
Time Frontier 

李

Cosmic Antennae

Di Li

 from Galileo to 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


   “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



‘Lorimer’ bursts
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Hundreds of  similar events could occur every day…

FRB Discovers 



McLaughlinCordes



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)

FAST 
(2020 – now)

300m 500m

人类建造的最大天线

1993  
诺贝尔物 理学奖

美国Arecibo 中国天眼 FAST
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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 .

High-cadence CAL



CRAFTS HI images of Orion

li & Qiu under review , Science Advances 
(“the Veil” in Orion: cf. Pabst et al. 2019 Nature)

https://doi.org/10.57760/sciencedb.07779



Narrow band HI data releases 
https://doi.org/10.57760/sciencedb.07779
http://groups.bao.ac.cn/ism/english/CRAFTS

(dili@nao.cas.cn)

Li et al. 2018 IEEE MWhttps://hiverse.alkaidos.cn/

4738 d2   
publication qualityWelcome to CRAFTS

mailto:dili@nao.cas.cn


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 citations，from 20+ Countries

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

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


Canada 
CHIME

FRB 190520

Zhu+ 2020 ApJL 
Niu+ 2021 ApJL

Big Bang

Li et al. 2018
CRAFTS

Cosmic Age
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FRB event rate >120K  day-1 4π-1 (Niu+ 2021)

★

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

H
O
S
T 

G
A
L

P
R
S “M

ac
qu

ar
t” 

re
lat

ion

190520
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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

Universal EFRB : bimodal  
(Li+ 2021; Zhang+ 2024) 



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)
P
u
l
s
e Magnetized plasma



Niu et al. 2026, Science Bulletin, Accepted

dDM
dt

= − 12.4 ± 0.3 pc cm−3 yr−1

Decadal evolution of   repeating FRBs

dDM
dt

= − 3.93 ± 0.11 pc cm−3 yr−1

Wang et al. 2025, Innovation 
under review

supernovae(SNe)  
and they evolve!

FRBs originated from …



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
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Matter Force

0  ≡  ￼1
∞  cosmos＜∞

Quantization

13.7 billion yrs
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宇宙触角
Cosmic Antennae

1 TB/s; 104 d2 FoV 
 FRB localization: 1 day-1



New Building
MUST: 6.5m  
10000 fibers

New Building

Student Activity Center

distinguished visiting prog.

Joint PhD   programs: (e.g. with U. of  Manchester): 2+2 yrs, dual degrees
SHUIMU Postdoctoral  fellowships: 2+1 yrs, ~$50K/yr, access to supercomputing, FAST, CSST, etc. 

Welcome to  
Tsinghua Astronomy


