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Rendong Nan Phil Dimond Richard Schilizzi
FAST Chief Scientist SKA director SKA director
(2007-2017) (2011-2026) (2003-2011)



EARLY SKA CONCEPTS (1995—-2005)

Three technological paths toward a square kilometre of collecting area

FAST (NAN 201 'l)
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Reflector Section

LARGE NUMBER OF SMALL DISHES LARGE ADAPTIVE REFLECTOR APERTURE ARRAYS
Mass production Aerostat-supported feed Electronic beamforming
Excellent imaging Extreme sensitivity Huge FoV

Scalable architecture High engineering risk Multi-beaming
OUTCOME: LNSD — SKA-MIb | LAR — FAST | APERTURE ARRAYS — SKA-Low

Hall (2000); Dewdney et al. (2003); Schilizzi et al. (2007); ATA Concept Studies; Canadian Large Adaptive Reflector Project.



Heinrich Hertz 4k

(22 February 1857 - 1 January 1894) a German physicist

Hertzian Dipole
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TRANSMITTER RECEIVER

HERTZ'S 1887 EXPERIMENT: TRANSMITTING INVISIBLE ENERGY ACROSS SPACE
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1 hertz = 1 cycle per second,;
2@G, 3G, 4G, 5G ... billions of cycles per second
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HAROLD EWEN & EDWARD PURCELL
1951

Transit telescope designed to have the
Galactic Center pass through its beam
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QZAIL FIAZARD’S PREISNTATION
No.as72  March 16, 1963 NATURE 1037

INVESTIGATION OF THE RADIO SOURCE 3C 273 BY THE METHOD OF
LUNAR OCCULTATIONS

By C. HAZARD, M. B. MACKEY and A, J. SHIMMINS
C.S.LR.O, Division of Radiophysics, University Grounds, Sydney

S - % 3rd Cambridge catalog: 3C
o (Edee 1959; @159 MHz, >9]y)

HE, observation of lunar occultations provides the spond to spectral indices for components 4 and I of

most accurate method of determining the positions ~09 and 0-0 respectively. The spectral index of 4 1s a

:
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quasi-stellar objects

Quasar

ag ASTRONOMER
5% MAARTEN SCHMIDT

3889 A

5016 A 6030 A

3C 273: A STAR-LIKE OBJECT WITH LARGE RED-SHIFT

By Da. M. SCHMIDT

Mount Wilson and Palomar Qbservatories, Carnegie Institution of Washington, California Institute of Technology, Pasac

?’K'. l"I]F‘ only objects seen on & 200-in. plate near tho

positions of the components of the radio source
3C 213 reported by Hazard, Mackey and Shimmins
m tho preceding article are a star of about thirteenth

Table 1. WAVE-LENGTHS AND IDENTIFICATIONS

A A[1:158 Ay
3239 2797 2798 Mg 11
4695 3968 3970 He
4753 4104 4102 Hs



P >
The Nobel Prize in Physics 1974 i - JU 1E

----------------------------------------------------------------------------------

~

N memEmEE EEEEEEEEEEEE®ESSEE®

AT E:
22 /N Yy aringyS 4
ZAEAREROR: d* nXmn-1
coh

Photo from the Nobhel Foundation Photo from the Nobel Foundation
.| l'llih IVC. dATC h 1We.
Sir Martin Ryle Antony Hewish :
Prize share: 1/2 Prize share: 1/2 WlF=F 0 ~ ég%%f;

The Nobel Prize in Physics 1974 was awarded
jointly to Sir Martin Ryle and Antony Hewish "for
their pioneering research in radio astrophysics:
Ryle for his observations and inventions, in
particular of the aperture synthesis technique, and
Hewish for his decisive role in the discovery of
pulsars”
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Cygnus A

Quasars ..
rilli, 6cm, VLA / NRAO)
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& Mol 16 LETTERS T0 THE EDITOR

o high pressure, such us the sera-mass scalar, capable of speeding the umvi\ S rough the
@ perio of heium formation, To have o chosed puce, an energy densit {47 X 1070
v gmem’ i needed, Without 2 aro-mass scalar, or some other “hard" int§
ety could not bein the form of ordinary matter aid may be presussed o
Lional eadiation [Wheelis l‘J.'pﬁJ.

(ne other possibility for closing the univirse, with matter providing the cn
tent of the universe, 15 the assumption that the universe contains & net electriShy
nentrinn abundance (in excess of antinentringe) greatly larger than the nucleon
e, Tn this case, I the neutrlng abubdunce were 80 great that these neutrinos
degenerate, the degeneracy would have forced 4 negligihle equilibrion neutron ab
dance in the ey, highly conteacted universe, thus removing the possibility of mucle
reactions leading to helium formation, However, the required ratio of lepton to baryo
mmgmber must be 2 10°,

We dueply uppreciate the helpfutness of s, Penieias and Wilson of the Bell Telephone
Labaratories, Crawford Hill, Holmdel, New Jersey, in discussing with us the result of
their measuremints and in showing us theie rmlving systiem, We are alsa grateful for
several helpful suggestions o Professor ], & Wheelr,

R H. Dice

I ] E. Presies

PG Rowe

1T, Winkimson
May 7, 1065

Pikies Prtsical, Lanoxaridy
Piinceqos, New Jerigy
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A MEASUREMENT OF EXCESS ANTENNA TEMPERATURE
AT 4080 Me/s

Messurements of the efective zenith noisc temperature of the 2-foot hom-refiector
wttennn (Crawdord, Hugy, and Huat 1981) at the Craseford Hill Labaratory, Holmdel,
Niw Jorsey, al AR Me/s have viekled  vahie about 3.3 K higher than expected, This
earess ternpetatuee is, within the Jiniits of our observations, isattapic, unpolarized, and

v by Dicke, Peehlis, !MI. and Wilkinsm

temperature \uaured at the zenith i 6.1 K of which 2.3' K is
orption, The caleulated eontribution due to ohmic ligssein the
be repanse i 019° K,
he radiomiter e T (s Tnvestigation has been desceibed elsewhise (Pend
Wilsar 1905), Tt eriplays & traveling-wave rse, sela ¢
switch, and & liquid hefiurm-coked referenip e
were made by switching manually b
tin, The antenna, reference terminul
ronanidetrip retuirt loss of more than 55
et i the easurement of the effective temperature due to impedance mismatch can
hencﬁlnciﬁd.ﬂctstimaitﬂ arrat in the measured valueof the total antean
503" K and comes largely from uncertainty in the heo VPO the reference
{ermination,
The contributian to the oy
Lained by recording

pligin

due to atmospheric baorption was obe
antenna temperatuse with elevation angle and em-
W, The result, 23" + 03" K, isin good agreement with published
Hopg 1959; DeGrase Hogg (b, and Seovil 1959; Ohm 1961),

The contribution to the antenna femperature from ohmic loses & computed Lo be
04 4 047K, T this ealelation we have divided the antening Tnto thee parts: {1) two
nonniloin apers approxinately 1 m in total length whith translom between the
D-inch round output waveguide and the -inch-square antenna thront winﬁ; [N
double-choke rotary joint located between these twa tapers; (3) the nntenna lself, Care
was bnken to clean und align jolns between these parts so that they would nat g
ificanily increase the loss in the structure, Approptiate tests were made for leakage and
Juse in the rotary joint with negative results,

The peesibility of losses in the antenna horn due to imperfections i its seams was
elimminated by means of & taping test, Tuping all the seams i the section near the throat
and mpgd of the others 'I'i.l.l\ aluminin Lape caied o observable change in antenna
Lemperatiire,

The backlabe eesponse to ground radiation s taken to be Jess than 04K for two
reasans: (1) Measurements of the response of the untenna fo 5 small transmitéer located
o ihe ground in its vicinity indicate that the avernyge bck-labe livel s mare than 30 db
il skl respotise, The hortireflector antenna was painted to the 2enith for these
messurenmients, and complete rotations in azimuth were made with the transmitter in
each of ten locations using horizontal and vertical transmited polarization from each
pesition, (2) Measurements on smaller harn-refector antennas at these laboratories,
using puled measuring sets on flut aatenna ranges, have conssteatly shown a back-Jobe
Jevel of 300 db helow islslmpir Tepime, (hr linger abediia Would be ex]‘xxtud 1o have an
eyt lower back-lobe level,

From & combination of the above, we compute the remaining unaccounted-for antenna
temperature to be 33" £ 107 K at 4080 Me/s, In connection with this resalt it should
e otedt that TheCrasse ef o, (1959) and Ohm (1961) give otal systen temperatures af
5650 M3 and 239005, respectively. From these it is possible fo infe uppet limits to
the background temperatures at these Erequencies. These liits are, in both cases, of the
sarne general magnitude as our value,

We e grah:[u'. tir 1, H, Dicke und his wssociates for fritful discussions of their e
ults priar to publication, We also wish to acknowledge with thanks the useful camments
and advice of A, B, Crawfurd, 1. C. Hogg, and E. &, Ohm in connection with the
probletns assaciated with this measurernent,

Penzias & Wilson 1965 Ap]JL
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R. H. Fowler, MINRAS 87, 114 (1926); S. Chandrasekhar, Ap] 74, 81 (1931)
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LEV LANDAU
1932 K FEHAMIB
KON THE THEORY
OF STARS)

1% 42 XX H

Department of Astronomy, Tsinghua University

[BEEFROAREH AN KB KRIR FZRVIRTE.

Chadwick:
71k “neutron star” B A RIITEITER,

NOBEL PHYSICS o NOBEL PHYSICS

CHADWICK LANDAU
| | B AR
RIH T 1935 . WA
JAMES CHADWICK
1932 m UM, Lanpau AEIURF T EER B RS HETE
A . . .. . TR
I BT ST B B A M S e B

L. Landau, Phys. Z. Sowjetunion 1, 285 (1932); |. Chadwick, Nature 129, 312 (1932)
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WALTER
BAADE

SUPERNOVA /
NEUTRON STAR

FRITZ ZWICKY

SUPERNOVA /
COSMIC RAYS

HHEEL — e - BT A

TR A 5 & BLGRMN BE e i Bk [ — PR 2R

Remarks on Super-Novae and Cosmic Rays

of our complete ignorance with respect to the evolntion of
the universe. -

3, dans n super-nevie

-

- .

= 107 years+410 seconds for 10 volt electrons,
g= " 4T6days 100 ¢ b
s= ‘444 years ' 10" " protons.

1{ suger-novae are giant analogues to ordinar
may expect Lhat tonized gas shells are expelled
al great speeds. If this assumption 8 correct,

ge

' 2C-
he
cosmic rays should consist of protons and h a n e u t ro n St a r e =y

Direct tests by cloud chamber experiments &

tudes are desirable in order to test this conclugion. Also
the problem supgpests iLsell Lo investigate how much energy
corpuscular particles loge on their long journey through
space. (Jn the picture of an expanding universe this loss
has been computed by R. C. Tolman.
4. Fiuctnetions of cosmie rays

In our original papers we have calculated the change 'n
intensity of cosmic ravs caused Dy Here-ups of super-novae
in nearhy galaxies. The estunates given are perhaps loo
optimistic in view of the fact that the velocities of different
particles are different. If varicus particles are ejected

simultaneously at the time -0 from a galaxy which is
10 1Y away the times ¢ of arrival on the earth are

for light if its velocity does not
depend on the [requency,

¢ =10* vears

W. Baade &> F. Zwicky, PNAS 20, 259 (1934); Phys. Rev. 46, 76 (1934)

5. The super-nova process
We have tentatively suggested that the super-nova
process represents the transition of an ordinary star into
a neutron star, [f neutrons are produced on the surface of
an ordinary star they will ‘‘rain'"’ down towards the center
if we assume that the light pressure on neutrons is prac-
tically zero. This view explains the speed of the star’s
transformation into a mneutron star, We are fully aware
that our suggestion carries with it grave implications
regarding the ordinary views about the constitution of
stars and therefore will require further careful studies.
W. Baape
F, Zwicky
Mt. Wilson Observatory and
California Institute of Technology, "asadena.
May 28, 1934.
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THOMAS GOLD

BH b3

=, rapklly puisating radio SoUrces 'were
wd as rolaling beacons sweeping over
), rackating out from rapidly rotadng,
¢ colapsed stars ("neufron stars™) Nu-
jetalled predictions folowed from this
nd all ware soon varified. The model
wnled dosely for e previously unex-
uminesity of e Crab Nebua. [The
icates hat these papers have been
m‘xla than 240 and 150 publicatons,
aly.

The Nature of Pulsars

Thomas Gold
Center for Radlophysics
and Space Research
Comell University
Ithaca, NY 14853

Cambridge radio astronomy
announced, In two papers In
ry and April 1968, the startling
tions of rapidly recurring short
ulses from four sources In the
ch had a constant pulse repeti-
quency ranging from 1/4 sec-
the tseteel to 1.33 seconds for
vest.

could any object at astronomi-
tances transmit sufficlent en-

brief pulses, so as to be ob-
e here? The source had to be
30 that the light time across It
1t lengthen the pulses beyond

milliseconds observed. A cal-
I gave almost unbellevably high
of the required Intensity at the

preferred to attribute these sources to
distant galaxies, not to stellar objects.

The pulsars now seemed to repre-
sent just the stellar objects | had dis-
cussed then. Calculations existed for
the collapsed “neutron stars” that in-
dicated approximately thelr size, as
small as a few kilometers, and M;
mass, on the order of a solar mass.
Astronomers generally thought that
even If they existed, they could never
be discovered. However hot, a star so
small could not be seen at astronom|-
cal distances. But they had not con-
sidered the energy concentration re-
sulting from the collapse: enormous
magnetic fleld strengths and a spin
energy quite comparable with the en-
tire content of nuclear energy of the
star before its collapse. With these
conslderations it was not unreason-
able to expect them to be observable.

| had another clue to the nature of
the new objects: While there was some
Irregularity in the pulse-to-pulse tim-
Iing, the long-term accuracy of these
“clocks™ was enormously better than
a statistical addition of the pulse Ir-
regularities would have allowed.

| proposed the model of a rapldly
spinning neutron star, which, as a re-
sult of some asymmetries, sent out a
strong beam of radiation from one re-
glon of longitude. This beam would
sweep over the Earth once In each
rotation period and would be seen as
a short pulse. The underlying long-
term accuracy would then be produced
by the spin of the object, while short-

CORNELL
ASTROPHYSICIST

[79)
©

N /S

NEZEE S

e Department of Astronomy, Tsinghua University

Fe e Ji A = B B YR
REESRBEYT TEMBEEDE,

LIGHTHOUSE MODEL

R S — A ST S HE kv

>

B 1968 4, GoLD &/} ROTATING NEUTRON STAR o

B 1969 4F£, CRAB PULSAR ) P > 0 Y Hr H 445k
B puLsar FRIT R AUEAL b B JZ TR

=i

T. Gold, Nature 218, 731 (1968); Nature 221, 25 (1969), W& Cornell Chronicle
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Discovery of two new pulsars in 47 Tucanae (NGC 104)

Z.Pan.'* G. Hobbs,” D. Li,"* A. Ridolfi,’ P. Wang'

and P. Freire”

WA © RAER Englsh ~ BXRRf] MR S8  ERER

BEEROFAZES  RERRERWATRAEE | RARRER—HFTNN, ® ®

'[f \ 3 ERtt RN, AOEREARK  EPEREHESE  EETHESTANELR 3
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CHINESE ACADEMY OF SCIENCES "
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TEAR: ERATE RERE 0160425 [£5: A K] BENSr FRFET R hHESEE. .

- BRREEETEIEAEETE
- BRRNASNERREHER L.
- PHERAPLEY RIS
- BEUFEEN= R ERATE

- BRREEST AR

b AR AR AT RE AR, B TR RS R RN, s
B AR ARESTFENREIGRE, PERFRERALARIHALRZ RIS TRERTEN
R, FRFHBR SIS YRR LB RASR ¥ George Hobbst kit Parkes BT R K MR
U, AERRT RN TANER T, RISEBEORRRARA TR EBRAE, 4
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Fulsar Possible Flux DM Rotation
Name When Appears (mJy) Periad
(ms)
J0024-T204aa 01 24.869  1.8453804735
J0024-7204ab 0.05 24.376  3.704639405

A 4 & Bk T

£

PAN, HOBBS, LI ET AL.

2016 MNRAS
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CH OH H,0 o H, CH,OH NH,CHO SiO Ceo
(1937) (1963) (1969) (1970)  (1970) (1970) (1971) (1971) (2004)
o » (2010)
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First First Radio = Water! Everywhere, Dominant Alcoholic Prebiotic Silicon
Interstellar Interstellar Easy to Molecule Universe?
Molecule Molecule Detect

Nanoscale,
PAHSs
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n mllllsecnnd nulsar D. C. Backer, Shrinivas R. Kulkarni, Carl Heiles et al. 1982 Nature

“Professor Shrinivas R. Kulkarni and professor Carl Heiles (together with the late Professor Donald C.
Backer) discovered the first millisecond pulsar-B1937+21 in 1982 using the Arecibo telescope. They achieved
observation of a celestial object with one of the possible at that time...The studies of
millisecond pulsars have profoundly impacted and advanced astronomy, physics, and cosmology. We owe

these scientific developments to the ingenuity...”
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“We find that Einstein’s theory passes this

PP iy i extraordinarily stringent test with a fractional accuracy
£ 49 %32 3 better than 0.4%0.”
\;;;j'?'\\,.- e > & N,( :
T N “It necessarily follows that gravitational radiation exists
T and has a quadrupolar nature.”

—Nobel speech by J.Taylor (1993)
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Bubblesin
the Andromeda galaxy

New observations reveal
giantstructuresin M31

R

SNe Drive Galactic Turbulence
Meng ... Le* 2026 Nat. Astro. accepted

» 118 superbubbles up to the age limit of detectable
SNe bubbles (~40 Myr).

» ~7000 SNe are required for blowing these bubbles

» ~10% volume filling factor matches the expected
fraction of total number of SNe

» SNe sufficient in driving galactic scale turbulence
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STRINGENT CONSTRAINT OF
FRB ENGINE’S MAGNETIC ENERGY

--------------------------------------------------------------------------------------------------------------------

Average burst rate (hr 1}

50 100 150 200 250 * FRB 20240114A discovered by CHIME
| B [
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pis € | |
. ] * Milestone:; >17,500 bursts the largest sample of
FRB bursts
* Burst rates have temporal evolution
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ASTRONOMY

All-sky
ditch the dish

Arrays of simple antennas hunt for nearby fast radio bursts

DENNIS NORMILE

hink of a radio telescope,
and you may picture a
massive dish, tens or even

hundreds of meters across,

That's the classic design, which
gathers radio waves from space and
focuses them onto an antenna above
the dish, creating a field of view that
resembles a narrow beam,

The Bustling Universe Radio Sur-
vey Telescope in Thiwan (BURSTT),
a humble-Jlooking device nestled
among the trees at the Fushan Bo-
tanical Garden south of Taipei, does
away with the dish, Instead, it packs
256 antennas, shaped like miniature
pine trees, into a so-called phased
array to catch radio waves directly.
Computers digitally combine the
signals from the antennas, synthesiz-
ing multiple beams that can view
roughly half of the visible sky at once.
The array has no moving parts, but
the beams can be steered electroni-
cally to view other parts of the sky.
“There’s no common nomenclature
for this gizmo yet," says University of
California, Berkeley radio astronomer
Dan Werthimer. “I call them all-sky,
all-the-time telescopes.”

radio telescopes

BURSTT, which is expected to
begin its sky surveys in the coming
months, showcases the hottest new
technology in radio astronomy. Three
similar arrays are due to come online
by the end of the year in China, the
Netherlands, and California (see table,
p. 353). “1 see this kind of array design
becoming central to radio astronomy
in the coming years and decades”
says Liam Connor, an astrophysicist at
the Center for Astrophysics | Harvard
& Smithsonian who is co-principal
investigator for the Coberent All-Sky
Monitor (CASM), an array being
deployed at the Owens Valley Radio
Observatory in California,

The downside of the approach is
that, without a dish, the instrument’s
sensitivity drops. The arrays will likely
detect only the brightest radio sources
in the Milky Way and neighboring gal-
axies, Researchers are embracing that
limitation, however. They are using
the all-sky telescopes to hunt for fast
radio bursts (FRBs), which are orders
of magnitude more luminous than any
other radio sources in the sky.

Since FRBs were first discovered
in 2007, astronomers have identi-
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All ears

Science
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One of the hottest trends in radio astronomy is using antennas to capture a wide field of view without
a dish. Four facilities are set to come online in the coming months.

NAME LOCATION

Fushan Botanical
Garden

Bustling Universe Radio
Survey Telescope in Taiwan

SPONSOR

Academia Sinica

START OF SCIENCE
OPERATIONS

To be determined

Cosmic Antennae Hangzhou, China Zhejiang Lab August

Arthropod Westerbork ASTRON, the Netherlands September
observatory Institute for Radio Astronomy

Coherent All Sky Monitor Owens Valley Radio  California Institute of Technology: Fall

Observatory in
California

Center for Astrophysics |
Harvard & Smithsonian






