AT

Karlsruhe Institute of Technology

He-ll Cooling: Possibilities for ET

Lennard Busch
Steffen Grohmann

KIT — The Research University in the Helmholtz Association www.Ki f. ed u



ET-LF Noise Budget ﬂ(".
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Figure: ET Conceptual Design Study (2011)
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ET-LF Payload ﬂ(".

@ Suspension Thermal Noise
® Marionette
® Suspension Fibers
® Reaction Mass
® Test Mass

Pendulum

M,: Marionette _ _
® Mirror Thermal Noise

M,: Test Mass ® Test Mass

Mj: Reaction Mass

Figure: VIRGO-like suspension (payload),
ET Design Report Update (2020)
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Mirror Thermal Noise at 10 K ﬂ(".
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Mirror Thermal Noise Evolution ﬂ(".

Silicon Substrate Thermal Noise
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[Strong mirror cooling motivation in 30...10 K-range J
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Suspension Thermal Noise
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rrrrr E—— 1 ET-LF last stage suspension design parameters:
\ ET thermal noise - phi_=10"" e d=3 mm
107 R i 3 Marionetta | Recoil Mass | Mirror
::Iss:::si::lrint‘t’hzrmal with violins . : Mas.sos f(?r ETDLE (kg) 122 211 211
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ET Conceptual Design Study (2011)
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[ Original design implies He-Il cooling! ]
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Mirror Cooling Possibilities

Heat Sink
at TMarionette

TFiber (x)
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Fiber length
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Analytical Calculations

Constants:

® Fibers per mirror: 4

® Material: Silicon/Sapphire with A = f(T)
® Fiber length: 2 m

® dgjper = 3 mm

Variables:

® Heat load on mirror Q

. TMarionette
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Fiber Temperatures

Si : 8
TFilber(X) at various Quirror
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Mirror
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Si Thermal Conductivity

)
3P

Basis: He-Il Cooling K

Tmarionette = 2 K

QMirror /W 0.5 1.0 1.5

17.6 24.6 31.8

TMirror,min / K

[ 10 K mirror temperature not reachable ]
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Mirror Temperature Limitation

TMirror,min(TMarionette) at various QMirror
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Si Thermal Conductivity
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1 W (Estimation 2020)
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Cryocoolers
He-ll Cryocoolers

(?)
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Mirror Temperature Distributions

Numerical Model Geometry
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Fiber warm end
contact surfaces

at TMirror,min

QLaser
Theam = 9 CM

(= 10 Gaussian)
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Ears:
Black Box
Cuboids
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Mirror Temperature Distributions Q(IT
Numerical Results

TMarionette = 2 K
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Mirror Cooling Possibilities below 25 K S(IT
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Payload Condition Influence on Sensitivity ﬁ(".

TSuspension

TFibers | Pvacuum ( \

Cooling
ET-LF System
Sensitivity Engineering

o J

TSubstrate TCoating

.\/
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Next Steps ﬂ(IT
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Conceptual Design
* He-ll cooling — Marionette

Noise Propagation Model

 Stationary He-ll

Experimental Concept Development
« Ultra-low noise cooling system
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Thank you for your attention!

[M lennard.busch@kit.edu ]
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