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“Take a look at this everyone - it just could
be the signature we've been looking for!”
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Figure 1.1: SM prediction of electroweak symmetry
breaking as a smooth-crossover phase transition
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] THE TWO-HI66S—DOUBLET MODEL
(2HDM)
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Figure 2.1:
Ilustration® of the minima structure of the Higgs potential in the
field space of the 2HDM.
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[lustration*® of the physical scalars in the 2HDM.



FREE PARAMETERS
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DO WEAVIER SCALARS DECOUPLE?
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THE EFFECTIVE
POTENTIAL

FROM EFFECTIVE ACTION
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FIRST-ORDER PHASE TRANSITION

DEGENERATE VACUA o)

Figure 3.2:
Nucleation of broken bubbles as a result of SFOEWPT in
the background space of unbroken phase.
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Thermal evolution of the 2HDM potential leading to a strong first-order
phase transition from the false vacuum to the true vacuum.
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[lRST-ORD[R P"AS[ TRANS'"ON Source of GWSs!

DEGENERATE VACUA o)

Figure 3.2:
Nucleation of broken bubbles as a result of SFOEWPT in
the background space of unbroken phase.
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Thermal evolution of the 2HDM potential leading to a strong first-order
phase transition from the false vacuum to the true vacuum.
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4 RESULTS

HOW DO THE SCALAR MASSES INFLUENCE SFOEWPT?

IN RELATION TO THE ALIGNMENT LIMIT
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SFOEWPT IN (1145, cos(B-ar) ) PLANE
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Figure 4.1:
Parameter points featuring an SFOEWPT in the plane of (my, cos(p — a))
that are allowed by the recent constraints within 2HDM of Type-I.
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Figure 4.4:
Parameter points featuring an SFOEWPT in the (my — my+, my — my+)
plane allowed by the recent constraints within 2HDM of Type-I.
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GUBIC CONTRIBUTION

MASS SPLITTINGS

Mass splittings (driven by Ay) are correlated to
an SFOEWPT occurence

Larger mass splittings — stronger FOPTs
— constrained by perturbative unitarity

An average mass splitting of 200 - 400 GeV
observed for the two regions, my = my+ and
my = my+. Cross-shaped region is mainly
constraints from electroweak precision
observables.

Note: No SFOEWPTs occur in the region with
degenerate masses my = my+ = my
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Figure 4.3: Thermal evolution of the vacuum from high 7 to low 7, indicating a discontinuous phase transition
from the false vacuum to the true vacuum for (a) high CP-even Higgs mass and (b) for low CP-even Higgs mass.
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CONCLUSIONS

» Extended Higgs sectors can feature a SFOEWPT, necessary for EW baryogenesis, can potentially lead to
detectable GW signals.

* Heavier scalars enter loop corrections and enhance the barrier for a strongly first-order EWPT.
* Thermal effects play a crucial role in generating the barrier, featuring SFOEWPTs within the model.
* Higher the mass splitting between scalars, stronger the transitions induced.

* For higher my, SFOEWPTs occur close to the alignment limit. Buz, for lower my, it occurs away from
this limit and in non-SM-like direction.
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FUTURE PROSPECTS

» To analyse these correlations in other 2HDM types, especially more constrained
parameter space in Type II.

* To check for k; variation for the above parameter regions showing SFOEWPT in
correlation to the alignment limit

* To investigate the prospects for possible GW signals from an SFOEWPT
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GAUGE SECTOR

r _ 1
Ln > Z:gmejW“@+§%mZZ%ﬂ
p=h,H

[ 2M0y W v My .z
> LT e S5 2,29 |

where, ¢ =sin(8—a) and ¢} = cos(8 — @)

YUKAWA SECTOR

LEM — — N T (e Frhr el JH — i€ Jrsf A)

J=u,d,t

_ [ﬂVCKM - \/ﬁmefﬁ _
v

vilp HY +he.|.

2 (7 (mugfijL + mdfiPR) d H+ +

Type 1 Type 11
cosa/sinf3 | cosa/sinf
cosa/sin 8 | —sina/cosf
cosa/sinfB | —sina/ cos B
sina/sinfB | sina/sinf
sina/sinf8 | cosa/cosf
sina/sinf | cosa/cosf

cot 8 cot 8

—cot 3 tan S

—cot 3 tan S




THERMAL FIELD FORMALISM

P[] = — f 8 [~V ($uia) + 6V ] = — / 0 V()

The Fourier transform of the Green’s function

G (wn, D) = ded3a: “nTED (1, &) (A1)
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where Matsubara frequencies for bosons and fermions are w, = 2n78~! and w, =
_ 2n+1 —1, respectively. So, the propagator in momentum space is,
Z[H] = Tre P (2n+1)7p P y propag 1 p
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a Introducing the Euclidean propagator A(it, Z) = —iG(t, Z), the inverse Fourier trans-
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DAISY RING RESUMMATIONS
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1-L00P THERMAL POTENTIAL
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HIGGS VAGUUM UPLIFTMENT

HOW UPLIFTED 1S THE H166S
VACUUM RELATIVE TO THE SM?

:F — T _|_ AV where, Fr,F(: free energy density and vacuum energy
T 0 T difference between symmetric and broken phases
/ at finite Tand T =0, respectively,
AV r: thermal contributions shaping the zero-
_ temperature potential.
A.FO = .F() —_ FSM p p
FM FM [ FoM =~ —1.25x 10° Gev* ]

SHALLOWER SCALAR POTENTIAL mmmp EASIER BARRIER FORMATION == STRONGER FOPTs
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CORRELATING &, WITH AF, /F5M

SFOEWPT occurs for AF, /F§M < —0.14

&, directly correlated to the amount of Higgs vacuum
upliftment relative to SM i.e. a more negative value of
AF, /Fs™M favours a stronger FOPT, however this
correlation declines for higher masses my,.

Type-Il Higgs potentia: T =0

1x108 — my =800 (GeV)
— my =600 (GeV)
my =400 (GeV)
~ 5x107F — my =200 (GeV)
% --- 8M
O
= 0
S
s

-5x107}

-1x 108}

0 100 200 300 400
Pn(GeV)

Figure: The zero-temperature Higgs potential with different my.

Ref: [11] arXiv:2011.04540v1
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Figure 4.6:
The strength of the transition in the 2HDM of Type I in relation to
the vacuum uplifting variable AF/Fg,,. The colour coding indicates
the value of the mass my.
31



ACDM AND EW BARYOGENESIS 6GW DENSITY AND SNR
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DIRECT SEARCHES

e bbH with H — bb [44, 45]

o pp— H/A — AZ/HZ — bbete~ [46) 47]

e pp > A— Zh — £ 77~ [48]

e bbA with A = Zh — Zbb [49]

e pp— A/H — ZH/A — ¢t~ WHW = /£+£~bb [50]
e bbH with H — hh — bbbb [51]
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