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 from Galileo to FAST/Cosmic Antennae 



Galileo Galilei 伽利略
1564 – 1642 Italian astronomer, physicist and engineer, polymath

https://en.wikipedia.org/wiki/Engineer
https://en.wikipedia.org/wiki/Polymath
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Newton 
(1642 – 1726) mathematician, physicist, astronomer, alchemist, theologian
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“Space, Time, and Spacetime” edited by Petkov (chapter: Overduin)

Everitt et al. (2011) "Gravity Probe B: Final Results of  a Space Experiment to Test General Relativity” 
Physical Review Letters. 106 (22): 221101.

Ernst Mach
(1838 – 1916)  Austrian German; physicist and philosopher

https://en.wikipedia.org/wiki/Physicist
https://en.wikipedia.org/wiki/Philosopher


   “An empty space, that there is no space 
field, is non-existent. ” —Einstein
《Relativity: the special and the general theory 》1916 
（English translation by Robert W. Lawson） 

Ernst 
Mach

?



Max Planck 
1858 – 1947 German theoretical physicist

𝐸𝑝h𝑜𝑡𝑜𝑛 = h𝜈

quantum

Ultraviolet catastrophe          
clouds over physics



   “The first person to carry 
out a modern survey of 
the night sky, Fritz Zwicky’s 
astronomical observations 
led to a new picture of a 
turbulent Universe that is 
punctuated by violent 
events.”

动态宇宙
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Astronomy 
 the ‘New’ Frontier

2011

2015

2017R.Weiss      B.C. Barish      K.S. Thorne

R.Davis,Jr.     M.Koshiba

2019James Peebles

Michel Mayor      Didier Queloz

2020Roger Penrose
Reinhard Genzel      Andrea Ghez 

2004
SHAW  
PRIZE

T.Kajita      A.B.McDonald

S.Perlmutter      B.P.Schmidt      A.G.Riess

J.C.Mather      G. Smoot

R.Giacconi

  since 2000:  laureates 19    
 10 achievements in 7 years 

2002

2006 CMB anisotropy

accelerating expansion  
of  the Universe
neutrino oscillations

gravitational waves

cosmic X-ray sources
cosmic neutrinos

physical cosmology
Habitable exoplanet

black hole formation
Galactic center supermassive 
compact object

Shaw 
+ 

Nobel



Bailes

‘Lorimer’ bursts t

𝛎
2007

2013

Lorimer

Hundreds of  similar events could occur every day…

Determine the baryonic content of  the universe
McLaughlin

FRB Discovers 



FRB 121102 localization 
“The most important discovery in 
astronomy since LIGO”—AAS Press 2017

      FRBs is the most energetic 
cosmic signal in radio bands. Their 
equivalent energy can reach years’ 
worth of Solar radiation, but 
concentrated in a thousandth of a 
second. 

FRB 121102  was discovered 
by Arecibo in 2015



Arecibo 
(1963 – 2020)

1963 commissioned 
mercury spin, double neutron stars, the first exoplanet etc. 

   1993      Nobel prize in Physics
2020.12.1 collapsed 



Arecibo 
(1963 – 2020)

FAST 
(2020 – now)

300m 500m

the largest antennae ever built by mankind

1993  
诺贝尔物 理学奖





Five-hundred-meter Aperture Spherical radio Telescope 
(FAST) Guizhou, China 

¥ 1.15 billion; 5.5 year 
2011.3-2016.9 

(Nan, Li et al. 2011) 

‣4,500 moving panels  
‣30-ton feed cabin 
‣6 towers, 100+ meters tall 
‣100,000+ optical fibers

FAST



the most sensitive cosmic radio detector

Five-hundred-meter Aperture Spherical radio Telescope 
(FAST) Guizhou, China 

¥ 1.15 billion; 5.5 year 
2011.3-2016.9 

(Nan, Li et al. 2011) 

‣4,500 moving panels  
‣30-ton feed cabin 
‣6 towers, 100+ meters tall 
‣100,000+ optical fibers

FAST Full Operation  
since 2020

‣~400 projects from 30+ 
countries 
‣400+ papers, 12 on 
Nature/Science 
(main journal) 
‣Main achievements 

-pulsar search 
-HI imaging 
-interstellar magnetic fields 
-FRBs.



OH

Li et al. 2003
HINSA

HI Narrow Self Absorption 
原子氢的窄自吸收

2001.11

2014

2012.02

2024.092022.01

First HINSA Zeeman Detection 
reveals a weak B = 3.8 ± 0.3 µG coherent field 
that puts molecular cores in supercritical state                        

《Science》news: 

“…revolutionary (革命性).”             



brown 
dwarf

pulsar

galaxy

H2

HI

Commensal  Radio  Astronomy  FAST  Survey

Li et al. 2018  
IEEE  Microwave

  Based on a novel high-cadence CAL technique, CRAFTS 
is the first commensal survey of  HI imaging, 
pulsars, galaxies, and FRBs .



Status of  pulsar discoveries from CRAFTS

65    MSPs 
21    Binary（including 3 DNS） 
~35  RRATs 
~90 Pulsars were Published

~90 Pulsars have full time solution 
International collaborative pulsar timing

P-Pdot Diagram

Confirmed 

222 New Pulsars 
Discovery

Date of discovery （Year）

86GB+，7 datasets 
100,000 Views，5200+ Downloads 
>200 Citation，from 20+ Countries

CRAFTS Catalog & Data Release 
http://crafts.bao.ac.cn/pulsar/
https://fastro.scidb.cn/en

https://crafts.bao.ac.cn/pulsar/


“the Veil” in Orion 
Li & Li submiteed 
cf. Pabst et al. 2019 Nature

2024.2 Release 

4738 deg2 

Narrow-band Data Cube

https://hiverse.alkaidos.cn/

Pre-release (Orion) 
http://groups.bao.ac.cn/ism/CRAFTS/202303/
t20230321_736552.html 

Narrow band HI data releases 
https://doi.org/10.57760/sciencedb.07779 

CRAFTS Data Community 
http://groups.bao.ac.cn/ism/CRAFTS/202309/
t20230906_752058.html

CRAFTS HI Data Release

http://groups.bao.ac.cn/ism/CRAFTS/202303/t20230321_736552.html
http://groups.bao.ac.cn/ism/CRAFTS/202303/t20230321_736552.html
http://groups.bao.ac.cn/ism/CRAFTS/202309/t20230906_752058.html
http://groups.bao.ac.cn/ism/CRAFTS/202309/t20230906_752058.html


Canada 
CHIME

FRB 190520

Zhu+ 2020 ApJL 
Niu+ 2021 ApJL

Big Bang

Li et al. 2018
CRAFTS

Cosmic Age
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CRAFTS reveals a high event rate >120K  per day!

★

Dynamic Universe 
    “a turbulent Universe that is punctuated 
by violent events.”           —Freeman Dyson



FRB 190520

C.H. Niu

2019.5.20 CRAFTS scan: discovery 2022.6.30《Nature》

   Niu et al. 2022, Nature, 606, 873 
The first persistently active FRB. 

• Facilitate followup campaign e.g. Anna-Thomas* 
& Li* 2023 Science 

• Give rise to >10 models 
• Voted into “Top 10 Scientific Achievements” 

China 2022



Credit Niu et al. 2022 / Saxton（NRAO）

持续射电源 PRS

Persistent Radio Source PRS



Blue:    CFHT 
GRI 
Green: CFHT R 

FRB 190520

FRB 121102
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190520

121102

190520
121102

190520 
 a hipper and weirder brother of  121102

largest 

 DMhost
Only two 

PRS 
1st & only 

Persistently  
Active 

Challenges the Macquart Relation 
? toward 1% H0 to resolve Hubble tension



1113 A.D. 《Endless Rivers and Mountains>>  
仿 王希孟 《千里江山图》

FRB 121102 
“月半千辉” 

1652 bursts in 50 days 
1st complete FRB burst-rate energy spectrum



Feng, Li* et al. 2022 Science, 375, 1266

121102

190520

Evolution

Unifying  
repeating fast 
radio bursts

FAST+GBT  
reveal FRB’s environment

Multi-path 
Scattering1 − e(−2λ4σ2

RM)



FRB Waiting Time
Normalization: inverse of the 
average event rate; ~1 hour for 
earthquakes; 7 hours for flares; 88 s and 
123 s for two FRBs

Weibull distribution: earthquakes 
have a higher rate of occurrence with 
short time intervals.  

FRB emission seems to result from  
two Poisson processes. 

Zhang, Li* et al. 2024 
Science-Bulletin
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Random =>
Lyapunov exponent

Pincus index

Chaos 

exponential growth in unpredictability 

Random 
constant unpredictability

Chaos

PLD 

Pincus-Lyapunov Diagram 

dynamic events 
on Energy-Time phase space

Pincus-Lyapunov diagram

Randomness



FRB 
God’s dices in the E-t phase space?

《Science Bulletin》 
•Multi-discipline journal 
• IF ~20 （ranked #5 among all 
comprehensive journals）

✦ FRBs have no spin-related periodicity! 
✦ FRBs’ arrival times have no dependence on energy.  
✦ FRBs events roam the energy-time space like a 

Brownian motion, much less chaotic than 
earthquakes, but more random.  

✦ Spin trigger unlikely.

Zhang, Y.K.Designed by OpenVerse

Pincus-Lyapunov diagram





explosion 
hypernova?

compact binaries
bursting through 
complex plasma

lights up the PRS 

stochastic

Active Repeater

normal FRB 
Single/repeat?

PRS fades/DM decreases 

rate drops 
pol. Stabilizes

Chatterjee+ 2017 Nature 
Niu+ 2022 Nature

Li+ 2021 Nature
Reshma+ 2023 Science

Feng+ 2022 Science

Niu+ 2022 ApJ

CHIME 2021 ApJS

Wang+ NA under review

Zhang+ 2024 Science Bull.

Fast  Radio  Bursts 
unified picture



2024 Marcel Grossmann Awards
KaspiDi Li

“For his groundbreaking contributions to the scientific 
definitions of the most sensitive radio telescope and his 

numerous innovations in characterizing the dynamic universe 

“For the innovative detection and comprehensive 
analysis of a large population of fast radio bursts …”

2024.07.08
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FOV视场 = 𝛌 /D      threshold 探测极限 = 1/D2

望远镜 threshold detection rate

中国天眼 FAST 0.01 Jy  X 21  17/yr 

加拿⼤ CHIME 0.21 Jy 1500/yr x 88 

𝜈 = 𝒄
𝝀   

Bottleneck: detection rate 

加拿大 CHIME 

中国天眼 FAST 

Breaking the detection limits



from mirrors to field camera

伽利略 中国天眼 FAST
Active SurfaceGALILEO 
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Focusing-amplification Field sensing + computation

Field camera - digital quantum computer 

2024.11.10

972 GB/s

Wave => high throughput computing

Telescope - partial quantum computer 



宇宙触角Cosmic Antennae

Cosmic   Ant•ennae



Matter Force

0  ≡   1∞  cosmos＜∞
Quantization

13.7 billion yrs



0  ≡   1∞

Universe ＜ ∞  =》no singularity

=》no absolute symmetry / conservation

=》only “relative” relativity

Li 2025 in prep.



Cosmic Time Frontier“时间前沿”

“能量前沿”
The Energy Frontier Report: 

 the future of  US particle  physics (2021 US Community Study)

“时间前沿”
The Cosmic Time Frontier 
2023-2024 weekend coffee discussion notes
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︖
the finite Universe 

t = 13.7 billion yrs ZCMB ~ 1100

E = hν ν = c
λ

< 1
2ν

ΔE ⩾ h
4π

Δt

δt



Dynamic Universe

FRB Discovery 
2007  

Shaw Prize 2023

Lorimer et al.

FRB Systematic 
2017-now 

Marcel Grossman 
 Award 2024

FAST+CHIME  
ASKAP, SKA, 

Arecibo, etc.

FRB Origin/Physics 

CHORD，DSA，
Cosmic Antennae …

2030？ 

New science 

2035 ?

time frontier?

Computing senses cosmos


