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Planck Collaboration: Cosmological parameters
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Fig. 1. Planck 2015 temperature power spectrum. At multipoles ` � 30 we show the maximum likelihood frequency-averaged
temperature spectrum computed from the Plik cross-half-mission likelihood, with foreground and other nuisance parameters de-
termined from the MCMC analysis of the base ⇤CDM cosmology. In the multipole range 2  `  29, we plot the power spectrum
estimates from the Commander component-separation algorithm, computed over 94 % of the sky. The best-fit base ⇤CDM theoreti-
cal spectrum fitted to the Planck TT+lowP likelihood is plotted in the upper panel. Residuals with respect to this model are shown
in the lower panel. The error bars show ±1� uncertainties.

The large upward shift in Ase�2⌧ reflects the change in the abso-
lute calibration of the HFI. As noted in Sect. 2.3, the 2013 analy-
sis did not propagate an error on the Planck absolute calibration
through to cosmological parameters. Coincidentally, the changes
to the absolute calibration compensate for the downward change
in ⌧ and variations in the other cosmological parameters to keep
the parameter �8 largely unchanged from the 2013 value. This
will be important when we come to discuss possible tensions
between the amplitude of the matter fluctuations at low redshift
estimated from various astrophysical data sets and the Planck
CMB values for the base ⇤CDM cosmology (see Sect. 5.6).

(4) Likelihoods. Constructing a high-multipole likelihood for
Planck, particularly with T E and EE spectra, is complicated
and di�cult to check at the sub-� level against numerical
simulations because the simulations cannot model the fore-
grounds, noise properties, and low-level data processing of
the real Planck data to su�ciently high accuracy. Within the
Planck collaboration, we have tested the sensitivity of the re-
sults to the likelihood methodology by developing several in-
dependent analysis pipelines. Some of these are described in
Planck Collaboration XI (2016). The most highly developed of

them are the CamSpec and revised Plik pipelines. For the 2015
Planck papers, the Plik pipeline was chosen as the baseline.
Column 6 of Table 1 lists the cosmological parameters for base
⇤CDM determined from the Plik cross-half-mission likeli-
hood, together with the lowP likelihood, applied to the 2015
full-mission data. The sky coverage used in this likelihood is
identical to that used for the CamSpec 2015F(CHM) likelihood.
However, the two likelihoods di↵er in the modelling of instru-
mental noise, Galactic dust, treatment of relative calibrations,
and multipole limits applied to each spectrum.

As summarized in column 8 of Table 1, the Plik and
CamSpec parameters agree to within 0.2�, except for ns, which
di↵ers by nearly 0.5�. The di↵erence in ns is perhaps not sur-
prising, since this parameter is sensitive to small di↵erences in
the foreground modelling. Di↵erences in ns between Plik and
CamSpec are systematic and persist throughout the grid of ex-
tended ⇤CDM models discussed in Sect. 6. We emphasize that
the CamSpec and Plik likelihoods have been written indepen-
dently, though they are based on the same theoretical framework.
None of the conclusions in this paper (including those based on
the full “TT,TE,EE” likelihoods) would di↵er in any substantive
way had we chosen to use the CamSpec likelihood in place of
Plik. The overall shifts of parameters between the Plik 2015
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script

I. SCRIPT

(⌦ch2, ⌦mh2, ⌦⇤, ns, As, ⌧)

[1] Ma, Gong, Chen, Eur.Phys.J.C60:303-315,2009

Parameters TT(2013)+WP TT,TE,EE(2015)+lowP

Base ⌦bh
2

0.02205± 0.00028 0.02225± 0.00016

⌦ch
2

0.1199± 0.0027 0.1198± 0.0015

100✓⇤ 1.04131± 0.00063 1.04077± 0.00032

⌧ 0.089+0.012
�0.014 0.079± 0.017

ns 0.9603± 0.0073 0.9645± 0.0049

ln(10

10As) 3.089+0.024
�0.027 3.094± 0.034

Derived H0 [km s

�1
Mpc

�1
] 67.3± 1.2 67.27± 0.66

⌦⇤ 0.685+0.018
�0.016 0.6844± 0.0091

⌦m 0.315+0.016
�0.018 0.3156± 0.0091

�8 0.829± 0.012 0.831± 0.013

zre 11.1± 1.1 10.0+1.7
�1.5

Age [Gyr] 13.817± 0.048 13.813± 0.026



script

I. SCRIPT

(⌦ch2, ⌦mh2, ⌦⇤, ns, As, ⌧)

[1] Ma, Gong, Chen, Eur.Phys.J.C60:303-315,2009

Parameters TT(2013)+WP TT,TE,EE(2015)+lowP

Base ⌦bh
2

0.02205± 0.00028 0.02225± 0.00016

⌦ch
2

0.1199± 0.0027 0.1198± 0.0015

100✓⇤ 1.04131± 0.00063 1.04077± 0.00032

⌧ 0.089+0.012
�0.014 0.079± 0.017

ns 0.9603± 0.0073 0.9645± 0.0049

ln(10

10As) 3.089+0.024
�0.027 3.094± 0.034

Derived H0 [km s

�1
Mpc

�1
] 67.3± 1.2 67.27± 0.66

⌦⇤ 0.685+0.018
�0.016 0.6844± 0.0091

⌦m 0.315+0.016
�0.018 0.3156± 0.0091

�8 0.829± 0.012 0.831± 0.013

zre 11.1± 1.1 10.0+1.7
�1.5

Age [Gyr] 13.817± 0.048 13.813± 0.026



Current Design Plan

• Order 103 close-packed 5-6m dishes.!

• Operate between 400-800 MHz!

• Channelizing on FPGA ICE boards (Matt Dobbs)!

• Correlation on GPUs.!

• Dishes tilt N/S:  when “deep enough” on a strip, tilt over to increase fsky.!

• Would like to do some beamforming in correlator, kick out small subset of 
beams to external processing.!

• eThekwini municipality very supportive, providing site in Durban, seed 
funding for prototype.  Starting to order parts now!

Figure 1 – HIbiscus Antenna on-site on Isla
Guadalupe, Mexico.

Figure 2 – Antenna coupling e�ciencies (⌘(⌫)) for two
scaled HIbiscus antennas, calculated using the mea-
sured antenna and amplifier impedances.

2 Experimental Setup

In order to probe the 21 cm global spectrum, we designed a single antenna experiment.
Because the HI global spectrum structure is distributed over a wide frequency range, it
was necessary to develop a specialized antenna. Several antenna designs were considered,
modelled and tested in the lab and field; log periodic, fat inverted vee, horn, sleeve dipole,
and four square antennas. Our best results were obtained by modifying a four-square design
into the HIbiscus antenna (see Fig. 1). Working with a finite element simulation software
and scale model testing, the HIbiscus antenna was tuned to provide an optimal combination
of bandwidth, impedence and beam shape. This design has a smooth 55� beam (FWHM)
at its center frequency and a coupling e�ciency (⌘(⌫)) above 90% for nearly an octave of
bandwidth.

The SCI-HI experiment is intended to collect data from 40-130 MHz, larger than the
bandwidth of a single HIbiscus antenna. To solve this problem, we built scaled copies of the
HIbiscus design with center frequencies at 70 MHz and 100 MHz, allowing data collection
over the entire band. The antennas have ⌘(⌫) above 90% for 55-90 MHz and 70-140 MHz
respectively, as is shown in Fig. 2.

Besides allowing data collection over a wider band, the use of overlapping antennas allows
a cross-check of data. Signals from the sky will appear in datasets from both antennas in
the overlap region (70-90 MHz). A single sampling system is used alternately with either of
the scaled antennas. This limits the rate of data collection but provides consistency between
the two datasets. Additional details of the sampling system can be found in Voytek et al. 11

3 Deployment Sites

In the frequency range of 40-130 MHz, major interfering flux contributions include broadcast
emissions from television stations and FM radio stations which transmit in our band. Even
at the U.S. National Radio Quiet Zone in Green Bank, West Virginia, the FM signal exceeds
the sky signal by 10 dB over the entire FM band of 88-108 MHz (see Fig. 3). The equivalent
Tb averages about 20,000 Kelvin. To achieve an RFI level below the 21 cm signal requires
deployment to a significantly isolated radio-quiet location. We achieve this isolation by
travelling to lightly inhabited islands located far from the mainland. Our islands of choice
are located in the eastern Pacific Ocean, o↵ the coast of Mexico (see Fig. 4).

We have already deployed twice to Isla Guadalupe, the northern-most of our potential
sites. Isla Guadalupe (Latitude 28� 580 2400 N, Longitude 118� 180 400 W), is 260 km o↵ the
Baja California peninsula in the Pacific Ocean. It is a Mexican biosphere reserve and has a
population of less than 100; ecology-resoration teams, Mexican Marines, and members of a
fishing cooperative. We spent two weeks on Isla Guadalupe (June 1-15, 2013) observing with
SCI-HI on the western side of the island. Even at this remote site, we still detect some RFI
from the mainland; although residual FM is only about 0.1 dB (70 K) above the Galactic
foreground level (see Fig. 3).

Additional distance from the Mexican coast can provide further attenuation of RFI. Isla
Socorro (Latitude 18� 480 000 N, Longitude 110� 900 000 W), is ⇠600 km o↵ the Pacific coast

Figure 1 – Two-mirror crossed-Dragone design for BINGO. This design uses two ⇡ 40m dishes in a very compact
configuration, which o↵ers better optical performance than a single dish as well as reducing the size of the horns.
It also makes more sites available (§ 2.2).

Figure 2 – Left: Photo of the Castrillon mine, which will be the site for the BINGO telescope. Right: 3-D model
of the Castrillon site showing approximately how the two-mirror design will fit inside.

3 Sensitivity and foreground removal

If BINGO is deployed with at least 50 horns, with an average system temperature Tsys ⇡ 50K,
it will be able to map a large (⇡ 3000 sq. deg.) region of the sky with a temperature sensitivity
of ⇡ 0.1mK per 1MHz channel. This will allow a detection of BAOs at >5�. Note that the
new optical design allows a larger FOV (⇠ 15�) than originally discussed 2, and potentially more
horns, which would reduce the uncertainties, particularly on large angular scales. Fig. 3 (left)
shows the predicted sensitivity to the BAOs for a full 1-year observation (this would likely take
⇠ 2 years in practice) for 70 horns and 15� FOV. This provides a measurement of the acoustic
scale to about 2%, which is about the level of the current state-of-the-art large optical surveys.

One of the most important considerations for HI intensity mapping experiments is foreground
removal. The Galactic synchrotron radiation and emission from extragalactic sources is expected
to be several orders of magnitude (⇠ 70mK rms at 1GHz) above the cosmological signal (⇠
0.1mK rms). Although this presents a major challenge, we know that the foreground spectrum
will be exceptionally smooth - to first order it is a power-law with some curvature. If the data
can be calibrated su�ciently accurately, this will allow the foregrounds to be removed from the
data since the cosmological HI signal is uncorrelated between frequency channels.





Nithaya Chetty (CEO of Astronomy sub-agency, National Research 
Foundation of South Africa), Professor Ted Williams (Director of South 
African Observatory) and Professor Russ Taylor (University of Western 
Cape) 
 
December 2015: Chinese Astronomer delegation came to the China-
Africa Science Forum in Pretoria, and BRICS astronomy meeting in 
Cape Town (delegation lead by Prof. Suijian Xue, deputy director of 
NAOC) 
	
2. Prospective	Bilateral	Astronomy	meeting	funded	by	NRF	and	
CAS	for	2016—2018	

	
Title of the workshop South African PI Chinese PI 
Cosmology with large 
surveys 

Yin-Zhe Ma (UKZN) Xuelei Chen (NAOC) 

Sharing resources and 
building collaborations in 
optical and infrared 
astronomy 

Petri Vaisanen (SAAO) Subo Dong (PKU) 

Very long baseline 
interferometry (VLBI) 

 Zhiqiang Shen (SHAO) 

Big Data challenge in 
Astronomy 

Russ Taylor (UWC) ChenZhou Cui (NAOC) 

Synergy between 
MeerKAT and FAST 

Claude Carignan (UCT) Bo Peng (NAOC) 

	
	
3. Dictionary:	Chinese	institutions,	people’s	and	projects’	name	
in	Chinese	(Capital	letter	alphabetical)	

	
Institutions’	name	in	Chinese	
Antarctic Astronomy Group: �(!=��J!=){w+����J!=�7|	
Beijing Normal University: �	�j # 
Chinese Academy of Sciences (CAS): ��`#t 
CAS academician: ��`#tt� 
Changchun Observatory: 9@!=�  
DAMPE (DArk Matter Particle Explorer): CV1d";�� 
FAST telescope (Five Hundred Meter Aperture Spherical Telescope): �\c�5X
y*"F68���2�#A��	�.�,����� 



NAOC—UKZN	Computa3onal	
Astrophysics	Centre	(NUCAC)	



UKZN	



Na3onal	Astronomy	and	Space	Science	program	

Cosmology	
Fluid	dynamics	
Mathema3cal	Method	
Computa3onal	Astrophysics	
Astronomy	and	Astrophysics	
Classical	field	theory	
Plasma	Physics	
Space	Physics	
Research	Project	
Techniques	in	astrophysics	and	space	science	



•  Student	Exchange	Program	
•  Joint	Postdoctoral	fellowship	program	

•  Collabora3on	on	Project	
•  Scien3sts	visi3ng	program	
•  Annual	Dis3nguished	Lectures	
•  Public	Engagement	and	involvement	
-----The	first	five	year	round	2017--2021	



•  Poli3cs	is	for	the	moment	and	equa3on	is	for	
eternity.	

•  If	your	plan	is	for	one	year	plant	
rice.	If	your	plan	is	for	ten	years	
plant	trees.	If	your	plan	is	for	one	
hundred	years	educate	people.		




