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Observing (sub-)mm single-dish data

van Marrewijk et al. 2024 [arXiv:2402.10731]

https://arxiv.org/abs/2402.10731
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Input map

Atmosphere

maria: simulate (sub-)mm single-dish data

Instrument & scanning strategy

Noise

Simulated time-ordered data (TODs)https://thomaswmorris.com/maria
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Reconstructed map

maria: simulate (sub-)mm single-dish data

Map-Making

Simulated time-ordered data (TODs)

Atmosphere

Noise

https://thomaswmorris.com/maria
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https://wwwmpa.mpa-garching.mpg.de/~ensslin/  

nifty: Bayesian imaging

Numerical Information Field Theory



maria-nifty: forward model

R(s, t) + a(t) + n = d(t)

Model TODs + noise
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maria-nifty: reconstruction

R(s, t) + a(t) + n = d(t)

Atmospheric posteriorMap response posterior

Map posterior

Residuals (model - data)

Mustang-2 TODs



Posterior meanMap reconstruction

Posterior samples



Map reconstruction

Posterior mean

Relative uncertaintyPosterior samples



Comparison to state-of-the-art method

maria-nifty minkasi

Sievers et al. (in prep.): https://github.com/sievers/minkasi 



maria-nifty

Comparison to state-of-the-art method

minkasi

Sievers et al. (in prep.): https://github.com/sievers/minkasi 

maria-nifty minkasi

Resolution 500 x 500 100 x 100

Smoothness ✅ 🚫

Samples ✅ 🚫

Uncertainty ✅ 🚫

Atmos. Rec. ✅ 🚫

Compute 💰💰💰 💰

Needed Time ⏳ ⌛



Contributions of atmosphere, map & noise
atmosphere [ ]KRJ

map [ ]mKRJ

residuals [ ]KRJ



Contributions of atmosphere, map & noise



Contributions of atmosphere, map & noise

- scale up to larger datasets

- multi-frequency observations

- scale up to future arrays: 

~200  ~300k detectors→

Outlook



Thank you for your attention

Paper Repositories

https://arxiv.org/abs/2509.01600 Mail: richard.fuchs@tum.de

maria-nifty

https://github.com/
NIFTy-PPL/NIFTy

https://github.com/
thomaswmorris/

maria



Backup



nifty: Bayesian imaging

Gaussian processes (GPs) Variational inference (VI)



- model correlations

- describe various signals

- build complex prior models

nifty: Bayesian imaging

Gaussian processes (GPs) Variational inference (VI)



Frank, P., Leike, R., & Enßlin, T. A. 2021, Entropy, 23, 853

- approximate very high-dimensional posteriors 
with a set of samples

- model correlations

- describe various signals

- build complex prior models

nifty: Bayesian imaging

Gaussian processes (GPs) Variational inference (VI)



maria-nifty: map prior

Source 1

Source 2

s(ξs) = ∑
i

si(ξs
i )



maria-nifty: likelihood

Map
s(ξs)

Atmosphere
a1(ξa

1)

Model TODs
f1(ξ1)

Likelihood
p(d1 |ξ1)

Response
R1(s)

Observed TODs
d1



Response
RM(s)

Model TODs
fM(ξM)

Atmosphere
aM(ξa

M)

Likelihood
p(dM |ξM)

Joint likelihood
p(d |ξ)

Observed TODs
dM

Map
s(ξs)

Atmosphere
a1(ξa

1)

Model TODs
f1(ξ1)

Likelihood
p(d1 |ξ1)

Observed TODs
d1

Response
R1(s)
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Map prior samples



Map posterior samples


