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Motivation

In this work we extend the SM scalar sector with an additional
doublet

Richer phenomenology helps with the open problems of the SM

Usually these extensions would introduce FCNC highly suppressed
experimentally

This is usually solved including a Z2 symmetry

More general possibility → Imposing alignment in the Yukawa
matrices (flavour-align THDM)
[Look also at M. Valli’s talk tomorrow: Charming Higgs]

In this talk we will study light scalars within the ATHDM

We also studied the heavy case in [A. Karan, VM, A. Pich, PRD109(2024)3]
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The ATHDM model
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Scalar potential
Higgs basis→ Only one scalar acquires VEV̸= 0
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Minimisation condition imposes

v2 =−2µ1

λ1
=−2µ3

λ6
.

11 d.o.f. from the scalar potential alone: µ2, v , λ1,2,3,4, |λ5,6,7| and
the two relative phases between λ5,6,7
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Scalar potential

Mass terms
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
If CP-conservation in the NP → Only the CP-even scalars mix(

h
H

)
=

(
cos α̃ sin α̃

−sin α̃ cos α̃

)(
S1
S2

)
, A= S3.

We chose to use physical parameters
{v ,Mh,MH± ,MH ,MA, α̃, λ2, λ3, λ7}
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Fermionic interaction
Yukawa interaction

−LY =

(
1+

S1

v

){
ūLMu uR + d̄LMd dR + l̄LMl lR

}
+

1
v
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}
+
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2
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}
+h.c. ,

We impose CP-conservation and alignment: Yu,d ,l = ςu,d ,l Mu,d ,l

−LY ⊃
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)
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ū
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+ ∑
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)
ϕ

0
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[
f̄ Mf PR f

]
,

yHu =−sin α̃ + ςu cos α̃ , yhu = cos α̃ + ςu sin α̃ , yAu =−iςu ,

yHd ,l =−sin α̃ + ςd ,l cos α̃ , yhd ,l = cos α̃ + ςd ,l sin α̃ , yAd ,l = iςd ,l .
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Theory assumptions
and

Observables
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Theoretical considerations [Ivanov, PRD75(2007)035001]
[Ivanov, Silva, PRD92(2015)055017]

Bounded from below: V =−Mµ rµ + 1
2 Λ

µ

ν rµ rν

Mµ =
[
− 1

2
(µ1+µ2),−Reµ3, Imµ3,−

1
2
(µ1−µ2)

]
,

rµ =
[
|Φ1|2+ |Φ2|2, 2Re(Φ†

1Φ2), 2Im(Φ†
1Φ2), |Φ1|2−|Φ2|2

]
,

Λ
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1
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1
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2 (λ1+λ2)+λ3


Necessary and sufficient conditions:

1. All the eigenvalues (Λ0,1,2,3) of Λµ

ν are real
2. The “timelike” eigenvalue satisfy Λ0 > 0 and Λ0 > Λ1,2,3

Absolute stability: D = Det
[
m2

H±
v2 −Λ

µ

ν

]
D > 0 or D < 0 with

m2
H±
v2 > Λ0
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Theoretical considerations [Ginzburg, Ivanov, PRD72(2005)11501]
[Bahl, et al., JHEP03(2023)16]

Tree-level perturbative unitarity: 1
16πs

∫ 0
−s Mi→f (s, t)dt
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7 λ3+2λ4 3λ ∗
5

3λ6 3λ7 3λ5 λ3+2λ4

 .

Eigenvalues of X(a,b): |ei |< 8π

Yukawa couplings:
√

2|ςf |mf
v < 1
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Signal Strengths [ATLAS+CMS, JHEP08(2016)045]
[ATLAS, Nature607(2022)7917,52-59]

[CMS, Nature607(2022)7917,60-68]

µXY =
σ(pp → h)Br(h→ XY )

[σ(pp → h)Br(h→ XY )]SM

ghVV = cos α̃ gSM
hVV , yhu,d ,l = cos α̃ + ςu,d ,l sin α̃
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Electroweak precision observables [Haber, O’Neil, PRD83(2011)055017]
[Haber, Logan, PRD62(2000)015011]

The additional scalars contribute to the oblique parameters (S & T):

Modifications of Rb =
Γ(Z→bb̄)

Γ(Z→hadrons) :
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Flavour [Misiak, et. al. PRL114(2015)22,221801] [Li, Lu, Pich, JHEP06(2014)022]
[Jung, Pich, Tuzón, JHEP11(2010)003]

Contribution to flavour loop processes:

b → sγ Bs → µ
+

µ
− ∆MBs

Contribution to tree-level processes:

B → τν D(s) → lν
Γ(K → µν)

Γ(π → µν)

Γ(τ → Kν)

Γ(τ → πν)
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Collider searches

Theoretical predictions from:
CERN twiki, HDECAY,
Madgraph and HIGLU

Experimental data from: LEP,
ATLAS & CMS
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Global fits
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The HEPfit code
Open source written in C++

Available under the GPL on
GitHub §:
https://github.com/
silvest/HEPfit

The MCMC sampling based on
BAT [Caldwell, Kollar, Kroninger,

Comput.Phys.Commun.180(2009)2197-

2209]

Sampling likelihoods with
MCMC

Parallelised with MPI

HEPfit webpage [J. de Blas et al., 1910.14012]
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Fit setup

The fit contains 10 parameters MH±,H,A, α̃, λ2,3,7, & ςu,d ,l

We study seven possible scenarios:
* 3 cases with only one BSM scalar light
* 3 cases with two BSM scalar light
* 1 case with all BSM scalars light
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Masses
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Yukawas
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Mixing angle and Yukawa
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Muon anomalous magnetic moment

Light charged scalar

Light pseudoscalar

IC =−2 logL +4σ
2
logL

∆IC ∼ 40 when adding
the WP (g −2)µ
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Final remarks
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Summary

Neutral scalars masses as low as 60 GeV and charged scalar masses
of 95 GeV seem feasible

Masses below these ranges are completely forbidden by direct
searches

For these low masses values to be compatible with (specially) flavour
data relatively small values of ςu < 0.3 and ςd < 6 are needed

The coupling to leptons could reach quite high values

The constraints from (g −2)µ also do not help

This model with a light pseudoscalar would also not be a good
solution for the discrepancy on the (g −2)µ from the White Paper
(anyway the new lattice and data driven calculations are compatible
with the measurements)
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Thanks for your attention!
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Back up
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Outlook

The ATHDM is a more general than the usual THDM with Z2
symmetries

We can recover them by imposing

µ3 = λ6 = λ7 = 0

Type I: ςu = ςd = ςl = cotβ , Type II: ςu =− 1
ςd

=− 1
ςl

= cotβ ,

Inert: ςu = ςd = ςl = 0 ,

Type X: ςu = ςd =− 1
ςl

= cotβ , and Type Y: ςu =− 1
ςd

= ςl = cotβ .

We are working on including perturbative unitarity at NLO to study
each particular scenario
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Mixing angle and Yukawa vs Masses
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ςl vs MH±

Víctor Miralles Moriond EW 2025 21 / 17



Potential parameters
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Marginalised one dimensional results
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Marginalised one dimensional results
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