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1. Introduction

The Aristarchos Transient Spectrometer (ATS — Meaburn, Boumis & Goudis 2004; Meaburn et
al. 2007) whose optical layout is shown in Fig. 2, is a low/medium dispersion spectrometer which
has been designed and manufactured specifically to obtain spectra of relatively bright (brighter
than 18 mag) but transient phenomena. These can include gamma-ray bursts as soon after the
events as possible, the variable spectra of Symbiotic stars, Cataclysmic variables, nuclei of
nearby Seyfert galaxies, nearby nova events, etc. This spectrometer is sponsored by the
Universities of Manchester and Patras and has been constructed by the University of
Manchester.

To achieve these aims, any of three gratings can be driven into the beam with present angles.
These are:

e aRed 1200 groove/mm grating centered on 6441.6 A to give ~1.3 A resolution and 103 A/mm

e aBlue 1200 groove/mm grating centered on 5074.1 A to give ~1.4 A resolution and 95 A/mm

e a 600 groove/mm grating centered on 5691.5 A but at 245 A/mm to give ~3.2 A resolution.

The CCD camera is an Apogee U47. The detector is a thermo-cooled E2V CCD47-10 AIMO
Back lllumination CCD with 1024x1024 13 micron pixels. Ease of operation and rapid
serendipitous response are traded for some loss in ultimate sensitivity, i.e., the spectra will be
dark-current limited rather than read-out noise limited as with a liquid nitrogen cooled CCD. The
CCD47-10 AIMO Back lllumination can be driven using the USB 2.0 port of any Windows PC.
The spectrometer’s long slit input is fed by 50 fibers (each 50 micron diameter) in a 10 arcsec
diameter bundle in the telescope’s focal plane. Again, ease and rapid target acquisition are
traded for some fiber losses when compared to a traditional long-slit spectrometer.

This manual presents information on the performance of ATS on the Aristarchos 2.3m telescope
and point out several operational details of the instrument to assist with efficient use.

Fig. 1. The ATS spectrometer on the 2.3m Aristarchos telescope



2. Optical and mechanical configuration

The ATS spectrometer has been designed and manufactured to be left running permanently for
opportunist over-ride observations of transient events. Survey programmes of relatively bright
but transient phenomena can also be carried out. It is not intended for use as a traditional low-
dispersion spectrometer found on most telescopes.

The performance of the ATS shown in Figs 2 and 3 (optical and mechanical configurations,
respectively) is summarized in Table 1 when combined with the Aristarchos 2.3m telescope.
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Fig. 2. The optical layout of the Aristarchos Transient Spectrometer (designed by J. Meaburn)



Fig. 3. The mechanical layout of the Aristarchos Transient Spectrometer

Table 1. Parameters at the Aristarchos /8 focus (f.I. = 17714 mm)

gratings
(grooves/mm)
(arcsec)
spectral range
resolution
dispersion

centered wavelength

option 1 (Blue-Red)
600
=10
4009.0-7257.0 A
3.2A
245 A mm-"
5691.5 A

option 2 (BLUE)
1200
=10
4309.8-5768.8 A
1.4 A
95 A mm"’
5074.1 A

option 3 (RED)
1200
=10
5736.9-7071.8 A
1.3A
103 A mm-"!
6441.6 A




3. Control system

The overall electronic system has been developed to be operated from a PC. For that reason, a
user interface has been developed while a mechanical console is connected and is always
available for use in case of a computer failure (Fig. 4). Fig. 5 shows the graphical user interface
as it is now on the ATS.

REVERSE END G1
' STOP

? | _
MOTOR SPEED
CONTROL

Fig. 4. The backup mechanical console of ATS

Fig. 5. Graphical user interface used to operate the ATS



4. Operation

Two systems are needed in order to operate the ATS in full; the graphical user interface and the
CCD software.

4.1 Grating operation

The graphical user interface shown in Fig. 5 is the first that the user will need to operate in order
to use the ATS. There are a number of options that can be used. These are:

G1: Position of first grating (Blue-Red)

G2: Position of second grating (Blue)

G3: Position of third grating (Red)

Reverse: Moves back the gratings support on the trail
Forward: Moves forward the gratings support on the trail
Stop: Stops the movement of the gratings support on the trail

4.1.1 Computer control

All positions are fixed so the user only needs to move to a specific position. In order to set the
instrument to a specific grating the user must follow the steps below:

Turn on the ATS computer.

Switch to the computer control option at the mechanical console (Fig. 4).

Turn on the mechanical console (Fig. 4).

Open the graphical user interface (grating) by double clicking.

Depending on the grating being used (G1, G2 or G3) click the Set option and then Go.
The gratings will start to move onto the linear mechanical rail until the selected one will go
to the appropriate position. A red line at the bottom of the graphical user interface always
shows that position and the movement. During the movement there is an indication which
shows if the movement is forward or in reverse (the black circle becomes red).

6. When the light in the circle below the selected position (G1, G2 or G3) becomes red then
the grating is on the appropriate position and the instrument is ready for use.

abhwn =

4.1.2 Manual control

In case of a computer failure, the gratings can be moved and positioned by using the mechanical
console (Fig. 4). To do that the user must follow the steps below:

1. Switch to the handset control option at the mechanical console (Fig. 4).

2. Turn on the mechanical console (Fig. 4).

3. Depending on the grating to use (G1, G2 or G3) push the Motor button on the handset
console. The gratings will start to move onto the linear mechanical rail until the selected
one will go to the appropriate position. Then stop to push the Motor button. A red line
below G1, G2, G3 at the mechanical console always shows the position and the
movement. There are also two switches on the handset console where the forward or
reverse motion can be selected.



4. When the light in the circle below the selected position (G1, G2 or G3) becomes red on
the mechanical console then the grating is on the appropriate position and the instrument
ready for use.

4.2 Starting up the system

1. On the Monitor computer turn on the outlets 1 (raspberry) and 2 (ATS CCD) of the
Network multi plug (Fig. 6). The other outlets should be on the off position.

2. On the FCC computer run the "raspberry vhui.exe" from the respective shortcut on the
desktop. Once the software runs, it will perform a quick check in order to find any network
USB Hubs. It will discover the "Raspberry HUB" in which there are two options:

a) Roper scientific (which is the LNCCD), and

b) 0x0010 (which is the ATS CCD).

If next to the (a) option the message "(In use by you)" is presented, then right click on it
and select "stop using this device". Next, right click on the (b) option and choose "auto
use this device". If there is no message next to the (a) option, right click on the (b) option
and choose "auto use this device" (Fig. 7)

- LaMp
€ outlets °] (U] 1:*““' X _<-- Raspberry outlet
18

@support [P User manual [ X oukoom]

Fig. 6 The Network-multi plug software on the monitor pc

# VirtualHere @
=12 USB Hubs
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Auto-Use Device
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Rename...
Ignore...

Custom Event Handler...

Properties

Fig. 7 The raspberry vhui software and the ATS CCD selection



3. On the OPC computer select on the “Telescope” operation menu

“Positioning” (Fig. 8)

the “SFM” —

Aristarchos Control GUI - "ast” as Astronomer

File:

v Source  Telescope M2 Enclosure

AGU FITS External Tests System Help

Default Parameters

Operations 1 Guiding System] Weather Station] Tempewwisl
SOURCE NGC6205(M13) Stop Pasitionin ESCOPE

tight ascension declination Flexure Carrection ascension declination sky position angle
16n41m4]1 .50 +36°27'39.0"
equinox MODE alr mass
J2000 SHUTTER
proper motion Ao ML A MNILAr (2000
arallax INIL ; -
P i i date universal time T -LTC
offsets E D n 0
MODE julian date local startime
ENCLOSURE
MODE [windscreen an) haour angle parallactic angle
SHUTTER
wind screen elevation enclosure azirmuth azimuth elewvation rewverse) cassegrain rotation
INSTRUMENT INFO
port number instrument
instrument specific offsets aperure offsets additional velocities
FOCUS 1=10 =
Co= B =
CORRECTION i =
Y¥0=
focus position focus position offset
— 06— - g = B dumm =
07-06-2007 19:52:04 ast(0Z2Z4): ERROR CHAIN: +1240/Z527/ Al sorver | Mg g o
07-06-2007 19:52:08 ast(0ZEzd): DEEUE: CLOSING WINDOW BY CANCEL: Guide Star Acemisition Settings
07-06-2007 15:53:32 ast(02224): DEBUG: OPEN WINDOW: Guide Star Acquisition Settings TeC | | 1 :| _| Telescope
07-06-2007 19:53:32 ast{02zzd): ERROR (1240} in "L3T_task/LST_GetData": work unit not initialised GPc)| | 1=l | M2
07-06-2007 19:53:32 ast{02224): ERROR (2527) in "L3T_Handling_form/TL3T_Handling. getCCDBenClick": cou  [FCC | _1_«| _I Enclasure
07-06-2007 19:53:32 ast(02224): ERROR CHAIN: +1240/2627/ EFC 1<l _1&Ps
07-06-2007 20:0%:18 ast(02Zzd): DEEUG: CLOSING WINDOW EY CANCEL: Guide Star Aegquisition Settings = |1« | Temperature VSE“*‘"‘*
07-06-2007 20:05:22 ast(0Z2Z4): DEBUS: OPEN WINDOW: Guide Star Find A g atherstation
07-06-2007 20:10:32 ast(022Z4): DERUG: CLOSING WINDOW BY 0.K.: Cuide Stcar Find = —|12] _I Science Fold Mo
w _1_1_2| __| Probe Mechanics

Fig. 8. The telescope operation menu for SFM positioning

Select the “ATS” instrument position (Fig.9)
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~Instrument
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i emphy
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Help |

Fig. 9. The SFM positioning of ATS
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4.3. CCD operation (Maxim DL software)
4.3.1 Exposure

Start Maxim DL and open the Camera Control window by clicking on the ’{D toolbar button (Fig.
10).

S foxtoa DL 2o - :
Eile Edit View Analyze Process Filter Color Plug-in  Window Help
B o0 MEr aE e Rion BE

Fig. 10. Start up window of Maxim DL

The Setup tab should appear first; if it is not displayed, click on the Setup tab near the upper left
corner of the window. Click Connect (Fig. 11).

— x|
Expose] Guide Setup l
Camera 1 Camera 2
[ Comest
Setup Camera | | Setup Camera | |

|Apogee USE/Met |N o Camera Disconnect
Onti Onti Coalers
phions ptions
- L
Setup Filter Setup Filter |

|N0 Filkers |N0 Filters
Less <<

Camera 1 Information Guider Information
Mo Camera Mo Camera

Fig. 11. Camera Control window

Set the Coolers On from the respective submenu (Fig. 11 - right side & Fig. 12) to activate the
cooling system, and then click the associated Cooler button (Fig. 11 - left side) to set the
temperature setpoint. Set the temperature setpoint to app. -35 degrees C (this values depends
on the ambient's temperature and can vary) click OK. Wait until the temperature reaches the
appropriate value (this takes 20-30 min).

Coolers

. | |

_em Up |
Less << |

Fig. 12. Coolers buttons
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Select Expose tab (Fig. 13). The Subframe option must be unchecked. This will ensure that
you get full image. Turn off Binning by setting the X Binning value to 1 and the Y Binning value
(if enabled) to Same. This will give you the highest resolution image. Set the Readout Mode if
enabled to Normal. Under the Options menu, select No Calibration. If you wish to perform
calibration (dark subtraction, flat fielding, etc.) as soon as each image is taken, you must first set
up calibration frames using the Process menu Set Calibration command. Then select Full
Calibration. Simple Auto-dark can also be used.

gL a5

Expose | Guide | Setup |

Expozure Preset Seconds .
|"Find Star = T e

Readout Mode Subframe

|Nomal l|rom r J J 0 Single
Speed Frame Type | ff: Eﬁu:untlnuu:uus
| J | J Ltosave
Filker " heel # Binning % Binning Options ﬂ

o
J |2 j |Sameﬂ I

Less <«

Camera 1 Infarmation
Camera [dle

Cooler Reqgulating
Senzor Temp -20.0
Setpoint; -20.0

uider Infarmatian
Camera [dle

Cooler Requlating
Senzor Temp -20.0
Setpoint; -20.0

Fig. 13. Expose tab on Camera Control

Set Frame type to Light (normal image frame). Type in the desired exposure time in the
Seconds field. Click Start and an image will appear (Fig. 13). If you like, you can save the
image to disk.

Once an image is obtained (no matter if it is dark, light etc) it is recommended to select the
"view"--> "graph window" (or simply press ctrl+G) in order to plot the image area where the
spectrum is shown (Fig. 14). Once this option is selected, select "Horizontal box", use the mouse
to select the area you want to plot, and then in the graph window select either to plot the row
with the "maximum" intensity (very useful to check if your spectrum is saturated) or the "mean"”
values of the rows included in the area you selected. If you wish, you can save the values of the
plot in a csv format file using the "export" option.
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& Maxim DL Pro 5 - HIPA4:

File Edit | View| Analyze Process Fiter Color Plugin  Window Help
& | R Zoom. K2 @WH By Bt AEP® AWRD ODEE= |
HIP2436 BR| =% ZoomIn Paup

2, Zoom Dut PgDn

~

Ful screen [ HIP4436_BR_AS_1.fit (=N BR[|

AP camera Control Window Cirl+wy

M Observatory Control Window Ctr+T

Screen Stretch Window Ctri+H

Information Window Chrl+1

Zoom Window Ctr+M

B pan Window Ctrl+R

B FITS Header Window Ctrl+F

& Log Window Cerl+L

[E~[ Graph window Cti+6 |

E2 Batch Process Window Ctr+Q
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n Might Vision

Toolbars 3

[«] status Bar

B Animate...

% Equalize Screen Stretch

Layout 4

. Graph |‘Q—2:§|
44000

8
2
2
2

28000 Fonae e . g ) R L S

20000 F-----=----- e

Maximurn Pixel Value

12000 S| SESEE S| SNSRI EEE e —

4000

T T
800 1000 1200

T T T
0 200 400 800
Pixel Location Along X

z M
[Horizomal Box | [(0.420 4 1023, 541) Settings | =~ o
¥ Maximum
| E2ot | ¢~ 5id. Dev

Fig. 14. CCD spectrum image and the graph window

4.3.2 Shutdown Procedure

1. Warm up the CCD cooler before closing Maxim DL, unless you plan to restart the software.
This can be triggered using the Warm Up button on the Setup tab (Figs 12 & 15). When the
camera is warmed up (i.e. its temperature is close to the ambient’s temperature--that takes ~30
min).

2. Press the Coolers Off button, wait ~5 sec and then press the Disconnect button and close
the software.
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_SehpFite |

P 7|
E:-:pn:nse] Guide Setup l
Carnera 1 Carnera 2 | = :
| | | onnec
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Ot Ot Coolers
tions hioms
: » - on | of |

_Setupfiter |

Warm Lp

|N|:| Filkers

|N|:- Filters

Less <<

Camera 1 Infarmatiaon
Camera |dle

Cooler power 0%
Sensar Temp 20.0
Setpoint; -20.0

Guider Inkarmatian
Camera [dle

Cooler power 0%
Senzor Temp 20.0
Setpoint; -20.0

Fig. 15. Warm Up the CCD

3. In the raspberry vhui software, right click on the "0x0010" and select "stop using this device"

(Fig. 7).
4. In the monitor pc, and in the IP-multi plug software turn off the outlet number 2 (Fig. 6).

4.4 Observing a target

In order to observe a target there are three steps to be followed: a) set initial offsets and focus
position for the ATS in the telescope software, b) find the best focus and approximate offset
values for a bright star near the target, and c) find the best offsets for the target. In total, the
following procedure should be followed:

4.4 .1 Initial offset and focus settings

1. To select the instrument offsets for ATS, do the following steps:
Select the “Options” menu on the “Telescope” operation menu (Fig. 16)
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" Aristarchos Control GUI - “ast™ as Astronomer

File View Source M2 Endosure AGU SFM FITS External Tests System Help
Gystem I
Defaul PaFameters
Operations | Guidin ature Sensars | Miscellaneous |
SOURCE <n( Control Panel TELESCOPE
Absolute Positioning ) ) )
right ascension Special Absolute Positioning right ascension declination sky position angle
Relative Positioning
Bguinox Stop Positioning MODE airmass
Additional velocities SHUTTER
proper motion Stop Additional Velocities
arallax "
Pﬁ 7 Shutter date universal ime U= lTE
(B Tracking
Rewersion e 2
MODE julign date local star time
Refraction
ENCLOSURBE  Fointing
MODE D‘Splatgment?mpensa“m an) hour angle parallactic angle
SHUTTER Innstntjmergrcr) iets
perture seks
wind screen ele imuth azirmuth elevation [reverse) cassegrain rotation
Reset Aperture Offsets
Reset Blind Offsets
A Paoinking Tests INFO
port numbker Position Measurements
Observation Definitions
instrument specific offsets aperture offsets additional velocities
FoCcUs Mi=0 =
co= AY =
CORRECTION 0=
Y0=
focus position focus position offset
03-06-2007 17:09:3% nobody(03200): control program initiated gorver | 3™ or g =
05-06-2007 17:09:50 ast{03200): loyin as Astronomer
09-06-2007 17:09:50 asti03200): debug logging node on mee)| || _| Telescope
05-06-2007 17:09:50 ast(03200): administrater access disabled GPe | — 1 | M2
05-06-2007 17:09:50 ast(03220): STATUS (Aristarches Control Thread): control thread initialised FCC jjj j E’l‘)‘;“x"'e
EPC| | _|_| _| Temperature Sensors —|
_1_1_1 __| weather Station
_|_1_| _| Science Fold Mirror
_|_1_1 _| Probe Mechanics

Fig. 16. The telescope operation menu for telescope options

2. Select the “instrument offsets” menu (Fig. 17).

3. Put the following values: On the “x instrument offset’> + 0° 1" 40" and on the “y
instrument offset’> +0° 2' 30" (ATT: these values are only the initial ones and not
necessarily the appropriate for observing the target).

EEX

" Telescope Options

; ; =} T -UTeC
blind offzets ] earth rotation parameters ]
refraction parameters 1 pozitioning parameters
pointing model | Instrument offsets 1 aperture offsets |18
lv rotation instrument offset parallactic angle
0 gt "
[ S instument et freverse) cassegrain rotati
+ r o U 1 O n
v v instrument offset

select all

+ I o 1 n
0 0 deselect Al

select all on wisible kab

deselect all on visible tab

Iv matrix index

|n|:| 1eflex LJ

default values

0k | Cancel ‘ load current parameters Fram waork unit
e S TEE use last calibration results
Control Thread): control thr w automatic data request

Fig. 17. The instrument offsets menu
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4. To activate the instrument offsets select the “Instrument Offsets” on the “Telescope”
menu (Fig.15)

“** Aristarchos Control GUI - "ast” as Astronomer.

File Wiew Source BEESHCE M2 Enclosure AGU SFM FITS  External  Tests  System  Help
"S'y"st'ér'h'iﬁfﬁ'rr'ﬁé'liéﬁfl Optians
Defaulk Parameters
Dperations | Guidiny lalure Sensors | Miscellansous |
SOURCE <ny  Control Parel TELESCOPE
) Absolute Positioning .
right ascension Special Absolute Positioning right ascension declination sky position angle
Relative Positioning
BQuUINOx Stop Positioning MODE alt mass
Additin;vj Velnltitie‘s SHUTTER
proper mation Stop Additional Yelocities
arallax
Pﬂ 1 Shutter date universal time UT1-UTC
EEEE Tracking
Reversion
MODE : Julian date local star time
Refraction
ENCLOSURE  Fointing
MODE |Iacensatlon anj hour angle parallactic angle
SHUTTER nstrument Offsets
Aperture Offsets 5 . X
wind screen ele imuth azimuth elevation (reverse) cassegrain rotation
Reset Aperture OFfsets
Reset Bind Offsets
INSTRUMEN
SRR pginting Tests INFO
port number Position Measurements
Observation Definitions . :
instrument specific offsets aperture oftsets additional velocities
FOCUS Mi=0 it =
Co= A =
CORRECTION 0 =
¥0=
focus positian focus position offset
09-06-2007 17:09:50 ast(032200: STATUS (Aristarchos Comtrol Thread): comtrol thread initialised 2| Server ’u”dum;nvw T =
09-06-2007 17:11:1% ast(03200): DEEUG: OPEN WINDOW: Telescope Options i
05-06-2007 17:11:13 ast(032003: ERROR (209} in "TEL_task/TEL_GetData’: werk wnit mnot initialised TcCi| | || | Telescope
09-06-2007 17:11:1% ast(03200): ERROR (2605} in "TEL_Options_form/TTEL_Options.gesTelBonClick": could . [GPC A | w2
05-06-2007 17:11:1% ast(03200): ERROR CHAIN: +209/2805/ FCC ||| _| Enclosue
09-06-2007 17:13:02 ast (032000: ERROR (878) in "SFM_task/SFM_GetData": work unit not initislised EPC 4 _]&ps
09-06-2007 17:1%:02 ast(03200): ERROR (2602) in "TEL_Options_form/TTEL_Options.getZfmBrnClick": could 11 _| Temperature SB“S“'S—
09-06-2007 17:13:02 ast (03200} : ERROR CHAIN: +878/260Z/ —| 1| __| Weather Station
09-06-2007 17:19:43 ast (03200 : DEBUG: CLOSING WINDOW BY CANCEL: Telescope Options | _1_1 _| Science Fold M"""
v _|_1_1 _| Probe Mechanics

Fig. 18. The telescope operation menu for instrument offsets

5. The focus value using “M2”/” Absolute positioning” should be set initially on -2.4 mm.

4.4.2 Best focus and approximate offsets determination using a bright star

In order to find the best focus value and the approximate offset values for a target, you must
send the telescope to relatively bright star (e.g. 6-9 mag) as close as possible to your target (e.g.
few-several arcmin).

1. In the MaximDL (Fig. 13), select: a) Continuous, b) 1-3 sec exposure time, c) binning 2x2 or
3x3.

The less exp. time and the smaller binning mode should be used for the very bright stars, while
3x3 binning mode and greater exp. times for the fainter stars. However, these values depend
also on the seeing of the night. Finally, press "Start".

2. If there is no spectrum "trace" you must scan the area around the given offsets using a step of
5" or less. Keep in mind, that you must keep the one offset constant when changing the other.

The area that you should search is:

For Xo: 0°0’35" ---0°2' 00" and
for Yo: 0°2'00" --- 0° 2’ 50"
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For changing the offset values follow the steps 2 and 3 of section 4.4.1.

Keep in mind that the FoV of the fibers cover 10" in the sky, while a bright star (e.g. 6-7 mag)
with a seeing of ~1" covers 2-3" in the sky. Therefore, you expect that only a portion of the fibers
will be filled. Once, a "spectrum trace" is detected, follow very carefully the following:
a) Note the value of Xo, Yo.
b) Change the value of ONLY one of the two offsets to one direction with very small steps
(e.g. increase the Xo by ~2").
c) Once the spectrum trace is totally lost, note that value (e.g. Xo, 1 = 0° 0' 45" )
d) Move the same offset to the opposite direction with the same step (e.g. decrease the
Xo by ~2")
e) You should see the counts increasing, and decreasing again. Once the spectrum trace
is totally lost, note that value (e.g. Xo, 2 =0° 0' 35" )

Therefore, the best position for this offset is the mean value of the two extreme positions (Xo, 1
and Xo, 2) +/-1". According to the example, the correct offset is Xo= 0° 0' 40"

For the other offset axis (Yo), follow the steps b-e with the Xo in the correct value.
After finding the correct Yo value, you now know the best Xo, Yo offsets for this star.

3. Without changing the offsets, change with small steps (0.05 mm) the focus of the telescope
(step 5 in section 4.4.1). The focus value producing the highest values of ADUs in the spectrum
is the best focus.

Note: It is expected that a 7th mag star will reach ~35,000-40,000 ADU's using the B-R grating,
in Binning 3x3 and with an exp. time of 2 sec, while its light will "fill" the 1/3 to 1/2 of the total
number of fibers (50).

4.4.3 Offset adjustments for the target

Now it is the time to send the telescope to the desired target. It is assumed that the target is
much fainter (e.g. 10-15 mag) in comparison with the bright star of section 4.4.2. If not, you can
skip this section. If this is the case, then use the offsets you found in the step 2 of section 4.4.2
as initial values. It is expected that the best offsets for the target are close to these values, but
that depends on the distance between the bright star (section 4.4.2) and the target. Once the
telescope reaches the target:

1. In the MaximDL (Fig. 13), select: a) Continuous, b) 3-5 sec exposure time, ¢) binning 3x3 and
press "Start".

2. If there is no spectrum "trace" you must scan the area around the initial offsets using a step of
2-3" likely step 2 of section 4.4.2. Keep in mind, that you must keep the one offset constant
when changing the other.

3. Once the offsets are determined for the target, change the binning mode, the exposure time,
and set "single" in the MaximDL (Fig. 13). Press start.
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ATTENTION: Once the spectrum of the target is downloaded, in the MaximDL command bar
(upper left) choose "file"-->"save as" (e.g. IEEE FLOAT or 16 bit fits format) and browse for the
directory you want.

Note 1: For long-exposures (i.e. greater than 5 min) it is recommended to enable the autoguiding
system of the telescope.

Note 2: A 12.5th mag star will reach ~5,000-6,000 ADU's using the B-R grating, in Binning 1x1
and with an exp. time of 900 sec, while its light will "fill" the 1/4 to 1/3 of the total number of fibers
(50).

5. Closing down the system

1. For the ATS CCD disconnection follow the four steps described in section 4.3.2,
2. Turn off the mechanical console,

3. Close down the graphical user interface,

4. Turn off the ATS computer.

6. TECHNICAL INFORMATION

6.1. Fibre focus position, fibre alignment, CCD focus position

In order to focus the fibre, the following steps must be done:

1. The system NIKON Lens 135mmlf/2.8] + fibre must be placed outside the ATS (on a
bench).

2. Setthe NIKON Lens 135mm (collimator) parameters to:
Focus: «, Aperture: 2.8 (max)

3. Set the NIKON Lens 58mm(f/1.2] (camera lens) parameters to:
Focus: «, Aperture: 1.2 (max) (note that this Focus will change later)

4. Set a small telescope opposite to the lens with the same aperture and Focus: «. The
small telescope must have an eyepiece on its end in order to see the fibre.

Fig. 19. Collimator lens opposite a small telescope
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5. Use a light source (a simple lighter can do the job) for illumination of the fibre. In order to
achieve an f/5 beam, you can set the lamp at a distance of 5 times the diameter of the

lamp.

Fig. 20. Fibre illumination by a light source

6. llluminate input fibre end with the f/5 beam from the lamp which has been carefully placed

on the axis.
7. Have the collimator lens (being fed by the fibre) detached so that you can look directly

into the lens.

Fig.21. Collimator lens aligned with the small telescope

8. Focus the small telescope on infinity with your eye. Put the collimator lens on its infinity
setting and then move fibres until it is in focus. Make sure they are orientated vertically
(long slit) then clamp. Do not clamp with too much pressure or the fibre bundle will be

damaged.

Fig. 22. Fibre image through the eyepiece. Out of focus on the left and focused on the right.
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9. Put collimator and camera lenses back in place and change camera focus until:
a) Spectrum over the whole wavelength range and
b) fibre images
are simultaneously in focus. You need CCD images to do this.

Important notice:

If this does not happen, the fibre is not in the right position - it is very sensitive to any
change and you might need to go through this process multiple times before getting the
exact condition.

Once achieved do not change the fibre position into the collimator.

6.2 ATS integration on telescope control system

This document gives an overview about the integration of the ATS in the control system. The
ATS has an aperture of 10" only. To be able to hit an object, instrument offsets and the focus
offset have to be determined well. Because sky orientation of the fibre is not of interest, the
instrument offsets Ml and CO can be set to 0. The only values to determine are X0 and YO.

It is impossible for the ATS to see the focal plane. Therefore, the instrument offsets have to be
determined by trial and error. This means the telescope has to be moved by changing its
instrument offsets while exposing with the ATS in an endless loop (focus mode).

For the first search, we selected a bright star (1mag) and centred it to the rotation centre with the
science camera delivered (TEK 1024x1024). Following steps were done:

Select the instrument (installed on side port A):
SFM => Positioning
then wait until instrument is selected...

***Science Fold Mirror Positioning - O] x|

Inztrument:
™ TEK1024x1024F

" TEK1024x1024F
& ermnpky

L empky
&

Ok | Cancel Help |
Set the correct focus offset for the science camera:
M2 => Options
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il
¥ focus position offset

=k mmo

default values

™ tipftilt tolerance

load current parameters From work unit
+0 o Mo “

use parameters of currently activated inskrument

™ shift tolerance v automatic dakta request
~ v automatic unit adaption
il |rnm (IS

] | Eancell Help |

Set the cross hair to the rotation centre on the science camera:
External => CCD => Options

(5]
CCD Hardware Options

[" desired temperature

-110 T [

[~ gain switch position

Ihigh aain j

Thumbnail-Options

[~ thumbnail size (binning)
Inu:urmal zize j

[ jpeg compression quality

defaulk values

40 load current parameters From waork unit

use instrument ofFsets of currently activated instrurment
Cross Hair Options use instrument offsets of the telescope work unit
W cross hair X co-ordinate v automatic data request

v alkomatic unit adapkion

- R0 NELZ .50
¥ cross hair ¥ co-ordinate

-l R0 EES5.82

k. | Eancell Help |




Prepare the science camera for exposure loop:
External => CCD => CCD Settings

RI=TES
object name ohiject

file name file:
image type obiject -

exposure time () #

kinning <
[

region ofinterest x |1 - [1024
o - [1024

Ok | Eancel‘ Help

Then switch the exposure loop on:
External => CCD => Exposure Loop

Now select an object (from PPM catalogue) and centre it:
for centring: Telescope => Control Panel (RA_DEC, xi and eta tangents)

TEK1024x1024
MODE exposure loop
number of exposures 1 termperature
number of expozures done 52 — kit e
expozUre time [=] 1= IMA0Es On Eefer
elapsed exposure ime (3] 0. 13 BN ahizy M - Telescope Control - 0] x|
w=0.03%, y=-0.14® X RADEC |HA DEC] ALT aZ|
ct, & e ]
n+
el 2 | Stop | &— |
=]
s |3.. j

Cloze Help




Now the star is centred to the rotation centre. We will proceed without guiding because focus is

not known.

Switch the science fold mirror to the ATS:
SFM => Positioning

Wait until finished...

Science Fold Mirror Positioning

o[ x|

~Instrumnent
™ TEK102441024F

" TEK1024x1024F
& ermnpky
T empty
& ATS

Cancel | Help |
Set all instrument offsets to 0O:

Telescope => Options (select “instrument offsets” tab sheet)
Popup: default values

Popup: deselect all

Popup: select all on visible tab

% Telescope Options - | EI|_>£|

blind offzetz | earth rotation parameters
refraction parameters | pozitioning parameters

pointing model {instrument oftsets I aperture offsets

[ rotation instrument offset

O =1 [:I 1 [:] 1

™ x instrument offset select all

deselect all

0O S0 S0 ¢ select all on wisible tab

deselect all on visible tab

" w instrument offset
default walues

'I' [:] o [:] 1 [:] 1
load current parameters From work, unit
™ matrix index use instrument offsets of currently activated instrurment
In':' S _1] apply wavelength Fram current science filker selection
use lask calibration results
v automatic data requesk
0k | Cancel | Help :ﬂ
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" Telescope Options - O] =]

blind offzets ] earth rotation parameters ]
refraction parameters 1 pozitiohing parameters ] |

painting model {inatrument offsets ] aperture offsets ]

[+ rotation instrument offset

] B0 B ¢ select all

i deselect all
¥ x instrument offset

select all on visible tab

e = o [W 1 : deselzct all on visible kab

¥ y instrument offset default values

i o Bl T load current parameters Frarm waork unit

use instrument offsets of currently ackivated instrument
 matrix index apply wavelength From current science filker seleckion

use lask calibration results

Jr‘u:l refles _v_j -
v altomatic data requesk

(] 4 ] Eancel] Help |

Switch instrument offsets on.
Telescope => Instrument Offsets

Now we are prepared to look for a signal. This can be done by changing the instrument offsets
and watching the signal. If we want to scan an area of several arcmin with a step size of 15 than
we have to repeat these steps several hundred times. A script will help to avoid this effort (see

the next outline):

TEL_SetParameters x_instrument_offset=0" y_instrument_offset=0" rotation_instrument_offset=0"

matrix_index=0 x_aperture_offset=0"y_aperture_offset=0"
TEL_ApertureOffsetsOFF
TEL_InstrumentOffsetsON
TEL_WaitForStatus time_interval=180000 status up={POSED&IOFFS}
status_down={POSINIT&AOFFS}
Sleep time_interval=10000
#

TEL_SetParameters x_instrument_offset=-15" y_instrument_offset=15"
Sleep time_interval=10000

TEL_SetParameters x_instrument_offset=0" y_instrument_offset=15"
Sleep time_interval=10000

#

TEL_SetParameters x_instrument_offset=15" y_instrument_offset=15"
Sleep time_interval=10000

TEL_SetParameters x_instrument_offset=15" y_instrument_offset=0"
Sleep time_interval=10000

#

TEL_SetParameters x_instrument_offset=15" y_instrument_offset=-15"
Sleep time_interval=10000

TEL_SetParameters x_instrument_offset=0" y_instrument_offset=-15"
Sleep time_interval=10000

#

TEL_SetParameters x_instrument_offset=-15"y_instrument_offset=-15"
Sleep time_interval=10000
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TEL_SetParameters x_instrument_offset=-15" y_instrument_offset=0"
Sleep time_interval=10000
#

TEL_SetParameters x_instrument_offset=-30" y_instrument_offset=30"
Sleep time_interval=10000

TEL_SetParameters x_instrument_offset=-15" y_instrument_offset=30"
Sleep time_interval=10000

TEL_SetParameters x_instrument_offset=0" y_instrument_offset=30"
Sleep time_interval=10000

TEL_SetParameters x_instrument_offset=15" y_instrument_offset=30"
Sleep time_interval=10000

#

TEL_SetParameters x_instrument_offset=30" y_instrument_offset=30"
Sleep time_interval=10000

TEL_SetParameters x_instrument_offset=30" y_instrument_offset=15"
Sleep time_interval=10000

TEL_SetParameters x_instrument_offset=30" y_instrument_offset=0"
Sleep time_interval=10000

TEL_SetParameters x_instrument_offset=30" y_instrument_offset=-15"
Sleep time_interval=10000

#

TEL_SetParameters x_instrument_offset=30" y_instrument_offset=-30"
Sleep time_interval=10000

TEL_SetParameters x_instrument_offset=15" y_instrument_offset=-30"
Sleep time_interval=10000

TEL_SetParameters x_instrument_offset=0" y_instrument_offset=-30"
Sleep time_interval=10000

TEL_SetParameters x_instrument_offset=-15" y_instrument_offset=-30"
Sleep time_interval=10000

#

TEL_SetParameters x_instrument_offset=-30" y_instrument_offset=-30"
Sleep time_interval=10000

TEL_SetParameters x_instrument_offset=-30" y_instrument_offset=-15"
Sleep time_interval=10000

TEL_SetParameters x_instrument_offset=-30" y_instrument_offset=0"
Sleep time_interval=10000

TEL_SetParameters x_instrument_offset=-30" y_instrument_offset=15"
Sleep time_interval=10000

The script sets the telescope every 10 seconds by changing the instrument offsets. The 10
seconds must be applied to get at least one signal measurement. The order of stepping is from
the centre outwards. Our first attempt to find the signal of a bright star comprised a scanning

area of 4x4 arcmin (this corresponds to 289 steps).

We found the signal in the upper right part of the scanning area (X0 ca. 1'30”, YO ca. 2’). Next,
we made a scan in both dimensions to determine a function of the object’s signal depending on
the instrument offsets. For this purpose, we measured the signal at different instrument offsets.
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We changed only one of the coordinates X0 or YO by:
Telescope => Options (see the next screenshot):

" Telescope Dptions

blind offsets |
refraction parameters ]

_ ol x|
earth rotation parameters ]

positioning parameters ]
pointing model  ihstrument offsets l aperture offsets l

[~ rotation instrument offset

=1 ™ 1 ™ 1

¥ x instrument offset
+ (=] 1 1 1E| "

[ w instrument offset

=1 ™ 1 ™ 1

[ matrix index

k. | Eancell Help

First we kept the X0 constant at 1°30"and then YO at 2°15. The next diagram shows the signal of
both scans (YO scan is presented with negative signal for better representation). The double
peaked structure is clear. This means the image of the star is strongly defocused and created a

ring structure with central vignetting by M2. The local minima of the double peaks give us the co-

ordinates of the object in the X0,YO0 plane. The values were 1°30°and 2°30.

Signal

150

100

50

-100

Cross Scanning with Instrument Offsets

A

X0

7~

_ | .

50 100 150
Instrument Offset [arcsec]

200
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Next, we entered the centre co-ordinates to the control system (see the next screenshot):
Telescope => Options

** Telescope Options - 0] x|

blind offzets I earth rotation parameters I
refraction parameters I pozitioning parameters I
pointing madel  instrument offzets | aperture offsets

[ rotation instrument offset
0 @m0 SN0 i

¥ x instrument offset
+i0 SNl S0 8

¥ y instrument offset
o D 5 2 I m M

[~ matrix index

Inc: reflex _r_!

] | Eann:ell Help

In order to find the focus we changed the focus by using:
M2 => Control Panel

_lof x|
focus position - | Step| +
focus position offset - | Stop| +
tip+ Y+
tilt- | sp | tilts | X- | stop | X+ |
tip- Y-
tip IEH“ j shift = il:l.'lum j
it [0 =l shiy  [0Tem E
Cloze | Help |

By pressing the + und — buttons we changed the focus and noted the signal. The results are
presented in the next diagram. The function shows a maximum signal at —-4.5mm.
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Focussing the ATS
600 T T T T T

500

400 -

300

Signal

200 -

100

D 1 1 1 1 1
7 -6 5 4 -3 -3 -1
Focus Position [mm]

The focus offset was —0.15mm (for TEK1024x1024), therefore, we determined a new focus
offset for the ATS as —4.65mm.

Results:

X0 =1'30"

YO0 = 230"

GO =-4.65mm

All these values were entered in the sfm_client.ini initialisation file by:
Work Unit Panel Popup Menu => Upload Panels

select “Science Fold Mirror” tab sheet and sfm_client.ini file

=]

Guide Star Acquisition | FITS Header Buffer | Rebaot Facility I Engineer Access | Balance System | Filter wWheel | TEK1024x1024 |
Telescope | M2 | Enclosure | GPS I Temperature Senzors | wieather Station Science Fold Mirar I Probe Mechanics I Telescope Uhlities
sfm_base.ini Ect File | Edit Values |
stn_flex_ ini ¥@ science fold mirror port definitions. Imstrumemtation on port C. -]
#@ Instrument offset rotation angle.
= PORT3_CO=0
0-12.imc #@ science fold mirror port definitions Tnstrumentation om port O
0-15.imc #@ Instrument x offset.
i TORT3_X0=0
0-14.imc #@ science fold mirror port definitions. Instrumentation on port C. Reset All Changes
#@ Instrument v offset.
PORT3_Y0=0 SaveE
#@ science fold mirror port definitions. Instrumentation on port C. Save &5 ...
#@ Focus offser for the instrument.
PORT3_GO=0
#@ science fold mirrer port definitions. Instrumentation on port D.
#0 Name of the instrument.
PORT4=ATS
#@ science fold mirror port definitions. Instrumentation on port D
#@ Matrix index of the transformation of sky co-ordinates to the co-ordinates of the
#@ instrument. "0" is a simple rotation matrix. "1" is rotatiom and x =+ -x. "Z" gives
#@ rotation and y => —y. "3" is rotation, x => -x and ¥ == -y.
[PORT4_MI=0
ns. Instrumentation on port D.
ort definitions. Instrumentation on por
# Fey: b4430Z35fclffdfe0d8Zdacicedidladd439£3ie
Start Upload =
D:\development'a_ctrl,_epchetcsfm_client.ini signature check DK
Close Help
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Enter the values as presented in the screen shot. Then open the popup menu and press
“Generate Signature” and then “Save”. The changes will be activated after the next start of the
graphical user interface software.

Notes:

e The stepping by 15” gives only a coarse instrument offset determination. After focussing it
should be repeated with step sizes of 2” or less. If the star is focussed well, the signal
diagram should give steep slopes when the star comes in and goes out of the fibre.

e The M2 focus offset of —4.65mm is too big to be able to adapt the guiding probe camera
foci accordingly. This means, in this situation guiding cannot be applied together with the
ATS.

e Dismounting/mounting all instruments requires a redetermination of its instrument and
focus offsets.

Proposal to refine the instrument offset determination

The instrument offsets we determined are only coarse results and need a refinement. The
approach described above is affected by:

e bad focus

e large step size (larger than the diameter of the aperture)

e tracking drifts

Scanning must be repeated with smaller step sizes at a focus position nearby the optimum and
with guiding active (this requires to adapt the optics to the telescope’s optimum focal plane).
When guiding the instrument, offsets of the telescope cannot be changed. There is another way
to change the telescope pointing by changing the guiding reference position:

AGU => CCDs => Adjust Reference Position

(see the next screen shot)

" Guiding Reference Position Control -10] x|

[k | Eancel| Help |

Because we used instrument offset parameters MI=0 and C0=0 the X0 and YO are aligned along
Xl and ETA. Note that for shifting the guiding reference, the region of interest (ROI) for the
guiding process must be set large enough. The standard ROI is 5 times 32 pixels which
corresponds to 17.7”. to have 10 in both directions the ROI value should be set to at least 10
(see AGU => CCDs => CCD and Guiding Options).
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7. Wavelength Calibration

The calibration of the three gratings was made in the Optical Laboratory using a CuAr arc lamp.
The arc produced for each grating can be seen below. The coefficients of each polynomic order
used for the wavelength calibration for each grating are given in Table 2.
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Fig. 23. Arc for the Red 1200 groove/mm grating centered on 6441.6 A.
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Fig. 24. Arc for the Blue 1200 groove/mm grating centered on 5074.1 A.
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Fig. 25. Arc for the 600 g/mm grating centered on 5691.5 A.
Table 2. The coefficients of the polynomials used for the wavelength calibration
A = Ao + A*px + B*px2 + C*px3 + D*px* + E*px®
where px = pixel value (0-1023) and A = wavelength
Red grating Blue grating Blue-red grating
Value error Value error Value error
Ao 5736.877 0.87784 4309.794 0.47064 4008.963 11.76908
A 1.43924 0.01373 1.55323 0.0045 3.42126 0.19224
B -1.05E-04 5.81E-05 -1.07E-04 1.13E-05 -9.69E-05 0.00104
C -3.27E-08 8.74E-08 -1.71E-08 7.63E-09 -7.99E-07 2.39E-06
D 7.18E-12 4.27E-11 0 0 1.25E-09 2.45E-09
E 0 0 0 0 -5.93E-13 9.24E-13
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8. Standard stars

In the following plots are shown the spectra of standard stars (luminosity class — V) taken with
the ATS using all gratings. A few famous stellar spectral lines (e.g. Balmer lines, Mgl, Nal) are
also indicated.
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Fig. 26. Spectra of standard stars of: (a) B-type, (b) A-type, (c) F-type, (d) G-type, and (e) K-type

obtained with the ATS using the Blue-Red Grating.
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ATS - Blue Grating: G-type standard stars
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Fig. 27. Spectra of standard stars of: (a) B-type, (b) A-type, (c) F-type, (d) G-type, and (e) K-type
obtained with the ATS using the Blue Grating.
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ATS - Red Grating: B-type standard stars
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ATS - Red Grating: G-type standard stars
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ATS - Red Grating: K-type standard stars
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Fig. 28. Spectra of standard stars of: (a) B-type, (b) A-type, (c) F-type, (d) G-type, and (e) K-type
obtained with the ATS using the Red Grating.
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9. Signal to Noise ratio

The signal-to-noise ratio (SNR) for ATS is estimated as a function of wavelength A for a series of
measurements of spectroscopic standard stars (with absorption only lines). The sample stars
were collected from the Gemini observatory database; they were observed in the summer of
2015 and covered a wide range of spectral types. The sensitivity of SNR was then evaluated on
the following four factors: (a) the spectral range, as provided in the three available gratings (BR,
B, and R), (b) the exposure time for a specific star, (c¢) the focal position (the relative position of
the secondary mirror with respect to the proper focus), and (d) the offset between the telescope
optical axis and the spectrograph.

The reduction process was carried out through suitable IDL routines in a bias-corrected
framework, including the following steps: (/) dark (and bias) subtraction from the raw images, (ii)
bias subtraction from the dark images, (iii) outliers filtering (to deal with hot or damaged pixels),
(iv) pixel integration in the space direction (direction perpendicular to dispersion), and (v) robust
polynomial representation of the stellar (and the sky background) continuum. The SNR was then
estimated via the formula:

Ncont (j“)

SNR(A) =

\/Ncont(i)-i-Nsky(i)-i_Ndark +?/770'2

read

where Ncont(A) and Nsky(A) are the integrated intensity in the space direction of the stellar
continuum and the sky background, respectively, along the whole spectral range of each grating.
Naark is the dark noise accumulating intensity at the respective pixel series, while p is the number
of the integrated pixels, f is the binning factor (here we worked with the highest pixel resolution,
so f=1), mis the number of stacked images (here we worked with a single only image, so m =
1) and Oread is the readout noise of the CCD in the working mode. All values of the
aforementioned quantities were transformed to the number of electrons recorded from the CCD
through the gain conversion of each mode. Note that no attempt was made to remove the telluric
lines by flat-fielding our raw measurements.

Typical SNR values range from 500 to 700 with 4 min exposures for our brighter program
stars (V ~ 6 mag), while the same SNR remained with 5 min exposures for the fainter stars (V ~
8 mag). The SNR performance for a 6 mag star is improved by about 20% when the exposures
increase by 1 min (Fig. 29). The sky background contribution proved to be too low to affect the
SNR values (less than 2%), suggesting that sky measurements could be discarded from an
observing program of bright stellar targets (Fig. 29). The ATS performs better in the BR grating
and closer to the maximum continuum of the program star. The spectral type is crucial for the
ATS efficiency in the B and R gratings; as anticipated, the R mode behaves better than the B
mode toward lower temperatures (Figs 30-31). The analysis, however, revealed that the focal
position and, even more importantly, the offset of the spectrograph position with respect to the
optical axis are factors that might affect the quality of observations in a critical way. A failure in
the proper targeting procedure may reduce the SNR even by 50% (Fig. 32).
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Fig. 29. SNR sensitivity on the time exposure (upper) and the sky background (lower).
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Fig. 30. SNR sensitivity on the spectral range (grating). SNR values are depicted for a A8V
(upper), a F1V (lower) spectroscopic standard star.
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Fig. 31. SNR sensitivity on the spectral range (grating). SNR values are depicted for a G8V
(upper), and a K4V (lower) spectroscopic standard star.
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Fig. 32. SNR sensitivity on the focal position (upper) and the offset of the spectrograph position
with respect to the optical axis (lower).
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To estimate the SNR for a star with an apparent magnitude m and an exposure of time ¢, we
extend the aforementioned analysis by employing the Pogson law (to deal with the brightness)
and by taking advantage of the linear response of a CCD camera (to deal with the time) with
respect to our instrumental values of a standard star with the same spectral type. To simplify the
procedure, we restrict our computations to the central visual wavelength of 5400 A. Assuming
that mo is the magnitude of the reference star, the SNR is then calculated according to the
formula below:

P F 10()‘4(/1107”/)
SNR(t,m) = ,

0.4(my—m) p 2
\/ncom-z-lo 0 +ﬂdark-l+?m0'

read

where ncont is the integrated intensity in the space direction of the stellar continuum divided by
the exposure time of the reference star, while ndark is the corresponding rate of dark noise
accumulating intensity at the respective pixel series.
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Fig. 33. SNR sensitivity on the brightness and the exposure time. SNR values are depicted for

stars lying in the range 11-15 mag and various exposure times less than 1 hr.

HIP 93443 (A4V, mo = 6.45 mag) was selected as reference star and the BR grating was set
as the working mode; many trial exposures were available at different focal positions and offsets
giving the opportunity to choose the one of the highest SNR value. However, this does not
exclude the possibility of an even more successful offset, and as a result, the inferred values
should be considered as a lower limit of ATS efficiency. The analysis shown that ATS can
provide hourly exposure spectra of high quality (SNR > 100) for stars brighter than m = 13 mag,
while the range 13-15 mag is still considered admissible (SNR > 20). The performance of ATS
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hardly reaches the SNR = 5 for a star with m = 17 mag, suggesting that this magnitude refers to
the ATS lower brightness limit (Figs 33 & 34). Note that the sky background was considered
negligible and it was omitted from the overall procedure.
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Fig. 34. Magnitude-exposure time curves for a wide SNR range. ATS is inefficient to deal with
stars fainter than m = 17 mag.
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