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Astronomy: The Golden Age

1930-1970: Stars understood

1950-1980: Elements understood

1960-2000: Neutron Stars, Black Holes

1990-2010: Cosmology Understood

1990-2010: Growth of galaxies mapped
What next?
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New Growth Areas

Dark Matter and Dark Energy

Search for & Characterization of Extra-solar
planets

Synoptic Imaging at Radio and Optical
Wavelengths

New Bands (Sub-mm, Decameter, Very High
Energy)

Strong Gravity
The Early Universe
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Exponential Growth

* Moore’s law (Exponential Growth):
— Semiconductor gains grow exponentially

* Kurzweil’s observations (Accelerating
Returns):

— The exponential timescales can, in many cases,
become, successively shorter
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Moore’s Law
The Fifth Paradigm Logarithmic Plot

o
o
On
—
&
—
o
Q.
T
=
o]
O
)
w
—
)
o
0
e
ey
L
=
£
(0
O

Electromechanical Relay  Vacuum Tube  Transistor Integrated Circuit

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 7155
Year




The Palomar Sky Survey




The Infrared Universe Light from 1.6 million |

galaxies reveals the structure of the local universe

Two Micron All Sky Survey Image Mosaic: Infrared Processing and Analysis Center/Caltech & University of Massachusetts
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Accelerating Returns

* When different technologies can be
combined the returns are faster than
that provided by either technology

— Such convergences can provide periods of
exponential growth (even in absence of a
Moore’s law regime)
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New Growth Areas

Dark Matter and Dark Energy
— Massive Multiplexing

Search & Characterization of Extra-solar planets
— Many technologies

Synoptic Imaging at Radio and Optical Wavelengths

— Moore’s law

New Bands (Sub-mm, Decameter, Very High Energy)

— Accelerating Returns

Strong Gravity

— Accelerating Returns

The Very Early Universe
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Outline

* |. Gamma-ray bursts: An exemplar of
technological convergence

* Il. Synoptic Imaging at Optical Wavelengths
— Palomar Transient Factory

* |ll. Synoptic Imaging at Radio Wavelengths
— Radio band
— Sub-millimeter: The Lush Frontier
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Gamma-ray bursts
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(pmﬂuﬁ:f;nm mglhnnl‘70dal;ullmdelhnrhVeh
pagina a te), posti in orbita per
Allmc: hanno contribuito numerosi altri satelliti ¢ in

'pnmdlull&m&ymumm(ORO)chmhunlopuplu i

2000. Solo di recente perd si comincia a far luce sulla natura di que-
udhmpldillnmrdn.mdauﬂmmh-ohndue BeppoSAX (qui
sopra) che per primo ha izione con una
mhmcmupmnwfﬂ:knﬁ-kdlvunmhmww
che. 11 nome di questo satellite vuole ricordare Giuseppe Occhialini,
i " per gli amici, pioniere dello studio della radiazione cosmica
v foto in alto). Sullo sfondo 1l gamma-burst registrato il 3 settem-

1996.
 Qui a lato, il lancio del satellite avvenuto il 30 aprile 1996 da Cape
Canaveral con un vettore Atlas-Centaur,

n.101 Fastronomia ottobre 1998

nell'Era di Beppo
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A PIU DI UN QUARTO DI SECOLO un fascinoso
Dmi,\lcrn accompagna l'astrofisica. In media,

una volta al giorno nel cielo si accende un
lampo abbagliante; ovviamente non ci riferiamo ai
fenomeni di origine atmosferica, bensi a un evento
astronomico che caratterizza il cielo nella regione dei
raggi gamma. Stiamo parlando dei gamma-burst.
La storia curiosa della loro scoperta inizia negli anni
'70, in piena guerra fredda. Gli Stati Uniti lanciano
una serie di satelliti, denominati Vela, dedicati a
monitorare gli esperimenti nucleari sovietici. Durante
un'esplosione nucleare si ha una copiosa emissione di
raggi gamma: i satelliti Vela trasportano rivelatori atti
a scoprire flash di tali radiazioni. E' cosi che, fra lo
stupore degli astronomi, si scopre che diversi flash
gamma non provengono dalla Terra, ma dal cielo. La
notizia era rimasta segreta per alcuni anni finché,
aperti gli archivi agli scienziati, la scoperta fu annun-
ciata nel 1973.
Da allora, numerosi strumenti a bordo di satelliti
(I'atmosfera terrestre & opaca alla radiazione di alta
energia) sono stati dedicati allo studio di questi strani
fenomeni astrofisici. Tra quelli ancora in funzione &

da ricordare il BATSE (acronimo di Burst and

n.191 lastronomia ottobro 1998

Il satellie italiano ha consentito

tisultati decisivi

quali 'dentificazione

della natura extragalattica

di questi grandiosi eventi cosmici,

Ma qual ¢

il meccanismo astrofisico che 1 innesca!

<] Satellite Vela

V Gamma Ray
Observatory (GRO)
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stetia
di grande massa

coppia di stelle
di neutroni

\

palla di fuoco

ipernova

o buco nero
fusione ¢ emissione
in fasci collimati




What led to this
breakthrough™?

 The X-ray and gamma-ray detectors on
BeppoSAX have been around for

decades
 Availability of
— Large format detectors

— Rapid information dissemination (Internet)
— Rapid Data Reduction (Fast Computing)
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Il. Synoptic Optical Imaging



Mg (mag)

o

= Long GRB Orphan
Afterglows
Luminous Supernovae

— CCSNe
— Fallback
Supernova Short GRB Tidal Disruption Flares
- la Orphan

Afterglows
—Macro Novae
8 Luminous

Red Novae
B Classical Novae
F— l 1 1 | 1 l
1 10 100
Decay Time (days)

24/55



It’s somewhere between a nova and a supernova
... probably a p#'etty good nova.”




Palomar Transient Factory
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\
053 " 28/55



PTF is finding:
1 transient per 20 minutes
1 strong variable per 10 minutes
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Flux (erg/s/cm’/A)
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Swift Observations

Kiran (2008-08-18)
M,, = -23.5 (1) for z = 0.29
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llla. Synoptic Imaging at
Radio Wavelengths
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ow Frequency Arrays







Strong Gravity (LIGO)



Gravitational Wave Observatories




| Deci¥)

RA(")



Large Scale Structure in the Local Universe

Corona Borealis Bootes
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Legend: image shows 2MASS galaxies color coded by redshift (Jarrett 2004);
familiar galaxy clusters/superclusters are labeled (numbers in parenthesis represent redshift).
Graphic created by T. Jarrett (IPAC/Caltech)




llIb. The Lush Sub-mm Frontier




Early mm-wave astronomy

* 1961: Frank Low invents the Ge bolometer
* 1963: Sun, Moon, bright planets

TABLE

N.R.A.O. MicROWAVE THERMAL-DETECTION
RADIOMETER

Center frequency =250 GC (A =1.2 mm)
Bandwidth = ~35 per cent’

ATmin =0.015 °K, rms for r =10 seconds
1.2 mm Efficiency =25 per cent

dc Bolometer Characteristics:

To=2.0 °K -
Ro=7 by 106 Q -

G =0.85 u watt/°K : ey
B=12 ms ; e e v
So=10c¢/s - ~ .

Volume =1.2 by 1.0 by 0.36 mm?
S =1.3 by 10¢ volts/watt

ATaica — & hery 10— ernalé fnc rms

Vg -

N.E.P. =4 by 10~ watt




1973-78: 10-m telescope

' - A 10-METER TELESCOPE
for
MILLIMETER AND SUB-MILLIMETER ASTRONOMY

Robert B. Leighton
California Institute of Technology

g May, 1978

Final technical report for

NSF Grant AST 734908 43/55



COBE: Sub-mm Background

Frequency v [GHZz]
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1997: SCUBA
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Bolometer Performance
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Moore’s Law Again
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— Spectrometers
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“Vacuums, black holes, anti-matter —
it’s the elusive and intangible
which appeals to me.”




Now for something of real use in life




