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All of them require cryogenics! 12-m class
— radio telescopes

BSBF 2022: Cryogenics at ESO, G.Jakob / ESO, 06 Oct 2022 2



+

JES+ Cryogenics and vacuum systems at ESO —
4 overview

M Telescopes operated at ambient temperature IR'detector S

array

M Optics, detectors and low noise electronics of
scientific instruments cooled as low as 3 Kelvin

» Increased sensitivity, reduced thermal background, minimized dark current

B Cryogenic cooling based on Liguid Nitrogen (LIN) and cryo-coolers

M Cryostats require vacuum systems for thermal insulation

B Aiming for standardization and COTS products
M Instruments have own local cooling systems
M Observatories providing cryogenic infrastructure

SryodAnsirum et GRAVITY
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~ 20 cryogenic instruments
yog VLT instrument suite

in 24/7 operation 2022

CRIRES+

B Designed for a life cycle of 10 - 15
years

B ~ 1- 2 new instruments every year;
now 3'd generation of instruments

B Typical cold mass ~500 kg / 2500 L
vessel / 3 t weight

B Ongoing developments,
procurements, construction

B LIN supply of instruments via
portable dewars labour-intensive

» ELT aims for fully automated LIN system
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ELT — The world’s biggest eye on the sky

Largest optical / infrared telescope in
39-m segmented primary

A

: ~1400 M€ Incl. instruments a’rid‘ contingency

jo-cost: ~50 M€ / year _ " 39-m diameter

- 2 T — 6x133=798 segments (1.4-
Lifetime: 50 years T m)

+1x133 spare segments

Several generations of “extremely Iarge” olaVe Rl i{llgglclglis  Total: 931segments
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0) ELT cryogenic instruments — future challenges
+

B Two tennis-court size Nasmyth —
platforms A and B for instruments \L‘\,\L Y/

» First light instruments (2027-29): \;\
-« MICADO, MORPHEO, ¢\
METIS, HARMONI

» 2030+ instruments:
- ANDES, MOSAIC, 2" AO, PCS

M Instruments scale with telescope
size: ~10 x VLT size

M Vessel volume / weight / cold
mass: 25000+ L / 25+ t / 5000 kg

ELT Nasmyth A platform populated with first light instruments

M Large cryo-vacuum systems (artist impression)
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ELT cryogenic instruments — future challenges

M Proven concept of LIN cooling and local cryo-coolers adopted from VLT
M LIN on-site delivery service refilling main storage tank (e.g. 42000 L)

M Distribution to instruments via fixed piping system (lesson learned VLT)
» Advanced LIN infrastructure required

M Selected COTS cryo-coolers standardized at ESO
» 2-stage cryo-coolers 1W @ 4K (15W @ 20K) / 50W @ 60K, ~9 kW input power
» Up to 36 compressors in ELT; 4 cryo-coolers per instrument

» Long Helium flex lines required (~100 m) U Frequency Range Kz}
. . . . 1-4.45 4.45 - 56 56 - 110
» Low vibration versions required (PTC, etc.) Nasmyth Instruments
. . . ] (RSS of force (x.y.z) [N] ms .
> Very demanding vibration requirements per ene-isciaefeauency 1 o ’
» Advanced vibration isolation systems required Vibration requirements for ELT instruments
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ol ELT cryogenic concept (under development)
e

M ELT LIN infrastructure design
specifications in progress
» Preliminary Inquiry released 09/2022  cvogenic

instruments
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[
Height = 65m

Connection for LIN transfer
when telescope in park

B Small scale LIN posiion (15 )
infrastructure at ESO HQ o

» CFT end of 2023

Height = 35m

‘ B Rotating Azimuth
¥ Structure

Height = 15m

l

B Cryo-cooler infrastructure ___ 0 __—ulJ -‘
procurements 2022-2027 e Telescope foundation

R ——— at 3046 m above sea level
in cryo plant room (1x)

. Vacuum SyStemS InfraStrUCture Principal concept of the ELT cryogenic infrastructure
2022-2027
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Description

ELT LIN distribution system infrastructure:
design, construction, on-site installation

ESO HQ LIN distribution system infrastructure:
design, construction, on-site installation

LIN delivery service LaSilla-Paranal-Observatory
(La-Silla & VLT), Chile; 30000 L/month

LIN delivery service on-site Armazones, Chile;
for ELT FL instruments; 30000 L/month

LIN delivery service on-site Armazones, Chile;
for ELT 1stand 2d gen. instr.; 60000 L/month
LIN delivery service on-site ESO HQ, Germany;
4000 L/month

portable LIN dewars 120L / 200L

customized LIN transfer lines

cryo-coolers for ELT instruments according ESO
requirements and standards

ELT cryo-cooler infrastructure: compressors, He
piping, thermal enclosures, anti-vibration mount
cryo-coolers for VLT 3 generation instruments
according ESO requirements and standards
vacuum components: pumps, valves, gauges,
fittings, He leak detectors, mass spectrometers

Contract type

industrial contract
(PI released recently)

industrial contract

frame contract, recurring
every 3-5 years

frame contract, recurring
every 3-5 years

frame contract, recurring
every 3-5 years

frame contract, recurring
every 3-5 years
hardware procurement
hardware procurement

hardware procurement

hardware procurements
and industrial contracts

hardware procurement

hardware procurement

Placed by
ESO

ESO
ESO
ESO
ESO

ESO

ESO
ESO + consortia

ESO + consortia
ESO
ESO + consortia

ESO + consortia
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Start
2023

2023

2025

2026

2030

2024

2022
2023

2022

2023

2022

2022

End
2026

2025

2028

2030

2035

open

open
open

open

2030

open

open

Selected investments in cryo-vacuum at ESO

Company type
specialized in large
LIN infrastructures

specialized in
LIN infrastructures

LIN supplier
LIN supplier
LIN supplier

LIN supplier

LIN dewar supplier
LIN transfer line supplier

cryo-cooler supplier

supplier for cryo-coolers,
instr. protection, welding

cryo-cooler supplier

vacuum hardware
suppliers
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ofl Expected investments in cryo-vacuum at ESO
+

k€ - cryo-vac* 1000 1600 1600 1600

*all amounts non-binding

B Technical contact for cryogenics: Gerd Jakob gjakob@eso.org

Matteo Accardo maccardo@eso0.0rqg

m Contract and procurement: Arnout Tromp atromp@eso.org
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End of presentaﬁon = many thanks for your attention



