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* Arecibo’s PAF Feasibility Study
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Introduction

* Most Sensitive Single Dish L-Band Radio
telescope in the World.

* Main Spherical Reflector is 305 m in
diameter

 Maximum scanning angle with respect to
zenith: £15°
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Introduction

* Most Sensitive Single Dish L-Band Radio
telescope in the World.

* Main Spherical Reflector is 305 m in diameter

zenith: £15°

* Arecibo Gregorian Corrector: Dual shaped
Reflector System to correct for spherical
aberration and produces a uniform aperture
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e Effective Elliptical lllumination of 237 x 207 m
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CEe 8 Aperture lllumination and LY

Radiation Pattern L-Band @ 1.375 GHz

UNIVERSITY

' 237 m ! HPBW=200 x 230"
30.4’ x 30.4’

207 m

Aperture illumination Far Field Radiation Pattern [dB]
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Arecibo L-Band Feed Array
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Total Incoherent Multi Beam Pattern

TE11 Mode Horn &J25.0 cm x 26.0 cm c-c

Calculated Beam Pattern Measured Beam Pattern

Image by Carl Heilis, Dec 2004
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HPBW=200" x 230"
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Survey Speed:

' # of beams ] ' Bandwidth ]

Voo
SVS = Nb Qb BW (Aeﬁ“/Tsys)Q'

' Beam Solid Angle ]
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Survey Speed: Enter AO PAF

' # of beams ] ' Bandwidth ]

Voo
SVS = Nb Qb BW (Aeﬂ-“/Tsys)Q'

' Beam Solid Angle ]
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(OEEESEl Arecibo’s AO FPA Architecture
Components

Telescope’s Optics

Gregorian Optics

Array Elements

LNA’s

Cryogenics
Signal Transport

Beam Former
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Spectrometer
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(EENIEENE Arecibo’s AO FPA Architecture
Challenges

Telescope’s Optics

FOV

Tsys

Bandwidth
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Available Field of View
with Arecibo’s a Shaped Optics
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FOV in the Gregorian Focal Plane
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AO Gregorian FOV: Scanning Losses

—0— Xscn, 1.375 GHz
—t—Yscn, 1.375 GHz
=O—Xscn, 5.000 GHz
—t—Yscn, 5.000 GHz
—0—Xscn, 7.000 GHz
—2—Yscn, 7.000 GHz
=0O—Xscn, 9.000 GHz
—t—Yscn, 9.000 GHz
—@— Xscn, 900MHz

—&—Yscn, 900MHz

ALFA 7 Pixels

OFOV: 3 Beams | \ \K é

-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
FOV radius [HPBW]

Relative Power [dB]

:1 PHASED ARRAY ANTENNA SYSTEMS FOR RADIO ASTRONOMY
AT German Cortés M May, 2010 Rev. -

Brigham Young University, Provo UT May 3-5, 2010



Cornell University

@, PHAS

FOV in the Gregorian Focal Plane

LFA 7

Is

A

Pixe

256 arcsec Right

|[ 256 arcsec Left

ED ARRAY ANTENNA SYSTEMS FOR RADIO ASTRONOMY

Brigham Young University, Provo UT May 3-5, 2010

German Cortés M May, 2010

Rev. -

BYU

BRIGHAM YOUNG
UNIVERSITY




BYU

e FOV in the Gregorian Focal Plane

ALFA 7 Pixels

256 arcsec Right | || || || 1l |[ 256 arcsec Left

| Astronomy and lonosphere Center

ona

T e L
N ./ e ~
e - - - e
(B - g e
L~ P e e
P e P /
e /-/ //'/ ) /// Pl /S
o~ ~ / s s
. P E R Aya Y
P S
- S S
- y S S / /S
- ~ / VAV AR AV LSS

:@i PHASED ARRAY ANTENNA SYSTEMS FOR RADIO ASTRONOMY
i ol German Cortés M May, 2010 Rev. -

Brigham Young University, Provo UT May 3-5, 2010



BYU

() RSESUEIEEYl AO Focal Plane Field Distribution
from PO: On Axis, Wavelength: 21 cm

Co-Polar Intensity [dB] Co-Polar Phase Distribution
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() RSESUEIEEYl AO Focal Plane Field Distribution
from PO: 430 arcsec, Wavelength: 21 cm
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Exploring the Available:
FOV at AO Gregorian using PAF’s
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Exploring AO FOV with 19 BYU dipole PAF
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PAF Positioner Scanning Arm

Focus Stage
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PAF Positioner/Scanning Arm

e Design by Dr. David Smith

3 degrees of Freedom

* Radial Stage Range: 600 mm (+PAF Diam/2)
e Azimuth: +/- 180 degrees

* Focus Stage: -100 mm to +300 mm

* Weight: ~50 Kg
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PAF Positioner Arm Work Envelope

Electronic Cabinets
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Exploring the Available FOV
at AO using PAF’s: Simulations |
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e minweenmy Arecibo Focal Phased Array Feasibility Study

Methodology

For each individual Dipole:
Embeded Dipole Radiation Pattern
Far Field Antenna Pattern Through AO Optics

__Co-Polar Amplitude | | Co-Polar Phase
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e minweenmy Arecibo Focal Phased Array Feasibility Study

Methodology

For each individual Dipole:
* Embeded Dipole Radiation Pattern
e Far Field Antenna Pattern Through AO Optics

PAF Beam Forming
 Mutual Coupling
* Noise model
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Y-axis 644 mm

Dipole
Orientation

—
Focal Plane
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Seewmeml Arecibo Focal Phased Array Feasibility Study ;
Array’s Coordinate System in Focal Plane
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PAF Sky Beam Mosaic: Case BO

U(Y)-axis

I) Cornell University

le
o & PHASED ARRAY ANTENNA SYSTEMS FOR RADIO ASTRONOMY

Rev. -

o
-
o
2
=
©
=
=
w
‘0
po)
—_
S
O
c
‘©
1S
—
]
O

Brigham Young University, Provo UT May 3-5, 2010



TUNT

A\ v,
S 2

i\l Cornell Universi
N\

QD A

|
]
S
@
O
o
@
s
0
®)
S
2
ke
C
s
S,
S
®)
S
=
"
<
—
S
S
2
)
T
<

Bore-sight

_ V(X)-axis

T
o & PHASED ARRAY ANTENNA SYSTEMS FOR RADIO ASTRONOMY
. Brigham Young University, Provo UT May 3-5, 2010

-

U(Y)-axis

Arecibo Focal Phased Array Feasibility Study
PAF Sky Beam Mosaic: Case BO

ty

@ D)

(©

7
N

away from center

German Cortés M May, 2010




BYU

5 Cornell University BRIGHAM YOUNG
A%, UNIVERSITY

Exploring the Available FOV
at AO using PAF’s: Simulations Il

"o‘h‘(
VAR
A g
.y ‘\QQA
0 oRSER! o

@, SPHASED ARRAY ANTENNA SYSTEMS FOR RADIO ASTRONOMY
Brigham Young University, Provo UT May 3-5, 2010

German Cortés M May, 2010 Rev. -



Arecibo Focal Phased Array Feasibility Study BYU
PAF No Overlapping Positions

in Focal Plane: Cases BO to B6
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PAF Maps in the Sky: Cases BO to B6
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PAF Sky Beam Patterns: Cases BO to B6
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PAF Sky Beam Patterns: Cases BO to B6

Tl Arccibo Focal Phased Array Feasibility Study b

3 Separation x1.0
A ]
S
@ 0
o
o 40
)
:Q 35 T -10
8 30
: 25
O 20 - | 20
'g 15
c
© é 10
> o 5 L -30
g 5,
o w 0
c X -
O e
S < -10 L -40
) < |
< -15
E 20 - G
-Q -25 1
) an -
czu 30
-35 -60
-40 = =
-40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40
U(Y)-axis [arcmin] e
@ PHASED ARRAY ANTENNA SYSTEMS FOR RADIO ASTRONOMY
German Cortés M May, 2010 Rev. -

Brigham Young University, Provo UT May 3-5, 2010



ercewmenny A\ recibo Focal Phased Array Feasibility Study BYU

BRIGHAM YOUNG
NIVERSITY

PAF Sky Beam Patterns: Cases BO to B6

40

35 I - . H_hLHil T vBO

30 sesssaie: FHEH £t -{=B1
25 T .

B2

[
T
1

=p=RB3

T

15

(N I
11

—_
o
1
1
I
L
1T
NN H

~B5

Bis

V-axis (X) [arcmin]
o
—
|

10 T
15 | ‘ it :
220 : - i man:
25 :
-30
35 = EEEE:E aaazza IS
40 '

1T
B T
1

I
1
1

NN

-40 -35 -30 -25 -20 -15-10 -5 0 5 10 15 20 25 30 35 40

U-axis (Y) [arcmin]

. S PHASED ARRAY ANTENNA SYSTEMS FOR RADIO ASTRONOMY
* . German Cortés M May, 2010 Rev. -

Brigham Young University, Provo UT May 3-5, 2010



ercewmenny A\ recibo Focal Phased Array Feasibility Study BYU

BRIGHAM YOUNG
INIVERSITY

PAF Sky Beam Patterns: Cases BO to B6

40
35 T =0=B0
30 <-B1
25 SiiEs “/x=B2
20 . . =83
15 o =i=B4
i “-B5
K A | § -A-B6

V-axis (X) [arcmin]

-10
-15 [
-20
-25
-30
-35
-40

-40 -35 -30 -25 -20 -15-10 -5 0 5 10 15 20 25 30 35 40

U-axis (Y) [arcmin]

:@;- PHASED ARRAY ANTENNA SYSTEMS FOR RADIO ASTRONOMY

Brigham Young University, Provo UT May 3-5, 2010 German Cortés M May, 2010 Rev. -




BYU

5 Cornell University BRIGHAM YOUNG
A%, UNIVERSITY

Beam Forming Simulation
Preliminary Results
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Plane: Cases BO to B6
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Arecibo Focal Phased Array Feasibility Study
PAF Overlapping Positions in Focal Pla
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Beam Formed PAF Pattern

* Boresight beam pattern
e HPBW is 2.8 arcmin (ideally 2.9x3.3 arcmin)
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BeamFormed n, and Tsys over FO

* Aperture Efficiency
 Modeled beam equivalent Tsys with 15 K LNA’s
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BeamFormed n, and Tsys over FO

* Aperture Efficiency
 Modeled beam equivalent Tsys with 15 K LNA’s

Aperture Efficiency Tsys (K)

y (arcmin)

%010 o 10 20010 0 10
X (arcmin) X (arcmin)

4 PHASED ARRAY ANTENNA SYSTEMS FOR RADIO ASTRONOMY

German Cortés M May, 2010 Rev. -

Brigham Young University, Provo UT May 3-5, 2010



BYU

I) Cornell University

BeamFormed Aeff/Tsys over FOV &S
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BeamFormed Aeff/Tsys over FOV &S
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Conclusions

We have started the PAF feasibility Study of AO Shaped Optics

The PAF positioner is being fabricated, as well BYU’s single/dual
pol PAF.

We have made a series of simulations to calculate the expected
performance of BYU’s 19 PAF at Arecibo’s Focal plane, based on
the simulated pattern calculations of each of the 19 BYU
dipoles.

We obtained far field pattern data for 133 no overlapping
locations of dipoles in the focal plane

From the sensitivity plot, the 1 dB FOV (80% of peak sensitivity)
is roughly 16 arcmin in diameter

Measuring campaign of a Shaped Optics with a PAF by mid
June.
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