
/:lt/ /'lr'l/ All l)n.-6,(-.I lv I i-/[^
r,^\ | : '{

f fnjs'4-"'
tZ- tilc*Ln, q C

^t

N
I
E
(E

ar . ^-E,6
g
o
@
(u

o.

10-6

10*7

10-e

1o-10 L
102 103

freq(Hz) t LtC.o rtlrrire^r*cr^{,
0

u^ilt{ O.f, srr^ hqlrhd-".
(.r * ,o-to -t/.[ffi)

PNI Spectrum

r-lgo -$9{ooL1o'Oo -D



-tr|l|ffi-_.a

LIGO PHASE NOISE INTERFEROMETER

PRESTABILIZED
LASER SYSTEM

f,r*=2FMHz

M0 ourPur

POWER
STABILIZATION

DIFFERENTIAL-MODE
ALIGNMENT

CONTROL

pfimez 11/7/96

VACUUM
SYSTEM

I

I

l-trec=6m

COMMON-MODE
LENGTH CONTROL &

FREQUENCY TBIM

fr'oo= 25 MHz

I
I.-\
a
a
I
a
I
t
I
I
I
I
t
I
I
I
I
I

DIFFERENTIAL-MODE
LENGTH CONTROL

I
I
I

l
I
a
I
I
I
t
I
a
I

I
I
I
t
a
I
I

rl
I



PNI wavefront Alignment System

Suspension
Controller

10 of 16 LIGO-G96022e-00-D



PNI Dark Port lmages

Ivday 17 1996,

tmf
before WFS control installed

9of16 LIGO-G960229-00-D



WFS Control Action

t

F
(6
C)

o)
.E
t5
()
E
.E
h
(l)

=o
o_
o)
.E
(s
-=g
'o

I
I WFS control engaged

2 D.O.F. WFS
control of PNI
differential
Michelson
alignment;

fu,- 7 Hz,

G(2 Hz') - 20 dB

time (2 s/div)WFS control off

12 at 16 LIGO-G960229-0GD



t -.:,

)

(-+

p$o 
-t5

{rseF${.ui-q-
dd

ril '?t.*A

C
-

-o
C

C
C

C
tl1 

fA
IU

 
IU

I 
r

I:!TV
f 

J'
q,

'O
C

 c*
'o

NImU-J

ocI0o.>
li' 

,

to 
o u

i- [q cr] x
i-I

tF
l

,sgr
'-pJ :

Isc,E

oc oc
oorq 

rn

I

r-l

Nonl\\t

UU
J

0_
(ntrIr 

I
trt
3o0-

99,oc
f

_t
L- 

| 
I

ssO
N

qrO
*.-9_ 

<
Q

/ 
i

-\LJ\

ab;\
rnn
;r\J
>

 
,..

a' 
C

J- 
S

l
rA\-') 

E\e

O
-+

 
^c

a"
B

L'
!

+
,i 

oJ 
sl

i 
>

 
()

,6:
I>

 
LU

i\a| 
/' 

tl
&

lr
3 

.r
F

A
ItJfa
Irt
jT

 
t!

i?!.4

&
o

U
n

*u-
{ 

,,s1
l

LIU,n\!,

C
Io

or0
_J: 

i iiillill

lilii

iilliii

N
d

f\r



.:

t,

;

t

1 0-7

- --15alU IJ
E
E
;
.9,oc

10-16.4o

N

E
E
u -^-6.= lu
o
.9oc
o
(D
(U

o
10-s

103
freq (Hz)

PNI spectrum, Nov 22 %



Prrt tr,

@t
]sl+ oLr"f -vo tT< il--r*;kJ, ?

*
d

*
){

.t

,i

I h6h* - L*U k^J-'
ir- e p p(J ta.nLe DC

Cat* p an- rtoit<

lu)ov wi{4,. I R>

f,ot rn,.,nn{ *llln tVU !""
(se"r tF)

&nr'! ^{ rpn/o,* w il-{,-,

N
t./ (dvlFo -/ 

s /.3

"rdLL,

nt-, Y(o^- slahar\qU

- 3 **or- oo,€,-

P*'4sF,k
il SiXJ s<'utsl*tvilXl

- \M&LS ,^rouyr& "*
\ec-yc.l rn2 2,a_irn ,

e-{4-4 ,

7+-
z

*
1

s\-., {tJ +t- (€a.s'""cd

a'?rc€s * ift^ ca\c t^t"tt"

,4 : rua{ q*i{a- sh-r{ 'haix h*ik! 
It

senrit"rrr[3 ( a*g, /,Ut0

s{o/ro*J a..tsc-:

d
P*'

41crr{eva { slLL orr,/a

?ho'kJclrJnr ld^,

=) I - /,2{
*^c 'Jb
@q,"r sca,Ftrta Y*'/?6

r,rsrrl or\ o:A t 1{ 'ltt}

tl
$ww [.^rol!l
I

ttf\'ut vq "J'* co'u'?)'
\/



Tltur^,*( hfo;r. trar ruqtna f*^/"{r/ P;,'- essercl l,zt

{ ["-i- q
1r* t)oz

x*( l)

, k^eosrrul 6t : .\' /5D' Zc>)

.y-) f?o

o cr! P Arx t L k{a

d t,s x{o- t3 -- /\v\//J f c

Q*".oi \ .{ }ai rror r

t-1=
I

***frJtc
rtt

+)t = o'f, x
zSc

[.Srro-'3

t ? x lo-lb ,*/ Gt

6.k* re.tunr.,rt;. f'l^t-,r"tl qsorul<. B

ptril*kJ. 1, L lolo- - Lf y,* rfo

{", Aon 'a C*rrtnl a fee'(v*e^ -

r4x



Yu,,A tuyrs,hn, {lu*
#q. lfs ?. is (o*r",

,.1 .1

+ rlt
,r'l
/t

f ;4 ar4u,".

(e. eA'./ f awfu.

,! el %-

MEASUFIE

Abso lute

Qcq.tiny
<nv ity

?on6

Refenence
CUPS

nack [Offl0n

Di f fenence
cunsont

n

@
3
{

''i i ,.ik,. (ti t otl;rl

4-Sep-96

4

.5
1

t

VDC
VDC
VDC
VDC

lFoAt [o&s
{ DC -0.70 v

%,"

of f {c""""nil
Pan ame te ns

Amp I itude

@ kt Pp D.-
1s

0.50 v
- 16mV

3 Tirr,,'-'

1s
1 .00

-*1__
39 ms 25.7 Hz

tr STOPPED



M yE+ev;eE:

M t unr*. ,rr\ hp^l"r*{-
e>*t- 

"bwol/^r( 
alon p l^o rcs -

6"rk ,L'Qt*{n,( q' c€tntwtevt-.

rur, ob- &ig na. /s -
Ic oph',r*J c<*.*wr.ow jA*rL {

oLarW r+'r"^ ,ti- e- d*7. Q ,")
ct*,n nd ' Thur.( 

t 
*(4^*. ,rr",n/n- /D ne'r$ 7 oo k f l^',r. *1,"A

rt r*a.utor*($ 6rtts;'Atn ./" E ff"r*,

rc-e;'(tv2
yt*iva or'

(o4,+,
E

@ /-"rn,*,
rl e p[,*

, "f) ux,/*,( /, .kt
'f o-t( *f6 n* L -

.* l^fl'-



e-o- ' l- ul u,<aZF- t-t-,fituts

B Wrap-*p 6r [osr- e{t /t.s
a s*n*_ aLu'n/. / /"frr^/trtL

- "f...r-/<- */ 1gb iwprt powe-6

tr Gnur*nr\l* lrr Ncl'. yrtlr -
o Lllwnrr^1 i\^- T**-1-
. l"g-r *L,n*t*1c-t'io{r* "k^^--
c rc{ .*,'h , ok( | lt eotrL e.bntoh&'

D Ftnt ?1"-*, .P,ilrce.,r uNtV

? {es{ hzt- Y*n PL+" JeJ&Aw pr[f p.
o 

f ursJt L + /tj t{-( t^tJL
c.o,v{* | l,*-Jr*r4 r . €t *a,r<-

1r,r^CfU

o vw€^Jww- ?nt+rJr. +"1*? rr,ois_

o d-tet -s€rw co*S^l , *,? f\!ar lora. |nyr*,
o iufa[ Z wFS + csu*,-l

D Se-v.d Q ln.*.: r€ c-.1 eeJ Ft i.L(ro^,

o qlrt{^^f+ t .-,{r-\ 1>rr,^,l)z i*lerr{.r^*J*
t".{5 tf r:.hlun I Bre,'t{.,,r W

o Welrrrf,<- Ln:rrr 4*Ltc wlV^ S?drC-tS {.
la.".* d*'Y


