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Experiment Goals

e Heat shield at about 80 K to

radiatively keep the test mass
at 123 K
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Experiment Goals

* Heat shield at about 80 K to
radiatively keep the test mass
at 123 K

* Seismically isolated shield to
avoid scattered light noise and
possibly Newtonian noise
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e QOverview

 Measured thermal response

e Expected scattered light noise from cryo
vibrations

* Expected Newtonian noise from cryo vibrations



UG
VIR

Actively controlled shield (ETM)

Vacuum
chamber

()
=
O
>
Q
+—
(¢°)
O

124 K test mass




UG
VIR

Actively controlled shield (ETM)

Gate Valve

Gate Valve

Vacuum
chamber

124 K test mass

80 K heat
shield for
=5W
cooling




UG
VIR

- Actively controlled shield (ETM)

Vacuum
chamber

Gate Valve

80 K heat
shield for

=5W
. 124 K test mass cooling




d Actively controlled shield (ETM)

Vacuum
chamber

80 K baffled beam tube
shield

~ 900 mm dia

Gate Valve
Gate Valve

80 K heat

shield for
=5W

cooling

124 K test mass




UG
vmcj

- Actively controlled shield (ETM)

~ 900 mm dia

Gate Valve

Gate Valve

Vacuum

Blade
springs

chamber

80 K baffled beam tube
shield

124 K test mass

80 K heat
shield for
=5W
cooling




d Actively controlled shield (ETM)

<«—> Relative displacement sensors

> Actuators

Vacuum
chamber

Blade
springs

80 K baffled beam tube
shield

~ 900 mm dia

Gate Valve
Gate Valve

80 K heat
shield for
=5W
cooling

124 K test mass




UG
va

Actively controlled shield (ETM)

> Actuators

<«—> Relative displacement sensors

Blade
springs

Vacuum
chamber

~ 900 mm dia

80 K baffled beam tube
shield

i |

11

Cu braid

10 m

i

77 K outer
shield

80 K inner
shield

124 K test mass




SR ™ LSS R

mT e




Black paint on ‘ /

inner surface

o~

Cu outer
heat shield

)

Liquid
nitrogen pipes

Cu cold links
j to inner shield

g

/

% /
N
N



Cu outer
heat shield

Black paint on
inner surface

Temperature
sensor

- Sy e o -~ L

g N T
A T~ = e\ 2
g ; = ? J (& B

Cu cold links
to inner shield




id N2 pipes &,

N Liqu

.rn s »- 0‘

-




Actively controlled

support platform for
inner shield

Temperature
sensor




Actuator

-
.
% N

OSEM flag \{I } !y&

NN P < o Outer shield wrapped in
B4 ‘ N lzﬂSUlaﬁon

O gty . /
£ > £y -4
: s e ! >
- T e

7 Assembled cryo experiment before installation into chamber




LiG
VIRG

Measured Temperature Response

300 Temperature Data - 21 August 2016
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Measured Temperature Response

300 Temperature Data - 21 August 2016
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Measured Tem peratu e RESponse

300 Temperature Data - 21 August 2016
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Measured Temperature Response

300 Temperature Data - 21 August 2016
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’Measured Tem perature Response *"

Temperature Data - 21 August 2016
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Test Mass Heat Transfer vs Shield Temp
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Measured Temperature Response

300 Temperature of Suspension Spring - 21 August 2016
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Scattered Light Noise
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Scattered light noise simulation

1 m radius simplified shield
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Scattered light noise simulation
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Scattered light - upconversion

Test mass heat shield scattered light noise for 4 t
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Scattered light - upconversion

P Test mass heat shield scattered light noise for 4 testmasses
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Shield Seismic Isolation

Simulated performance with isolation loops designed for Stanford
heat shield
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Cryo induced vibrations on [SI
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Newtonian Noise

Courtesy of Edgard Bonilla

Simulations based on Nick
Lockerbie’s G1200625
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Shield Newtonian Noise Simulation
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Shield Newtonian Noise Simulation
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Shield Newtonian Noise Simulation
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Conclusions — what’s good

* 80 K heat shield and seismically isolated optics
are not mutually exclusive in a LIGO-like
environment.

e Scattered light appears to be manageable with
reasonable amounts of vibration isolation

— Can be further helped with clever light absorbing
geometries and sufficiently black paint

* Newtonian noise appears to not be a concern
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* More work needed on the initial test mass
cooling. In contact with Charlie Danaher at

HPD.

e Suspension springs likely needed thermal
control
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Inner Shield Vertical Plant

Bode Diagram
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Shield Seismic Isolation
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Axial Force Gradient Amplitude
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Shield Newtonian Noise Calculations

=Nonlinear Calculation -
==Linear Approximation
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n =0: Monopole.
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R, : Distance to CM
6 : Angular Position
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Test mass heat shield

Holes for Inner heat shield 80 K

suspension wires

Cold finger for initial cool
down

Test mass 124 K
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Test mass heat shield

Connections for the Cu cold links that cool the
inner shield (cold links not shown)
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Aluminum low emissivity plates
(ribs boost vibrational frequencies)
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Flexible stainless strips attach the heat
shield to its (warm) suspended stage

53



54



Suspension spring
mounted to vertical
translation stage

Vertical suspension OSEMs
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The complete heat shield stage
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Heat shield geophone Z performance
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All Z sensors with ISO off and cryo on
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HPD cold fingers
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HPD's Motor Operated Mechamical Heat Switch.

Figure 2. The HPD Heat Switch Vise (Left, Above) and Motor Assembly (Center, Above) and Fingers
(Right, Above) are used in a broad variety of applications. The vise and motor are used to provide active
control of thermal links.
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HPD Braids



