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Probe Axion-like Particles (ALPs) and Search for
Dark Matter Subhalo with the Gamma-ray
Observations

XIA Zi-qing
(Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)

The presence of a large amount of dark matter (DM) in the Universe has already been
convincingly established. DM is believed to make up a quarter of the energy density of
the current Universe. Thanks to high-resolution numerical simulations made possible by
modern supercomputers and the gravitational lensing observations, the distribution of DM
in structures ranging from dwarf galaxies to clusters of galaxies has been understood better
than before. But the nature of DM remains unknown.

Various hypothetical particles have been proposed, such as weakly-interacting mas-
sive particles (WIMPs), axion, axion-like particles (ALPs), sterile neutrino and gravitino.
WIMPs may be able to annihilate with each other (or alternatively decay) into stable high-
energy particle pairs, including gamma-rays, charged particles and neutrinos. ALPs and
photons can convert to each other in electromagnetic fields through the Primakoff process,
which could result in the detectable spectral oscillation phenomena in the gamma-rays ob-
servation. My research mainly focused on the indirect detection of dark matter, such as
ALPs and WIMPs, using publicly available Fermi Large Area Telescope (Fermi-LAT) data
and the the published data of High Energy Stereoscopic System (H.E.S.S.) observation.

The conversion between photons and ALPs in the Milky Way magnetic field could result
in the detectable oscillation phenomena in the gamma-ray spectra of the Galactic sources.
First, we search for such oscillation effects in the spectra of supernova remnants caused
by the photon-ALP conversion, using the Fermi LAT data. The inclusion of photon-ALP
oscillations yields an improved fit to the v-ray spectrum of 1C443, which gives a statistical
significance of 4.2¢ in favor of such spectral oscillation. However, the best-fit parameters of
ALPs are in tension with the CAST (CERN (European Centre for Nuclear Research) Axion
Solar Telescope) limits. Secondly, we use the H.E.S.S. observations of some TeV sources in
the Galactic plane to exclude the highest ALP mass region (i.e., ALP mass m, ~ 10~7 eV)
that accounts for the anomalously weak absorption of TeV gamma-rays for the first time.

A Milky Way-like galaxy is predicted to host tens of thousands of galactic DM subhalos.
Annihilation of WIMPs in massive and nearby subhalos could generate detectable gamma-
rays, appearing as unidentified, spatially-extended and stable gamma-ray sources. We search
for such sources in the third Fermi Large Area Telescope source List (3FGL) and report
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the identification of a new candidate, 3FGL J1924.8—1034. 3FGL J1924.8—1034 is found
spatially-extended at a high confidence level of 5.40. No significant variability has been
found and its gamma-ray spectrum is well fitted by the dark matter annihilation into bb
with a mass of ~ 43 GeV. All these facts make 3FGL J1924.8—1034 a possible dark matter
subhalo candidate. However, due to the limited angular resolution, the possibility that the
spatial extension of 3FGL J1924.8—1034 is caused by the contamination from the other
un-resolved point source can not be ruled out.

The Milky Way dwarf spheroidal galaxy is considered one of the most ideal targets for
indirect detection of dark matter due to their high dark matter density and low astrophysical
backgrounds. We search for gamma-ray emission from nearby Milky Way dwarf spheroidal
galaxies and candidates with Fermi-LAT data. Intriguingly, the peak TS (Test Statistic)
value of the weak emission from Reticulum II rises continually. We also find that the
combination of all these nearby sources will result in a more significant (> 40) gamma-
ray signal. A commonly encountered obstacle in indirect searches for dark matter is how
to disentangle possible signals from astrophysical backgrounds. Gamma-ray features, in
particular monochromatic gamma-ray lines and boxlike spectral features, provide smoking
gun signatures. We analyze the Fermi LAT observation of Milky Way satellites and the local
volume dark matter subhalo population (with N-body simulation) to search for potential line
signals, respectively. The corresponding upper limits on the cross section of DM annihilation
into two photons are derived, without significant signal found. Then we study the box-
shaped DM signals, which is generated by the decay of intermediate particles produced by
DM annihilation or decay, with Fermi-LAT observations of dwarf spheroidal galaxies.
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