(Lesson 12 X-ray emission mechanism (2)

1. Black body radiation
1. From what kinds of sources will we observe/
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3. Obtain the energy at whichthe black body enerey spectrum (lanck functiof} L)
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Use the following formula:

https volframalpha.com/input/?i=%283+

28x%29+%3D+3&lan

temperatureof 3273

Brightness
hitos://ai

Tabta 1

blackbody mo

(ebosuzsi 1987, P45, 30,287 Xray energy spectrom ofxray

&~
L]
E
'n
o TR | 0
4. Calculate energy density of the blackbody emission § 32 J o)
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5. Estimate the energy density of tg 2.7K Sosmic microwave background radiation. Compare
this with a typical m?na( etic energy density with B~3HG. B
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6. Explain the difference of the effective temperature, color temperature, and
brightness temperature - —_—
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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 distFIBUTER; or narrowly distributed.

Are there any continuum spectra which are more concentrated (narrowly
distributed) around KT?
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2. Thin-thermal plasma emission

1. Ffom what kinds of sources will we observewﬂmﬂ?’
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2. Explain the mechanisms of the continuum emission from thin-thermal plasmas

hit lpad.wikimedia,ore/wikipedia/common: Bremsstrahlung.sve
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https://upload.wikimedia.org/wikipedia/commons/1/1e/Bremsstrahlung.svg
https://arxiv.org/pdf/2003.04962.pdf
https://arxiv.org/pdf/1601.05806.pdf
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2. Explain the mechanisms of the continuum emission from thin-thermal plasmas
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3. Ifthe hot plasma s only compose

ydrogen ( protons and electrons), what kind of spectra/are expected
from thin-thermal plasma? T
i shermal plasiy
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Indicate a simple approximate formula of the thermal bremsstrahlung spectru

5. Indicate examples of X-ray energy spectra from thin-thermal plasmas with different temperatures (say, from e gl
KT=1 keV to 20 keV). Observe changes of the energy spectra with temperatures paying attention to the
following points:
a. Emission lines
b. Slope of the continuum in 1- 10 keV'
c. Peak energy of the continuum
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LLU\ Figur Theoretical energy spectra from thenmal plasmas at 1 keV
Yod 3 The “mekal’ moxded in XSPEC is usexl. We can see that, as the temperat
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. Thermal Comptonization

:
1. Observed how the "cut-off power-law" spectra are formed by K\
thermal (inverse) Comm

9
_ M2Te g (Tee, s

T~

With the scattering

2. Observe how the spectral shape change
optical depth

3. In which objects the thermal comptonization spectra are
expected?
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Fig. 9 The left hand panel shows a selection of states taken from the 2005 outburst of
The right hand panel shows the proposed accretion flow changes to explain these differe
differing contributions from the disc, hot inner flow and its associated jet, active regions ab
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

1=

NSRS

Spec taon

NSIEAY,

20 ke
(1) the
demeuts

ultrasoft

thermal dominant

wvery high

lowhard »

JRO J1655-40.
it spectra, with
wve the disc and

lu/abs/1996MNE 1032/abstract
‘model for N

+
§
¢
]

- fe-lda Te-1C lons

2 / b\t Yo
[

c @647 b

L e @b fay

OO ———

u;l L

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
(He-like) lines are seen. and around 7.0 keV. FeXXVI (Holike) lines are observed. As the
plastia temperature increases, lines from more Lighly lonized lons are observed
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Often non-thermal particle acceleration takes place in the
universe (shocks, magnetic acceleration etc.), and each relativistic
electron (v~¢) has the energy E = mc’y, wherey = 1/,

/ey >>1

The electron energy distribution N ( E) often becomes a power-
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In the case synchrotron emission or relativistic inverse-Compton
“ypicatphoton frequency v, 7o a Single eTactron with

scattering, 7]
onal toy?

the-energy £ = mcy is known to be

By integrating over the electron energy distribution, synchrotron
spectra or relativistic inverse-Compton spectra may be expressed
as
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@ Which sources are expected to emit non thermal comptonization
andfor synchrotron em
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3. When the relativisticele
Usp), ahd magnetic field d
synchrotron emission and inverse- Campmmzauon rrite place
simultaneously.

In the case of the SNR RXJ1713.7-3946, observe that the following
relationship holds between the synchrotron luminosity (Pyrch) and the
inverse-Comptonization luminosity (Peonyt)-
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Explain the following values semi-quantatively:
Inverse Compton spectral peak energy
@umﬁ energy of the synchrotron spectrum and the inverse
mpton spectrum

{{c) Slope of the synchrotr um and the inverse Compton

‘spectrum below the cut-off energies
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Synchroton and Inverse-Compton model §6r Crab pulsar,
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https://www.aanda.org/articles/aa/pdf/2006/13/aa4279-05.pdf
https://iopscience.iop.org/article/10.1088/0004-637X/773/2/138/pdf
http://cdsads.u-strasbg.fr/pdf/1999MNRAS.309..496G
http://cdsads.u-strasbg.fr/cgi-bin/nph-iarticle_query?bibcode=1986ApJ...300..522C&db_key=AST&page_ind=12&data_type=GIF&type=SCREEN_VIEW&classic=YES
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. Xy spectra of NGC 4151 as observed (a) in 1991
ROSAT, Ginga and OSSE, and (b) in 1993 May by
thermal

SSE. The dashed curves give the

on spectra, the dotted curves give the com-
the solid curves give the models of the
dot-dashed curves give the unab i

oft X-ray excess and the Kz line), The model param-
vin Table 1. The plotted data have been rebinned for
¢ upper limits are 2o. The ROSAT data are marked
e data from all four ASCA detectors have been co-
tting.
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