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» Overview of most recent results since last Workshop

» Including most recent results
» ATLAS ttHbb, CMS ttH—yy, CMS ttH—-yy+48 CP

» Reminder of main limitations in those measurements
relevant to the WG

CMS Experiment at the LHC, CERN

» Motivation of the theoretical activity that Laura will discuss Dot recondec: 2017.001-15 00:0031450004 G
in more detail ,

» Primarily tt+bb and tt+W modelling
» Signal modelling also becoming increasingly important
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New ATLAS ttH—bb result us

» New ATLAS result! HIGG-2020-23

OF SUSSEX
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New ATLAS ttH—bb result

Pre-fit impact on pu: Al
0 = +A0 0 = 0-A0 -0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4

» Impact of systematic uncertainties has been
reduced by about a factor of two.

» Main improvements:
» Improved theoretical knowledge in ¢ + 215 modelling

» Much larger size of simulated event samples

» refined b-tagging scale factors and jet energy scale and
resolution measurements.

» Sensitivity still very much dominated by tt+bb
modelling uncertainties

» Not yet using most recent recommendations from
ttH/tH subgroup MC studies

» More on this later...
4

Post-fit impact on u:

Wo=0+A0 | 6=0-A0

—e— Nuis. Param. Pull

tf+21b: NLO match. ljets p_' « [0,120) GeV
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tf+>1b: FSR
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ti+21b: NLO match. dilep p" « [0,120) GeV
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tiH: NLO matching

k(tf+=1b)

tf+=1b: NLO match. dilep p’: ¢ [120,200) GeV
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tW: diagram subtraction

tiH: PS & hadronisation

tf+21b: NLO match. ljets p_ € [300,450) GeV
tf+21b: NLO match. ljets p;‘ ¢ [450,) GeV
tf+=1b: ISR

tTH: cross-section (QCD scale)
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CMS ttH—bb result

» Latest CMS ttHbb result: CMS-PAS-HIG-18-030

» Also very sensitive to tt+bb
modelling systematics
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CMS preliminary n=1.15%
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-030/index.html

CMS ttH—multi-leptons

» ttH and tH production in e, Y, Thad final state: Eur. Phys. J. C 81 (2021) 378

» Nice that so much is combined into a single coherent analysis:
> ttH, tH, ttW, ttZ and correlations

» Kappa framework

» Complex
categorisation
strategy
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-008/index.html

CMS ttH—multi-leptons
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» ttH and tH production in e, Y, Thad final state: Eur. Phys. J. C 81 (2021) 378

» tH signal strength not yet verv
precise (as expected).

» But has some power to
distinguish sign of «t.
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-008/index.html
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» ttH and tH production in e, Y, Thad final state: Eur. Phys. J. C 81 (2021) 378
p ttW extraction very important for analysis sensitivity

CMS ttH— multi-leptons US

p Fitted ttW normalisation higher than SM prediction
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-008/index.html

ATLAS ttH—-multi-leptons

» ATLAS ttHML CONF note (80 fb-1): ATLAS-CONF-2019-045

» Observed significant mismodelling
attributed to ttW background

» Need ttW+2j for 2LSS region
» Very important for overall sensitivity
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—e— Norm. Factor

ttW norm. factor: 3¢ channel
Jet energy scale: 1 intercalib. NP I

ttZ cross section: scale variations

ttWW modelling: scale variations

ttW norm. factor: 2¢SS channel, 2-3 jets
Fake 7,4 bkg. stat: 1/27 channel

ttH cross section: scale variations

Jet energy scale: pileup

ttW modelling: charge extrapolation
ttWW norm. factor: 2/SS channel, > 4 jets
Top rare decay cross-section

Jet energy scale: flavour response

tt H modelling: parton shower

ttW modelling: alternative generator
4-top cross section
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-045/
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» Comparing ATLAS and CMS extracted normalisation factors for ttHML
analyses

» Quite comparable fitted ttW normalisations (both ~40% high when considering a
single parameter in the fit).

CMS ATLAS ATLAS
(single NF) (multiple NFs)
L) ttW = 1.56 + 0.29
1.43+0.21 1.39+0.17 HJ ttW =1.26 £ 0.19
3L ttW =1.68 £ 0.29

P ttW+2j is not a trivial process to simulate - these results triggered significant work in
the theory community

» See Laura's talk for most recent developments
10 Josh McFayden | LHC Higgs WG | 1/12/2021
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ttH Summary us

» Inclusive signal strength
measurements show that
all channels apart from

ATLAS CMS

H—4| have similar _
HIGG-2020-23 CMS-PAS-HIG-18-030
: +0.36 +0.26
» Most channels now H-—multilep U.58 )39 V.93 )2
. ATLAS-CONE-2020-026 (80 fb-1) Eur. Phys. J. C 81 (2021) 378
moving focus to:
differential, CP and H— 4l 1.6+1-7.1 1 0.04+0.76 5 o4
EFT interpretations Eur. Phys. J. C 80 (2020) 957 Phys. Rev. D 104 (2021) 052004
H—>yy 0-92+O'27—O.24 ‘] -35+O'34—O.28
ATLAS-CONF-2020-026 JHEP 07 (2021) 027

11 Josh McFayden | LHC Higgs WG | 1/12/2021


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

» STXS Iinterpretation

» Following STXS Stage 1.2 prescription

p Special selection for boosted Higgs for pt > 300 GeV

> Significant improvements wrt previous result
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Differential | ATLAS Higgs combination US
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» ATLAS ttHbb result also included in combination: ATLAS-CONF-2021-053

» Very much still

o o ATLAS Preliminary " Tom Sm Syt
— - l . .

statistics-limited \s =13 TeV, 139 fb! B,,/B,. —— 1.09 "o05 (o135, +006)

2 2 1
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pSM — 929 B /B - = 1.06 513 ( o105 —008)

B../B. hE_l' 0.86 +0.16(+0.12 +0.10
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p Large systematics | ’
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

Differential | CMS H—vyy

» CMS H—vyy cross sections and couplings: JHEP 07 (2021) 027

p Also using Stage 1.2 ttH STXS bins %
» first binned pT(H) measurement of ttH &
p Largest uncertainties come from
migrations due to scale variations
%
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-015/index.html

EFT | CMS top+X multi-leptons US

» CMS top+X multi-lepton EFT fit: JHEP 2103 (2021) 095
» Top+X “global” EFT fit
» Interpretation in several EFT operators
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-19-001/

Higgs CP | ttH ws
> ATLAS H—yy: HIGG-2019-01, CMS H—yy+H—48: HIG-19-013

» Results:
» Overall similar sensitivities

» Mainly limited by data statistics
» Pure CP-odd coupling excluded at 3.90/3.20

, CMS 137 "' (13 TeV)gen 10|
/8 - L L L L L |:
< s — o -+ Best fit XSM o 9 %
n 1.5 —
@ E T 20 R - g O
e A = .
05 = 16
0 f— —f v —5
0.5 = 4
15 . . —3
"L ATLAS - .y
-1.5 (5-13TeV, 139 b - |
- L | | | | B . 0

-1.5 -1 -0.5 0 0.5 1 1.5 2
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-01/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-013/index.html

Modelling uncertainties US

> Ttbb

» ATLAS looking at tt+bb MC models using settings from LHC Higgs WG studies
» Initial signs are that predictions are much closer than in the past - PUB note in progress

p ATLAS+CMS note in preparation
» Cross-check of parameter settings are work towards a common systematic uncertainty recipe

> ttW

» Looking at implementation of recent predictions e.g. modified MG5_aMC+Py8 FxFx

» ATLAS has new STA with Malgorzata and others designed to improve EXP<=>TH
interactions on ttW modelling

17 Josh McFayden | LHC Higgs WG | 1/12/2021



» ttH signal

» Signal model scale and UEPS
uncertainties dominant for

H=Yy

18

Modelling uncertainties

137 fb' (13 TeV)

Integrated luminosity

Photon identification
Photon energy scale and smearing
Per photon energy resolution estimate
Jet energy scale and resolution
Lepton ID and reconstruction

b tagging

MET

Other experimental uncertainties
Branching fraction

ggH scales

ggH p? modelling

ggH jet multiplicity

ggH VBF-like region

qqH scales and migrations

VH lep scales and migrations

Top associated scales and migrations
ggH in top associated categories
PDF and o, normalisation

Scales, PDF and o, shape
Underlying event and parton shower

Uncertainty in 1)

- il
= top
]
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)
I
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I
|
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T
]
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0.05 0.1
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ATLAS Preliminary A
opAc/ o

-0.04-0.03-0.02-0.01 0 0.01 0.02 0.03 0.04
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Parton Shower ttH -

,,,,,,,,
/////////

Photon Energy Resolution Pileup

Luminosity Run-2

Photon Energy Resolution Z-Smearing

Photon Energy Resolution MateriallD

Photon Energy Resolution SamplingTerm

Photon Identification

Photon Isolation

JET Pileup RhoTopology

Jet Flavor Composition

SpurSig Cat: ttH (120 < p? <200 GeV) High-Pur

SpurSig Cat: ttH (200 < p: <300 GeV) High-Pur

Photon Trigger

ttH Heavy flavor content ggF

Pileup Reweight

Photon Energy Scale L2-Gain

QCD Scale ttH

SpurSig Cat: ttH (p:i < 60 GeV) Med-Pur

Photon Energy Resolution MateriallBL

Jet Flavor Response

SpurSig Cat: ttH (60 < p: < 120 GeV) Med-Pur

Jet Energy Scale Modelling1

SpurSig Cat: ttH (120 < p;* < 200 GeV) Med-Pur

SpurSig Cat: ttH Other

ttH Heavy flavor content VH

w——@— Pull

1 std dev.

B : Prefit impacton A/ o T

EEEEEEE  Postfit +10 impact on A/ o —

Postfit -1c impact on Ac/ ¢ —

-1.5 -1 -0.5 0 0.5 1 1.5
(6-6,)/A6
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Modelling uncertainties US
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» ttH signal

Lumi. 1 ttH
» Signal model scale and UEPS eplons
ot -
uncertainties dominant for b tag-
Red. bkg-
H—-vy and H—4] aco.
PDF
B
Hadr-
Bkg. mod.-
0 5 10 15 20
» Much more on all these mpact 4
" " Experimental uncertainties [%] Theory uncertainties [%o]
th e O retl Ca | d eta I | S frO m Measurement Lumi e, |, Jets, Reducible | Background Signal
L aura n ext! pile-up flav. tag bkg ZZ* tXX PDF QCD Shower
Inclusive cross-section
1.7 2.5 0.5 < 0.5 1 <05 <05 1 2
Production mode cross-sections
ggoF 1.7 2.5 1 < 0.5 1.5 <0.5 0.5 1 2
VBF 1.7 2 4 < 0.5 1.5 <0.5 1 5 7
VH 1.9 2 4 1 6 < 0.5 2 13.5 7.5
ttH 1.7 2 6 < 0.5 1 0.5 0.5 125 4
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Summary US
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» ttH/tH remains a very challenging final state but were significant progress is
being made

» Very much now in the realm of differential measurements and more
complicated interpretations

» Particular issues on modelling and associated theoretical uncertainties
» Especially for ttH—bb and ttH—multi-leptons backgrounds

» Increasingly on signal modelling for ttH—yy/H—4¢
» More on this from Laura next!

20 Josh McFayden | LHC Higgs WG | 1/12/2021
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Back-ups
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ATLAS ttHbb modelling US

22
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} tt_l_ >= 1 b mo d e | Uncertainty source Ap
Process modelling
tt H modelling +0.13  —0.05
} POWh egBOX ReS+ Py8 tt + >1b modelling
1 tt + >1b NLO matching +0.21  —0.20
: : . 1 - . t + >1b fractions +0.12 —0.12
2.z f M th+ >
» Factorisation scale: 2 <i=t,t,b,b,j L. tt + >1b FSR +0.10  —0.11
. . 4 — tt + >1b PS & hadronisation +0.09 —0.08
» Renormalisation scale: \/mT(t) - my(t) - mp(b) - mp(b) tt + >1b py shape +0.04  —0.04
1 Z tt + >1b ISR +0.04 —0.04
> hda m Sca|e: ~—) . N tt + >1c modelling +0.03 —0.04
p 2 1=, b’ b9] | T’ . tt + light modelling +0.03 —0.03
tW modelling +0.08 —0.07
Background-model statistical uncertainty +0.04 —0.05
b-tagging efficiency and mis-tag rates
b-tagging efficiency +0.03  —0.02
c-mis-tag rates +0.03 —0.03
[-mis-tag rates +0.02 —0.02
Jet energy scale and resolution
b-jet energy scale +0.00 —0.01
Jet energy scale (flavour) +0.01  —0.01
U_ncertainty source Description C_omponents Jet energy scale (pile-up) +0.00 —0.01
ft cross-section Up or down by 6% et + light Jet energy scale (remaining) +0.01 —0.01
tt + >1b normal.lsat.lon Free-floating tt + >1b Jet energy resolution 10.02  —0.02
tt + >1c normalisation = Up or down by 100% tt+ >1c Luminosity 10.01 —0.00
: ISR in PowHEGBOX+PYTHIA8 t7bb (4FS) tf + >1b ] ] ' '
e Varying ug™™ (PS), puré&pr (ME) in PowHEGBOX+PYTHIA8 #7 (5FS) tt + >1c, tt + light Other sources +0.03 —0.03
. ESR in PownecBox+PyTHia8 ttbb (4FS) tt + >1b Total systematic uncertainty +0.30 —0.28
hs Varying pg™" (PS) in PowHeGBox+PyTHIA8 7 (SFS) tt + >1c, tt + light =
NLO matching MaDpGraPH5S_AMC@NLO +PyTHIAS ¢7 (SFS)  vs. PownecBox+PyTtHia8 ¢7 (SFS) All tt + >1b normalisation +0.04 —0.07
PS <_9L hadronisation PowHEGBox+HERWIGT ¢ (5_FS) vs. PowHEGBox+PyYTHIA8 tf (SFS) Atll Total statistical uncertainty 1020 —0.20
pll,’b shape Correction from data of p,{?b shape in signal regions tt+ >1b
tt + >1b fractions Variation of the relative fractions of 7 + >2b and tf + 1b/1B tt+ >1b Total uncertainty +0.36 —0.34
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CMS ttHbb result 36 ifb US

» |HEP 03 (2019) 026

OF SUSSEX

CMS 359 b (13 TeV)
D tagging: charm (linear) -'—0—-

ttH cross section (renorm.ffact. scales) '—‘—'
jet energy scale (1) P or—e—

—

35.9 fb' (13 TeV)

tt+2b cross section (502%) : : :
b tagging: f fraction L —— |
b tagging: If stats (quadratic) : '

W tot stat syst

e 0 N OO O A W N

. '-t—.—!—'
Hoscale @ | | ——e—s
PS scale: ISR (tT+1f) .-—.——.
10 PSscale: FSR(Est) | | | i —e—
11 b tagging: hf fraction n—o—-
: 12 b tagging: charm (quadratic) n—o—q
Pllepton - ——=— 0.24 %15 "oe0 loss 13 ME-PS matching (tf+1f) '—'—'
14 jet energy scale (2) -——o—h
Combined H--H 0.72 *0% “oas Tose 16 jet energy scale (3) ._._.
T D " POro )| |
) 0 2 4 6 18 b tagging: hf stats (quadratic) ————t

Best fit u = o/c_ at m, =125 GeV 19 jet energy scale (4) -—o-i-

20 it cross section (renorm.fact. scales) 1 '_1.1_'1 i

_ ) ! +0.52 +0.27 +0.44
Single-lepton i 0.84 “050 “026 -043

-=-Pull [l +10 Impact [[]-1o Impact (G-GO)IAG
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-026/index.html

Ayy

» https://atlas.web.cern.ch/Atlas/GROUPS/PHY
CONF-2020-026/

» http://cms-results.web.cern.ch/cms-results/p
HIG-19-015/index.html

CMS H- vy
il

137 fb' (13 TeV)
1)

Integrated luminosity
Photon identification
Photon energy scale and smearing
Per photon energy resolution estimate
Jet energy scale and resolution
Lepton ID and reconstruction
b tagging
MET
Other experimental uncertainties [T]
Branching fraction |
ggH scales |
ggH p': modelling ]
ggH jet multiplicity [
E
I
—]

|
ggH Hyer Hon top

gL
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T

ggH VBF-like region

qqH scales and migrations

VH lep scales and migrations

Top associated scales and migrations
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PDF and o, normalisation |

Scales, PDF and o, shape
Underlying event and parton shower
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o4 Uncertainty in 1
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ATLAS Preliminary

Parton Shower ttH

Photon Energy Resolution Pileup

Luminosity Run-2

Photon Energy Resolution Z-Smearing

Photon Energy Resolution MateriallD

Photon Energy Resolution SamplingTerm
Photon Identification

Photon Isolation

JET Pileup RhoTopology

Jet Flavor Composition

SpurSig Cat: ttH (120 < p: < 200 GeV) High-Pur
SpurSig Cat: ttH (200 < p: <300 GeV) High-Pur
Photon Trigger

ttH Heavy flavor content ggF

Pileup Reweight

Photon Energy Scale L2-Gain

QCD Scale ttH

SpurSig Cat: ttH (p: < 60 GeV) Med-Pur

Photon Energy Resolution MateriallBL

Jet Flavor Response

SpurSig Cat: ttH (60 < p: < 120 GeV) Med-Pur
Jet Energy Scale Modelling1

SpurSig Cat: ttH (120 < p: < 200 GeV) Med-Pur
SpurSig Cat: ttH Other

ttH Heavy flavor content VH

top A/ o
-0.04-0.03-0.02-0.01 0 0.01 0.02 0.03 0.04

[ :' Prefit impacton Ac/ ¢ T

Il|llll|lllIlllllllllllllll|llll|ll

——  Pull
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CMS ttHbb result 36 ifb
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» https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/

» http://cms-results.web.cern.ch/cms
HIG-19-001/

Nuisances

Jet
b tag

Red. bkg {

Lumi.
Leptons

ggH

QCD-
PDF-

B
Hadr
Bkg. mod.

1 2

QO -
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7
Impact (%)

Lumi.
Leptons
Jet

b tag
Red. bkg

Nuisances

QCD

PDF

B

Hadr

Bkg. mod.

O-
[\

25

8
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Impact (%)

Experimental uncertainties [Y]

Theory uncertainties [%o]

Lumi. -
Leptons
Jet;

b tag-
Red. bkg

qqH

QCD
PDF -

B-

Hadr

Bkg. mod. ;

0.0

25

5.0

75 100 125 15.0
Impact (%)

Lumi. 1
Leptons
Jet/

b tag -
Red. bkg 1

ttH

QCD+
PDF

B-

Hadr

Bkg. mod. ;

0

10 15 20
Impact (%)

Measurement Lumi. e, I, Jets, Reducible | Background Signal
pile-up flav. tag bkg 7" XX PDF QCD Shower
Inclusive cross-section
1.7 2.5 0.5 < 0.5 | <05 <05 1 2
Production mode cross-sections

ggF 1.7 2.5 1 < 0.5 1.5 <05 0.5 1 2

VBF 1.7 2 - < 0.5 1.5 <05 1 5 7
VH 1.9 2 4 1 6 < 0.5 2 13.5 7.5

ttH 1.7 2 6 <0.5 1 0.5 0.5 125 +

Reduced Stage-1.1 production bin cross-sections

gg2H-0j-pf/-Low | 1.7 3 1.5 0.5 6.5 <05 <05 1 1.5
gg2H-Oj—p¥-High 1.7 3 5 < 0.5 3 <05 <05 0.5 5.5

gg2H-1j-pt-Low | 1.7 2.5 12 0.5 7 <05 <05 1 6
gg2H—lj—p¥-Med 1.7 3 7.5 < 0.5 | <05 <05 1.5 5.5
gg2H-1j-p!-High | 1.7 3 11 0.5 2 <05 <05 2 7.5
gg?2H-2j 1.7 2.5 16.5 1 12.5 0.5 <0.5 2.5 10.5
gg2H-p!’-High 1.7 1.5 3 0.5 3.5 <05 <05 2 3.5

qq2Hqq-VH 1.8 4 17 1 4 1 0.5 5.5 8
qq2Hqq-VBF 1.7 2 3.5 < 0.5 5 <05 <05 6 10.5

qq2Hqq-BSM 1.7 2 4 < 0.5 25 <05 <05 3 8

VH-Lep 1.8 2.5 2 1 2 0.5 <0.5 1.5 3

ttH 1.7 2.5 5 0.5 | 0.5 <05 11 3
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Events / bin

Signal Events
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From Haichen Wang
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CMS ttH— multi-leptons US
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» ttH and tH production in e, Y, Thad final state: Eur. Phys. J. C 81 (2021) 378
» Nice that so much is combined into a single coherent analysis:

» ttH, tH, ttW, ttZ and correlations

» Kappa framework

» Complex
categorisation strategy

Maximum Likelihood Fit

* bl (bt): < 2 (= 2) tight b-jets
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-008/index.html
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ATLAS ttH—-multi-leptons

» ATLAS ttHML CONF note (80 tb-1): ATLAS-CONF-2019-045
» Observed significant mismodelling

ATLAS Preliminary s =13TeV, 79.9fb"

attributed to ttW background BV AR AR AL AR
» Need ttW+2j for 2LSS region stat. (J:[c?;[7) (fé’.[fst)
- D 2SS H—@®—H LW=0.38 ‘g5, a3
» Very important for overall sensitivity 058 04
3/ I © L=0.93 o5 044
PV T — n=052 17, g
+1.01 +0.77
10 + 2Tq| H—@ — W=0.30 59 _op
2/SS + 1Tyag| F—O0——H n=049 1o on
3 +1Tag| I @1 L=043 Tyg 7o
"""""""""""""""""""""""""""""""""""""""" 1036  +026 |
combined I @ 4 u=0.98 533  _o2s
RN T AN TN AN T T T AT T T A T T T AT T T A Y ST S A
—1 0 1 2 3 4 5 6
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best fit u = 6™/ for m, = 125 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-045/

ATLAS ttHbb US
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| I | | | I | | | I | | | I | | | | | | I | | | I | | | T I T T I I T T T I T T T I T I T I T T T I I T T
ATLAS  (s=13TeV, 139 fo’, m =125 GeV N ATLAS Preliminary Vs=13 TeV, 139 fb
SM compatibility: 45% —Total Stat. Tot. ( Stat. Syst.)
Ul : |J_=.= 1 98 +1.42 (+0.46 +1.34)
—Total —Stat. Tot. ( Stat. Syst.) e Sll.120) Gov 10300 Lo
- +1.42 ,+0.70 +1.24
B [0.120) (GoV] o 086 % (38 0 S 088 14 (43 12
. _ +1.03 ,+0.71 +0.75 0.91 069 +0.59
M p?e [120,200) [GeV] =0+ 0.18 -1.02 (Z0.69 —0.75) M pte [200,300) GeV e S 1.02 to,as (i0.67 i0.55)
~H - 1 -05 +0.90 ,+0.70 +0.57
Mo PE [200,300) [GeV] K== —0.86 (Zo68 —0.53) He p'c [300,450) GeV h=0—H -0.08 tgg; (fggf i(())i;)
A - 0.74 0.58 +0.45
1 p_':e [300,450) [GeV] I-o-—1 -0.19 55 (To55 “0.47) . e
H ﬁ 0.10 *+1-47 (+1.06 +1.03 tiH ple (4505<) GeV = -0.01 "% (Zo91 “0.96)
Heo o P [450,00) [GeV] —— V. 1.39 (oo1 S10s) | Law el e s e e e e
"""""" e e : +0.36 , +0.20 +0.30
inclusive - 0.35 +038 (10207030, nclusive e 043 93 (03 0)
| | | | 1 1 | | l 1 1 1 | | | | | 1' : | \ | | | | | | 1 1 1 1 i 1 1 1 1 1 | 1 1 1 1 1 1 1 |
=2 0 2 4 6 8 10 12 —2 0 2 4 6 8 10
_ tiHy fEH = o'ot™ for m =125 GeV
A c'/ O\ HﬁH SM H
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ATLAS ttH combination
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ATLAS Preliminary Total St Syst
} o Vs =13 TeV, 139 fb’! By/Bz. = 109 Toi3 (1017, 2006 ) | e
. a S .We . Ce r n . C a S m, =125.09 GeV, |y | < 2.5 B,5/B. —— 1 N
— 990 Byyy/B e +0.14 ; +0.11  +0.09 )
Py 92% BWWB zz S 1.06 _8'12(_8'12’ “o0s) | |
. +0. . 0.10
——e— Total Stat. Bz ri— I' 086 “g14 (2040 “0i09)
== Syst. [ | SM 0 05 1 15 3
CONF-2021-053/
O-jet, pH < 10 GeV - +022 , +0.19 +0.11
, T - 089 o2 ( “o18s-010)
0-jet, 10 < pY < 200 GeV +0.15 +0.09
T 114 Toqa (042,700
1-jet, P < 60 GeV = 057 +028( "% 1o018)
1-jet, 120 < pH < 200 GeV " 0.66 041 ( +0.36 +0.19
99—H x B,. i r 1 : “o039 ( Z035:-017)
> 2-jet, m, < 350 GeV, p" <60 GeV —— 4 +1.09 +0.47
i T 1 0.47 Zipp( 098, 00)
> 2-jet, m; <350 GeV, 60Sp’7‘f< 120 GeV  p—=m=— 0.25 +053( +0.46 +0.26 )
> 2-jet, m, < 350 GeV, 120 < p" <200 GeV +0.44 ; +0.38 +0.23
’ T 054 Zo42( Zo31-022)
> 2-jet, 350 < m; < 700 GeV, p# < 200 GeV e 276 *111( +09 4052y
. . -1.04\ —093:-04
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<< 300 Ge e 10s 0% ( 0% 0%
< H - B - . ) — .
IS N N O I N O Y I O 300% Py < 450 GeV =S 065 ‘04 ( “o3+ 076)
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ATLAS Preliminar —e— LI
y TOtaI Stat :’ SYSt SM < 1-et 140 *110( +102 +040)
-1 > 2-jet, m, < 350 GeV, VH veto 'oq +164, 11 +075
— - 2 » M ; L —— ———— m— 64 +146 +0.7
s=13TeV, 36.1 - 139 fb . m o IE( 11 L)
> 2-jet, m; < 350 GeV, VH topo P——— 1.00 +0-58( +0.51 +0.28)
. . -052\ —047:-023
my, = 125.09 GeV, |y, | < 2.5 2218 505 7, < TO0Gel o <A CN e 030 S8 ( H 48
H 0qoHaq x B > 2et, 700 < m; < 1000 GeV, p! <200 GeV  p—pmmmm—nt 05 071 082 105,
—Haq x B.... . : -065\ -057 1-0.31
p — 630/0 #" | >2-jet, 1000 < m; < 1500 GeV, p* < 200 GeV —— 1.38 *057( +0S50 4029
SM > 2-jet, m, > 1500 GeV, pH < 200 GeV ..E..' _8133 _3"3‘2’_8'%
TOtal Stat. SYSt. s oot Z < 350 GoV ’5T ) 1.15 i0_35( i0:32:0:14)
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I ------------------------------------------------------------------ . . .
pY <75 GeV g 1 +1.17 1.15 +0.22
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