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A novel sub-mm telescope: 2025

The Fred Young Submillimeter Telescope (FYST): wide-field, 6-m
aperture sub-mm telescope.

Site location: at 5600 meters on Cerro Chajnantor in northern
Chile.

220 GHz EOR-
Spec

280 GHz gs5g gHz  EOR-
Spec

350 GHz 440 GHz

Fig above: FYST model at Cerro Chajnantor
(www.ccatobservatory.org)

Fig below: Prime-Cam instrument design with
the seven instrument modules
(Vavagiakis+2018)
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http://www.ccatobservatory.org

: FYST Detector Arrays

Under development

T

i

_m
o
;
i
m
=

V1 T8 11
TV 117 ]

. 22@
7 .Lln..ﬁ« eflee )
BOLEL
&%0«2 €\

RN
gt e et
e e .
M«a eeeeect
e »W%,««a ALAERS

yageeed FECCC
‘....‘..:::2;222,23@

A ¢
Yeercate
R e oLt o
EREERREEECEEEeerrre(
: ceeoeeecceec
Nwmm.”.ﬂ.”~M,wmw“$mﬁ.c?mi«nw
LR COCCCCECCCO000
.......n...u.mmﬂ...mﬁ%mmnmmmmm
OO OO0
P OO0 @
g 4 g e o 0 ara s
Coor COCOOCc
ﬂ.:::p\:;::aaﬁ\aaa«ﬂ

% /
LCCCtor $
L COCaC
e Loroed:

™
X
0
o
£
)
>
©
[ -
[
©
| -
o
o
(2]
[ .
O
e
(@)
O
]
;) O
©
o
o
(g}
™
l

9
22
D 5
S0
o >
E ®©
T ©
o
N

£2
o

o

< 0

™
N
o
N
=3
™

>

o
Z

Silicon feedhorn package, and 280GHz aluminum

array (Cody Duell, Jordan Wheeler)
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Correlated Atmospheric Noise is a Cha\llgnge
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Fig right: Array of detectors observing through inhomogeneous
atmosphere (Morris+2022) ; Adapted with FYST model

Nov 30, 2023 4

Fig left: Atmospheric transmission spectra for FYST Site
(Choi et al 2020)



Goal: Removing low-frequency Correlated Noise

Simulated Detector Timestream - Scan 1, Elev.: 63.23 deg

We want to remove the correlated

noise component, while retaining : WMMM

the underlying cosmological signal B
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Simulated Detector Timestream - Scan 5, Elev.: 51.68 deg
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Goal: Removing low-frequency Correlated Noise

Simulated Detector Timestream - Scan 1, Elev.: 63.23 deg

We want to remove the correlated noise
component, while retaining the

underlying cosmological signal - WWWW
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Goal: Removing low-frequency Correlated Noise

Simulated Detector Timestream - Scan 1, Elev.: 63.23 deg

We want to remove the correlated noise
component, while retaining the

underlying cosmological signal - ’WWWW
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Data reduction includes:

e Data selection

e Detrending

e Filtering : Polynomial and Fourier

N
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Space 03:42:40 03:46:25 03:50:10 03:53:54 03:57:39
. . . Simulated Observation Time UTC [hh:mm:ss]
® P”nC'pal Component AnalySIS Simulated Detector Timestream - Scan 8, Elev.: 42.61 deg
(PCA) i
e Flagging operations :
e Map-making from Timestream -1
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Mean PSD of Timestream with Instrument noise

Mean PSD: EoR-Spec_HFA_3 712
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Power Spectral Density [K?Hz™!]

Power Spectral Density: Atmosphere introduces 1/f Noise

Mean PSD of Timestream with Instrument noise
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Data-processing for removing Atmospheric Noise

5 Raw Timestream
Data: '

Detector
timestream to be
processed for
removing trends

Brightness Temperature [K]

0 50000 100000 150000 200000 250000 300000 350000 400000
Data Samples
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Brightness Temperature [K]

-2

Raw Timestream

Step 1: Common mode
removed from all detectors
Step 2: 0" Order Polynomial
subtracted

0 50000 100000 150000 200000 250000 300000 350000 400000
Data Samples

Few
data-samples are
poorly behaved
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Time-domain
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—— Raw Timestream

subtracted
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50000 100000 150000 200000 250000 300000 350000
Data Samples

Step 1: Common mode
removed from all detectors
Step 2: 0" Order Polynomial

Step 3: Excluding extreme
statistical outliers (4-sigma clip)

Time-domain
analysis
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Timestream Cleaned to White Noise Level
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—— Science signal + White Noise (Mean removed)
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Power Spectral Density Comparison of Cleaned Timestream

Mean PSD of Cleaned Timestream

Power Spectral Density [K<AZ=.]
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Power Spectral Density [K2Hz™1]

Power Spectral Density Comparison of Cleaned Timestream
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Can ML methods contribute to current data reduction
techniques?

e Convolutional Neural Networks (CNNs)
o Layered, hierarchical architectures for spatial/temporal pattern recognition.
o Adaptability in identifying and reducing diverse noise components through
encoding-decoding structures.
e (Gaussian Process Regression (GPR)
o non-parametric, Bayesian approach to model and predict time-series
data.
o modeling complex noise structures
e Monitoring Data Quality
o Qutlier Detection: Leveraging ML for identification of anomalies in
detector timestreams.
o Data Selection and Cuts
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Can ML methods contribute to current data reduction
techniques?
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