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Here we report system temperatures of some 21 cm reionization arrays and assemble a handy list of
references to past measurements and theoretical predictions. The goal here is to get at relative amplitude
between estimates, so we’ll stick to a single frequency of 180MHz and an LST of 0 hours.

Most of these temperatures are derived by differencing visibilities and then converting back to an ap-
parent sky temperature. See Section 1 for a laboriously exacting definition of the relationship between sky
temperature, antenna temperature and visibility rms.

Table 1: Temperatures at 180MHz and LST=0h
Predicted Design Predicted Measured Measured

Instrument/method Tsky[K]8 Trcvr[K] Tsys Tsys [K] Tsky [K]
MWA (RTS to CHIPS) 180 301 210 212.5
MWA (RTS to EPPSILON) 180 301 210 2362

MWA (FHD to EPPSILON) 180 301 210 230
PAPER 2003 100 300 3764

EDGES 180 40 220 NA 180.1
LOFAR 3176 ?? >317 ?? ??
HERA 180 TBD TBD TBD
1 uncertain to 10 to 20K
2 measured 190K at 196MHz
3 slightly higher due to wider PAPER beam, a bit more uncertain than MWA
4 measured 355K at 175MHz, published number (480K) scaled up by 1.35 correction factor, which was
incorrectly calculated and has since been revised to 1.06

6 (Labropoulos et al., 2009) 60 @ 300MHz scaled to 180 and up by sqrt(2) to account for their equation is
only Tsys of the real part.

8 Calculated by N. Thyagarajan

Table 2: Some Tsys citations

Measurement of MWA Tsys Bowman et al. (2007)
quotes Trcvr for MWA Tingay et al. (2013)
The ”Briggs” rule for Tsky (180K at 180 MHz) Furlanetto et al. (2006)
the de Oliviera-Costa model de Oliveira-Costa et al. (2008)
Measurement of PAPER Tsys Ali et al. (2015)
Measurement of EDGES Tsys and list of older measurements Rogers and Bowman (2008)
The LOFAR Tsys (arxiv, not yet published) Labropoulos et al. (2009)
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1 A laboriously exacting definition of system temperature

Here is how we get from our visibilities to a system temperature.
The system temperature of a radio interferometer comes from two components, Tsky and Trcvr. Let Tsky

be defined as the average of the sky temperature, weighted by the primary beam.

Tsky =

∫
Beam(θ, φ)Tsky map(θ, φ)∫

Beam(θ, φ)
(1)

Where the sky map is the de Oliviera Costa compilation of diffuse measurements evaluated at 180MHz and
the Beam here is the sum the two beams for two polarizations. All calculations in this memo assume a
polarization definition where stokes I is the sum of the two linear components.

I = XX + Y Y (2)

Thus the temperature calculated in a single polarization will be half the temperature in the stokes I.
The de Oliviera Costa model also predicts Tsky to have a power law slope of -2.55 which was confirmed

by Rogers and Bowman (2009). Measurements from 85MHz to 408MHz have been found to extrapolate well
to 180MHz.

The measured system temperatures reported here are calculated by differencing between two sets of
visibilities, integrated in opposing even/odd cadences

σvis,xx,imag =

√√√√∑ijt

(
R(V )evenijt − R(V )oddijt

)2
2(N − 1)

(3)

This is usually done in the real or imaginary plane of the visibilities. To get what the amplitude variance
would be we scale up by

√
2

σvis,xx = σvis,imag

√
2 (4)

So, the
√

2 cancels the
√

2 but its totally an accident

σvis,xx =

√∑
ijt

(
R(V )evenijt − R(V )oddijt

)2
N − 1

(5)

Thus our visibility variance is estimated. Now to convert to a temperature.

1.1 Temperature on a single polarization

The temperature induced in a single polarization (say xx) antenna is, according to the 1D Raleigh-Jeans
law,

Pxx,ant = kBTxx,ant∆ν (6)

meanwhile the power captured from a polarized source Sxx with a collecting area A is

Pxx,ant = SxxA∆ν (7)

Combining the two gives me the relationship between the x half of the flux and the temperature measured
on the output.

Txx,ant =
SxxA

kB
(8)

Note the complete absence of ’2’s.
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1.2 Sky temperature

So far we have only computed the ”antenna temperature”, to get a ”sky” temperature we have to invoke
the 3D Raleigh-Jeans law relating the temperature and emissivity

I(ν) =
2ν2kBTsky

c2
(9)

This has units of Watts / m2 / str / Hz. To relate to the power received by a radio element we multiply by
the collecting area A, the angle subtended by the element dΩ and a bandwidth ∆ν and most importantly,
the antenna is by definition a single polarization element so we divide by 21

Pxx,ant =
2ν2kBTskyAdΩ∆ν

2c2
(10)

Setting equation 10 equal to equation 6 we find that

Tsky = Txx,ant (11)

Thus the 2 from 3D Raleigh-Jeans conspires with our use of a single dipole antenna 2 to make the temper-
ature we read out of a calorimeter attached to our single polarization antenna (Tant) equal to the stokes I
temperature of the sky Tsky.

1.3 sky temperature from visibility rms

If the sky temperature is equal to the single polarization temperature we need only look to equation 8 for
our conversion to temperature and substitute equation 5 for the Sxx.

Sxx, the instantaneous variance is related to the observed variance by the integration time dt and fre-
quency resolution df

Sxx,noise = σvis,xx
√
dfdt (12)

Tsky = Txx,ant =
Aσvis,xx

√
dfdt

kB
(13)
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