
Prospects of pulsar timing and 
discoveries using FAST

Weiwei Zhu

（on behave of the FAST early science team）

National Astronomical Observatories, CAS

CSQCD VII, CUNY Advance Research Center, NY



Outline

• Introducing NAOC and FAST

• What is the FAST telescope good for?

• Prospects of FAST pulsar timing

• Recent Pulsar discoveries



• Chinese Academy of Science

• Major observatories:
• YunNan Observatory
• XinJiang Observatory
• GuiZhou Observatory
• NIAOT

• +7 observing sites

• 7 divisions cover Astronomy from Radio 
to X-ray



W hat   is  FAST   

（Five-hundred-meter Aperture Spherical radio Telescope）

FAST collecting 
area≈ 

30x football fields

spec：Karst Depression

time：2011-2016

cost：1.1495B Yuan (0.18B$）

World’s largest single
dish radio telescope
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W hat   is  FAST   

500
m

Karst depression

6 suspension tower

4450
Triangular 
reflective 
panels

6670
Main
frame
cable

2225
actuator

6 cable

Surrounded by ridges

1 suspended cabin

Active surface, suspended receiver system

Collecting area 
250,000 m2



Basic Intro

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机构和Stewart平台AB机构和Stewart平台



Main specifications

Surface：500m

Illuminated are：300m

Focus Ratio：0.4611

Dec range：40° from 

zenith 

Op freq：70MHz－3GHz

Sensitivity (L)：

2000m2/K

Resolution (L)：2.9

N beam(L)：19

Slew time： < 10 min

pointing：8″

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

• Gravitational Waves：New Window of 
Astronomy

• Pulsars could be used to detect nanoHz GWs

Pulsar Timing Array



Pulsar Timing for detecting GW

• 2 x sensitivity -> 2 x timing precision

Hours of Observation
in IPTA

Sensitivity contributions
in IPTA



Pulsar Timing and Shapiro Delay

• Depend on inclination 
angle:

– Max delay for ~89 deg
inclination: ~100us

– Max delay for ~70 deg
inclination: ~10us

PSR J1713+0747 Shapiro Delay 



Pulsar Timing and Mass Measurements

• FAST will:

– Discover more pulsar 
binaries

– Improve Shapiro delay 
measurements

– Precisely time more 
pulsars than Arecibo



Pulsar Timing and GR test

• FAST  can see most 
known DNS

• FAST can see the Triple 
system (SEP test)

Ransom et al. Nature 2014



FAST follow up LIGO-GW events

• GW170817 DecJ: 
−23° 22′ 53.3

• Outside FAST field 
of View

• FAST will follow up 
future GW events 
in its FOV

Dobie et al. 2018



FAST and Fast Radio Bursts

• FAST can see 12/31 
published FRBs

• FAST can see the 
FRB121102 (repeating 
FRB) 

• FAST could detect ~50 
FRBs/yr

Lorimer et al. Nature 2007



Commensal Radio

Astronomy FAST Survey

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

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

（3）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

FAST pulsar data
->2 PB/month
3GB/s

Pulsar search -> 
3 Million candidates/month



Novel AI driven pulsar searches

卷积神经网络

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



Pulsar Searches: Initial Results

• FAST started discovering pulsar in 2017.08
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NAOC 2017 Oct



Pulsar Searches: Initial Results

http://crafts.bao.ac.cn/pulsar/pulsar-search/

30

• 43 confirmed new 
pulsars

• 2 MSPs and 1 Binary 
pulsar

• 1 intermittent pulsar

• 2 RRATs



Taurus Pulsar FAST detection

Arecibo confirmation

X-ray image from CXO

• A Gamma-ray pulsar with X-ray tail

• Very high apparent proper motion

• Potentially a very nearby pulsar

PSR J0358+32



Initial Results: Millisecond pulsars

FAST and fermi LAT collaborations
ATel #11584: Pei Wang, Di Li, Weiwei Zhu et al. 
2018

MSP discovered by FAST drift scan



Initial results: special pulsars

• 间歇性发射脉冲星

Pulsar Intermittent；Parkes observation
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FAST discovery plot by AI driven searches

PSR J1946-0629



Initial results: special pulsars

• FAST  tracking observation

PSR J1946-0629



Initial results: special pulsars

• Rotating Radio Transients (RRATs)

FAST detected 9 pulses in 2 hour 
tracking of PSR J 0941+45

The largest common denominator 
of the pulse interval is 2.1714s



We Are Hiring

https://jobregister.aas.org/ad/36a9fd10

https://jobregister.aas.org/ad/3ddc1f4c



We Are Hiring



Welcome to FAST

Credit：Pei Wang
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