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First Observation of HE Cosmic Neutrinos
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® The IceCube fit for non-atmospheric
neutrino flux for the HESE 4 year data:

4D
a E—2.58:|:O.25
dE, v

with the normalization

bo ~ 2 x 1078(E/100TeV)




® A very different IceCube analysis of through-going
muon tracks passing through the detector with higher
energy threshold of 200TeV (6 year data) points to a
much flatter flux

4D
a E—2.13:I:0.13
dE, v

® There have been suggestions that the observed
astrophysical flux can be better described with two-
component power-law fits

dd, AET® when E, < Ej
AE;® (E,/Ey)™" when E, > E,

dE,




Could Observed Astrophysical Neutrinos
be Due fo Charm from Astrophysical
Sources?
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Signal + Background, IC power-law
— Signal + Background, SJS

p—
o

T llllllll II IIIIIIII

(R

T T T TTTTI

v
>
(4]
©
DN
<t
o
L
~
W
-—
c
o
e a)

e
=Y

Figure 3: Predicted 988-day total (shower + track) event rates at IC from slow-jet sources
for L; = 100 erg s~ 1, I'; =5,E}, = 10.2 PeV and &, = 1. The solid shaded histogram
reflects the QCD scale uncertainties in the charm pair production cross section calculation,
with the solid (dashed) histogram showing the upper (lower) range of the SJS diffuse plus
atmospheric background number of events. The variation in event-rates relative to the solid
histogram from uncertainties in the SN formation rate is shown as a yellow hatched area.
Observed event-rates from [3] along with 1o statistical error bars are shown (red diamonds),

as is the total atmospheric neutrino + muon bacéc}grounhd estim%t%d in thlfeI same rdeference
. A. Bhattacharya, R. Enberg, M.H. Reno and I. Sarcevic,
(grey shaded region). JCAP 06 (2015) 034



Could the observed neutrino
flux have component from the
dark matter decay in addition to
the astrophysical source?

A. Bhattacharya, M.H. Reno and I. Sarcevic,
JHEP 1406 (2014) 110

Atri Bhattacharya, Arman Esmaili, Sergio Palomares-Ruiz
and Ina Sarcevic, (2017)
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Neutrino Flux from Dark Matter
Decay

® Flux is the sum of galactic and extragalactic contributions:
dPpmy,  APg, N dPgc .,
dE, ~  dE, dE,

® Galactic contribution:

ddg . 1 dN,, [*

T (E,,b,l) = plr(s,b,1)] ds

471' mpMTDM dE,, 0

® Extragalactic contribution:

dPEc v,
dFE,

QDM,OC /00 ]. dNV
E,) = d = (1 E,
(E) = e | dz g (1+2)E,]

(2) dE,




where mpy and Ty are respectively the DM mass and lifetime, dN,, /dE, is the
spectrum of v, + 7, from DM decay, the distance to Galactic center is r(s,b,l) =
V82 + R% — 2sRg cosbeosl with the Sun-Galactic center distance of Rs = 8.5 kpc;
and p 1s the DM density profile of our Galaxy, which we assume to be of Navarro-

Frenk-White type

Po
r/re(1+7/r.)?

where 7. = 20 kpc and py = 0.33 GeV cm™

p(r) =

z 1s the redshift and p. represents the critical density of the universe, p. =

5.6 x 1076 GeV em™. The Hubble function is H(z) = \/Qa + Qm(1 + 2)3, and using

the results from the most recent Planck data [110] we take Q4 = 0.6825, Q,,, = 0.3175,
Qpum = 0.2685 and Hy = 67.1 km s“lMpc_l.




Dark Matter Decay Modes

DM — s DM — bb
DM — pp~ DM — v.v,
DM — WTW™ DM — 771~

DM — eTe™ DM — v v,




Neutrino Fluxes from DM Decay
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Likelihood Analysis to determine the best
fit to HESE data

® The combined neutrino flux from an astrophysical
power-law and DM decays can be represented in

terms of 4 parameters:

DM mass

DM lifetime

Astrophysical spectral index

Astrophysical normalization

® (E,) = ©(Ey; Tpm, mpm, A, )
. — Q)DM(EV;TDM,mDM) + (bAst(EV; A’W/)




With these inputs, we compute the probability density functions (PDFs) for each |
observed event corresponding to the different event spectra classified as:

1. Downgoing neutrinos from DM decay (denoted as ‘DM’),

2. Downgoing neutrinos from the astrophysical neutrino flux, assumed to follow a
power-law nature (d®/dFE, o< E;7) (denoted as ‘astro’)

3. Downgoing conventional atmospheric neutrinos (V44 ), and

4. Downgoing conventional atmospheric muons (ftasm ), and

their corresponding upgoing counterparts.

Once we calculate all the PDFs and the normalizations, we can build the likelihood
to perform an unbinned extended maximum likelihood analysis. Each observed event
is identified by the indexes {7, 6, k}, which indicate: i = deposited energy of the event,
) = direction of the event ({up, down}) and k& = topology of the event ({track, shower}).




where ¢ = {e,pu,7}; n = {v,v}; 0 = {up, down}; k = {tr, sh}, i = deposited
energy of the event and and (e, : «, : «a,) indicates the flavor composition of the
astrophysical (power-law) flux, which we set to the usual (1:1:1)

the likelihood for each event {7, 0, k} 1s given by:

Lz 0 = NDM (PDM)k (mDM, channel)
+ Nast (PastrO) ({a} ) ( vatm)z g T N (’Pprompt)i'c,e + NI-" (Pﬂatm)i'c,o

where Npm, Nast, Ny, N, and N, are the number of events coming from DM decay,

astrophysical (power-law) neutrino flux, atmospheric conventional neutrino flux , atmo-

spheric prompt neutrinos and atmospheric muons, respectively.
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Events per 1347 days
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Events per 1347 days
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. Best-fits to parameter space (60 TeV threshold) [7‘27 = oM/ (1027 s)]

Channel | mpy [TeV]  Npu  7o7 N, 018 7y

__bb | 106609 1292 089 13.79 083 2.32
WHW— | 4859.92 1131 1426 1550 2.54 3.66
ptum | 643676 626 50.12 20.66 3.16 3.46

VU, 4130.00 6.34 24.21 20.57 3.16 3.48
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DM — pp~
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TS = —2log(L/Lmax)
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Limits on DM lifetime

95% CL limits for DM — bb
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Summary

e We find that HESE data can be best
described with the combination of the
astrophysical neutrino flux and the dark
matter decay

e Best fit values for DM mass and lifetime
depend on the channel, for DM decay into
muon neutrinos or muons, DM mass is of
the order of several PeV, describing PeV
events, while astrophysical flux describes
lower energy flux

® DM decay into bb is disfavored



e We find limits on DM lifetime for wide
range of DM mass, which are stronger than
those obtained from gamma-ray data

e Future IceCube data could provide even
further confirmation of the lack of events
beyond few PeV, thus confirming that
astrophysical flux cuts off and PeV events
observed so far might be due to the DM
decay component



