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Key Capabilities of the GBT

* 100 meter diameter unblocked

* Receivers cover 0.1 to 116 GHz

* Excellent point-source sensitivity

* Unsurpassed sensitivity for extended
objects

* >85% of total sky covered (6>-46°)

* Location in the National Radio Quiet
Zone

The GBT frequency coverage overlaps and
extends beyond that of the JVLA and ALMA

GBT

JVLA ALMA
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Site protected from Radio National Radio Quiet Zone
Interf Established by the FCC and NTIA
nierirerence (1957)

WYV Radio Astronomy Zone

Established by the West Virginia —8 39-1 5~0®*‘*21~N~—‘\7=/~p\
Legislature (1956)
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GBT Telescope Optics

» 110 m x 100 m of a 208 m parent paraboloid
» Effective diameter: 100 m
« Off axis - Clear/Unblocked Aperture (low sidelobes, high
dynamic range Imaglng) 208 m parent (virtual) parabola

—— —

GBT 100 x 110 m Parabola Section




The Active Surface 2209 actuators

Makes the GBT the
largest single-dish

operating efficiently
\ at 3mm in the world

e \ WL
Telescope Surface
RMS/Diameter
GBT 2.3e-6
ALMA 2.0e-6

VLA 2.0e-5
« VLBA 1.4e-5
! | NGVLA ~1.0e-5




Improvements to Surface in 2009

January 2009 February 2009 March 2009 September 2009
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The GBT Achieves its Theoretical Beam at 110 GHz

Observed Normalized Beam Pattern [dB]

GBT memo #296 — demonstrates the success of the pointing-and-control system, the
gravity and thermal modeling with active surface corrections — lots of work by many

people over the last decade....
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A surface with random large-scale errors

Receiver Response Surface Errors
(Taper/Apodisation/...) (Projected to an imaginary surface)




Model Surface Using Zernike Polynomials

Zernike polynomials [edit]

The first few Zernike modes, with OSA/ANSI and Noll single-indices, are shown below

2% 1
/ / Z: pdpdf = .
o Jo

OSA/ANSI Noll Radial Azimuthal
¢ index ¢ index ¢ degree # degree $ Zj $
() () (n) (m)

Z) | o 1 0 0 1
Z' 1 3 1 -1 2psinf
zZ] | 2 2 1 +1 2pcos @
Z;%| 3 5 2 -2 V/6p? sin 20
Z) | a 4 2 0 V3(20° 1)
Z; | s 6 2 +2 V/6p? cos 260
Z3 6 9 3 -3 V/8p® sin 30
Z:| 7 7 3 -1 V8(3p® — 2p)sind
zZ! |8 8 3 +1 V8(3p® — 2p) cos
z3 |9 10 3 +3 /8p* cos 30
z;* 10 15 4 -4 V/10p" sin 40
zZ;*n 13 4 -2 V10(4p* — 3p?) sin 20
Z} |12 11 4 0 V5(6p* — 6p% +1)
Z? |13 12 4 +2 V10(4p* — 3p?) cos 20
Z} |14 14 4 +4 V/10p* cos 40




GBT Zernike-Gravity Model

Each Zernike parameter fitted as a function of elevation:
Z. = A, sin(el) + B, sin(el) + C,
The updated 2014 gravity model improved telescope performance (PTCS PN#76)

TABLE 1:

Z A B C Oa Og Oc¢ rms

4 -697.71 697.91 550.68 905.87 775.82 1137.56 517.55
5 -148.22 -482.95 136.07 540.74 463.11 679.05 308.94
6 319.46 154.68 -535.72 319.70 273.80 401.46 182.65
7 -554.68 -327.02 632.92 378.25 323.95 475.00 216.11
8 -65.60 53.89 108.34 268.56 230.01 337.25 153.44
9 588.39 1305.77 -1063.37 341.03 292.07 428.25 194 .84
10 932.92 542.64 -1119.48 481.14 412.07 604.20 274.89
11 136.83 923.46 -288.13 329.68 282.35 414.01 188.36
12 -532.04 -177.33 440.51 238.51 204.27 299.52 136.27
13 360.71 62.38 -94.13 160.01 137.04 200.94 91.42
14 -38.56 15.16 -160.13 188.20 161.18 236.34 107.52
15 -622.70 -414.96 744 .87 288.93 247.45 362.83 165.07
16 121.80 -38.60 16.58 293.75 251.58 368.89 167.83
17 -210.31 -198.02 203.98 161.70 138.48 203.05 92.38
18 71.68 3.62 -266.29 142.96 122.44 179.53 81.68
19 579.23 -51.98 -392.41 178.29 152.70 223.89 101.86
20 243.95 -121.70 -6.45 194.88 166.91 244.73 111.34
21 593.36 1065.48 -1287.78 304.57 260.84 382.46 174.01




Surface Improvements with Zernike-Gravity Model

43 GHz Relative Efficiency
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Improvements to the Zernike-Gravity model in
2014 yields a flat gain curve with elevation and
has significantly improved the GBT performance
at high-frequency (GBT Memo#301)
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Some Zernike parameters depend strongly on the current
"Thermal” conditions of the antenna (large scatter) and
require real-time corrections to the gravity model.
/n(total) = Zn(gravity) + Zn(thermal)
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Use Out Of Focus (OOF) mapping observations of bright
point sources to derive Zernike parameters

In-Focus -ve De-Focus +ve De-Focus




Example Argus AutoOOF Observations:
scans 1+2) Vanecal-scans with the DCR

File Edit View Tools Help

PRESEH | AP ARNROEHAR PRESE | AP ARBNROEHAR
ObservationManagement - 1 [ DataDisplay - 1 ‘ GbtStatus - 1 ObservationManagement - 1 [ DataDisplay - 1 | GbtStatus - 1
Pointing | Focus | Continuum | 0oF | 103194120 VANECAL (1.0f.2) Pointing | Focus | Continuum | 0oF PlEls
2 0319+4130 VANECAL (2 of 2) 2 ) B
3 0319+4130 RALongMap (1 of 3) 3 3 0319+4130 RALongMap (1 of 3) @ 10 GBT State:
4 0319+4130 RALongMap (2 of 3) 1:0319+4130 4 0319+4130 RALongMap (2 of 3) +1.384e5 2:0319+4130 F 1
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 of 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 8 0433+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) i 14 0433+0521 Peak (1 of 4) . 500 1
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 1
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 1
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 22 PSC005 Track (1 of 1)
23 PSCO05 Track (1 of 1) 23 PSCO05 Track (1 of 1) 100
24 PSCO005 Track (1 of 1) 24 PSC005 Track (1 of 1)
25 PSC005 Track (1 of 1) 25 PSC005 Track (1 of 1)
26 PSC006 Track (1 of 1) 4965000 T 2 4 5 6 7 26 PSC006 Track (1 of 1) 00 1 2 4 5 6 7 8 9
27 PSC006 Track (1 of 1) & Time 27 PSC006 Track (1 of 1) [+ Time

-1.205 dazCEl:
-1.202 dazCE2:

File Edit View Tools Help

-1.205 dazCEl:
-1.202 dazCE2:

pel 5.078  dell: pel 5.078  dell:
pel 5.089  del2: pel 5.089  del2:
0ldAz2: 0ldAz2:

dAz2: dAz2:

NewAz2: NewAz2:

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

Idle (Offline)

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.

14



scan 3) Argus OOF map-1 data

File Edit View Tools Help
PREH 4P ARFHR OB HEM
ObservationManagement - 1 | DataDisplay - 1 | GbtStatus - 1

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

Beams:

3 ¥ 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 VX
7 0433+0521 VANECAL (2 of 2) 150000 Phases:
| 8 0433+0521 Peak (1 of 4) [ Signal / No Cal
| 9 0433+0521 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)
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 142000
19 VANE Track (1 of 1)
20 SKY Track (1 of 1) 140000} !
21 PSCO005 Track (1 of 1)
22 PSC005 Track (1 of 1)
23 PSC005 Track (1 of 1) 138000} w
24 PSC005 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 PSCO06 Track (1 of 1) o Time
& L)

[[pazccrs  -xrizuo uazeox. TL0T Tazccxn

pace2: 120 ez otz Lo First map at default focus and should see source at'good S/N.

v X
0 1
pell: 5.078 dell: 0.026 tell: 5.104
pel2: 5.089 del2: 0.014 tel2: 5

el Here, the source is offset from the center of the time

T
L

146000} 1 Observation Control:

144000 i

Power

0ldAz2: 0.000 OldEL: 0.35
dAz2: 0.153  dEl: 0.020 . . . . . re
waz: 0153 wee: o0 Stream/map which implies a significant +el LPC.
|00FMAP 1.0 3
ObservationManagement Log - 1 | DataDisplay Log - 1 | GbtStatus Log-1 = Command Console 7 15

Idle (Offline)



scan 4) Argus OOF map-2 data

File Edit View Tools Help
ZRRE{ AP AR|PR OB HE R
ObservationManagement - 1 | DataDisplay - 1 | GbtStatus - 1

1.0319+4130 VANECAL (1 of 2) T h [ Continum ae Observation State:
2 0319+4130 VANECAL (2 of 2) » BeiE
30319+4130 RALongMap (10f 3)  |= < 10 GBT State:
19+4130 RALongMap (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) 140000} | Phases:
8 0433+0521 Peak (1 of 4) v Signal / No Cal
| 9.0433+0521 Peak (2 of 4) Frequencies (GHz) || [Queue Control:
10 0433+0521 Peak (3 of 4) 139500} 1 I 86.00
11 0433+0521 Peak (4 of 4)
12 0433+0521 VANECAL (1 of 2) E6OHGL | Sttt conteel
13 0433+0521 VANECAL (2 of 2)
14 0433+0521 Peak (1 of 4) &
15 0433+0521 Peak (2 of 4) ¢ 138500 |
16 043340521 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 PSCO05 Track (1 of 1)
23 PSCO05 Track (1 of 1) 137000 1
24 PSCO05 Track (1 of 1)
25 PSCO05 Track (1 of 1)
136500 - - - - -
26 PSC006 Track (1 of 1) 0 50 100 150 200 250 300
27 PSC006 Track (1 of 1) 5 Time
] D)
e e B
pell: 5.078 dell: 0.026 tell: 5.104 .
P sem ge: oo e s Coynts lower since map made out of focus
0l1dAz2: 0.000 OldEl: 0.350
S m e (+12mm)
|ooFmap 1.0 3
|/O0FMAP 2.0 F
ObservationManagement Log - 1 ‘ DataDisplay Log - 1 | GbtStatus Log -1 = Command Console 16

Idle (Offline)



scan 5) Argus OOF map-2 data

File Edit View Tools Help
PRAH| 4P AR|PROBHE
| ObservationManagement - 1 | DataDisplay - 1 | GbtStatus - 1

10319+4130 VANECAL (1 of 2) Poinking | Focus] Continuum JlOOE Sbectialionialc
2 0319+4130 VANECAL (2 of 2) e

3 0319+4130 RALongMap (1 of 3) 3 ¥ 10 GBT State:
| 4 0319+4130 RALongMap (2 of 3) 5: 0319+4130 11

5 0319 A ) 143000 ' ' izations: GBT Status:
|6 0433.+0523 VANECAL (1 E3) | — 10X- Slgnal / No Cal 86.00 lé)l(nzatlons. :

7 0433+0521 VANECAL (2 of 2) PheEes

8 0433+0521 Peak (1 of 4) 142000 1 Signal / No Cal

9 0433+0521 Peak (2 of 4) Frequencies (GHz) Queue Control:
10 0433+0521 Peak (3 of 4) | 86.00 '
11 043340521 Peak (4 of 4) 141000 1

12 0433+0521 VANECAL (1 of 2) e
13 0433+0521 VANECAL (2 of 2)

14 0433+0521 Peak (1 of 4) & 140000 1

15 0433+0521 Peak (2 of 4) g

16 0433+0521 Peak (3 of 4) &

17 0433+0521 Peak (4 of 4) 139000 |

18 0433+0521 FocusSubreflector (1 of]

19 VANE Track (1 of 1)

20 SKY Track (1 of 1) 138000 i

21 PSC005 Track (1 of 1)

22 PSC005 Track (1 of 1)

23 PSC005 Track (1 of 1) 137000 1

24 PSC005 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) =l Time
| " [ )
0ldAz2: 0.000 OldELl: 0.350 li]
dAz2: 0.153 dELl: 0.020 . 3
Newiz2: 0,153 NewEL: 0.370 3rd OOF map with focus at -12mm (peaks higher

oorAr 2.0 than +12mm map so focus LFC will be negative)
Started search for data products for AGBT17B 044 02 scan 3 1

Searching for files in /home/gbtdata/AGBT17B_044 02/00F/s3-1-db-000. 3

‘ ObservationManagement Log - 1 ‘ DataDisplay Log - 1 l GbtStatus Log - 1 = Command Console 17

Idle (Offline)



AutoOOF Solutions

1
dlay - 1 | GbtStatus - 1

Click yellow button after
OOF processing to send
corrections to GBT and \

turn on the thermal
zernike’s.

[ |
“ Pointing | Focus | Continuum | OOF

Typically pick between
z4,25,26 based on

residual rms and beam
fits (z5 default).

Be weary of “rms” >350
microns (which happens

=20 ]

in Windy ConditionS) surface rms = 138 microns

H

Zemike Solutions LPCs (az2, el) LFCy
O z2

D 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
D 26

O raw data

) fitted beam map

| 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




AutoOOF

File Edit View Tools Help

Z B

“Raw data”

ObservationManagement - 1 | DataDi

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)

5 0319+4130 RALongMap (3 of 3) i I ™

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

splay - 1 ] GbtStatus - 1 \

Pointing \ Focus ‘ Continuum ’ OOF ‘

Afocus = +0.00 mm

Afocus = +12.00 mm  Afocus =-12.00 mm

1o
sk Jos
00
0 105
L1.0
L5

Raw data

-5 | .

20
15
10

00
o5
1.0
FL.S

After baseline removal
o

Zemike Solutions LPCs (az2, el) LFCy

®)77

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 26

@ raw data

O fitted beam map

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

=7 =

= = =

Project Name:
[AGBT17B_044_02 ]
Scan Number:

_10 | 1 ! ! 20 1 1 ! [3 J
0 1 2 3 4 5 5 6 7 8 9 10 10 11 2 13 M 15
19 VANE Track (1 of 1) Time (minutes)
20 SKY Track (1 of 1) — 1m0 = 100 T 00— Send Selected Solution with Point and Focus
v .
21 PSC005 Track (1 of 1) ﬁ -1 " . | Corrections (new, recommended method)
22 PSC005 Track (1 of 1) % oL S ” T ] . | ‘ Reanalyze OOF (Online Only) ]
23 PSCO005 Track (1 of 1) g N . 5
-s0 | 50 | 450 A Send Selected Solution with no Point
24 PSC005 Track (1 of 1) g or Focus Correction (original method)
-100 1 1 1 14100 Il 1 1 13100 Il 1 1 1
25 PSC005 TraCk (1 Of 1) =50 0 50 100 =50 0 50 100 =50 0 50 100 x 5
26 PSCO006 Track (1 of 1) Cross-Elev Offset (arcsec) I Zero and Turn Off Thermal Zernike Solution J
27 PSCO006 Track (1 of 1) =
< —— |>) B
0ldAz2: 0.000 OldEl: 0.350
dAz2: 0.153  dEL: 0.020
NewAz2: 0.153 NewEl: 0.370
00FMAP 1.0
OOFMAP 2.0

Searching for files in /home/gbtdata

Started search for data products for AGBT17B 044 02 scan 3

/AGBT17B_044 02/00F/s3-1-db-000.

-Observation State:——

GBT State:-—‘
-GBT Status:-

-Queue Control:

Halt Queue \|
|

19



AutoOOF Beam Fits

File Edit View Tools Help

W

ObservationManagement - 1 | DataDisplay - 1 l GbtStatus - 1 ’

1 0319+4130 VANECAL (1 of 2)
2 031944130 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 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 of]

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 PSC005 Track (1 of 1)
25 PSC005 Track (1 of 1)
26 PSC006 Track (1 of 1)
27 PSC006 Track (1 of 1)

Pointing } Focus I Continuum ’ OOF ‘

Afocus = +0.0 mm

Afocus = +12.0 mm  Afocus =-12.0 mm
100

1 1 1

Observed beams|

100 T T T

0 b J4 s}

[ se

50 - -50

-100

-0 0 350 100

SyEAE e )
= - .

R e e e et

T A Ty TS

-40-20 0 20 40 €0

O z2
0O z3
O z4
O 25
O 26
O raw data

(+0.06,+0.35)
(+0.06,+0.35)
(+0.06,+0.35)

@ fitted beam map

-Zemnike Solutions LPCs (az2, el) LFCy

-3.75 mm
-2.55 mm
-2.60 mm

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

Project Name:

831 ) ) )l e )

z=4 fit
-

LH 8K |

[AGBT17B_044_02

Scan Number:

3

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

Elev Offset (arcsec) Elev Offset (arcsec) Elev Offset (arcsec) Elev Offset (arcsec)

B N P P )

z=5fit

o BT )
0 - 4
2k el {2
oF E 0
-20 = -2
-40 - 40
-60 SRR 50
—40-20 0 20 40 €0 €0
o EEEEEEE] «
0 - -4 4
| ‘0' 4 2
0F = 0
-20 - -20
40 - -0
-60 E I ~60
-40-20 0 20 40 €0 &0
OETTTTTTY
0 - -4
0 "- »
0F = 0
=20 - -20
-410 - -0
-60 E I 60

~40-20 0 20 40 €0 80
Cross-Elev Offset (arcsec)

‘ Reanalyze OOF (Online Only)

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

\ Zero and Turn Off Thermal Zernike Solution J

O ——

‘mu
0ldAz2: ©0.000 OldEl:
dAz2: 0.153
NewAz2: 0.153 NewEl:

OOFMAP 1.0

O00FMAP 2.0

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:

-Observation Control:—
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4"“‘»57!.” 7”
neractve ”
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Acceptable OOF results typically have an RMS of less
than 400-microns in comparison to the gravity model

20

surface rms = 1387 microns surface rms = 628 microns

(a) Acceptable OOF solution. (b) Unacceptable OOF solution.

Figure 5.8: Figure |5.8a shows broad features (41.5 radians of phase) with a surface rms of 197 pm.

Figure[5.8b|shows steep contour lines (415 radians of phase) and a surface rms of 626 pm. This is likely
the result of poor quality raw data and should not be used.




OOF “Raw” Data Streams

Afocus = 4000 mm  Afocus = +38.00 mm Afocus = -38.00 mm Afocus = 4000 mm  Afocus = +38.00 mm Afocus = -38.00 mm
@0 %00 Y —— 585 —_— uo
€00 80 4470 }- E a2 | ja3s -
- 280 |- 465 | - 136 g
s Tlaro - Jas0 |- . e Tazo |- - [ :
8 %0 a0 |- s | . 3 4‘2‘ o2
2 0 Jeso |- 450 |- o 2 |
& 0 440 |- <445 b N & _‘ug - o -1
20 |- Juo |- 4 - 428 .
B0 | o | das |- J s il B 26 .
00 ] ] 1 | 1 410 I 1 1 430 1 1 1 1 42?2 1 L 1 1 1 1 24 1 1 1 1
0 1 2 3 4 % 6 5678 910102 NR2BUIBSIWIL 6 S 6 7 8 9101112 1213 M4 151 1718
M ® Time (minytes) e 5 ‘I;ime' (minytes) 4
S S s ol .
» | . ot
° L . )
g - g 13 {2 i
Y b . - v
- - 2 - 1 N
v B 1 v .
S 0 | R - £ 1 4 0 R
2 o K 8 g
© 0 . - © 0 =il n
o 8 1 |
= 50} . - .
o 10 |- . . L
& 0 & - -3 B
< <
-100 ] | 1 1 1 20 1 1 Il 1 10 1 1 | 1 1 -3 1 1 | 1 1 -4 1 1 1 | |
0 1 2 3 45 6 6 7 8 9 1011 2 1213 M4 1516 17 18 6 6 7 8 9 1011 12 1213 M4 1516 17 18
Time (minutes) Time (minutes)
‘5 150 ‘g 150 L )
2 100 8 100 [FEN ~
S 50 = kS .
- 0 > 0 .
g 50 g 50 B —
o - -
> 100 > ~-100
L L
w 50 w ~150 L L s ep of
~208156100-50 0 50 100 ~208158100-50 0 50 100 ~2001568100-50 0 50 100 ~208156100-50 0 50 100 ~208156100-50 0 50 100 ~200156100-50 0 50 100
Cross-Elev Offset (arcsec) Cross-Elev Offset (arcsec)

(a) A plot of the raw OOF data on a fairly clean Ka— (b) A plot of raw OOF data on a source which is too faint.
band /CCB dataset.



Example of a Bad OOF

In this case —
. -1 GbtStatus - 1 .
0 bse rvatlo ns were ‘ Pointing = Focus | Continuum [ OOF | O_bservatmn St
d 0 n e i n th e keyh 0 I e at | ‘home / z5 aperture—notilt.fits Zerznzlke OISR LRCS 822 € ILECY GBT State:
>85d eg an d OOF - N 23 (+0.25,+0.81) -6.56 mm [NotConnected |
“ ” . O z4 (+0.25,4+0.82) -11.54 mm GBT Status:
rms” 438um with a Il ® 25 (+0.24,4+0.83) -13.19 mm
. . 0 z26
Iarge |mp||ed fOCUS O raw data Queue Control:

and EL pointing offset. O fitted beam map

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

Lroject 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)

Ch eCk th e raW d ata surjf-n-:e rms ; 438 microns Reanalyze OOF (Online Only)
a n d fittEd bea m m a pS. Send Selected Solution with no Point

| or Focus Correction (original method)

Zero and Turn Off Thermal Zernike Solution'

A1 i )

TO uss vz scarr o =

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

wwssivauvimanaysieie tuy - 1 | watausplay Log - 1 | GbtStatus Log -1 | Command Console



Beam Maps of Example Bad OOF

File Edit View Tools Help

“« ” —
The “observed 1| obtstatus -1
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Another bad OOF (avoid Z3 solution

= Afocus = +0.0 mm  Afocus = +18.0 mm  Afocus = -18.0 mm Zernike Solutions LPCs (az2, el) LFCy
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File Launch Help | Cleo Status
Status [Error State [Running [w LST 07:09:19 UTC 07:18:45 WindOW
Device Status State Source | COREDB | Scan# ] 65 |
Antenna___ Info | Running | Project | AGBT1BB_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 ———laa Remaining ’ 00:00:18
Measurements clear Running :
ActiveSurface clear |___Running Observer Youngmin Seo |
QuadrantDetector Error | Running e
VEGAS Clear - Obs. Type | LINE Switching | FSW12NOCAL | LPCs
RevrArray75_115 clear |___Running Proc Name Track Sequence 171 !
__Running |
IFtanager clear Runnin Rest Freq l 59106.5247 FOCUS YFC
Frame [
| On Source vl A t S f
s o azLPC | -00s01 |47 EILPC E Ctive surface
04:19:29 ncoder | XFC ¥ FCWZ‘ FC TR ON with
Azimuth Elevation | 0.0 || 06 T]|_000]] 000]] 000] | Foc . E
Indicated | 266.84786 | | 5343131 | Config Model { Guiding | < . - Thermal
Commanded | 266.84780 | | 5343125 || Model Sr- Latest | cogrd Mode y J2000 [ corrections
Rate (/min) | 18 | [ -4 o v 10 15 20 25 30 Temp
Difference | -0.00006 | | -0.00006 | |_|¢ _ 53 | Tea VT((mé)s) from OOF
Servo En (V) | 03 | | 01 || Dynamic Corrections ~
| DC Pointing | DC Focus Azl | 0.00| az2 _#05 | EI | 0.07 | Focus |-13.91

Devices IIF Manager] Messages]

VEGAS balance

/values on sky:

- —ActiveSurface VEGAS_~~ /
~
Num Disabled | 37 | | OOF Zemike Mode|  Sim Mode / 20(+/ 3)
Omd RMS | 33693 | I Zero Offsets | J1| -1933 | J5| -1876 | J9 | -1981 N3 | -1948 |
Peak Resid | 34625 | | FEM Modkel | Mode J2 | -1973 | J6 | -1963 [NMO | -1987 |N4| -1985 |
Cmd 1Q RMS 37065 Enabled J3 | 1984 | J7| 1942 (M1 | -1958 N5 | -1953 |
omd Resid | 160 | ¥ Z Therrf Coefr | J4| -2023 | J8| -1963 [NM2 | -1976 |N6 | -1946 |
| Random Offsets |
I | e
10 ) 26
Auto Scroll  Off | IM— Phase Table... | Other Devices - I Retrace IF l
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Observing: Antenna Optimization

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

e 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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Astrid/GFM

Important for GBT High-Frequency Pointing/Focus
Observations (>20 GHz)
» Select Heuristics = “Relaxed”

<| Fitting Acceptance Criteria | Heuristics | Data Processing >

() Standard
@ Relaxed
) UserDefined

OK Cancel
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Brightest OOF Sources 2016/2017

Sowce |snulsL5GHa by

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

2253+1608 15.7
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Telescope Optics

Prime Focus: Retractable boom
Gregorian Focus: 8-m subreflector - 6-degrees of freedom




CS

ti

Telescope Op

Rotating Turret with 8 receiver bays




Telescope Structure

» Fully Steerable
» Elevation Limit: 5°
» Can observe 85% of the entire Celestial Sphere




