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The Tianlai Site
红柳峡站址（新疆哈密地区巴里坤县）
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Figure 2 Radio environment measured at the Hongliuxia site. H and V correspond to horizontal and vertical polarization, respectively. Angles correspond to
the orientation of the test antenna. The change at 300 MHz is due to di↵erent amplifier used in the measurement.

nal in the E-W direction, while allowing a wide field of view
(FoV) in the N-S direction. The Tianlai cylinder reflector is
fixed on the ground, and at any moment its FoV is a narrow
strip running from north to south through the zenith. While
the reflectors allow the FoV to run from horizon-to-horizon
in the N-S direction, the beam of the feeds limits the strip to
±60� from zenith [29]. As the Earth rotates, the beams scan
the northern celestial hemisphere. (The latitude of the tele-
scope site is 44�, so the FoV extends from �16� declination
up to +90� and back down to +76� on the other side).

From east to west, the 3 cylinders are denoted cylinder A,
B, C respectively. Each has been installed with a slightly dif-
ferent number of feeds, 31, 32 and 33, respectively. From
north to south, the feeds in each cylinder are labeled in num-
bers 1, 2, 3, .... The northernmost (or southernmost) feeds
A1, B1, C1 (or A31, B32, C33) are aligned, and the dis-
tance between the northernmost and southernmost feeds is
12.4 m. The currently installed feeds occupy less than half
of the cylinder; the remaining space is reserved for additional
feeds for future upgrades. Since the feeds are evenly dis-
tributed, this results in di↵erent feed spacings for each di↵er-
ent cylinder: 41.33 cm, 40.00 cm and 38.75 cm, respectively.
This arrangement is made to reduce the grating lobe, which
is generated due to the degeneracy in arrival time for signals
from di↵erent directions when the spacings between adjacent
feeds are larger than half a wavelength. As the spacings of
the three cylinders are slightly di↵erent, their grating lobes
are also slightly di↵erent, so the grating lobe is reduced [18].
Each dual linear polarization feed generates two signal out-
puts. We will use X to denote the output for the polarization
along the N-S direction and Y along E-W direction. Each
signal channel is designated by its cylinder, feed number, and

polarization basis. For example, the E-W polarized output
of the 2nd feed in the middle cylinder will be noted as B2Y.
The baseline between two feeds is denoted by its two compo-
nents linked with a hyphen; for example the baseline C7-B28
is shown in Fig. 3, and the cross-correlation between their
X-polarization channels is denoted as C7X-B28X.

Figure 3 The Tianlai Cylinder Array. The cylinders are aligned in the N-S
direction, with a gap of 0.215 m between adjacent ones. The three cylinders
are designated as A, B, C from east to west, and have 31, 32, and 33 feeds re-
spectively. The feeds in each cylinder are evenly distributed, with the ones at
both ends (A1, B1, C1 in the north and A31, B32, C33 in the south) aligned
with each other. The baseline C7-B28 is depicted by the orange double end
arrow as an example.

The system consists of the antennas (cylinder reflectors
and feeds) and the optical communication system (optical
transmitter/receiver and cable), which converts the radio fre-
quency (RF) electric signal to optical signals sent via optical
fiber to the station house, which is located about 6 km away
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The Tianlai Arrays
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21cm Intensity Mapping

HI galaxy survey

Forecast for FAST: from Galaxies Survey to Intensity Mapping 5

Figure 4. The image of a nearly-face on galaxy in different frequencies. The first subfigure in the first panel shows the spectrum of the whole galaxy at z = 0.01,
with spectral resolution of 5 km s−1. The other subfigures shows the beam-convolved image with ∆ f = 0.09 MHz, corresponding to ∆v ≈ 20 km s−1. The
pixels width is 0.0133◦.

Figure 5. A simulated galaxy observation with noise (blue solid line) and
its busy function fit (red dash line).

HI detection exhibits a large, settled HI disc or ring. The orienta-
tion of the galaxy is randomly chosen. In reality, the galaxy may
have some correlation of intrinsic alignment in their orientation,
but such alignment is generally a second order effect, and does not
significantly affect the analysis given below.

When generating a galaxy model with the parameters from
the catalog, we convert the apparent HI half-mass radius, Rhalf

HI ,
along the major axis into an exponential disc scale length rdisk.
The galaxy is modeled out to a radius of 3.5 rdisk. With the surface
density deduced, we then convert it to the mass distribution.

The circular velocity profile of the galaxy is modeled with the
Polyex analytic function (Giovanelli & Haynes 2002):

VPE(r) = V0(1 − e−r/rPE )(1 +
αr
rPE

) (11)

where V0, rPE, and α determine the amplitude, exponential scale of
the inner region, and the slope of the outer part of the rotation curve
respectively. These parameters are derived from the luminosity of
the galaxy given in the semi-analytical model, using the empirical
relations derived from nearly 2200 low redshift disk galaxies. The
semi-analytical model gives R-band luminosity, while the Catinella
et al. (2006) model used I-band luminosity, so we convert them by
MI = MR − 0.37 (Duffy et al. 2012).

The HI flux density is then given by

MHI
M$

= 2.36 × 105(
DL

Mpc
)2 Si

Jy
dv

km s−1 (1 + z)−2, (12)

where Si is flux density in units of Jy in channel i of the mini-
cube, dv is the velocity width of a channel in km s−1, and DL is
the luminosity distance of the target galaxy in Mpc units, and z is
its evaluated redshift. It is worth to note that the dv here is defined
in intrinsic velocity bin. If dv is defined in observed velocity bin,
the (1+ z)−2 will be replaced by (1+ z)−1. In realistic computation,
we first make the data cube of a galaxy in intrinsic velocity bins,
then we convert it into frequency bins, which is related to observed
velocity bins by

dv =
df × c(1 + z)

femit
, (13)

where c refers to the speed of light in vacuum, z is the apparent
redshift of galaxy centre, including the Doppler component due to
peculiar motion relative to the Hubble expansion. For each galaxy,
the redshift space data cube has 100 × 100 pixels in right ascen-
sion and declination, and 5 km s−1 in velocity channel width. Each
voxel (volume pixel) have its HI flux density and velocity that com-
puted. Using the velocity and position of the voxel, we can reposi-
tion it in a 3D data cube.

We use a light cone catalogue from the Obreschkow & Meyer
(2014) simulation, which spans a field of 10 × 10 deg2 on the sky
and a redshift range of 0.0-1.2. This volume contains 19,210,309
galaxies with a total HI mass of 2.065 × 1016 M$ . Before proceed-
ing to generate the full-sized cube, we convert the velocity to fre-
quency,

1 +
vpixel

c
=

fpixel

femit
(1 + z), (14)

where c refers to the speed of light in vacuum, z is the apparent
redshift of galaxy centre, including the Doppler component due to
peculiar motion relative to the Hubble expansion, and the vpixel
and fpixel denote the velocity and frequency of the pixel respec-
tively. We then re-grid the mini data cubes into the full-size syn-
thetic cube and place it in the corresponding angular position and
frequency. The final full-size synthetic cube have a pixel width of
0.0133 deg in right ascension and declination and a fixed channel
width of 0.0237MHz((corresponding to 5 km s−1 at the redshift of
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HI galaxy spectrum
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Challenge: Foreground

V. Jelic et al. (2010)

raw signal to noise ration (SNR) ～ 10-5

smooth foreground

foreground+21cm

X. Wang et al. (2006)

In principle, smooth 
foreground can be subtracted 
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Sky Map Observed by Tianlai Cylinder Array (single freq 750MHz)
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Angular Power Spectrum
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Assume there is only one foreground component,
we have

𝐶ℓ 𝜈 = 𝐴(
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ℓ"
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Tianlai FRB detections

Blind Search 2022.04.14, 17:26:40.368 UT
DM=208.1±0.5 pc cm-3

Speak = 128.4 Jy, fluence = 204 Jy ms, z<0.24

Observation of repeat FRB 20220912A
detection on 2022.11.05 15:02:46.017 UT

DM =219.8
Speak=285 Jy, fluency=600 Jy ms

cylinder Dish
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Tianlai II Project

• Cylinder at A for imaging

• Cylinder B,C as FRB outtriger

• Dishes at A for better
calibration

• Global Spectrum Experiment at
G1, G2
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Conclusion
• The 21cm cosmology has great potential, but requires very high precision and

sophisticated analysis.

• The Tianlai experiment is an experiment to learn about the required key techniques.
Though limited in sensitivity, we can already learn many valuable lessons about real
world data analysis, and there is good opportunity for FRB research with Tianlai.

• We welcome domestic and international collaborations!

Thanks!
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