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Probing Dark Matter with Neutrinos




Dark Matter Searches
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Neutrino flux from DM annihilation/decay:

here R for DM annihilation is:

and for DM decay:
R — 1 /dQ/ P(Z)dl
47T'm’>(7_ l.o.s




Define < Jn > as:

Cham [ 1[40 (O
[.0.5. R, o)

[(0) distance from us in the direction of the
cone-half angle ¢ from the GC

p(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 107 %%em3>s~1
R, = 8.5kpc  p> = 0.3GeVem ™
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Neutrinos can be produced directly or
through decays of leptons, quarks and
gauge bosons:
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Upward muons lose energy before
reaching the detector




Energy loss of the muons over a distance dz :

dF

o= —(a+ BE)p

o : ionization energy loss o= 10-GeVcem?/g.
e 3 : bremsstrahlung, pair production and

photonuclear interactions =10"cm?/g.

Relation between the initial and the final
muon energy:

() _ z 2z >
E(z) = PP Eg + (ePP? — 1)5

1 o + BE*
R, =z = —log 0 ‘]ﬁ
G o+ BE;




Contained and Upward Muon Flux

Contained muon flux is given by

E
max N
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Upward muon flux is given by

RM<E/37EM> Emax dN
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e XX — VUV channel:

dN,
dE, OBy —my)

e xX — 7777 ,bb,cC channels :

N, _ 2B;

“L(1-322 427, where S <1
XL XL L — —
dE,, Ei, Ein

(mX7 018) T decay
(Ein, Bf) =< (0.73m, , 0.103) b decay
(0.58m, , 0.13) ¢ decay.




X — WTW ™, ZZ channels :
(!,' / /1l \ ) 2 | | 2 “

where 3is the velocity of the decaying particle (W or Z)

(n;. By) = (1, 0.105) W decay,
Yo P17 (2, 0.067)  Z decay.

xX — tt channel :
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Boosting this expression yields the neutrino spectrum
for top quarks moving with velocity 3,




Muon Flux
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NFW profile, B=200, =5"
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NFW profile, B=200, 6=:
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dashed lines : upward
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-—- showers from yy—>v v with NC
viv L '.l

ATM contained showers with NC

E" =100 GeV
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Erkoca, Reno and Sarcevic, Phys. Rev. D82,
113006 (2010)

Experimental signatures that would

distinguish between different DM
candidates
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m, (TeV)
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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




Contained and upward muon flux is
sensitive to the DM annihilation mode and
to the mass of dark matter particle




