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at the Caltech 40 m Lab for Mariner Team



V0ya ger Adhikari et al, COG 37 165003 (2020)

@ Amorphous silicon coating

* Reduces coating noise.
Prospect of a 4-7x reduction
from aLIGO level

e Favors 2 ym wavelength

@ Crystalline silicon substrate

* Improves quantum noise.
200 kg mass, 3 MW power

* High thermal conductivity,
ultra-low expansion at 123 K

@ Radiative cooling
 Remains efficient at 123 K

* Suspension design not *i.e. the suspension is not required
constrained* by cryogenics to conductively extract any heat


https://doi.org/10.1088/1361-6382/ab9143

Mariner

« Voyager-like prototype in the Caltech 40 m Lab
* (Phase O: balanced homodyne for A+)

* Phase 1: cryo silicon FPMI
* Phase 2: ~Voyager DRFPMI

Will Test

Won't Test

Silicon optics

123 K operation

Pre-stabilized laser at 2 ym

Arm length stabilization at 1.4 um

Sensing & control (DRFPMI, balanced homodyne)

Maybe squeezing?

Quad suspensions
Active seismic isolation
High power

Big beam spots
Thermal compensation

Filter cavities




Goals

Phase 1

* Demonstrate 2 ym cryo silicon
suspended mirror interferometry

* Develop 2 ym electro-optics

* Low-vibration radiative cooling,
steady-state temperature control

* Investigate icing
(use ALS as diagnostic?)

Mariner Phase 1
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Timeline
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P Darsow-Fromm et al,
- Opt Lett 45 6194 (2020)

Laser for 2 pm

| <1lW
 Parametric down-conversion 1064 nm — 2128 nm 2128 nm

* Reuse existing NPRO laser and stabilization servos
* Degenerate OPO with PPKTP crystal in a linear cavity
* ~1 W pump will yield several hundred mW | F Salces Carcoba
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https://doi.org/10.1364/OL.405396

Photodetectors for 2 ym

Band Gap (eV)

Requirements
e High QE (>99%)
Spatially uniform, linear response up to ~3-5 mW

Figure credit: Thomas Edwin Vandervelde

Low dark noise (<3 pA/rtHz from 10-1000 Hz)
1-3 mm diameter

Candidates

* Extended InGaAs (from Laser Components) [lattice mismatch]

* InAsSb (from Jet Propulsion Laboratory)
* QE of vl diodes ~80%

* HgCdTe (University of Western Australia) [very tunable bandgap]

Cryogenic testing of detector samples underway (77-300 K)

~100 kHz bandwidth 5.4 56 58 60 53 64 66

Lattice Constant (Angi'slroms)




Fractional Harmonic Arm Length Stabilization
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Ta205:Si0, coating electric field
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Integrated absorption in stack is 114.9 ppm

Core Optics

|Esurtacel = 1432.5 ppm of AUX [Einc|

=

Normalized |E(2)|?
N

Substrates £ 6of
* Float-zone Si to be used in phase 1 400
* Testing new magnetic-Cz Si samples £200

to prepare for phase 2 R T o —
Coatings 100 |
e Silica/tantala for phase 1; 107!

amorphous Si for phase 2 10°2
* Dichroic designs for new arm length <10

stabilization scheme with 1.4 ym light "
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Suspensions

» 2-stage metal wire suspension for phase 1
* Seismic isolation
* Alignment/damping on intermediate stage
* Fast actuation on test mass

 Actuate with cryo coil/magnet OSEMs
« SmCo magnets are OK (KAGRA experience)

* Cryo BOSEM development (in collaboration
with University of Birmingham)

* Monolithic suspension upgrade in phase 2
 Si suspension ribbons and blade springs

Upper Blade Springs

———

2 wires

4 wires

5.5"
(~140mm)
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S Appert

0.0 1.0

® Varnish, loose in space

2.0

3.0 4.0

Time (h, after cryocooler on)

® Al Block, on Cold Flange

Clamp1, on Cold Flange

» Cryo-shielded test chamber +
GM cryocooler (45 W @ 60 K)

.. * First cooldowns underway

Clamp2, on Cold Flange



Research Opportunities & More Resources
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35 W laser amplifier for 2 microns

EOM for 2 microns with resonant modulation capability
and a 35 W power handling capacity

low absorption glass to meet the BS requirements
process to anneal large pieces of silicon to trap the
Oxygen and lower the 2 micron absorption coefficient to
5 ppm/cm.

low noise, low absorption HR mirror coating for 2 microns
ALS (1.4-3 microns, phase locked with carrier)

High QE Photodiode for 2 microns

How to handle the ice formation on the HR surfaces of
the mirrors?

Damping of Parametric Instabilities: beyond the
"Mushrooms" approach

2-micron squeezer (10 dB measured in a homodyne
detector)

Quadruple Suspension

Seismic Isolation Platform

Optical Rigid Body: lock all platforms with lasers
Dynamic RoC actuator for test masses

UHV compatible 2um Faraday isolator

 Chat channels
» chat.ligo.org (Voyager channel)

e cryoifo.slack.com

* Voyager telecons

* Wiki pages
 Mariner
* oyager
* Voyager White Paper
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https://git.ligo.org/voyager/voyagerwhitepaper/-/wikis/Research-Projects
https://chat.ligo.org/ligo/channels/voyager
https://cryoifo.slack.com/
https://git.ligo.org/voyager/mariner40/-/wikis/home
https://git.ligo.org/voyager/voyagerwhitepaper/-/wikis/home
https://dcc.ligo.org/LIGO-T1400226
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