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An Age-Old Question

e Epicurus - “there are infinite worlds both like and
unlike this world of ours” (ca 300 BC)

e Lucretius - "it is in the highest degree unlikely that
this earth and sky is the only one to have been
created” (ca 70 BC)

e The Pythagoreans pictured spectacular lunar
creatures who did not defecate (!?)

However ...



an age-old question

e Plato — “there is and ever will be one only-
begotten and created heaven” (ca 400 BC)

e Aristotle rejected multiple worlds via a
complex metaphysical argument (ca 350 BC)

And we know who won!

e The early church later opposed the concept of multiple
worlds



an age-old question

e Early thinkers had no physical
framework with which to approach the
problem, only philosophical and
theological musings

e Middle-ages (ca 1300) resurgence of
“multiple worlds” and the tools to start
thinking about it somewhat critically.

Are we alone?



Early SETI
(Signalling ET1)
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early S(ignalling)ETI

e Charles Gros advocated France building
a gigantic mirror to signal Mars

e Joseph von Littrow advocated digging a
large trench in the Sahara in some
geometrical form, filling it with
kerosene and igniting it



Early SETI
(Search for ET1)

e No less than Nicola Tesla and Gugliemo
Marconi thought they had detected
signals from another planet.




Early Radio Astronomy

e Karl Jansky at Bell
Labs (1933)




Pacdio Astronorrty and W

|

N\ ‘f |

. different f

o 4R

caen

|

oty

e e s o
. & 2 e £

Nﬁ'a"* . e 'e} - i - 4_. 5. 2.":
_* i g t - ¥ J" =

I not much

1 o [ . .

e ‘5.'.!3\31 £ !_._ & ‘ «_"*5 S by B
Ly s L

o

i w7

B

- ..’_ | | )
v X "l

g ..,; S =
S Bice
s [ P -
EE !
4“3..1",\«-.:‘: i '.
?'~. éa"&_‘ i £
. -

of &

4

o]
& 3 b o s
v H.- 1 Ta e
o Ay . 5 ? Eo = . 1:'“‘. |7 by
e . L A + ? Lt W 10 .
B o . e s | x e Y L
Lo . L ~ .




-' 'R_agl_*io Ast'rbnqmy

"--

» Thermal -* * e 5%
Fe
e Spectral line




Crab










‘I}}lg!l Illl FFFF ffﬂ 0

il







Single Dish




Single Dish



Single Dish
+
Focal Plane Recei rs




Dish of Panels



Dish of Dishes

(X Vi)?
Guided



Dish of Dishes

Guided




Array of Dishes

Delay

Phased array ‘ (= Vi)? | Guided




Array of Dishes

Delay

Phased array ‘ (= Vi)? | Guided
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VLA D-configuration

o




Hat Creek Radlo Observatory

ﬁ mm;:}rrml | . '

Tiofesta Reserunir D31 0KmY
Tcazelle o Jlturas

ﬁcanhy

ﬁl"r'lu unt Shasta

; ' Likely
Dunsmuir GPI:Indl:lsa Lnnknut .ﬁ.dtn o

BiEhEI‘

Cana
& ‘ D-::Ienl:-urn' DM&I:IEIinE
@ :'H_ et (Big Bend Fall River Mills

N1 aAsLd IYaLl, i
: g Foar 5
; | Little valle
Lakehea . onurne'y @ 4 ﬁTermﬂ

Round Mountain / Lassen natl, * L'f’-SSEf'Irf-J atl: Rauendaleq
o =0,

Far,

Shasta Lake
o

Whitr‘nﬁre Horse Lake
_ . Al
Shﬁsta.o. @Rﬂ‘d d'ng o Fatean -
FL a Wolcahic hatl,
" 73 Palo.Cedro shingletoin Pafk
na 4 o
. : OAndersun s Manton-. S Susanville E@
Cottonwond-.--=F a
Lo T . LN Standlsh
= a D.iles Paynes Cree

kL = of 432
\ —|-dssen Natl,
- |‘I .
‘Réd Bluff Rl LA N Milford
@ : OGreenl.lllle W

QBU"IE Meadows _ DTe«a;ln:urs;_ﬂlle

TEH.I’[’I&n Lus Molinos : nEEl'.'-‘EP'I ﬁTWﬁ.H’I ﬂﬁphpcpp

Red B-ELF'IK
O







e e

5
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Original "Nebula”




Imaaina with ATA-350
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1420 MHz . s

Snapshot image




Imaging with VLA E-
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B Control

O Site
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Survey Speed for a Brightness Temperature Sensitivity of 10 mK at 10 km § ' Resolution Survey Speed for a Continuum Sensitivity of 1 mJy
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Design Goals for the ATA

Number of elements 350
Element diameter 6.1 | m
Total geometric 10,229 | m?
collecting area
114 | m Diameter equivalent
Frequency 0.5 11.2 | GHz
Aperture efficiency 60 | %
Effective area 6,137 | m2
2.2 | K/Jy
System temperature 42 | K At 80 K
Ao/ T 146 | m2/K | ~1% SKA
Effective diameter 700 | m Natural weighting
Number of beams 16 Dual-pol
FoV 40 0.07 | deg? (5 deg? at 1420 MHz)
Synthesized beam 216 9.8 | arcsec




The Electromagnetic Sky
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Not Just Cheaper, but Better

® Exploits Large Primary FOV
® Enables Simultaneous SETI and RA

e Satellite Nulling
N\

Uses RA Imager

AN

Steer the null ‘ Every beam needs a back end
beam ont N
satellite O\ 5 times

Size of

Full moon



Mull formed far the Path of a GPS Satellite
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Figure 6: Left: ! ' '

Left: Null formed for the path of a GPS satellite with the ATA-350. Fifty individual nulls were
Dlil(‘t,‘(l illi.}l];_’" the 1.5 secc ) : AT,

5 second path of a GPS satellite. Contours are decibels of RFI suppression. Right: Effect
on the main beam of a phased array signal as a function of number of nulls placed on the sky to suppress
interference for the VLA and four stages of ATA development. The large N characte

: or of the ATA gives it
exceptional Hexibility in handling interference for spatial nulling and post-correlation RFI mitigation




Cancellation

Elimination of GPS with a Wiener Filter

4 T T T T T T T
Figure 17: Adaptive cancellation of a Global
35 1 Positioning Svstem  signal using a  reference
antenna and Wiener filter method. The blue
r 1 curve 1s the primary spectrum imcluding GPS.
The green curve is the residual spectrum after
8 1 cancellation. Over 30 dB of mterference rejection
| 1s achieved.
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Cost Curve
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The following compenents may be used to construct ATA Slgnal Path for PABEs PABE - phased-array back-end

descriptors that denote data streams or hardware LNA - low noise amplifier
through which data streams pass: (by Antenna by Card) Feed PAM - post-amplifier module
zone (1-35) o OTX - optical transmitter
element (a-m) PAX - PAm/otX
polarization (X|Y) LNA LNA RFCB - 1f converter board
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(2.4-meter secondary)
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Tip Curve

ATA Tip Curve:
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Antenna




Antenna Surface

e rms: 0.022"
(0.56mm)

e p-p: 0.118” (3mm)

Primary RMS evolution

—e— RMS
—e— Peak-to-peak

Residuals ["]

Antenna Number
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UV Distribution
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Control

e Java—based client-server JSDA (Java
Simple Distributed Architecture)

e TCP/IP, UDP/IP
e Jython scripting

e SBC at each antenna does it's own
housekeeping

e Hierarchical controllers thru processor
e Monitor — less is more
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Single Dish Sensitivity
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Recelver Temperature
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SKA Antennas

= Range of possible solutions
— Aperture phased arrays
— Flux concentrators (dishes)

m Need at least two antenna

types to meet current spec

— Cost effective high-frequency
solutions don’t provide enough
area at low frequencies

-~ Want good efficiency at high
frequency AND multi-fielding
(or at least wide field-of-view) at
low frequency

— The “hybrid” approach

m SKA concepts have different
antennas BUT much post-
antenna system similarity




Uncertainty Principle




Uncertainty Principle

Nature never does e

T'echnology can approach limit
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SETI Targeted Search
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10°
10%
10°

100

Targeted Search

D N. Weather AOPR at

Vv MaX Clv

Max

[GHz]  [pc] radar D, .y
at D, .,

0.5 30 108 9 0.006

1.5 65 107 40 0.03

4.8 140 109 200 0.12

15.3 300 10° 900 0.6

GHz



Near Sky Survey
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Far Sky Survey
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