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1% Questions

Dark Matter

Dark Energy Whatisit? How many components ?
What is it ? Can we detect it directly ? ...or indirectly ?
Is it evolving ? ... or make it in the lab ?
Why now ?
74% Dark Energy
Ordinary Matter

Where are there more baryons than antibaryons?
Why comparable to the dark matter density?



w_% DM properties: S basic

No constraint on the

space of possibilities
M, <10 eV
MX,boson 2 10'228V

[see Baltz 2005 for a revigw]
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DM relic density

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern  Dark Ages Development of
400,000 yrs. / Galaxies, Planets, etc.

Infiminn

Quantu
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

L 2

13.7 billion years

WIMPs
in thermal equilibrium

Comoving Number Density

x=m/T (time -}




#~ DM & CMB

Generic ACDM ‘ WMAP 3yr
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Formation of DM halos




Do we have good DM candidate?



DM candidates

Lower possible end of CDM
Bosons with M[10-2eV

DM-DE common origin
P=-A/p
Non-thermal production
peV< M _. <meV
Experimental limits

Warm DM 0.0005 < Q, h?< 0.0076

Massive neutrinos acceptable
Sterile v with m, [110-100 keV

axion

Spin = 0 supersymmetric particle
1 MeV <M, <4 MeV
Elusive: only e* 511 keV line

Kaluza-Klein excitations
L-KK (r-parity) particle: stable
M, Ol TeV

String theory brane fluctuations
M >100 GeV
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Produced at the end of Inflation
M > 10" GeV

BHs @ quark-hadron transition
M, (M (T=10’MeV) > M,

horizon

dWIM
N



#& SUSY & DM

Measured coupling
constants unify at GUT scale
in SUSY but not in SM
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1@% Neutralino X: =B+ NoW® + N} + N2

Cosmological abundance Annihilation cross section
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Can we detect the neutralino ?



DM search: direct
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DM direct search




1% DM search in the labs.

Direct detection ‘ SUSY @ colliders ‘
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1% DM direct search: results

[James Pinfold - ISMD 2005]
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DM indirect search
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DM search in Cosmic Structures

INFERENCE PHYSICS



pﬂ% DM halo protile: constraints

Galaxies Clusters
* No evidence for a density T T
cusp at 1< 0.2 kpc ] S
* NGC2976: n =0.27 atr < 1.8 Kpc :
[Simon et al. 2003]
* Inner steeper profile ?

T T T
Lensing Only

n

—o.5 1Gnedin & Primack 2003]
\BH ? ~NFW :
LI\ b
N == O : [Sand et al. 2002]
gsr ’ J&# MS2137-23
z;_z :_ _: M’
27 i Cluster Nyt Nor
I ] A2029 0.5 2
25 NGC 6822 ] A1689 1.3 1.6
[ [Weldrake et al. 2002] i A1835 0.9 1.1
e e Y R Ms1358 | 18 | 18
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1% DM density universal protile

Dwarfs | | Clusters

Numerical simulations (CDM)

Different groups obtained similar results
[Navarro et al. 2003, Reed et al. 2003]

d log p/d log r

Galaxies
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1% DM halo structure: smooth
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log,g # (Mgyn/pPc™)
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}z@% DM cusps in cosmic structures ?

Cusp problem alleviated by Cusp problem strenghtened by
Changes in the basic physics DM - Dark Energy coupling

P A
WIMPs with large <GV> - modified particle dynamics G~ = GHI t—p° H

* broken scale invariance 0 3 [
[3? = ratio of the DM-DE interaction w.r.t. gravity.

* modified gravity
Baryon-DM coupling & interaction \
* gas outflow during early stages of Il \\

galaxy formation

increasing
B values

density
density

\4
\4

radius radius 23



hot gas
l’ galaxies
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amount & distribution
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3‘% Annihilation products
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Imagine a Galaxy



An astronomer’s view




A cosmologist’s view




An AstroParticle Physicist’s view




p@% A simple model

Constraints on
DM physics
from
multi-v observations
of DM Halos
- Radio
- X-rays
- Y-rays
- SZ. effect
) Heating Radio emissio
(synchrotron)
Signal F 0 =00
g —/ v Df

57 effect
(CS)

: 12 ane : dE,
“ M, dE, [dE,
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pﬂ% Astro-Particle constraints
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w% XX annihilation process

Rate
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R

Leading annihilation channels
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p@% The equilibrium spectrum

D 4 _0_ r)| = r
X D\D(E)D ne(E, )] aE\be(E)ne(Eﬂ )] Qe(Ea )

Production ‘ D - \“x Equilibrium ‘
\
OB} o \\ n(E.r)
\
:011'1"6'265'”52'1'"'""i """'"o”"'iluu"'i'aoo -:oa:."a:m""a:'f""'_': T ""i'z'!o'"i'ﬁun
| Diffusion I | E IossesI
D(E) - DOEVB_V be (E) - bIC t bsync t bCoul t bbrem

33



p@% Energy losses vs. Diffusion

Lo E
loss b(E, B, I’lth)

B increase

14

0.001 0.01 0.1 1 10

Synchrotron

|_|] L 111 I| 1 IIIIIIII | IIIII|,|] 1 IIIIII\l L1111l

E(GeV)

100 1000 10+ 10 10¢

z-D
D(E)

n, decrease

R, decrease
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wzﬂ% Solution: complete

M
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qualitative

13!% Solution

source

diffusion
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source
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p% DM induced astro -particle signals

M
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1% Covering the whole e.m. spectrum
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DM search: the closest clump

+ pliMa
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)% DM search in the MW: limits

511 keV line

positron fraction

Positron fraction

0.20 —
,‘n’

0.10 /f
0.07 |
0.05 -
0.03F .
0.02 L 1 1 1 I

1 2 5 10 20

E.+(GeV)
= Neutralino DM
* inefficient

* need strong clumping

50

= Kaluza-Klein Dark Matter
* viable positron source for

M =300 - 400 GeV

* need boost (~ 1000)

Antiproton flux {particle / {m* sr s GeV))

Anti-p flux

-

/Boezio 2001

4 2 Orito 2000

rd + Basini 1999
Ve ¥ Boerzio 1997
o Mitchell 1996

+ Buffington 1981
N | n M A |

[

10! 1

10
Kinetic Energy (GeV)

Fig. 4. Richardson-Lcy image f u L AV gammaray ]jn el e 17). Contour levels indicate intensity
levels of 105, 10°%, and 10— Tph e wxntl i

INTEGRAL SPI
(vonBallmoos’ talk)

Primary antiproton flux from
annihilation of a 964 GeV
MSSM neutralino

(Ullio, astro-ph/9904086)

Light (s=0) DM

*M -4 MeV

 Agrees with Q ,,

* Rather flat halo
(Boehm et al. 2003)
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1% DM search in the MW: limits
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GC demography
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Indirect search: ... still more
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Imagine a Cluster of galaxies



An astronomer’s view




A cosmologist’s view




An AstroParticle Physicist’s view




DM in Clusters & Dwarf galaxies
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1@% DM annihilation in cosmic structures

Ql\u’stelf :

Galaxies
(Optical)

Diffuse gas
(X-rays)

Relativistic particles
(Radio halos/relics)

= S L & 8 1=
163615 aa 3545 30
RIGHT ASCENSION (J200Q)

Stars

No gas
(No X-rays)

No rel. particles
(No radio emission)

(Optical)
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p@% A simple model

Constraints on
DM physics
from
multi-v observations
of DM Halos
- Radio
- X-rays
- Y-rays
- SZ. effect
) Heating Radio emissio
(synchrotron)
Signal F 0 =00
g —/ v Df

57 effect
(CS)

: 12 ane : dE,
“ M, dE, [dE,
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#& Typical DM halo SED

R, ~ Mpc ‘ Sync. ICS T1—yy DO E'
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#& Typical DM halo SED

R, ~ kpc ‘ Sync. ICS T1—yy DO E'

\ \ \
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p@% Signal Scalings

V
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pﬂ% DM annihilation in galaxy clusters

Pros

e Largest bound structures

e High M,

e Steep DM profile

e Nearby o

L d mUIti'V SEDS lﬂ-“; ROBAT =
ol COMA S :
to-tt | Q EG?ET .

Cons i | ;
* Interaction/merging iln-m r 1

[ sufficient time to disrupt cusps ?! Em- 1
* Non-gravitational heating in cores

147 k- E

[ is DM mass profile reliable ?! b 3

* Non-thermal phenomena oo b ]
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ﬂ% Constraints from Coma

Radio halo

e integrated spectrum (30 MHz-5 GHz)
* brightness distribution (@ 1.4 GHz)

S yma (V) [J¥ ]

. M, =81GeV ]

1
S E
2 ‘__
10 E =
M?=4OGe\-’ 3

.3_

10 | 1 IIIIII| 2 | 1 IIIIII| 3 IIII| 4

10 10 10 10 10
v|[ MHz ]

[Colafrancesco, Profumo & Ullio 2005 - 2006]
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1% Constraints from Coma: multi —V
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wzﬂ% Dependence from B
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1% Constraints on X physics

3
]I—

m s

L]

LS [

i

i

L]

&

i

_III|III|III|III|‘III
-| =~ Low ralic demeity modals
| & WMAP moedals
L "Soft" spectra
B / _*
- " Bt
| :.-.-.-1l.. ] . e | i - -. e n - - .
0 20 40 &0 B0 100 120 140 L& 1B0 200
Meutralmo Mass (Gel)

3
]I—

m s

Sy e

=]

t

L]

F[ = Low relic dansity modals "Hard" spectra
C| ¢ WAMAP medsk
I g el
= H I bt
i S % % =
— "1il i L - [ I!I
Bl i
B 23] [ T ] [ | 1]
- H :
- Ei i | I: :i.‘l
B 3 HE 7 E H 3
1] ii ir =231 18 PEEEmE
2333 ! . I" !_‘ Fea IEI I!il‘ if%‘l
- gl tescs Dol et e
™ ": ] ] Pl | *a .. !ﬂI“. tB*I 't: + I'
- s b 4 lu ogo_*ids* * M o 12 - = ]
B KR R e Y L
I g A S ¥ LT '.I:n <]
rhr i g I.ﬂ'l-l!t' My - A
L B th:! :::"'I"' AR R 4
IR R el H
1 "';E'l"l ¥ 0101 f L‘I AN A T L 1 1
20 100 120 140 160 150 200
Neutralino Mass (GeV)

58



p@% Heating by DM annihilation

Heating negligible for:

* non-singular DM profile
* no central BH

7/

no cooling-flow solution

[Colafrancesco, Dar & DeRujua 2004 ]
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1% SZ. effect from XX annihilation

SZ effect
(CS)
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11‘% SZ effect from DM

The SZ Effect
Compton Scattenng of CMB photons
by IS/IC electrons

[Colafrancesco 2004 , A&A, 422, L23]
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1% The case of Coma

SZ.. in Coma ‘
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#& SZE in DM halos
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A structure with: |
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#¢& SZE in DM halos

SZ..
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#¢& SZE in DM halos
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#¢& SZE in pure DM halos
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Z~ CMB maps & DRACO
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1% SZ.,, in Draco sz | [Xcrays
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11‘% DM annihilation in Dwart galaxies
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* Interaction/merging

[ sufficient time to disrupt cusps ?!

* BH-DM interaction onr <1 pc
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#¢& Draco: multi-n SED

[Colafrancesco, Profumo & Ullio 2006]
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#¢& Draco: multi-n SED

Snowmass benchmarck models
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#. DRACO: limits
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__J

DRACO: projected sensitivities

3 oA
ov[lem s ]

31
ov[iem s ]

10

10

10

10

10"

10

10

10

10

10"

| IIIIIII[

= foraR. 5
F P limit _ ]
i b-b channel ]
o | L L o

10° 10°

M, [ GeV ]

§I | T T T T T LU I T T T §
- Ref. NFW 1
= GLAST . E
g . EVLA ]
s LOFAR ™ ™.
" b-b channel ]

L 1 | Ll 1 1 |

-1

=
=

1
B, [1G ]

3 -
ov [ em sl]

3 -
ov [ cm sl]

10

10

10

10

10

10

10

10

10

10

=13

-24

-3

=26

-23

=14

=25

=26

+ 5. .
e limit

Ref. NFW

B 1Mo

+ -
T -T channel

| IIIIIII‘]

10°

10°

M, [ GeV ]

171" channel

-1

e
=

1

B, [ LG ]

73



13@% Combining Astro-Cosmo-Particle
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13@% Looking deeper into dark halos
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for your attention !



