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® Inconsistencies in current ET-LF Payload design
@ Cooling concepts

® Impact of Test mass suspension design on STN
® Impact of Marionette suspenion design on STN

® Summary of updated Payload design parameters
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Inconsistencies in Current
ET-LF Payload Design
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ET-LF Payload

Marionetta | Recoil Mass | Mirror
Masses for ETDLF (kg) 422 211 211
Wire Diameter (mm) 3 3 3
Wire length (m) 2 2 2
‘Wire Material Ti6Al4V Silicon Silicon
Loss Angle 107° 10~ 10~
Temperature (K) 2 10 10

N Source: ET Design Report (2011)

PF

MAR

Interface temperatures and ATs not
yet consistently implemented

AT

1] P.Puppo (2022) - ET-D: FEA models for the ET Payload: status and preliminary results

[2] L.Busch (2022) - ET-D: Payload cooldown studies
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@ Cooling interface on PF completely
ineffective due to Ti-Alloy fiber [2]
@ Consideration of ATs in fibers

How? Tuar = 10 K with heatlink connection to heatsink?

@ No! - Heatlink on MAR not possible due to
STN, cooling interface muss be on PF [1]

Silicon '

Q QTM,total =01W ' Conservative value due to size and

QTMiotal = 0.5 W complexity of ET-LF cryostat
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0 QTM,total = 0.5 W as conservative value due to size and complexity of ET-
LF cryostat

W Tpy defined from Qryicorar @Nd Tyar

® Ty ar dependant on cooling concept, 2 K not achievable via solid
conduction cooling

@ Cooling interface should be implemeted on the platform (PF) due to STN
® Heat extraction path for ET-LF payload to be described correctly
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ET-LF payload cooling concepts
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d,=4.5mm
105 4 p =12bar (Z) | Cooling interface on platform
] q =7.7kWm
-/’ . .
10* Thermal conductivity of
EZ ] — Marionette suspension
£ > crucial for cooling!
= Marionette B
2
10 He-ll at design conditions (Sato et al. 2005)
N /r s 6N-Aluminum (Cryodata Inc. 1999)
: 4 Sapphire, high purity (TPRC 1971) TeStTmaSS
1 | = Silicon, high purity (TPRC 1970) (TM)
10’ — - —
2 10 100

LBusch etal. GwADW 2021 Temperature / K
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®m Detector cooling with PT cryocoolers Soft-Heatlinks

@ Sapphire or silicon marionette suspension fiber
@ Cooling interface: Soft-Heatlinks

@ Tyar = 14— 20K

@ R&D @ INFN Roma

Heat sink

DOA4>CczZm-A >
TO—HA>CZm—A >

® Detector cooling with superfluid He-ll T
® He-ll-filled marionette suspension tube
m Cooling interface: He-supply capillaries FEFESET]]  » v fow forcaotdomn
B Tyar ~ 2K /
m R&D @ Karlsruhe Instiute of Technology [ ) g

a nacroscopic flow)

[1]1 P.Puppo (2022) - FEA models for the ET Payload: status and preliminary results state operation

2] X. Koroveshi (2022) - Feasibility of He-Il suspensions based on thermal noise modellin
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STN modelling

Impact of Test mass suspensions
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Possible parameters for mirror suspensions:

@ Material choice: Sapphire or Silicon — :
v Tny = 14— 20K = (O total, CO0ling concept)
1 v My = 211 — 220 kg
Lrm fiber — v Limfiper = 1.2 m
V. dumfiber = 2-3 OF 3. 0/mm
ATrm fiber
AR —— ET-D: Total noise curve
T 1E-22|—— ET-DSTN:MAR@2K-TM@ 10K
N —— STN Double pendulum: MAR @ 20 K - TM @ 20 K: Sapphire - Saphhire
% ~——— STN Double pendulum: MAR @ 20 K - TM @ 20 K: Silicon - Silicon
5 -
@ STN@LF: LT ® Mechanical structure 1E24
@ Manifacture of fibers : L1 (SF=3):d1 125
. @f < 10 Hz, MAR stage
@ ATryfiper: L @ STN@LF: dl!l i influence also visible
1E-26|-
@ Reduced cryostat height: L1 @ Efficient heat extraction: d T ; ‘ T ‘ S —T Y
Frequency / Hz
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STN modelling

Impact of Marionette suspension
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@ Possible design based on cooling concept:

Sapphire or Silicon marionette fiber:

@ Sapphire or silicon fiber (Tyar = 20 K)

AR iber v Tyagr @ 20 K (AT, be impl d)
_fi ; ~ ATMAR fiber MAR fibers O De Implemente
@ He-filled suspension tube (Tyar = 2 K) 7 i D — 110
| V' Lyarfiber = 1.0m
|
AR fiber MAR fiber
B STIN@LF: L1 ® Mechanical structure He-ll-filled ' marionette suspension tube:
V. Tyar @2 K
@ Manifacture of fibers: L1 (SF=3):d1 v Myag = 1008 =110 kg
V. LyaRfiber. = 1.0'm
@ ATvaR fiber : L 4 @ SIN@LF:dl! Ve d, = 8:3imm), d; = 4.1 mm, s, = 025 mm
@ Reduced cryostat height : L | @ Efficient heat extraction: d T
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STN with updated ET-LF payload parameters NP ﬁ(".

1E-19¢ ‘

—— ET-D: Total noise curve

—— ET-DSTN: MAR@ 2K-TM @ 10K

—— STN Double pendulum: MAR @ 20 K - TM @ 20 K: Sapphire - Saphhire
——— STN Double pendulum: MAR @ 20 K- TM @ 20 K: Silicon - Silicon
—— STN Double pendulum: MAR @ 2 K-TM @ 14 K: He-II ST - Silicon

1E-20¢

1E-21L
1E-22¢

1E-23L

Strain / (VHz)"!

1E-24

1E-25}

1E-26

1 ‘ ‘ T T
Frequency / Hz
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Possible ET-LF suspension design parameters

Concept: Sapphire or Silicon marionette fiber:
V' Tyar @ 20 K (ATfipers to be implemented)
v LMAR,fiber = 1.0m

v dyMARfiber = 9.6 0r 7.0 mm
v Myar = 100 — 110 kg

Concept: He=lI-filledimarionette’suspension/tube:
Ve VAR @ 21K
V. LyiaR fiber. = 1.0/m
Ve dy = 8.3imm, d; = 4.1 mm, s, = 025 mm
Ve Myiar — 1007 — 110/kg

Mirror/Test mass suspensions:

v/ Sapphire or silicon

Tty = 14 — 20K = f(Q1m total, cOOling concept)
Ly fiber = 1.2 m

d1y fiber = 2.3 or 3.0 mm

v
v
v
v Mgy = 200 — 220 kg
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® Two concepts for marionette suspension based on cooling concept
® One concept for mirror suspension

® Implementation of heat extractlon path with corresponding temperatures in STN model

essential:
@ Heat sink
. ATthermal links // A

@ Platform p L \\
® AT ; AT —
MAR suspension > Vs
® Marionette / Consistency

& ATTm ; Y
suspension
. P Thermal Meohanlcal
@ Mirror Design p—) Design
) @ Heat extraction path @ Materials
o / @ Interfaces & Temperatures ® Dimensions

® Implementation of conservative loss angles L To be updated in each design iteration W

N Suspension Thermal Noise (STN)

@ ET Sensitivity curve

57\
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Thank you for your attention

[ ™M paola.puppo@roma.infn.it J [ ™M xhesika.koroveshi@kit.edu j

16 30.09.2022 X Koroveshi, P Puppo, S Grohmann - Update of the STN modelling for the cryogenic payload of the ET-LF



