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The Higgs — Top Sector e Camaswaons o[

¢ Higgs boson discovery in 2012 e o
» Large effort to characterize this boson ¥t

* Yukawa coupling to top quark = crucial role: :
> Y; o« my & top heaviest known particle 0

¢+ ATLAS+CMS |
------- SM Higgs boson |
— [M, €] fit E

> Sensitive to new physics e
107 L
R . ;D“ . 1 1{_J 10°
¢ Top — Higgs sector at the LHC: Particle mass [GeV]

‘ |_eading contribution to Higgs loops:
48.5 kD , ggH (also H—vy)
v_ Large constrain on coupling: 0(15%)
X \ery model dependent

Cross-section (pb)

ATLAS+CMS Run 1: JHEP 08 (2016) 045
|

Direct access in ttH production l
X Lower constrain on coupling: 0(30%)
v" Less model dependent



https://link.springer.com/article/10.1007/JHEP08(2016)045

ttH Channels

¢ Largest Yukawa does not mean easiest:
» 1% produced Higgs come from ttH (cross section 0.507 pb)

» Multitude of possible complex final states
» Separated in 4 analyses

ttH(bb) ttH multi-leptons ttH(yy) ttH(ZZ*—41)
Low S/B (need MVAS) Clear peak (bump hunt)

High Higgs Branching Ratios LLow Higgs Branching Ratios
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ttH(bb): 1 and 2 leptons

ATLAS: arXiv:1712.08895
CMS: CMS-PAS-HIG-17-026

Thomas CALVET, SM@LHC2018, Apr 11th 2018


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-03/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-026/index.html

ttH(bb) Challenges

1. Complex final state

\/

s Splitin 1-lepton and 2-lepton channels

s Sensitive to b-tagging, jet, lepton, MET uncertainties

\/

s Complex jet combinatorics: difficult Higgs boson reconstruction

Thomas CALVET, SM@LHC2018, Apr 11th 2018



ttH(bb) Challenges

. C.ouds

b. ¢. uds
W— Q_J 67: /“Li

t qu Ve, Vy,

2. tt+jets background
* 3 main components: tt+If (uds), tt+cc, tt+bb
> tt+bb: irreducible, 30*signal, large uncertainties 0(35%)

s Analysis sensitivity « ability to separate and control tt+If/cc/bb/H

Thomas CALVET, SM@LHC2018, Apr 11th 2018



ATLAS [t + tight [Jff + 21c [T + 210
V5 =13 Tev Wi+v [ INon

ATLAS strategy @ g

b-tagging output

Two stage signal separation s e " =
z g - ATLAS Simulatiojbrelimilaryl i 9 @
- - 8 § 17 Vs =13 TeV, ti - ::::s :
. oN i - - - Light-flavjur jels
Categorization: 3o 1 |28 It
> Splitin N(jet) & b @ @
- - - - N _;{ cl
» Use b-tagging discriminant =
> Categories enriched in = ' "
e oo oo
tt+If, cc, or [bb and H] light-jet c-jet  b-jet @ 9 e

Reconstruction Classification
Kinematic/topological MVAs: § Tamas | eba T mi 5 farias T ba mi
o 5=13TeV, 36.1 o' [t +light [t + 21¢ @ 450 \5=13TeV, 36.1 fb" O+ light [t + 21c
1. Final state reconstruction g oorsgtopon Boi® Priduel  F emsmgotoson BNot Troaun
) § ESE:JFH EH (ggrlr;k) d 350 gﬁtJFit ---1tH (norm) ]
m - --- Pre-Fit Bkgd. -

= find b-jets from Higgs
= main in put to step 2 s
2. Classification BDT
= ttH(bb) VS tt+bb discriminant

o °
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Thomas CALVET, SM@LHC2018, Apr 11th 2018


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-012/

CMS strategy

» Channel dependent strategy
» Combine b-tag and event kinematic/topology already in categorization

2leptons -lepton 1: Simple N(b-tags) or N(jets) classification
A B R T L s 1
>4j, 3b >4j,3b 4,23b  5,23b  26),23b 2: Multiple MVAs
I N P B > 2-lep: tt+jets VS ttH(bb) then tt+bb VS ttH(bb)

Multi-classification DNNs > 1-lep: separate tt+If, cc, b, B, bb, H

ttHets m e _ . _ .

T | o || ci818 .. Outoutnodesfor Refine categorization, fit MVA discriminant
Jeoe tt+If,cc,b,B,bb,H \

T |[cee

I I CMS Preliminary 35.9 b (13 TeV) CMS Preliminary 35.9 o' (13 TeV)
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ttH(bb) results

« All categories matched to data simultaneously (profile likelihood)

. - . o
« Signal parametrized by with y = — 35.9 5 (13 TeV)
O-SM T T T ‘ T T T ‘ T T T ‘ T T T
CMS Preliminary
ATLAS {s=13TeV, 36.1 fb"’ ; W tot  stat  syst
L L L L B L B B B L B L BB LS B |
— tot. |
m,, = 125 GeV 3
stat. " Dilepton| +——a—+— -0.24 1%12 fg'gg +(1]gg
tot (stat syst) ! ' ' '
D||eptor| _0'24 +1.02 , +0.54 +0.87
(two-u combined fit) — & — “1.05 (052 -0.91) | § oo o s0ae
Single-lepton HaH 0.84 0 056 43
Sing|e Lepton 0-95 +0.65 , +0.31 +0.57
(two-u combined fit) —e — “062 (031 -054)
------------------------------------------------------------ . | +0.45 +0.24 +0.38
0.84 08 ( 1029 m.57) Combined H-I-H 0.72 545 021 038
Combined —-e-— - -0.61\ -0.29 -0.54 | | | |
P PP IRV PN I IPRNPI RPN SR B —2‘ | IO‘ ‘2 — ‘4 - ‘6

-1 0 1 2 3 4 5 6

) Bestfit u = o/c_ atm, =125 GeV
Best fit p = o™/l M

Central value: Significance | Observed | Expected
» Compatibility ATLAS — CMS — SM ATLAS 1.40 1.60
40% higher uncertainty in ATLAS CMS 1.60 2.20

Thomas CALVET, SM@LHC2018, Apr 11th 2018



ATLAS uncertainty sources

U n Ce rtq i nty So u rces Uncertainty source Ap

tt + >1b modeling +0.46 —0.46
. background-model stat. unc. +0.2Y  —U.ol
CMS uncertai nty sources b-tagging efficiency and mis-tag rates  +0.16  —0.16
Jet energy scale and resolution +0.14 —-0.14
Uncertainty source +o, (observed) +oy, (expected) ttH modeling +0.22 —0.05
total experimental +0.15/-0.16 +0.19/-0.17 tt + >1c modeling +0.09  —0.11
b tagei 0.11/-0.14 0.12/-0.11 JVT. pileup modeling +0.03  —0.05
aB&Ing AL Bhokrine Other background modeling +0.08 —0.08
jet energy scale and resolution +0.06/-0.07 +0.13/-0.11 tt + light modeling 4+0.06 —0.03
total theory +028/-029  +0.32/-0.29 Luminosity +0.03 —0.02
- . Light lepton (e, p) id., isolation, trigger +0.03 —0.04
I tt+hf cross-section and parton shower +0.24/-0.28 +0.28/-0.28 I Total systematic UNCertainty 1057 —0.54
size of MC samples +0.14/-0.15 +0.16/-0.16 I tt + >1b normalization +0.09 —0.10 I
total systematic +0.38/-0.38 +0.45/-0.42 tt + >1c normalzation +0.0
. Intrinsic statistical uncertainty +0.21 —-0.20
tatistical 24/-0.24 27/-0.27
sanstiea il +0.27/0 Total statistical uncertainty +0.29 —0.29
total +045/-0.45 +0.53/-0.49 Total uncertainty +0.64 —0.61

¢ tt+bb major source of uncertainty:
» Leading contribution to difference between ATLAS and CMS
» Both analysis validated comparing multiple tt+bb models

Sherpa+OpenLoops 4 flavor: Difference within uncertainties

>W'"<J< » bb from ME at NLO > Not considered as uncertainty
: . s ATLAS:

Powheg+Pythia8 5 flavor

R \<§Z' > bb from PS ' ) Difference as systematic uncertainty
b

Second largest impact on signal

SC




ttH(bb): O-lepton

ATLAS only Run 1 (not discussed): arXiv:1604.03812
CMS: arXiv:1803.06986

Thomas CALVET, SM@LHC2018, Apr 11th 2018


https://arxiv.org/abs/1604.03812
https://arxiv.org/abs/1803.06986

ttH(bb): O-lepton

 \ery challenging analysis:
» Categories from 7 to >9 jets
> No lepton to reduce QCD

2 main backgrounds: QCD and tt+jets
» Reduced with MVAs

CMS supplementary

7 jets, 3 b tags 8 jets, 3 b tags >9 jets, 3 b tags
S/B =0.0023, SWB = 0.5878 S/B = 0.0033, SVB = 0.7048 S/B = 0.0049, SB = 0.7874
M Multijet
G e e . e
B tt+cT
7 jets, =4 b tags 8 jets, >4 b tags >9 jets, =4 b tags .tf+b
/B =0.0077, SB = 0.5227 /B = 0.0095, S¥B = 0.6890 sB-o00143, sMB-0see:  [ti+2b
Il ti+bb
WiH =1
Other Bkg

Quark/gluon discriminant: tt+jets MEM:
cut QCD like events final discriminant

Observed u =0.9+ 1.5

35 9 fb (1 3 TeV)

35 9 fb (1 3 TeV)

L B o e e

l Events / 0.1 units

T T T T T T T T T T T T BRI e e e

w

= a8 Total unc .1t+b n+v 7

c 100 CMS &= |:| 10 53 Stat @ sys unc

g EIMuliet B2 [ Diboson EIMultijet  [1Other t CMS
o g7 mthf mmiisbb iH 108 [+ ["]Electroweak

3 Wiz mSinglet —H fH (=

= EViiate & Data Wtcc  EEtH (1=0.9)

2 8 10° Wti+bb  —tiH x 500

@ ¢ Data >9 jets, >4 b tags
€ 4gf

)

=

L

Channel Uncertainty

on W
0-lepton 0(1.5)
1-lepton 0(1.0)

Data/Bkg

2-lepton 0(0.5)

Lo
0.3 04 05 06 07 0.
QGLR (3b)

0.85
0.0 01 02 03 04 05 06 07 08 09 10
MEM discriminant

Thomas CALVET, SM@LHC2018, Apr 11th 2018




ttH(WW*, 11, ZZ%)

ATLAS: Phys. Rev. D 97 (2018) 072003
CMS: arXiv:1803.05485

Thomas CALVET, SM@LHC2018, Apr 11th 2018


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072003
https://arxiv.org/abs/1803.05485

ttH(multi-leptons) Challenges

Primarily target: H-WW, tt and ZZ

Complex final state:
» Lepton, MET, b-tagging, jet uncertainties

Various topologies: 1 to 4 leptons ---- 0 to 2 taus
» Require optimization on many objects
» Veto H—->Z7Z—4¢




ttH(multi-leptons): the Many Channels

Primarily target: H-WW, tt and ZZ

Complex final state:
» Lepton, MET, b-tagging, jet uncertainties

Various topologies: 1 to 4 leptons ---- 0 to 2 taus
» Require optimization on many objects
» Veto H—->Z7Z—4¢

Split in several channels:
» Use N(t-had), N(lep), charge(lep)

ATLAS only




ttH(multi-leptons) Challenges

ATLAS g mis-id W
Otz @ Diboson

Various background sources @

1. Prompt leptons:
» Estimated from MC simulation

D t? W D t?Z - Diboson 3/ ttW CR 3/tfZCR 3¢ VV CR 3/ tTCR

2. Non-prompt and fake leptons:
> Data-driven estimates L i

Non-prompt lepton
& fake T

j

b fake ¢+ fake 1

@ Non-prompt ElFake 7,_,



Analysis Strategy |

1. Object level MVAs: remove “bad” leptons
» Non-prompts: “isolation-like” BDT
» Charge mis-1d: track quality cuts (CMS), b
BDT (ATLAS)

v prompt ¢+ BDT

2. Event level MVAs: ttH(bb) VS background(s)
» Channel dependent strategy:
» BDT, MEM in CMS, event count
» In 2(SS and 3£ (most sensitive):
» Combine multiple BDTs with multi-dimensional binning

CMs 35.9 fb™ (13 TeV) IR

Eamamaanmnay
Wi+

£ ST T LR B R
a * Observed [ Rare +tH g 10 F ATLAS ‘ # Daia B
S 45— mmtH(i-1.23) Misid. leptons £ - Vs=13Tev,36.1 0" L11W iz 1
> 40 0tz Uncertainty g | oSS .lec.ast?n MNon-prompt |
L W+ fTWW olss 5| Post-Fit W g misid [ |Other B
Wz + 22 10°E % Uncertainty --- Pre-Fit Bkgd. J

+ % + + + + + E - 7 o */#/MM;@W}//% '
A P I L L _ :E:; 0.?5‘I E— “ ” 7 ’ / E |
2 4 6 8 = E ERN
Discriminant |_HC2018’ Apr 1 05708 06 04 02 0 02 04 06 08 1

BDT output



ttH(multi-leptons): Fit Strategy

ATLAS 513 TeV, 36.1 b ¢ Signal parametrized by u = 9 osm
—Tot. === Stat. ot. at., Syst. . . +0.3 +0.4
27085 + 1Thag ! |t.|. ...81; 1T7|t$; ((Sttlé! E;;:’t)) > ATLAS I"l = 1'6t82 [ —03(Stat) —03(SySt)]
174 20 | b @2 0.6 75 (Y5 113) +0.26 +0.37
o] ve 05T (43, ) > CMS:  pu=1.23%333 [ lo2s(stat) Ioss(syst)]
3¢ + 1%ha bofeod 1.6 75 (13, %92 ce .
2058 + toew 35 % (15 99 % Sensitivity lead by 3¢ and 2{SS channels
3¢ e 1.8 57 (L8 0s) A
2rss fou 15 7 (8¢ 00 % Compatibility ATLAS — CMS — SM
combined (2 1.6 'i (ﬁg: +g:§)
2 0 2 4 6 8 10 12
Best-fit uﬁH for m =125 GeV
o M SBem3Tey % Clear signal above the background:
i oF 1 > Event yields after combining analysis bins
E in log(S/B) bins
- 1 Significance | Observed | Expected
10 F EI Background
- Background uncertainty AT L A S 4 . ]_ O- 2 . 8 O-
CMS 3.20 2.80
f‘ég of . . ﬁ
B (R T CMS: Evidence for ttH production in the

multi-lepton final state

Thomas CALVET, SM@LHC2018, Apr 11th 2018



Uncertainty Sources

ATLAS uncertainty sources

CMS uncertainty sources

A/ 1)

Uncertainty Source A Source Uncertainty [%]  Awu/u [%]
tt H modeling (cross section) +0.20 —0.09 +13-5 | e, 1 selection efficiency 24 11 |

scale and resolution +0.18 —0.15_+11-9 | T, selection efficiency 5 4.5

on-prompt light-lepton estimates +0.15  —0.13 +9 -8 b tagging efficiency 2-15[?] 6
i%/ﬂﬁ’ . gef?fggmg and 7haq Identilication Igié :8:83 IReducible background estimate 10-40 1]
ttZ modeling 40.08 —0.07 Jet energy calibration 2-15[?] 5
Other background modeling +0.08 —0.07 Ty energy calibration 3 1
Luminosity +0.08  —0.06 | Theoretical sources ~10 12 |
ttH modeling (acceptance) +0.08 —0.04 .
Fake 1,4 estimates +0.07 —-0.07 Integrated luminosity 2.5 5
Other experimental uncertainties +0.05 —0.04
Simulation sample size +0.04 —0.04
Charge misassignment {niaa n
Total systematic uncertainty |+0.39 —0.30 Syst <+» Stat: Aﬂ =403 & u’/u ~20% I
|

¢ Potential gain from more data:
» Impact of stat and syst unc on signal uncertainty similar
» Important impact of non-prompt/fake estimate (data driven)

¢ Leading uncertainty from signal modelling:
> Would not affect a cross-section measurement

¢ Object reconstruction: jet (ATLAS) and lepton (CMS) uncertainties

a1
W e

Thomas CALVET, SM@LHC2018, Apr 11th 2018



ttH(ZZ*—41)

ATLAS: JHEP 03 (2018) 095
CMS: JHEP 11 (2017) 047

Thomas CALVET, SM@LHC2018, Apr 11th 2018


https://link.springer.com/article/10.1007/JHEP03(2018)095
https://link.springer.com/article/10.1007/JHEP11(2017)047

ttH(ZZ*—41): ATLAS and CMS

\ . ggF-0f VBF-p-Low
ATLAS Simulation B oF-t-pt-Low M VBF-pl-High
®, . S e . T VH-Had
¢ Included in H—>Z7Z*—40 analysis: Ho 22 > 4 L T
13 TeV, 36.1 1™ I goF-4i-pf-High g w1

I goF-2) I bbH

> Inclusive H—-ZZ*—4{ selection
» N(jets) and N(b-tags) = ttH

oj
1j-p‘;'-Low
1 -p:'-Med

1j-p1‘-High
VBF-enriched-p.‘T-Low .
VBF—enriched—p‘T—High

Reconstructed Event Category

¢+ \Very pure channel:
> S/B ~ 12510 300% o
% Very low statistic:

» o X BR = 0.507 pb x 0.0001251 e e
> T T
g 3.5; é 5?25)’ i ttH-tagged category é

=~ £ LIH(125), other p—
No data event in signal regions => set limit 5 maoa |2 E

- - - = Z+X

ATLAS: 95% CL upper limit o - B at 7.1 times SM~_“25- © 2 ]
25 4 =

- o _ +1.18 - —) O
CMS:  —= = 0.00%5 : i
@ 1i (ﬂ. 03 [} -
: S :
05 -
Need higher luminosities o .

0 80 90 100 110 120 130 140 150 160 170

m,, (GeV)

Thomas CALVET, SM@LHC2018, Apr 11th 2018



ttH(yy)

ATLAS: arXiv:1802.04146
CMS: CMS-PAS-HIG-16-040

Thomas CALVET, SM@LHC2018, Apr 11th 2018


https://arxiv.org/abs/1802.04146
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-040/index.html

ttH(yy): ATLAS and CMS

¢ Low statistic channel (¢ X BR = 0.507pb x 0.00227)

> 0.2% of the ttH events & 1% of the H—yy events
¢ Included in main H—yy analysis:

> Inclusive H—yy event selection

» ttH enriched category at high N(jets) and N(b-tags)

» Leptonic and hadronic categories

CMS Preliminary H—syy 35.9fb" (13 TeV)
| e B veF tH [ boH Bt Htw
I wH hadronic [l WH leptonic ZH hadronic [l ZH leptonic . O . Cum - S/(S+B)

[ViELLEWIVE 45 8 expecied events
[Slye=LRELVRE  480.6 expected events
[WiELLENEE 6704 expected events
WLV 610.1 expected events
V=il 10.0 expected events
VIEIENl 5.6 expecied events
ViEIe 278 expected events
ttH Hadronic [
B0
Vo ANy vl 0.5 expected events

VG IRELGHIEE 9.7 expecied events

VLIS 4.2 expecled eyt

10 20 30 40 50 60 70 80 80 100 g ps 1 15 2z 25 0 01 02 03 04 05 O0€

Signal Fraction (%) Width (GeV) S/(S+B)int o,

Thomas CALVET, SM@LHC2018, Apr 11th 2018

“* Rely on the excellent
M(yy) resolution

Signal as double sided
crystal ball around 125 GeV

= L '
g ¢ Data _ ATLAS
E— Background Vs =13 TeV, 36.1 fb’

£ — Signal + Bag " bund

£ — Signal

my = 125.09 GeV
In(1+8/B) weighted sum
ttH+tH Categories

2 weights / GeV

o b bl b

- oW 'S o o
SRRRNRRRRNARL Y ARILARRN AR
I ————

TN NEREE

_ e
hifll

2 weights - fitted bkg

+‘+++

\ L] E|
LA *
120 130

140 150 160

EERETT

Extract background
from side bands

i i




ttH(yy) ATLAS and CMS

359t (13TeV)
T T T | T

T | T T T |
B Combined + 1o
—— Per process + 1o
LN Ll:LlSM
~ +0.15
l'Lcorﬂbined = 1.16 -0.14

m,, profiled

1T ‘ T 1T ‘ T 1771 | L ‘ T 1771 | T 177 ‘ T 1771 ‘ T 17T ‘ T CIM‘S‘ Plreluh;mjr?la,?’ : I
— ATLAS Hosvn
js=13Tev,36.1 1"  F—®— Total —e— Stat. &
| H = vy, m,=125.09 GeV Total _Stal_Exp._Theo, L
u | u - 5 +0.6 [+O.6 +0.1 +0.1 } s
" top F o i top : -06 -05 -01 -00 “ y 111 TD_W
ag ’
+0.9 +08 +02 +02
YWy — —e— By = 07 Zos L-os -02 -o1 J —
+06 +05 +03 +03 +0.6
Moge b—e—H I, = 20 o5 [-0‘5 ~02 -02 J Moge | 99 0s
+0.19 [+0.16 +0.07 +0.07
MooH e B =081 ;4 [—0.16 ~0.06 70.05J
777777777777777777777777777777777777777777777777777777777777777777777777777 +09
u oo " ~0.99 +0.15 Po 12 +0.06 +ooz] 'uttH 22 o8
“Run2 [ el Rome = ~014 L-012 —0.05 -005
0.28 [+023 +0.10 +0.12
u — geno  [-@— u =147 oo [-023 ~0.08 —OOS] +11
Run-1 _ . . | . k
un L1 ‘ 11 L1 ‘ Il L1 Il | 11 1 Il ‘ F\‘UI‘\' 1\ Il | 11 Il Il ‘ Il Il L1 ‘ 1 Il L1 ‘ Il Il ‘LIVH 23 1.0
0 1 2 3 4 5 6 7
-2 0 2

Signal strength

Combined fit with all H—yy channels:
» ATLAS: o, = 0.5  0.6(tot)

> CMS:  wyy =22 ‘oa(tot)

Sensitivity limited by statistical uncertainty

J_rgjg(stat)

Thomas CALVET, SM@LHC2018, Apr 11th 2018

0.
J—r0.1(53’5t)

1




ttH combination

ATLAS: Phys. Rev. D 97 (2018) 072003
CMS: arXiv:1804.02610

Thomas CALVET, SM@LHC2018, Apr 11th 2018


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072003
https://arxiv.org/abs/1804.02610

ttH Combination Run 2 Result

Combine all ttH analyses:
» Other Higgs boson production modes fixed t0 SM ., pre. 107676 10 2 3551 (13700

® Observed
CMS m— +10 (stat @ syst)

= +1G (Syst)

.( tptl. ). ( ‘stfat.l . syst. )

T — 420 (stat @ syst)

——— :
ATLAS Vs=13 TeV, 36.1 fb"' HHWW?) ———
—total stat. ) = :
tiH(ZZ*) .
ttH, Ho1t k= = 1.5 J:11 ,'g ( fg_'g ) rg..es ) - :
. 0 0n ttH(yy) T ———
- +0.7 +0.7 +0. L :
ttH, H—yy =eo=r 06 55 (0602 ) ) :
ttH(t*t) :.:
} _ +06 , +03 405 - ;
ffH, H—bb [ 0.8 "5 (03,705 ) {tH(bb) -
+0.6 +0.4  +0.
ftH, HosVV Ked 15 00 (91.%3) 7+8 TeV T ————
0.3 02 +0.3
1.2 %5 (L2, 502 )
" 0 > 2 6 3 10 Combined | —I'-'—I | | | |
Best-fit uﬁH for m =125 GeV -1 0 1 2 3 4 5 6 7

Compatibility ATLAS - CMS - SM

» ATLASRun2:u =12 +03 [ Io3(stat) Io3(syst)]

> CMS Run2:ipu=114%+931[ 077 (stat) 022 (syst)]

S
Thomas CALVET, SM@LHC2018, Apr 11th 2018




ttH Combination Run 2 Result

Combine all ttH analyses:
» Other Higgs boson production modes fixed to SM

—— ——— (tPt;). (.St?‘t-,:?y.&"t-.) ATLAS
ATLAS (s=13 TeV, 36.1 fb"! ——
—total stat. Channel Significance
{iH 2z — <1.9(68% CL) Observed Expected
fH yy el 0.6 07 (07 w02 ) MU]UIG[_)[OH 410 2.80
6 05 s0e H — bb 140 1.60
fiH bb - 0.8 "s (03,05 )
H — vyy 0.90 .70
i ML KoH 1.6 +0.5 ( +0.3 ) +0.4 )
-04 03 03 H — 4{) _ 0.60-
Combined 420 3.80

-2 0 2 4 6 8 10
Best-fit e for m =125 GeV

First evidence of ttH production (Nov 2017): ATLAS Run 2 data
ttH cross-section measurement: o(ttH) = 5907189 fb (SM: 507133

Thomas CALVET, SM@LHC2018, Apr 11th 2018




ttH Combination Run 1 + Run 2

Combine Run 1 and Run 2 data:
» Correlate only signal inclusive and some background uncertainties

511" (7 TeV) + 19.7 fo™' (8 TeV) + 35.9 fb™ (13 TeV)
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ttH Combination Run 1 + Run 2

Combine Run 1 and Run 2 data:
» Correlate only signal inclusive and some background uncertainties
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s ~90 categories (many with MVA
distributions)

» Combine in log,,(S/B) bins
» Clear signal over the background
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Run 2 Higgs Coupling Constraints

CMS Higgs combination PAS: CMS-PAS-HIG-17-031
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-031/index.html

CMS: Run 2 Higgs Coupling Constraints

Combining all Higgs boson analyses:
» Global fit with all production and decay modes included

Use the coupling modifiers: k;* = %/ggy, o ic* =T/p
» For our two favorite processes

o(ggH) o 1.04 - k2

" +0.02 - Kk
—0.038 - Kt - Ky,
o(ttH) « Ktz o(ggH) «x ng
CMS: top Yukawa sensitivity
Exp unc on SM AESIVIIRg) > Constraint from ttH alone
ATLAS+CMS Run1| 0(15%) 0(30%) iImproved by factor 2
CMS Run 2 | 0(12%) | 0(15%) » ttH and ggH sensitivities

approaching
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Conclusions

Thomas CALVET, SM@LHC2018, Apr 11th 2018



Conclusions

After Run 1: ttH search is a challenging analysis
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November 2017: ATLAS announce evidence E:’//m IJTJ?L?V ' /e
of ttH production in Run 2 data !

v" Significance of 4.2 (3.80) obs (exp)
v’ Cross-section: 5907180 fb (SM:507%23

Yesterday: CMS announce observation
of ttH production in Run 1 + Run 2 data !
v" Significance of 5.2¢ (4.20) obs (exp)

peen = 12670756 = 1.26 7015 (stat) T 15 (expt) g5 (bkg th) g2 (sig th)

Measuring coupling: EXp unc on ¢ SM | BSMinloop
Next steps ? < » Sensitivity in CMS — ATLAS+CMSRun1 | 0(15%) 0(30%)
Going differential ? C ks (R 2 lo12%) | 0(15%)
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Thank you for your attention
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backup
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ttH Combination: Uncertainties

ATLAS uncertainty sources CMS uncertainty sources
Uncertainty Source A Uncertainty source Ap
tt modeling in H — bb analysis +0.15 —0.14 Signal theory £0.15 __—0.07
HH modeline (cross section) 1013 —0.06 | Inclusive ttH normalisation (cross section and BR)  +0.15 —0.07_|
N'on—pr(?mpt lig'ht—'lepton and fake 7,4 estimates  40.09 —0.09 gi::ﬁgg?i;gf;ﬁ;gﬁi’c Eir??fogz 18883 _gggg
Simulation statistics +0.08 —0.08 Back 1 th 014 —013
. groun eory +0U. .
J?t energy scale and resolution +0.08 —0.07 [ Tt + bb /cc prediction SR |
ttV modeling +0.07  —0.07 tt + V(V) prediction 1006 —0.06
ttH modeling (acceptance) +0.07  —0.04 Other background uncertainties +0.03  —0.03
Other non-Higgs boson backgrounds +0.06 —0.05 Experimental +0.17  —0.15
Other experimental uncertainties +0.05 —0.05 Lepton (inc. 7,) trigger, ID and iso. efficiency +0.08  —0.06
Luminosity +0.05 —0.04 Misidentified lepton prediction +-0.06 —0.06
Jet flavor tagging +0.03  —0.02 b-Tagging efficiency _ +0.05  —0.04
Modeling of other Higgs boson production modes +0.01 —0.01 Jet ar'ld Th €nergy scale and resolution +004 004
- - Luminosity +0.04 —-0.03
Total systematic uncertainty +0.27 —0.23 Photon ID, scale and resolution +0.01 —0.01
| Statistical uncertainty +0.19  —0.19] Other experimental uncertainties +0.01 —0.01
Total uncertainty 1034 —0.30 Finite number of simulated events +-0.08 —0.07
|_Statistical +0.16 —0.16 |
Total +0.31  —0.26

+» Statistical, experimental, signal modelling and background modelling
have similar impact on sensitivity

¢ Leading channels: ttH(bb)-1-lepton, ttH(mI)-2ISS,  ttH(yy)

< @

Leading uncertainty: tt+bb modeling, signal modeling, statistic
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