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= : * Newtonian Noise
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-[1] Ackléy, K., et al (2020). Neutron Star Extreme Matter Observatofy: A \kil‘ohertzlband gravitational-wave detector

M' s = in the global network. Publications ofithe.Astronomical Society of Australia, 37, E047. doi:10.-1017/pasa.~2020.39



~+  State- of-the-art IBS Coatlng equipment was :
transferred ffom CSIRO Lindfield (former Australlan '
Centre for Precision Optlcs’ until 2015) to Research'
School of Physics i in 2018 -

»  Highly customised to aIIow productlon ofupto
' ¢370mm optlcs reqmred at the time by LIGO :

° - Several Advanced LIGO Optlcs were produced by the.
~ CSIRO group : '

. Beamsplltters
g Compensatlon Plates

J Reaction I\/Iasses

o SpeC|aI|sed deposition routlnes and post—deposmon
treatment for Iarge area coating unlformlty s

* At ANU, the IBS Coater is operated as an asset of the .
Australian National Fabrlcatlon FaC|I|ty (ANFF),
supported by Research School .of Physics and the
Centre for GraV|tat|onaI Astrophy5|cs

i Semr commerC|aI coating enterprise for special requests

. Support for academlc research on not- forﬁof

N——




Credit: ANFF Optofab-ACT

e ffli\'{""‘\COal‘lngs.tobe replaqed by Germamum d|0X|de(Iower ~
L V-é._“*.;mechamcalIoss) S

| CGA is almlng to o
Contrlbute tovLIGO cOatlng R&D : ‘ < s _ : i » !
. Or;gelng aAcvtlv.mes : ﬁ‘;;\‘_l_ '\f?, l~‘ o : ST p— -
L \_‘°-_‘;~‘f. Large afee unlformlty process callbratlon ‘
"7“;;}- ‘\‘\‘\:Multllayer coatmg demonstratlon 99 . :
3 ot | Phy5|cal chamber extenslon (mcrease target sample :

: 5 “‘dls&tance) Rl ; ;

\ ‘;‘4 R&D for BG detector technoIOgy (Zum wavelength) ‘
. e Supported by an ARC Fellowshlp :
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Future Work

Small IBD system for<100mm subst S \F
6¢m ion source, Ioad lock- mechanism ‘ 3n '
Compound targets on translatlo_n stage :

. LY

1L LI

Wi

: Burld GeNS system possrbly cryogemc

Low-ngise cryogemc testbed
- 3-stage pendulum |solat|on system
\Last stage radratlvely cooled by “50K cryocooler
Potential use for coatlngs research

Cr

|t: D.Kaoasi -3

LTI S A S

‘COatmg thermal norse experlment at 2um i s 3
funded g e o e 4
Direct coating noise measurements in cryostat at 123K
‘Ploneermg Zum ENCIg work at ANU and AdeIalde

N



Thermal N0|se Expenment

o GraV|tat|onaI wave detectors de5|gned to be I|m|ted by
quantum n0|se and thermal noise.

*  Thermal noise from the mechanlcal suspenswn system
— 'mlrror substrate and coatmgs ' B '

"+ Lower the thermal noise in‘'mirror substrates coatlngs and

suspensions by using silicon optics and suspen5|on fibres at
' cryogenlc temperatures.

e Silicon has benef|C|aI characterlstlc at 123 K

" Goal: Des:gn an experlment to directly measure the
suspens:on thermal noise of crystallme silicon flexures at
123 K. :
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Total thermal oise

&

——=-Measured thermal noise (t=200um, f,=284Hz, Q=1848, P=350uW)
Offresonance

——-PDdarknoise

---SRS785

= ==Total thermal flexure noise_room

——Preliminary estimate thermal flexure noise cold

102
Frequency [Hz]

3 Crdit: D. Kapasi

Room temperature thermal n0|se
measurements of the Si erxure
Inset shows the erxure used for
measurement BRI

. Note: The. prellmmary estlmate for’
the  thermal “hoise when . cold"
doesn t mclude the mitror substrate
and coatmg n0|ses (ongomg work)




Tor5|on Pendulum DIVELE Osullator
(TorPeDO Controls Prototype)

* Two inter-twined tor5|on pendulums

« 60 cm long
"+ 14 kg each torsion beam
‘¢ Torsion period of 40 S (25 mHz) -

s Mechanlcal design to maximise common motlon
reJectlon

* Multiple stages of mechanical horizontal and vertlcal
pendulums, with varlety of sensors and actuators.

« Sensors and actuators are used.to control the ‘ ‘
mechanical system and keep it at its operating point.

~.. * Science output is the dlfferentlal rotation between ! & % 3 M
the two tor5|on pendulums : x

AR B TRAY LA T ST

e An operat|onal target of ~10-1° rad / rtHz at 0.1 Hz is
used as-a'goal for the detection of‘Newtonlan Noise.




o f@’ Test and trammg ground for students and control @a

i ¥ \ ¥ : e .“ . . . ' / ‘V\F\ N :
s ~.‘\\ N >‘ . . . . % . ‘ 'y “I o - 3 ‘
& . > y ; 5 ¥ A NN W L | % ! \ \
. 5 NS ; N ; 3 LR AN ¥ . ¢ \'\*_ \ &1 //"‘ W
. » y ’ ¢ . : “ \ Z . E R <& o ;  ~ \! \ «
lorPeDO Prototype o . =
- N 3 . s s : 3 X E ST e U

s s ; ‘\ : .\  R o ..; \;:: < : : i o | P ] w
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. Many sensors and actuators WA ; ‘ §i% :' “ WWW WN! MM '( ‘1
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Mostly coil magnet actuators (v0|ce c0|Is and
Maxwell pa|r) S99

+Controlled by LIGO CDS system B

) Multlple front- ends :

o) D ) )

Guardlan lmplementatlon

‘ |mplementat|ons



Squeezin g fo r','fu'tu-r'e d etectors-

* Internal squeezing
"« Squeezer inside interferometer to'irnprove High o
'frequency sen5|t|V|ty of current detectors —

@ ’ TabIe top experlment underway, preI|m|nary coupled
= cavrty transfer functlons obtalned

. Twm beam entanglement

CEe Develop technoJogy to aid expe'rlments Iooking for
quantum gravity effects, alternative readout scheme
for LIGO style interferometers : '

| 2 Support A+ SQZ upgrade

. FTE and hardware |




G : ‘- ln|t|al results obtairied W|th <80% QE (best out of 12

2um Squeezing -
ZI-lm Squeezmg . ;

* 3G detectors =9 2um core wavelength for Iower thermal
norse scatter Ioss mltlgatlon W O -

3 .\'
,..

. . Phase controlled squeezrng Ievel of3 dB measured at 2
kHz B s i j -
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. 2|.lm External CaV|ty Ilode Laser

.

: . Inltral flhre laser based system problematlc

- Ieveloped Iow power 2um laser source

. vy

‘o 2|.lm Photodetectors

samples extended lnGaAs' Thorlabs FD05D)
Other have noted >90% (O] oA :

lnvestlgate alternatlve optlons through ANFF capabllrtles g

s
A




i Laser Stabilization

Space Research - |
Contribute to missions with inter-spacecraft laser interferometry N I "
« - Laser stabilization (LISA / GRACE-:like' missions) For s . L ‘ 4'}@: 2. 1;\
1) LISA arm-locking; 2) Tilt-locking a stable reference caV|ty, 3) RF readout of a cavity | B [Tae b R '
to determine absolute laser frequency . T , = e 4w R E@e ] Lee
, : i R % : 2 s L-m,,,i - '.V:'é'\ -‘\; 'b u‘-»»mm.»:: )
~« Precision phase tracking (,Future space GW detectors) — oy 22l \_ 2 ;’-ﬁf‘iféf v /
. At the lowest reported optical power (<10 femtoWatts) : R — T =i \ =
e ,Perform'ance Limits and design calculations for Digital Interferometry ' mber L Contraer :

. Backscatter immune technlques by usmg Pseudo random codes to tag time of
flight.

numerically controlled
frequency

oscillator 3
correction

Phasemeter

M2

' digital signal
heterodyne '* photodetector | processing
frequency, f, 5 [ pRN

d (_, W}_,m signal readout

Digital Interferometry
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