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What's new with light scalars!

Searches for Beyond Standard Model Higgs boson decays
(including low mass resonances)
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Ove rVI eW ‘a’ or ‘A’ is the new light (pseudo-)scalar
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Light Scalar Searches

July 2022 ATL-PHYS-PUB-2025-011

ATLAS Preliminary —e— Observed
m;=20GeV,ctr,<1mm - Expected
N 10
HH, U + 20

Motivation & models

V§=13TeV, 139 fb"!

bb, uu
PRD 105 (2022) 012006
Vs=13TeV, 139 fb™'

+ Many BSM models addressing the shortcomings of ot

8TeV, 20.3 fb~

the SM have extended Higgs sectors and can predict vv.99

_PLB 782 (2018) 750
Vs =13TeV, 36.7 fb™"

light (pseudo-)scalars ‘@’ Invisible

. ATLAS-CONF-2020-052
Vs§=7,8,13 TeV, 4.7,20.3,139 fb
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e.g. 2HDM, 2HDM+a, TRSM, portals to hidden s aap, t
sectors AR '
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+ In many models light scalars have Yukawa-like ( "

couplings inherited from mixing with the SM Higgs

+ -
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+ Extensive search program at the LHC for different T o B o Tay
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[1] DeXTer: Deep Sets based Neural Networks
for Low-pT X - bb Identification in ATLAS,

Comments On experlmental methOdS ATL-PHYS-PUB-2022-042

[2] Improved reconstruction of highly boosted
T -lepton pairs in the 1T - (pv,v)(hadrons +
vy decay channels, 2412.14937

[3] Reconstruction and identification of pairs of
collimated t-leptons decaying hadronically,
2411.09357

Merged vs. resolved

+ At lower mass of the light scalar, it will be produced with a significant Lorentz boost

> the decay products are collimated and merge

> motivates dedicated experimental techniques like double-b-taggers 115, merged pthad Objects
(21 or boosted di-T objects (3

| A

a a

>
Boosted Resolved amass
regimes regimes
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https://cds.cern.ch/record/2825434
https://arxiv.org/abs/2412.14937
https://arxiv.org/abs/2411.09357

Overview

Motivation

New analyses

gg - A tta

H-Za, H - aa
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gg - A,H - Za, tta

gg - A - 1T
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— Observed limit . Expected + 1o
== Expected limit D Expected £ 2 ¢ _:

+ Search for CP-odd scalar A, m = 20 — 90 GeV
g9
+ gg - A - 11, > ep4v final state >
+ Select =1e, =1y (opposite charge) events g
+ Main background: Z - 1t
+ Main observable: muwmc, a likelihood-based estimator
of invariant di-t mass 8 [amas’
N 102__\{5:13Tev,140fb"
. . . $ F A—>1,7,, 95% CL
+ Two signal regions: low mass and high mass 4
X
SRS R R IR SR R il F R TR I T L L L B B e
ATLAS -+ Data WAy, - 7 xg % ;I4TL/I|S I I +D;ta I .AI‘30 = ﬂl:r l E g)
ls=13TeV, 140 10" WFakes  [MZ/7* - re 3 ) s=13TeV, 140" WFakes [Bz/7" - oz 1 2
fM_;;eT” Wpivoson  [ITop ] 2 10° A =, Wpivoson  [Top E ©
Post-fit [others  [JUncertainty E % ";'ggtsfﬁ Eothers  [JUncertainty ]
; 5 102 E
B - s
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m, [GeV]

.70. i

I60|

'g 1 27 Total unc. H -8 1 0F E
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https://link.springer.com/article/10.1007/JHEP12(2024)126

gg - A, H _ Za, tta &L AITANA [FIC

fta, a - bb arXiv:2503.17254

+ Search for light scalar a, m = 12 — 100 GeV
2 b-jets
_ (DL1r)
+ tta production, a —» bb decay (merged or resolved) o
+  Select events with two leptons from tt and = 3 jet %D‘lc;?%f)'b'jet
+ Main background: tt+jets, especially tt+bb
> Derive re-weighting to improve modelling P
g [ Amas o
F Vs=13TeV, 140 fb" g== Expected + 16 ]

+ Main observables: number of b-tagged and double-b-
tagged jets, lepton-jet- and jet-jet-pairing BDT scores,
discrimination NN score

---Expected 20 -
2
10k

95% CL limit on o(pp—tfa) x BR(a—bb) [pb]

* Normalised to total background
T T T

* Normalised to total background
T T T T

T

[} T T T T [} T T T T
< @ Data B Signal 30 GeV T 400¢ @ Data B Signal 30 GeV ]
2 oo ATLAS § [ Itt + light m—? 1 o ATLAS § [ Itt + light m—?
o Vs=13TeV, 140 fb tt+>1c 1z D gsb Vs=13TeV, 140 fb 1t +>1c 1tz
Wt +>1b Other Wt +>1b Other
600} twW 777z Uncertainty _ twW 777z Uncertainty
SR 1B2b --- Signal 30 GeV * 300} SRO0B4b -+~ Signal 30 GeV * 107'g
it Post-Fit Post-Fit E
2501
1 l 1 L 1 I 1 L 1 I L 1 L I L 1 L
20 40 60 80 100
m, [GeV]

Largest local excess: 2.0 0 (m. =30 GeV)

Data/Pred.
Data/Pred.
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https://arxiv.org/abs/2503.17254

Overview

Motivation

New analyses
gg - A, tta

H-Za, H - aa
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gg - A,H - Za, tta
H - Za - ll+jets

+ Search for light scalar a, m = 0.5 — 3.5 GeV
+ H - Za production, a - gg or qq decay (merged)
+ Select events with two leptons from Z and > 1 jet

+ Main background: Z+jets

> Derive NN-based re-weighting to improve

modelling
: x10° —in signal region
+ Main observables: § F wozsn2000n ]
Iepton_lepton_J et Z o5 et Tty g;:ﬁ:fs:fﬁ;ss:d
Invariant mass My, g B(H — Za)= 100 % —— Fitresult

Fit uncertainty
¢ Data

20 -~ B(a —gg)=100 %

NN-based a mass
estimation from jet 18
observables,
classification NN
score
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arxiv:2411.16361
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0
53}
ATLAS —e— Observed limit
102 J/5=13TeV, 140 o1 --- Expected limit
o EEl Expected +10
B(a— gg) =100% Expected +20
PRL 125 (2020) 221802:
1073 —— Obs. limit
a— g g -=- Exp. limit
Exp. £10
1 0—4 L L L L L L L
00 05 10 15 20 25 30 35 40
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see paper for a- qq limit plot

Largest local excess: 1.5 0 (m.=0.5GeV, a - gg)
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https://arxiv.org/abs/2411.16361
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H_aa e T T e
aa

H - aa - TTTT arXiv:2503.05463

+ Search for light scalar a, m =4 — 15 GeV

a o~ ::hlgd (merged)
+ H - aaproduction, a - 1T - M, had decay (merged) —» e

. Sel_ect events with exactly tWO HThad objects (hadronic a\\< T —>hu 4 (merged)
T with opposite-charge p inside) with mass < 15 GeV, = na
and combined invariant mass slightly below Higgs
mass (missing neutrinos)
+ Main background: events with fake Thad With non- Y e
ATLAS

—e— Observed
Vs=13TeV,140fb" ... Expected
[ Expected +1 ¢
[ ]Expected +2 ¢

prompt p from hadron decays 035

> Estimate with tight-to-loose data-driven method

X Br(H—aa—47)
o
w
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0.25
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+ Main observable: (corrected) average mass of Uthad £° 0.5
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& [ Post-Fit 7 A 1 B 600F postFit i vl m, [GeV]
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https://arxiv.org/abs/2503.05463
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H-a T
H - aa - YYThadThad JHEP 03 (2025) 190
+ Search for light scalar a, m = 10 — 60 GeV ¥
H a_.- resolved or
+ H - aaproduction, a - Yy, @ — Thadlhas decay —  ____1___ el ¥  merged!
(resolved or merged) > o J
a, - had
+ Select events with 2 photons and either one boosted < < had
di-t candidate or two resolved 1-leptons
+ Main background: continuum yy, y jet and jet jet
events, with jets misidentified as photons or Thad AiSsaaassnasi it e
ATLAS —— Observed limit
107" fs=13Tev, 140 0" o Expected limit

[ Expected+ 1o
[ ] Expected+ 26

>  Estimate data-driven by parametrising
continuum shape by an analytical function

Illlllll

L R L LA L SR
ATLAS ¢ Data
Vs=13 TeV, 140 fo’' — Background + signal fit
------ Background-only fit
-- Signal form =39 GeV

+ Main observable:
invariant photon

maSS myy \ 10
8

102 fq

95% CL limits on Br(H-aa—yytr)

Events / GeV
o
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) ‘ l ) 1015 20 25 30 35 40 45 50 55 60
m, [GeV]
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© it A T
0 T | JTQTﬂW +T+ TL lT mi .TI..T :
= 4F =
o %?uhw-*--kh--«-wh.-mi-hh-J-*--Ah&--#mu-+ g Largest local excess: 2.2 0 (m. =39 GeV)
8 725_ é Y Y é ¢ é & é é ‘_E
—— 90 20 30 40 50 60 2.1 0 (m.=48GeV)
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——— Judith Hofer | ATLAS light scalar searches | EPS 2025 11
2 ""—-—__._\--\-- —
‘—%—E = — —



https://links.springernature.com/f/a/NAJ28d6BysQ_Ea8Ebp7azQ~~/AABE5hA~/cPRhmyiKiBZoFUyr4lso5ToYUxhCGJccNTGwQ6JE__EmrnbrvDfgkBw5RxHhwvOiGOaiHVXezqsUBP8Ft-_K-8BkTRUky_qayC0bOM5xY85WQ4_UhJRV8y4AG_BNXP_t6Lh_uyK3dey1QLZQw11yEUR_Xzag2dlrDgG7MMyWUHuWFtFPZy4u7ur2PrCymtylKn3egeZ7UdcWI39Fsp4tLiRJdqA7ppZo3Fholbtq4vcxaIpB8sh2wwqXSXPEjjsv6uXqZ7i9-AZwUgmi53rRZqHvkOUIh3bxoL1UlvHIcX4~

€. AITANA IFIC
- aa ]N]EW! BT

/HH - aa - 4h arxiv:2507.01165

+ Search for light scalar a, m = 12 — 60 GeV p

b
B resolved
_ H a ,L b \(DLlr)
+ ZH, H - aa production, a — bb decay (resolved or —> ---<1 /or
merged) a , ¥ merged
? (DeXTer)!

+ Select events with 2 leptons or Es™ss (2v) from the Z
decay and at least 3 b-objects: b-tagged jets, double-b-
tagged jets or displaced vertices outside of jets

T T T
| ——. 0¢-channel expected =——— Observed

. . - o C ' a1
¢ Maln baCkg round - Z+Jets, tt < - ATLAS i —— 0¢-channel observed == Expected —
T I Vs=13TeV, 140 fo-1! == 2é-channel expected Expected £ 100
[\ — ’ | = 2¢-channel observed Expected + 20 —
? [ A Resolved, 36.1 fb™' _|
- - - - - 71 —— Merged, 36.1 fb™'
> Derive re-weighting to improve modelling .
x F K | E
§ ¢t ' ]
+ Main observables: number of b-objects, NN-based 5 f :
quadruplet selection (object pairing), discrimination E mree]
[} =
BDT score g ]
§1OG E ?,TL':fT v 140 " ¢ Data -=:Signal [llz+>18 (_-IZ - ]
s= eV, ' - X
LI L S B S o T T T ) : Wz:>1b [@z+ight Wi+=18 > | i
E ?ET:/STeV. 140 fb! ‘t?it; 1B El;?:—;ﬁcaev El?:igzhieev 10°F izsct:i?nnell e EoGel Ott+>10  [Jti + light [l Other g
g EEZ+>1B EmZ+>1b EmZ + light ; ] -~ . H . L
wh i Suin uh g S B
7/, Uncertainty ma [GeV]

.........

Largest local excess: 2.83 0 (m.=25Gev)
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https://arxiv.org/abs/2507.01165

H - aa

ZH, H — alaz — 4b/6b

ﬁ
—_—

‘-“H‘"\-—..,__

—

e -

x B(H - aja, » 4b)

9zH
ITsm

95% CL upper limits on

Largest local excess: 3.28 0 (Ma..2 = 50, 70 GeV)
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INIEW!
arXiv:2507.01165
Same analysis did also search for .

decays to two scalars of different
mass H - a;a; - 4b

And even cascade decays H - a:a> —
3a; - 6b (a; - aiai)

- slightly different analysis strategy:
no explicit pairing of b-objects, just
discrimination BDT score

— same analysis strategy

0.6 T T . 507 T T T m
- - [(e] — -
- ATLAS 7 1 0.6 - A LAS -
0.5 Vs=13TeV, 140 fo™ — Observed - & Y0 E Vs=13TeV, 140 fo” — Observed E
- f==== Expected + 1o - T C f===8 Expected + 16 ]
co e Expected + 26 ] ro5 e Expected + 20 -
04— — T - ]
C ——1 @ C 7
- -1 I" s0.4 — =
03F - 33 F ]
_ 5 0.3 =
- [ =
0.2 =2 ’
© ]

o | Alla, ~bb

- B —
- | | . resolved or S . . Iq
2
0 (20, 30) GeV (40, 60) GeV (50, 70) GeV me rg e d I © 0 (15, 50) GeV (15, 90) GeV (20, 70) GeV (30, 80) GeV

mass point mass point

First ever search
forH - a;a,!

2.57 o global Largest local excess: ~1 0 (ma.. = 30, 80 GeV)
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Conclusion

+ Many new exciting results for light scalar searches!
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Thank you for your attention.

And compliments to all the analysis teams
for their great analyses!

IFIC Judith Hofer

TTTTTTTTTTTTTTTT judith.hoefer@ific.uv.es
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Interpretation as long-lived ALPS! T wmam

Both plots assume the ALPs exclusively decay to photons.

Axion-Like Particles ATL-PHYS-PUB-2025-007

+ Searches for light scalars can also be sensitive to ALPs, particularly when a - yy

+ Two existing searches (with an interpretation for ALPs or being a search for ALPS) ...
> H - Za,a - yy, ma=2-33GeV Phys. Lett. B 850 (2024) 138536
> H - aa - 4y, ma=0.1-62 GeV Eur. Phys. J. C 84 (2024) 742

+ ... have been re-interpreted:

> forlonger lifetimes _ > for smaller masses m, = 0.01 - 0.1 GeV
— sensitive to smaller couplings l
10° * T 102

CDF LHC CDF LHC

14971 SY1LY

)
N ATLAS Preliminary
VS =13TeV, 140 b~
95% C.L. limits
SN1987a H - aa - yyyy

<,
e,
%

ATLAS Preliminary i
V5 = 13 TeV, 140 fo? E
95% C.L. limits . 107

[Cyl/AITeV1]
[Cyl/AITeV1]

SN1987a

10 R/
H-Za-1%"yy 'S'\.(—zp =
-5 > 5 Y ——- |Canl/N2=0.1Tev=2 ]

E 10°

E S 2_ -2 ]
e |ColiA =04 Tev1 ] ICanl/A2=1.0TeV2 3

10 — |Czul/N=0.72 TeV—1—§ )
= m,[GeV]
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https://doi.org/10.1016/j.physletb.2024.138536
https://doi.org/10.1140/epjc/s10052-024-12979-0
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-007
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