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GBT Telescope Optics

« 110m x 100m of a 208m parent paraboloid
« Effective diameter: 100 m (high sensitivity)

« Off axis - Clear/Unblocked Aperture (low sidelobes, high
dynamic range Imagmg) gOBm parent (virtual) parabola
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The Active Surface -> 2209 actuators
Help achieve a more parabolic surface.

Currently rms ~230um at night with good corrections.
Means deviate from parabola by ~200um.

Makes the GBT the

largest single-dish
\ operating efficiently
‘ at 3mm in the world

Diameter




Improvements to Active Surface in 2009
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The GBT Achieves its Theoretical Beam at 110 GHz

GBT memo #296 — demonstrates the success of the pointing-and-control system
and the gravity and thermal modeling with active surface corrections — lots of work
by many people over the last decade....
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What can cause deviations from perfect parabola and theoretical beam?

Deformations caused by:

Gravity Differential Heating

S

S
M C

Why do these deformations matter at high frequency and not at
low frequency?

Changes with elevation

Quite simply, in the mm range this is where these deviations in the dish are larger
than the wavelength.
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A Surface with random large-scale errors

Receiver Response Surface Errors
(Taper/Apodisation/...) (Projected to an imaginary surface)
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Model Surface Using Zernike Polynomials

Set of orthogonal polynomials that are used to reconstruct geometric features across
a circular aperture.

Derived by Frits Zernike in 1934 (Nobel Prize in 1953)

Zernike polynomials [edit]

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

2% 1
/ / Z3 pdpdf = .
o Jo

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

Z) | o 1 0 0 1
Z'| 1 3 1 -1 2psinf
Z] | 2 2 1 +1 2pcosf
Z;%| 3 5 2 -2 V/6p? sin 20
Z) | a 4 2 0 V3(20* 1)
Z | s 6 2 +2 \/6p? cos 260
Zy 31 6 9 3 -3 V/8p® sin 30
z:'| 1 7 3 -1 V8(3p* — 2p)siné
z} | 8 8 3 +1 V8(3p* — 2p) cos §
Z3 |9 10 3 +3 V/8p® cos 30
Z;* 10 15 4 -4 V/10p" sin 40
Z;* | n 13 4 -2 V10(4p* — 3p?)sin 20
Z) |12 1 4 0 V5(6p* — 6p% +1)
Z? |13 12 4 +2 VI0(4p* — 3p?) cos 20
Z{ |14 14 4 +4 V10p* cos 40
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GBT Zernike-Gravity Model

Each Zernike parameter fitted as a function of elevation:

Z =A,sin(el) + B, cos(el) + C
The updated 2014 gravity model improved telescope performance (PTCS PN#76)

Z A B C Oa Os O¢ 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
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Surface Improvements with Gravity Model + Active Surface
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significantly improved the GBT performance at
high-frequency (GBT Memo#301)
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Surface Improvements with OOF

Use Out Of Focus (OOF) mapping (holography) observations
of bright point sources to derive Zernike parameters and
correct for deviations in dish away from perfect parabola

In-Focus -ve De-Focus +ve De-Focus
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ALMA Calibrator Source Catalogue

File Edit View History Bookmarks Tools Help
J.ALMA Calibrator Source... x I dh |

& (- D@  http

//almascience.eso.org/sc/# ¢ \0\ alma source catalog > % B

Most Visited v

MA Calibrator Source Catalogue

Query Form Result Table Result Plot

Flux Density J2253+1608: Flux Density History
+90:00:00 24.0000
22,0000
+60:00:00 20.0000
. . . 18.0000 -
+30:00:00 . 16.0000
5 oo o 5
=) < 14,0000 4
g | >
S +00:00:00 . g 12.0000
2 U g
a % 10.0000 1
(V8

-30:00:00 . ‘ 8.0000
< o B

-60:00:00 4.0000
2.0000
-90:00:00 0.0000 =+
o 3 3 ) 3 ) 3 S S N3 N
@Q §Q Q@ QQB QQQ QQB an Q“Q @Q &9 @’Q
V ) <) ) Ay o % < A
~ N N N S N N ~N & &>
RA (J2000) .
Observation Date
Bands Flux Range Jy Details ¢ ALMA-Band 3
<0.03 Source Name: J2253+1608
0.03,0.1) RA: 22:53:57.7479
' RA: 16.5
01,03 DEC: +16:08:53.561
[0.3,1.0) Frequency: 915
1.0.3.0 Flux Density:  15.66
[10.30) Distance: 22.9353339830

m Date Observed: 2016-12-12 00:00:00
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Surface Improvements with OOF

Out Of Focus (OOF) - AutoOOF - active surface (RMS +
map), pointing (Az,El), focus corrections (mm)

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

0 20
Surface RMS = 207 microns



Example of Argus AutoOOF Observations:

Early Scans - setup

File Edit View Tools Help
PREE Y| 4> AR[PJROEHM
ObservationManagement - 1 | DataDisplay - 1 ‘ GbtStatus - 1 ‘

T -Observation State:
10319+4130 VANECAL (1 of 2) { [ pointing ‘ Focus | Continuum | OOF ’ ’_‘
2 0319+4130 VANECAL (2 of 2) Feane | J
3 0319+4130 RALongMap (1 of 3) | | 10 GBT State:———————

|
4 0319+4130 RALongMap (2 of 3) | 1:0319+4130 011 g ‘
F0319E4130 RALongMap(3.063) 99300 I I ' : — : : ‘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) Phases:
8 043340521 Peak (1 of 4) 499000 | 4 Signal / No Cal ‘
9 0433+0521 Peak (2 of 4) .iﬁirequencies (Eﬁ;) Queue gppgml'i‘
10 0433+0521 Peak (3 of 4) 86.00 ‘ 1 \ e \‘
11 0433+0521 Peak (4 of 4)
12 0433+0521 VANECAL (1 of 2) 498500 i Obstrvetion Control—
13 0433+0521 VANECAL (2 of 2) ’ ‘—‘
14 0433+0521 Peak (1 of 4) L I =)
15 0433+0521 Peak (2 of 4) ¢ 498000} | (L |
16 0433+0521 Peak (3 of 4) & \ \ t ‘
17 0433+0521 Peak (4 of 4) I ‘ ‘
18 0433+0521 FocusSubreflector (1 of] L
19 VANE Track (1 of 1) 497500 ]
20 SKY Track (1 of 1)
21 PSC005 Track (1 of 1)
22 PSCO005 Track (1 of 1) 497000 | |
23 PSC005 Track (1 of 1)
24 PSC005 Track (1 of 1)
25 PSC005 Track (1 of 1)
496500 L L L L L L L L
26 PSC006 Track (1 of 1) 0 1 2 3 4 5 6 7 8 9
27 PSC006 Track (1 of 1) - Time
5>
pazCE1l: -1.205 dazCEl: 0.159 tazCEl: 1.046 -
pazCE2: -1.202 dazCE2: 0.146 tazCE2: -1.055
pell: 5.078 dell: 0.026 tell: 5.104
pel2: 5.089 del2: 0.014 tel2: 5.103
0ldAz2: 0.000 OldEl: 0.350
dAz2: 0.153  dEl: 0.020
NewAz2: 0.153 NewELl: 0.

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

[idle (offline)



Example of Argus AutoOOF Observations:
(scan 3) Argus OOF map-1 data - default focus

File Edit View Tools Help ,
PREH{ 4P AR[JROEHER

ObservationManagement - 1 ’ DataDisplay - 1 } GbtStatus - 1 ‘

1 0319+4130 VANECAL (1 of 2) Pointing ‘ e continuum ‘ 00F |

2 0319+4130 VANECAL (2 of 2) ‘Beams: -

3 0319+4130 RALongMap (1 of 3) '@ 10

4 0319+4130 RALongMap (2 of 3) 3:0319+4130 (3%
152000 T T -

i 5 0319+4130 RALongMap (3 of 3) — : Polarizations:
First map at default 2o cd [— 10X - Signal / No Cal - 86.00 P |
fOCU S an d ShOU Id 7 0433+0521 VANECAL (2 of 2) 150000 1 (Phases:———

Signal / No Cal ‘

T

8 0433+0521 Peak (1 of 4)

9 0433+0521 Peak (2 of 4) Frequencies (GHz)
see source at good p— Do

T

10 0433+0521 Peak (3 of 4)
S / N 11 043340521 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) S

21 PSCO05 Track (1 of 1)
22 PSCO05 Track (1 of 1) 'J
23 PSCO05 Track (1 of 1) 138000 8

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) Time

JE I .u
[pOzccr. Trizuo uazoecox. ULTI0Y tazecx, L.usu
pazCE2: -1.202 dazCE2: 0.146 tazCE2: -1.055
pell: 5.078 dell: 0.026 tell: 5.104
pel2: 5.089 del2: 0.014 tel2: 5.103
0ldAz2: ©0.000 OldEl: 0.350

dAz2: 0.153 dEl: 0.020

NewAz2: 0.153 NewEl: 0.370

146000 - 1

144000 1

Power

2J

O0FMAP 1.0

(< ]




Example of Argus AutoOOF Observations:
(scan 4) Argus OOF map-2 data at +12mm

File Edit View Tools Help -
zRRH Y| 4P AR|JROEE M

ObservationManagement - 1 ’ DataDisplay - 1 ‘ Gbtstatus - 1 |

10319+4130 VANECAL (1 of 2) | Pointing | Focus | Continuum | 0oF ‘
2 0319+4130 VANECAL (2 of 2) = Beams:-

3 0319+4130 RALongMap (1 of 3) '@ 10
4 0319+4130 RALongMap (2 of 3) 4:0319+4130 01
140500 ;

5 0319+4130 RALongMap (3 of 3) ! ' ! | - T
C t I 6 0433+0521 VANECAL (1 of 2) | — 10 X- Slgnal / No Cal - 86.00 ‘I?("Zatlons, ‘
ounts iower 7 0433+0521 VANECAL (2 of 2) 140000/ i “Phases:_
. 8 0433+0521 Peak (1 of 4) Signal / No Cal ‘
SI n Ce m a p 9 0433+0521 Peak (2 of 4) ?requenéies (GHz)
made Out Of 10 0433+0521 Peak (3 of 4) 139500} 1 ¥ 86.00 \
11 0433+0521 Peak (4 of 4)
12 0433+0521 VANECAL (1 of 2)

fOCUS (+1 2mm) 13 0433+0521 VANECAL (2 of 2) e i )
14 0433+0521 Peak (1 of 4) | 3
15 0433+0521 Peak (2 of 4) g 138500 H 4
16 0433+0521 Peak (3 of 4) tg
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 PSCO005 Track (1 of 1)
22 PSCO005 Track (1 of 1)
23 PSCO05 Track (1 of 1) 137000+
24 PSCO005 Track (1 of 1)
25 PSC005 Track (1 of 1)

136500 -

26 PSC006 Track (1 of 1) 0 50 100 150 200 250 300
27 PSCO006 Track (1 of 1) Time

v

I ul D)
’pul\:l;l‘i “LvZuz aazocz ULISU Cazocsy i SRV a‘
pell: 5.078 dell: 0.026 tell: 5.104
pel2: 5.089 del2: 0.014 tel2: 5.103
0ldAz2: 0.000 OldEl: 0.350
dAz2: 0.153 dEl: 0.020
NewAz2: NewEl:




Example of Argus AutoOOF Observations:
(scan 5) Argus OOF map-3 data at -12mm

File Edit View Tools Help
TRAEH | AP AR|(PROEHER

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

10319+4130 VANECAL (1 of 2) o [ Pointing : Focus| Continuum | OOF J
2 0319+4130 VANECAL (2 of 2) S, e Reng

3 0319+4130 RALongMap (1 of 3) 10
4 0319+4130 RALongMap (2 of 3) 5:0319+4130 011
5 0319+4130 RALongMap (3 of 3) 143000 ! : - Polanizations:—

3rd OOF map 6 0433+0521 VANECAL (1 of 2) I — 10 X-Signal / No Cal - 86.00 ¥ X |

7 0433+0521 VANECAL (2 of 2) _Phases:-
Wlth focus at 8 0433+0521 Peak (1 of 4) 142000 1 ) signal / No Ca!‘
9 0433+0521 Peak (2 of 4) Frequencies (GHz)
- 1 2 mm 10 043340521 Peak (3 of 4) 141000 86.00

11 0433+0521 Peak (4 of 4)

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

pea kS h | g her 14 0433+0521 Peak (1 of 4) 140000 |

15 0433+0521 Peak (2 of 4)

than +1 2mm 16 043340521 Peak (3 of 4)

17 0433+0521 Peak (4 of 4)

ma p SO fOCU S 18 0433+0521 FocusSubreflector (1 of

19 VANE Track (1 of 1)

LFC W|” be 20 SKY Track (1 of 1) 138000

. 21 PSCO005 Track (1 of 1)
negative 22 PSC005 Track (1of 1
23 PSCO05 Track (1 of 1)
24 PSCO005 Track (1 of 1)
25 PSCO005 Track (1 of 1) ) ) . ) )
26 PSC006 Track (1 of 1) 1360000 50 100 150 200 250 300
27 PSCO006 Track (1 of 1) - Time

v

] M [

Power

139000+ 1

137000+

0ldAz2: 0.000 OldEl: 0.350
dAz2: 0.153 dEl: 0.020
NewAz2: 0.153 NewEl: 0.370

]

00FMAP 1.0
OOFMAP 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. %]




AutoOOF Solutions 20 min to complete

File Edit View Tools Help

F W

ObservationManagement - 1 ] DataDisplay - 1 | Gbtstatus - 1

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

Observation State:

Pointing | Focus Continuum[ OOF ’

Zemike Solutions LPCs (az2, el) LFCy

3 0319+4130 RALongMap (1 of 3) O 22 [7]|| -GBT State:

4 0319+4130 RALongMap (2 of 3) ~ 73 (+0.06,40.35) -3.75 mm

sttt it O z4 (+0.06,+0.35) -2.55 mm GBT Status:

6 043340521 VANECAL (1 of 2) ) _
® 25 (+0.06,+0.35) -2.60 mm

7 0433+0521 VANECAL (2 of 2) )

8 0433+0521 Peak (1 of 4) O:2
O raw data Queue Control:

9 043340521 Peak (2 of 4)

10 043340521 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 PSC005 Track (1 of 1)

22 PSCO005 Track (1 of 1)

23 PSC005 Track (1 of 1) . . .
Send Selected Solution with no Point
24 PSC005 Track (1 of 1) | or Focus Correction (original method)

25 PSCO005 Track (1 of 1)
26 PSC006 Track (1 of 1) | Zero and Tumn Off Thermal Zernike Solution L

27 PSCO06 Track (1 of 1) =

() fitted beam map

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

‘Project Name: ’
\AGBT178_044_02 y
Scan Number:

3 |

Observation Control:

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

Reanalyze OOF (Online Only)

| | B

0ldAz2: 0.000 OldEl: 0.350
dAz2: 0.153 dEl: 0.020
NewAz2: 0.153 NewEl: 0.370

O0OFMAP 1.0
OOFMAP 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. L

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




AutoOOF Solutions Surface Map
ay—-ﬂ GbtStatus - 1

Pointing | Focus | Continuum | OOF

Zemike Solutions LPCs (az2, el) LFCy [~

/heme /gbtdata/AGET17B_044_02 s3—1—db—0CC z5 aperture—notilt.fits O 22
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

O fitted beam map

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

n

ﬁr?ijéct Name:
\ AGBT17B_044 02 |
Scan Number:

E )

Send Selected Solution with Point and Focus
. R . T | Corrections (new, recommended method)

Reanalyze OOF (Online Only)

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

Be weary of “rms” >350 microns
(Wh|Ch happens in W|ndy Conditions) ] Zero and Turn Off Thermal Zernike Solution \ B

, GREEN BANK
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AutoOOF Solutions Zernike, LPCs (arcmin), LFC (mm)

ay-1 ‘ GbtStatus - 1

Pointing = Focus | Continuum OOF1

Zemike Solutions LPCs (az2, el) LFCy
O z2

/heme /gbtdata/AGET17B_044_02 s3—1—db—0CC z5 aperture—notilt.fits

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 z6

O raw data

() fitted beam map

[_] Show Solutions with Focus Removed
AutoOOF Processing Status: Complete

‘Pfoject Name: ‘
\ AGBT17B_044 02 ‘
Scan Number:

3 |

n

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

SRS s iReanalyze OOF (Online Only) ‘
Typically pick between z4,z5,z6 |send Selected Solution with no Point
based on reSidual rms and beam | or Focus Correction (original method)
fits (25 default) LFC a few mm | Zero and Tumn Off Thermal Zernike Solution | L

(<] m | E|
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WRVATURY



AutoOOF Solutions

ay-1 ‘ GbtStatus - 1

Pointing = Focus | Continuum OOF1

/heme /gbtdata/AGET17B_044_02 s3—1—db—0CC z5 aperture—notilt.fits

surface rms = 138 microns

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

Send 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 z6

O raw data

() fitted beam map

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

Pfoject Name:

\ AGBT17B_044 02

Scan Number:

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

| Zero and Tumn Off Thermal Zemike Solution \ L

1

, GREEN BANK
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AutoOOF Solutions

« OOF image - displays the
measured A’s from the current
surface to the computed optimal
surface from the OOF
measurements. The algorithm
takes raw data, fits Zernikes to
that data, and produces the A map
(the combination of these Zernikes
builds the surface corrections).

* Ziot = Zgrav t Zthermal

* OOF measures the zit at the
elevation of your OOF target,
refers to models for zgray and
then deriveS Zthermal

ay -1 | GbtStatus - 1

Pointing = Focus | Continuum | OOF ]

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
@ z5 (+0.06,+0.35) -2.60 mm
O z6

O raw data

O fitted beam map

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

Project Name:
|AGBT178_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 \

* Zthermal IS the differencesfetween measured zit and the models (zgrav).

 Thus the solutions are often called “Zernike Thermal Solutions” or
“Thermal Coefficients” for short

(,‘ GREEN BANK
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AutoOOF Example Solutions

Acceptable OOF results typically have an RMS of less than 400-microns in
comparison to the gravity model

=20 0 20

surface rms = 1387 microns

surface rms

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

Figure 5.8: Figure |5.8a;
Figure|5.8b

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

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.




/home/gbtdata/AGBT21A_376_01 s5-1-db-000 z5 aperture-notilt.fits /home/gbtdata/AGBT21B_206_06 s8-1-db-000 z5 aperture-notilt.fits

Bad

Good ‘ ‘ o

Surface RMS = 226 microns Surface RMS 7 microns

/home/gbtdata/AGBT21B_206_06 s46-1-db-000 z5 aperture-notilt.fits /home/gbtdata/AGBT21B_206_06 s41-1-db-000 z5 aperture-notilt.fits /home/gbtdata/AGBT21B_298_08 s3-1-db-000 z5 aperture-notilt.fits

0 20
Surface RMS = 983 microns Surface RMS = 879 microns Surface RMS = 638 microns
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File Launch Help

| Cleo Status

status [Eor | State [Running [ LST 07:09:19 |uTC | 07:18:45 |
Device Status State Source | COREDG | scan# | 65 \ Wi ndow
R 0 Running Project | AGBT16B_119.02 | S8 Master | VEGAS ]
LO1 clear Running
IFRack  clear | Running Start | 07:17:02 | Length | 120.0 |
ConverterRack clear Running .
SwitchingSignalSelector  clear Running Countdown‘ ———'ea Remaining 00;00:18‘ Z,El LPCS
Measurements clear | Running
ActiveSurface clear Running Ohserver Youngmin Seo
QuadrantDetector Error | Running Obs. Type I LINE ‘ Switching I
VEGAS  clear | Running Y
RevrArray75_115 clear Running Proc Name Track | Seque »
lEManagen___clear s RestFreq |  89188.5247 Velocity
Frame | Kinemge®[SR |  VelDgbr”  Radio | FOCUS YFC
| On Source is FaultyE-Stop | —mv)//
Time to Set AzLPC | -0.0801 EILPC |  0.0047 E )
04:19:29 Encoder —| XFC YFC ZFC XtE ZtFC  |[irem Active
Azimuth Elevation 00| 086 T 000 o000 o0o00f | foc ||Wy @ E Surface ON
Indicated | 266.84786 | | 5343131 | Config Model y Guiding | . - .
Commanded | 26684780 | | 5343125 ||| Model Sr- Latest | coord Mode | J2000 | with Thermal
Rate (/min 10.9 -114 0 5 1015 20 25 .
cmin) | 8 e . | wae || COrTections
Difference | -0.00006 | | -0.00006 | -53 | Temp:2a T(C)
sevoEm (") | 03 | [ 01 || punamic comestions from OOF
Focus Azl | 0.00| Azz | 005 El | 0.07 | Focus |-13.91

VEGAS

Devices |IF Manager | M /
——ActiveSurface 4= VEGAS — |} ba I ance
Num Disabled | 37 | [ OOF Zemike Mode|  Sim Mode Val ues on
Ond RMS | 33633 | | Zero Offsets y real J1 | 1933 | J5 | -1876 | J9 | -1981 (N3 | -1948 | Sk .
Peak Resid | 34625 | | FEM Model | Ctd Mode J2 | -1973 | J6 | -1963 [no | -1997 N4 | -1995 | y
Ond 1Q RMS | 37085 | | Zernike Coeff | Enabled J3 | -1984 | J7 [ -1942 [m1 | -1958 (N5 | -1953 | ~-20(+/-3)
Ond Resid | 160 | | Z Thermal Coeff | Ja | 2020 | J8 | -1963 (M2 | -1976 (N6 | -1946 |
| i Random Offsets |
Auto Scroll  Off | l'ﬁ— Phase Table... | Other Devices — | Retrace IF | SR B




AutoOOF ‘Raw Data’

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)

5 0319+4130 RALongMap (3 of 3) i I ™

6 043340521 VANECAL (1 of 2)
7 0433+0521 VANECAL (2 of 2)
8 043340521 Peak (1 of 4)

9 043340521 Peak (2 of 4)

10 043340521 Peak (3 of 4)

11 0433+0521 Peak (4 of 4)

12 043340521 VANECAL (1 of 2)
13 043340521 VANECAL (2 of 2)
14 043340521 Peak (1 of 4)

15 043340521 Peak (2 of 4)

16 043340521 Peak (3 of 4)

17 0433+0521 Peak (4 of 4)

18 043340521 FocusSubreflector (1 of] T MR N T R DY

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)

Pointing ] Focus ‘ Continuum ’ OOF ‘

Afocus = +0.00 mm  Afocus = +12.00 mm

Afocus =-12.00 mm

¥ 1o

2 sk Jos
"; 00
5 0 105
5 L1.0

L5

-10 Il Il 1 1 20

20
15
10

00
o5
1.0
FL.S

After baseline removal
(=]

1 | 1
0 1 2 3 4 5 5 6 7 8 9 10 10 1 2 13 WU I5
Time (minutes)
g 100 rORServed beams | T T T T T T 7
w
20 - 50k 450k ]
)
= - -~ LR
5 ofF K of 4
g -s50 | 50 |- 450 | .
>
2
w 100 1 1 1 13100 L 1 L 13100 L 1 1 1
50 0 50 100 50 0 50 100 50 0 S50 100

Cross-Elev Offset (arcsec)

~

Zemike Solutions LPCs (az2, el) LFCy
022

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

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

Project Name:
[AGBT17B_044_02 ]
Scan Number:

3 J
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 J

< —— ] D]
0ldAz2: 0.000 OldEl: ©.350
dAz2: 0.153 dEl: 0.020
NewAz2: 0.153 NewEl: 0.370
00FMAP 1.0
O0FMAP 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:-




AutoOOF Beam Fits

File Edit View Tools Help

Z B

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)
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 PSC005 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 PSC006 Track (1 of 1)

Pointing l Focus I Continuum ’ OOF ‘

v

-Zemnike Solutions LPCs (az2, el) LFCy
O z2
= i Afocus = +0.0 mm Afo'cus 1= +]12'01mmmo Afocus =-12.0 mm O z3 (+0.06,+0.35) -3.75 mm
N | ) 1 1S L L T
B ol Py | - | O z4 (+0.06,+0.35) -2.55 mm
= . -
N BN N2} ow 025 (+0.06,+0.35) -2.60 mm
§ S0 b e L 4 sl ol O z6
>
% -100 1 Il i 14 -100 1 1 1 14 -100 L 1 Il Il ) raw data
=50 0 50 100 =50 0 50 100 =50 0 50 100 I © ﬁed beam map
'g o PSS« E o BRI
5 o : B 4 0 | x%,~6.406e-02_ I Show Fixed-Scale Image
;g: z’; [ o - 1 2'; B - ’ 1 2’; B e - [J Show Solutions with Focus Removed
% 0k 2 L 1 0L 2 AutoOOF Processing Status: Complete
= -0 B = - 10 B
% -60 v V] D] e A DA e B e e e -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:
S - ~ -
; « N - " B © R (AGBT178_044_02 ]
e - B KO Scan Number:
@ of — = 4 of 4
£ 20| = B 4 20 A [3 ]
2 a0 b . L 4 w0 f d
% =60 ] 2 b b el e U -60 e 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)
’g &0 _OZ_I_slﬁtl W=l 1 e [ R B P e & ! zl ‘6_2'011 -62
g wf T 5 H a0 | Xmm0-200€00 Reanalyze OOF (Online Onl
S »p (3 il L % ' e . i l Yy ( y) ]
s _23 i i i i _zg E i Send Selected Solution with no Point
%; a0 B 5| E B B 3 or Focus Correction (original method)
% 60 o T SR e] 60 (it n :
—40-20 0 20 40 €0 80 —40-20 0 20 40 €0 E0 —40-20 0 20 40 €0 80 \ Zero and Turn Off Thermal Zemike Solution ]

Cross-Elev Offset (arcsec)

S — [>)

|

dEL:

0ldAz2: ©0.000 OldEl:
dAz2: 0.153
NewAz2: 0.153 NewEl:
OOFMAP 1.0
00FMAP 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:

-Observation Control:—

| Pause ‘ ‘
‘ Stop ‘ ‘

| nteractive




AutoOOF ‘Raw’ Data Streams

Afocus = 4000 mm  Afocus = +38.00 mm Afocus = -38.00 mm Afocus = +000 mm  Afocus = +38.00 mm Afocus = -38.00 mm
L 500 475 T 1 ] L T | L->] 1] L] 1 1 1 434 40
490 |- 4470 |- - -
€@0 - 4a2 | s
- 480 4465 B 136 .
- Taro |- Jas0 |- - ° Tlazo | d
. . 434 R
8 W 80 | 458 | . 3 R
28 - -4432 R
£ ™0 4850 - 44650 . = -
-] - a0 |- Hus | . 4 26 |- J00 ‘
430 40 _ e 28 R
B0 - w0 | das | - s i B Taze .
00 ] 1 1 | 1 410 430 | I | | 20 Il ] | 1 | 422 L 24 1 1 1 |
nE 2 E DS 2 N 1213415161718 0 1 2 3 4 5 6 5 678 910112 1213415117 18
150 T T T T T o ML 20 15 T T 1
§ 1 E 3 n
» <415 -
o wo} . e w}
§ » 0 § . i
v " 3 N
1 .
v O . v SF
£ 10 - 45 | & 0 .
2 o R 8 o = J
2 0 <4 0 . )
-] 8 = |
= .50 L 4 h LS
v 10 |- - -5 . e
[ & -3 B
g <
-100 ] 1 1 1 1 20 1 ] Il ] 10 -10 ] ] 1 1 1 -3 | 1 1 1 1 -4 1 | 1 1 |
0 1 2 3 45 6 6 7 8 9 0¥ 1R 18 01 2 3 4 5 6 6 7 8 9 1011 12 1213 41516 17 18
Time (minutes) Time (minutes)
g 2 ]
g ™F :
S %) S
¥ OoF g
£ o £
o o
> -100 100 >
v % v
W ~150 50 :
~208156100-50 0 350 00 ~208158100-50 0 50 100 ~200156100-50 0 50 100 ~200158100-50 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.
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Example of a Bad AutoOOF Solution

In this case observations were done in the keyhole at >85° and OOF “rms”
438 um with a large implied focus and EL pointing offset.

Zemike Solutions LPCs (az2, el) LFCy

/home/gbtdata/AGET17B_C44_01 s3—1—db—0CC z5 aperture—notilt.fits O 22
O z3 (+0.25,+0.81) -6.56 mm
. . O z4 (+0.25,+0.82) -11.54 mm
Solution with ® 25 (+0.24,40.83) -13.19 mm
large rms O 26
O raw data

>400 um
should not be
used.

O fitted beam map

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

| J
Project Name:
|AGBT17B_044_01 ]
Scan Number:

E ]

Check the raw
data and fitted
beam maps.

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)

. cypuespras | Zero and Tumn Off Thermal Zemike Solution |
surface rms = 438 microns
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Beam Maps of Example Bad OOF

The “observed” Pointing | Focus | Continuum | OOF
beams should not Zemzike Solutions LPCs (az2, el) LFCy
CZ
be Strea kS Or Very Afolcus l= +?.0 r'nm Afocus = +12.0 mm Afo'cus l= -1'2.0 Tm O 23 (+0.25,+0.81) -6.56 mm
elongated. PoSkoes Seali O z4 (+0.25,+0.82) -11.54 mm
This Can happen in s O 25 (+0.24,+0.83) -13.19 mm
. iy ) z6
windy conditions. i
@ fitted beam map

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

2R 1
L
I
(=]
=]
s
Sk
fog =

Project Name:

[AGBT17B_O44_01 ]
Scan Number:

E l

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

1
1

| L

L
z
=}
o
BF
EE
2
8

‘ Reanalyze OOF (Online Only) ]

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

-;4'0_;0 <; 2:3 4;; 5'0 ; | Zero and Turn Off Thermal Zernike Solution [

Cross-Elev Offset (arcsec)

Elev Offset (arcsec) Elev Offset (arcsec) Elev Offset (arcsec) EleV Off

_ OBSERVATORY




Beam Maps of Example Bad OOF

1 ” v
The Observed Pointing ‘ Focus l Continuum | OOF
beams should not Zemike Solutions LPCs (az2, el) LFCy
O z2
be Strea kS or ve ry o Afolcus l= +?.0 r:\m Afocus = +12.0 mm Afo'cus '-—- -1'2.0 r:'\m N 23 (+0.25,40.81) -6.56 mm
elongated. g |Pieoied bl O z4 (+0.25,+0.82) -11.54 mm
: . I e )
windy conditions A - R B
y ) 3 SN e o O raw data
o -0 0 50 100 =50 0 30 100 =50 0 50 100 @ fitted beam map
E 60 523 w0 F & T 21_[ T lz_-l
In this case data ‘= i 2F ', .
. ;,3 22 i ] 22 L y 2% [ i [] Show Solutions with Focus Removed
were taken 1) the g 20 F d 0| 4 0k e AutoOOF Processing Status: Complete
. 40 - 40 - 40 - 2
keyhole causing Fo ST D e e R~ o
th t f _ —40-20 0 20 40 €0 £0 —40-20 0 20 40 €0 E0 —40-20 0 20 40 €0 €0 Project Name:
€ apparent focus g [ z=ati i 1 o [e—ef%oo)] (AGBT178_044_01 |
correction to be S af 1 =f 1 2 | Scan Number:
o O0F - oF — ok 2
very large and a £ of i =} 1 =f | E |
2 i £ i E 1
o Lk IR o0 -60 IR Send Selected Solution with Point and Focus
§ o FoTsT e F o0 Fr T T T )
g of 1 ©F i? 1 [ xi=8%06802] ‘Reanalyze OOF (Online Only) ]
— 20F 4 20F 4 20 F -
Do not apply OOF g _23 i i _23 i il _22 E il Send Selected Solution with no Point
CorreCt|0nS |f you © wf o B o B 3 or Focus Correction (original method)
2 _60 | 60 | -60 |,
cannot trust the W 00 DM@ 40200D00M 40200200 0m | Zero and Tumn Off Thermal Zemike Solution |
Cross-Elev Offset (arcsec)

results. Redo.
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Another Bad OOF (avoid Z3 Solution)

lev Offset (arcsec)

Afocus = +0.0 mm

Afocus = +18.0 mm

Afocus =-18.0 mm

200 IIOII T Ibea'ms 200 Il- e o 200 I'l_ L BT R
100 - 100 - 100 -

o BN B o B - Y A =
-100 ~ -100 ~ 100 | =
-200 | - -200 - -200 |- -

0

I

200
100
0

-100

=200

-100

=200

v2,/=3.852e-027

-

Zernike Solutions LPCs (az2, el) LFCy

O z2
O 23

O z4
O 25

C) Z7

(+0.04,+1.00)
(-0.05,+0.17)
(-0.09,+0.12)

-22.63m
-8.41 mm
-6.11 mm

(Unk,Unk) Unk mm

Elev Offset (arcsec) Elev Offset (arc

Take the solution that has better fitted beam maps and reasonable values. In this case z5.

-100 0 100 200 300

100 200 300 400

=100 0 100 200 300 400

1 1 1 L

' Xred— &-

100 - 100 | - 100 -
ok . ‘. L ok - ) ok ’ . =
-100 - -100 - -100 -
=200 - -200 | - -200 =

|y I L) [ " L R T | T i e LY

-100 0 100 200 300 400 -100 0 100 200 300 400 -100 0 100 200 300 400

1 1 L) U 1 T 1 T 1 L 1

200 — - 200 - 200 e
z=5 fit 2,=2.246e-02

100 -~ 100 -~ 100 =
0 ‘. By +4 0 — o 0 Q ’ R
-100 - -100 - -100 -
=200 — =200 — =200 A

1 1 1 1

L 1 L l

-100 0 100 200 300 400

-100 0 100 200 300 400

-100 0 100 200 300 400

Cross-Elev Offset (arcsec)

() raw data
@ fitted beam map

Figure 5.10: The AutoOOF fitted
beam maps (left). The observed
beams are plotted on the top row with
the z3, z4 and z5 fits to the observed
beams plotted below. The z3 solution
(224 row down) shows an obvious ar-
tifact and should not be used. Also
note the significant jump in LPCs and
the LFC between the z3 and z4 solu-
tions (above).
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Bad OOF with ARGUS? What do you do?

« ARGUS Example
* Redo
« Don'’t apply corrections
« Recommended to OOF with Ka-band if on telescope

Notes on Telescope Corrections When Using ARGUS

« OOF surface corrections should be done with Ka+CCB system if available
for highest S/N, but can also be done with Argus if Ka+CCB is not
available

» Pointing and focus corrections can be done with Argus or at lower
frequency (e.g., X-band)

« Users can struggle and waste a lot of time trying to point/focus with Argus
(e.g., faint sources/marginal conditions). You should point+focus in X-
band if problems arise or if in doubt.

ﬁ _GREEN BANK
WRVATORY



Bad OOF with MUSTANG-2? What do you do?

Zernike Solutions LPCs (az2, el) LFCy
z2

/home/gbtdata/AGBT21B_206_06 s46-1-db-000 z5 aperture-notilt.fits

) z3 (-0.04,40.05) +24.95 mm
z4 (-0.01,+0.11) +14.36 mm
*) 25 (-0.12,40.15) -0.08 mm
)26

raw data

_ fitted beam map

v/| Show Fixed-Scale Image

| Show Solutions with Focus Removed

AutoOOF Processing Status: Complete

] ]

Project Name:

AGBT21B 206 06
Scan Number:

46
After selecting the Zernike solution above

(e.g., z5 or z4), click this green button to
send the solutions to the telescope.

Reanalyze OOF (Online Only)

Send surface solutions with no pointing
or focus corrections

Zero and Turn Off Thermal Zernike Solution
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Observing Strategies: Antenna Optimization

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

« MUSTANG-2 - point every 30 minutes

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

* Not recommended before 21:00 or 22:00
« Daytime surface changes <1hr time scales

* Due to these rapidly changing conditions, the AutoOOF solutions
(which are on a similar timescale) can cause more harm than
good from the AutoOOF. So it is typically not useful to use the
“thermal” corrections during the day.

« OOF solution good for 2-6 hours at night
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LASSI: Laser Antenna Surface Scanning Instrument

Commercial laser scanner

that will scan the dish and

detect deviations from

previous measurements.
Laser scanner

To be used in conjunction

with OOF. Not giving an

absolute correction but

deviations from previous

solutions.

Processing time takes 6
minutes (compared to the
20-30 minutes for OOF
scans)

Opens up more day time
observing for high
frequency.
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LASSI: Laser Antenna Surface Scanning Instrument
Photo of LASSI installed on the GBT
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LASSI: Laser Antenna Surface Scanning Instrument

1000
750

X axis (m)
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greenbankobservatory.org

The Green Bank Observatory is a facility of the National Science Foundation
operated under cooperative agreement by Associated Universities, Inc.
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