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sl OnTAS Introduction

. Measurement of top Yukawa coupling at &
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ATLAS Preliminary

_ _ _ _ - 1E" (s=13TeV,24.5-139 b z@
LHC is crucial for validating SM and S, [ Mw=12509GeV.ly, <25 py, =84% e\ ) -
. . . EMLL 101 T SM Higgs boson W .
searching for potential new physics = =
- ttH/tH production mode provides a 102 e .
to constrain top Yukawa coupling - -
107° == =
- Indirect constraints from ggF and H—=vy rely e . (my) used for quarks
on model assumptions 104 . E
g 2 el B
ggF — B i
48-5 pb 7] TR ) — H O|_|_ 1.2 Il T ~ o
@13 TeV S S O 35 R g____{__j
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g ttH H ----- kt/b/7 10 1 10 10°
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/
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ttH channels

BERKELEY LAB

Channel

Reference

13 TeV pp dataset
139 fb1 (2015-2018)
139 b1 (2015-2018)
Up to 139 b
139 b1 (2015-2018)
80 fb-1 (2015-2017)
139 fb1 (2015-2018)
139 fb1 (2015-2018)

H—bb
H-vyy
Combination
H—->ZZ- A4l

Multi-lepton (H-WW, ZZ, 171)

H—pp

» ttH production mode studied in all the major Higgs
boson decay channels at LHC

- Today we will focus on H—bb, vy, as well as multi-
channel combination (including H—ZZ—4l) based
on full Run 2 pp dataset collected at 13 TeV!
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Total Integrated Luminosity [fb]
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ATLAS-CONF-2020-058
ATLAS-CONF-2020-026
ATLAS-CONF-2020-027
EPJC 80 (2020) 957
ATLAS-CONF-2019-045
PLB 812 (2021) 135980
M. Mlynarikova’s talk

- ATLAS
— Preliminary

Vs =13 TeV

Delivered: 156 fb™
Recorded: 147 fb™

- |[]LHC Delivered
- Physics: 139 fb™

B ATLAS Recorded
:_ . Good for Physics

- ATLAS lumi
= public page



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-058/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-045/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14/
https://indico.desy.de/event/28202/contributions/106033/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2

s Oari A ttH, H—bb

ATLAS Preliminary

\s =13 TeV pr
Dilepton  ATL.AS-CONF-2020-058

>4| 60
" SR, . p? =[0,120) GeV
H-ZZ + Rest 120
200
300
o ; 450
o0
tt + i, 4t tH [tt+ V Simplified Template
----- H tt+ =1c Cross-Section (STXS)
Other
. Les Houches 2019
Signal b Background arXiv:2003.01700 [hep-ph]
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https://arxiv.org/pdf/2003.01700.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-058/

,:,}”] ATLAS ttH(bb) anaIyS|s strategy

BERKELEY LAB
S ——
. Lepton + jets Lepton+jets, 0 L B B B A B B B T B S NN A e
Dilepton - = B . _ _
.| Resolved Boosted ; o _ ATLAS Preliminary ¢ Data  [ttH _
- v 7 S y T S v % L 600 ys=13Tev, 139" [t +=1b[Jti+=1c
_ | _ _ Dllepton tt+V tt +li.,4ttH
Based on Niets, Npjets, b-tagging score, and presence | Define S|gqal & s00 SR Other 7~ Uncertainty -
of boosted H—bb candidate control regions ~ Post-Fit _
400 -
Event i
reconstruction -

300

Divide in pr(H)

211 ) 2 g A 200
c @) . .
£ [0, 120) GeV s [0, 120) GeV 300, 450) GeV bins according
- <
o [450, ) GeV to STXS
300, o) GeV C |1 [450, ) GeV
o (¢ 1Gel) - Sf! ) ~ / framework 100
l l l E t _o O:' ! = ————————_ === =
BDT (except for ven O = E
[ SDT J p(H)=450 GeV) [ BDT ] classification a 125 v -
o '@e%Q%%a%xQ%%%%%g%%%%%ﬁ%&%%%+%%%ay 4552
P— 2 o
OBE—— .

[C%CRS} [4 SRS} 2 CRs 5 SRs [ 2 SRs ] Final categories

ATLAS-CONF-2020-058 Higgs boson candidate mass [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-058/

’\n ATLAS ttH(bb) analysis strategy (cont’d)

BERKELEY LAB EXPERIMENT
R
D.I Lepton + JetS Lepton + JetS : _'(é) —I 1 | I | L | L | L | L | T | L | 1 I:
llepton " Resolved Boosted | | S oob ATLAS Preliminary ¢ Data [t E
\ : S — S — /.. L = {s=13TeV,139fb" [t +=1b[Jtt+=1c =
* v v 8o Single lepton tt+V tt + Ii.,4t,tH —
Based on Nijets, Npjets, b-tagging score, and presence | Define signal & E SRy ostea P E[450,%0) Other 77 Uncertainty =
of boosted H—bb candidate control regions 701~ Post-Fit E
v v v 60 -
Event -
BDT BDT DNN . 50 N
reconstruction -
l l l 40 -
—~ Divide in p(H) 30E- =
o)} Ve N O 4 ) B N
- O : : = _
£ [[[0. 120) Gev = 0,120) GeV [ 1300 450) Gev| | bins according N3 E
= > - .
) [450, ) GeV to STXS -
300, ) GeV C | [450, ) GeV - ]
= i ) /< | ) - / framework 10
= |
N I I | I I | | | I I .
3 0

BDT (except for Event ;1 25F

p(H)=450 GeV) classification =~ 1E

B 0.75F

0805 O 005 0.1 0.15 0.2 025 0.3 0.35 04
ATLAS-CONF-2020-058 Classification BDT
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e Oar As ttH(bb) results

BERKELEY LAB EXPERIMENT

ATLAS Prellmlnary (s=13 TeV, 139 fb’’ + Observed significance 1.30

— Total Stat. Tot. (Stat. Syst.) (expected 3.00)

+1.42 [ +0.46 +1.34
~o=—11.98 "0 (g4 _125)

pltfH p:'E [0,120) GeV

+1.42 ,+0.70 +1.24
MtfH pE[120,200) GeV ——t— -0.88 ~1.44 (-0.68 —1.27)
+0.91 ,+0.69 +0.59 * |nclusive signal strength
MtfH p:E[ZOO,BOO) GeV F 1 1'02 -0.86 (f()_67 4_-0_55) g . g
measurement dominated by
0.71 0.58 +0.41 : :
"iH (300 450) Gev I—o—1 -0.08 " e (Toms “042) systematic uncertainty
e aso) Gev ——— - -0.01 170 (oes Tooe) |
................................................................. compared with
. 0.36 0.20 +0.30 :
Inclusive | bod| 0|-43 to_?3 (fo_19| "0.07) analysis based on 36 fb-
> 0 2 4 68 8 10 partial Run 2 dataset (PRD 97
ATLAS-CONF-2020-058 = ool for m =125 GeV (2018) 072016)

ttH
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-03/
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ZWBLMY ttH(bb) systematic uncertainties

BERKELEY LAB
. Q L | | L | 1T 1T 1 | T 1T 1 | T 1T 1 _'(L) L | | L | 1T 1T 1 | 1T 1T 1 | T 1T 1
Uncertainty source AM g 10000 ATLAS Preliminary ¢ Data  [HtiH ] s 10000 ATLAS Preliminary ¢ Data  [HtiH N
= . L | {s=13TeV, 139" [Wtt+=1b[Jtt+=1c | W  (s=13TeV,13910" [tt+=1b[Jtt+=1c  _
it -+ Zlb modelhng 0.25 —024 - Single lepton Ottt + VvV [Jtt+ i, 4t1H - - Single lepton Ot +V [ttt + i, 4ttH
T : - SR, Other ~ inty - - SR, Other 7 i
ttH modelling 0.14 —0.06 8000 PrRerEit [ JOther 72 Uncertamty—_ 8000/ P?;;?Fit [JOther 7 Uncertamty—_
t1V modelling 0.08 —0.08 - ]
b-tagging efficiency and mis-tag rates 0.05 —0.05 6000 6000 Post-fit 7
Background-model statistical uncertainty 0.00 —0.09 OSt-1i :
Jet energy scale and resolution 0.03 —0.03 4000 4000 N
tt + >1c modelling 0.03 —0.03 ]
t£ + light modelling 0.02 —0.02 2000 2000 -
Luminosity 0.01 —0.00 1
Other sources 0.03 —0.03 3 122 L 1225_! DR
o : o . C ‘
Pre-fit impact on : Au S 1 s e . W/.///////////A/////////////%///
0=0+A0 = 0=0-A0 04 02 0 02 04 8 07 o 075
Post-fit impact on u: L L O O B O 0'5 00 500 600 0'50 o I'IOOI N I200I N I300I N I4OOI N I500I N 600
oo §+A% h g .’@‘_A’G‘ ATLAS Preliminary H|ggs boson candldate P, [GeV] Higgs boson candidate P, [GeV]
_e— Nuis. Param. Pull s =13 TeV, 139 fb’ . 1t + > 1b process modeled with in

tt+=1b: NLO match. SRbin1 ljets
tt+=1b: NLO match. SRbin2 ljets
tt+=1b: FSR

tf+=1b: PS & hadronisation dil
ti+=1b: pib shape

i = {/ my(6) - my(F) - my(b) - my(B) @nd pp = 0.5X ¥ iy 70, M)

- Normalization decided as a free parameter by data:

| . Leading uncertainties from two-point 17 + > 1b PowhegBox + Pythia8 vs.
IIII|IIIIIIIII|IIII IIII|IIII IIII|IIII MGS_aMC + Pythia8 NLO matChing (unCOrrelated between pT(H) binS)

2 -15 -1 -05 0 05 1 15 2
ATLAS-CONF-2020-058 (6-6,)/A6 » Additional uncertainty to cover pt(H) mis-modeling
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-058/

Bl OarLas ttH/tH, H—yy

H ------ tHCIb
W
H-ZZ + Rest KW
tHW -
=TT b W b t
H
tH
0.09 pb @13 TeV
» Excellent sensitivity thanks to good photon - Distinguish relative sign of top Yukawa
energy resolution coupling (w.r.t. W-H coupling) using tH
» No combinatorics issue in H reconstruction production process
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;ﬂ\jﬂ ATLAS ttH/tH(yy) analysis strateqgy

55::-;-_--_3% r ~ 3+ NMulti-class BDT trained to divide Higgs boson
- signal into different STXS bins

Event Fraction

0'er Multi-class

10—2 - 1 - Use kinematics of diphoton system, Njet, Nojet
10_3;_":——;___ _ Nlepton, Ntop, Jet kinematiCS...

C | | | | I | I_ _I ‘LI o L L | L1 | | L1 L 1 | L Il | |
0 0.05 0.1 0.15 0.2 0.25 0.3

ATLAS-CONE2020-006  Maessseotonen © - BiNAry BDT trained to isolate out targeted

S ond T A iy signal from continuum background

= 0.12F _ 00« 25 0 K ;

oo BINAry  smmmmes 0 Yse four-vector of photons/jets/leptons, b-tagging
0.08 N

scores of jets, top quark reconstruction BDT etc.

0.04- * * PR
oomwmm** - '+“'+§++ﬂ§ » Define final analysis categories by cutting on
00T 02 03 04 05 08 07 08 09 Binary BDT. Fit myy spectrum to extract signal

BDT score
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/

M‘Kﬂ\‘ ATLAS Categorization

Category Sao : Bao S/(S +B) 7 . ATLA?_____§__i__T_ylation gPreIimiénary H-vyy, \/§=13 TeV,L=139fb " 100
glSGUcae | 32 50 039 13 8 AEERE R R RS -
gib)sceallie ) 35 15 048 08 g UM T 0 &

)=o) e e 5.1 4.3 054 2.4 | O meoseesocen 15 *
Sl el 37 10 026 14 mowssemew w |
Do) ey 64 3.8 062 2.6 Mmoo w o
DUl ceal 31 81 028 10 <o 17 REEIRI Y
200 <pr(H)<300Gev. [IEY-IREET ARN - HPY ALTNIVSSVISE IS NN BN B A
pr(H) = 300 GeV 36 1.0 078 26 ; measurement I =z - = - = o = &
ww 080 24 025 05
thop | 088 27 024 05
Other 11 120 0.08 1.0 ATLASCONR2020:026 = & & & @ @

- High S/(S+B) and good purity of targeted ttH/tH STXS regions
- Higgs boson candidate prt can be reconstructed with high resolution in the diphoton channel

» Sensitivity mostly contributed by high binary BDT categories

Hongtao Yang (LBNL) July 27, 2021, EPS-HEP 2021 11


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/

il Ot as ttH/tH(yy) results

BERKELEY LAB

> e e B A S R e : Ao(ttH+tH)
©  30p ¢ Data ATLAS Preliminary = Uncertainty source [%]
g E ............... Continuum Background \/g =13 TeV, 139 fb-1 E .
2 25 ----- Total Background m,=125.09 GeV  — Photon energy resolution
(@) — — S : _ -
S 20 Signal + Background 5| categories = Underlying event and parton shower
< = In(1+S/B) weighted sum 3 -
G 15F S =H + top — Jet/missing ET
z 10 - + = Photon efficiency

= I Background modeling

5: +¢ LY ® o' O ¢ i . . =

- R Luminosity and trigger
2 10F E Photon energy scale
= gﬂ ¢ - Higgs boson mass
? _551 ' Po TR0eT eene * S Modeling of heavy flavor jets in hon-
o 110 120 130 140 150 160 ttH process
= ATLAS-CONF-2020-026 M, [GeV] Pileup

. ttH+tH observed significance 4.70 (exp. 5.00) * 0(tH) <8 X osu @35% confidence level

. o(ttH + tH)/ 64y, = 0.921023 (Stat.) 100> (Syst.)

« Cross-sections of other production modes decided
by data in other analysis categories
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BT Combination of multiple decay channels

BERKELEY LAB

F

S K

H— 11 (36 fb-1)

H—bb (VH 139 fb-1, others 36 fb-1)

H—oupu (139 fb-1)
H—inv. (139 fb-1)

» ttH, H—vyy (ATLAS-CONF-2020-026) and H—=ZZ—4l (EPJC 80, 957 (2020))
measurements based on 139 b full Run 2 dataset and provide STXS measurements

 ttH, H—bb (PRD 97 (2018) 072016) and multi-lepton (PRD 97 (2018) 072003)
measurements in this combination use only 36 fb-1 partial Run 2 dataset, and provide
only inclusive measurements

N K
AN NI NI U NI N

\\\\\\\H
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MY Test of top Yukawa coupling strength

BERKELEY LAB
ATLAS Preliminary VATLAS reliminary
) o —— s=13TeV,24.5-139 fb 68% CL ————
vg — 13 TeV, 245 _ 139 fb 1 68 /O CL g‘)H ==1922§/09 GeV, lyHl <25
SM
m, = 125.09 GeV, IyHl <2.5 95% CL K gz
KZ — ——e— < I L L B L LA BN IR yl '
i | £ 14 ATLAS Prelminary __ . ’ tg T
: C\II " Vs=13TeV, 24.5-139fb™" ] — : —
Ku ———— i et I N —_——
K 00w ; F i -
1T —
g —— ‘ \ [ Az -
K¢ —_— Az —_—
Kg T ——— Abz e e e
< —
- | 1 | ki< 0 excluded at
’ B; = 55.2:/ 0 ) using info
y pswﬂ' ° | | from tH and ggZH
0.8 1 1.2

ATLAS-CONF-2020-027
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S Oatias STXS measurements

BERKELEY LAB

ATLAS Preliminary

Vs=13TeV, 139 fb™
my; =125.09 GeV, |y, | < 2.5

—e— Total I SM

Tl ! T T T ! L ! IIIIIIII !

O-jet, p¥ < 10 GeV |_..I

O-jet, 10 < p < 200 GeV |.|
1-jet, p!! < 60 GeV |_._.||

1-jet, 60 < p' < 120 GeV I_..|

1-jet, 120 < p' < 200 GeV |_._|.|

9g9—H > 2-jet, m;; < 350 GeV, p!f < 120 GeV PY l |
> 2-jet, m; < 350 GeV, 120 < p < 200 GeV ——e—H

> 2-jet, mj; > 350 GeV, p' < 200 GeV |.|__._|
200 < p < 300 GeV |.|.._|

300 < p" < 450 GeV PY :||

Pt > 450 GeV ——e—

< 1-jet } + |
> 2-jet, m; < 350 GeV, VH veto |—|—._|
> 2-jet, m;, < 350 GeV, VH topo —— 60 < p’;’ <120 GeV

> 2-jet, 350 < m; < 700 GeV, p’; < 200 GeV |_.-|—| y
> 24et, m; > 700 GeV, p¥ < 200 GeV He 120 < p7 <200 GeV

> 2-jet, mj; 2 350 GeV, p > 200 GeV |.|.._| D H > 200 GeV
-

py <75 GeV | —e—]
75<p¥ < 150 GeV H—e—]

150 < p? < 250 GeV H—e— 1
py =250 GeV e L] R L1l L il

"""""" 1072 107" 1 10
p! < 150 GeV ® |
99/qq—Hil | 150 < p¥ < 250 GeV |_.|_._| - - - SM
Sensitivity driven by H—vyy 6 XB7./BZ7. [pb]

pY =250 GeV |..|._._|

qq—Haq

qq—Hlv

p*T’ <60 GeV
60 < p < 120 GeV

120 < p'’ < 200 GeV

- Combination helps reduce model dependence and improve precision

1072 107 1 10 * Once included,
ATLAS-CONF-2020-027 G xB,./Bo¥. [pb]
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el ST A Conclusions

BERKELEY LAB EXPERIMENT

- ttH/tH remains a hot topic in LHC Hi hysics [ T T T
oP C Higgs physics Total ATLAS and CMS
- Run 2 analyses being finalized, highlighting ttH T e HeLHC Projection
differential measurements in pt(H) bins based on — Theory ot ot o 11
STXS framework b = 1.8 08 10 13
Kyw = Proiection for HL-LHC 1.7 0.8 0.7 1.3
- ATLAS standalone as well as ATLAS + CMS KVZ — L iv1502.001 34 o
combinations will follow - |
Kg = 25 09 08 2.1
» Factor of ~3 improvement in precision expected |k, = 3.4 09 11 3.1
at ngh-LumanSIty LHC K, B 3.7 1.3 13 3.2
- While waiting, work hard to resolve bkg. modeling " = 1909 08 1
challenges (e.g. tf + > 1b for ttH(bb)) & = 388 10T
brainstorm new ideas to explore rich physics in KZYO e .O.?'.8.7§%;:7.6:.14
ttH/tH using Run 2 & Run 3 data! Expected relative uncertainty
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e OpTI AS LHC and ATLAS detector

BERKELEY LAB EXPERIMENT

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

LHC
2008 (27 km)

-~ &« North Area

LHCDO
TT41

ALICE

\ a7
\ .
L
.
h
23
V.
P

60 . 2006 Gran Sasst

TT40
= | ;
1976 1~ km) Ts”?7? Ly neutrinos
- e ATLAS
2\ CNOS
I TT

ﬁ AD
mel  NEEEREEm

)
e’ i i«’ ' )
p A\;;/
N-TOF~ & X
2001 P
LINAC 2
neutrons
LINAC 3

lons

BOOSTER

» ISODNDE

East Area

|

=l

PSS
1959 (528 m)|

N J e

-«
Leir

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

» Successful Run 2 data-taking at Vs = 13 TeV. 139 fb-! proton-proton
collision data for physics thanks to the excellent LHC performance!
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Dilepton Single—lepton
pg GGV SR;j{; SR;Z{; SRboosted
Inclusive 51% 43 91%
0,120) 43 35%

120, 200) 50% 45%
200, 300) 647 5770
300, 450) 90%
150,00 L0003y
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’\\l‘i WY Systematic sources for /7 + jets modeling in ttH(bb)

EXPERIMENT

Uncertainty source Description Components
tt cross-section +6% tt + light
tt + >1b normalisation  Free-floating tt + >1b
tt + >1c normalisation +100% tt + >1c
NLO matching MADGRAPHS5_aMCQNLO+PYTHIA8 vs. POWHEGBOX+PYTHIAS All
PS & hadronisation POWHEGBOX+HERWIGT7 vs. POWHEGBOX+PYTHIAS All
[SR Vo ISR b ¢ ME in POWHEGBOXRES+PYTHIAS  tt + >1b
arying ag = (PS), préepp (ME) POWHEGBOX+PYTHIAS tt + >1e, tt + light
in POWHEGBOXRES+PYTHIAR ¢t + >1b
FSR ing ag ot (P o =
Varying o™ (PS) in POWHEGBOX+PYTHIAS tt + >1c, tt + light
tt + >1b fractions POWHEGBOX+HERWIG7 vs. POWHEGBOX+PYTHIAS tt + 1b/1B, tt + >2b
p%b shape Shape mismodelling measured from data tt + >1b

ATLAS-CONF-2020-058
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e 7P ttH(bb) signal strength in different regions

BERKELEY LAB EXPERIMENT

ATLAS Preliminary Vs=13 TeV, 139 fb™

— Total Stat. Tot. ( Stat. Syst.)
- 0.45 ;+0.22 +0.40
I+jets resolved o 0.32 1'0.43 (t0.21 f0.37)

l+jets boosted 0.36 *>2° (+o.45 +O'38)

_0.55 \-0.42 -0.35

: +0.92 ,+0.40 +0.83
Dllepton — 098 -0.83 (—0.39 —0.73)
: +0.36 ,+0.20 +0.30
Inclusive 0.43 033 (Z0.19 —027)
| | | | | | | | | | | | | | | | | | | |
2 2 4 6 8 10
ATLAS-CONF-2020-058 = oM ogy, for m =125 GeV
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o

ATLAS

EXPERIMENT

SeELEY Lag titH (b b) rankin g resu Its ATLAS-CONF-2020-058

Pre-fit meact onu: Au Pre-fit meact onpu: Al Pre-fit meact onpu: Al
0 = 6+A0 0=06-A6 04 -0.2 0 0.2 0.4 0 = 0+A0 0 = 6-A6 -15 -1 -05 0 05 1 1.5 0 = 0+A0 0=0-A6 15 14 -05 0 05 1 15
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e SATLAS

EXPERIMENT

gl I Post-fit event yields in ttH(bb) di-lepton channel

SR} CR3 CR3z%:  CR3 1,
pr range [GeV] 0,120) 120,200) 200,300) 300,00)
ttH 14 +12 0.7 =5.3 3.3 2.0 1.0+1.2 10.5 +=8.4 Hhl =41 33 += 27
tt + >1b HHT7 £+ 28 205 =17 117.6 =9.6 37.4+5.6 2030 += 130 4080 =210 2540+4+170
tt + >1c 48.7 9.5 14.4+4.4 6.2 +1.4 3.9+1.0 H23 + 130 1190 £ 2060 2550 4 500
tt + light, 4t, tH 7.91+5.8 4.2 += 2.8 2.1 £1.5 1.4+1.3 123 +66 221 +120 923 + 360
tt + 2 12.5 4+ 2.0 7.0+1.6 4.15=+0.71 2.03 +=0.44 10.7 1.7 57 4+7.3 H2.5 1+ 0.8
tt + W 0.75+0.31 0.41 =0.12 0.27+0.11 0.128 +=0.069 1.83+0.55 109+ 1.6 22.01+ 3.5
Other top sources 19.0 £6.7 (.714.2 4.44+4.0 2.0x1.5 126 =34 208 £ 60 204 £ 71
Fakes 3.0+ 1.1 1.32+0.51 0.40 =0.23 0.57 =0.30 6.31 = 1.8 46.3 =12 HH. 7T+ 14
Total 664 £+ 24 307 +16 138.0 £t 8.9 48.9 += 5.1 2830+ 54 H&60 £ 79 6430 + &2
Data 647 300 135 48 2827 1805 6429

ATLAS-CONF-2020-058
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el ©nriAS

BERKELEY LAB

EXPERIMENT

Post-fit event yields in ttH(bb) lepton+jet channel

SR;% SRboosted CR52j4b lo Cjozlb hi
pr range [GeV] 0,120) 120,200) 200,300) 300,450) 450,00) 300,450) 450,00)
ttH 93 =74 49 + 39 206 = 21 5.9 =4.6 1.26 =1.00 15 =12 3.6 2.8 26 = 20 26 =21
tt + >1b 4450 £ 160 2040 =85 859 =43 234 == 20 43.4 = 8.2 207 =27 51.0 9.8 1595 =380 1102 =51
tt + >1c 960 =210 404 =387 179 £ 38 46 = 11 12.9x+3.3 157 = 37 40=11 630 = 140 90 = 23
tt + light, 4¢, tH 200140 105057 52 £ 26 15.4 8.8 3.0t 2.2 62 =25 16.9 7.6 270 =100 20 £ 16
tt + W (3x1l.1 446087 254x048 1.09=x=0.31 0.48+0.14 1.89=x=0.36 0.57x=0.17 2.62=x046 0.593=x0.12
tt + Z 79 =10 46.0 £ 6.4 31.1 4.9 11.8x2.3 212064 11.0x2.1 234060  25.9=x3.5 22.8x3.1
Single top Wit 80 £43 44 4 27 18.7X+7.8 9.5£9.0 6.1+54 14.0 £ 8.3 4.9+4.3 60 = 32 28 1= 20
Other tOp SOUIrcCes 48 £+ 25 24116 14 +10 4.5+12.7 1.09 £0.54 4.4+ 3.0 0.88 £0.78 41 1+ 16 28 £11
V& VV + jets 63 =24 30x11 20.6 = 8.2 8.1x3.4 1.92=0.84 13.1=x5.6 4.2x2.0 43 + 15 24.9 = 8.8
Total 6026 =84 274752 1198 = 31 336 = 15 72.8x7.0 57523 124.4 £9.7 2700 £ 52 1348 + 38
Data 6047 2742 1199 331 79 531 118 2696 1362

ATLAS-CONF-2020-058
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) 74P Summary of training variables in H—yy

BERKELEY LAB
STXS regions Multi-class BDT STXS regions Binary BDT
Multi-class BDT variables, and
A¢, An between the 2 photons (A¢.,~, An..);
99 - H Number of electrons and muons;
Er}niss, ZET, Er}niss significance, and
individual s
di-photon p1 and absolute rapidity; STXS regions from Et azimuthal angle computed from hardest vertex;
gg — H or . . . S~y
di-jet pt, mass, Ay, A¢p, An between the 2 jets; qq — Hqq v Pt projected to its thrust axis (pyy);
pr, mass of vy + j and vy + jj, Half difference between di-photon 7 and sum 7 of leading 2 jets (nzep Py,
/ / Y 1
v H Ay, A¢p between v+ and j7, T—|Ad., .| 2  An
qq qaq qb:W — tan(%) 1 — tanh™( 2’7'7)
minimum AR between jets and photons,
cos 0. = | (B 4pst)- (BT —p2)— (BT —p.1)- (BT 4p;%)
Y T
mass of the sum of all jets; m77+\/(mf2y,y+(p%w)2)
di-lepton pr, di-e or di-p mass,
pT/mww, n, ¢ of 2 leading photons;
ET"% pr of lepton + Eq°°°%; WH '
qq — Hlv STXS regions pT, 1, ¢ of 2 leading leptons;
pr, N, ¢, mass of top candidates; combined , , ‘
EL"7 ) B significance, B4 °° azimuthal angle;
Number of jets, barrel jets (|n| < 2.5), b-jets and leptons; .
Whether or not the E1"°® built from di-photon vertex is
leading jet pr, sum pt of all jets
_ ZH larger than that built from the hardest vertex
qq — HY S E', ET*° significance; STXS regions by more than 30 GeV;
combined
Average interaction per crossing, number of primary vertices di-lepton mass, and transverse mass of lepton + E? v5s
pT, N, ¢ of 2 leading photons;
I STX;tH , pT, n, ¢ and B-tagging scores of 6 leading jets;
regions
ATLAS-CONF-2020-026 combined | | |
Emzss Emzss Si .ﬁ Emzss . th 1 1 .
T , Er gnificance, E azimuthal angle;
Top reconstruction BDT' scores
tH tWH, tHqgb
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el ©nriAS

H—vyy Signal and background modellng

BERKELEY LAB EXPERIMENT
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- Parameterize signal with double-sided crystal ball function

Select background model on MC template using spurious signal procedure.
chosen for all ttH/tH categories
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;ﬂ\\i TN Nuisance parameter ranking from H—yy

ATLAS Preliminary A
opAc/ o
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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
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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 - .
e COI IStraII It Of I lUISaI lce aral I Ieter
Photon Energy Scale L2-Gain
QCD Scale ttH
. . H _ [ ]
SpurSig Cat: ttH (pT < 60 GeV) Med-Pur | ] - . =
B O r S Ste I I l at I C u I l Ce rt a I I lt I e S
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
| —@— Pull ]
1 std dev.
[ |:| Prefit impact on Ao/ o T
— ] Postfit +10 impact on Ac/ o —
I m Postfit -1o impacton Ao/ o —
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i Oatias STXS correlation matrix

BERKELEY LAB

o Vs =13 TeV, 139 fb
ATLAS PrellmlnarymH= 125.09 GeV, |y | <2.5
; H .

0-jet, p’; <10 GeV 0.04 0.020.07 0.03 0.03 0.02 0.07 0.070.01 0.03:0.00 0.04 0.03 0.020.11 0.09:0.07 0.06 0.06 0.060.01 0.07 0.060.03 0.05 0.050.06:0.02:0.27-0.06 1 &
0-jet, 10 < p’;’ <200 GeV p.o4 280.26 0.14-0.060.13 0.03 0.22 0.06 0.08:0.050.02 0.02 0.090.18 0.13:0.100.10 0.10 0.1120.010.10 0.100.04 0.06 0.08 0.08:0.02:0.380.10 >_
1-J'et,p’;<60GeV 0.13 0.12-0.04-0.02 0.03 0.05 0.02 0.02-0.310.04 0.03 0.04 0.11 0.06'0.01 0.02 0.02 0.0190.02 0.02 0.020.01 0.02 0.02 0.02+0.01+0.09-0.01| ><h
1-jet, 60 < p’;’ <120 GeV .07 0.26 0.13 JEI0.29-0.210.10 0.02 0.240.08 008—0460 02 0.02 0.080.18 0.11 oo7o 06 0.07 008—0 010.08 007003 0.05 0.050.05 001—02&0 08 O 8
.030.070.01 014005005ro44ooo002004009005003002002003000003002001 002002002000&12003 Q.
nﬁo.m 0.130.11 0.06:0.01-0.46-0.18 0.01 0.00-0.01:0.010.01 0.01 0.01:0.00 0.01 0.010.01 0.01 0.020.03:0.02:0.05-0.01| O 6

1-jet, 120< p'! < 200 GeV .03 0.14 0.120.29
> 2-jet, m;; <350 GeV, p! < 120 GeV .03-0.06-0.04-0.210.03
> 2-jet, m; <350 GeV, 120 < p'; <200 GeV .02 0.13-0.020.10-0.070.17

gg—H
X B,

0.00 0.230.15 0.11:0.01-0.48-0.28 0.04 0.02 0.01:0.03 0.03 0.04 0.04+0.010.03 0.040.02 0.03 0.03 0.04+0.01-0.15-0.04
0.080.05 0.06:0.03-0.05 0.04-0.46-0.20 0.04:0.05 0.04 0.04 0.040.01 0.05 0.0490.03 0.05 0.06 0.08:0.06:0.170.05
0.10 0.12:0.15:0.26-0.17 0.06 0.13-0.05/0.08 0.08 0.06 0.0770.01 0.07 0.06.04 0.06 0.07 0.0720.03:0.32.0.07
0.05:0.070.20-0.10 0.01 0014309:001002001 oo1boooo1 001:002002006001;003:—004—00" — 04
.04-0.11-0.010.02 0.06— 0010030 03 0.03 0040 00 0.04 004002 0.03 005003ro o1ro 140.04

0.01—0.01—0.04—0.12—0.02_0.01 0.01 0.01 0.01:0.00 0.01 0.01 :0.01 0.01 0.02 0.02_0.02:0.06—0.0"

> 2-jet, m;; > 350 GeV, p! < 200 GeV .07 0.03 0.030.02 0.01 0.010.00
200 < p';' <300 GeV .07 0.22 0.050.24 0.14 0.130.23 0.08
3003p”<450GeV 0.01 0.06 0.020.08 0.05 0.110.15 0.05 0.10

PH> 450 GeV .03 0.08 0.020.08 0.05 0.06 0.11 0.06 0.120.05

< 1-jet [0.00-0.05-0.3+0.46-0.44 0.01 0.01-0.03-0.15-0.07-0.04

o . 2 2-jet, m; <350 GeV, VH veto 04 0.02 0.040.02 0.00-0.46-0.48-0.05-0.260.20-0.11-0.0 {#EBM0.11 0.00 0.14 0.10:0.03 0.02 0.02 0.020.01 0.03 0.020.01 0.01 0.03 0.02:0.00+0.09-0.02 — O ] 2
ag mN > 2-jet, m; < 350 GeV, VH topo b 03 0.02 0.030.02 0.02-0.180.28 0.044).110.1%.0*%0.019“0.00 0.04 0.06:0.020.02 0.01 0.0290.01 0.02 0.020.01 0.02 0.01 0.02:0.00:0.09-0.02
CTT x 2 2-jet, 350 < m; <700 GeV, p’;’ <200 GeV .02 0.09 0.04 0.08 0.04 0.01 0.04-0.46 0.06 0.01 0.02:0.040.00 0.00 JEWM0.21 0.09:0.03 0.03 0.03 0.0290.01 0.03 0.030.01 0.02 0.02 0.02+0.02:0.120.02
< > 2-jet, m; > 700 GeV, p! < 200 GeV [p.11 0.18 0.110.18 0.09 0.000.02-0.200.13 0.01 0.06;0.120.14 0.04 0.21 [JEMB0.22:0.10 0.08 0.08 0.08:0.02 0.09 0.0850.05 0.07 0.08 0.09 50.0254).3&0.09- — O
2 2-jet, my; 2 350 GeV, ."ZH. > 200 GeV b.09 0.13 0.060.11 0.05-0.010.01 0.04-0.050.09.0. .°.1'.°. 02010 0.06 0.09 EESUR° 08 0.07 0.07 0. 9?‘).0.1. gl 9.70.‘?‘! 0.060:06 908 0.‘?1.'.0.9.’%9 08
- p‘7<7SGeV 0.07 0.10 0.010.07 0.03 0.010.03 0.05 0.080.01 0.03:0.010.03 0.02 0.030.10 0.08 160.10 0.08:0.04 0.08 0.080.03 0.04 0.050.07+0.03:0.23-0.09)|
T N 75< p¥ < 150 GeV .06 0.10 0.020.06 0.02 0.010.03 0.04 0.08 0.02 0.03:0.01 0.02 0.02 0.03 0.08 0.07%0.16-0.12—0.0350.12—0.03—0.04-:0.03 0.04 0.04 0.06:0.05-0.200.05 = _O 2
gyﬁ 150 < p¥ < 250 GeV .06 0.10 0.020.07 0.02 0.01 0.04 0.04 0.06 0.01 0.03:0.01 0.02 0.01 0.03 0.08 0.070.10-0.12 .03 0.04 0.020.0420.04:0.210.76 )
- evieis.... P> 2506V D05 011001008 003 001004 004 007001 004001002 0.02 0.02008 0.0810.08.0.03 103004 0030.04:0.060.22083
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