
Ming Zhu
FAST science group,NAOC

2016-4-19, Mitaka



Complete by 2016-09-26?



3
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2. General Technical Specification

Spherical reflector：Radius～300m, Aperture～500m, Opening 

angle 110~120°

Illuminated aperture：Dill=300m

Focal ratio：f/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″
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FAST sciences

• Neutral Hydrogen line (HI) survey

• Pulsar research

• VLBI network

• Molecular line study (including

recombination lines, masers)

• Search for Extraterrestrial Intelligence

(SETI)
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HI studies with FAST

• Extent of HI Disk - truncation

• Extended rotation curve to extreme large distance

• Cold Dark Matter Satellite (ΛCDM)

• HI Mass Function

• Voids

• Surveying Milky Way (FV, Magellanic Stream … )

• HI gas in high redshift galaxies

• HI gas in galaxy clusters and groups

• High z OH megamaser



 Galactic 
◦ Recombination lines and HII region

◦ HI absorption and molecular lines

◦ OH CH molecular lines

◦ HVCs and high latitude clouds

 Galaxies
◦ HI, molecular lines and dust correlations 

◦ Gas to dust ratios, HI/H2 ratio

◦ Star formation, galaxy interactions,  environments

◦ Clusters, high z galaxies



 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 1 million detections (Duffy et al. 2008, 2012) 

with MHI< 1011 M

out to z ~ 0.15 in a range of 

environments including  Coma, Hydra, Ursa Major, Persues-
Pisces supercluster plus neighboring voids.  







Carl Heiles 2015





n = N(HI ) / d

HISA: HI self-absorption

53 clouds







 Mainly in star forming regions, evolved stars and 
also Supernova remnants 

 More than 10 molecules were found to have 
maser emissions (OH, H2O, CH3OH, H2CO, SiO, 
HCN, CH, NH3,etc.)

 Masers can be pumped by collision or radiation 

 Masers can be used for astrophysical and 
astrometry studies, such as BeSSeL project



Mysterium was masing Galactic hydroxyl (OH).

• Main lines at 1665 & 1667 MHz.

• Satellite lines at 1612 & 1720 MHz.

• In the Milky Way, usually see:

• I(1665)/I(1667) > 1

• FWHM < 1 km/s
Green et al. (2012)

Zeeman Splitting!



Mysterium was masing Galactic hydroxyl (OH).

• Main lines at 1665 & 1667 MHz.

• Satellite lines at 1612 & 1720 MHz.

• In the Milky Way, usually see:

• I(1665)/I(1667) > 1

• FWHM < 1 km/s

Some galaxies far, far away have OH MEGAMASERS

Jeremy Darling



Mysterium was masing Galactic hydroxyl (OH).

• Main lines at 1665 & 1667 MHz.

• Satellite lines at 1612 & 1720 MHz.

• In the Milky Way, usually see:

• I(1665)/I(1667) > 1

• FWHM < 1 km/s

Some galaxies far, far away have OH MEGAMASERS! 

• LOH/L


=101-4

• 100 billion times LOH of Galactic OH masers!

• Found only in (U)LIRGs (LFIR/L


>1012)

• Powered by starbursts or AGN.

• Observed out past z ~ 0.20.T
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Mysterium was masing Galactic hydroxyl (OH).

• Main lines at 1665 & 1667 MHz.

• Satellite lines at 1612 & 1720 MHz.

• In the Milky Way, usually see:

• I(1665)/I(1667) > 1

• FWHM < 1 km/s

Some galaxies far, far away have OH MEGAMASERS! 

• LOH/L


=101-4

• 100 billion times LOH of Galactic OH masers!

• Found only in (U)LIRGs (LFIR/L


>1012)

• Powered by starbursts or AGN.

• Observed out past z ~ 0.20.

• Emission primarily in 1667 MHz line.

• 1665 MHz emission is either weaker or absent.

• Hardly any 1612 or 1720 MHz satellite lines.



Arp 220 (Robishaw 2015)



500,000 galaxies



 Census of HI in the 
Local Universe over 
cosmologically 
significant volume
◦ 15000+ detections 

in 40% of final area

◦ 70% are new 
detections

HIPASS completeness limit
HIPASS  detection limit

HIPASS bandwidth edge

FAA 
radar

.40 sample
Haynes+2011
AJ 142, 170

FAA 
harmonic

Virgo



 Above 

 M*~ 5 x 
10^8 M

 HI mass 
scales with 
stellar mass 

 for SF 
galaxies 

(Credit Martha Haynes)









Tully & Fisher 1977

Tully-Fisher 关系定星系距离及本速度场（Peculiar Velocity

Accurate HI + 
photometry





 Angular Size: a few arc-min

 T_line: few mK

 Line Width: few 10s km/s

FAST can detect and resolve this type of 
structures  to about 10 Mpc

More than 1000 times in volume than the 
local group



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



 To map a 4 square degree area, with an integration 
time of 20 minute per beam,  in 40 hours we can 
reach a 1σ sensitivity of 2 x1017 cm-2 per 5 km/s 
channel.

 Select regions of different environments, 
◦ void,  big galaxies, clusters …

4.3x 10^5 M_sun@ 10Mpc,

1.0 x 10^5 M_sun @ 5 Mpc

(4 sigma) 





 Galactic 
◦ Recombination lines and HII region

◦ HI absorption and molecular lines

◦ OH CH molecular lines

◦ HVCs and high latitude clouds

 Galaxies
◦ HI, molecular lines and dust correlations 

◦ Gas to dust ratios, HI/H2 ratio

◦ Star formation, Galaxy interactions,  environments

◦ Clusters, high z galaxies


