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About Me

• Current Position

• Assistant Professor, NCUE

• Visiting Scientist, RIKEN

• Work Experience

• JSPS Fellow, Kyoto 
University (2018-2020)

• Postdoctoral Fellow, The 
University of Hong Kong 
(2015-2018)

• Education

• Ph. D., National Central 
University (2014)

• Research Projects

• Non-linear and non-stationary phenomena

• Long-term X-ray modulation in X-ray binaries and 
ultraluminous X-ray sources

• Quasi-periodic oscillations

• Transient and continuous gravitational-wave signals

• Effects of  high magnetic fields and high 
accretion rates on compact objects

• Timing and spectral behaviors of magnetars and 
rotation-powered pulsars (RPPs)

• Disk-magnetosphere interaction in ultraluminous X-
ray pulsars

• Particle acceleration in pulsar winds

• Instrumentation and mathematical algorithms

• Development and application of advanced timing 
and time-frequency analysis

• X-ray CubeSats (RIKEN project “NinjaSat”)
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Discovery of Neutron Star

• The neutron was discovered by James Chadwick in 1932.

• In 1934, Baade and Zwicky presented an idea of “neutron 
star” at the APS meeting

• NSs are too faint to be detected
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Discovery of Neutron Star

• A series of radio pulses is discovered by S. J. Bell and A. 
Hewish in 1967

• Pulsating radio source (Pulsar)

Hewish+1968
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Pulsars

• Fast rotating neutron stars with high magnetic fields

• Lighthouse effect
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Search for Pulsation

• As the computing power increases, astronomers can 
search for periodic signal with Fourier transform.

• Periodic signals can be detected even if they are hidden 
in noises.

• Roughly 2000 pulsars are discovered



Pulsar: Basics
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• Magnetic Dipole

• Synchrotron radiation from 
magnetosphere.

• B-field line: corotate with the NS

• Open field line: non-thermal emission

• The rotational energy decreasing, 
minimum magnetic field, and 
characteristic age of a pulsar can be 
derived by its rotation period and 
period decay.
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Pulse shapes of well-known pulsars
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Crab Nebula
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Crab Pulsar

• The pulsation can be seen in all 
wavelength bands (radio, 
optical, X-ray, Gamma-ray) 

• P=0.033s

Moffat+1996
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Giant Radio Pulses

Staelin+1968



Dispersion Measure
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Wang+2018



Giant Radio Pulses – Remain Mysterious

16• Candidates for Fast Radio Burst?
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Back to Transient Radio Sky
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• Fourier analysis helps finding periodic signals even single 
pulses cannot be observed. 

• The number of pulsars was > 2000 in the early 21th century.

• Then, rotating radio transients (RRATs) was discovered.

• Their DM suggests that they are galactic sources

• The pulsation period cannot be obtained with timing analysis.

• The NS nature is confirmed with X-ray observation

McLaughlin+2006



The Lorimer Burst
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• DM=375 

• Extragalactic origin

• Extremely high luminosity… 1040 − 1043 erg/s

Lorimer+2007
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FRB 150418: Repeating FRB

Keane+2016 Johnston+2017
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Keane+2018



22



23

Platts+2018
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Platts+2018
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Optical Enhancement
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• Enhancement of the optical pulse: ~3.2%

• Optical and Radio emission is causally linked

• No spectral change is seen

• The same emission mechanism

Shearer+2003 Strader+2013



Enhancement in X-ray/Gamma-ray?
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NICER
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• Launched in 2017

• Largest effective area in soft X-ray (0.2-12 keV) band

• Non-imaging X-ray telescope

• High time resolution (<100 ns)
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Detection of X-ray Pulse
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• The pulsation can be detected with ~1 s exposure (> 3 
sigma)

• Crab pulsar + PWN: 1.1 × 104 cps (0.3-10 keV)

• ~ 370 photons/cycle
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Radio Observation

• We use Usuda (臼田, 64m) and Kashima (鹿島, 34m) to 
observe the Crab pulsar jointly with NICER. 

• Total overlap time ~ 126 ks

• Frequency = 2GHz

• A number of 2.5 × 104 GRPs were detected

©   Usuda Deep Space Center ©   Kashima Space Technology Center



An Example of GRP
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• Duration ~ 3 ms

• After de-dispersion, the duration is ~16 ns



Phase Distribution of GRPs
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• The GRP histograms are similar to the averaged normal 
pulses.



Result
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• We detected 2.5 × 104 GRPs.

• During the simultaneous Radio-X-ray GTI, we collected 1.4 × 109

X-ray photons in 0.3 – 10 keV. 



Result
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• X-ray flux at 𝜙 = 0.985 − 0.997 is enhanced by 3.8 ± 0.7 %



Compared to the Optical Pulse Profile
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Significance and Lag Analysis
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• The detection significance of the X-ray enhancements 

follows 𝑁

• Neighboring cycles have no significant enhancements.



Spectral Energy Distribution
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• The X-ray flux is ∼ 4 × 10−9 erg s−1 cm−2

• 103 higher than the optical flux; 107 higher than the radio flux

• The total energy released from a GRP is 10-100 times higher 
than expected.

• No significant spectral change is found for MP-GRP



Possible Models
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• Increase of particle number (𝐿𝑋 ∝ 𝑁) or magnetic 
reconnection.

• The current GRP-FRB model is disfavored – The radio emission 
efficiency 𝜂 is constrained. A GRP-FRB model would yield a 
spin-down rate much larger than the observed value. 

From S. Kisaka
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Sironi & Spitkovsky (2014)

©  higgstan.com
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CHIME/FRB Project

©  CHIME/FRB Collaboration



Periodic FRB
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• A period of 𝑃 = 16.35 ± 0.15 days 
is found

• Orbital motion (binary system)?

• Phase-dependent emission/absorption?

• Sporadic emission is not favored (e.g., 
GRP and magnetars)

CHIME/FRB Collaboration (2020)



Galactic FRB
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• A galactic FRB is detected from SGR 1935+2154

• FRB 200428

• A magnetar underwent outburst!

• Roughly the same as the low-fluence-end of extragalactic FRBs

• FRBs have different populations?

CHIME/FRB Collaboration (2020)
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X-ray Short Bursts

• Short and intermediate bursts and giant flares 

• Three sources are found to have giant flares

• 𝐿 = 1047 erg/s

• Not detected in radio band

Woods & Thompson (2004)



X-ray Short Burst
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• An X-ray burst coincide with FRB is detected by Insight-
HXMT

• Power-law dominated – non-thermal origin

• Magnetosphere related emission?

Li et al. (2020)



NICER Observation

• NICER did not catch the FRB burst. 

• A series of “burst storms” were observed half days before the FRB

• The spectral behaviors of bursts in the storms are different from that of 
the FRB burst.

• Populations of magnetar bursts?

• Burst storm vs regular bursts vs FRB bursts
48

Younes et al. (2020, 2021)



Bursts in Recently Discovered Magnetars

• Spin phase distribution of bursts may vary between magnetars

• So do fluence distribution and maybe spectral behaviors

• A comprehensive study of short burst is needed.

• Originated from magnetosphere/surface?
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SGR 1830-0645 Swift J1555.2-5402 Swift J1818.0-1607

A missing link between magnetars and RPPs

Hu et al. (2020)

Enoto et al. (2020)

Younes et al. (2021)

Evidence of hotspot migration
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FRB Follow-up/monitoring

• FRBs (low-fluence) are magnetar bursts, giant pulses, or both?



Summary and Future Work

• We detected a 4% flux enhancement in the X-
ray band coincide with GRPs.

• Any X-ray enhancements associated with GRPs in 
other radio wavelengths?

• GRP in 4700-8000 MHz, IP-GRPs?

• The result disfavored a few models, including 
the GRP-FRB model.

• Parts of FRBs may be originated from magnetars

• Connection between GRP and FRB remains possible.

• Neutron star magnetosphere is one of the most 
promising origin.

• High energy observations are key to understanding 
the FRB engine

• Magnetar bursts may have different 
populations

• Systematic search + population study
51
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https://www.youtube.com/watch?v=U9GT0IAcjCk

https://www.youtube.com/watch?v=U9GT0IAcjCk
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https://www.youtube.com/watch?v=ejVNUMo5Nzw

https://www.youtube.com/watch?v=ejVNUMo5Nzw


Thank You
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