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® Theoretical motivation of light DM
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Exploring Sub-MeV DM from xenon
electron direct detections
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® CR-boosted DM

® A fraction of DM in Milky Way halo could be accelerated to high velocities, allowing for sensitivity to

very light DM.

® DM-nucleon direct detection

T. Bringmann & M. Pospelov, arXiv:1810.10543

® Reverse direct detection

C. V. Cappiello, K. C. Y. Ng & J. F. Beacom, arXiv:1810.07705
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® We consdier the constraints from DM-electron scattering.
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® Neutrino experiments

C. Cappiello & J. F. Beacom,arXiv:1906.11283
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® Calculation framework
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[ Flux of CR electrons ]
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® Differential flux at Earth in terms of the CR energy
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® Differential scattering rate R. Essig, J. Mardon and T. Volansky, arXiv:1108.5383
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® S1 (scintillation) signal: prompt scintillation photons

® S2 (ionization) signal: secondary scintillation photons from electroluminescence in Gxe due to
drifted electrons




® Benchmark model
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[ Limit on the DM-electron scattering cross section }
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Events/(t-y-keV)

® XENONA1T excess & PandaX-Ill constraint

XENON Collaboration, E. Aprile et al.arXiv:2006.09721

120

100

80

60

40

20

N O

J

— B,

SR1 data

]
10 15
Energy [keV]

20

25

PandaX-II Collaboration, Xiaopeng Zhou et al. arXiv: 2008.06485

160
140
120

Events/keV
A5 O 00 o
(o] =] o

=]
TTTJTITTJTITTITTITIJTTITITTITITITITIOITTTT
RN RN RN RN LN LN RN

20

T I L] L] L] L] I T T L T I T L] L] T I T T T L
4Data —Total Fitted —Flat ER

127

—¥gr Tritium Xe

—13%e + Accidental + Neutron

==XENONIT

e
—
-

_+_
_+.
_+_
+ -

3

2
[

Il

]

.~

[t)

s Bl ol el el T T

) e
IIIIIIIIIII—I"I'I'I'I'II'[FFI_I

2 I + -
o ot bttt mﬁm s Thy

0

5 10 15 20
Energy [keV]

2

tylugl

1
1() : T T IIIIIII T T IIIIIII T L] IIIIIII LI IIIIIII LI IIIIII:
This Work 1
"""""""""""""""""""""""""""""""""""" I i
XENONIT 1
T |
sic 10 | -
R .1 €. | S
10_13| 1 1 IIIIIII L L IIIIIII 1 IIIIII L1 IIIIIII L1 11 I
107 107 1073 1072 107! 1
Axion Mass [keV/cz]
-10
10 ] | | | |
oM E -
10712 | | | | ]
Borexino XENONIT Clobular clusters
Gemma PandaX-II White dwarfs



Events/(t -y -keV)

® Best fit spectra in XENON1T with PandaX-Il constraint
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Constraining WIMP annihilations
from the EHT Observations of
M87*



® The EHT project

VLBI: Very Long Baseline Interferometry, an ® First image of a SMBH
Earth-sized interferometer. EHT collaboration, Astrophys. J. Lett. 875 (2019) L1, [1906.11238]
EHT collaboration: focus on improving the M87*  April 11, 2017
capability of VLBI at short wavelengths.
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Symbol Value Property
M 6.2 x 107 Mg Compact object mass
D 16.9 Mpc Compact object distance

Vobs.0 230 GHz Observing frequency



p(GeV-cm™3)

e DM spike model

® Adiabatic growth of SMBH will significantly enhance the DM density and form a spike structure.

EHT observational areas
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® DM density profile with Spike
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spike radius
® Saturate DM density

Psat = My /(0VNtBH l—bage of SMBH tgu = 10° yr

® Synchrotron emission due to WIMP annihilations can be stringently constrainted!



Calculation framework

R. Aloisio, P. Blasi & A. V. Olinto, JCAP 05 (2004) 007, [astro-ph/0402588]
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Flux(m]y)

® Bnechmark flux for four annihilation channels

EHT collaboration, Astrophys. J. Lett. 910 (2021) L12,[2105.01169]
EHT collaboration, Astrophys. J. Lett. 910 (2021) L13, [2105.01173]
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® Limits on WIMP annihilation cross sections
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