Cryomechanlcal Design and
‘Operations of SPT-SLIM




SPT-SLIM (Pete Barry’s pre-coffee break talk)
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SPT-SLIM : 2 constraints that drive the design and survey choices

Has to deploy, integrate, and take data
in a small time window -- ~4 months!

S— 95?/— 150 GHz ~—— 220 GHz Has to deploy, integrate, and take data
in a small space -- in between the

existing SPT-3G cryostat and optics

2
o

o
£ © ~ | b o g Baa ©
e R e e BBE
95 G > g > g > g >
2904 e £ 3 2o =l
o .Y o2 o2 o2 o2
- = = | 3
“23%02 ;o 72 8 ]
. - B B B
5 b 5 i :
0.0 T P R
& S otina i b el L0 8
v A A T
‘230_ ] ¢ W
¥ b
3 201 /
i
2 10

=
o
4

Cumulative map
noise [uK arcmin]
=
o
~ o

Apr2019 Oct2019 May 2020 Dec 2020 Jun2021 Jan 2022 Jul 2022  Feb 2023



Deployment Timeline

: 2023-2024 Austal Season

etc.

0, >
O v o)
i A » P S
N NS il v N
& & & & N4
S ¥ o< N o

o N 3 ¥ <@
=} >
Ship First crew On-ground Install Astrophysical SPT-SLIM Take
SPT-SLIM  arrives at calibration SPT-SLIM Source Survey SPT-SLIM off
cryostat South Pole, ->FTS, onto the Observations the telescope
from the assembles  detector telescope (calibration, and send it
states cryostatin  noise, bright data for back north

the lab check on-sky
grounding, commissioning)



Deployment Timeline

: 2023-2024 Austal Season

etc.

% >
Qq’(b KQ/QQ/ Q/QQ/ QQ?‘) (quib
N il il e S
& & e S° °
o° < i N <@
- >
Ship First crew  On-ground Install Astrophysical SPT-SLIM Take
SPT-SLIM arrives at calibration SPT-SLIM Source Survey SPT-SLIM off
cryostat South Pole, ->FTS, onto the Observations the telescope
fromthe assembles detector telescope (calibration, and send it
states cryostatin  noise, bright data for back north
the lab check on-sky
grounding, commissioning)



50 pound

ADR 7

Cooler

(.117 Watts)

500mK
Pulse
Tube
4K Cooler
50K &
50K Ak
Amplifiers Stages




SPT-SLIM Cryostat
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SPT-SLIM Cryostat

Testing the Deployment-batch
Carbon Fiber Legs at Fermilab!
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Finite Element Analysis (FEA) to model the deflections
from this thickness of standoffs

10198618_FOCAL PLANE ARRAY MODAL ANALYSIS_sim1 : mechanical Result
se - Static Loads 1, Static Step 1
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1G load horizontal load, the
deflection is 0.116mm

The first three modes are:
49.8Hz, 51.8 Hz, and 125.2 Hz
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60% Observation Efficiency - good to get forecasts that Pete showed in 6 days!

Fridge Cycles for 100 hrs of on-sky Data
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3.3 Hour Hold time - 48% efficiency

Fridge Cycles for 100 hrs of on-sky Data
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Deployment Timeline : 2023-2024 Austal Season

etc.
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SPT-SLIM: SPT Summertime Line Intensity Mapper

The South Pole Telescope: a 10-m off-axis gregorian
telescope at Amundsen-Scott South Pole Station
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SPT-SLIM: SPT Summertime Line Intensity Mapper

SPT-SLIM will have two auxiliary mirrors to pick off the main SPT beam, while not
disturbing the SPT-3G CMB experiment
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Optics for SPT-SLIM
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Optics for SPT-SLIM
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Optics for SPT-SLIM

e Evolution of the Event
Horizon Telescope optics
o Uses same
secondary mirror
e Optical throughput
significantly increased
with M3 & folding flat
(M4)
e Design strongly
7 A ‘ constrained by using the
B ——————= secondary mirror from
— = | EHT and the fixed

cryostat position
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https://docs.google.com/file/d/14wpBVm2l0bPRxsefTuoIhRn0fmJvI8k5/preview

SPT-SLIM: SPT Summertime Line Intensity Mapper

SP

disturbing the SPT-3G CMB experiment

@: foamlinx + Follow

foamlinx Telescope Prototype to be
placed in the South Pole, for making
images and measure the Cosmic
Microwave Background light. How
cool is that? #telescope #telescopes
#cmb #prototype #prototypes
#prototyping #foamprototype
#cosmic #cosmiclight #southpole
#data #props #mockup #mockups
#mockupdesign #foammodel
#bigband #science #southpolestation
#energy #science #scientist #cnc
#machining #router #cncroutercutting
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Installation of SPT-SLIM
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Deployment Timeline
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Astrophysical Source Observations

e Used for commissioning the telescope
o Pointing
o Absolute flux calibration
e Proposed source lists
o Quick map of the galactic plane
o Bright mm-wave sources
m RCW 38, Centaurus A, IRAS 17258, MAT 5A, etc., emphasizing
sources that have ALMA data

28



What kinds of calibration we need:

1. Relative Calibration -- “What is the gain of the detectors relative to each other,
so | can properly coadd them all into a sky map?”

2. Absolute Calibration -- “What final value in sky-units should this map have?”
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P Add a flasher to the optical path
' % for elevation-dependent gains

The base
plate is
mounted on
the webbing
on the back of

300K

blackbody ~ Chopper

source blade 1000K IR12
source

https://pole.uchicago.edu/spt3g/index.php/Calibratdg ()



Add a flasher to the optical path
for elevation-dependent gains
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Arcminute

Astrophysical Source for Absolute Calibration

RCW 38, as seen by one detector
in the focal plane

In this example....
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Arcminute

Astrophysical Source for Absolute Calibration

RCW 38, as seen by one detector
in the focal plane

In this example....
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What kinds of calibration we need:

1. Relative Calibration -- “What is the gain of the detectors relative to each other,
so | can properly coadd them all into a sky map?”

Use the flashing calibration source for this!

2. Absolute Calibration -- “What final value in sky-units should this map have?”

Use the integrated flux of astrophysical
calibration sources for this!
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Two reasonable proposals for
the SPT-SLIM field:

Option #1: Observe within the UltraDeep field
Pros: Higher elevation (less atmospheric
contamination), overlap with many other
surveys*

Calibration Source: MAT 5A (S/N = ~325 for
SPT-3G 150 GHz)

Option #2: Observe within the 2dFLenS field
Pros: Overlap with a spectroscopic galaxy
survey, best shot for a cross-correlation
detection

Calibration Source: IRAS 17258 (S/N = ~100 for
SPT-3G 150 GHz)

SPT-3G extended
ultradeep

-== 2dFLenS

— SPT-3G

-== DES

*DES, Spitzer, far-infrared observations from Herschel/SPIRE, X-ray observations from the XMM XXL survey,
near-infrared observations from the VISTA Hemisphere Survey, and radio-wavelength imaging from the Australiad/
Telescope Compact Array



Two reasonable proposals for
the ~1 square degree
SPT-SLIM field:

Option #1: Observe within the UltraDeep field
Pros: Higher elevation (less atmospheric
contamination), overlap with many other
surveys*

Calibration Source: MAT 5A (S/N = ~325 for
SPT-3G 150 GHz)

Option #2: Observe within the 2dFLenS field
Pros: Overlap with a spectroscopic galaxy
survey, best shot for a cross-correlation
detection

Calibration Source: IRAS 17258 (S/N = ~100 for
SPT-3G 150 GHz)

SPT-3G extended

ultradee
- 2aFtens Punchline: Both proposed subfields have a decent
. SDF;T;3G astrophysical calibration source

*DES, Spitzer, far-infrared observations from Herschel/SPIRE, X-ray observations from the XMM XXL survey,
near-infrared observations from the VISTA Hemisphere Survey, and radio-wavelength imaging from the Australia>8
Telescope Compact Array, deep SPT observations, coordinating with TIM



‘Questions?




