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Introduction

* Top Yukawa coupling can be extracted at LHC:
— From m,: good precision, SM hypothesis, computations needed from measurement to pole mass
— From ggH and yyH vertices through loops: assuming no coupling to New Physics particles

— From ttH and tH productions: direct measurement of the coupling

—
TIrTT

: Top Pair Branching Fractions

46%

1
LHC HIGGS XS WG 2016

Higgs BR + Total Uncert
o

NO[000[01010/0[0.0.0.0.0[0)
9
H Ttjets 15%
---------- ® ¥
: 1Y
Q000000000000 i
g -3 —
107E 3
+ets 15% F 2
t C
[ pH " I (1] . " m WU
dileptons lepton+jets R T T T R P T P R

10120 121 122 123 124 125 126 127 128 129 130
M, [GeV]

DianeCinea 2



technische universitat
dortmund

ttH (H>vyy)

BR(H->Yy) = 0.23 %, G, = 507 fb at 13 TeV (NLO)

Small BR compensated by parametrisable backgrounds and
good diphoton mass resolution

— Higgs boson can be reconstructed as a narrow peak

— Backgrounds from ttbar+photons, multi-photon/jet final states

Results from Run 1: [ ATLAS ana cs - ATLASICMS
LHC Run 1 - ATLAS
— ttH (H>yy) ATLAS (JHEP 05 (2016) 160): u = 1.3 + 2.6 — 1.7 (total)  n - |
observed (expected) limit: 6.7 (4.9) . il
— ttH (H>yy) CMS (CMS-HIG-13-029): w = 2.7 + 2.5 — 1.8 (total) i | T
u e —

observed (expected) limit: 7.4 (4.7)

ZH
— ATLAS + CMS ttH combination, all decay channels: P ¥
: : Z f
Zyps = 4.40 (Z,,, = 20), above SM value but still compatible ““) g
u e,
ol .‘Ini‘l—:..I....I....I....l....l....l
-1-050 05 1 15 2 25 3 35 4

Parameter value
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What to expect with Run 2

From 8 TeV to 13 TeV

— LHC Run 2 benefits from large increase of the ttH cross section, XS(ttH) x 3.9 from 8 to
13 TeV.

— Backgrounds increase at a comparable rate, x3.3 for ttbar(NNLO)
At 13 TeV, ttH corresponds to 1% of the total Higgs production XS

This presentation focuses on latest results on ttH (H>vyy) from ATLAS (13.3 b,
201542016 data) and CMS (12.9 fb'1, 2016 data).
— For ATLAS and CMS, ttH (H->vyy) is a category of the H>Yy couplings analysis

ATLAS-CONF-2016-067 (H->1y) CMS PAS HIG-16-020 (457
ATLAS-CONF-2016-068 (ttH comb.)
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H->vyy candidates

* ATLAS

— 2 photons (requirements on tracking info and EM

@ deposits)

ATLAS — (sub)leading pT/mYY > 0.35 (0.25)
— Im| < 2.37 (excluding 1.37 < |m| < 1.52)
— 105< m,, < 160 GeV

* CMS
— 2 photons (requirements on BDTyID and EM deposits)
— (sub)leading pT/mW > 0.5 (0.25)
— Im| < 2.5 (excluding 1.44 < |m| < 1.57)
— 100 <m,, <180 GeV
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Event Selection
On top of the H>yy selection,
* ttH leptonic category e ttH hadronic category

p

>=1 lepton (e,u), p; > 10 GeV
>= 2 jets, p; > 25 GeV
>=1 b-tagged jet p

0 light lepton (e,u)
>=5 jets, p; > 30 GeV
>=1 b-tagged jet

Z veto (m;and m,)

MET > 20 GeV (for 1 b-tag events)

NagH B VBF WH BzH PiH JJobH tHjb tWH

ATLAS Simulation Preliminary H—yy Vs=13 TeV

ttH leptonic —
ttH hadronic —
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Event Selection
On top of the H>yy selection,
* ttH leptonic category e ttH hadronic category

p

>=1 lepton (e,u), p; > 10 GeV
>= 2 jets, p; > 25 GeV
>=1 b-tagged jet p

0 light lepton (e,u)
>=5 jets, p; > 30 GeV
>=1 b-tagged jet

Z veto (m;and m,)

MET > 20 GeV (for 1 b-tag events)

9gH VBE WH ZH H bBH Hib WH
Category €%P)  f(%) €B)  f(%) %)  f(B) &%)  f(%) ) [f(%) %) f(%) %)  f(R) %)  f(%)
t7H hadronic 0.0 3.8 0.0 0.5 0.0 0.3 0.1 0.8 115 881 0.0 0.2 2.2 2.5 10.1 38
t7H leptonic 0.0 0.3 0.0 0.1 0.0 0.7 0.0 0.4 84 893 | 00 0.2 3.1 48 8.3 43
—
Category Events By So0
ttH hadronic 72 8.1 1.8

ttH leptonic 19 23 1.3 DianesCinea 7
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Event Selection
On top of the H>yy selection,
* ttH leptonic category e ttH hadronic category

p

>=1 lepton (e,u), p; > 20 GeV
>= 2 jets, p; > 25 GeV
>=1 b-tagged jet p

0 light lepton (e,u)

>=5 jets, p; > 25 GeV
>=1 b-tagged jet

Z veto (mey, AR(l,y) > 0,4) Minimal value on BDTyy
Minimal value on BDTyy

SM 125GeV Higgs boson expected signal Bkg

Event Categorles ["xaT | ggh | vbf | wh | zh | th | ous | omm | GeV'Y

TTH Hadronic Tag | 2.42 | 16.78% | 1.28% | 2.52% | 2.39% | 77.02% | 1.39 | 1.21 1.12
TTH Leptonic Tag | 1.12 1.09% | 0.08% | 243 % | 1.06% | 95.34% | 1.61 | 1.35 0.42

CMS doesn’t consider tH in the backgrounds
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Diphoton selection: BDTyy

BDTyy aims at discriminating

2107 ¢Data Simulation background SM H—yy, mH=125 GeV
gms [ et et B ooH
Inputs to BDTyy are based on g — —v
diphoton kinematics 10° S MO stat uneert. - Lt
- pyy/m,, cos(¢1-¢2), o, /m..,
BDTyID...

The variable is built to be mass
independent

Output is transformed to be flat | | I;Fr
0 01020304050607 8 09 1
for H>yy events. Transforrhed BDT, Y
S -
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Signal models

CMS Simulation Preliminary 13 TeV
- S R I UL I I I
% 0'45 H-yy TTH Hadronic Tag A
O o3s5F ]
2 y H%FSimulation
* ATLAS = 03p
. "2 _ - Parametric
— Double-sided Crystal Ball, § "*F T model
. M g2k
parameters estimated on P o tancey
. . . 0.15F
simulation for each region b Fws2se e
— Peak position and width :
constrained to expected L
values within uncertainties e
S oa6f
O
8 014 o
[ J CIVIS: 3 0.12:_ #Slmulatlon
— Sum of gaussians, parameters 2 oqf — Paramet ]
. . . > r ]
estimated on simulation oo b
— Physical parameters 0081 E
. - FWHM=3.17 GeV
constrained to expected 0.04 1 E
values within uncertainties ooz E
= e 120 125 130 a3 o
m,, (GeV)
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Events / GeV

data - bkg
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Background models

e Data ATLAS Preliminary
------ Background Inclusive
——— Signal + background ——

{s=13TeV, 133"
H—=vy, m, = 125.09 GeV

—— Signal

R R LR L T T S e T R Ot TR CRRARTt STTTIE PR T LT e

t

PR M i
150 160
m.,, [GeV]

AR M
130 140

In each category, background
model chosen as the one
minimising the bias (“spurious
signal”) observed in the extracted
signal yield

For ttH categories: exponential
function
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Main systematic uncertainties

* ATLAS:

— Dominant uncertainties from y energy resolution/scale, spurious signal
— Large uncertainties from HF content, photon ID, JES/JER in hadronic category

ATLAS
Preliminary [
i C IVI S : EM energy resolution
. . ggH pert. QCD
— Taking into account y energy scale/res. Y d efficiency
luminosity
theor unc., b-tagging, ggH contamination BR(H— 11
. . ggH Pdf
in ttH categories... ooH et bin 2

-03 -02 01 O 01 02 03 04
T L LI BB

bkg ggH fwd Iow—pn
ggH jet bin (2j - 3j)

EM energy scale

* For both analyses, total uncertainty is 15 flvour comn

largely dominated by the statistical one.

vy track iso eff.

L L L I L T T

W 77

I | IR

//A
//)(//

Z
7.

"% ;

s=13TeV, 133" — Pull .
Prefit Impact onpL

my = 125.09 GeV W‘m Postflit Impact olnﬁ
11 | I - 1111 1

-1 -0.5 0 0.5 1 1.5

(®-6,)/A0

Ranking for H>yy combination
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Results (m, = 125.09 + 0.24 GeV)

1 2 T I T T T T I T T I T T T T I T T T T
e Data ATLAS Preliminary A
10 = Background Fit Vs =13 TeV, 13.3 0" ]
— Signal + Background Fit ~ H—yy, m, =125.09 GeV
s — SM Signal + Background ttH hadronic
6

N S
ﬁl—'—Hllllllllllllll
i

—

— o

i
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e —

—

T
T—e
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rtmund

A Wy, (H>vy) is measured (u,, = 1 corresponds to SM prediction):
Uy = -0.25 + 1.26 — 0.99
A ttH (H->yy) production cross section is measured:
Oy X BR(H>yY) =-0.3+1.4-1.11b

The total uncertainty is dominated by statistics

DianesCinea
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- e Data ATLAS Preliminary 3
Eoomeee Background Fit Vs=13TeV, 13.3f" -
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Results

technische universitat
dortmund

CMS Preliminary 12.9 fb™ (13 TeV) o CMS Preliminary 12.9 fb™ (13 TeV)
> IR B B B L B I UL > M B B I I L I I
(o) C H—yy . ] ) E H—yy : 3
O 12/ =126.0 GeV, 1=0.95 TTH Hadronic Tag - O 8F#,=126.0 GeV, i=0.95 TTH Leptonic Tag E
@ K ¢ Data ] o 7E ¢ Data 3
g 10 — S+B fit - s — S+B it 3
a5 °H e B component ] 5 °flbr e B component
8 zlo -] 5E I 1o 3
[ ]+20 . = [ J*x20 3
6 — 41 —
T ] 3 i ') =
41 ] 3
2 =
RRLR i, | i
0 ﬁﬁﬁl|"ﬁl_.n_l..l'..n.lll'_Ill_=_=_=_'l'n'unq.-wri-;n...‘.-.....v..,,- [ = 1 beooe 'i‘H [ |
1;? ‘ ‘ ‘ " B component subtracted - 6F- " B component subtracted ]
% E ﬁ l E
45 — c 3
] b i
0 t 3 0 L dhail \TmTH"IHHTH"HHHHHHHH?
-2 = Y= =
oo~ To 720 730 740 150 160 170 180 100 110 120 130 140 150 _ 160 _ 170 _ 180
m,, (GeV) m,, (GeV)

A global w,, is measured (u,,, = 1 corresponds to SM prediction):
Wy = 1.91 + 1.5 - 1.2 for a fitted my, = 126 GeV (maximal observed significance for H->yy)

The total uncertainty is dominated by statistics
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Conclusion

I T 17T I T 17T I T 17T I T 17T I T 17T I T 17T I T 17T I T CMS P[’e/[m[nary 1 2.9 fb-1 (1 3 TeV)
. —_— —
ATLAS Preliminary —e—i Total H—=>yy - Combined = 1o
L {s=13TeV, 133"
—— Per category = 1o
+1.26 - —
M = ¢ > My =025 o0 B L L
. . _ +1.27 w 0.77 028 N N
Yooy = b * i W, =023 15 ggH 028 Ueompined = 0-95 73:?;
+0.80 | —
Moge — —— W, =224 [,y m,, Profiled
+0.29 09 =
Mogh — —o—i Mg =0-59 o2 Uygr | 16700 My =1
+0.22
Run-2 [ e Youne = 0.85 42 | ]
+0.28 +15
Frunt [ | ! I Pl v 0% P | e >
-2 -1 0 1 2 3 4 5 Ly l I R I
-2 0 2 4 6 8

Signal Strength

=)

A search for ttH (H>vy) production has been performed as part of the H>yy production cross
section analysis with 13 TeV data (13.3fb™! for ATLAS, 12.9 fb-! for CMS).
Both measurements are in fair agreement with Standard Model expectations.

Run 2 has just started ! We plan about 100 fb! by the end of the Run (end of 2018).
This will induce a factor 3 reduction of the statistical uncertainty !
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What's to come

— 3T T T T T T 1 ]
a - ]
i ~ ATLAS Online Luminosity 7
% 30 2011pp (s=7TeV —
O - =——2012pp Vs=8TeV .
= 25— == 2015pp Vs=13TeV -
3 ~ = 2016pp Vs=13TeV ]
- 20 —
9 B —
S s i
= 15 — ]
Q B ]
o - ]
10 .
51 =3
0 - | | | .
yan Nl A\ oct

Month in Year

Projections currently plan about 35 fb! of data for 2016...

See you in Winter for more new results !
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Run 2

* XSuy (13 TeV) =507 fb (1% of total Higgs production XS)
e Search in many decay modes (BR ~89%)

= l .
o 1 18
o C qo
Higgs decay mode | Branching ratio [%] 5 °F ;
R 1=
H- bb 58.1 210" £
+ =
H— ww 21.5 & |
2]
H— tt 6.3 02
I -
H-» ZZ 2.6
H— yy 0.23 10°

‘4 1 1 1 I I | I I 1 | l | I 1 I I |
1080 100 120 140 160 180 200
my [GeV]
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Peak luminosity limited to ~1.7e34 by inner triplets
~40 fb!/year in 2017 and 2018
Prepare for HL-LHC and post-LS2 LIU era

Prepare for 7 TeV operation

® | EYETS
Shutdown/Technical stop G
Protons physics Extended Year End Technical Stop — 20 weeks
foon”;m'ss'on'”g CMS pixel upgrade; push 2 sectors towards 7 TeV

19




Higgs boson cross section and decay widths as a function of
coupling modifiers (k)

Effective Resolved

Production Loops Interference scaling factor scaling factor
o(ggF) v t-b o 1.06 - k2 + 0.01 - k7 — 0.07 - K,k
o(VBF) - - 0.74 - K%v +0.26 - x%
o(WH) - - xzw
o(qq/99 — ZH) - - <
o(gg — ZH) v t-Z 2.27 - &5 +0.37 - k7 — 1.64 - k2,
o(ttH) - - K2
o(gb — tHW) - -W 1.84 -k + 1.57 - &%, — 2.41 - KKy
o(gq/qb — tHgq) - -W 3.40 - k% +3.56 - Kfv - 5.96 - kikw
o (bbH) - - P
Partial decay width
| K24 _ _ K%
I"WW - - sz
| ket -W K2 1.59 - k2, + 0.07 - k7 — 0.66 - kwk;
| i = = e
p - - 2
L - - X
Total width (Bggym = 0)

0.57 -xg +0.22-x%v +0.09-x§+
Iy v - xf, 0.06-r3+0.03-x§+0.03-xf+

0.0023 - i, + 0.0016 - k7, +

0.0001 - 2 + 0.00022 - xf‘
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Event preselection

pt>30 (20) GeV, pr/myy > 1/3 (1/4) for (sub)leading-prt photon

In|<2.5, removing 1.44<]n|<1.57, electron veto

either Rg>0.8, or charged hadron isolation < 20 GeV, or charged hadron isolation

relative to pr <0.3

H/E Ty R9 | photoniso. | tracker iso.
ECAL barrel; Rg> 0.85 <0.08 - >0.5 - -
ECAL barrel; R9<0.85 <0.08 | <0.015 | >0.5 <4.0 < 6.0
ECAL endcaps; Rg>0.90 | <0.08 - >0.8 - -
ECAL endcaps; Rg<0.90 | <0.08 | <0.035 | >0.8 <40 < 6.0

DianesCinea
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BDTyID inputs

e shower shape observables;

e isolation variables based on the sums of the pr of photons and of charged hadrons,
within regions of R < 0.3 around the candidate. Two such charged hadron isolations
are used: one considering hadrons coming from the chosen vertex in the event, and
one considering hadrons coming from the vertex with the largest pr sum among
remaining vertices. The latter is effective in rejecting photon candidates originating
from mis-identification of jets from a vertex other than the chosen one;

e the median energy density per unit area in the event, p, in order for the BDT,, p to
be independent of pileup;

e photon kinematic observables (pseudorapidity and energy), allowing the BDT,, p to
account for the dependence of the shower topology and isolation variables on # and

pPT-

DianeCinea 23



BDTyID

CMS preiiminary 12.9 b (13 TeV)

¢ Data

Simulation:

H—>yy (m =125 GeV)x10*
[ total background+stat.uncert.

-------- y-jet

jet-jet

T TTTTI

IIIII| ol IIIIIIII

-]-

T IIIIIII

10*

10°

o ——
— — —
——

10°

T IIIIIIII T II|]I|II| T IIIIIIII

-1 -08 -06 -04 02 0 02 04 06 08 1
BDT score of the photon ID

After preselection
For the lowest scoring photon DianesGinca 24



BDTyy inputs

the relative transverse momenta of both photons, pflr(z) [ Moy

the pseudorapidities of both photons, 7'(?);

the cosine of the angle between the two photons in the transverse plane, cos(¢; —
$2);

the relative diphoton mass resolution, under the hypothesis that the mass has been
U:right/ Moy ;

the relative diphoton mass resolution, under the hypothesis that the mass has been
reconstructed using an incorrect primary vertex, oy, ' /My;

reconstructed using the correct primary vertex,

the per-event probability estimate that the correct primary vertex has been used to
reconstruct the mass, taken from BDTvy1x proOB;

the BDT,, 1p score for both photons.
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BDTyy systematics

«10° CMS Preliminary ~ 12.9 b (13TeV)

< R R LR LR RARRN RARRE RARRE RRRRE RRRRE AL
o. 0-
* Studied on Zee events with S 120
electrons reconstructed as o
o 100F
photons
80
* Impact on BDTyy of uncertainties 50
from:
— Relative energy resolution (5% 40
relative shift)

— BDTyID (0.03 shift + linearly 20
increasing term)

00 0.1 02 03 04 05 06 0.7 0.8 09 1

Transformed BDTY \
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Systematic uncertainties

Theory uncertainties (PDFs, as, QCD scale, underlying event and parton shower,
H—yy branching fraction)

ggH contamination in VBF and ttH tagged categories
Trigger efficiency, integrated luminosity, vertex efficiency, preselection

Non-unformity of light collection, non-linearity, detector simulation, modeling of the
material budget, shower shape corrections

Photon energy scale and resolution
BDTy o and per-photon energy resolution
Jet energy scale and smearings

b-tagging efficiency, gluon-splitting fraction, parton shower, |D efficiency for e and
M
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Composition

"ggH BVvBF WH [JzH [PBiH [JobH tHjb tWH
ATLAS Simulation Preliminary H—yy \s=13 TeV
ttH leptonic L

ttH hadronic
VH dileptons

VH leptonic

VH MET
VH hadronic tight

VH hadronic loose
VBF tight

VBF loose

ggH fwd high-pn
ggH fwd Iow-th
ggH central high-pTt

ggH central Iow-pn

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Fraction of each signal process per category
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Expected number of events

ggH VBF WH ZH 1TH bbH tHjb tWH
Category %)  f%) %)  f(B) &%) f(%R) &%) f(%) B  f(B) €%  f(B) %) f(B) &%)  [f(%)
Central low-pr; 127 927 6.9 39 6.3 13 6.0 0.8 35 03 142 1.0 46 0.1 38 0.0
Central high-p, 1.2 782 24 12.8 2.1 4.0 1.8 22 29 2.0 0.4 03 37 0.4 5.1 0.2
Forward low-pr; 20 921 125 4.1 13.0 L5 12.7 1.0 5.1 0.2 24.9 1.0 95 0.1 48 0.0
Forward high-pr, 1.9 76.8 4.1 134 39 4.6 37 2.8 3.6 1.5 0.8 03 6.6 0.4 48 0.1
VBF loose 0.5 46.3 73 51.6 0.2 0.6 0.2 0.4 03 0.3 0.4 03 34 0.5 0.6 0.0
VBF tight 0.1 23.8 5.4 75.5 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.0 12 0.3 0.1 0.0
VH hadronic loose 0.4 64.6 0.4 43 39 16.5 4.1 11.0 1.7 2.6 0.5 0.6 1.0 0.2 22 0.2
VH hadronic tight 0.1 48.9 0.1 25 1.8 28.1 1.6 16.9 0.5 3.1 0.0 0.1 03 0.2 0.7 0.2
VH Eiss 0.0 2.4 0.0 0.6 0.6 285 1.9 55.8 0.6 10.9 0.0 0.0 0.3 0.7 1.2 1.0
VH one-lepton 0.0 0.2 0.0 0.0 1.3 83.7 0.1 3.0 0.4 10.4 0.0 0.0 0.4 1.3 1.1 13
VH dilepton 0.0 0.0 0.0 0.0 0.0 0.0 12 95.1 0.1 45 0.0 0.0 0.0 0.0 0.2 0.4
#7H hadronic 0.0 38 0.0 0.5 0.0 03 0.1 0.8 115 88.1 0.0 0.2 22 25 10.1 38
#H leptonic 0.0 0.3 0.0 0.1 0.0 0.7 0.0 0.4 8.4 89.3 0.0 0.2 3.1 4.8 8.3 43
Total efficiency (%) 389 N 392 - 332 - 335 - 386 - 412 - 36.2 - 431 -
Events 568.8 446 137 89 59 56 0.8 03
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Expected number of events,

. SM 125GeV Higegs boson expected signal Bk
Event Categories (i = 10 \br | wh | zh | Oerr | O Gev
Untagged Tag 0 | 1192 | 79.10% | 7.60% | 711% | 3.59% | 2.60% | 1.18 | 1.03 4.98
Untagged Tag 1 | 128.78 | 85.98% | 738% | 3.70% | 2.12% | 0.82% | 1.35 | 1.20 | 199.14
Untagged Tag 2 | 220.12 | 91.11% | 501 % | 2.18% | 1.23% | 047 % | 1.70 | 1.47 | 670.44
Untagged Tag 3 | 258.50 | 92.35% | 423 % | 1.89% | 1.06% | 047 % | 2.44 | 2.17 | 1861.23
VBFTag0 | 9.35 |29.47% | 69.97 % | 029 % | 0.07 % | 0.20% | 1.60 | 1.33 3.09
VBFTag1 | 15.55 | 44.91% | 53.50% | 0.86 % | 0.38% | 0.35% | 1.71 | 1.40 22.22
TTH Hadronic Tag | 242 | 16.78% | 1.28% | 252% | 2.39% | 77.02% | 1.39 | 1.21 1.12
TTH Leptonic Tag | 1.12 1.09% | 0.08% |243% | 1.06% | 95.34% | 1.61 | 1.35 0.42
Total | 647.77 | 87.93% | 729% | 240% | 1.35% | 1.03% | 1.88 | 1.52 | 2762.65
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Selection of diphoton candidate events

H -> yy candidates

Two reconstructed photons with:
* p;;>035m,andp;,>0.25m,,
* |n|<2.37 (excuding 1.37<|n|<1.52)
* 105<m,, <160 GeV

Isolated in tracker and calorimeter

In total 124137 diphoton events selected

Additional object selection

Jets (anti-k;, R=0.4):
* p;>25GeVfor|n|<2.4
* p;>30GeVfor2.4<|n|<4.4
* Jet vertex tagger used to reject pile-up
* b-jet tagger to identify heavy-flavour

Muons: p;> 10 GeV and |n|< 2.7
Electrons: p; > 10 GeV and |n|< 2.47

(excluding 1.37<|n|<1.52)

Missing transverse momentum reconstructed
from photons, jets, leptons and tracks
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Main uncertainties

All H=>yy inclusive, not showing much about ttH

ETen
ATLAS -0.3 02 -01 O 01 02 03 04
Pre“mlnary L L L L O B R I R

EM energy resolution 7////

7

ggH pert. QCD ; // :

v id efficiency ’ //// i

luminosity /‘//// .
77

BR(H— yy)

ggH Pdf :

ggH jet bin (2j) Z ?;////? :

bkg ggH fwd low-p_ ///}/ 7

ggH jet bin (2j— 3j) ' //(//
— =

EM energy scale

JES flavour comp. é’((/
| .
vy track iso eff. -
; 72 :
\s=13TeV, 13.3 6" Pull R
H Prefit Impact onp

| my = 1|25-09 Gelv Post?t Impact olnﬁ
-1 -0.5 0 0.5 1 1.5

©-0,)/A0

All systematics are included as nuisance

parameters in the fit.
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Higgs production XS

Total Higgs production cross section

0 gort X B(H — yy) = 65 32 fb
over X B(H — yy) =19.2 fg:? fb
ova X BH - yy) =128 b
o X B(H — yy) = 028 "5 fb

Higgs production cross section (|y,|<2.5)
O gt X B(H — yy) = 63 30 fb
over X B(H — yy) = 17.8 3 fb
ovHiep X B(H — yy) = 0.96 *3-30 fb
OvHhad X B(H — yy) = —2.3 83 fb
o X B(H — yy) = -0.28 11 fb
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ttH combination: Log-likelihood scores

-Aln(L)
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— ttH(H—>WW/11/ZZ)
s ttH(H—bD)

=== {tH combination

Illlllll

N
Q

|- - -

4_
N
gt

0.5 1 15 2 25 3 85 4
. for m =125 GeV
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_ +1.4 +1.4 +0.3
EH(H—Y) | | 1.0 57 (24, 202 )
(13.31™")
HHHOWW/ATZZ) | i peiomeed 1.0 15 (34,708 )
(132f7") '
fH(H-bb) | it 1.0 08 (54,798
(1321") '
ttH combination I—=T=—I 1.0 tg:g ( tg.'g , tg.'f )
1 l 1 il 1 1 1 1 1 'l l 1 l 1 1 il 1 [ 1 1 1 1 l 1 1 1 1
0 1 2 3 4 5 6

Expected signal strength

T I T T T T I T T T T ] T
ATLAS Preliminary
—total stat.

LA I B B R B I B B B B B B

{s=13 TeV, 13.2-13.3 b’
(tot.) (stat., syst.)

best fit Ko for m =125 GeV

-Aln(L)
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- s=13 TeV, 13.2-13.3 fb"’ 3 0;
4k ttH(H—YY) S
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Figure 4: Expected u,7y measurements (left) and expected negative logarithm of the likelihood ratio as a function
of the signal strength for the individual analyses and for their combination (right), assuming mgy = 125 GeV.
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Limits for ttH combination

ATLAS Preliminary Vs=13 TeV, 13.2-13.3 fb™

ttH(H->yy)
(13 Tev13.3fb™") H
fH(H—>WW/tt/22) |
(13 Tev13.2fb™") - :
ttH(H—bb)
(13 Tev 13.2fb™")

----- Expected (u=0) + 1o

ttH Combination : S T TTE Expected (u=0) + 20
(13 TeV) : :
............ l..:............l......:............ T Observed

ttH Combination : O Expected (u=1)
(7-8Tev’4'5-20'3fb.1) IEIIIIEIIIIIllIlIllIIlIlIlIllIl

1 2 3 4 5 6 7
95% CL limit on Mo atm =125 GeV
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ttH combination results

L B e e B e L S B S B B B

ATLAS Preliminary Vs=13 TeV, 13.2-13.3 fb™

—total ~ stat. (tot.) (stat., syst.)
PO 03 5 (45.%7) Channel Significance
EH(H—>WW/tt/2Z) F=—lps ST 45 .55 3 Observed [o] | Expected [o]
(13Tev13217) ttH, H — vy -0.2 0.9
tH(H—>bb e 21 9 (192,157 =
4 hesr 0o (-0s- 07 ) iiH, H — (WW, 11, ZZ) 22 1.0
. — 0.7 +04 +0.6 f b
ttH (cgn:gll?atlon o 1.8 ro.7 oo ) -IIH, H — bb 2.4 1.2
ttH combination 2.8 1.8

ttH combination [ S| 1.7 L5 05 06 )
(7-8Tev,45-20307) , | R N N B

0 2 4 6 8 10
best fit Koy for m =125 GeV

From ttH combination paper, slightly different result as contributions other than ttH are fixed to SM
expectations.

DianeCinea 37



