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Motivation

Atoms

Dark
4.6% Energy
Dark 71.4%
Matter
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Baryon Asymmetry : ng = 2878 ~ 6.1 x 10719, Dark Matter : Qppyh? &~ 0.12.

Ny

@ Some BSM physics : Leptogenesis, WIMP, FIMP...
@ Cosmic history prior to BBN 7

A Universe dominated by Primordial Black Holes (PBH)!

TAlan Stonebraker
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Primordial Black Holes (Hawking 1975)

@ PBH formed in the very early universe (Carr et al. 2002.12778),

4 pRad(Tin)
MBH(Tin) ~ ?W

Lower bound : H; <25 x 107 5Mp; = M, > 0.1 g
@ Black hole temperature :

1 1013 g
Tgg= —— ~ 1.06 GeV.
BH 81 GMpn < Mgr > ¢
@ Initial PBH fraction :
_ pBH(Tin)
pRad(Tin).

@ Hawking evaporation :

dMpn __(Men)e (1 \* (9 (Ten)\* (M3 *
da aH Mgu « 10240 M)

Upper bound : Mi, <2 x 108 g (BBN) M, <2 x 105 g (Sphaleron).

n o~ in ~
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The Scotogenic model [E. Ma, Phys. Rev. D73 (2006) 077301].

BSM Particles SUQ2). | 2>
Ni(i =1,2,3) 0 -
n=(n* H°+iA°/V?2) 1 -

1 _
L D E(MN)ijNiNj"‘(Yij L,'ﬁNj-l-h.C.)
2. |2 22, M 4, A2 212
V(®1,m) = p1|®1|® + w3l +7\¢1| +7|77\ + As[®1]%[n|
A
+)\4|¢In\2 + [;(CDIn)Q + h.c} .
@ Light neutrino mass at loop-level :

Yk Yk My
(m); = Z Tjﬂz [Lk(mﬁO) - Lk(mfxO)]
K

m? m?

2
Lk(m ) = mlnﬁf
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The Scotogenic model

@ CP asymmetry :

ST T(N: = fam) = T(N; = o)

€ = =
Za F(N, — /an) + r(NI — /aﬁ)
1 1
= o > m[(YTY)) ] ——=F (51, m):
8r(YTY); ; SV A
0% /j'/\\\_
0% ]
S'II 10"
— As=10"5
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log(a)
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Scotogenic leptogenesis in the presence of PBH

Boltzmann equations :

dosu _ 1 dMsu
da Mg da 2P
doraa _ _ esm(Mpn) 1 dMBHa
da ¢(Mgu) Mgu da onH
dnj,
aH dal = (n Ny an) ry,
dnEE
aH dlll = (’W1 ) e+ npul BH-MN; ,
dng_
aH nja = = € |:(nN1 an) r1 +n N1 rBH] - (WID + AWscatl‘enng)nB L,y
dT - _71(1 esm(Meu) 1 dMsn agen
da a e«(Mu) M da 4graa /)’
Ny produced from PBH (J. Turner et al. 2010.03565) :
27T, o o
MBH-N, = 32:2H (—zuLiz(—e 8H) — Lig(—e *BH)) .
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Scotogenic leptogenesis in the presence of PBH

PBH evaporate before leptogenesis scale :

T(GeV)
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Scotogenic leptogenesis in the presence of PBH

PBH evaporate during leptogenesis scale :

1000 ]
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Scotogenic leptogenesis in the presence of PBH

PBH evaporate after leptogenesis scale :
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Scotogenic leptogenesis in

presence of PBH
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Dark Matter in the presence of PBH

@ DM candidate : Lightest scalar of inert doublet.

In the presence of PBH (N. Bernal et al. 2011.12306) :

©Q T > Te : Usual WIMP DM in a RD universe, with PBH dilution.
@ T.< T < Teg : PBH dominate (for 8 > Bc), prad o @ .

Q T <Tu<T.: PRad X a~3/2,

Q T, < T. : RD universe again, no PBH dilution.

L>LN
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log(a)
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Dark Matter in the presence of PBH

Qistalp2 — QB p2 1 Qfo A2 (P. Gondolo et al. 2009.02424).

Tto > Tey = Mppy > 3 MeV (trivially satisfied).
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Dark Matter in the presence of PBH

Qistalp2 — QB p2 1 Qfo A2 (P. Gondolo et al. 2009.02424).

Tto > Tey = Mppy > 3 MeV (trivially satisfied).

10
= 108
> oo Mom=8Tev
M, =10 TeV
107120 Mgy = 180000 g
107 \
10 12 14 16

log a
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Dark Matter in the presence of PBH

DM from PBH (P. Gondolo et al. 2009.02424) :
for RD, g < B,

YoM =

Npum =

Tin
M.
mpMm(Te) ~, 3 n
() = albM X q
Tev
Min
(Min 2
15¢(3) 1 Kt
4
™ g«(TBH) ( Mp) )2
Mpm

for MD, 8 > ..

for Mpum < Ty,

for Mpn > T]igrh.
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Dark Matter in the presence of PBH

DM from PBH (P. Gondolo et al. 2009.02424) :

T
i for RD, 8 < 8,
o _ (o) o 3 Mi, or RD, 8 < 3
DM = ~§(7,) — a'VDM X -
= for MD, 8 > B..
Min \2 i
15((3) 1 (&1)" for Mom < T,
Npum = ™ g.(TBH) Mpy \2 in
(M];\I,I) for Mpm > Tgg-

= Mpy =100 GeV
Mpy=10* GeV
Mpy=10° GeV

- Mpy=10"! GeV

Qpwh? (Planck 2018)

Qpyh? (Planck 2018)
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N, leptogenesis and fermion dark matter.

@ Leptogenesis from N, decay.
@ Ny : FIMP DM candidate (IW*(Z) — Nyn, In — WE(Z)Ny, n — Nyil).
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N, leptogenesis and fermion dark matter.

@ Leptogenesis from N, decay.
@ Ny : FIMP DM candidate (IW*(Z) — Nyn, In — WE(Z)Ny, n — Nyil).
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N, leptogenesis and fermion dark matter.

@ Leptogenesis from N, decay.

@ Nj : FIMP DM candidate (IW*(Z) — Nyn, In — WE(Z)N1, n — Nif).
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Summary
N; leptogenesis and scalar DM

Contours for observed BAU Contours for observed DM relic from PBH evaporation
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N, leptogenesis and fermion DM
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Conclusion

@ We have studied leptogenesis and DM in a common setup
(Scotogenic Model), in the presence of PBH.

@ PBH lead to non-thermal source of leptogenesis as well as
dilution of asymmetry.

@ For Ny leptogenesis and scalar DM, no region of PBH
parameters can simultaneously affect both.

@ N, leptogenesis and fermion DM : cogenesis possible with
PBH dependency.

e Light DM constrained from mixed DM astrophysical bounds.

@ Observational consequences like gravitational waves in future
experiments.
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Backup Slides

@ CP asymmetry functions :

Ti
F(ri,ni) = /T [f(fjiﬂ?i) - 7r.\/_71(1 - 77/')2} ;

(1 —2ni + i) ri = }

F(rjismi) = /T [1 +
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Backup Slides

@ CP asymmetry functions :

F(ri,mi) = \/Tii [f(rji,n;) i ﬂl 1- m)z} ;
ji

(1 —2n; + ;) ri =17
) = 7|1 1 !
f(’mn:) ﬁ[ + (1_772)2 n(1—277,-+rj,-)

@ Washout parameters :

1
=3 F,Cl Kg(z)z2,

» 36\/§I\/Ip/\/llmgH
NN

Wip

PASCOS 2021 21



Backup Slides

@ Boltzmann equations (WIMP) :

d Ypm <ovV>S, o >
k dz  Hz (You = Yea) -

@ Boltzmann equations (FIMP) :

dyy, 47® Mpim,, /8+(2) 2 eqy2
w1 2| 2 (e Yo - ()

p=SM particles

Mp1 z g*(z)
- Mgt Y,
1.66 m2 g(z) "7
dYN1 o Mpl z g*(z) I',,_>N1,Yn

dz 166 m2 gs(z)

4 2 Mpi M. * 2 e
+ L Pl \/m X ( Z <O'V/x~>N1x> (quYIq - YNl YX))

45 1.66 z2

x=W=£,Z,n
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Backup Slides

PBH evaporate after leptogenesis scale (/V, leptogenesis) :
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