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 Introduction

* Search for ttH production at ATLAS

v ttH, H> v v with 79.1 fb-!
arXiv:1806.00425
v ttH, H>ZZ* with 79.1 fb-!

v ttH in multi-lepton with 36.1 fb-! | Phys. Rev. D 97, 072003 (2018)

v’ ttH, H=>bb with 36.1 fb-! Phys. Rev. D 97, 072016 (2018)

* Combined results and summary
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Higgs Production at LHC

510 o naioosn. wosw @=13Te£§ <> 87.2%: gluon-gluon fusion (ggF)
;IE 5 <> 6.8%: vector boson fusion (VBF)
L s, S % 4.2%: WH/ZH
[ o v OG0+ N B : < 0.9%: ttH
1 W oo oW £ <> Observed modes: ggF and VBF
e ' <> Cross sections increases from Run |
O —— . to Run Il by a factor of 3.9 for ttH
120 122 124

1 1 1 1 I 1 1 1
126 128 _ 130
M,, [GeV]
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Higgs Boson Decays

Higgs BR + Total Uncert

vy, ZZ*, WW*, tt observed in Run |

—

(significance >50)

(o}
ol

=
=

LHC HIGGS XS WG 2013

(@]

T
o
(@]

"y
Q
TTT
lﬂm
I

Q

ro
N
N

=
=2

In order to maximize the analysis
sensitivity, all possible Higgs decay

modes of bb, WW?*, yy, ZZ*, tt are
analyzed in searching for ttH
process.
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Importance of ttH:
» Establish one of the main Higgs

production modes

||||||||||||||||||||||||||||||||||||||||||||||||| . .
10120121 122 123 124 125 126 127 128 129 130  » Direct measurement of Higgs

M, [GeV] coupling to top quark, the heaviest
particle in SM
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ATLAS Detector

25m

>

Tile calorimeters
" LAr hadronic end-cap and
forward calorimeters
Pixel detector \

LAr electiromagnetic calorimeters

.........

Toroid magnefs

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker
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Data Collected by ATLAS

'I—H 70 N ] I | | I | I I _ r— T T T1TT | L I L I T T T I |||||||| I L I T T T_]
o - . L . T C -
> sof aviiep faertey E £ 400F ATLAS Online, 13 TeV [Ldt=108.3 b T
‘D . — 23:2 PP §= 83T$Vv ] a 350 = 2015: <u> = 13.4 5
L — 5 =1 | [} = ]
CE) 50 . —— 2016 ::g 1’%: 13 T:V 7 > E [ 2016: <pu>=25.1 3
= - ——2017pp {s=13TeV - ‘w  300F B 2017:<p>=37.8 J
3 E — 2018 pp {5 =13 TeV E .g = B 2018: <u>=238.3 -
o 40— — g 250 Bl Total: <u>=333 —
© ¢ - 3 :
o O ] - 200 —
5 S0F = 3 - -
a r 1_ g 150 EE
201 4% & 100F 14
C 1a = 38
101 =1 50 EL
ofL 1 | - % 0 20 30 40 50 60 70 80
AL o A oct Mean Number of Interactions per Crossing

Month in Year

Evolution of ttH results from ATLAS experiment:
<> Run 1 (20.3 fb'l): 2.5 0 (1.5 o expected) | Eur-Phys.J. C(2016) 76:6

< Run |+ Runll(36.1 fb?): 4.2 0 (3.8 o expected) | Phys. Rev. D 97, 072003 (2018)

<> Run |+ Run Il up to 78.1 b™!: observation in this talk
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ttH, H>vy
2y+4j+2b

Run: 310634
Event: 1515766987

EXPERIMENT 2oi6-10-15 01:49:14 casr
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ttH, H=>yy: Analysis Overview

Small rate, but Higgs signal as a narrow

peak

Leptonic (>1¢ ) and hadronic (0¢ ) categories based on ttbar decay

BDT training ttH (MC) from the main backgrounds: yy/ttyy (Control

Regions), and other Higgs (MC)

-‘9 :I T TT | T TT | IIIIIIIIIIIIIIII | T TT | T TTT | T TTT | T TT I:

C = .

Further categorization on S 095 ATLAS 7 Data Sideband ; 3
8 W gE Vs=13Tev,79.8fb"  (.,Non-fiHHiggs : -

selected events with high BDT o 0'7§ Had region CJaH N
s 07F o - E

score: 3/4 bins for the leptonic/ g oer E
: L - T -
hadronic category, based on 0.5 oz =
expected sensitivity optimization 045 ‘”*’:E f E
03-  ° g =

50% improvement in sensitivity: N el , E
changes in analysis strategy and 0.1 ",-.-:__ _,—i
- "-—o—_q_—__ . - .

Cooa ol a g | I e e e iy T T 17

update to ATLAS software 00102 03 04 05 06 07 08 0.9 1

BDT Output
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ttH, H=>yy: Event Yield

Expected Observed
Bin ttH (signal) Non-rtH Higgs Non-Higgs Total Total
H—vyy
Had1l |42 1.1 049 +0.33 1.8 +0.5 64 +1.3 10
Had2 | 34 0.7 0.7 +0.6 75 =+£1.1 116 =+1.5 14
Had3 | 47 +09 2.0 + 1.7 329 +22 |396 +32 47
Had4 | 30 0.5 3.2 +3.1 55,0 +2.8 | 61 +5 67
Lepl |45 1.0 024 +0.09 22 +06 69 +12 7
Lep2 |22 04 0.27 +0.10 46 =+09 7.1 +£1.0 7
Lep3 | 0.82 +£0.18 030 +0.13 46 +09 57 +09 5
8§ 'F arias | "+ Dana - § 1+ D Tlamas E
(i \s=13 TeV, 79.8 fb” — e B S S Total Backgroung EH==11322%\9/;<;2\? ° E
B Cont. Bkg. . % 1oE. — Signal+ Background  jiaq 1 category =
. - 2 10E —
o | o | hemy ‘ |
1 for each category o l /\4 l E
- ) 10— | | | _
N : g Zé_ ¢ l_/.LLJ' S| ) _
2 1ol J_ L I_ﬁH b=t - 8 B o [Ge\}_:]bo
o 9 : — ¢ K

Had 4 Had 3 Had 2 Had 1 Lep 3 Lep 2 Lep 1
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ttH, H2>yy: Result

16

T T T T > :.- T T T T
) . ) 3 ¢+ Data ATLAS 8 o 2+ Daa ATLAS
Sl mu Ita neous un bl nn Ed ﬁt L Continuum Background Vs = 13 TeV, 79.8 fb™ 0 ER— Continuum Background Vs = 13 TeV, 79.8 fb
a2 a---- Total Background m,, = 125.09 GeV VI = Total Background my = 125.09 GeV
E 10 ——— Signal + Background Lep 1 categor E 12 ——— Signal + Background Had 2 categor
performed on m  spectra ¢ 7 P 1 category 2 9oy
> >
@ ]

(105-160 GeV) in all 7

lo———
I\mlllIII‘IIIlIIIlI\IlIIIlIIIl

NG

N A~ O
TTTITATITTT Il\llfll\ll‘ll\llllll\l

L LA LRLANERRRY LAY AR NN RPNNAY i |II‘II||III|I\

categories . , i . e
m 5 3 i 10 _;
s bbb g e E
| ] LIJ 0 £
Slgnal W|th dOUbIe'S|dEd s 0 720 730 740 150mw[Ge\1/_fo § ® 10 20 730 T40 750 e \f]bo

Crystal Ball functi
rystal Ball function weighted by In(1 + Sgp/Bgg)

L A e o =

1 1 1 1 1 | 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1
110 120 130 140 150 160
m,, [GeV]

> [ T R I T
& S5F ¢ Dat ATLAS E
To) R Continuum Background Vs = 13 TeV, 79.8 fb™ = . .
C\i 30; -=-=-- Total Background my, = 125.09 GeV ] > S|gn|ﬁca nce:
» o5 — Signal + Background All categories -
fm g In(1+S/B) weighted sum g 4 10 (exp 3 C 7 0)
s 200 E » Dominant systematics:
e 1oF E " Stats.: 29%
@10k = = ttH PS model: 8%
5 bl
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ttH, H=>ZZ*: Analysis Overview

» Hadronic region: 4-lep + >=1b-jet + >=3j + additional lepton veto

» Leptonic region: 4-lep + >=1b-jet + >=1jv+ >=1 lepton
» Final fit to the event yields in 2 hadronic BDT bins and 1 leptonic region
with 4-lep mass window of 115 GeV < m4¢ <135 GeV

%J 8 [ I T T T I T T T T T T .l IDlat; T I T T T
— - ATLA
Based on tt decay © b S — E
o rH— ZZ* — 4l F+bbH ]
A N C 1 g/gBF
~ C 13 TeV,79.8 fb’ ]
H d . | L . "g 6 [ ttH-had category fr— \Z/ZH* 7
C . tt+V, VVV ]
adronic eptonic S 5 hadronic e iW E
L C w Uncertainty 1
v 4 f_ E
Based on BDT output -
input vars: production and decay kinematics St
including matrix element discriminant (tt H vs. ttV) o -
Tight (Had 1) Loose (Had 2) -

100 150 200 250 300 350
m,, [GeV]
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ttH, H>ZZ*: Analysis Result

Expected Observed
Bin ttH (signal) Non-¢fH Higgs Non-Higgs Total Total
H—Z7Z" — 4
Had 1 | 0.169(31) 0.021(7) 0.008(8) 0.198(33)
Had 2 | 0.216(32) 0.20(9) 0.22(12) 0.63(16) 0
Lep 0.212(31) 0.0256(23) 0.015(13) .253(34) 0
\/
%) 1.4 I
S [ ATLAS — 1
D 1.2 H - zz5 > 4l oaFbH 7 L
13_31?;Te"’72f;bv'1 il ] » The expected S|gn|ﬁcance
; — ] isl.20
— 2 Uncertainty .

0.8

Had 2

Had 1 Lep

> No event is observed

> More statistics needed for
this analysis
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Lianliang Ma (Shandong U.) 12



ttH in multi-lepton: Analysis Overview

e Signals mainly from H2>WW?* and H—>1t, small from H>ZZ*

* Signature: 2-4 leptons (t,,4), >= 2-jets and >=1 b-jet

* Main backgrounds: ttW/ttZ from MC but validated to data,
non-prompt bkg. (mainly ttbar) is data-driven

 Dominant syst.: estimations for fake lepton and non-prompt bkg.

b

N

Number of Thad

3€+1Thao

b 1 2 3 4
Number of light leptons
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ttH in multi-lepton: 8 SRs

Signal extracted by a binned fit to all categories: 8 signal regions
as below, and 4 control regions (ttZ, ttW, di-boson, ttbar in 3-lep)

e [T
€ R T I e S c - £ o
5 10°E 7 E 5 35 ® Data ttH ] S E ® Data WtH 1 € E i 1
2 £ ATLAS eData  [WiH E 2 ATLAS 2w i ] B F ?TLAST JCliw Qnz . § 14 ATLAS eDaa  WitH ]
£ F s=13Tev,36.1 b (JIW [tz ] 2 Vs = 13 TeV, 36.1 1" Hniposon [ Non-prompt ] g 5[ 1s=13TeV, 361" mninoson  mgmisid it Vs =13 TeV, 36.1 b [ttZ [TJother ]
:>j | 2¢SS [Epiboson [ Non-prompt | :>j 301" 3/ SR [JOther Uncertainty - o F 2/SS+1Thag []Other [ Non-prompt 12l 37+ 1Thgg [@Non-promptll Fake 7,,, |
;| Post-Fit Mg misid  [JOther i Post-Fit - Pre-Fit Bkgd. ] [ Post-Fit MFake 7,,, 77 Uncertainty F Post-Fit Uncertainty -+~ Pre-Fit Bkgd.
107 7/ Uncertainty - Pre-Fit Bkgd. 3 25 4 - Pre-Fit Bkgd. . o 1
i 20| A F ] F ]
B ] 20[- = 8- 7
f & : ; o ]
Z //,’7 v /4 ]
10
E 5
[ | T O N B I DU B BN R s r v FevSY EUVE PR RV FYYY FYUTA UNEY . 0
B isE Ei B i b 3 B sf B 1| E
s " b b & " i T & "
E I E e E 3 ]
5 ! & P A 5 ! P . ¢ 5 !
T 075 | Ei ® 075 El 3 1 = 075 T E
S s O o5k 0 S os
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 ’
BDT output BDT output BDT output
£ 10"'“”‘H‘H‘HQ“DIaY(a“‘H".‘t#I-IIH“I < LA A A AL R A 2 3r o Dot o ] ”
& S ® Data (tH . [ : ] 2 .
B ‘}”“s \CIw mz S ATLAS w @z ] 2 o Ar"“'s @z 5 Non-prompt | § ATLAS ¢oata  WiH
£ s=13TeV,36.1 " mpiposon  []Other £ Vs=13TeV,36.1 " mpiboson  JOther 25l 7 13TeV, 36.1 fb” other Uncertainty | @ {5 =13 TeV, 36.1 fb' (112 [ Diboson
z 2/0S+1Thag WFake 7, Uncertainty 2 1£+ 2T WFake 7, Uncertainty L 47 Z-depleted -+~ Pre-Fit Bkgd. i N [ Non-prompt[] Other
Post-Fit g I8 fir n had E PostFit 4¢ Z-enriched promp!
ost-Fi e-Fit Bkgd. Post-Fit --- Pre-Fit Bkgd. 3 | Fost-Fi Post-Fit Uncertainty --- Pre-Fit Bkgd. -
] 2 ]
E 1.5 ]
g 1.25 ) 251 3 E 2 6 °
LY 2, PP W\ . S | l [ 4 / < LE & SE E
S ¥ * ? + (] i 3 1 * = - 1 } 4
8 0mE 8 0’k E g ‘E 3 £ osE + 3
05 S s 0 ° fa)
-1 -08 -06 04 02 0 02 04 06 08 1 1 08 06 -04 02 0 02 04 06 08 1 0
BDT output BDT output
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ttH in multi-lepton: Results

£ 10° T T T T T T T T T —T T
el ¢ Data B ttH
> ArTLAS o W 174 ATLAS {s=13 TeV, 36.1 fb"
5 1tk 57 13TeV, 36.11o [ Diboson [ Non-prompt
o Post-Fit B g mis-id [ Other
Fak 2/, Uncertaint
ol O ttBlgy 7 ooy —Tot.  --Stat. Tot. (Stat., Syst.)
2£0S + 1Thag o] @i 1.7 21 (8,
10 16 + 2Thg | bt - @i -0.6 7% (*hs, )
§ 47| k@l -0.5 j)g (féjg, fgig)
3¢ + 1Thag bt @eeeeed 1.6 7% (54, 153)
1 2£SS + 1T bW 3.5 07 (N3, 102
09 (406 +06
‘ 3¢ *H 1.8 5,7 (Zos» “05)
107 +07 (404 405
5 2¢SS oH 1.5 "0 (Cau. +nA
2125 ¢ . A it | S o e B 7 R
S bwosbssshskssng A /W/TMW«- combined _ [pen 16 54 (%035 “03)
= 0.75 —2 0 2 4 6 S 10 12
[a]

o
«»

3 v e > s 240
“ ~dep e S”‘?a

Best-fitu _ for m =125 GeV
CR ttH

27 37 R e
Ss SR iy, c/:,’f? o vy e

2r8q uy, dr
Cr S+7rhaq h;iad 2‘8’7[1

'

AL S s m S L

————r
¢ Data -

ER e SN Wit (1,16)

» Signal strength: 1.6*%> 3 ,os%_Post" g‘g‘g;‘(k:‘;é:u:g :
> Significance: 4.1 o (expected 2.8 o) i ~ProFitngs.
> Dominant systematics: F :
«  ttH modelling (+0.20, -0.09) 10:_ ¢

* Jet energy scale/resolution (+0.18, -0.15) g;f‘é—g:m;w R + g

*  Non-prompt e/p (+0.15, -0.13), limited stats. §§1§ B (1) :

Iogm(S/B)
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‘O

OATLAS

EXPERIMENT

/
¢4,
\. N
® ¢ @
‘4 ool
§ b
‘ y 4
/ h B

ttH candidate evt.

ee0t, 4+ 3 b-jets + 6 |-jets

Run: 300571
Event: 905997537
2016-05-31 12:01:03 CEST
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ttH, H>bb

b
« » Events categorized based on leptons, n-jets, b-tag score of
9 wr Ve vu . . . .
5 jets: 9 signal regions + 10 control regions
_H__ b . . .
9 5 » Main bkg.: tt+heavy flavour, difficult to predict from MC
q
b
'§ ATLAS ' ¢ Da'ta .'tiH ' Di;light 1 ‘\s’ 105‘ ATL‘AS ' ' I ¢ D,ata ‘ .ltTH ' I [:llf-rliglln i
2107 Vs=13TeV,36.1fb" [Jti+21c [@tT+21b Mt + Vv 1‘ 2 Iis=13TeV,36.1fb" [Jti+21c [Wti+21b Wt +Vv i
o Dilepton [INon-tt Total unc. - tTH i 2 10°F Single Lepton [)Non-tt Total unc. ---ttH ]
% 10°F Post-Fit 4 W} PostFit i
5 i‘ 10 !‘ j
10 . . }1 10° } 11
104 ! 104
10’ | 10’ !
102 ____________ 102 ------- é ...................................
) 10 ---, S e 10 1 ...... l y .1 """" 3 ) L P 1
B 125} 81z}
& b <<n © > o Opddsniisszryssses S OO e BT R e s B Y O D
8 8

> 0.75 | /_\ s 0.75 /—\ /_\q
0.5 0.5

CR ; C CR 24 C SRy SRy SRy Chrs C Crs(SRy Shs CR)>s CR 2 CR & SR2s SR26 SR2e

l?"?‘,,w R'%"o R”fim. ’ Rflff.,c R R34 R R’z*m,ﬁ'%-vcnéb Ry SR} S‘?‘)oos‘, "‘ﬁm,g"?'rce” Ry SR38 SR
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ttH, H>bb

» The simultaneous fit to the discriminant distributions from all categories:

BDT in signal regions, total event yields in CRs except 2 CRs for tt + 21c in 5j
and 6j ((H;"39: scalar sum of jet pt)

» Significance: 1.4 o ( expected 1.6 o)

» Systematically limited, and dominant syst.: signal and bkg. modeling, JES, b-
tagging, such as tt+>1b modeling (+0.46 on mu)

ATLAS {s=13TeV, 36.1 fb’ N Y ETTT T
YT r T Y T Y S ;ATLAS +Data
— tot. m, = 125 GeV 2 F{s=13TeV,36.11" B TH (1, =0.84)
stat. L%’ 10 e fiH (u,,, =20)
tot (Stat Syst) 5: I:lBackground
107 7/, Bkgd. Unc.
Dilepton —_ e —i -0.24 182 ( ﬁ'g; ;?'3?) - - Bkgd. (u=0)
(two-p combined fit) o e o'l _°—|_._,_._
Single Lepton +0.65 ; +0.31 +0.57 103;_
(two- co?nbine?j fit —o— 0.95 062 (031 054) g
H E ttH (bb) Combined
............................................................ 10° g Dilepton and Single Lepton =
0.84 ‘064 029 4057 - Post-fit ]
Combined —e - . 061 (029 -0.54) ol g
2|2 "t 3
PR IR SR B IR R S e . é D 2 ) s 4 E _J'_ —¢— —~
-1 0 1 2 3 4 5 6 §§ 0%_ S S 2/, /‘)‘
206 24 22 2 8 16 14 G2 1 08

Best fit p = 6™/ol)
log, (S/B)
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ttH Combined Results

T T T T I T I I T | T T T T | T T T T | I I I T | T [
ATLAS e Total Stat. [ Syst. — SM
Vs=13TeV, 36.1-79.8 fb™ obs ox
Total  Stat. Syst. | P-
ttH (bb) H ~ | H 079+ 38 (+ 22 +053)| 1.60 1.40
fiH (muttlepton) HES== 1562 0% (+ 0% ,x 03| 410 2.80
_ 4.1oc 3.80
ttH (vy) ———— 139+ 398 (£ 0% .+ 0%)
i Oo 1.20
fiH (22) fe <1.77 at 68% CL
Combined H=s=H 132+ 92 (+0.18,+ °% )| 5.80 4.90
1 | | 1 I 1 | | | | | | | 1 | | | 1 1 | | | | 1 I | |
—1 0 1 2 3 4
SM
GttH/ OitH

» Observation of ttH production with 13 TeV dataset only
» 6.3 0 with combination with Run | data (5.1 o expected)

2018/06/20-24 Lianliang Ma (Shandong U.) 19



ttH Combined Results

o . (13TeV) = 670 = 90(stat.)' |0 (sys.) fb

—_

(@)
[ee]

T

.E _I T | T TT | T T 1T T T TT T T 1T T T 1T | T TTT | T T 1T | T TT g tt
o] = =
) - ATLAS ¢ Data 7 35
- 107 — +
& [ ls=13TeV,36.1-79.8fb" B (=132) 3 Gt;H - (13TeV) =507+, (sys.) fb
Yot fiH (u=1) 3 ’
- v | o ]
105 DBackground . 1
E ® E I‘é- E T | T T T | T T T T T T T T T T T E
10° = — 0.9 ATLAS =
- 3 T C ]
103% E: |? 08;— -;;m Theory (NLO QCD + NLO EW) _;
102 i_ _i \% 072_ ism Ofl)yombined data _i
E 3 0 C .
= 3 0.6 =
10E — - ]
= _% 0.9F E
1 C ]
5 HHHA AR 0.4 E
2 4r . 0.3F E
m o 3
g 5 i ra E
S 2r A 7 - (5=13TeV,36.1-79.81"
1 1 11 |=I 111 | 1 =I 1 1 |=I | I=I | 1 I: 1 1 |‘I | Ivl | I | | 1111 | 1 111 0-1:_ vg = 8 TeV’ 203 fb-1 _:
_3 _2.5 _2 _1 .5 _1 _0-5 O 0.5 0E 1 | 1 1 | | 1 | 1 | | 1 | ‘ 1 1 1 | | | 1 E
log, (S/B) 6 8 10 12 14 16

(s [TeV]
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Summary

» Observation of ttH production with a significance of 6.3 o

(expected 5.1 o)

<> Signal strength: [1.32+0.18(stat.)!, s (sys.)|, higher than the SM

prediction, but compatible at 1o level

T | T T T T | T T T T I T T T T l T T T T I T T g 1§ ‘AlTIL‘AS‘ ‘ I I | I g
ATLAS e Total Stat. [ Syst. = SM z 0.9§ EEE Theory (NLO QCD + NLO EW) é
Vs=13TeV, 36.1-79.8fb" *% 0.8 "F =
Total ~ Stat. Syst. % 0_7:_ $ Combined data B
r Stat. only ]
ttH (bb) HEIH 0.79% g5 (& o3 ,+053) © 060 E
fiH (multilepton) H=— 156+ 040 (£ 0% . % 0%7) 0.5 =
f 0.48 0.42 0.23 0'4:_ _:
ttH (vyy) —===— 139+ 7 (£ o5, 017 ) F

0.3 =
ttH (ZZ2) < 1.77 at 68% CL O 2* ]
..................................................................................... fs=13TeV, 36.1-79.8 0" J
Combined HE==H 132+ 02 (£0.18, °%) 0.1- fs=8Tev, 20317 -
O: Il | 1 Il Il ‘ 1 1 Il ‘ 1 1 1 ‘ Il 1 1 ‘ Il Il [

ol o b e b e o 6 8 1 O 12 14 1 6
-1 0 1 2 3 4 s [TeV]

SM S|le
GttH/GttH
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Thawnlkes!
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Higgs Production

W,z
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ttH, H>yy: Mass Spectrum

Unweighted Weighted

> [ L E L E R R L B A R R . > F— L L L B R L B A R —

S 120— ¢ Data ATLAS ~ s 3 + Data ATLAS E

o O e Continuum Background Vs =13 TeV, 79.8 b o 30F e Continuum Background Vs =13 TeV, 79.8 o™ —

o 100:_ ----- Total Background my=125.09 GeV \ o5 SEETTEE Total Background m,=125.09GeV 3

Z, gof- — Signal + Background | cateqories - E - —— Signal + Background A categories E

o 5o . S 205 In(1+S/B) weighted sum 3

= . 2 155 + =

40— ' — S = =

: 1 e "F Nt E

20 - . 2 Se ¢ + ¢ . ‘L*—F:

5 P ' ! ! ' . 5 B : — —

A, F E D 10F E

£ - : €  5F 3

[e) C + ] [e) E =

....... | I - = ¢ ¢ 44 E

(|J ° t T ? ¢ b K2 Cl) OF L 3

fo . . . ¢ . . ] 8 5 . . ‘ . —
‘O“ 110 120 130 140 150 160 g 110 120 130 140 150 160

[GeV] m,, [GeV]
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ttH, H>Z7Z*->4 leptons

Run: 204763 L EXPERIMENT
Event: 161607895 h . | h
2012-06-10 00:42:51 CEST ”p.//(]f as.c

AN
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Event Selection in ttH, multi-lepton

Channel

Selection criteria

Common
2¢SS

3¢

4¢

12+ zrhad

2¢SS + lrhad

PIAON + lrhad

3¢ + lrhad

Njets > 2 and Nb—jets > 1

Two very tight light leptons with pr > 20 GeV
Same-charge light leptons

Zero medium 7,4 candidates

Njets > 4 and Nb—jets <3

Three light leptons with pr > 10 GeV; sum of light-lepton charges +1

Two same-charge leptons must be very tight and have pp > 15 GeV

The opposite-charge lepton must be loose, isolated and pass the nonprompt BDT
Zero medium 7y,,4 candidates

m(£+¢7) > 12 GeV and |m(£+¢~) —91.2 GeV| > 10 GeV for all SFOC pairs
|m(3¢) — 91.2 GeV| > 10 GeV

Four light leptons; sum of light-lepton charges 0

Third and fourth leading leptons must be tight

m(£¢7) > 12 GeV and |m(£+¢~) —91.2 GeV| > 10 GeV for all SFOC pairs

|m(4¢) — 125 GeV| > 5 GeV

Split two categories: Z-depleted (0 SFOC pairs) and Z-enriched (two or four SFOC pairs)

One tight light lepton with pp > 27 GeV
Two medium 7,4 candidates of opposite charge, at least one being tight
Ny >3

jets =

Two very tight light leptons with pp > 15 GeV
Same-charge light leptons
One medium 7,4 candidate, with charge opposite to that of the light leptons
Ny >4
jets =

|m(ee) —91.2 GeV| > 10 GeV for ee events

Two loose and isolated light leptons with pr > 25, 15 GeV

One medium 7y,,4 candidate

Opposite-charge light leptons

One medium 7,4 candidate

m(£¢7) > 12 GeV and |m(£+¢~) —91.2 GeV| > 10 GeV for the SFOC pair
N jets 2 3

3¢ selection, except:

One medium 7,4 candidate, with charge opposite to the total charge of the light leptons
The two same-charge light leptons must be tight and have pt > 10 GeV

The opposite-charge light lepton must be loose and isolated
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ttH, H=>bb Category
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Search for ttH Process

STANDARD MODEL OF ELEMENTARY PARTICLES

UP
mass 2,3 MeV/c

CHARM
1,275 GeV/A

TOP
173,07 GeV/c?

=0 x 0 w0
spin V2 | x
DOWN STRANGE BOTTOM
4,8 MeV/c? 95 MeV/c? 4,18 GeV/c?
%) Ya A
P = W
ELECTRON MUON TAU
0,511 MeV/c 105,7 MeV/c? 1,777 GeV/&
L 2 -
e |« @) X 0 - @
P (G \
T (ELEcTRON ) MUON TAU
O NEUTRINO NEUTRINO NEUTRINO
N <2,2 eV/c <0,17 MeV/c? <15,5 MeV/c?
0 ¢ 0 [._
> Y /' 1
&

.

N

HIGGS BOSON
126 GeV/c?

0
0

J N

Importance:

> Establish one of the

-

ZBOSON
91,2 Gev/c
0
1

¢

\
moOC>0

main Higgs production

modes
> Direct measurement

-

p
W BOSON

80,4 GeV/c?

+1
1

ZOWSW

of Higgs coupling to
top quark, the
heaviest particle in SM
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