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1. Introduction

‘Opihi is a 0.43 meter wide-angle finder scope mounted to the IRTF. Four SDSS filters (g’, r’, 1’,
z’) and a clear position are available. A summary of ‘Opihi’s parameters are given in Table 1 and
the filter wheel positions are given in Table 2.

‘Opihi can be used concurrently with other instruments on the IRTF. The primary use case of
‘Opihi is to recover the locations of newly discovered near-Earth objects (NEOs) with large
uncertainties in ephemeris in order to perform follow up observations with the IRTF’s infrared
spectrograph (SpeX). ‘Opihi can also be used for absolute spectral flux calibration as the i’ and
z’ filters overlap with the 0.7-2.5 um spectral modes of SpeX.

‘Opihi runs independently of facility instruments and is also capable of monitoring atmospheric
extinction. A cover keeps ‘Opihi closed during the day as it is not intended for daytime
observing.

The purpose of this document is to serve as an observing manual for ‘Opihi. We assume that the
user is already familiar with the XUI and DV. For more information, please refer to the observing
manuals for SpeX' and MORIS.?

! http://irtfweb.ifa.hawaii.edu/~spex/observer/

2 http://irtfweb.ifa hawaii.edu/~moris/user/



http://irtfweb.ifa.hawaii.edu/~moris/user/
http://irtfweb.ifa.hawaii.edu/~spex/observer/

Table 1: Summary of instrument characteristics.

‘Opihi

Diameter 0.43 m

Field of View 32’

Pixel Scale 0.94”/pixel

Filters g, r’,1,27, clear

Detector (CCD)

Bandpass (FWHM) 360 - 970 nm

Number of Pixels 2048 x 2048

Operating Temperature -50°C

Dark Current 1e-/s

Read Noise 41.2 e- rms at 5 MHz (default)
10.3 e-rms at | MHz

Gain 6.9 e-/DN at 5 MHz (default)
4.0 e-/DN at 1| MHz

Well Depth 128,245 e-




Table 2: Filter wheel positions. The software position number is currently offset from the actual
filter wheel position.

Position # Fllter Description

0 block An opaque plate that can be used for darks
1 open Do not use

2 open Do not use

3 z’

4 1

5 r’

6 g’

7 clear Clear over the bandpass
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Figure 1: A block diagram of ‘Opihi’s major electronic components.
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Figure 2: An image of ‘Opihi mounted to IRTF. The protective outer shell is not pictured.

2. Initialization

2.1 Opening the Software

The OPIHI software consists of three components: the instrument control server, the GUI, and
the data viewer (DV). It should currently be accessed through stefan:7.

1. After connecting to the VNC session, open three xterm sessions using the Desktop
launcher buttons named “SSH OPIHI.” This launcher starts an xterm and automatically
logs into the OPIHI pc. Enter the password for each instance.

a. Run the command “startic” in the first xterm. This executes the IC server
software in that xterm, launching the multiple processes used for controlling
various subsystems.

b. Run the command “startxui” in the second xterm. This executes the XUI
software in that xterm, and presents the OPTHI GUI.

c. Run the command “startdv” in the third xterm. This executes the DV software
in that xterm, showing the DV user interface.



2. The GUI will connect to the IC server at startup. At this time, the OPIHI XUI login
window will be showing. Login with the project account or enter a different username
and password for the observing program. Click “Login with the above username.”

a. By default, the DV will show previous observations. If desired, check “Reset DV
on login” to clear the DV.

You may want to use OpihiExarata depending on the situation. Refer to the OpihiExarata User
Manual’ for more information. We recommend that the user open OpihiExarata in another
desktop to reduce clutter. To start OpihiExarata, open another xterm and navigate to the home
directory of the user (“cd /home/opihi/”).Then, use the following commands.

1. Run “exarata manual” to start the manual mode of OphiExarata. This mode can be
used for asteroid detection and photometry.

2. Run “exarata automatic” to start the automatic mode of OphiExarata. This mode
can be used for automatic zero point monitoring.

- Opihi XUl v201210 (May 2 2022) {on opihi) = x DV2 2020.09 (Feb 7 2022) (on opihi) =

ox
[oven | soe | oue | s -

A = Empty buffer (273x15) 2. A = Empty buffer (273x15)

Obs | Setup l Macro i
off | kon | simcam |

10 L
Image source is "off’. All camera devices are closed 5 3
When finished using the IKON camera, return to the ‘off* mode. 1. B = Empty buffer {273x15) 3. D = Empty buffer {273x15)

Baslcl Movie I

Cycles |1 [l sub AB

[ Meanimage

| I [ I+
Object [normmo Beam DTime [ 2.00 Dy Couans iMakh |0ﬂseti Macros | Setup ICDmmandlo |'M’"“t D\fl
o 2|4 A cleE
Commenl|n75 comment Show Observers Log ‘ ActiveDpy: 7 ? DisplayType: Image | Buffer: 5 I B
R your name B 2022099 Zoom: -3 ] AutoScale: O Fixed @ Auto
[] Autosave  Path|/scrs1/opihi/20228999/220810 FrameMNo[fname  [0001 | T Range:[0 to[oo00
TS ANEAT A — SRS R Box:  Zoom scale 1-99% Fixed Scale
Peak Centroid
! Set SubArray from Box: 0 | 1|2 |Ga| Gbl [0 Show XHair

ParameterReset
itime 1.000

time 1.000
imageSource off j

1| I}

The XUI (left) and DV (right) after login.



https://psmd-iberutaru.github.io/OpihiExarata/build/html/user/index.html

2.2 Starting ‘Opihi
After the software has successfully been started, check that ‘Opihi is prepared for observing.

1.

6.

The TO should enable the ‘Opihi dome offset in the TCS to center the dome slit between
the beams of ‘Opihi and IRTF. This is to prevent vignetting in the ‘Opihi images. This
should not clip into IRTF’s beam. The dome offset should be disabled when ‘Opihi is not
in use.

a. ‘Opihi cannot be used when IRTF is pointed near zenith. Refer to the dome offset
algorithm documentation for details.*

b. Though the dome offset algorithm is good for most cases, it is not perfect. If the
dome begins to vignette IRTF at any time, disable the Opihi dome offset. This
may happen at specific pointings.

If the Filter Wheel or AFocus are not initialized, initialize them using the Filter.Init and
Focus.Init buttons found on the Setup tab.

Open the telescope cover from the PW Shutter tab. Make sure that the cover is closed
when you have finished! ‘Opihi will become a fire hazard if the cover is off and the dome
is open during the day.

a. A “cover close” command will run automatically upon logging out of the
XUI, but we strongly recommend users to manually click the “Close Cover”
button when they are finished. Depending on the orientation of IRTF, you can
verify that the cover is physically closed by checking the cameras on stefan:9.

b. The cover is programmed to close automatically at sunrise. However, the
instrument control software is not designed to work in real time; this is an
emergency measure that should not be relied upon.

c. Itis also possible to open and close the cover from the command line. In a fourth
xterm, run the command “cover open” or “cover close” to open or close
the cover, respectively.

Turn on the camera by clicking on the IKON tab. Check that the camera temperature is
set to -50°C; this can be changed using the IKON Cooler panel. Wait until all
components are initialized and the temperature is cool. It takes the CCD about 7 minutes
to get to the correct temperature from ambient.

The telescope will usually not need to be focused before observing. However, if you
notice that the image quality is poor, the telescope may be focused by changing “apos” in
the AFocus panel.

a. Good ballpark values for the step size are in the positive or negative hundreds
(e.g., -300 or +500 steps).

Enable “Autosave” when you are ready to observe.

‘Opihi is now ready for use. By default, the CCD is used with the following settings:

Array: 0 0 2048 2048
XY Binning: 1
ReadOut: CV_16bit 05SMHz



http://irtfweb.ifa.hawaii.edu/~tcs3/tcs3/history/23/05-opihi-code/Opihi_Dome/report.pdf

Preamp Gain: x1
VSS: 38550ns
High Capacity: Disabled

In general, these settings can be left untouched because ‘Opihi has been thoroughly tested for
these parameters. However, you may choose another configuration by changing the appropriate
dropdowns.

TR K TR T

The camera’s settings can be

/ left at their default values.

obs | Setup | Macro |
ot 1xow | simcam |

*itime [1.000 Array lo 0 2048 2048 V5SS 3B550ns -
*coadd [1 *X¥ Binning [1

el i T Donts < Closes the camera shutter
ataType target - l EadOut CV_16bit r - [ ] Darks

—[—‘ so that darks can be taken.

Preamp Gan xl - [ High Capacity
ﬂas.(l Mavie l
Cycles I 1 [=] Sub AB
[0 Meanimage
Changing “apos” will change

Use this panel to change the the position of the
position of the filter wheel. B8 urter o) P— / secondary mirror, which is

used to focus the telescope.

Comi FI ent Show Observers Log

observer [yo Program 1D: [20.

s OFF. Data will not be saved.

The camera's temperature is
given in Celsius. Allow the
temperature to come down
to -50 (the set point) before
use.

Use this panel to open or
close the telescope cover for
‘Opihi.

[
The XUI after the IKON camera has been turned on.

3. Target Acquisition and Guiding

Guiding is done with either Guidedog (Sec. 3.2 of the SpeX manual) or MORIS. Objects should
be sent to the TO with the T3 Remote TCS. You may open a t3remote panel in the ‘Opihi VNC
by clicking on the “t3remote” icon on the desktop if needed. Depending on the use case, you
may want to select a nearby guide star with Starcat. Searching for asteroids typically involves
pointing the telescope to the star field and guiding at known non-sidereal rates (Refer to Sec. 5).

The center of IRTF’s FOV is close to the center of ‘Opihi’s FOV but drifts around somewhat due
to flexure. We have measured that the flexure does not exceed 1’ in any direction. Searching for
the target’s entry on the SIMBAD astronomical database can be useful for identifying the target
in the ‘Opihi image.
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4. Imaging

As shown in Fig. 3, the CCD is linear within 0.2% of the full well depth up to saturation (65,535
counts in the DV). However, the counts in any pixel should not exceed 60,000 for safety. Refer
to Table 3 for the measured sensitivity.

Trendline
70000 - ® Median Counts
® [ ]
60000 -
[ ]
50000 ]
= &
[a)]
40000 A
L ]
30000 4
®
20000 - .
[
T T T T T T T T T
20 40 60 80 100 120 140 160 180

Exposure Time (s)

Figure 3: The linearity of the CCD’s response. Saturation occurred at 180 s exposure time,
which is why the median counts for that time do not lie on the fitted line.
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Table 3: The measured zero point and estimated limiting magnitude for each filter (quarter
moon). The expected flux of the clear position is approximated by averaging the fluxes of the
four filters. Note that it becomes difficult to make a visual detection of an A-B subtracted
asteroid below S/N~60. Refer to Sec. 5.

Filter Zero point m (S/N=60, t=60 s)
g’ 21.6 18.5
r’ 21.2 18.3
¥ 21.1 18.0
z 20.5 17.2
clear 22.5 20.1

To manually take data with ‘Opihi:

1. Check that “Autosave” is enabled. Set the name of the object and file name.
Set the desired exposure time. We recommend taking a test exposure to check the signal
level before setting the number of cycles and coadds.
3. Set the filter wheel position in the “Filter Wheel” panel. Wait until the panel says
“Ready” before taking the exposure.
a. It is faster to rotate the filter wheel from z” — i — 1’ — g’ — ¢’ because the
motor only moves in one direction.

4. Click GO.

4.1 Data Reduction, Flats, and Darks

Data reduction is done by OpihiExarata. Upon opening a file (see Sec. 5), OpihiExarata will
automatically save a reduced version of the image as indicated by the “.pp” extension.
OpihiExarata will reduce the data by using archived calibration images. Generally. you do not

need to take your own flats and darks.

Flat fields were captured by placing an illuminated translucent screen in front of ‘Opihi. Flats
can also be taken by turning on the floor lights in the dome and pointing ‘Opihi to the white
dome spot. We have also created a bad pixel map providing the locations (row, column array
indices) of the 1,023 hot pixels and the one dead pixel. These pixels should be excluded when
trying to make an asteroid detection.

There are two ways to take darks: you may either check the “Darks” option to close the camera’s

shutter or set the filter wheel to the block position. Set the number of cycles to take multiple
darks of the same exposure time.
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5. Asteroid Detection

Asteroid detection is done by loading images into the manual mode of OpihiExarata. The general
workflow is as follows:

I.

2.
3.

Point IRTF to the expected location of the asteroid and guide at a known non-sidereal
rate.

Take at least two images with ‘Opihi.

Load the ‘Opihi images into OpihiExarata to perform the asteroid detection, propagate its
ephemeris, and send the updated position to the TCS.

The asteroid detection is performed visually. For illustrative purposes, we will walk through a
sample detection and propagation of asteroid 3102 Krok. At least two images are required. All
images must have the same exposure time and filter for asteroid detection with OpihiExarata to

work properly.

Verify that the ‘Opihi dome offset is enabled in the TCS.
Point IRTF to the expected location of the asteroid. Guiding at non-sidereal rates is
almost always preferred for asteroid detection, but you may guide on a background star
as well.
Set ‘Opihi’s filter wheel to the clear position and take an exposure.
Take another exposure. Depending on how quickly the asteroid is moving, it may be
necessary to wait for some time until the asteroid has moved several arcseconds away
from its previous position on the sky.

o Two exposures is enough to propagate the asteroid’s ephemeris with OpihiExarata

assuming a linear fit. Up to four exposures can be used at once.

Start the manual mode of OpihiExarata (Sec. 2.1). The following window should appear:

13



OpihiExarata Manual Mode (on opihi)

Resets all four panels,
removing the files and
targets.

l— Loads an ‘Opihi image.

= Allows the user to

choose a different target

10 Save & Reset Reset
Each of the four panels ak opl. 20XAS99 YYMMDD AAAAAAAAAA #iHHH a fits Load el
corresponds to a separate ) )
image. One target can be #* 1 Target 1 Location: POOCL, YYYY) Relocate ==
selected from each image. 06
opl. 20XXA999. YYMMDD. AAAAAAAAAA. HHEHE a fits Load
o8 2 Target 2 Location: OO, YYYY) Relocate
opl. 20XXA999. YYMMDD AAAAAAAAAA fHHIERE o fits Load
0.2
3 | Target 3 Location: POOOL. YY) Relocate
Use these tabs to navigat i :
between different functions 0o 02 04 06 08 1.0 | PAARCUASIR (AMMOD AMAKARNA SR I 2l daad
of OpihiExarata. AED Q= 4 Target 4 Location: (KX, VYY) Relocate
Summary ¥ y | Orbit Ep Propagat I
The name of the target
can be specified in this - (Detected) Target Name Change Send Target to TCS

box.

TextLabel

in the current image.

e Load the first image. The target selector should appear as soon as the file is opened. In
the target selector, load a different exposure and set the subtraction method
(“non-sidereal” in our example).

OpihiEzarata Manual Made ton opihi)
10 Save & Reset
Opi. 20XXA999. YYMMDD AAAAAAAAAA $HHH a fits
08
* 1 Target 1 Location: (PODOL YYYY)
0.6 pihi Image 1 lon apihi) ”
ts
Logk in: 9 fscrsLiopini20226999/221017 000 AEME
& computer  Name - Size Type *
L el 0pi. 20228999 221017 3102 _krok.00016.2.fits B.01 MiB FIT..e
o 0pi, 20228999.221017.3102_krok.00016.a.0x.Ms 16... MiB FIT...e
3 FIT. o[ TS
02 opl. 20228999 221017 3102 _krok.00017.a.0x.Ms 16..MiB FIT...e
’ 0pi 20228999.221017.3102_krok.00018.a.fits B.01MB FIT..e
0pi.20228999.221017 3102 _krok.00018..0x.fits 16..MiB FIT..e
opi. 20228999, 221017.3102_krok.00019.a fits B.OL MiB FIT...e
0.0 5 0pi 20228999 221017, 3102 _krok.00019.a.0x fits 16, MiB FIT_.e
oo 0.2 ©opi 20228999.221017.3102_krok 00020.5. fits 801 MB FT.e 5
0pi 20228999.221017.3102_krok 00020.5.0x fits 16, MB FIT..e
_ ‘. .’ ‘i' opl.20228999.221017.3102_krok. 0002 1.0 fits B.01 Mg FIT...¢
0pi.20228999,221017.3102_krok.00021..0x. M5 16, M8 FIT..e
opi 20226999.221017.3102_krok.00022.0.fts 8.01 MiB FIT..e
Summary  Astrol opl.20228999.221017.3102_krok. 0002 3.0.fits B.01 MIB FIT...e.
00k INIIRG9 27101 T 3107 krok. 07 1 A ax s 16 MR FIT_ &~
3
(Detected) Target.
File pame:  opi 20228999.221017.3102_krok.00017.a.fits é Open
Files of type: | FITS Files (*.fits) = X Cancel
TextLabel
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Reset
Load -« 1) Load the first image.
Relocate
Load
Relocate
Load
Relocate
Load 2) Select the file and
" open it. The directory
Relocate should automatically
have been set to the
location of the data.

3 |nd Target to TCS



OpihiExarata Target Seloctor (on opihil

Current: opi. 20228999.221017.3102_krok 00017 a fits

Reference:  None

Change < 3) Load the reference
image (the second
exposure).

2000
1750
1500 8
1250
Undo/redo 1000
action Zoom
1 750
féEP Q=W -
Return to Pan R e
default view
\ o\ : :
\"-. \ 0 250 500 750 1000 1250 1500 1750 2000
lﬂ € +Q=x I 50, 1663] = 6515.00
Subtraction Method None Reference Sidereal Non-sidereal 4’ select the su{)tractran
If necessary, the pixel i tles — o n:ethod. }ﬂ.stermn‘s are
location of the target can 1o High} {5459.00000 000 o almost o sz Dbjeﬂ:-’d
f using non-sidereal rates.
be typed in manually. \1 Target X: nan Target ¥ nan Submit I 2

e The AB subtracted image should appear after setting the subtraction method. Locate the
asteroid in the image and select it. Then, submit the target’s coordinates.
o The stars should be almost entirely subtracted out of the image. The asteroid can

be identified by the fact that its AB pair has a different direction and spacing
relative to the other pairs.

Zooming in is done by clicking on the magnifying glass and holding the middle
mouse button to draw a box.

At any time, you may select the target by holding the middle mouse button and
drawing a box around it. Unselect the magnifying glass before drawing a box to
enable target selection.
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OpihiExarata Target Selector (on opihi)

Current: opl.20228999.221017.3102_krok.00017.a.fits
Reference:  opi.20228999.221017.3102 _krok.00018.a fits Change

1750

1500

1250
5) Click the magnifying

B glass to set the mode to
“200m.”

750

6) Hold the left mouse

250 button and draw a box

around the asteroid to
s zoom inon it.
eI QA=A

Subtraction Method Mone Reference Sidereal Non-sidereal

Scale [Low High] -120.24463 25.85107 1-99% v Auto

Target X: nan Target Y: nan Submit

OpihiExarata Target Selector (on opihil

Current: 0pl. 20228959.221017.3102 _krok 00017.a fits

Reference:  opl.2022B999.221017.3102_krok 00018.a.fits Change
7) Unselect the zoom
option by clicking on the
magnifying glass.
8) Hold the middle
mouse button and draw
a box around the
asteroid pair to select the
target.

A€ Q=¥ [1050, 821] = -45.14

9) Click “Submit” to set

Subtraction Method None Reference Sidereal Non-sidereal the coordinates of the

Scale [Low High] -122.87217 24.40469 1-99% mm/ the target.

Target X: 1010.766 Target Y: 868.011 Submit

e Repeat the previous steps for subsequent exposures. The reference image will be set
automatically after the first image has been submitted so it does not need to be changed.
When you are finished, click on the Astrometry tab.

16



OpihiExarata Ma

Save & Reset Reset
10) Load the second
0pi.20228999.221017.3102_krok.00017.a.fits Load image and repeat steps
4-9. Step 3 does not need
® 1 Target 1 Location: (1010.766, 868.011) Relocate to be repeated because
the reference image will
opi. 20XXAB99.YYMMDD AAAAAAAAAA $HHHE, a fits Load be set ically for
all subsequent
2 | Target 2 Location: (DO, YYYY) Relocate observations of this
asteroid. Additional
opi. 20XXAG99.YYMMDD ANAAAAAAAA $HHHHE, a fits Load images may also be
loaded.
3 Target 3 Location: (XX, YYYY) Relocate
The name of the object ! g 3
will be pulled from the g ©pi. 20XXAG99.YYMMOD AAAAAAAAAA HiHE##. 2 fits Load
FITS header after the first
image has been #€> Q=720 4 Target 4 Location: (XXX, YYYY) Relocate
submitted (step 9).
Sepmary y P y-—Osbit—Eph g 11) dlick on the
“Astrometry” tab.
[Detected) Target Name 3102 Krok (1981 QA) Change Send Target to TCS

TextLabel

e Use the Astrometry tab to compute the astrometric solution for the images. Then, obtain
the non-sidereal rates and send the ephemeris to the TCS.

Save & Reset Reset

opi.20228999.221017.3102_krok 00017 a fits Load

* 1 Target 1 Location: {1010.823, B68.054) Relocate

opi.20228999.221017.3102_krok.00018.a fits Load

2 Target 2 Location: (1011.338, B67.944) Relocate

opl. 20XXA995, YYMMDD AAAAAAAAAA. #8448 a fits Load
3 Target 3 Location: (R0, YY) Relocate
o o0 1000 1500 2000 OPl20X0A999, YYMMOD AAAAAAARAA H#4 2 fits Load
You may use the # & > .i. Q = 7 4 Target 4 Location: (OO, YYYY) Relocate
“Ephemeris” tab instead if
you have more than two Loy —t psitizlprasdef Propag 13) Click “Solve
images. This will solve for : Propagation” to obtain
Propagation E L bt Solve Propagation e
the non-sidereal rates with o g i i the solve non-sidereal
the 6 orbital elements, Propagation Non-Siderial Rates rates of the asteroid.
which is usually not 1st Order ['/s] 2nd Order [/s%]
necessary in practice. RA DEC RA DEC
0.043 +EE EEEE 0.003 +EEEEEE | -13269¢+03  +EEEEEE  -9.7233e401  +EEEEEE 14) Click “Update TCS
Update TCS Rates Rates” to send the
updated non-sidereal
The asteroid’s position can rates to the TCS.
1900-01-01 00:00:00 I UTC+00:00 ¥ Forward Solve HH:MM:S5.55 +DD:MMS5.55

be propagated to any time =
in the future.
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Opihifxarata Manual

o Save & Reset Reset
- opl.20228999.221017.3102_krok.00017.a.fits Load
0 ® 1 Target 1 Location: {1010.766, 868.011) Relocate
750
opi. 20XXA999 YYMMDD AAAAAAAAMA HHHHIE o fits Load
1000
2 Target 2 Location: (XXX, YY) Relocate
1250
1500 ¥ opi. 20XXA999. YYMMDD AAAAAAAAAA #HHHHE a fits Load
1750 3 Target 3 Location: (OO0, YYYY) Relocate
2000
500 1600 so00 | OPL20XXAS99.YYMMOD AAANAAAAAA SIS, fits Load
o €D .!. Q = & 4 | Target 4 Location: POOCK, YYYY) Relocate
Summary Orbit ¥ .
Y Y Y P = 15) Click “Send Target to
(Detected) Target Name 3102 Krok (1981 QA) Change | Send Target to TCS === TCS” to send the updated
ephemeris to the TCS.
TextLabel

e Finally, follow Sec. 7 to shut down ‘Opihi when you are done using it and/or at the end of
each night.
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6. Photometry

OpihiExarata can also perform aperture photometry on selected targets. It should not be used for

photometry of extended sources. Photometry can only be done for images taken with the four
SDSS filters.

e Following the guide in the previous section, load the image. Then, select the target
without setting a reference image.

OpihiExarata Target Seloctar (on opihi)

Current: opi.20228999.221017.3102 _krok.00025 a.fits

Reference:  None Change

2000

1750

1500

1) Click the magnifying
glass to set the mode to
“zoom.”

1000

750

2) Hold the left mouse
button and draw a box
around the target to
zoom in on it.

250

o 250 500 1000

1250 1500 1750 2000
AEI Q=L [1977, 176] = 6236.00
Subtraction Method None Reference Sidereal Non-sidereal
Scale [Low High) 6200.00000 6289.00000 1-99% ¥ Auto
Target X: nan Target ¥: nan Submit
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Current: opl. 2022B8999.221017.3102_krok 00025.a.fits

Reference:  None Change

820 B840 860 880 900 20 940 960

A€ Q=+ [902, 1228) = 6222.00
Subtraction Method Mone Reference Sidereal Non-sidereal
Scale [Low High) 6204.00000 6291.00000 1-99% v Auto
Target X: 8828284 Target Y: 1250.9190 Submit

e Use the Astrometry tab to compute an astrometric solution.

3) Unselect the zoom
option by clicking on the
magnifying glass.

4) Hold the middle
mouse button and drow
a box around the target
star to sefect it.

5) Click “Submit” to set
the coordinates of the
the target.

230 0pi.20228999.221017.3102_krok 00025 a fits Load
00 * 1 Target 1 Location: (882.828, 1250.919) Relocate
750
opl. 20XXAG99.YYMMOD AAARAARAAA #5H a fits Load
1000
2 Target 2 Location: (OO, YYYY) Relocate
12%0
1500 oplL 20XXAF99.YYMMDD AAARAAAAAA B8 a fits Load
1750 3 Target 3 Location: OO0, YYYY) Relocate
2000 .
0 500 1000 1500 2000 | OPLZ0XXAGISYYMMDD AAAAAANAAA I A fits Load
® € > .*. Q =~ 4 Target 4 Location: (XXX, YYYY) Relocate
v | A P it 4 £ 6) Click on the
¥ i c
“Astrometry” tab.
(Detected) Target Mame [RZ_Psc Change  Send Target to TCS

TextLabel
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OpihiExarat

opi. 20226999.221017.3102_krok 00025.a fits Load

* 1 Target 1 Location: (882.828, 1250.919) Relocate
Opi. 20XXAGI9.YYMMDD AAAAAANAAA #8454 a fits Load
2 Target 2 Location: (OO, YYYY) Relocate
Opl.20XXAGI9.YYMMDD.AAAAAAAAAA S ##.a fits Load
3 Target 3 Location: OO0, YYYY) Relocate
1000 1500 0pi.20XXAG99.YYMMDD.AAAAAAANNA HHFH . 2.fits Load
® € > .*. Q =~ 4 Target 4 Location: X0, YYYY) Relocate
Y ¥ |F y Orbit  Ef Prapag; 7) Click “Solve
Astrometry” to get an
Astromet As net N - Solve Astrometry 3
HIometTy Engine i) o ozl astrometric solution for
File Center Target/Asteroid the image.
RA DEC RA DEC
1 01:09:38.62 +27:53:39.56 01:09:48.74 +27:50:07.24
2 HH:MM:S5.55 +DD:MM:55.55 HH:MM:55.55 +DD:MM:55.55
3 HH:MM:S5.55 +DD:MM:S5.55 HH:MM:55.55 +DD:MM:55.55
4 HH:MM:S5,55 +DD:MM:S5.55 HH:MM:S5.55 +DD:MM:55.55
Coordinate Solve Pivel X Pixel ¥ RA DEC
Solve
e Use the Photometry tab to obtain a magnitude for the target.
If you are interested in a Save & Reset Reset
different target, click
- »
Relocate” and follow steps opi.20228999,221017.3102_krok 00025.a fits Losd
1-5. Steps 6-7 do not need
to be repeated, i.e., you do L ' {88Rridbridbiriifi—> Relocate
not need to compute
another astrometric opl. 20XXAGI9. YYMMDD.AAAAAAAAAN #5884 2 fits Load
solution for the same
image. 2 Target 2 Location: (000G, YYYY) Relocate
Opl.20XXAGI9.YYMMDD.AAAAAAAAAA S ##.a fits Load
3 Target 3 Location: OO0, YYYY) Relocate
1000 1500 0pi.20XXAG99.YYMMDD.AAAAAAANNA HHFH . 2.fits Load
® € > .*. Q =~ 4 Target 4 Location: X0, YYYY) Relocate
Yy | A y y  Orbit Eph Propag: 7) click “Solve
Ph try” to get a
Photometry Engine Pan-STARRS 3pi DR2 MAST - Solve Photometry omme id ge
magnitude for the target
3 - and the zero point.
Magnitudes are File Filter Name Zero Point Aperture Magnitude
presented here. You can
do photometry on — 1 i 21.464 £ 0,0044 136176 + 0.0070
multiple images at
once. 2 FF ZZ.ZZZ * EEEE MMMMM + EEEE
3 FF 22227 + EEEE MM.MMM + EEEE
4 FF ZZ.ZIZ + EEEE MM.MMM £ E.EEE

e Finally, follow Sec. 7 to shut down ‘Opihi when you are done using it and/or at the end of
each night.
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6.1 Automatic Observing and Zero Point Monitoring

Automatic observing with ‘Opihi is not fully implemented yet. This mode allows for atmospheric
monitoring throughout the night by taking images continuously with ‘Opihi through different
filters. Updates are posted to the zero point monitoring web page.’

Currently, the user must take exposures manually with ‘Opihi to obtain new measurements of the
zero point. Computing the zero point based on a new image and updating the webpage are done
easily with OpihiExarata. Only operate Opihi’s automatic mode between ~30 minutes after
sunset and before sunrise!

e Verify that the ‘Opihi dome offset is enabled in the TCS.

e Under the Macro tab of the ‘Opihi XUI camera controller, run the “auto start”
macro. Then, click GO in the XUI. The camera will take images according to the
specified intervals.

Opihi XUI v201210 (May 24 2023) (on opihi)

Obs | Setup Macro 1) Click on the “Macro™
tab.

Function 0 Function 1 I Function 2 | Function 3 I Function 4

(set) Path fhome/opihimacro/ mask: [+

Files I_» # Macro to setidg Opihi for automatic photometry

auto_finish

2) Click on the
“auto_start” macro.

auto_finish—

3) Execute the macro.

= o

< I il |

Macro Execute Macro Stop

4) Click "GO” to begin
taking images.

e Start the automatic mode of OpihiExarata-(Sec. 2.1). Verify that the directory is correct
and click Start. The software will now automatically solve new images taken with
‘Opihi.

e Optional: You may change several parameters in OpihiExarata. The defaults are likely
good enough.

> htp://irtfweb.ifa.hawaii.edu/~opihi/monitor/

22


http://irtfweb.ifa.hawaii.edu/~opihi/monitor/

o In OpihiExarata, click the “Change” button to change the directory to where
Opihi will save its images to (i.e., the engineering account and tonight’s
directory). The directory is setto /scrsl/opihi/ by default. The software
should find the engineering account within that directory, so it usually does not
need to be changed.

o Set what software engines OpihiExarata will use to solve the images using the
drop down menus.

OpihiExarata Automatic Mode (on opihi)

This button can often be

ignored, but it can be used Fetch Directory: Iscrs1/opihi/2023A999/ Change
to manually change the
directory if ded. It i
N gines (A, P) Astrometry.net Nova ~ Pan-STARRS 3pi DR2 MAST ~

set to /scrsl/opihi/ by
default and should find the

engineering account Fetch: opi.2023A999.230612.fname.00124.a fits
automatically. Working: 0pi.2023A999.230612.fname.00124.a fits
Results: opi.2023A999.230612.fname.00124.a.pp.ox fits
The coordinates of
Fhe center of lhet ; —bl Coordinates 19:12:41.673 +04:54:08.786 2023-06-12 12:59:25.0 5) Click “start” to begin
;mage: Srk e[ the automatic zero point
rom .t e astrometric calculation.
sohiition- Zero Point 20.757 + 0.009 Filter z
Loop Status Stopped Start " Stfp TriTger
Stop Trigger
automatic automatic
observing. solving for
the current
image only.

e Refresh the web page to see the computed zero points as a function of time (UTC).
Zero Point Monitoring

‘W recond and plot measumemaents of the Opihi telescope’s zero point over Bme across different fiters. This inferactive figure above tracks the zero point measuremants taken within the last 48 hours of the t it Ol
Opihi Zero Point Trends (Current: 2023-06-12 13:00:07 UTC)
Filter
185 *
19

£
£ 1
a
& 20

205 b

i e MM:’
2023, 2023, 2023, 2023, 3
0. 5. 0 yy 05 0 05,
202:00,4, 204:00,5, 2 96:06,. 9 20805, 2 J0:g, 212:09,,
Time

e When you are finished using automatic mode:
o On the OpihiExarata GUI, click Stop. Then you may close the software. Please
wait until the xterm is ready before closing the xterm window.
o Under the Macro tab of the Opihi XUI camera controller, run the “auto finish”
macro.
e Finally, follow Sec. 7 to shut down ‘Opihi when you are done using it and/or at the end of
each night.
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6.2 Absolute Spectral Flux Calibration of SpeX Data

When performing the flux calibration, ‘Opihi’s job is to provide an accurate measurement of the
target’s magnitude. Although both the z” and 1’ filters overlap with the wavelength range of
SpeX, the z” magnitude is preferred because SpeX’s response drops off sharply at shorter
wavelengths.

1. Follow the previously outlined instructions to obtain a z’-band magnitude for the target.
Convert this magnitude to a flux density. Recall that 0 mag corresponds to 3631 Jy or
131.5e-11 erg/s/cm*A. Call this flux density “Y.”

2. Reduce the SpeX data using Spextool. The fully reduced spectrum will come with a
pseudo flux calibration; this does not need to be very accurate. In our example, as
illustrated in Fig. 5, we have changed about the B and V magnitudes in xtellcor to be
about roughly magnitude fainter than the actual object.

3. Multiply SpeX spectrum by the response of the z’-band, shown in Fig. 4. The z’-band
response can be retrieved from the ‘Opihi webpage.

4. Integrate the resulting spectrum and divide by the FWHM of the z’-band (which is 0.13
um). Call this flux density “X.”

5. The scale factor is s = Y/X. Multiply the original reduced spectrum by s to perform the

flux correction.

1.0
—-== CCD Response
2' Filter Scan e P
—— Effective Response === ______ == -
i
]
I
I
0.8 ]
)
i
I
]
]
|
|

0.6 "'

Response

0.4 4

I
0.2 4 !
I

0.0 T T T T
200 400 600 800 1000 1200

Wavelength (nm)

Figure 4: The effective response of ‘Opihi in the z’-band (black). This response curve is
obtained by multiplying the CCD’s response (purple) with the z’ filter’s transmission curve

(pink).
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le-13 HD 255

3" Slit
— 0.5" Slit
—— 0.5" Slit*Scale

0.8 4

e
o

Absolute Flux Density (erg/s/cm?/A)
=

e
%)

0.0 4

O.IT-'S l.EJO l.IZPS 1.I50 1.:!5 ZJIJD 2.I25 2.’50
Wavelength (um)

Figure 5: The scaled spectrum of HD 255 (black) compared to the slitless spectrum (pink) and
the uncorrected spectrum (purple). The “slitless” spectrum was taken using the 3” slit in SpeX;
due to the lack of a narrow slit, the scaling factor in Spextool has little variation and is thus a
good reference point. The corrected spectrum overlaps nicely with the slitless spectrum which
indicates a successful flux calibration. Note that the uncorrected spectrum is far off because we
deliberately used an incorrect magnitude for the standard, which resulted in a poor pseudo flux
calibration by xtellcor.

7. Shutting Down

After you have finished observing, ensure that ‘Opihi is properly shut down before sunrise.

1. Close the telescope cover from the XUI by clicking PW Shutter and then “Close Cover.”
Check that the cover is closed by either using the camera in stefan:9 or by looking into
the dome.

2. Shut off the camera by clicking the Off tab.

Log out of the XUI by clicking the Log Out button in the top right corner.

4. Disable the ‘Opihi dome offset in the TCS to recenter the dome slit on IRTF’s FOV.

(98]
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