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Main goal of this work

 The main goal of this work is to obtain multichannel lifetime limits of
Heavy Dark Matter (HDM) particles using UHE gamma-ray
measurements and forecasted neutrino ones.

e We assume that the DM particles decay to a pair of SM particles and the
minimal decaying DM scenario with only two parameters: (mpy > Tom)
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Why heavy decaying dark matter?




Introduction

e DM is one of the pillars of the standard cosmological
model.

 We have only seen DM interacting gravitationally, no =
other direct observations.

e |Indirect DM detection via CRs, gamma-rays and 26.2% DM

neutrinos emitted by annihilation or decay of the DM
particles (multi-messenger astronomy)

S. Gariazzo (2018)

e We want to test DM using the ultra-high-energy neutrino and gamma-ray fluxes.
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Why heavy decaying dark matter?

Felds Particles Macroscopic objects
L’]Ha_hgh[ . 3 themlal M. Cirelli, A. Strumia, J. Zupan
scalars - Vs . relics PBHs
Mo ® 1020 1070 A eV 10% 10%° ke 10 102 i 10%
Hubble T now weak scale Planck scale Solar mass
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Why heavy decaying dark matter?
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Why heavy decaying dark matter?

Felds Particles Macroscopic objects
L’]Ua_hgh[ . j thenllal M. Cirelli, A. Strumia, J. Zupan
scalars - Vs = r1ehoes PBHs
-|+|—|:H—|—
107 107%° 1071° eV 10 10°° kg 10% 10%° 1 10%
Hubble T now weak scale Planck scale Solar mass

For typical values of the parameters:

9 29
e Pom 1 I 10716 =26 ( PDM ) 10 GeV 1077 s
MpM TDM 0.4 GeV/ Cm3 MpM TDM

2 4 _
¢ann < 10—27 Cm—2s—1 PDM 109 GeV 10 3C
cT 0.4 GeV/cm? M YoM

¢ Sec Ss ¢ Snn
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Why heavy decaying dark matter?

Felds Particles Macroscopic objects

Ultra—hgeht _
scalars - Vs

thermal M. Cirelli, A. Strumia, J. Zupan
relics PBHs

AsRoE N

107 ke 10% 10% 10%
Hubble T now weak scale Planck scale Solar mass
Expected gamma-ray fluxes on the

Produced fluxes on the reach of future radio neutrino telescopes range of UHE measurements
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Ultra-high-energy neutrino flux

e High energy L flux is unknown. Possible contributions:
10_5- ' [ ' [ ' [

COSmOgeniC ? Pulsars 4 IceCube 7.5yr HESE
guaranteed but uncertain magnitude, — el e :
come from CRs interacting with CMB ' :

. GRANDI10k
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. . . . ~ - N\ Z
.hlg.her expected astlfophyspal contribution | - b % \N—

in literature for neutrino radio telescopes S 107%E E

- ol “ GRAND200K

) _ -

.g. 10~ = —\ ) IceCube-Gen2z
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CETJ 10—10_ _
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, colored regions from
J. Alvarez-Muniz et. al. [1870.09994]
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Ultra-high-energy neutrino flux

e High energy L flux is unknown. Possible contributions:
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Neutrino fluxes from DM

e HDMSpectra to generate DM fluxes: C. W. Bauer et. al. [2007.15001]
e Astrophysical neutrinos act as a background.
e Conservative choice: highest theoretical astro fluxes.
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Methodology

e For each astrophysical scenario the probability to observe Nqvs events is
NO S —_— ' '
(Nastro) " ™ Naswo Nops Stochastic random variable

P <Nobs \Nastro) = N,.! Naso €XpECted astrophysical events

e Conservative choice: constrain signals Nevents Of DM > Nevents Observed.

o Test statistic: (& assumed Poisson)

0 for npy < Ngpe
Z (Nobs nDM)
Z (Nyps | Nops)

TS (mDM, TDM) —

—21n<

) for Npm > Nobs

e For mpvm and Naisro We can determine the lifetime limits.
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Forecasted limits on HDDM
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Forecasted limits on HDDM
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e New limits with upcoming neutrino radio telescopes.

e Neutrino channel: higher constraints.

e [au channel: new constraints.

e b channel: complementary constraints to gamma rays.
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limits




Gamma-ray fluxes from DM

» Decaying DM expected gamma-ray fluxes:

e (Galactic prompt component

e Extragalactic prompt component

 |nverse compton scattering component
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Gamma-ray fluxes from DM

» Decaying DM expected gamma-ray fluxes:

e (Galactic prompt component

(b1 : dNy(E)IOO [1(s, b, De ™D d
b, 1) = r(s, b, )]e "D ds
dE},dQ 4 A MpMTDM dE}, ! 0 DM

e Extragalactic prompt component

 |nverse compton scattering component
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Gamma-ray fluxes from DM

» Decaying DM expected gamma-ray fluxes:

e (Galactic prompt component

(b1 : dNy(E)IOO [1(s, b, De ™D d
b, 1) = r(s, b, )]e "D ds
dE},dQ 4 A MpMTDM dE}, ! 0 DM

e Extragalactic prompt component x
SUBDOMINANT CONTRIBUTIONS

 |nverse compton scattering component x
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Gamma-ray UHE flux

e HDMSpectra DM fluxes Bauer+20 JHEP 06 (2021) 121
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Methodology

e For each experimental collaboration data we define

2
N __ Mdata
(I)}/, (Mpyvs Tom) (I)}/, i

TS(Mpys Ton) = ), -

=1 !
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Methodology

e For each experimental collaboration data we define

95% CL LIMITS
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Gamma-ray vs neutrino HDDM limits

e Comparison of the limits obtained in this work with existing neutrino
constraints and future forecasted ones
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Conclusions

e Radio neutrino telescopes will have potential to detect a contribution
coming from DM.

e Neutrino and gamma-ray measurements are a powerful tool to test the
lifetime of heavy dark matter particles.

e Forecast analysis in order to set conservative
bounds on the lifetime of HDM particles with

mpm = 107—- 1075 GeV.

e [uture neutrino telescopes will provide
robustness to the results and possibly lead
to stronger limits in particular channels
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Neutrino fluxes from DM

e Indirect DM detection via m

* Minimal Decaying Dark Matter model: (i >, Tonm) n
T 7T

e Assume DM decay into a pair of SM particles: ( DM —>ff)

e Decaying DM expected fluxes: vy
AP, I dN r’ N; W projile
I = - dS,ODM[I’(S, ,D)]
dEde 47Z'mDMTDM dEy 0 d (I)DM dq)ga_lli_ dq)exigal.
v Vot v, +U,
— dQ) |
A0 Qe ro de dE, ZQ:J db,dfy - dE,de
dEde 47Z'mDMTDM 0 H (Z) dEy E'=E (142)
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Future radio v telescopes

Radio emission

from hadronic/EM

shower:

Anna Nelles contribution to XVIII International
Workshop on Neutrino Telescopes (2019)

i
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M.G. Aartsen et. al. [2008.04323]  J.A. Agwlar et a/ [2010.12279] J. Alvarez-Muniz et. al. [1810.09994]
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Gamma-ray UHE flux

e HDMSpectra DM fluxes Bauer+20 JHEP 06 e Work with angle-averaged integral
(2021) 121 fluxes: 1 (% dod
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New limits on HDDM
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e We provide the current limits placed by the UHE gamma-ray measurements for 9

m comparison with

channels
WHW- AVA
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New limits on HDDM

e Comparison of the limits obtained in this work with existing gamma-ray

constraints
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New limits on HDDM

e Comparison of the limits obtained in this work with existing neutrino
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Neutrino radio telescopes:
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