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Looking Back

Between the end of World War Il and the early 1970s
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T e 4 optical regime. Both could well have been made with inst
. ".‘ 2 » . .
Unlverse . before World War 11, or with marginally improved techniques

Magnetic Variable stars, 1947, and

LA TR

Hare stars. 1949

The Tools, Shaping,

and Cost. of
C05m0|08iCa| T oy techniques and instrumentation initially designed for military purp
B ARL World War 1l or the Cold War. This list of discoveries included

Thought

But twelve other major discoveries became possible only through 1

Radio galaxies, 1946-54

X-ray stars, 1962

Quasars, 1963

The Cosmic microwave background, 1965

Infrared stars, 1965
X-ray galaxies, 1966

Martin Harwit
..-":" W

&

Cosmic masers. 1967
Pulsars, 1967

{In Search of the True Universe) B ot sources. 1671
M 3 rtl N H 3 I’Wlt Infrared galaxies, 1970-72

Interstellar magnetic fields, 1972
Gamma-ray bursts, 1973




\

In Search - HesY/ I\ /I\Guimdes /p\Stare
"y Suppmovao L7 / s
Of the N I/ BEFORE | / / Astrophysical Landscape > /
NN GAMMA. - s,
Tl'l.le SN F:A\: Neutron Stars Planets
. . = =
Universe SENSORS
| o § WERE A |
) ' AVAILABLE A INT IS " N
The Took, Shaping, A ot AWNIS e A=
and Cost. of W ~  Technologies I =
Cosmological L& Lo 3
— \.. Galaxies Stafs
Quasars \‘.,‘ Gamma _| HRay Bursls
Supemovae /; ]
AFTER / Astrophysical Landscapée
GAMMA- et )
RAY Neutron Stars Rlanets
SENSORS | |
BECAME ‘
AVAILABLE - \ \ .
Mattin H it IN SPACE ‘ Later 7 /I\ /
dRtin.marwi . / Technologies /‘







naoe FENLMRAER X4

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

s AL Wi.II'iam E. Gordon
hes SRR J\ji%%¥__ﬁ?\

W May 20,1958 Ty el

- | Scatter from indivitv:al eiéctrbns .'f . ¥
PRI  — - Cho bandwidth of 100s of kHz=) FEZ& - SR

o e seend shalda »

tirimiktell  <cn Bowles (EEERITER)

s Dunadlion of o s Y o0 41 Semls s U aarid'y

e i e — bandwidth reflected ion velocities not electron velocities.

L PR —————— = A R T PR R

st wonal sl slsonm of et "yl ey o

P 1y ) - '
-
°
F108 MiIsr Tee

4. srhioring Vs sl & A 10 wTess

e e el . S B \Z’ﬁ?ﬂ _E/]é:él: 'fE = 53?7’7(%"—%

oAb lpe v vodid smeng W TR dlatmr e, I s

P LAy e ARPA— Advanced Research PrOJects Agency

sl el es Siee Jeiher o arwmry, W

Sving from eerinin powia of ramsba oo

L et R 2B B 5E




e W

' [
' é"’%‘

-

-4y

.

1951.12.16 |

yoy S e

-

:l
-

L".
l

. v b

=4

Sputnik B RDES = ST

oL

California Institute of Technology



AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA :‘ ))

“This is the President of the United States
speaking. Through the marvels of scientific-
advance, my voice is coming to you from a
satellite circling in outer space. My message is a
simple one. Though this unique means, | convey
to you and all mankind, America’s wish for peace
on earth and good will to mén everywhere.”

National Aeronautics a ‘ Space Agency
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— —Nobel speech by J.Taylor (1993)
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Galactic HI Emission

Nearby Dark Cloud
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| Ohservables
m HI 21¢m (imaging &

| oalaxies)

\by Pulsars (FRBs)
e r Wz

c) Molecular Spectroscopy

d) VLBI
e) SETI

THE FIVE HUNDRED METER AVERTURE SPHERICAL
RADIO TELESCOPE (PAST) PIOUECT

AR D LY TN ING L QEMENC WA NS
OUTUN U, WENDAL ZH0*, HATYAN ZIANG -
YOULING YUE® aod LY QAN

Nan, Li, Jin et al. 2011, IJMR-D, 20, 989

large-scale survey has simultaneously (>500 google scholar citations)

Li & Pan, 2016, Radio Science, 51, 7
observed HI and pulsar. Why? Li et al. 2018, IEEE Microwave, Vol. 19, Issue 3
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Commensal Radio Astronomy F AST Survey u

unprecedented commensality
pulsar, galaxy, imaging, and FRB

AmEsHmEEEA ) EE A wL, O 0 7k
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FAST ‘big data’ stream 2 3
pulsar: 19 x 8bit x 4 x4k x 2x104 per second 13 <3
H. 19x8bitx4x1Mx2/s s
e 6GB/s Iiraj :

° 3 g
25TB/h 2
(=

B

e 550TB/day
Li et al. 2018, Invited Review

e 10 PB/year . w . : ]
\ 4 ' ‘ IEEE Microwave, Vol 19, Issue 3, p112
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>10 billion voxels HI sky image
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= " First FAST Science Results
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with Dr. Neil deGrasse Tyson
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ISystematic: Timing of CRAFTS oulsars

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, 22 C. C. Miao, !>

WINETNS

FAST early discoveries: Effelsberg follow-up

M. Cruces,?™ . C'hatnpum D. Li,2 M. Kramer,! W. W. Zhu,? P. Wang,? A. D. Camer«
S HUbbb s Fueue E. Gzcukuul Y. Mao,” dlld the CR ‘XF’TS collaboration

"Moae Ploswct: Trasis .a._} i Alrrelini Avel dlesras Flgjed B3, 1D 53720 Revins, (Vrarviviasyg
LerA S .‘\cy L aboradory of LFAST, NAUCU, -..'" nese Academy of Yciences, Lisgh g . ‘uld' Crava

il yrareirinax

MUSTRAGD Anlerecverayy wanld Sywaces Sezxrarse ve, PO Been 75, Fuoww, N 1770, Ausicualin

S Centre Far Asivophysics ana Supcrcemputing, Yuwinéurne University of Technology., Maii HS4G. PO Haz P18, VI $10¢, Austraiic.
SARC Center of Excelisnce for Gravitational Wave Discovery Calrey). Swinburne L"'zi-'.'c:'es'u of Technclogy, "3 34 ":1 "0 Dox 215,
VIO 31822 Australia.

Cruces, Champion, Lietal. 2021 (A&A)
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I F AST9S ﬁI'St Milli-Second Pulsar [MSP] 3FGl 10318.1+0252

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

" ANew MSP toward the Fermi-LAT unassociated source 3FGL J0318.1+0252

i | '
P=3.2ms .
—
[ \
' " . - A ) i
- e . : .
. -
¥, ¥,
. £ 4
o "

Arecibo, 327 MHz, 3h

FAST, 550 MHz, 1h ¥ & 8§
R B¢
FAST, 1.25 GHz, 4h & o




Pulsar searches of Fermi sources with FAST

4FGL J1627.7+3219
FAST-Fermi-LAT MoU Spin period is 2.2 é :::"\‘\" / N -
milliseconds, an T e R ) B nia
e December 2017, MoU signed estimated distance of et \J XS F

between the FAST team and
the LAT Collaboration

e >3033 sources in 3FGL,
1904 have confirmed, AGN

(1738), PSR (>200), ~1129
unconfirmed sources

e More than 30 targets be

searched, 9 new pulsars/
MSPs are discovered by FAST.



| FAST & NP - AL R4

C69-DNS system

« Total 44 sessions*of observations span 339 days

(W.W. Zhu)

e 23 sessions 2019a-082-P (Chenchen Miao)

« 15 sessions orbital campaign BDT (Weiwei Zhu)

* 6 sessions Timing KSP {Nina Wang)
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Confirmed new pulsars > 130, inclmling >44
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LETTERS
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Evidence for three-dimensional spin-velocity
alignment in a pulsar

W Weilwel Zhu ' ' Richard N. Manchester’, Wilkam A. Coles “ DI LI \ieaE,

Jumeid Yao
. Daniel R, Stinebring®, Yi Feng', Wenming Yan  *, Chenchen Miao’,

Na Wang’, Michael Kramer
Mao Yuan', Pei Wang' and Jiguang Lu

1
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' \‘..?“ 0.5.".3‘: ~.\ :“\» ® e
SR e
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»
i CRAFTS . e «Nature Astronomy »
https://dx.doi.org/10.1038/s41550-021-01360-w
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https://dx.doi.org/10.1038/s41550-021-01360-w

Searched 9 extra-galactic Hl absorbers for OH
absorption:

e We found no detection but derived the
most stringent OH-abundance upper

l0g N(OH)/N(H!I)

limit:
[OH]/[HI] < 5.45 X 1078 1 00E
e A decreasing trend of [OH]/[HI] with %‘1 x
decreasing redshift § el
e Intervening absorbers have a higher g 1090
[OH]/[HI] 2 0.99¢
E 0.99¢
0994 rms = 0.0013%
Zheng, Li et al. 2020, MNRAS, 499, 3085 292

-400 -23C0 -200 =100 O 100
Veloo ity [kmms)
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“The most important discovery in 3 * ey
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DMoo-nc (pccm™)

DMpp(2) = DMy 1sm * DMyw hato + DM

% Y
ooo,—DM‘mNc ) Planck15 cosmology
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in the Universe from localized fast radio
bursts, Nature
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Arecioo
CHIME
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Effeisberg
FAST
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VLA
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2020 ApJL c
2021 ApJL n
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0.6 = -
GCRAFTS 2018 FRBS — a=-1.8,loglo=140
----- a= —1.8,loglo =38
0.5
* Four events in_a total of 1667 hours ‘“o -== a@= =1.5,loglo =38
in 2018, corresponds to an all sky rate| v >
of 1.2x1053 Sky'1 day-1 at the g0.4 H‘ST reveals “le hlgh
95% confidence interval above &=
0.0146 Jy ms, by far the deepest such g event @ >100K ner dﬂ“!
estimate. 0.3 o
© : /i L
~1 per 400 FLAN hours (cf. Li > : S(LYdL = ¢° (E) e~ L+ d (F)
2016) = G .
-g 0.2 '\"',\_
PDF of FAST-FRB's | £ A Y
sensitive to the slog = *Oy “ia ‘ CRAFTS
luminosity function 0.1 - X ‘-J‘.\ e &
brightness Ly. Nl S(L,z,w)<=S (DM, Flux)
| N (cf. Luo+ 2018,2020)
FAST will have signi™ 0.0
S;f_fak()xtlyséﬂzig)r o 3 0 2000 4000 6000 8000
¥ DM (pc cm™3)
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FRB121102 bursts rate statistics
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| FRB121102 Burst Energy Statistics

~ ATDL o (Zhang 2018)

(1 +-2) %

- (1039 4m ( Dy )2 F Ve
" Gy erg)(.l + z)\10** cm /) Jy - ms GHz

-
: ! -
L J

3=-0.7. . JVLAAO, GBT 1

- Gourdji+ 2019

per hour)

+2019

Ratel >E:
&

p=-1.2x0.2 Effelsberg Cruces+2020"

[1ad Jor

.
»
-

LLnergy (e1g)
10 = 21 mJy. (']mg) - i=O.193, D=9249Mpc, 1Jyms=1.07x 1037 erg
76 =15 mly  4x10%erg < Energy < 8.0 x 10 erg



| BurstRate Energy Distribution - bimodael '

(UT) 2019/08/29 - 2019/10/29

L600F o s houinadae " Cumuat (] .
= 1,200f . 1 ~
§ 200l . _’_,_,_,—'-"'_' l“+lnrentz Pusction  Pnergymage Roducedy® R
! ; -
400} PowerLaw F o 2C008%) . 0.1040)
7 R T wanse SR oooin/09m)

| E., Burst rate
* LN+Cauchy
=== N
- Cauchy

s — Power_aw

Foooo0005608) (868)

Lognocral
10" i
Cuucy FoooC04380) 013
'

b 00374y, D93 (T)
10°" l\/b

:
' 4
.......

Burs: rate (hr ' energy bin )
- Incompleleress

Li, Wang et al. 2021

10™
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P(x)

| BurstRate Energy Distribution - bimodel

eThe Lorentz/Cauchy function
describe the

Li, Wang et al.

| A AT A TS A e

10-1

YRE Simulated ratio between *The best-fit index of 1.85

two normally distributed (fgeneralized Cauchy
variables . function) is close to 2 within

one o~ 0.3

10-3
1
s o= 7 {x® + 1)
1
: p(z) =
10 102 10-} 10° 10 10? m(zr?+ 1)

Random vanable: X
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Degree of Linear Polarization

@ FRB 180301 FAST FRE 190303 CHIME FRB 180218 LOFAR FAST]:ETEEFHBF*&# E
N - - > A ™ 4 2T T W -’ e 4 | A~ A *, \ T

© FRB 121102 FAS FRE 180916 CHIME ’r FRB 190711 ASKAP

0 FRB 190303 FAS FRE 190604 CHIME FRB 190520 GB1 ,

@ FRB 190520 FAST FRE 121102 VLA cRB 20201124 62T T EES Elﬁ“ﬁfl:h__‘{ z‘f?’f

FRB1ﬁ¢)E$Dﬁ> mﬂcE’J

%U,\ﬁ_n\o

® 0417 v : ’ ’)Drl\/ 55 |]

— ML),
2 ER, TEH'\FRBINR, ‘R

= 50 @16

_IT%L'F**

%L exp (—27\4 O'RMZ)

° *—l%) A WWA=-E =X

sensational ...”

02 06 1 2 4 8
Frequency (GHz)

'L_

LAY -

- "certainly novel and deserves to
be published in Science;

- “Interesting development”

-This is a beautiful
provides a huge clue

result that

Feng & Li* et al. 2021
Science, under review



Density
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we  EarthQuake
Two-Exponential

/Zhang, Li+
In prep.

/

-Poisson
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Normalized
Waiting Time of
two FRBs and
Earthquake



Zhang +
In prep.

Quantify the amount of
regularity and the
unpredictability of fluctuations
over time-series data.

“Active FRB’s
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e Reconstruct Muller matrix (Heiles)

e Calibrating the Zeeman responses, particularly
to extended sources

e Give-HINSA experiment another go
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* First detection ofimggnetic field strength in dense molecular gas
with an atomic tracer (HINSA):

! .
® Revealing structure from atomic gas to dense :

molecular gas, suggesting that star forming clouds achieve v

earlier than predictions from canonical
o .
models » . '

(Ching, Li, Heiles+ 2021 Nature accep;ted)

LSR Velocity (om 5°°)
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