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Kepler Institute of Astronomy, Poland
Collaborators:

Prof. G. Melikidze, Dr. J. Kijak, Dr. W. Lewandowski

YERAC, 11 September 2014

1/11



FREE-FREE THERMAL ABSORPTION

THE ASTROPHYSICAL ASSUMPTIONS:
I It is the process, which is inverse to free-free emission.
I It is thermal process (i.e. electrons have the Maxwell speed

distribution).
I A plasma is neutral in the macroscopic level and its

chemical components are in approximation:
NH : NHe : Nothers ' 10 : 1 : 10−3

thus we can assume that Ni = Ne.
I The electron temperature (Te) is constant along the line of

sight.
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THE RADIATIVE TRANSFER EQUATION

dIν

ds
= −ανIν + jν

THE LOCAL THERMAL EQUILIBRIUM

Iν(s) = Iν(0)e−τν(s) + Bν(T)(1− e−τν(s))

THE OPTICAL DEPTH

τν = 3.014× 10−2
(

Te

K

)−3/2 ( ν

GHz

)−2
(

EM
pc cm−6

)
< gff >

The equations are from the work of Rohlfs & Wilson (2004).
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THE PULSAR’S RADIO SPECTRA

FIGURE: The morphological classification of the pulsar’s radio spectra. The
illustration is from Rożko (2013).

95 % spectra - normal; 4 % spectra - broken; 1 % spectra - GPS
(Gigahertz-Peaked-Spectra)
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THE PULSAR WIND NEBULAE

FIGURE: The Crab Nebulae
(http://www.eso.org).

A bubble of shocked relativistic
particles, produced when a
pulsar’s relativistic wind interacts
with its environment.
Gaensler & Slane (2006)
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THE BOW-SHOCK PWNE

FIGURE: A schematic view of the bow-shock PWN (based on the MHD simulations
Bucciantini 2002). The simulated apparent pulsar spectra for different directions of the
observations are presented in the sub-panels; each of them shows two spectra obtained
for different sets of physical parameters. (Lewandowski et al. 2014)
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OTHER EXAMPLES OF THERMAL

ABSORPTION
Thermal absorption can be present also in the following areas:
the SNR dense filaments e.g. G11.1-03: Ne = 6600± 900 cm−3;
T = 5000 K; the thickness is equal to approximately 0.24 pc.

FIGURE: Simulated pulsar spectra in case of the presence of an absorber with
thickness of 0.1 pc. The electron density is set to 5000 cm−3 and the electron
temperature is set to 1000 K (the red line), 3000 K (the green line) and 5000 K (the blue
line), respectively. (Rożko 2013) 7/11



The stellar wind around Be-star e.g. a binary star LS2883 and
PSR B1259-63 (Kijak et al., 2011).

FIGURE: Geometry of the pulsar
orbit. This illustration is taken
from Fig.4 in Kijak et al. (2011).

FIGURE: Spectra resulted from modelling the
influence of free-free absorption for PSR B125963
radio emission. Pulsar spectra for chosen days after
periastron passage and for fixed values of spectral
index, star wind electron temperature and density.
The orbit inclination i is equal 36o and the electron
temperature Te is equal 104K.(Dembska et al. 2014)
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Around radio magnetars e.g. J1550-5418, J1622-4950 (Kijak et
al., 2013) or SGR J1745-2900.

THE SGR J1745-2900

FIGURE: Spectra of the radio magnetar SGR J1745-2900. Full dots denote the 2013
May 1 observations, empty triangles - the 2013 May 31 measurements (all values taken
from Fig.4 in Shannon & Johnston 2013). Lines are the results of two power law fits (i.e.
a ’broken spectra’ fits) which were performed separately for the two frequency bands
used in the observation. (Lewandowski et al. 2014)
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SUMMARY

The effects of thermal absorption depends on:
I the absorber thickness (the more thick area, the stronger

thermal absorption effect);
I the electron temperature (the lower temperature value, the

stronger thermal absorption effect);
I the electron density (the higher density, the stronger

thermal absorption effect).
This process has been known from the long time, but
previously it was assumed that it will hold only for the low
frequencies (100-200 MHz). (Sieber 1973)
The growth of our knowledge about the pulsar wind nebulae
and our better understanding of the physical conditions inside
them allow us to hypothesize that thermal absorption can hold
also for the higher frequencies (around 1 GHz).
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