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HIRAX
Hydrogen Intensity and Real-time Analysis eXperiment

• Interferometric array up to 1024 6m dishes operating at 
400-800 MHz


• Scalable array built in stages: 2 (qualification), 8, 128 
(funded), 256 then expand to 1024 and operate full 
array for 4 years


• SARAO Karoo site co-located with SKAO

• Dishes stationary and tiltable

• 15,000 deg2 Neutral Hydrogen survey with redshifts 

between 0.8 and 2.5
Crichton+ (2022)
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Science Goals
• Measure baryon acoustic oscillations 

with 21cm intensity mapping: 
characterise dark energy 


• Cross-correlation with other 
cosmological surveys


• Radio transient searches, fast (FRBs) 
and slow 


• Pulsar searches: 15 uJy/scan - search 
in each of 10-20 beams, galactic 
centre searches


• Neutral hydrogen absorbers: up-res 
frequency in beam-formed data 
(FFTs on GPUs)


• Diffuse galactic polarization 

Credit: Jingchuan Yu 

Credit: D Crichton 



HIRAX Instrument

Figure 3: (a) ICE motherboard shown with two FMC daughterboards. Each input is sampled
with 8 bits at up to 1.25 GSPS. (b) Embedded LNA in a cloverleaf feed balun (c) ICE crate shown
populated with 16 ICEboards. This particular system is under test as part of the CHIME correlator.

C.2 Digitizer/ICEboards
The digitizer will be based on an ICE-System design [2]. Co-I Bandura was a lead member
of the ICE development team, has worked with it extensively for the CHIME experiment,
and is completely familiar with the end-to-end system. The overall system architecture
is comprised of 64 ICE-motherboards in four ICE-crates each with a full-mesh backplane.
Each motherboard has ADC daughter-boards, processing 16 analog inputs each for a to-
tal of 1024 inputs. The system is designed to flexibly scale up to 2048 inputs without
requiring additional networking hardware.

The digitizers are based around EV8AQ160 ADCs. Each sample 4 inputs at 8 bits at
800 MSPS and sample in the second Nyquist zone from 400-800 MHz. The ADCs are able
to provide a spur-free dynamic range of 52 dBc, and 7.5 effective bits.

Each ICE motherboard has 16 analog inputs (see Figure 3a). The digitized signal
is then channelized into 1024 frequencies using a poly-phase filter bank FFT from the
CASPER library 3.

The data is then processed through the ICE-system custom-backplane corner-turn net-
work [3], such that each motherboard has the information from 512 inputs for 32 fre-
quency channels. See Figure 4a for a schematic of the system, and Figure 3c for an assem-
bled single crate to be used in the CHIME correlator.

3https://casper.berkeley.edu
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(a)
(b)

Figure 4: (a) The first 6m prototype dish for HIRAX was assembled on a rooftop at Durban University of
Technology in Durban, SA. (b) We are investigating the possibility of amplifying directly on the antenna balun
to reduce system noise. This is a prototype with amplifier shown on the stem of the antenna. The amplification
circuitry is protected from feed-back and oscillations with a small metal cover.

also help us weather-proof the instrumentation at the focus. Various choke ring geometries are being simulated
to optimize gain, reduce spillover, and reduce polarization artifacts. Optimization also includes choke size: while
wider chokes are more e↵ective at reducing spillover, they also increase the blockage of the center of the dish
and reduce overall sensitivity.

2.2 Amplification

To achieve fast integrated mapping speeds, we are targeting a system noise of 50K. In addition to minimizing
losses in the optical chain as described above, this requires amplifying the signal either on or directly behind the
feed with low noise amplifiers (LNAs). The gain specification is set by the required input level to the ADC: the
averaged sky signal from all synchrotron emission is ⇠35K and we need to digitize that signal such that its level
on the input to the digitizer is -21 dBm across the 400MHz bandwidth. The total input power from the average
35K sky and 50K system temperature would be -93 dBm across the entire band, leading us to require ⇠70 dB of
total gain. As noted below, 50 dB of that gain must come before the Radio-Frequency over Fiber (RFoF) system
for the system noise to be dominated by the LNA noise figure. We are investigating two alternatives for the
amplification: including the amplification circuitry directly on the balun and backboard (a prototype of the feed
with the active balun is shown in Figure 4b), and placing amplifiers at the SMA-connectorized outputs of the
feeds. The primary benefit of amplifying directly on the feed is a reduction in system noise. Even with a low-loss
material for the balun, the loss is ⇠0.03 dB/inch, leading to an extra contribution of ⇠12K to the system noise
temperature, and so placing the LNA within the balun reduces the total noise temperature substantially. We
are currently planning to use an Avago MGA-16116 GaAs MMIC LNA because it meets our noise specification.
A 400-800MHz prototype LNA built with the device produced a gain of ⇠18 dB and a noise figure of ⇠0.4 dB
(28K) while significantly reducing the expense of circuit board parts.
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HIRAX Status

UPDATED PARTNER LOGO 2019

• Funding is secured for the 128-dish array   
• NRF strategic research equipment (SRE) funding. Swiss SNF funding for the X-engine (GPU 
correlator), Science Data Processing system and Dish metrology. Canadian (McGill) funding for 
F-engine (ICE boards). Recent funding from the Simons Foundation. 

• The telescope mechanical assembly (TMA) are being produced under a partnership between 
HIRAX (UKZN), Advance Fiber form (AFF) and the National Research Council of Canada (NRC) 

• Two qualification dishes have recently been installed at the Klerefontein test site: first light 
• Construction of the primary array will start soon at the Swartfontein site: first 8-dish array 
followed by 32-dish array by end of 2025

First Light!



Swiss HIRAX Contribution
Swiss contributions include: 

• Design, construction and testing of Digital 
correlator (X-engine) with Canada (earlier FLARE) 

• Design, construction and testing of Science Data 
Processing Unit (earlier FLARE) 

• Beam calibration R&D using holography (earlier 
FLARE) and drone with tests at Bleien Observatory 

• High precision dish metrology (ongoing FLARE) 

• Co-coordinators of the HIRAX Simulation, Post-
Processing, Theory, and Correlator Working 
Groups. Members of the HIRAX Management 
Team and Executive Management Committee 

• Science: sky and telescope simulations, analysis 
pipeline, systematics

Hitz+ (2022)
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Proposal for a 


National Center of 
Competence in 

Research (NCCR) 


under review by the 
Swiss National Science 

Foundation (SNSF)



Consortium of 11
institutions, including federal 
universities, cantonal 
universities, universities of 
applied sciences and arts, and 
national platforms: 
ETH Zurich, EPFL, U. Geneva, 
CSCS, FHNW, HES-SO, ISSI-
Bern, SDSC, U. Basel, U. 
Zurich, and ZHAW

D+Cosmos


