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Structure of active reflector

500m girder built around hills supported by
50 pillars

Backup consists of ~7000 steel strands
actuated by ~2300 down tied cables driven by
winches anchored into ground

Errors 5.0 mm r.m.s in total
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On site data processing center




2. General Technical Specification

Spherical reflector: Radius~300m, Aperture~500m, Opening
angle 110~120°

llluminated aperture: D,=300m

Focal ratio: /D =0.467

Sky coverage: zenith angle 40° (up to 60° with efficiency
loss) tracking hours 0~6h

Frequency: 70M ~ 3 GHz (up to 8GHz in future upgrading)
Sensitivity (L-Band) : A/T~2000, T~20 K

Resolution (L-Band) : 2.9’

Multi-beam (L-Band) : 19 beam

Slewing: <10min

Pointing accuracy: 8"




Opening angle - sky
coverage
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Frequency range
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7 sets of frontend

IV. Receiver System

No. Frequency | Number of | Polarizatio | System
range(® Beams n Mode® | Temperatu
(MHz) re(c)
70-140 1 RCP & LCP | 1000
140-280 1 RCP & LCP | 400
270-1620 1 RCP&LCP | 35
560-1020 1 RCP & LCP | 60
1100-1900 |1 RCP & LCP | 25
1050-1450 |19 X &Y linear | 25
2000-3000 |1 RCP & LCP | 25
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140-280 MHz
560-1120 MHz

550-640 MHz
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Telescope Control system
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Example of hardware assembly
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2 pols RF

ASIAA 5Gsps ADC
demux 8

x8 Fixed8_7
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4k Pulsar spectrometer

10GbEx 1

\ 4

>

ADC direct dump

~500MB/s

10GbE x 4

OR

\ 4

A 4

256 channels
Channelizer

\ 4
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Digital Down Converter

~4GB/s

10GbEx 1

ROACH2

~60MB/s

A 4

6Gb SAS x 4
2GB/s max

PC Server

Disk array
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Data Challenges @

radio973 bao.ac.cn

FAST data rate: 1TB/hr

Fa

o 3PB/yrsf. SLSSTHMAEIES, 10X ALE
. 1P flops: 10x E& &5 52
PR IR 3=, W EBIE, S ANITHE., FE B S

. i
lll - |
0

#u"ﬂi"'l fealb R

...L=_--

e |Emsesn | WS TR
1 25 15 205
{ { l [ ' ‘ S6Gh FOR InfiniBand
| | ] | | - i
1[ | |
- B
s 11278
FHTHRESP00a | | FHETFREHP00b BRI Guizhou Normal University
#HE1m 8056 TB #Eme0e6 T8 #58 11218 J




Distributive Data Management

ﬂizl]i_lﬁﬁa\?ﬁ"tﬁ’]“ﬁfﬁgé PEEAE RO

WA P S ARG A, & HU P A% Eirdn 2 /L3R )G 69 B,
}f YR AR E KA AE f'.?,‘ 3 ENMLE SO *NG \\!.\(\L -
Generation Archive System) 69404 X A3E5 3 4

BAR
[+)
T A — " £ K8
it = q @ ) o
° ST, e

]
‘e

L 3 = \
¢ MeAE 355
Q" ) .
J - o
o°; ‘ ”"
utﬁﬁ 2w 1[‘1
- 7




FAST sciences

Neutral Hydrogen line (HI) survey

Pulsar research

VLBI network

Molecular line study (including
recombination lines, masers)

Search for Extraterrestrial Intelligence




HI studies with F

Extent of HI DISk’ truncatlon |

Extended roiatlon curv)e to extrerme large distance

Cold Dark Matter Satelllte (I\CDM)

HI Mass’Functlon'-_-; :. |

Voids ! :

,Surveymg Mllky Way (FV, Magellanic Stream ... )
ﬂ-ll gas in high redshift galaxies

HI gas in galaxy clusters and groups

High z’'OH megamaser




Lorimer Burst (FRB 010824)

(Lorlmer et aI 2007)
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Pulsar data analysis tools

Pda result: File name t140313_020228.ar

160

150

Pulse—pair number
140

0

IR

Bin number

-0.02

Corr.coeff

B 8 T 5 O

0.273957

0.816113
0.767201
0.748341
0.743396
0.683677

0

Disp. (in phase)
—-0.00385485
+/-0.151673

0.00385485
0.00192742
-0.00867342
-0.013492
0.00289114

Displacement in phase

Disp. (in s) Note
—0.00363494 avg
+/-0.14302

0.00363494 158
0.00181747 156

0.00817861 157
-0.0127223 132
0.0027262 148

Phase
0.1 0.08

0.12

3 0.14

1

Norm. power

2

Source name J0034-0721

Frequency (Hz)
0.2

Flux
0 0.05 0.1

M, — 3 N S s i B e e

L
| T T T L T
0 0.2 0.3 0.4 0.5
Cycle per period
Cycle/P Freq. (Hz) P3 (s) Norm.Power
Peakl 0.086317 0.0915392 10.9243 2.92649
Peak2 0.402813 0.427183 2.34092 1.20728
Peak3 0.201406 0.213592 4.68183 1.03244

Phase

0.10498

0.10498

0.0961914

Author: Q. Hao



HI survey data reduction

» Based on Arecibo ALFALFA survey
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Data cube and link with SDSS

Data cubes and
corresponding 3D
catalogs are
examined in
GRIDview.

The upper left
display is a channel
map,; at upper right
is the corresponding
weights map.

Controls allow user
to view channel or
integrated maps at
different velocities. = =
DSS/ DSSZ/ S/Oan, s ool m"' -
NVSS images can be oo D T
fetched. S G
NED and other on- : oo [T
line catalogs - ;

including internal ol | B 0 oo e
ones — can be v Pol A P Swoth over (+/2): |B chamnels - - -
accessed and  |IB2SSHI— T -
overplotted

Settings  Scalirg  Colorbar
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BSS Image Display —

Right-click the HI mep for an image

g



Bandpass
gﬁ%ﬁ Calibration
" IR RGE

FITS to IDL
« b ot 4 ALFALFA Dat.a |
Processing Pipeline

Stepl ML 5E L

Data cube Baseline
gridding Flatfield
9™ H N FE Rk

2D signal 3D signal Data Cube
extraction extraction Visualization
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spectrum

spectrum
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17Apr2008, band 36, df=156.25KHz, N=32,M2=10000 M1=450
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FAST all-sky HI survey

Using a 19 beam L-band receiver to map the FAST
sky at 20- 40 sec per beam, doable in 1-2 yrs.

Expect about (Duffy et al. 2008, 2012)
with M,;< 10! Mgoutto z ~ 0.15 in a range of
environments including Coma, Hydra, Ursa Major, Persues-
Pisces supercluster plus neighboring voids.




ALFALFA 40% catalog

» Census of HI in the
HIPASS completeness limit

LOcal U n iVerse over HIPASS detection limit
cosmologically \\ HIPASSban{dth edge

significant volume " N0 XL T
> 15000+ detections o - inypsiieeas
in 40% of final area .,
= 9
o 70% are new N L :
' & 8F FAA . =
detections g ° harmonic 1,40 dample :
o Haynes+2011
j AJ 142, 170
6 O O P L e ] [ oy VS e O] Ll ‘: S T e
0 50 100 150 200 250

Distance (Mpc)




ALFALA -SDSS data crossmatch
”’ » Above
. » M*~ 5 x
10A8 MO
AL » HI mass
RN scales with
e stellar mass
5 » for SF
) . L galaxies

i-band Absolute Magnitude

(Credit Martha Haynes)
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HVCs Cold local blobs Q3 warm local
Probable galaxies = Warm local blobs  blobs

600

400

200

V,sg (km/s)

-200

-400

0 10 20 30 40 S0 60
Linewidth FWHM(km/s)

Figure 7. Line width and V| sg distributions for all clouds. The differently colored symbols correspond to the five populations—HVCs (black triangles), galaxy
candidates (red diamonds), cold LVCs (blue Xs). warm LVCs (pink open squares), and warm Q3 LVCs (green filled squares). This plot best illustrates where the
populations are separated. See Figure O for the velocity and line width distribution for each population.

(A color version of this figure is available in the online journal.)

B Carl Heiles 2015



This cloud is deficient in 12 micron emission, which is
produced by tiny grains (PAHs). It is not deficient in
ordinary grains. Conclusion: it’s just the PAHs—not all
the grains—that heat the ordinary diffuse ISM!

21-cm hLine 12 micron 353 GHz
HI thermal dust

LLCC HI colur ‘ microns 353 GHz (thermal dust)

Carl Heiles 2015




HISA as a tool to constrain
T,N,n (D. Li etal. 2015

HISA: HI self-absorption

200 [T T
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i-band Absolute Magnitude
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| Luke Leiiérhan—F"201 5 In prep
(Courtesy of M. Haynes)



Galaxy Groups and Clusters

HCG_N=3

0 T

Log(MHI/Mv)

-1.5 -1.0 -0.5
Log(Tc*HO)




A: Milky Way i AR AT
B: Perseus-Pisces Supercluster -9(°

Al o G: Hydra-Centaurus Supercluster
el uster H: "Great Attractor"/Abell 3627

D: Virgo Cluster/Local Supercluster I: Pavo-Indus Supercluster

E: Hercules Supercluster J: Horologium-Reticulum

F: Shapley Concentration/Abell 3558 Supercluster




Tully-Fisher 5< R %€ £ Z b 5 N ARH E L (Peculiar Velocity
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o 2.2 E.-’llug TE’E 8 - VCMB = H[] X d + Vpeculiar radial (1)
1

m — M = 5logio(d(Mpc)) +25 (2)

o m < PhOtomEtry Observations

Q@ M <« Tully-Fisher relation: L o v,
Calibrations (Tully & Fisher 1977)

— d — Vpeculiar radial — Cosmic Flows



The Pisces-Perseus supercluster
L. Xiao et al.

0 2000 4000 6000 8000 10* 1.2x10%.4x10*
Velocity(km/s)




Mass distribution in the local Universe

/L% Pavo-Indus
: 4 \ g
- J“ N

Local Group

Southern Wall

Perseus-Pisces

Local Supercluster



Tully et al 2014, Nature




Cosmic flow and Velocity field

Courtois et al. 2013

—

* . Local Void"




Mapping diffuse Hl at 10A17

» Gas accreting onto galaxies
» Tracing pass interactions

» Mapping the cosmic web

» Gas in void

» Gas in groups and clusters,
e.g. tails, filaments etc.




assume dv=30 km/s, S/N =10

1 10
comoving distance (Mpe)




HI view of the Cosmic Web
Popping et al. (2009)

log(~Ny;;) Neutral Hydrogen component

o o 20
Y "

log(~N,,) Total Hydrogen component

32 ! Mpc




Cosmic web

Large-scale cosmic web

Dark matter
«— halo ofa

Galaxy galaxy

cluster

Matter along
filaments :
gas, galaxies,
dark matter .

s

@'~ Gas clouds condense
out of gas delivered
along cosmic web

\

Dwarf satellite
galaxies

Fast dwarf galaxiés
are new arrivals from
the cosmic web

Ibata and Lewis (2008) Sciences 319, 50



FAST data interoperability

» Data products

- Level O and level 1, currently FITS

> Level 2 and higher need to be developed by science
teams

- Multi-dimentional data cubes, more than catalogs
- Time domain data, e.g. pulsar
- Requirements similar to SKAT and pathfinders

» VO tools
- Datalink, crossmatch, link to theoretical models
- Visualization , footprints

~lJse China-VO tools for data access




