Primordial
black holes
as dark
matter
candidates:
closing the
remaining
mass window

P. Tinyakov

Introduction

Capture of
PBH in stars

Constraints
on PBH

Summary

Primordial black holes as dark matter
candidates: closing the remaining mass
window

P. Tinyakov
ULB, Brussels & INR, Moscow

Capela, Pshirkov, PT, PRD87 (2013) 023507
Capela, Pshirkov, PT, PRD87 (2013) 123524
Capela, Pshirkov, PT, arXiv:1403.7098

QUARKS’ 2014
June 2-8, 2014, Suzdal



QOutline
@ Introduction

@ Capture of PBH in stars

€@ Constraints on PBH

O Summary

«O>» «F»r «=>»

<

i
v

DA



Primordial

black holes

as dark INTRODUCTION
i « Many (indirect) arguments suggest the existence of
ey dark matter with Qpy ~ 0.26
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o Gas temperature in clusters
¢ Gravitational lensing
e Structure formation
e The DM is often assumed to be a new stable particle.
There are many different DM candidates: axion-like
particles, sterile neutrinos, WIMPs, ...
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o Gas temperature in clusters
¢ Gravitational lensing
e Structure formation
e The DM is often assumed to be a new stable particle.
There are many different DM candidates: axion-like
particles, sterile neutrinos, WIMPs, ...

e We will consider an alternative option — that DM is
composed of primordial black holes (PBH)

Introduction

o PBH may have been produced in the early Universe.
Many mechanisms have been considered (e.g., at
phase transitions).

o Attractive feature of this scenario is that no new
particles are required.

e From theory, the PBH masses are not constrained.
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« In the remaining mass window 106 — 1026 g, the
abundance of PBH may be constrained from
observations of compact stars — WD and NS
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o Compact stars are special because if a PBH gets inside
such a star, the star gets destroyed. Requiring the
probability of such event is <« 1 imposes constraints on
PBH abundance.

e DM capture in stars has been considered before
Press, Spergel Astrophys.J. 296 (1985) 679-684;
Goldman, Nussinov Phys. Rev. D40, 3221 (1989);
Kouvaris Phys. Rev D77, 023006 (2008);
Sadin, Ciarcelluti, Astropart. Phys. 32 (2009) 278-284;
Bertone, Fairbairn, Phys. Rev. D77, 043515 (2008);
McCullough, Fairbairn, Phys. Rev. D81 (2010) 083520.
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Capture of
PBH in stars

Two ways to capture a PBH:
() during star lifetime

Eloss =

4mz, M,
M3

<

o For capture the energy
loss is required

¢ In case of PBH, the
energy loss occurs due
to dynamical friction
and accretion of star
matter onto the PBH

o Total energy loss is

InA
V2

)
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F— Vez_rtom__Fof. [1 —exp <—3E1°SS ﬂ

C f — 2
PEH in stars Voo 1 — Rg/A. MpH Vs
/)D/\/l RgR*
~ 3v 67T73 ) Eloss at ElOSS < mBvao
Voo Mpy

¢ Best conditions for capture:

e Large DM density pp
e Small DM velocity Ve
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DIGRESSION: energy loss
estimate

How to estimate Ejys?

e Dynamical friction: treat NS
particles as independent

2
Gmgy

Eoss ~
: R

e Tidal energy loss: dominated by excitation of surface
waves [Pani & Loeb, JCAP'2014]
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e Dynamical friction: treat NS
Capture of particles as independent
PBH in stars
Gm2
Eloss ~ BH

R

e Tidal energy loss: dominated by excitation of surface
waves [Pani & Loeb, JCAP’2014]

2
Gmgy

o x 10%

Eloss ~

e P&L are WRONG: tidal loss is of the same order as
DF.
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incompressible fluid . . .
e — surface waves with dispersion

w = gk
= g/k
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Capture of /\ e Irrotational fluid: vV = V¢
PBH in stars
g / s

/ \/ Ap = 0

o+ 99, = 0 @ surface

incompressible fluid . . .
e — surface waves with dispersion

w? = gk
v: = g/k

e solution for displacement is

n(x,t) g /0 d 15 V22 e+ v sin(wt)
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e Integral is convergent and saturated by the region
where vs = V in agreement with causality
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Eioss = Z/dzxgpnz(xa t) =

4GP I d(kv?/g)
0 (

g 1+ kV2/g)?
e Integral is convergent and saturated by the region
where vs = V in agreement with causality
 Total energy loss is parametrically the same as in

Dynamical friction
Gmiup  Gmgy
g R
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e Collapsing baryons gravitationally drag the DM along
by adiabatic contraction, so some PBHs end up inside the star

total DM star

|::> bound DM after

adiabatic contraction
prestellar core - So

_____

gravitational potential

e When the star evolves into a compact remnant (NS or WD),
some of these PBHs may be inherited by the latter.
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Capture of
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e The density of bound DM, assuming Maxwellian parent
distribution with v:

o)\ 32
Pbound ~ PDM <Vz) = const -

PDM

V3

o DM after the adiabatic contraction:
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o When PBH is mostly outside the star
C f
P;‘:ihilr:es‘t)ars \/@RE Vgsc 8 1 022g
T12—N2><10 yr{ —
G\/RgmpyInA mpy

o When PBH is completely inside the star: numerical
calculation in a realistic density profile. Rough estimate:

3/2
2 M*/
21v/Gp(0)ma R/ 2 In A

T2N1O

e — Insufficient time at small mgy
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Where to look?

e Best constraints come from sites where the DM density
is largest and the DM velocity is smallest
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e One such site could be Globular Clusters (GC) —
bound compact systems containing 10* — 107 stars,
very old 2 10 Gyr

Constraints e There are two suggested mechanisms of the GC
on PEH formation: primordial and recent’
e recently formed GC carry little DM — not enough for
constraints
e primordial GCs should have DM cores with
pp ~ 2 x 108 GeVem—3.
Bertone, Fairbairn, PRD77,043515 (2008)
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ST is largest and the DM velocity is smallest

e One such site could be Globular Clusters (GC) —
bound compact systems containing 10* — 107 stars,
very old =2 10 Gyr

Constraints e There are two suggested mechanisms of the GC
on PEH formation: primordial and recent’
e recently formed GC carry little DM — not enough for
constraints
e primordial GCs should have DM cores with
pp ~ 2 x 108 GeVem—3.
Bertone, Fairbairn, PRD77,043515 (2008)

e Another candidate — dwarf spheroidals

e similar to GC in size; DM-dominated: densities
~ 200 GeV/cm?® have been inferred from modeling
¢ no NS have been observed in dSph’s yet
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Assuming pp = 10* GeV/cm?® and v = 7km/s
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e Observations of NS and WD in dark-matter-rich
environments can potentially exclude PBH as DM
candidates of masses ~ 106 — 10%6 g
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e Observations of NS and WD in dark-matter-rich
environments can potentially exclude PBH as DM
candidates of masses ~ 106 — 10%6 g
Summary ¢ To close the remaining mass window, one may either

e demonstrate the presence of DM cores in GC (or their
primordial origin)
e observe pulsars in dSph (feasible, first hints exist)
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