
From SKA to FASTea
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Outlines

1 LT/SKA Initiation and Contribution

2 FAST Design and Construction

3 Discoveries from FAST Observations

4 FAST Expanded Array

Credit: FAST Project



Large Telescope Working Group (LTWG)

International SKA Steering Committee (ISSC)
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SKA Global Collaboration

MeerKAT Delegation, 

July 2009

TDP/ASKAP/SPDO

Delegation Jan.22 2010

Preparing for the SKA: Science 

and Technology, Nov.2-4,2011

JLRAT & CASS at NAOC

Dish Array Proto-Consortium 

April 2012

Daejeon,Nov29 2011 

MeerKAT Support Base 

Feb. 2009



改画SKA

路线图

SKA-P1

SKA Funding + Engineering 

Apr 2011

Apr 2019
ASKAP 

DVA-C SKA-P



Outlines

1 LT/SKA Initiation and Contribution

2 FAST Design and Construction

3 Discoveries from FAST Observations

4 FAST Expanded Array

Credit: FAST Project



Five hundred meter Aperture Spherical radio Telescope
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500米口径球面射电望远镜

What is FAST

● Unique Karst depression (limestone sinkhole)

● Active main reflector 

● Cable suspension- parallel robot feed support 

Effelsberg 100 m

Arecibo 

300 m

Credit: Arecibo Observatory 

Credit: MPIfR

Credit: FAST Project 
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1st SKA Conference in China LTWG-3

Huaxi Hotel, Guiyang 1995 



Feed driven by cables 1995

馈源指向与跟踪

任革学 Ren, et al. 1999

西电3/6塔（室内外），清华8/4/6塔（室内外），
北理工Stewart平台，中科院力学所，
中科院数学与系统所，国家天文台中德仿真

段宝岩 Duan, Zhao, Wang & Xu,1995

OpenGLRot.exe
STEWART.EXE


Reflector deformed by actuators

BAO 北京天文台
TJU 同济大学
NIAOT 南京天光所
BHU 北航
Tsinghua 清华大学
HIT 哈工大
NAOC 国家天文台

邱育海Qiu Y., 1998

南仁东 Nan, Ren, Zhu, Lu, 2003



四院士推荐信1998

Feb.5 1998
Feb.26, 1998

陈芳允、杨嘉墀、王绶琯、陈建生
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Tsinghua清华4塔

Experiments of Feed driven by cables 

清华并联机器人

Xidian西电6塔

清华 20m

Tsinghua

Xidian西电 50m

BIT北理工机器人



中美天眼传承 2002

Credit: NAIC-ARECIBO OBSERV

Nov, 1996

Nov, 1996

Bill Gordon 
The father of Arecibo

2006



HI detection on Sept.6 2006 @ MyFAST

Demonstration + Funds Approval

• R～300m,D～500m, Deff=300m

• Maxi zenith angle 40°

• Freq.  70MHz-3GHz up to X-band

• Sensitivity 2000 ㎡/K

• Resolution 2.9’; 

• Multibeam 19

NDRC Approval on FAST Funding 

Proposal on July 10 2007

International Review and 

Advisory 2006

Credit: FAST Project



大窝凼 Dawodang 2007

FAST Break Ground Dec. 26 2008

“demaged” Scence 2011

Credit: FAST Project
Credit: FAST Project

Foundation+ Impossible  Engineering



Cooperate FAST 19-beam Receiver 

Jeganathan Kanapathippillai,

Tasso Tzioumis，
Paul  Doherty，
Mark Andrew Bowen

CSIRO Lab

FAST Lab



FAST Constructed

Scientific Beauty 2016

Credit: FAST Project



Outlines

1 LT/SKA Initiation and Contribution

2 FAST Design and Construction

3 Discoveries from FAST Observations

4 FAST Expanded Array

Credit: FAST Project



Miyun 50 m

MyFAST 30 m 

Three-Generation RT at Miyun Station

28 X 9m MSRT

LTWG-3 

Prep 1995

1966—1998

2006

2006

Miyun FAST demonstrator 2006



Research Overview  
1 Technology R&D — Cryo-PAF, WBSPF, LNA, SKA prototype antenna,
Electronics, Digital backend,Data processing and Intelligence algorithm,

PAF信号流程

PAF前端馈电阵列
SKA-P望远镜

2 Astrophysics — Pulsars, HI, RRLs, IPS, GWs, ……

球状星团M13脉冲星搜寻和计时

中性氢质量函数
随红移的演化趋势

行星际闪烁观测研究

LNA
Filters

中子星-白矮星并合引力波信号射电复合线观测研究

基于SKA科学数据挑
战一的深度学习算法

Yu,L.,et al.MNRAS,
2022,511,4305

Wang, L.,et al.,ApJ,2020,892

Xi et al. 2021, MNRAS,501 Liu, B.,et al,,PASA,2022

Liu,L.,et al.,MNRAS,2022,515
Liu,L.,et al.,MNRAS,2021,504 Yu, S.,et al.,MNRAS,2021



 SCIENCE CHINA Physics, Mechanics & Astronomy, Volume 62, Issue 5, 2019

Special Topic: The Science and Technology of FAST

Contribute to 1st FAST Achievements 



Pulsars in Globular Clusters (1/4)

1. Environment in GCs
• Large number of stars gravitational bounded

• Favorable environment for SF, recycling

• Large fractional of MSPs, binary systems

2. Individual system in GCs:
• EoS of dense matter

• Tests of gravitational theories

3. Cumulative population of psr:
• Structure and  Dynamics of GCs,

• GC magnetic field, Gas content

257 pulsars discovered in 36 GCs by 202207. Yin et al. in prep

Parkes: 48 （47 Tuc: 25）
Arecibo: 28

GBT: 81 （Terzan 5: 38）
FAST: 39 （31 binaries）
MeerKAT: 43

Others (GMRT + Lovell): 7

FAST: Wang et al. 2020

Pan et al. 2020，2021，ApJL

Yan et al. 2021

Pan et al. RAA, 2021

Qian & Pan, 2021

Optical GC M13, wiki.



Searching+Timing pulsars in M13 (1/4)

Projected position of pulsars

• New pulsar M13F discovered by FAST in this GC

• Update timing solution of M13A-E,

• Measure projected position of pulsars,

• HST observations companion of M13F: 0.23 +/-

0.03 solar masses（Cadelano et al. 2020),

• Combined with FAST timing solution (phase I)

M13F ~ 2.4+/-0.5 solar masses.

Accurate mass measurement needs accumulation of 

timing data.

GC M13

Timing residuals of 6 pulsars. Some binaries measured with post-keplerian parameters.

Wang, Peng, Stappers, ApJ, et al. 2020



HI in galaxies (2/4)

Hydrogen, most abundant element, atom (HI), molecular (H2), ion (HII)

HI, most common form in late-type galaxies, 

Feed molecular cloud, regulate star formation in galaxies;

http://soral.as.arizona.edu/HEAT/science/

more extended structure than stellar component, 

probe interaction between galaxies or between 

galaxy and CGM (circum-galactic medium).

THINGS (Walter et al. 2008)

Parameters HIMF and ΩHI enable the comparison between observation and theory



HI blind surveys — completed (2/4)

Completed, limited in local universe, no evolution

Survey Telescope Sky 

coverage 

(deg2)

Redshift

coverage

Sensitivity 

(mJy/beam)

Detections

AHISS Arecibo 65 0-0.025 0.75 66

AS Arecibo 55 0-0.028 - 75

ADBS Arecibo 430 0-0.027 - 265

HIJASS Lovell 1775 - - 396

HIPASS Parkes 29338 0-0.042 13 5317

HIZAO Parkes 1840 0-0.042 6 883

ALFALFA Arecibo 7000 0-0.06 2.4 31500

AUDS Arecibo 1.35 0.16 0.075 247

AUDS the first to detect HI beyond by 21 emission line.



HI surveys — ongoing (2/4)

depth Survey Telescope Sky 

coverage 

(deg2)

Redshift

coverage

Sensitivity 

(mJy/beam)

Total 

time

Medium WALLABY ASKAP 30940 0-0.26 1.6 9400

CRASTS FAST 22000 0-0.35 1.4 -

Deep DINGO ASKAP 210 0.1-0.43 0.04 7500

FUDS FAST 4.2 0-0.42 0.05 780

CHILES JVLA 0.5 0-0.45 0.05 1002

MIGHTEE-HI MeerKAT 20 0-0.5 0.001 1920

LADUMA MeerKAT 2 0-1.4 0.000068 3424

FAST Advantages: large collecting area and multi-beam receiver.

Demands 100 times observing time to achieve by existing interferometers.

On-going HI surveys focus on detecting distant HI galaxies.



FUDS  (~1000 HI galaxies)

6 x 0.72 deg2, 780 hrs (2019- );

50 uJy/beam,  z ~ 0.42。

Gas evolution in galaxies;

Measurements of comic HI density;

Evolution + environmental dependency of HIMF

Distribution of six fields in FUDS survey, Xi, Peng, Staveley-smith, et al. 2022,39,19

FAST Ultra-Deep Survey (2/4)

136 HI galaxies: 

6 of z > 0.38;

3 extreme faint HVC



GC

FAST Observable Galactic plane 

Full sensitivity:     ZA < 26.4 deg.

Redu sensitivity:   26.4 < ZA < 40 deg.

FARLS 
FAST Recombination Line Survey

Liu B. et al. PASA 2022, 39, e050

RRLs on Galactic plane with FAST (3/4)



2021 2019 2020

Freq bandpass: 1050 – 1450 MHz

Sensitivity: s ~ 0.5 mJy/beam

Velocity res. : 0.5 km/s

Spatial res.: ~ 3 arcmin

Data-cube: 1 arcmin/pixel

2019: Pilot 1 sq. deg.

2020：W43,4

2021：6 sq. deg.

2022: 6

FAST Galactic RRL Mapping (3/4)

2022

1 sq. deg. RRL mapping 

with FAST 19-beam



Interplanetary Scintillation: Radiation from compact source scattered by

density irregularities in solar wind plasma. Motion of the irregularities converts the

diffraction pattern into intensity fluctuations

Compact  source

Sun

Solar wind

Distorted radio wave

Monitor solar wind

Measure structures of distant

compact radio sources

Estimate arriving time of CME

Forecast space weather

Although indirect, giving information on solar

wind out of the ecliptic plane+ close to Sun,

where spacecraft measurements are not possible.

Interplanetary Scintillation (4/4)

Ooty telescope



Model-fitting example of source 3C 286 

with SSSF mode observed by UWB receiver 

of FAST on Nov13, 2017 @ 285 MHz.

Solar wind parameters of 3C 286 from 10 MHz 

sub-bands using 20 s time length. parameters, 

velocity, AR, 𝛼, and 𝜃0 shown from top to bottom

IPS pilot Study with FAST (4/4)

Liu, Peng, Yu et al., MNRAS 2021



Solar wind velocities through sub-bands. 3C 286 

observed by FAST on Sept 27, 2020. The dots and vertical 

lines are the fitted solar wind velocities and errors, dashed 

line the linear fit of velocities with error. 

Solar wind velocity variations through Sept 26-28, 

2020. Black dots, red circles, blue squares represent 

velocities obtained at 1.06, 1.25 and 1.35 GHz 

Linear change+minutes variability (4/4)

Liu, Peng, Yu et al., MNRAS 2022



Outlines

1 LT/SKA Initiation and Contribution

2 FAST Design and Construction

3 Discoveries from FAST Observations

4 FAST Expanded Array

Credit: FAST Project
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20 FAST centralized sites in radius of 10 km，D >450 m

Daduo Depression (K6) landform

Southeast Dawodang, R=2.5 km

D ~ 900 m，
d >  200 m

FAST Expanded Array



Depression distribution（a0=260，k=0.15，0=-140.14°,W2、K11、K1、K5、W20 and K6）

(a)overall （b）zoom in
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
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ear r 旋臂半径；0 起始半径；
、0 旋转角和起始角；k系数。

Log Spiral centered at Dawodang，r= 260 m

FASTea Configuration



2021年10月17-19日 2个点RFI，5个点无人机激光雷达测绘

Siting FASTea in GuangDong Province 

2022年7月27-30日,3个点踏勘，



Large Aperture Sphere Telescope + PAF  

 PAF                    (Wang J. et al. to be submitted)

 Feed unit: 12cm; Radius: ~4.5-5m

 edge illumination：4.4dB @ 56.4degree

 Unit number: 85 X 85

 Energy intercepted by PAF ：79.3% 

 30 degrees Z.A., the energy received by each 

unit of PAF changes slightly. 

 With defocusing angles, energy received by PAF 

changes slightly, no significant defocusing.

Schematic diagram of large spherical reflector + PAF  

Zenith angle 0 degree 30 degree

Distribution of PAF received energy at Z.A. defocusing angle
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Efficiency of combination of PAF and FAST neutral 

planes at Z.A. and defocusing angles FoV reach+/- 1 degree at 40 degrees, and the 

efficiency decreases by less than 20% (1dB).

 Enlarging PAF size further expand FoV

 System T. ~20K

 Dynamic beamforming to compensate position 

residual of PAF receiver 



Dream continues towards  KARST = FASTea

Add 8 FAST-like dishes at SKA1 cost, 

100% SKA sensitivity @ 600 km, 

60 deg. ZA, up to X-band

Add 100 SKA-dish at FAST cost, 

2000×FAST resolution @ 600 km, 

80 deg. ZA, up to 24 GHz

FASTeA: FAST expanded Array: FAST-like + small/large dishes 

Credit: FAST Project

Credit: JLRAT/SKAO
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大射电望远镜 记忆
王绶琯 天文 — 2021

南仁东 天文 —2017

石雅镠 地学 —2016

吴盛殷 VLBI  —2013

陈宏升 微波 —2012

朴廷彝 电子 —2010

S. von Hoerner 结构 —2003

罗 罡 地学 —1996

李维星 地学 —1996

41

先
逝
者

Have put into this landmark project for China and the world

2005



Kilometre-square 

Area 

Radio 

Synthesis 

Telescope

1993 Co-initiator of LT at URSI
1994 Site Survey and first RFI measurements
1995 LTWG-3 Guizhou and LTPC established
1996 Engineering Concept KARST finalized    
1997 FAST Concept forming

1998 FAST Finalized/Announced in UK
1999 Experiments funded by Innovation Project
2000 FAST funding proposal to the MOST    
2006 Site Selection + Int’l Advisory Review    
2007 Funding Approval 
2008 Feasibility Study Report Acceptance
2009 Preliminary Design Review Acceptance       
2011 FAST Construction Clock on   
2016 Inauguration with FAST First Light
2020 Operation Acceptance by NDRC

50 yrs’ discovery trip to Nobel Prizes 

New Landmark FAST 
We were young enough that 

we didn't know we couldn't 

do it. If you dream, have big  

dreams. And have talented 

supporters to help you 

Academicians support 1997

风雨兼程大家庭


