
3 Proposed convention

It is proposed that the centre (origin) of the Astro LSF L(x) (where x is expressed in
pixels relative to the origin) is defined by the condition

Z 1

¡1
L(x)w(x=s) dx = 0 (15)

Here, w is the following weighting function (Tukey’s biweight)

w(z) =

(
z(1 ¡ z2)2 if jzj < 1
0 otherwise

(16)

and s is a scale parameter set to the fixed value s = 2:7 pixel.

4 Proposal for the initial centroiding of AF samples

It is furthermore proposed that the above weighting function (with s = 2:7) is also used
to compute an initial estimate of the location of the LSF centroid among the observed AF
samples f nkg, by means of the equation

X

k

nk w

µ
k ¡ »

s

¶
= 0 (17)

This has the advantage that it can be applied before any LSF calibration is available,
e.g., very early in the initial data treatment, and as an initial step of the LSF calibration
process. It is however less accurate than a full LSF fitting, and cannot replace the latter
in subsequent processing stages.

Equation (17) is non-linear but can be solved in a few Newton–Raphson iterations from a
starting value of » equal to the index k of the largest nk. The iteration formula is
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where

w0(z) =

(
(1 ¡ 5z2)(1 ¡ z2) if jzj < 1
0 otherwise

(19)

An approximate error estimate is obtained as
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where Vk = nk + 1 + r2 is the estimated variance of nk, with r the RMS readout noise in
electrons.

16



References

[1] Lindegren L., 1998: Calculation of chromatic displacement, SAG–LL–024, (25 Octo-
ber 1998)

[2] Lindegren L., with input from GST and WG members, 2003: Algorithms for GDAAS
Phase II: Definition, GAIA–LL–044, Version 4 (21 March 2003); see p. 66

[3] Lindegren L., 2003: Representation of LSF and PSF for GDAAS-2, GAIA–LL–046
(2 May 2003)

[4] Lindegren L., 2004: Chromaticity specification, GAIA–LL–053, Version 1 (8 May
2004)

[5] Lindegren L., 2005: A theoretical investigation of chromaticity, GAIA–CA–TN–LU–
LL–064-1 (15 November 2005)

[6] Lindegren L., 2006: PSF and LSF representation for the simulation of Gaia-3 Astro
data, GAIA–C2–TN–LU–LL–066-1 (28 April 2006)

[7] Pickles A.J., 1998: A Stellar Spectral Flux Library: 1150–25000 Å, PASP 110, 863
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Acronyms

The following table has been generated from the on-line Gaia acronym list:

Acronym Description
AC ACross scan (direction)
AF Astrometric Field (in Astro)
AL ALong scan (direction)
CCD Charge-Coupled Device
CTI Charge Transfer Inefficiency
GDAAS Gaia Data Access and Analysis Study
GST Gaia Science Team
LSF Line-Spread Function
PSF Point-Spread Function
RMS Root-Mean-Square
SM Sky Mapper
WFE WaveFront Error
WG Working Group
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5.1 End of night activities

It is of uttermost importance, to track observations and to facilitate data reductions, that you
send to Bologna your end-of-night report (EON) and your electronic observation logs. You can
find both in Wiki-Bo:

• A web based form for submitting the EON report can be found in the “Observations
Pages” (Figure 2); there is also an ascii file template for those who prefer to send
the report by e-mail;

• A template for compiling electronically the observing logs (Figure 3), prepared by
S. Ragaini, can also be found in the “Observations Pages”; if hand written logs are
compiled instead, they should be scanned and sent in electronic form.

5.2 End of run activities

To facilitate us in tracking observations we need your end-of-run report (EOR), and to be able
to safely store data for analysing them, we need you to send us the raw data:

• A web based form for submitting the EOR report can be found in the “Observations
Pages”, very similar to the one for EON reports (Figure 2); there is also an ascii file
template for those who prefer to send the report by e-mail;

• The raw data can be sent in many ways, but we prefer by far to receive them already
backed up on CDs or DVDs, possibly with the data of different nights saved in
different subdirectories.
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A Instrument specific instructions: CAFOS

Originally prepared by J.M. Carrasco & G. Altavilla

Some more information on CAFOS can be found at http://www.caha.es/alises/
cafos/cafos.html. Here we describe the operating instructions necessary to perform ob-
servations with the various instrument GUIs (graphical user interfaces). A general view of the
monitors and interfaces can be seen in Figure 4.

A.1 Starting up the system

The telescope and instrument controls can be run from the telescope building, or from the library
building, where a more comfortable control room was set-up. We will assume that the observer
works in the library building.

On the first night the telescope staff will be glad to illustrate the controls, and they will be
always available in case of problems, but you are expected to perform the observations by
yourself, there is no telescope operator.

A.1.1 Dome startup

• To have control of the dome from the library monitors, be sure to switch the appro-
priate button in the telescope building to “remote”: the dome start GUI should show
a green light.

• Start the dome GUI from a terminal with the command line: “start domec &”.

A.1.2 Telescope startup

• You first need to allow remote control of the telescope from the library building, by
typing: “start teleserver &” in a terminal.

• On the telescope interface you can now start the telescope by clicking on the “On”,
“Hydraulics”, “Drives”, and the “Domec” buttons.

• When the mirror covers are closed, there is a green light on “M1 Cover closed”,
if you click the “Startup” button, the light changes color and the button name
changes to “Shutdown”: the mirror covers are now open.

• Do not forget to set the dome position to “Auto”, otherwise the dome will not
follow the telescope movements.
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FIGURE 4: Views of the control-room computer monitors during observations with
CAFOS@CAHA. Top left: the TV monitor can be seen on the left monitor, while the telescope
controls are on the right monitor. Top right: the leftmost monitor is the telescope control, the
central monitor shows the exposure control and instrument monitor, the right monitor is where
the user can work on the data. Middle left: a zoom-in on the user monitor. Middle right: a
zoom-in on the exposure control monitor. Bottom left: a zoom-in on the telescope monitor.
Bottom right: a zoom-in on the TV monitor.
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A.1.3 Instrument startup

• Run on a terminal: “start cafos &”.

• Make sure that “Polarizer” is always “out”.

• If you click on the right button on the desktop and select “Cass 2.2”, you will
open a small GUI which will be later useful to change the CAFOS orientation.

A.1.4 CCD startup

• Run in a terminal “start ccd &”.

• Select the directory to save the data (e.g., “/disk-b/obs22 images/jordi”)
using “Change” in “Output Filename”. A new terminal appears, where you
can type the “Image prefix” and the “Observer”.

• Be sure that the two CCD sections for imaging and spectroscopy are properly de-
fined and saved:

1. In spectroscopy mode, we use the region: 400 < X < 1600; 1 < Y <
1650. To define it, use the “Change” button in “CCD configuration” to
type this section in the appropriate field. Be sure that the binning is set to 1.
Use “LOAD/SAVE CONFIGURATION” to store this CCD section as “USER
DEF 4”, selecting the name “user def4.par” for the file in which you
store it.

2. In photometry mode, we use the standard configuration: 513 < X, Y < 1536.
This should be already stored as “USER DEF 1”, otherwise you can set it
with the instructions above.

A.1.5 Target list upload

There are two ways of introducing the coordinates to point the telescope: to introduce the
coordinates manually, or to select a position from a stored catalogue. You may want to upload
your target list in advance to make your life easier during the night.

1. To manually point the telescope you have to type the object coordinates into the
“Abs. Pos.” GUI, but then (at least in the first runs) there is a systematic offset
in the pointing, therefore you should enter and offset of 120” to the South in the
“Dif. Pos.” GUI.

2. To select a star from one of the uploaded catalogues, you do not need to enter
any systematic offset of 120”, it is already implemented in the pointing model. To
upload a catalogue for later use during observations:
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• Prepare an ascii file with a target on each row; the file must have the follow-
ing columns “name | alpha | delta | epoch ”, all separated by
the vertical dash symbol. For example: “BD+28 4211 | 21:51:11.02
| +28:51:50.36 | 2000.0”.

• Copy the catalogue file in the working directory.

• Enter “obscat22 &” in a terminal.

• Upload the catalogue by entering the filename and path in the “Catalogue”
field.

• Now you can access the catalogue at any time from the telescope GUI.

A.2 Daytime and twilight calibrations

A.2.1 Bias sequence

Useful MIDAS scripts are available to facilitate the execution of calibration frames sequences.
In the case of bias frames, the “multibias” routine automatically changes the exposure type
to “dark”, the exposure time to zero seconds, and the object name to a preset, numbered list:

• Be sure that the lights in the dome are closed in the dome GUI.

• Open the MIDAS environment by typing “calibs” on a terminal. In the past you
used to need to open it with “quick” and “x322”.

• Type “explain” to see the list of all enabled commands.

• Run the “multibias” procedure with the spectroscopic and the photometric CCD
sections, as needed (see Section A.1.4), to produce the required number of bias
frames (see Section 3.1).

A.2.2 Imaging dome flats

• Type “ffl” on a terminal to switch on the dome lamps. Different lamps with dif-
ferent powers are available (2000, 1000, 150 W and another with selectable power
ranging from 1 to 10 W).

• Make sure that the previous lamp has been correctly and completely switched off
before switching on the next one.

• Send the telescope to the flat screen by clicking “Fix Pos” and “Flat. Pos.”
on the telescope GUI.

• Remember to open the mirror covers (see Section A.1.2).
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• Select the correct instrument configuration (choose filter, photometric CCD section,
remove slits ...) using the exposure GUI.

• Use the exposure GUI (see Figure 4) to select exposure times according to the in-
dicative values of Table 6.

TABLE 6: Indicative imaging exptimes with warm lamps.
Filter lamp exptime counts Notes
B 150 W 30 sec '36000
V 150 W 5 sec '35000
R 10 W 20 sec '33000 Counts tend to increase with time after switching on

You can also use the MIDAS routine “FF dome”, after configuring the instrument and switch-
ing on the appropriate lamp as explained above. The routine will tell you when the lamps get
too hot and need to be changed:

• Run the MIDAS routine “FF dome” from a terminal.

• When asked for “UserDef”, reply “1”, which is the default for imaging.

• Select “Filter number”, which is 2 for B, 3 for V, and 4 for R.

• Select also the “Filter name”, which is B, V, or R in our case.

• Leave the “FF level” to its default value, which is >80 000.

• Select the appropriate “Number of exposures” (usually 10).

• Leave “Max. expos. time” to its default value, which is two minutes.

• Set CAFOS in remote.

• Repeat these steps for every filter.

• Switch off the lamps.

A.2.3 Spectroscopic dome flats

• Type “ffl” on a terminal to switch on the dome lamps. Different lamps with dif-
ferent powers are available (2000, 1000, 150 W and another with selectable power
ranging from 1 to 10 W).

• Make sure that the previous lamp has been correctly and completely switched off
before switching on the next one.
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• Send the telescope to the flat screen by clicking “Fix. Pos.” and “Flat. Pos.”
on the telescope GUI.

• Remember to open the mirror covers (see Section A.1.2).

• Select the correct instrument configuration (choose grism, spectroscopic CCD sec-
tion, remove filters, choose slit ...) using the exposure GUI.

• Use the exposure GUI (see Figure 4) to select exposure times according to the in-
dicative values of Table 6.

• Change the observation type to “flat” (this has to be done even if you decide to
use the MIDAS macro, see below).

• Select the appropriate exposure time, using the values in Table 7 as guidelines (this
has to be done even if you decide to use the MIDAS macro, see below).

TABLE 7: Indicative spectroscopy exptimes with warm lamps.
Slit grism lamp exptime peak counts
2.5” B200 2000 W 15 sec '40000

R200 2000 W 5 sec '32000
5.0” B200 2000 W 9 sec '42000

R200 2000 W 3.5 sec '42000
11.7” B200 150 W 30 sec '30000

R200 150 W 12 sec '31000

Now you can obtain flats manually or with the MIDAS routine “multiexp””

• Type “multiexp” on a terminal.

• Select:

1. The number of exposures (usually 10).

2. The object name (for example, “specflatB200sl2.5”).

3. Type return after “Ok to start”, when you are ready.

• Repeat for each slit/grism combination (by updating the exposure GUI manually
every time before starting “multiexp”, see above).

• Remember to switch off the lamps when you are done.
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A.2.4 Wavelength calibration lamps

High S/N lamps should be taken in the afternoon (take several lamps with all grism/slit com-
binations) and later, during night-time single or shorter lamps should be taken close to each
narrow slit spectrum. These instructions are valid in both cases:

• During night-time observations, stop guiding (Section A.3.2), but keep on tracking.

• Correctly set up the instrument (i.e., remove any filters, set the CCD section to
spectroscopy, select appropriate grism, slit, and exposure time in the instrument
GUI).

• Switch on the lamps: start with Hg first, it needs to be warm to be able to see the
10139Å line, and it is better to do the red grism first (approximately 3 seconds of
exposure for a 2.5” slit), because the lamps should be warmer for the blue grism
(approximately 1.5 seconds of exposure for a 2.5” slit).

• Start the exposure: you can stop the exposure if needed by clicking on “Stop”.
Later you can “Abort” to clean the memory and throw away the exposure, “Resume”
to start exposing again, or “Read-out” to store the photons collected up to the
“Stop” in a fits file.

• When the lamps are completed, remember to switch them off17.

• During night-time observations, remember to start guiding again.

A.2.5 Imaging sky flats

• Point the telescope to an empty sky region (a list of coordinates can be found in
EP-003); instructions on how to point the telescope can be found in Section A.3.1.

• Select the appropriate instrument configuration (choose filter, photometric CCD
section, remove slits ...) using the exposure GUI.

• If you take imaging sky flats in the evening twilight, you should follow the filter
sequence B, V, and R, while in the morning twilight you should follow R, V, and B.

• Activate telescope tracking (not guiding).

• Use the MIDAS routine “FF evening” or “FF morning”, as appropriate, to
launch an automatic sky flat sequence.

17Note that it is not possible to switch off the lamps in rapid succession, because the system is programmed to
let the lamps cool down.
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A.2.6 Spectroscopy sky flats

Unfortunately, there are no special routines to perform spectroscopic sky flats automatically.

A.3 Night time operations

A.3.1 Pointing the telescope

• Select the uploaded catalogue which contains your targets (Section A.1.5).

• Double click on your star (a single click does not have any effect) to select your
target.

• Click on “execute” to send the telescope to position. Be certain that you have
double-clicked before, by checking the telescope coordinates once it stops mov-
ing.18

• Click on “Set name” to automatically set the target name in the catalogue as the
“Object” header keyword of your fits file.

A.3.2 Tracking and guiding

• Click on “Tracking” on the telescope GUI to start tracking.

• To start guiding, select a guide star in the field of the TV monitor and:

1. Click on “grab” on the TV guider panel of the telescope GUI, to enter grab
mode.

2. Select an appropriate level of the gain (typically around 70) depending on the
brightness of stars in your field.

3. Stop integrating by clicking on the “stop” button.

4. Click on the “Video Display” button to enable the TV monitor.

5. If there is a suitable guide star in the field besides your target (assuming you
are in “Slit view” mode), you can select it directly by clicking on it on the
TV monitor, otherwise you can switch to “Guide field” mode to explore
the surroundings for a suitable guiding star. In case of faint stars you can
integrate with “Intup” instead of “Grab”.

6. Once you are happy with you guide star, quit the TV monitor using the right
mouse button.

18It the telescope does not move, or does not go to the chosen coordinates, try to click on the “Teleserver”
button.
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7. Now you can click on “guide” on the TV guider panel in the telescope GUI
and proceed with your observations.

A.3.3 PA aligning

• Compute the parallactic angle with the web calculator19.

• Transform the result to make it lower than 180 degrees (e.g., 270 becomes 90), and
enter the result in two interfaces, in the following order:

1. First, start a new GUI with the right mouse button, selecting “Cass 2.2”
from the option menu, on the rightmost monitor (not shown in Figure 4). A
new interface for setting the PA appears. Enter the above angle in the field and
click on “Move”. Now you have rotated CAFOS, but the telescope does not
know it yet.

2. Move now to the telescope GUI, open the dialog “Cass. Pos. Angle”
using the “Set angle” green button. Take the angle you used to rotate
CAFOS and add 90 degrees to it if you are guiding with “Slit view”, oth-
erwise leave it as it is if you are guiding with “Field view”. Enter it in the
field and then click on “Set”.

A.3.4 Focus

• Point the telescope to a region in the sky with isolated stars.

• Be sure that telescope is tracking, by clicking “Tracking” in the telescope paddle.

• Stop telescope guiding with “tvg” if it is activated, because the focusing routine
produces image movements that cannot (and should not) be corrected.

• Run the MIDAS routine “FSEQ/TELES”:

1. Set the instrument to free with “Free all” in the CAFOS interface.

2. Enter the exposure time (usually 10 seconds).

3. Enter the number of steps (usually the default – 9 steps – is ok).

4. The routine pauses while you set CAFOS to “Remote”.

5. Choose a the V filter by entering 4 (relatively red filters allow for easier fo-
cussing).

6. Enter the “tube temperature” and expected focus value (default is 22).

19http://www.caha.es/CAHA/OBS UTIL/parang.html
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7. Select “inspec <imagename>” or “load <imagename>”, and then
“focus <imagename>”.

8. An image with 9 offset images of the visible stars appears: clicking once on
the desired star zooms it in.

9. Click with the left mouse button on all the 9 exposures, from bottom to top.

10. Enter the focus position of the first image and the increment (the default is
“[22.4,0.1]”).

11. Answer N to “Do you want to save seeing?”.

12. Answer Y to “Do yo want to set TELESCOPE focus?”.

• You may want to take note of your focus position and seeing in the logs.

A.3.5 Taking Images

• Point the telescope to your desired position (Sections A.1.5 and A.3.1); be sure to
recognize your field with a finding chart.

• Select a guide star and start guiding (Section A.3.2), of course, the telescope must
be tracking as well.

• Set the CCD section to photometry (Section A.1.4) in the instrument/exposure GUI.

• Set the desired exposure time, filter (remember to remove slits and grisms), and start
the exposure using the instrument GUI.

• You can stop the exposure if needed by clicking on “Stop”. Later you can “Abort”
to clean the memory and throw away the exposure, “Resume” to start exposing
again, or “Read-out” to store the photons collected up to the “Stop” in a fits
file.

A.3.6 Taking Spectra

• Point the telescope to your desired position (Sections A.1.5 and A.3.1); be sure to
recognize your field with a finding chart.

• Be sure the telescope is tracking (Section A.3.2).

• Align the telescope rotator (and CAFOS) to the PA angle (Section A.3.3).

• Put your star in the slit20 using the TV guider panel of the telescope GUI:
20During the pilot program, this was done using the MIDAS routine “offset/slit”, which was easy to

follow. The problem was that that the routine asked the user to stop the TV guiding every now and then. This way,
it was necessary to take an additional image, to be sure that the routine worked properly and the star was inside the
slit, with an obvious increase in the total needed time.
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1. Insert the slit using the instrument GUI (with the “cafos graphic.dl”
interface).

2. Open the TV guider panel of the telescope GUI, by entering “tvg” on a ter-
minal.

3. Select the key “s” to select cassegrain spectroscopy.

4. Opt out any FOCES option by answering “N”, because we are using CAFOS
all the time.

5. Open the “TV Mod” menu in the “tvg” and select the “Slit View” option.

6. Click on “grab” on the TV guider panel of the telescope GUI, to enter in grab
mode.

7. The screen image on the TV monitor changes to show the stellar field around
the target.

8. Use “MCP Gain” to make the image brighter, to better recognize the stars.
Values around 70-80 are convenient.

9. At this point, the slit appears as a dark stripe in the TV monitor, against the
background, which covers the target when properly centered. If you do not
see the slit clearly enough, either make the background brighter by changing
the gain, or try moving the star slightly out of the slit to better see its borders.

10. Mark the position of the slit on the TV monitor screen by left-clicking on its
center.

11. Now you can center the star into the slit with the appropriate GUI, that can
be opened by right clicking with the mouse on the desktop and selecting
“Paddle 2.2” from the option menu.

• Now that the object is in the slit, you can start guiding again (Section A.3.2).

• Be sure that the dome screens are not producing vignetting (“El.” value must be
between the two values shown in “D-Slit”. If it is near some of the margins, click
“eXec” in “Dome position” window.

• Set the CCD section to spectroscopy (Section A.1.4) in the instrument/exposure
GUI.

• Set the desired exposure time, grism (remember to remove filters), and slit and start
the exposure using the instrument GUI.

• You can stop the exposure if needed by clicking on “Stop”. Later you can “Abort”
to clean the memory and throw away the exposure, “Resume” to start exposing
again, or “Read-out” to store the photons collected up to the “Stop” in a fits
file.
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A.3.7 Preliminary spectra reduction

You can use the MIDAS routine “spectrum” to perform a quick reduction of the obtained
spectra. The reduced spectra will be stored in: “/disk-b/obs22-images/midasql”.

A.4 Ending the session

When the observing night is over, or when the weather is getting too bad:

• Stop any ongoing exposure.

• Stop guiding the reference star.

• Click on the “Shutdown” button of the telescope GUI. This procedure moves the
telescope to the zenith, stops tracking and closes the mirror covers.

• Close the Dome.
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