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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

Modelling the aberrations induced by gravity
Thermal effects
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The GBT
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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

|
Socorro 2005: OOF/GBT —p. 6



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
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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.

| M =2
3y b ¥
2 2 =)
X - X v
N & Hs & [l
i T ¥
e 8 = g 2 BH
g x -} = E}
N ~ &
) Ldo [
(@] o o
q
e
i E S
2 I T o
X X b
X -
T b 3 ¢
1 T ! T q
o © o 5
2 :
: i :
[.) |
§
—6x107*  —4x107*  —2x107* 0 2x107* 4x107*  —6x107*  —4x107*F  —2x107* 0 2x107* 4x10 _ex10-*  —4x10* —oxi0°* 0 2x107* 4x107*
T T T
o o o
% % Hs % Sk
~ - ~ ~
b b b
2 2 Hg 2 = H
X ER ° X ©
o~ N N
® o L.
o o o
T 3 1 g 3 g
S o T2 i
X X X
o 9 9
T
1 T i ?
o o ! o 0
X X X
T i i
T
—6x107*  —4x107*  —2x107* 0 2x107* 4x107*  —Bx107*  —4ax107*  —2x107* 0 2x107* 4x107%  —Bx107*  —4ax107*  —2x107* 0 2x107* 4x107%

[Perfect beams]

Socorro 2005: OOF/GBT - p. 10



Sample OOF observations with the GBT

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

A sample complex aperture function derived from observations
on 11th April 2005.
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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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Expected error as function of pointing jitter (or radio seeing).
Lines correspond to maximum Zernike polynomial from 4 to 8.
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Closure: good surface
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A follow up measurement of the surface with
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A measurement of the surface under benign
night-time conditions. WRMS 150 m.

the corrections derived from the observation
shown left applied. WRMS 100 m.
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Closure: bad surface
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Weighted RMS reduced from 340 mto 210 m.
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Gravitationaldeformationf the GBT

|
Socorro 2005: OOF/GBT —p. 17



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|

60-70

|
Socorro 2005: OOF/GBT —p. 21



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 (at 10 degree el intervals)
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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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Thermaleffects
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Thermal effects

Thermal effects currently preclude useful high frequency
GBT observations during day-time: Q-band observing
typically restricted to 11pm to 8am.

Aperture ef ciency during day-time can halve from
night-time values.

Pointing performance also degrades.
Thermal effects are non-repeatable and dif cult to predict.

|
Socorro 2005: OOF/GBT — p. 30



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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Correction strategy

Do a pointing run.

Assume all of the local pointing correction is due to
mis-alignment of the subre ector rather than actual offset of
the telescope structure.

Correct pointing by moving subre ector + hope that this also
reduces the aberrations.

The only test so far indicates this works and improves ef ciency
by about 50% or so.

|
Socorro 2005: OOF/GBT — p. 35



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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