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Why search for non-resonant HH? SATLAS

EXPERIMENT

 Higgs potential:

1 2 3 A 4
S — Trilinear self-coupling - |
Higgs mass term Quartic self-coupling
g 9999999999999 H H H
my, = 125.13 £0.11 GeV A v m
________________ Rl )
PDG 2026
""""""""" 9 08099999898~ » /IHHH H
S H "
 Higgs self-interaction:
1. Indirect constraints: higher-order effects in single-Higgs production. " _ ¢ .-

2. Direct constraints: Higgs boson pair (HH) production.


https://pdg.lbl.gov/2026/listings/rpp2026-list-higgs-boson.pdf

Non-resonant HH production < ATLAS

EXPERIMENT

o ggF HH— dominant production mode: ¢25, (13 TeV) ~ 31fb, 65, (13.6TeV) ~ 34 fb

g9 > ®---------- H 9 009990999999~ / H
kit sy~ - Sensitive to the Higgs self-coupling «;.
A \ A ——H———o’ o .
i - Sensitive to top-Yukawa coupling
t
g < ®---------- H g 2999900999999+ H

e VBF HH— subleading production mode: o, (13TeV) ~ 1.7fb, o5 (13.6TeV) ~ 1.91b

- Characterised by two energetic forward jets.

- Sensitive to -, k; and «,

« BSM: Modified couplings can significantly enhance the non-resonant HH production rate.
K, # 1, K 7+ 1, Ky # 1



HH Decay Branching Fractions

Why ?7

Complementary HH final states bb

 Large branching fraction < clean experimental signature

* Different channels provide complementary sensitivity

HH—>bI_9’L' T TT ’ Dl 0.39

» Sizeable branching fraction: ~7.3%

* Good balance between signal yield and background rejection

Branching ratio [%]

bb WW 1

ATLAS

EXPERIMENT

High BR

10

- 1071

3.1 1.1 0.33

. Combines H — bb high BR with H — 7777 clean signature YY

0.26

bbbb — Highest branching fraction, analyses provide strong sensitivity to x5y, .

bE}/}/ — Excellent mass resolution and purity, analyses provide strong sensitivity to ;.

1072

). UUU
1073

High purity

— Balance of branching fraction and sensitivity, best for p,;4 '



HH — bbbttt : Where We Stood ATLAS

EXPERIMENT

. .
HH — bbt"t~ Run-2 Legacy [PhysRevLett.133.101801]: Latest ATLAS combination of HH searches

* One of the leading channels for non-resonant HH searches. PhvsRevl ett.133.101801
» Expected Run2 limit: pp; < 3.3 at 95% CL.

—e— QObserved limit (95% CL)
ATLAS " imit (95
. xpected limit (95% CL)
- Targeted two complementary final states: 7;,,,7,,, and 7;,,7;,,; | vs=13Tev, 126—1401" (114 =0 hypothesis)

o (HH) =32.8 fb [T Expected limit £10
ggF+VBF

[ Expected limit +20

Obs. Exp.
bbif + EMss|— I 10 14
Multilepton— i 17 11

b"b
Il/jx

bbb} 53 8
p p p ¢ p Iep had {
/H L
: 4.0 5.0
e/H il
Thad from 7 decay e
httT™ 5.9 3.3
vis vis : J e s |
Thad Thad Combined|—~ 2.9 2.4 \
1 lg | I 1 1 1 1l I | 1 1 | I | 1 1 | I | I . | I P 1 | | I | l |
0 D 10 15 20 25 30 35 40

95% CL upper limit on HH signal strength Liyy

| HH — bbr T Most sensmve |nd|V|duaI Run 2 anaIyS|s to ,uHH


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801

HH — bbbttt : What Is New? ATLAS

EXPERIMENT
al |
[t

CERN-EP-2026-227
EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN) L . EXTENDED TRIGGER
@) o paaiabisi - :.’ T\‘v} COVERAGE
p Run2(139fb™) + e e
ATLAS S Run 3 (2022-2023) X i ¢ Di-ttriggers
Submitted to: EPJC CERN-EP-2026-227 (~57 fb") -/\ ‘ 4 @ * Delayed-stream
30th July 2026 = 2b2j triggers
Total: 196 fb~ Higher efficiency & acceptance
Improved analysis of non-resonant Higgs boson pair
production in the bb7* 7~ final state with 196 fb™! of b - ~ IMPROVED FLAVOUR ADVANCED EVENT
data collected at Vs = 13 TeV and 13.6 TeV with the
v A7/ TAGGING CLASSIFICATION
ATLAS detector e
Run-2 b-tagging = BDT
The ATLAS Collaboration ~ GN2 & Graph Transformer
Better b-jet identification More powerful separation
and purity between signal and backgrounds


https://arxiv.org/abs/2607.26879

Event Selection ATLAS

920
7,.47. channel (42%) . \ TiepThag Channel (46%) . b
@) —EE—(1)

"

a N
Chad had Liephad

e Exactly 2 hadronic 1; no identified e/u e Exactly 1 e/u and 1 thad

e Exactly 2 b-tagged jets (GN2, 85% WP) e Exactly 2 b-tagged jets (GN2, 85% WP)

* Dedicated mbb and mtt cuts for each SR/ CR * Dedicated mbb and mtt cuts for each SR/ CR
\ NG /
4 I

Common object requirements
Jets: = 2 central jets; leading jet pT > 45 b-tagging: exactly 2 b-tagged jets (GNZ2, Lepton / T identification and isolation
GeV 85% WP) requirements
\_ /
4 N\ )
Ingredients Preselected events

GN2 b-tagging MMC reconstruction Channel-specific x Before the Signal and Control Region definitions

\ 85% WP of mtt trigger selection ) U )

* Detailed trigger selections are provided in the backup slides



Signal and Control regions definition ATLAS

EXPERIMENT
[ Evelnts } Main backgrounds:
: : : : . , 1. ttbar, Z+HF.
@il o e b = 5 bb 0E 3= 'bb ¢t ¢~ bb et u~ bb et u¥ bb - _
r . ) ¥ ~ 2. Hadronic jets faking 7,
Tiepalihad & tTACR Z + HF CR tt — eu CR tW CR
4 210 GeV 40 150 GeV 150 GeV LA AL S M, > 250 GeV My, > 250 GeV ° From
ot e i Aol ¢ h st 40 < my, < 210 GeV _ e From tthar+tW or W
J e 7 > 3 Used for tt reweighting
nricned in eavy-tiavour | m
t : i 4  (Data driven methods)
| : : e N
SS CR Same-sign electric charge:  Tp.y Tiep/had > 900
O - ATLAS HH x 2.59 -
1-tag CR ~ Only 1 b-tagged jet required = 8005_ (s = 13 TeV, 140 fb" - jot—,,, fakes (MJ)
. | . T - I jet—t, . fakes (Top, W)
Anti-tp.g CR ~ Tlep/had T aNti-Thag § e Pre-fit background W .
@ 600F- — ggF HHx 300 7+ HF =
. i i i : ~ = VBF HH x 6000 Bl Others -
Multijet CR .:E/p, in the TiepThad channel required to fail 500E- s E
isolation requirements - ] Uncertainty -
= — — = ——— ————— 4 4001 4 —
sy s . ; — A% -
These auxiliary CRs are used to estimate/validate 300b- i E
jet — fake-thaq background = '*"‘*"‘""‘g‘_ -
: = f 200" e —
- "6 s =
E— '..-.‘,:" -
- SRs (signal regions) 100: el
e, CRS used in the ﬂt _8' 1.5.:__ ] | ] I ] 1 1 I ] I | I 1 I 1 ] I | ] | 1 | 1 1 _‘:
R | N e B e
CRs not used in the fit % 0 55_ | 1 1 l _5
(auxiliary CRs for fake-Tjoq estimation/validation o - 300 150 500 250 300

or used for tt reweighting) mﬂMC [GeV] 8



Thad Thag Selection

* Exactly 2 hadronic T candidates; no identified e/u
* Exactly 2 b-tagged jets (GN2, 85% WP)

* Channel-depennent my;, selection:

| 40 <my, <210 GeV |

7. N

Tiep Thad S€lection

-
-
-
-
-
-
-

e Exactly1l e/u and 1 Tp,q
* Exactly 2 b-tagged jets (GN2, 85% WP)

® Channel-dependent m,;, selection:

[ 40 < m,, < 150 GeV ]

\ 4

- B E ~ 2 e

How we discriminate |
H — bb 1™t~ signal from

i 3

classifier score



Multivariate Strategy: Multiclass categorisation.

Multiclass
pggF, pVBEF, pB, pBSM

Categorisation score
Scat = pggF /(pggF + pVBF)

[ SR Preselection ]

[ Transformer MVA (one per channel) J

Binary

mHH > 350 GeV, main-stream

pHH,Hi, pB,Hi

SR VBF

Aux
Top parentage

SR Lo

Aux
Higgs parentage

SR Hi

-

1. Multiclass output used to identify the HH production topology:

- The multiclass outputs are pg, P,.r Pyver> Ppsu -

kv

ATLAS

EXPERIMENT

Inputs to the classifier

Global event Objects
€@ Object1
o 5 e Object 2
M &) Object3
nm..
N m Object N
bl ||pr # ¢ m -~
PrHH
= - taul pPr n ¢ N oo
JelN | [pr 5 ¢ m v
g 0999999999999 ~ /H
H Rt X
A e ----- °
7
"H
g 2999999999999 - A \H
K/1=_

Asm 10



Multivariate Strategy: Signal-region assignment ATLAS

EXPERIMENT

[ SR Preselection ] § 900:—”)"_"_"_)"8'1""1 """" ARIALRAMSL AR AR R

S - . BN HH x 2.59 .

- 800 — \S = 13 TeV, 140 fb iet_nhad fakes (MJ) —:

[ Transformer MVA (one per channel) J ‘g 7005_ T2 had — lit—nhad fakes (Top, W) _i

LLl SERLLLE Pre-fit background Bl tw =

600} —— ggF HHx 300 Z + HF -

Multiclass Binary . Cr T | -| —— VBF HHx 7500 Bl Others B
peghVoE s pisw | 1470 L O b regon oy S
400 m : ./’f*i 2

300 ¢ | : OO

Categorisation score -_ mHH - 350 Jos 2005 “‘ ?{W ™ ) XYy pore. 4‘_9 , 04-* 9-‘- ¢ ¢ E
Scat = pggF /(pggF + pVBF) ; =
100 =

= -

SR VBF SR Lo SR Hi R T A b, -

Q\c; 1% ’+’+i #¢y¢+**¢++} ?/i i *+»¢i/+}v¢y¢9f v¢+ 6/-/-/*/-/,/‘,6754

© 0.8 .. f .. I T N PR | ............
. . . . 0 0 102030405060708091
1. Multiclass output used to identify the HH production topolog: s

e VBFSR | ggFSR
o e multiclass OUtpUtS are pB, pggF’ pVBF’ pBSM . h q
- From the ggF and VBF probabilities we construct the categorisation score S,
PggF : :
Scat p— 9 0999999999999 ) H
PesF T PVBE N Ry H N
A e o
- 7%
. Improve and reduce - K, correlation.  { q g usarsasnsenss - (=



Multivariate Strategy: Dedicated high-m;;, classifier

[ SR Preselection ]

[ Transformer MVA (one per channel) ]

Binary
mHH > 350 GeV, main-stream
pHH, Hi, pB,Hi

Categorisation score
Scat = pggF /(pggF + pVBF)

Multiclass
pggF, pVBEF, pB, pBSM

Aux

Top parentage

GeV

mHH > 350

Aux

Higgs parentage

yes

do/dm . [fb/GeV]
o
o

SR VBF

SR Lo

SR Hi

2. Dedicated binary classifier in the most SM-sensitive region:
. It is trained for my; > 350 GeV, Background vs Signal,

. With main-stream-trigger events and output PHHHi» PBHi

0.2

o
—

!
O
—h

_0.2l

ATLAS

EXPERIMENT

Rev.Phys. 5 (2020) 100045
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BOX

This additional binary task improves the expected sensitivity by about 10% in both channels. |
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https://www.sciencedirect.com/science/article/pii/S2405428320300083?via=ihub

Multivariate Strategy: Final SR observables ATLAS

EXPERIMENT

[ SR Preselection ]

[ Transformer MVA (one per channel) ]

» The Higgs-parentage task teaches the network which

Binary

Multiclass mHH > 350 GeV, main-stream : ! 3
pggF, pVBE, pB, pBSM pHi-I Hi, pB,Hi || Top parentage : { Higgs parentage §

| Aux 1 § Aux

objects look compatible with a Higgs decay. Improves

LTotal = LMulticlass + 10 LBinary + 2 LAuxTop + 5 LAuxHiggs

Categorisation score
Scat = pggF /(pggF + pVBF)

sensitivity by roughly 2-10%

. The top-parentage task helps reject 2-8 % of ¢ and

.
single-top backgrounds.
SR VBF SR Lo SR Hi .
2 pypr 2 pgsm 2Pun, wi
PSS Pver + P s Psm t PB el PHH, Hi T PB, Hi

3. Multi-task Transformer:

» All four tasks are trained jointly, [Multiclass, Binary, Aux Top, Aux Higgs].

2 2 2 :
PVBF L. s, PBSM L. 5, = PHHH i

1

- Three final SR observable are defined: Sygr =
PVBE T DB PBsMm T PB PHHHi T PBHi

These three scores are the flnal f|t observables the|r blnned dlstrlbutlons are fltted S|multaneously ‘

across aII S|gnal reglons to extract the HH S|gnal strength and Coupllng Constralnts



Statistical Interpretation ATLAS

EXPERIMENT
2 2000E T T T
0] - ATLAS & #ia =
= L MHHx259 = - . o
5 2000 G=rasTev.soi! b ZoHE - Fit inputs e & Simultaneous fit BT Physics outputs B
§ 1800:— Z + HF CR ; " :mhers =
e [ B [ Seledos N TT poistns () | | [ |
1400 ;— i.. [JUncertainty _; E - /.L — O1S\Nn; | V; :
12001 E_'l_'g - 12 binned classifier-score shapes 2 i i | VilH,s Signal strength iy
- 5 . SR VBF: S_VBF
8005— ‘. 0 E - 1 X I I Ck (Hk) X LBB
o00E" K "59.,'. E SR Lo: S_lo = k ( N
400E ' v . Production modes
2008 i SR Hi: S Hi - e N '
e Tl oo o Beomese Mo Do v e e o [ o e - o JJ Poisson terms Gaussian / Light b HeeF, HVBF
3 11-.21 '+ ' T T over SR and log-normal Beeston—Barlow N /
% 1§+++ 24444 “'5"'"‘""054*¢§+ $ ﬂﬁ; . S\ CR bins constraints (template statistics)
g0 ¢ Control regions \ J J — p =
o 08577780 8 90 95 100 105 110 Coupl
m, [GeV] 4 binned CR distributions a R /& > OUPIINg Scans
_ 3 POls NPs K, Kav
S Coamias BUPTARRRENE Z+HF CR: my A L )
0 (s =13.6 TeV, 56 b — Pt i 5 < HHH, HggF, HVBF i el
T ! . W —= 1 sy ’ background
P = tt E :
= - e Z + HF ] \ e Sl 2 K2, Kav normalisations f \
o B Others i > . L ) Expected / observed
SM Higgs N -
10° 72 Uncertainty = , , 95% CL limits
m . CR shapes constrain floating , \_ i)
B g background normalisations. Z+HF, tt and tW normalisations float
= NS — independently for Run 2 and Run 3.
2 TN * . ‘ | 4 SR shapes prowde the S|gnal senS|t|V|ty whlle CR shapes Constraln the
X 8 o dosssccsssstsssssBiis! s |
I RO L DL I L domlnant backgrounds In one S|multaneous f|t
O 250 300 350 400 450 500 550

m,, [GeV] 14



ATLAS

" RESULTS &

Limits - coupling interpretation - sensitivity




Auxiliary ZH/ZZ — bb 17t~ measurements ‘30 $©ATLAS

EXPERIMENT

. ZH/ZZ — bb t7~, measurements are used to validate the HH analysis chain.

- Keeping the same analysis strategy and MVA setup.

- Both measurements are compatible with SM prediction:

Events

Data/Pred.

6 ‘ ' ! ! _:
'mE?AnAs =o— Doto =
_ ) B ZZ <064 -

105 \s=13.6TeV,56 b ’?t"’tud fakes (MJ) —
had hao® SR Hi u E

N jet-sz, fakes (Top, W) -

10% = veeee Pre-fit background N HH 3
— 22 % 20 Z+HF =

e tw .

B

=

] I I I | | | | |

—

B Others
SM Higgs

F I WY ++{4€

1234 567891011121314
4
Schyg DIN

First evidence for ZH — bbt ™t at 3.5¢6

Events

Data/Pred.

I 1 | | I | ] | | | | |

8 ~e~ Data
10 éms , B ZH < 1.52

é \s=13.6TeV,56 0 jot -z, , fakes (MJ)
10° . SR Hi it
Fha I jet—st . fakes (Top, W)

o e Pre-fit background N HH

10 e ZH % 20 £+ HF

More details in Leonardo’s talk
— Friday, 18 September

L1 -lll llllllll 11111111 llllllll Llllllll_u

1 2 3 4 5 6 7 8 9 10 11 12 13
SZ.,, bin
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HH signal strength

ATLAS

EXPERIMENT
_Q | | | n [ | | | ] Q 106 | | | | | DI [ | Q | | | | | DI [ | Q | | | | | DI | | |
C —e— Data -1 C E_ —e— Data —g C —e— Data C —e— Data
S o5 ATLAS . B HH x 2.59 - £ = ATLAS . B HH x 2.59 3 2 108 ATLAS . B HH x 2.59 0 107 ATLAS . B HH x 2.59
L \s =13 TeV, 140 fb jetor,, fakesy) 3§ W | 15=136TeV, 561 jetost, , fakes (M) - W \s =13 TeV, 140 fb jet>t, , fakes w \s =13.6 TeV, 56 fb jet>1, ., fakes
t - = : t = 7’ t 1
st t N 10°E ¢ < SRHI t = 10 SR Hi t 6 SR Hi t
10 B jet—>1,,, fakes (Top, W) = et W jet—t,, fakes (Top, W) S o Fhac Z + HF 10° = len "har Z + HF S
Pre-fit background Z + HF - 4 BEEELLEE Pre-fit background Z + HF m 1 06 ----- Pre-fit background et E ssess Pre-fit background e tw .
4| = ggF HHx 20 e W ] 10" E" —— ggF HHx 20 . W = —— ggF HH x 20 B Others 10° &= = ggF HHx 20 Bl Others =
10" E — VBF HHx 20 B Others 5 - —— VBF HHx 20 B Others = 10° VBF HHx 20 SM Higgs —— VBF HHx 20 SM Higgs 3
SM Higgs - al - SM Higgs | . [ 7] Uncertainty 10% 2o [""] Uncertainty —
10:3 XY TIPS, - [_] Uncertainty _ 10" e - [”"] Uncertainty = : 3
10% =4 = :
. 10 =
10 i
1 -
1 E__
o 1.5F ' : ' 4 © 1.5F ' T3 o 1.5F ; T4 © 1.5F N =
o : ¢ ] @ g | ] 9 g + o : .t .
(A 1"—-. ------------- L Atbet Rach ittt ‘“*'-- Shhhhalsh SLLs Cor el e -~ 0O 1}-."--"' ----- D _abtti GrunnclBociiiRriiiis 4 °°°°°° + °°°°°° el v 0O 15—-.-""-. ----- Beennn Bnmen Rencen | TR +-°-~~° dissiifsiiiiqgiasaidied QL 15—-.-""-.""--. ----- ®--nnn QrmioncluociiiPiiiiiiiiis -*'"--“-““-_-."'"-;:
® = + # # 1 3 = 1 = { ® = 1
'a‘ 05—— 1 | 1 1 | 1 1 1 — .ES‘ 05—— | | 1 1 1 1 | | — .ES‘ 05—— | | 1 1 1 1 1 | | —] ‘&S‘ 05—— | 1 1 1 | | 1 + 1 * 1 1 —
o 1 4 5 6 7 8 9 10 11 12 © 1 2 3 4 7 8 9 10 11 © 1 2 3 4 5 6 7 8 9 10 11 B© 1 2 3 4 5 6 7 8 9 10 11
Sgr i PIN Sgp i PIN Sgr i PIN Sgr i PIN

The combined fit yields the inclusive HH signal strength:

Compatible with the SM HH prediction at 1.65 o ( pq\; = 10 %).

Uy = 2.6

+1.4 _
-1.0

+1O
—09

(stat. )+

s (Syst.).

Observed (Expected) significance against the background-only

hypothesis is 2.6 6 (1.2 o), with the expected value assuming SM HH.

Production-mode limits: y,,p < 5.5(2.5), pygr < 41 (39) at 95% CL.

e Measurement is statistically dominated
e | eading systematic uncertainties:
1. ggF HH theory modelling.
ggH+HF modelling.

2
3. tt — tW interference modelling.
4

Limited statistics in background templates.

17
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- ATLAS Expected 95% Cl: =
- (5=13/13.6 TeV, 140/56 fo™ [-1.7.8.5] E
= + Observed 95% CI: -
e i btz T [-3.4,1.6] U [5.5, 10.1] 3
E95%CL S N i ] =
= 68%CL N\ xS E
? | TR B | ".’L ................. \ 1 1 ::':
5 4 =2 0 2 4 B 8 10
K,

Observed 95% CL constraints:

K, and Kk, reinterpretation

2In A

b
-

N W A OO0 N 00

o

A
:I L | ' L | ' | I | 1§ ' L | | l | 1 | l LI | | l 1 | I I | |
f— ATLAS Expected
- {5=13/136TeV,140/56 "  95%CI:[0.0,2.1]
- . Observed
b b7 T 95% Cl: [-0.2, 2.4]
= 95% O b
= 68%CL.. \... S E
El ' 1. L | e < 1 E
05 0 0.5 1 15 2 2.5
Koy

k, € [-3.4,1.6] U[5.5,10.1],

Koy

Ky € [-0.2,2.4].

ATLAS

EXPERIMENT

lllllllllll IlIllllIlllllllll] llllllll'lllllllll

BLELIL I NN RERLELS BLELEE N BN N L WL B
— Obs. 68% C
ﬁTLAS , === Obs.95% CL
\s=13/13.6 TeV, 140 /56 fb I Exp. 68% CL
HH— bbt*t Exp. 95% CL
. + Obs. best fit
et e ¥ SM prediction

The shifted likelihood minima are mainly driven by the observed HH excess (y;;;; = 2.0).

K;—l-llllllllll Llllllllllllllllll lllllllllllllllll

~
N

The likelihood shape reflects the coupling dependence of the HH cross section, acceptance and kinematics.

Results remain compatible with the SM.

18



Conclusion: ATLAS

EXPERIMENT

. Most sensitive ATLAS non-resonant HH — bb t11~ search to date using full Run 2 + 2022-2023 Run 3 data.

. Combined inclusive signal strength: (i, = 2.63:3 with an observed (expected) significance of 2.60 (1.2 0).

. The result is compatible with the SM HH prediction at 1.650 .

. The expected significance improves by 65% compared with the previous HH — bb t+7~ analysis.

~W 8 2_ | I | | | | | | | | | I | | | | | | | | | I | | | | I | | | | ]
- C L i
. L - . G - ATLAS ]
The largest sensitivity gain comes from: S 180 HHo bbrr searches 3
1.New Transformer-based MVA, about 15-20% & -V This analysis, exp. (i = 1, unconditional data fit) :
_ n 1 6"_ This analysis, exp. (uHH = 1, pre-fit) sl
Improvement. % = A This analysis, exp. (uHH — 1,uHH = 1 data fit) —
. N ® Phys. Rev. D 110 (2024) 032012 ]
2. IﬂCIUSlon Of Run 3 data (~1 50/0). (% 14_ ’ CMS HH—)bB‘t*"f, CMS-PAS-HIG-25-008 =
. 3 [ B ATLAS HH- bbyy, Phys. Lett. B 876 (2026) 140280 d
3. Improved flavour taggmg (~1 00/0)5 % r ==== Luminosity-based scaling ]
- : o 1.2F v =
4. New 7y, trigger strategy raises the 7;,,,7,,,, A X € g : 3
LI N ]
t0 ~6.3%. 1 B ATLAS HH-bbyy -
' o [ 1
5. Removal of the eVeto in the 7, ,7; ., channel (~5%). r o ]
_ _ _ 0.8 ¢ CMS HH- bbr't ~
* Dedicated ZZ and ZH validation measurements are | R

| | | | | | I | | | | I | | | | I | | | |
200 250 300 350 400 450

w AL
compatible with the SM. 150
Integrated Luminosity [fb™]

. First evidence for ZH — bbttr~ at 3.5 o. N
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Probing the Higgs Self-Coupling with HH Production $ATLAS

EXPERIMENT

e M,y 18 a key observable for probing « @ O :
HH Y P 5" < - ATLAS Slmulatlon -
> 0.12_— : —
gL (s =13 TeV :
2 o1 v — ~
< - -: ,- K)\— _
0.08 i T T -
N Ky = -
006 i -
0.04 :
0.02f :. -
O_ = 1'300 - |400 | 500.*'1. 606‘700 § 800 :
m,, [GeV]
_90.14_.........................._
I - ATLAS Simulation :
> 0.12— ’
> 012 i :
QO 300 400 500 0O FOO €00 £ f sEETV
< T K=
mH’H'[GB V] oo8- |1 = -
B —K)\ 10
e Coupling variations modify the interference between HH amplitudes. 0.0 B
. . 004l |1 i -
* This affects both the production rate and the shape of the 1, spectrum. [ @5 ™
0.0Z‘J :;" |
o Different couplings therefore lead to distinct kinematic signatures. O I s e
300 400 500 600 700 800

m,, [GeV] °



>
MC samples SATLAS
EXPERIMENT
Process ME Generator PDF set Showering Tune
Signal
gg — HH (ggF) PowHEG Box v2 PDF4LHC21 PyTHIA 8 Al14 NNPDF2.3L0
qq — gqqHH (VBF) MADGRrRAPHS_AMC@NLO3.3.1 NNPDF3.0nLO PyTHIA 8 Al4 NNPDF2.3L0
Top-quark
tt PowHEG Box v2 NNPDF3.0nLO PyTHIA 8 A14 NNPDF2.3L0
t-channel PowHEG Box v2 NNPDF3.0nLO PyTHIA 8 Al4 NNPDF2.3L0
s-channel PowHEG Box v2 NNPDF3.0nLO PyTHIA 8 Al4 NNPDF2.3L0
Wt PowHEG Box v2 NNPDF3.0nLO PyTHIA 8 Al4 NNPDF2.3L0
itW SHERPA 2.2.14 NNPDF3.0nNNLO SHERPA 2.2.14 -
it7Z MADGRAPHS AMC@NLO3.5.1 NNPDF3.0nLO PyTHIA 8 Al14 NNPDF2.3L0
Vector boson + jets
W /Z+jets SHERPA 2.2.14 NNPDF3.0nNLO SHERPA 2.2.14 -
Diboson
WW, WZ,ZZ SHERPA 2.2.14, SHERPA 2.2.16 NNPDF3.0nNNLO SHERPA 2.2.14, SHERPA 2.2.16 -
Single Higgs boson
ggF PowHEG Box v2 PDF4LHC15NL0 PyTHIA 8 Al14 NNPDF2.3L0
VBF PowHEG Box v2 PDF4L.HC15NL0 PyTHIA 8 Al14 NNPDF22.3L0
qq — WH PowHEG Box v2 PDF4LHCI5NLO PyTHIA 8 Al4 NNPDF22.3L0
qq — ZH PowHEG Box v2 PDF4LHC15NLO PyTHIA 8 Al14 NNPDF2.3L0
gg > ZH PowHEG Box v2 PDF4LHC15NLO PyTHIA 8 Al4 NNPDF2.3L0
ttH PowHEG Box v2 PDF4L.HC21, NNPDF3.0 PyTHIA 8 Al14 NNPDF2.3L0
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Event selection is mainly driven by triggers

Event Selections

Tlep Thad Channel

Thad Thad Channel

Single-¢ trigger

Single-Tp,q trigger

Di-Thg trigger

Di-b trigger

SLT STT DTT DBT
e [ u selection
One trigger-matched
tight € or medium u
ps > 25,27 GeV
p;,‘ > 21,2725 GeV
|7°| < 2.47 and (1.37 < || < 1.52); || < 2.7
No (additional) loose e¢/u with pt > 7 GeV
Thad S€lection
One loose Thad Two loose Thad
One trigger-matched Two trigger-matched See below

pr > 20GeV

pr > 100, 140, 180 (20) GeV

g™ | < 2.5 and !(1.37 < [p™| < 1.52); eVeto applied in 7y Thaa

pr > 40 (30) GeV

2023 (2400b):
pr > 35 (25) GeV

Jet selection

> 2 central jets: pr > 45 (20) GeV

priln] <3.2) > 70 GeV
2017 (B4)-2023, L1Topo
prilnl <3.2) > 70 GeV

and AR <25

Thud Thad
2017 (B4)-2023, L14J12
pr(ln| < 2.5) > 50 (50) GeV
2018: pr(|g| <2.3) > 50 (50) GeV

For pr-ordered array of

objects matched to HLT jets:

{rh.ld_i~ jl}
prt > {85,60,50,25} GeV
Inl < {2.1,2.5,2.5,2.5)}

m‘,f‘r > 30 GeV

Additional selection

ISTT bucket
m* > 40 GeV

m¥MC = 60 GeV
Opposite-sign electric charges of e/ u/thag and g
Exactly two b-tagged jets (85% efficiency, trigger-matched for the DBT bucket)
40 < my,, < 150 GeV |

40 < my,;, < 210 GeV

ISTT and 'DTT buckets

‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII..

Signal-region categorisation
ggF Low-m,, SR

Enhances sensitivity to K,
and helps resolve coupling

ggF High-m,, SR
Targets the high-myy regime

EEEENEEEEEN,

where sensitivity to SM-like

. HH production is highest.

L 4

¥
v
¥
'
'
[
i
0
¥
L]
r

#

¥

degeneracies.

' N EEE R

T

L

VBF SR

Targets VBF HH production
and provides sensitivity to Koy .

QEEEEEEEEEEER®

*

ATLAS

EXPERIMENT
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Events / 20 GeV

Events / 20 GeV

Events / 20 GeV

o
N

0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_

TLAS Simulation

ThadThaq tEI9JEL strategy ATLAS

EXPERIMENT

= 13.6 TeV, 29.3 fb'

event

o

My [GeV]

0.18

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

0.70

0.6

IIIlIIIIIIlIIIIlIIIIIIIIIIIIIIIII-

-~ ATLAS Simulation

n Vs=13.6 TeV, 26.7 fb'
— 2023

.| DTT (main-stream) .
B DTT (delayed-stream) —]
(@ BT

Sy
o

il e
800 900
m, [GeV]

lllllllllllllll llllllll [llllllll

- ATLAS Simulation

— Vs=13TeV, 140 fo'
- 2015-2018
0.5F

0.4F

0.3F

Thad had

STT offline no DTT offline no DBT offline
selection selection selection
YE€Ss yes yes
no no no
DBT fired
yes not selected yes not selected yes

p2™ > 40 (30) GeV

yes no

0.2F

IIIIIIIIIIIlIIIIIllIlllllllllll

0.1F

STT bucket DTT bucket
main-stream

I‘IlllllllIlllllllllIIIllIli] IIIIII

90:

my, [GeV]
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Evenis /5 GeV

Events /5 GeV

m,,, resolution improvement

0.9 ATLAS Simulation
' s 2 T
s=13TeV, 140 fb ¢
0.8 ThagThagr 99F SM HH — bbt+t 7.% ‘-.‘
0.7F @ Standard calibration V& ) \ 14
A Muon-in-jet correction i\ ‘-_‘
0.6 ¢ PtReco correction /! \ \
0.5 o/ [%] ARR_, _(,} :
— e - AP
— — 0, ! j§e 2
0.4 13.6 13% // J -
R———— 11.4 35% S \ \
03 /i h
0.2 gL B '
0.1 :g;a- o4 2 o
o T o = - 'O"-o-
O edeaind e e Lo L PO ll L1 1 I L1 1 I L1 1 I L1 1 I L1 _1 . ...........
0 20 40 60 80 100 120 140 160 1 80 200

m,, [GeV]

lll'llllillllllllllllllllllllll[lllllll

ATLAS Simulation "
Vs =13 TeV, 140 fb™ £
oo Ty 99F SM HH — bbret " A
@ Standard calibration N .‘ _;
A Muon-in-jet correction e ]
¢ PtReco correction e :
. 4 '
o/p [%] ARR,, / / ; \ i
— 152 - F i
— = 134 13% / & , !
e 11.7 30% ] 3 :l ‘
s \ >
- ] ‘.
“ k
o o
4 »- e

s o B, G-

A

oB B P
Alllllllllllllllllllllll

20 40 60 80 100 120 140 160 180 7200
m,, [GeV]

Evenis /5 GeV

Events / 5 GeV

i I | I B | I T 11 I LI I LI I LI I LI I LI I LI I LI
0.45— ATLAS Simulation <
Vs = 13.6 TeV, 56 fb” %
0.4F © . ggF SMHH — bbrt |
0.35 » Standard calibration " \ 4}
A Muon-in-jet correction ; !
0.3 ¢ PtReco correction - O
O 25 o/ [%] AR/R_, / / 75. \ :‘.
— 154 - i &
02 — - 138 13% o & \ ‘-.|
—mee 117 32% [ ! :
0.1 Tig A -,G '.\
. 0=
A T .
» i 3 i’
0-05 ] 5.-: _O_'O;-q ) -br\
._v_._._.._._-.-l;:=.AA..'.
0 20 40 60 80 100 120 140 160 180 200
m,, [GeV]
0.4 llllll'llllllllllllllllllllllllllllll
ATLAS Simulation -
0.35F Vs=13.6TeV, 56 fbo’ g
TpThaq» 99F SM HH — bbtit '7:" '
0.3 ¢ Standard calibration N/ \{;
A Muon-in-jet correction 'y "\ )
0.25F ¢ PtReco correction ; 3 ! 2
olu[%]  ARR,, Vil i
0.2 460 : - \"?’
— — 135 19% Al L
015 --- 118 6%  PF/ i :
AL < -
0.1 L+
SH S %
0.05 g
'U"*'£O -b-b-

40 60 80 100 120 140 160 180 200
m,, [GeV]

ATLAS

EXPERIMENT
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Events / 2 GeV

Events / 2 GeV

m__ resolution improvement

= 1 1 | | l 1 | I I I | I L I I I L 1 1 I L 1 | | I 1 | | L -
0.4 ATLAS Simulation —
C Vs=13TeV, 140 fo’ ﬁ .
0.35F ggF SMHH — bb 't \ 4 vis =
T oa } \ Visible mass :
0.3 3 1 A MMC mass -
0.25F- \ :
0_22— l* o/n[%] AR/R,, —z
= — 24 8 -
0'155_ | “ —— 117  53% E
0.1 ;— : 1 x —;
0.05 z— '} " : _E
0 .............. .1 OO. L e __.::::_:_j.;_“ ..... ............ 0
m,, [GeV]
L | | I -
- ATLAS Simulation .
0'35: Vs =13 TeV, 140 fo .
T ggF SMHH > bb 't .
0.3 3 Sjpfhad oo f\ ) Visible mass —
0.25F | }[ \X A MMC mass =
0.oE \ =
- § \ o/n[%] ARR,, 3
0.15F ¥ } =— 313 =
= | \ »=—— 136 57% -
ol \ E
0.05F \ -
e _' 1 OO ...v:::‘::.::::_._“-_-. . .. - . 0

m.. [GeV]

f 1 | | I I | | I I I | I L} | I I ] 1 | l 1 1 | | I 1 | | L

ATLAS Simulation
0.2F Vs=13.6TeV, 56 fo’

> 0.22
5

Nl -
B 0.18 ii;i:ﬂ R = Bbe & ] Visible mass
& 0.16 ; i A MMC mass
> , )
w 0.14 A% t \
0.12 oy
0.1 y l o/pn [%] AR/Ry
| / | —— 270 -
0.08 ! \ \ —— 12.2 55%
0.06 - A ¢
0.04 ! k
0.02 / . \
——— gL . AT BT " T WV VP
OO 50 100 150 200 250 300
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> 018 " " | | | —
8 - ATLAS Simulation -
oy 0-16[ Vs=136TeV, 56 fb —
— - ggF SMHH — bb 't o .
o 014 « 1. X [ Visible mass -
§ 0‘125_ i .4& MMC mass _E
Ll m i .
00 8;— A f ‘ ;;.16[%] AR/R _;
0.06 ‘i f—— 134 57% ~
0.04F- " ) =
0.02F ' —
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EXPERIMENT
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Background modelling ATLAS

EXPERIMENT
I:l tt reweighing (derived in the tf - ey CR)

A Scale factors per jet — fake-7,4 (derived in the 7., 7,,4 - tt CR)

[ T]epThad SR j[ ThadThad SR
tt with true-7;,, 4 D Simulation I:I

e/u — lepton-fake-7; 4

(tt, tW)

—

Jet — fake-7.4

(11, tW, W+jets) Data-driven

Other Simulation without analysis-specific prefit corrections
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Fakes in TiopThad SR ATLAS

EXPERIMENT

The FF method provides a data-driven estimate of the background contribution involving fake-t,,4. Four
regions are defined:

 SR-ID: The region where the fake-1,,q9 background estimate 1s made. Exactly one 1y,,4 passing the
loose Thaq 1dentification criteria 1s required in the event.

 SR-AntilD: Identical to the SR but requiring one anti-1,,4 instead of one loose Tj,q.

* CR-ID: A region orthogonal to the signal region. Exactly one 1,4 passing the loose 1,4 1dentification
criteria 1s required 1n the event.

 CR-AntilID: Identical to the CR-ID but requiring one anti-ty,4 1nstead of one loose Tha4.

CR-AntlD [ SR-AntiID

Tlcprhad-tf CR

o i _ m LOOSC Thad
Anti‘Thdd A -
‘ nti-7
h FF had

NDaa _ nMC (true-Thaq)

FF = CR-ID CR-ID
~ asData _ ayMC F :
Neranid ~ Nor:Antim (1rU€-Thad)
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M'U.].tl]et fakes in ThadThad SR ATLAS

EXPERIMENT

1 b-tag 2 b-tag

E Fake Factor

Two loose 73,4
®—® Transfer Factor

T Multijet estimate

Loose 7,4 + anti-7
l FFITF application

TT/DTT - SS, STT/DTT [ ,Data—MC
2 LLIDIT s IP {—tag TF) 5 tag - 1€ 159, 0S—AntiID, STT/DTT, i)

DB : SS, DBT | y ,Data—MC
FF2—tag {82—tag, OS—AntlD, DBT, i}
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Fakes from Top + W in 7, .7, ,SF method

Fit 1: \// - Offline ID fake-7;,,4 OF'S

Fit2: SF, - Offline + online ID fake-7j,,q SF's

l SF,; - per bin

- NF - overall inclusive floating normalisation

S SN 1 S Soom SRR G U SORTEG B S S SIS % e e N (S SN ST R
i ! ! ! I
SF1SFy5 'SFy3 1SF 4, :
1-prong : : : . .
T ! opT
: :SFH:SI‘H: :
4 g ' ' i
it aiaiaul, Routaskolo ek dhes  metiandio L L IR e T e Bl
i 1 ' 1
SE SR SR | .
3-prong| | | : :
T
3 Wy :
i u 1 i
1 *

20 25 30 35 40 45 50 55 60 65 70
Thad P [GEV]

ATLAS

EXPERIMENT
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MVA transformer model ATLAS

EXPERIMENT

Initial Representation  Transformer Encoder

- 256-D latent space - 4 layers
Inputs Combined Inputs - Pos encoded - 4 self attention head each Conditional Representation
Object 1
Object 2
Global Event Object 3 —) — —) —_)
Object N Dense Deep set Layers
) ) - RELU |
My or - [32, 64] hidden layers Global Attention pooling
.. b1 1| Prnegm... *
.” taul || Prnom. ..
' : DU 128-D Summary
PTHH. JjetN || prn¢m. .. representation
— 4 FFN heads
- 2.6% dropout & RELU l

= ¥ ¥ B

Multi-classification Binary Classification Aux Higgs Parentage Aux Top Parentage
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Transformer input features ATLAS

EXPERIMENT

Event Variable Description

Event-level features used in both the 7hadThaq and TiepThad channels MVA

MHH Mass of the reconstructed HH system (di-r based on MMC)
Mpp Invariant mass of the di-b-jet system

AR(b, b) AR between two b-jets
mjj Invariant mass of the system of two prt-leading VBF jets
AR j AR between the two pr-leading VBF jets

1IVBF j, " NvBE j; | Product of pseudorapidities of the two pr-leading VBF jets

Event-level features used only in the 7h,37Thag channel MVA
AR(7,7T) AR between the two Thag
Event-level features used only in the TjepThag channel MVA

AR (Thag, €) AR between the 1,4 and electron or muon
PT.HH Transverse momentum of the reconstructed HH system (di-T based on MMC)
NHH Pseudorapidity of the reconstructed HH system (di-r based on MMC)

E‘T‘rliSS Missing transverse energy
AR(bg, Thad) AR between the pr-leading b-jet and the Ty,q
AR(b1, Thad) AR between the pr-subleading b-jet and the Ty,q

mb; min(x, y), where x = max (mbl,fl . mbz,gz) and Yy = max (mbl,gz, mbz,gl)
mys Mass of the visible decay products in the di-7 system
PY s Transverse momentum of the visible decay products in the di-7 system
T Topness, as defined in Ref. [37] assuming 0; = 5 GeV and ow =5 GeV
Ht Total hadronic transverse energy in the event, perpendicular to the beamline

An(bb,TT) An between the di-b-jet and di-7 (from MMC) systems
A¢(t7, ET™) | Ag between the missing transverse energy and the di-r system (from MMC)
AR(by,1) The AR between the sub-leading b-tagged jet and lepton

mr (Thad,0) Transverse mass of the leading Tyad.vis
Object Variable | Description
n Pseudorapidity
¢ Azimuthal angle
m Mass
PT Transverse momentum
1sTau Flag indicating whether the object is a Th,q
isJet Flag indicating whether the object corresponds to a jet that is not identified as b-tagged.
isBjet Flag indicating whether the object is a b-jet
PCBT GN2 pseudocontinuous b-tagging score ranging from 3 to 6 (85-77-70-65-0 efficiency bins). The default
value is set to —2.0 for objects that are not b-jets.
isSMET Flag indicating whether the object is missing transverse energy
1IsSMMC Flag indicating whether the object is the MMC di-7 system
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Overtraining Avoidance ATLAS

EXPERIMENT

5-fold cross validation

validate test/apply

train ensemble of networks with different seeds, take the one closest to mean
performance
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Statistical interpretation

Standard profile-likelihood fit using 16 regions:

o SR Hi, Lo, VBF and Z+HF, tW CRs (per channel,Run)
o Floating normalisations factors for: ttbar, Z+HF, and tW
o POls: HH signal strength

SRs use rebinned MVA scores to maximze
expected HH significance

To study individual contributions: can run the fit

with multiple POls per HH component/region
o Eg uHHRunZ , “HHRun3
Auxilary ZZ/ZH measurements use same setup

o only changing the MVA model and POls in SR Hi to
target ZZ/ZH

Experimental uncertainties uncorrelated between
Run 2 and Run 3

o Except: the jet energy scale and resolution are treated
as correlated between Run 2 and Run 3— Run 2 data is
used to provide Run 2 and Run 3 recommendations

Run 2

Run3§

Run 3

SR Hi

" GNNzz Score |
O )

IIIIIIIIIIIIIIII

-----------------------------------------------------------------------------------------------------------------------------------------
*

(3 N
2 GNNzz Score
\_ y,

(" o)
g GNNzz Score
L

(d A
. GNNzz Score
L )

=

ATLAS

EXPERIMENT

SR Lo SR VBF

.
-------------------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------------------
* .

. [ )
P T | GNNzw Score
Run 2 : -

- )
5 GNNzHx Score
& )

R J
-
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

-------------------------------------------------------------------------------------------------------------------------------------------------------------
g -

(= )
: GNNzy Score

.- =

( R
& GNNz4 Score
- _J

®, 0
-------------------------------------------------------------------------------------------------------------------------------------------------------------
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Control regions post-fit plots and NF values ATLAS

EXPERIMENT
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P - {s=13Tev, 140" 2 + HF . @ = \s=13TeV, 140 fb” =1\ ]
= - Z +HF CR § M Others . P~ - {WCR tt -
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Evenis

Data/Pred.

Events

Data/Pred.

SR Lo post-fit plots
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TlepThad postfit yields ATLAS

EXPERIMENT

Process SR Hi Run 2 SR Hi Run 3 SR Lo Run 2 SR Lo Run 3 SR VBF Run2 SR VBF Run 3
Fake-1,,4 16990 + 780 9270+ 310 32900 + 1000 17310+ 370 6770+ 270 3940 + 120

tt 21859 £ 760 8847 + 330 29485+ 910 11640 + 400 9804 + 400 4066 + 150
tW 1360 = 600 460 =220 1210+ 730 390 + 240 460 + 280 160 + 97
Lepton-fake-y,q (77) 507 £26 204.4 + 8.5 649 + 34 261 + 14 218+ 14 85.7+6.5
Z+HF 739 £ 69 310 +23 1400+ 110 606 + 49 193 +47 82 +22
Single Higgs boson 01+11 40.5+4.8 81.8+8.1 349+ 3.8 10.9+ 1.6 5.14+£0.70
Other 267 +21 i W 329 + 31 160 + 21 81.7+94 37.1+4.6

Total background 41810 + 210 19250 + 140 66010 + 260 30400 + 170 17540 + 130 8378 + 86

Observed 41778 19259 66066 30457 17538 8353
ooF HH 14.8+5.9 6.1 +2.4 27+1.1 1.07 + 0.4 029+0.12  0.121+0.050
VBF HH 0.168+0.072  0.069+0.030 0.052+0.023 0.0207+0.0091  0.38+0.16  0.155 +0.066

Signal 149+5.9 6.2+235 2.8 1.1 1.09 +0.45 0.67 +0.27 0.28 +0.11
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Tad¥haq POSt yields ATLAS

EXPERIMENT

Process SRHiRun2 SRHiRun3 SRLoRun2 SRLoRun3 SR VBFRun2 SR VBF Run 3
Multijet 1550 + 160 1153+ 74 970 + 140 5670+ 160 382 +29 973 +£29

it 1343 + 100 563 +43 722 +48 666 + 39 206 + 24 114 + 12
tW 96 +45 34+13 21 +18 20+11 6.8+4.4 26+1.3
Fake-T1,q (17) 1338 £ 210 855+ 100 1352 + 180 2581 +200 194 + 43 269 +47
Lepton-fake-1y,,q (71) 713 £48 329 + 26 497 + 42 564 +40 93.9+9.6 69+ 11
Z+HF 753 + 62 346 + 33 515+42 379 + 33 52.4+9.2 323 +5.7
Single Higgs boson 57 £ 12 26.7+5.4 23.2+3.8 21.9+ 3.1 3.8+1.1 2.58 £ 0.69
Other 150 + 34 76 + 18 78 £ 18 88 + 18 24 +13 18.6 6.7
Total background S995 + 77 3382 + §7 4182 +70 9992 + 99 963 + 30 1481 + 36
Observed 6007 3394 4190 10000 976 1502
goF HH 16.3+6.4 T4+3.0 1.74 £0.72 210+£0.85 0.30+0.12 0.171 £0.070
VBF HH 0.192 +0.082 0.083+0.036 0.033+0.014 0.035+0.015 0.34+0.14 0.179 £ 0.077

Signal 16.3:30:5 Fl 6 B 1.78 £0.73 2.14+£0.87  0.64 +£0.26 0.35+0.14
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my,, — m__ 2D plots: HH events ATLAS

EXPERIMENT

- — ol c —— T T T T T —
S 0.8 B s F -
8 - i f 0.6 =
© i i ® i i
g o4 - g 03 -
= - i = B 1
0.0 | N
Q 200 LRS- AR '_ —t 0 200 S S S A S e | B s R [ A S R | S S [ B B e 2 B R L L L
e L Q B 1 B ]
= T - - £ T 1 [ -
180— ATLAS Simulation - . 180~ ATLAS Simulation -+ B —
- 13/13.6 TeV, 140/ 56 fb1 . . C 13/13.6 TeV, 140/ 56 fh-1 - - -
160 — ThadThads SR Hi ] ol 160 — Tlep Thads SR Hi = — —
_ HH events - . - HH events ] _
140}~ = ] 140 . ~
120 - - 120~ = -
100 — — 100 |~ - —
80 : : 80| — -
60| N - 60|~ - -
405575 100 125 180 175 20000 03 06 405575100 125 180 175 200 0.0 03 05
50 75 100 125 150 1725 200 0.0 08 08 50 75 100 125 150 175 : : ,
mMMC Integral/bin mMMC |ntegra|/bin
1T 1T

46



Integral / bin

Mpb

m,,, — m_. 2D plots: ZH events ATLAS
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my,, — m__ 2D plots: ZZ events ATLAS
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HH POI decorrelation and upper limit ATLAS
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ZH/Z77 POI decorrelation ATLAS
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Upper limit

HHH HeeF  MVBF  MggfF (MvBr=1)  pvBr (Uggr=1)
TiepThad Run 3 observed 11.6 12:5 135 12.1 143
expected 1.9 8.1 176 8.0 169
lepThad Run 2 observec 7.8 8.2 69 8.1 73
expected 4.6 4.8 76 4.7 74
Nt i RT3 observec 9.1 9.2 134 0.2 140
expectec 5.5 5.7 127 5.6 123
i RS observed 5.9 6.0 70 6.0 1
expected 3.0 3:1 61 3.0 58
Run 3 observec 1.9 8.4 89 8.1 96
expectec 4.3 4.4 29 4.3 96
Run 2 observed 5.4 5.5 46 2 51
expected 2.6 27 45 2.7 43
Coisiiu observed D3 3:D 41 5.4 43
expecte]l 247.e 25%.c J95E 2efs 39+
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. ZH|ZZ — bbt*7~, measurements are used to validate the HH analysis chain.

- In High-SR, the HH classifier is replaced by dedicated ZZ/ZH discriminants.
- Keeping the same analysis strategy and MVA setup.

- Both measurements are compatible with SM prediction:

Uy, = 0.64103 = 0,64 +0.28 (stat.)*9-2> (syst.)

Uy = 1.52+032 = 1,52 +0.40 (stat.)*033 (syst.)

* Observed (expected) significance:

77: 18Q76,  ZH: 35 |(24)0

First evidence for ZH — bbtttat 3.5¢6
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K, Kz, W77 uncertainty breakdown

Source of uncertainty o pr—
Total 1.20
Statistical 0.91
Systematic 0.76
Experimental uncertainties 0.20
Electron and muon 0.01
Thad 0.13
Ess 0.03
Jet 0.14
Flavour tagging 0.04
Pile-up 0.01
Luminosity 0.03
Modelling uncertainties 0.71
Background template statistical 0.21
HH 0.54
ZH 0.02
A <0.01
Other SM Higgs 0.25
Z+jets 0.07
tW 0.21
Top 0.12
jet — Thaq fakes 0.07
Others 0.01

Source of uncertainty Turyr  Ouzz
Total 0.50  0.37
Statistical 0.39 0.28
Systematic 0.30 0.24
Experimental uncertainties 0.14  0.12
Electron and muon 0.02 0.02
Thad 0.05 0.03
B 0.02  0.02
Jet 0.13  0.10
Flavour tagging 0.02 0.02
Pile-up 0.01 0.01
Luminosity 0.01 0.01
Modelling uncertainties 026 0.21
Background template statistical ~ 0.10  0.09
HH 0.01 <0.01
ZH 0.09 <0.01
ZZ <0.01 0.04
Other SM Higgs 0.11 <0.01
Z+jets 0.14  0.17
tW 0.06 0.03
Top 0.07  0.05
jet — Thaq fakes 0.03 0.03
Others <0.01 0.04

ATLAS

EXPERIMENT
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Hypr, uncertainty breakdown ATLAS

EXPERIMENT

Source of uncertainty Oy pr
Total 18.88
Statistical 16.61
Systematic 8.96
Experimental uncertainties 2:17
Electron and muon 0.17
Thad 0.55
Ec™ 0.25
Jet 1.96
Flavour tagging 0.50
Pile-up .23
Luminosity 0.16
Modelling uncertainties 8.67
Background statistical uncertainty 3.61
HH 0.81
ZH 0.06
ATS 0.12
Other SM Higgs 5.14
Z+jets 1.92
tW 1.18
Top 3.38
jet — .4 fakes 1.01
Others 0.17
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HH — bbyy Run 2 + partial Run 3 results ATLAS

EXPERIMENT

Phys. Lett. B 876 (2026) 140280

arXiv:2310.12301
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HH — bbt*t luminosity projections ATLAS
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New Results vs Others ATLAS

EXPERIMENT
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- The expected /i, limit of 2.4 reaches approximately the sensitivity of the full ATLAS Run-2 HH combination.
. 50% higher expected significance than CMS HH — bb 777, with ~37% less luminosity.

. 19% higher expected significance than ATLAS HH — bb vy, with ~36% less luminosity.

. Sensitivity equivalentto ~ 230 fb~! of additional Run-2 data — about 164% of the Run-2 luminosity. 63



