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INntroduction & Motivation

« After discovery of the Higgs boson by the CMS
and ATLAS new focus is to measure Higgs
properties

e Higgs coupling to the top quark is a key property
{0 measure

e Large miimplies large top-Higgs coupling Y;

« Strongest known coupling - Yy ~ 1 - may give
insight into the scale of new physics

e Important for understanding EW symmetry
breaking

» Allows testing theories beyond the Standard
Model

Yf = \/§me

top quark - heaviest fundamental
particle known
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ttH and tH production

* ttH: Higgs production in association with ttbar gives |Yj

ttH: Higgs from tops only
e SM: osm= 129 fb™!

H: Higgs from tops, bottoms, new physics

* tH: Higgs production in association with single top probes
relative sign of the top-Higgs coupling Y;

 SM: very small ogu= 18 fb-" _H

e BSM: KtZYt/YtSM :-1, OsMm = 234 fb1
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« ATLAS - CERN-PH-EP-2015-125 (submitted EPJC) - effectively includes tH

e CMS -EPJC 75 (2015) 212

e ATLAS+CMS - ATLAS-CONF-2015-044
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HIggs and Top Decay Modes

e ttH results in complex final states
* Higgs decay modes
e ttH(bb) - highest branching

fraction, abundant tt
background

o ttH(WW,zz, ZZ) - second
highest branching fraction,
good signal purity

e ttH(yy) - low branching
fraction, clean mass peak

e tt decay modes

* single lepton -tt = 2bgqg’lv

e dilepton - tt = 2blviv

e all jets -tt = 2bgg'g’q

Higgs Branching Fractions
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ttH (H—vyy), Strategy

* Two signal regions according to top pair decay

e [eptonic mode - single lepton and dilepton

* Lepton and b-tag requirements to suppress non-ttH

* Hadronic mode - top decayed hadronically
* high number of jets and b-tag requirements to suppress non-ttH
* ATLAS event selections - loose to allow high selection efficiency for tH
« CMS has a dedicated tH (H—yy) search

 Strategy - background shape is taken from data m,, sidebands, ttH (H—yy) is
fitted on top of it in the signal region

 Signal strength p= o/og)y is extracted from m,, fit and results are interpreted in
cross section limit



ttH (H—vyy), Results |

 About 1 signal event expected

* myy Spectra for the candidate events
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ttH (H—vy), Results |

* 95% CL exclusion upper limits on o/osy are set for ttH
oroduction times BR(H—vy)

 ATLAS: 6.7 obs (4.9 exp), CMS: 7.4 obs (4.7 exp)

L I p I I B I CMS, | cMS 1s=7TeV,5.0-5.1 f5';1s = 8 TeV, 19.3-19.7 iy’
ATLAS . ATLAS \s=7 TeV, IL dt=4.5 fb’ | * - 5 Expected + 16
EEEEEEEEEE 2011-2012 \s=8 TeV, [L dt=20.3 fb' - Expected £ 20
— --- Expected (sig. inj.)
bb -&- Observed
Hadronic — - T, T
4|
Leptonic — - Expected (6!'"=0) + 16 —
3l
======= Expected (¢''"=0) + 26
— Observed Same-Sign 2|
Combined- & @p¢ SM signal injected o
— Combination
0 5 10 15 20 25 30 35 1

10
95% CL limit on 6™/ at m, = 125.4 GeV 95% CL limit on o/cg,, at m,, = 125.6 GeV

* Results are consistent with SM expectations
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ttH (H—bb), Strategy

Highest Higgs branching fraction, but
abundant major background tt+jets and tt+bb
results in small signal purity

Split in categories by number of objects: leps,
jets, b-jets, ...

Separate signal from background MVA (BDT,
NN) trained in each category separately,
Matrix Element Method (MEM)

Fit all the categories simultaneously

Obtain results as signal strength and cross-
section limits

Low S/B regions are used to constrain
backgrounds and reduce systematics
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ttH (H—hadrons), BDT [2

Three channels analyzed - single lepton, dilepton, =z,

» Categorized by Nijgis and Ny e
tt+jets background (MadGraph) subsampled in ti+lf, tt+b, tt+bb, tt+cc
« different systematics in rates and shapes
Boosted Decision Tree used to extract signal
 different variables used for training in each category
e tiered BDT approach: first ttH from tt+bb, then ttH from tt+jets

Y

CMS I1s=7TeV,5.0-51f";1s=8TeV, 19.3-19.7 fb"

bb

Tty

| f=8 Expected + 1o
--- Expected+ 2¢
--- Expected (sig. inj.)
B -& Observed

4|
3l
Same-Sign 2

Combination

Results:

* Uinpp= 0.7£1. 9 limits - 4.1 obs (3.5 exp)

* Ugr(zheh)= -1 3%, ¢, limits - 13.0 obs (14.2 exp)
Y~ —B—
bb ——
‘Eh‘Ch_ .
4l Cm
3l — e e

Same-Sign 2| — ——

Combination |— | | | | |_._1 | |

Best fit 6/cg,, at m, = 125.6 GeV
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» Classified into single lepton (SL), dilepton (DL) events
e Categorized by Niets - = 5 jets (SL), = 4 jets (DL) to
enhance sensitivity
* To further increase S/B, construct likelihood ratio

£ (&|tt + hf) & - b-tag values of all jets
F() = FEIGL ) 1 fER LD £ (&|tt + hf) - likelihood under tt+hf hypothesis
fEtt+1f) - likelihood under tt+If hypothesis
| 19.5 b (8 TeV) P I 19.5 o™ (8 TeV) @ 19.5 ' (8 TeV)
T o EiE | 0<FuL<Fi<
—{fH (125) x 50 =t|£_\7v+t<75t —tiH (125) x 50 Etgti\TrYgﬁ:t
{EJW’Z t\t/\7W’Z [FL | FH]:

tt+If control region

[Fn, 1]
tt+ht control region
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M Retain events > F.

Ratio FL and Fnthreshold
FL e [0.85-0.97]

1 l
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8 1 a
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0.5 05

SL: > 5 jets DL: > 4 jets
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ttH (H—bb), MEM [

e To aid MEM pdf evaluation, events are further split in orthogonal reconstruction

categories
e Single lepton

* Cat-1: all jets and b-jets reconstructed, W mass - ok
« Cat-2: all b-jets, all jets except one quark + gluon jet, W mass - fails
» Cat-3: exactly 5 jets reconstructed, Wy mass - fails

e Dilepton

« all quarks are properly reconstructed as jets

e Two event discriminants are defined

w(y|H)- calculated ME PDF
weight for each event

b w(y|ttH) P f(&|tt + hf) under ttH and tt+bb
/P w(y|ttH) + ks/b w(y|tt + bb) v/l f(E|tt + hf) + knj1 f(&[tt + If) hypotheses
contains kinematics : L :
contains b-tagging information
and dynamics information 99Ing A ttH

e Joint distribution of the (Psip, P)
discriminants Is used in a two-
dimensional maximum likelihood
fit to search for signal events
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ttH (H—bb), MEM
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e Simultaneous fit to the discriminant is performed in 8
regions and exclusion upper limits are set @ 95% CL

SL

DL

Combined

19.5fb™" (8 TeV)

CMS

Best fitu =c/c__at m, =125 GeV
SM

e Combined results

» Best-fit value - puun= 1.2+164 5, Limits - 4.2 obs (3.3 exp)
* Consistent with SM expectations within uncertainty

SL

DL

Combined
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19.5fb" (8 TeV)

998 Expected t+ 1o
----- Expected + 26
----- Expected (sig. inj.)
—l- Observed

10
95% CL limitonpu = G/GSM atm_ =125 GeV



ttH (H—=bb), MEM+NN

£

ATLAS

EXPERIMENT

 SL and DL channels - signal and background regions by S/B ratio
 S/B> 1% & SH/B > 0.3 - signal, rest is background

* Perform profile likelihood fit in signal and control regions simultaneously

ATLAS Simulation

\s=8TeV, 20.3 fb'

4j,2b
| S/B <0.1%

o

5j,2b

T
T

>6j,2b
| S/B = 0.2%

S/\B

r S/IB=0.1%| | -

S/\B

1.0

0.5¢

0.0

4j,3b
- S/IB=0.2%

>6j,3b
L S/B = 1.0%

Single lepton
my = 125 GeV

4j,4b
r S/B=1.4%

>6j,>4Db
- S/B = 4.0%
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Jse NN variable as input in signal regions
Jse Hvariable (sum(pt) of leps and jets) in background regions
-xception: 5/3b - use NN for tt+HF / tt+LF separation

ATLAS Simulation
\'s = 8 TeV, 20.3 fb’
06} 2j,2Db
o sB<0.1%
~ 0.4}
(@p]
0.2t
0.0
o6t 3j,2Db
21 sB=01%
~04
(@p)]
0.2t
0_0_
06l =24j,2b
% S/B = 0.3%
= o4

1 3],3b
S/B = 0.6%

1 >4j,3b
S/B =1.5%

Dilepton
my = 125 GeV

| >4j,24b
S/B =5.9%




ttH (H—bb),

largest background

tt+|ets -

MEM+NN &9

ATLAS

EXPERIMENT

 Powheg+Pythia, normalized to NNLO, models via parton showering
e (t+bb at tree level with MadGraph+Pythia, models tt + up to 3

partons inc
Recently Sher

Finer categorization of tt+HF - for
generator comparison and systematics

uding ¢ and b-quarks
npa+0penlLoops - tt+jets (NLO) with massive b-quarks

Arbitrary units

e tt+bb - 2 jets match 2 b-quark

e tt+b - 1 jet match 1 b-quark

e tt+B - 1 Jet match bb pair
(unresolved gluon splitting)

ft+bb events are reweighted from

Powheg+ Pythia to reproduce the NLO
tt+bb prediction from SherpaOL
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ttH (H—bb), MEM+NN &)

ATLAS

EXPERIMENT

* NN input is an optimized choice of variables for each category -
shape and object pair variables

Single lepton includes also MEM variables in >6j3b and >6j4b

D1 - the Neyman—Pearson likelihood ratio - separates ttH signal
from tt+bb background

SSLL - the logarithm of the summed signal likelihood

its

- ATLAS Simulation

C 0. 08_
F \s=8TeV —— Total background

c S ngle lepton _
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5 0.06F
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>6j,3b ttH(m, =125GeV) | train/test NN |

0.01-

- 0.15- o T
s TP S R A R B I
0.3 i 5 o o5 0 0.5 1
i 5 : : NN output
0 2; 0.1— : 0. 18 ATLAS Simulation
L. - 50.16[ \s=8Tev — Total background

- e > S ngle lepton )
B : m0-14 6,>4b fiH (m,, = 125 GeV)

- \s=8TeV — Total background
- Single lepton )
04 >6j,24b = tiH (m, = 125 GeV)

Arbitrary units
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—
m T
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r

o ol 0.05
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0. 12}
: - }.osd 0.1~ o

0.08F
0.06[-

OOH(I) Hlbélldéll()lél‘rll(l)gl()l|6H()H7H(I)E|3H(f)9 11 T 080 _75 _70 —65 —60 _55 50 :
0.04

D1 SSLL 0.020
+ additional input variables 17 o NN output




ttH (H—bb), MEM+NN &)

ATLAS

EXPERIMENT

e Simultaneous fit to the discriminant is performed in 15
regions and exclusion upper limits are set @ 95% CL

Dilepton

T I T T T

| — tot.

stat.

ATLAS |s=8TeV,20.3f0" ]

fiH (H—bb)

(tot)

— o .4 28120

I T T T

I T

( stat)

(1.4) _|

Dilepton

Lepton+jets

ATLAS
ttH (H—bb)
Is=8 TeV, 20.3 fb”

i Expected t 10

Lepton+jets -  p=i—o—— 1.2+13 (0.8) —
Expected + 26
Combination Observed —
Combination—  k—e—- 1i5+11 (o07) | | o Baa e Injected signal (u=1)
P T T T T T T S T N NN ) =10 1= R S T WO A T SO SN NN ST S N S S
0 2 4 6 8 10 6 8 10 12

Best fit u=c/c__ for m =125 GeV
SM H

 Combined results
e Best-fit value - piy= 1.5+1.1, Limits - 3.4 obs (2.2 exp)
* No significant excess

* Consistent with SM expectation within uncertainty
18

95% CL limit on G/GSM at mH=125 GeV



ttH (H=>WW, rz, ZZ)

e Analysis is split in Ny and Nz,

£

L

EXPERIMENT

Higgs boson decay mode
Category WW* 77 ZZ* Other
200Th g 15% 3% 2%

» Categorized by Nigs and Ny s to define signal
and control regions

3¢ 15% 7% 4%
201 Thad 35% 2% 1%
* 2055+07, o, 4% 14% 4%
e SR: =4j,>1b, >4j,>1b ® ee, el , UL 1027haa 4% 0% 3%
« 20SS+17,
* SR 24],21 b %100:_A|TLAS| | I.Non—Prlompt —+|-Data20|12_:
« 30 D oo category e B
B — ttH(125) [ ]tz
* SR: >4, >1b or >3j,2b JF Q]
« 49 405_ E
 SR: >2j, >1b + Z-enriched and Z-depleted I | ]
20|~ === .
¢ 10+27, ; o]
0 2I Cl’: 4 5 6 7 8
 SR: >3j, >21b Number of jets
% zéf_AlrLAsI T
' > E \s=8TeV, 20.3 b Non-Prompt Rare
« Dominant backgrounds Do oy oo é :
5_ — tiH(125) ttz _5
* irreducible - ttW, ttZ, diboson from MC o
105 E
* reducible - charge mis-id, non-prompts leps - from data & E
* Cut-and-count analysis - estimate yield in signal region I . E
0 2 3 4 5 :ﬁm % £|3

19
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ttH (H=>WW, =z, ZZ) )

ATLAS

EXPERIMENT

Simultaneous maximum likelihood fit of the SR yields to
the data is performed in 11 regions

— st V5 =8TeV, 203" 1127, — ATLAS

. (stat.)
o1 \s=8TeV,20.3fb"
2007, | —o—i 258 21 (1) a1 _|
3¢} b A 2.8 123 (29 ol
Thad [~ —
20174} —e—— 0.9 34 {78
40t H——o 1 1.8 53 (38 3 N
1 20 (20 —=a— Observed CL_ lim
-----. Expected CL
+0.6 (+5. -----. Expected CL’ signal Injected
1027 o : : 96722 (32| 2(07, B Expected 0
[ Expected +2 ¢
Combined} [ 2.4 42 {3
All ]
||||||||||| 1 1 1 I
6 - 2 8 10 1 14
Best fit u(tH) = o/ogy for my = 125 GeV 1 10

95% CLg limit on p=c/c_

e Combined results
e Best-fit value - = 2.1 5, Limits - 4.7 obs (2.4 exp)

* Observed (expected) p-value of the no-signal hypothesis
corresponds to 1.80 (0.90)

e Result is consistent with the Standard Model expectation
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ttH (H=>WW, rz, ZZ)

* Events are classified in Ny
Categorized by Nieis and Np_jetis to define SR and CR

o 20SS
* SR: 24, 21bygp OF 22D0s ; tight lep MVA disc + L cut
o 3¢
e SR:
* 22, 220)05e OF 2204y tight lep MVA disc + L cut
* 24|, 220505 OF 22Dyigy; tight lep MVA disc
o 40
* SR: >2j, 220505 OF 22Dyigpy; l00SE lEP MVA disc

Lp = 0. 60EmlSS + 0.40H. mISS,
sensitive to Z+jets bkg

e 20SS & 3¢ employ BDT to separate ttH and tt+|ets
* Jrained on six variables - kinematic, shape, obj pair
* 4¢ uses Nigs variable as discriminating variable

21
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ttH (H=>WW, =z, ZZ) a5

e Simultaneous fit to the discriminant is performed in 11
regions and exclusion upper limits are set @ 95% CL

CMS I1s=7TeV,5.0-51f"1s=8TeV, 19.3-19.7 fo’

B=8 Expected + 16
--- Expected* 2 ¢
--- Expected (sig. inj.)
-& Observed

CMS 1s=7TeV, 5.0-5.1 f6'; 1s = 8 TeV, 19.3-19.7 fb
YY —
YY I I—.—
bb [— e
Tty
o, — L
4]
4| —
3l
3l — L
: Same-Sign 2|
Same-Sign 2| — s ]
L Combination
Combination — e
1 1 I 1 1 1 I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I L 1 1
10 2 0 2 4 6 8 10 1

Best fit 6/cg,, at m,, = 125.6 GeV

e Combined results

i 2£ U’[’[H: 53

+2.1

4, LImits - 9.0 obs (3.4 exp)
e 30 U= 317", Limits - 7.5 obs (4.1 exp)
o« 40 U= -4.7"" . Limits - 6.8 obs (8.8 exp)
* Results are consistent with SM expectation
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95% CL limit on o/cg, at m, = 125.6 GeV



ttH combination

ATLAS @ i ] .l’ — S
68% CL: s \/S=7TeV,45-47fH" _
95% CL: Vs=8TeV,20.3f"" AT LAS bb I~ — & Vo
-------- T T T | EXPERIMENT tr | =
MggrF = 1.287050 al ——
Uyse = 1.23+0.32 ——-—— al -
Ly = 0.80+ 0.36 ——-—— Same-Sign 21 | —
Uy =1.8110.80 = — Combination_...|...|...|.|.||..|..T!_.-|...|...|...
Signal strength (u)
ATLAS and CMS Preliminary ——ATLAS
EHE Run -:- 2¥138+CMS C b H d
G - ; —+1o ombine ttH
» Best fit signal strength . FI . H
+0.8 S
* Uin= 1.9 07 ~ ATLAS B
+1.0 Hygr i
* Uin= 2.9 09 - CMS -
+0.7 - Mok —
* Upn= 2.3 g - COombined B
 significance - 4.40 obs (2.00 exp) M
« Combined upper limits on o/ogy M :
e 3.2 0bs (1.4 exp) - ATLAS W =
S M T ST RS ST N

¢ 45 ObS (1 7 eXp) - CMS OI L 2.5Para3metle£):'.éalllue4
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ttH (H—=vy), Interpretation &)

ATLAS

EXPERIMENT

* Results can be interpreted in terms of [imits
on strength of top-Yukawa coupling,

e At95% CL: -1.3< k: <8.0,

A?1O3§"|'"|"'|"'|"'|"'|"'|§ s 10°E R PEE RN WSty =
S [ ATLAS [Lat=451f",1s=7TeV 73 Bl et e
M e 2011-2012 [Ldt=20.3 b7, \s=8TeV ] ) R + sm _E
L= E - = - ___ BR(H =7y 3
S S - BRgy(H — 77)
ST f s 1 e TR e o(ttH)log,(ttH) 3
s|% 10F = 3 =
& F o E SNl e o(tH)/o,,(tH)
c S 107 -
) N ANSSSRS——— S = -
% : —— Observed CL, limit 10_2;‘ ATLAS E
&) A e Expected CL, limit ] - ftH, H >y
2 il % 109F .
3 = o ] = \s=8TeV, m,=125.4 GeV
- t2¢ - n .
) P IR IR R SR R R A Al 1y 1l
e 6 8 10 107 =72 0 > 4 6 8 10
Ky K,
Observed and expected 95% CL upper Production o/oswm for ttH and tH as function of ki
limits on production ¢ as function of ki Also shows BR(H—yy)/BR(H—yy)su as function of i

25



tHg (H—=yy)

Very small branching ratio

Single lepton (e/p) final state

« SR: >1], >1b
Major backgrounds

e resonant - VH, ttH from MC

* non-resonant - yy+jets, y+jets, ttyy,

tyy from myy sidebands

A Bayes classifier - L(x) - is used to

separate tH from ttH

* 6 Input variables, with <10% linear

correlation
No events pass selections

20

Events / (2 GeV)
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§
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g
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E
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S

where L(x) = Hp;(xj)
j

p; - pdf, Xx; - j-th observable

19.7 b (8 TeV)

................
0.5
0.4F

0.3F

0.2F
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I e =
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0 110 120 130 140 150 160 170 1
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80

Process Events

tHq (Ct = —1) 0.67

ttH 0.03 + 0.05"
VH 0.01 + 0.017
Other H 0

Data 0




tHg (H—bb)

Single lepton final state (tHg — 3bqglv) -

categorized by lepton flavor (e/u), Niets and Np et

 SR: >4j, >3b
 SR: > 5|, >4b
tt (it = 2b2glv) is dominant background

Two NN are trained to match reconstructed jets
and the final-state objects

e under tH hypothesis

* under tt hypothesis

e select combination w/ highest NN score
NN for final separation tH and tt

e two sets of observables under tH and tt
hypotheses + lep charge

Perform simultaneous fit to the discriminant in all
4 channels
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Events/Bin

Events/Bin

100

CMS

19.7 fo'' (8 TeV)

Electron channel

I 3tag region
m,=125 GeV

CMS |

NN output

19.7 o' (8 TeV)

| Muon channel

3 tag region
m, =125 GeV

CMS |

NN output

* Data
- th (Ct='1)
- tt+bb

[ ti+b

] ti+cc

\:l tH+If
B
B ew

| Stat.+syst.
~ 50x tHq (C;=-

- [ ] Stat.+syst.

4 Data
B g 1)
] tt+bb

] tt+b

] tt+cc

] ti+If

| B

B ew
Stat.+syst.

1 [ ] Stat.+syst.

1)

1 = 50xtHq (C=1)



tHg (H—=>WW) .

cr . c 60_9".’!?’. ................... 19.7 10" (8 TeV) ems 19.7 fb” (8 TeV)
Events are classified in Ny R o] AT o
g C Bl tHg (C=-1) 7 op Bl tHq (Ci=-1) 4
o 90 COtW, iz, ttH - — - o tiw, ttzZ, tiH
b wz - Cwz

 Categorized by Njets and Npjets 1o © 4 S zzl =
T —INonprompt 1 5 Nonprompt

deflﬂe SR and CR 30; + B Charge misid 20/ =

28SS - ey + pu § 12!@ *
e SR: =1}, =1Di00se j
bt

R 1 . _I 01 02 03 04 05 06 070809 1 % 070203 040506070809 1
e SR =1i =1Drian o o
"= J , = medium tHq classifier tHq classifier

Signal IS extracted with MVA classifier cms 19.7 0" (8 TeV)

Data/Pred.

© 25 Frr T e e e =
. . a L 3-lepton channel ® Data ]
similar to tH (H—vyy) g M- |
o 20— Cttw, ttz, ttH - _|

kT - [ VV, WV 1

[ JNonprompt |

Simultaneous maximum likelihood fit is g
performed in all 3 regions ]

5
.8:
8 4
1
3 E_*_*¢643444

tHq classifier
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tHg (H—=7p1) .

 Events classification - two channels _osCMs  ie7wieTey
Q [ ¢ Data i

o 20SS+17;, (epm, + Ppty) S Sl o

W Reducible ]

e |eps are required tight lep MVA = _

. . . 3 iboson ]
discriminant F Stat. une. ]

* T,,- Opposite charge to € and/or y; id + iSO i et E

eq SRR

* 21]1 >1 bmedium 0:1| J 105+051 o -1
 Dominant backgrounds | Fisher score
e irreducible - WZ, ZZ, ttH, and tt + W/Z g P A

. . o 8C . _. uuT

» reducible - non-prompts estimated from data 5w "

: . . , W F  Reducible ]

e Fisher discriminant from TMVA used for signal o W -
. r Diboson .
eXtraC“OH 55_ Stat. unc. _E

e trained on 10 variables i | E

3 =

e Simultaneous maximum likelihood fit of the Fisher o . E
discriminant distributions in 2 channels i ‘ l l E

O: 5 ]

-1 -0.5 0 0.5 1

Fisher score
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—

CMS /1
tH, Results

o]

e Simultaneous fit to the discriminants is performed to
estimate signal strength and exclusion upper limits set on
O(CZL: _1) @ 95 CI_ : :cms 19.7fb‘1(8TeV2

w
)]

e pp — tHq

E t— blv i

£ 30 C=1,m =125GeV ]

T _e— Observed ]

tHq channel Best-fitu ~ 95% CL upper limitson y = 0/0¢c,=_1 251 ereev. Expected -

Observed Expected A - = oew
8 ool e .
Median 68% CLrange 95% CL range -

vy 4.1 4.1 3.7, 4.2] [3.4,5.3] " E

bb 7.6 5.4 [3.8,7.7] [2.8, 10.7] 10 B

Multilepton 6.7 5.0 [3.6,7.1] [2.9,10.3] -

TT 9.8 11.4 [8.1, 16.7] [6.0,24.9] | — . _— q

A ey, lep  Hu: bpy 4 Conm, b’hed
Combined 2.8 2.0 [1.6,2.8] [1.2,4.1]

S0 CMS__ 197 (B TeV)
The observed and expected 95% CL upper limits on p s — Observed ]
---- Expected .
. +1o exp. 1

D +26 exp.

95% CL limit on o (f
Xy
3
|
|

_

o

o

o
|

* U= 2.8 - Combined
« No evidence of new physics

400/

200— =

30 B(H-vy) / B, (H-vv)



summary

Summary

e ttH and tH searches have been performed In all

main Higgs decay modes at LHC - ATLAS & CMS -
/ and 8 TeV

¢ U= 2.3%%7" g5 - LHC combination
e Lin= 2.8 - CMS; ATLAS included in ttH search
* Most of the searches are statistically limited

Plans

e Run-Il cross-section at 13 TeV - 4x0oiH, 4X0tH,, 3.3X0x

* Ongoing work to optimize analyses for Run-Il data

e Sensitivity is quickly rising
31
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ttH (H—bb), MEM+NN &)

ATLAS
* fwo channels analyzed - SL and DL
e Categorized by Niets and Np_jets

Major background - tt+jets, tt+bb (Powheg+Pythia)

4],2b 4],3b 4j,4b  ATLAS 2),2b ATLAS
Simulation Simulation
\s =8 TeV \s =8 TeV
5j,2b 5j,3b 5j,24b [ ]ti+light 3j,2b 3j,3Db [ ]tt+light
[ ]tt+cc [ ]tt+ccC
@ @ I tt+bb @ @ I tT+bb
[ ]tt+V [ ]tt+V
[_]non-it D non-tt

>6j,2b >6j,3b >6j,>4b >4j,2b >4j,3b >4

Single lepton @ @ % Dilepton
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