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The Commensal Radio Astronomy FAST Survey
FASTEHF¥ERENAMEX

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
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Chinese Academy of Science

Major observatories:
* YunNan Observatory
« XinJiang Observatory
« GuiZhou Observatory
« NIAOT

+7 observing sites
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7 divisions cover Astronomy from Radio
to X-ray
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spec: Karst Depression
time: 2011-2016
cost: 1.1495B Yuan (0.18B$)

| World” s largest single
| dish radio telescope
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I Basic Intro

w hat is FAST

6 suspension tower

6 cable

Surrounded by ridges |

Karst depression |

Collecting area : 1 suspended cabin

250,000 m?
2225 4450 6670
actuator Triangular Main
reflective frame

panels cable



I Basic Intro

oW FAST works

1000 x exaggeration

0.47m
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I The FAST site

Closest to be No major villages
Spherical within 5 km radius

Best site selected from 300 possible sites



| Telescope systems




Main specifications

In L band (21cm)
FAST Gain ~ 13-17
Arecibo Gain ~8-10
FAST ~ 1.5 Arecibo
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& Whatis rastgoodtor?

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)

FAST
Hm Arecibo
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Main reflector
The eter-wide

‘\\ /) o
Main cable net i Tie-dow

COMPARISON TO CURRENT TITLEHOLDER

ARECIBO SIZE
e it

ARECIBO
305m

ixed FA ir

‘China Dail

By N
& W times as sensitive as

Arecibo

4,600

Triangular aluminum
panels
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Pulsar Timing and Gravitational Waves

« Gravitational Waves: New Window of
Astronomy

« Pulsars could be used to detect nanoHz GWSs

Cosmic Microwave

Background All three experiments measure
/ N ’ ;o changes in light travel times
1 " Pulsar Timing $
\ /o between objects due to GWs.
-
- ———— — ‘ 10 *Primordial gravitational
3 \\ s e Space-based
// - Interferometers
L e
- et Ground-based
*Supermassive black Interferometers
hole binaries and
mergers
*Primordial gravitational
waves
«Stellar mass compact
. . binaries
Pu | sar T Iiming AI’ ray 25 *Supermassive black hole  «Neytron star mergers

mergers

108 15

*Black hole mergers

Frequency [Hz]




Pulsar Timing for detecting GW

* 2 xsensitivity -> 2 x timing precision

Hours of Observation Sensitivity contributions
in IPTA in IPTA



Pulsar Timing and Shapiro Delay

* Depend on inclination
1
angle:  Assume ~2MeIn(;——

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

— Max delay for ~70 deg
inclination: ~10us
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PSR J1713+0747 Shapiro Delay



Pulsar Timing and Mass Measurements

updated 4 April 2016

e FAST will:

— Discover more pulsar
binaries

X—ray/optical
binaries

=2017 (o)
OAQ 1657~ 415( )

ﬁulse—Tuylor binary double

— Improve Shapiro delay
12 (). P a in M15 n:enuot:%r; star
measurements e g 0

756-2251 comp.
J%IBO? -25008 (s)
m

— Precisely time more
pulsars than Arecibo ¢ T hits dwari

neutron star
i binaries
._'.4;;1 NGC 1851

in NGC 6440 —e—
|—0—|—| in NGC 6441

|—o|—|, in NGC 6752
H -
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. 1 it NGC 6544 &4
triple system w 2 WDe
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J1918-0642 —e—i 1

1949431
%, 'main sequence—

J1023+0038 —2s 4 Ne star binaries
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J0045—
J1903+0327
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Neutron star mass (Mg)




Pulsar Timing and GR test

* FAST can see most
known DNS
* FAST can see the Triple f
system (SEP test) 3
- @® DNS
o . S O NS-WD

PULSAR ) 0.001 0.002 0.003 0.004
J0337+1715
Vmam" c

Kramer 2017

Ransom et al. Nature 2014



« GW170817 DeclJ:
-23°22'53.3

e Qutside FAST field
of View

« FAST will follow up
future GW events
In its FOV




FAST and Fast Radlo Bursts

 FAST can see 12/31
published FRBs

e FAST can see the
FRB121102 (repeating
-RB)

 FAST could detect ~50
FRBs/yr

Lorimer et aI. Nature 2007
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@ Commensal Radio
“=  Astronomy FAST Survey

-~

g 20’....

~ ~2000 hour drift-nfode obsefvationsw
- Commensal Pulsat +H1 supvey >

 Expect to discovet 500 1005 new puls:




Challenges in FAST pulsar search

A Search % 5 g
L Ea il Algorithm e o W
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Pulsar Data Pulsar candidates

FAST pulsar data Pulsar search ->
->2 PB/month 3 Million candidates/month

3GB/s

27
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Novel Al driven pulsar searches

J/allfits/FP20170825_0-1G_SGPlane_0080.fits

time (s)

F1:96%
Source Name: J2000-1234
TOA 57990.4679075555541
DM 36.43 cm~ pc
Time 30.028800 s
RA 12:34:56.7890
Dec -12:34:56.7890
Time Resolution 3.2 ms
Pulse width 12.800 ms
Sigma 9.66

F1:86-94%

2 Pulses of Best Profile

frequency (MHz)

Reduced x*
>;

PICS: Pulsar Imaged—based
Classification System

Z:J0.0 30:5 31.0 315 3}.0 O.JOE 0.0’10 0.0|15 00:20 0.(.)I.25 _20 2I0 4b 6b Sb 160 12.0 Zhu et a/, 2014, Ap_], 781, 117
time (s) time (s)  +2.982el
input ;
3 _ output
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Pulsar Searches: Initial Results

FAST Pulsar#1  J1859-01

BiEEM 18325

BEHHRA1.6 FHE (E#MET)
RIuE: FAST 2017488F22H
B&F B 5] : Parkes 2017459 A 10H

il

NAOC 2017 Oct
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Pulsar Searches: Initial Results

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

e 43 confirmed new
pulsars

e 2 MSPs and 1 Binary
pulsar

e 1 intermittent pulsar

* 2 RRATs

RAFTS

he Commensal Radio Astronomy FAST Survey
FASTERFHEREABK XS

s

CONFIRMED FAST PULSAR CANDIDATES LIST

No. Name

O o N s

1

11859-01
12337+48

11931-02

11926-07
11852-07
11945+12
12323+12
J1825-01
10402+48
10528-07
J0344-08

RA
(J2000)

1859
2338

1931

1926
1852
1945
2323
1825
0402
0529
0344

DEC
()2000)

-01
+48

Period
(ms)

1832
19

593

1612
640
4745
3760
224
512
689
409

(=}

M

188
34

36

85
228
95
22
80
86
80
34

Plots

FFT
FFT

FFT

FFT
a

SP

FFT
FFT

FFT

FFT

Discovery
date

2017-08-22
2017-08-04

2017-08-22

2017-08-31
2017-09-02
2017-09-03
2017-09-01
2017-08-25
2017-09-05
2017-10-20
2017-11-09

Confirmation

2017-09-10(Parkes)
2017-10-06(Effelsberg)

2017-09-10(Parkes)

2017-10-07(Parkes)
2017-10-07(Parkes)

2017-10-08(Parkes)
2017-10-17(Parkes)
2017-10-24(Parkes)
2017-11-23(Effelsberg)
2018-01-29(Parkes)
2018-02-02(Parkes)

Notes

Coincide
with GBT
drift 350-
MHz
search
result
J1930-01

o]V



Taurus Pulsar

A Gamma-ray pulsar with X-ray tail
Very high apparent proper motion

Potentially a very nearby pulsar

Arecibo

Cand!

Recuced

PSR J0358+32

geu T-Mor-2018 11:51

Mean flux density ~ 0.18mJy @ 350MHz

X-ray image from CXO



Initial Results: Millisecond pulsars

MSP discovered by FAST drift scan

....................

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



Initial results: special pulsars

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

PSR J1946-0629

33



Initial results: special pulsars

« FAST tracking observation

C12_FAST171128.pulsestack
C12_FAST171128.pulsestack
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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

Recruitment for FAST Staff Scientists in NAOC

... dili@nao.cas.cn URL: Scientific Staff for FAST in NAOC Country: China Publish Date: ... for outstanding young scientists from overseas to work on FAST related subjects. The position offered can be tenure-
track with ...

shinui - 2018-05-29 09:37
Senior Commissioning Scientist for FAST, NAOC

... the Five-hundred-meter Aperture Spherical radio Telescope (FAST) is the largest single-dish radio telescope in the world. Enabled by more ... measurement-control system (unigue on this scale), FAST forms a
mobile 300 meters parabolic surface in real time, making it the ...

shihui - 2018-04-02 09:07

- -

1. The FAST Outstanding Young Fellowship requires the applicants to be within 5 years of their PhD and will be subjected to a Mega-
science center review. The contract is for 2 to 3 years, with an annual salary between — ~ Apply to Job —— : — . )
health and social insurance.

Attention To: Di Li
2. The CAS Young Fellow requires the applicants to be within 5 years of their Pl| Title: Dr.
including time spent as a PhD candidate. The CAS Young Fellow will be reviewed at the

Institution/Company: National Astronomical ¢

3. The National Young Fellow requires the applicants to have a minimum of 3 '| Street Line 1: 20A Datun Road
subjected to a competitive NSFC-organized review at the national level.

Street Line 2: Chaoyang District
City: Beijing

State/Province: Beijing

Zip/Postal Code: 100101

Country: China

Phone: +861064806305

Email: dili@nao.cas.cn

URL: Scientific Staff for FAST in NAOC
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China takes new steps to lure
science talent from abroad

Generous funding and the chance to lead projects are
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| Welcome to FAST

Credit: Pei Wang_-_




| Welcome to FAST

Credit: Pei Wang



