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Gunn-Peterson optical depth
T gp= 2.1 X104 (1+2)32 x,,,

White et al. ‘03

Damping Wing!

direct method
model-independent
independent of IGM clumpiness

robust limit on mass-weighted
Xy at z~6.1-6.3

First limit from Gunn-Peterson

Totani et al. 2005

1 A '...I"L-.'L-*'J ol e

Lt

SUSY Dark Matter (WIMPs,
Neutralinos)

e The most popular theoretical candidate for the dark matter
o SUperSYmmetry: well motivated from particle physics

o Neutralinos (l.c. of SUSY partners of photon, Z, and neutral
Higgs): stable weekly interacting massive particles (WIMPs)
« Relic abundance close to the critical density

(ov), ., =3x10%"/(Q,h?) cm®s*
~3x10* cm®s™*
e Constraint on the neutralino mass
e 50GeV~< m, <~10TeV
» Lower bound from accelerator experiments
» Upper bound from cosmic overabundance

Annihilation Cross Section

10- T —

102

10-%

<oy, em3 g-!
omt

om0 . L

td vy vl o

100
m, [CeV 2]

Stoehr et al. 2003

Searching for Neutralinos

e direct detection in underground experiments
o CDMS, DAMA, ...

e “make” neutralinos in accelerator experiments
e LHC starts from 2007

e indirect detection of annihilation products in the sky
o GLAST, ACTs, ...

All these approaches have a reasonable chance
to detect neutralinos in next 5-10 years!
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Annihilation Signals :

e Continuum gamma-rays, e*, p, p-bar, v's

e Line gamma-rays:
o X X227
o X X2>Zv
o (OV)jne ~ 102 cm3s? << (OV) o ~ 1026 cmist

e Search:
o Line/continuum gamma-rays from GC, nearby galaxies,
galaxy clusters
« Positron/antiproton excess in cosmic-rays

Annihilation yields via hadron jets e

e Annihilation energy goes to gammas, e*,p, p-bars, neutrinos as: 1/:1,
1/6, 1/15, 1/2
o Particle energy peaks at: 0.05, 0.05, 0.1, 0.05 m , c2.
e (From DarkSUSY package, Gondolo et al. 2001)
* Most energy is carried by ~1-10 GeV particles for m ,~100GeV
« photon flux peak at ~70 MeV (~m . /2)

5 glcohach An example for yield
Spectra from DarkSUSY

Linely

DM Halo Density Profiles
e Cosmological N-body Simulations

o NFW (7=1) '
 Moore (7=15) pocr” (in central part)
e Compression by baryons?

e Density spike by SMBH formation?

Density spike by SMBH formation?

e Density “spike” can be formed by the growth of supermassive black
hole (SMBH) mass at the center.
e Young (1980); for stellar density cusps in elliptical galaxies
e Gondolo & Silk (1999); for DM cusps
* “Adiabatic” = growth time scale > orbital period at r,
e Annihilation rate divergent with r — 0 since ¥ >1.5

ra==2 533 54
4-y

M(<r)=M,
r, ~1kpc for clusters

poer’

Comparison for Various Cases | ::

Model Gamma-Ray Flux [em~?s7'|
MW, as a whole (NFW) 23 %1077
MW, NFW, central 1° 2.3 x 107
MW, baryon compressed NFW, central 17 2.3 x 10~%
MW, Moore, central 1° 1.6 x 1079
MW, NFW +spike, core 32 %107
MW, Moore+spike, core 1.6 % 10~*
Obs MW, EGRET observation ~107°
Draco, King 1.9 x 10712
Andromeda, NFW 25 x 1071

1.7 % 10 7(my /100GeV) 2
<372 x 1078

Perceus Cluster (CF equivallent)
Obs Pereeus Cluster (EGRET limit)

m, =100GeV, (ov)=3x10""°cm’s™*




Topic 1

Cooling Flow Problem of Galaxy
Clusters and DM Annihilation

e Cooling time in cluster centers << cluster age
¢ No evidence for cooling

e cooling is compensated by feedback from the center

« radio bubble formation observed in most cooling-core
clusters

e Feedback mechanism?

X-rays from galaxy clusters

o thermal bremsstrahlung i Mk ok

of hot gas:

o KT ~5-10 keV

n ~ 103 cm (virial)

n~10 cm- (central)

Mo~ 10% Mgy
Mgas/Mioq
~Qo/Qy~10%
Mia/Mgas~10%

(1Mpc x 1Mpc)s

Optical. DSS (B0'x807)

The Centaurus Cluster
D=52 Mpc

¥-ray, Chandra (353}
(50 kpc x 50 kpc)

Clusters seen in optical and X-rays

Centaurus Perseus Virgo

central part, NOT the same scale as above

Courtesy from K. Masai

Za—rSY—/xtERIC KB EEAIE A A D g
TT 2004, Phys. Rev. Lett. 92, 191301

e Density maximum determined by annihilation itself:

P <UU>/m1 =t, =10"t, yr
r,=0.17M 2 m,*" (gv)" 37 pe

e The annihilation luminosity from r<r, :

2
Pe arr}
L= 2mlcz<cru>[m—] [T]

4

. 217
=2x10“M 2 m,? (ov) 7t ergls

o SRAIMIAREMBLTY—) 0T I70—%IEHDITHHLERE

o MEIDAEIZLYSMBHEE. density spike BN TEZETNIL. AHIZ
T BT4—F/3wT12>T D

o —EXNDIFEFERWEFBMR T —ILTIEF—EORUHE

SRIA A X D IR (ST A 2

o ERINDEH
o HADAHNZRT BT4—F/\vIITH>TVS
o SRAIEPLEICEVDTHERROAFICKDN\TILERRT S
AGN
density spike FRLIC&B=a—rT)—/5HE

e AGN?
o REM?
o finely-tuned accretion?

» anisotropic feed back from jet is not efficient in 3D simulation
(Vernaleo & Reinolds 2005)

o AGNfiEHf-YFEZTETERALLL




| Birzan+'04 %

107

ulr’ 10 |;P 1;1’ 10

10"
Ly (ST q) (107 crgis)

hnEzhE
e SMBHE=EIIXLTERINSMEZZE

Ly tage

T M

-1
t
~0.017 Azlz_x :ge gM.
10™erg/s J{ 107 yr J{ 10° M,

o AGNTHHEFZSIM ?
o jet kinetic energy efficiency
o particle acceleration

e Neutralino heating
e ~0.007 for e* and p, p-bar s

—a—r5)—/I1Z KB EH ANk
Predictions

o XHIBA U TIRIEIGLASTTEMNSI1ET
o FEISVIRIXEGRETIERDHHT
o MDTOERADHUTRERBITTHE
RAADFOLMSRFEELTRZS
BRI Z B L (AGNER FI)
SAUMNRINIERER
o XERIREMDHEAIT B &, Perseus cluster NREHE

Comparison for Various Cases | ::

Model Gamma-Ray Flux [em~?s7'|
MW, as a whole (NFW) 23 %1077
MW, NFW, central 1° 2.3 x 107
MW, baryon compressed NFW, central 17 2.3 x 10~%
MW Manra cantral 19 18~ 10-0
Perseus Cluster ™55/ AR AN ITMEITRELHE
MW, Moore+spike, core 1.6 x 10~*
Obs MW, EGRET observation ~107°
Draco, King 1.9 x 10712
Andromeda, NFW 25 x 1071

1.7 % 10 7(my /100GeV) 2
<372 x 1078

Perceus Cluster (CF equivallent)
Obs Pereeus Cluster (EGRET limit)

m, =100GeV, (ov) =3x107* cm’s™

Topic 2

What is the mass of the first gravitationally
bound objects in the early universe?

e density power-spectrum of the universe:

10 100
Scale (millions of Hghlyears)

8=(p-p ) 0

Wavaramber k [B/Mpe]

SDSS 3D P(k), Tegmark et al. 04




' cut off by neutralino

A free streaming
s B
s E =
§ L b
F k> k
y [ P I | Ll .
% 2 4 6 T B
green+, 04 log,(k Mpel ~105M

sun

earth-mass sized microhaloes

| Diemand+, 04 g ) 'y 10"

(M} [ diog M [ "Mps™)

e earth mass (10® Msun), 0.01 pc size objects forming z~60
« Hofmann+, 01, Berezinsky+, 03, Diemand+, 04
e ~50% of mass in the Galactic halo may be in the substructure
e n~500 pc3 around Sun, encounter to the Earth for every 1,000 yr.

o controversial whether or not they are destroyed by tidal disruption at

stellar encounters

internal density profile of
microhaloes

e annihilation signal "
enhancement

f mass - weighted p

° volume-weighted density 7 (= p,;,) il

e simulation:

* concentration parameter
¢~1.6 in the simulation

o (a,8,7)=(1,312)

o f.=6.1 10" |
P Ll
() I (r /) 7 b
r=r./c Diemand et al. ‘05
s = Rir

M= 5.1 107 Msolne | |

M=1.110

Msolar | |

M= 1.3 107" Msolor | |

microhalo contribution to EGRB

Oda, Totani, & Nagashima, ApJ, 633, L65

o —D—DDIAVANA—MLDHUIRITBH THRE (LHLL
(see also Pieri et al. '05)

o LALERBIANDEFEEHETHUVAIREELHD
« microhalos form at very high z~60, with high internal density
o<(L+2)?

the cosmic gamma-ray background

Strong et al. ‘04

Contribution to the cosmic gamma-ray
background

e Ullio etal '02

o substructures with M>~108 M,

e modell:
M=171 GeV
0'v=4.5x1026 cm3s*
Dygamma=5.2x10

* model2:
M=76 GeV i M,
0 v=6.1x1028 cm3s! [
B, gamma=6.1x1072 .

© EGRET

sun il back e

E i E [ GeVoem 5" ar' |

e Assuming universal halo density profile, M, = 76 GeV
annihilation signal from GC exceeds if
neutralinos have dominant contribution L
to EGRB (Ando 2005) " L »

=5%

Moore profile

e, "=d

w
E[Gev |
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o RIAIRADIKIREIE
o EEOMEMFER GhHEHETREETITRESNINSNELN,

2E)
o RARDENZICEDEIHE (RAFRF D~ Tkpct2E THIRS
haedi)

o SRARAIDMTETIEEEY S 2 LA A TR
s > RARPOALDISVIRAGIREETFE

o — 7 FLERSBMBAPMDETHRIBESN TEERBH AL
IFEAEEEAL (mass within 10kpc is ~6% of MW halo)
o extragalactic background flux hardly affected.

Galactic and extragalactic gamma-ray
background from microhaloes

Galactic Odaetal. ‘05
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Gamma-ray halo around the GC?

Dixon et al. ‘98

excess from the standard
model x 1.2

excess from the standard CR interaction « P —————
model of the Galactic gamma-ray background

gamma-ray halo?
Flux level ~ EGRB

limits in the f . -f. plane

limits not to overproduce the observed gamma-ray background
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