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Edelweiss, 4.5 ]gﬁ—days Ge(. 32%) June 2001 limit
CDMS Feb. 2000 ver. sub. to PRL

DAMA 2000 58k kg—days Nal Ann.Mod. 3sigma,w/o DAMA 1996 limit
Ellis et al., Spin indep. sigma in MSSM

Bottino et al., hep—ph/0001309 SUSY
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http://dmtools.berkeley.edu/

inspired break

%.is almost pure bino: ( ) =(0.95,-0.10, 0.27,-0.09)

Only 5 parameters:

1500 GeV
170 GV 110, 230, 516

0. mg 12 1519, 1523

1035,
1495, 149F
115,

175 GeV .
4.214 GeV 2t ) 3.02- 10
' ' 1.07- 109

0.117

Dominant annihilation into quark pairs

Annihilation to YV is suppressed
by a loop factor

Annihilation cross sectionto 27
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squark soft supersymmetry breaking terms of the first two generations to be equal. Ag  stands for the third

Table 2: Ranges of the MSSM parameters used to generate the models shoun in Figs. 6 and 8. All masses

generation sfermion trilinear terms: those of the first two generations were taken to vanish.

are in GeV, ond mysp = min(p, my, mo). The quantity my indicates the following scalor masses (which were

To awvoid FONC constraints, we assumed the







Small-scale DM clumps in the Galactic halo
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Boosting factor ~40 insufficient for detection
Draco heliocentric distance 75.8+0.7+5.4 kpc, R=0.5 kpc

0.1 deg angular res.

Counts

Excluded by EG

DM Halo: NFW2
Soft photon spectrum

o 0.5 100

WIMP mass [GeV]

R.A. relative to Draco (Degrees)

Profumo & Kamionkowski, 2006
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Project Columbia supercomputer (NASA)
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Mass reconstruction of the cluster. Note the large, smooth
distribution of (apparently invisible) matter.






x Clumps of Minimal Masses
M i ~ 1071202,

Moy ~ (1007 —10~% My

Kinetic decoupling T:E.s ~ H(t), ngplw) = 23‘_2 EWEUA
Energy relaxation time

1 1 dE
k_ /dﬂ /d{.dﬂﬂ ( ) (5p)*
T?‘EE Ek at EEkmx fL?'i

.y —2
~1/2/ Ay g, —3/4
tg=3-10 = s
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1/4 /' xy gy 1/8
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x Diffusion cutoff of the mass spectrum

Diffusion equation %@l — %ﬂaﬁ(f, t)
2 qnrd (572 52
32(t) = 3z(ty) e:{p{—k CM (t / —tff )}

B8/ A N T3/ 2 _15/16
Mo (N ) 1018 ) T M 99 ot
3 100 GeV 1 TeV 10



= Free streaming cutoff of the mass spectrum
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» Minimal mass of the clump
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x Density perturbation spectrum (" )=(p(¥)—p)/p

Power spectrum P(k):
(555, = (2m3P(k)SS (R — RY), 8 = / 5(7)eiR7 @By

Transfer function T'(k) Poy(k) = Pa(k)T?(k)
Moments of spectrum Pk}

1 . 2 2
cr(?j} =57 f k* dk P{k)k*?, (TiTy) = (2} (4@2@%%@}

Power-law spectrum Poy(k) o< k®, aq(M) oc M —(n+3)/6

Effective power-law indexn = —3 — 62 h_;.if {M}, nexl, np~110.1
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x Core of a Dark Matter Clump

P(7,t) = ¢n+§i n’f‘i—% Pylg 51'3:?‘1.?‘5"'—% Tislor'ri+- ..
Pij = iﬂf} Tig = 245 — %@u%
Peak height v = daq/ Taq{ M)
Tidal velocity d_t;,iitzi — i-j(t)?*j
AFE ~ AV AE ~ fdﬂ?‘pim(tsjvgid(tsjfﬁ, AV ~ %ﬂé

Clump core radius

R ﬂgﬁfﬂglﬂfﬂ f?
Rﬂ ~ =3 Gﬂeqtgq;(ﬁeq) ~ 0.3 72 F2(Fay)







= Tidal destruction of clumps in hierarchical model

Clump destruction at AE > |E| ~ GM?2/2R, §(M,ts) =8,
Number density of unconfined (free) clumps
2 1/2 fr, e AT eq —53
= | — ex d M
¢ps (w) M Dg(8)o2, DM | 2D,(8)%02,

Energy increase during one fly-by

1
AFE = E/ d3r pir)(ve — ﬁmjz




Mass function of small-scale DM clurnps

16 r

(h™* Mpc) *
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Berezinsky, Do & Eroshenko
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Lower line — model calculation Berezinsky, Dokuchaev & Eroshenko 2003
Dots - numerical simulations Diemand, Moore & Stadel 2005



Fraction of survived clurnps

5 10 15 20 25 30 35 5 10 15 20 25 30 35
r, kpc r. kpc

M._=10"8M M ,=10"3M
cl ® cl ®

Tidal destruction of clumps in the Galactic bulge, disc, halo and the
resulting total fraction of survived clumps with MC|:10'8M@ and 10'3M®
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Radial galactocentric distance I' in kpc

Mean internal density of clump p., in GeV/cm3



Clump distribution function
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Annihilation enhancement in clumps
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Local annihilation enhancement factor (boosting) n(r)
in isothermal spherical symmetric halo
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Local boosting in the Galactic plane and
along z-axis

r. kpc

150¢
& 100

507

r. kpc

Local annihilation enhancement factor (boosting) n(r)
In NFW halo with ring at r=14 kpc



Integrated along the line of sight (observed)
enhancement factor n(6)
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The case of isothermal spherically symmetric halo model
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Fluxes I,(E) of photons, nucleons and neutrinos from neutralino
annihilations in the Galactic halo for neutralino with m,~1011 Gev

Berezinsky Dokuchaev Eroshenko Kachelriel3 Solberg 2010



* | Clumps with M,;, give the dominant contribution to DM annihilation

In the case of ny, =1, v ~ 2.5
Mpin ~ 10787

R~36.-10%ecm, R,~1.8.101¢cm

Bigt ~ 2.5 -107%2gem—3
Halo mass fraction in these clumps Eint ~ 0.002
Mean number density in the halo Tl ~ 25 pc‘g

DM annihilation enhancement 1~ 10 — 102
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