*

X-ray Emission as a Probe of Cosmic Ray Diffusion

near Galactic Sources

Qi1-Zuo Wu gzwu@smail.nju.edu.cn

Ruo-Yu Liu

RS e
i == L
At idE NRCE e

ATy RERANYY

ryliu@nju.edu.cn

The transport of VHE/UHE CRs around Galactic sources can become significantly intricate. We introduce our recent work on X-ray emission as a
probe of cosmic ray diffusion near galactic sources. For instance, as a leptonic dominated source, the particle transport mechanism in the TeV halos is
still in dispute. We calculate the expected X-ray emission from pulsar halos using three diffusion models. We show that the synchrotron radiation can
produce a corresponding X-ray halo around the pulsar and that the expected surface brightness profiles (SBPs) are distinct in the three models. We
suggest that sensitive X-ray detectors of a large field of view (such as eROSITA and the Einstein Probe) with a reasonably long exposure time are
crucial to understanding the formation mechanism of pulsar halos. For hadronic scenario, we investigate the synchrotron radiation from secondary
electrons produced in pp collision, assuming protons diffuse in a uniform medium. We find that secondary electrons behave unique spectral index
distribution and produce distinctively flat X-ray surface brightness profile. Multi-band analyses, particularly X-ray morphology and spectra, can
effectively discriminate between hadronic and leptonic scenarios in galactic sources with certain local environment.
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FIG.2.1 Spectral index distribution of secondary electrons. Left: case
for different diffusion coefficient. Right: case for different magnetic
field. The spectral index of electrons softens rapidly at first, then

gradually hardens.

» Conclusion

(1) For leptonic case, X-ray observation could be helptful to distinguish the transport mechanism in TeV halos between different models.
(2) For hadronic case, secondary electrons behave unique spectral index distribution and produce flat X-ray surface brightness profile. The features of
the profile could be used to identify the origin of X-ray and y-ray emission of galactic sources.
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Gradually harden: Dominated
by electrons locally injected.
Deviation of the injected
electrons from the steady 1/r
distribution ( erfc term)
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FI1G.2.2 Spectrum and X-ray SBP for hadronic
and leptonic scenario. Adjust the parameters so
that the 25-100 TeV energy spectrum follows
E~1 (similar to LHAASO observation), and
ensure that the X-ray flux 1s similar in both
scenarios.
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