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Higgs(es) as a window to New Physics?

Origin of EWSB?

Thermal History of Higgs Portal
Universe to Hidden Sectors?

Naturalness Stability of Universe

Fundamental CPV and
or Composite? Baryogenesis

Origin of masses?

Origin of Flavor?
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CMS observed a 2.90 local excess at 95.4 GeV in di-photon searches.
CMS-PAS-HIG-20-002

ATLAS found a 1.70 excess at 95.4 GeV in their full Run 2 result.

ATLAS-CONF-2023-035

Combined results show a 3.10 local significance with the signal strength

exp — +O.O9 S.neVv.
//t}/}/ - 0024_008 . Phys.Rev.D 109 (2024) 3, 035005

Di-tau excess observed at 2.60 local significance at CMS at 95.4 GeV with the signal
Strength Il/tf;cp — 12 + 05 https:/doi.org/10.1007/JHEP07(2023)073

Extra pseudoscalar as in extended Higgs sector models may address the di-photon and
di-tau excess.



Signal rates for the diphoton and ditau excesses vs tan 3 for a 95 GeV pseudoscalar within the Type |
2HDM.
JHEP 11 (2023) 017
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Can a pseudoscalar show up indirectly via known SM processes, such as Zh?



Zh process in the Standard Model

-t — — — — -

ATLAS measurement of Zh cross-section at 13 TeV : o (pp — Zh)A™AS = 0.80 +0.14 pb,

ATLAS-CONF-2025-006

HlL-1LHC pred icts ~79% preCi sion at 14 Te\. ntps:/icds.cern.chirecord/2927842



The Model

Consider a softly broken Z, (to avoid FCNC) symmetric Type | 2HDM.

Varpm = m2,®! ®1 + m3,d Dy — (m?, !, + h.c.)

Al A)
= (® D)2 4 > () D7)?

+13(®] P1) (P D2)

As
+A4(P]02)(@01) + | (@] ®2) +hc,

Ll awa = —Ow Qi®ou; 4+ 0i®ad; +y Lid5 1) + he.

Chukawa = — O Qi®2uj + ;] Qi®1dj +y, L ®{1;) + he.

* Particle Spectra: h, H,A, H* - Free parameters: tan f, a, my,, my, my, My=, m

v

d; = ¢

CDI —> CI)I, (132 —> —CI)Z

%(vi + p0i +1n;)

Model u'y d’, e’y
Type I (I)Q (I)Q (I)Q
Type 11 o, o, b,

2
12




Ototal(gg = A — Zh) (pb)

101! -

10° 4

1071+

10_33

Production cross-section gg -> A -> £Zh

gg > A > Zh

- my =100 GeV

— my = 200 GeV g\imizwamiih

— My = 300 GeV

— my =400 GeV

— my = 500 GeV A

— my = 600 GeV vt/b ________ _

my = 700 GeV
— my = 800 GeV

my =900 GeV

—— my = 1000 GeV WW .
g9 h

— m
ATysf €5 =5,

8 Zh
AhZ, : — .
U 7 COS 9W EA (ph pA)p,,
200 400 600 800 1000 7h
ma (GeV) _— L
: §4" = cos(B — )

fortan § = 1, cos(f —a) = 0.1 o(99 — A — Zh) = 100 (00 €4” + 0y €4 + 0; €464 ) €4




Can a pseudoscalar at 95 GeV affect Zh?

TypeI- my = 95 GeV, vy and 77 signals
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o(gg — A — Zh) (pb)
=

Contribution to Zh production via gluon fusion to a pseudoscalar at LHC, for m A = 95 GeV, as a function of
tan B. The cross section is computed at NNLO.



Distributions of the transverse momentum of the Higgs (identical at LO to that of Z) from the signal and background

for mA = 95 GeV.

Kinematic distributions
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2HDMS: The model

 Consider a softly broken Z, and Z,; symmetric Type Il 2HDM.
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+ Particle Spectra:  hy, h,, hy, ay, ay, H*

. Free parameters: anp, 1234, Mpy, Mpy, Mpy, Mgy, May, Mgk, Vg



2HDMS - m,, = 95 GeV
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Contribution to Z h production via gluon fusion to a pseudoscalar at LHC within the 2HDMS type Il, for m,

= 95 GeV, as a function of the lightest pseudoscalar top coupling modifier ¢, . The cross section is

computed at NNLO.
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Can heavy pseudoscalars affect Zh production?

2HDM type | 2HDM type |
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Kinematic distributions
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Distributions of the transverse momentum of the Higgs (identical at LO to that of Z) from the signal and background for mA = 300 GeV
for tanff = 1.1, cos(f — a) = 0.4, 0.005 respectively. The former is excluded and latter is allowed from current LHC data.
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pr [GeV] Total o (Zh) at 14 TeV [fb] (LO) (|yn| < 2.5) for

m 4 [GeV] 95 300 (above) 300 (below) SM
< 150 1.93 13806.74 73.25 542.03
150 — 250 1.09 30.65 3.58x1073 76.93
> 250 0.43 5.61 0.93x1073 18.53
pr [GeV] Total o (Zh) at 14 TeV [fb] (with K-factors) (|y,| < 2.5) for

m 4 [GeV] 95 300 (above) 300 (below) SM
< 150 3.86 27613.48 146.49 726.96
150 — 250 2.17 61.3 7.15x1073 103.18
> 250 0.85 11.22 1.87x1073 24.85

STXS cross-section values in different pT (&) bins at the parton level at Vs = 14 TeV with a cut on the Higgs-boson rapidity of ly, | <2.5
at LO (NNLO) in the upper (lower) part

pr [GeV] o(Z(— £¢,vv)h) at 13 TeV [fb] (|yn| < 2.5) for | Exp. measurements [fb]
m4 (GeV] | 95 | 300 (above) | 300 (below) SM (CMS) [79]

< 150 1.025 0919.59 39.31 205.42 200

150 — 250 0.570 1.81 0.003 28.38 32

> 250 0.214 0.25 0.00025 6.76 9.99

STXS cross-section values in different pT (&) bins at the parton level at Vs = 13 TeV with a cut on the Higgs-boson rapidity of ly, | <2.5
at LO (NNLO).
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Summary and Outlook

95 GeV pseudoscalars affect the Zh cross-section via off-shell effects
negligibly and escape detection at HL-LHC.

Stronger constraints from heavier pseudoscalars.

Current LHC constraints on Zh already constrain large parts of the
parameter space for 2HDM.

Ongoing work to detect possible prospects for detection of light
pseudoscalars at linear colliders.
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