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What is FAST
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Five hundred meter Aperture Spherical radio Telescope

*\) @ Unique Karst depression (limestone sinkhole)
@ Active main reflector
@ Cable suspension- parallel robot feed support
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1st SKA Conference in China LTwa-3

Huaxi Hotel, Guiyang 1995




Feed driven by cables 1995
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Es=%= Duan, Zhao Wang & Xu 1995

P36 (BRI , iFH8/4/63E (EWIL) ,m= mas
b3 T Stewart’F &, HRIBE J12207,
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OpenGLRot.exe
STEWART.EXE

Reflector deformed by actuators
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Peng Bo

BN Bill Gordon <bgordon@spacsun. rice.edu>
WA <{pb@bao. ac. cn>

Fbik - {71221. 621@compuserve. com>

Peng Bo

RIEAN: Bill Gordon <bgordon@spacsun. rice. edu>
13 N \Dl‘)@h;lw. 6. i

Pax: <71221. 621@compuserve. com>

R 1K B[] : WWWAMHOMU

IR FAST and your paper at the URSI Assembl

B. Peng and R.Nan.

[ was pleased to read your paper in the March 2002 RADIO

SCIENCE BULLETIN ABOUT "THE WORLD'S LARGEST SINGLE
that the Arecibo Telescope currently holds. I wish you good luck in
vour efforts.

Whether you meet your design goals or not you should have
valuable instrument. best of luck with your project,
Bill Gordon, "The father ol Arccibo"

Arecibo. As I understand your suspension system you are using that

Bill Gordon

Whether you meet your design goals or not you should have a

H valuable instrument. best of luck with your project,
The fathe r Of AreCI bo Bill Gordon. "The father ol Arccibo"
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FAST Constructed
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Credit: FAST Project
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Research Overview
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1 Technology R&D — Cryo-PAF, WBSPF, LNA, SKA prototype antenna,
Electronics, Digital backend,Data processing and Intelligence algorithm,
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Contribute to 15t FAST Achievements
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m SCIENCE CHINA Physics, Mechanics & Astronomy, Volume 62, Issue 5, 2019
Special Topic: The Science and Technology of FAST
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FAST ultra-wideband observation of abnormal emission-shift events
The radiation structure of PSR B2016+28 observed with FAST of PSR B0919+06

Study of three rotating radio transients with FAST JiGuang Lu'?", Bo Peng">", RenXin Xu®. Meng Yu'. Shi Dai*', WeiWei Zhu'. Ye-Zhao Yu'~, Ye-Zhao Ya'", Bo Per
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PSR BO919+06 is known for its abnormal emission phenomenon, where the pulse emission window occasionally shifts progres-

Received December 7, 2018; accepted February 21, 2019; published onfine March 19, 2019 sively in longitude and returns afterwands. The physical mechanism behind this phenomenon is still under investigation. In this
paper, we present our ultra-wideband observation of this pulsar using the Five-hu neter Aperture Spherical radio Telescope

(FAST), with simultaneous measurements in the frequency ranges 280-780 and 1250-1550 MHz. We have identified three ab-
nomal events, cach of which becomes less apparent as the frequency decreases. At 1400MHz, the averaged profile slightly

With the largest dish Five-hundred-meter Aperture Spherical radio Telescope (FAST), both the mean and single pulses of PSR
B2016+28, especially including the single-pulse structure, are investigated in detail in this study. The mean pulse profiles at

Rotating radio transients (RRATs) are peculiar astronomical objects whose emission mechanism remains u nvestigation different frequencies can be well fitted in a conal model. and the peak separation of intensity -dependent pulse profiles increases shifted after the first and third abnormal events, implying a relationship between abnormal event and profile variation. We also

orating radio transients %) are pecaliar mxtronon ““ ° 1’;‘; o “_“ o mes ‘”"1 ‘. alns under investigation with intensity. The integrated pulses are obviously frequency dependent (pulse width decreases by ~20% as frequency increases found a linear trend in the left-edge position of the averaged profiles between the first and third events as well as after the third
In this paper, we present obse s of theee RRATs, J1538+2345, 1185440306 and 71913+ 1330, carried out with the Five- from 300 to 750 MHz), but the structure of single pulses changes slightly (the corresponding correlation scale decreases by only eveat, suggesting the existence of a slow-drifting meode between the two major events. The sccond cvent has a comparatively
hundred-meter Aperture Spherical radio Telescope (FAST). Specifically, we analyze the mean pulse profiles and temporal fux ~19). This disparity between mean and single pulses provides independent evidence for the existence of the RS-type vacuum small shift in phase and s thus categocized as a “small flare state”. During the third event, a sequence of approximakely nine
density evolutions of the RRATs. Owing to the high sensitivity of FAST. the derived burst rates of the thee RRATS are higher inner gap. indicating a strong bond between particles on the pulsar surface. Diffused drifting sub-pulses are analyzed. The pulses was seen to significantly weaken in all frequency bands, likely associated with the pseudo-nulling observed at 150 MHz.
than those in previous reports. RRAT J185440306 exhibited a time-dynantic mean pulse profile, whereas RRAT 1191341330 sesults show that the modulation period along pulse series (Py) is positively correlated to the separation between twa adjacent A three-component de-composition analysis of the normal averaged profiles shows that the trailing component is dominant at our
showed distinct radiation and nulling segments on its pulse intensity trains. The mean pulse profile variation with frequency is sub-pulses (Py). This correlation may hint a reugh surface on the pulsar, eventually resulting in the irregular drift of sparks. All observing frequencies, while the centre component has @ comparatively steeper spectrum. We found the overall flux density in an
also studied for RRAT J1538+2345 and RRAT J1913+ 1330, and the profiles at different frequencies could be well fitied with a the observational results may have significant impli in the d of pulsar mag and are d dextensively abnormal event to slightly differ from that in an ordinary state. and the difference shows a frequency dependence. A comparison

B of the nomal, abnomal and dimmed averaged profile indicates that the leading componeat is likely 10 be stable in all states
cone-core model and a conal-beam model, respectively. in this paper:
ms, radio, pulsars radiation mechani hematical procedures and computer techniques, radio, pulsars paleic, BOIY 06 radie

PACS number(sk: 9555 1z, 9585 Bh, 97.60.Gb

95.30.Gy, 95.85.Bh, 97.60.Gb PACS number(s):  9530.Gv, 95.75.Pg, 95.85.Bh, 97.60.Gb



1. Environmentin GCs
» Large number of stars gravitational bounded

2.

3. Cumulative population of psr:
« Structure and Dynamics of GCs,
* GC magnetic field, Gas content

» Favorable environment for SF, recycling

» Large fractional of MSPs, binary systems

Individual system in GCs:
» EoS of dense matter
» Tests of gravitational theories

Parkes: 48 (47 Tuc: 25)
Arecibo: 28

GBT: 81 (Terzan 5: 38)
FAST: 39 (31 binaries)
MeerKAT: 43

Others (GMRT + Lovell): 7

FAST: Wang et al. 2020

Pan et al. 2020, 2021, ApJL

Yan et al. 2021
Pan et al. RAA, 2021
Qian & Pan, 2021

Pulsars in Globular Clusters (1/4)
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_Optical GC M13, wiki..

| Arecibo
Parkes
GMRT

FE] Lovell

] MeerKAT

[ FAST

] 6B1

1990

257 pulsars discovered in 36 GCs by 202207. Yin et al. in prep

2005
Year

Accumulation number



GC M13

* New pulsar M13F discovered by FAST in this GC

» Update timing solution of M13A-E,

» Measure projected position of pulsars,

* HST observations—> companion of M13F: 0.23 +/-
0.03 solar masses (Cadelano et al. 2020),

f1iming p

« Combined with FAST timing solution (phase 1)->

M13F ~ 2.4+/-0.5 solar masses.

Accurate mass measurement needs accumulation of

Dec (J2000)

lll-‘
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¥ E{rm=s=15 ps}

Nl | 1 b

timing data.
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Timing residuals of 6 pulsars. Some binaries measured with post-keplerian parameters.

59600

29'00.0"

30.0"

28'00.0"
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30.0°

+36°26'00.0"

Wang, Peng, Stars, ApJ, et al. 2020

ulsars in M13 a/4)
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Projected position of pulsars

30.0"¢g°
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Hydrogen, most abundant element, atom (HI), molecular (H2), ion (HII)
HI, most common form in late-type galaxies,
Feed molecular cloud, regulate star formation in galaxies;

HI in galaxies (2/4)
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warm neutral

and ionized gas THl N‘GS | DSS s y

formation of *i)h’ ) ) " . <% 6 ' - Lo i .
I \ | e T
@ THINGS (Walter et al. 2008)

s more extended structure than stellar component,
mé?é'élﬁli?’éé{,ds\ A o probe interaction between galaxies or between

galaxy and CGM (circum-galactic medium).

star formation

http://soral.as.arizona.edu/HEAT/science/

Parameters HIMF and Qi enable the comparison between observation and theory



F @ HI blind surveys — comp_leted (2/4)
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Completed, limited in local universe, no evolution

Survey Telescope  Sky Redshift Sensitivity Detections
coverage coverage (mJy/beam)
(deg?)
AHISS Arecibo 65 0-0.025 0.75 66
AS Arecibo 95 0-0.028 - 75
ADBS Arecibo 430 0-0.027 - 265
HIJASS Lovell 1775 - - 396
HIPASS Parkes 29338 0-0.042 13 5317
HIZAO Parkes 1840 0-0.042 6 883
ALFALFA Arecibo 7000 0-0.06 2.4 31500
AUDS Arecibo 1.35 0.16 0.075 247

AUDS the first to detect HI beyond by 21 emission line.
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HI surveys — £Ilg0_illg:(z/4)

| 1|

On-going HI surveys focus on detecting distant HI galaxies.

depth Survey Telescope  Sky Redshift  Sensitivity Total
coverage coverage (mJy/beam) time
(deg2)
Medium  WALLABY ASKAP 30940 0-0.26 1.6 9400
CRASTS FAST 22000 0-0.35 1.4 -
Deep DINGO ASKAP 210 0.1-0.43 0.04 7500
FUDS FAST 4.2 0-0.42 0.05 780
CHILES JVLA 0.5 0-0.45 0.05 1002
MIGHTEE-HI MeerKAT 20 0-0.5 0.001 1920
LADUMA MeerKAT 2 0-1.4 0.000068 3424

FAST Advantages: large collecting area and multi-beam receiver.
Demands 100 times observing time to achieve by existing interferometers.



FAST Ultra-Deep Survey (2/4)
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FUDS (~1000 HI galaxies)
6 x 0.72 deg?, 780 hrs (2019-); Gas evolution in galaxies;
50 uJy/beam, z ~ 0.42. Measurements of comic HI density;

Evolution + environmental dependency of HIMF

| e &

lgﬁﬂ 3[IZID 240 180
R.A. (J2000) [deg]

Distribution of six fields in FUDS survey, Xi, Peng, Staveley-smith, et al. 2022,39,19

40

20

Dec (J2000) [deg]

136 HI galaxies:
6 of z> 0.38;
3 extreme faint HVC :
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. @ RRLs on Galactic plane with FAST (/4)
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Motivations:
1. WIM/DIG distribution in the disk of Milky way
* Kinematics of DIG
* Te, Ne gradients vs Rg
2. Connections between WIM/DIG and HII regions
* How does UV photos leak from HIl regions,
and travel through WIM?

FARLS 7%
FAST Recombination Line Survey &
Liu B. et al. PASA 2022, 39, e050 ;
FAST Observable Galactic plane
15 </[<230

Full sensitivity:  ZA < 26.4 deg.
Redu sensitivity: 26.4 < ZA <40 deg.



,@ FAST Galactic RRL Mapping /4
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» Freq bandpass: 1050 — 1450 MHz

» Sensitivity: s ~ 0.5 mJy/beam
2019: Pilot 1 sq. deg. 2021 : 6 sq. deg.

» Velocity res. : 0.5 km/s
» Spatial res.: ~ 3 arcmi
» Data-cube: 1 arcmin/pixel

@) @) @) @)

2020 : W43,4 2022: 6
2021 2019 2020

FAST Multi-Beam OTF RRL Mapping @ 20.0 km/s

2°00'

1°40' ',u;‘ e ‘ . ,3"“ :
. - L .
y 1sq. deg. RRL mapping . y Ny

with FAST 19-beam

20'

00'

xxxxxx

18"57m  56™ 55M 54m 53m

oo
R.A. 167577 56T 55T 5am 530



Interplanetary Scintillation /)
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Interplanetary Scintillation: Radiation from compact source scattered by
density irregularities in solar wind plasma. Motion of the irregularities converts the
diffraction pattern into intensity fluctuations

Compact source
*

Monitor solar wind

Solar wind Measure structures of distant
compact radio sources
Estimate arriving time of CME
Forecast space weather

Although indirect, giving information on solar
wind out of the ecliptic plane+ close to Sun,
where spacecraft measurements are not possible.



IPS pilot Study with FAST (4/4)
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20 secs 20 secs - -
o o Model-fitting example of source 3C 286
5 \ 5 with SSSF mode observed by UWB receiver
W _ W _ \
g \ g v of FAST on Nov13, 2017 @ 285 MHz.
S15 il S5 A
@ j=672.3+17.1 kmis Vel 1 ®  |v=sssat158kms A '
§ mproes 4‘ ”*‘W«Wf" Fanfris: sl
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s s \
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g |veozsesteskms M @ :;5:*?'13_‘;? s by, > _ 700
Sty R o 20, ot T e
_25:‘31 uuuuuuuuu =OG410.§:‘ 1 25 _1Snurccsi22=0.03=0.33' 1 g \{500_ ® i LT Brg 1iy s 123 2 [ eatyp,
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o2 1
. Sl bt atebrashas
Liu, Peng, Yu et al., MNRAS 2021 sttt B
5
| o= wttthttssfiite o il
Solar wind parameters of 3C 286 from 10 MHz et o e
. . N —~ 05
sub-bands using 20 s time length. parameters, ¢ 8 onnfpdrnnpanedi g
velocity, AR, a, and 60 shown from top to bottom 2 5-0,5275 e

Frequency (MHz)



’@ L_inear change+minutes varlabllltny (4/4)

3C 286-20200926

Solar wind velocities through sub-bands. 3C 286
observed by FAST on Sept 27, 2020. The dots and vertical
lines are the fitted solar wind velocities and errors, dashed
line the linear fit of velocities with error.

ERE]

800

800 -

700

,.;:I};ifa_is_%{:Jiﬁ;}s_

Velocity (km/s)
2
(=]

{ + . }:J l"i‘%“.
500 F |
- Liu, Peng, Yu et al., MNRAS 2022 o
300 : , ' ‘ :
1100 1200 1300 1400

Frequency (MHz)

Solar wind velocity variations through Sept 26-28,
2020. Black dots, red circles, blue squares represent
velocities obtained at 1.06, 1.25 and 1.35 GHz
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20 FAST centralized sites in radius of 10 km, D >450 m

SR u

3 >500m O 650-800m O E00-650m 0O 400-500m

O” Southeast Dawodang, R=2.5 km

\a D ~ 900 m,
d> 200 m

Daduo Depression (K6) landform

€




FASTea Configuration
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Log Spiral centered at Dawodang, r= 260 m
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F@ L.arge Aperture Sphere Telescope + PAF
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. 30d
® PAF (Wang J. et al. to be submitted) eoree

v" Feed unit; 12cm; Radius: ~4.5-5m
v" edge illumination: 4.4dB @ 56.4degree
v" Unit number; 85 X 85

Zenith angle 0 degree j_x" ;

Schematic diagram of large spherical reflector + PAF

® Energy intercepted by PAF : 79.3% 0582 i
® 30 degrees Z.A., the energy received by each 0-075 +iz :eg
unit of PAF changes slightly. e 2t di

® With defocusing angles, energy received by PAF o D
changes slightly, no significant defocusing. 0.45 —e— 40 deg
Efficiencylof cori;inatiSn of Pijz and LAST neutral

® FoV reach+/- 1 degree at 40 degrees, and the planes at Z.A. and defocusing angles

efficiency decreases by less than 20% (1dB). oo .:]: :‘]: @: [.:: E:

® Enlarging PAF size further expand FoV s .:]: Q{ @: E: [:‘:
System T. ~20K -~ Bl & @ €
aeEE

residual of PAF receiver Distribution of PAF received energy at Z.A. defocusing angle

i : ayn '
® Dynamic beamforming to compensate position g,

-1 deg
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Dream continues towards KARST = FASTea
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Add 8 FAST-like dishes at SKA1 cost,
100% SKA sensitivity @ 600 km,
project S0 deg. ZA, up to X-band

Add 100 SKA-dish at FAST cost, S0
2000 X FAST resolution @ 600 km,
80 deg. ZA, up to 24 GHz ¥

FASTeA: FAST expanded Array: FAST-like + small/large dishes
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: ard Schilizzi [mailto:Richard.Schilizzi@manchester.ac.uk]
: 2016 &£ 9 B 26 H 12:53,
pb

hard Schilizzi
: Long March to FAST

id show and a fitting celebration of all the work you and Nan have put into this landmark project for
world. It all went very well and we learnt a great deal about the telescope and how people enjoy their
ding eating good food and drinking toasis o each other!). it was a privilege to be here and thanks
invitation.

remember that | would like a copy of your presentation yesterday for the SKA histary project, and a summary
information about the start of FAST that you told the media and me. It will be very useful for the China strand
\ story. Ron Ekers, Peter Hall and | will come back to you and Nan with some more specific questions as the

i
)Ur san is now studying in Manchester. Please let me have his contact details and we'll invite him

time for a bit of a holiday after ali the excitement.

Have put into this landmark project for China and the world




New Landmark FAST
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Kilometre-square We were young enough that s

mmmmmmmmmm

o ’f\ 'we didn't know we couldn't
16 \|do it. If you dream, have big

. / |dreams. And have talented
N .supporters to help you

higs Pt . 1993 Co-initiator of LT at URSI
K 7 .1 1994 Site Survey and first RFI measurements
~ /1 1995 LTWG-3 Guizhou and LTPC established

" /L 1996 Engineering Concept KARST finalized
1997 FAST Concept forming
A P D SR 1998 FAST Finalized/Announced in UK
1999 Experiments funded by Innovation Project
2000 FAST funding proposal to the MOST k A - Y.
2006 Site Selection + Int’l AdVlsory Review i AT R T
2007 Funding Approval [ [ T SR AR g 6, %
2008 Feasibility Study Reg;!'t Acce %Z(S%E P RRSAEINC i
2009 Preliminary Design Review Acceptance :
#2011 FAST Construction Clock on
2016 Inauguration with FAST First Light
2020 Operation Acceptance by NDRC

50 yrs’ discovery trip to Nobel Prizes
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