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Gravitational lensing
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Gravitational Lens in Abell 2218 HST - WFPC

PF95-14 - ST Scl OPO - April 5, 1995 - W. Couch (UNSW), NASA
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Supernova Cosmology Project
Amanullah, et al., Ap.J. (2010
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An attractive particle-physics candidate for DM is

WIMPs are inspired by the “WIMP miracle”: the WIMP
annihilation cross section of order weak cross section
automatically gives right DM abundance. However, if a
non-thermal production mechanism is assumed, the
annihilation cross section is a

WIMP masses are essentially unconstrained if heavier
than ~ 10 keV. Typical SUSY-inspired candidates have
masses of order 100 GeV and larger.
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An attractive particle-physics candidate for DM is

WIMPs are inspired by the “WIMP miracle”: the WIMP
annihilation cross section of order weak cross section
automatically gives right DM abundance. However, if a
non-thermal production mechanism is assumed, the
annihilation cross section is a

WIMP masses are essentially unconstrained if heavier
than ~ 10 keV. Typical SUSY-inspired candidates have
masses of order 100 GeV and larger.

If WIMPs can decay or annihilate into SM particles, these
processes can be used in indirect DM detection through,

e.g., y-ray signals.

WIMPs may also scatter off nucleons, in which case they
would produce recoils that may be detected. This is a way

to directly detect DM particles.
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Direct constraints: spin-independent case

—
=
2
=
=)
2
Q
Q
)
2]
w2
g
L
O
=
=}
2
Q
=
z
el
2
=

_
<

-
o

IS
S

&
&

ch_IIIIII'I'I'l IIII|T|T| IIII|T|T| TTTTIT

XENON100 (2011)
—— observed limit (90% CL)
Expected limit of this run:
I + 16 expected

+2 o expected

ITi|

I| I'IU‘H'Ill 'Ial'IIIITI'I

Ed

I|L|.|.|.| IIIIIIII| IIIIIIII| 1111

Trottaet al.

Bucl‘n‘nue]lerI
PR

30 40 50 100 200 300 400
WIMP Mass [GeV/c?]

DM & COMPACT
STARS

Motivation
Capture of DM
After capture

Summary



Direct constrains: spin-dependent case

SD elastic, a,=0, a,=1

=

CDMS 08+09
XENON 09
DAMA (90%/3c)

DAMA (90%/30)
(no channeling)
CoGeNT

CoGeNT (90%/30)
(no exponential BG)
CDMS Si
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Can one use stars to search for DM?
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DM may be accumulated by stars and produce
detectable effects. Their non-observation thus would
constrain the DM models.

This not a new idea:

Press, Spergel Astrophys.J. 296 (1985) 679-684;
Golgman, 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 DM in stars

DA

DM & COMPACT
STARS

Motivation
Capture of DM

After capture

Summary




More compact objects capture more

>

DM & COMPACT
STARS

Motivation
Capture of DM

After capture

Summary




More compact objects capture more

>

DM & COMPACT
STARS

Motivation
Capture of DM

After capture

Summary




: DM & COMPACT
More compact objects capture more

STARS
| 2
Motivation
Capture of DM
After capture
Summary
>
| 2
capture rate is larger for compact
objects




DM & COMPACT
STARS

Motivation
Capture of DM

After capture

Summary




DM & COMPACT
STARS

Motivation
Capture of DM

After capture

Summary




DM & COMPACT
STARS

Motivation
Capture of DM

After capture

Summary




DM & COMPACT
STARS

Motivation
Capture of DM

After capture

Summary




DM & COMPACT
STARS

Motivation
Capture of DM

After capture

Summary




General expression for capture rate, assuming
Maxwellian distribution of DM in velocity v:

F = ver_to__Fof [1 — exp (— 3 Eios >] f

12

Sun:

NS :

Voomp 1 — Ry/R. mpV2

bR,AR.
3Vt B f at B < MpV2
mave
D Voo

Ry R.
vV 67TpDigf at Ejpgs > IT)DVOZo
MpVso

Ejoss ~ 10 keV

— Ejoss < mMpV2, for mp 2 100 GeV
Ejoss ~ 300 MeV

— Ejoss > mpV2 for mp < 10° GeV
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Digression: enhancement of capture rate in B4
binary systems
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Digression: enhancement of capture rate in B4
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AFTER CAPTURE
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The dark matter annihilation inside the star is
governed by the equation

dN (oAV) 2

= F_ N

dt £ 4
Solution to this equation

N(t) = Noth<t_7_to>

VF Vv
o=\ T\ Feaw

The stationary regime is reached in less than Gyr for

annihilation cross sections as low as
(oav) 2 1081 cm?.

In the stationary regime, the rates of capture and

annihilation are equal.

DM & COMPACT
STARS

Motivation
Capture of DM

After capture

Summary



DM & COMPACT
STARS

Motivation

Capture of DM

After capture

Non-annihilating DM

Summary




DM & COMPACT
STARS

Motivation

Capture of DM

After capture

Non-annihilating DM

Summary




In the absence of external heat sources (e.g.,
accretion) NS cools in a timescale of order
10% — 107 yr to a temperature of order 10° — 10* K.

Annihilation of DM provides enough heat to stabilize
the temperature somewhere in this range.

The power created by DM annihilations is
W = FmD
It should balance the thermal emission

L =4xR%cgT*
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In the absence of external heat sources (e.g.,
accretion) NS cools in a timescale of order
10% — 107 yr to a temperature of order 10° — 10* K.

Annihilation of DM provides enough heat to stabilize
the temperature somewhere in this range.

The power created by DM annihilations is
W = Fmp
It should balance the thermal emission
L =4xR%cgT*

= Minimum temperature of NS

1/4
47R20p GeV/cm®
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searches

observation of NS in M4
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Neutron stars are difficult to observe, and even more
difficult is to establish their temperature.

The temperature of interest — T ~ 10° K — falls into
UV band. Galactic center is not transparent in this
band.

One has to be sure of high DM density at the location
of a NS.

The places where high DM density is expected are
far (Galactic center, centers of globular clusters),
while the DM density around Earth is not sufficient.
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asymmetric DM models)
If there is , DM may become summary
self-gravitating and collapse into a inside

the star, destroying it
The collapse happens differently for fermions and
bosons:
Fermi pressure makes the collapse more difficult
the formation of Bose-Einstein condensate helps the

collapse
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White Dwarfs
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White dwarfs are formed from solar-mass stars
which are not heavy enough to ignite next chain of
nuclear reactions at some stage.

The white dwarf progenitor accumulates WIMPs for
long time of order 10 Gyr. The WIMPs thermalize
and form the cloud in the center of the star. WIMPs
with cross section may accumulate
faster because the constraints on the cross section
are weaker.
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White dwarfs are formed from solar-mass stars
which are not heavy enough to ignite next chain of
nuclear reactions at some stage.

The white dwarf progenitor accumulates WIMPs for
long time of order 10 Gyr. The WIMPs thermalize
and form the cloud in the center of the star. WIMPs
with cross section may accumulate
faster because the constraints on the cross section
are weaker.

Once the progenitor collapses and forms the white

dwarf, the accumulated WIMPs are inherited by the
latter and start to thermalize once again to a much

smaller radius.

—1
- m \3/2 Pe o —1 T =1jE
t‘h_4yr(TeV) 108 /om® (10—43cm2) 107K
g/
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If the number of WIMPs is sufficient, the formation of
a WD may trigger their collapse into a

Once the black hole is formed, it starts accreting
matter. It has been argued [Giddings, Mangano,
PRD78, 035009 (2008)] that this happens in the Bondi
regime. The BH mass changes according to

M 4mpcGPMP 1
a 153607 GZM2

BH consumes the star on a time scale

3 —1
CS 3 MO
-5 .81 Yo
b = 2@ty ~ 810 (10—12/\4@)

Cs is the sound speed, p. is the core density
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excluded by
direct searches

excluded by
observation of WD
in the center of M4
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Neutron star progenitors are massive stars with
mass M, ~ 15M.. Such stars capture WIMPs by the
cross section during the hydrogen
burning stage which lasts ~ 11 Myr.
This process can compete, in the amount of DM
accumulated, with the direct capture by NS
considered previously in [Goldman, Nussinov PRDA40,
3221,(1989)].
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mixed sufficiently well by the WIMP-WIMP interaction
or by the companion.
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Neutron star progenitors are massive stars with
mass M, ~ 15M.. Such stars capture WIMPs by the
cross section during the hydrogen
burning stage which lasts ~ 11 Myr.
This process can compete, in the amount of DM
accumulated, with the direct capture by NS
considered previously in [Goldman, Nussinov PRDA40,
3221,(1989)].
A substantial part of the DM accumulated by the
massive star can be sucked in by the NS after
supernova explosion, provided WIMP velocities are
mixed sufficiently well by the WIMP-WIMP interaction
or by the companion.
The amount of DM inherited by the NS may be
enough to trigger the collapse of the WIMP cloud
inside NS into a black hole, which would rapidly
destroy the NS.
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direct searches

excluded by

WIMP accretion

directly on NS
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Gravitational collapse of bosons requires smaller
number of particles:

_ 2M§1 M12>1 1/2
Mcrlt — 7T7an 1+ masi

Self-gravitation sets in earlier because of the
formation of BEC, which requires the DM density

3/2 T 3/2
~ 4.7 x 1028cm—3 (12 c
fiBEC I (GeV) 105K

Condensed WIMPs occupy small region

GeV>1/2
— c

8 —1/4
frec = (SGpcm2> ~16x10~* ( e
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No dependence on the WIMP-nucleon cross section
as long as it is larger than 10~4° cm?

At small masses the capture competes with
evaporation. Evaporation can be ignored for

The heavier the DM particles, the earlier the collapse
occurs —the resultmg

For masses mp 2 16 GeV the Hawking evaporatlon
of the BH starts to compete with its growth due to
accretion.
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p= 103Gev/cm s

Q>




log(/em?)

excluded by Bullet Cluster

p = 10°GeVicm

10° 108

excluded by neutron stars

Hawking
radiation
prevents
BH growth
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give competitive
constraints on DM models

improvements of
observational techniques better understanding
of DM distribution
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SU m mary DM & COMPACT
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Motivation

Capture of DM
| 4 After capture
give competitive Summary
constraints on DM models
> improvements of
observational techniques better understanding
of DM distribution

excluded by the already
existing observations of NS
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