Searches for resonances decaying to

pairs of Higgs bosons at ATLAS

Higgs2024, Uppsala Maggie Chen

University of Oxford
on behalf of the ATLAS collaboration



Theoretical motivations

Sensitive to BSM physics — effects
X - SH parametrised by resonance mass my

— signals have a peak in myy,

— constrains free parameters
in the BSM models

SM Higgs mixing with additional scalars
e 2 additional singlets (TRSM)

» 2-Higgs-doublet + singlet (2HDM+S)
including NMSSM

Common in all extended Higgs sectors

* Additional weak isospin singlets, doublets, triplets
(2HDM, MSSM)

* Warped extra dimensions — generic resonances



Searches at ATLAS

Resonant HH combination ::]>X*::\\ X - S(_’ bb)H(* YY)
505 /bh 7 ‘ \ [CERN-EP-2024- 072

« X > HH - bbbb/bbt*t~ /bbyy
[CERN-EP-2023-271]

e ﬁﬁi

X—>S(>WYW~/ZZ)H(> yy)

VBF HH — bbbb
* Resolved [CERN-EP-2019-267]
* Boosted [CERN-EP-2024-092]

[CERN-EP-2024-147]

I'.H
hi &"'
X - SH - HHH — 6b :|>0 Wl
[CERN-EP-2024-285]
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o(X — hh) [fb]

bbyy
Lowest branching ratio (0.3%)

High y trigger &
reconstruction efficiencies

Excellent myy, resolution

Most sensitive
decay channel:

X — HH combination
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Intermediate branching ratio (7.3%)

Moderate background contamination
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* Improved by of a factor of 2-5
from partial Run-2 results (36 fb?)



X — HH combination
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Type-l 2HDM constraints

Sensitive to cos(f — a) values not probed by

SM Higgs boson coupling measurements

* Eg.cos(f—a)=-0.1,tanf = 10,
270 < my < 810 GeV excluded

After EWSB, |leads to:

2HDM — extends the SM with an additional Higgs doublets

3 neutral Higgs: h, H (CP-even), and A (CP-odd)

2 charged Higgs: HE

Free parameters: tan 8 (ratio of vev of the 2 Higgs doublets)

Fixed cos(f — a)
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MSSM constraints

Combination excludes region 2 < tan 3 < 5
* NotexcludedbyH/A = 11,A—>Zh, H = ZZ or

H* - tb searches!

tanf3

125
Mh,EFT

. ATLAS Exp. combined 1
VS =13 T?\le, 126—139f~* ... Exp. bbTT
L H- hh, My%er — - — Exp. bbbb

Obs. combined |

.......... Mu/mp = 2%

95% CL upper limits
mm Amp/mp>1%

— — — Exp. bbyy

Ma [GeV]
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my and tan

M

tanf3

125 125
h,EFT and Mh,EFT

125
h EFT(X)

MSSM — a. subset of type Il 2HDM
SUSY constrains the number of free parameters to 2:

(¥) scenarios used
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VBFX - HH

260 < my< 1000 GeV

Largest deviation @ my = 550 GeV
w/ a local significance of 1.5¢

Search for heavy spin-0 scalars with

Narrow resonance

leed width of 4 I\/IeV

Resolved VBF X = HH production
[CERN-EP-2019-267]

2 VBF jets with large invariant mass
& 1 separation

Broad resonance
Width 10-20% of my

Heavy scalar of 2HDI\/I Type Il model
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VBF X - HH Resolved VBF X — HH production

[CERN-EP-2019-267]

4 small-radius (R = 0.4), central
b-tagged jets from the Higgs
boson decay

Search for heavy spin-0 scalars with
260 < my< 1000 GeV

Largest deviation @ my = 550 GeV
w/ a local significance of 1.5¢

Broad resonance

Narrow resonance Width 10-20% of my

Fixed width of 4 MeV Heavy scalar of 2HDI\/I Type l model
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Boosted VBF X — HH Boosted VBF X — HH production

[CERN-EP-2024-092]

2 large-radius (R = 1.0) jets, identified
by a NN-based double b-tagging X,,
algorithm [ATL-PHYS-PUB-2020-019]

Xpp, algorithm improves sensitivity by up to g @

First search for heavy spin-0 scalar with
1<my<5TeV
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https://inspirehep.net/literature/1843923

Boosted VBF X — HH Boosted VBF X — HH production

[CERN-EP-2024-092]

2 large-radius (R = 1.0) jets, identified
by a NN-based double b-tagging X,,
algorithm [ATL-PHYS-PUB-2020-019]

First search for heavy spin-0 scalar with
1<my<5TeV
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q i
Xpp al.gorrchm.|mproves.ser.1§|t|V|ty byupto GN2X [ATL-PHYS-PUB-2023-021]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-021/
https://inspirehep.net/literature/1843923

Boosted VBF X — HH Boosted VBF X — HH production

[CERN-EP-2024-092]

2 large-radius (R = 1.0) jets, identified
by a NN-based double b-tagging X,,

algorithm [ATL-PHYS-PUB-2020-019]
No significant excess observed q

Loss of sensitivity at high mass due to lower @

efficiency of the X,, algorithm \

First search for heavy spin-0 scalar with
1<my<5TeV
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X - S(— bE)H(—) YY)

> Mpp

> Myy

Probing narrow scalar resonances:
e 170<m, <1000 GeV
* 15<m¢<500 GeV

2 mutually exclusive
Signal Regions

PNNs
parametrised on:

[CERN-EP-2024-072]

Upper limits are placed on
O'(X - SH — bl_)yy) — Model- & mass-dependent

o(pp = X) X BR(X - SH) X BR(S = bb)x BR(H - yy)
~ Mbpbyy instead of on specific models
s U E ey aon 3 paa 1 Main background:
S 10°F X—>SH-bbyy Single Higgs E
0 — 1 b-tagged SR .z — .
jo |- Postit (B-only) = 1 * Non-resonant yy+jets
— B HH -
“E ey 1 * MC (shape) & data-driven (norm.)

5001 ATLAS
Vs =13 TeV, 140 fb~!

X — SH — bbyy
95% CL observed upper limit
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400f

[ — e oot ]

x BR(X — SH — bbv) [fb]

Data / Bkg.
o -y
o 0L 0N

01 02 03 04 05 06 07 08 08 1 300
PNN(mX=1TeV, m, =70 GeV)

o

Obs. upper limits on gyppq: 200]
0.09 — 39 fb (Better @ higher my)

Largest excess @my, mg =575, .
200 GeV (3.50 local significance) o
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https://inspirehep.net/literature/2779339

Events /2.5 GeV

X->SEVV)H- yy)

Increase signal-to-background ratio
Events categorised by the number

and flavour of leptons

T T T T T T T T T
ATLAS ¢ Data
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X->S>VV)H(= yy)

1 or 2 leptons (e or u) / \ High di-photon triggering efficiency )

Excellent m,,
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[CERN-EP-2024-147]

Allows to explore lower mass ranges than other final states with

b-quarks where they fall < reconstruction threshold

Used as final discriminant
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resolution

Probing scalars from 2HDM+S:

300 < my < 1000 GeV
170 < mg < 500 GeV

Obs. upper limits on gypq:

170 -800 fb

Vs=13 TeV, 140 fb™
SM-like &(S —» WW/ZZ)

—=— Observed

-- Expected
I Expected * 16
Expected = 20
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000
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Run: 349592
Event: 793710422
2018-05-06 03:3¥f28 UuTC



X > SH - HHH - 6b

Searching for heavy scalars in TRSM

The first ever search of this topology at the LHC!

[CERN-EP-2024-285]

N
6 small-radius b-tagged jets from @

o H
[ ] l‘ .
325<my <575 GeV o Higgs boson decay
e 200<mg <350 GeV e -~ H . .
S “hioo * Large # combinatorics: C(6, 2) = 15
& generic heavy resonance o’ o
& Y °... * Mass-based method, minimising:
PY ~
500 <my <1500 GeV “ HJ Imy; — 120 GeV| + |my, — 115 GeV| + |myz — 110 GeV|
* 275<mg <1000 GeV .
% 61‘10\ T T T T | T T T T | T T
(o.’) -ATLAS 6b (my, ms) = (450, 275) GeV
- 2 5l VS =13TeV, 126 fb"’ o e = (400, 2000 GeV
O e [ €r3b/(mx, nllsz =(1o(())%,11500) GeV ]
O Low MynH e I 6b (M, me) = (1000, 1500) GeV |
3 e} 4 j - rx/mx = rs/ms =0.2 t
© i - 8L ¢ 6bdata .
S low p+, overlapping b-jets 5| Highest M,y
T MO challenging jet pairing i — boosted collimated b-jets
I ol . . . .
B -
; Non-resonant — S off-shell (mg<2m,) | less ambiguity in jet pairing
é Higher myy
More akin to S — T 1000 1500 2000
Muny [GeV]
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https://arxiv.org/abs/2411.02040

X > SH - HHH - 6b

Challenging QCD multi-jet background
e Fully data-driven estimation

* Relies on the kinematic extrapolation in
4b — 5b — 6b(SR) regions

* DNN signal/background discriminator designed to
minimise dependency on # b-tags
(any differences corrected by systematics)

4 Derive background systematics Included in fit

(o))
o

u
o

b-jet multiplicity

Derive 6b SM background
extrapolating from 4b & 5b data

s

SN
o

High-Score

Excluded Low-Score

« Increasing background Increasing signal —

DNN Score
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Events / 0.05

10*

102

The first ever search of this topology at the LHC!

[CERN-EP-2024-285]

‘ o
6 small-radius b-tagged jets from
g Higgs boson decay

ATLAS
o

6b Signal Region, Post-fit
*Signal normalized to background

® Data

13 TeV, 126 fb™
esonant interpretation

— (m,, my) = (500, 350) GeV"

. Post-fit background

Z Uncertainty
High-Score

Low-Score

p"'|"'|§_|"'|"'

e

,(/A(W(W//%%/W%

09
resDNN score
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https://arxiv.org/abs/2411.02040

X —>SH - HHH — 6b

Obs. upper limits on

JTRSM(X —-SH - HHH - 6b)

48 —310fb *

400

ATLAS
350
| | | |

| Vs =13 TeV, 126 fo~ '
nonresDNNi resDNN TRSM Benchmark 3

525
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No significant evidence of BSM signals observed
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(o)
o

The first ever search of this topology at the LHC!

[CERN-EP-2024-285]

Non-resonant interpretation: constraints placed on the trilinear & quartic Higgs self-coupling
modifiers k3, k4 (see Bill Balunas’ talk on non-resonant HH)

OHeavy resonance(X — SH - HHH - 6b)

1400

my [GeV]

1200

1000

800 ATLAS m

Vs =13 TeV, 126 fb! |
Heavy Resonance

(i =p2=0.01)
|
800

1000
ms [GeV]

600

L | | | | |
400 600
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https://indico.cern.ch/event/1391236/timetable/
https://arxiv.org/abs/2411.02040

Diverse searches of resonant HH at ATLAS
Run-2 X —» HH combination
Resolved / boosted VBF HH — 4b
X - S(—> bE)H(—) YY)
X->SEVV)H yy)

X > SH - HHH - 6b
Better/first constraints on 0304 & parameters of BSM processes

Larger resonance mass range probed

Looking forward to improved analysis techniques
& tagging algorithms



Backup



Run-2 Resonant HH
combination

bbbb:
 Resolved (4 small-R jets) + boosted (2 large-R jets from Higgs with pT > 250 Gev), orthogonal channels
 BDT jet-pairing (resolved)

 2b, 3b, 4b categories according to # b-tagged track jets in large-R jets (boosted)

* myy used to define SR, CR, VR, and as the final discriminant

bbbttt

* Event categories defined by the decay mode of T — lep had, had had

* Lep had —two orthogonal regions separated by triggers (lep had / single-lep)

* Had had — 2 reconstructed 1544 candidates w/ opposite charge & no e/u

2 small-R b-jets required

 Mass-parametrised neural network in each signal region — output scores as final discriminant

bbyy:

* Single- & di-photon triggers

e Requires 2 photons + 2 b-tagged jets, no e/u

* 2 BDTs signal/background classifiers against: ttyy, single-Higgs

* Signal region: m,, ~ my, My, ~ My

* m,, as the final discriminant

meigi.chen@cern.ch
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Type-l 2HDM constraints

Sensitive to cos(f — a) values not probed by
SM Higgs boson coupling measurements

E.g. cos(B—a) = —0.1,tan § = 10,
270 < my < 810 GeV excluded

Fixed cos(f — «)

70

tan

60

50

401

301

201

101

ATLAS

Vs =13 TeV, 126—139 fb~!
' H - hh, Type-l 2HDM, cos(B - a)=-0.1

95% CL upper limits

s a/my > 5%

2HDM — extends the SM with an additional Higgs doublets

After EWSB, leads to:

3 neutral Higgs: h, H (CP-even), and A (CP-odd)

2 charged Higgs: HE

Free parameters: tan f§ (ratio of vev of the 2 Higgs doublets)
a (mixing angle between CP-even Higgs)
my (mass of the heavy CP-even Higgs H)

tan

Vs =13 TeV, 126—139 fb!
[ H - hh, Type-1 2HDM, cos(p - a)=+0.1

—-— Exp. bbbb 95% CL upper limits

— — = Exp. bbyy e Ty/my > 5%

Obs. cor'nbined
Exp. combined
------ Exp. bbtt 1~ |
— . — Exp. bbbb
— == Exp. bbyy
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Type-l 2HDM constraints

Difficult to probe at high tan
* All SM couplings are suppressed

After EWSB, leads to:

3 neutral Higgs: h, H (CP-even), and A (CP-odd)

2 charged Higgs: HE

2HDM — extends the SM with an additional Higgs doublets

Free parameters: tan f§ (ratio of vev of the 2 Higgs doublets)
a (mixing angle between CP-even Higgs)
my (mass of the heavy CP-even Higgs H)

Fixed tan
— 1800 — T . . — 1800 . ;
% ATLAS Obs. combined o ATLAS Obs. combined
Q] 1600+ Vs =13TeV, 126—139 fb~! Exp. combined 1 O] 16001 Vs =13 TeV, 126—139 fb~! Exp. CO_mbined_
S H - hh, Type-l 2HDM, tanB=1 == Exp. bbT 7 - H - hh, Type-| 2HDM, tanB=10 === Exp. bbT* 7~
95% CL upper limits Fhimy=2% == Exp.bbbb 95% CL upper limits = Fu/my=2% == Exp.bbbb
14001 W [/my>5% === Exp.bbyy 14007 W My > 5% === Exp.bbyy
1200 1200
1000 1000

600}

400¢

251!

400

we®

251 0.0 01
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0.7

Boosted VBF X - HH :% °'6§_?§T;LQ%EEZ;;“‘W + 8:::&:;:2:5
- | -

ol b E

BR(X —» HH) set to 100% e + : | E

2 resonance widths considered — narrow (5-6% my), broad (20% m,) o 9:g§_, A -
Large-R jets w/ 250 GeV < pT < 3000 GeV, |n|< 2.0 A T S e { ----- E
2-pass events: 2 Higgs candidates passing 60% X,,, working point c‘;g 0-5;— L { e —1

o

0

1-pass events: used in background estimation BDT score
Events in the SR reside in the region defined by

SR optimised to maximise S/VB

2 2

my, —124GeV e
< 1. eVv.

1500 GeV /my,,

my, — 117 GeV
+
1900 GeV /myy,

2D mass plane — smoothly falling distributions J

Background modelling — multijet & mis-dentified light-jets

Events in the VR reside in the region bounded by the SR boundary and
o Data-driven method + 1 pass events

2 2

my. —117GeV
2 < 100 GeV,

0.1 ln(mHz)

+

my, — 124 GeV
Mass-parametrised BDT (truth my), trained on loose event J( 0.1In(m, )

selectlons for stats — OUtpUt as ﬁnal dlSCFlmlﬂant and events in the CR reside in the region bounded by the VR outer boundary and

Shape systematic — difference between 2-pass & 1-pass events \J(

2 2

my — 124 GeV
< 170 GeV.

0.11n(my )

my —117GeV
2
0.11n(my; )
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X, algorithm

 Background: jets from multijet production

Signal: jets from H — bb decay

& high pT top quarks

e Discriminant defined as:

PHiggs

Dxpp =

VR jets:

In
ftop * Prop T

(1- ftop) * Pmultijet

e Various radius — dependent on the pT of
the jet & p/pT (p = 30 GeV)

* 0.02<R<04

VR jets ghost associated with large-R jets

Unit Normalized

0.16F 7 T : MR

EEERRERES e o
- ATLAS Simulation Preliminar 8
014l VS=13Tev 1 ®
UE " €
[ pr>250Gev —— Multijet 15
EoInl< 2.0 —— Higgs-matched jets 1 2
0121 76 <m/GeV <146 'ggs-matched Jets 7 &
r —— Top-matched jets =)
0.10F -
0.08 B
0.06[~ {
0.04[ .
0.02| B
...... 1

Ol 1y | ——
-100 -75 =50 =25 0.0 2.5 5.0

1 i |
7.5 10.0

Minimum DL1r

o
N
o

o
=
»H

©
=
N

o

N

[=)
I

0.08}-
0.06}-
0.04F

0.02F

e
ATLAS

- VS=13Tev

141~ pl>250 GeV

r o Inl< 20

L 76<m,/GeV <146

M|

L B R B
Simulation Prelimina

—— Multijet ]
—— Higgs-matched jets
—— Top-matched jets

Lo |
-10.0 -7.5 =50 =25

Dxbp, frop =0.25

Most significant improvement in high jet pT region

Minimum Large-R Jet pt [
5 N &
[=] (&) o

o
~
a

s=13TeV
Preselection:
Iml < 2.0
76 <m;/GeV < 146

o
o
S

0.25 06 07 08 09 1.0

Higgs Efficiency

0.5
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1

Multijet ratio: Emv2/€p,y,, frop = 0.25

Minimum Large-R Jet pt [TeV]

e
&)
S

poN
N
S R-

e

s=13TeV
Preselection:
Iml < 2.0
76 <m;/GeV < 146

0.5 0.6

0.7

; ATLAS Simulation Preliminary

0.8 0.9 1.0
Higgs Efficiency

Top ratio: Emv2/€p,,,, frop = 0.25




GN2X algorithm

DO _ 1y (

An additional signal class: H = ¢C

Discriminant defined as:

PHbb

Utilises transformer network architecture

Track representation in embedding space
learnt by initialiser networks (deepsets

architecture)

Auxiliary tasks that aid the performance

JHee * PHee + .ﬁ:op *Ptop t (1 — fHee — .ﬁ:op) * PQCD

|

Most significant improvement for multijet in high jet pT region

Rejection

Ratio

QT T T T T T T
[ ATLAS Simulation Preliminary — Dxbp
100 |- Vs = 13 TeV, Anti-k; R=1.0 UFO jets —— 2VRDEN? ]
- pr > 250 GeV, 50 < m; < 200 GeV, |n| <2 DG 1
80 - 50% H(bb) WP, Top Rejection -
60
wf ——
0fF— — 3
0 1 | IR | 1 | |
L e | T T T ]
2 u __ _:
e
400 600 800 1000 1200 1400
pr [GeV]

meigi.chen@cern.ch

c 5 T T T T T T T
2 r ATLAS Simulation Preliminary — Dxbb ]
8 [ Vs =13TeV, Anti-k R=1.0 UFO jets —— 2VRDEM
Q400 1 . 250 GeV, 50 < m < 200 GeV, |n]| < 2 onax ]
o C > ) Dribb .
- 50% H(bb) WP, Multijet Rejection 1
300 = 7
200 - 3
100 F .
0 . | | | | | |
P 1T T T T T T
o 2 » N
S i
o L
e——
400 600 800 1000 1200 1400
pr [GeV]
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X - S(— bE)H(—) YY)
Background estimation

[CERN-EP-2024-072]

£ o T T T T T T T T T T c 10 T T T T T T T T ]
8 10°  ATLAS ¢ Data E Kl ATLAS ¢ Data
- _ 1 ~ _ 1 -
.g 10" - f_:;:j:%’;; 401 I vy +ets x 1.26 - .g 107 f_:sﬁ_;r:%'v’;"'o fo I yy+ets x 1.26
:>j - 2 b-tagged SB Single Higgs - :>: 2 b-tagged SB Single Higgs N
105 |- Pre-fit (B-only) Mz | Pre-fit (B-only) MWz 1
- _ m 5 _ —
N Mty N 10 iy :
. W HH 1 B HH =
0E 7 7+ets unc. E 10° y y+jets unc.
2 b-tag region . .
107" 107"
2 L _ 2 sk _
g 15 . e s + o 1 )
= bl a8 B L i i SR 777 ~ PR SIS SeS
5 1 % o-- o » '+ s 1 - + ] #$ t
g o5 — g o5
500 300 400 500 600 700 800 900 1000 1100 051 02 03 04 05 06 07 08 08 1
m;;lmr [GeV] PNN(mx =250 GeV, m, = 100 GeV)
(@) (b)
K= 10° T ATLAS T T T T £ 10 A TILAS T T T T T T =
2 ¢ Data E Q ¢ Data —
> Vs =13 TeV, 140 fb" . _ & Vs =13 TeV, 140 fb’ . ]
€ X->SH->bbyy I 7y +ets x 1.03 . 2 XevSH by B 17 +jets x 1.03 J
" " ] 9 " " —
5 'UF 1btaggedsB Single Higgs ] 5 '9F 1btaggedss Single Higgs 1
Pre-fit (B-only) MWz - Pre-fit (B-only) Mz B
10° M iy = 10° M iyy ]
I HH - I HH ]
. 10° yy+ets unc. y7+jets unc. ]
1 b-tag region :
10 R
1
107"
Z 15 — & 15+ 4 j
3 oo o -0 --@----g----- G- B e 3 Apmmmmemamnn e Rl St T SR B
% 05 ¢ . % 05 .
D 1 1 L L 1 D L 1 1 1 I 1 1 L L
0360 400 600 800 7000 001 02 03 04 05 06 07 08 09
my,, [GeV] PNN(m, =1 TeV, m =70 GeV)
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https://inspirehep.net/literature/2779339

S(= bb)H(- yy):
Natural width of S assumed to be much smaller than experimental resolution
S(— bb) the most dominant decay for ms < 130 GeV

For my>>m¢+ my: S becomes boosted, and 2 b-quarks are reconstructed
within 1 small-R jet

Events / 40 GeV

Data / SM

For small my— (m¢+ my): 2 small-R b-jets

PNN output as final discriminant

ATLAS

@ Data = Signal x 20
(s =13 TeV, 140 fb™ yy+ets vy
(m_,m)=(1000, 300) GeV Wiy SM Higgs |
1 7~ Uncertainty

4

100 200

300 400 500 600 700 800
P!’ [GeV]

Events / 20 GeV

Data / SM

10°

102

o -

10

ATLAS $Data  —Signal x 15 ]
s =13 TeV, 140 fb”' o B

(m,m )=(1000, 300) Gev 1 Mty
20(WW) SM Higgs”~ Uncertainty |

o

~
(3]

0.5

v
+ F3 yre //,y¢/,;/725,4/v
VAR

0

50 100 150 200 250 300 350 400 450 500

Pl [GeV]

S(—» VV)H(- yy):

* Events categorised into 4 regions: 11 (1 lep + >2 jets), 2|l w/
opp. charge, 2| w/ opp. flavour, 21 w/ same flavor

e 2 BDTs trained in 1l and 2| regions
m,, limited to 105-160 GeV to exclude Z resonance
e Continuum background: yy+jets, V+yy, ttyy

e Data-driven background estimation: analytical function from a
fit to data m,, in sideband region

 Sideband - looser photon identification isolation
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TRSM HHH productio

Resonant production
me > 2 M (250 GeV)

Non-resonant production
* m¢<2my (250 GeV)
e SM HHH production

Heavy resonance HHH production

Generic heavy resonances
(narrow & wide decay widths)

o mg>27/5GeV, my>550 GeV

600 -

500 -

m, [GeV]

300 -

200 -

Generic heavy resonance

Logo[a(pp—hhh)]

400 -

Resonant i
production _ 2.0
O eSOrna
-2.5
Droa O
-3.0
-3.5
-4.0
-45
i 1%0 S 260 e 250 e 360 S 3éO
Mg [GeV]
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https://arxiv.org/abs/2101.00037

HHH — 6b pairing

Resonant TRSM HHH productio

n

Softer myyy Spectrum and jets
More overlap between jets
Larger pairing ambiguity

; [T T T T I T T T T | T T T T | T T T T | T T T T _7 0-70
& 550(- :
é< [ —0.65
500~ 1060
i a =
i i Q@
450 — 0.55M
B ] S,
: | g
400 _: O.SOQ
ATLAS Simulation 4
Vs =13 TeV 1 0.45
350 6b TRSM signals B
[ R R R N RN BN B
300 325 350 040
ms [GeV]
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my [GeV]

\

b-jet
H b-jet
; b-jet

Heavy-resonant HHH production

More boosted Higgs candidates

More collimated b-jets
Smaller pairing ambiguity

1400

1200

1000

800
Vs =13 TeV

600 (R =< =0.01)

ATLAS Simulation

6b heavy resonant signals |

! | ! | ! |
800

4000
ms [GeV]

b-jet

—_
o

||||||\\\|
© ;
(o]

o o o S
(6} D ~ 0]
Kouaioly3 Burired

o
o
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HHH — 6b background
estimation

Unblinded NN scores of 6b data — good agreement between b-tag regions in low- &
high-score

(2] T J T T T T T T T T J T T T 7 12.5 T T T T T T T T T 307 T T T T T T T T T ]
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HHH — 6b background
estimation

& 12— RURAR IR LRSS USRI R IR & 14T T T T T T T
£ F ATLAS . £ - ATLAS E
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