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What do we know about dark matter?

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

e Direct searches: look for DM interactions
with target nuclei (XENON, CDMS, ..)

e Indirect search: DM annihilation producing

electrons, positrons, y-rays, neutrinos
(PAMELA, ATIC, FERMI, HESS, IceCube ..)



Neutrinos Signatures of Dark Matter
Erkoca, Reno and Sarcevic, PRD 80, 043514 (2009)

Neutrino flux from DM annihilation in the
core of the Sun/Earth, produced directly
or from particles that decay into
neutrinos (taus, W's, b's)

Neutrinos interacting below the detector
or in the detector producing muons =



Neutrinos from DM annihilations

Neutrinos produced directly or through decays:
XX — ViV;

— T = vy

— WTW™ — vilwjl;

Neutrino flux depends on annihilation rate, distance to
source (Earth’s core or Sun-Earth distance) and energy
distribution of neutrinos, i.e.

d(bz/ I_A dN
— 2 Br
db, ), 4nR = dEvy ) g,

In equilibrium, annihilation rate and capture rate related: 4 = C//2




e Dark Matter Capture Rate ?:

X i
Fo.3 Si 90
C = Eifidi
c(mX/GeV) zZ: fi¢ (my /GeV') 10-38pb

c =4.8x10!s"! (Earth) , ¢ =4.8x10%s! (Sun)

® ¢ : velocity distribution function
e f : mass fraction in the astrophysical object

¢ 6. Jungman, M. Kamionkowski and K. Griest,Phys. Rep. 267,
195 (1996); A. Gould, Astrophys. J. 321, 571 (1987)



Neutrinos from DM annihilation
interact with matter —

attenuation of the neutrino Flux in
the Sun

Neutrinos also interact as they
propagate through the Earth
(upward muons) and in the detector
(contained muons)



Muon Flux

e The probability of the conversion of a neutrino
iInto a muon over a distance dr via CC interactions:

A O D
o ( M) I (p . n)
iE,

where the weak scattering cross section is :

; 2
doy" _ QmpG% abm + bp,nEM
db, ’s

dPoc = drdE, (pp

e The muons can be created in the detector
(contained events) or in the rock below the
detector (upward events).



Contained and Upward Muon Flux

e The contained muon flux, for a detector
with size I

R—I—l P
d% f / dPcc do, (E,. R)
d'r‘dEM dFE,

e The upward muon flux is given by

d f e dP
—% — / dr / dF, CC,
dgb,/
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where the neutrino flux is

Muon survival probabilty is

BE,

AN
: 87
Pouro(E},, El) = (—’%) (
E! o -
)

where T = m,/(cpar)

R ~ Rg= 6400 km or
R ~ R¢=150 Mkm (Sun)

_ﬁEl{



® XX — VU channel :

dN,
ag, = OB T )

® VY — T+7'_ bE cc channels :
N, 2B;

b,
| =35 qr 2 where ¢=—<
1L Em( 1° 4 22°), e x P <1

( (m, , 0.18) T decay
(Eiwn , Bf) =4 (0.73m, , 0.103) b decay
 (0.58my, 0.13) ¢ decay.




Energy loss of the muons over a distance dz -

dE
— = —(a+BE)p
<
« : ionization energy loss ~ 2x10-°GeVem?/g.
[ : bremsstrahlung, pair production and

photonuclear interactions ~3x10°cm?/g.

Relation between the initial and the final
muon energy:

Ei(2) = P Ef + (e — 1)~
' ' (@)

1 Q E?
R, =z = —log b ;ﬁ
Gp o+ BB




m, = 500 GeV

— xx->VY (upward)
=i }[x—iﬂ'; (contained)
— II_::>'|_-+1_ (upward)
—— ¥¥->T T (contained) ]
-—- ATM (contamed)
---- ATM (upward)

400
E, (GeV)




Attenuation of the neutrino Flux in the Sun

dgbﬂ I_A /R“(mxaEu) p 8o /mx e dNy
T ze ,

N\
E,a+ BE dot
(i) < (a6
X He:z:p( —p(r'Yoccor' /my)

+ (V—>V)

The muon flux decreases by a factor of
3, 10, for m =250 GeV, 500 GeV,



lllx = 500 GeV

xx->vv (upward)
;(x-iir*v; (contained)

xx->T T (upward)

- T = )
Xx->T T (contained)
ATM (contained)
ATM (upward)




Neutrino Flux from the Galactic Center
generated by DM annihilation

Erkoca, Gelmini, Reno and Sarcevic (2010)

Dark matter halo density profiles given
by Navarro-Frenk-White (NFW) and by
isothermal form

Incorporate SuperK limits
Predictions for IceCube and Km3Net



X

dN
9\ _ p=ov> Bp / p(1)%dI(6)
dEl/ 87Tm2 r dEV A [.0.s.

where {(ov)is the DM annihilation cross section
and B is the boost factor



Define < J2 >o as:

2
corom [ 50 (20)
[.0.s. R, 0

where [(9) is the distance from us in the
direction of 8 which is the cone-half angle
from the Galactic Center and p(l) is density
distribution of dark mater halos, R, is the
distance of the solar system from the GC
and po is the local dark matter density near
the solar system

we take: (ov) = 3 x 107Pem3>s~1

R, = 8.5kpc  p? = 0.3GeVem ™




2

km ™)

yr

d¢ / dE  (GeV

Muon Flux
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NFW profile. B=200,0=5"
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Muon Flux for Secondary

Neutrino Production
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NFW profile, B=200, 6=5"  ___ m =200 GeV
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NFW profile, B=200, 6=5"
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NEW profile, B=200. 6=5"
YY—>VV
solid lines : contained
dashed lines : upward
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Shower Rate (km

showers from xz—}v; with CC

showers from xz—::-v; with NC

ATM contained showers with CC
ATM contained showers with NC

th -
E =100 GeV




— — em showers from ¥}—>V_V
e e

ATM em showers

th .
E o 100 GeV
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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



Summary

Neutrinos could be used as signatures of
dark matter and to probe its origin

Combined measurements of showers and
muons from neutrino interactions when
neutrinos are produced in DM annihilation in
the Galactic Center with IceCube+DeepCore
and KM3Net look promising



Back-up Slides



Sensitivity of Upward Muon Rates

— E_=50GeV
—— E,=80GeV
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Sensitivity of Hadronic Showers

— showers from ¥y—>vv with CC

— — showers from ¥y—>vv with NC
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Sensitivity of EM Showers

Eﬂ:h — 100 GeV — — em showers from ;{;{—}\IEE_

.|.-"'| T TTTTIT
-

P T =

-
—

.r-"'ll
-

—
"w
Ll
=
o

-

I!"IJ
[
-1
L |
=7
-

A
-
o
v




	Neutrino Signatures of Dark Matter 
	Slide Number 2
	Neutrinos Signatures of Dark Matter 
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Upward and contained muon flux from DM annihilation in the core of the Sun
	Neutrino Flux from the Galactic Center generated by DM annihilation�                           Erkoca, Gelmini, Reno and Sarcevic (2010)
	Neutrino Flux from DM Annihilation ��
	Slide Number 17
	Muon Flux
	Muon Flux for Secondary Neutrino Production
	 Muon Flux for Different DM Annihilation Modes
	 Muon Rates
	Hadronic Shower Rates
	EM Shower Rates
	Slide Number 24
	Summary
	Back-up Slides
	Sensitivity of Upward Muon Rates
	Sensitivity of Hadronic Showers 
	Sensitivity of EM Showers 

