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Why to focus on pulsars?Why to focus on pulsars?Why to focus on pulsars?

PSRs are spinning NSs

•Peculiar astro-lab 
for testing phy-law

•Strong gravity
•Strong EM force
•Supranuclear ρ

•Precision clocks 
to be very useful

•Measure GW, M, …
•Time standard
•Navigation …

Important object!Important object!
PSR = NSPSR = NS
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What’s the nature of pulsars?WhatWhat’’s the nature of pulsars?s the nature of pulsars?

F. Weber: Prog.Part.Nucl.Phys. 54 (2005) 193

Speculations v.s. The truth
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The nature of pulsars depends on physics of matter atThe nature of pulsars depends on physics of matter at
supranuclearsupranuclear densitydensity which is still uncertain!which is still uncertain!



Observational Observational Evidence forEvidence for NSsNSs or or QSsQSs??
To explain observational features in these two kinds of modelsTo explain observational features in these two kinds of models



How to find clear feature to 
distinguish NSs and QSs?
How to find clear feature to How to find clear feature to 
distinguish distinguish NSsNSs and and QSsQSs??

Subms-PSR would be solid evidence for quark stars!

Whether or not PSRs could rotate 
at sub-millisecond periods?

subms-PSRs …
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Milestones in detecting PSRs faster and fasterMilestones in detecting Milestones in detecting PSRsPSRs faster and fasterfaster and faster

Spin frequency

P ~ 1s 
(1967)

Sub-ms periods (P < 1 ms)

Keplerian frequency (Mass-shedding limit)
Stable axis-symmetric spin (GW radiation)

P = 33ms 
(1968)

P = 1.6ms 
(1982)

P = 1.4ms 
(2006)

PSR 1937

Crab

PSR 1748

XTE 1739P = 0.89ms (2007)?

Only possible in QS model !
SN 1987AP = 0.5ms (1989)?



PKepler = 0.5 M1
-1/2R6

3/2 ms ~ 0.6ms

•Minimum period of stable uniform rotating for causal EoSs, 
with good precision, is given by an empirical formula:
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Haensel et al. (1995)

•Could super-Kepler spin be possible for QSs?

A QS with P < Pmin is possible because of low M and R!

for gravitationally confined NSs!
For self-binding QSs … High-T QGP in terrestrial experiment

RHIC → sQGP (2004) → super-Kepler? 
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•QSs can be very light & small, while NSs can not.
⇒To identify a quark star in reality?

0.2 M☉

Lattimer & Prakash
(2004)

~2M☉ ~10km

MassMass--Radius relation and spin limitRadius relation and spin limit
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•Total spindown power:
Rotation powered Rotation powered submssubms--PSRsPSRs: low activity: low activity

“SubmsPSRs” http://vega.bac.pku.edu.cn/rxxu R. X. Xu
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subms-PSRs with same dΩ/dt could be ~10-4 that 
of msPSRs, if R ~ 1 km (M~10-3 Msun).

•Subms-PSRs are very low active in their 
magnetosphere.
•Their radio luminosity would be much lower than 
that of msPSRs if the η-coefficient is the same.

More sensitive radio telescope is necessary!



Radio luminosity: normalRadio luminosity: normal--PSRsPSRs vs. msvs. ms--PSRsPSRs
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Xu et al. (2006)

L1400: L at 1400 Hz
ζ ≡ (dP/dt)/P3

relevant to charge

: normal PSRs
: msPSRs, P<15ms

Subms-PSRs?
The reason that we 
have still not detected 
radio sub-msPSRs?





MagnetosphericMagnetospheric activity of activity of submsPSRssubmsPSRs
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Observation of radio pulsarsObservation of radio pulsars
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Sensitivity:Sensitivity:

Data: Data: HugeHuge



Five hundred meter Aperture Spherical Telescope
To find To find submsPSRs submsPSRs by FAST?by FAST?



What if a What if a submsPSR submsPSR is found?is found?
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•Pulsars should be a special kind of 
NSs (QSs!) if discovering P < 0.8 ms.
•Understand more about Nature:

formation-origin, cosmic evolution
•Higher precision of PSR timing:

GWR background detection
Time standard based on PSR timing
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Conclusion
•To find a submillisend PSR is clear evidence 
for quark stars. If successful, it will certainly 
improve our understanding of the elementary 
strong interaction between quarks.
•Because of low masses, the radio luminosity of 
subms-PSRs should be low, but X-ray pulsation 
may be significant for detection.
•To search submsPSRs is supposed to be one of 
the key projects in the future FAST program.
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Thanks a lot
and

hope to receive your comment-suggestion
Any time

Email: r.x.xu@pku.edu.cn
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