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Motivation for ET-LF ﬂ(".

Karlsruhe Institute of Technology
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ET-LF core technology: Cryogenics

@ ET-LF noises: Cryogenic vs. room-temperature (RT) operation MV
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KIT @ ET: Key positions

KIT

Karlsruhe Institute of Technology

(

ET Instrument Science Board

System Design Office
Co-Chairs:

Andreas Freise (Vrije Universiteit Amsterdam and NIKHEF, NL)

Gianluca Gemme (INFN, Genova, IT)

Suspension
Division
Co-Chairs:

Francesco Fidecaro
(Universita di Pisa, IT)

Alessandro Bertolini
(NIKHEF, NL)

Optics
Division
Co-Chairs:

Edwige Tournefier
(LAPP, Annecy, FR)
Stuart Reid
(University of Strathclyde, UK)

Interferometer
Division
Co-Chairs:

Stefan Hild
(Maastricht Univ. and NIKHEF, NL)

Jérome Degallaix
(LMA, FR)

Vacuum & Cryogenics
Division
Co-Chairs:

Fulvio Ricci
(INFN, Rome, IT)
Steffen Grohmann
(KIT, DE)

Active Noise Mitigation
Division
Co-Chairs:

Jan Harms
(Gran Sasso Science Institute, IT)

Conor Mow-Lowry
(Vrije Univ. Amst. and NIKHEF, NL)

Infrastructure
Division
Co-Chairs:

Maria Marsella
(Sapienza Universita, Rome, IT)

Florian Amman
(RWTH Aachen, DE)

WP L1: Suspension Chain

WP 1.2: Payload LF

WP 1.3 Payload HF

WP IL.1: Core Optics LF

WP I1.2: Core Optics HF

WP 1.3 Lasers

WP IL4: Input Optics

WP IL.5: Squeezed Light

WP IL6: Output Optics

WP IL.7: Wavefront Sensing

and Control

WP IL8: Scattered Light

WP lIL.1: Observatory Design
and Noise Budget

WP II.2: Op(ncd Layout Sensing
Control Scheme LF

WP I11.3: Optical Layout Sensing
and Control Scheme HF

WP IIL.4: Data Acquisition and
Real Time Control

WP lIL.5: Detector Characterization
and Calibration

WP IV.1: Tower Vacuum

WP IV.2: Pipe Arm Vacuum

WP V.1: Newtonian Noise

WP V.2: Environmental Sensors

I WP IV.3: Cryostats and Cryo-
pumps

WP IV.4: Cryogenic Infrastructure

Iwmvs Detector Cooling

WP V.3: Magnetic Noise

WP V.4; Inter-platform Motion

WP V5 LF Control Noise
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WP VI1.1: Underground Civil
Infrastructures

WP V1.2: Survace Civil Infrastruc-
tures

WP V1.3: Safety

WP V1.4: Low Environmental
No 5

WP VL5: Civil and Mechanical
Services

WP VL.6: Electrical and Communi-
cation Services
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Karlsruhe Institute of Technology

He-ll suspension capillary concept
for ET-LF
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Payload heat extraction via He-ll A\‘(IT

Karlsruhe Institute of Technology
Two liquid phases of 4He: *He phase diagram:
100 — : , ,
@ He-l (classical liquid helium)
> BehaViour: ~|dea| gaS Superecritical
T>T, .
———————— T,(1atm) ~2.17K - —-=-=== === Liquid
. T < T/’L He |
® He-ll (“two fluid model” [1i2]) -
— AR Critical point
® Normal component g | Hell '
® Superfluid component b
> Bose-Einstein condensate
0.1 F Vapor
LHe-II: exceptional heat transfer properties W
Sources: [1] Tisza, L. Transport Phenomena in Helium Il. Nature 141, 913 (1938). d 1 2I 3 4‘; 5 6 7
[2] Landau, L. Theory of the Superfluidity of Helium Il. Phys. Rev. 60, 356-358 (1941). T (K)
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Payload heat extraction via He-ll A\‘(IT

Two liquid phases of 4He:

Design conditions:
1 4o\ Gicepitary =2 MM Payload thermal link
. .. . 5 | i !
® He-l (classical liquid helium) 10° 5 p=1bare)  operation 1.7...1.9K
> Behaviour: ~ideal gas
T>T, 1
———————— T,(1atm) = 2.17K '==-=-=—-—-=-==-= _ 10%4
T/1 — ]
. X
® He-ll (“two fluid model” [1i2]) £
@ Normal component % 103 4
. <
@ Superfluid component
> Bose-Einstein condensate
102 5 He-Il at design conditions (Sato et al. 2005)
6N-Al (Cryodata Inc. 1999)
LHe-II: exceptional heat transfer properties W ;/ Sapphire, high purity (TPRC 1971)
5 = Silicon, high purity (TPRC 1970)
10 . ————————] :
2 10 100
Sources: [1] Tisza, L. Transport Phenomena in Helium Il. Nature 141, 913 (1938).
[2] Landau, L. Theory of the Superfluidity of Helium Il. Phys. Rev. 60, 356-358 (1941). T/ K
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Cooling via He-ll suspension capillary

a

Platform '
(PF)

i~

Marionette

(MAR) ©

Mirror
(M)

Courtesy of M Stamm (2021)
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® He-l flow for cool-down

@ He-ll (no macroscopic flow)
for steady-state operation
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/\ deﬂ.capillary =4.0mm
q =10 kWm?2
/_\\
e A ™
He-ll at SVP  (Sato et al. 2005 & HEPAK 1998)
] - 6N-Aluminum (Cryodata Inc. 1999)
1 / 4 Sapphire, high purity (TPRC 1971)
1 ) m  Silicon, high purity (TPRC 1970)
]
T — —

2 - 10
Temperature / K

100

He-Il = Ultra-quiet,

thermally efficient liquid phase!
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Suspension thermal noise model A\‘(IT

Karlsruhe Institute of Technology

Suspension thermal noise (STN) model includes: Simple Pendulum model

. _ 2K Qk=ky (1+i:Psye,(w)*D)
@ Discrete FDT model [1] for inhomogeneous

stage temperaturesT @ Ma:2 K — Mi: 10K

@ Energy dissipations via loss angle & W

Ptiper () = Pthermoetastic(®) + Pouik + Psurrace 10K Pendulum model with elastic beam fiber
QE=E-(1+i Ppy,, ()

@ Design parameter variation,
low-temperature physical properties... Mirror

[1] Concept based on Komori et al. (2018)
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Conclusions from feasibility analysis A\‘(IT

@ Thermal & mechanical dimensioning
@ Cooling capacities up to 0.5 W, or even up to 1.0 W, are feasible
BT urionette@ 2K and Tpyirror@ 14 — 20 K, with AT ~ 50 mK

. . 1E18 e e btz - a0
@ Suspension thermal noise AT . e ST e
@ Effect of suspension capillary on STN marginal 15205 \Effect @ 3 Hz
@ f > 3 Hz for both scenarios ! T U N
?I/ 1E-21 5
E 1E-22
Suspension capillary scenario: £ 123
v @Q =05W,AT =0.05K 1624
1E-25—;
v @Q=10W,AT =0.05K LB s ———
Q@19K 1 10

Frequency / Hz
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Status of He-ll suspension concept

Mechanical

Thermal

Suspension thermal noise

11 24.04.22

Strain / (VHz)"!

~

» Feasibility shown
theoretically

> Experimental proof of
concept required

[— ET-D: Total noise curve

-----Bran th d\mSTN(M@ZK Mi@10 K)
Suspension capillary STN (Ma@2 K - Mi@10 K) ]
Doubie Pan dTmSTN(M@ K-M@T0K)
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Karlsruhe Institute of Technology

He-based cooling concept for ET-LF
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ET-LF test mass cryostat cooling ﬂ(".

TM cryostat Temperature stages:

. To upper super attenuator
scheme: T — Termo. lovel | EStcooling
==Y . poue

/ R HF & LF cryotraps <20...80 K X...104 W

' 7~ Outer thermal ,
| shield <20..80K x... 103 W

C otra T e Inner thermal ,
S IE}\ “ shield oK X...102 W

|
) \% \ \='=1j/ “ == 2K x...100 W
| | interface

/([ [ Iﬂ] LR ”ﬂ NN N Helium system: remote cooling power generation

— distribution to cryogenic consumers
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Karlsruhe Institute of Technology

Helium cooling system: structure ﬂ(“.

Warm compressors

Caverns

Coldbox Single, remote refrigerator
for all cryogenic consumers
in one ET-corner

Interconnection box

Cryogenic transfer lines

Cryogenic supply box Cryogenic supply box Cryogenic supply box Cryogenic supply box

D m O @ @

@

cryostat

R B

)
Cryotraps S

cryostat Cryotraps cryostat Cryotraps cryostat Cryotraps
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Helium cooling system: Conceptual PFD

Compressor system

Vot Warm helium
AR supply/recovery

- Warm transfer line

[] Thermal insulator

_ Cryogenic transfer line U Plug
component

Capillary connection

KIT

Karlsruhe Institute of Technology

Process flow diagram (PFD):
@ Will be published in Advances in
Cryogenic Engineering 2021

@ Extensive explanatory project note
uploaded to TDS (07/2021)

—> https://apps.et-gw.eu/tds/?content=3&r=17648

® Particular focus:
cooling power generation
for payload at 2 K

® Creation of He-ll bath

I I
Vo7 I
03 ke Vo4 Vo 05 V06
"Qf“ her? her - A i P40
pp—
Xa vao Cryogenic supply box EH40
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| To/From ¥
other L E 5K
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vaz XD
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X10 Tﬂ\nz % Vv HX30 Hx41
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vsoYo ‘si i/
80 :
Test mass Arm EPECD
cryostat pipes  HXcT C) V30 V51 Hxaz Hixao vas
g He-ll
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®m Connection to payload interface via
long supply capillaries
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https://apps.et-gw.eu/tds/?content=3&r=17648

Cryogenic supply capillaries A\‘(IT

Karlsruhe Institute of Technology

28 Key boundary conditions:
25 ] @ Operating pressure: 0.12 MPa
g @ Capillary length: 15 m
& B0~}
- ® Capillary cold end temp.: 1.75 K
o ]
s 197 ® Payload interface temp.: 1.85 K
g
S 10—.
= Configuration example:
5. 17 capillaries with d; = 2.0 mm can extract
' 500 mW from a payload interface at 1.85 K
. , j , : , ; , : over 15 m distance with a AT of only 0.1 K.
0.5 1.0 1.5 2.0 25 3.0

Inner diameter / mm
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Karlsruhe Institute of Technology

Plans for ET development
infrastructure at KIT
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infrastructure at KIT

t

Plans for ET developmen
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Plans for ET development infrastructure at KIT ﬂ(".

“ le-II-Testleitung ;‘.‘
3 g ;
6000 3000 5000 2200 2800 -
Phase llI Phase Il Phase |
« ET test * He-ll supply * He-refrigerator
cryostat » Cryotrap test cryostat
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Karlsruhe Institute of Technology

Thank you for your attention!
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