
Space Astronomy - Exercise 2

The following instructions are written for IDL, but you can use whichever lan-
guage you like to do the work. Return the plots and answers to the questions
to lecturers before 6th of May.

1 The spectra

File ”spectrallines.dat” contains X-ray measurement data of single micro-calorimeter
pixel. In the file, the first column is spectrometer channel number and the sec-
ond column is total number of counts in that channel. Plot the spectrum with
IDL to see what is inside the file (you don’t have to return this plot).
The most energetic X-ray peak in spectra is Titanium Kα2 line, and it is due to
the scattering of photons in Titanium made enclosure of the X-ray source. The
peaks with lowest energies are those of Al Kα pair.

i) By the information of the spectral lines given in Table 1, find out what is
the energy/channel -ratio used in constructing the spectrum? What is the en-
ergy range of the data file?

ii) Plot the spectrum so that the x-axis is in units of eV’s instead of chan-
nels and save the plot. What are the other emission lines in the spectrum?

Z Element α1 α2

10 Ne 848.61(26) 848.61(26)
11 Na 1040.98(12) 1040.98(12)
12 Mg 1253.437(13) 1253.688(11)
13 Al 1486.295(10) 1486.708(10)
14 Si 1739.394(34) 1739.985(19)
15 P 2012.70(48) 2013.68(48)
16 S 2306.700(38) 2307.885(34)
17 Cl 2620.846(39) 2622.440(39)
18 Ar 2955.566(16) 2957.682(16)
19 K 3311.1956(60) 3313.9476(50)
20 Ca 3688.128(49) 3691.719(49)
21 Sc 4085.9526(85) 4090.735(19)
22 Ti 4504.9201(94) 4510.8991(94)
23 V 4944.671(59) 4952.216(59)
24 Cr 5405.5384(71) 5414.8045(71)
25 Mn 5887.6859(84) 5898.8010(84)

Table 1: Table of the peak energies of Kα line pairs for elements Z = 10...25.
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2 Energy resolution

Use IDL Gaussfit procedure to determinate the energy resolution, ∆E, of each
peak of the spectrum. Write a new file with FWHM energy resolutions of the
peaks in one column and corresponding peak centroid energies in other.

i) Plot E/∆E as a function of E from 1 to 5 keV (you may want to use only
α2 lines in plotting because their better statistical quality). What kind of pro-
portionality there is between E/∆E and E? In semiconductor detectors the
proportionality reads E/∆E ∝

√
E, explain why the relations are essentially

different.

ii) Theoretical energy resolution of TES detectors can be expressed as
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where kB is the Boltzmann constant, T0 TES operation temperature, C calorime-
ter heat capacity and α TES sensitivity d logR/d log T . If the TES absorber is
made of Mo/Au film with characteristics shown in Table 2, calculate the amount
of resistance increase after absorbing a single Mn Kα -photon. If the TES tran-
sition edge is linear between R0...2R0, what is the maximum energy that can
be measured with this detector.

Parameter Value Unit

C 1.9 pJ/K
G 100 pW/K
R0 10 mΩ
T0 50 mK
n 3.2

Table 2: Physical parameters describing a TES detector.
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