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GBT Telescope Optics
• 110m x 100m of a 208m parent paraboloid

• Effective diameter: 100 m
• Off axis - Clear/Unblocked Aperture (low sidelobes, high

dynamic range imaging)
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GBT Telescope Optics 2209 actuatorsThe Active Surface
Currently rms  ~230µm at night with good 
corrections.

Makes the GBT the 
largest single-dish 
operating efficiently 
at 3mm in the world

Telescope Surface RMS/
Diameter

GBT 2.3e-6
ALMA 2.0e-6

VLA 
VLBA  
NGVLA

2.0e-5 
1.4e-5 
~1.0e-5
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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, 
the gravity and thermal modeling with active surface corrections – lots of work by 
many people over the last decade….

GBT/Argus 109.4 GHzGBT/X-band 9.0 GHz

Unblock GBT aperture ➔ first side-lobe predicted at -27dB
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A Surface with random large-scale errors

Receiver Response 
(Taper/Apodization/…)

Surface Errors  
(Projected to an imaginary surface)
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Model Surface Using Zernike Polynomials
Derived by Frits Zernike in1934 (a won him the Nobel Prize in 1953) 

Essential in determining beam optics
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GBT Zernike-Gravity Model
Each Zernike parameter fitted as a function of elevation: 

Zn = An sin(el) + Bn cos(el) + Cn
The updated 2014 gravity model improved telescope performance  (PTCS PN#76)
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Surface Improvements with Zernike-Gravity Model

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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Use Out Of Focus (OOF) mapping observations of bright point 
sources to derive Zernike parameters

Surface Improvements with Zernike-Gravity Model



Use the ALMA Calibrator Source Catalogue to find pointing 
source and for absolute calibration
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Example of Argus AutoOOF Observations:
(scans 1+2) Vanecal-scans with the DCR

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

First map at 
default focus and 
should see 
source at good 
S/N.   Here, the 
source is offset 
from the center 
of the time 
stream/map 
which implies a 
significant +el 
LPC. 
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Example of Argus AutoOOF Observations:
(scan 4) Argus OOF map-2 data 

Counts lower 
since map 
made out of 
focus (+12mm)
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Example of Argus AutoOOF Observations:
(scan 5) Argus OOF map-3 data 

3rd OOF map 
with focus at 
-12mm (peaks 
higher than 
+12mm map 
so focus LFC 
will be 
negative)
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AutoOOF Solutions

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

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

Be weary of “rms” 
>350 microns (which
happens in windy
conditions)
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AutoOOF ‘Raw Data’
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AutoOOF Beam Fits
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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
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AutoOOF ‘Raw’ Data Streams
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Example of a Bad AutoOOF Solution

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

Check the raw 
data and fitted 
beam maps.

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

The “observed” 
beams should not 
be streaks or very 
elongated.    
This can happen in 
windy conditions. 

In this case data 
were taken in the 
keyhole causing 
the apparent focus 
correction to be 
very large and a 
large EL LPC. 

Do not apply OOF 
corrections if you 
cannot trust the 
results.
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Another Bad OOF (avoid Z3 Solution)
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AutoOOF Beam Fits

VEGAS 
balance 
values on 
sky:  
~-20(+/-3)
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Cleo Status 
Window

Az,El LPCs 

Focus YFC

Active 
Surface ON 
with Thermal 
corrections 
from OOF



Telescope Corrections
Ø For successful Argus observations, one must obtain 

and maintain good telescope corrections  (pointing, 
focus, surface)

ØOOF 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

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

ØUsers 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.
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Observing Strategies: Antenna Optimization

• 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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LASSI: Laser Antenna Surface Scanning Instrument

A Terrestrial Laser Scanner   
• emits laser signals to 

calculate distances based on 
the time delay of the returned 
laser pulses 

Opens up more day time 
observing for high 
frequency  

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



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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Pointing & Focus
• Peak and focus on sources within 30deg and brighter

than 1.5 Jy with Argus.  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.

• 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.

• If in doubt, point+focus with X-band.
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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.    

Zn(total) = Zn(gravity) + Zn(thermal)

Surface Improvements with Zernike-Gravity Model




