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Fermions interact only
with the second doublet.

Type-| 2HDM
+ B-L symmetry

+2RHv + IRHN Particle

+ Scalar singlet

Properties

The scalar singlet
spontaneously breaks the

B-L symmetry.

The other two neutrinos generate the
active neutrino masses via Type |

Seesaw Mechanism.
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Faster Than Usal Early Expansion
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The Hubble rate
2 n/2
H(T) ~ ™9 L ( L )

3V 10 Mp; \ T,

Jacinto Paulo Neto @ SUSY 2021 6/15



Faster Than Usal Early Expansion
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Faster Than Usal Early Expansion

Density energy ps(t) oxa(t)” (4"'”) n >0
The Hubble rate The "Faster" Boltzmann Equation
2 "/ dy, A
H(T) ~ ™9 L7 (1 ~ N - — (ov) (Y2 — y;qg) where
3V 10 Mp; \T, dx r2—n/2 (:;.5‘” + m?)lm
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solutions
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e s-wave annihilation cross-section.
e Apply to the region between z; Sz S .
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Faster Than Usal Early Expansion

Density energy

The Hubble rate

H(T)
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Early Matter-dominated

The Boltzmann Equations

wq_‘, =0
% = —-3Hp, — T Unstable
fg r > scalar field
5 1o Po
d?’LN . .
s —3Hny — <5U>(RN — ”N ) The scalar field decays only into SM

radiation. Hence, injecting entropy into
SM bath and diluting DM.
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Early Matter-dominated

The Boltzmann Equations
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Early Matter-dominated

Early Radiation-dominated Freeze-out T., < Ty

The Hubble rate
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Early Matter-dominated

Early Radiation-dominated Freeze-out T., < Ty

The Hubble rate The Boltzmann Equation is the standard one
Approx. Solution

2
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Early Matter-dominated

Early Radiation-dominated Freeze-out T., < Ty

The Hubble rate The Boltzmann Equation is the standard one
Approx. Solution
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The energy conservation and the
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Early Matter-dominated

Early Radiation-dominated Freeze-out T., < Ty
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Early Matter-dominated

Early Radiation-dominated Freeze-out T., < Ty

The Hubble rate The Boltzmann Equation is the standard one
Approx. Solution
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Early Matter-dominated

Early Matter-dominated Freeze-out 7. < Ty < T,

The Hubble rate
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Early Matter-dominated

Early Matter-dominated Freeze-out 7. < Ty < T,

The Hubble rate The r € [0,1] parameter
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Early Matter-dominated

Early Matter-dominated Freeze-out 7. < Ty < T,

The Hubble rate The r € [0,1] parameter
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Early Matter-dominated

Early Matter-dominated Freeze-out 7. < Ty < T,

The Hubble rate The r € [0,1] parameter
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Early Matter-dominated

Early Matter-dominated Freeze-out 7. < Ty < T,

The Hubble rate The r € [0,1] parameter
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Injedlon Different Cosological Scenarios

50000

20000

10000

EMD

. J =108
200 l T. = 108 GeV

200 500 1000 2000 5000 1000020000 50000
mz[GeV]

ARXIV
Jacinto Paulo Neto @ SUSY 2021 13/15 2108.XXXXX



The Relentless phase x Entropy
I njedlon Different Cosological Scenarios

50000

20000
10000
5000
: >
Freeze-out during 3
. = 2000
larger expansion rates ‘
requires larger cross- 1000
sections. 500
EMD
w ( = 1O_B
an ' T, = 108 GeV

200 500 1000 2000 5000 1000020000 50000
mz[GeV]

ARXIV
Jacinto Paulo Neto @ SUSY 2021 13/15 2108.XXXXX



The Relentless phase x Entropy
I njedlcn Different Cosmological Scenarios
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Conclusions

« We explored the impact of different non-standard cosmologies on the right-

handed neutrino in a 2HDM augemented by B-L gauge symmetry.

1.Relentless freeze-out (faster than usual early expansion);

o For faster expanding, it is very bounded due to large cross-sections. 6&%

2.Radiation-dominated freeze-out: and

3.Matter-dominated freeze-out.

e For early radiation-dominated freeze-out, the model can be completely
unconstrained for DM mass around = 200 GeV.

 For early matter-dominated freeze-out, a completely unconstrained DM mass

arises from nearly 400 GeV up so.
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Particle Content

STANDARD QUARK SECTOR

Ugq
QaL — (dai) ~ (31 2: 1/63 1/3)3
tor ~ (3.1,2/3.1/3) and dyp ~ (3.1,—1/3.1/3).

STANDARD LEPTONIC SECTOR + 3RHN

E.p = (eaL) ~(1,2,—1/2,—1),

ValL

eqr ~ (1,1,—1,—1) and N,r ~ (1,1,0,—1),
GAUGE SECTOR

A, W=, Z, Z"and g; (gluons)
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Type | 2HDM augmented
by B-L gauge symmetry

SCALAR SECTOR

=




Yukawa Lagrangian

John Ellis et al. (ArXiv: 1504.07217)

— Ly, = ynga(DZdbR + Y QuPoupr + yzbffﬂ.q’zﬁb}% + h“(;_:ﬁ Fermions interact only
with the second doublet.

_‘£Yg D ya.b[_fu&:;QiNbR + y:}é(NuR)C(I)aATBR " h.c. ) 6

The scalar singlet

@ Dirac mass <_> C > (@ Majorana mass spontaneously breaks the
B-L symmetry.

The other two neutrinos generate the

The DM candidate is odd under a Z2

t tri ia Type |
symmetry to ensure stability. acrive neufrino masses via lype

Seesaw Mechanism.

) (i ) ()
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Faster Than Usal Early Expansion

Brief Thermal History

(44n)/3 4+n
po(t) o a(t)—(4+”): n > ( ps(T) = py(T') (;:j((;:))) (%)
Pé¢ = Prad
: p-domination
TI_I I T;;.flf_-*-.-'
Relentless phase =1

The Cosmological
Parameters
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Faster Than Usal Early Expansion

The Relentless Phase

For s-wave annihilation cross-sectionand 7 > 2
H o T2‘|"”’/ 2 and after freeze-out |' (X T?’, starting the relentles phase

in which DM tries unsuccessfully get back to thermal equilibrium.

Just when 1., the Hubble rate wins and the relentless phase takes over.



