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1. Radio Research Activities in Taiwan
SMA ALMA

AMiBA

Future

GLT SKA?



Possible SKA-Related Activities

(1) Cosmology and galaxy evolution
- H I emission/absorption statistics
- Radio-FIR relation of galaxies
(2) AGNs
- Collimation of jets
- Search for diffuse radio emission around AGNs
(3) Star formation
- Monitoring of young stellar objects
(4) Instrument Development
- Extension of ALMA Band 1
- GBT multi-beam receiver
- AMiBA future plan



H I Absorption Statistics
Damped Lyman α clouds (DLAs): NH > 2×1020 cm–2

Cosmology and galaxy evolution                     Hiroyuki Hirashita

Statistics of 21 cm absorption optical depth to be 
compared with a future large SKA sample

background
quasar



Radio Continuum as a SF Indicator

Radio–FIR 
relation in nearby 
dwarf galaxies 
(BCDs:
1/10–1 Zsun)

Hirashita (2013)

With SKA, we can extend the sample to high-z 
metal-poor (primeval) galaxies.

Cosmology and galaxy evolution                     Hiroyuki Hirashita



21CM INTENSITY MAPPING

Cross-correlating GBT HI & WiggleZ optical galaxies at z 
~ 0.6-1

Masui+, GBT-HIM team, 2012

21CM BRIGHTNESS FLUCTUATIONS 3
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Figure 1. Maps of the GBT 15 hr field at approximately the band-center. The purple circle is the FWHM of the GBT beam, and the color range saturates in
some places in each map. Left: The raw map as produced by the map-maker. It is dominated by synchrotron emission from both extragalactic point sources
and smoother emission from the galaxy. Right: The raw map with 20 foreground modes removed per line of sight relative to 256 spectral bins, as described in
Sec. 3.2. The map edges have visibly higher noise or missing data due to the sparsity of scanning coverage. The cleaned map is dominated by thermal noise, and
we have convolved by GBT’s beam shape to bring out the noise on relevant scales.

is motivated by the eigenvectors of smooth synchrotron fore-
grounds (Liu and Tegmark 2011, 2012). In practice, instru-
mental factors such as the spectral calibration (and its stabil-
ity) and polarization response translate into foregrounds that
have more complex structure. One way to quantify this struc-
ture is to use the map itself to build the foreground model.
To do this, we find the frequency-frequency covariance across
the sample of angular pixels in the map, using a noise inverse
weight. We then find the principal components along the fre-
quency direction, order these by their singular value, and sub-
tract a fixed number of modes of the largest covariance from
each line of sight. Because the foregrounds dominate the real
map, they also dominate the largest modes of the covariance.
There is an optimum in the number of foregroundmodes to

remove. For too few modes, the errors are large due to resid-
ual foreground variance. For too many modes, 21 cm signal
is lost, and so after compensating based on simulated signal
loss (see below), the errors increase modestly. We find that
removing 20 modes in both the 15 hr and 1 hr field maximizes
the signal. Fig. 1 shows the foreground-cleaned 15 hr field
map.
We estimate the cross-power spectrum using the inverse

noise variance of the maps and theWiggleZ selection function
as the weight for the radio and optical survey data, respec-
tively. The variance is estimated in the mapping step and rep-
resents noise and survey coverage. The foreground cleaning
process also removes some 21 cm signal. We compensate for
signal loss using a transfer function based on 300 simulations
where we add signal simulations to the observed maps (which
are dominated by foregrounds), clean the combination, and
find the cross-power with the input simulation. Because the
foreground subtraction is anisotropic in k⊥ and k‖, we esti-
mate and apply this transfer function in 2D. The GBT beam
acts strictly in k⊥, and again we develop a 2D beam transfer
function using signal simulations with the beam.
The foreground filter is built from the real map variance,

and so is slightly nonlinear in the signal. This has two primary
consequences for the compensation. One is that the transfer
function needs to be derived from realistic signal amplitudes.
In practice, we find that the conclusions for the cross-power
change negligibly under a halving of the assumed signal am-
plitude, and that this nonlinearity is a secondary effect. The
second consequence is that the cleaned foregrounds are anti-
correlated with the signal because signal covariance also en-

ters the cleaning mode functions. This is accounted for in our
transfer function. Subtleties of the cleaning method will be
described in a future methods paper.
We estimate the errors and their covariance in our cross-

power spectrum by calculating the cross-power of the cleaned
GBT maps with 100 random catalogs drawn from the Wig-
gleZ selection function (Blake et al. 2010). The mean of these
cross powers is consistent with zero, as expected. The vari-
ance accounts for shot noise in the galaxy catalog and vari-
ance in the radio map either from real signal (sample vari-
ance), residual foregrounds or noise. Estimating the errors in
this way requires many independentmodes to enter each spec-
tral cross-power bin. This fails at the lowest k values and so
these scales are discarded. In going from the two-dimensional
power to the 1D powers presented here, we weight each 2D k-
cell by the inverse variance of the 2D cross-power across the
set of mock galaxy catalogs. The 2D to 1D binning weight is
multiplied by the square of the beam and foreground clean-
ing transfer functions. Fig. 2 shows the resulting galaxy-H I
cross-power spectra.
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Figure 2. Cross-power between the 15 hr and 1 hr GBT fields and WiggleZ.
Negative points are shown with reversed sign and a thin line. The solid line
is the mean of simulations based on the empirical-NL model of Blake et al.
(2011) processed by the same pipeline.

•200 hours, 41 deg2 survey at 
the GBT
• Measuring the WiggleZ fields 
at 800 MHz band, 0.5 < z < 1.1
• Foreground subtraction using 
SVD in freq-freq covariance 
matrices, and correcting for 
frequency dependent beam
• Foreground subtraction down 
to factor of >100

•HI brightness temperature 
on these scales at z=0.8: 

•ΩHI r b = (4.3 ± 1.1) x 10-4

Cosmology and galaxy evolution                     Tsu-Ching Chang



 CO intensity mapping with AMiBA-DACOTA

 1.2 m dish, 6 m baseline, currently operate at 83-102 GHz

 At 30-32 GHz, probes 6.19 < z < 6.67 for CO[2-1],  2.59 < z < 2.83 CO[1-0]

 At 31 GHz, resolution=6.7’, FoV =28’, probes >10 Mpc scales

 AMiBA team (ASIAA):  Paul Ho, Kai-Yang Lin, Ming-Tang Chen, Homin Jiang+ 

 DACOTA team (Berkeley/Arizona):  Geoff Bower, Dave Deboer, Dan Marrone+

• Optimized optical, feed and front-end attributes to minimize standing waves. The CO signal
will be detected as noise in the power-spectrum of the frequency axis, which may be masked
by standing wave effects.

• Deployment of optimized antenna shrouds and edge design for reduced antenna cross-talk.
This is necessary given the very weak signal.

• Extendable broadband (2 GHz) correlator using a ROACH3-based design to give broad red-
shift coverage. Most of the sensitivity to spatial scales comes from the range of frequencies
that are instantaneously measured by the correlator.

In addition to the technical advances, by utilizing existing hardware at the end of the proposal
period, we will produce a science-quality functional instrument and a deep on-the-sky integration.

DACOTA is a scientific and technical pathfinder in the search for the CO intensity mapping
signal and this proposal is part of a larger roadmap to understand and characterize molecular
gas in the early Universe. The design of DACOTA has been optimized to reach sensitivity in
the power spectrum commensurate with the signal level predicted for the EOR in self-shielded
models for CO abundances at z = 6. We predict a > 5σ detection with a 1000-hour integration at
z = 5.7. Given the much higher signal level of the z = 3 signal, we will make a > 10σ detection
at that lower redshift. While sensitivity and control of instrumental systematics are central to our
design, astronomical foregrounds, atmospheric effects, and interference are unlikely to be significant
hindrances, which is a strength of this technique. Through separate resources, the DACOTA team
is developing a low J = 1 → 0 band that will be matched to the J = 2 → 1 band of this proposal to
disambiguate the red-shifted signals. The success of DACOTA in detecting the z = 3 and z = 5.7
signals will give us substantial insight into how to detect fainter signals with greater significance.
Ultimately, as in the case of HI EOR measurements, a larger-scale mapping instrument based on the
technologies developed in this ATI can provide a detailed view of the EOR. DACOTA results will
provide an important complement to targeted galaxy observations obtained with EVLA, ALMA,
JWST, and other facilities.

This is a collaborative proposal between UC Berkeley and Arizona. DACOTA will be built with
significant contributions from Academica Sinica Institute for Astronomy and Astrophysics (ASIAA;
Taiwan) in existing and new hardware, as well as in skilled engineering, scientific leadership, and
technical support. Further science observing after the 3-year proposal period will be supported
through ASIAA’s commitment to AMiBA site and operations support. In this proposal, we present
the description of the DACOTA instrument (§ 2), sensitivity estimates, comparisons with SZA
sensitivity, and estimates of sensitivity to cross-correlation with the HSC and HETDEX (§ 3), the
management plan and timeline (§ 4), broader impact (§ 5), and results from previous awards (§ 6).

Figure 2: A current picture of AMiBA atop
of Mauna Loa, HI. The antennas, platform
and infrastructure are all suitable for use by
DACOTA and will be utilized. Antennas are
1.2-m in diameter and have a 1.4-m spacing.

Cosmology and galaxy evolution                     Tsu-Ching Chang



Imaging Re-collimation Process               
of the M87 jet                  

Dynamic Range of current our EVN image is ~ 2500
‣ SKA will improve it > 1,000,000

Asada & Nakamura (2012)

HST-1

expansion

Re-collimation?

Re-ex
pansion

- Is the M87 jet re-collimated to form HST-1?

AGNs                                Masanori Nakamura & Keiichi Asada



Asada et al.Imaging the counter-jets

Detection of the counter-jets is very important;
- Constraining a proper viewing angle

Jet acceleration dynamics
SED analysis for core emission profile
Modeling the accretion disk and BH shadow 

AGNs                                Masanori Nakamura & Keiichi Asada



Diffuse emission around FR II radio galaxies: episodic activity

α
inn
inj ∼ α

out
inj : similar jet power

(Konar & Hardcastle, 2013)

Newly discovered diffuse halo (Sirothia+,
2013)

Hope to discover many such radio haloes with the SKA
Radio Galaxies: Their Dynamics and Episodic Jet Activities – p.17/17

AGNs                                                                     Chiranjib Konar



Monitoring of Young Stellar Objects
Star formation                                                        Hauyu B. Liu

JVLA 8–10 GHz for ~ 200 days

Liu et al. (2013)

The current sensitivity of 
JVLA for full-night 
integration: ~ µJy.
“Solar flares” at the 
distance of these YSOs: 
nJy – µJy.
By SKA, we can target
more normal stellar flares.



Instruments                                                       Chau-Ching Chiong

Development of SKA instruments is our natural extension.



GBT-HIM: 800 MHZ MULTI-BEAM HIM PROJECT

• GBT-HIM Project (P. I.  T.-C. Chang):  Building a 7-beam receiver at 700-945 MHz for 
redshifted HI survey at 0.5< z < 1 for BAO measurements.
• Use Short-backfire Antenna (SBA) with a edge-tapered reflector; with a cryogenic tube 
connecting to the dipole to reduce Tsys. 
• Prototype for installation on GBT summer 2013;  ASIAA+NRAO+GBT-HIM team
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Instruments                              Tzu-Ching Chang, Yuh-Jing Hwang



Possible SKA-Related Activities

(1) Cosmology and galaxy evolution
- H I emission/absorption statistics
- Radio-FIR relation of galaxies
(2) AGNs
- Collimation of jets
- Search for diffuse radio emission around AGNs
(3) Star formation
- Monitoring of young stellar objects
(4) Instrument Development
- Extension of ALMA Band 1
- GBT multi-beam receiver
- AMiBA future plan


