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Probing Dark Matter with Neutrinos from
the Galactic Center




Indirect evidence for dark matter comes
from observations of galaxy and group of
galaxies rotating as if they contain far more
matter than observed

Dark matter is about 23% of the total
density of the Universe, while baryonic

matter is only 4%

Dark matter particle with mass of ~100GeV -
few TeV can account for dark matter density




Dark Matter Searches
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FERMI Cosmic Ray Electron Spectrum

' v ' ' - e et
AMS (2002)

ATIC~1,2 (2008) » Tong o ol (1984)
PPB~BETS (2008) 2 Xobayoshi (1999)
HESS (2008) 'y HEAT (2001)
FERMI (2009) & BETS (2001)

EREEEE:

f 1

-

- ¢
¢
ﬁg‘g‘i 1?—%_*_%‘}

-
' | -
"U')
W
o~
!
=
>
D
O
S
N
L)
S
-2
-
LJ

— — — — conventional diffusive model

PR | A A A e P |

10 100
E (GeV)




For dark matter density, we use
different DM density profiles (Navarro-
Frenk-White, isothermal, etc)




Neutrino flux from DM annihilation/decay:
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Define < Jn > as:

A9 dl(9) [ p(D\"
. AQ »[0.5. RO ( Po

[(9) distance from us in the direction of the
cone-half angle @ from the GC

o(l) density distribution of dark mater halos

R, distance of the solar system from the GC

po local dark matter density near the solar
system

(ov) =3 x 10 %°em>s ™+
R, = 8.5kpc  p> = 0.3GeVem ™
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Upward muons lose energy before
reaching the detector




Energy loss of the muons over a distance dz :

dE

T —(a+ BE)p

o : ionization energy loss o = 10°GeVcm?/g.

e 3 : bremsstrahlung, pair production and
photonuclear interactions 3=10°cm?/g.

Relation between the initial and the final muon
energy:

7 _ z z =
E(z) = PP E;Jj + (efP? — 1)5

1 o+ BE
Ruzzlog( B”)

Gp

a1+ ﬁEZ



Contained muon flux is given by

W _ / T E
dE, — Jg, " \dE,

Upward muon flux is given by

Ry (B} By) Emax
Ao _ / 502 / dE,,(
dE,u 0 E'zl

H

Xpsurv(Efu E,u)

dE,






® Y — VU channel :

dN,
5 = §(E, — my)

—channels :

® vy — 7777, bb, e

N, _ 2B, E,
211 - 3224 21%), where z=—<1
dE,  E, By,

(mX, 0.18) T decay
(Bin, By) =< (0.73m,, 0.103) b decay
\ (0.58m, , 0.13) ¢ decay.




Xx — WTW ™, ZZ channels :
'a.'l_"'.,'._ I} - -

— = It —( 1 J <
_J—:I . ¥

o

where Fis the velocity of the decaying particle (W or Z)
(n;. By) :{ (1, 0.105) W decay,

(2, 0.067) Z decay.

XX — tt channel :

+ | ]

Boosting this expression yields the neutrino spectrum
for top quarks moving with velocity 3,




Muon Flux

NFW profile. B = 200.
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NFW profile. B=200. 8=5"
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solid lines : contained .
dashed lines : upward
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NFW profile, B=200, 8=5
YA—>VV
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solid lines : contained
dashed lines : upward
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- showers from Ix—}v“;u with NC

ATM contained showers with NC

E", =100 GeV
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— — showers from ;.3.;—:-1:“;“ with CC

. — . showers from m—wu;“ with NC

— ATM contained showers with CC
ATM contained showers with NC

E”, =100 GeV
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B =200,0=5", NFW profile
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Erkoca, Reno and Sarcevic, Phys. Rev. D82,
113006 (2010)

We include neutrino oscillations

Experimental signatures that would

distinguish between different DM
candidates
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m, (TeV)

0.2 0.4 06 08 1 2 4 6 8 10

Vayz — 1T v N (50°) | 4.04 y1.15 138 152 16.2 18.1 10.0 1903 195 10.6
B, —2.3 NEp(50°)|  8.68 59.5 120 180 230 503 012 1228 1485 1704
N.n(50%) 4 11 13 15 16.3 190 21 22 22 22

t2P(10°) [1.3 x 10* 277 69 30 17 4 1.2 07 05 04

t27(50°) | 3490 74 18 8 5 1  0.32 0.18 0.12 0.00

£n (50°) 106 23 16 12 10 7 6.3 58 58 5.8

Waye — (W, Zv,yv) | N5H(50°) 6.1 8.4 89 01 9.15 92 02 02 92 02
B, =23 NEP(50°)| 9.9 50.9 05.6 139 181 364 638 844 1010 1150
N.n(50°) 3.6 7.66 9.6 10.74 11.5 13.17 14.12 14.46 14.64 14.74

t2r(10°) | 1 x 10 378 107 51 30 75 25 1.4 1 0.8

t27(50°) | 2693 101 20 14 8 2 0.7 04 0.3 0.2

£an(50°) 210 47 30 24 21 16 14 13 13 13

Y — Ngs0°0) | 243 6.45 843 05 102 11.5 122 124 125 12.6
B, —2.0 Npe(50°)|  3.14 20 623 07 131 256 533 728 886 1022
N.n(50°)| 1.95 8.22 12.00 14.55 16.2 20.2 22.45 2327 23.68 23.04

t2P(10°) | 1 = 10° 1 x 10 252 104 57 iz 3.5 1.9 1.3 0.97
thP(50°) |2.6 < 10* 316 68 28 15 52 0983 05 034 026

Lan(50°) 709 40 19 13 11 6.9 55 52 5 4.8
BWBM | NE(10%) | 142 0.8 7.2 56 46 24 125 0.84 0.63 0.51
B — 200 NEP10°)|  86.1 131 140 130 128 124 108 902 81 T
N.n(10°) 11 0 7 5.7 48 26 14 09 07 0.6
2P (1°) 1.27 0.63 054 0.65 0.66 0.7 0.87 1.14 1.42 1.72
2P (10°) 1.55 0.68 0.57 0.71 0.72 0.6 1.0 1.36 1.76 2.2
2P (50°) 5.1 22 1.84 2290 23 244 32 45 58 7.2
tan(1°) 3.4 4.4 59 7.7 96 22 61 116 1890 280
tan(10°) 1.3 1.9 29 4.3 58 18 64 136 237 364
Lan(50°) 3.3 5 8 12 16.3 57 204 445 77T 1202
XX — N5 (10°)| 4019 2058 22.01 17.30 145 7.50 3.90 263 1.98 1.59
B — 400 Nee10°)| 144 241 273 283 320 266 221 190 167 151
N.n(10°)| 51.4 456 364 30 25 14 T4 5 3.8 3
t5H(1°) 1.11 1.68 255 361 4 13.64 44 92 156 238
t5(10°) 0.66 1.18 2.06 3.24 4.7 1631 61 133 234 364
£et(50°) 1.03 355 6.38 102 15 53 201 444 781 1213
£2P(1°) 0.54 024 0.2 018 0.14 021 0.28 0.35 043 0.50
t27(10°) | 0.47 021 0.16 0.15 0.12 0.17 0.25 0.33 0.42 0.52
2P (50°) 1.83 0.65 0.51 047 0.37 0.54 0.78 1.1 135 1.7
tan(1°) 0.63 0.72 091 1.12 1.37 2.58 5.5 0 13 18
t.n(10°) | 0.12 0.14 0.2 026 0.3/ 087 263 534 0O 13.6
t.n(50°) | 0.18 022 033 048 0.7 21 72 155 27 42
Atmospheric NSt 2.28(1°) 227.5(10°) 5347(50°)
NP 28(1°) 2704(10°) 65668(50°)

Nan 0.3(1°) 28.8(10°) 676(50°)




DM Detection with NeutrinoTelescopes

TceCUBE : 1 km3 neutrino detector at South Pole

detects Cherenkov radiation from the charged
particles produced in neutrino interactions

contained and upward muon events and showers
contained muons from GC

showers from GC with IceCUBE+DeepCore

KM3Net : a future deep-sea neutrino telescope




IceCube DM search from the Galactic Hallo
(arXiv:1101.3349)
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Contained and upward muon flux is sensitive
to the DM annihilation mode and to the
mass of dark matter particle




