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Recycling scenario 

• 1982, the first radio millisecond pulsar, PSR 
B1937+21

Alpar et al. 1982
Radhakrishnan 
& Srinivasan 1982



Recycling scenario 

1996, burst oscillation, 4U 1728−34, ~363 Hz
1998, SAX J1808. 4−3658, pulsation, ~401 Hz
2003, SAX J1808. 4−3658, burst oscillation, ~401 Hz 
2005, spin-up, IGR J00291+5934
2013, switch between accretion and rotation power
IGR J18245−2452, PSR J1023+0038, XSS J12270−4859



Accreting millisecond X-ray pulsar

• Subgroup of LMXBs
• 23 AXMPs confirmed
• Ps ~ 1.7 – 9.5 ms
• Porb ~ 40 min – 11 hr
• Four AMXPs observed by HXMT
Swift J1756.9-2508 & MAXI J1816-195
SAX J1808.4-3658 & IGR J17498-2921 



X-ray pulsation: Swift J1756.9-2508
2018 & 2019 outbursts
HXMT observed in 2018



Pulse profile-2018 outburst

4.9σ

5.1σ



Swift J1756.9-2508

Li et al. 2021, A&A 



MAXI J1816-195 outburst



MAXI J1816-195 timing

Spin up ~ 4.3σ c.l.



MAXI J1816-195 pulse profile

4.4σ
Absolute Timing accuracy
NICER vs. ME/HXMT, 5-10 keV, ~14 µs
ME vs. HE, 20-35 keV, 0.9±13.9 µs



MAXI J1816-195 pulse profile

Li et al. 2023, ApJ submitted



Summary/Future
• Swift J1756.9-2508 
Ø ~20 ks (10 ks GTI) HXMT data produce ~ 5σ pulsation

• MAXI J1816-195
Ø ~ 790 ks (180 ks GTI) HXMT data detected spin-up

• Future works
Ø SAX J1808.4-3658, 2.8-3.5σ pulsation
Ø IGR J17498-2921, ME (5-20 keV; 11.6 σ) and HE (20-60 

keV; 18 σ; 60-90 keV ~ 3 σ)
ØConstraints on the NS mass and radius


