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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

The 12 calibrators
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Overview of REACH Calibration

B Calibrati d
Cable Gradient Correction LNA Gain Correction >—> le:?)rrr;gr:L:nLaFli(;::i:;

Correction with lab S

parameters Noise Parameters
Monsalve et al. 2021 Haus et al. 1960

Roque et al. 2025

Machine Learning
Leeney et al. 2025

Noise Wave Parameters

- Rogers and Bowman
In situ S parameter 2012

fitting
Allen et al. (in prep.)

Bucher et al. (in prep.) Condition Numb
ondition Number
] I};east S::ualrezs025 Source Selection
CLfe Gs ek Dash et al. (in prep.)
T Pies I-Weighted Conjugate
Roque et al. 2021

Priors
Kirkham et al. 2025b

Marginalised Polyno- Piecewise Polynomial

mial Fitting

Kirkham et al. 2025b Dasgupta et al. (in
prep.)

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

(o) Resch

Christian Kirkham (cjk55@car

An Overview of Methods for REACH Calibration 8th Global 21-cm Workshop 6/18


https://www.reachtelescope.org/
https://astrochristian.github.io
mailto:cjk55@cam.ac.uk

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

Piecewise Polynomial Fitting (Dasgupta et al. in prep.)
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Characterising the LNA with Noise Waves

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

P, — P, 1— |2 )2
Tis | 50— |+ T =T |m—=5|+ Tunc | 72—
NS(PNSPL>+ L s[1rsr,|2 + lune 1 -T2

Re(r)] . ()] @

o “Calibration equation” - three noise wave parameters: T,nc, Tcos, Tsin
e We also fit for T, T/ (Roque et al., 2021)

+ TCOS
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Noise Wave Parameterisation

Degeneracies in the Noise Wave Parameters

e Fitting for T{g and T/ fits for the mismatch in reflection coefficients,
however introduces degeneracies

1
TNs == [TNs(l - |rNs|2)\FNS|2 - TL(1- |rL‘2)|FL|2
l_ |rrec|

+ Tunc <|rNS’2|FNS|2 - ||_|_|2|F|_|2>
+ Teos (||| Fivs| cos ans — ||| Fi| cos )

+ Tain (|FN5||FN5| sin ans — |r|_||F|_| sin Oz|_):|

©)

and

1
T = [T = )RR + Tonc|r IR
1* |rrec| (4)
TS
+ Tcos}rL“FL| cosay + Tsin]I'L|\FL|sin CKL} /.\/ /R\E%
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Christian Kirkham (cjk55@cam.ac.uk) An Overview of Methods for REACH Calibration 8th Global 21-cm Workshop 11/18


https://www.reachtelescope.org/
https://astrochristian.github.io
mailto:cjk55@cam.ac.uk

Table of Contents

© Surface Fitting

Ol

Christian Kirkham (cjk55@cam.ac.uk) An Overview of Methods for REACH Calibration 8th Global 21-cm Workshop 12/18


https://www.reachtelescope.org/
https://astrochristian.github.io
mailto:cjk55@cam.ac.uk

Surface Fitting

@ We fit a polynomial frequency-time surface to capture system drifts
TNWP l/ t ZZAU v (5)

@ Which can be written linearly as
T =XBO (6)

@ Can be integrated with previous calibration methods e.g. conjugate priors
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Data Simulation
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Simulated Data Results
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Fitting REACH Data
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Fitting REACH Data
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Summary

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

o 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

arXiv:2509.13010
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