
X-ray binaries
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Characteristics

MComp > MCO MComp < MCO

IMXB: Intermediate-Mass X-ray Binaries (Mcomp 1-10 M )… Why are they so rare?

Classification after the mass of the companion

Orbital periods: days to months minutes to hours
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The characteristic difference of companion mass leads to a main difference of age.
IMXB: wind accretion is too weak, and RLO is often unstable 
UCXB: P < 1 hr



HMXBs
LMXBs
population
distributions



Liberation of gravitational potential energy as 
material falls on the surface of the object :

Accretion efficiency (in terms of the rest-mass 

energy liberated) η .
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Bolometric L.
Accretion efficiency of a black hole: eta=GM/Rc2 with R=R_Schwarzschild=2GM/c2  eta=1/2.
Differences with Table 11.3: rotation, GR effects?



c.m.
(M1 = 2M2)

a = a1 + a2
M1 a1 = M2 a2 ⇒ a1 = M2 /(M1+ M2)*a

Gravitational equipotential lines in binary systems

a1 a2
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c.m.: center of mass
a1*M1 = a2*M2  M1/M2=a2/a1
M1/M2 = (a-a1)/a1 = a/a1 -1
M1/M2 +1 = a/a1 = (M1+M2)/M2
=> a1 = M2/(M1+M2)a



(Potential grav. energy per unit mass)
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The Roche potential depends on q and a

surfaces in binary stars
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M1, c.m, and M2 aligned along the x-axis; origin at M1. 
Particule (at x,y,z) orbitant around C.M. at r=sqrt [(x-x_cm)^2+y^2+z^2].
F = -grad(Ep);  Ep = m x (grav. Potential)
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There is zero net force at the Lagrangian points because the gravitational potential is flat there.
Surface of zero velocity.



L1
L2 L3
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The gravitational potential is flat at the Lagrange points.



Eggleton (1983):

RL(2) = f(q) ×a ⇔ RL(1) = f(1/q) ×a 

approximations
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Empirical approximations
Hill sphere: r_H approx a*(1-eccentricity)*CUBRT(m/3M) ->  for eccentricity=0: m/M = 3 r_H^3 / a^3



The Roche Lobe

The term ‘Roche-lobe' is used to 
describe a distinctively shaped region 
surrounding a star in a binary systems. 

This teardrop-shaped space defines the 
region in which material is bound to the 
star by gravity. 

Any material outside the Roche-lobe of 
a star may, depending on its initial 
location, energy and momentum, either 
escape the system completely, orbit 
both stars, or fall onto the binary 
companion.
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THE DIAGRAM HERE IS A HMXB, NOT LMXB
Cyg X-1 (RLO)



Steady accretion

• Two possible avenues for mass transfer:
1. Accretion from the stellar wind of the 

companion (Bondi-Hoyle accretion)
2. Roche lobe overflow through the L1 point

• An additional constraint is the stability of the 
mass transfer (angular momentum conservation)
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HMXB: mass transfer from more massive to less massive, i.e. q>1, decreasing.
LMXB: other direction, q<1, decreasing.
Thermodynamic response of the donor star to mass loss.



Weighing XRBs

• Determining the mass of the donor involves 
measuring the motion of one object, either 
the donor (optical spectroscopy ⇒ K) or the 
NS (via pulsations ⇒ ax sin i). 

• We calculate the mass function

and assume the NS mass from radio pulsars.
The obtained value provides a lower limit on M2
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K-velocity: v*sin(i).
i=0: face-on. 
i=90: edge-on (eclipses).
Observationally, one measures the right part (P, K), which, from the left part, is at most equal to M2 (because it is multiplied by a sin (<1) and divided by the sum of masses(^2), which can only be larger than M2).
In practice, one would rather observe the optical companion, and derive the (upper limit) of the NS mass.
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