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PR-effect: an overview 
 
Consider a fixed background spacetime with superimposed a radiation  
field (either a test field or the source of the gravitational background field). 
 
Let a test particle  be moving in a specetime region. 
 
The particle interacts with the radiation field  
(actually, it absorbs and re-emits radiation). 
 
The interaction is modeled by a drag or friction force. 
(related to Thomson scattering cross section). 
 
The particle is no longer moving on a geodesics, due to this force  
   (PR effect). 
 
Interesting features arise on its motion (gravitational force balance  
effects). 
 
 
 
 



Plan of the talk 

Introduction to PR effect 
Formalization in stationary and axisymmetric 
spacetimes 
 Applications to Schwarzschild and Kerr 
 Generalizations:  
        PR drag force vs MPD spin, em forces etc- 
        Non-stationary spacetimes (Vaidya) 
        Matter fields and not radiation fields 
        Cosmology 
 



 
Radiation from the Sun (S) and thermal radiation from a 
particle (grain of dust) seen  
(a) from an observer moving with the particle;   
(b) from an observer at rest with respect to the Sun. 

Typical example (wiki) 



 
From the perspective of the grain of dust circling the 
Sun (panel (a) of the figure): 
 
the Sun's radiation appears to be coming from a slightly 
forward direction (aberration of light).  
 
Therefore: 
 
 the absorption of this radiation leads to a force with a 
component against the direction of movement. 

(The angle of aberration is extremely small, 
since the radiation is moving at the speed of 
light while the dust grain is moving many 
orders of magnitude slower than that.) 

Absorbing 

P_part 

P_rad 

P’_part= P_part+P_rad 
F ~ ∆ P_part ~ P_rad 



 
From the perspective of the Solar System as a whole 
(panel (b) of the figure): 
 
 the dust grain absorbs sunlight entirely in a radial 
direction, thus the grain's angular momentum remains 
unchanged.  
 
However, in absorbing photons, the dust acquires mass 
via mass-energy equivalence.  
 
In order to conserve angular momentum (which is 
proportional to mass), the dust grain must drop into a 
lower orbit. 

Absorbing 



The re-emission of photons, which is isotropic in the 
frame of the grain (a), does not affect the dust particle's 
orbital motion.  
 
However, in the frame of the Solar System (b), the 
emission is beamed anisotropically, and hence the 
photons carry away angular momentum from the dust 
grain (i.e. again there exist a force which is opposite to 
the motion).  
 
 
The Poynting–Robertson drag can be understood as an 
effective force opposite the direction of the dust grain's 
orbital motion, leading to a drop in the grain's angular 
momentum. 

Re-emitting 



Explicit examples in stationary 
axisymmetric  spacetimes 

Stationary, axisymmetric and reflection  
symmetric spacetimes 

Schwarzschild Kerr 



The background geometry 

Coords: BL or BL-like (adapted to the Killing symmetries) 

Killing 

 Metric 

Fiducial observers (ZAMOs)  

(lapse, shift functions) 

ZAMOs OAF 

ZAMOs kinematical 
quantities 
(vorticily-free obs) 

Step 1 



Super-posed photon test field 

K=null geo,  known 
Φ= obtained by integrating  
      conservation eqs of T 

Step  2 

Photons with L=0: 
Special situation, 
to be generalized  
later 



Test-particle  

Notation: 

A test particle of mass m moves on the equatorial plane  

accelerated by the radiation field 

A>0: constant introduced by Robertson to combine all the constants  
associated with the intensity of the radiation at the source, the conserved  
photon energy and its cross section per unit mass for absorption at the particle. 

Step 3 

Robertson 



Motion equations 

Mostly numerically integrated. 
Special solutions:  
(radial inward/outward motion wrt ZAMOs) 
A=0: particle in geodesic motion 

Step 4 



Schwarzschild spacetime 

Equilibrium solution 
ν=0, indep of α, r=const. 



Schwarzschild spacetime 

Geos in green 



Schwarzschild spacetime 



Schwarzschild spacetime 



Kerr spacetime 



Equilibrium solution 

Kerr spacetime 

Solve numerically 



Kerr spacetime 



Kerr spacetime 

Geos in green 



Relax  L=0 condition for photons 



Schwarzschild spacetime  
(L≠0) 

Critical “equilibrium”orbits 
are circular orbits with  
speed depending on A/M. 
There exist stability regions 
(in gray) 

Critical orbits at r=fixed 
can be more than 1  
at the same A/M, if one  
is close to the horizon 



Kerr spacetime (L≠0) 

Slightly deformed picture 
in comparison with the  
analogous in  
Schwarzschild 



Kerr spacetime 



Radiation field not a test field: Vaidya spacetime 



Vaidya 
Free choice 

Upper sign:  
out-going radiation 







Equilibrium under special assumptions of M(u) 

In this case (tanh-case) one has asymptotically 
two Schwarzschild spacetimes, of which we already 
know the properties. 

Dynamical equilibrium radius 



Geos (escape) 

PR-orbits (capture) 



The emitting source now undergoes PR effects…i.e. it spirals up to  
a critical radius 



Circular geo emitting 
spots at r=10M in red 





Spinning bodies immersed in a radiation field:  
comparing the spin force and the PR  one 











Numbers 
Earth-Sun 

PSR J0737-3039 



Due to the presence of external fields 
one may find equilibrium conditions for 
balance of the gravitational and  
non-gravitational actions. 
Compare with PR effect 
Equivalence principle, uncertainty of  
   the measurements 











Uncertainty of the measurements 



PR friction force 
extended to matter 
fields 



 Examples of particle interaction with a massive gas 

η 



Schwarzschild interior and  
exterior solution matched 

Exterior (geodesic) motion:  
dotted 



Pant-Sah and Buchdal metrics: examples of spacetimes  
admitting a perfect fluid source 





Conclusions 
 
PR effect has its natural generalization in GR 
The main feature of the GR discussion concerns the existence  
    of equilibrium solutions (stable or unstable) which may play a role 
    in the formation of certain structures, like accretion disks 
The discussion of PR effect has contributed to the study of  
    general friction forces  in GR 
 
Comparison with observed data  never is a easy task 
(Small)  deviations from theoretical previsions  can  
   be explained  by assuming the existence of (small) friction forces 
  (caveat: the  equivalence priciple). 
 
Further developments: 
 
More realistic models for photon emission by finite-size or  
    point-like sources 
Applications in cosmology 
 



Work in progress 



Bibliography (essential) 



Thanks for your kind attention! 


	On the Poynting-Robertson effect in General Relativity��Donato Bini�Istituto per le Applicazioni del Calcolo “M. Picone,” IAC-CNR, Rome (It)����
	Slide Number 2
	Plan of the talk
	�Radiation from the Sun (S) and thermal radiation from a particle (grain of dust) seen �(a) from an observer moving with the particle;  �(b) from an observer at rest with respect to the Sun.
	�From the perspective of the grain of dust circling the Sun (panel (a) of the figure):��the Sun's radiation appears to be coming from a slightly forward direction (aberration of light). ��Therefore:�� the absorption of this radiation leads to a force with a component against the direction of movement.
	�From the perspective of the Solar System as a whole (panel (b) of the figure):�� the dust grain absorbs sunlight entirely in a radial direction, thus the grain's angular momentum remains unchanged. ��However, in absorbing photons, the dust acquires mass via mass-energy equivalence. ��In order to conserve angular momentum (which is proportional to mass), the dust grain must drop into a lower orbit.
	The re-emission of photons, which is isotropic in the frame of the grain (a), does not affect the dust particle's orbital motion. ��However, in the frame of the Solar System (b), the emission is beamed anisotropically, and hence the photons carry away angular momentum from the dust grain (i.e. again there exist a force which is opposite to the motion). ���The Poynting–Robertson drag can be understood as an effective force opposite the direction of the dust grain's orbital motion, leading to a drop in the grain's angular momentum.
	Explicit examples in stationary axisymmetric  spacetimes
	The background geometry
	Super-posed photon test field
	Test-particle 
	Motion equations
	Schwarzschild spacetime
	Schwarzschild spacetime
	Schwarzschild spacetime
	Schwarzschild spacetime
	Kerr spacetime
	Kerr spacetime
	Kerr spacetime
	Kerr spacetime
	Slide Number 21
	Schwarzschild spacetime �(L≠0)
	Kerr spacetime (L≠0)
	Kerr spacetime
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Numbers
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Bibliography (essential)
	Slide Number 54

