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Thermal evolution of a primordial gas
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H, Cooling and Collapse




Self-gravitating cloud
Eventually exceed
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Fully-molecular core







A new born proto-star

with T« ~ 20,000K

r ~ 10 Rsun!










Increasing <o,v>




The Dark Matter:
The WIMP Miracle










Direct Detection (Goodman and Witten 1986;  Drukier,
Freese, and Spergel 19806)

Neutrinos from Sun (Silk, Olive, and Srednicki 1985) or
Earth (Freese 1986; Krauss and Wilczek 1986)

Anomalous Cosmic rays from Galactic Halo (Ellis, KF
et al 1987)

Neutrinos, Gamma-rays, radio waves from galactic
center (Gondolo and Silk 1999)

N.B. SUSY WIMPs are their own antiparticles; they annihilate
among themselves to 1/3 neutrinos, 1/3 photons, 1/3 electrons
and positrons







DAMA annual modulation
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FIG. 6: Experimental constraints and DAMA preferred parameters for SD proton-only scattering.
The DAMA preferred regions are determined using the likelihood ratio method with (green) and
without (orange) the channeling effect. The CoGeNT and TEXONO constraints are too weak to
fall within the shown region.
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Dark Matter Profile
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Detecting WIMP Dark Matter
Particles






















is counts per day), can be written as:

T = ol pn(E. 1) (1)

where ¢ = +/2M E is the nucleus recoil momentum, o(q) is the WIMP-nucleus cross-section,
p is the local WIMP density, and information about the WIMP velocity distribution is

encoded into the mean inverse speed n(E, ),

n(E,t) = / S s, (2)
U>Vmin u
Here
ME
Umin = 2—#2 (3)

represents the minimum WIMP velocity that can result in a recoil energy £ and f(u,f) is




use a Maxwellian distribution, characterized by an rms velocity dispersion o,, to describe
the WIMP speeds, and we will allow for the distribution to be truncated at some escape
velocity vege.

- 1 3 3/2 —3v¥203  f
f(V) — Nesc 211’0’3 € v’ or |V| < ’Ue&:
0, otherwise.

Here
Nesc = el'f(Z) — 22 e)(p(_z2)/ﬂ-1/2,

with 2 = v /Tp, is a normalization factor. The most probable speed,

To =V 2/3 0y,

Typical particle speed is about 270 km/sec.
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Experiment Element Exposure Energies Quenching
[kg-day] [keVee] Factor (Q)

DAMA Nal 299 x 10° 2-20 0.3, 0.09 (1)

CDMS Si 6.58 555 1 (§)
Ge 397.8  10-100 1 (§)

CoGeNT Ge 8.38 02341 02

CRESST I AlO3 1.51 0.6-20 1(§)
TEXONO Ge 0.338 0.2-8 0.2
XENON10 Xe 316.4  6.1-36.5 1(§)
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Experimental constraints and DAMA preferred parameters for SI only

scattering. The

DAMA preferred regions are determined using the likelihood ratio method with (green) and without
(orange) the channeling effect.
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FIG. 6: Experimental constraints and DAMA preferred parameters for SD proton-only scattering.
The DAMA preferred regions are determined using the likelihood ratio method with (green) and
without (orange) the channeling effect. The CoGeNT and TEXONO constraints are too weak to
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1.WIMP Annihilation
Typical final states include heavy(
fermions, gauge or Higgs bosons \

2.Fragmentation/Decay L

W_
Annihilation products decay and/or q
fragment into combinations of W+
q
/

electrons, protons, deuterium, /\ N
neutrinos and gamma-rays .
et

3.Synchrotron and Inverse Compton
Relativistic electrons up-scatter starlight/
CMB to MeV-GeV energies, and emit
synchrotron photons via interactions with

magnetic fields
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SUSY component —————— o HEAT 94+95
bkg. component

bkg. only fit ——— m, =238 GeV
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z,/(1-2,)=2.35

Aa, (SUSY)=16.8x10-1°
N=0.720, B,=116.7
x*=1.38/dof

—~~
1
5]
+
+
5]
S
~
+
5]
=
2
e}
o
©
—~
Ty
=
C
—~
=
n
]
(o}

10!
positron energy




CAPRICE94

HEAT94 +95

TSS3

MASS89

Muller & Tang 1987

>
R g
v
o
-
o




llllll' | I lllllll | I llllll'

© o
W &

L J

4

Mulier & Tang 1987

C

o
N

o
-
i

MASS 71989
TS993
HEAT94+95
CAPRICES4
AMSS8

HEATO0O _
Ciem & Evenson 2007

PAMELA

—
‘@
=
+
o
)
=
S—
~
‘o
D
-
o
4
8
4
-
o
—
—
7]
o
a

1 100
Energy (GeV)




The New Cosmic Ray Electron

Spectrum From ATIC
Eun-Suk SeoRyled out by FERMI 27

*In a series of balloon flights, ATIC has

measured a 4-5¢ excess of cosmic | <

ray electrons between 300 and 800 - S

GeV (Nature, Nov. 21, 2008) kZ

=This requires a local source of E

cosmic ray electfrons/positrons oy

(within ~1 kpc) =

*|f we extrapolate the Pamela Iy \

positron fraction up fo higher 0.01 +

energies, the ATIC result P SN POU SEPEIPPUOPIN D

approximately matches 10 100 1,000
Energy (GeV)
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EQBET data & Susy models

\/(' """l Ul"ll] L] "lllll ' T
.

"u

-~

L

—~ .,

- J0

? e EGRET data

S L "

N N ./ N,=1.82 102!
S 10| RN N,=8.51 10*
T S Typical Ny values:

= 10 |} NFW: Ny = 107

= v, Moore: Ny = 9 10°
g /0 ad Isotermal: Ny =3 10!
S 5

10 ¥ Annihilation channel W*W-

10" My =80.3 GeV v o :
: . ) ?
N ‘\:"-, .:.
10y - background model(Galprop) >\
s WIMP annihilation (DarkSusy) \
10 Total Contribution —
11 ~2 degrees around the galactic center \
I(' A A A Al A Al l | ' A LA LAl l A ' A LA L Ll l A A L LA L) l A
10" 10" / 10 10°

A Morselli, A. Lionetto, A. Cesarini, F. Fucito, P. Ullio, astro-ph/0211327 Energy (GeV)




E*dN/dE (m?s'TeV)

-
o

i

HESS June/July
HESS July/August
CANGAROO-II
Whipple

10
Energy (TeV)




sselwanger (1998 —B—
JEGJ1746-2851 —e—
CANGARQOII —8—

HESS. soft stereo —o—t

S. hard stereg —8—
D =18 TeV

3 m =11 TeV




20 GeV < E <50 GeV residual (SFD)




Haze template 10 < E <20 GeV observed

90 0 -90
10 < E <20 GeV model










Excess microwave emission observed in the inner Galaxy (inner ~ 12 kpc) is
consistent with synchrotron emission from highly relativistic ¢ ™ e~ pairs produced

by dark matter particle annihilation. More conventional sources for this emission.

such as free-Iree (thermal bremsstrahlung), thermal dust, spinning dust. and the

solter Galactic synchrotron traced by low-Irequency survevs, have been ruled out.
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