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The D$9 astronomical im fewi ill be used to measure the brightnesses of stars in blue (g-band: zas Y falls The presence of dark matter within galaxies can be identified by comparing the mass of the stars and
ich causes them to undergo 4770 A) and ne . 25 A) images of onc of several globular clusters obscrved by the Sloan e e sul interstellar gas within galaxics to the mass inferred from s of the gas and stars as they orbit

The DS9 astronomical image viewing tool will be used to examine the relation betweer T poiees themm to und ges 0 "  retal g o ,
. stars are forming and rstellar molecular gas used to create those stars in thy g anges d"IrI: 1ch fey Hirst become r 1l then be used to construct a colour-magnitude diagram, - N within the galaxy. This experiment uses data from the Spitzer Space Telescope and Jansky Very Large
. image of the 2.6 mm spectral line emission from carbon monoxide within the interstellar mole ars and then supemovac. vhicl gram. The locations of the stars in the diagram can be se s T " Array to id he presence of dark matter within the spiral gala 1.
. o 7 S 3 Ir and can also potentially form planets.
k2 be used to measure molecular gas mass. Images of ultraviolet (226.7 nm) light from hot young stars and
mid-infrared (24pm) light from interstellar dust in star forming regions will be used to determine the star
s . 2 . e . iz . is a type of protostellar object known as a
formation rate. With measurements quantities from multiple regions within the galaxy, it will be e donse enotah that 1 ) )
possible to show the relation between gas mass and star formation rate. - It has become cense enoug § sencral Astronemy Concepts
General Astronomy Concepts s a star but not so dense that
- stars from the other st - - drogen into helium. Instead, the .
g the ¢ Space . . . v for the tostar is the B
using the Hubble Space When a group of stars form . . y for the protostar is the
~ ~ . e of lumi as the star contracts and becomes denser. ofi o
General Astronomy Concepts stars have a range of lumin 1y equence st chic - > io (21cm) rom hydrogen
radiated per unit time) and rs that follow i Sd‘q‘“““d‘ ars T "Ed i 1‘, and dust, and about 90% s
Stars form out of interstellar molecular gas. The rate at which stars form is directly proportional to the L - relation called the main seque hich appears as a lyrac produces infrared and mithmetr matter consists of dark matter.
amount of molecular gas that is available to make th This is named the Kennicutt-Schmid relation - W ! 10 lower right in Stars can b ed by the
after the two people who first studied it. To show the relation exists, it is necessary to make measurements i th bl ing ALMA illimetre/submi llimetre o ¢
that can be used to calculate the mass of molecular gas present and the rate at which stars are forming. M ! e e e spa y SIng / amitiimetre/submitimetre as ultraviol car-infrare
g nan ! n from carbon monoxide oht, and " can be
8 h HOm yoars bt v . ents oppler shifting of the i i
by interstellar dust found in the gas o N - d etermine the rotational velocity of o trum, but dark
then heats up to temperatures above 100 - [will be possible to estimate the mass of e mits nor
an also be used to identify star formation ; . adiati .
- Y : wards the upper right of radiation
4 . ¥ lours. 5 i s > Instead, the presence of dark matier L 4 d Hy s a scalar term called the Hubble
‘ . Ny oldest, and dimmest stars have . i dI’ od - ¢ " i bt (lefi) and radio panding and led to the Big Bang theory.
» N . pans; they could continue to convert 15 usua entine 2lc 0 gas (right) fi iral galaxy
[ . sure star formation, both have problems. o cen into heli their cores for bill N " . rom gaay
: W ¢ P t from hot bluc stars, making the Y chum in fhetr cores for biffions o . . " o m objects with known brightne:
PP . .2 it of star formation. In contrast, if no Figure 1 5“ i ’ es p i - iation) produced over time by
ce id-infrared lig] temperature st ears . . . 26 s that energy propagates throu,
: ce no mid-infrared light peraure ol e itationally-bound groups of stars /s (Jy equal to 10 enerey propag
s . that formed together out of the same cloud of y represents the amount N o o
interstellar gas. Two ent types of cluste e One of the observed phenomena related to gravitational fore: e vel 'y of orbiting objects.
found in the laxy and other galaxies. Examples of ea F cluster are § » small object is in orbit around a much larger object, such as a star or a gas cioud around a galaxy, the force
. 2 = M100. The lefl image shows tl E Open cluste ; with o welldefined sh are f e disc of ; Feneeded to keep it in orbit is
. I,IIIII{.‘I:III'“ ! 3 Galaxy. Most of 1 rs formed relativ and most have ages less than 500 m B}
. old. This is because gravitati in the disc of the galaxy tend to pul these clusters apart. -
) . ) , Globular clusters arc spheres of stars found outside the planc of the M: Galaxy, although they still
und stellar molecular gas is oc; c v s tw orbit around the centre of the Galaxy. Most of
use e : s where m is the mass of the object in arbit, v is the velocity, and r is the radius of the orbit. This force will
- d idual cluster will have the same e bluest one e the i equal the g ional force Fa given by
de (CO). This produc | s. Later, the white main seq
s, and the amount of spectral line main sequence stars will do the same, and the orange and s
n c ] de panel in Figure 1 shows aresult, the colours and magnitudes (or brightmesses) of stars within a star cluster will change over time.
of CO spectral line emission at 2.6 mm (115 GHz) that will be used in this experiment. The image Figure 3 shows the expected colours and magnitudes for star clusters with different ages.
was produced by the Atacama Large Millimeter/submillimeter Array (ALMA), where M s the mass of the larger object and G is the gravitational constant. Setting these two forces equal to
cach other and performing some algebra gives
When a group of stars form out of interstellar gas, the stars have a rang
radiated per unit time) and colours that follow tion called the main sequs
- diagonal line from the upper left to lower right in Figure 2. The most lumino
1

This guide was developed to provide a straightforward introduction to These lab scripts were written (with the assistance of students) as classroom activities that could introduce students to using
working with FITS images and the DS9 image viewer. It can be used by professional astronomy data. Scripts for secondary school and undergraduate students are currently available. The scripts

secondary school students, university students, or the general public. have been tested with year 12 work experience students, and some are used for teaching at the University of Manchester.
—~

Astronomers use right ascension and Next, do the followin
declination to identify locations in

images.
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Y All lab scripts are based on

Ea e e T T T aEw using real science data in the

' form of FITS images acquired
from public archives such as
the NASA/IPAC Extragalactic

Database and Sloan Digitized

B | Sky Survey.
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Move the cursor to the Image File NGC_3031_|_MIPS24_bgm2012.fits.gz
window. Object NGC 3031

Value
wcs

Right ascension is the equivalent of
longitude, but it is measured in
hours instead of in degrees.
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Hold the right mouse button image
down. e
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FITS files contain headers that may Next, click on Scale.

contain various information about

the ﬁIeS SIMPLE T / written by IoL: Fri Jul 4 18:30:41 2014
. BITPIX -32 / IEEE single precision floating point

NAXIS 2 /Number of data axes
NAXIS1 720 /Length of data axis 1
NAXIS2 1080 /Length of data axis 2
H 1 DATE -03-21" JFil ion d. C ~mm-dd)
FITS image viewers can be used to : Jritie of the datasee )
I I( t th s f t s i : {;e]esmpe name
JInstrument name
Oo a IS In Orma Ion' /MIPS channel number (1=24um,2=70um,3=160um)
2.36800e-05 /wavelength of the observation (m)
1.26689€+13 /Frequency of the observations (Hz)
.. . . /Spitzer AOR key 1
This information could include the : /spitaer Aok key 2
. . - 7% b /Right ascension (hh:mm:
following: 205:55.0: Toectination (ad:mmes

a % & X 2000.00 /Equinox of RA and DEC
1.50000 /Plate scale (arcsec/pixel)
Image creation information s L
/Quantity represented by axis 2

Coordlnate lnformatlon N i et pixel on axis 1

540.500 /Reference pixel on axis 2
Data UnItS 148.888220800 /value at reference pixel on axis 1
69.0652947000 /value at reference pixel on axis 2
. . . -0.000416666666667 /Transformation matrix element
Data processing hlStOI’y & 0.00000 /Transformation matrix element
0.00000 /Transformation matrix element
0.000416666666667 /Transformation matrix element
Miy/sr ! /Current units of data
0.0454 /Conversion from MIPS units to Mly/sr
T /iIndicator for background subtraction (T/F)
20.10 /Background value at CRPIX1,CRPIX2 in ZUNITS
0.0438 /Background RMS noise in ZUNITS
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After this, click on log.
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(With some images, clicking on Scale | e o) power | sat | sousred | ason sl
in the menu bar and then selecting

99.5%, Zscale, or Zmax sometimes

produces better results.)

histogram | minmax | zscale
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ST e : S | | All analyses are based on

Text

processed by George J. Bendo using the MIPS DAT 3.10. when using
this image for any purpose, please reference the following paper:
Bendo G. J., Galliano F., & Madden S. C.
COMMENT MIPS 24-160 micron photometry for the Herschel-SPIRE Local
COMMENT Galaxies Guaranteed Time Programs
COMMENT 2012, MNRAS, 423, 197
COMMENT  Additional information about the image or the data processing can
COMMENT  be found in this paper.
COMMENT
END

Center  1%18:43.9050 +2:08:49.

= ¥ using DS9, which is publicly
available for free for all
computer platforms.
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The introduction provides an overview of the FITS format The quick start guide provides simple instructions on how
and discusses basic concepts regarding astronomy images. to display images in DS9. ‘
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Websites with Professional FITS Image Archives

L] L]
Professional astronomers use these websites to store and distribute their data, including FITS images. Many of these websites expect people to
search for images of specific objects; a list of example objects is presented after this list of websites. e eX p e r I I I l e n S C O Ve r O p I C S
Some of these data may come in compressed formats such as tar, gzip, or bzip2. These files can be uncompressed in Windows using PeaZip

(http://www.peazip.oraj) or 7-Zip (http://www.7-zip.ora/). Mac and Linux computers have software built in to uncompress these fies. S u C h a S t h e m e a S u ri n g St e | | a r M 5 (G I (@) b u I ar CI U St e r) M 1 0 0 (S pl a I G d I d XY)

It might also be necessary to add “.fits” to the ends of files to make them work in DS9.

. ages and metallicities for
globular clusters and deriving Age=13 Gyr
the Kennicutt-Schmidt relation [Fe/H]=-1.0
(the relation between gas

mass and star formation rate).
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emission from both the red and
green channels will look yellow.
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Electromagnetic Spectrum

Wavelengt

= Supernovae
= AGN
= Atomic interstellar gas (hydrogen 21cm spectral line)

Millimetre § i — 4 i Ionized interstellar gas
Molecular interstellar gas (CO spectral line)
i = Cold interstellar dust
subnilimetze &0 pon=d.mm = Molecular interstellar gas (CO spectral line)

50 pm — 500 pm = Cold interstellar dust

Hot interstellar
red /=0 Large interstellar carbon molecules (PAHs

Near-infrared 780 nm =5 pm = Old stars

You can also open this window | o s [ i | i
by selecting the region in the g
image and then selecting “Get sk

Information” from the region BLE
menu. .

You can put the circle in a
specific position or set it to a
certain size if needed.

= Old stars (red wavelengths)
Optical 380 - 780 nm = Young stars (blue wavelengths)
= Warm ionized interstellar gas (Ha line, HP line, other spectral lines)

= Hot ionized interstellar gas ' prOVIde IntrOdUCtIonS to these

I
=
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The lab scripts not only

Circle

File Edit Color Width Property Font Analysis
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X-ray = X-ray binary stars

Center 9:56:19.943 +69:01:11.42
Radius 0.00555556 degrees

topics but also cover basic
: concepts such as the

electromagnetic spectrum,
. | Keplerian motion, and the
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log(Star Formation Rate [Msya//Yr])

The more detailed information on DS9 covers various The end of the guide lists links to websites with FITS
menu options and discusses how to perform photometry Images, suggested objects to look up on those websites,
and create multiband colour images. and information on the electromagnetic spectrum.
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expansion of the Universe. 109(MumoiGas [Msorar])




