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Hunting for ultra-compact binaries

• Pb=109 min (2000)
Pb=95 min (2012) 

Pb=14min 
Pb<10min
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Alternative ways of searching them?

• Over 50% of stars are in binary 
systems

• Searching method:
• Acceleration search 
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Our search of ultra-compact 
pulsar binaries

• We started from 

Long-term timing noise
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Pulsar timing noise 

quasi-periodic Hobbs et al. 2010

O-C
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Shabanova (2010)      

Long-term timing noise 
of  SINGULAR pulsar 
PSR B0919+06
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Shift of pulse
Rankin et al. 2006 

Short-term timing  
of PSR B0919+06



粒子与天体物理研究所

It influences on all applications based 
on pulsar timing measurement

• Test of GR
• Pulsar Timing Array

• Navigation
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Long & short, each is difficult enough

• But put them together may be 
easier

• Ultra-compact binary system
• Long-term noise
• Short-term shift
• BUT, it has been identified as a 

singular pulsar
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Fitting result
Shabanova (2010) 
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How to test the existence of such an 
ultra-compact binary ? 

Finding orbital modulation to the time 
of arrival of this pulsar

PSR B0919+06 might be 
an ultra-compact binary of Pb=14min
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Previous observation of 
Shift of pulse
is not sufficient

Are such shifts
periodic ? 

A continuous observation with time scale coving several Pb is needed 



Our Arecibo data displayed in short-term timing residual
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Roemer 
delay ?

Periodic vs quasi-periodic
asymmetry in shift,  quasi-periodicity,   sharpness



粒子与天体物理研究所

WD
I

x

z

y

Pulsarωc

n

Tide force in ultra-compact binary  



粒子与天体物理研究所2018/7/6 17



粒子与天体物理研究所

Optical counterpart ? 
William Herschel Telescope at u,g,r 

Optical

X-ray

Radio

WD
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Our Progress in finding UCBs

Pb=109 min (2000)
Pb=93 min (2012) 
Pb=14min 

2001 started
2006 magnetars
2014 Arecibo
2016 WHT

2018a ApJ 855,35

2018b Gemini



粒子与天体物理研究所

Thank you for your attention !
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