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Cryostat Configuration Task Force

● In 2020 a Cryostat Configuration Task Force was formed to assess 

configurations of the Small Aperture Telescope Cryostats

● Team included:
○ Ben Schmitt, Joe Saba, John Kovac, Akito Kusaka, Fred Matsuda, Kirit Karkare, Robert 

Besuner, Tim Norton

● Alternatives studied included:
○ 1 - Single Tube Cryostats (“1 in 1”)

○ 2 - Three Tube Compact Cryostat (“3 in 1 - Compact”)

○ 3 - Three Tube Extended Cryostat (“3 in 1 - Extended”)

● Factors considered included:
○ Three alternative cryostat configurations

○ PT and DR cryocooler capacities and costs

○ Design, integration, and operation

○ Cryogenic and mechanical performance

○ Comparative optical shielding study 
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Recommendation for CMB-S4:  Extended Hybrid Configuration

● Combines key advantages of both “1 in 1” and “3 in 1”
○ optical shielding advantage of “1 in 1”

○ lower power consumption & fewer DRs of “3 in 1”

● Assumption associated with the of the use of DR
○ Premise based on end-to-end cost savings of 25% fewer SATs

● Complexity in vacuum and cryogenics interconnect.
○ No heritage in the CMB field, but this is an engineering problem.

● 1K stage cooling capacity may not have generous margin.

3

Cryostat Config Task Force 

Recommendation

SOURCE: SAT Breakout - Annual Review (Aug 2020)

DSR Reference Design (3 in 1)SO SAT (1 in 1)
CMB-S4 Recommended Design

(Extended Hybrid)

https://docs.google.com/presentation/d/1MiTfysuWtsrMG9a1qk6TFp3wtW18c8puSmK3S5AuSHk/edit#slide=id.p1
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Value Engineering - SAT cryostat config

X ALTERNATIVES

Option
P

C
PS C D F P R S Comments Rank

3 in 1 

(extended)
0 (+) 0 (-) 0 + 0 0

Single extended cryostat combines advantage of 1-in-1 in proven approach to shielding 

performance with advantage of 3-in-1 for lower costs, integration and power 

consumption.  Engineering tradeoffs vs compact are relatively minor.

3

1 in 1

(extended)
- - 0 0 + + - 0

Individual cryostats allows extended geometry with advantages in proven approach to 

achieving shielding performance and flexibility, but at greater cost in number of cryostats and 

cryocoolers, integration and power consumption

1

3 in 1 

(compact)
0 0 0 0 0 0 0 0

Single compact cryostat allows reduced number of cryostats and cryocoolers, integration and 

power consumption, but at increased risk to achieve shielding requirements
2

Performance Criteria: Evaluation Criteria

Ranking Scale: 

PC: Project cost PS: Project schedule + : Significant improvement

5 = Cost and performance improvement

C: Complexity P: Performance 0 : Neutral

4 = Cost or performance improvement

D: Development risk R: Reliability - : Significant reduction

3 = Design suggestion

F: Flexibility S: Safety

2 = Cost and scope or performance reduction

1 = Does not meet project purpose

Task Force (Dec 2019 - May 2020) studied three alternative cryostat configurations, evaluated PT and 

DR cryocooler capacities and costs, design, integration, and operation, cryo and mechanical 

performance, and comparative optical shielding study  

SOURCE: SAT Breakout - Annual Review (Aug 2020)

https://docs.google.com/presentation/d/1MiTfysuWtsrMG9a1qk6TFp3wtW18c8puSmK3S5AuSHk/edit#slide=id.p1
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Cryostat System, Optics Tubes, 

Integration & Test 

Telescope Mount 

& Ground Shield

30/40 GHz
85/145 GHz
95/155 GHz
220/270 GHz 

SAT Overview
SOURCE: Collaboration Meeting Plenary (Mar 2021)

https://docs.google.com/presentation/d/1Bg9VolYvaodcH3Q0jE7_93zlSwL0kh_4vJAKPMVUgSI/edit#slide=id.p1
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SAT Requirements
SOURCE: SAT Plenary - Annual Review (Aug 2020)

https://docs.google.com/presentation/d/17xrsgPCEo66kLyedvCKLPNmz3F1mDWYW-rHxO87wtHQ/edit#slide=id.p1


CMBS4-doc-737-v1 13 May 2021 7

1.07 SAT Requirements
SOURCE: Collaboration Meeting Plenary (Mar 2021)

https://docs.google.com/presentation/d/1Bg9VolYvaodcH3Q0jE7_93zlSwL0kh_4vJAKPMVUgSI/edit#slide=id.p1
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SAT Cryostats Draw on Successful Heritage

Example: 

Cryogenic backend is 
the same approach 

used for BICEP Array

SOURCE: Collaboration Meeting Plenary (Mar 2021)

https://docs.google.com/presentation/d/1Bg9VolYvaodcH3Q0jE7_93zlSwL0kh_4vJAKPMVUgSI/edit#slide=id.p1
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Preliminary Baseline Design Summary

● Preliminary Baseline Design for SATs
○ 6 mounts + groundshields at Pole

○ 6 cryostats, each with 3 optics tubes (18 total)

■ Optics design heritage from BA and SO

○ Option of HWPs, allowing additional use in Chile

● North American Integration and Test

Bands Lenses Horns / Module Modules / Tube Tubes

30 / 40 2x 63cm HDPE 12 12 2

85 / 145 2x 63cm HDPE 147 12 6

95 / 155 2x 63cm HDPE 147 12 6

220 / 270 2x 46cm Silicon 469 12 (> 9 active) 4

totals: 154,560 detectors / 18 tubes

SOURCE: Collaboration Meeting Plenary (Mar 2021)

https://docs.google.com/presentation/d/1Bg9VolYvaodcH3Q0jE7_93zlSwL0kh_4vJAKPMVUgSI/edit#slide=id.p1
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Receiver Design Overview

● SAT design will draw directly on 

design heritage from BICEP3, 

BICEP Array, and Simons 

Observatory Small Aperture 

Telescope Receivers

SOURCE: Collaboration Meeting Plenary (Mar 2021)

https://docs.google.com/presentation/d/1Bg9VolYvaodcH3Q0jE7_93zlSwL0kh_4vJAKPMVUgSI/edit#slide=id.p1
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SAT Design Overview
● “In considering changes for the baseline design compared to the small-

aperture telescopes that have achieved previous deep r measurements, 

we have incorporated new technologies—e.g. dichroic detectors, dilution 

refrigerators, and (if small-aperture telescopes are deployed to Chile) 

cryogenic half-wave plate modulators—where there is a consensus that 

they promise improved performance while adding little technical risk.”

● In design choices we attempt to distinguish

○ engineering issues: those that can be fully developed and 

demonstrated in the lab to retire risk

○ science issues: those whose impact on successfully meeting the 

measurement and science requirements must be judged with 

comparison to direct experience of making deep B-mode maps.

● Most aspects of cryostat design are primarily engineering issues because 

we are confident our design choices can be fully validated in the lab. 

● Examples of science issues include beam and sidelobe optical 

performance, polarization modulation approach, ground pickup and 

shielding, and other systematic effects where instrumental and 

environmental couplings are complex enough to require field validation for 

any fundamental change of approach. For design choices that impact 

these issues we have endeavored to stay close to and to build upon 

proven experience, guided by comparative testing.

SOURCE: Collaboration Meeting Plenary (Mar 2021)

https://docs.google.com/presentation/d/1Bg9VolYvaodcH3Q0jE7_93zlSwL0kh_4vJAKPMVUgSI/edit#slide=id.p1
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Receiver Design Overview
SOURCE: SAT Plenary - Annual Review (Aug 2020)

https://docs.google.com/presentation/d/17xrsgPCEo66kLyedvCKLPNmz3F1mDWYW-rHxO87wtHQ/edit#slide=id.p1
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Receiver Cross-Section

Dilution Refrigerator

Pulse Tube

Receiver Tube

(optics tube and focal 

plane)

Bus Cryostat

SOURCE: Collaboration Meeting Plenary (Mar 2021)

https://docs.google.com/presentation/d/1Bg9VolYvaodcH3Q0jE7_93zlSwL0kh_4vJAKPMVUgSI/edit#slide=id.p1
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SAT Mount Overview

DR Gas Handling 

SystemFlexible Environmental 

Enclosure

Interface to SAT Tower 

(Sites)

SAT Receiver

Receiver - Mount 

Interface Struts

SOURCE: Collaboration Meeting Plenary (Mar 2021)

https://docs.google.com/presentation/d/1Bg9VolYvaodcH3Q0jE7_93zlSwL0kh_4vJAKPMVUgSI/edit#slide=id.p1
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● Controlling far-sidelobe response to ~300 K ground is critical - to constrain r

we are attempting to measure nK-level fluctuations!
○ SATs have typically used multiple levels of shielding to prevent far sidelobes from coupling to 

the ground/Galaxy

● “Double diffraction” criterion: ground radiation must diffract twice before 

entering any optics tube window

● For 3-Tube and Extended Hybrid SAT configurations, studied the sizes of 

various shields needed to enforce the “double-diffraction” criterion
○ Forebaffle: co-moving with Az / El / Boresight, can be absorptive or reflective

○ Ground shield: fixed, reflective

○ Tertiary shield: co-moving with Az (possible El), can be absorptive or reflective

● Sites differ in terrain complexity
○ South Pole: terrain near horizon

○ Chile: terrain below El < 5 deg,  Cerro Toco mountain peak ~15 deg

■ “Relaxed” double-diffraction used for Chile

16

Warm Baffling
SOURCE: SAT Optics Parallel - Annual Review (Aug 2020)

https://docs.google.com/presentation/d/12GgIh6IDk1YjUJTGLe-G4c_NYnMFi-69wM1eqsUD_74/edit#slide=id.p1
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BICEP and Simons Observatory Examples

BICEP Array

4 optics tubes in one mount

Separate forebaffles: 1 m

Ground shield: R = 7.6 m (DASI legacy)

Simons Observatory SAT

Single optics tube per mount

Forebaffle: 1.7 m

Tertiary Shield: ~ 2.2 m

Ground Shield: R ~ 8.2 m 
17

SOURCE: SAT Optics Parallel - Annual Review (Aug 2020)

https://docs.google.com/presentation/d/12GgIh6IDk1YjUJTGLe-G4c_NYnMFi-69wM1eqsUD_74/edit#slide=id.p1
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For various forebaffle heights, calculate minimum ground shield radius and height needed to satisfy 

double-diffraction criterion for extended and compact configurations

18

Two Shield Comparisons

South 

Pole

Chile

Compact

Extended

SOURCE: SAT Optics Parallel - Annual Review (Aug 2020)

https://docs.google.com/presentation/d/12GgIh6IDk1YjUJTGLe-G4c_NYnMFi-69wM1eqsUD_74/edit#slide=id.p1
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For several fixed forebaffle heights, add a tertiary shield, and calculate minimum ground shield radius and 

height as before.  Generally results in smaller ground shields.

19

Three Shield Comparisons

South 

Pole
Chile

Compact

Extended

SOURCE: SAT Optics Parallel - Annual Review (Aug 2020)

https://docs.google.com/presentation/d/12GgIh6IDk1YjUJTGLe-G4c_NYnMFi-69wM1eqsUD_74/edit#slide=id.p1
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● With two shields, Extended configuration allows for smaller forebaffle and 

ground shield

● With three shields, Compact configuration allows for slightly smaller ground 

shield
○ Potential optical complexities of tertiary shield are not yet well-understood

● Relaxed double-diffraction criterion for Chile is similar to South Pole
○ Chile only requires 2~3 m larger ground shield sizes

○ SO SAT adopts relaxed double-diffraction criterion

● Result of study: extended configuration preferred.  Major tech driver for 

cryostat configuration downselect.

20

Warm Baffling Conclusions
SOURCE: SAT Optics Parallel - Annual Review (Aug 2020)

https://docs.google.com/presentation/d/12GgIh6IDk1YjUJTGLe-G4c_NYnMFi-69wM1eqsUD_74/edit#slide=id.p1
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Ground Shield
Under double-diffraction criterion, at 50 degrees minimum elevation, we find that the SAT receiver can be shielded with:

● Forebaffle: 1.75 m tall, 0.8 m radius 

● Ground Shield: 5.9 m tall, 12.4 m radius

Smallest achievable ground shield size for a 2-shield scenario (given the max forebaffle size allowed)

Cylindrical Warm Forebaffles: key element of systematics control.

SOURCE: Collaboration Meeting Plenary (Mar 2021)

https://docs.google.com/presentation/d/1Bg9VolYvaodcH3Q0jE7_93zlSwL0kh_4vJAKPMVUgSI/edit#slide=id.p1


CMBS4-doc-737-v1 13 May 2021

● SAT Cryostat Configuration Selection Overview - April 2021

● SAT Plenary Slides - Collaboration Meeting - March 2021

● SAT Parallel Slides - Collaboration Meeting - March 2021

● SAT Plenary Slides - Annual Review - Aug 2020

● SAT Breakout Slides - Annual Review - Aug 2020

● SAT Cryostats Parallel - Annual Review - Aug 2020

● SAT Optics Parallel - Annual Review - Aug 2020
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Backup/Reference Slides

https://docs.google.com/presentation/d/1AaCmAqbGVJ5zdRVPDkvhzc453TwndxcbROx_cat0go4/edit#slide=id.gd2f459d036_0_33
https://docs.google.com/presentation/d/1Bg9VolYvaodcH3Q0jE7_93zlSwL0kh_4vJAKPMVUgSI/edit#slide=id.p1
https://docs.google.com/presentation/d/16-e4F-You9kTWeS6JDOpr0LCpRZWJORHbzs_qW1te6M/edit#slide=id.p1
https://docs.google.com/presentation/d/17xrsgPCEo66kLyedvCKLPNmz3F1mDWYW-rHxO87wtHQ/edit#slide=id.p1
https://docs.google.com/presentation/d/1MiTfysuWtsrMG9a1qk6TFp3wtW18c8puSmK3S5AuSHk/edit#slide=id.p1
https://docs.google.com/presentation/d/166a3lrjZOPp-NB3FzQj0D4BtI_qSO7ziD1gsKz-cwGA/edit#slide=id.p
https://docs.google.com/presentation/d/12GgIh6IDk1YjUJTGLe-G4c_NYnMFi-69wM1eqsUD_74/edit#slide=id.p1

