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Motivation

Mass is given by Higgs Mechanism? ° Higgs boson has been observed

L by Bosonic decay channels (i.e.
@ TP °$ Vv,ZZ,WW)

Al o | cem 3 S @ : :
''P DD @ v — Loop process in the production
e e ® and decays indicated fermion

L ) : photan :
; @ 6’%““’9’@3" w% (top) contribution indirectly.
0 0 ) W @ : : :
\@ @1 \@m 2z . Observation of direct fermion
sca.arpartic.e(s)[ @ DD - - couplings are quite important to

Elements of the Standard Moeel com plete the H Iggs MECha nism .

* Following channels are presented :
— H-2>71t: highest sensitivity
— H—2>up : small branching ratio
— VH—>bb : huge backgrounds
— ttH—=>bb : small production rate
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Higgs production and decay @ LHC

Gluon Fusion(ggF) | | Vector Boson Fusion| _W/Z Associated tt/bb Associated

Now we know expected cross section and Branching ratio!

o [pb] o [pb]

@125.5GeV

M bb (57%)
M cc (2.9%)
W T1T(6.2%)

Gluon Fusion 19.1 43.9
Vector Boson Fusion 1.57 3.73 M pp(0.02%)
(o)
W/Z Associated 1.11 2.25 = yy(0.23%)
" WW (22%)
tt Associated 0.128 0.509 A

w77 (2.8%)
W others

8TeV @125.5 GeV i

13TeV @125 GeV
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H->tt analysis

Analysis was optimized for each di-tau Lepton-Lepton Lepton-Hadron Hadron-Hadron
decay mode. H ]

— Different trigger, object selection and

backgrounds. & 3 Q’Q//$ N &
— Highest sensitivity channel is Lep-had.

Categorize events to 2 category.

VBF category Boosted category
! g
i T
t ...........................
f T
d VBF Hot't 8 ggF H—t 't +jets \E WH—qq T T)
* Find VBF jets with loose selection. ¢ Select events with high vector sum pT of
* Train BDT for VBF signal. tautau decay products.

* Notincluded non-boosted events.
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6 categories)

BDT input variables

— 125GeV signal MC as the signal template.

VBF category

Variable

Tlep Tlep

Tlep Thad

Thad Thad

MMC
MTT

AR
12 — nj1

mj1,j2
1Mj1 X 12

Total
PT

miss !

7'55¢ centrality
min(Ane1e2 jets)
¢1 x (2 7 centrality
Anjs jij
my
¢ n centrality
71 1) centrality
To 1) centrality
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Dominant backgrounds are Ztt+jets and Wijets, small S/B ratio.
Trained BDT for each 3 channels and for VBF/Boosted separately. (total

Missing Mass Calculator (MMC) is used for m__ reconstruction and it is
also included as one of the most powerful variable for the training.

Fraction of events / 2 GeV
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yli [PE A P N I e o]
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MMC mass m., [GeV]

Variable

TlenTlen

Tlen Thad Thad Thad

MMC
MTT

_E?’Ssgb centrality

ARTT

sum Pr

Pr(m)/pr(72)

m‘r‘r,jl
mye1.e2
ANOYINT:

sphericity

miss | {2
ET™/pF
mT
Tix

Tox




H=>tt results

For mH=125GeV, Evidence for H>tt decay!
Sensitivity : 4.50 (expected 3.40)

Assuming mH=125GeV :

+0.27 +0.32
Hpost = 1.43_O 26(stat.)_0 25(syst.) + 0.09(theory)

.-g 104 .l__l ===l I = (o= x| | = e P | l |_‘; ID: T T T 1 T I—:
Impact of uncertainty sources a [] Background (u=1.4) 7
< T2 P Background (u=0) |
Source of Uncertainty Uncertainty on u L%) 10%E i1 H(12:)—m (u:1-4) -
Signal region statistics (data) e - H129)te (=)
Jet energy scale + 0.13 N 7
Tau energy scale + 0.07 10 2 E
Tau identification + 0.06 B .- ]
Background normalisation + 0.12 10; b/ |
Background estimate stat. + 0.10 " ATLAS # E
BR (H — 77) . + 0.08 - \s-8Tev, 2037 [ ]
E.‘;)rl‘ion shower /Underlying event i 88;1 16 15=7Tev, 451" i -
. + 1 J ol s P l | S l . e PV l ! | I L |:

Total sys. o -4 3 D -1 0 1
Total fgg:{f |Og1o(S / B)
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H=>tt results

« Checked Mass compatibility to 125GeV Mzss °°'2':’_I?t'b":y to the
: observed Higss boson
* Strong Evidence for H>1t (4.50) o 8
— First direct observation of fermion coupling 2 g0t VEFBoosted - ot et
2 F\s=7TeV, 451" . 2
— First observation of lepton coupling. E - 1s-aTev, 203", MO
H H . . : C 727 Uncert.
— First observation of down type fermion coupling. s 40
* Coupling ratio = 20
— Down/Up type Ratio : [-1.07,-0.81]U[0.75,1.04] E 28#_%25@1_4" .
— Lepton/Quark : [-1.33,0.94]U[0.94,1.33] %10 hmees
T s A N A R IS IS S R —~ S0 e e % 0 R | L ‘/ \.‘%_
%ﬂ a fs‘;ri-'ﬂsvsnt 5-4.7 o' ['-(Eu-fvgﬁixpecled i’— - A:ri-f§454?fb" [Kwk\’g:)lql d ] g 50 100 150 200
= 25;— \s-8TeV, 203 10" — Observed c 25 :: -8 Tzvj 203" — Obs?r(f:;e - mi'C [GeV]
150 150 \ E 4 ” :W:MF:T
- C ] 3-5" arLas X o "
100 10f = 3
S ; : : 25
sE 5F e 2l
Q52595 3 205 0 05 1 Q5545 05 0 05 1 15 2 2 i3
. A 0.5;— 5
hgu € [-1.07.-0811U[0.75.1.04] %, € [-1.33,-0.94]U[0.94,1.33] foo™ 10" 20 re0 0150
my [GeV]
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H->up and Lepton universality ?

0125.5GeV m bb (57%)
W cc (2.9%)
W T1T(6.2%)

« H->pu decay is also searched.
— Can prove 2" generation lepton
— Similar technique as H=2>yy analysis

> MLELELELEN LELELELE R AR B B B B B L 0'02%
S g0t CBTFLAS f Ldt =203 " 3 m yy(0.23%)
; ~ ] o)
Ny SO: x?/ndof = 18.6/19 \s=8TeV = WWw (226)
8 ] w77 (2.8%)
= - —e— Data .
LICJ 40 + Background model —
— —— Signal [125] x 50 .
— B w RN DL L UL UL UL L B
305_ E z‘ 5o ATLAS H— up 3
20— - _8 E — Observed CL \S=; Iez 205;2;1 E
— ] = ~ ---- Expected CL \S=0 e . -
10 — E 40:_ = 1o B
n 1 - [I+2¢ ]
PrO~TT5 120125130 T35 140" 145150155760 Lﬂ 30F . oo e
M [GeVl & - Exclusion limit @125GeV: ]
. » 20 =
This correspond to the BR(H- up)<0.2% 05 7.0xSM ]
So, BR(H=2>tt) >> BR(H2> pp) 10F -

Higgs boson does not universally couple 120 125 130 135 140 145 150
m, [GeV
to leptons 1 [GeV]
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VH,H->bb

* Important channel to prove bottom Yukawa (Yb) 100%  80%  70%  50% -
coupling directly.
— Largest branching ratio but small S/B ratio due to huge
QCD b-jets and vector boson + b-jets background
processes.
e Analysis Strategy . e

— Use W/Z associated production
— Leptonic W/Z decays : Z->vv(0lep), ll(2lep) W2 Iv(1lep) i g
— Both cut-based(di-jet mass) and Multivariate(BDT) analysis —

performed. 100e) ©

Multivariate Analysis
wokn) Wi (aep) 21 2l

Require two b-tagged jets, P/1>45GeV P2>20GeV + <1 extra jet

1-tag

50%

MV1ic(jetz) OP

MM

80%

100%

E.Miss > 100GeV E,Miss>20GeV (high p;")
P, miss > 30GeV H,>180GeV (low p;") 71<m;<121GeV
with Ad(EMss , P.Miss) <mt/2

1 category : p;Y >120GeV 2 categories : p;¥ = [0, 120], [120, inf]

3 categ. : 1tag, LL, MM+TT 4 categ. : 1tag, LL, MM, TT 3 categ : 1tag, LL, MM+TT
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BDT input variables

* Trained BDT using 2-tag Variable O-Lepton 1-Lepton 2-Lepton
a3V
(TT+MM+LL) events for L . X
T X X Pt
each 0/1/2lep, each o ) § .
. . ba
2/3jets and each p;¥ bin _#* x X x
Mpy, X X X
separately. ARy o) y y »
' |An(b1, b2)| X X
(]
Input variables are GV 1) ) . )
|An(V, bb)| X
MVA1c varlable in 1tag CR (1lep and Zlep) H.T | .
2 eo ‘ 1 B a000f- aTLAS Iﬂlﬂ[ﬂ@{f, b)]
: 5 T.Es,‘e’.“"imj“"’ ::Htm ’ EﬁTOUU;QIwa;;ZrILijomb :;:m ’ m¥
. Py>120 GeV g%lﬁ"' _ 6000?” e UE'.;,:‘; ound Mgy X
e e Ry~ MV 1c(by) X X X
B 1 oo MV 1e(bs) X X X
mé_ ] 2”””%: Only in 3-jet events
E 105i T T = . 'T|'z:\ltl‘3 x x x
ool Hp———————l T X X X
80 80 70 60 50Mv1c(b) o Po
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VH,H-2>bb results

* No significant excess observed yet
— Significance : 1.40 (2.50)
— 95% C.L. limit : 1.2 times SM o x BR

10°

— Signal strength :
u=0.51+0.31(stat.) £0.24(syst.) 1

ATLAS -o Data 2012

- _ A B VH(bb) (u=1.0)
is=8TeV [Ldt=20.3fb e Do

107

Events /0.5

(] t
10 o Single top
Multijet
. W+hf
o Weel
W+l
 Z+hf
o Z+cl
Z+l

* Sensitivity is quite close to 3o i S
— Will see early 13TeV data. e

log, (S/B)

ATLAS  1s=7TeV, [Ldt=4.7 ib; 1s=8 TeV, [Ldt=20.3 b

ATLAS  1s=7TeV, [Ldt=4.7 1b; 15=8 TeV, [Ldt=20.3 fb”
— — T T T e e T

| L | LA S B B B S S B

- — tot. ] — — tot.

stat, tot (stat syst) stat. tot (stat syst)
B 0.94* 0.88 (+072 +0.50y |
A.61+150 (+122 +086) #lepton — Zo7e (Zols —0a1)
7TeV |- It o146 '-1.13 -0827 7
+066 (4050 +0.43
1 lepton |- p—a—q 1.17* 0.60 ( -0.48 -0.37 )
aTeV - e 0651043 (+033 +028) |
-0.40 =032 -0.24 0.55 0.49 +0.26
0lepton |— F=—=@=i -0.35* 052 ( t0‘44 t0‘27 ) —
— _ ) B i ol . 040 (+031 4025, _|
Combination el 51 J:g-;g (iggé ’:%%52} Combination | lll=0=il | 0-|51 J:o‘?-,r (J_rlolgg ?0'22 |
PR T T T T T Y I PRI BT TN T T T T I O T T T T T T O W O O I
-4 -2 0 2 4 6 8 -1 0 1 2 3 4 5 6 7
best fit p=o/c_, for m,=125 GeV best fit u=o/c for m,=125 GeV
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ttH,H->bb channel

 Complicated final state (1lep+6j, 2lep+4j) and huge ttbar+X
background as hard to identify the objects from top or Higgs.

e Sprit the jet-bin and n-b-tagged jet categories and use MVA
analysis to maximize sensitivity.

— 6j3b, 6j4b, 5j4b channels are signal rich regions.

ATLAS Preliminary - ATLAS Simulation Single lepton

c
S el AT g -+ pel oy 029 ~8TeV, 20.3 o _ 125 GeV
P = t=2031b" Is=8TeV [ tiH (125) —d ti+light \s =8 TeV, 20. my = e
E, T Single lepton ] thct o tf+bb
. , . .
o 10° = ] non-tf . tf+V @ 4j,2b . @ 4j,3b . @ 4j,4b .
= 77 Total unc. C10 SB<0.1% 1o sB=02% S10}8B=14%
= w [4p] w
104 §_ 0.5 0.5 0.5
E ﬁ 0,0l E— | 0. — | 0.0l [ |
10°
= 5i,2b 5.3b 5,>4b
E D10l SB=0.1% Z1ofsB=04% 210l SB=-25%
10 w w w
0.5 05
e === ] Pl ooem|  m
C >6j,2D0 >26j,3b 26j,24b
B ik ’ y . Lol sB=02% Zi1ofsB=1.0% =10 SB=4.0%
E-_ 13 - . 7 y, v a; y v y, 7 7 7 / @ 0 «
o £ 0.5 0.5 !
0O  osE 0.0 0.0 .

4j,2b 5j,2b =26j,2b 4, 3b 5j,3b =6j,3b 4j,z4b 5j,24b 26j,24b
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ttH,H—>bb results

* No significant excess observed

95% excl.

yet S 10°k ATLAS ~- Data
— Signal strength (mH=125GeV): £ | B 19
2 , ffH (u =3.4)

n=1.5+0.7(stat.) £==20.7(syst.) -
— 95% C.L. limit: 3.4 times SM o x BR

[ ]BKod

10°E _ _
- ttH (H—bb)
S e L L B
| —tot. ATLAS 1s=8TeV,203%" | - \s=8 TeV, 20.3 fb"
Stal. §H (Hobb)  (tot) (stat) 10E ombined
i o , 28+20 (14) | - _
Dilepton * ( " Single lepton and Dilepton
Lt .t 1 1 .108:_||.]|ll||JJ|I.|||.]||.]||.J||J -
— + — =1 _ =
epton+jets -  F=—e—— 2+13 (08) E} 1.6t [ )tH (u,=1.5) + Bkgd. =
m 1.4F S =
~ 12F ttH (},L%%fxd__ﬂ-.ﬂﬂ + Ekg?.
Combination —  —e— 15+1.1 (0.7) ] a% 0,81‘_— o E
ol e 0O 0.6E . . . . . \ =
o 2 4 & 8 10 4 35 3 25 2 15 -1 _-05
Best fit u=cs/cSM for m =125 GeV |OQ1U(S!‘B)
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Conclusion

e All final results for Runl was

ATLAS Vs=7TevV,45-47"

pUb“Shed. gg?gtf —— v/s =8TeV,20.3fb"
— Biggest impact is H>tt evidence. e e
ATLAS 2011+2012 Full data Cum iS04 -

5fb1(7TeV)+20fb1(8TeV) kz € [~1.06,-0.82]

u[0.84, 1.12]
Ki=0.94 +0.21 =.,=.
(ggF),VBF:H> 1t 3.40 4.50 Ky € [-0.90, -0.33]
u[0.28, 0.96] T
VH,H->bb 2.60 1.40 Kr € [-1.22,-0.80] - S
u[0.80, 1.22] 5
H=hu YN <7.0xSM (95%CL) |k < 2.28

My = 125.36 GeV

ttH:H—>bb <2.2xSM <3.4xSM NI T YT R T
-2 -15 -1 -05 0 05 1 156 =2
Parameter value
For further sensitivity of fermion coupling measurement coming soon:
— Yb(H—>bb) measurement in early data of Run2

— Direct Yt (ttH) measurement in Run2 data
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published. .

}lh

— Biggest im
ATLAS 2011+20

=
Ll
—
| -
o

5fb1(7TeV)+20fb1(8Te\|>

(ggF),VBF:H> 1t 3.

VH,H—=>bb 2.
H2>uu <7
ttH:H—>bb <2

For further sensit

— Yb(H—=>bb) me._.._..

T
7

1

10

10

103

Conclusion

e All final results for Runl was

T Tw 1 wews

‘ ATLAS Vs=7TevV,45-47M"
__III”] T T IfIIII] T T r||||r] T ||r|||] T 1_: ﬁ=8Tev120_3fb_l
| ATLAS t .| BRL,=0
E r LR R LN BN AL AL
E s=7TeV, 4547 ' Z.% 3
- s=8TeV,20.3fb' A -
- AW s
- — Observed ' -+ = *
- --- SM Expected ey . ;
C 1 =
: A1 1— +
_ b - ;
= B =5.36GeV :
F 1 Stay tuned
- I 7 -1-05 0 05 1 15 =
|.'|'.|||| L1 aul L 3 aaul EEET| Farametervalue
107 1 10 10°  :nt coming soon:

1] e o~

— Direct Yt (ttH) measurement in Run2 data
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Backup
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