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HIGH-ENERGY NEUTRINO FLUX
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Note: Nobt an exhaustive List of scenarios

NEW PHYSICS
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DARK MATTER DECAYS

Can the highest energy IceCube neutrinos
be explained bv heavy dark matter decays?
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NEUTRINOS FROM DARK MATTER DECAYS
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DARK MATTER DECAYS
Are neutrinos from DM decays compatible with

the anqular distribution of the IceCube events?

IS isotropg better? is DM better?
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DARK MATTER DECAYS (+ASTRO)
AP £ .

several energy spectrum analyses v = v
gﬂ P 3 dE:V astro 100 -r Q\j
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Decay y — vx

Decay channel:
DM - v, +X
DM - v, +X
DM - v, + X

o0 %% %%

RIS

SRR X
RXELA

Lifetime / Br(y, — vx) T [s]

This analysis

IceCube PRD (2011) X

Fermi-LAT ApJ (2012) -- / - (zero backgrounds)
Esmaili et al. (2012)
PAMELA Data JCAP (2013)

108 107
10°
mpy [PeV] mpy [PeV] M, [GeV] mpy [GeV]

A. Ehattacharga, M. H. Reno and I. Sarcevic, JHEP 1406:110, 2014 C. Rott, K. Kohri and S. C. Park, C. El Aisati, M. Gustafsson and T. Hambge)

: Phys. Rev. D92:123515, 20I
See also: C. 5. Fong et al., JHEP 1502:189, 2015 Phys. Rev. D92:025529, 2015 gpaRey. DI2A257195 2015

Low energies (MESE), fixing astro index

NFW x >t

_1%IGR8

Tpm [secC]

10% IGRB

100% IGRB

Morisi, JCAP 1701:007, 2017

7 Probing heavy DM with IC HESE data



DARK MATTER DECAYS (+ASTRO)
AP £ .

several energy spectrum analyses v = v
gﬂ P 3 dE:V astro 100 -r Q\j
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DARK MATTER DECAYS (+ASTRO)

several energg sPec’trum analgses
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DARK MATTER DECAYS: GAMMA-RAY BOUNDS

The neutrino spectrum from DM decays is accompanied by a gamma-ray spectrum

However, at energies £ » 10-100 TeV, the Universe is opaque to gamma-rays
due to the interaction with the background radiation field (IR or CMB):

gamma-rays produce e* pairs, which produce further gamma-rays via
inverse Compton onto CMB photons, until the energies fall below ~100 GeV

diHferent absorption for extragalactic and galactic signals

It may seem to be OK....
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See also: M. Cirelliet al., Phys. Rev. D86:08%506, 2012
K. Murase and J. F Beacom, JCAF 1201:043, 2012
K. Murase et al., Phgs. Rev. Lett. 115:071501, 2015

TTrrY o C Blanco, J. P Hardingand B Hooperj JCAP 04:060, 2018
I F I ( : K. Ishiwata et al., JCAP 01:00%, 2020
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DARK MATTER DECAYS: GAMMA-RAY BOUNDS

The neutrino spectrum from DM decays is accompanied by a gamma-ray spectrum

However, at energies £ » 10-100 TeV, the Universe is opaque to gamma-rays
due to the interaction with the backqground radiation field (IR or CMB):

gamma-rays produce e* pairs, which produce further gamma-rays via
inverse Compton onto CMB photons, until the energies fall below ~100 GeV

diHferent absorption for extragalactic and galactic signals
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DM DECAYS + ASTRO: 4-YR HESE ANALYSIS
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DM DECAYS + ASTRO: 4-YR HESE ANALYSIS
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DM DECAYS + ASTRO: 4-YR HESE ANALYSIS

Best fik: Astro (soft) + DM o e’e”

B 10 TeV-10 PeV Decay channel | Npy(mpm[10%%s])  mpum [TeV]

10.2 (0.021) 522 16.6 (

12.9 (0.089) 1066 13.8 (0.83)
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11.3 (1.4) 4860 15.5 (2.5)
10.5 (1.6) 4800 16.3 (2.6)
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6437
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A. Bhattacharga, A. Esmaili, SPR and I. Sarcevic, JCAP 07:027, 2017
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DM DECAYS + ASTRO: 4-YR HESE ANALYSIS

See also: A. Esmaili, A. Ibarra and O. L. G. Peres, JCAP 1211:0%4, 2012

Neutrino limits are better than gamma-ray ones

for relativelg hard channels
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IF IC A. Bhattacharga, A. Esmaili, SPR and I. Sarcevic, JCAP 07:027, 2017
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DM DECAYS + ASTRO: 6-YR HESE ANALYSIS

Data <«
Total best fit [60 TeV - 10 PeV]

DM - W' W 1,0 (412)=037

astro v: d__ =0.44 (E,/100 TeV) ™"’
atm. [ best fit [60 TeV - 10 PeV]

atm. v best fit [60 TeV - 10 PeV]
Total IC best fit [60 TeV- 10 PeV]

|70]
>
<
o
o0
o~
-
(Q\]
$—
]
o
n
~—
=
O
>
[8a

1
mpwm [PQV] 'TDM/IUZTS

IF IC A. Ehattacharga, A. Esmaili, SPR and I. Sarcevic, JCAP 05:051, 2019
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DM DECAYS + ASTRO: 6-YR HESE ANALYSIS
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DM DECAYS + ASTRO: 6-YR HESE ANALYSIS
Best fik: Astro (hard) + DM — W W~

_ Decay channel | 7py[10%8 s] (Npm)  mpum [TeV] | dastro (NVastro) ~y
- 60 TeV - 10 PeV i 0.11  (28.4) 1761 0.52 (13.0) 2.34
- bb 0.07  (26.9) 1103 0.58 (14.83) 2.35

tt 0.11  (28.7) 598 045 (12.5) 2.27
WTW-— 0.37  (28.5) 412 0.47 (12.6) 2.29

77 043  (27.8) 407 0.52 (18.3) 2.32

hh 0.12  (28.8) 611 045 (12.6) 2.27
220  (4.0) 4160 3.53 (37.3) 3.36
9.77  (4.9) 6583 3.51 (36.5) 3.39
0.89  (27.4) 472 0.59 (14.3) 2.36
412  (8.6) 4062 3.52 (37.7) 3.33
4.63  (5.0) 4196 3.52 (86.4) 3.41
0.96  (16.6) 341 1.58 (24.9) 2.74

A. Bhattacharga) A. Esmaili, SPR and I. Sarcevic,
JCAP 05:051, 2019
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DM DECAYS + ASTRO: 6-YR HESE ANALYSIS

\/erg similar limits to 4~3r HESE

GAMMA~-RAY —— IC 6-yr HESE (DM — WV ™)
~v-rays (Cohen et al, 2016)
LIMITS
—— IC 6-yr HESE (DM — bb)
~-rays (Cohen et al, 2016)
1.0 :
: 1.0
mpwm [PGV] mpm [PG‘V]
—— IC 6-yr HESE (DM — 1 pu™) IC 6-yr HESE (DM = v.7)
~-rays (Cohen et al, 2016) ~-rays (Cohen et al, 2016)
IF IC A. Bhattacharga) A. Esmaili, SPR and I. Sarcevic, JCAP 05:051, 2019
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ONLY DM DEcCAYS: HESE ANALYSIS

O‘V\i-tj DM? but too much contribution
Two d@_&&v chaninels from soft channels?

LR &=yr
DM {92% ua; ¥% v.v.}  DM—{97% uii; 3% v, )

[} Data Data
s Total best fit [60 TeV - 10 PeV] Total best fit [60 TeV - 10 PeV]
—— DM —V_V_: T, (3902)=0.19 DM —v_V: 1, (3845)=0.18
DM — uu: Br=092 DM —uu: Br=097
atm. {1 best fit [60 TeV - 10 PeV] atm. U best fit [60 TeV - 10 PeV]
atm. v best fit [60 TeV - 10 PeV] 5 atm. v best fit [60 TeV - 10 PeV]
Total IC best fit [60 TeV- 3 PeV] Power-law best fit [60 TeV- 10 PeV]

Events per 1347 days
Events per 2078 days

Deposited EM-Equivalent Energy in Detector [TeV]

Deposited EM-Equivalent Energy in Detector [TeV]

A. Bhattacharya A. Esmaili, SPR and I. Sarcevic, A. Bhattacharga, A. Esmaili, SPR and I. Sarcevic,
IF IC JCAP 07:027, 2017 JCAP 05:051, 2019
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NEUTRINOS FROM DARK MATTER ANNIHILATIONS

GALACTIC EXTRA-GALACTIC
Averaged
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Sa

components dq)"ﬁ =N 7 d(DG;Va iy dq)‘i@';va

de. TR dE dE
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Al . i oV) dN | dPce . (SZpmpe)? / 52 )dNya[(l—i—z)E 4
AL, | 4dE, / 41 2, md, | H(z dE,
DM demsi&v halo enhancement
annihilation DM galactic

neubrino »f.tu,x Aaiflis, Hubble function eheray redshift
at production

cross seckion PM mass
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NEUTRINOS FROM DARK MATTER ANNIHILATIONS

GALACTIC EXTRA-GALACTIC
Averaged

TWQ oscillations — —
Sa

components dq)"ﬁ =N 7 d(DG;Va iy dq)‘i@';va

de. TR dE dE

ro\rtmte: Fkv:;wf,:; As%rophvsf,as
ddg , 3 oV) &N | APec .,  (S2pmpc)? / 52 )dNua[(l +z)&)]
AL, | 4dE, / 41 2, md, | H(z dE,
P R | 1 A DM demsi?:v halo enhancement
ahnihilation REGEr o FUOK M galactic
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2 2
Rate~V N, o, L., ’O“Q (ov)~10/year >(10_2§6V> j(l ‘P@.\/j ~1
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\fer:j larqge annihilation cross section
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DM ANNIHILATIONS + ASTRO: 6-YR HESE ANALYSIS

[ Data
s Total best fit [60 TeV - 10 PeV]

e DM DM — W' W <ov>,, (178) = 1.51

\;QT j LO\T’Q <4 OLMV\ Lh EaLQE LO M e astro v: @ = 0.87 (E, /100 TeV)
atm. W best fit [60 TeV - 10 PeV]
cross section

atm. v best fit [60 TeV - 10 PeV]
Total IC best fit [60 TeV- 10 PeV]

Events per 2078 days

Deposited EM-Equivalent Energy in Detector [TeV]

No significant
ExCral conbribution

1.0 0.1 1.0

<UU>22 Pastro
IF IC A Bhattacharga, A. Esmaili, SPR and I. Sarcevic, JCAP 05:051, 2019
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DM ANNIHILATIONS + ASTRO: 6-YR HESE ANALYSIS

Ann. channel | (ov)es  mpym [TeV] & Qastro ~y Npvc NPmea  Nastro
Ul 52.24 260 0.001  1.02 20.6 0.0 20.2

bb 24.10 491 0.001  0.81 23.2 0.0 17.8

tt 8.20 270 0.001  0.69 24.8 0.0 15.8
WHw— 1.51 178 0.001 0.87 22.5 0.0 18.1
1.27 177 0.001 0.91 22.2 0.0 18.4
7.46 278 0.001  0.69 24.9 0.0 15.8
1.03 159 0.635 1.65 153.5 1.8 25.8
0.63 205 0.001  0.71 24.6 0.0 15.9
0.96 218 0.001  0.66 25.5 0.0 15.4
0.33 158 3.388  1.67 10.8 3.8 26.0
0.70 159 1.791  0.96 19.0 3.1 18.9
0.70 159 1.945 0.96 18.8 3.4 18.9

—T T

—— IC 6-yr HESE (bb) —— IC 6-yr HESE (W*W") ]

0 — & : o
mpMm [PQV] mpm [PeV]

SR . — ; ;
—— IC 6-yr HESE (utp™) IC 6-yr HESE (v.7,) 1
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DM BOUNDS USING THE LATEST HESE DATA

7‘5-*31" HE SE

(modified selection cuts, non-public yet)

I[ceCube prehminary Einasto profile
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CORPUSCULAR



CONCLUSIONS

In addition ko be pradu&ed bj skandard
mechanisms, Mgkmemergj neubtrinos could be
prmdu&ed bj DM c&e&avs/anmihiiaﬁioa»\s

1C daka is tampaﬁibt@. with a conbribution
from DM detavs (annihilations?)

DM decays could explain the ~100 TeV HESE data
i
hard astrophysical spectrum
could explain higher energy events
(i agreement with through-qoing muon data)

Neutrino data set the strongest Limiks on the DM
Lifetime for hard channels (m » 100 TeV)
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