The Abdus Salam
International Centre for Theoretical Physics

T=HO-

2246-20

Workshop on Cosmic Rays and Cosmic Neutrinos: Looking at the
Neutrino Sky

20 - 24 June 2011

A novel method to extract dark matter parameters from neutrino telescope data

Yasaman FARZAN

[PM, 7ehran
Lran

Strada Costiera | I, 34151 Trieste, ltaly - Tel.+39 040 2240 || 1; Fax +39 040 224 163 - sci_info@ictp.it



A Novel Method to Extract Dark Matter
Parameters from Neutrino Telescope Data

O




Dark matter
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\WIMPs and Neutrons
scatter from the
Atomic Nucléus

Photons and Electrons
scatter from the
Atomic Electrons

Image courtesy of:
http://cdms.berkeley.edu/Education/DMpages/science/directDetection.shtml



DAMA signal and Direct bounds
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Indirect detection

Inverse Compton :

pair annihilation :  eTe” — v~y




Signal from the Sun
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DM(v;) + N — DM(’Uf) + N

v; ~ 200 km/sec v; > vy

I'(DM + DM — anything) o< n7,,,



DM capture in the Sun

) O DM —nucleon ((Ug,g()

My

ppave = 0.39 GeV em™  wpy ~ 270 km sec ™!
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The maximal possible capture rate is therefore O[10** sec™!].
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Some conventional neutrino production modes
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DM + DM — v EN10—4<<1 E, ~ mpuy

DM+ DM — ZZ WTW~—
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Spectrum
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ICECUBE and DEEPCORE
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Shower and muon track
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Shower or cascade

v+ N —-v+ X
v, + N —e+ X
v+ N—-174+X,17T—>1+X




Background
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Atmospheric background

a cone with half angle 1° around the direction of Sun,




Scattering of neutrinos inside the Sun
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Sharp line remains sharp!

dolv(k)N — v(k')X]
dk’




Spectrum after emerging from the Sun

O




Oscillation of neutrinos
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Oscillation in the Earth

Ami;[p < V.




Oscillation In matter

?‘EU T < Vaun
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Neutrino oscillation 1n matter
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|Vl surface) = aq1|l) + an2|2) + aas3|3)

Vi detector) = ai|1) + a6 2[2) + aggei215[3)

Ajj = AmL/(QE)

P(Va = vy) = Z |aai |*| Ui |+

2R[a’ a2 U Uﬁgem”] + 2R[a 1 aas3Upn U;3€m13]

-+ 2§R [{IZQGQ:} Up,Z U:3 Ei(Alg _Alg)]



Neutrino versus antineutrino
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V] ssurface) = ap1|l) + aas|2) + ansl3)

7] ssurface) = Ga|1) + Ga2|2) + @asl3).




o Lehner and Weller, PRD77,Erkoca, Reno and
Sarcevic PRD8O, Cirelli, Fornengo, Montaruli,
Sokalski, Strumia and Vissani, NPB727

» Barger ,Keung and Shaughnessy, PLB664
» Blennow, Melbeus and Ohlsson, JCAP 100
» Blennow, Edsjo and Ohlsson, JCAP 0801



WimpSIM
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Oscillatory terms
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| IV;; det60t0r> - aa1|1> + a'oz2eiA12 Nz) + aa36iA13 I?’)

= AmL/(QE)

P(va = vu) = Z @i |*| Ui+

2R[a’ a2 U Uﬁgem”] + 2R[a 1 aas3Upn U;3€m13]

-+ 2§R [{IZQGQ:} Up,Z U:3 Ei(Alg _Alg)]



Our work
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Neutrino oscillation length

8 x 107% eV?
Amfg

L = 1.5 x 10 ¢m
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Averaging limit
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|a5i(0)(ag;(0))* (aai(L/c))*an; (L/c)] |p+(Ap=:f)ﬁm] o
a5i(0)(ag;(0))*(aai(L/c))*aa; (L/c)] [

Independent of a and 3
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Thermal widening
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o = (3T /mppr)'? =60 km/sec(100 GeV /mpyr)t/?.
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Averaging due to production point
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The earth orbit
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P(va = v) = Y laail*|Ul*+
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2R[ah a2Vt Upipe %] + 2R[ak aasUu1 Uyige 1] + 2R[afaasU, U (813~ 212)]

fi':—i-&t aﬂ.lg(t)A ff( )L—Q(t)dt

O1a(t, At) T Y T

¥

I Ay W JL72(t)dt
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For E, ~ 100 GeV, |O12| ~ 1 and |O43]| ~ 0.1




Variation of muon track
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Time of ve
W0 Apr  20May  20Tme  20Tuly  20Aug 22 Sep

DM+DM— v,
Co =3.4x10%2 57!
M np = 270 GeV



Factoring out the distance factor
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to+At
\ dN, /dt) dt
N (tg, At) = to ( .ur/ )

JEFAE A (010 /[L(E)]? dt

g

(to. At) — N(to + At. 1 year — At)
(to, At) + N(tg + At, 1 year — At)

a(ﬁn}.&t) = ﬁ



A(20March, 186days)

A(3April, 186days)
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A(20March, 186days) A(3April, 186days)
i3 =0° f13 = 10° 13 =0° (13 = 10°
NH | IH | NH | IH NH | IH | NH IH

9% (6% (4% | L% | T% [4% 3% |03%
R%|T%|16% [ 19% | 13% | 7% 6% |20%
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A measure of oscillation

O

N(t1, Aty) — N(ta, Aty)

A(t1, Aty to, Aty) = — =
(t b 2) N(t1,Aty) + N(to, Ats)

RGN, Jdt)dt

N(t, At) = =

[IAY A (O[] L=2(t)dt



Application
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ng = Ny, =Ny, =Ny,

ZP(VQ —vg) =1




Energy measurement
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DMy from the Earth
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Systematic analysis
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“reduced” matrix (i‘e‘? P log P 7é 0)




Energy measurement
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Can we reconstruct Mas?
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P = ‘/pc:iialgr‘/'lL
DM + DM — v, + 13, 00 + 13

M = V(sz‘ag)l/zVT
DM+ DM — v, + 3

M = V(pdia,g)l QVT



General case

P = Z NalVa) (Val
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|/, surface) = an1|1) + an2|2) + aas|3)




Definitions
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At i) A, o (£) L2 (t)dt

. _J;
O1a9(t, At) = ftt-|-At o ()L~ 2(¢)dt

ft-l—At 2A13(t)A ff(t)L—z (t)dt
S Ay () L2(1)dt

t

O13(t, At) =

For E, ~ 100 GeV, |O15| ~ 1 and |Oy3| ~ 0.1



Averaged oscillation probability
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T P(va = vu)Aeps L2 (t)dt
I;H—At AEUL_Z(t)

> aailP1Uuil? + 2R[a%1 002U UpiaOra] + O(az;U:013).

(P(va = v )™ =




Muon tracks
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a(v)

K(t,At) =) nq ((P(ua — y,))[EHAE + rm(P(ﬁa — ;—,p))|:+m)

A+ BK(t, At)




What can be derived

A+ B o (Joa U + 14 DU




» By dividing the time interval between spring equinox
to autumn equinox to four periods, one can derive
these combinations.

» If the present bounds are saturated, after 10 years of
data taking, enough data can be collected to perform
a ten per cent accuracy measurement.



The range for which the method is effective
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mpy < 500 GeV




» Forl00 GeV <mpy <500 GeV' observing seasonal
variation (i.e., nonzero A ) means PM + DM — vv
takes place dominantly and the flavor structure Is
not democratic.

» By studying the variation, the dark matter mass can
be derived.

» Such a derivation (with 10 percent accuracy) requires
more than 400 DM events.



Democratic production

DM + DM — v, + vp




