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Overview

Full Run-2 LHC dataset:
e Integrated luminosity of 126-139 fb™' of
data collected at Vs =13 TeV

e Di-Higgs results with full Run 2 dataset at the ATLAS Experiment

Resonant HH—bbbb [CERN-EP-2021-229]

Resonant and non-resonant HH—bbtt [ATLAS-CONF-2021-030]

Resonant and non-resonant HH—bbyy [CERN-EP-2021-180]

Resonant and non-resonant combination [ATLAS-CONF-2021-052]

HEFT interpretation using HH—bbyy and HH—bbtt [ATL-PHYS-PUB-2022-019]

O O O O O

e HL-LHC projections with the ATLAS detector

©  HL-LHC prospects for HH—bbtt [ATL-PHYS-PUB-2021-044]
©  HL-LHC prospects for HH—bbyy [ATL-PHYS-PUB-2022-001]
O  HL-LHC Prospects for HH (bbyy + bbtt combination) [ATL-PHYS-PUB-2022-005]
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https://arxiv.org/abs/2202.07288
https://inspirehep.net/literature/1920637
https://arxiv.org/abs/2112.11876
https://inspirehep.net/literature/1952934
https://cds.cern.ch/record/2806411?ln=en
https://cds.cern.ch/record/2798448
https://cds.cern.ch/record/2799146/files/ATL-PHYS-PUB-2022-001.pdf
http://cds.cern.ch/record/2802127/

Non-Resonant di-Higgs Production at the LHC

| ggF channel |
Iy H p .. S ol
| Kx I
| g H [
| g 9990990000000 1 —— 4@ -~~~ -~~~ H |
: SM = 31.0575%, (scale + muop) £ 3.0%(PDF + aig) fb :
I at NNLO for Vs =13 TeV! I
__________________________ i

Ky Ky H . H

2y B

oM. =1. 73"'8 8i§(scale + Miop) £ 2.1%(PDF + ag) fb

at N3LO for Vs =13 TeV!

Iza Veliscek 3

Search for non-resonant pair

production of Higgs bosons

e Trilinear self-coupling of
the nggs boson (H)

o ASM . — ™y
HHH — 292

e Test the theory of
electroweak symmetry
breaking

e Very sensitive to
anomalous trilinear
self-coupling

g

RK)\ = SM
ANHHH
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Resonant di-Higgs Production

Search for resonant pair production of

Generic spin-0 heavy

|
|
| g 9999999999999 H Higgs bosons
I resonance L |
P | .
: | e Representative benchmark models:
: & B l o Generic spin-0 boson
: I m Predicted by Higgs-doublet
: D models, e.g. MSSM
| g 0990999909999 - H |

o Spin-2 Kaluza-Klein graviton
s I = Asinthe bulk

width of 10 GeV
m Kaluza-Klein graviton width

based on model prediction

9 H 1 Randall-Sundrum (RS) model
// I

: 5 | e Assumptions:

I e I o Spin hypothesis

| > N : o Generated resonance width

! Gri p : m  Spin-0 boson with a narrow

|

I |

, |

I |
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Resonant HH->bbbb CERN-EP-2021-22

: Resolved channel: I l § [ amas ' oam I
! : l ! B Eagontonh  m |
H->bb: 2 b-tagged R=0.4 pflow jets 210 Boosiedchannel, 4 - Uncsrainy
| . . . | | Rt T m(X) = 1 TeV |
I « Data-driven background estimation | B, m-2TeY 3
' o Neural Net | I m,, < [900, 5000] GeV,. l

| |
: o Use 2b tagged events : | :
I o Captures multijet and tt | I . '
I e Corrected m_, used in the fit l I | -t '|
| |

o m .=m. .=125 GeV | 7000 1500 2000 2500 m3000 ] |
I H1 *H2 I I Boosted channel: EE
| > ATLA: " " " | .
| § o v—LAed e | : , ® H->bb: 1 merged R=1.0 calo jet :
I 3" e 0 - G I I o Variable-radius track jets for |
: : T e | | l b-tagging |
: My S [251.1500] GeV I : e Background estimation l
I j : I o tt: Monte Carlo samples :
I 5 08 | [ o Multijet: data-driven method l
I iko I [ m  Use low-tag events I
' s o ' e 2b, 3b, 4b categories, m, fitted |
| o e e e e e e e e e e o Corrected m(HH) [GeV] e e e e e e e e e e e J
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Resonant HH->bbbb CERN-EP-2021-22

No significant evidence of a signal is observ

e Powerful at high resonance masses!

o Improvements in the boosted channel

5000

2 105} ATLAS _, — Observed limit (95% CL)
T LS= 0 TeV 1261890 L Eypected limit (95% CL) |
T [ Spin-0 I .
X 104k . Expected limit 10
ng N Expected limit +20
e [ === Resolved expected limit
& 103k ——- Boosted expected limit |

102}

101}

250 500 1000 2000 3000
m(X) [GeV]

|za Veliscek

(@)

101 E
298 -1460 GeV

100} masses excluded! -

250 500 1000 2000 3000

ed!

3-5 TeV range covered for the first time
e m, . = [900,1500] GeVresolved and boosted fitted together

102}

T T T T T T

. AITLASI
- Vs=13TeV, 126-139 fb~!
[ Spin-2

—— Observed limit (95% CL)

— == Expected limit (95% CL) 1]

. Expected limit £10
Expected limit +20
——=- Resolved expected limit
=== Boosted expected limit

—— RS Graviton, k/Mp; = 1

5000

m(Gi) [GeV]
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HH->bbTT ATLAS-CONF-2021-030

T 10F 'I"'\“‘I"'Ib‘t‘l"'l"‘l"'
S ATLAS Preliminary e tala o
— 1 —— SM HH at exp. limit
2 10° Vs =13 TeV, 139 fo’ Top-quark .
g e et > ,,, fakes (MJ) H->bb: 2 b-tagged pflow jets
1 105 Signal Region -iel—}_:“-(t;:;:::(zfi)) .
i mover ™ e H->t T ,0r H->T T opposite
E Uncertainty C h a rge |
103 iR e o Pre-fit background .
2 . o H- >TiepThad categorized on based
10 the event passing certain triggers
0 e Dominanttt and Z + heavy flavor
.1_;;22'.,“‘..I..i‘lllliiilllll"'“‘ 7 e Fit a machine learning observable
é 1~.\ CIREEC NN NNEPRRE SN N \\\Q&\\* \\* \\}\ \\IE
g 051 —0|8—06 04—02 0 0|2 04 06 08 '_1
BDT score
r— == = —_———— = r— === ———— === =

Non-resonant analysis:
e MLs trained on non-resonant HH

I
l
: ggF signal
l
|

I Resonant analysis:

' ¢ m,E [251, 1600] GeV

I .

o Parameterized neural network
I

I

o Boosted decision tree in H->T, _ T

had “had o Heavy resonance mass

o Neural network in H- >t|_Pthad I parameterized in the training
______________ -_— e = ol _-—e o o o EE EE EE o EE EE EE e e Em Ew Em e o)
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ATLAS-CONF-2021-030

: Non-Resonant results: I : Resonant results: [
| |
I o Observed (expected) upper limitson | I e Compatible with the [
I the cross-section: 4.7 (3.9) times the | ' background-only hypothesis |
I . | ..
| SM expectation : , ® Deviation from SM at 1 TeV local :
| ® K € [-2.4,9.2]([-2.0,9.0]) (published : | (global) significance: 3.0 0 (2.0 3 0) |
[ in ATLAS-CONF-2021-052) : e ——
—_ 105 T T T T T T T T T I E - ---- Comb. Exp. s T\eprhad Exp. ]
: =) ATLAS Preliminary — Observed limit (95% CL) | % 3L —— Comb. orf;. —— T Thag Obz. | .
Iz VS=13TeV, 139 fp-t ~~~~ Expectediimit (95%CL) I ! 1 107 [ Comb. Exp. 16 === Tpgfyeg Exp. 3 |
| == HH_—> bBT""I,:_ M Expacted limit 10 | < - [ Comb. Exp. #26  ——1,,T,,,Obs. ]
w 104} 1 Expected limit +20 | B 1 1
| = E== Theory prediction I | T B T I
W Y% SM prediction oy 102
I 103‘ I g E
g I S - |
I 102 ] Observed: k) € [-2.4,9.2] I I CI) § ATLAS Preliminary ; I
I Expected: Ky & [-2.0,9.0] | I S - IEI=|13|T?VI’ 1|3?ﬂf"1| T
I 101 o o I 1 © 400 600 800 1000 1200 1400 1600 |
| -10 -8 -6 -4 -2 0 2 4 6 8 K1)\0 I I m, [GeV] I
- e o e e e e e e e e e e e o e o e . e I T T T —
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HH'>bbY¥ CERN-EP-2021-180

e H->bb: 2 b-tagged pflow jets o H->yy: 2 highp;y e No leptons
e Categories constructed from: o m*bbW cuts o y and jet related kinematics
0 missing transverse momentum variables
e Main backgrounds: non-resonantyy, - ——————=—= === I
: : Resonant analysis:
single Higgs decays y
: m, € [251, 1000] GeV
e Model signal and background m X . S
: : . ¥y o BDT: joint training for all m,
shapes with analytic function

o
R

||||||||||| [T T[T T[T T[T T[T [TTTT[TT71

| |
| |
| |
| o |

. c ATLAS ]
e (ategorise on BDT score ' 3 070 3o 1aTeV, 109 & e eV '
. | § [ HH-bbyy —yyHets |
( F|t mw | g O.GE— _g:\r)lgle Higgs —— I
I_ ________________ I I E 0-5:_ - I
| Non-resonant analysis: | : *4-  Discarded ' E :
: Low and high mass category : | o3 event E I
I o BDT trained for each | ' . E !
| I | 0.1 E |
————————————————— I oo l® I

Bl o ralanal ol gglhos
0 01 02 03 04 05 06 07:08 09 1
L BDT,, Score
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https://arxiv.org/abs/2112.11876

' . | ' |
| Non-Resonant results: : | Resonant results: |
: e Observed (expected) upper : : e Compatible with the |
__— . . |
| limits on the cross-section: 4.2 : | background-only hypothesis :
I i i |
| (5.7) times the SM expectation | . & Powerful at low resonance |
| Kk, €[-15,6.7]([-2.4,7.7]) | L masses |
— 10° . . . ; ; : . . ‘ = 1000 g
I £ 10 ATLAS —— Observed limit (95% CL) I I E 9005_ ATLAS _: I
I = /S=13TeV, 139 fo~! ---- Expected limit (95% CL) | | I g S - 13 TeV. 139 " - :
| T 4 HH—bbyy ’ 0 Expected limit +16 | :% 800 HSH__)ngf ’ =
r T . LoE oy 1|
T F KN e Expected limit (95% CL, =
I b“g Y%  SM prediction : | Egg%_ = Exzected I?m?t Ej > ) _; :
103} B [ Expected limit+2 ¢ E
[ I | 400§— E [
Observed: k; € [-1.5,6.7] I 100;_ E I
| Expected: k), € [-2.4,7.7] | | O.EI..‘.I....I...‘I‘...I..‘.\....I....u...l...: |
I o S : 200 300 400 500 600 700 800 900 1000
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- K | _ |
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Combining Di-Higgs searches!
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Combination Non-Resonant bbyy and bbTT ATLAS-CONF-2021-052

bbttt~

bbyy

Combined

Signal strength for

non-resonant SM di-Higgs Non-resonant di-Higgs production
production cross-section
T T T T T TTI] T 1 T 1 r— LN L R RN L L IR B B R | LI L D L D L L L D
ATLAS Preliminary —— Observed = 04| ATLAS Preliminary — gbsewegll_im_it((gesscf»g;)
VS=13TeV, 13971 " Expacted =" =_ 4 —-- Expected limit (95%
ossMF+VBF 532_73 fb Comb. exp. limit = 1 o % I Vs=13TeV, 139 b =3 Comb. exp. limit +1o
* 1 Comb. exp.limit+2 o0 T_: I 1 Comb. exp. limit 20
g E== Theory prediction
+ Sﬁr SM prediction
Obs.  Exp. '5 103}
o [
@) [
B 46 39 A
102}
B 43 57 A : )
| Observed: k, € [-1.0,6.6] — bbyy
I —— bbt*t™
B 53 31 | | | Expected: k), € [-1.2,7.2] —— Combined -
S S T 1QHO"-é"Fb"Fﬁl'Lé'"0"'2"'4"'6"'é"'10

10
95% CL upper limit on signal strength Kh
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Combination bbbb, bbyy and bbTT resonant decay channels

ATLAS-CONF-2021-052

No significant evidence of a signal is observed!

3 1 | BT | 1 I 1 1 1 1 | 1 LI I| 1 I
Observe good complementarity =10 ATLAS Preliminary £
C = 26 — -1 ]
between the channels T Sompl TV 126139 ]
e Each most sensitive in a different % 103' —— Observed limit (95% CL) |
3 ---- Expected limit (95% CL) 3
Mass range _ - 3 Comb. exp. limit+1o 7
o Low mass bbyy dominant i Comb. exp. limit£26 ]
o Mid range bbtt dominant 102k _ i
o High mass bbbb dominant : 2 ;
101 - E
Largest deviation from SM at 1.1 TeV F —— bbttt- ]
e Local (global) significance 3.2 ¢ (2.1 ©) [ —— bbyy 1
10° —— Combined -
E ] | ] [ T T B A A A A ] L3
200 300 500 1000 2000 3000

myx [GeV]
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HEFT interpretation of bbYY and bbTT ATL-PHYS-PUB-2022-019

e Higgs Effective Field Theories (HEFT)
e Dominant source of new physics:
anomalous H couplings in the

electroweak sector
e Treat Single H and HH couplings
separately

The seven HEFT benchmark models

considered

Benchmark model | Chhh Cith Cggh  Cgghh Cithh

SM 1 1 0 0 0
BM 1 394 094 1/2  1/3 -1/3
BM 2 6.84 061 00 -1/3 1/3
BM 3 2.21 1.05 1/2 1/2 -1/3
BM 4 2.79 061 -1/2 1/6 1/3
BM 5 3.95 117 1/6 -1/2 -1/3
BM 6 568 0.83 —1/2 1/3 1/3

BM 7 -0.10 094 1/6 -1/6 1
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I SM-like leading-order Feynman diagrams for I
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HH production via ggF '

BSM-like leading-order C‘gghh,x"
Feynman diagrams for 4
HH production via ggF
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https://arxiv.org/abs/1908.08923
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ATL-PHYS-PUB-2022-019

HEFT interpretation of bbyy and bbTT

102_-. . .

III

E LI I L I L I L I L I L I L I L
% ATLAS Preliminary e Observed limit (95% CL)
T 10°% Vs =13TeV, 139 fb-' o Expected limit (95% CL)
w [ HH-obbt*T™ +bbyy = Expected limit+lo

[l B oy

o Expected limit 20

' NI A I

IlIIIIIl

Il llIlllI

IISMIII1III2IIII3IIII4II 5 6

7

Benchmark model
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The observed (expected) limits
range from 50.4 (46.0) fb
(benchmark model 7) to 135.1
(135.1) fb (benchmark model 2)
Allowed observed (expected)
ranges on the two Wilson
coefficients:

©  Coppn € [-0.3, 0.4] ([-0.3, 0.3])
€ [-0.2, 0.6] ([-0.2, 0.6])

°  Cithh
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HL-LHC Prospects for di-Higgs

* TheHigh Luminosity LHC (HL-LHC) >~ HL-LHC prospects for HH -bbrt (700 |
plans: I HL-LHC prospects for HH—bbyy [PUE] ,
o Deliver 3000-4000 fb™' integrated I>  HL-LHC Prospects for HH (bbyy + bbtt ,
luminosity @ Vs = 14 TeV p-p collisions : _ _combination) [PUB] |
e Basis of the projection studies i"CZ 2T IATLilllSPrlehmwl]ary e
o Extrapolate from full Run 2 HH—bbyy ﬁl I ¥8=14 TeV, 5000 fo-” 1
and HH—bbt analysis Profoton o Fun -
o Use Run 2 object reconstruction and I Asimov data (i = 1) ]
identification efficiencies 1 e 7
= Theoretical unc. halved 1
> 10 confidence interval k, = [0.5,1.5] ol —+ Run2syst unc, a
(10.6,1.5]) for baseline (no systematics) i i
a NN\ L 20 ]
- Significance of expected observation of SM i -
d"H|ggS prOdUCtiOﬂ is 3.2 0 (4.6 0) for I . N | B I"._..II:...I—:...I_.'...I".T.O.:
baseline (no systematics) % 0 1 2 3 4 5 6 7 K8
A
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http://cds.cern.ch/record/2802127/

Summary of the results presented

e The LHC Run-2 data is a sensitive dataset to new physics in the Higgs sector.
o ATLAS has a full programme of Di-Higgs searches constraining this important process

e Di-Higgs results with full Run 2 dataset at the ATLAS Experiment
o Combined resonant searches in the bbyy, bbtt and bbbb final state set upper limits on the
cross-section of a spin-0 heavy scalar resonance in the mass range of 251 GeV <m, <3 TeV
o Combined non-resonant searches in the bbyy and bbtt final state and set limits on the SM
signal strength and allowed ranges of «;
o HEFT interpretation using the bbyy and bbtt final state upper limits on the cross section for
seven benchmark models and allowed ranges of Coghh and c

e HL-LHC projections with the ATLAS detector

o Assume 3000 fb™" integrated luminosity at Vs = 14 TeV
o Combined non-resonant searches in the bbyy and bbtt final states used to give expected 1o
confidence interval on x,

tthh
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Non-Resonant di-Higgs Production
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Resonant bbbb

e Boosted channel: B

> = L I I B =
> F ]

G10°t ATLAS ) —

S E  (s=13Tev,139fy" * Multiet -

The high-tag and low-tag categories used S0t ggﬁtﬁg |Cr'éa?<?ﬁ' — Best-fit -
in the multijet background estimation. |5 SIS g gon e Eigenvariation 1 3
mocCE m e Eigenvariation 2 =

102 | o, e Eigenvariation 3—

n b 7

107 “Ehe ] =

E.I | | ||+|I||||I I"

| 05 RS

= 0 R

The unsmoothed and smoothed multijet 2|05 i1

background estimates. 1000 1500 2000 2500 3000 3500 4000 4500 5000
m(HH) [GeV]
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Resonant bbbb

e Boosted channel:

L I A |
¢ Data

> L I A L
[0}
10} ATLAS SR A AR R A R AR SRR T > e[ T T T [T T
g10°s {s=13TeV, 139 fb' [ Multijet & ATLAS + Data 10 ATLAS + Data
- Background-only fit i S10° Vs=13TeV, 139 fb' B Multijet S0k Vs=13TeV, 139 fb" = Muttijet
2 102 Boosted channel, 4b Uncertainty = 10° Background-only fit Pt = Background-only fit Dt
S Epae m(X) = 1 TeV £ Boosted channel, 3b Uncertainty 210 Boosted channel, 2b Uncertainty
w - 3
OB, m(X) = 2 TeV s m(X) = 2 TeV & 108 m(X) = 3 TeV
m(X) = 3 TeV 102 mX)=3TevV 4 = Bkl .. m(X) = 4 TeV
ol 000 0 L — m(X) =5 TeV
107"
1 10
107 107"
10° 107 107
777777777777777777777 -3
2 10 1072
Slo 1 r s Y = -
xg’g 4 4 1 1 §‘g 1 1AL §-g " ] Py R YVY
3% ort T+ | 4 %’g 0__ ..0¢++1+ 1 %’g 0> - .‘.JY.‘ llt
1000 1500 2000 2500 3000 £ , , ‘ ) , , : . 5% T ) , . ) . . . .
m(HH) [GeV] 1000 1500 2000 2500 3000 3500 4000 4500 5000 1000 1500 2000 2500 3000 3500 4000 4500 5000
m(HH) [GeV] m(HH) [GeV]
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Resonant HH->bbbb

e Kinematic region definitions in the Resolved channel

N
o
(=}
X
—
o
S

m(Hz) [GeV]
2

>
o
w
o
Events / (3 GeV)?

N
(6]

140
2.0
120
1.5
100

1.0
80

0.5
60

160 180 200
m(H,) [GeV]

Iza Veliscek 22 ATLAS

EXPERIMENT



HH->bbTT ATLAS-CONF-2021-030

H->bb: 2 b-tagged pflow jets H_>thadthad or H_>tlepthad opposite charge!

° H->tlepthacl categorized on based the event passing the following trigger:

o Single-lepton trigger o Lepton-plus-tau trigger
e Backgrounds

o Dominant tt and Z + heavy flavor

m Normalization for Z + heavy flavor and tt simulated samples constrained from likelihood
fits of signal and control regions

o Fake t estimations based on data-driven method and simulations, mainly from tt or multijet

o  Other backgrounds: W+heavy flavor, diboson, single Higgs boson and multi-jet production
e Fit a machine learning observable (ML)

o Shared input variables in non-resonant and resonant analysis, differences between categories

Non-resonant analysis:
e MLs trained on non-resonant HH

I
l
: ggF signal
l
|

Resonant analysis:

I
e m & [251,1600] GeV :
e Parameterized neural network I
[
I

o Boosted decision tree in H->T, _ T

|
|
|
|
hadChad |

o Heavy resonance mass

o Neural network in H->t|£Pthad parameterized in the training
______________ -_—em == = o) _-—e o o o EE EE EE o EE EE EE e e Em Ew Em e o)
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HH->bbTT: Variables used as inputs to the MLs

Variable ThadThad TiepThad OLL  TiepThag LT'T

mpgH
MMC

Mpp

AR(T,T)

AR(b,b)

APT (Ea T)

Sub-leading b-tagged jet pr
my

E’rI‘niss

pRIss & centrality
A¢(TT,bb)

Ag (L, p™)

Ag(tr, pr™)
St
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HH->bbTT: Variables used as inputs to the MLs
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HH->bbTT: Resonant
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HH->bbyy: Variables used in the BDT for the resonant analysis

Iza Veliscek

Variable Definition

Photon-related kinematic variables

p%’y, v Transverse momentum and rapidity of the diphoton system

A¢,, and AR,, Azimuthal angle and AR between the two photons

Jet-related kinematic variables

Invariant mass, transverse momentum and rapidity of the

_ L bb _
My, py. and y,; b-tagged jets system

A¢,; and AR, Azimuthal angle and AR between the two b-tagged jets
Njets and Np_jets Number of jets and number of b-tagged jets
Ht Scalar sum of the pr of the jets in the event

Diphoton+dijet-related kinematic variables

ZEW Invariant mass of the diphoton plus b-tagged jets system
Distance in rapidity, azimuthal angle and AR between the

Alyy,b> Ay, b a0 ARy, 1 diphoton and the b-tagged jets system

Missing transverse momentum variables

E%niss Missing transverse momentum
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HH->bbyy: Variables used in the BDT for the non-resonant analysis

Iza Veliscek

Variable

Definition

Photon-related kinematic variables

primy,

n and ¢

Transverse momentum of each of the two photons divided
by the diphoton invariant mass m,,

Pseudorapidity and azimuthal angle of the leading and
subleading photon

Jet-related kinematic variables

b-tag status
pr, 7 and ¢
P%’b’ Npp and ¢

mpp
Ht

Single topness

Tightest fixed b-tag working point (60%, 70%, or 77%)
that the jet passes

Transverse momentum, pseudorapidity and azimuthal
angle of the two jets with the highest b-tagging score
Transverse momentum, pseudorapidity and azimuthal
angle of the b-tagged jets system

Invariant mass of the two jets with the highest b-tagging
score

Scalar sum of the pr of the jets in the event

For the definition, see Eq. (??)

Missing transverse momentum variables

E,Irniss and ¢miss

Missing transverse momentum and its azimuthal angle
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HH->bbyy: BDT for the non-resonant analysis
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HH->bbyy

Non-Resonant channel: Resonant channel:
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HL-LHC Prospects for di-Higgs

e The High Luminosity LHC (HL-LHC) rs _I-I_L-T.H_CTorc_asEe?t;erT-lﬁ_TbBt? —--
plans: [ATL-PHYS-PUB-2021-044]

|
|
o Deliver 3000-4000 fb' integrated : HL-LHC prospects for HH—bbyy
luminosity at Vs = 14 TeV I [ATL-PHYS-PUB-2022-001]
|
|
|

i s HL-LHC Prospects for HH (bbyy +
© p-pcollisions bbtt combination)
[ATL-PHYS-PUB-2022-005]

e Basis of the projection studies

o Extrapolate from the full Run 2 Extrapolation procedure:
HH—bbyy and HH—bbtt analysis 1. Scale signals and backgrounds
m 139fb'atvs=13TeV byL:%
o  Assume Run 2 object reconstruction - 2. Change of cross-sections to account
and identification efficiencies for vs =14 TeV
o Assume 3000 fb™' integrated 3. Consider different systematics
luminosity at Vs = 14 TeV scenarios

Iza Veliscek 31 ATLAS

EXPERIMENT


https://cds.cern.ch/record/2798448
https://cds.cern.ch/record/2799146/files/ATL-PHYS-PUB-2022-001.pdf
http://cds.cern.ch/record/2802127/

Systematics Scenarios [ATL-PHYS-PUB-2022-005]
Baseline Systematics

l'e Uncertainty on integrated luminosity

o Spurious signal neglected
o Uncertainty on Higgs boson mass 20
MeV (240 MeV in Run 2)

4. Run 2 systematics uncertainties

|
Systematics Scenarios: ' ~1%(1.7%in Run 2) :
_ o 1e Theoretical uncertainties halved I
1. No systematic uncertainties : e Statistical uncertainties on Monte Carlo!
2. Baseline Systematics ,  samples neglected :
3. Theoretical uncertainties I e Experimental uncertainties |
halved : o Statistical competent scaled by 1/vL :
: : o Detector components kept the same or
a. Run 2 systematics o . I
T I modified according to detector and I
uncertainties everywhere l performance upgrades .
else : e bbyy specific uncertainties: :
| |
| |
| |
| |
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http://cds.cern.ch/record/2802127/

Combination results for bbyy and bbtT [ATL-PHYS-PUB-2022-005]

ATLAS Preliminary =~ Expected limit
Vs =14 TeV, 3000 fb-? Expected limit 20
HH - bbt* T~ +bbyy m Expected limit £10

Projection from Run 2 data
Asimov data (bkg. only)
Ogévll:+VBF = 38.79 fb

Exp.
No syst. unc.— 0.42
Baseline[— 0.58
Theoretical unc. halved— 0.93
Run 2 syst. unc.— 1.16

L1 I L1 1 1 LI ‘,;,I_Af‘.f N I 11 1 1 I 11 1 1 I L1 1 1 I 1l
0 . 1.5 2 25 K] 3.5

Iza Veliscek

95% CL upper limit on signal strength

Projected 95% CL upper limits on
the expected signal strength for SM
HH production:

e Expected exclusion at more than
99% CL for “no systematics” and
“baseline” scenarios

o 3.20 (4.6 o) significance

“baseline” (“no systematics”)
scenarios

e Expected accuracy **** _ . (23%)
“baseline” (“no systematics”)
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http://cds.cern.ch/record/2802127/

Combination results [ATL-PHYS-PUB-2022-005]

e 1o confidence interval x, = [0.5,1.5]

. . . A20IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘I
([0.6,1.5]) in baseline (no systematics) T I ATLAS Preliminary ]
scenario SH V= 1:t;rel/, 3000 fb-" ]

T e 16— HH - bbt™ T~ +bbyy —
e Main limitations to the HH sensitivity Projection from Run 2 data -
o HH—>bb¥¥ \ Asimov data (k) = 1) :
. —+— No syst. unc. _
s  Background modelling 2T —— Baseline §
H - Theoretical unc. halved E
uncertainties i e B2 S5 T, i
o HH—bbtt 8~ 7
m Theoretical uncertainties on: I ]
° GHH i S S T s 18
e Additional heavy-flavour jet - .
radiation in some single H 0;'.']'.7;7'[]'.' ; i é '.',",'.'171".'.' éé i ;8
production modes Ko,
m Limited size of simulated event
samples

Iza Veliscek 34 ATLAS

EXPERIMENT


http://cds.cern.ch/record/2802127/

