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W H AT  A R E  T H E S E  S Y S T E M S ?

• Ultra-compact X-ray binaries are binaries 
with orbital periods < 1 hr. They involve a 
compact object (NS,BH) and a low-mass (<< 
solar mass) companion 

• They arise as the (possibly detached) end 
state of low-mass X-ray binaries, that have 
gradually compactified through orbital 
angular-momentum losses due to a 
combination of magnetic braking (or other 
persistent outflows), gravitational-wave 
emission, and mass transfers; see, e.g., 
Chen & Podsiadlowski 2016 

• Companion mass is gradually stripped away, 
leaving behind a non-degenerate He star or 
a O/Ne/Mg, C/O, or He white dwarf
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P R I M E  TA R G E T S  F O R  L I S A !

• A circular binary will, in 
general, emit “orbital” 
gravitational waves which 
reduce the angular 
momentum of the system 
and shrink the orbit. 

• The system radiates at 
twice the orbital 
frequency; for UCXBs, this 
lies in the ~mHz range 
(e.g. Thorne 1980). 

• These are almost certainly 
detectable by LISA!

3



4

AGS 2021

Caution! Some companion masses estimated 
assuming filled Roche lobe with non-relativistic 

electron EOS



S O  W H AT ?
• An interesting aspect to these UCXBs 

is that they sometimes contain a 
neutron star primary which is rapidly 
rotating. 

• The high X-ray luminosities of most 
systems also tends to suggest the 
accretion rate is high, and therefore a 
significant spin-up torque 

• But there is an observational puzzle: 
NS binaries have a capped spin 
frequency of around ~700Hz, a factor 
≳2 lower than the break-up limit, 
which you would expect if spun-up 
indefinitely; Patruno et al. 2017 

• So *something* is triggering an 
excess of spin-down; “centrifugal 
barrier”? 5
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• Depending on the relationship between the accretion rate (i.e., X-ray 
luminosity), the spin of the neutron star and its magnetic field 
strength, the mode of accretion could be either:  

• (a) boundary layer accreted; (b) pole-channeled, or (c) propeller.

Das et 
al. 

(2022)

Matter is force-stopped at the magnetospheric boundary, but if 
Rco < Rm, the rotating magnetosphere will ‘propeller’ plasma 

back beyond the capture radius (Illarionov & Sunyaev 1975)

X - R AY  A C C R E T I O N  M O D E S



P I L I N G  I T  O N

• Suggested already in the early 
90s that gravitational-wave 
induced spindown may also play 
a role in limiting the spin 
frequency; especially this makes 
sense in the context that the 
observed values are *capped* at 
~700 Hz. 

• Other aspects of accretion also: 
magnetic field may be buried, 
and a mountain may accrue atop 
the star. 

• Bursts with low recurrence times 
especially indicative of a 
mountain or at least “fenced-off” 
patches of fuel; Bhattacharyya & 
Strohmayer 2006
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H I D D E N  F I E L D S ?
• Hidden components of 

the field with large 
gradients could also 
produce sizeable GWs!
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• Could also have current-like 
quadrupoles from unstable r-modes!

?
?
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T H R O W I N G  F U E L  O N  T H E  F I R E

10 Özel 2006

• Especially interesting for sources that 
exhibit thermonuclear activity: 
apparent emitting area and peak flux 
achieved during photospheric bursts 
can be used to independently 
constrain the mass–radius 
relationship of the star (van Paradijs 
1979). 

• LISA: can give a ~4% estimate on the 
NS mass (Tauris 2018) 

• Thermonuclear bursts: ~percent-level 
estimate on M-R relationship 

• Combined with LIGO ~percent 
estimate on Q22: can get a strong 
constraint on M-R-B space!
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P U N C H L I N E
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• Purple: constraints 
on M-R from LISA 

• Green: constraints 
on B-M-R from 
LIGO/ET 

• Blue: constraints 
on M-R from bursts 

• Red: anticipated 
overlap region 

Tauris 
2018

AGS 2021



EXTRA EXTRA… READ ALL 
ABOUT IT







M A S S  Q U A D R U P O L E S

• Many primaries within UCXBs do 
not have accurate measurements of 
their spin frequency *derivatives*, 
and thus it is hard to know how 
much they may be spinning down; 
but could be large! 

• Three promising channels for 
generating a substantial 
quadrupole moment: mountains 
and superconducting toroidal fields 
for mass-type 

• Mass type: twice the spin 
frequency; current-type: inertial 
mode frequency
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(see, e.g., Suvorov+Melatos 2019)

“Magnetic Mountain”:

Superconductor + hidden toroidal field:

(see, e.g., Cutler 2002)


