
@ 8TeV. r
- ~ 2600 events with L = 20.3 fb".

» Main background is s +jets with o = 250 pb.

Vs (TeV) 7 8 14
o (ttH) (mH=125 GeV)(fb) 86 130 611
o (tt) (pb) 177 253 950

Branching

Higgs decay mode

H-> WW, ZZ, tt Multi-leptons final states, with small
| Background ( 17 +V & 11 + jets)
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ttH production

* The ytH represents the smallest o of the Higgs
production mechanisms.

ag Fusion tt Fusion

« NLO tH cross section is 130 fb for mH =125 GeV | /| s
@ 8TeV.
- ~ 2600 events with L = 20.3 fb1.

« Main background is ¢ +jets with o = 250 pb.

Vs (TeV) 7 8 14
o (ttH) (mH=125 GeV)(fb) 86 130 611
o (tt) (pb) 177 253 950
Higgs decay mode Branching
H - bb 58 % Dominant mode but large background(#f + HF )
H->vyy 0.23 % clean resonance signature but very small BF
H-> WW, ZZ, 1t 30 % Multi-leptons final states, with small

background (¢f +V & It + jets)
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The ATLAS Detector

Muon Detectors EM Calorimeter ] Muon

\ Chambers
Sole

Length: ~ 45 m
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- About 21 fb-1 collected at Vs= 8 TeV and 5 fb-1 at Vs= 7 TeV.
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Analysis strategy: ttH (yy) candidate event @‘

Electron

& JATLAS

)i EXPERIMENT

Run Number
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Analysis strategy: ttH (yy) @‘

Event selection:

- Leptonic tt channel:
2 1-letpons, 2 b-jets, Et ;> 20 GeV,

- Hadronic tt channel:
=5 jets (pT > 30 GeV); = 2-bjets (70 % WP)
> 6 jets (pT > 30 GeV); = 1-bjets (60 % WP)
> 6 jets (pT > 25 GeV); = 2-bjets (80 % WP)

| ATLAS-CONE-2014-043 |

- Search for 2-isolated high pT photons for
resonance in m,,.

- Model m,, for background described by
exponential function.

- Simultaneous fit to signal and control regions
with relaxed cuts.

Category Vs (TeV) N

Leptonic 8 0.59 0.9 (+0.6 /-0.4) 80.3
Measurement @ 7 TeV (4.5 107) | j;4r0nic 8 0.50 2.7 (+0.9 /-0.7) 84.3
and 8 TeV (20.3 fb")

Leptonic 7 0.10 0.5 (+0.5 /-0.3) 72.8

Hadronic 7 0.07 0.5 (+0.5/-0.3) 81.1
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ttH (yy) results

)

> ’_1 T T T T T T I T T T T I T T T T ] T ™ Y I T ™ T 1 > 12_ T | T T T T I T T T T | T T T T ]
8 5.4 Data ATLAS . & | 4 Daa ATLAS i
[Te) C 4 ] To) B ‘ -1 i
g - . 1s=8TeV |Ldt=20.3fb . 2 10 ) \s=8TeV |Ldt=20.3fb —
P r— Background fit " I . PN - —— Background fit " I -
] 4 ttH, H — yy, m,, = 125.4 GeV _] = C ttH, H — yy, m,=125.4 GeV ]
o [ oeeeees p=14 ) 1 0 g p=1.4 . ]
o r 8 TeV leptonic category ] ] L 8 TeV hadronic category i
af b - i
r ] & 6 .
2:— _: 4:_ _:
L N L e |
1’_ _‘.’_ — ] 2—— —— —— |
: L E F —
P BN B B BT B L o e ey ey ety ]

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

e
ATLA
2011-2012

T L

An un-binned signal-plus-background likelihood fit to the full
spectra is used to estimate the number of events from
continuum background as well as from SM Higgs boson.

\s=7TeV, [Ldt=45f" |
15=8 TeV, [L dt=20.3 fb”

Hadronic

- Combination of both leptonic and hadronic
channels:

Observed (expected ) 95% CLs limit:

6.5 x SM (4.9 x SM) for m; = 125.4 GeV

B Expected (617=0) + 16 —
Expected (6''"=0) + 20

Leptonic

= Observed

Combined SM signal injected

P RS S SR

25 30 35
95% CL limit on ¢™/ciH, at m, = 125.4 GeV

| arxiv:1409.3122 | ATLAS-CONF-2014-043 |
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Analysis strategy: ttH (bb)

- Tag the following tt decay modes:

- Single lepton: lepton + jets (e or u)
from 4 to = 6 jets with 2 to = 4 bjets

* Dilepton: 2 opposite-sign leptons (ee,ey, uM)
2 to 2 4 jets with 2 to = 4 bjets

Why Categorize by number of jets and bjets multiplicities

ATLAS Preliminary Simulation

\s=8TeV,[Ldt=203fb"

> increase sensitivity with different S/VB
—> constrain systematic uncertainty by fitting regions
with low S/VB

1.

S/\B
o

0.5

0.0

-
o

- To separate signal from background in signal-rich regions,
Multivariate discriminant is built from convenient kinemati
variables.

S/\B

Jet multiplicity

-
o

- Simultaneous global fit to all regions in jet/bjet bins in orde
extract the signal.

S/\B
o
o

o
o

Control regions
Signal regions
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4j,2b
S/B <0.1%

5j,2b
SB=0.1%

>6),2b
S/B = 0.2%

S/\B

S/\B

S/\B

1.

o

0.5

0.0

1.0

0.5

0.0

1.0

0.5

0.0

4},3b
S/B = 0.2%

5i,3b
S/B = 0.4%

>6),3b
S/B = 0.9%

S/\B

S/\B

S/\B

Single lepton
my = 125 GeV

1

<)

0.5

0.0

1

o

0.5

0.0

1

o

0.5

0.0

4j,24Db
S/B=1.3%

5j,>4b
SIB =2.3%

>6j,24b
S/B = 3.8%

Number of b-tagged jets
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Background modelling @‘

» The fractional contributions of the various backgrounds to the Single lepton

total background prediction in the single lepton selection. 45,2b 4j,3b 4],24b gT’I-_AS
Each row shows the plots for a specific jet multiplicity, and Simulation
the columns show the b-jet multiplicity (2,3 and =4). m, = 125 GeV
\s=8TeV
* The dominant background contribution in both channels °h2P °13b iy %%L%m
is the tt+jets, mainly tt+bb (mimic the signal region) s
and tt+CC. Egiir?gl?tnop
I Multijet
>6j,2b >6j,3b >6j,24b
* tt+jets modelled with PowHeg +Pythia Single lepton
- Difference between using PowHeg and MadGraph @ @ @
for tt+bb/cc modelling is taken as an uncertainty.
* The top pT and tt pT are re-weighted to unfold 7 TeV 220 Dilepton ‘F‘,‘L’Hﬁary
- - - . imulation
(ATL-CONF-2013-099) Simulati
m, = 125 GeV,
. 's=8TeV
* Other sources of background: 520 5130 ‘gg;ggm
B i+05
- ttZ, ttW : Madgraph +Pythia @ ® %gt
- W/Z +jets : Alpgen + Pythia I Singl op
- Dibosons : Alpgen + Herwig >4j 2b >4j.3b >4j>4b
- Single top : PowHeg / Acer +Pythia Dilepton
- Multijets : Estimated by using data driven methods.
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ttH(bb) Signal discrimination @‘

* Signal-rich region:

Dedicated Neural Network (NN) trained to separate ttH £ [ ATLAS Preliminary Simulation
from tt+jets é 0,253_ :i:;::pton —— Total background
—> in each regions where the inputs are: 2 [ oasiaer ttH (m,, = 125 GeV)
- Event shape variable: Centrality (¢ = gze;spr/zgsE ) T [
- Object pair proprieties : An; max ’ ’ b o
- Object kinematics : pT(jetd) ... : :
- Event kinematics : HT, N ' > 40 ot - 5
-In single lepton channel, dedicated NN with 5 jets, 3 bjets to ok
separate tt+HF from tt+light jets =
B 0a a5 os o7 as oe
Control regions: using HT = X pT(jets) as discriminant Centrality
Signal regions : using NN discriminant for signal extraction £ T ATLAS Prolminary Smulation
é 0.35_ I:;:;iv — Total background
2 sapz4p 0 e fiH (m,, = 125 GeV)
Dilepton 2b-tags 3 b- 4 b-tags 025
jets tags tags tags 0.25_ ....... : _h_
4 jets HT HT HT 2 jets = o
5 jets HT NNHF NN 3 jets T N of— T
6 jets HT NN NN 4 jets HT - N 0105;_ N
=== [N RN PR PR

NN HF: separating tt+ligh from tt+HF
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ttH(bb) Signal discrimination @‘

: : . ) & {80 ATLAS Preliminary
] Slgnal-nCh region: g 160;ILdt=2°-3f5' + Data 2012 W i (125)
Dedicated Neural Network (NN) trained to separate ttH E ol "™ O e O e
from tt+jets 1205 Single lepton 7 Totalunc. [ ] ti+light
:_ z6j=4b L ttH (125) norm
—> in each regions where the inputs are: oo | ———
- Event shape variable: Centrality (¢=>_ /> F ) T e
. . . . ,jets Jjets S
- Ob!ect pair proprletles :_Ar]jj max wf P
- Object kinematics : pT(jetd) ... 20f
- Event kinematics : HT, N ¢! > 40 5 SRS T
) . . . . a 125 D S S UL
-In single lepton channel, dedicated NN with 5 jets, 3 bjets to PN o i A
separate tt+HF from tt+light jets °§% 63 04 05 06 07 08 09 1
Centrality
. _ _ o & [ ATLAS Preliminary ]
Control regions: using HT = % pT(jets) as discriminant 3 127 [La_203w' antazc_n\z, =nH 129
. . . . . . . . S L tt+ tt+
Signal regions : using NN discriminant for signal extraction G joof 70T O rnonit [0t
[ Dilepton 7/ Totalunc. [ ] ti+light
80—_24]. b ttH (125) norm
Lep+ 2 b- 3 b- 4 b-tags Dilepton 2b-tags 3 b- 4 b-tags 601 { e
jets tags tags tags C
40—
4 jets HT HT HT 2 jets HT -
20_— .
5 jets HT NN HF NN 3 jets HT NN -
. O T R L
N NN NN 4jets  HT NN NN A 17PN, 2 S S SRR B
§o.75§' /q,_ At X +I ] |
NN HF: separating tt+ligh from tt+HF *0 05115 2725 3735 4 455
An.

]
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Systematic uncertainties

Systematic uncertainty Type Components
* The main systematic uncertainties are: Luminosity N !
rr Physics Objects
v Electron SN 5
- Instrumental uncertainties: > e = kil
- Jet Energy Scale (JES) split into 22 uncorrelated components) 5 J  Jetvertexfraction SN '
. . v Jet energy resolution SN 1
- Jet flavour tagging (b,c or light) 0 Jet reconstruction SN I
o b-tagging efficiency SN 6
(@] c-tagging efficiency SN 6
- The main tt+jets modelling uncertainties: ~ ;'g"l:-'“‘“‘“gj‘\“f :“:“'C“C-" SN 12
ackground Mode

a tf cross section N 1

<
. (] tf modelling: pr reweighting SN 9
* tt"'HeaVV FIaVOU r: E .< 7 modelling: parton shower SN 2
H : v ti+heavy-flavour: normalisation N 2
9 Rewel.ghnng of tOp pT and tt pT ON/OFF . |§ tt+heavy-flavour: HF reweighting SN 2
—> Variation of of parton shower and fragmentation model \- _ti+heavy-flavour: generator SN 5
L. . . ~ W+jets normalisation N 3
—> Generator variation: PowHeg+Pythia vs Madgraph+Pythia. @ W pr reweighting SN I
. . Z+jets normalisation N 2
- Normalization of tt+bb/cc (50 % uncorrelated). o Z pr reweighting d |
* H H . -~ < Multijet normalisation N 3
tt+|lgh.Jer. . f Multijet shape dilepton S 1
- variation of the parton shower + fragmentation model T Single top cross section N 1
. . = Dibosons cross section N 1
( PowHeg + Pythia VS PowHeg+Herwig). W 0 ¥ cross section N i

Signal Model

Signal modelling  iH modeliing SN 2

- tt theoretical uncertainties.

S = shape, N = normalization
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Results

%l

ATLAS Preliminary

oy

Dilepton

Lepton+jets

Combination

1s=8 TeV, J-L dt=20.3 fo"'

ATLAS Preliminary

Ys=8 TeV, J-L dt=20.3 b’

| I T
4 6

95% CL limit on o/c,, at m =125 GeV

T T
S 1 | IS BN B i
_ 1. tot. -
- (tot) (stat)
Dilepton |- ° —_— 29+23 (1.4)
Expected+ 1o
. Lepton+jets |— i @iy 13+16 (0.8) —
------ Expected + 20
- Observed ]
...... Expected (u=1) Combination 17 +1.4 (0_7) =i
P P IR e ———
8 10 12 0 2 4 6 8 10

best fit u=c/c_ for m =125 GeV
SM

» The Combination of lepton +jets and dilepton channels gives:

- Observed (expected) 95% CLs limit 4.5 x SM (2.6 x SM) for m,= 125 GeV.
* Best fit signal strength p (ttH) = 1.7 + 1.
—> Significance Observed (expected) : 1.3 o (0.8 0)

Rachik Soualah
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ttH combination (RUN |, 7& 8 TeV)

* New preliminary combination of ttH (yy) and ttH (bb) channels.
» Observed (expected) 95% CLs limit :

3.9 x SM (2.3 x SM) for m= 125.4 GeV. T
* Best fit Signa| Strength: ~ ATLAS Preliminary Vs=7 TeV, [L dt=4.5 fb! |
u (ttH) =16+06 (Stat)+1'1_1,o (syst_) 2011-2012 Vs=8 TeV, [L dt=20.3 fb!
« Significance observed (expected): H—yy (748 TeV) — —

1.5 0 (1.0 o)

fiH—bb (8 TeV) [— fss==: Expected (o™=0) = 1o —
rrrryrrrryrrrryrrrryrrrrjJxrrryrrrryrrrryrrrryrorxroy | a8 saussss tiH -
ATLAS Preliminary Vs=7 TeV, [L dt=4.5 fb" Expected (077=0) = 20
— 2011-2012 (s=8 TeV, [L dt=20.3 b ) — Observed
tHcombined — | BEEEEE | @ ... SM signal injected
tot. (tot) (stat) g jecte
Stat' 26 25 L1 1 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1
U . g b =12 %7 57 0 2 4 6 8 10 12
95% CL limit on o™/oft at m_ = 125.4 Gev
ttH— bb | = 1.8 31_;‘5 +(;)77
Woomwes| - ——e—mt o a3 as - | ATLAS-CONF-2014-043 |
t?H_ - -11 06
ol v s b s b b b s Lo a Laa g

41 0 1 2 3 4 5 6 7 8 9
best fit u_ =o"og, for m,=125.4 GeV
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Summary and outlook

g

» ATLAS performed searches of ttH production in the Higgs decay modes:
H->bbandH > yy

- in ttH(bb) : observed (expected) 95 % CLs limit: 4.1 x SM (2.6 x SM)
- in ttH(yy) : observed (expected) 95 % CLs limit: 5.3 x SM (6.4 x SM)

* The combination of ttH in these modes gives:
Observed (expected) 95% CLs limit 3.9 x SM (2.3 x SM).

» So far the combined result of RUN | (7 & 8 TeV data) is consistent with the SM
prediction.

* Results of ttH (multileptons) analyses will be published in the near future and the
combination of all the channels is forthcoming.

* Full program of ttH searches with several complex final states is under
improvements.

* The measurement of the Yukawa coupling via the ttH observation is one of the most

important studies for the LHC RUN |l where higher energy scale is expected to be
reached.
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Thank you !
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Backup
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NN variables in the single lepton channel

Variable Definition

Centrality Sum of the pr divided by sum of the E for all jets and the lepton

H1 Second Fox-Wolfram moment computed using all jets and the lepton

min AR Mass of the combination of two b-tagged jets with the smallest AR

Ny Number of jets with pr > 40 GeV

ARGE Average AR for all b-tagged jet pairs

m_{?‘“ pr Mass of the combination of any two jets with the largest vector sum pr
Aplanarityy, ., | 1.54,, where A, is the second eigenvalue of the momentum tensor built with only b-tagged jets
Hg“d Scalar sum of jet pr

mipin AR Mass of the combination of any two jets with the smallest AR

AR{L‘L“_bA;‘ AR between the lepton and the combination of two b-tagged jets with the smallest AR
m{)‘}i“ AR Mass of the combination of a b-tagged jet and any jet with the smallest AR

my; P Mass of the combination of a b-tagged jet and any jet with the largest vector sum pr
mmin AR Mass of the combination of two untagged jets with the smallest AR

p;'?'s Fifth leading jet pr

ARG PT AR between two b-tagged jets with the largest vector sum pr

mg* ™ Mass of the combination of two b-tagged jets with the largest invariant mass

p?_il:'uAR Scalar sum of the pr’s of the pair of untagged jets with the smallest AR

Mmijj Mass of the jet triplet with the largest vector sum pr

ARmMin AR Minimum AR between two untagged jets

m:)"bu pr Mass of the combination of two b-tagged jets with the largest vector sum pr

List of variables used in the NN in the single lepton channel in at least
one region. From the list, 10 variables are chosen in each region

Rachik Soualah

ttH-ATLAS@PPCHP-Taiwan.2014




NN variables in the dilepton channel

Variable Definition

myy, Mass of the two b-tagged jets from the Higgs candidate system

Hy Scalar sum of jet pr and lepton prs

pEe Third leading jet py

p#“ Fourth leading jet pr

Centrality Sum of the pr divided by sum of the E for all jets and both leptons
Aplanarity, | 1.54;, where 4 is the second eigenvalue of the momentum tensor built with all jets
HI Second Fox-Wolfram moment computed using all jets and both leptons
H4 Fifth Fox-Wolfram moment computed using all jets and both leptons
ARZn AR AR between the Higgs candidate and the closest lepton

ARD= AR AR between the Higgs candidate and the furthest lepton

N;g”’ Number of Higgs candidates within 30 GeV of the defined Higgs mass
m]Fj‘““‘ Dijet mass between any two jets closest to the defined Higgs mass
An;.“‘ - Maximum An between any two jets in the event

iz Minimum dijet mass between any two jets

mj';" B Mass of the combination of any two jets with the largest vector sum py
niin AR Mass of the combination of two b-tagged jets with the smallest AR
Algi“ - Minimum AR between a b-tagged jet and any jet

AR};““ AR Minimum AR between any lepton and jet

AR P AR between two b-tagged jets with the largest vector sum py

ARG> ™ AR between two b-tagged jets with the largest invariant mass

Rachik Soualah

List of variables used in the NN in the dilepton channel in at least one
region. From the list, 10 variables are chosen in each region
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