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2. Dark Matter in Stars
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Dark Matter
http://lambda.gsfc.gov

http://ipac.caltech.edu

Microwave 
Background Image 
of the Universe 13 
Billion Years Ago

Contemporary 
Distribution of 

Galaxies 

Necessary to 
Grow Structure
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Dark Matter: 
Status Report
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Direct Detection16 G. Angloher et al.: Results from 730 kg days of the CRESST-II Dark Matter Search
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Fig. 12. (Color online) Light yield distribution of the accepted

events, together with the expected contributions of the back-

grounds and the possible signal. The solid and dashed lines

correspond to the parameter values in M1 and M2, respec-

tively.

6.2 Significance of a Signal

As described in Section 5.1, the likelihood function can be

used to infer whether our observation can be statistically

explained by the assumed backgrounds alone. To this end,

we employ the likelihood ratio test. The result of this test

naturally depends on the best fit point in parameter space,

and we thus perform the test for both likelihood maxima

discussed above. The resulting statistical significances, at

which we can reject the background-only hypothesis, are

for M1: 4.7σ
for M2: 4.2σ.

In the light of this result it seems unlikely that the

backgrounds which have been considered can explain the

data, and an additional source of events is indicated.

Dark Matter particles, in the form of coherently scatter-

ing WIMPs, would be a source with suitable properties.

We note, however, that the background contributions are

still relatively large. A reduction of the overall background

level will reduce remaining uncertainties in modeling these

backgrounds and is planned for the next run of CRESST

(see Section 7).

6.3 WIMP Parameter Space

In spite of this uncertainty, it is interesting to study the

WIMP parameter space which would be compatible with

our observations. Fig. 13 shows the location of the two

likelihood maxima in the (mχ,σWN)-plane, together with

the 1σ and 2σ confidence regions derived as described in

Section 5.1. The contours have been calculated with re-

spect to the global likelihood maximum M1. We note that

the parameters compatible with our observation are con-

sistent with the CRESST exclusion limit obtained in an
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Fig. 13. The WIMP parameter space compatible with the

CRESST results discussed here, using the background model

described in the text, together with the exclusion limits from

CDMS-II [12], XENON100 [13], and EDELWEISS-II [14], as

well as the CRESST limit obtained in an earlier run [1]. Ad-

ditionally, we show the 90% confidence regions favored by Co-

GeNT [15] and DAMA/LIBRA [16] (without and with ion

channeling). The CRESST contours have been calculated with

respect to the global likelihood maximum M1.

earlier run [1], but in considerable tension with the limits

published by the CDMS-II [12] and XENON100 [13] ex-

periments. The parameter regions compatible with the ob-

servation of DAMA/LIBRA (regions taken from [16]) and

CoGeNT [15] are located somewhat outside the CRESST

region.

7 Future Developments

Several detector improvements aimed at a reduction of the

overall background level are currently being implemented.

The most important one addresses the reduction of the al-

pha and lead recoil backgrounds. The bronze clamps hold-

ing the target crystal were identified as the source of these

two types of backgrounds. They will be replaced by clamps

with a substantially lower level of contamination. A sig-

nificant reduction of this background would evidently re-

duce the overall uncertainties of our background models

and allow for a much more reliable identification of the

properties of a possible signal.

Another modification addresses the neutron back-

ground. An additional layer of polyethylene shielding

(PE), installed inside the vacuum can of the cryostat, will

complement the present neutron PE shielding which is

located outside the lead and copper shieldings.

The last background discussed in this work is the leak-

age from the e/γ-band. Most of these background events

are due to internal contaminations of the target crystals

so that the search for alternative, cleaner materials and/or

production procedures is of high importance. The mate-

rial ZnWO4, already tested in this run, is a promising

candidate in this respect.

CRESST Collaboration arXiv:1109.0702
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Indirect Detection

Geringer-Sameth & Koushiappas [arXiv:1108.2914] and Fermi collab. [arXiv:1108.3546]
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FIG. 2: Derived 95% upper limit on �σAv� as a function of
mass for dark matter annihilation into bb̄ and τ+τ−. The
shaded area reflects the 98-percentile of the systematic un-
certainty in the dark matter distribution of the dwarfs. The
canonical annihilation cross section for a thermal WIMP mak-
ing up the total observed dark matter abundance is shown by
the dashed line. The inset figure shows detail for lower masses.

in the limit and the lopsided shaded region is caused by

the asymmetric (log-normal) distribution assumed for its

J value.

Including the uncertainties in J in this way can be re-

garded as a sort of hybrid frequentist-Bayesian effort. If

we knew the exact J value of each dwarf, the width of

the shaded regions in Fig. 2 would shrink to zero and

we would have a purely frequentist upper limit on �σAv�
(i.e., there will be only a 5% change that the cross sec-

tion is higher than the stated limit). However, due to the

uncertainties in J , we have no knowledge of where this

upper limit lies within the shaded region. Presenting the

limit in this fashion clearly separates the inherent sta-

tistical uncertainties (Poisson-distributed photon counts)

from the systematic errors in the J ’s, which in principle

could be known exactly (each dwarf has “a” dark matter

distribution).

It is important to emphasize that Draco and Ursa Mi-

nor are the dominant dwarfs determining the derived cen-

tral value upper limit (solid lines in Fig. 2). This is due

to the fortuitous combination of large J values and low

background contributions from these dwarfs. In fact, if

the analysis were carried out with Draco and Ursa Minor

only the “95%” upper limit would get stronger by about

60%. However, as pointed out in [21] we may not pick

and choose which dwarfs to include after the fact without

altering the confidence level of the bound. The weight-

ing scheme we have employed allows us to quote true 95%

confidence limits while making a minimal sacrifice to the

strength of the upper limit on �σAv�.
The strength of the analysis relies on the validity of

the assumption that the background PMF at the loca-

tion of each dwarf is adequately described by the em-

pirical PMF derived from the region near the dwarf. In

general, if the assumed background PMF is skewed to-

ward higher numbers of counts the upper limit on ΦPP

becomes stronger. This is because more of the observed

counts can be attributed to background and therefore

fewer to dark matter annihilation. We can quantify the

effect of an error in the empirical PMF by considering the

radical case where there is no background at all. Clearly

this is a false assumption, but is one which will produce

the most conservative (i.e. weakest) limit on ΦPP. If we

force the background PMFs to be equal to 1 when the

number of counts is 0 and 0 otherwise, the 95% limit

on ΦPP increases by a factor of about 6.6 over the ac-

tual limit. This represents the case where every photon

received from a dwarf is believed to be the product of

dark matter annihilation. While this would, of course,

push the derived upper limit on �σAv� above the canoni-

cal value of 3× 10
−26

cm
3
s
−1

, we interpret this as a test

of the robustness of the method, not as any sort of actual

confidence limit.

We can also test our conclusions against less violent

changes to the background PMF. For each dwarf we re-

placed the background PMF with a Poisson distribution

having the same mean, and found that the limit on ΦPP

decreases by about 18%. These tests of the empirical

PMF, perhaps overly simplistic, do give us the sense that

the derived limit is robust and can been justified as an

additional piece of evidence in the dark matter search

endeavor.

What is the significance of this new bound on �σAv�?
It signals, perhaps, that we are imminently approaching

an epoch of discovery. Three decades of experimental de-

sign have given rise to many detectors sensitive enough

to probe a very generic class of dark matter candidates.

The prime motivation for WIMP dark matter is the coin-

cidence that a weak-scale annihilation cross section natu-

rally reproduces the observed relic abundance. Unlike the

scattering cross section probed in direct detection exper-

iments, cosmology gives a lower limit for the annihilation

cross section based on the requirement that WIMPs are

not more abundant than observed. The parameter space

in which a WIMP can hide is therefore bounded at both

ends. This work pushes the contact point between the

upper and lower bounds on �σAv� to increasing WIMP

masses, suggesting that we have reached the stage where

our observations have become powerful enough to either

discover or rule out the best-motivated and most sought-

after dark matter candidate.

We acknowledge useful conversations with John Bea-

com, Elizabeth Hays, Andrew Hearin, Julie McEnery,
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Signatures of Light 
Dark Matter in Stars

Approaching Dark 
Matter Particle

Back to Press & Spergel 1985, 
Faulkner & Gilliland 1985, who 

studied the Sun
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Two Equations

•Standard wimp capture rates of dark matter in 
stars:

•Stellar Luminosity Scaling with Mass:

CDM ∝ ρDM σDM−N
v2esc
v∞

M� ∼ 1022 s−1

L ∝ M3.5
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Low-Mass Stars 
as DM Labs

1. For stars, M ∝ R: low-mass stars capture as much 
DM per unit mass as the Sun!

2. L ∝ M3.5 : Less energy needs to be moved around 
to dramatically alter the stellar structure

3. Low-mass (≲ 0.1 M⊙) are just hot enough to fuse 
hydrogen and fusion rates are VERY sensitive to 
core temperature.

4. Astronomical observatories are just becoming 
capable of taking a census of low-mass stars!
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In the Sun

Radial Position, in units of stellar radius
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In Low-Mass Star
L

u
m

in
o
s
it

y
 T

r
a

n
s
p
o
r
t
e
d

 
b
y
 D

a
r
k
 M

a
t
t
e
r
 t

h
r
o
u

g
h

 
s
u

r
f
a

c
e
 a

t
 r

Radial Position, in units of stellar radius

Mstar = 0.1 M⊙

12



Core Temperature

Stable 
Burning

Core Density [cgs]
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Evolution
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Abundances

Luminosity [Solar Luminosities]
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Summary
• Viable models of Asymmetric Dark Matter may 
cool the cores of low-mass stars such that they do not 
become stars at all

• Brown dwarfs will cool significantly more quickly 
in such models

• Forthcoming astronomical censuses of very low-
mass stars (LSST, PannSTARRS, TMT, GMT, 
JWST, ...) may aid indirect DM identification efforts, 
stellar evolution may be altered by DM (and perhaps 
other applications...)
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