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SAILING IN LONG ISLAND WITH A BIG GUY
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4th of August 1996 was DEAD CALM
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WHY DARK MATTER?

BARYONS
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electroweak baryogenesis 
finite T QFT

CP violation
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WHICH DARK MATTER?
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WHICH DARK MATTER?

Strong CP problem
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WHICH DARK MATTER?
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WHICH DARK MATTER?

Dark matter exists! 
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NEUTRON STAR
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(Mikheyev-Smirnov-Wolfenstein potential)VMSW ≈ 20 eV

VMSW RNS ∼ 1012

∆E ∼
neut�

k

1
k

1
RNS

(VMSW RNS)k

with

then

FORMALLY A DIVERGENT SUM

for a neutron star
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WHICH DARK MATTER?

Planck Mass
and (much) higher
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CONSTRAINTS ON PRIMORDIAL BH

capture of BH by
neutron stars

(in star clusters)  
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primordial black hole

.

neutron star
(not to the scale)

vbh
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.
FD

CAPTURE BY DYNAMICAL FRICTION

S. Chandrasekhar (1947)

neutrons

PBH

−dE

dx
≈ 4πG2M2

bhρ

v2
bh

log
bmax

bmin
Eloss ∼

GM2
bh

Rns

vbh � vneut

vendredi 5 septembre 2014



1015 1020 1025 1030 1035 1040

BH mass, g

10−8

10−6

10−4

10−2

100

Ω
PB

H
/Ω

D
M

EROS+MACHO

Hawking+γ-rays

FIRAS

WMAP3

Fig. from 1301.4984
Capela, Pshirkov & Tinyakov

10−15 10−10 10−5 100 105 1010

BH radius,  m

CONSTRAINTS ON PRIMORDIAL BH

capture by
Dynamical Friction  
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same as 
dynamical 

friction

but sum on modes
(spherical harmonics) 
formally divergent
(worse case: n=0 for an 
incompressible fluid)

Eloss ∼
GM2

bh

Rns

lmax�

l=2

1
ln

Compared to DF, claim an enhancement of O(106-109) 
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Unfortunately (we think) it’s incorrect

Basically excludes Primordial Black Holes as 
the dominant form of DM
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.primordial black hole

flat ‘neutron star’
(incrompressible fluid)

vbh

It’s a UV problem, so go planar
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Petr Tinyakov, M.T. (ULB, Brussels)
Guillaume Petillon, Etienne Granet (Ecole Polytechnique, Paris)

arXiv:1409.0469

In this limit the problem may be solved analytically 
(instead of numerically)
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η(t, r) =
GMbh

g

�
dk

1
1 + kv2
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e−kvbh|t| + 2θ(t)vbh

�
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�
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SURFACE DEFORMATION

surface gravity mode velocity vwave =
�

g

k
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Taken from “From boats to antimatter”, a talk by Mike 
Creutz (when and where I don’t know)
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η(t, r) =
GMbh

g

�
dk

1
1 + kv2

bh/g

�
e−kvbh|t| + 2θ(t)vbh

�
k

g
sin(ωkt)

�
J0(kr)

surface gravity mode velocity vwave =
�

g

k

t < 0

t > 0

Production of high-k modes cut off for vbh > vwave

SURFACE DEFORMATION
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Eloss =
4πρGM2

BH
v2

BH

g2

�
dk

1
(1 + kv2

bh
/g)2

= 4πρ
G2M2

bh

g
≈ GM2

bh

Rns

ENERGY LOSS FROM TIDAL DEFORMATION

similar to 
dynamical friction
(ie nothing new)
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SO, WHAT WENT WRONG?

�s(�x, t) =
∞�

l=2

�sl(�x)
�

dt�
�

star
dV �fbh · �sl(�x�)G+

l (t− t�)

fluid displacement long range force

�s(�x, t) = GMbh Re
�

dk
k

ω2
k

�
1− kvbh

kvbh − iωk

�
ekz+kvbht

�
J0(kr)�1z − J1(kr)�1r

�

Formal manipulations lead to dropping terms which are 
actually singular for long range forces

More clearly seen in planar, incompressible fluid limit 

Pani & Loeb (UV divergent)boundary term
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THE IMPORTANT QUESTION
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Bon vent Mike!
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ν̄

ν
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