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L1 data from 02, 21 August 2017
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** Voyager Proposal

. Cosmic Explorer2

* 123K —-easy cryogenics .

Strain noise / Hz /2

« Lower noise coatings 10724+
| » : Cosmic
Rt . Explorer |
L‘C()smic7 Einstein
10-25- xplorer 2 Telescope
Ll L LA " L) L) Ll L) W WK e L L) Ll Ll » o 'l Al L Ll
10 100 1000
, e _ Frequency / Hz

IRERRRRERRARARNY



Experiment Plan

Seven Meter cavity and cryogenjc test (23-
Input i Teis i 72m ,
power m 3 _‘5'
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"« Jumlaser stabil‘ity/.+ suitability
. NarrO\)v_ linewidth su‘spe‘nd‘ed Zum ca‘vity‘
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Experiment Plan

72m Silicon cavity
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2um laser stability + suitability

Scattering inVestigation

Absorption / uniformity s
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- T~0.6%

Simple mode matching sensing and control .
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Flber Iaser developed in.
coIIaboratlon between UWA and

BU'I\Ghlna .

’ Demonstrated fqw. frequency and
|nten5|ty noise (comparableto

eXIstlng LIGO Iaser)

UA and ANU developlng 2um
“external caV|ty diode Iaser - aIso
demonstr;ated Iow noise.
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Scnence cav1ty UWA compact AT
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oo ‘UA an,d.ANU developmg 2um.
. external cavitydiode laser. — also
. "demonstrated low noise.’

Transfer
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- Coupled Cavity Mode Sensing

e, ~ Andersonscheme = driv‘e‘LG-lO mode

o Finesse simulation for'Gingin

D) y b

" - s, Tabletop demonstration'

.
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Waist Size Waist Position
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https://doi.org/10.1364/OE.502911
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https://iopscience.iop.org/article/10.1088/1361-6382/ac5a15/meta
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Float Zone Silicon Birefringence .

Crystalline-> Birefrin‘gent?

» Photoelastic modulator-> 1E-9
« Good except defects - Yon
Air20
¥ . ” — _ Testmass10 | _
» AlGaAs crystalline coatings ? * ~ N\ Testmass20
. - 3 . gy E k % |
** Amorphoussilicon and silica Jayers

- future ~ AR o s

Silicon beam splitters —
" measurement ~2E-7, expect
intrinsic to dominate (in prep.)
Birefringence noise — noise non-" . ' :
stationary—noise hunting (first test)  * :

Thermglinduced birefringence ~ °
" (planned) . . Ve e :


https://doi.org/10.1063/5.0136869

Mechanical loss measurements
system déveloped -

Estimdte coating loss (to 10%) from
change in Q factor of many modes*

10cm diameter coating of ITM
" complete (not received yet) .

ETM coatinéth'rcknesé isa _prbblem |
for coating transfer (10ppm ~20um).
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https://doi.org/10.1063/5.0106565

Optical Tables
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‘Gingin Prdtbtype-Expettéd S.énsitiVity Pf‘ogression

_ |mmmmm Total Phase 4
Total Phase 1
Total Phase 2

' 1. PR I\/Iichelson : | Total Phase 3 -
I ’ ' " WLC Quantum + Filter thermal ,f*
2' SOW mPUt ' ) [ Mirror Thermal -
- | | |GO 03
3. 10dB squeezing |
SRC in RSE
4. WLC

Frequency (Hz)
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summary | »:‘.:*-f:fif =

.
. .

.+ 'Gingin is being used for a NEMO, Voyager CE technology
- demonstrator . : A

. 2um, Float Zone Silicon, erogenic, Coupled Cavity .

* 5W 2um laser installed and in use — nojse demonstrated

: Vlbratlon Isolation for test-masses 1/2 built, recycling

caV|ty tables — built optimising control. ‘ 2%

\

. AIGaAs mirror coating: (ITM complete not yet recelved)

* Coupled caV|ty mode sensing scheme de5|gned simple . .

test complete, coupled cavity'in progress e,

«* Parametric |nstab|I|ty |nvest|gat|ons = conflrm simulations
for NEMO. \ .

* Float Zone Silicon B|refr|ngence Measurements — beams
splitters, noise, AlGaAs and plan for thermaIIy mduced

.

‘' Float. Zone S|I|con and AlGaAs coatlng loss angle g

' ® Plan for’ a future prototype faC|I|ty at Glngln N

\

.

‘Optlcal deslgn complete
Locking scheme de5|gn complete s be ou ey f...‘

‘Cryogenlc De5|gn—complete S BRI R

. . 3
. ~ LR

.

. N
. .
\? Yo N
\ “ ;

: F
N % : . !
A b .

Thermal actuated power recycllng m|rrors burlt and

characterising. A 3 SX “\ e S

; . AR 2
. Y \‘\,‘\ N
AIGaAs mirror coatlng (ITM complete not yet recelvecl)

Isolator upgrade . : e ‘ B




3
" ..s...ﬂv-ﬁw..
O

W

5

*
W
L

L I8




Power Recycling Mirror Tank
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Progress

. Usethe LIGO TsAMs design

«. Scale up to 75mm diameter mirror.
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€ 384018.950352296 @ :sites < 1
resaie your own,
384018.930352395 t
.. ‘§ ; V ~ : o 7 T e S i e b
C L 133.020534773979
3G An Australian Detector—— ° 3
- R : e S e U B 2208868744178 o
N : 3 3 — A
. N \ 384018.530352395 — {
NEMO proposal - o
Cosmic Explorer South proposal - : g . 1oneTISaz0ssE o
3 . . . . q Maurt Ze Tif':itiﬂ "I."'f =L Alic | Springs
40 Netional Park

Scoping study to estimate the cost

u 12T '!::IIE nirng

N Owen Springs

Site selection study . - 3 Recerve

Wallace

Cimmbhmle

_Iniﬁate;d a Project Office with ) Facilty Cost Estimate

executive structure and oversight ' >
to manage an AustralianGW ' - ' d
observatory project | o
:'C.I-r 1 .-"-Jf
;-_.:'ﬁ 100 f_,.f"f-. Mo extra earth moving
= 'k meters cubsed of earth
o : . - LS00k melers cubed of earth
- f L .-Hx'x., 1M meters cubed of earth
- A0 meters cubed of earth
— Litl it e | i ! I - 0
- - o - - : H 12 1 41 x4 AH 12 1] 40
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3G An Australian Detector = NEMO Proposal

. o

« 4km détector cryogenic, high power, silicon ’ g

» Study the BNS post merger signal . ; 3

More detectors _ MO _
DCC G1900660 public The unexpected U= — Ay ——— ET
PR . . -y

Early-
warning Sky localization BNS
localization g
7 Tests of Gensral relativity

IMBH Source-frame

m— finary neutron star signal

T
i
! masses Distance/ Inclination/

i hight .Cosmology EM modeling NS post-merger
i

i

i

i

Supernovae and other unmodeled transients

Continuous waves 1
-
Eccentricity mass ratio le NS Equation of state 5. Vicale, 2019

(e —-—-—.—-—-—-—i'—.'—'n—-—-’—.—-—-—-—-‘-—o—-—-—-

-
Better low-frequency Better bucket Better high-frequency

5/28/13 S Vitale & SHild Credit: Salvo Vitale




Simulated GW150914-like observations

A

[ LIGO A+ B Cosmic Explorer

14 12 10 08 o0& 04 02
Time before merger [s)

Detector locations
: ‘

Black holes and
MENTTON STars
throughout cosmic
time

Dynamics of dense
matter

Extreme gray

fundamental physics

Discovery potential

Technical risk

Goals

holes from the
tars

Seed black holes

Formation and evolution
of compact ohjects

Meutron star structure and
COMmposition

New |'I-|'|.'i"- 5 1N uantum
chromodynamics

Chemical evalution of the

Gamma-ray burst jet engine

CE, ET, CE South
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NEMO Total Newtonian Gravity

Coating Brownian Quantum Vacuum

Coating Thermo-Optic Seismic
Excess Gas Substrate Brownian
[TM Carrier Density Substrate Thermo-Elastic

[TM Thermo-Refractive Suspension Thermal




 Gain bandwidth product |

* Negativedispersion

. White‘iight cavity
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cavity buildup
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Seismic/ Newtonian
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Input beam jitter
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Frequency [Hz]
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Supporting
R 8 structure

- - L : e P "'»,__ O &

Opto-mechanical negative dispersion at UWA

Plate Disk Phonon Distribution

Q/T ~ 10%-> low thermal noise . s e

High opto-mechanical coupling

Bulk Acoustic Wave resonator

Phononic Crystal . . Ay

Optically diluted cat flap -

Ll!j Negative dispersion
- - .
--'- 4 filter cavity housing
(— 30 cm total)
Squeezed é (~ 30 cm total)
light
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Future De..tectors,
| 'Gingin Pro’totype- .’

s The aim of this pI‘OjECt isto demonstrate the new

‘technology of silicon opt/cs for h/gh optical power
‘grawtat/onal wave detectors. It will be assembled and

tested in our existing 80m arm length mterferometer

facility. Besides being a pathfinder for a future
Australian mterferometer the detector will achieve

astr OPhVSICG/ interesting sensmwty in the unexplor
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Australian*Conttibutions:

High Power - Thermal [Issues

$ ‘Thermalcompensati.on bropos'edin : ‘  .. o8
2006 UWA —still in use : - St

. Adaptlve optlcs supplled to LIGO for O4,
also being supphed to.VIRGO

* Investigating material and coatings

* Large effort across many nodes to
‘ understand the thermal problem

e New Grantto build a
‘ Thermal Test Stand to
. have a full scale model
. 'to work on -

substrate lens

surface deformation
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What sensitivity could we achieve?

e White light cavity
* AlGaAs Coatings
* Longsignal recycling cavity

* Fine tuned parameters by hand

s Total

wew WLC Quantum + Filter thermal
Mirror Thermal

| |GO 03
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10*
Frequency (Hz)
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'."“} WRAT ;"B @k\the optlcalresonance ST G R R
e Op‘tlcalfeedback dx.doi. org/lO 1103/PhysRevA\81 013822
CaV|ty non-resonance for HOOM. (dlscussmn with Slawec Gras)

5% HOOIVI modulation dx. doi. org/10. 1103/thsRevD 91. 092001
Break the acoustlc resonance

Sapphlre test'masses (or other materlal W|th Iower acoustlc mode-

dens‘ity) dx:doi. org/lO 1103/PhysRevLett 94.121102 .
Passwe dampmg dx.doi.org/10.1016/j. phvsleta 2007.10. 079

ESD feedback control doi. orq/lO 1103/thSRe\/Lett 118. 151102

LA

| B;’eak the overiap R
AT o Use'a mlnimaHymteractmgcawty mode d0| org/lO 1088/1361-
e 6382/ab7716 | o -


http://dx.doi.org/10.1103/PhysRevA.81.013822
http://dx.doi.org/10.1103/PhysRevD.91.092001
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Table, Sensor noise measurement
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77 Withess

Magnitude (dB)

1\ ;.'

1\
\ UNL:SMC-TABLE_SMO_Y_D_OUT / U1:SMC-GND_SMO2_Y_D_OuUrT
|

:In LOOp Sensor U1:SMC-FM20_OUT / U1:SMC-GND_SMO2_Y_D_OUT
1
Frequency (Hzx)

Open Loop Gain
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Seismometers separated by ~300m
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3 Identlfled most of the frequency ba nd of mterest : 107 il |
* is dominated my incoherent wind driven noise — anwng
on windy daysinside and outside the building - Low vine
Serious issue for Newtonian noise projection and- _— 1
Seismic super-sensors for improving suspen5|on i
systems
Commenced initial Study to understand noise . s e
source - coherence length and amplitude maps Wind
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Wifi connected A,r'ray ProgreSs

*. Wifi array aims to give 10km of c'o4vera‘ge with.
antennaon lab roof and 5m station antenna height

« Tested 3 sites, significantly lower signal Stren_gth
than projected '

. Difficulty with

* Site access and navigation

« Trees. Not in ubiquiti www.link.ui.com U ik - PP

* Seeing where to point-the antenna

* Propose use of drone to aid in‘station positioning
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Conclusion

. .

. This fellowship application is designed to demonstrate the full suite of key technologies at the
appropriatescale. Itbuildson substantial developments of silicon optics at OzGrav S Gmgln
high optical power facility over the.past few years

R T project de-risks NEMO, that focusses on aspecificscience goalofdetectmggrawtatlonal
waves fromthe final moments when coalescmg neutronstars collapseto forma black hole.

* NEMOis Ilkely~to be designed to be extendablein the 2040sto a larger detector known
currently as CosmicExplorer South (CES) [13]. It will be pivotal inimproving source
localisation to achieve science goalsin aglobal network of detectors that will observe almost
all the stellarmass black hole mergersin the observable universe.

. As detailedin the CE horizon studyiitis shown thata 20km CES along with a US 40km CE and
ET will providea generation of GW detectors that achieve all science goals currently
‘envisaged with least technical risk.

. To achieve the above ambitious goals over the nekxt two decades, itis essential thatthe . -
Australian Gravitational Wave Instrumentation community demonstrateits ability to build,
manage and run a gravitational wave détector.

«  Thisprojectwill help fulfillthese requirements while allowing a new part of the gravitational
wave spectrumto be explored. This workis aligned with the recently approved OzGrav2 " °
Centre of Excellencein Gravitational Wave Discovery (2024-2031) of which | am an Associate

- Investigator. The projectis bold and ambltlous and s likely to extend through the Ilfetlme of
OzGrav 2.
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