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Time System of HXMT
• High Stability Time Unit (HSTU) 
• 5 MHz frequency

• Quartz Oscillator
• 0.17 MHz
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Time System of HXMT
• High Stability Time Unit (HSTU) 
• 5 MHz frequency

• Quartz Oscillator
• 0.17 MHz

• Time assignment of Events
• GPS Receiver --> Pulse per Second
• local clock --> fraction part of time
• Event time = PPS + fraction part
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Correction of the Arrival times of Events
• Long-term variation of local clock

• ME: no temperature-compensated crystal oscillator
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Correction of the Arrival times of Events
• synchronize the GPS 'pulse per second' with the local clock signal

• introducing the higher order term for local clock evolution
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HE, stability ±1𝜇𝑠

LE, stability ±0.5𝜇𝑠

ME, stability ~±3𝜇𝑠
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Performance and absolute timing
• Observe the stable pulsar

• Crab pulsar, PSR B1821-24, PSR B1937+21 (too faint for HXMT)

• quasi-simultaneous observations with NICER
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Performance and absolute timing
• barycentric correction
• JPL-DE405

• Epoch folded by Jodrell Bank 
Ephemeris

• Systematic Error by solving
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7offset is due to instrumental effect or intrinsic of the pulsar?



Instrumental delay
• No ground calibration

• Accumulate each 'typical' response time of each electronic device
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Instrumental delay
• HXMT/LE Swept charge device (SCD)
• low pileup effect
• readout delay ~856𝜇s
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Effects on timing products, refers to
Zhao et al. 2019
Zhou et al. 2021



Crab Main peak delay 
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Summary
• systematic error of HXMT timing system

• HE: 12.1𝜇s

• ME: 8.6𝜇s

• LE: 15.8𝜇s

• Instrumental offset with respect to NICER

• HE: 24.7𝜇s, ME: 10.1𝜇s, LE: 864.7𝜇s

• Lessons we learned

• on-ground timing calibration was not sufficient for HXMT
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Backup
• JPL-DE200

• Position -- Radio measurement
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