ATLAS and CMS latest
ATLAS results on ttH
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CMS

ATLAS Introduction

Motivation: Higgs Boson discovery — precision measurements !

* {tH production provides direct access to top-Higgs
Yukawa coupling y:

 Largestin SM and sensitive to potential New Physics

e ttH~1% of total Higgs boson production cross section
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https://arxiv.org/abs/1804.02610
https://arxiv.org/abs/1806.00425

CMS

arias Introduction

EXPERIMENT

Motivation:

* Not only ttH but also tH production is a powerful probe

* tH very challenging due to low cross section but
sensitive to relative sign of H-t and H-W interaction

e o(tH) = 10 x o(tH)SM if sign of y: is switched

e ttH production also allows to probe the CP

structure of the top-Higgs coupling (CP X, and t-channel tX, at the LHCI3
measurements discussed in previous talk b ;:;2]'3::::;:‘;‘g"&‘rf‘::‘(':“ — :&'
Laurent : 10° - =T Fpu =5 0 |

e B B Wi e e A . Y
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e Impacts cross-section and kinematics of

. £

top + Higgs = :
- Q
Z ) 2’
* CP-odd component: direct indication of ’ I
new physics fs
* Combined analysis of ttH + tH processes can 10° f 1%
be used to lift degeneracy between o and — 3
180°-«x hypothese 0° 30° 60° 90° 120° 150° 180°

o

Eur. Phys. J. C 75 (2015) 6, 267
arXiv:1504.00611 [hep-ex]
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https://indico.in2p3.fr/event/25794/contributions/106438/
https://indico.in2p3.fr/event/25794/contributions/106438/
https://arxiv.org/abs/1504.00611
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£ e —— . 1 Large branching ratio (BR)
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* Target as many decay
modes as possible to
H—bb optimally exploit small
/ ---------- e cross section
Multi-lepton
— | Howw/zz/tT _
~ | * Characterised by BR
H—yy and signal purity —
\ ------------------------- modelling of the
H—zz—4l backgrounds is a key
element

Recent highlights from ATLAS and CMS at /s = 13 TeV

Channel Benefits/Challenges
Largest BR / |
oty Low purity + combinatorics + large kel
. theoretical uncertainties on irreducible tt+bb ;jcus
background '
. Clean final state with leptons + moderate
Multi-lepton irreducible background/ | QTLAS
H—ww/zz/tt | Challenging modelling of ttW and reducible s
; backgrounds
Clean signat.ure + possible to reconstruct all ATLAS
H-vyy Higgs decay products/ i
Low BR &P
Very clean signature + possible to reconstruct oKL
H—zz—4l all Higgs decay product + very high purity/ g

Very low BR

Latest ATLAS/CMS results

..................................................................................................................................................................................................................................................

ATLAS 139 b1 ATLAS-HIGG-2020-23
CMS 77.4 b1 CMS-PAS-HIG-18-030
ATLAS 80 fb~1 ATLAS-CONF-2019-045

..............................................................................................................

4 ATLAS-CONF-2020-026
ATLAS 139 fb ATLAS-HIGG-2019-13
CMS 137 fo~1 JHEP 07 (2021) 027

CMS 137 fb~1 Eur. Phys. J. C 81 (2021) 488
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-23/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-030/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-045/
http://dx.doi.org/10.1140/epjc/s10052-021-09014-x
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/
https://cds.cern.ch/record/2800939
http://dx.doi.org/10.1007/JHEP07(2021)027
https://link.springer.com/article/10.1140/epjc/s10052-020-8227-9
https://link.springer.com/article/10.1140/epjc/s10052-021-09200-x

@)S ttH H-=bb ATLAS-HIGG-2020-23 (submitted to JHEP)

IMENT

Analysis strategy: Full Run 2 dataset (139 fb-1)
First differential measurement of ttH (H—bb) decays

e Explored through Simplified Template § | Amas eData  WH W+ >1b .
. . b 45k Vs=13TeV, 139 fb" i+ Ot + >1c @tt+V -

Cross Sections (STXS) formalism where  Single lepton [CJti + light [JOther  / Uncertainty s

. . . | Post-Fi ]
cross-section is measured as a function b o -;

of the ptH

10°E

* Events categorised in signal regions
(SRs) are defined by the #leptons, #jets,
#b-tagged jets (4 working points) and
#boosted Higgs boson candidates

10%

—_
()

R | PR SR A//N///#/[//W//M//%W% e 23

S/rsf 8/9%/ SR S/re/ 8/9%/ S SR /;s, CRY
=4ps PH _ <9bs ,o/~/ Sdbs PH _ Sdbs PH s PH 00, > 24
TSQQ)TSBQ)T@MQ) legypH;%m hi

* Includes single-lepton resolved, boosted
and di-lepton channels

Data / Pred.
OO
W i —

r€m72 GYQU
0) 200) ~500) ~%50) A %) 0,4 o
. Dilepton Single-lepton Gev )G ey )Ge|/ )Ge[/ Gey 50) Gey )Gel/
Reglon >4 >4 >4j >6j 5
SR>4b CRSb hi CRBb lo CRBb hi SR24b CR>4b hi CR>4b lo SRboos’ccd
Hleptons =9 -1 * BDTs used for reconstructing Higgs
#iets >4 =3 26 =5 24 boson candidate and signal extraction
@gs% - >4
Q7% - - > 9f : i
i 5 - > - * Control regions (CRs) to constrain tt+=1b
% = =3 <3 =3 T 1 <l - and tt+=1c exploiting AR(bb)avg / yield for
#boosted cand. - 0 >1 the fit in single/di-lepton channel
Fit input BDT Yield BDT/Yield ARy® BDT
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-23/

ttH H—bb ATLAS-HIGG-2020-23 (submitted to JHEP)

simulation with extra b-jets from ME

) w E— I*l*:r]c?rrlnglilseldltg tlotlalI Bkg. ” E— I’I*:Incl)rrlnzlsllilseldlth>tlotlalI Bkg. _
Modelling of tt+bb background 8, oo ATLAS ¢ Data MiH T 50000l ATLAS ¢ Data WiiH b

w . Vs=13TeV, 139fb"  ---tiH * Wt + >1b J u | Vs=13TeV, 139" ---tiH* Mt + >1b ]

e Irreducible background: tt+heavy [ e P BievOicion | Lo ey Ofign -
ﬂavour (hf) jetS 8000: Pre-Fit [ ]Other 72 Uncertainty 1 - Post-Fit [ ]1Other 77 Uncertainty 1
6000 ® —: : —

* tt+bb background modelled with 4FS NLO ] ]

* Dedicated samples used to assess
dominant shape systematic uncertainties: 3 = %
o ' o .
e |nitial and final state radiations, parton 3 ///// S SRR ////W
. P S 0.75//// ///// T 0.75F ]
showers, NLO matching 0t S . . .
. . 500 600 0 100 200 300 400 500 600
e Relative fractions of tt+hf com ponents nggs boson candldate p, [GeV] Higgs boson candidate p._[GeV]
& 2000 e e AL B
5 - ATLAS ¢ Data [tH ]
w1800 5 _13Tev, 139" - tiH* M+>1b ] . . , , ,
16001 Single lepton Wt [C+>1c ]  Normalisation of tt+=1b estimated with free-floating parameter
- SR tt+ V [t + light . . : : :
1400 ph £ 120,200 Gev  [JOmer 7 Unconainty in the signal extraction fit to data: k(tt+bb)=1.26 + 0.09
12005_ Post-Fit _f
1000 T E e tt+cc 100% normalisation priori uncertainty
g * QObserved pTH) mismodelling covered by dedicated shape
= uncertainty on tt+bb

200

IIIIIIIIII|]|I|||=...!..
|||||||

B ook 3 * Good post-fit agreement observed, with uncertainty
D_ ) E - [ [l
PRI e e 7 A dominated by tt+hf modelling systematics
S 0. 875:—
0.755

—1 —08 —06 04—02 0 0:2 0.4 0.6 0.8 1
Classification BDT
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-23/

ATLAS-HIGG-2020-23 (submitted to JHEP)

A
~0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4

@ ttH H—bb

EXPERIMENT

i : . Pre-fit impact on u:
e Measurement uncertainty is dominated T Jo=0+A0 | |0 =0-A0

by systematic uncertainties, especially

IIIIIIIIII|IIIIIIIIIlllllllllllllllllllll

Post-fit impact on u: ATLAS
from tt+=1b modellin _ _ B
9 W6=0+AB [16=0-49 (s = 13 TeV, 139 fb"
—e— Nuis. Param. Pull Combined

L B L B L AL R :
ATLAS s=13TeV, 139 fb™, m =125 Ge tEe1b: NLO match. ljets p'! < [0,120) GeV
SM compatibility: 45% ti+21b: NLO match. ljets p!'  [120,200) GeV
= Total - Stat Tot. ( Stat. SyS’[) tf+>1Db fraction
N o d +1.04 [ +0.48 +0.92 th+21b: FSR
k., P€0,120) [GeV] = 086 590 (“047 -0is7) f+>1b: PS & hadronisation dilep
M f):e [120,200) [GeV] HZOfHI -0.18 jgg (:’8;; fg;g) tf+>1b: NLO match. dilep p!' € [0,120) GeV
AH % ‘ +0.90 +070 +O57 tf+21b: NLO match. CR Ijets
p'tfH’ pTE [200=300) [Gev] H}:Hll 1 .05 -0.86 (_0'68 ~0.53 ) tW: PS & hadronisation
n_ . Bye [300.450) [GeV] o1 -0.19 072 (*0ss 047 {iH: NLO matching
~H +1.47 +1.06 +1.03 k(tE+>1b)
Mg Pre [450.) [GeV] |~ e -I ___________ O 10—139 ( ‘091‘105) tf+>1b: NLO match. dilep p!' < [120,200) GeV
Inclusive lod 0.35 fg_'gg (*20 *o59) ti+>1b: p* shape
I_|2I - 6 | | é - I4|_ — 6| — 8| - I-Ilc)I | I12 tW: diagram subtraction
_ ~ttH/ ~ttH ttH: PS & hadronisation

= 0"/ 0g),

ttH tt+=1b: NLO match. ljets p: € [300,450) GeV
tt+>1b: NLO match. ljets p: € [450,00) GeV

tt+>1b: ISR

* Individual STXS signal strengths compatible
with SM or p=0 within 20, sensitivity beyond
pt=300 GeV, thanks to boosted categories

ttH: cross-section (QCD scale)

tW: NLO matching

tt+light: PS & hadronisation

-2 -15-1-05 0 05 1 15 2
(0-6,)/A6
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e Sensitivity: 1.30 observed (3.00 exp.)


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-23/

CMS

ttH H—bb CMS-PAS-HIG-18-030

Analysis strategy: Partial Run 2 dataset (77.4 fb-1) CMS Preliminary =157,
_ . 1 ttH (renorm./fact. scales) l I'—;—: ! : E :
* Single-lepton channel: ANN used as multi- - fsob cross section (50%) (2017) | ¢ i i e
classifier to define background enriched 3 B oossseclon 609 @07 | &L e
nodes & for signal extraction 4 o owrwm)|
5 underlying event (tt+lf) (2017) '—0—'
6 underlying event (tt+2b) (2017) '—.—'
* Di-lepton channel: BDTs for signal extraction - btag ohar (near) (2017) | i e
8 PS scale: ISR (tt+1f) (2017) —
. 9 underlying event (tt+bb) (2017) -—0—-
¢ Fu"y hadronlc Channel: 10 muItijet(HT reweighting > 4 b tags) (2017) . .._...
* data-driven multi-jet background estimate = PS scles ISR (140F) (@017) | | et
e MEM shape for signal extraction 12 otonergysealo () &L
13 jet energy scale (2) (2017) :—o—-—-
35.9 fo'' (2016) + 41.5 fb' (2017) (13 TeV) 1 ME-PSmatching (i) 2017)| 1 == i
T T T .| . T T T | T T T T | 15 Signal MC stat. uncertainty(1) -—-—o—-—-
CMS Prellmlnary u tot stat syst 16 jet energy resolution (2017) -—o—-
: 17 Signal MC stat. uncertainty(2) -—-—o—-—-
Fully-hadronic ] -0.38 1'_82 J’_g:gj fg:g? 18 ME-PS matching (tt+2b) (2017) -—o—-
19 pileup -—o——-
Single-lepton - 1.22 *pal +009 +0-%0 20 SignalMC stat uncertainty@) | | | ——e—— | : : :
-2 -1 0 1/\ 2 -0.1 0 0.1 .
Dilepton 1.04 +8;411 +8:33)g +8gg -s-Pull []+10 Impact []-1o Impact (9-90)/A9 Al
i 1043 +0.22 +0.37 e Largest impact uncertainties:
2016 HiH 0.85 "g41 022 -035 : :
g e cross-sections of signal
2017 e 1.49 1044 1021 4039 e tt+hf covered by a 50% rate uncertainty
: e b-tagging
C bi d : 1.15 +0.32 +0.15 +0.28 . .
ombine | HH | -0.29 -0.15 -o.|25 e data-driven multijet background
| | | | | | | | | |
0 5 10
il = 8/, * Sensitivity: 3.90 observed (3.50 expected)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-030/index.html

CMS @ ATLAS-CONF-2019-045

aks TtH H=2ww/zz/T1T (Multi-lepton) Eur. Phys. J. C 81 (2021) 378

CMS-PAS-HIG-19-008

Analysis strategy: Partial Run 2 dataset (ATLAS 80 fb-1) / Full Run 2 dataset (CMS 137 fb-)

. . c [ Ire imiria I | I I l—¢— :)ata | -I t?H(I =0.58I) |
e 10 (CMS) / 8 (ATLAS) analysis categories based £ | & 5 Tasn: iw 0 (i oigh
. £ ¢ L PostFit [ tfy*(low) [ Diboson i
on #lepton and #hadronic tau (zh) R B Qvisio @ Mat Conv ]
[ Non-prompt e [ Non-prompt
[_] other B Fake 1,
10° 3 °//, Uncertainty - - - Pre-Fit E
* Backgrounds sources: i %
* Irreducible: ttW, ttZ, WZ, Z2Z b ! —— | |
 Reducible: ttbar/QCD + non-prompt leptons f = - B
(MVA based selections used to separate 10

from prompt leptons), charge mis-ID, fake zh

—
—y

o :
o v o4 »

Data / Pred.

* |rreducible background shape estimated from
MC simulation
* CRs are defined to constrain ttZ, WZ and ZZ

T Mty Tty T 9Lt N e Y S M M R Ve ¥ ¥y
)

ATLAS
. . -1 . . \ .
o CMS Preliminary 137 fb” (13 TeV) * 17 CRs fitted simultaneously in 8 categories
€ 10°¢ mtH mDY
© mtH t;ﬂfts
Yook RV SFie * Signal extracted from BDT output
'\ mwz [JConversions
% BmZZ [CJRares
10° [ Other Higgs proc. CMS
” * Simultaneous measurement of ttH and tH
10 — * DNN multi-class to separate ttH, tH and backgrounds in
- 28SS+0th , 38+0Th , and 28SS+1th channels & rest
1 categories rely on a BDTs

s
* S+
Or 7R,

0/*2% m’% 7/*2'% <log, 75/*97,, 3/*,% 4/+0Th 3/*0% s
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-01/
https://cds.cern.ch/record/2693930
http://dx.doi.org/10.1140/epjc/s10052-021-09014-x
http://cms-results.web.cern.ch/cms-results/public-results/superseded/HIG-19-008/index.html

CMS ATLAS-CONF-2019-045
——\ ATLAS ttH Howw/zz/TT (Multi-lepton) Eur. Phys. J. C 81 (2021) 378
m 80CMS i ] 137ft1'1(13Te\i CMS
*OEJ 21 SS + 01, ttW node, p(ttH, tH)=ii .
ata R Misid. leptons ips  _ . . . . - .
T e mwe T manw e ttW constrained via dedicated CR using DNN muilti-class in

60 [tz I I tiH

Total unc.

22SS+01H channel

]
®
11

o ttW & ttZ freely floating in fit: puw = 1.43+0.21, pz=1.03+0.14)

* Misidentified lepton background data-driven estimation
with mislID probability method: fake rate measured in data, w/
extrapolation correction + uncertainty

IS i3 E ATLAS
- Mt I * }_: c 800, mi +-Data ' 1 (u=056)
38 O?HA +++++ + hH + 4 ++¥+ 462 8A +1 ﬁ_ 5 C ATLAS Prellmlnary_1 B OVieiD T w ] e D Omin ant ttW in 2|S S an d 3|
L:: l%‘ —0-5§—+ 4 E £ 700 :—E;Sg’ TeV, 79.9 07 = 2/, *)high) [ E*(ow) - _ _
] e 2 Postr o NI channels constrain via 3 freely-
Bin number - v floating parameters in fit
500— —] . .
Lcms T (o Toy ] E gs\llqng |ntc?[.acc)ount QCD and
T Sprrr T SR O — ] corrections):
=, - pp — tH +ttH : - 2 o E
2.5F H— WWizZ/wt E S = : 32088,2<njets <3 — 1 56 + 0,29
2_ ER o s R A\2655,4<njets — 196+ (.19
o P E I S X = 1.68 +0.29
1 + = E 1.2 B ey L S — 3
055_ @ E s ! g‘//w/ﬂ//ﬁ‘%%%%%wﬁ%  Extrapolation uncertainties
[ omened ! T e for charge asymmetry and b-
L~ —68% CL region ] N : N L
F -~ 95% CL region ] jet multiplicity
—0.5:— @ Best fit == SM expected .
Ly e BT Modelling of the ttW background is the main challenge

Haw Significant mis-modelling of ttW background
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https://cds.cern.ch/record/2725523
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-01/
https://cds.cern.ch/record/2693930
http://dx.doi.org/10.1140/epjc/s10052-021-09014-x

CMS/ ATLAS-CONF-2019-045

A@ ttH H->ww/zz/TT (Multi-lepton) Eur. Phys. J. C 81 (2021) 378

EXPERIMENT

-1 .
. _ : _ 3_CM§ I 137I fo (1f:l’» TeV_) ATLAS Preliminary (s =13 TeV, 79.9 10"
* Signal extraction with O e : T L
i - - — ot
uncorrelated signal strengths 2.5 H - Wwizziwe : tat (fot) (stat)
- | ) - 0.38 +0. +0.
for ttH, tH, ttW and ttZ 2 : 2¢88| koA It L
- ) . 093 088 <048
1.5F I RS = 3/ F o H=U99 45  _om
e Sensitivity: ttH: 4.70 (5.20 exp.) £ i I ) n=052 %55 oe
H: 1.4 . XP. : 5ol 101 +0.77
t (0) (0 30' e p ) 0.5F S, o ) - 10+ 2% 9| H—@ - u=0.30 io.go i0.64
] Observed . +0.94 +0.83
-, i 3 ' _ 3 2/8S+1 Foe Ao w=049 L5
 tH sensitive to the sign of Ki, OF  —se8%cL region : + Tha b o
. . . N ---95% CL region ] 3/ +1 U= 0.43 +1.10 +1.04
constrained within (-0.9,-0.7) —05F @ Bestit #SMexpected t1Tgg| 1O 085 078
- ] +0.36 +0.26
or (0.7,1.1) @95% CL eennnnn o d bined| ves n0se oE o
-5 0 5 10 15 A I T B I I I N
CMS 1 M 1 0 1 2 3 4 5 6 7
CMS 137 fb™ (13 TeV . .
( ev) Pre-fit imépact on w: . best fit u = (Sm'l/GtS“,:',I for m, = 125 GeV
+0.26 T +0. +0. 10 =0+A0 0 = B-A0
Combined | 11 =0.92 ::36 [ '(;)-115 (stat) -00.1137 (SySt)] Post-fit impact on u: Ap
B 6 = 0+AD 0= 8-A0 015 01 -005 0 005 01 015
_ 1010 Pull: (6-6,)/A0 S R R S R AR AR
2lss + 0t | w=10177 e Nzrm(_ F;ltor ATLAS  Preliminary ATLAS
31407, | n=1537% —.— f5=13TeV, 79.9 " Systematic
= +0.54 ttW norm. factor: 3¢ channel .y .
2lss + 11“ n=062 46 Jet energy scale: 7 intercalib. NP I uncertalntles gettlng
11+ 2Th n=0.36 _:S 45: ttZ cross section: scale variations Iarger than Stat
2los + 1t - 0.49 0% ttW modelling: scale variations .
h H=P om ttW norm. factor: 2(SS channel, 2-3 jets uncerta|nty
3l + 1‘th u=1.52 _:)1;41 Fake Thqq bkg. stat: 1/27 channel
+0"31 ttH cross section: scale variations ° Domin ated by ttw
2l + 2Th n=0.00 -0.00 - Jet energy scale: pileup .
41 + 0t w=1.28 "2 ttW modelling: charge extrapolation mOdelhng
h R ttW norm. factor: 2¢SS channel, > 4 jets
ol + 2‘r:h u=222 f;:; - Top rare decay cross-section ° Jet energy Scale
1M1+ 1 w=1.80 22 Jet energy scale: flavour response
h 2z - ttH modelling: parton shower S itivitv:
Lo bvvaa v a o RN RN AR RN RREEE thmodelling:alternativegenerator enSI IVI y'
A L2 84S 4-top cross section ttH: 1.80 (310' exp.)

Best fit u(tiH)
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https://cds.cern.ch/record/2725523
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-01/
https://cds.cern.ch/record/2693930
http://dx.doi.org/10.1140/epjc/s10052-021-09014-x

CMS

Analysis strategy: Full Run 2 dataset (ATLAS 139 fb-1) / (CMS 137 fb-1)

E)H-yy

EXPERIMENT

ttH H—- yy studied as part of inclusive STXS measurements

Categorisation via STXS bin assignment

ATLAS-CONF-2020-026
JHEP 07 (2021) 027

CMS 137 fb" (13 TeV)

.ttyy tty + jets T
By +jets Py +jets  _
tt +jets [_JtHq x 200

Multi-class BDT targeting 44 STXS classes

Binary BDT is trained against the continuum
background in each class: Rejecting variables
correlated with myy

ATLAS

[(JtHx 10 ¢ Data

—
o
N

STXS bin assigned with pryy using ordering
categorisation

Discrimination between ttH & tH achieved via DNN

C IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
'% 0.14 ATLASPrellmmary —
© - Vs =13 TeV, 139 fb™, H-yy .
:é 0,12_— fH (60 < p! < 120 GeV) -
g') - [ Targeted STXS regio ]
L 01_ L _ -~ Z Other STXSreg|ons —
- ® Data sidebands =

0.08- | =
0.06 * * I
S RUUTIR AT TS
0.02;'— - H ++ L S ++ + ++ +—j

O : : 1 11 Ll Ll Ll il 1 * | +. | o |;|

0 0.1 02 03 04 05 06 07 08 0.9 1

BDT score

CMS

1.2 STXS scheme

60

120

200

300

450

[l Others Stat. unc.

Events/(0.025)

tH

Data/MC

[« RS I V)
-e~T

0 010203040506070809 1
Top DNN

e Two channels defined: ttH hadronic
and leptonic

Categories within each class defined
based in background BDT score

Diphoton vertex identification using
BDT

Fit of myy used for signal extraction
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/
https://cds.cern.ch/record/2725142
http://dx.doi.org/10.1007/JHEP07(2021)027

cNIS @ H— ATLAS-CONF-2020-026
JHEP 07 (2021) 027
arias 1 XY
CMS 137 b (13 TeV)
. . . —— ——— s L L L L B N AL BRI BLALELI
» Signal shape in each analysis 3 0. ¢ Data ATLAS Preliminary 3 E o[ H— vy, m, =125.38 GeV All top categories
category modelled from MC % E Continuum Background  Vs=13TeV, 139" 3 2 E i/(sgz)a weighted ]
2 25 .. Total Background my=12509GeV 5 g 4o — S+B it E
2 E  —— Signal + Background - 1 2 Y B component 1
. : : 0 20 All categories 4 o - p ]
e ttH differential cross section 2 E In(1+S/B) weighted sum % o \ Eiw E
. = 0 - _ — = 20 -
measured in 4 pr-bins: last 3 ¢ 15# S=Hetop I -
high-pr bins of the 1.2 STXS & U TR I & L z
scheme merged into one SE- R * i .,“""}‘;4
C ol bty 1 L U TN B L T
] , 2 10F
* Background modelling via ° 55_+
analytic function to fit the I
background myy distribut R
ackground myy @istribution 4 T T T30 M0 150 160
8 m,, [GeV]
. CMS 137 fo™ (13 TeV)
é 102 E o Observed Q_
mg ? L i::G ES;att)C‘B sysp E | | | | | | | | | | | | | I | | | | I | | | |
o E‘ +1c (sys — .. PY H H H H .
S R e o edon | 5 ATLAS Preliminary  pe{Total | Stat. = Syst. | SM Statlstlc.:allly limited:
o led + \s=13TeV, 139 fb” Uncertainties
Eofi =S e E H—yy, m, =125.09 GeV | Total - Stat. ~ Syst ~50-100%
E T+ = | EE; ' 076 ‘gt (o o o
1o L ] 60 <5< 120 |_.,I_| 072 034 (0% w0 | @ Stat. Limited _
= 25 _2 10 ttH120<p_|"_‘<200 I—E—nl 1.06 :"é):f (:"(;)5621’ T§11Z) measurements In
195 2 = 8 I . . . -
o 1.5 —e6 ttH p > 200 —o—| 096 1033 (+0-52 +0-12) agreement with SM
o JE— T -+ 5 = DA T | Y0 046 \-045° -0.10 o ..
2 s IE . : 7 ' : 0gs 328 (113 097, 95% CL upper limit
c o = _;: o | 241 V221 -0.98 .
— ] ] | | | ] ] | | | | | | | | | | | | | | | | l On tH-
Y SRR RO 4 2 0 2 4 6 8 e ATLAS: 8 X SM
=g g = "%y« CMS: 14 X SM
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A@é H —>YY (fiducial differential measurement)

EXPERIMENT

Analysis strategy: Full Run 2 dataset (139 fb-1)

Dedicated analysis to perform

inclusive fiducial differential _
measurement instead of STXS E
Measured in fiducial phase space &
region defined by detector response ¢
(unfolding): Reduced model 5
dependence g

(I

Inclusive fiducial + 20 differential +
4 double differential XS measurements

ATLAS Simulation

Diphoton fiducial

VBF-enhanced

Negnz1

High E7*

ttH-enhanced

0 0102 03 04 05 06 0.7 0.8 0.9

BogF+bbH JVBF [VH gttH gtH

1

Fraction of signal process

NEW! ATLAS-HIGG-2019-13 (submitted to JHEP)

Matches reco selections:
Identical to the STXS selections

Fiducial region definition

pit/m.,., >0.35
pi?/m,.,  >025

szr/Pjr < 0.05

Photon ich:Iation

Z pr
is sum of the pr of charged
particles within Ar < 0.2 of y

105 GeV < myy < 160 GeV
In| < 1.37 or 1.52 < || < 2.37

ttH enhanced region:
>1 b-jet, (= 4jets & 0F)
or (=3 jets & 1¢)

I 1 LI |||| 1 I LI |ll|| I I LI
| ATLAS |
Diphaon ! | Te e . unc. & Background in the Higgs boson signal extraction fit is
i I modelled analytically
VBF-enhanced -
I e Signal extraction via fit to myy distribution in each
evan 1 —= fiducial region
" 1 I
HanEr T <ol e Dominated by instrumental uncertainties (photon and
' 1 JES)
ttH-enhanced ———— <1.131bat95% C.L. M ggcz:":e (E”f xg + XH
L 1 L1 1 IlII 1 1 L1 IIII 1 1 L1 1 Ill-I

Observed fiducial ttH enhanced region XS:
0.53x0.27(stat)+0.06(sys) fb compatible with SM (0.6x0.05)
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CMS @ H— 77— 4] Eur. Phys. J. C 80 (2020) 957

ATLAS Eur. Phys. J. C 81 (2021) 488
Analysis strategy: Full Run 2 dataset (ATLAS 139 fb-1) / (CMS 137 fb-1)
CMS 137 b~ (13 TeV)
* Reconstruct Higgs boson decay & tag £ 13181132 (2140135 H-22
. . . . 3ok i -~ 1% mp=125.38 GeV
production mode with dedicated categories "¢ STXS Stage 0 - [yu| <25
o)
I 612512 +52
* Two channels defined: ttH hadronic and s
leptonic : 1 3o
oL t  Observed (statdsyst)
e Background sources: N-— SM prediction
* non-prompt leptons: estimated from CRs e
o ZZ shape estimated from MC 3,0
: Inclusive 'ggl-'l o q.qH' o VH—ieb ~ ttH
ATLAS zol {| m™251e ttH-rich region: 42 +=12+=2b-jetOR= 2
H— 2Z* - 4 za ———— : jets = 1 b-jet
\s=13TeV, 139 fb™ ox|
Production Mode-IyHI<2.5 1 T2 T4 16 18 . . .
y * Background normalisation by data-driven
—m— Observed: Stat+Sys SM Prediction -
[m] Observed: Stat-Only p-value =91% o-B [fb] (G.B)SM [fb] teChanue
ggF I . 1120 £130 1170 + 80 ] . o _
2 ; . * NN discriminants separates different
VBF| " roxdo eoxa0 | production modes, and signal and backgrounds
VH A 75 % 52475, CMS . . . .
. g . e ttH-rich region: 40 + =10 OR =4 jets, = 1 b-jet
ttH E— a 328l 15413
T - i * Signal extraction in 2D fit m4¢ vs ME output
Inclusive E) 1340 + 120 1330 + 80
1 2 3 4 08/(0-58) Dominated uncertainties: Signal modelling, lepton ID
SM
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Conclusion

* Measurement of ttH (and tH) production is crucial in

tH
determining the Higgs boson's properties ol
0
* Experimentally challenging due to small production cross »
section 120

200
e Great progress has been made in the measurement of the 300
top-Higgs associated production 50

> t
5 e Several ttH analyses are close to the observation in
the single decay modes (multi-lepton, bb): Improved
y ¢ ®----- H dedicated measurement of the tt+HF and ttW
backgrounds crucial
g » 1 * Looking forward to Run 3 and beyond for precision

measurements: Expect to profit from latest
developments
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aV s[ T | A LB L L BN B ATLAS \@=13TeV,139fb'1,m=125GeV
S 10 é_ATLAS ¢ Data —§ T |III|| T |l|||| T P I || I T IlIHI| I T
% - s =13 TeV, 139 fb’ t’EH (},LSM=‘| .0) . ﬁ: c[0,120) [GeV] — I ---- Expected (u=1) —
a0 Bt (1, =0.35) - - = Expected £ 1o
10 []Background = H .--- Expected £ 20
- 7/ Bkgd Unc. 3 p_ € [120,200) [GeV] - — Observe d_ -
I | o 7 ' SM prediction
10°E = 0 €[200,300) [GeV] - .
I i 5:' e [300,450) [GeV] -
10° E"H(bb) Combined E |
- Single lepton and Dilepton - H
_ Post-Fit 1 P €[450:) [GeV] -
I I T RN PN AN S B A L
S 18F - tiH (g,,=1-0) + Bkgd E . !
@ 14F i (u_=0.35) + Bkgd 5 Inclusive B E B
@© 1%:_ o flt, ) %, g [ 2 7 Ll Ll | 11wl Lol L1
= :799%77%?7%7%7997%%‘7"#*‘ //V/_; 5 3 4
I Ty e e e e R 10 10 10 , ,10
log_ (S/B) 95% GL upper limit on O [fb]
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| T ] T T T |

ATLAS [s=13 TeV, 139 fo™!, m =125 GeV
SM compatibility: 8.5%

— Total — Stat. Tot. ( Stat. Syst.)
l+jets resolved |-0-| 0.30 fg::? (‘021 ‘034)
l+jets boosted I{:o#l 0.32 fg_'g; (fg_'ig fg_'gg)
Dilepton ke 0.60 ‘yes (‘o3 “os2)
nclusive to1 035 "5 (‘020 “oz)
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CMS H-bb CMS-PAS-HIG-18-030

-1 -1
S '35"91 fo .(%01]6%4[1'.5 fbl(?oﬂf) “?TGV) 35.9 b (2016) + 41.5 fb™" (2017) (13 TeV)
- — ; ; | | | | | | | | | | | | | |
@ o[ CMS Preiiminary * Data ] CMS Preliminary
; 10 3 —— Background E | w tot stat syst
et \ 2 . — !
c . [ [ Signal (u = 1.15) 4 _ i +1.02 +0.54 +0.86
g’ 107 —SM (u=1) g Fully-hadronic e -0.38 106 054 -0.91
L - . -
10°F . E +0.41 +0.19 +0.36
- Single-lepton HH 1.22 "7 518 032
10°E |
S . ! +0.74 +0.39 +0.63
102E - Dilepton e 1.04 571 038 -059
- - 0.43 +0.22 +0.37
10 3 2016 HImH 0.85 “o41 022 -035
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. | . | '
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Uncertainty source

Jet energy scale and resolution

tt(Z/~") (high mass) modelling

ttW modelling (radiation, generator, PDF)
Fake 73,,q4 background estimate

ttW modelling (extrapolation)

ttH cross section

Simulation sample size

tt H modelling

Other background modelling

Jet flavour tagging and 7y,,4 identification
Other experimental uncertainties
Luminosity

Diboson modelling

tty" (low mass) modelling

Charge misassignment

Template fit (non-prompt leptons)

Total systematic uncertainty

Intrinsic statistical uncertainty
ttW normalisation factors
Non-prompt leptons normalisation factors (HF, material conversions)

Total statistical uncertainty

Total uncertainty

Ay
+0.13 —0.13
+0.09 —0.09
+0.08 —0.08
+0.07  —0.07
+0.05 —0.05
+0.05 —0.05
+0.05 —0.05
+0.04 —0.04
+0.04 —0.04
+0.04 —0.04
+0.03 —0.03
+0.03  —0.03
+0.01  —0.01
+0.01  —0.01
+0.01  —0.01
+0.01  —0.01
+0.25 —0.22
+0.23 —0.22
+0.10 —0.10
+0.05 —0.05
+0.26 —0.25
+0.36 —0.33
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CMS

H— Multi-lepton

Eur. Phys. J. C 81 (2021) 378

Source Apir/ e [%] - B/ pax (%] Apaw /taw [%] - Atz / tiiz [%]
Trigger efficiency 2.3 8.1 1.2 1.9
e, ureconstruction and identification efficiency 29 7.1 1.7 3.2
Th identification efficiency 4.6 9.1 1.7 1.3
b tagging efficiency and mistag rate 3.6 13.6 1.3 29
Misidentified leptons and flips 6.0 36.8 2.6 14
Jet energy scale and resolution 3.4 8.3 1.1 1.2
MC sample and sideband statistical uncertainty 7.1 27.2 24 2.3
Theory-related sources 4.6 18.2 2.0 42
Normalization of MC-estimated processes 13.3 12.3 13.9 11.3
Integrated luminosity 22 4.6 1.8 3.1
Statistical uncertainty 20.9 48.0 59 5.8
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ledTotal | |Stat. MISyst. | sMm

Total  Stat. Syst.

ggF + bbH #4 1.020.11 (£0.08,= )
VBE H-e—H 1.34= o5 (£0.18,= %)
WH 81— 233 o5 (% g4+ g0
ZH  —— 0.64= 020 (% 0% % oop
HH + tH ﬁ%h 0022 3% (= 9%+ 02
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