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continuous coverage

7T0MHz~3GHzxz
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THE FIVE-HUNDRED-METER APERTURE SPHERICAL
RADIO TELESCOPE (FAST) PRQJECI

RENDONG NaN*t i, DILI* 19 CIIENGJIIN JIN-, QIMING WANG*,
TIOHTIN 25U, WENSAT ZHTY, FATYAN ZHANOC*
YOULING YUE* anc LEI QIAN®

Nan, Li, Jin+ et al. 2011, IJMR-D, 20, 989
(>190 citations)

Li & Pan, 2016, Radio Science, 51, 7
Li et al. 2018, IEEE Microwave, Vol. 19, Issue 3
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A Mini-Volume on the Science Potential of FAST

Research in Astronomy and Astrophysics has published
a mini-volume on the science potential of FAST ... The
authors quantified the science potential of FAST in

ambitious and forward-looking manners. ... the

drive to facilitate major breakthroughs with the FAST
telescope gets underway in earnest.
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* Fundamental Constants (Chen et al. 2019)
* Cosmic Rays (James et al. 2019)

* Exoplanets (Zarka et al. 2019);

* Gravitational radiation (Hobbs et al. 2019)
* Pulsar magnetospheres (Wang et al. 2019)
* Phases of the Interstellar Medium (Heiles
et al. 2019)

* Megamasers (Zhang et al. 2019)
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“Shared-Risk™ Open Call

Day time 360h + Night time 960h

133 proposals, 2250h requested, 21 Pl hERFERLE R RS
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The oversubscription ratio for day time hours > 5
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The Largest
L-band feed-horn array

+ 1.05 - 1.45 GHz

¢ 18K Ty

. 19 BEAM FEED ARRAY

+ BEAM WIDTH 2.9’ at 21cm

. BEAM SPACING 270mm (~6)

. DUAL LINEAR POLARIZATION
. POL. CROSS-COUPLING <-30 dB
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Jocelyn Bell Burnell

s Message from Dr. Bell ™ FRAURRAG

Bets wishes to you and all at FAST for the Chinese New Year!

candidates

Jocelyn
Jocelyn BELL BURNELL, Visiting Professor, Astrophysics, University of Oxford, Denys Wilkinson Building, Keble Road, Oxford OX* 3RH J Conﬁrmed
UK. I i :b

Tel: +44 (0)1865 273306/2, fax +44(0)1865 273330.
Also MANSFIELD COLLEGE



FAST s First MSP

3FGL J0318.1+0252
FL8Y J0318.2+0254

PSR J0318+0254

- Fermi unidentified source
- GBT, Arecibo non-detection

PSR J0318+0253 | ) FormiLAT
p 5.19 ms; DM 26 pc cm-3

2018.2.27 FAST one hour tracking e St T

2018.4.12 Wang Pei and GZNU group
discovered the candidate

2018.4.18 Colin Clark found the y-
counterpart

2018.4.23 Pablo confirmed no X-ray,
provided limits

2018.4.28 Published on Atel #10851

2018.5.02 IPTA released J0318+0253 Wang et al. 2018, Atel # 10851

to its members “BEASTS Discovery of a New Millisecond Pulsar (MSP) toward
the Fermi-I AT unassociated source 3FGL J0318.1+0252”
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Pulsar Emission Mechanism .57,

H V 1574 P

FAST Pulsar C12

2017.08.31 FAST drift discovery
2017.10.07 Parkes confirmation

P0=1608.88971 ms

Pulse Number

DM=85
Zhang, DL et al. 2019 Ap]
“PSR J1926-0652: A Pulsar with »
Interesting Emission Properties Discovered — § , , :
at FAST ” 1 soommz__________
o 300 02
. if ‘l’ = . BUSEZ ) 03
‘... These complexities £’
E 1 i‘ § Jrst
pose challenges for the  £- T,
classic carousel-type g
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Commensal Radio

Astronomy FAST Survey

unprecedented

commensality

pulsar, galaxy, imaging, and FRB

* Commissioning and survey demonstration

* 1500 hours Parkes time for follow-up

* Negotiation with GBT underway

Through collaboration with MPIfA; 100
hours/semester Effelsberg follow-up

* PI programs (11+9) with proposing lead
from PKU, NJU, SHAO, XAO, BN, etc.

 Secured Arecibo DDT, Effelsberg open

time

 GBT, Arecibo, Chandra, VLBI, GMRT,

MWA proposals etc. submitted

* Data facility (15PB+200 Tflops+100Gbs)

contract signed

( *\ FAST
S@8 Iin Space

i Li, Pei Wang, Let Qian, Mavko Kreo, Alex Doming,
Prny Jiung, Youling Yuce, Chenjin fivty Yan Zhu, Zhichen Pan,
and Rendong Nan
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Li et al. 2018, Invited Review

IEEE Microwave, 1o/ 19, Issue 3, p112



Number of galaxies

FAST Outiook
HI Galaxies from CRAFTS
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Commensal Radio
Astronomy FAST Survey -

il R i .

T seOMHzZ
= . . Single Beam |

19beam - Drift Commensal Surve

~ 1000 pulsars
>500K galaxies b . ST

>10 billion voxels HI images S ST o N i
>50 FRBs + IEEE Microyave




Mat.

» Deep coverage (1hr per pointing) e

» Dwarf galaxy groups around M31 e
» Galattic plane ! T

‘M31: Andromeda

) Closest spiral galaxy at 0. 8I\/Ip<: ;
» No radio pulsar ever detected
5 dwanc groups + HVCS

av

Galactlc—plane and nndromeda Survey

R l»uL"\ 1

Cocd « Caret Dwart
Leod

L Wajarl
Serteny Dwal Ursa Majer |
Bectes Jwirl ¢ by

Sagraius D'
LN Dt «

» Column density ~ 5x1016cm-2 - g s

Famax owar'

» pulsar: 0.01 mJy; ~1000 new msp TR

Wiy



Pacific Rim Incersteliar Macter Observer o \ .
PRIMO JS \

. The Mﬂky Way -~ "Quasar
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“Where is OH and Does 1t Trace the Dark
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Pulsar Surveys

AO 327 MHz drift scan / Galactic centre search
LOFAR bulsar survev - \ + PMPS re-analvsis EQH
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CRAFTS

_y The Commensal Radio Astronomy FAST Survey
BEAST % FH<7 H # 6] i 39 il 1€ K

http://crafts.baoc.ac.cn _.-" .
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The “Taurus” Pulsar
FAST discovers radio pulses from JO357
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ight Ascension (J2000)

Chapman ... Li+ et al. ApJ 2011

P=0.444s; DM=47.6
0.04 mJy ~500 MHz, 0.15m]Jy ~350 MHz

Li+ 2019 in prep.
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De Luca et al. 2011




The Sign of Cosmic

4

EXP]()Si()Il on Earth ?

l L4 I T L4 T l' Ll L) . I L 4 T T ]

-y W

ENe(.n) Ny

-

80Fe/Fe (10°1%)
N

o Ref.2
'] Ref.3

® UCL analytical model
® Local Bubble shell analytical model

- - Homogeneous background medium model

r.J — Inhomogeneous background medium model

SNs: ~1.5 Myr ~2.3 Myt

t (Myr)
Breitschwerdt et al. 2016 Nature
ct. Wallners et al. 2016 Nature

FAST discovered the first

nearby, recent supernova explosion?

Knie, K. et al. 2004, Phys. Rev. Lett.
Fimiani, L. et al. 3016, Phys. Rev. Lett.

14



Taurus Pulsar

VLBI Obs. Strategy

Challenges in P-band VLBI astrometry: .

Very weak: 150 u]Jy at 327 MHz.
Only 32 MHz bandwidth at P-band

Very few VLBI observatories at 327 MHz. /

in-beam referencing

Step 1: in-beam calibrator
VLBA —- waiting for correlation

Step 2: VLBl detecton of target
VLBA + GBT + AO + FAST

') l e nnnnmnmnmnmmmmIIII ....--...; SII111 .-...t ..........................
: J0359 + 3220 :
: ) B N
/'.’l't ISON + 32 Iéi ?\
o : .1035'.\\+ 3208
PS03 32085 :
[JU) frormrrmsrrnsrnemrcnnrnanes ( .................. * .......... . ..........................
\ : 0357 + 3900
\ a ;/
N : e
02 Mgessersasssacisnsses A ips 3 54
-~ &
., I TN T T .........% ..............................................
r
| ( 0.0 ) 04
SHET )

Known calibrators (squares) and AQO in-
beam calibrators (dots) around PSR

J0357+3205 (star) .

Step 3: multa-epoch VLBI parallax measurement

VLBA + GBT + AO + FAST



FAST VLBI Challenges

= moving observatory
coordinate

= ‘virtual’ phase reference
point

-  No down-conversion

- 38 synced digitization
data stream

- reference antenna?

= A FAST ‘Core’ Array

A Lost (maybe) argument to Carl Heiles
in Sydney Harbor, on April 21st, 2018



FAST VLBI System

FAST e - =
Front End - = S - N =
R 8 o - —
Y S cxmay B PP
i datafe[ (2]} vel .,. ot ::..4 |
occel tingut_ t_end of_frame m_source_por [—{5]
end_cf_frame —.@
e = = -
bad _frama —.@
I et e =
atter eefiow_guard gbe.
Converter Correlator
—
. _ _ N =
e = e |5
s wsnal—f5)
overfiow
— B B P o
- o) e coct part ::"“’ —&
ﬁ. IO =
end_cf_frame —.@
- s ——
Ll =8

-+
ROACH 2

FAST (SEFD~1.4 Jy@]I.-band)
Recording rate 512 Mbits/s, Integration time = 60 min

VLBI network Image sensitivity

(uJy/beam)
Full HSA (Effersberg 4+ GBT <+ phased VLA 4 Arecibo + VLBA) 4.7
USA HSA (GBT + phased VLA + Arecibo 4+ VLBA) 5.6
EVN (including Tianma 65 m) 16.4
EVN (including Tianma 65 m) + Arecibo 6.3
EVN (including Tianma 65 m) + FAST 4.5

FAST VLBI team (Zhang, H.Y. etal.) and Zhang, Bo 2017
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NATIONAL ASTRONOMICAL OBSERVATORIES, CHINESE ACADEMY OF SCIENCES
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FAST - Aplus ANl



FAST A+ vs DSA

FAST¥ % 5 DSA £ 235 475 kb

FAST FAST+ DSA DSA
(19 beam) BT 36XxAT5 10 110
Aperture 70,686 707 71,393 159 1949
Tsys (1.4GHz) 20K 30K 30K 60K 30K
Gain (A/T, m2/K) 2600 15 2615 1.7 42
. >21,31
Long baseline (m) 300 30,000 30,000 1,183 8
AO (1.4GH2) 3’ 1.8” 1.8” 45”  <2.5”

FoV (1.4GHz, d?) 0.1 10 10 11 12
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FAST - Aplus *%LP@ U N

RFI removal —— N \ N\
"Fast Converging Digital Adaptive Filter” ™ eerence

Finger, Curotto, Fuentes, Duan, Bronfman, Li 2018

« LIGO Event: GW Sources

® FIFAFAST 5%Hy a4
RFIFASTR#MERE x10-100

* ZXfR PR ~17
# FUFARINASE ~0.01 mly

+ Exoplanet + Brown dwarf ~+ Tidal Disruption Event + FastRadio Brust
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