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Motivation

» Evidence of the Higgs coupling to fermions is a milestone in Higgs studies

* Top Yukawa coupling is the most important one:
o Strongest coupling of the Standard Model, ~1

o Sensitive to New Physics

o Significant role in EW vacuum stability:

Running of Higgs self coupling () sensitive to Top Yukawa coupling (y,)
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Motivation

* vy, can be determined:
o From Top mass measurement Phys. Lett. B. 716 (2012) 214
o From Higgs production and yy decay
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Motivation

* vy, can be determined:
o From Top mass measurement
o From Higgs production and yy decay

g

Sensitive to New Physics contributions
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Motivation

* vy, can be determined:
o From Top mass measurement
o From Higgs production and yy decay

g

o From ttH production
» provide evidence of the existence of y,
* Measurement at tree level
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ttH signature

Top Pair Branching Fractions Higgs Branching Fractions

“alljets” 46% § ’ bb[\ §
oL

tHjets 15% 5'0 | g9 §ﬁ ;

® § cc %ZZ
10°%
u+jets 15%

o R - =2 ‘
dileptons epton+jets 100120 14 160 ‘m[&e?o

Vs=8TeV: o(ttH) = 130 fb'!
~2700 events / experiment

« ttH final state combines top pair decay signature and Higgs decay signature —
large number of possible final states

e 3 families of signatures:
o 2b+2y (H-vyy)
o 4b+X (H-bb)
o 2b+leptons (HHoWW, ZZ,t1)
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ttH (H to yy)

* Small BR compensated by small
backgrounds and good diphoton mass
resolution

e Signature:
o Driven by ttbar decay mode
o Hadronic category:

* High jet and b-tag multiplicities \9_0_0_0_05109;0_0_09&@ Y
o Leptonic category: t °
* One or more high quality charged
lepton w
* Cuts slightly loosened to be sensitive to
tH Physics Letters B 740 (2015) 222-242
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ttH (H to yy)

Category Ny | ggF VBF WH ZH tH tHgh WtH | Ng

7 TeV leptonic selection 0.10 | 0.6 0.1 149 4.0 {726 53 25 § 05773
7 TeV hadronic selection 0.07 | 10.5 1.3 1.3 14 {809 26 1.9 }§ 0.5703
8 TeV leptonic selection 0.58 | 1.0 0.2 81 23 {803 56 26 § 0.9798
8 TeV hadronic selection 0.49 | 7.3 1.0 0.7 13 {842 34 21 § 27132

[%]
* Analysis strategy:
L B B L B R B L
o Discriminant parameter: m,, 5 —¢— Data ATLAS
o Signal modelling based on MC simulation: " Background fit /s=8TeV [Ldt=20.3fb"

« Crystal ball + gaussian function ttH,H — yy, m, =125.4 GeV

Events /5 GeV

Higgs background (MC simulation) . hota 8 TeV leptonic category ]
Continuum background - data driven 3:_ B

* Modelled by exponential function 2:_ _Z

» Fit for each category to the data sidebands C ]

1 —— -

* Dominant systematic uncertainties: : ]

] . 1 l L L 1 1 I 1 1 L 1 l 1 1 1 1 l 1 1 1 1 I L 1 L 1
e Cmodelling: 110 120 130 140 150 160
* large uncertainty on the underlying event m,, [GeV]

* 100% uncertainty on ggF, VBF and WH+HF productions
o Continuum background modelling

* The analysis is limited by statistical uncertainty. Physics Letters B 740 (2015) 222-242
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ttH (4b+leptons)

* Benefits from the large H = bb branching ratio

g 7 oo000000000y———— ¢
b
. H
e Signature: - <5
o Categorise events by jet and b-tag multiplicities.
900000000000 )————— ¢
o Single lepton category:
. anctly 1 lepton with at least 4 jets and 2 b-tagged ATLAS Simulation Single lepton
Jets (s = 8 TeV, 20.3 fb" m,, = 125 GeV
* Control regions: (4j, 2b), (4j, 3b), (4j, 4b), (5j, 2b), : : :
. . 4j,2b 4j,3b 4j,4b
(5j, 3b) and (=6j, 2b) D10 sB<0.1% 'DrofsB=02%| D10l sB=1.4%
* Signal regions: (5j, 24b), (26j, 3b) and (26j, 24b) Y ?os ®os

0.0l E— 0.0l | 0.0 |

o Opposite sign dilepton category:

5j,2b 5j,3b 5j,=4b

* Exactly 2 opposite sign leptons with at least 2 b- S0 sB=0.1% (2101 SB=04%| 1o SB=25%
tags ®os ? s ? s
- Control regions: (2j, 2b), (3j, 2b) and (24j, 2b) oo | 0| N
e Si | i : 3., 3b, 24., 3b d 24', >4p =6}, z6], =z6j,=
ignal regions: (3j, 3b), (24j, 3b) and (24, 24b) 210 35425 @1 30530 @4 30hi00
w 2] w

s B |
Eur. Phys. J.C (2015) 75:349 0.0 0.0 00
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ttH (4b+leptons)

* Analysis strategy: single lepton channel
0 Improve sensitivity by keeping low and high significance 2 btogs | 3 btags | > 4 b-tags
regions separated. : = = e~
. . L. . . 4 Jets HT HT HT
o Build Neural Network (NN) discriminant from kinematic . had
: . o . 5 jets HF NN NN
variables to separate signal and background in signal-rich =
: > 6jets | H" NN NN
regions.
Use of Matrix Element Method as input in NN N oo ATLAS | T
tt+HF modelling: Breakdown of tt+HF events basedon > f (s=8TeV,203 1 =t Ao
flavours § 2sF el =t
S Tl 4b [— t!+3b
. . ST : w C Post-fi it
o C}?ntrol and §1gnal regions fit simultaneously to constrain ok ost-fit — ?o;n;lﬁum
+ S .
the systematic uncertainties : . M (125) norm.
o MC tag rate function (TRF) instead of cutting on b-tagging 151
multiplicity ]
10~
* ttbb: main irreducible background ag | T e
* Main systematic uncertainties: g .0
o 1.25 L
ttbb and ttcc normalisation and shapes (largely constrained & 1grzmmp g 727 X
by simultaneous fit) = 0672 o d e e e
O "1 -08-06-04-02 0 02 04 06 08 1

NN output

Eur. Phys. J. C (2015) 75:349
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* Benefits from the large H = bb (58%) and all
hadronic ttbar (45%) branching ratios

e Large multijet background

- . b
* Signature: ATLAS, {s =8 TeV, 20.3 fb" m, = 125 GeV
o Multijet final state, no lepton with atleast 6 jetsand 2 ¢ °*f e 2 o9 630 g °'°[61«=4b7
(] 0.6 SB <0.1% (2] 0.6/ S/B<0.1% 1] 0.6 S/B =0.3%
b-tags 04 04 04
o Categorise events by jet and b-tag multiplicities oz oz 02
o oL——— ool I | .o |
Control regions: (6j, 3b) and (6j, 24b) e oo e o7 P
Signal regions: (7j, 3b), (7j, =24b), (=8j, 3b) and (=8;, ? osp SB<0T% @ osp SB=02% @ os SB=06%
>4b 0.4 0.4 04
# o — L
@ 08f »82b @ 08 »83b @ 08 >824b
®» osl S/B<0.1% » o6l S/B=0.4% » osl S/B=1.0%
0.2} 0.2 0.2
¢ 0.0 0.0 0.0
()
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ttH (multijets, H = bb)

* Analysis strategy:

o MC tag rate function (TRF) instead of cutting on b- ; e‘b /
tagging multiplicity o OFEATILAS | 4Data | [fsec  [JSingletop
. . . . . - 20.3 fb™ BMultiet  [lt+bb  [ltEH (125)
o Dedicated data-driven multijet estimation: % 10* 5 =8 TeV Clisight [V / Total unc.
* Tagrate function in 2b-tag region o 10°} Post-fit

« Validation in data and MC regions

107
o tt+HF modelling: Breakdown of tt+HF events based
on flavours 108
o BDT as discriminant parameter in all regions | s TEEEEEEEEES
10"
* Main systematic uncertainties: FERE n , ]
N . . o L[] S I— e oA e 4' g
o Multijet normalisation P ‘?////W%”F‘V’*’ i %j
o ttbb normalisation/modelling: Most irreducible a N (/77777 /Az
background of the analysis 08

1 208 06 -04 02 0 02 04 06 08 1

BDT response
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Mainly probe H > W*W-, H = ZZ and
H >ttt

Signature:

o Categorise channels by number of leptons:

« 2leptons, no t had: same sign light leptons

* 3 leptons: sum of the charge equals *1, no
requirement on had t

» 2leptons, 1t had: same sign light leptons
and opposite sign t

* 4 leptons: sum of the charge equals 0
* 1lepton, 2t had: opposite sign T pair

Physics Letters B 749 (2015) 519-541
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Nhadronic taus (-chad)

A
14+2had
a4
24s5+1thad 3t
2 categories:
Ztss. . Z depleted &
6 categories: A
(==4, >5 jets) x Z enriched
(ee, ew, up) _
1 2 3 4
Nlight leptons (0
Higgs boson decay mode
Category WW* 11 ZZ* Other
200Thad 80% 15% 3% 2%
3¢ 74% 15% 7% 4%
201 Thad 35% 62% 2% 1%
4/ 69% 14% 14% 4%
1£2Thaq 4%  93% 0% 3%
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ttH (multileptons)

1 . 0 1 T T T 1 I
y AnalySIS Stratng' '.g 100~ ATLAS [ Non-Prompt - Data 2012
. . _ -1 .
o Background estimations: Lﬁ - (s =8TeV, 20.3 fb |;|Charge misID [Jj Rare
_ _ 8ol 2/0t,,,, category “Z Totalunc. v
* Irreducible bkg: tZ, ttW and ttZ estimated on MC — tiH(125) X 2.4 ]tiz

[Ctw

* Instrumental bkg: Non -prompt leptons and 60
charge mis ID estimated on data

III|III|III|III

* In 1llepton 27, main bkg coming from t fakes 40
modelled by MC
o Counting experiment 20
0 | |

Number of jets
* Main systematics:
o Leading uncertainty due to non-prompt lepton
estimate

o Other systematics are related to the
normalisation and acceptance of ttH, ttW and
ttZ

Physics Letters B 749 (2015) 519-541

® 11/04/2016 D. Boumediene - DIS 2016 ® 14



Results
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ttH (H to yy)

102

S AT T T T T T RN RN S E 1 LIS P R E

£ __F ATLAS ® 2 ]

g 35 2011-2012 S oL L s ]

| 3 = i E __ BR(H-7) 5

- [Ldt=451",1s=7TeV ] S BRa(H = 77) ]

250 [Ldt=2030", \s=8Tev - g 1 R e olttH)iog(ttH)

= ] o I T N o(tH)/o g, (tH) ]

2 m,=125.4GeV = g 107g E

3 E 102k ATLAS N

1;\ - 33 ttH, H —);}/y .

- 3 10°F =
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* Signal strengh from leptonic and hadronic categories:
u=12+2.6/-1.5

« ttH into yy interpreted in terms of coupling x,: -1.5 <k, < 8

* Channels sensitive to tH production:

Physics Letters B 740 (2015) 222-242
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ttH (H =2 bb, multileptons)

T T T l T T T T T T T ] T ] T T T T l T T T T T T
| ATLAS fs=8 Tev,203 10" _| — fot. ATLAS »
— total ttH (H— bb) — stat. Vs =8TeV,20.3b
-~ gtatistical (tot) (stat) tot. (stat.)
2007, | = o = 2.8 2119
Hadronic = u=1.6 26 408 had 19 (19)
-26 -08
3¢} e 28 % (291
i +2.0 +1.4
Dilepton @i =28 20 14 ] 20174} Foe 0.9 37 (73
40} J—eo | 1.8 55 (58
Lepton+jets o S| u=1.2 #1208 |
e o8 1027410 : : 96738 (23
Combination [P -14 *0 06 _1 Combined [—eH 2.1 47 U9
u= 1. -1.0  -06
NPT B P P P IR RPN R
-2 0 2 4 6 8 10 12 -0 8 6 -4 -2 0 2 4 6 8 10 12 14

Best fit u for m =125 GeV Best fit u(ttH) = /oy for my; = 125 GeV

« Signal strengh from combined H->bb channels: u=1.4 + 1.0
« Signal strengh from combined multilepton channels: u=2.1 +1.4-1.2

Physics Letters B 749 (2015) 519-541 Eur. Phys. J. C (2015) 75:349
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Combination

LI B AL B LA L L B B T L T
. ATLAS fs=7Tev,45 fo' _| _
— total Vs=8 TeV, 20.3 fb” ttHH — yy) R
— statistical (tot) (stat)
ftHH - yy) [~ o 1 p=12 T?:: o ATLAS
ftH(H - WWh/Z2) — -
i 4 4l {s=7TeV, 45"
ttHH - WWhv/ZZ) — e+ - {5=8 TeV, 20.3 fb”
ttH(H — bb) [— _
fiH(H — bb) [— ——o—— u=1.4 “:g "22 N s Expected = 1o
' N e Expected = 20
H Combination —— Observed N
ffH Combination [— e u=1.7 j”g:‘; _*g:z — ttH Combination 2 I— Injected signal (u=1)
PRI P TR BTSSR B SR NS R 1 §.|| PR T S N ST TR S N SR S T NN S S
-2 0 2 4 6 8 10 12 0 2 4 6 8 10 12
Best fit u for m =125 GeV 95% CL limit on u for m =125 GeV

e (Combination of all Run 1 ttH searches:
 mttH = 1.7 £ 0.5 (stat) = 0.6 (syst)
* Limit: 3.1 x SM (obs), 1.4 x SM (exp)

* 20 from background-only hypothesis
 Compatible with SM signal

® 11/04/2016 D. Boumediene - DIS 2016 ®18



Conclusion

 LHC Run 1 data allowed the Higgs boson discovery

* ATLAS has shown the feasibility and potential of ttH searches in different
channels (yy, bb, multileptons)

e ttH searches combined into global Higgs coupling measurement:
Eur. Phys. ]J. C76 (2016)

* Run 2 will allow to target first ttH evidence:

Higher luminosity
Improved detector performances with IBL
Optimised analysis
Increase of signal cross-sections:
ttH x 3.9, ttW/Z x 3,tt x 3.3

O O O O
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