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Scalar Potential

21 (0] oI |0) = (0,v,e%) ac€{1,2}

Jcmbal SU(2) = "Higgs basis’ — Goldstone

o 1 vaGt o, L (V2E)
. @+V+IGO R ﬁ@.ﬁ_,‘ S3)

\» CP-even “’/

h cos & sin & S1
_ d A=S;.
<H> (_ sin & COS&) (52> - 53
© Scalar Potential:
4 T A )\ !
V=m ¢{¢1 + p2 ¢;¢2 + [Il3 ¢{¢2 + h~C-} + 71 (¢I¢1)2 + 72 (¢;¢2)2 + A3 (q)iq)l)(‘b;dh)

. A . )
+ 24 (]02)(0]01) + [ (5 @02 + A6 0] 01 + A7 0f02) (0]02) + hic..

= Gauge-Higgs Coupling:
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Fermionic interaction
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Fit Set Up

HEPfit (Bayesian approach)

Mp= C [0.125, 1.0 (1.5)] TeV | My C [0.125, 1.0 (1.5)] TeV | Ma C [0.125, 1.0 (1.5)] TeV
A C [0, 11] A3 C [:3,17] M7 C [-5, 5]
& C [0.16,0.16] |, C [15, 1.5] | 4 C [50, 50] | ¢  [-100, 100]

= Linear prior on masses.

=1 Ranges for quartic couplings and alignment parameters are chosen

from theoretical constraints.
= Range of & is chosen to incorporate the 5o region.

= Taken the experimental values of CKM matrix element carefully and
fitted the Wolfenstein parameters.



Theoretical Constraints: Stability

e Bounded from below:

1
V=—M, "+ 5/\“,,r”r”7 where,
M, :(,M, — Repus, Im s, ,u),
2 2
o (|¢1\2 11022, 2Re(®]dy), 2Im(dTdy), [y 7 \¢2|2) ,
T+ X2) + A3 Re(X6 + A7) —1Im(Xs + A7) (01— X2)
A =1 —Re(>\6 + )\7) —X4 — Re)s ImAs = Re()\e = )\7)
v 2 Im()\e + )\7) Im\s —As + Re)Xs Im()\5 — )\7)
—%(/\1 —)\2) —Re()\e—)q) |m()\5—)\7) —%(/\1+)\2)+)\3

For several necessary conditions: H

1. All the eigenvalues (Ag1,2,3) of A", are real.
Bahl, et al., JHEP 03 (2023) 165

2. Ao >0 with Ag > A; Vi € {1,2,3}.

e Absolute stability:
3 2
. my+
D = Det[¢ls — A*,)] = — H(g —A)  with  g=—1
k=0

1) D >0, or 2) D < 0 with £ > Ao.

lvanov, PRD 75 (2007) 035001; Ivanov and Silva, PRD 92 (2015) 055017
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Theoretical Constraints: Perturbativity

O Tree-level partial-wave amplitudes:

O Eigenvalue in the j th partial wave:

O There are fourteen neutral, eight single-charged and three doubly-charged two-body
scalar 2 — 2 scattering states. —> a((]o’+’++) = B{Xy,o}

X o) = A3 — Aa,
(1,0) = 43 = 74 At Mo e A

A1 s V2X6 °
Xey =1 X5 A2 Vaxr |, Xon = ii :\\2 Z ;\1 :
V2N V2N Mt N VR
3\ 2X3 + Mg 36 3/\%F
[ -2 32 37 3\
(0.0) 3A; 3% A3 +2M 3%
36 37 35 A3+ 2\

O Eigenvalue: .
Ginzburg, Ivanov, PRD 72 (2005) 115010; H. Bahl, et al., JHEP 03 (2023) 165

O Charged scalar coupling to fermions: 8



Theoretical Constraints: Fit Results

= Theory 100%
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Signal Strength

wiz

Higgs Signal Strengths 68%
Higgs Signal Strengths 95%

blc e

blc T/

ATLAS, Nature 607(2022) 52-59
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% My, (PDG): PDG, PTEP 2022 (2022) 083C01

% My (CDF): CDF, Science 376 (2022) 170; Blas, et al. PRL 129 (2022) 271801
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Flavour Observables
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Flavour Observables: muon g-2
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Global Fits

Theoretical Constraints
e EWPO

Flavour Observables

Higgs Signal Strength

Direct Searches
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Global Fits
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Global Fits
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Fit Results

Marginalised Individual results

Masses up to 1 TeV
My+ > 390 GeV (95%) My > 410 GeV (95%) Mpa > 370 GeV (95%)
Ao 32+ 1.9 As: 5.9+35 A7:00+1.1
&:(0.05+£21.0)-10% [ ¢, : 0006+ 0257 [¢g:0124+412 [ : —0.39 £ 11.69
Masses up to 1.5 TeV
M= > 480 GeV (95%) My > 490 GeV (95%) Ma > 480 GeV (95%)
Ao: 324 1.9 As: 5.0+3.8 A7:00+1.2
&:(0.8+16.8)-10~° [y : —0.011£0.407 [oq: —0.096+6.22 | :—118+17.54
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CDF measurement of M,

B Alllin. up to 1 TeV PDG Mw 95%  EEEE Al lin. up to 1 TeV CDF Mw 95%

900

800

700

600

500

my (GeV)
m, (GeV)
ma (GeV)

400

300

200

200 300 400 500 600 700 800 900 lﬂbD 200 300 400 500 600 700 800 900 1duc 200 300 400 500 600 700 800 900 1duo
my- (GeV) my+ (GeV) my (GeV)

18



Summary

# We fitted total 10 parameters: 3 masses, 3 quartic couplings, 3 alignment
parameters and one angle.

# The lower limit on masses are constrained from direct searches and flavour
observables.

# Mass splittings are constrained by EWPO and theoretical bounds.

# Quartic couplings are bounded by theoretical constraints.

# Alignment parameters are constrained by direct searches and flavour observables.
# Mixing angle is restricted by Higgs signal strength.

# \We also studied the effects of (g —2), and CDF measurement of Myy, but did not
include into the fit. However, parameter-space of A2HDM has the flexibility to
accommodate both.

é\\\ W’
5/
py = :‘.
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V,q: 0F — 0" nuclear 3 decay
V,4: Semi-leptonic decays of kaons to electrons (not muons). Cabibbo Anomaly —

Double the error.

V.4: Semileptonic (Not the leptonic) decays of D and neutrino scattering.
Ves: Semileptonic (Not the leptonic) decays of Ds

V,s: PDG
V.: PDG

Vid/Vis: PDG; The ratio kills the NP contribution in B — B mixing.
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