ICRC 2021

THE ASTROPARTICLE PHYSICS CONFERENCE
Berlin | Germany

Strong constraints on decaying dark
matter with LHAASO

Marco Chianese?2

Email: marco.chianese@unina.it

WORK WITH

Shin’ichiro Ando®.¢, Damiano F.G. Fiorillo2, Gennaro Mielead, Kenny C.Y. Nge,
and LHAASO data analyzed by Zhe Lif (on behalf of LHAASO collaboration)

AFFILIATIONS
a Universita di Napoli Federico Il & INFN - Sezione di Napoli, Italy; d Scuola Superiore Meridionale, Italy;
b GRAPPA Institute & University of Amsterdam, The Netherlands; ¢ The Chinese University of Hong Kong, China

¢ Kavli Institute IPMU, Japan; f Institute of High Energy Physics, China


mailto:marco.chianese@unina.it

LHAASO-KM2A

KMZ2A is a ground-based full-duty EAS array dedicated to VHE gamma-ray astronomy above 10 TeV.
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> 1/2-KM2A: 2365 ElectroMagnetic particle detectors (EM)
and 576 Muon Detectors (MD)

» Operational since December 2019 (~340 days of data)

Validation of detector performances

» Crab Nebula spectrum up to O(100) TeV
Aharonian et al., Chin.Phys.C 45 (2021)

» UHE gamma-rays from 12 galactic sources up to ~PeV
Cao et al., Nature 594 (2021)

White paper: Bai et al., arXiv:1905.02773



Indirect dark matter signals

DM (x) particles

Indirect-detection searches
with gamma-rays!
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Hints from lceCube neutrino telescope

Decaying DM has been proposed as a source of the high-energy neutrinos observed by IceCube.
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Gamma-ray intensity from dark matter

Above 10 TeV, the gamma-ray flux from DM decays has two dominant galactic contributions:

d I%otal B d Igrompt | d I%C
dE, dE,  dE,
Prompt galactic photons Secondary galactic photons
DM — f+ f — ~ DM — f+ f —e*
Attenuation via Pair Productions (PP) Inverse Compton (IC) scatterings
Y+ Yoke — €7 +e (PP) e” + kg > e+ (I0)

Other contributions (e.q. extragalactic photons) are in general subdominant at sub-PeV energies
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Technical detalls

- HDMSpectra
» Particle energy spectrum per DM decay: 10 | | | | | | |
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SKy map
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Benchmark cases
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Likelihood analysis

The residual events are composed by: 103 after glavmma/ hadron separation

I 9+ ON region
4  OFF region

T
11
T

» misidentified cosmic-rays

» electrons and positrons
> gamma-rays 102

We pursue a profile likelihood approach:

LT,b)= » > N.lnn, —n

a=0ON,OFF 1

Residual events
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Detector exposure
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Results
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Results
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Significant improvement with respect to
previous constraints
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Results

Constraints at 95% CL and exclusion bands from Monte Carlo simulations
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Recent constraints from Tibet-ASy data: Our results are generally stronger and
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iIndependent background assumptions!
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Different DM decay channels

Constraints on DM lifetime at 95% CL for different DM decay channels
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Impact of secondary photons

_ TpM,95% [prompt + IC]

Secondary IC gamma-rays are relevant! R = n
TDM,95%[PTOIHP ]
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Conclusions

» We have presented the first dark matter analysis in LHAASO-KM2A.

» We have placed some of the strongest gamma-ray limits on decaying dark matter
particles with 340 days of 1/2-KM2A data.

» We have accounted for prompt photons as well as secondaries from Inverse Compton.

» Our results are in tension with dark matter scenarios proposed to explain the lceCube
high-energy neutrino data.

» Stay tuned: there is plenty to look forward in the future!

Thanks for listening
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