Out-Of-FocusHolograply atthe GBT:
Resultsandimplementation
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Outline

Aperture ef ciency (surface accuracy + collimation errors) is one
of the factors limiting GBT performance at high frequencies. For

many science goals, x improvement in ef ciency leads to x?
reduction in required integration time.

A review of the Out-Of-Focus (OOF) holography technique

Measurements of the GBT surface and the model for
gravitational deformation

Applying the model corrections
Thermal effects
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GBT optics

T4

A(x,y)

Aperture plane <= FT => Beam pattern
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Out-Of-Focus Holography

Input: Total power beam maps at a number of defocus
positions.

(1) P(; )=JE(; )i®=FTIAX Y)j?

Parametrisation: need to describe the complex aperture
function in terms of a small number of well constrained
parameters.

Processing: Find the aperture function that best ts the
observations, taking into account the instrumental effects.

Result: Maps of the aberrations of the whole optical system,
and, of the effective illumination.
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Zernike Polynomials
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Zernike Polynomials
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Zernike Polynomials
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Zernike Polynomials
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Zernike Polynomials
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A problem with Zernike Polynomials

[fg] [fg]
o o
(@) (@)
'e) 'e)
T T
1 —05 0 0.5 w 1 —05 0 0.5 w

|
OOF/GBT —p. 6



Why defocus: astigmatism
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astigmatism

Why defocus
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coma

Why defocus
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Sample OOF observations with the GBT

Observations on 11th April 2005 at Q-band.
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Sample OOF observations with the GBT

bservations on 11th April 2005 at Q-band.
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Sample OOF observations with the GBT

bservations on 11th April 2005 at Q-band.
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Sample derived aperture

Observations on 11th April 2005 at Q-band.
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Limiting factorsandpracticalperformance
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Simulations: defocus
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Expected error as function of defocus for three noise to signal
ratios: 0.001, 0.005, 0.01.
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Simulations: pointing
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Lines correspond to maximum Zernike polynomial from 4 to 8.
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Closure: good surface
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Closure: bad surface
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Gravitationaldeformation®of the GBT

|
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Gravitational deformations

Make measurements during the most benign conditions.
Each set takes 25 minutes.
Model the deformations as asin( ) + bcos() + c.

8

(deg)
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Gravitational deformations: measurements |
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Gravitational deformations: measurements |l
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Gravitational deformations: measurements |l|
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Measured large scale structure
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Gravitational deformations: ®tting a model
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Gravitational deformations: ®tting a model (pt2)
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The derived model
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The derived model (high el)
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Gravitational deformations: repeatability

Sample measurements at elevation of 25 degrees
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Measured improvement in ef®ciency
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Measured improvement in ef®ciency
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Usingthecorrections
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Applying gravitational corrections

Models evaluated at v e degree elevation intervals and
stored in a directory. Last part of the name of this directory
name is the model name.

Current model is called 2005WinterV1

Two ways to apply models

Non-intrusive way: a new version of the
AutoPeakFocus procedure applies the corrections as
well peaking /focusing.

Slightly intrusive way: A new observing procedure
(ZernikeModel ) exists which applies the corrections
appropriate for the current elevation of telescope.

|
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What the model actually looks like

/scp:hathor:/home/groups/ptcs/surfmodels/2005WinterV1

total 176

drwxr-sr-x 2 bnikolic ptcs 4096 Sep 17 20:09
drwxr-sr-x 5 bnikolic ptcs 4096 Sep 17 20:09
-rw-r--r-- 1 bnikolic ptcs 8640 Sep 17 20:09
-rw-r--r-- 1 bnikolic ptcs 8640 Sep 17 20:09
-rw-r--r-- 1 bnikolic ptcs 8640 Sep 17 20:09
-rw-r--r-- 1 bnikolic ptcs 8640 Sep 17 20:09
-rw-r--r-- 1 bnikolic ptcs 8640 Sep 17 20:09
-rw-r--r-- 1 bnikolic ptcs 8640 Sep 17 20:09
-rw-r--r-- 1 bnikolic ptcs 8640 Sep 17 20:09
-rw-r--r-- 1 bnikolic ptcs 8640 Sep 17 20:09
-rw-r--r-- 1 bnikolic ptcs 8640 Sep 17 20:09
-rw-r--r-- 1 bnikolic ptcs 8640 Sep 17 20:09
-rw-r--r-- 1 bnikolic ptcs 8640 Sep 17 20:09
-rw-r--r-- 1 bnikolic ptcs 8640 Sep 17 20:09
-rw-r--r-- 1 bnikolic ptcs 8640 Sep 17 20:09
-rw-r--r-- 1 bnikolic ptcs 8640 Sep 17 20:09

surfacepars-el10.fits
surfacepars-el15.fits
surfacepars-el20.fits
surfacepars-el25.fits
surfacepars-el30.fits
surfacepars-el35.fits
surfacepars-el40.fits
surfacepars-el45.fits
surfacepars-el50.fits
surfacepars-el55.fits
surfacepars-el60.fits
surfacepars-el65.fits
surfacepars-el70.fits
surfacepars-el75.fits
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What the model actually looks like

#

# file surfacepars el20.fits
# extensions 1

#

# XTENSION 1
# Number of columns 2

#

parname| parvalue
z15 | 25.385321
z21 | 82.272316
z18 | 256.084900
z20 | 54.210773
z16 | 89.615822
z17 | 66.152252
z14 | 104.885536
z19 | 146.306442
z12 | 8.189839
z13 | 12.004662
z10 | 363.962830
z11 | 563.151489
z8 | 120.924019
29 | 424.338928
z4 | 615.827515
z5 | 194.101913
26 | 248.135620
z7 | 55.116074
z1 | 0.000000
z2 | 0.000000
z3 | 0.000000
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Example scripts

[Loading of catalogue & con®g ®le omitted]

# Perform auto peak/focus near target source.

# slew to target source

Comment("Slewing to target source...” )
Slew( "BR1202")

# auto peak/focus

AutoPeakFocus()

# Spectral line observations

# Configure for line
Configure(line)

# Slew to source and balance the IF rack and spectrometer
Comment( 'Slewing to target source..." )

Slew( "BR1202")

Balance()

# Peform a NOD observation
Nod("'BR1202" , "1" [ "2" ,90.0)

|
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Example: ZernikeModel()

# Preamble
import o0s
ptcsturtledir = "lhome/groups/ptcs/obs/turtle”
DefineScan( "ZernikeModel"
o0s.path.join( ptcsturtledir , "ZernikeModel.py" )

# Perform auto peak/focus near target source.

# slew to target source

Comment("Slewing to target source...” )
Slew( "BR1202")

# auto peak/focus

AutoPeakFocus()

# Spectral line observations

# Configure for line
Configure(line)

# Slew to source and balance the IF rack and spectrometer
Comment("Slewing to target source...” )

Slew( "BR1202")

Balance()

# Turn on appropriate Zernike's
ZernikeModel()

# Peform a NOD observation
Nod( "BR1202" , "1", "2" ,90.0)

See the WIKI for the code to cut and paste

|
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Example: ZernikeModel()

# Preamble
import o0s
ptcsturtledir = "lhome/groups/ptcs/obs/turtle”
DefineScan( "ZernikeModel"
o0s.path.join( ptcsturtledir , "ZernikeModel.py" )

# Perform auto peak/focus near target source.

# slew to target source

Comment("Slewing to target source...” )
Slew( "BR1202")

# auto peak/focus

AutoPeakFocus()

# Spectral line observations

# Configure for line
Configure(line)

# Slew to source and balance the IF rack and spectrometer
Comment( 'Slewing to target source..." )

Slew( "BR1202")

Balance()

# Turn on appropriate Zernike's
ZernikeModel()

# Peform a NOD observation
Nod( "BR1202" , "1", "2" ,90.0)

# Turn off Zernike's
ZernikeModel( doZernModel= False)

|
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Example: AutoPeakFocus2()

# Preamble
import o0s

codedir = "/lhome/groups/ptcs/obs/turtle™

# Define AutoPeakFocus2
DefineScan( "AutoPeakFocus2"
os.path.join( codedir , "AutoPeakFocus2.py" ))

# Perform auto peak/focus near target source.

# slew to target source

Comment("Slewing to target source...” )
Slew( "BR1202")

# auto peak/focus

AutoPeakFocus2(doZernModel=  "2005WinterV1" )

# Spectral line observations

# Configure for line
Configure(line)

# Slew to source and balance the IF rack and spectrometer
Comment( 'Slewing to target source..." )

Slew( "BR1202")

Balance()

# Peform a NOD observation
Nod("'BR1202" , "1" , "2" ,90.0)

|
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Example: AutoPeakFocus2()

# Preamble
import o0s

codedir = "lhome/groups/ptcs/obs/turtle”

# Define AutoPeakFocus2
DefineScan( "AutoPeakFocus2" ,
os.path.join( codedir , "AutoPeakFocus2.py" ))

# Auto peak/focus / turn on zernikes
AutoPeakFocus2(loc=  "BR1202", doZernModel= "2005Winterv1" )

# Spectral line observations

# Configure for line
Configure(line)

# Slew to source and balance the IF rack and spectrometer
Comment( 'Slewing to target source..." )

Slew( "BR1202")

Balance()

# Peform a NOD observation
Nod( "BR1202" , "1", "2" ,90.0)

[ Advanced usage |

|
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Thermaleffects

|
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Thermal effects: pointing

|
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Thermal effects: aberrations

Typical observation late in the morning on a sunny day
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Thermal effects: aberrations (1)

The resulting surface map
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Astigmatism due to mis-collimation

Aperture phase change due to lateral defocus
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Astigmatism due to mis-collimation

Offset aperture: a section of the parent paraboloid
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Astigmatism due to mis-collimation

Offset aperture: a section of the parent paraboloid
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Conclusions

It is possible to use OOF holography to measure the
large-scale deformations of the GBT, at all elevations, to
100 m RMS accuracy.

Using night-time observations we have calculated a model
for these deformations which signi cantly improves
ef ciency below 40 .

This model appears to largely atten the gain/elevation
curve ) most of the gravitational deformations are
large-scale.

The derived model is recommended for use at Ka- and
Q-bands.

Information from OOF measurements has allowed some
progress on the daytime performance of the telescope.
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