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Alntroducing NAOC and FAST
AWhat is the FAST telescope good for?
AProspects of FAST pulsar timing

ARecent Pulsar discoveries
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A Chinese Academy of Science

A Major observatories:
A YunNan Observatory
A XinJiang Observatory
A Guizhou Observatory
A NIAOT

A +7 observing sites

A 7 divisions cover Astronomy from Radio
to X-ray
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What IS FAST

I Basic Intro

time o 2011 -2016

Zr uo g qlargest
| dish radio telescope

speco Karst Depression

costo 1.1495B Yuan (0.18B$f3

single

FAST collecting

duh
30x football fields -




I Basic Intro

What IS FAST

6 suspension tower

Surrounded by ridges .

6 cable

Karst depression :

1 suspended cabin

Collecting area .
250,000 m?

2225 4450 6670
actuator Triangular Main
reflective frame

panels cable



I Basic Intro

I'Iow FAST works
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| The FAST site

Closest to be Natural Water Draining 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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\ . \Mat Is FAST good for ?

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

Arecibo observable sky: Decin 0 -39 deg

FAST observable sky: Dec in -14-66 deg
Arecibo Num beams: 7

FASTNum of Beams:19 (3x survey speed)

By N
& W times as sensitive as

Arecibo

4,600

Triangular aluminum
panels

COMPARISON TO CURRENT TITLEHOLDER
ARECIBO SIZE

The distance It can

rotate.
FAST

Hm Arecibo

ARECIBO
305m




Pulsar Timing and Gravitational Waves

A Gravitational Wavesy New Window of
Astronomy

A Pulsars could be used to detect nanoHz GWs

Cosmic Microwave

Background All three experiments measure

N ’ ;o changes in light travel times
/ \ /N b 5 Pulsar Timing between objects due to GWs.
-

- ———— ‘ *Primordial gravitational
\\ e Space-based
// - Interferometers
"5 \ L L
- PRI Vo Ground-based
*Supermassive black S Interferometers
hole binaries and
mergers
*Primordial gravitational
waves
«Stellar mass compact
- 5 binaries
P u |Sar TI min g Array 25 *Supermassive black hole  «Neytron star mergers

mergers

108 15

*Black hole mergers

Frequency [Hz]




Pulsar Timing for detecting GW

A 2 x sensitivity> 2 x timing precision

Hours of Observation Sensitivity contributions
in IPTA in IPTA



Pulsar Timing and Shapiro Delay

A Depend on inclination
angle: ASB,maxngcln( L

I Max delay for ~89eg
Inclination: ~100us

I Max delay for ~7@eg
Inclination:~10us
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Pulsar Timing and Mass Measurements

A FAST will:

Discover more pulsar
binaries

Improve Shapiro delay g &, '
measurements

Precisely time more e
pulsars than Arecibo el Pids e whe duori-

neutron star
binaries

X—ray/optical
binaries

~2017 (o)
0AQ 1657~ 415( )

n—'ui'h NGC 1851

in NGC 6440 —e—
I—Q—|—| in NGC 6441

|—o|—|: in NGC 6:52

ol —e—

. | it NGC 6544 4
triple system w 2 WDe :
* -

w!

J1918-0642 —e—i 1

1949+ 31
J0045— e _— —
J1903+0327 main sequence

J1023+0038 —2s 4 Ne star binaries

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Neutron star mass (Mg)




Pulsar Timing and GR test

A FAST can see most
known DNS

A FAST can see the Triple
system (SEP test)
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FAST follow up LIGO -GW events

P LT
A GW170817 DecJ:
56553 8616

A Outside FAST field
of View

A FAST will follow up
future GW events
In its FOV

Dobie et al. 2018




FAST and Fast Radlo Bursts

A FAST can see 12/31
published FRBs

A FAST can see the
FRB121102 (repeating
FRB)

A FAST could detect ~50
FRBs/r

Lorimer et al. Nature 2007

natu.r ¢




Commensal Radio

CRAFTS
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Challenges in FAST pulsar search

AT AT Search ¢ T gt g _
CHRVARREG LA L) Algorithm g gty S T

CHELELER LY

SR AR AR AR R0 R AR J R R s

Pulsar Data Pulsar candidates Pulsars

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

3GB/s

27



Novel Al driven pulsar searches

J/allfits/FP20170825_0-1G_SGPlane_0080.fits

DM (cm-~ pc)

frequency (MHz)

F1:96% ( Logistic Regression
500 Source Name: J2000-1234
TOA 57990.4679075555541
400 DM 36.43 cm~ pc F1:86-94%
Time 30.028800 s
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Pulsar Searches: Initial Results

FAST Pulsar#1  J1859-01

BEEM 1.832%

BEHHRA1.6 FHE (E#MET)
e RIALEHE: FAST 20174£8F 22H

2 4 F B 5] : Parkes 2017459 A 10H

B s omrmnmsone

NAOC 2017 Oct



Pulsar Searches: Initial Results

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

43 confirmed new
pulsars

~
@ ) he Commensal Radio Astronomy FAST Survey
FASTERFHEREABK XS

s

CONFIRMED FAST PULSAR CANDIDATES LIST

2 MSPs and 1 Binary .

R Period Discovery - 5
No. Name (12000) (12000) (ms) DM Plots R Confirmation
1 J1859-01 1859 -01 1832 188 FFT 2017-08-22 2017-09-10(Parkes)
p u Sar 2 J2337+48 2338 +48 119 34 FFT 2017-08-04 2017-10-06(Effelsbersg)

3 J1931-:02 1931 -02 593 36 FFT 2017-08-22 2017-09-10(Parkes)

1 intermittent pulsar

O o N s

10 J0528-07 0529 -07 689 80 FFT 2017-10-20 2018-01-29(Parkes)

2 R R n T 11 J0344-08 0344 -08 409 34 FFT 2017-11-09 2018-02-02(Parkes)

J1926-07 1926 -07 1612 85 FFT 2017-08-31 2017-10-07(Parkes)
J1852-07 1852 -07 640 228 FFT 2017-09-02 2017-10-07(Parkes)

J1945+12 1945 +12 4745 95 FFT 2017-09-03 2017-10-08(Parkes)
J2323+12 2323 +12 3760 22 SP  2017-09-01 2017-10-17(Parkes)
J1825-01 1825 -01 224 80 FFT 2017-08-25 2017-10-24(Parkes)
10402+48 0402 +48 512 86 FFT 2017-09-05 2017-11-23(Effelsberg)

Notes

Coincide
with GBT
drift 350-
MHz
search
result
11930-01




Taurus Pulsar

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

A Potentially a very nearby pulsar

’

PSR J0358+32

X-ray image from CXO



