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Dark M atter in Universe and the Galaxy

Spectrum of structure scales
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small structures(clumps) are created first DM profiles from Nbody sim.
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DM clumps

Fraction of DM in relic clumps:

depends upon;

¢ gpectrum of primary fluctuations dLJk"

@ clumps dendty profile: p~r—, a=1.5-2
r<r =o0° [ ump? r~10=-0.1r,, p__-?

@ massspectrum dn, and minimum mass M
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of DM after decoupling
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([J0.001-0.1 of DM isinrelic clumps 10-¢
therest isthe 'bulk' DM Diemandetal 06, 197
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Clumpsdistribution inthe Galaxy n :

@ follows the bulk DM distribution (univer sal profile)

¢ tidal disruption by Galactic potential can disturb

the distribution (depletion near the center)

¢ |arge scale structure appearsdueto 'recent' infalls (CanisM,Sag.)
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Ex. smallest clumps:
M=10°M_, r~100 AU, <p>~100 GeV/cn?, p _ ~10°> GeV/cny

~1-100 clumps/pc® at R =8.5kpc, p,,, ~ 0.3-0.7 GeV/cn?®
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DM annihilation

DM can annihilate (or coannihilate) with the averaged cross section <ogv>
constrained by relic density in time of decoupling T, ~m /20~3-50 GeV
<ov>=210*" cm°®s*/ Q h?[0.092-0.112] , <ov>[2 10* cm’s*

Nowadays (T~1.8 K) <ov>can be only smaller

Momentum dependency of <ov>
for different annihilation channels

The dominant end state are fermions
After hadronization and fragmentation
stable particles. p, pb, et, e-,y

In SUSY scenario (m,~60 GeV) = f
m,=57 GeV mSUGRA (m_=1500 m, .=160 tanB=50) -24 *
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DM annihilation(DM A) in the Galaxy

. . . . . } E ]
Annihilation signal : (. p) = (oY, (‘U}f I?f( )y q-Um 2
X
DMA signal / CR background for the bulk galactic DM (different profiles and m, )
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Experimental resolution (EGRET, Bess, Caprice, etc) ~10% Model uncert. can be much larger ..

Boost factor: if relic clumps exist

DM annihilation signal Q_, .~ p* isdominated by cusp of smallest DM clumps
ptot:pbulk+pcl z pcl e >>pbulkmax , B: Qtot/Qbqu’ B: 1_104 depending Ona and pcImax
ifn,~p,.» B~Up, .+ Q. P, -> €ffective DMA profileinstead of DM bulk profile




CR propagation

CR propagation:
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Ber ezynskii et al 1990
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W (k) isrelated to the scale of interstellar irregularities,

diffusion  Vc-convection

MHD waves interact with CR
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Plosses Decaysand n
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growth by CR damping £
ifV_>v,

follows W~k&2 | a=1/3 for Kalamogorov spectrum

small scales 1/k<10* cm are created by CR streaming(?)
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as a resonant scattering of CR f(r) on MHD turbulences
with spectral density W(k,r):

k~10*2cm™ for GeV particlesin B~10°G

1__1&; pdf 0
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Kulsrud 69

Growth and damping of MHD turbulences

Enhancement of the MHD wavesby CR streaming:

snall at E<1 GeV

pltCh angle &attering 9l =cosB At rewnancle Vl-‘l:Q/k / for DMA products
<
N~ ’T E (1 el f VaP af
A Gllr)r— f f dpdpup* (1 = *)d(plu - ) X5t aﬁ}
S /
c
< Anisotropic term from diffusion
2
= of e clpl Of __, equation:
Damping: ou  2m2e2W Or (if Vc~0, Ploss~0, no reacc.)
. . 19_0 >
1. ions -neutral gas friction —251?5?' = —qo0(r)
1 <n>-~lcm®, <n, >~001cm?3 r
SH ~ E(Jﬂﬂfwﬂ)”ﬂ' molecular cloudsn, ~10-1000 cm?
<o_, v>~10°cm’s?
MHD are damped in the dense gas clouds (galactic disk, clouds)
-
i c
2. nonlinear damping by MHD waves collisions (?'a”?p.' ng by CR £
significant for the 2
S . 4TT'U¢1W SU W important in the Kraichan Spectrum’ o
™~ g2 T Pl S under dense regions at 1/k<10% em N
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Steady state solution for W(r) (simplified):

exp(=g/r = sur)

W(T) ~ TE(C[] + Smemp(—g/?‘ = SHT')/Q]

MHD waves from DM clumps

DM clump is a constant , point like source of CR(p,e) can enhance MHD waves.

SnI: Sn | /Va S—Iz S—| /Va
g~< oV> Ytot pmax2 r03 /mxz

W(r) dependency for a DM clump
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W(k) iscutoff at ~m,

can be extended by cascading
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Assumptions:

CR p (1GeV) + DMA p from a clump at 8kpc

T VINQ+dOdd VY

/. kpc

X. kpc
CR proton density

distribution in Galaxy
GALPROP
Conventional modd

- spherical symmetry (growth isalong B field)

- DM clump ispoint like sour ce ( cusped profile)
- f(p)~ congt

- no losses

- Vc~0, small local convection
- Va~congt, 0B/B issmall

- no inter fer ence between electr ons and
protéhs...
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CR confinement in DM clumps

Stability conditions of the confinement zone:
s slow proper motion of clumps V _<v_

s large external diffusion D_. >D_ (W _>W_)
« slow external convectionV <v

¢00¢ [e 1o 9I00N

DM clump can create a trapping region with low D_
Different environments:

-+ molecular gas clouds ‘ SRS

p,,=10-1000 cnm® -strong damping Distribution of clumps by
= underdense regions proper motion in the Galaxy
(Local Bubble, galactic halo) p,<0.1cm?, low Wdensity
D_>>D, local variationsin diffusion coefficient
T~r,2/ 2D DMAe, p and therefore CR density f*v_ /B~ const

DM A contributions:

@ y from xx->ffbar->y+X

@ y from DMA et+,e- via IC Bremss.

Ve < 1GeV © p+,p-, e+, e from xx->ffbar->p,e+X
- @ radio from e+,e- synchrotron losses

synchrotron

Yoma E-01 M
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| sotropic galactic model

. . . . . . =
| sotropic and uniform propagation model: Normelize CR primary density to locally g
¢ D- isotropic diffusion and uniform observed at R=8.5kpc g
¢ averaged gas density <nH>, no gas clouds 8
(0
-3 =S
Zh~+_4 kpc D~610%2c? s Source(r) 6(100 GeV)<1O ":; N é
V< 10knVs  n(rz<100pc)~1iem® T ~Z 2/D '5 m o
X =vnl.e ~ 4 glcm2 y. kpC 5“"5@ . ' 5)( kpC §
LR:  [fec _ uno Use locally measired CR protons density 1 GeV
forim  vnay + Tl : - . .
v f T 7ee secondariesto constrain Failsto explain gamma rays unless
frai  Ora  vnoy+ T3 the galactic global proton (e) interstellar spectrum has
= - parameters (D.Z,VaVc) 5 grong break at 1-10 GeV
fﬁ! b Ttak ﬂlm.f + TF.“#I’.“ + {'.:I'TI'I‘]_ 1 -4.5<b<0.5 0.5<b<4.5 0.5<1<29.5 330.5<1<359.5
~ 107 T
chi2=0.635399 [eb] B * EGRET
m:n.ssi § Be]'O/Be9 ‘_?:: : (£ Q
0.3: w Q-
é k= v 2
0.251 o gamma
0.2F <1 02 z — CMp=1.98 — 8
E ~ — nH-20%
015 o= Variations snrsnat.
0.1: o L |n ga.S, 3NR Loc:rimer
o.osf SOurces, 35:270 ::+[3=consl
Lt Lo oL Lo S T ISRF, elC 1524 _ Strongbreakin
7T T e Gey 0 0t 1 0w e tosld i o p spectrum at 10 GeV

107 10° 10% 10°

- E, MeV
yraysnormalized at 0.1 GeV V Zhukov

Conventional Model CM (GALPROP)
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| nhomogeneous model: a possibility

Propagation in non homogeneous medium:

But propagation isnot uniform:
-~ DM clumpstrapping zoneswith small D_

= gasis clumpy, ~50% in H2 clouds 10-1000 cm’

= L ocal Bubble, underdenseregions, large W ispossible

= trapping in magnetic mirrors

= two zones model, convective halo driven by CR....

rel.units

Z,~100 pc

D.<D,
Z>+-4Kpc
V>Z72D, ,D,>D,

D, >D,

O n-o

Local CR and DMA fluxes with different D
isotropic CM GALPROP z=+-4kpc
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antiprotons 1 GeV
—_— DMA R=2 kpc
........ DMA R=8 kpc

CR secondaries
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.0. n,, -clumpy

Kulsrud, Pearce 69

Ptuskin, Soutoul, Osborne 90
Zwiebd, Shull 82,

Padoan, Scalo 2006
Chandran 2000, €tc....

Assumptions:
¢ LargeD,inthe gal. disk z,~100pc
¢ Small D, inthehalo, largeV__

¢ Clumpy zoneswith local confinement
(DM clumps, trapping in clouds, etc) D_

Confinement zoneswith Dc<Dd:

=~ increase the grammage X locally
(r,~10pc, n,=200 cm®)

- Nel -
- _ Zﬁ "'ﬁi
X =vn— + Vel —
D, .
D, N hrciﬂc#-"(a; ~N *10 2
D ﬂz.,‘:i d

“~isotropize CR  f=fd+fdl

D18f D1, 0fa %af;

d~——- "=
v f Ox O

v fox

)
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EX: Isotropic propagation model with DM A

EGRET excess ~ 10'1: T T T T
o interpreted asa L T
o . _
S DMAsignal R
<  (SUSY neutralino) %
T m~60GeV e
o
g Boog factor ~50 3’1 02
B ->DM clumps L
A LL

|C,Bremss.

.".. '—.—'
=
—
I I N |

Reconstruct DMA effective
profile (clumps distribution)
from anqular Droflles
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DM 7y signal (E > 0.5 GeV)
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Ex: DMA in model with inhomogeneous medium

Decoupleslocally observed CR secondaries (B,Be, etc) from charged DMA and
gamma rays

GALPROP (Moscalenko, Strong) modified:
including DMA using 'EGRET" profile, anisotropic nonuniform propagation (AD+DMA)

More parameters, more freedom, for.ex: Zd=200pc D=10%cn?s n(r,2), sor(r.2) (Lorimer et al)
Zh=4kpc D,=10%cn?'s, Ve=zdV/dz=20 kmis/kpc

nH2 scaling~40
Gamma rays R/C antiprotons
A -4.§<b<0.5 0.5<b<4.5 0.5<1<29.5 330.5<1<359.5 i
>1O L R N ] T T T ||||||E O 05: T T T ‘SRS EERLL] = 15 T T T
% T { . o EEEET . EO 45:_ o HEAD E 8 o A BESS 05-98
= \"'-I : - = ACE o ¥ CAPRICE 98
- - - w 1 —
— - 04_— — ~ 10 3
Iz - = =650 MV
o,:E 0.35[ O'JE
O -2
- 0.3 10
Sp | : 2
=10 . 0.25F L
o r -3
L o 0.2: 10°F  antiprotons
0.15F . —CM
--- CM+DMA - 104
0.1 - ---CM+DMA
........... lAD+DN|IA | 0.05E - AD+DMA
-3 Ll L L L C L _ Lol
1 102 10°  10*  10° | | | | 10°
E. MeV 1072 10" 1 10 10° 10 1
E, GeV
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s Annihilation in cuspy relic DM clumps can produce MHD
waveswith scalesk > eB/mX and confine charged CR

s The confinement zoneswill contributeto small scale variations
INn propagation parameters. Thesevariations can decouple
locally observed fluxesfrom the galactic averages

s The confinement zones can isotropize CR and produce
secondarieslocally thusallowing larger diffusion coefficient
In the galactic disk

s Theannihilation signal can be attributed to thegammarays,
antiprotonsand postrons. |n inhomogeneous medium the
DMA charged contributionscan be not directly related to the
gammarays from DMA
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