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DEVELOPMENT OF LASER INTERFEROMETER

G RAVITY.WAVE DETECTORS,

ND RELATED INVESTIGATIONS

IN EXPERIMENTAL GRAVITY AND

GRAVITANONAL RADIATTON
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1)

2)

Extendinq Low Frequency Performance

. Coupled isolation sYstems

' CouPled in Position and tilt'

. Use of magnetic levitation LA<GAry r'$4v a'

use of ditfractive optics - can allow higher light power ->
reduce shot noise . 

,

. Reduces internal test mass thermal noise'

We concentrate on (1) initially, since in our situation this seems

likely to give important results earlier'

PAcl.
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ADVANTAGESofUsingMagneticFie|ds|nsteadofMetalorRubber
"Springs":

a) Avoid high-frequency paths through springs' etc'

b) Low resonant frequency obtainable in passive systems'

(Servo is onlY a stabilizer')

c) Relatively simple - essentially passive'

d) EasY damPing bY eddY currents'

e) High vacuum comPatible'

a)

b)

c)

OBVIOUS DISADVANTAGES

Superconductorsrequirereducedtemp-inconvenient.

Plan to avoid them.

Permanent magnets unstable alone (Earnshaw's theorem)'

. But can make stable bY servo sYtem

Must avoid response to outside field noise'

Faa =



TrQ rvL/- 1n

(-> fx t

t+ f 1-.

IYt
-- -_
5tr,

{-4

Notrff4 R t q ,7 €-rvfte a' Vet r?t

I eyc- Fe E/oz
W€t C&T lGe, FFrc71,' 1c'es

' u/H ECtt

f<otzrToF KGI<tevP
T( L7--9

Ar/Y TAst I ve )ervt - /<:,*' c j-

Shrfeptrpr I f 4€t'tt vtlLc,-7
Ta T&tf .

(,"ccet?Gr Gerg^TrFG
f tr.r7e pfr x-<, X- Pa-b Q ad *l
t<l CYcT(c- 9 l'Jz<h t ro /

ts6 ?€.fc tt f7G? )

??ofcstrj cn u
To / tt , ?/.9 ttcgrT .TH 

t s

t
t

I

\L! ef
7 do'

AL /'.oe;

fnAGfvC ? rc S ti ?e, ystol g
("(ve fRacT(c1L WA(

?ac U



?fr of o-rc b

Soh € FA Cye r AfteA Y€6 F e pT{

-S . n*cd
U-t \ llr3nctN-ofr*ffiL

Atl-l q Lcvitatcd H!F-&Iaguct

(\
i A) 5tm?LG (rl {o,n6e r

'<fft
/"e f re gS *T lt *p

@,
T{C A r,tt (Af ( ofv - lC o',',44 | e Y
cehFt(f6'CAt 6t{e
) rvJT48 t L(TY

*i#.
N

€ .( H:il:l"

I nz rtr eFrl pT' Lo"t C'/'<f roJ-J.

QNo- glFGcTtoN '
r)Te \.

)rv

Vr+ c f-

G



a lve 9TA6,e Fore A -f€rS/<rc

ItatAt-toN Sy.rT€pt.

I"eYitated
Systere

Fi,xed Xagnet

Stsbilizing
mndings

H.&ll-effect
Sensor

Ei:ed Uaguet

Sr4/lLL aEfT S (srGm. : -
fA v 1o *) I l'<,

^rA'i 
qrCA L TeFrs->S ;- llofCt z+vTAL 2 - 4 s aq 

.

VGtrT(C*L c-S St,c

8C #2e Loil sar? Ey Tfrrm*rud
Fl<L9t Av) gGRv'a FcsFortG,,)

\

Fig. 8.

Borrcr *rv?

( cA(

t errGj B? S. Ata6sf,
?4c 6,

6>\?



.f

o

Permanent Magnets
for Lifting Field

MagneticaIIY Levitated Test Mass 't &qAyAuf o1 c"
VGf{ro1v - Z *t*qt4fs

o tv r1a sg

Photodiodes tor
height sensingr)

n

.J

High-Q test maaa

Stabllizing
llindings

Llrnatl6/c/t



-- -].;:--,:,
-- -t*a:4r:

- -' .sii,rt,
i':.ti3i!,

!i{$tl
- ; i-:

-^:'::'' 1
:j.,'f:;*
,,:i:y,i
.t'- -;

\oFI@

$:.
.a.+

-

.,:ti
'tr-]



F
\

U

.JoK
.

'iao 
-J ,'

u t-...
sh

i $i
LrtitU

\t
I 

r.o=
tts$
?\

ItiI \i
\ 

\(,

r!i
oF
i 

.s
X

 \t
\r' 

{ 
(-

\tifi\R
.

ffiD

a5st\i'i$!5F

@
T

A
 c 7



-t

4
f lxcu rvragrre LU

\

D ra t)[rzr"ug
Windings

\
Photodiodes
f or height
senslng

\ High-Q
Test Mass

Enlarged view of top of Test Mass

( r.st' Fte kufzc

t
t

$

Verrrrorv)

emitting

nsf 5



EXPERIMENTAL FINDINGS
with 1-magnet and 2-magnet versions test mass systems

1) Natural period depends on non-uniformity of support
magnet(s).

Typical period 8 secondr -> 12 secondr

with simole trim -> 20 second5

2) Relaxation Time (Horizontal mode)

Typical in range 8 to 18 hours

(under investigation - preliminary only)

Typically longer with insulating magnets on mass (ceramic)
than conducting (rare-earth) (by factor <2).

3) Stabilizino Power << 1 mw

Typical -50 microwatts

4) Permanent magnets have temp coefficient.

Equilibrium height function of room temperature.

Now using servo to control field via temperature.

5) Thermal Noise Plans

?t\ c ll
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INITIAL EXPERIMENTAL PLAN

Low Frequency lnterferometers

1 . Assemble and begin testing levitated test mass suspension

dummy masses.

2. Extend to 2 levitated stages.

3. Duplicate, make first differential measurements with simple

interferometer (low f requencies)'

4. Build up 2-arm system to improve sensitivity of tests'

5. Extend interferometer to multi-bounce system to allow higher

frequencY tests.

6. " Develop high-performance system for sensitive noise studies.

When practicable (- Step 4), set upper limit to gravity gradient

background. 
\

. Fit in when system is good enough (- Step 5)'

OVERALL AIM:

To explore and develop wider-range interferometers as rapidly

as build up of personnel and equipment allows'

Eventually expected to lead to significant advances in gravity-

wave research.

?ac zl



Diffractive-Cou p led Inte rfe romete rs

- proposed nen' technique aimed at improred porver-handling
capabiliry and :hermal noise.

Basic Concc;': Couple light into and out of cavities and
intertbrometer arrns b1'diliirction grating pattern on mirrors of tes
masses or beamsplitters

- to divide tvat,efront by difhaction instcad of transmission

Pos.sible Advantages: No need to pass light through ':st massAs or
beamsplitters, so -

L Can select materials for high Q , and if needed gooc thermal
conductivity / expansion properties

- rvithout any transparancy constraint

2. "lhermal lensing eliminated , leaving thermal expansieh as tle
onlv lhermal efTect - so higher light power is practicable

3 Porver dissipation reduced, as transmission losses eliminated
- reduces thermal distortions further

4. Recluction in pcrvcr dissipation nrakes crvogenic test 
=.<.sS-t ,oi-"

practicable
- improving possibility of getti-rg higher Q than at room

lemperature, and possibiliry of further reduction in thermal noise.

?a c z2- (s ktrre'>)
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Experi mental Q va,l,ues for magnetically
levitated crystals.

.----*-

Q = 6.0x106

Q = 6.7x1 0u

Q = 9.7x106

at 222.84 kHz

at 221 .50 kHz

at222.46 kH,z

TGG (60/40 polish on all surfaces)

GGG (unpolished circumference)

N 6 W +(60/40 polish on all surfaces)

( rvr w csx)

TGG and GGG cylinders. 15 rhftl diameter x8 mm long.

[@





Experimental setup, simptified for clarity
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Sus ension Point I nterferometer.

Last Stage of Seismic
----";:7;;-:;, <- Isolation Stack
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FIGURE 5. Upgrade 2 - Use of an active anliseismic guard system to rupplemenl lhe

slaved seismic isltation system of the Base Model.
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