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40-m class ESO Telescopes in Chile
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All of them require cryogenics! 12-m class

radio telescopes
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Wavelength range for astronomical research

B Wavelength range defined by VLT/ELT ALMA
individual science case R
) ) iz
B Not all light passing earth 1 el W }
atmosphere ) o 0.1Inm 1r'1m 1OInm 100Inm 1;I1m 10‘um 1OOIum 1r:1m 1(I:m 10Tcm 1[m 10'm 10flJm 1|'<m
» Transparent for visible light, Havetenth
near-infrared, mid-infrared, S @
radlo Waves . Visible Light m:;?:och Long-wavelength
-> allows observations from Gamma Rays, X-Rays and Ultraviolet m‘;‘“ absorbed by Fadioeves abeervable Raclo Waves

Light blocked by the upper atmosphere
(best observed from space).

ground-based telescopes

» Opaque for far-infrared, UV,
X-rays, gamma rays, long radio
-> observations from space

telescopes
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Background limited infrared detection (1)

B Considering Planck’s function and Wien's displacement law: A * T = b = 2897.7 um K
» A 300K black-body emits the maximum intensity at 10pum
» A 100K black-body at 30um
» A 30K black-body at 100um etc.

10 Black-body spectrum
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B Integrating over detector spectral response and
known emissivity gives photon flux on detector

» Flux from background to be << astronomical source

B Important for eliminating the thermal background:
the longer the wavelength, the colder the
detector surroundings (optical system)

» For observations at 3um: T << 1000K (typically 100K)
> At 5um: T << 600K (typically 80K) 0.01

0.1

» At 10pm: T << 300K (METIS @ 50K) HAWAII 2.5um avelength, um \

Spectral radiant emittance, W/(m? um)
=)
d
Spectral radiance, W/(m? pm sr)

sond v 3]

30K
> At 30um: T << 100K (MATISSE, VISIR @ 25K) HAWAII 5pm Spectral response range of Si:As
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Background limited infrared detection (2)

B Optics, detectors and low noise electronics of scientific instruments

cooled to cryogenic temperatures

» Elimination of thermal background, increased sensitivity (signal to noise),
minimized dark current, better cosmetics, lower persistence, gain in qguantum

efficiency

» As a rule of thumb, the detector cut-off wavelength defines its

max. temperature

200K

Trmx
A

cutoff

Tmax = Maximum detector temperature
Acutoff = detector cut-off wavelength
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yp } Visible |Ight (VlS)

ccD 200
HgCdTe (HAWAII 2.5um) 2.5 80 } Near-infrared (NIR)
HgCdTe (HAWAII 5pm) 5 40 .

HegCdTe (GeoSnap in ELT METIS) 13 15 '(\aﬂrl?ﬁlg]:rrr?;??n%g&
Si:As (AQUARIUS in VLT VISIR, MATISSE) 26 7

Gedse = ! Far-infrared (FIR
Ge:Ga 100 2 (not relevant for £50)
Stressed Ge:Ga 200 1

Examples for typical detector operating temperatures
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ESO cryogenics — overview

B Telescopes operating at ambient temperature

B Optics and detectors of science instruments
cryogenically cooled

M Large cold masses requiring powerful cooling systems
» Typical cold mass of a single VLT / ELT instrument:. 500kg / 5000kg

B Cryogenic cooling based on Liquid Nitrogen (LIN) and cryo-coolers; running 24/7

B Instrument cryostats with integrated optical systems require vacuum systems for
thermal insulation

B Instruments having own local cooling systems

B Observatories providing cryogenic infrastructure

Cryo=instiugment" GRAVITY

B Aiming for automation, standardization and COTS products
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Cryogenic instruments at VLT

~ 20 cryogenic instruments _ :
. . VLT instrument suite
in 24/7 operation 2023/24

B Designed for a life cycle of 10-15y

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

B Typical cold mass ~500 kg / 2500 L
vessel / 3 t weight
> New: MOONS: 3300kg / 16000L /9t

B Ongoing developments,
procurements, construction

B LIN supply of instruments via
portable dewars = labor-intensive

» Plans for automated LIN distribution system _ .
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B Examples of LIN cooled
instruments at VLT

» Supply via portable LIN
dewars + transfer lines
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ELT — The world’s biggest eye on the sky

Largest optical / infrared telescope in

39-m segmented primary . ~8l
Constructior 7014 — 2028 8t Gerro Arma
' vay-froth Paran

(3046 le, ~25km awgy

: ~1500 M€ Incl. instruments aﬁd contingency

ior-cost: ~50 M€ /year _ — T ~ = 29-m diameter
- . | — 6x133=798 segments (1.4-
Lifetime: 50 years S m)

+1x133 spare segments

Several‘generations of “extremely Iarg__e” olaVieRIgS{igllpalelgls  Totel: 931 segments
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0) ELT cryogenic instruments — future challenges
+

B Two tennis-court size Nasmyth  _
platforms A and B for instruments @S

> First light instruments (2028-2030): AV
- MICADO, MORPHEO, (\\\
METIS, HARMONI

» 2030+ instruments:
« ANDES, MOSAIC, 2@ AO, PCS

B Instruments scaling with
telescope size: ~10 x VLT size

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

ELT Nasmyth A platform populated with first light instruments

B Large cryo-vacuum systems (artist impression)
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Lessons learned from VLT towards ELT (1)

B Adopt proven concept of LIN cooling and local cryo-coolers
» Early concept studies of Liquid Helium cooling etc. dropped

M Fullyautomated LIN distribution system from main outdoor 42,000L LIN storage
tank to each consumer (science instruments), no portable LIN dewars

B Maintain LIN truck delivery service, no on-site LIN liquefier plant
» Outsourcing instead of additional maintenance expense

B No cryogenic transfer lines through telescope rotating cable wraps to avoid
possible long-term damage from dynamical bending stress (-> static piping only)

B COTS and state-of-the-art industry standards
» Avoid one-off customized cooling systems (e.g. special developments from Universities)
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Lessons learned from VLT towards ELT (2)

M Avoid productdiversity: define applicable standard components catalogue

» External partners committed to apply standardized cryo-vacuum components and system
design, cryo-vacuum control and operating principles

» Exchange with partners and stakeholders right from the start of a new instr. project

B Characterize every source of vibration for compliance in advance
» Including cryocoolers, compressors, vacuum pumps, etc.
» Know you budgets: We have very demanding vibration requirements for ELT (and VLT-I)

B No Gifford-McMahon (GM) cryocoolers allowed -> pulse tube coolers (PTC) only!
» Plus, selected vibration compatible small-scale coolers (e.g. Stirling cooler)

B Development of vibration isolation systems for cryocoolers

B Provide cryogenic infrastructure with clearly defined interfaces to cryogenic
instruments (LIN supply and return, high-pressure Helium supply for PTCs)
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ofl Lessons learned from VLT towards ELT (3)
.

B COTS cryocooler standardized for ELT
» 2-stage PTC 14W @ 20K (or 1W @ 4K) / 80W @ 80K, ~9 kW input power
» In total 36 compressors in ELT; upto 4 cryocoolers/compressors per mstrument
» Long Helium flex lines required (~100 - 120m) -
» Only one coldhead per compressor (no multiplexing)
» Very demanding vibration requirements

» Advanced vibration isolation systems developed at ESO "X

OW*

Unit Frequency Range [Hz]

1-4.45 4.45 - 56 56 -110

Nasmyth Instruments

(RSS of force (x,y,z) [N] rms

. 1 04 2
per one-third octave frequency
bands)

Anti-vibration (AV)mounts for compressors (left), coldheads (middle), Helium lines (right) Vibration requirements for ELT instruments
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B ECIS contains of 2 sub-systems

» LIN infrastructure
» Cryo-cooler infrastructure

» Instruments have interfaces wit
* Both sub-systems

(HARMONI, METIS)

LIN infrastructure only (MICADO)

Cryo-cooler infrastructure only

(currently none)

None of both (MORFEO, PDS)

Tbc for HIRES and MOSAIC

when telescope in park
position (1.5 h / day)

—_

By’

“Outdoor LIN
storage tank 42 m?

» Challenging development of fully
automatic DN63 refilling connection
with 6000 L LIN/h flow rate
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LIN phase separators 0.1 m?

Connection for LIN transfer

Y

Height = 65m
/ ..- Tilting Altitude
Cryogenic " AR @R N\, Structure
instruments AT .
N / S
Qalas ryogenic
bl N\ '.;f —TV AN instruments
e AR 7N \ ,:'{, —
3 Height = 35m
B Rotating Azimuth
¥ Structure
Height = 15m
To LIN tank 3m® -
in cryo plant room Telescope foundation

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

The ELT cryogenic infrastructure functional concept.
LIN infrastructure in red. Cryo-cooler infrastructure in
orange.
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Block diagram

ELT cryogenic infrastructure — interfaces with ELT INS

M INS either @

» NP

»IAA ~TTTT T T T T T T TTTTT

» Coude room

M |[F’s with ECIS are the
same for all INS locations

B Blue: ECIS part
B Red: INS part
B Bluered: CP —hybrid status
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Under ELT cryogenic infrastructure responsibility
Under INS responsibility

Interface between INS and cryogenic infrastructure
Cryogenic infrastructure internal interface

LIN infrastructure coolant line

LIN infrastructure electrical line

Cryo-cooler infrastructure coolant line

Cryo-cooler infrastructure electrical line

Nitrogen gas supply line

LIN supply interface (1* / INS)

Nitrogen gas (N2) return interface (1* / INS)
LIN phase separator status interface (1* / INS)
Re-pressurization interface (1* / INS)

EtherCAT cable interface (1* / INS, if n > 0)
Helium gas supply interface (n* / INS))
Helium gas return interface (n* / INS)
Motor drive cable interface (n* / INS)
Cooling water supply interface (n* / INS)
Cooling water return interface (n* / INS)

Number of coldheads / compressors (n = 0...4)

LIN phase separator (1* / INS)

Nitrogen gas heater (1* / NP and 1* / I1AA+Coude)
Coldhead for pulse tube cryo-cooler (PTC)
Compressor for pulse tube cryo-cooler (PTC)

F-----L-

k Phase separator _status
[——'—'P—-ﬁ e

LINRC & |

INS INS

cyo | | @IAA
contr. or @ NS
PLC Coude

Re-pressurization
@

LIN supply

CH n* N2 gas return

Cryo

room

plant

Outdoor
LIN tank

Inter

LIN tank

N2 gas exhaust

GH

I Helium supply 42

H2 olium return  [HRIn®  HLX
L 1

Motor drive o
L

e N

EtherCAT

Cooling
water
supply /
return

RS485 0
Cooling water ||

IAA or Coude room

]

TACW:
LIN RC:

LIN:

Comp control electronics (1* / INS, if n > 0)
Helium line length-1 =20 m

Helium line length-2 = 20 m

Helium line extension length = 20 = 60 m (tbc)

ELT instrument

Nasmyth platform
Intermediate Nasmyth platform
Azimuth platform

Instrument assembly area
Telescope Azimuth cable wrap
LIN refilling connection

Liquid Nitrogen

16

ELT cryogenic infrastructure &
Interfaces with ELT INS
Block diagram - version 18.02.2021
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B ELT LIN infrastructure design
specifications prepared
» Contract signed with industry 1/2024  cyegenic

insti t
instrumen \Q\N."

AN )
> Expected completion 2027 TSN & v, BB
> \C"I,."‘ .“%:\ ; ¢

7y
Height = 65m

Cryogenic
&7l instruments

Connection for LIN transfer
when telescope in park

B Small scale LIN posiion (15 1/ cay
Infrastructure at ESO HQ P
» Contract signed 1/2024

» Expected completion 2025 s

Height = 35m

’ N Rotating Azimuth
¥ Structure

Height = 15m

|

ToLIN tank 3m®

B Cryo-cooler infrastructure incryo plant room [l Telescope foundation

procurements and
Installations 2024-2027 by ESO
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in cryo plant room (1x)

Principal concept of the ELT cryogenic infrastructure
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ofl ELT cryocooler infrastructure: compressors
+

B Three arrays of each up to 12 compressors (CP) |n different locations

» @ Nasmyth-A instruments
- 4 CP’s for HARMONI \
« 3 CP’s for METIS

« 2 spare CP’s
« 1 CP space reserved to MICADO
+ 2 spaces for future applications (MORFEO second client, next generation IN{ {

» @ Nasmyth-B instruments —
« 3* 4 spaces reserved for HIRES, MOSAIC, PCS etc. incl. spares

Spare Coude-
» @ Cryo plant room for IAA and Coude p

* 4 CP’s for IAA instrument \ |
* 6 spaces reserved for Coude instruments
» 2 spare CP’s

B Compressor arrays extendible if needed In the future
B Cryocooler infrastructure providing plplng to!vards interface with instr.

ESI2024, ESO cryogenics, G. Jakob / ESO, 14 May 2024
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ELT LIN infrastructure

M Pipe routing for ELT (preliminary design)

> LIN supply sy
from outdoor = & e b Temperate)

storage tank
to interfaces
with science
instruments

Tank B

Azimuth Platform ]

(rotating structure) Telescope Supply Room

(non-rotating)

» Warm gas
return system

» LIN =

NR12
mg:\

Coude 1

; ] . / Coude 2 KSE& 5’\/\
Liquid Nitrogen 15 ‘g4 * w2
pss (T =] 5T

> GAN = /m |'\\ NSI, NRI, RPI, PSS

Gaseous Nitrogen — sew

Separator

> LIN Supply I|neS: LIN supply “ TelesEc;iungcSIi;i:np::eRuom

DNZO - DN63 %gﬁm:::: (ambient Temperature)

GAN supply
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Routing in the trench along
existing profiles

Design Volume for LIN
Refilling Connection

Telescope Supply Room

e
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Nasmyth Platform B

Main Transit Ring

Cryo Plant
NR3 & G\\ Room

S

\

Gas Heater B Nasmyth Platform A

Phase Separator B

| Intermediate
Nasmyth Platform B
A

 —

Intermediate
Nasmyth
PlatformA

Gas Heater A

LIN Tank B

Phase Separator A
GAN Supply B

GANSuppya  LINTakA

Yo p,
ap, t,
Roy,
m

Gas Heater-C

GAN supply-C \ Buf!erTsnk-C

Tunnel with
existing profiles

available
LIN supply underground duct \\
GAN return
GAN return (ambient Temperature) LIN Outdoor
=5 GAN supply Storage Tank
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ESO HQ LIN infrastructure

Concept of ESO HQ Technical building LIN upgrade (as pathfinder for the ELT LIN infrastcture
and as required for MICADO instrument test phase in ESO’s LIH 2026)

Outdoor LIN Storage Tank — OST (Rented)

LIN tanks refilling station

Phase
Separators
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Next steps

M Follow up ELT LIN infrastructure design
» Preliminary design review 6/2024; final design review 1/2025; installation 2026-2027

B Final design of ELT cryocooler infrastructure
» Procurements 2024-2026; installation 2026-2027

B Follow up ESO HQ LIN infrastructure design and manufacturing
» Final design review 6/2024
» Installation and commissioning 15t half of 2025

M Price inquiry for Paranal (VLT) LIN infrastructure: similar system as for ELT
» Concept developed; technical specification prepared; expected contract duration 3.5y

B Further implementation of Stirling cooler CryoTel GT AVC
» Replacing LIN detector cooling systems of existing and future La Silla & Paranal instr.

B Hiring another cryogenics engineer: see open position @ ESO Rectruitment Portal
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B Sunpower CryoTel GT AVC

>

YV VV VYV V VYV V V VY V

>
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COTS Stirling coolerwith cooling capacity . % 9 o ﬂﬁ} ‘
of ~ 2W @ 40K -@\)\ | S N
or~18W @ 80 K ) L o ——=
Now also low temp. (LT) versionwith ~2 W @ 30K

Can be operated in any orientation

No compressor required, no flex lines

Water cooling and just 250 W electrical input power for controller required

No IF’s with ELT cryo-coolerinfrastructure, all IF’'s and control managed instrument internally

CryoTel® GT Nominal Performance

Completely maintenance-free device, MTTF > 20y, in space since +15y
Very compactdesign: L ~ 320 mm, dia. ~ 100 mm, weight < 5 kg
Comes with inbuilt Active Vibration Cancellation (AVC) system (2" gen.)

Lift (W)

Excellentresults in ESO’s vibration test bench (f = 60 Hz)
Selected as cryo-coolerfor ELT PDS detector cryostat (techn. 1stlight instr.) = = = _ = =» = = =

Cold Tip Temperature (K)

Excellent candidate for cooling instrument detectorsfrom 30 K tq 150 K and repl cing LIN coollng
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Credit to Eduardo Garces and Nicolas Dubost/ ESO
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End of presentatlon — n’Tany thanks for your attention
ESI2024,14 May @ ESO HQ , >
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