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ET-LF Noise Budget

Figure: ET Conceptual Design Study (2011)

Two thermal noise
contributors:

Suspensions

Mirrors
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ET-LF Payload

Figure: VIRGO-like suspension (payload),

ET Design Report Update (2020)

M1: Marionette

M2: Test Mass

M3: Reaction Mass

Suspension Thermal Noise 

Marionette

Suspension Fibers

Reaction Mass

Test Mass

Mirror Thermal Noise

Test Mass 

Pendulum
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Mirror Thermal Noise at 10 K

ET Sensitivity Goal

Silicon

Major Contributions:

Coating Brownian

Substrate Thermo-Refractive

Substrate Brownian

Figure: ET Conceptual Design Study (2011)
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Mirror Thermal Noise Evolution

Figure: Franc et al. (2011)

Silicon Substrate Thermal Noise

Strong mirror cooling motivation in 30…10 K-range
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Suspension Thermal Noise

ET Conceptual Design Study (2011)

Original design implies He-II cooling!

ET-LF last stage suspension design parameters: 

ET Conceptual Design Study (2011)
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Mirror Cooling Possibilities 

Fiber length

Heat Sink

at 𝑻𝐌𝐚𝐫𝐢𝐨𝐧𝐞𝐭𝐭𝐞

𝑻𝐅𝐢𝐛𝐞𝐫(𝒙)

Analytical Calculations

Constants:

Fibers per mirror: 4

Material: Silicon/Sapphire with λ = 𝑓(𝑇)

Fiber length: 2 m

dFiber = 3mm

Variables:

Heat load on mirror ሶ𝑸

𝑻𝐌𝐚𝐫𝐢𝐨𝐧𝐞𝐭𝐭𝐞

ሶ𝑸
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Marionette Mirror

02.12.20208

Fiber Temperatures

𝑻𝐌𝐚𝐫𝐢𝐨𝐧𝐞𝐭𝐭𝐞 = 𝟐 𝐊

ሶQMirror / W 0.5 1.0 1.5

𝑇Mirror,min / K 17.6 24.6 31.8

𝑥 / m

𝑇 F
ib
e
r
/

K

𝑇Fiber
Si (x) at various ሶ𝑄Mirror

Basis: He-II Cooling

10 K mirror temperature not reachable
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m
∙
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𝑇 / K

Si Thermal Conductivity
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Silicon Fibers

𝑇Mirror,min(𝑇Marionette) at various ሶ𝑄Mirror

𝑇Marionette / K

𝑇 M
ir
ro
r,
m
in
/

K

ሶ𝐐𝐌𝐢𝐫𝐫𝐨𝐫 = 𝟏𝐖 (Estimation 2020)

𝑇Marionette 2 K 10 K 20 K

𝑇Mirror,min 24.6 K 26.1 K 34.5 K

Cooling 

Technology
He-II

(?)

02.12.20209

Mirror Temperature Limitation 

W

m
∙
K

𝑇 / K

Si Thermal Conductivity

Cryocoolers
Cryocoolers
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Mirror Temperature Distributions 
Numerical Model Geometry

ሶ𝑸𝐋𝐚𝐬𝐞𝐫

𝑟beam = 9 cm
(ෝ= 1𝜎 Gaussian)

Ears:

Black Box 

Cuboids

Fiber warm end 

contact surfaces

at 𝑻𝐌𝐢𝐫𝐫𝐨𝐫,𝐦𝐢𝐧
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Mirror Temperature Distributions 
Numerical Results

[K]
𝑻𝐌𝐚𝐫𝐢𝐨𝐧𝐞𝐭𝐭𝐞 = 𝟐 𝐊

ሶ𝐐𝐋𝐚𝐬𝐞𝐫 = 𝟏𝐖 (ET Estimation 2020)

𝑇Marionette 2 K 10 K 20 K

∆𝑇Mirror,global 3 mK 3 mK 4 mK

W

m
∙
K

𝑇 / K

Si Thermal Conductivity
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Mirror Cooling Possibilities below 25 K 

Fiber length

Heat Sink

at 𝑻𝐇𝐞−𝐈𝐈

𝑻𝐅𝐢𝐛𝐞𝐫(𝒙)

ሶ𝑸𝐋𝐚𝐬𝐞𝐫

Mirror at

𝑻 > 𝟐𝟒 𝑲

Fiber length

Heat Sink

at 𝑻𝐇𝐞−𝐈𝐈

Hollow

length

ሶ𝑸𝐋𝐚𝐬𝐞𝐫

𝑻𝐅𝐢𝐛𝐞𝐫(𝒙)

Mirror at

𝑻 = 𝟐…𝟐𝟒 𝐊

𝑻𝐇𝐞−𝐈𝐈

He-II filled

Hollow Fibers
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Payload Condition Influence on Sensitivity

Model

Cooling 
System 

Engineering

ET-LF
Sensitivity

𝑻𝐒𝐮𝐬𝐩𝐞𝐧𝐬𝐢𝐨𝐧

𝒑𝐕𝐚𝐜𝐮𝐮𝐦

𝑻𝐂𝐨𝐚𝐭𝐢𝐧𝐠

…

𝑻𝐒𝐮𝐛𝐬𝐭𝐫𝐚𝐭𝐞

𝑻𝐅𝐢𝐛𝐞𝐫𝐬
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Conceptual Design

• He-II cooling → Marionette

Noise Propagation Model

• Stationary He-II

Experimental Concept Development

• Ultra-low noise cooling system

02.12.202014

Next Steps
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Thank you for your attention!

02.12.202015

 lennard.busch@kit.edu


