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NuSTAR: Nuclear Spectroscopic Telescope Array 
First focusing hard X-ray telescope



NuSTAR timing capabilities

• Counting instrument, high 
timing resolution (10 us) - high 
timing potential 

• Dead time 

• Design absolute accuracy ~ 
100 ms 

• Achieved the first year ~ 2 ms
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NuSTAR timing capabilities

Sanna et al. 2018, A&A

Madsen et al. 2015, ApJ

NuSTAR Ideal

1.6 ms



NASA/JPL-Caltech



Phase-resolved spectroscopy

Fürst+14, ApJL, 784, L40



“Spectral timing” etc.
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“Spectral timing” etc.

Kara et al. 2015

Phase-resolved spectra 
Time lags vs Energy 
rms vs Energy 
Covariance spectrum 
QPO phase-resolved spectroscopy 
(…) 

Ingram et al. 2016

Often need multi-
instrument 

observations



Going to kHz QPOs?

Stevens et al. 2018Méndez et al. 1998

Need clock stability ~ us, and cross-instrument synch on same level



What is happening?
NuSTAR Ideal

Sanna et al. 2018, A&A

Madsen et al. 2015, ApJ



Drifting…

• The spacecraft oscillator drifts (and 
with it the clock). ->Only (a-priori) 
unmodeled effect.


• Frequency is adjusted on a regular 
basis


• Measured at every ground pass


• Modeled with a spline in between -> 
clock file used with barycorr.



Characterize clock behavior
Measure frequency 

offsets from clock offsets

Correlate frequency 
offset with temperature

Bachetti, Markwardt et al. in prep.



Characterize clock behavior - II

Correlate frequency 
offset with temperature

Characterize aging of 
clock over time

Bachetti, Markwardt et al. in prep.
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Bachetti, Markwardt et al. in prep.
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Characterize clock behavior - results
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Characterize clock behavior - results

Phaseogram of PSR B1937+21 
with NuSTAR, with current clock 
correction and new clock 
correction


• Millisecond pulsars now 
feasible with NuSTAR! 


• Characterizing the 
temperature-driven clock drift 
between ground passes allows 
for extremely more accurate 
clock correction

NuSTAR NuSTAR

Bachetti, Markwardt et al. in prep.



Bottom line

• NuSTAR now ready for fast timing: 

• 20 us stability over ~1 day 

• 60 us absolute calibration uncertainty? 

• Need for cross-calibration tests. 
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