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Where to find observer information

» Argus Observer’s Web page:
www.gb.nrao.edu/argus

» Example Argus observing scripts are located at:
/home/astro-util/projects/Argus/OBS

» Example Argus GBTIDL reduction scripts are located at:
/home/astro-util/projects/Argus/PRO

» Links for GBT observing and data reduction
www.gb.nrao.edu/CDE2017




Argus Block Diagram

» 16 element

» single linear polarization

» Uses |-Q mixing scheme for side-band
separation
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Figure 1: Schematic block diagram of Argus’ signal path for a single receiver.
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Argus Footprint on the Sky

4x4 array with each beam
separated by 30.4” on sky in
El and xEI directions

>

>

Only Beams 9-16 can be
used with the DCR.
Beam-10 is the default
pointing/focus beam.

All 16 beams can be used
with VEGAS.

Beams 1 and 12 tend to
show higher noise than
the other beams,
depending on frequency
Beam-8 has no side-band
rejection.
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Argus lab performance
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Measured noise on
sky for Argus (zenith
tau[90GHZz]=0.06

Grey +’s are the
individual Tsys
measurements for each
beam associated with

Ta. X' 250

Boxes are median value 2
of the Ta Tsys for Argus. 3 200

Triangles are median
value for Tsys™* which is
the noise temperature
associated with Ta*.

Diamonds are the
inferred receiver noise
after subtraction of the
sky and estimated
spillover.
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GBT Achieves Theoretical Beam with
Argus at 109 GHz — GBT memo#296

or
C _ Argus/GBT 109.4 GHz
[ GBT 9.0GHz y: o . Beam FWHM 6.4 arcsec
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Left is the GBT beam at 9.0 GHz and Right GBT at 109.4 GHz.
With Argus, the GBT can achieve beam sizes of ~1.15--1.2
Lambda/D (in good conditions after OOF).



Ta [K]

Ta [K]

Argus early test observations:
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ARGUS First Light 2016.03.30
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ARGUS 2nd Light 2016.04.06
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115.20 115.25 115.30 115.35
Frequency [GHz]

(left) 1st and 2nd
light spectra
taken of Orion.

(right) 13CO
10°’x3’ map of
DR21 using all
16 beams taken
in 40 min under
marginal
conditions
tau=0.42
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Argus-Specific Observing Information

There are no noise diodes with Argus. Any data that you want to be calibrated requires vanecal
observations after any new configuration or balance.

It is best to observe similar frequencies together in time since it can take a few minutes for the YIG
system to adjust to large frequency jumps. Frequency shifts of order a 1-2 GHz or less between
observations are ok, but if you need to switch by a large amount (e.g., 4-10+ GHz), configure, wait a
couple of minutes, and re-configure and balance again.

For Astrid/GFM processing of the pointing and focus scans to work, the data processing needs to be
done in "Raw" mode and you should relax Heuristics. Use the .sparrow file to avoid to set “RAW”
processing in advance when starting astrid . Also, watch for the Astrid pop-ups. Generally do not abort
the peak procedure just because astrid says the Az fit(s) "fail", continue with El scans. Manually send
corrections to the telescope and repeat peak as needed. Focus after getting good pointing solutions.

Argus is able to observe from 74 -- 116 GHz.

Only beams 9-16 that go through the IFRack can be configured with the DCR. All 16 beams can be
configured with VEGAS using 8 dedicated optical-fibers for Argus beams 1-8.

Beam 8 has no sideband rejection so signal from opposite sideband is seen.

The continuum "Auto" procedures will run vanecal observations by default. To save time during the
initial pointings/focus that do not need to be calibrated, use the calSeq=False keyword in your observing
scripts, e.g., AutoPeak(source,frequency=90000.,calSeq=False). If your frequency is not set, the default
frequency for the Auto procedures for Argus is 86000 MHz (units are MHz, not GHz).

Run AutoOOF with with the vanecal (default) since this will use calibrated data from both beams for
fitting the surface model.
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Recommended Argus Observing Procedures

Copy w.sparrow file into ~/.sparrow before starting astrid. This tells astrid to process data in Raw mode
to avoid errors/delays in GFM processing.

Startup astrid and relax heuristics for pointing and focus tab.
Go online with control in Astrid and run the argus_startup script (when given permission by operator).

Run autooof (where source is the brightest available quasar with el>~25deg and el<80). This step is
needed if you want to correct the surface for thermal corrections which is important for sources sizes ~<
beam size. If you do not need an AutoOOF, then the initial point should be done at a lower frequency
receiver in order to find the initial pointing offsets for Argus. If Ka+CCB is available use this for AutoOOF.

Run autopeak_focus with Argus (where source is >1 Jy source within ~30deg of target region; brighter
sources are better than closer sources since the GBT pointing model is accurate, and choose a frequency
that is the approximate frequency of your science frequency). For best results, autopeak_focus should
be run every 30-50 minutes depending on conditions (point more often during the day and after sunrise
and sunset). Avoid pointing in the "key-hole" (el>80.0).

Carry out target observations. Run the argus_vanecal script after configuration and balance. Check the
LOpower for the YIG. Check that the vane is in the obs position (seeing the sky) before collecting target
data. Observers can use device explore to check instrument parameters.

Check instrument performance by reducing the vanecal observations within gbtidl, e.g., GBTIDL ->
vanecal,25,ifnum=3. Note that the Tsys* is the effective Tsys which is applicable for Ta* and includes the
atmospheric correction, Tsys* = Tsys x exp(tau_o*Airmass)/eta_|.

For absolute calibration carryout autopeak_calibrate scans after applying good pointing and focus
corrections for a source of known flux density (e.g., ALMA source catalog
(https://almascience.eso.org/sc/). The ALMA calibrator catalog can also be used to check the strength of
your pointing/focus source.



Preparing for Observations

Configuration file — frequency(ies), spectral
resolution, observing mode (see GBTog and
presentations on GBO web pages)

Source catalog (RA, DEC, Velocity)
Observing scripts (see GBTog)

Picking OOF, pointing, focus, and calibration
sources (use online ALMA Calibration Catalog
for absolute flux calibration)



Use the ALMA Calibrator Source Catalogue to find pointing

source and for absolute calibration

File Edit View History Bookmarks Tools Help
JALMA Calibrator Source... x | <&

&v (€ )® @ | https://almasc

ence.es0.0rg/sc/#

[ Most Visited v

ALMA Calibrator Source Catalogue
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Configuration Parameters for Argus

* receiver ='RcvrArray75_ 115’

e beam = ‘all’ (for all 16 beams with Vegas)
e swmode = ‘tp_nocal” (or ‘sp_nocal’)

e sideband = ‘LSB’ (or ‘USB’)

e pol =‘Linear’

» Argus is single linear polarization (X) for all 16 beams and has
no noise-diodes ("nocal”). Argus allows choice of LSB vs USB.
Sideband separation is 3.05 GHz. Above 110GHz use USB for
slightly better performance, and use LSB at ~¥110 GHz and
below for slightly better performance.



ObservationManagement - 1 | DataDisplay - 1 = GbtStatus - 1

Edit | Run |
Project: — ‘Editor: You are currently editing argus_config_example
I TGBT15A_901 [~ ]| | #
- — 2 #Configure VEGAS mode-2 with ARGUS 16 beams
Scheduling Blocks: 3 #HCN and HCO+
aArgus_VEGAS _LOOP_tsy . .
) 4 #dfrayer 2016.12.09
aArgus_VEGAS_quick_LO 8
argus_config_example 6 Configure(""
argus_config_example_fs 7 receiver ='RevrAmay75 115 Enter target freq uencies
argus_monitor 8 beam = ‘all'
argus_quickfix 9 obstype = 'Spectroscopy’
argus_reboot Jibackend = 'VEGAS' tp_nocal (no noise diodes)
argus_shutdown 11 restfreq = 89000. —
argus_startup 12 bandwidth = 1500
T 13 swmode = 'tp_nocal' —
argus_tip Bl e - o swper >=0.4 for fsw
argus_vanecal 15 swper =20
autofocus 16 swfreq =0.0,0.0 . :
autooof B it =20 tint <~1sec for mapping
autopeakfocus 18 viow =0
Balance 19 vhigh =0 ] )
config_110 20 vframe ='lsrk’ pick sideband
config_110_fsw 21 vdef  ='Radio
config_110_halfsec 22 pol = 'Linear’
config_12co 23 nchan = 'high’ Check YIG-LO_power after
p - 24 sideband = 'LSB' . . _
config_13co_map 25 vegas.subband=1 Conflguratlon
config_70000 26 ")
config_74000 27 #
config_75000 28 Balance()
config_80000 29 # Check the YIG status after configuration
config_86000 30 yigvolt, sampleTime = GetSample("RcvrArray75_115", "YIGData,lo_power")
config_88900 31 print "Yig voltage: ", yigvolt, ", Sample time:", sampleTime




Observing: Antenna Optimization

e Should point+focus (AutoPeakFocus) every
30min-50min depending on conditions
(point+focus takes ~5min)

* AutoOOF (which takes ~20min) is used to correct
the surface for thermal effects at night.

* Daytime surface changes <1hr time scales and
the AutoOOF solutions can cause more harm
than good during rapidly changing conditions
from the AutoOOF (so it is typically not useful to
use the “thermal” corrections during the day).
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Example Argus AutoOOF data:
(scans 1+2) Vanecal-scans with the DCR

File Edit View Tools Help

eREE 4P ARPROEER
r——

File Edit View Tools Help
eRaE 4> AR[FAOEH

ObservationManagement - 1 [ DataDisplay - 1 ‘ GbtStatus - 1

=l

> ag
ObservationManagement - 1 | DataDisplay - 1 | GbtStatus - 1

10319+4130 VANECAL (1 of 2) Observation State:

| I :
02 LRSS 2l 5 Pointing | Focus | Continuum | OOF
2 0319+4130 VANECAL (2 of 2)

." Pointing | Focus C(mtinuum‘oo;

3 0319+4130 RALongMap (1 of 3) 3 0319+4130 RALongMap (1 of 3) B;aln(;s. GBT State:

4 0319+4130 RALongMap (2 of 3) 1:0319+4130 4 0319+4130 RALongMap (2 of 3) +1.384e5 2:0319+4130 011

5 0319+4130 RALongMap (3 of 3) 499200 5 0319+4130 RALongMap (3 of 3) 200 Polariztions: GBT Status:

6 0433+0521 VANECAL (1 of 2) — 10 X - Signal / No Cal - 86.00 | | | 60433+0521 VANECAL (1 0f 2) — 10 X - Signal / No Cal - 86.00 ¥ X ! :

7 0433+0521 VANECAL (2 of 2) 7 0433+0521 VANECAL (2 of 2) 800 Phases:

8 0433+0521 Peak (1 of 4) 499000 4 | 80433+0521 Peak (1 of 4) ¥ Signal / No Cal

9 0433+0521 Peak (2 of 4) 9 0433+0521 Peak (2 of 4) 700 Frequencies (GHz) Queue Control:

10 0433+0521 Peak (3 of 4) 10 0433+0521 Peak (3 of 4) i 86.00

11 0433+0521 Peak (4 of 4) 11 0433+0521 Peak (4 of 4)

12 0433+0521 VANECAL (1 of 2) 498500 12 0433+0521 VANECAL (1 of 2) 606 ;
Observation Control:

13 0433+0521 VANECAL (2 of 2) 13 0433+0521 VANECAL (2 of 2)

14 0433+0521 Peak (1 of 4) R 14 0433+0521 Peak (1 of 4) . 500

15 0433+0521 Peak (2 of 4) £ 498000 15 0433+0521 Peak (2 of 4) g

16 0433+0521 Peak (3 of 4) & 16 0433+0521 Peak (3 of 4) & 200

17 0433+0521 Peak (4 of 4) 17 0433+0521 Peak (4 of 4)

18 0433+0521 FocusSubreflector (1 of] 18 0433+0521 FocusSubreflector (1 of]

19 VANE Track (1 of 1) 497500 19 VANE Track (1 of 1) 300

20 SKY Track (1 of 1) 20 SKY Track (1 of 1)

21 PSCO005 Track (1 of 1) 21 PSC005 Track (1 of 1) 200

22 PSC005 Track (1 of 1) 497000 1 | 22 PSc005 Track (1 of 1)

23 PSC005 Track (1 of 1) 23 PSC005 Track (1 of 1) 100

24 PSC005 Track (1 of 1) 24 PSC005 Track (1 of 1)

25 PSCO005 Track (1 of 1) 25 PSC005 Track (1 of 1)

26 PSC006 Track (1 of 1) 4965000 4 5 6 7 8 9 | 26 PSC006 Track (1 of 1) 00 1 2 3 4

27 PSC006 Track (1 of 1) Time 27 PSC006 Track (1 of 1) Time

pazCEl: -1.205 dazCE! -1 -1.205 dazCEl 1
pazCE2: -1.202 dazCE2: 0. -1.055 pazCE2: -1.202 dazCE2: .146 tazCE2: 1.055
pell: 5.078 dell: 0. 5.104 pell: 5.078 dell: .026 tell: 5.104
pel2: 5.089 del2 . 5.103 pel2: 5.089 del2 5
01dAz2 0.350 0ldAz2
dAz2: 0.020 dAz2
NewAz2: 0.370 NewAz2

ObservationManagement Log - 1 ‘

Idle (Offline)

DataDisplay Log - 1 | GbtStatus Log - 1 | Command Console
e S

ObservationManagement Log - 1 | DataDisplay Log - 1 | GbtStatus Log-1 = Command Console
-—-——

Idle (Offline)

(@

Vanecal scans with the DCR — first scan is with VANE (4.985e5
counts) and second scan is on SKY (1.354e5+500 counts).
Tsys~Twarm(SKY/(VANE-SKY)) = 104 K for Twarm~270.

Should have VANE/SKY>~3 in good conditions.
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(scan 3) Argus OOF map-1 data

File Edit View Tools Help
PR EH| AP AR[PIR OB HEM
ObservationManagement - 1 | DataDisplay - 1 | GbtStatus - 1

| Observation State:
1 0319+4130 VANECAL (1 of 2) Pointing | Focus [ Continuum RGE

| 20319+4130 VANECAL (2 of 2) T
[5 0319+4130 RALongMap (1. of 3) 3 2 10 GBT State:
4 0319+4130 RALongMap (2 of 3) 3:0319+4130 011
5 0319+4130 RALongMap (3 of 3) 12000 : ' ' — : Polarizations: GBT Status:
6 0433+0521 VANECAL (1 of 2) I — 10 X - Signal / No Cal - 86.00 ¥ X
7 043340521 VANECAL (2 of 2) 150000} i Phacee
8 0433+0521 Peak (1 of 4) [ Signal / No Cal
9 043340521 Peak (2 of 4) Frequencies (GHz) | [Queue Control:
10 0433+0521 Peak (3 of 4) 148000 1 | 86.00
11 0433+0521 Peak (4 of 4)
12 0433+0521 VANECAL (1 of 2) SAEOBBL | b ation ook
13 0433+0521 VANECAL (2 of 2)
14 0433+0521 Peak (1 of 4) o
15 043340521 Peak (2 of 4) 2 144000} ]
16 0433+0521 Peak (3 of 4) &

17 0433+0521 Peak (4 of 4)
18 0433+0521 FocusSubreflector (1 of 142000
19 VANE Track (1 of 1)
20 SKY Track (1 of 1)

140000 | 1
21 PSC005 Track (1 of 1)
22 PSC005 Track (1 of 1)
23 PSC005 Track (1 of 1) 138000} ‘# .
24 PSC005 Track (1 of 1)
25 PSC005 Track (1 of 1)
26 PSC006 Track (1 of 1) 126000 50 100 150 200 250 300
27 PSC006 Track (1 of 1) o Time

& )
recez: 12 amce 0w 1os First map at default focus and should see source at good
SRRSO SR 2 SIN. Here, the source is offset from the center of the

|O0FMAP 1.0

time stream/map which implies a significant +ﬁ;ﬂ LPC.

ObservationManagement Log - 1 | DataDisplay Log - 1 | GbtStatus Log-1 = Command Console 18
Idle (Offline)



(scan 4) Argus OOF map-2 data

File Edit View Tools Help
PR EE | A> AR|KOEHMA
ObservationManagement - 1 | DataDisplay - 1 | GbtStatus - 1

1 0319+4130 VANECAL (1 of 2) [ pointing | Focus | Continuum | 0oF Sbreation Sate
2 0319+4130 VANECAL (2 of 2) S

3 0319+4130 RALongMap (1 of 3) 7 10 GBT State:
ALongMap (2 of 3] 4:0319+4130 011

5 0319-+4130 RALongMap (3 of 3) 140500 ' ' : - . Polarizations: GBT Status:

6 0433+0521 VANECAL (1 of 2) | — 10 X - Signal / No Cal - 86.00 ¥ X '

7 0433+0521 VANECAL (2 of 2) 1400001 | Phicee

8 0433+0521 Peak (1 of 4) v Signal / No Cal

9 0433+0521 Peak (2 of 4) Frequencies (GHz) | | Queue Control:

10 043340521 Peak (3 of 4) 139500 - 1 | 86.00

11 0433+0521 Peak (4 of 4)

12 0433+0521 VANECAL (1 of 2) 56600 | bt Ao ContTal
13 0433+0521 VANECAL (2 of 2)

14 0433+0521 Peak (1 of 4) 4

15 0433+0521 Peak (2 of 4) ¢ 138500 |

16 0433+0521 Peak (3 of 4) &

17 0433+0521 Peak (4 of 4)

18 0433+0521 FocusSubreflector (1 of 138000 1

19 VANE Track (1 of 1)

20 SKY Track (1 of 1) 137500 |

21 PSC005 Track (1 of 1)
22 PSC005 Track (1 of 1)
23 PSCO005 Track (1 of 1) 137000
24 PSC005 Track (1 of 1)
25 PSC005 Track (1 of 1)
26 PSC006 Track (1 of 1) 1365005 50 100 150 200 250 300
27 PSC006 Track (1 of 1) 5 Time
| 5]

azccs L. Zuz yazocz, ULISU tazocs, L. uoo
{4l

pell: 5.078 dell: 0.026 tell: 5.104

L oen e e 22 Counts lower since map made out

s, e of focus (+12mm)

|O0FMAP 2.0 b

ObservationManagement Log - 1 ‘ DataDisplay Log - 1 | GbtStatus Log -1 = Command Console 19

Idle (Offline)



(scan 5) Argus OOF map-2 data

File Edit View Tools Help
eRaE | 4> AR[HROBER

ObservationManagement - 1 | DataDisplay - 1 | GbtStatus - 1

| 1 0319+4130 VANECAL (1 of 2) Observation State:

2 0319+4130 VANECAL (2 of 2)
3 0319+4130 RALongMap (1 of 3)
4 0319+4130 RALongMap (2 of 3)

Pointing Focus[ Continuum | OOF

Beams:
v 10
5:0319+4130 01

GBT State:

AN DA e g

143000 - - - -
| . Polarizations: GBT Status:
| 6 0433+0521 VANECAL (1 of 2) | — 10 X - Signal / No Cal - 86.00 x

7 0433+0521 VANECAL (2 of 2) T
8 0433+0521 Peak (1 of 4) 142000 1 W Signal / No Cal
| 9 0433+0521 Peak (2 of 4) Frequencies (GHz) Queue Control:
10 0433+0521 Peak (3 of 4) v 86.00
11 0433+0521 Peak (4 of 4) 141000 - 1
12 0433+0521 VANECAL (1 of 2)
13 0433+0521 VANECAL (2 of 2)
14 0433+0521 Peak (1 of 4)
15 0433+0521 Peak (2 of 4)
16 0433+0521 Peak (3 of 4)
17 0433+0521 Peak (4 of 4)
18 0433+0521 FocusSubreflector (1 of]
19 VANE Track (1 of 1)
20 SKY Track (1 of 1)
21 PSC005 Track (1 of 1)
22 PSC005 Track (1 of 1)
23 PSC005 Track (1 of 1)
24 PSCO005 Track (1 of 1)
25 PSC005 Track (1 of 1)
136000 ;

26 PSC006 Track (1 of 1) 0 50 100 150 200 250 300
27 PSC006 Track (1 of 1) Time

Observation Control:
140000 R

Power

139000 1

138000

T
!

137000} _

0ldAz2: 0.000 OldEl: 0.350 &
dAz2: 0.153 dEl: 0.020

Newkz2 0153 NewEL: 0.370 3rd OOF map with focus at -12mm (peaks
%§§%Ed;;§arch for data products for AGBT17B 044 02 scan 3 hlgher than +1 2mm map SO fOCUS LFC Wi"
be negative)

|Searching for files in /home/gbtdata/AGBT17Bio44i02/00F/s3—1-db-000.

ObservationManagement Log - 1 | DataDisplay Log - 1 | GbtStatus Log-1 Command Console 20
Idle (Offline)



Click yellow
button after OOF
processing to send
corrections to GBT |
and turn on the
thermal zernike’'s.

1
dlay - 1 | GbtStatus - 1

Typically pick
between z4,z5,z6
based on residual
rms and beam fits
(z5 default).

Be weary of “rms”
>300 microns
(which happens in

Pointing | Focus Continuum | OOF |

/home /qbtdata /AGBT17B_044_02 s3—1—db—0CC z5 aperture—notilt.fits

surface rms = 138 microns

AutoOOF Solutions

Zemike Solutions LPCs (az2, el) LFCy
O z2

O z3 (+0.06,+0.35) -3.75 mm
O z4 (+0.06,+0.35) -2.55 mm
@ 25 (+0.06,+0.35) -2.60 mm
O 26

O raw data

) fitted beam map

V| Show Fixed-Scale Image
[] Show Solutions with Focus Removed
AutoOOF Processing Status: Complete

Project Name:

|AGBT17B_044_02

Scan Number:

3

Send Selected Solution with Point and Focus
Corrections (new, recommended method)

Reanalyze OOF (Online Only)

Send Selected Solution with no Point
or Focus Correction (original method)

Zero and Turn Off Thermal Zernike Solution

windy conditions)




File Edit View Tools Help

Z B

ObservationManagement - 1 | DataDisplay - 1 I GbtStatus - 1 ‘

1 0319+4130 VANECAL (1 of 2)

2 0319+4130 VANECAL (2 of 2)

3 0319+4130 RALongMap (1 of 3)
4 0319+4130 RALongMap (2 of 3)
6 0433+0521 VANECAL (1 of 2)
7 0433+0521 VANECAL (2 of 2)
8 0433+0521 Peak (1 of 4)

9 0433+0521 Peak (2 of 4)

10 0433+0521 Peak (3 of 4)

11 0433+0521 Peak (4 of 4)

12 0433+0521 VANECAL (1 of 2)
13 0433+0521 VANECAL (2 of 2)
14 0433+0521 Peak (1 of 4)

15 0433+0521 Peak (2 of 4)

16 0433+0521 Peak (3 of 4)

17 0433+0521 Peak (4 of 4)

18 0433+0521 FocusSubreflector (1 ofi

AutoOOF “Raw data”

Pointing \ Focus i Continuum ’ OOF \

Afocus = +0.00 mm

20

Afocus = +12.00 mm  Afocus =-12.00 mm

T T T

Raw data

1o

15

05
00
H0.5
1.0
F1.5
2.0

20

After baseline removal
o

Jos

15
10

00
H0.5
1.0
FL5
20 | ! 1

Zemike Solutions LPCs (az2, el) LFCy

O z2

O z3 (+0.06,+0.35) -3.75 mm
O z4 (+0.06,+0.35) -2.55 mm
O 25 (+0.06,+0.35) -2.60 mm
O z6

@ raw data

O fitted beam map

W Show Fixed-Scale Image
[] Show Solutions with Focus Removed
AutoOOF Processing Status: Complete

Project Name:
[AGBT17B_044_02 ]
Scan Number:

€ J

0 1 2 3 5 5 6 7 8 9 10 n 15
19 VANE Track (1 of 1) Time (minutes)
20 SKY Track (1 of 1) 5 1 = 100 T 00— zend Selected Solution with F;oicr;t an'(:thgcus
21 PSC005 Track (1 of 1) ﬁ -1 1.0 . | orrections (new, recommended method)
22 PSC005 Track (1 of 1) % oL S " - ] . | ‘ Reanalyze OOF (Online Only) ]
23 PSC005 Track (1 of 1) & — :
O 50} 50 | 450 A Send Selected Solution with no Point

24 PSCO005 Track (1 of 1) 3 or Focus Correction (original method)
25 PSC005 Track (1 of 1) R e il
26 PSC006 Track (1 of 1) Cross-Elev Offset (arcsec) I Zero and Tumn Off Thermal Zernike Solution J
27 PSCO006 Track (1 of 1) =
) B

0ldAz2: 0.000 OLldELl: 0.350

dAz2: 0.153  dEl: 0.020

NewAz2: 0.153 NewEl: 0.370
OOFMAP 1.0
O00FMAP 2.0

Started search for data products for AGBT17B 044 02 scan 3
Searching for files in /home/gbtdata/AGBTl7B 044 - 02/00F/s3-1-db-000.

Observation State:——i

-GBT State;——————

-GBT Status:-

22



File Edit View Tools Help

® B

AutoOOF Beam Fits

ObservationManagement - 1 | DataDisplay - 1 l GbtStatus - 1 )

1 0319+4130 VANECAL (1 of 2)

2 0319+4130 VANECAL (2 of 2)

3 0319+4130 RALongMap (1 of 3)
4 0319+4130 RALongMap (2 of 3)
6 0433+0521 VANECAL (1 of 2)
7 0433+0521 VANECAL (2 of 2)
8 0433+0521 Peak (1 of 4)

9 0433+0521 Peak (2 of 4)

10 0433+0521 Peak (3 of 4)

11 0433+0521 Peak (4 of 4)

12 0433+0521 VANECAL (1 of 2)
13 0433+0521 VANECAL (2 of 2)
14 0433+0521 Peak (1 of 4)

15 0433+0521 Peak (2 of 4)

16 0433+0521 Peak (3 of 4)

17 0433+0521 Peak (4 of 4)

18 0433+0521 FocusSubreflector (1 ofi
19 VANE Track (1 of 1)
20 SKY Track (1 of 1)

21 PSCO005 Track (1 of 1)
22 PSCO005 Track (1 of 1)
23 PSC005 Track (1 of 1)
24 PSCO005 Track (1 of 1)
25 PSCO005 Track (1 of 1)
26 PSC006 Track (1 of 1)

27 PSCO006 Track (1 of 1) —

v

Pointing l Focus ‘ Continuum ’ OOF ‘

Zemike Solutions LPCs (az2, el) LFCy

O z2
_ Afocus = +0.0 mm  Afocus = +12.0 mm  Afocus =-12.0 mm O z3 (+0.06,+0.35) -3.75 mm
U 100 T U2 T 100 T T T T 100 T T T T
- 00 - | O 24 (+0.06,+0.35) -2.55mm
- BN, BRSO 025 (+0.06,+0.35) -2.60 mm
g s b 4 sof 4 o A O 26
>
% -100 1 Il i 14 -100 1 1 1 14 -100 L 1 Il Il C' raw data
=50 0 50 100 =50 0 50 100 =50 0 50 100 © ﬁtted beam map
'g 60 ,_lz=l31ﬁtl e o Bl 0 By
5 o d ol 4 w0 | x:=6.406e-02_ Show Fixed-Scale Image
;Zj 2'; I ° - 1 2'; B - . 1 2’; B 'e [J Show Solutions with Focus Removed
% 0k 4 0l 1 0L 2 AutoOOF Processing Status: Complete
= -0 - -0 - -0 B - - - i -
-L% -60 W ] T D] T T e -60 e ] ] O (A O -60 o ] e ]
-40-20 0 20 40 60 80 —40-20 0 20 40 60 80 —40-20 0 20 40 60 80 Project Name:
o B3 E O =l o e R | ] ey gy ey e e = ) | | pumer| Py P |
2 o B -] e[ ams249e02] (AGBT178_044_02 ]
S of & @ | of Sogg ool ] & Scan Number:
@ of 4 ofF 4 ofF A
g 20 | By 4 20| [3 ]
= -10 - 40 - 410 |
% -60 ey —60 RIS e e e  —60 [ e Send Selected Solution with Point and Focus
-40-20 0 20 40 60 &0 -40-20 0 20 40 €0 &0 -40-20 0 20 40 €0 &0 Corrections (newo recommended method)
E’ w_‘z_'__l_slﬁtl T o Bl o Bl
C wf 4 w0 {1 | X=6201e-02_ ‘Reanalyze OOF (Online Only) ]
S of =@ 1 af N w2 * w -
s _23 i i _23 i ] _23 E i Send Selected Solution with no Point
5 w i B B B | or Focus Correction (original method)
> \
% -60 SIS —60 iR ey —60 [l (I i e n :
—40-20 0 20 40 60 €0 Z40-20 0 20 40 €0 &0 40-20 0 20 40 60 80 | Zero and Turn Off Thermal Zernike Solution J

Cross-Elev Offset (arcsec)

U—_l

)
0ldAz2: ©0.000 OldEl:
dAz2: 0.153 dEl:
NewAz2: 0.153 NewEl:

OOFMAP 1.0

O00FMAP 2.0

0.350
0.020
0.370

Started search for data products for AGBT17B 044 02 scan 3
Searching for files in /home/gbtdata/AGBT17B 044 02/00F/s3-1-db-000.

-Observation State:——

-GBT State:

-GBT Status:-

23



Example of a Bad OOF

In this case =

. -1/ Gbtstatus - 1
Obse Natlon S We re i Pointing = Focus | Continuum [ OOF |
d 0 ne I n th e keyhOIe | 'h gbtdata/AGET17B_044_01 s3—1—db— aperture—notilt. fits %emike PUOE LG (oo LECy GBT State:

Observation State:

D Z2

at >85deg and OOF 73 (+0.25,4+0.81) -6.56 mm

« ” . O z4 (+0.25,4+0.82) -11.54 mm GBT Status:
rms” 438um with a il ® 25 (+0.24,+0.83) -13.19mm

Iarge |mp||ed fOCUS ::w data Queue Control:

O fitted beam map

and EL pointing
offset.

| Show Fixed-Scale Image
[] Show Solutions with Focus Removed
AutoOOF Processing Status: Complete

‘Project Name: ‘
‘AGBT17B_O44_01 \
Scan Number:

g |

Observation Control:

Solution with large
rms >400um should
not be used.

: Send Selected Solution with Point and Focus
20 40 Corrections (new, recommended method)

surface rms = 438 microns Reanalyze OOF (Online Only)

CheCk the raW data Send Selected Solution with no Point

or Focus Correction (original method)

a n d fl tted bea m Zero and Turn Off Thermal Zernike Solution
maps.

1 1>]

Fogwe-vr scan o

7B 044 02/00F/s3-1-db-000.

t plugin.
7B _044 03 scan 3
7B_044 03/00F/s3-1-db-000.

7B _044 01 scan 3
7B_044 01/00F/s3-1-db-000.

PSS VAU ITIanaySriieiin LUy T L uaLaUl:play log-1 | GbtStatus Log-1 Command Console



Beam Maps of Example Bad OOF

File Edit View Tools Help

The “observed” 7] bistatus -1
beams Should not Pointing | Focus | Continuum " 00F | | |
be StreakS Or Very %ér;zlke Solutions LPCs (az2, el) LFCy ——

Observation State:

= i Afocus = +0.0 mm - Afocus = +12.0 mm100 Afocus =-12.0 mm O z3 (+0.25,+0.81) -6.56 mm
) T T T T T T T T N
elongated . 5 0 _Observed beams_ . RV o (+0.25,40.82) -11.54 mm GBT Status:
ThlS Can happen |n ?Z’ oB o i, O 25 (+0.24,+0.83) -13.19 mm _
£ O 26
O -50 F 4 50 ¥
I ihi 3 O raw dat .
windy conditions. gl D ion o Queue Contro:
'g &0 —IZ='3'ﬁd 1"1 o T o BT @ fitted beam map
g wf 4 o W a0 | Xea=8 2 W Show Fixed-Scale Image
S nf 4 2 4 2} - A s
. = B i [ i E i [] Show Solutions with Focus Removed . )
In thls case data % b - ™ i AUtoOOF Processing Status: Complete Observation control:
. - -10 - -0 | - 40 | e } ’
£ 60 | -60 | -60 | .
Were taken In the - —»;o-zlu'j z:JmIJe'or; -;o-z'o'; 2104:36:3; —.;D-;U(;ZIJJIIJG:J;J Project Name:
kevhol . § ©FZahy B ° o | [AGBT178_044_01 |
eyhole causing B JHS s 4.
S op {1 »F 4 2k . Scan Number:
5 2’2\_ 1 2’(’) - ] 2‘2 i ;i can Number:
the apparent focus £ ol { =f { =} ' E |
> 2
: Pl = o -0 1 50 1 Send Selected Solution with Point and Focus |
CO rreCtIOn tO be ,ui 00 200w ~000 200w Somonm @@ Corrections (new, recommended method)
3 w_lz=lslﬁ.l 'l I wfF T T 1 41 e FET 2| T I;é_(; T |
Very Iarge and a g 3 B a “200 B . '— *‘Zg L x:=8296802 ‘Reanalyze OOF (Online Only)
2 °F ™ g °F : Send Selected Solution with no Point
Iarge EL LPC § jﬂ E ] jﬂ £ ] jﬁ B ] or Focus Correction (original method)
% ) = S Rl e Sl o L S B 3 i
~40-20 0 20 40 €0 &0 40200 20 40 60 €0 4020 0 20 40 €0 €0 ‘ Zero and Turn Off Thermal Zerike Solution

Cross-Elev Offset (arcsec)

Do not apply OOF & 5
corrections if you 78 044 02/00F /53-1-db-000. [

plugin.

cannot trust the 18 044 63 scan 3

7B_044 03/00F/s3-1-db-000.

reSUItS 1B_044 01 scan 3

7B_044 01/00F/s3-1-db-000. lEl

lay Log - 1 | GbtStatus Log - 1 = Command Console




Brightest OOF Sources 2016/2017

Sowce | snuls15 oy

0319+4130 24.3
0854+2006 6.7
1058+0133 6.6
1229+0203 9.9
1256-0547 10.6

2253+1608 15.7



Pointing & Focus

Peak and focus on sources within 30deg and brighter
than 1 Jy. Brighter sources are better than closer sources
since the GBT pointing model is very good.

The point/focus frequency should be the approximate
frequency of your science frequency with VEGAS.

For best results, autopeak focus should be run every 30-
50 minutes depending on varying conditions.

Astrid/GFM requires processing data in "Raw mode” and
using relaxed Heuristics

It is very important to get good pointing (and focus)
solutions if you want to observe your target position.
You should monitor every set of pointing+focus scans in
real-time, and not assume that the automatic astrid-
defaults will produce the good solutions.



Pa

<| Fitting Acceptance Criteria | Heuristics | Data Processing >

Astrid/GFM

@ Relaxed
(O UserDefined
For Argus:
» Select Heuristics =
“Relaxed”
» Select Data Processing = Ok | cancel ]
“ " . .
Raw <| Fitting Acceptance Criteria = Heuristics | Data Processing | »
Processing: Polarization:
() Dual Beam @ X/ Left
() Total Power O Y/ Right
@ Raw (O Both
If Raw not selected, you will
get an error as shown (avoid
this by using the ".sparrow ” ok | cancel

file.

TrackBeam = 10 , SkyBeam = 11

Reducing data with 'Standard' Heuristics, DualBeam Mode, Polarizations = XL

Acceptance Criteria: Automatically accept good fits, automatically reject bad fits

¥*#% Error: Cannot retrieve calibration information. Try reprocessing this scan in Raw mode.
Encountered the following exception while analyzing Peak: unsupported operand type(s) for *:

¥**% Error: Cannot retrieve calibration information. Try reprocessing this scan in Raw mode.

Error processing scan 20 : <type 'exceptions.TypeError'> , unsupported operand type(s) for *: 'NoneType' and 281 0at "

'"NoneType' and 'float'



Example Pointing: El offset by 7-8” so source weak in Az scans
File Edit View Tools Help -
TREEH | 4> AR(}ROERAM

ObservationManagement - 1 ’ DataDisplay - 1 ‘ GbtStatus - 1

Observation State:

1 0319+4130 RALongMap (1 of 3) N ’m‘ Focus ‘ OOF l Continuum ‘ Spectral Line ‘

2 0319+4130 RALongMap (2 of 3) :

3 0319+4130 RALongMap (3 of 3) GBT State:

4 0510+1800 Peak (1 of 4) 300 11 10L/11L 0510+1800 aZImuth 200 12 10L/11L 0510+1800 aZlmuth

50510+1800 Peak (2 of 4) wid- 0.113 | E(Wid)0.139 Wid. 0.623 GBT Status:

6 0510+1800 Peak (3 of 4) | 200} Ctr:-0.081 Mean: 1.000 | 150 F ¢ o0am 1

7 0510+1800 Peak (4 of 4) 1 Hgt: 285.555 100 | t: 82.343 }

8 0510+1800 FocusSubreflector (1 of 1) 2 100 2 50 1

9 0510+1800 Peak (1 of 4) 3 a 0 | Queue Control:
10 0510+1800 Peak (2 of 4) o 0 o 5o

11 0510+1800 Peak (1 of 4) ~100 ]

12 0510+1800 Peak (2 of 4) L —100 | -
13 0510+1800 Peak (3 of 4) 20953905 =05 00 05 10 15 %5 1.0 05 00 05 10 15

14 0510+1800 Peak (4 °f 4) Offset (arcmin) Offset (arcmin)

Wld 0.142 E(Wld)O 139 Wld 0.117 E(Wld)O 139

to fit 2 Gaussians to soop o | remren {0 woop e | wenwe
raw data in Az. o o
Software fitting is not ol .
falways good. Here, El %5005 00 05 1o Ts 510 05 00 05 1o 1s
Its are ok, but not Az.

O 119 02, Scan: 14, sub: 4, T 0.139, Width: 0.11/, Center: -©.129, Height: 1/32.597, Isys: 1.000

Sof‘tware Wrongly tnes 200%3 10L/11L 0510+1800 elevatlon 200&4 10L/11L 0510+1800 elevatlon

Counts
Counts

500

RcvrAmray75_115 Feeds = [10] Raw Polarizations = ['XL'] Center Sky Frequency = 89.00 GHz

B

Scans: 11 - 14 0510+1800 (Az,El) = (200.002,68.565)
pazCE1l: -1.305 dazCEl: -0.081 tazCEl: -1.386
pazCE2: -1.306 dazCE2: 0.941 tazCE2: -0.365 *** heuristics failed ***
pell: 2.999 dell: -0.112 tell: 2.887
pel2: 3.020 del2: -0.129 tel2: 2.891
0ldAz2: 0.010 OldEl: 0.050
dAz2: 0.430 dEl: -0.120
NewAz2: 0.440 NewEl: -0.070 *** Az heuristics failed

< [

ObservationManagement Log - 1 | DataDisplay Log - 1 | GbtStatus Log - 1 ’ Command Console 29

Idle (Offline)



After applying El corrections (previous point), this point was successful in both Az and El
File Edit View Tools Help

PRRSEH 4> AR(PR OB M

ObservationManagement - 1 | DataDisplay - 1 | GbtStatus - 1
y X Observation State:
1 0319+4130 RALongMap (1 of 3) 77|| Pointing | Focus | OOF | Continuum | Spectral Line
2 0319+4130 RALongMap (2 of 3)
3 0319+4130 RALongMap (3 of 3) GBT State:
4 0510+1800 Peak (1 of 4) 1200016 10L/11L 0510+1800: a2|muth 1000017 10L/11L 0510+1800: a2|muth
50510+1800 Peak (2 of 4) Wid: 0.153 " Ewid)0.139 Wid: 0.154 C EWid)0.139 GBT Status:
6 051041800 Peak (3 of 4) | 10000 ¢y 0032 Mean: 1.000 1 8000 |  ctr:-0.050 Mean: 1.000 R
7 0510+1800 Peak (4 of 4) 1 8000 |  Hgt: 10166.736 . 6000 | ot 9125832
8 0510+1800 FocusSubreflector (1 of 1) g 6000 g
9 0510+1800 Peak (1 of 4) 2 4000 3 4000 Queue Control:
10 0510+1800 Peak (2 of 4) © 000 “ 2000
11 0510+1800 Peak (1 of 4) 0
12 0510+1800 Peak (2 of 4) — 0 ob tion Cont
13 0510+1800 Peak (3 of 4) —2000 : —2000 : : —e e ?
15—10—05 00 05 1.0 15 15—10—05 00 05 10 15
14 0510+1800 Peak (4 of 4) Offset (arcmin) Offset (arcmin)
15 051041800 FocusSubreflector (1 of 1)
16 0510+1800 Peak (1 of 4)
17 0510+1800 Peak (2 of 4) 1000%8 1OL/11L 0510+1800: eIevatlon 1200&9 10L/11L 05 10+ 1800: elevatlon
18 0510+1800 Peak (3 of 4) Wid: 0.108 E(Wid)0.139 Wid: 0.121 E(Wld)O 139
19 0510+1800 Peak (4 of 4) 8000  ctr:0.004 Mean: 1.000 R 10000 1 ctr. 0.000 Mean: 1.000 1
Hgt: 9129.649 8000 |  Hat: 10694.789 i
20 0510+1800 FocusSubreflector (1 of 1) »n 6000 "
21 0510+1800 Track (1 of 1) € 000l € 6000 1
22 0510+1800 Track (1 of 1) 8 8 4000 1
23 0510+1800 Track (1 of 1) 2000 2000 1
24 0510+1800 Track (1 of 1) 0Ot 0 E
25 COREO1 Track (1 of 1) , a , ,
26 COREO1 Track (1 of 1) 20001 5 —1 0 —0 5 0. 0 0. 5 1.0 15 20001 5 —1 0 —0 5 0. 0 05 10 15
27 COREO1 Track (1 of 1) Offset (arcmin) Offset (arcmin)
f? E?TE?l iraclk (1 ot 1) [v] |RevrAmmay75_115 Feeds = [10] Raw Polarizations = ['XL'] Center Sky Frequency = 89.00 GHz
Proj: AGBIL6B 119 02, Scan: 19, Sub: 4, EWidth: ©.139, Width: ©.121, Center: 0.089, Height: 10694./8Y, Isys: L.000
scans: 16 - 19 os10e1800 (h2,E1) - 202,406,682 YOU Should get gOOd p0|nt|ng solutions before d Ing the
pazCE1l: -1.307 dazCEl: -0.032 tazCEl: -1.339
P 1o, amce 00w e 1o TOCUS.  There is a break between the pointing scans and
pell: 2.918 dell: 0.004 tell: 2.922 f f th th t k f
ocus for this purpose (within autopeak_focus)
0ldAz2: 0.010 OldEl: -0.070 p p p —_ )
dAz2: -0.041  dEl: 0.007
NewAz2: -0.031 NewEl: -0.064
ObservationManagement Log - 1 ' DataDisplay Log - 1 | GbtStatus Log-1  Command Console 30

Idle (Offline)



Sending Pointing (and focus) corrections to the telescope

5.1.3.4 Send Corrections

A () Pointing Options

Fitting Acceptance Criteria | Heuristics | Data Processing[ Send Corrections|

Corrections
Az2 (arcmin): El (arcmin):

l Send |

- ¢9oKk | ¥ cancel

Figure 5.6: The pop—up menu to manually send pointing corrections to the telescope.

Users can send corrections manually to the telescope within

GFM using Tools-> Options-> Send Corrections Tab.

One can move the cursor over the plot windows and GFM will display “X”
position (arcmin for pointing window) in lower left. If needed, one can
manually move the cursor over the peak and derive a solution by eye, e.g.,
New LPC=0Ild_LPC+X.



Example Focus scan after good pointing corrections applied
(LFC typically within +/- 4 mm for Argus)

File Edit View Tools Help
PRESE AP AR[JROEBER

ObservationManagement - 1 ‘ DataDisplay - 1 l GbtStatus - 1 ‘

1 0319+4130 RALongMap (1 of 3) | Pointing } Focus ‘ OOF ‘ GAHETTI ‘ Spectral Line ‘ -Observation State:-
2 0319+4130 RALongMap (2 of 3)
3 0319+4130 RALongMap (3 of 3) ‘GBT State:
4 0510+1800 Peak (1 of 4) 20:10L/11L:0510+1800:focus
5 0510+1800 Peak (2 of 4) 12000 ) ) " ) ‘GBT Status:
6 0510+1800 Peak (3 of 4)

7 0510+1800 Peak (4 of 4)

8 051041800 FocusSubreflector (1 of 1)
9 051041800 Peak (1 of 4)

10 0510+1800 Peak (2 of 4)

11 0510+1800 Peak (1 of 4)

12 0510+1800 Peak (2 of 4) L
13 0510+1800 Peak (3 of 4)

=| Wid: 14.131 E(Wid)12.126

10000 | 1
Ctr: -13.570 Mean: 1.000 s

all

8000 | Hgt: 10848.010 ]

-Observation Contro

6000 - g au
14 0510+1800 Peak (4 of 4) u)
15 0510+1800 FocusSubreflector (1 of 1) § :
16 0510+1800 Peak (1 of 4) S Abort
4000 8

17 0510+1800 Peak (2 of 4)

18 0510+1800 Peak (3 of 4)

19 0510+1800 Peak (4 of 4)
2000 +

20 0510+1800 FocusSubreflector (1 of 1)

21 0510+1800 Track (1 of 1)

22 0510+1800 Track (1 of 1)

23 0510+1800 Track (1 of 1) or 1
24 0510+1800 Track (1 of 1)

25 COREO1 Track (1 of 1) 22000 ‘ , , , ,

26 COREO1 Track (1 of 1) —-80 -60 —-40 =20 0 20 40

27 COREO1 Track (1 of 1) Offset (mm)

28 COREO1 Track (1 of 1) v |[RevrAmray75_115 Feeds = [10] Raw Polarizations = ['XL'] Center Sky Frequency = 89.00 GHz

B Tt T T P SR

Acceptance Criteria: Automatically accept good fits, automatically reject bad fits

*#*% Error: Cannot retrieve calibration information. Try reprocessing this scan in Raw mode.

Encountered the following exception while analyzing Peak: unsupported operand type(s) for *: 'NoneType' and 'float'
*** Error: Cannot retrieve calibration information. Try reprocessing this scan in Raw mode.

Error processing scan 20 : <type 'exceptions.TypeError's> , unsupported operand type(s) for *: 'NoneType' and 'float'

D)

[TrackBeam = 10 , SkyBeam = 11

Reducing data with 'Relaxed' Heuristics, Raw Mode, Polarizations = XL

Acceptance Criteria: Automatically accept good fits, automatically reject bad fits

Proj: AGBT16B 119 02, Scan: 20, Sub: 1, EWidth: 12.126, Width: 14.131, Center: -13.570, Height: 10848.010, Tsys: 1.000
Offset = -13.570mm. Old DFC = -15.039mm. New LFC = 1.469mm.

ObservationManagement Log - 1 | DataDisplay Log - 1 | GbtStatus Log-1 Command Console

[Idle (Offline)



Another Good Pointing Example

File Edit View Tools Help

7 V= El | 4b

2 0319+4130 VANECAL (2 of 2)
3 0319+4130 RALongMap (1 of 3)
| 4 0319+4130 RALongMap (2 of 3)
5 0319+4130 RALongMap (3 of 3)
| 6 0433+0521 VANECAL (1 of 2)
7 0433+0521 VANECAL (2 of 2)
8 0433+0521 Peak (1 of 4)
| 9 0433+0521 Peak (2 of 4)
10 043340521 Peak (3 of 4)
11 043340521 Peak (4 of 4)
12 043340521 VANECAL (1 of 2)
13 043340521 VANECAL (2 of 2)
14 0433+0521 Peak (1 of 4)
15 043340521 Peak (2 of 4)
‘ 16 0433+0521 Peak (3 of 4)

| 18 0433+0521 FocusSubreflector (1 off
19 VANE Track (1 of 1)
20 SKY Track (1 of 1)
21 PSCO005 Track (1 of 1)
22 PSCO005 Track (1 of 1)
23 PSCO005 Track (1 of 1)
24 PSCO005 Track (1 of 1)
25 PSC005 Track (1 of 1)
26 PSC006 Track (1 of 1)
‘ 27 PSCO006 Track (1 of 1)

pazCE1l: -1.205 dazCEl: ©0.159 tazCEl:
pazCE2: -1.202 dazCE2: 0.146 tazCE2:
pell: 5.078 dell: 0.026 tell:
pel2: 5.089 del2: 0.014 tel2:
0l1dAz2: 0.000 OldEl:

dAz2: 0.153 dEl:

NewAz2:  0.153 NewEl:

: RIPROE #E M
ObservationManagement - 1 | DataDisplay - 1 | GbtStatus - 1

1 0319+4130 VANECAL (1 of 2) =1 Pomtingl T P e

Counts

Counts

200014 10L/11L 0433+0521: a2|muth 200015 10L/11L 0433+0521: azumuth
Wld: 0.114 ' I E(Wld)0.139 Wld: 0.124 ; ' E[WId)0.139
1500 | Ctr: 0.159 Mean: 1.000 i 1500 " Ctr: 0.146 Mean: 1.000 n
Hgt: 1530.061 Hgt: 1677.110
1000 | g 1000
=
500 | 8 500
ot 0
095305 =05 00 05 10 15 295 10 05 0.0 05 10 15
Offset (arcmin) Offset (arcmin)
150%6 1OL/11L 0433+0521 elevatlon 200%7 10L/11L O433+0521 elevatlon
W|d 0.136 ‘ E(Wld)o 139 Wld 0.165 ' E(Wld)o 139
Ctr: 0.026 Mean: 1.000 1500 | Ctr: 0.014 Mean: 1.000 i
1000 |- Hgt: 1488.376 ] Hgt: 1551.263
g 1000 E
500 | S
8 500 1
of 0 |
00535 =05 0.0 05 10 15 °°%5 —10 05 00 05 10 15

Offset (arcmin)

ObservationManagement Log - 1| DataDisplay Log - 1 b_F(Status Log 41 Comma ffSSOIe

Idle (Offline)

pointing

Offset (arcmin)

[~] ——
~ |RcvrArray75_115 Feeds = [10] Raw Polarizations = ['XL'] Center Sky Frequency = 89.00 GHz

If you do not see your source try a large EL LPC, e.g., 0.2-0.4
(pointing model needs updating as of fall 2017).

Az LPC=0.153" and EI LPC=0.370'.
source with a 6-8” beam so point often to mini

It is easy ta

Observation State:

GBT State:

GBT Status:

Queue Control:

Observation Control:

In this case
miss your
ize the esf?fects



\ ObservationManagement Log - 1 I DataDisplay Log - 1 I GbtStatus Log - 1 ; Command Console [ + / - feW m m '

- Another Good Focus Scan

eREEH | 4P AR[ROBER
ObservationManagement - 1 | DataDisplay - 1 | GbtStatus - 1

1 0319+4130 VANECAL (1 of 2)
2 0319+4130 VANECAL (2 of 2)
3 0319+4130 RALongMap (1 of 3)

7| | Pointing | Focus | Continuum | OOF

4 0319+4130 RALongMap (20f 3) | & sHE 18:10L/11L:0433+0521:focus

5 0319+4130 RALongMap (3 of 3) d ; : 1 :

8 04330321 VANECAL H1.ofd) Wid: 14.768 E(Wid)12.126

7 0433+0521 VANECAL (2 of 2)

8 0433+0521 Peak (1 of 4) 1500 |- Ctr: -12.982 Mean: 1.000 E

9 0433+0521 Peak (2 of 4)
10 043340521 Peak (3 of 4)
11 043340521 Peak (4 of 4) 1000
12 043340521 VANECAL (1 of 2)
13 0433+0521 VANECAL (2 of 2)
14 043340521 Peak (1 of 4)

15 043340521 Peak (2 of 4)

16 0433+0521 Peak (3 of 4)

17 043340521 Peak (4 of 4)

18 0433+0521 FocusSubreflector (1 of 2} R — L L oG] DS ]
19 VANE Track (1 of 1)
20 SKY Track (1 of 1)

21 PSCO005 Track (1 of 1)
22 PSC005 Track (1 of 1)
23 PSC005 Track (1 of 1)
24 PSC005 Track (1 of 1)
25 PSC005 Track (1 of 1) —1000 55 —0 —0 =30 5 36 0
26 PSC006 Track (1 of 1) Offset (mm)

27 PSC006 Track (1 of 1) =i
] I [ [>] |RcvrAmay75_115 Feeds = [10] Raw Polarizations = ['XL'] Center Sky Frequency = 89.00 GHz

Hgt: 1634.667

500 +

Counts

=500 |

TNEWRZZ UL LoJ  vewo o, ULITu

[TrackBeam = 10 , SkyBeam = 11
Reducing data with 'Standard' Heuristics, Raw Mode, Polarizations = XL FOC S doeS
Acceptance Criteria: Automatically accept good fits, automatically reject bad fits u

0ffset = -12.982mm. 0ld DFC = -13.430mm. New LFC = 0.448mm.

[Proj: AGBT17B 044 02, Scan: 18, Sub: 1, EWidth: 12.126, Width: 14.768, Center: -12.982, Height: 1634.667, Tsys: 1.000
L]
f
much, typicz

Idle (Offline)

Observation State:

GBT State:-

-GBT Status:

Queue Control:

Observation Control:

not change
ally within

34



Pointing Scans showing Servo-System lJitters
PRSEH | 4P AR[PYROEHE M
7@"1 GbtStatus - 1

= ] Observation State:
[Pomtmg Focus = Continuum | OOF

Avoid using

GBT State:
solutions from bad 0o $8:10L/111:0433+0521:azimuth __ 69:10L/111:0433+0521:azimuth
. Wi’d: 0A13|7 'E(Wid)'O.133 I Wld‘: 0.173 : : E(\I\I‘id)0.133I GBT Status:
Scans 68&70 Wlth 1500} ctro0.o04a1 Mean: 1.000 ] 2000 | ctro0.016 Mean: 1.000 R
Hgt: 1551.088 1500 | Hgt: 2198.505 |
. 0 i ]
servo issues and g L £ 000l ] o
8 500 L 8 Queue Control:
use good scans . oy
' 0
L L L L L L L - L L s L L Ob tion Control:
69&70’ ‘ 2005700500 05 10 15 20 %5 1.0 05 00 05 10 15 e
. Offset (arcmin) Offset (arcmin)
e.g., here:
NewAz2=0.133+ 150J0:10L/111:0433 40521 -elevation __ 71:10L/11L:0433+0521:elevation
Wid: 0.160 E{Wid)0.133 Wid: 0.108 E(Wid)0.133
O 01 6: O 149 2000+ ctr:0.029 Mean: 1.000 R 2000 + ctr:0.006 Mean: 1.000
" " Hgt: 1573.234 Hgt: 2251.416
» 1500} {1, 1500}
NewEI|=0.391+ § 1000} S 1000
0.006=0.397 - s00p - so0f
o} 0
=005 360500 05 10 15 20 %95 —1.0 05 00 05 10 15
Offset (arcmin) Offset (arcmin)

RcvrArray75_115 Feeds = [10] Raw Polarizations = ['XL'] Center Sky Frequency = 93.00 GHz

pazCE1l: -1.251 dazCEl: 0.041 tazCEl: -1.210 b]
pazCE2: -1.251 dazCE2: 0.016 tazCE2: -1.235
pell: 5.033 dell: 0.029 tell: 5.062
pel2: 5.045 del2: 0.006 tel2: 5.052
0ldAz2: 0.133 OldEl: 0.391
dAz2: 0.029 dEl: 0.018
NewAz2: 0.161 NewEl: 0.409 *** Az heuristics failed *** El heuristics failed

n

ObservationManagement Log - 1 | DataDisplay Log - 1 | GbtStatus Log- 1 = Command Console
9 9-1 play Log- 1 | g S

Idle (Offline)



Example pointing scans affected by changing sky

File Edit View Tools Help

z VR E Y 4P

RV A R e

PN e e v e

161 0433+0521 Peak (1 of 4)
162 0433+0521 Peak (2 of 4)
163 0433+0521 Peak (3 of 4)
164 0433+0521 Peak (4 of 4)

165 0433+0521 VANECAL (1 of 2)
166 0433+0521 VANECAL (2 of 2)
167 0433+0521 Peak (1 of 4)
168 0433+0521 Peak (2 of 4)
169 0433+0521 VANECAL (1 of 2)
170 0433+0521 VANECAL (2 of 2)
171 0433+0521 Peak (1 of 4)
172 0433+0521 Peak (2 of 4)
173 0433+0521 Peak (3 of 4)
174 0433+0521 Peak (4 of 4)
175 0433+0521 FocusSubreflector (1 of 1)
176 0433+0521 VANECAL (1 of 2)
177 0433+0521 VANECAL (2 of 2)
178 0433+0521 Peak (1 of 4)
179 0433+0521 Peak (2 of 4)
180 0433+0521 FocusSubreflector (1 of 1)
181 0433+0521 VANECAL (1 of 2)
182 0433+0521 VANECAL (2 of 2)
183 0433+0521 Peak (1 of 4)
184 0433+0521 Peak (2 of 4)
185 0433+0521 Peak (3 of 4)
186 0433+0521 Peak (4 of 4)

187 043340521 VANECAL (1 of 2)
122 04220521 VANECAL (2 af 2)

ObservationManagement - 1‘ DataDisplay - 1 l thstatus 1

RPJROBHERA

= Pointing ‘ Focus | ‘ Continuum ‘ OOF }
6002)61 10L/11L 0433+0521 aZImuth
Wid: 0.298 E(Wid)0.139
5000+ ctr-0.107 Mean: 1.000 R
Hat: 2329.345
9 4000 + P
S 3000 | 5
S S
2000
1000
0 At ank: ks St ank:
-15 -10 -05 00 05 10 15
Offset (arcmin)
163 10L/11L O433+0521 elevation
w|d 0. 146 E(Wld)O 139 '
1500+ ctr-0.028 Mean: 1.000 1
Hgt: 1485.043
P 1000 | 1 @
S 500} {15
S S
0t Y 1
I -500} M |
i 100015 10 0500 05 10 15 2.0
| Offset (arcmin)

%62 10L/11L O433+0521 aZImuth

3000 -
2500
2000
1500
1000
500
0
—500,

Wid: 0.390
Ctr: -0.050
Hagt: 2394.938

E(Wid)O 139
Mean: 1.000

=1:5 —10 —05 00 05

1.0
Offset (arcmin)

1.5

164 10L/11L 0433+0521 elevatlon

Wld 0.136
Ctr: 0.057

E(Wld)O 139
Mean: 1.000

1000 B Hgt: 1214.427 T

500 ]

0 2
005305 =05 00 05 10

Offset (arcmin)

| |RcvrArray75_115 Feeds = [10] Raw Polarizations = ['XL'] Center Sky Frequency = 89.00 GHz

15

pazCEl: -1.264
pazCE2: -1.267
pell: 4.343
pel2: 4.369

dazCEl:
dazCE2:
dell:
del2:
0ldAz2:
dAz2:
NewAz2:

1607
050
028

tazCEl: -1.371
tazCE2: -1.317
tell: 4.315
tel2: 4.426
OldEL: 0.258
dEl: 0.015
NewEl: 0.272

*¥** heuristics failed ***
**% heuristics failed ***

*¥*% Az heuristics failed *** El heuristics failed

B

T

ObservationManagement Log - 1

GBT State:-

GBT Status:-

GbtStatus Log - 1 } Command Console }

Idle (Offline)

DataDispIay Log-1 ‘

Observation State:——

Queue Control:

-Observation Control:-

1LISE



Another example of variable sky during pointing scans

File Edit View Tools Help
PRSEH | AP ARBNROEAR
ObservatlonManagement 1| DataDisplay - 1 thstatus 1\

e R e TR 8 A ‘ | Observation State:
161 0433+0521 Peak (1 of 4) B Pomtlng rFocus LContinuum ; OOF }
162 0433+0521 Peak (2 of 4) =
GBT State:

163 0433+0521 Peak (3 of 4)
164 0433+0521 Peak (4 of 4) 500%83 10L/11L 0433+0521 a2|muth %84 10L/11L 0433+0521 azimuth |
165 043340521 VANECAL (1 of 2) Wid: 0.585 E(Wid)0.139 Wid: 0.228 "E(Wid)0.139 | GBT Status: -

: 4000 | ctr -gMes Mean: 1.000 R OF wrdosm—~—~—~—- Mean1.0000 ~ T ]
166 0433+0521 VANECAL (2 of 2) 500 Hor 1293 866 |
167 0433+0521 Peak (1 of 4) 9 3000 B 556
168 0433+0521 Peak (2 of 4) S 2000} 5 e CORTEI.
169 0433+0521 VANECAL (1 of 2) 8 1000 8 —1500 1 1 :
170 0433+0521 VANECAL (2 of 2) —2000 | E
171 0433+0521 Peak (1 of 4) O —2500 .
172 0433+0521 Peak (2 of 4) —-1000 L —-3000 Observation Control:—

—15—10 05 00 05 1.0 15 -2.0 15 10—05 00 05 10 1.5 ;
173 0433+0521 Peak (3 of 4)
Offset (arcmin) Offset (arcmin)
174 0433+0521 Peak (4 of 4)
175 0433+0521 FocusSubreflector (1 of 1)
176 0433+0521 VANECAL (1 of 2) 185 10L/11L 0433+0521 elevatlon 186 10L/11L 0433+0521 elevatlon
177 0433+0521 VANECAL (2 of 2) Wid: 0.189 " Ewig)0.139 1000 [ wid: 0.106 E(Wid)0.139 )
178 0433+0521 Peak (1 of 4) 1500 ctr-0.008 Mean: 1.000 . 800 | Ctr: 0.044 Mean: 1.000 |
179 0433+0521 Peak (2 of 4) 1000 HoH1422110 i 600 |
9] (5]
180 0433+0521 FocusSubreflector (1 of 1) = £ 400 .
S s00f {15
181 0433+0521 VANECAL (1 of 2) 5 5 200 =
182 0433+0521 VANECAL (2 of 2) 0t 0 :
183 0433+0521 Peak (1 of 4) 7 _ i —-200 1
500

184 0433+0521 Peak (2 of 4) | 200 ]
185 0433+0521 Peak (3 of 4) .' _10001 5 —1 0 0 5 0. 0 0. 5 1.0 15 6001 5 —1 0 —0 5 0. 0 0. 5 10 1.5

186 0433+0521 Peak (4 of 4) Offset (arcmin) Offset (arcmin)

187 043340521 VANECAL (1 of 2)
1122 012210521 VANECAL (2 af 2)

pazCE1l: -1.275 dazCEl: -0.796 tazCEl: -2.070 *** heuristics failed *** [~
pazCE2: -1.270 dazCE2: -0.037 tazCE2: 1.308 *** heuristics failed ***
pell: 4.432  dell: 0.008 tell: 4.424
pel2: 4.447 del2: 0.044 tel2: 4.491 *** heuristics failed ***
0ldAz2: 0.029 O0ldEl: 0.252
dAz2: -0.417 dEl: 0.018
NewAz2: 0.387 NewEl: 0.270 *** Az heuristics failed *** El heuristics failed

|RevrArmay75_115 Feeds = [10] Raw Polarizations = ['XL'] Center Sky Frequency = 89.00 GHz

(< T

ObservationManagement Log - 1 DataDisplay Log- 1 | GbtStatus Log-1 Command Console 1

Idle (Offline)



Monitoring Argus and Logs

Cleo status: LPC’s, YFC, active surface
Balancing: VEGAS levels -20.0, IFRack 1.5V

Cleo Device-Explorer: YIG LO power ~0.1-0.6;
vane_status: obs/cal

Sampler Log files at:

/home/gbtlogs/

Argus Manager
/home/gbt/etc/

RevrArray75 _115*
Log at:

og/fire/RcvrArray75 115*

Astrid Log can be generated via: getastridlog

ProjectID



File Launch Help

| Cleo Status

Status |Errur State |Running ['w LST 07:09:19 uTC 07:18:45 .
: Window
Device Status State Source | COREDB | Scan# 65 |
AU Ihfo ST ETTH [ Project | AGETIBE_119_02 | S5 Master VEGAS [
LO1 clear Running -
IFRack clear Running Start | 07:17:02 | Length | 120.0
ConverterRack clear Running
SwitchingSignalSelector clear Running Countdown —— Remaining ‘ 00:00:18
hMeasurements clear Running
ActiveSurface clear Running Ohserver Youngmin Seo
QuadrantDetector Error | Running e
e — nun Obs. Type LINE Switching | FSW12NOCAL | LPCs
RovrArray75_115 clear Running Proc Name Track Sequence 1/1
___Running | -
IFManager clear Runnin Rest Freq | 591605247 | velocit FOCUS YFC
Frame |
| On Source .
Time to Set — | AzLPC | -0.0801 EILPC |  0.0047 NYS E Active
ncodaer —d
04:19:29 XFC YFC ZFC XtE ZtFC  |[mrey
Azimuth Elevation 0.0 || 0.00 | 0.00 | s o E Surface ON
Indicated | 266.84786 | | 5343131 | Config Model Guiding W|th Thermal
S E
Commanded 266.84760 5343125 Model 5t - Latest | coorg Mod J2000 / i
| N i oord Mo corrections
Rate (/min) | 18 | [ -mna o v 10 15 20 25 30 Temp
Difference | -0.00006 | | -0.00006 | I_b 53 | VT(E"C/)S) from OOF
Servo Err () | 03 | | 01 || Dynamic Corrections
ﬂoc Pointing | DC Focus Azl | 0.00 ] Az2 | El | 0.07 | Focus [-13.91]

VEGAS

Devices IIF Manager] Messages]

/balance

——ActiveSurface VEGAS »~
Num Disabled | 37 | [ OOF Zemike Mode|  Sim Mode / / values on Sky
Omd RMS | 33893 | | zeroOffsets | | N[ 1933 |45 1876 |49 [ -1981 N3 [ -1948 | ~_20(+/_3)
Peak Resid | 34625 | [ FEM Model | Mode J2 | -1973 | J6 | -1963 [NMO | -1987 |N4| -1985 |
Cmd 1Q RMS 37065 _ Endbled || g3 [ -1984 |J7 [ -1942 |[M1 [ -1958 |[n5 [ -1953 |
Omd Resid | 160 | [ Z Ther | Ja| -2023 | J8| -1963 [NM2 | -1976 |N6 | -1946 |
i Random Offsets |
Phase Table... | Other Devices - I Retrace IF | 39

Auto Scroll Off| I—]ﬁ—




Device Explorer: Monitor the LO _power into the Yig after configuration and the
Vane _state obs/cal when calibrating

Select YigData under Samplers and lo_power in Sampler Fields to see Yig LO power

File Managers Help
Manager Parameters Parameter Fields Samplers Sampler Fields
- QuadrantDetector asap vane_state _: CheckData
-Rcvr12_18 cif_power CIFData mii_heater
-Rovr1_2 debuglevel CryoData vig_temp
- RcvrZ6_40 input_string LNAData interface_card
- Rowrz_3 Ina_control PowerData set_word
- Revrd0_52 Ina_power SetsData extrap_freq
-Rcvrd_8 Ina_voltages VaneData delta_freq
- Revrbg_32 nextScanNumber WIFData seconds
-zcwi_w '8 26 output_string | ||vicData MJD
Phibilalic projectld flags
cvrarayl_2 L ‘
recipientMNumber b N refFrame
L Revrarray75_115 oS tarTT - .. i
requestedSta !me Attributes units
requestedStopTime Type: enum T ]
- Reyr_MBAT_S sampleRate Uhiits: nighi —
- ResetBox scanLength Values: obs cal ] | e
- Rotator scanlog Srrav,COt,u nt: gt o of Attributes
— ScanCoordinator scanNumber escription: State o .
D Type: float
- ServoMonitor source calibration vane U%?ts: Volts Y
- SiteTime startTime Yalues:
- SwitchingSignalSelector state ArrayCount: 0
L VEGAS slaiie vane_state Description: LO power
L Weather vane_state detector voltage
| L Zpectrometer wif_settings obs
- = YIGData
Array Contents | New Value: lo_power
Num Fields —
I = - LN\ 0407 /
\/
1 Auto Prepare Prepare Rovrarray75_115 Status |clear State |Ready mjajr Quit
Select RevrArray75 115 (far left) to show Argus parameters.
Select vane_state parameter to show whether the vane is in the “obs” vs “cal” position
40




Yig LO_power vs Frequency

Frequency [GHz] Yig LO_power [V]

75 0.06
80 0.15
85 0.3
90 0.4
100 0.5
105 0.6

115 0.3



(1)
(2)

(3)
(4)

(5)

Argus Trouble-Shooting

Make sure cif and lan are both on (run startup script).

Make sure vane is in desired position (e.g., obs for looking at the
sky; cal for looking at the vane).

Make sure there is LO power going to the YIG after configuration.

The status of the instrument is checked before each scan and the
scan will be aborted if there is not enough yig power. If low yig
power, reconfigure and try again (it takes a few minutes for the yig
to have sufficient power if changing frequency by a large amount
[>5GHz]).

If Argus remains in a fault state after configuration and multiple
attempts to collect data, then

(a) Turn manager off and back on again and reconfigure.

(b) If (a) does not work, then have operator restart turtle,

and reconfigure.

(c) If still having problems, then call an Argus instrument expert.



If RevrArray75_115 (Argus) reports and error that puts the instrument in a
“Fault” state, then turn the manager “Off” then back “On” within Device

File Managers | Help

On

Explorer (select RcvrArray

75 115 at far-left first)

L a Off

- Ri Standby
- R Abort

- R
| ., Prepare

_ R¢ Get Values

- R Revert to last legal
- R
- Ri
| R Reset parameters
- Rt Start

- Rt
ey Stop

Conform parameters

- R
| R AcquireData...

- ResetBox

- Rotator

— ScanCoordinator

- ServoMonitor

- SiteTime

- SwitchingSignalSelector
- VEGAS

- Weather

- Zpectrometer

array Contents |

Parameters

Parameter Fields

asap
cif_power
debuglLevel
input_string
Ina_control
Ina_power
Ina_voltages
nextScanNumber
output_string
projectld
recipientNumber
requestedStartTime
requestedStopTime
sampleRate
scanLength
scanlog
scanNumber
source

starTime

state

status

vane_state
wif_settings

Num Fields

asap

= ™

Attributes

Type: Bool

Units: none

Yalues:

ArrayCount: 0
Description: controls
whether the manager
starts as soon as
possible

asap

_ -

y

MNew Value:

Samplers

CheckData
CIFData
CryoData
LNAData
PowerData
SetsData
YaneData
WIFData
YIGData

]

Sampler Fields

MJD
flags

units

lo_power
mii_heater
vig_temp
interface_card
set_word
extrap_freq
delta_freq
seconds

refFrame

=

Aftributes

Values:

Type: float
Units: Volts

ArrayCount: 0
Description: LO power
detector voltage

YIGData
lo_power

0.005

_1 Auto Prepare

Prepare I

Revrarray75_115

Status |clear State |Ready M &

43

Quit |




Balancing Notes for Argus+Vegas

After the commissioning work, all Argus channels balanced
across the full frequency range of the instrument. Optical-
driver 4 runs out of attenuation, but is still within range at

the ends of the band (75 GHz and 115 GHz).

Vegas should balance for all banks and all frequencies near
the nominal -20 value. When the vane is covering the
array, VEGAS will show values of about -15 if previously
balanced on the sky (i.e., the vane is ~*5dB (factor of ~3)
brighter than the sky).

A few converter modules associated with the dedicated
fibers can sometimes show low power which could impact
the data and result in failed balancing. Report cases of this
to your project friend. We have fixed this in the past by un-
connecting and re-connecting the optical fibers.

The target levels for the IFRack are 1.5 V.



Mapping Argus Beams to VEGAS and IF Channels

VEGAS Bank | VEGAS (J) Argus Beam Converter IFrack Optical | Dedicated
Module CM Driver OD Fibers
Al 9 1 -

1 1

A2 2 11 5 3 -
B1 3 10 2 2 .
B2 4 12 6 4 .
c1 5 1 3 - 1
2 6 3 7 - 3
D1 7 4 i 7
D2 8 4 8 - 4
E1 9 13 9 5 -
E2 10 15 13 7 -
F1 11 14 10 6 -
F2 12 16 14 8 -
G1 13 5 11 - 5
G2 14 7 15 . 7
H1 15 6 12 - 6
H2 16 8 16 - 8 45



Calibration with One Load, T,

With a chopper wheel/vane and a simple temperature sensor,
one can calibrate to the approximate Ta* scale without any
knowledge of the sky (e.g., Kutner & Ulich 1981).

Ta* = Tcal [ON — OFF]/[Vamb- Vsky]
Tcal = [Tamb — Tsky]/eta | * exp(tau_o A)

but with some algebra eta_| and tau_o drops out to first order
(where Tamb = temperature of vane) and

Tcal = (Tatm — Tbg) + (Tamb-Tatm) exp(tau_o A)

The values Tatm and tau o are derived from GBO weather
database and the above expression is used for detailed
calibration, but within about 5% Tcal ~= Tamb for most
observations.



Temperature Scales

> Ta= TSVS (ON-OFF)/OFF (GBT typically uses uncorrected antenna

temperature)

»Ta’ =Ta exp(toA) (corrected for atmosphere)

“mb = Ta’/r]mb (nmle-3 ﬂa)

a* = Ta’/r]| (Argus uses Ta*, n,="0.99 for the GBT)

V V Vv

a’/Sv =2.84 n, (for the GBT)



Calibration:
Flux Density vs Antenna Temp vs Main-Beam Temp

P..=%A,SAv=kT, Av

A.=n, (r/4) D?

S,=3520T,/(n,[D/m]?)

=>T,/S, =2.84 n,for the GBT (n,=0.71 at low v)

» Know S, (use ALMA calibration database available online) and
derive n, from measured Ta’

» Measure FWHM from good pointing scans or within your
image to derived n,, and Tmb; Tmb =Ta’/ n_,

> Nyp = 0.8899 N, (Bry1m 100mM/ A)? (assumes

Gaussian beam, where beam FWHM is in radians)



Example Calibration

86 GHz:

Aperture efficiency: 36% (230um effective rms)
Beam efficiency: ~46% (beam =1.2 Lambda/D)
Moon efficiency: ~89%

Forward efficiency: ~99%

So at ¥86 GHz, ~46% of the power is in beam,
~43% is in near side-lobes, ¥10% is scattered in
the forward direction, and ~1% is in rear-spillover.



Argus Data “Flow” Chart

(1)
Raw GBTdata + Raw VEGAS data l

(1) The sdfits program is used to convert sdfits data
raw GBT and VEGAS data into a
“sdfits” file.

(2) The sdfits data are calibrated to Ta*
within gbtidl and saved to an output

‘keep” file. The GBO weather Call .
database is used for Tatm and tau_o q atllbrated eep
vs frequency and time. ala

(3) A map per frequency of the data is 3

. . (3)

made using the gbtgridder program
which outputs a data cube with

associated weights.

(2)

—| &[—



GBO Data Directories

* Home area: /users/user_name
» Scratch data area: /fhome/scratch/user name

 Raw gbtdata by project (e.g.,
AGBT16B 037 04):
/home/gbtdata/AGBT16B 037 04

 Raw Vegas data by project:
[lustre/gbtdata/AGBT16B 037 04/VEGAS

 sdfits data by project:
/home/sdfits/AGBT16B 037/04



Public Data Processing Machines with
lustre access:

newton, planck, fourier (192GB ram)
arcturus (132GB ram)

Working data area:
/home/scratch/user name

Extra temporary disk space on lustre (if needed):
/lustre/pipeline/scratch/user_name



GBTIDL

» Data access (connecting to sdfits file)
o gbtidl> online

o gbtidl> offline,AGBT16B_037 04’

o gbtidl> filein, mysdfitsfile.fits’

o gbtidl> summary

» User "pro” directory used by gbtidl:
/users/user _name/gbtidlpro



Argus GBTIDL scripts

/home/astro-util/projects/Argus/PRO:

» vanecal.pro — reduces vanecal observations and provides Tsys
for all the beams

» getatmos.pro — returns opacity and ATM temperature for an
input MJD and frequency

» argus_fsw.pro -- reduces frequency-switched scan
» argus_onoff.pro — reduces total-power ON-OFF scan



Checking Tsys in all 16 Beams

[Fite | [options | [Letctick | [ ot | [15¢ | [Reoi0 | [Bbs | shucoon| [uto Update | fffffj

Scan 19 Voo 0.0 RADI-LSR 9. GHz Pal: XX
2017-12-04 Int : ©0 000 39. 9 GHz IF : 9]
Youngmin Seo LST : 400 56 27.9 W 234375 MHz AGBT17B_044_02

04 14 4454 +27 53 02.5 VAINL Az: 889 EI: 47.5 HA: —3.30

Run “vanecal’
script in gbtidl.
The VANE scan
IS 19 here.

GEBTIDL -> 0.5

GBTIDL -> vanecal ,19 89.185 89.195

# Compiled module: VANECAL, LSR Frequency (GHz) , T
Scan: 19 (IF:0 FD:10 PL:0)  Tsys: 1,00 sl ol s il
% Compiled module; GETATMOS, Left Clicks Null [ ¥:  89.17239 Y:  -1.062188 [Zoon Level: 0 [Auto Update: On

{zenith) Dpacity(89,181592,58091,058) = 0,0754
AtmTsys(89,181592,58091,058) = 25,8380
Tatm(89,181592,53091,058) = 266,4082

beam, Tsys*[K]: 1 111,44295

b§§$, Tzaz*[K]: 2 106,53290 Return ther inform tion nith
beam, Tsys*[K]: 3 108,46513 eurns weatner Info atio ’ eg’ Zeni
beam, Tsys*[K]: 4 123,56812 H

Eggg, ¥§321EE}: : 105 1435 opacity (0.0754) and Tatm and computes
bean, Tous*[K]: 7 114,54852 Tsys™ = Tcal x SKY/(VANE-SKY) for each
beam, Tsys*[K]: 8 114,63135 . .
beam, Tsus*[K]: 3 114.24038 beam. Note that Tcal ~ Twarm which is
beam, TSQS*EK%Z 10 13;.222%? II

beam, Tsys*[K]: 11 108,

oo Tl 13 i generally true.

beam, Tsys*[K]: 13 121,82879

beam, Tsys*[K]: 14 111.,47134

beam, Tsys*[K]: 15 114,85225

beam, Tsys*[K]: 16 112,29262

Tcal, Twarm, tatm: 276.,02470 277 .54999 266,408

GETIDL -> []



Quick-Look of Data, example frequency switching

| File | [options | |Leftctick | [ iz | | sk | [renio | [ abs | Unzooml futo Update | Print.l

Scan 25 Voo 7.0 RADI-LSR 1 93 5 Pal: XX Tsys: 121.56
2017-11-18 Int : G0 00 48.0 yig 99 2 7 IF : 0 Teal: 1.00
Shaye Sterm LST : +02 19 24.9 W 187. i AGBT17B_196_01  DeclLatMap

03 33 29.10 +31 07 35.6 Per3O_B1N Az: 109.5 El: 73.0 HA —1.23
N2H+ :
transitions
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93.16 83.17 3. 93.18
LSR Frequency (GHz)

Wed Dec § 13:37:07 2017

Left Clicks Null | Xz 93.14334 ¥z -1.030142 |Zoom Level: 2 [Auto Update: On

GBTIDL>argus fsw,25,18,fdnum=9
Reduces FSW scan 25 using VANE scan 18 for fdnum=9 (beam-10)



Mapping

» After calibration within gbtidl, users can
make a data cube using the “gbtgridder”

(eg.):
gbtgridder —c 11000:11251 —a 7 --noline —
nocont —o myout mysave.fits

(grids channels 11000:11251, averaging over 7

channels) to make output cube and weight
map.

= myout_cube.fits, myout_weight.fits



