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Bridging the Centuries
from Arecibo to
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1994 proposed
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1963 commissioned
mercury spin, double neutron stars, the first exoplanet etc.

1993 Nobel prize in Physics
2020.12.1 collapsed
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Beautiful Mistake

1958.5.29 proposed by W.E. Gordon
as an ionosphere radar

» Gordon:
s Ken Bowles: 30 m

= 1958 URSI meeting: Gordon also 30m

ARPA-(Advanced Research Projects Agency)

decided to sponsor a

William E. Gordon
Cornell University



Eisenhower 1958

“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 ...
America’s wish for peace on earth and good will to men
everywhere.”

1958.7 National Aeronautics and
Space Agency

With Space program out of its portfolio, ARPA decided
to fund Arecibo as its first project.

ARPA |ater became DARPA

George Kennan 1946
“Long Telegram’”

We must formulate and put forward for other nations a
much more positive and constructive picture of sort of
world we would like to see than we have put forward in

past.
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Pointing 1 min - 10 min
DEC -14d ~ 664d

Mode drift, OTF, track ﬂ'ﬂﬁ— 2018.08.14



| Ohservahles
@ HI 2lcm (imaging &

galaxies)

\‘ Pulsars (FRBs) NP — R v

c) Molecular Spectroscopy

d) —» LBI THE FIVEHUNDRED METER AYERTURE SPHERICAL
HADIO TELESCOPPE (PAST) PIOUECT
e) SETI AENTON NANYT Df LAY CIEENGIIN JIN EMENC WAk

LACITUN ZU*, WENDAL Z300°, JIATYAN ZIIANG T
YOULING YUE" sod LI QUAN®

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

(Citations google >700 ADS >400)

large-scale survey has simultaneously

p Li & Pan, 2016, Radio Science, 51, 7
observed HI and pulsar. Why. Li et al. 2018, IEEE Microwave, Vol. 19, Issue 3




baseline

ripple
calibration

crossing-
point
gain

calibration

first

sidelobe
calibration

Arecibo GALFA-HI Survey



Novel Technique High Cadence CAL
HI/pulsar commensality!

e "winking” CAL at PATENT APPLICATION;
the pulsar backend AHIGH FREQUENCY WHITE NOISE INJECTION SYSTEM
The CAL PIOblem sampling rate

(~100 IJS) by Marko Kréo', Yan Ziwe, Richand K. Manchester', ( NATAANT
'.‘ ' A | | 1Oxn Lynch .'.U: I, '.'.’.'.",'. I,..-;.),m..":',ih.u,,xvn Cods Y G i I
|"& o ® PUlS ar b acken d Mengning Liv', Naomi M, Mc( ..'L'(m.".'J "‘: u;'f -w: Vot aVa bl aVa
] | trigger automatic VT, SO 1A

CAL

® post-processing pulsar data to
recover Isys

» ® CAL timing information
with all groups.

BACKEND SYSTEMS
PULSAR ®
GALACTIC HI ke

EXTRA - GALACTIC HI
FRB




CRAFTS

ommensal adio stronomy & AS urvey

U precedented commensality
pulsar, galaxy, imaging, and FRB

WMAE L =31 8 M Ves

o
@

Proprietary high-cadence CAL injection

Lon el Myl =

FAST ‘big data’ stream
e 6 GB/s 10 PB/ year

x “« 4 < S 0
-« < < = —_—— -
¢ R W W N .

ABAINS | SY4 AWOUO0JISY OIp2Y |esuswwon ay |

HESITIZ I MEZWRAO >

Li et al. 2018, Invited Review

Q IEEE Microwave, Vol 19, Issue 3, p112
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HI-FAST

» The CRAFTS' HI product, namely HI-
FAST, achieves absolute tlux
calibration. h ) Ria-1 3

+ 18% of CRAFTS completed.

+ <1% flux uncertainty! (cf. GALFA,
HI4PI, LAB)

* The pipeline is ready.

» The first data release expected in two
months.

CRAFTS
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CRAFTS new pulsars >165, 41MSP
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“The most important discovery in 5 S, . ~- = _— b
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1 Welcome to the FRB Theory Wiki!
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CRAFTS reveals a high event rate > 1 20 per day!

Equivalent Solar Energy

ASKAP
ATA
Arecibo
CHINE
DSA-L0
Effelsberg
FAST

GaT

INAF SRY
Parks

2020 ApJL
2021 ApJL

FRB 190520

Cosmic Ac

———

Youth Kids Toddler
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GRAFTS

FAST S N & 4 -:1:':35}5
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"'C"C‘.Q.AO Sl

2019.5.20 CAFTS scan: discovery  2022.6.30 K Nature »



CFHT GRI
CFHTR
Subaru

Z= << Z(DMexcess)~
PRS:
. FRBs - PRS within .
. accidental-association prob.= 6x10-6

Blue:
Green:

VLA-realfast

| (Law et al-2020)

|9 bursts in 11.4 hours

1.5 GHz Bursts
3 GHz Bursts
5.5 GHz Bursts
PRS (1.5 GHz)
PRS (5.5 GHz)
PRS (3 GHz)
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2022 Nature




FRB 190520: .- hipper and Welrder brother of 121102

FAST: D. Li, C.-H. Niu, W.-F. Yu, J.M. Yao, P. Wang, Y.-K. Zhang, Y.
Feng, B. Zhang, W.-W. Zhu, J. Cordes, S. Ocker et al.

Parkes: Shi Dai, Yi Feng, Chen-Hui Niu. Di Li et al.
Effelsberg/EVN: Marilyn Cruces, Bo Zhang, Chenhui Niu et al.
JVLA: Casey Law Wen-Fei Yu, Sarah Burke-Spolaor, et al.

GBT: Yi Feng, Shi Dai, Ryan Lynch, Sarah Burke-Spolaor et al.
VLBA: Wen-Fei. Yu, Casey Law, Shami Chatterjee et al.

Optical/High E: Chao-Wei Tsai, Chris Bochenek, Yuu Niino et
al.

“The first persistently active FRB"

+The highest DMpost ~ 912 pc cm-3

+The 2nd compact PRS confirmed to co-locate
with a FRB

o . ~300 bursts by FAST,
JVLA, Parkes, GBT and VLBA in multiple bands.
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FRB 121102

Burst Rate Energy D
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China's Top 10
scientific breakthroughs in 2021

l. Tianwen 1 landed on Mars

2. China’s space station core Tianhe in orbit
3. Synthesizing starch from carbon dioxide
4. Chang’e-5 returned with lunar rocks

5. Cio—EM structure of an extended SARS-CoV-2

(. High-performing woven lithium-ion fiber batterie

8. Programmable superconducting quantum processo
9. Soft robot 10,000 meters under the ocean’s surfac
10.Spatio-temporal dynamics of bird migration routes

FAST

il 3 1 e e Lfk:ﬁ
L3S HE A

@z 2T 221202

AV AEZER S RIFTRORERDE
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I“““'ﬂd Charac:tenzatlon of aH FRBS O'RM

Degree of Lnear Polarization (%)

€@ Ypocl-e(20\4 orA

- -y - I — '-'to - Ty
10 10 10’
Freaqguency (GHz)

Feng et al. 2022, Science, 375, 1266-1270

2022
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FAST Rm;cals' . :
Rare Circular Polarization
in Active Repeating FRBs

il 4 1 e K bl
ol R A

-FRB 190520B More to come

Niu et al., Nature:
Feng et al., Science;
Feng et al., Science Bulletin; Ann3Thomas, Feng

et al. Science (accepted)
Zhang et al. Nature Astronomy, under review

190520-models
Wang et al., Nature Communications;

«FRB 121102 Li et al., Nature: Ocker etal., ApJ
Yang & Zhang, 2021, ApJ
.FRB 200428 Lin et al., Nature ang &~hang P -FRB 201124A

(Cf. Bochenek+ & Chime+ Nature)e3 new FRBs Niu et al., ApJL; Xu et al., Nature;
-FRB 180301 Luo et al., Nature (Cf. CHIME/FRB Catalog 1 Zhou et al., Zhang et al., Jiang et al., and Niu et

ApJS. ., 4 in RAA
-FRB 181123, Zhu et al., ApJL pJ> T Papeis i




2 5(‘ 6/‘7 l%’:? ¢% {f] ﬁ& (I'“ Narrow Self—nbsorption)
F1°F & 14 4L,
\

§ 1
A Yeewm ww - vwe

-10 -5
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‘Hydrogen-dating’ the ' molecular clouds, constrains the time scale of star formation



JCMT Large program
ALOHA (A Lci Of the Habitat and Assembly of IRDCs)

Better images than Herschel

. : . b | b oy ins v 4 ; Y 12 power-law
~Galacticplane’ = - oE 0T g} [ L (R
2 degree |/ tognormal | oy
| R
better resolution M N8 ey B
and lower noise Sensitive image + NPDF analysis

= Most sensitive single-dish dust continuum IRDC Survey
Achieve JCMT's highest dynamical range: e 1032 cm 2

rms=5 mJy/bm (2x102'cm2) to Spea=1 Jy/bm (2x102%cm?) = . SyDaniled ICompOnons (S VoC -
-Major Science output: g -
- - 5 %1 IaxERa 2 ‘

— complete spatial coverage: extended gas to gravitating o | (Gravitating) i3, 20
oRres S 5| S e C
— complete NPDF profile (fully detect the turbulent gas) - r 1.0
— Largest core catalogue for nearby IRDCs (D<2.5 kpc) R =101 54 PC o
- v v v v -t 0.0

~1500 cores from 12 regions, ~500 totally IR-dark cores. _a20 _10 o 0 a0

HA ollset (arcmin)



ALOHA Science Highlights - Joint study with the FAST 500-m telescope

v¢ FAST HI-21cm self-absorption (HINSA and HISA) — cold atomic envelope of IRDC
— FAST data: 42 dense clumps are selected for FAST HI-21 cm observation.
(in progress)

_ candidate HI-absorption in IRDC
JCMT 850 micron

w— 0O (1-0)

;/\\ AT
,,}’\\j A

- | FAST HI 21 cm
5 10 \ \
5
FAST beam (3°) 13CO 1-0 (PMQ)
o it |

60 B0 100 120 140 160
Velocity (km/s)

v<¢ Initial result: IRDCs tend to have broad HI absorption dip (AV = 5-10 km/s)
— cold atomic gas around IRDCs but with large velocity dispersion
— dynamical conditions to be further analyzed (turbulence, shock, infall, interaction ?).



ZILKEE 0 [HEJIANG LAB

XUEJIAN JIANG
TS

(EAO Fellow 2019-22)

STAFF SCIENTIST
Zhejiang Lab

Current Research Projects

--Astrochemistry

1. Analyze the chemical composition of the
ISM with models and H, column density

from dust continuum data (SCUBA-2 etc.)
[with Donghui Quan, Thomas Bisbas, Di Li {
etal] B

2. Study the astrochemical properties of the
Central Molecular Zone of the Milky Way
with ALMA “line forest” (e.g. carbon-chains
or Complex Organic Molecules)

ALNA steorvatons Ly of ol 2921k
o Fschtan. 0.7 (W00 AL, sevwrivity: 3.0 K par 1.3 b's churwml
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3. Member of the FAST-CRAFTS pipeline dev. team.
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/eeman Effect (B) in
Molecular Gas
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LSP eloc ity o mvy

0" Crutcher et al. 2000

cN Crutcher et al. 1999

BES Nakamura et al. 2019
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The First HINSA Zeeman Detection

ISM field sttength in Taurus B = 3:8 + 0.3 pG

*Reveals a weak coherent field that puts the molecular cores into |
supercritical state

Provide an observgtional foundation for solving the“magnetic
flux”, one of the three classical problems, in star formation

LSR Velocky fems ) =



A new ( /\'] #7) method that informs us of star formation. ”
— {Nature) comment, senior editor

“An extremely |mportant i&% f F ) observation .

— {Nature) perspective, Prof. Crutcher

..revolutionary ( l\é-r ’ﬁf’\‘f"i for the star formation

community” = ((Science.)) news, Prof. Casellli

1

Ching et al. 2022



CR.AFTS to draw the first 3D interstellar

magnetic-field-strength map

| + HINSA Zeeman

140 v - -
| — b
HINSA

M, CNM 4

Resolution ~1 degrees
> 20000 pixels

' y
~ * Ty
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Science Driver

»Galactic dynamo?

>

>

| 2

~ermi bubble

Field reversal

Magnetic dissipation

»Galactic evolution

= g
= itulll 240

Hutschenreuter et.al. 2021

55190 pints of RM

Farrar 20614

Galactic B—fiélcﬁ model
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MOME ANNOUNCEMENT

ANNOUNCLMUN Help
tfast-proposal-support@nao.cas.cn

Call for FAST Science Observing Proposals
202203-31

he Five-hundred-meter Aperture Spherical g0 Telescope (FAST), a Chinese national science faciinty, welcomes

submsson of scwnce proposds lor the upcoming ctsorving perncod schaduiod from August 2027 %o y U023 Usors of

MYy DALCOANS of MNEMoNS are inviied 10 submil propoans Defora the deading X 18100 UT on 16th May
2022 through the wedsite hitpJifast. hao.ac.on/proposal_submit. information on the techniques and current

poerformance of the tlelescope aro avoabie ol

The FASY sclence oporation covers both rogular scence programs and lairge programs. Please note thet thes Call only

’ Tiu N, .

MOHORS reQuis sCence proposals. whath LSuaty 1ake ODserv g 1iIMme RO More tha U DOUrS. 1T 18 anicoated That atbon

2000 hours of observing tme wil be alocated 10 reguiar scionce programs. Al proposa’s shoud make & cear that whry

the FAST s recessary f'or the requesied chsernvalions, Based on the slatishics of 1he a8 observing penog, the

NETSLESCIBION A IS 20 ON T IS recrms S 2 Tcr e LS
porresponds o the Galactic plane time for the FAST.

range of 18 12 22 hours, which appraximately

he FAST started its full operation in January 2020, and is now compiating 15 seocond science observing period. A Sst of
previously accepied science proposals, inciuding both regular scence and large programs, can be ‘ound »!
Jole tha! informathion of fulure seoroved proposals. ncludhng
titles, ¥l names, abstracis, and scheduing priortes, will 250 be posted at the webane. Science cata cbhtained through a
reguiar sCnce program Rave 3 propretary perad of 12 months. Please see the FAST Data PoCy posted 2

»
L
for mere dotaily, To svold duplication, proposers should guery the FAST erchive Dwciven Fow, and Rewdcvg Nan

CYLA P i Wane, Lo Qlan Marse Ao, Alvs Dewning
Foug g, Loaling Vor Chem v x Ten i

) Defore planning obhservatlions o checx If any exist ng

o | Di Li

Should you have any further gueston about the telescope oporation and proposal submission, please contact us at st

OpOsI-SpPOrtONSS.£06.41 dili@nao.cas.cn
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ive-hundred-meter perture « pherical radio I elescope
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5 Legacy programs Lﬁ?ﬁzg
~400 Pl programs KEERKE

. . . PLEFASTRMN A RIERTF D
> 150 journal papers, including S

7 {Nature) +2 {Nature Astronomy) | - @’iﬁ ’m*
2 {Science) R S
2 {(SCPMA) cover articles \"%:’} '- N.;..\_:‘-:/)
1 {Science Bulletin) cover article | a2’

26.30
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