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1. Black body radiation
1. From what kinds of sources will we observe black body emission in X-ray?
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4. Calculate energy density of the blackbody emission <4

Use the following formula TS
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5. Estimate the energy density of the z7>< cosmic microwave background radiation.  Compar
this with a WD al interstellar magnetic'energy density wit|
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7. Draw the black body spectrum  with the temperature E=kT in a wide energy
range using the v f, plot. Observe the energy spectral distribution around kT, if
itis widely distributed, or narrowly distributed, o
Are there any continuum spectra which are more concentrated [narrowly
distributed) around kT?
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2.Thin-thermal plasma emission
1. From what kinds of sources will we observe thin-thermal X-ray emission? : l |
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2. Explain the mechanisms of the continuum emission from thin-thermal plasmas
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3. If the hot plasma is only composed of hydrogen ( protons and electrons), what kind of spectra are expected
from thin-thermal plasma?

4. Indicate a simple approximate formula of the thermal bremsstrahlung spectrum.

5. Indicate examples of X-ray energy spectra from thin-thermal plasmas with different (say, from
KT=1 keV to 20 keV). Observe changes of the energy spectra with temperatures paying attention to the
following points: i

a. Emission lines
b. Slope of the continuum in 1- 10 keV
c. Peak energy of the continuum

il of Venin B [t
m?|, and the p valoe i 14,004, —0, respecs

; fon

‘Thermal comptonization model
3. Thermal Comptonization Pozdnyakov et al. (1983}
ttp/ariles,adsabs harvard,edu/cal-bin/get fie?

dis/ASPR/0002/1983ASPR..2..189P pd

1. Observed how the "cut-off power-law" spectra are formed by
thermal (inverse) Comptonization process

2. Observe how the spectral shape changes with the scattering
optical depth

3.1n which objects the thermal comptonization spectra are
expected?
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Figure 5.5 Theoretical cocrgy spectra from thermal plasmas at 1 keV. 5 keV and ) keV
The “mekal’ model in XSPEC s used. We can see that. as the temperatuse increases, (1) the
coutinuum peaks shift toward bigher energies. and (2) emission lises from heavier clemests
are more promisent
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Fig. 9 The left hand panel shows a selection of states taken from the 2005 outburst of GRO J
The right hand panel shows the proposed accretion flow changes to explain these different spec
differing contributions from the disc, hot inner flow and its associated jet, active regions above the
awind
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https://upload.wikimedia.org/wikipedia/commons/1/1e/Bremsstrahlung.svg
https://www.isas.jaxa.jp/home/ebisawalab/ebisawa/TEACHING/2016Note.pdf
https://ui.adsabs.harvard.edu/abs/1996MNRAS.283..193Z/abstract
https://link.springer.com/content/pdf/10.1007/s00159-007-0006-1.pdf
http://articles.adsabs.harvard.edu/cgi-bin/get_file?pdfs/ASPRv/0002/1983ASPRv...2..189P.pdf
http://articles.adsabs.harvard.edu/cgi-bin/get_file?pdfs/ASPRv/0002/1983ASPRv...2..189P.pdf
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Figure 5.6: Expansion of the iron K-line region in the previous figure. Iron line missions from
the 1 keV, 5 keV and 20 keV thermal plasmas are indicated. Around 6.6 - 6.7 keV, FeXXV
 (Helike) loes are seen. and around 7.0 keV, FeXXVI (H-like) lines are observed. As the e e ]
plasma s lines from more highly ionized fons are observed.
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https://ui.adsabs.harvard.edu/abs/1996MNRAS.283..193Z/abstract
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1

Non-thermal emission

Often non-thermal particle acceleration takes place in the
universe (shocks, magnetic acceleration etc.), and each relativistic
electron (v~c) has the energy E=mc?y, wherey= 1/ 1-
(v/ep >>1

The electron energy distribution N ( E) often becomes a power-
law, as

In the case synchrotron emission or relativistic inverse-Compton
scattering, typical photon frequency ve from a single electron with
the energy E = mc?y is known to be proportional toy?

By integrating over the electron energy distribution, synchrotron
spectra o relativistic inverse-Compton spectra may be expressed
as

Flv) x

(v ve)y P dy.

Indicate the synchrotron emission or relativistic inverse-Compton

scattering spectra become power -aw

—8

o

with the ndex

p—1
2

2. Which sources are expected to emit non-thermal comptonization
and/or synchrotron emission?

3. When the relativistic electrons, soft input photons (energy density
Ug), and magnetic fields (energy density Us) coexist, both the
synchrotron emission and inverse-Comptonization take place
simultaneously.

In the case of the SNR RXJ1713.7-3946, observe that the following
relationship holds between the synchrotron luminosity (Psynct) and the
inverse-Comptonization luminosity (Peomp).
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In Fig. 19 of Aharonian et al. 2006, the relativistic electron energy
distribution has been assumed to be
7® exp (-mc2y/Eo), where p is 2 and E=100 TeV.

Explain the following values semi-quantatively:

(a) Inverse Compton spectral peak energy

(b) Cut-off energy of the synchrotron spectrum and the inverse
Compton spectrum

(c) Slope of the synchrotron spectrum and the inverse Compton
spectrum below the cut-off energies
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