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ÅChinese Academy of Science

ÅMajor observatories:
ÅYunNan Observatory
ÅXinJiang Observatory
ÅGuiZhou Observatory
ÅNIAOT

Å+7 observing sites

Å7 divisions cover Astronomy from Radio 
to X -ray



What   is  FAST   

αFive -hundred -meter Aperture Spherical radio Telescope β

FAST collecting 
duhdʽ 

30x football fields

specσKarst Depression

time σ2011 -2016

costσ1.1495 B Yuan (0.18B$β

Zruogɋvlargest single
dish radio telescope
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What   is  FAST   
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How FAST works

1000 x exaggeration
0.47m

Laser measurements
of the surface





The FAST site

Closest to be 
Spherical

No major villages 
within 5 km radius

Natural Water Draining

Best site selected from 300 possible sites 



Telescope systems

AB StewartAB Stewart



Main specifications

Surface σ500m

Illuminated are σ300m

Focus Ratio σ0.4611

Dec range σ40 f̄rom 

zenith 

Op freq σ70MHz ζ3GHz

Sensitivity (L)σ

2000m 2/K

Resolution (L)σ2.9¡

N beam(L) σ19

Slew time σ < 10 min

pointing σ;ɚ

In L band (21cm)
FAST Gain ~ 13 -17
Arecibo Gain ~8 -10
FAST  ~  1.5 Arecibo
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What is FAST good for ?

China Daily

Sensitivity (Gain): FAST ~ 1.5 -2 x Arecibo

Arecibo observable sky: Dec in 0 -39 deg

FAST observable sky: Dec in -14-66 deg

Arecibo Num beams: 7

FAST Num of Beams:19 (3x survey speed)



Pulsar Timing and Gravitational Waves

ÅGravitational WavesχNew Window of 
Astronomy

ÅPulsars could be used to detect nanoHz GWs

Pulsar Timing Array



Pulsar Timing for detecting GW

Å2 x sensitivity -> 2 x timing precision

Hours of Observation
in IPTA

Sensitivity contributions
in IPTA



Pulsar Timing and Shapiro Delay

ÅDepend on inclination 
angle:

ïMax delay for ~89 deg
inclination: ~100us

ïMax delay for ~70 deg
inclination:~10us

PSR J1713+0747 Shapiro Delay 



Pulsar Timing and Mass Measurements

ÅFAST will:

ïDiscover more pulsar 
binaries

ïImprove Shapiro delay 
measurements

ïPrecisely time more 
pulsars than Arecibo



Pulsar Timing and GR test

ÅFAST  can see most 
known DNS

ÅFAST can see the Triple 
system (SEP test)

Ransom et al. Nature 2014



FAST follow up LIGO -GW events

ÅGW170817 DecJ: 
ʛ56̄55ɝ 8616

ÅOutside FAST field 
of View

ÅFAST will follow up 
future GW events 
in its FOV

Dobie et al. 2018



FAST and Fast Radio Bursts

ÅFAST can see 12/31 
published FRBs

ÅFAST can see the 
FRB121102 (repeating 
FRB) 

ÅFAST could detect ~50 
FRBs/yr

Lorimer et al. Nature 2007



CommensalRadio

Astronomy FAST Survey

α1̃ Anchor Grids
Anchor points: 5cm+0.5"
Baseline: 1mm
Time accuracy: 10ms

̂2̃ Feed Cabin
Supporting tower: 2cm
Cabin Initial Position: 2mm
Cabin dynamic measurement: 3mm
Cabin dynamic control: 10mm
Frequency: 5Hz

̂3̃ Primary Panels
Actuator anchor point: 2cm
Cable mesh system anchor point: 2cm
Panel connecting nodes: 1.5mm
Nodes dynamic measure and control: 2mm
Frequency: 0.0017Hz

PI: Di Li

Expect to discover 500 -1000 new pulsars

~2000 hour drift -mode observations with 19 beams
Commensal Pulsar +H1 survey 



Challenges in FAST pulsar search
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Pulsar Data Pulsar candidates Pulsars

Search
Algorithm

sifting

FASTpulsar data
-> 2 PB/month
3GB/s

Pulsar search -> 
3 Million candidates/month



Novel AI driven pulsar searches

PICS: Pulsar Imaged - based 
Classification System
Zhu et al. 2014, ApJ, 781, 117



Pulsar Searches: Initial Results

ÅFAST started discoveringpulsarin 2017.08
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NAOC 2017 Oct



Pulsar Searches: Initial Results

http://crafts.bao.ac.cn/pulsar/pulsar-search/
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Å43 confirmed new 
pulsars

Å2 MSPs and 1 Binary 
pulsar

Å1 intermittent pulsar

Å2 RRATs



Taurus Pulsar FAST detection

Arecibo confirmation

X-ray image from CXO

Å A Gamma -ray pulsar with X -ray tail

Å Very high apparent proper motion

Å Potentially a very nearby pulsar

PSR J0358+32


