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REACH Calibration

Calibrating REACH

We want to find the relation of output power spectral density (PSD) from
the low noise ampliifier to physical temperature

In general this relation can be written as

Psource = kBgM(Tsource + Trec) (1)
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REACH Calibration

REACH Receiver

Calibration Source

Antenna

Internal reference
load

Internal reference
noise source

Switch Ps, PL, PNSLNA

The 12 calibrators
Cold load
Hot load
25Ω, 100Ω
Short cable: 27Ω, 36Ω, 69Ω, 91Ω
Long cable: 10Ω, 250Ω, open, short
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REACH Calibration

Overview of REACH Calibration

Cable Gradient Correction LNA Gain Correction
Beam Calibration and
Foreground Fitting

Correction with lab S
parameters
Monsalve et al. 2021

Roque et al. 2025

In situ S parameter
fitting
Allen et al. (in prep.)

Noise Parameters
Haus et al. 1960

Noise Wave Parameters
Rogers and Bowman

2012

Bucher et al. (in prep.)

Machine Learning
Leeney et al. 2025

Least Squares
Roque et al. 2025

Conjugate Priors
Roque et al. 2021

Marginalised Polyno-
mial
Kirkham et al. 2025b

Frequency-Time Sur-
face Fitting
Kirkham et al. 2025a

Condition Number
Source Selection
Dash et al. (in prep.)

Γ-Weighted Conjugate
Priors
Kirkham et al. 2025b

Piecewise Polynomial
Fitting
Dasgupta et al. (in

prep.)
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REACH Calibration

In-situ S parameter fitting (Allen et al. in prep.)
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REACH Calibration

Piecewise Polynomial Fitting (Dasgupta et al. in prep.)
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Noise Wave Parameterisation

Characterising the LNA with Noise Waves

One way to characterise the LNA is using ‘noise waves’ (Meys, 1978;
Monsalve et al., 2017)

T ′
NS

(
Ps − PL

PNS − PL

)
+ T ′

L = Ts

[
1− |Γs|2
|1− ΓsΓr|2

]
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[ |Γs|2
|1− ΓsΓr|2

]

+Tcos

Re
(

Γs

1−ΓsΓr

)
√
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+ Tsin

 Im
(

Γs

1−ΓsΓr

)
√
1− |Γr|2

 (2)

“Calibration equation” - three noise wave parameters: Tunc,Tcos,Tsin

We also fit for T ′
NS,T

′
L (Roque et al., 2021)
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Noise Wave Parameterisation

Degeneracies in the Noise Wave Parameters

Fitting for T ′
NS and T ′

L fits for the mismatch in reflection coefficients,
however introduces degeneracies

T ′
NS =

1

1− |Γrec|2
[
TNS
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1−

∣∣ΓNS∣∣2)|FNS|2 − TL
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∣∣ΓL∣∣2)|FL|2
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(∣∣ΓNS∣∣2|FNS|2 −
∣∣ΓL∣∣2|FL|2
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(3)

and
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Surface Fitting
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Surface Fitting

Surface Fitting

We fit a polynomial frequency-time surface to capture system drifts

TNWP(ν, t) =
∑
i

∑
j

Aij · ν i t j (5)

Which can be written linearly as

T = XBΘ (6)

Can be integrated with previous calibration methods e.g. conjugate priors
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Surface Fitting

Data Simulation
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Surface Fitting

Simulated Data Results
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Surface Fitting

Fitting REACH Data
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Surface Fitting

Fitting REACH Data
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Summary

There is a lot of exciting work on REACH
calibration coming out soon!

If the state of the receiver is drifting over
the course of an observation it is necessary
to consider this time change

Degeneracies can have a large impact on
your result

Tests on data from the REACH instrument
indicate that the REACH receiver is not
drifting significantly over an observation
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