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Are there other mechanisms
for neutrino emission?
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Primordial Black Holes (PBH)
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Primordial Black Holes (PBH)
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“Smaller” Black Holes
4 5 4 : :
r¢ =2GM M, ~— ~ 10 g Primordial Black Holes
G 10-23 s

- Carr et al, 0912.5297
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Primordial Black Holes (PBH)
iz L,

“Smaller” Black Holes
4 5 4 : :
r¢ =2GM M~—~10"|——) g Primordial Black Holes
G 10-23 s

Formation

“* Bubble collisions Ouantum effects
“* Pressure reduction are important

* Collapse of density fluctuations rg ~ Ac

- Carr et al, 0912.5297

Black Holes
evaporate by

thermal emission

- Hawking, 1975
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Primordial Black Holes (PBH)
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Primordial Black Holes (PBH)
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Primordial Black Holes (PBH)
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Primordial Black Holes (PBH)
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Neutrino emission in the SM

Neutrino Platform Workshop - October 11, 2019 Yuber F. Perez-G. - Fermilab /Northwestern



Neutrino emission in the SM

Primary
Vol Component

Event
Horizon
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Neutrino emission in the SM

Primary
Vol Component

a={en,1}

Secondary
Component

- J. MacGibbon, 1991

F. Halzen,9502268
Bugaev, 0005295

Constraints on the
diffuse neutrino flux
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What is the state of the emitted neutrino?

Neutrinos are :
. Primary
INassive , Component

Secondary
Component

- Weak Interaction
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What is the state of the emitted neutrino?

Hawking Effect

Weak interactions
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What is the state of the emitted neutrino?

n—-pt+e +7,

Interaction mediated by
a gauge boson

Associated production
of a charged lepton

Flavor eigenstate
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What is the state of the emitted neutrino?

-1
n—ptte+ (0_151b,10_) =T, |exp (Eu/Tgg + 1)

Particle definition in a curved
spacetime is observer
dependent

Interaction mediated by
a gauge boson

No associated
production of a charged
lepton

Associated production
of a charged lepton

Flavor eigenstate Mass eigenstate
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Neutrino instantaneous spectrum

M = 10% g (T ~ 0.01 eV)

N, 8 oiM.p.m,) p?
dpdt ! 272 explE,(p)/T] + 1

a=1
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Neutrino instantaneous spectrum

M = 10% g (T ~ 0.01 eV)

T I I IIIIIII' I I

Degrees of Absorption
freedom Cross section

N

2 ! (abs(M’p’ mDPZ

dp dt = 2712 explE (p)/T] + 1
e
| 1
StGM
13
~ 1.06 ) Gev
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Dirac vs Majorana
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Dirac vs Majorana

5 Primary
ol o Component
Event
Horizon
Secondary
Component

Majorana neutrinos
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Dirac vs Majorana

Event
Horizon

a=1{1,2,3}

/ } Only for Dirac v,

Primary
Component

Dirac neutrinos

Secondary
Component
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Dirac vs Majorana

y Primary
al a={1,2,3} Component
VaL
y / Only for Dirac v,
d vV aR
Event Pad
Horizon & -

Secondary
Component

Dirac neutrinos

Phenomenological
consequences?
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Dirac vs Majorana

Dirac neutrinos

Majorana neutrinos
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Dirac vs Majorana

Dirac neutrinos Majorana neutrinos

Heavy RH
neutrinos

PBH-driven
Leptogenesis

Yamada and Iso, 1610.02586
Morrison et al,1812.10606
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Dirac vs Majorana

Dirac neutrinos Majorana neutrinos

Heavy RH
neutrinos

PBH-driven
Leptogenesis

Yamada and Iso, 1610.02586
Morrison et al,1812.10606

Cecilia Lunardini, YFPG
and Jessica Turner,
in preparation
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Dirac vs Majorana

Dirac neutrinos Majorana neutrinos

Absorption cross section

Heavy RH
neutrinos

independent of the helicity

o (+1/2) = o (~1/2)

abs —
PBH-driven
Leptogenesis

‘ No helicity
Unruh, 1976 . |
- suppression

Yamada and Iso, 1610.02586
Morrison et al,1812.10606

Cecilia Lunardini, YFPG
and Jessica Turner, |
in preparation
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Dirac vs Majorana

Dirac neutrinos Majorana neutrinos

Absorption cross section

Heavy RH
neutrinos

independent of the helicity

o (+1/2) = o (~1/2)

abs —
PBH-driven
Leptogenesis

| No helicity
Unruh, 1976 . |
— suppression

Yamada and Iso, 1610.02586
Morrison et al,1812.10606

Cecilia Lunardini, YFPG
and Jessica Turner, |
in preparation

Production of

RH neutrinos!
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PBH evaporation

Depends on the set

SM + RH neutrinos

of possible particles
to be emitted
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Depends on the set

PB H eV a.p Or atiOn SM + RH neutrinos of possible particles .

to be emitted
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Depends on the set

PB H eV a.p Or atiOn SM + RH neutrinos of possible particles .

to be emitted
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PBH evaporation

Depends on the set

SM + RH neutrinos

of possible particles

to be emitted
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Constraints in the Dirac neutrino case

Neutrino Platform Workshop - October 11, 2019 Yuber F. Perez-G. - Fermilab /Northwestern

12



Constraints in the Dirac neutrino case

Let us consider the = 2
. . = —Y®I‘H
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Constraints in the Dirac neutrino case

Let us consider the = 2
. . = —Y®I‘H

thermally —

! Do not ‘
thermalize |

Chen et al, 1509.00481
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Constraints in the Dirac neutrino case

Let us consider the = 2
. . = —Y®I‘H

thermally —

! Do not ‘
thermalize |

Chen et al, 1509.00481

PBHs are
formed

[

1°

1}
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Constraints in the Dirac neutrino case

Let us consider the = 2
. . = —Y®I‘H

thermally —

! Do not ‘
thermalize |

Chen et al, 1509.00481

PBHs are “ PBHs
- |
formed evaporate

[

i» I¢ tevs Tpy
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Constraints in the Dirac neutrino case

] erma —
Let us consider the [ yabTa |y v 4
minimal extension Y= v L VbR o
N Do not ‘
thermalize |
Boltzmann Non-standard
cosmology? _\

Equations >
PBHs are “ PBHs
> ,
formed evaporate

i» I¢ tevs Tpy

Chen et al, 1509.00481

Friedmann-
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Constraints in the Dirac neutrino case
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Constraints in the Dirac neutrino case

] erma —
Let us consider the [ yabTa |y v 4
minimal extension Y= v L VbR o
N Do not ‘
thermalize |
Boltzmann Non-standard
cosmology? _\

Equations >
PBHs are “ PBHs
> ,
formed evaporate

i» If tevs Tpy

Chen et al, 1509.00481

Friedmann-
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Constraints in the Dirac neutrino case
NOt produced Antonelli et al, 1981
& — _ yab AT y /‘—‘ thermally
minimal extension Y — v L1 UppR

k} Do not ‘
thermalize |
Non-standard
cosmology? _\

W

Chen et al, 1509.00481

Friedmann-
Boltzmann

Equations f)

Matter-

PBHs are “ PBHs “ . L.
> , > radiation
formed evaporate .
equality
i, 1t ey Ipy fr0s TEQ
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Constraints in the Dirac neutrino case

~ Not produced

Antonelli et al, 1981

Let us consider the & = Yabﬁﬁy thermally
minimal extension Yy — v L bR o
> Do not ‘
thermalize |

Chen et al, 1509.00481

Friedmann-
Boltzmann Non-standard

Equations f} cosmology? _\
\”

Matter-

PBHs are “ PBHs “ "y
> , > radiation
formed evaporate .
equality
i, 1t ey Ipy fr0s TEQ
- 4 3 %
8 [ 4 3 SM P Tey) [ g(Tgy) gxs(Tpq)
ANeff =3 = - + Neff >
7 Pr(TEy) 8*(TEQ) g+s(Tgy) _—
- ? - Hooper et al, 1905.01301
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Constraints in the Dirac neutrino case
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Constraints in the Dirac neutrino case
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Constraints in the Dirac neutrino case
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Constraints in the Dirac neutrino case
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Constraints in the Dirac neutrino case
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Constraints in the Dirac neutrino case

~ Not produced

Antonelli et al, 1981

Let us consider the & = Yabﬁﬁy thermally
minimal extension Yy — v L bR o
> Do not ‘
thermalize |

Chen et al, 1509.00481

Friedmann-
Boltzmann Non-standard

Equations f} cosmology? _\
\”

Matter-

PBHs are “ PBHs “ "y
> , > radiation
formed evaporate .
equality
i, 1t ey Ipy fr0s TEQ
- 4 3 %
8 [ 4 3 SM P Tey) [ g(Tgy) gxs(Tpq)
ANeff =3 = - + Neff >
7 Pr(TEy) 8*(TEQ) g+s(Tgy) _—
- ? - Hooper et al, 1905.01301
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Constraints in the Dirac neutrino case

~ Not produced
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Diffuse neutrino flux from PBHs

Could we measure
these neutrinos?

. 3
dQpgy _ Jmln(to’f) r dQ a, (%‘) pieu d°N, M), poadla)
e » Do Ao/ 4

. dr a, \ ay M; dpdt

1
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Diffuse neutrino flux from PBHs

Could we measure
these neutrinos?

d®ppy _

PBH initial
number

Momentum

Comoving

number density

redshift
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Diffuse neutrino flux from PBHs

Could we measure
these neutrinos?

d®ppy _

PBH initial
number

Momentum

Comoving

number density

redshift

i _ a; g+s(Tgy)
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Diffuse flux

mo = 0.01 eV, M; = 10?2 g
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Diffuse flux

Degrees of
freedom

my = 0.01 eV, M; = 102 ¢

my = 0.01 eV, M; = 10 g
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Diffuse flux

Degrees of
freedom

my = 0.01 eV, M; = 102 ¢

Information on the

neutrino mass and
nature

my = 0.01 eV, M; = 10 g
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Diffuse flux from non-evaporating PBHs

Total Majorana v Flux, my = 0.01 eV, M; > M,
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Diffuse flux from non-evaporating PBHs

Total Majorana v Flux, my = 0.01 eV, M; > M,

1020{ I |||||||| I ||||||||: B |||||||| I |||||"| I |||||||| I |||||"| I |||||||| I:
NO ml: :mQ :m?) M; = 1016 g
100} L M;=10" g
i 10
PR | non
‘—lc B 11 I Mi — 1024 g =
> .
2 10% o =
Ia ii i Solar
() I I
= i 0 =
= T
O [ |
£ 10°m o =
j; B I | —
- N |
ks = i
104 A .Y
— I | " \
I [ - \
i I"",— // “
_8 /‘/1:;‘“7 \
107 == !
——---——-'--Fi -------- - ‘
1 |||||||I | AN ||||||I| [ ||||||]I [ ||||||I| | Bt |||||II
1076 104 1072 109 102 104 100 108

Extremely
suppressed flux

Neutrino Momentum [eV]

Neutrino Platform Workshop - October 11, 2019

Yuber F. Perez-G. - Fermilab /Northwestern



Diffuse flux of RH neutrinos from PBHs

Total RH Neutrino Flux, my = 0.01 eV, M; < M,
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Diffuse flux of RH neutrinos from PBHs

Total RH Neutrino Flux, my = 0.01 eV, M; < M,
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Detection?
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Detection?

Helicity '
suppression

mo - 0.0l CV
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Detection?

Helicity

suppression

my = 0.01 eV

m, L

1%

Akhmedov’s talk v,+n—->pt4e”

['e,p ~ 40 [kg — year]™!
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Detection?

|
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y

Helicity
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suppression
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detect this RH neutrino
flux?

Neutrino Platform Workshop - October 11, 2019 Yuber F. Perez-G. - Fermilab /Northwestern 21



Conclusions

® BHSs are sources of neutrinos in mass eigenstates
® The PBH evaporation depends on whether neutrinos are Dirac or Majorana particles

® In the Dirac scenario, there is not a helicity suppression of the emission of right-
handed neutrinos

® We derived a constraint on the initial PBH fraction given the measurement of Neff by
Planck

® For certain values, it is possible to ease the Hubble measurement tension

® The diffuse flux of RH neutrinos can be large, but more careful analysis on its
possible detection should be performed
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Evaporation function

4 _ 0
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Absorption cross section

Absorption Cross Section
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Constraints in the Dirac neutrino case

Let us consider the

minimal extension

- Antonelli et al, 1981

- . Not produced
Do not thermalize K3 > P , | ‘ ‘
thermally Chen et al, 1509.00481

Assuming an initial

radiation-dominated
Universe

Formation Temperature ~ Initial fraction

45 K _Lo1y -1
r=\Temez) UM

Monochromatic Gravitational collapse factor
mass distribution
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Constraints in the Dirac neutrino case

Friedmann and
Boltzmann Equations

e, =6%0.147
BR into SM }( e M
. . Ur
pyR + 4prR - €D(M) MIOPBH
1
H? = T( Peeu + Pr + pyR) Hubble expansion
T2 Me® b
empera ure evoilutuaon T A A M g*S(T) 4(pR + pyR)

+
1 3g«(T) dT

| : (T) \ ¢ N\ ! Y\ Z
pamsron( STV O ey
106.75 108 g 15.35 Hooper et al, 1905.01301
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Constraints in the Dirac neutrino case

Non-standard

f cosmology? -\
PBHS are PBHs
formed evaporate

Matter-
 radiation
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equality

s Iy fgvs Tgy

AN 4

) 4

- T : s(Teo) \°
AN ¢ = % <%> 4 N(::Sflg/l ! P VR( Ev) [ g (Tgy) gxs(Tgq)
Pr(TEy) \ &+ TEQ) g«s(Tgy)
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Neutrino spectrum
. Degrees of Absorption
freedom cross section
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Hawking spectrum

1016

M =102 g (T ~ 1 eV)

| [
mli im2 im3

TZ 101 i i i
L SR
@ [ |
lﬁ [ |
£ 10 S
<4 - I
Z L I
) - I

1013 - I

1012 | | IIIIIIi : | I‘I/AI:Illll | | ||||||| | | ||||||| |

1076 107° 104 1073 1072
p [keV]
S 2
ol (M,p)p

: 8;
M= - Zz—f[dpb}(p)

T2

J

explE(p)/T] — (1)

M =10% g (T ~ 0.01 eV)

d2N,/dpdt [keV~1s 1]

|\
[N | Y T 1

Neutrino Platform Workshop - October 11, 2019

Yuber F. Perez-G. - Fermilab / Northwestern

31






