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Exploration of the Hydrogen gas detected in the Milky
Way with the EU-HOUMW SRT
A Salsa] tutorial

Iiﬂ Edit Image Pro

A few preliminary spectra are stored in spectra_SRT taken every 10 e i
degrees in the Galactic plane. Let consider the spectra taken for the Galactic
coordinates 1=0, b=0. cios o
Open Salsa], and go in File/Radio Spectrum... Select the spectra named ;¢ N
_a-2012_10_22_13_57_05_22-0-0-Craiova fits. It has been taken by the user  rsesew.

“a” on the 22nd October 2012 at 12h57m05s (UTC) for 1=0, b=0 in Craiova.

800 Open

(3 spectra_SRT

MName 4| Date Modified

7 _a-2012_09_18_15_22_56_18-81-0-Paris2 fits Wednesday, October 31, 2012 4:17 PM
7 _a-2012_10_22_13_31_30_22-40-0-Paris2 fits Wednesday, October 31, 2012 4:13 PM
[ i Wednesday, October 31, 2012 3:27 PM
- _archangel23-2011_12_12_12_29_47_12-10-0-Paris.fits Wednesday, October 31, 2012 3:30 PM
7 _euhou22octa-2012_10_22_13_41_07_22-80-0-Paris.fits Wednesday, October 31, 2012 4:16 PM
© _kchyzy-2012_02_29_08_24_48_29-50-0-Cracovie.fits Wednesday, October 31, 2012 4:14 PM
" _kechyzy-2012_02_29_08_30_28_29-70-0-Cracovie.fits Wednesday, October 31, 2012 4:15 PM
© _kchyzy-2012_09_05_21_31_16_5-60-0-Cracovie.fits Wednesday, October 31, 2012 4:14 PM
0 _luzi-2012_01_10_10_07_10_10-20-0-Paris.fits Wednesday, October 31, 2012 3:36 PM
© _luzi-2012_01_10_10_28_12_10-30-0-Paris.fits Wednesday, October 31, 2012 4:11 PM
[ misc Wednesday, October 31, 2012 4:10 PM

File Format: | All Files ,

Cancel Open

A spectra window appears displaying the abscissa in Channels, the instrument unit. One
channel corresponds to the resolution of the instrument (here in frequencies).

8 00 Plot of _a-2012 10 _22 13 57_05_22-0-0-Craiova.fits
520x250 pixels; 8-bit; 126K

In this spectrum the
size of one channel is
7kHz.

Scrolling the cursor on
the graph enables to
displays X,Y of each
point of the spectra.
Clicking  with  the
cursor enables to write
the wvalues in the
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Intensity

1574 F , Results window.
0 Channel 138 8 O O SetScale
List Save Copy ¥ Channel '|
Axis properties Set Scale Baseline Frequency
X=67.0000 ¥Y=2023 Wavelength |
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[t is more practical to work in physical units, which is possible with the button Set Scale.
We can switch from frequencies (or wavelengths) into velocities with the formula:

fo— f,where fo=1421MHz.

Vradio =C
0

The spectrum is thus inverted is displayed in velocities. We thus directly measure the
velocity of the hydrogen clouds detected. There is a peak and some background, which
corresponds to the continuum including mainly the sky background. It is customary to
remove this continuum with the fit of a baseline. We need to define 2 widows on both
side of the signal in order to adjust a polynomial. Hence, you need to click four times:

and your values are printed in the Results window.
@ O O Results

800 Plot of _a-2012_10_22_13_57_05_22-0-0-Craiova.fits
520x250 pixels; 8-bit; 126K ~100.6601 1576

2023 -29.7077 1692
3 46.1949 1746
103.9469 1740
E 8,00 baseline
‘-&-._ choose two intervals
g = first interval
= N » § f ca by , Xmin = [-100
- V\M VUVWV‘/ Xmax = -30
E second interval
Xmin = 45
Xmax = | 105
1574 | | choose order of baseline fit (0<order<5)
-112.21 Velocity (km/s) 115.50 Order = 1
display zero line in blue
List Save Copy v lar
Axis properties Set Scale Baseline

X=107.2470 ¥=1759

-O 0 0 Plot of _a-2012_10_22_13 57_05_22-0-0-Craiova.fits
520x250 pixels; RGB Colour ; 504K

2023
Click on Baseline and enter the 4 1
abscissa values you just measured.
. . . 2z
An adjusted polynomial is then 2F
superimposed in red on the =
spectrum. You can then click on ]
Subtract baseline to subtract it. wsra by My . |
-112.21 Velocity (kmis) 115.50
List Save Copy
Axis properties Reset Subtract baseline
X==70.9591 ¥=1619
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The background level is then set at 0 and we can study the line. It is interesting to note
that the intensity of the HI line corresponds to about 20% of the value of the continuum.
At this stage it is possible to use the cursor to measure the position of the peak. It is
possible to @ O 0  Plotof _a-2012_10_22_13_57_05_22-0-0-Craiova fits

improve a bit the 520x250 pixels; 8-bit; 126K

accuracy of the
measure by
zooming on the
peak with Axis

336.7

properties. :
&
cf
o
=l
s72fY L L
-112.21 Velocity (km/s) 115.50
List Save Copy
Axis properties Reset Gaussian fit

We will now go a bit further. We will adjust a Gaussian profile on this peak and extract
more information from this data, following the research methods used on this type of
data. For this, we need to define in which window the fit will be performed, and first
guesses of the values of the maximum, the width of the line and the central values. It is
best to click first on the Plot of _a-2012_10_22_13_57_05_22-0-0-Craiova.fits

key positions in order to 520x250 pixels; RGB Colour ; 504K

store the values in the 196.7
Results window. Click
then on Gaussian fit, and
fill the window as
displayed here. A
Gaussian function is then
superimposed on the
spectra. The parameter of
this Gaussian function can
be retrieved from the 5721,

Intensity

. . 221 T Velooiy kmisl 11550
Gaussian fit results Velocity (kmis)
window. List Save Copy
Axis properties Reset Gaussian fit
800 Gaussian fit results
measurements |File I |b |Velocity (km/s) [Intensity [Width |Area |
2 _a-2012_10_22_13_57_05_22-0-0-Craiova.fits 0.00 0.00 4.21 259.79 14.96 4138.04
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While the adjustment is quite good, we can note that the signal is probably not exactly
Gaussian (discrepancy near the peak), but it is a good approximation and a good way to
measure the integral or the area of the line. It also provides a value of the central
velocity, which takes into account the whole line.

The area value (in K km/s) is usually used to derive the so-called column density of
Hydrogen present along the line of sight observed.

We have to stress at this stage that in the current stage of EU-HOUMW archived
are calibrated on the sky with a diode. It is relatively crude, and researchers
usually use a standard quasar or radio-source (with a known intensity). In the
following, we will process to get the order of magnitude of the column density of
hydrogen, having in mind that our measurement will be affected by an uncertainty
due to the calibration.

Having said that, we can proceed to measure the column density of hydrogen (usually
written Ny) towards the Galactic centre. We can find in textbook that:

N (in atoms/cm?) =1,823 x 1018 4, where A is the area of the line measured above. We
thus find Ny = 7,5 1021 atoms/cm?, which is a typical value.

Itis possible to compare this value with other data (LAB) or values from the literature.
Knowing the distance of the Galactic centre (8,5kpc), the beam of the SRT (5degrees),
the mass of the Hydrogen atom (proton mass: 1.67 x 10-27 kg), you can derive the mass
of gas corresponding at this column density. You thus assume that all the gas is at the
centre (part of it could be along the line of sight).

To go further, you can explore the other spectra stored in the spectra_SRT directory or
directly the EU-HOUMW SRT archive euhou.obspm.fr/public/archive.php.

This project has been funded with support from the European Commission. This publication [communication] reflects the views only
of the author, and the Commission cannot be held responsible for any use which may be made of the information contained therein.



