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Cryogenic Payload Thermal Simulation Design
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Body Mass [𝑲𝒈] 𝑰𝒙𝒙 𝑲𝒈 𝒎𝟐 𝑰𝒚𝒚 𝑲𝒈 𝒎𝟐 𝑰𝒛𝒛 𝑲𝒈 𝒎𝟐

Platform (PF) 300 19.29 37.57 19.29

Actuation 
Cage (AC)

200 62.42 31.17 67.68

Marionette 
(MA)

211 7.31 12.87 7.08

Mirror (MI) 211 4.56 4.58 5.32

Suspension Length 𝒎 Diameter 𝒎𝒎 Material

MI-MA 1.2 2.3 Sapphire

MA-PF 1 6.5 Sapphire

AC-PF 0.825 1 Ti-6Al-4V

PF-SAT 2.5 5 Ti-6Al-4V
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Cryogenic Payload Baseline Design
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IITS @2K
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Cryogenic Payload Thermal Simulation Design
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Heat
Link
Vibration
Isolation
System

8 Heat Links

X 2

16 Heat Links
7 secondary twist = 7 x 7 primary twist = 7 x 7 x 7 thin wires 𝜙 = 0.15𝑚𝑚
= 343 thin wires → Total cross section = 6.06 𝑚𝑚2

Simulation single wire 𝜙 = 2.78𝑚𝑚 → Cross section = 6.07 𝑚𝑚2
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Cryogenic Payload Thermal Simulation Design
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Heat
Link
Vibration
Isolation
System

8 Heat Links
243.45 mm

16 Heat Links
1005.45 mm

8 Heat Links
635.19 mm

8 Heat Links
942.76 mm

34.87 Kg

30 Kg

25.98 Kg

200mm

Total mass HLVIS = 116.83 Kg

Total length (w.o. HLVIS bulks)
Ring → AC = 2308.3 mm

Total mass Pay = 921.8 Kg

HLVIS ∼ 1/8 Pay

KAGRA design requirement = 1/10 Pay 
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Cryogenic Payload Suspension Diagram

Cryogenic Payload Thermal Simulations Cryostat Design Meeting 28-29/7/25    – Marco Ricci 
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Cryogenic Payload Materials
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Sapphire



Cryogenic Payload Materials
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Al 6N KAGRA 
Braids
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Cryogenic Payload Materials
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Ti-6Al-4V

https://trc.nist.gov/cryogenics/materials/Ti6Al4V/Ti6Al4V_rev.htm
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Electrical Wires
(low Q)

Cryogenic Payload Electrical Wires Connections
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As well as thermal links, 
electrical wires are connected 

(and thermalized) to the 
Actuation Cage
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AC

AC

AWG 25 → AWG 29
(𝜙 = 0.284𝑚𝑚)

AWG 20 → AWG 29
(𝜙 = 0.284𝑚𝑚)

Cryogenic Payload Electrical Wires Connections
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𝑄𝑆𝑡𝑒𝑝𝑝𝑒𝑟 𝑀𝑜𝑡𝑜𝑟 = 0.3649W

𝑄𝐶𝑜𝑖𝑙 = 0.0064W

+

=

𝑄𝑇𝑂𝑇
𝐴𝐶 = 0.38W

Worst Case scenario:
No Thermalization
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Cryogenic Payload Initial Temperature 
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Thermal Simulations consider:

• Cryostat completely cooled
1. OTS @ 80K
2. ITS @ 5K
3. IITS@ 2K

• Payload @ Room Temperature
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Cryogenic Payload Boundary Conditions
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295K

2K2K

2K

Boundary Conditions:
• 2K fixed temperature on the connection to the IITS
• 295.15K fixed temperature on the connection to the SAT
• 2K fixed temperature on the connection of the HLVIS to the IITS

Radiation to ambient @2K
• Emissivity Mirror : 𝜖 = 0.5
• Emissivity other bodies : 𝜖 = 0.8
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Cryogenic Payload Boundary Conditions Steady-State
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Electrical Wire 
Thermalization

Laser Power
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Cryogenic Payload Steady-State Simulation
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Body Working Temp [K]

AC 5.1

PF 5.5

MA 14.2

MI 19.6



Cryogenic Payload Boundary Conditions Transient
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Electrical Wire 
Thermalization
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Cryogenic Payload Transient Solution
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Cool Down:
• Electrical Wires 

Heat Input

Operational:
• Electrical Wires 

Heat Input
• Laser Heat Input



Cryogenic Payload Transient Solution
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Laser Turned On !



Cryogenic Payload Transient Solution
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Laser Turned On !

0.38W

0.68W



Cryogenic Payload Thermal Noise Modeling
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Thermal Noise budget:
• OCTOPUS
• ANSYS (w. Ears-Anchors & bonding) 

ongoing…
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