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Overview

Motivations

Latest results
e gg — A, tta/tWa

e H—Za,H— aa

Conclusions

a/A is the new light (pseudo-)scalar
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Motivations: Light Scalar Searches

Models

Many BSM models addressing the shortcomings of the SM have extended Higgs sectors and can predict light

(pseudo-)scalars “a”

v e.g. 2HDM, 2HDM-+a, TRSM, portals to hidden sectors

In many models, light scalars have Yukawa-like couplings inherited from mixing with the SM Higgs boson

Extensive search program at the LHC for different production mechanisms and in different final states

v' E.g. ATLAS searches for H — aa
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Motivations: Light Scalar Searches

Experimentallmethods

Merged vs. resolved

* At lower mass of the light scalar, it will be produced with a significant Lorentz boost
U The decay products are collimated and merged

O Motivates dedicated experimental techniques like Xbb tagger, merged ut,;,4 objects or

boosted di- T objects

mass
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g0 — A — 11

Search for CP-odd scalar A, m € [20, 90] GeV

gg — A — 1T epdv final state (t decay leptonically)

Signal selection: exactly 1 electron and 1 muon with opposite charge (pr >10 GeV)

Main background

» e produced in W, Z/y*, SM Higgs or tt decays; at least one lepton arising from another source

Main observable: myc, a likelihood-based estimator of di-t invariant mass

Two signal regions: low mass (LM) and high mass (HM) regions

* LM: my € [20, 75] GeV, mype > 0 GeV

* HM: my € [75, 90] GeV, 35 GeV <mypc < 130 GeV
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Events

Data/Pred.

tta/tWa, a — bb

Search for light pseudoscalar a, m € [12, 100] GeV

tta/tWa production, a — bb decay (merged & resolved)

Signal selection: two leptons (opposite charge) and > 3 jets (b-jet or B-jet; > 1 b-

jet)
Main background: tt + jets, especially tt+bb

* Derive re-weighting to improve modelling

Eur. Phys. J. C 85 (2025) 886

Main observables: number of b-taggered and Xbb tagged jets, lepton-jet and jet-jet

pairing BDT scores, discrimination NN score

* Normalised to total background
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H—Za—l1l+jets

Search for light scalar a, m € [0.5, 3.5] GeV

H — Za production

Phys. Lett. B 868 (2025) 139671

* Z—ll,a — gg/qq decay (merged)

Signal selection: two leptons from Z boson and > 1 jet

Main background: Z+jets, especially tt+bb

* Derive NN-based re-weighting to improve modelling

Main observables: dilepton-jet invariant mass my;, NN-based mass estimation from

jet observables, classification NN score
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H—aa—tt1T

Search for light scalar a, m € [4, 15] GeV

H—aa production, a—TT— UUTy,q Thaq (Merged)
* Decay products of 1) 13,4 are mixed in the detector

Object identification:

* a muon-removal technique is used to reconstruct merged di-t decays

arXiv:2503.05463
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Signal selection: exactly two 1,4 objects (hadronic T with opposite-charge p

inside) with mass < 15 GeV, and combined invariant mass slightly below Higgs

mass (missing neutrinos)

Main background: events with fake 1,4 with non-prompt p from hadron decays

* Estimate with tight-to-loose data-driven method
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H —aa — YYT,,4Thaa

¥
. a -
Search for light scalar a, m € [10, 60] GeV H Pt
‘

H—aa production, a—YY, a—T;,4Tn.q (merged & resolved) ~

Signal selection: two photons with either one boosted di-t candidate or two a S - had

resolved t leptons T had

Main background: continuum Yy, y+jet, and jet-jet events (jets misidentified as
resolved or merged

photons or Ty,4

* Data-driven method is used to estimate the background

Main observable: invariant diphoton mass myy
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Events

Data / Pred.

ZH, H—aa—4b

» Search for light scalar a, m € [12, 60] GeV

e ZH, H—aa production, a — bb decay (merged & resolved)

« Signal selection: two leptons or EF*SS (2 V) from the Z decay, and > 3 b-objects: b-

tagged jets, double b-tagged jets or displaced vertices outside of jets

* Main background: Z+jets, tt

* Derive re-weighting to improve modelling

* Main observables: number of b-objets, NN-based quadruplet selection (object

pairing), discrimination BDT score
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ZH, H —a,a, — 4b/6b

* Same analysis did search for decays to two scalars of different mass H—a a,—4b

x B(H - a,a, — 4b)
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* Same analysis strategy p
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* H cascade decay: H—a;a,—3a;—6b

* Slightly different strategy: no explicit pairing of b-objects, just

x B(H— a,a, — 6b)

discrimination BDT score
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Conclusions

* Many new exciting results for light scalar searches with ATLAS run 2 datasets
* Both direct & associate production, and Higgs portal
* Improved techniques (particularly on merged topologies) helped enlarge the searching
range towards low masses
» Can be pushed further by exploring different @ masses and signal configurations

* Looking forward for the new results with Run 3 datasets!
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Models

« 2HDM
e Sparticles: CP even h and H, CP odd A, and 2 charged Ht bosons
« 2HDM+a

e 6 particles: CP even h and H, CP odd A, and A, (new pseudoscalar a mixes with CP odd A), and 2 charged H+ bosons
* type-ll Yukawa sector: Higgs bosons A, H, and H+ are all constrained to be mass-degenerate and heavier than around
600GeV
* type-l Yukawa sector: allow the extra Higgs bosons to be even lighter than the 125GeV Higgs boson
* Two-Real-Singlet Model (TRSM)
* amodel that enhances the Standard Model (SM) scalar sector by two real singlets that obey a Z2 x Z2' symmetry.

e 3 particles: hl (125 GeV), h2, h3
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tta/tWa, a—bb: Objects

b-jets and B-jets

e b-jets refer to AK4 jets originating from a single
b-hadron.

— They are identified using the DL1r tagger .

e B-jets are a boosted bb pair identified as one single
object.
— They include track information up to R = 0.8.

— They are identified using the DeXTer tagger .

e Additionally, a p-in-jet pr correction is performed,
where the soft muons that are lost during the overlap
removal are added back to the 4-momentum.

e The invariant mass of the B-jets is corrected using a
DNN regression method.

Eur. Phys. J. C 85 (2025) 886

pr > 20 GeV and

yes

Add AKS8 track

isolated?

no

| information

A

Is DL1r tagged?

NS

u-in-jet
pTt correction

Is DeXTer tagged?

l yes

DNN mass and
U-in-jet pr correction
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Evenis / Bin

H —aa — bbrtr

p Tt
Search for light scalar a, m € [12, 60] GeV i
H a . T
H—aa production, a—bb, a—11 TTTES "~

Signal selection: T ’
* 3 channels (1 decay): e, €Tyag, UThad P b
* 3 categories per channel (b jets): =1 bjet, >1 bjet, 1 DeXTer double b-jet
Main background: tops, Z+jets, fake leptons, fake taus
* Data-driven method is used to estimate the background

Main observable: Parameterized NN score
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Largest derivation: 0.055 (m, = 20 GeV)
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https://link.aps.org/doi/10.1103/PhysRevD.110.052013

H—aa—1t11: Muon removal technique

« Motivation

* In pt,4 objects, the presence of the muon inside the T4 jet reduces the 1,4 reconstruction and RNN

identification efficiency

* Merged 7,T)44 correction algorithm:

* Overlapped muons are removed from tau seed jet.

* Both the Muon tracks and associated energy will be removed
* The tracks and calorimeter energy clusters associated with the reconstructed muon within AR(y,

thad) < 0.4 are removed from the inputs used for 1,4 reconstruction and from the inputs to the
RNN and BDT identification algorithm
* Re-calculate the relevant tau identification variables after muon removal.
* Use the official tau performance results for the analysis
* An extra efficiency uncertainty was extracted for the muon removal method
* The thad four-momentum is corrected to the same energy scale as for the isolated thad using a MC-based

correction method.

* Similar algorithm was developed in high pT regime focusing on G — HH — 4t (TAUP-2023-02)
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H —aa — YY1,.4T;,.4 - bOOsted di-t object

* boosted di-t object

tWO Tpad.vis that are within AR < 0.4
Reconstruct: via a custom algorithm with the substructure of large-radius jet
R=1.0, pt> 50 GeV

Subjets (>2, each jet contain 1 or 3 associated tracks): pr > 10 GeV (anti-kt
algorithm R=0.2)

BDT score > 0.35 (medium ID)

Fraction of events
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Largest local excess: 2.2 6 (m, =39 GeV)
2.1 6 (m, =48 GeV)

21


https://link.springer.com/article/10.1007/JHEP03(2025)190?utm_source=rct_congratemailt&utm_medium=email&utm_campaign=oa_20250327&utm_content=10.1007/JHEP03(2025)190

	Slide 1: Search for Beyond Standard Model Higgs boson decays
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21

