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Motivation

o Neutrinos from IceCube’s High-Energy Starting Events (HESE):

o Dominated by astrophysical neutrinos \
o Astrophysical source — still largely unknown, flux contribution ' S .
parametrized as an isotropic power-law spectrum E;” holes |  anbeibobedand e ouuisdly,

o Tensions between HESE and other data samples assuming a single _- y R
power-law flux '

o 10-year through-going (TG) muon events:

Neutrinos

o Northern hemisphere only, energies larger than 200 TeV | | Theyare weak, neutral
~ : ‘ particles that point to their
+0.08 N e T e
o) _fi — . . \ om deep within their origins.
beSt f|t J/ 2.28_009 ‘ ' ‘ ' : air shower
o /5 years of HESE events: They are charged particles and
are deflected by magnetic fields.

»

o Covers the entire sky, energies start at 20 TeV * \

o G +0.20
best-fit y = 2.897 15

o Suggests presence of a two-component flux containing a hard
contribution and a softer one, both haVing an unknown Origin Image: Juan Antonio Aguilar and Jamie Yang. IlceCube/WIPAC
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Motivation — Tensions in astrophysical neutrino measurements

o Neutrinos from IceCube’s High-Energy Starting Events (HESE):

. . . 15.0
o Dominated by astrophysical neutrinos ] —— IceCube HESE 7.5yr (This Work)
: ; N 1 =—— IceCube Inelasticity 5yr
o Astrophysical source — still largely unknown, flux contribution 195 — img,”lw I(l‘wl“;“ "
. . . — * o T cevubpe Lascades DVT
parametrized as an isotropic power-law spectrum E 7 ] leeCube Northern Skv Tracks 9.5vr
o Tensions between HESE and other data samples assuming a single 10.0
power-law flux O .
j-_; -
o 10-year through-going (TG) muon events: 7 7.5
: : = i
o Northern hemisphere only, energies larger than 200 TeV - ) .
2.U
T +0.08 i
o beSt'ﬂt y — 2.28_0009 -
; 2.0
o /.5 years of HESE events: S
o Covers the entire sky, energies start at 20 TeV 0.0 )
. ] l | ] 1 ] I 1 1 L
o best-fity = 2.8911 2 3
Tastro
o Suggests presence of a two-component flux containing a hard

contribution and a softer one, both having an unknown origin
Abbasi et al. arXiv: 2011.03545.
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Motivation — previous hints from neutrino telescopes

Exclusion region
——  from Fermi-LAT
data

Log Likelihood
Ratio from HESE
data

99.7% confidence
level

1 025

T i | 1 1 1 [ N T
10° 10’
mpy [GeV]

(a) Channel bb

Marco Chianese et al JCAP11(2019)046
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Constraints from a two-component fit using 7.5 years of
HESE and assuming

§b — ¢Astro T ¢;(
d2¢Astro . ¢ < L )_}/
dEAQ  "°\100TeV

The DM decay flux contribution can potentially resolve
tensions in spectral indices (previous slide) and the
observed neutrino excess in HESE (plots shown left)

Excess observed in two places:

o mpy ~ 100TeV, y~2

o mpy ~ 1 PeV, y >3

Our work: attempts to constrain the gl))( contribution

further by investigating the uncertainty in the gamma-ray
spectrum

Barbara Skrzypek
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Gamma-Rays from Dark-Matter Decay

o Alternative potential source for diffuse ultra-high-energy flux is Dark
Matter (DM) decay, where neutrino production accompanies galactic and
extragalactic gamma-ray contributions as well

¢, = ¢c + Prg

o Gamma rays arise both directly (photons final states) and indirectly
(electron/positron final states) from dark-matter decay

Primary Channels Final Products

Figure inspired from Juan Aguilar
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Gamma-Rays from Dark-Matter Decay

o Alternative potential source for diffuse ultra-high-energy flux is Dark
Matter (DM) decay, where neutrino production accompanies galactic and
extragalactic gamma-ray contributions as well

¢, = ¢c + Prg

o Gamma rays arise both directly (photons final states) and indirectly
(electron/positron final states) from dark-matter decay

Prompt

Secondary

Inverse-Compton

Primary Channels Final Products

Figure inspired from Juan Aguilar
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Gamma-Rays from Dark-Matter Decay

Primary

Secondary

Galactic
(propagation up
to 100 kpc)

Prompt (with attenuation)

¢, 1 dN,,
= dsp(s, [, b)Att(E, s)
dEdQ 47TmDMT dE

7 4 2 —3+}’ 3
() = pS<F> <1 + —) . po=0.4GeViem’,r, = 20 kpe

S A

r(s,l,b) = \/s2 + R?—2sR coslcosh, R, =8.5kpc

Bremsstrahlung, Sychrotron,
Inverse-Compton by SL+IR
and CMB
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Extent of survey
around Sun

Hubble spectroscopically confirms farthest galaxy to date

Previous
record holder

Bey @4
z =868 &= 1.1

Farthest galaxy
Hubble has seen

Modern galaxies form < Reloglrzadhon >

.
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Dark Matter Halo

Cosmic B
Dark Ages” K >y
.
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Gamma-Rays from Dark-Matter Decay

Dark Matter Halo
. Extent of survey
Primary Secondary around Sun -

Hubble spectroscopically confirms farthest galaxy to date

Prompt (with attenuation)

Previous Farthest galaxy
record holder Hubble has seen
Bremsstrahlung, Sychrotron, | [Hi . .
Extragalactic Inverse-Compton by SL+IR ~ : 2N _ Cosmic [N
g . d2¢EG Q)(pcr dZ dNy+D(E(1 + Z)) . p y . " . SR 2 ' Rk Ages 'w
(propagation up Y 7 )Att(E, 2) K and CMB (with attenuation) ¥y -' -
My T
to 1000 Mpc) DM < o , ,
Modern galaxies form e L T . First stars?
day
0
Billions of years ago 1000 Mpc
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Gamma-Rays from Dark-Matter Decay

¢ Dominguez et al. 2011 EBL Model, mpy =1.00 PeV ¢
| | | |
x — bb Galactic region: |b] < 5°, 25° <1 < 100° K Prompt \
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Extragalactic Background Light

Extragalactic Background Light:

o Stellar light emitted throughout the entire history of
cosmic evolution

o Two-peak structure in spectral energy distribution
(SED)at A ~ 1luym and 4 ~ 100um

o Lack of direct knowledge of EBL has led to different o0
models: -

o Dominguez: observed evolution model based on
rest frame K-band galaxy luminosity function up to
z ~ 4 along with an estimate of galaxy SED

Dominguez et al |

fractions Stecker et al

o Stecker (Upper and Lower Bounds): backward N
evolution model that begins with present day 2.0 2.5 3.0 3.5 4.0
galaxy luminosity function and extrapolates this Log Ey (GeV)

backwards in time

Stecker et al. doi:10.3847/0004-637X/827/1/6

Decaying Dark Matter at IceCube and its Signatures in High-Energy Gamma-Ray Experiments , Barbara Skrzypek
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Gamma-Ray Absorption by the CMB and EBL

The amount by which gamma-rays get absorbed through interactions with background radiation can be quantified by the optical depth:

Z 2 00
C
T, = J dz’ J d,u%[ deo,(E,, €)n(e, z'), p=1-cosd
0 Hyl +z)\/£2m(1 + 23+ Q, 90 0
Optical Depths at z = 0.01 Optical Depth Comparisons with the Dominguez EBL Model
| [ [ [ [ [
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Gamma-Ray Absorption by the CMB and EBL

The amount by which gamma-rays get absorbed through interactions with background radiation can be quantified by the optical depth:

Z 2 00
C
T, = J dz’ J d,u%[ deo,(E,, €)n(e, z'), p=1-cosd
0 Hyl +z)\/£2m(1 + 23+ Q, 90 0
: Optical Depths at z = 5.0 7 Opacities for CMB and EBL (Dominguez et al. 2011
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Simulation Details & Monte-Carlo reweighting

This work: Investigates the impact of EBL uncertainty on current limits for dark-matter decay from gamma-ray experiments

Simulation

o Gamma-ray propagation: CRPropa (JCAP 1605 (2016) 038) with an
initial spectrum defined uniformly over distance and with a power-law
energy dependence: ¢ ~ (E/EC)_1

o E_. = (mpy/2) X 1070 and E,. = myp,/2
o Processes considered during propagation:
o Pair production
o Double pair production
o Triplet pair production
o Inverse-Compton scattering

o Synchrotron radiation (galactic component with JF12 magnetic field)

Decaying Dark Matter at IceCube and its Signatures in High-Energy Gamma-Ray Experiments
15

Monte-Carlo Reweighting

o To obtain dark-matter spectra, we apply a reweighting
scheme that replaces the Monte-Carlo generated weights
with weights for dark matter for given dark-matter
parameters (HDMSpectra JHEPO6(2021)121)

o Position reweighting:

~1
L Whhysical _ <DM (r))( Jri g;l(r)( ))
gen r

Wgenerated .

min

o Energy reweighting:

—1
Whhysica ¢ en(E )
w = physical — <¢DM(E)>( IEmafgb (E))
gen

Wgenerated
E

min

Barbara Skrzypek



Expected Gamma-Rays from DM Decay at Tibet
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Galactic contribution (comparison with Tibet 2021 — Phys. Rev. D 104, L021301):

—-5<b<?5, 25 <I[<100°
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Expected Gamma-Rays from DM Decay at Fermi-LAT

Extragalactic contribution (comparison with diffuse Fermi-LAT — DOI 10.1088/0004-637X/799/1/86)

Nominal EBL EBL Model Comparisons for 7 = 10%’ s
106 Dominguez, mpy =1.00 PeV DM Spectrum for y —bb
X — bE o B mpy = 3.16 PeV
Hl%a 107" . . | e 7 =10%" s
. - — =
.
B - L P
% 107 B e e
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O
: ‘
107 3 : | &
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= 10-10 L Stecker (Maximal)
0 L2 2 Gamma rays (Fermi 2017) |
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= N | :
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"é“ a o 9017 <] - _,—'_I_ a Stecker (Minimal)
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Expected Gamma-Rays from DM Decay at Fermi-LAT

Extragalactic contribution (comparison with diffuse Fermi-LAT — DOI 10.1088/0004-637X/799/1/86)
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Expected Gamma-Rays from DM Decay at IceCube

Neutrino contribution: data from Abbasi et al. arXiv: 2011.03545.

' HESE Lower Bound
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Likelihoods for DM Decay at Fermi-LAT and Tibet
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Next Steps/Ongoing Work

Summary

o We propagated photons for three different models of the EBL, obtaining dark-matter gamma-ray spectra
that show differences from the nominal model of around 25 percent

o Lower limits on dark-matter lifetime likewise exhibit differences between different EBL models
Ongoing

o Complete this analysis by repeating this for additional dark matter decay channels and for higher dark
matter masses

o Understand interpretation of gamma-ray data and its implications for dark-matter decay
o Apply this procedure to other astrophysical studies

o Upcoming publication on these results

Decaying Dark Matter at IceCube and its Signatures in High-Energy Gamma-Ray Experiments Barbara Skrzypek
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Extragalactic Spectra
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Extragalactic Spectra
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