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Motivation

SM + another scalar doublet.
New sources of CP violation, Axion-like
phenomenology, Dark matter aspects, Electroweak Baryogenesis,
Stability of scalar potential till Planck scale, EFT for SUSY, etc.

FCNC
1) Additional Z; symmetry, 2) A2HDM

The Yukawa matrices corresponding to two scalars
are proportional to each other.

1) More generic framework to study 2HDM.
2) There could be additional sources of CP violation.
3) Rich phenomenology.
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The Model: A2HDM



Scalar Potential
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= Gauge-Higgs Coupling:
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Independent parameters for scalar potential

# Parameters: [11, 2, 113, A1,2,3,4, A5,6,7 = 14 parameters.

2 2
#* Minimization Condition: v? = g 4%

A1 A6

# Independent parameters: v, 1o, A1 3.4,

xtween A5.6,7-

—> 11 parameters.

% CP conserving case: 9 independent parameters.

% Masses:
2
M2, =+ v, M2, =3(SF4), Mi=M,+%0M-X),
with ¥ = M2i+(A1+A24+ )2 and A:\/(2—2A1v2)2+4Agv4.
M2 — V2 )\ 2\
% Mixing angle: tana = h o Vo8 .
v2 g v2)\1—l\/7,24

% Parameter set: X, M, M+, My, Ma, & X2, A3 and A\ == 7 parameters.



Fermionic interaction
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Constraints and Fits



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.



1. Theoretical Constraints



Stability of Scalar Potential

A12 >0, A3+ +vVA1A2 >0, A3+ A — [As] + VA1 A2 > 0.

e Z>-sym cases:

e Bounded from below: V = —M,r# + A", r, 1", where,
= (= P22 Repa, tmps, — 2212,
o = (102 + |02, 2Re(®]2), 2im(@] ), |01 — [2])
L1+ X2) + A3 Re(As + A7) —1Im(X6 + A7) 11— X2)
AR 1 —Re(/\a + /\7) —A3 — Re)s ImAs — Re(/\ﬁ — /\7)
v Im(As + A7) ImAs —X4 4+ ReXs Im(X6 — A7)
11— X) —Re(Xs — A7) Im(Xs — A7) —2Ou+ )+ A3

1. All the eigenva|ues (/\0~172’3) of /\“V are real. For several necessary conditions:
H. Bahl, et al., JHEP 03 (2023) 165

2. Ao >0 with Ag > A; Vi€ {1,2,3}.
2

e Absolute stability: D = Det[¢1; — AV, = — Hi:o(g —Ng) with &=
1) D> 0, or 2) D < 0 with £ > Ao.

lvanov, PRD 75 (2007) 035001; lvanov and Silva, PRD 92 (2015) 055017

10



LO Perturbativity

O Tree-level partial-wave amplitudes:

O Eigenvalues 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’+1’+2) = ﬁ ( @ {XY,O'})

X(1,00 = A3 — Asa,
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3\ 223 + Mg 36 3Ag
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O Eigenvalues of X, p): I:l

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

O Charged scalar coupling to fermions: I:'
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Stability & Perturbativity Fits
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2. Signal Strength
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Signal Strength
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ATLAS, Nature 607(2022) 52-59

o(pp — h) Br(h — XY)
[o(pp — h) Br(h = XY)]sm

Modifications: hVV — cosa and hff — ¢, 4

Signal strength: uxy =
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Signal Strength Fits

Data: ATLAS and CMS (8 TeV and

Higgs Signal Strengths 68% Higgs Signal Strengths 99.7%
Higgs Signal Strengths 95%
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3. EWPO
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r(g(jhi% from the global fit of EW precision data to fit S, T,U.
« Fitting with S,T,U and fitting with S, T (assuming negligible U) provide similar
results.

< We remove R, =

% 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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4. Flavour Observables

18



Flavour Observables

w Loop Processes: AMp , B — Xsv and Bs — pp

 Tree level Processes: B — 7v, D5) = 7v, D(5) — pv,

MNK—upv) T(r—Kv)
Mr—pv)' T(r—mv)

w Anomaly: (g —2), [Not included in global fits]

Data: PDG roc, prep 2022 (2022) 083C01

We fit the CKM parameters form the observables that are not
contaminated by the presence of additional scalars.
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Flavour Observables
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Flavour Observables: muon g-2
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5. Direct Searches
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Direct Searches

e pp — ¢; — hh
® pp— ¢j = hZ
® pp— Qi = ;L
® pp— i = VV
® pp— ¢j = Ly
o pp— ¢ — fFf

° pp—)H+—>f,f

Data: CMS & ATLAS 8 TeV and 13 TeV

cern twiki
HDECAY
Madgraph5_aMCG@NLO, HIGLU, HDECAY
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Global Fits
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Global Fits
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Global Fits

B Alllin. up to 1 TeV 95%
EE Alllin. up to 1.5 TeV 95%
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Marginalised Individual results

Masses up to 1 TeV

Mp= > 390 GeV (95%)

My > 410 GeV (95%)

My > 370 GeV (95%)

A2: 3.2£1.9

X3: 59435

A7:00£1.1

&:(0.05+21.0)-1073 [q,:

0.006 & 0.257

[ 6g:0.12£4.12

[ e : —039£11.69

Masses up to 1.5 TeV

My= > 480 GeV (95%)

My > 490 GeV (95%)

M, > 480 GeV (95%)

A2 32£1.9

A3: 5.9+3.8

A7:0.0£1.2

&:(0.8+16.8) 1073 |q,:

—0.011:£0.407 [4: —0.096+6.22 [ :—118+17.54
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Thank you for your attention!!
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