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The Hydrogen Intensity and Real-time Analysis eXperiment

Science goals:

Measure baryon acoustic 
oscillations with HI intensity 
mapping
   

Characterize dark energy
   

Radio transient searches
   

Pulsar searches
   

Neutral hydrogen absorbers
   

Di5use polarization of the Galaxy

Instrumental approach:

1024 close-packed 6-m dishes
   

Dishes are stationary but can be tilted
   

Operating frequency: 400 – 800 MHz,
equivalent redshift = 0.8 – 2.5
   

Working closely with CHIME: 
channelize with FPGA ICE boards, 
correlation with GPUs
   

Location: SKA/Karoo (site agreement 
in progress)

The acronym:

Rock hyrax / dassie

http://www.acru.ukzn.ac.za/~hirax1



What are we looking at?

Can probe with 21cm (not just for EOR)! 2



Baryon Acoustic Oscillations (BAOs)

Intensity Mapping: Low spatial, 
high frequency resolution images Increase volume of data


Challenge: 

measurements contaminated by 
bright sources (galaxy!) emitting 
in band of interest

• Characteristic length scale set when CMB was formed.


• Truly precise measurements all at low redshift 


• Successful measurements will help constrain dark energy!

plot by Phil Korngut (Caltech)
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Hydrogen Intensity and Real-time 
Analysis eXperiment

Goal: measure BAOs with Hi intensity mapping 
to constrain Dark Energy equation of state. Prototyping: 

HartRAO

Site: Karoo 

Desert

South Africa 
“Hydrogen Intensity” = BAO


“Real-time analysis” = FRBs

(Funded by South Africa) 4



HIRAX Specifications

Prototype: 8 dish array

Goal: 1024 dish array

diameter = 6m; f/D=0.25

Range: 400-800MHz 

(.8<z<2.5)


Resolution: 390kHz; 1024 
channels


Collecting area: 28,000m2


System temp: 50K (goal)
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Calibration

• Far field = 200m max → attainable!


• Demonstrated by HERA, etc. 


• Considerations: 

i. broadband noise source 

ii. drone carriable

iii. remove RFI from drone 

iv. retrieve data 

Goal: map beam to 1 part in 10-4 


Challenge: dishes are stationary 


Solution: drone

J. R. Shaw et al., Phys. Rev. D 91, 083514, (2015) 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Hardware

Tsys dominated by initial LNA—challenging to measure!

Amplifier 
integrated 
into balun~70dB gain

signal correlated 
using technology 
developed for 
CHIME
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Measuring Tsys

Measurements obtained from autocorrelation data

Tsys = ~50-100K
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Measuring Tsys

Measurements obtained in Karoo Dessert (SKA site/future HIRAX location)
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Measuring Tsys
Next step: build testbed for more controlled measurement of Tsys in 
Newburgh lab at Yale
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Science Forecasts: BAO
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Science Forecasts: 
Calibrating LSST Redshift Error 8

FIG. 4. Left panel: forecast 1� constraints on the photo-z scatter �z (solid lines) and bias �z (dashed lines) for the three IM
experiments under consideration: HIRAX (blue), SKA (red) and MeerKAT (yellow). Right panel: comparison of the previous
three intensity mapping experiments, in terms of the forecast constraints on �z, with three future spectroscopic surveys: DESI
(black solid), Euclid (black dashed) and WFIRST (black dot-dashed). In both panels, the thin solid line shows the photo-z
calibration requirement on both �z and �z for LSST, with the corresponding requirement for DES shown as a thin dashed line
in the right panel. The coloured bands in the upper part of all plots show the proposed frequency ranges for the three 21cm
experiments (same color code). We have assumed using the UHF band for SKA and MeerKAT. The L-band would be able to
cover all redshifts below z ⇠ 0.35.

• We will also include two cosmological parameters:
the fractional matter density ⌦

M

and the ampli-
tude of scalar perturbations As, in q

i

in order to
account for the possible cosmology dependence of
the results.

We will change this setup in Section III E, where we
will explore the impact of the achieved constraints on
the photo-z parameters on the final cosmological con-
straints. In this section a will correspond to the 15 pho-
tometric redshift bins for LSST, for both galaxy cluster-
ing and weak lensing (i.e. 30 sets of spherical harmon-
ics). Likewise q

i

will contain the cosmological parameters
(!

c

,!
b
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s

, n
s

, ⌧reio) as well as all the baseline
photo-z parameters (�z and �

z

for all redshift bins), with
priors corresponding to the constraints found in the pre-
ceding sections.

A. Baseline forecasts

Using the formalism described above, and in the sim-
plified scenario of Gaussian photo-zs, we present, in the
left panel of Figure 4, the forecast constraints on the
photo-z bias (�z) and variance (�

z

) for the key intensity
mapping experiments introduced in Section IIC. In this
and all subsequent plots, the thin black solid line shows
the LSST requirement of �(�z,�

z

) . 10�3(1+z) [48, 49],
while the thin dashed line corresponds to the nominal re-
quirement for the Dark Energy Survey (2 ⇥ 10�3) [50].
The coloured bars in these and all subsequent plots show

FIG. 5. Forecast constraints on the LSST photo-z scatter �z

for SKA (red) and MeerKAT (yellow) assuming only interfer-
ometric observations (dot-dashed lines), single-dish observa-
tions (dashed lines) and both simultaneously (solid lines).

the redshift ranges corresponding to the proposed fre-
quency bands of the three IM experiments explored here.

Two key features must be noted in this figure: first, the
uncertainties grow steeply at low redshifts. This is due
to the reduced number of modes available in that regime,
associated with the smaller comoving volume and the im-
pact of non-linearities on lower values of k. The latter

 12D. Alonso et al., Phys. Rev. D 96, 043515 (2017)

https://arxiv.org/pdf/1401.2095.pdf


Science Forecasts:  
Fast Radio Bursts (FRBs)

• Bright ms pulses of unknown origin


• ~25 published bursts, but total 
event rate estimated 104 over full 
sky

 Fast radio bursts: short (~ms), bright (~Jy) radio transients.  Distances are likely cosmological 
because of observed dispersion.
   

 Fast de-dispersion code developed for HIRAX and tested on archival GBT data: bonus detection!
   

 HIRAX: estimated ~10 FRB detections per day, possible coordinated observations with HERA

Fast radio bursts

Outrigger stations:
~1000 km baselines for VLBI positions for HIRAX events

HESS site
BIUST

HartRAO

Karoo

Grahamstown

Durban

Gorongosa

Primary sites
ProposedProposed
Possible

6 outriggers

4 outriggers

0
.5

 a
rcse

c

 Fast radio bursts: short (~ms), bright (~Jy) radio transients.  Distances are likely cosmological 
because of observed dispersion.
   

 Fast de-dispersion code developed for HIRAX and tested on archival GBT data: bonus detection!
   

 HIRAX: estimated ~10 FRB detections per day, possible coordinated observations with HERA

Fast radio bursts

Outrigger stations:
~1000 km baselines for VLBI positions for HIRAX events

HESS site
BIUST

HartRAO

Karoo

Grahamstown

Durban

Gorongosa

Primary sites
ProposedProposed
Possible

6 outriggers

4 outriggers

0
.5

 a
rcse

c

 Fast radio bursts: short (~ms), bright (~Jy) radio transients.  Distances are likely cosmological 
because of observed dispersion.
   

 Fast de-dispersion code developed for HIRAX and tested on archival GBT data: bonus detection!
   

 HIRAX: estimated ~10 FRB detections per day, possible coordinated observations with HERA

Fast radio bursts

Outrigger stations:
~1000 km baselines for VLBI positions for HIRAX events

HESS site
BIUST

HartRAO

Karoo

Grahamstown

Durban

Gorongosa

Primary sites
ProposedProposed
Possible

6 outriggers

4 outriggers

0
.5

 a
rcse

c

• 8-dish outriggers: 
Botswana, HartRAO, 
etc.  


• HIRAX projected to find 
dozens per day
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HIRAX: Current Status

• Eight-element array up and running! 


• See fringes in first data
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Conclusion
HIRAX


• 21cm intensity mapping experiment


• Based in and funded by South Africa


• Will measure BAOs to constrain Dark Energy EOS parameters


• Useful for calibrating LSST redshift measurements, detection of 
FRBs


Next steps

• Finalize dish, hardware design

• Accurate measurement of Tsys

• Preliminary drone measurements

• On site improvements: weather proofing, radomes, etc 


For more details, see Newburgh et al., arXiv:1607.02059 (2016) or our 
website: http://www.acru.ukzn.ac.za/~hirax/
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http://www.acru.ukzn.ac.za/~hirax/


Thank you!
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