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The Basic Parameters for FAST and Initial Pulsar Observing System

Ultra wide-band receiver peds Sk rage

B = ZA 30 deg

Tsys = 65K + Tsky o zAd0 de;

270 -> 900MHz § ZA 60 deg
900 -> 1600MHz~ T FAST Zenith
.......... 256 deg

Digital Backend
8-bit, 8192 channels, 50us sampling, 2pol , ......

Roach2, Spectrometer
CRANE (Spectral line, Pulsar, Baseband) (—=14° to +66°)

Declination range:

Observing modes

Tracking + Drift-scan over primary beam + side-lobes (~40sec (@500MHz)

Pipelines of data processing

RFI monitor and mitigation, Pulsar searches, Pulsar timing, Spectral line



L-band 19 Beam Receiver

FAST ‘big data’ stream
8bit x 10* x 2 x 4k x 19 per second

*1.6 GB/s
* 5 . 8 i:‘B / h - ‘::i .»;

*144 'TB/day

* 10_20 PB/YI 1.05-1.45 GHZ, 25K TSYS

>3 times sensitivity than UWB




Pulsar Survey Competition (partial list
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Drift-scan
Tracking

Targets & Observing Modes <

(A) Periodicity search (account for beam shape) Pulsars
(B) Single pulse search Giant pulses from pulsars, RRATS, FRBs, ...

Tracking for depth integral observation Optimized drift-scan pulsar survey

75°
s T[] GBT350/A0327

o Globular clusters e A e

== HTRU Mid

> Close-by galaxies (e.g.,M31) (s fagi s g

- Fermi radio-quiet pulsars i 4 By 4

o Unidentified Fermi gamma-ray sources
© Repeated FRBs
- X-ray point sources in (Or near) supernova

- Candidate pulsars from other (e.g., Parkes) surveys



Data Processing for Pulsar Search (3 Pipelines)
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Highe

Time consuming (sec)

er computing ability for greater parameter space

PU -Dedispersion Acceleratlon Search

GPUMNIRH & BUR

>2000 CPU cores
>350 GPU cards
~7PB Disk storage
~3PB Tape library
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What SQL databases do

Combine multi sorting algorithms, e.g. image recognition, deep learning, etc.
Characteristics can be flexibly formulated

Radio Frequency Interference extraction

Multi-beams cross validation of pulsar candidate, improve positioning
Correlation and statistics of signals with multiple observations

Data tile backtracking,



Online interactive automatic FAST pulsar search

[ Pulsar Match Tool
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2 Pulses of Best Profile
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2 Pulses of Best Profile
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No. Name RA — FELE DM Type Pilots Y, Confirmation Notes
(J2000) (J2000) (ms) date
1 J1859-01 1859 -01 1832 188 PSR FFT 201708 2017-09-
22 10(Parkes)
P J2338+48 2338 +48 119 34 PSR FFT 2017-08- 2017-10-
04 O6(Effelsberg)
Coincide
with GBT
2017-08- 2017-09- drift 350~
3 J1931-02 19 31 -02 593 36 PSR FFT MHz
22 10(Parkes)
search
result
J1930-01
2N17-NK’- 201 7-1N-

1 8 FAST pulsar candidates are confirmed by Parkes and Effelsberg
25 FAST pulsar candidates are confirmed by FAST self

1 of the weakest radio Millisecond Pulsar (MSP) with gramma ray
radiation is confirmed by the Fermi-LAT team



Detect radio counterpart of Taurus Fermi y-ray
PSR J0357.8+3205
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FAST’s Discovery of MSP J0318+0253

coincident with the unassociated gamma-ray
source 3FGL JO318.1+0252

Dec. 19, 2017/ MoU signed between the FAST team and Fermi-LAT team

Feb. 18 - Mar. 08, 2018 Sources selection and Joint-research funding proposal

Feb. 27, 2018 1 hour tracking observation with the FAST ultra-wide band
receiver, the radio pulses toward 3FGL J0318.1+0252 were
detected.

Apr. 18, 2018 Confirmed by the Fermi-LAT team in reprocessing of Fermi data

Spin period is 5.19 milliseconds, an estimated distance of about 4 thousand light-years,

and as potentially one of the faintest radio MSPs. No X-ray counterpart is detected at
the pulsar position.



First MSP discovered by FAST!

ATel #11584; Pei Wang, Di Li, Weiwei Zhu, Chengmin Zhang, Jun Yan (National Atel #11 584

Astronomical Observatories, Chinese Academy of Sciences), Xian Hou (YunNan Observatories,
Chinese Academy of Sciences), Colin J. Clark (Jodrell Bank Centre for Astrophysics, School of
Physics and Astronomy, University of Manchester), Pablo M. Saz Parkinson (Department of
Physics and Laboratory for Space Research, University of Hong Kong & Santa Cruz Institute
for Particle Physics), Peter F. Michelson (Stanford University), Elizabeth C. Ferrara
(UMCP/CRESST/GSFC), David J. Thompson, (NASA/GSFC), David A. Smith (Universite ?
Bordeaux 1, CNRS/IN2P3/CENBG), Paul S. Ray, Matthew Kerr (Space Science Division,
Naval Research Laboratory), Zhigiang Shen (Shanghai Astronomical Observatory), Na Wan
(Xinjiang Astronomical Observatory), on behalf of FAST and the Fermi-LAT Collaboration.A
on 28 Apr 2018; 04:43 UT
Credential Certification: Di Li (dili@nao.cas.cn)

Fermi-LAT

PSR J0318+0253

The First FAST MSP
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Radio Flux Density
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Actually visible in each observation, but always at a significance much too low to have any
chance of being found in a blind search. This is a testament to the huge collecting area of FAST.



Pulsar candidates in Fermi unconfirmed soures

< 20ms MSP —> Bulge distribution
> 20ms Nomal pulsar —> Galactic disc

3FGL\J0258+0552

In FAST sky:

41 MSP Cands
39 Nomal PSR Cands
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+ Mapping from interferometer + Spectral index

+ Machine learning method (Saz. Parkinson et al. 2016)

D. A. Frail et al. 2016

1400 MHz Flux Density {(mJy)



Statistical Model for Galactic Pulsar Population

Set up model by using 1008 isolated pulsars of Parkes survey result, fitting
distribution, Monte-Carlo method.

PALFA. HTRU pulsar survey (Lazarus, 2012): Underestimate pulsar number

in low-luminosity.
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Luminosity at 1.4 GHz imJy kpc?) https://github.com/samb8s/PsrPopPy, 2015
Lorimer et al., Statistical Model

FAST pulsar search with a wider range of flux will be extremely

helpful. Shed light on the evolution of neutron stars and contribute

towards a unified picture of the neutron star zoo.



Multi-messenger International Collaboration

FAST is not only a highly
efficient pulsar-finding
machine
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: : ; LIGO-M1600222, VIR-0417A-16
Revolutionary technique upgrading Memorandum of Understanding between
FAST and LIGO and VIRGO ...

« (Gravitational wave: LIGO

MoU for Pulsar Studies with the FAST Radio Telescope and the Fermi LAT

PARTICIPANTS
Name, role or affiliation
Peter J. Michelson, LAT Principal Investigator

« Fast Radio Brust

David J. Thompson, LAT multi-wavelength coordinator

David A. Smith, LAT pulsar timing campaign coordinator

* Phased Array Feed technology

Paul S. Ray, LAT pulsar search consortium coordinator

Colin Clark, LAT blind gamma-ray pulsar searches

Elizabeth C Ferrara, liaison with LAT catalog group

* Time domain astronomy

| Matthew Kerr, LAT timing solution coordinator

- Artificial intelligence

[ Jun Yan, FAST Manager

Di Li, FAST Pulsar Science Lead

*  Multi-wavelength observations
are crucial: radio, soft and hard

X-rays, MeV,TeV, etc

FAST - HXMT MoU between FAST and Fermi-LAT



http://adsabs.harvard.edu/abs/2018IMMag..19..112L
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IMAGE LICENSED BY INGRAM PUBLISHING

Di Li, Pei Wang, Lei Qian, Magko Krco, Alex Dunning, HTJ
Peng Jiang, Youling Yue, Chenjin JinpYan Zhu, Zhichen Pan, ];3
and Rendong Nan
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aving achieved “first light” immedi- original “busily commissioned” is not clear in con- o
ately prior to the ceremony introduc- text.> Its innovative design requires ~1,000 points to L((_(.
ing it on 25 September 2016, China’s be measured and driven instead of just the two axes of

500-m aperture spherical radio tele- motion, e.g., azimuth and elevation for most conven-

scope (FAST) is now being kept busy tional antennas, to realize pointing and tracking. We f
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http://adsabs.harvard.edu/abs/2018IMMag..19..112L

