Five-hundred-meter nperture Spherical radio Telescope FAST




Immanuel Kant (1724-1804)

«The Critique of Pure Reason»

Preface

Human reason, in one sphere of 1ts cognition, is
called upon to consider questions, which it cannot
decline, as they are presented by its own nature;

but which it cannot answer, as they transcend every
faculty of the mind.
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But twelve other major discoveries became possible only through the use of

techniques and instrumentation initially designed for military purposes during
World War II or the Cold War. This list of discoveries included:

Martin Harwit

Radio galaxies, 1946-54
X-ray stars, 1962

Quasars, 1963
The Cosmic microwave background, 1965

Infrared stars, 1965
X-ray galaxies, 1966
Cosmic masers, 1967

Pulsars, 1967
Superluminal radio sources, 1971

Infrared galaxies, 1970-72
Interstellar magnetic fields, 1972
Gamma-ray bursts, 1973
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“This is the President of the United States ;

speaking. Through the marvels of scientific

advance, my voice is coming to you from Q%5 o
satellite circling in outer space. My message isa
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rica’s wish for‘peace
everywhere.”
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F|ve hundred-meter nperture Spherlcal radio Telescope

FAST
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THASEX, EM11.512
(Nan et al.2011; Li et al. 2018)
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| Ohservables
m HI 21¢m (imaging &

| 'galaxies)

\W Pulsars (FRBs)

c) Molecular Spectroscopy
d) VLBI

e) SETI

large-scale survey has simultaneously

observed HI and pulsar. Why?

Tniternational Journal of Modern Physics T
Vol. 20, Nu. 6 (2011) 9831024

(¢, Werld Scientific Publiching Cormpany
DOL 10.1142/50213271811019355

THE FIVE-HUNDRED-METER APERTURE SPHERICAL
RADIO TELESCOPE (FAST) PROJECT

RENDONC NAN*+E& DI LI*89, CHENCGJIN JIN-, QIMINC WANG*,
LICIIUN ZIIU*, WENDAI ZIIU*, IIATYAN ZIIANG™T,
YOULING YUE" and LEI QZAN"

Nan, Li, Jin et al. 2011, IJMR-D, 20, 989
(>500 google scholar citations)

Li & Pan, 2016, Radio Science, 51, 7
Li et al. 2018, IEEE Microwave, Vol. 19, Issue 3
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U precedented commensality
pulsar, galaxy, imaging, and FRB
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FAST ‘big data’ stream

pulsar: 19 x 8bit x 4 x4k x 2x104 per second

H:. 19x8bitx4x1Mx2 /s

e 6GB/s
e 25TB/h _
e 550TB/day

e 10 PB/ year . w
V

Berkele

UNIVERSITY QF CALIFORNIA j
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DI Li, Pel Wang, Lei Qlan, Marko Krco, Alex Dunning, H;j
Feng Jiang, Youling Yue, Chenjin Jin, Yan Zhn,
Zhichen Pan, and Rendong Nan }3
-
!

Li et al. 2018, Invited Review
IEEE Microwave, Vol 19, Issue 3, p112



Rotation angle 23 .4° P FRB 1811 23

CRAFTS

FASTSH¥EHM B KNG EX

Liet al. 2018

'ii N ?i;\'l '_'-""- fa"-’f" o e ST ...‘? -~ -. 5y ) ';_.s,-;‘ .Jq 7w ;_v~ ,.r..—'\. o -y
FE 0 A e e s Uy e P R B e e

.
- y « “"Lv“‘
- >+ 1 -y : % - : - . r .
o T A TP S ST S A gl e e S 8
S IS ST L S T A e e e e

T

Frequency (MH2)

AR e o S e
S YA N o N
Loy A .

: - LY. LA TN
M . ! - | ’, -~ .".' ‘_‘ A %S - '- -4 : .’" ‘i:.' ‘1 -""DL N - ‘-‘A -‘..-' :;,;“"' o fo" "t"..’
v Y - r - M ._.:-. - . 4 s, ' T ¥ .»": - s A f_J:" "" o oy
Grldd]ng aa A ¢ e e B T e o
v v TS £ STty d A e F&ﬁ)..y¢~%w%.¢”*~~
A AT 1" Aol &, Sk LA —_—r L e e b N B A IR & S e acas
SO iy A A% s P SV T S

- S syas i ¥ .y e St n g s — wh

% A e R P N A S ACAYS
= TR A A A R T e

4 x Pointings

On - Off (P1)

~1000 new pulsars (C)
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Systematic Timing of CRAFTS pulsars

First papers on systematic follow up timing of FAST pulsars

of the

ROYAL ASTRONOMICAL SOCIETY
MNRAS 495, 3515-3530 (2020)
Advance Access publication 2020 May 14

doi:10.1093/mnras/staal328

An in-depth investigation of 11 pulsars discovered by FAST

A. D. Cameron “,''2* D. Li “,!** G. Hobbs

Cameron, Li et al. 2020

L2 L. Zhang,!*>? C. C. Miao,!

(I\/INRAS)

FAST early discoveries: Effelsberg follow-up

M. Cruces,’™ D. Champion,! ). Li,2 M. Kramer,! W. W. Zhu,? P. Wang,? A. D. Camerc
345 G. HUbbb R Flelre,l E. Graikou! Y. Mao,? dlld the CR ‘XF’IS collaboration

"Moae Ploswct: Trasis .t_} i Alrrelini Avel wlesres FlGajed 5, 1D 55721 Bens, (Vo
2EAS .‘u:y .L abpradory of LAST. NACUC, Chinese Academny of Sciences, Lsgin g 100102, Cranva

MUSIRAGD Anlerrecvenay wanld Syrecms Searsours, PO N 1T, A

THE oF AT L CTEN

Been 05, Fpoawwy, cmlaealuns

*entre For Amcp‘t.rs'cs ana ‘-.:per‘:cmpz.zm_a_. Yuindurne Universizy of Teochnology. Mail HSG. PO Hox 218, VIO 51292, Austraiic.
SARC Center of Excelisnce for Gravitational Wave Discovery (CaGrey). Swinburne I-"'zi--.-c:-esfu of Technclogy, "'3 34 !.'a.l 0 Dox 215,

VIO 182 Australia.

Cruces; Champion, Li et al. 2021 (accepted A&A)
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I F ASTDS ﬁI'St Milli-Second Pulsar [MSP] JF61 10318.1+0292

FL8Y J0318.2+0254
2018.2.21 1hr traeking with FAST's UWB Fermi unidentified source
2018412 \Wang, P. et al. detected the signal using GZNU servers GBT, Arecibo non-detection

2018418 C. Clark of the Fermi team identify the y-ray pulsar counterpart
2018423 HKU's Pablo confirms_its lack of X-ray 2018
20184.28 ATel announcement (Wang et al. Atel#10851, {SCPMA) )

2018.9.2 International pulsartiming array (IPTA) distribute the'ephemeris to its partners

A New MSP toward the Fermi-LAT unassociated source 3FGL J0318.1+0252
Arecibo, 327 MHz, 3h | | e rastuse ] -
p=s2ms |\ | A_A
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Pulsar searches of Ferm sources with FAST
AFGL J1627.7+3219

FAST-FermieLAT MoU

e December 2017, MoU signed estimated distance of
between the FAST team and ab?utﬁ4|.|4 kpc, ar]:d tﬁs Eo- fle-
the LAT Collaboration POLCTA = AR

shortest orbital period
e >3033 sources in 3FGL,

Spin period is 2.2
milliseconds;, an

binary systems (4.2 g BT

1904 have confirmed, AGN hoUlsy
(1738), PSR(>200), ~1129 1.0 AGN

] F tad s sy e A T Red o o ese> ADC T < LT
unconfirmed sources 0.5 R

Nanoe, rode or alflilaticn

e More than 30 targets be

searched, 9 new pulsars/

Fraction of Sources

0.2
0.1
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C69-DNS system (W.W. Zhu) £ f

« Total 44 sessions*of observations span 339 days S * g

e 23 sessions 2019a-082-P (Chenchen Miao) o] 4 J J v J U \j

« 15 sessions orbital campaign BDT (Weiwei Zhu) SR TR
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Confirmed new puisars > 130, inclmling >44

http / / crafts. bao ac.ch
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WERgHE 1.5<z2<2.0

lc-14 1 Supermassive binary black hole hunter: SKA

pulsar timing array

4+ Forcast the performance of a SKAPTA
made. up by only high quality
MSPs:

4. Quantified, “how SKA
would trace
SMBBHs up to® z=2-thirough

gravitational wave observations,

to 4+ SKAPTA expects the first detetion
within 5 years, achieve a detection rate

le-19 T , of , and over
Gl le-08 le-07 10,000 SMBBHSs within 30 years.

SIS (Hf%%)
Feng, Y., Li, D., + 2020 (Physical Review D, 102, 023014)

“Supermassive Binary Black Hole Evolution can be traced by a small SKA Pulsar Timing Array”
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¢ First detection of Magnetic field strength in dense molecular gas
with an atomic tracer (HINSA):

structure from atomic gas to diffuse #
molecular gas, to dense molecular gas.

. . . '
. (Ching, Li, Heiles+ 2021 submitted to Nature

" referee: "strongly recommend for publication”) 29
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Evidence for three-dimensional spin-velocity
alignment in a pulsar

1282 Weiwei Zhu '™, Richard N. Manchester?, William A. Coles 4, Di Li 5623,

Jumei Yao
2 Daniel R. Stinebring?®, Yi Feng', Wenming Yan 2, Chenchen Miao’,

Na Wang?, Michael Kramer
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https://dx.doi.org/10.1038/s41550-021-01360-w
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1 Welcome to the FRB Theory Wiki!
2 Contributing to the Wik

2.1 Rules and Guidelines
3 Summary Table

Welcome to the FRB Theory Wiki!

Hosted
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in

McGill Space Institute

collaboration
with
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Energy Emission LF Radio HF Radio Microwave THz OIR X ray Gamma ray GW
Name ¢ Category ¢ Progenitor * Type ¢ . . ¢ . . ¢

Mechanism Mechanism Counterpart Counterpart Counterpart Counterpart Counterpart Counterpart Counterpart Counterpart |

NS-WD Accretion Accretion NS-WD Repeat Mag. Curv. Yes - - - Yes, but unlikely -
reconnection detectable

AGN-KBH AGN AGN-KBH Interaction Repeat Maser Synch. Yes -~ -- Supemova Yes Yes

AGN-SS AGN AGN-Strange Star Repeat Electron - Yes - - Thermal Yes Yes

Interaction oscillation

Jet-Caviton AGN Jet-Caviton Interaction Both  Electron Bremsst. Yes Yes -- - -- Possible GRB Yes
scattering

Wandering Beam AGN Wandering Beam Repeat - Synch. Yes - - - Yes -

NS to BH (DM- Collapse NS to BH Single Mag. Curv. Yes - - - Yes

Induced) reconnection

NS to KNBH Collapse NS to KNBH Single Mag. Curv. Yes - - - Possible Possible GRB Yes
reconnection afterglow

NS to Quark Star Collapse NS to Quark Star Single B-decay Synch. Yes - - - Yes Yes Yes

SS Crust Collapse Strange Star Crust Single Mag. Curv. Yes - - - Yes
reconnection

Axion Cloud and BH Collision / Superradiant Axion Repeat Laser Synch. Yes -- - - Yes

Interaction Cloud and BH
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—DM_ i) Planck15 cosmology ‘
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200 - g 0 H0(1+Z) ~.,J’.Om(1+Z) +-OA
(1] yy —
Macqguart relation
0 : : : : : v Macquart+ 2020, A census of baryons
vi) 2 e 5 R 2 o o 07 in the Universe from localized fast radio

bursts, Nature
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I CRAFTS 2018 FRBS

. events in a total of
in 2018, corresponds to an all sky rate
of at the
95% confidence interval above
0.0146 Jy ms, by far the deepest such
estimate.

« ~1 per 400 FLAN hours (cf. Li
ZAONNY

« PDF of FAST-FRB’s DM is more
sensitive to the slope of the
luminosity function than the cutoft

brightness L.

« FAST will have significant detection
probability (>10%) for DM > 3000 pc

cm-3 (Also Zhang 2018)

Probability densityx103
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Tsai et al. 2021

Host galaxy of FRB 190520 In prep.

a Star-forming dwarf galaxy

CFHT GRI

Greén: CFHT R
: Subaru J Analogy: NGC1140

a dwarf irregular galaxy




FHB 190520: Zhe /7/??8/‘ and a)e/ra/er brother of 12102
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FAST Detects Multiple Bursts in L-band from FRB
121102

ATel #13064; Di Li (NAOC), Xinxin Zhang (NAOC), Lei Qian (NAOC),
Weiwei Zhu (NAOC), Ran Duan (NAOC), Dan Werthimer (Berkeley),
Vishal 6ajjar (Berkeley), Yan Zhu (NAOC), Jeff Cobb (Berkeley),
Youling Yue (NAOC), Chengjin Jin (NAOC), Bing Zhang (UNLV),
Christian Gouiffes (CEA), Shen Wang (NAOC), Laura Spitler
(MPIfR), Mary Cruces (MPIfR), Jason Hessels (University of
Amsterdam), Andrew Seymour (Arecibo), Eric Korpela (Berkeley),
Jingtao Luo, HengQian Gan (NAOC), Peng Jiang (NAOC), Hui Li
(NAOC), Qi Li (NAOC), HongFei Liu (NAOC), Chenchen Miao (NAOC),
Chenhui Niu (NAOC), GaoFeng Pan (NAOC), Zhichen Pan (NAOC), Bo
Peng (NAOC), JingHai Sun (NAOC), Ningyu Tang (NAOC), QiMing Wang
(NAOC), Pei Wang (NAOC), Xin Pei (XA0), Jun Yan (NAOC), Rui
Yao (NAOC), Dongjun Yu (NAOC), Mao Yuan (NAOC), Haiyan Zhang
(NAOC), Lei Zhang (NAOC), ShuXin Zhang (NAOC), and and FAST
Collaboration (NAOC)
on 2 Sep 2019; 01:32 UT
Credential Certification: Di Li (dili@nao. cas. cn)

Subjects: Radio, Fast Radio Burst

Referred to by ATel #: 13073, 13075
Tweet

Tracking observations of FRB 121102 were carried out with the newly
commissioned Five-hundred-meter Aperture Spherical radio Telescope
(FAST). We used the FAST L-band Array of 19-beams (FLAN), which has a
FWHM of ~2.95" for individual beams and a 26’ footprint. The source was
placed in the central beam, while all 19 beams were recorded. The bursts
were firstly identified by the FRB backend on August 29th (um),
whichA performs real time signal processing of 19-beams data and
automatic candidate selection/triggering. The subsequent single pulse
search using multiple pipelines have turned up many tens of pulses with
significant SNR in observations carried out so far, on the 29th, 30th,
and 31st (UT). While careful cross-check are being carried out, the
majority of these detections are expected to be credible. FAST has been
targeting FRB 121102 since April of this year. In addition to the regular
on-going FRB follow-up programs, the current observations was also
motivated by timely and valuable alerts from our colleagues in the
INTEGRAL team, Arecibo team, Max-Plank Institute for Radio Astronomy,
Berkeley, and Cornell University. Given the significance of this source
and its now apparent active state, FAST is executing more observations
under the auspice of engineering testing time and multiple approved PI-
led programs, which targeted FRB 121102. We encourage more To0
observations with other facilities.
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I BurstRate Energy Distribution - bimodel

e Li, Wang et al.
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The Lorentz/Cauchy function
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Simulated ratio between eThe- best-fit index of 1.85
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SGR 11935+2154 / FRB 200428 - the first Galactic FRB2
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Immanuel Kant (1724-1804)

«The Critique of Pure Reason»
A Copernicus revolution: reason within experience

Definitional truth: the agreement of cognition
with its object

A priori knowledge: pulsars produces pulses, so
do many other processes

Synthetic posteriori judgement: FRB origin?
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Descartes: 7 #ink therefore 1 am.”

Kant: “T'houghts without content are emp?y.

Intustion without concept are meaningless..”

Mach: “Wien the buman mind, with its limiteg
bowers, attempts to mirror in itself the rich life of the
world. . .1t has every reason for proceeding economically. In
reality, the law always contains less than the bfdﬁ itself,
because 1t does not reproduce the fact as a whole but only in
that aspect of it, which is important for us, the rest beinghl
wezentionally or from necessity omitted. ="
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