
40 Meter Status and Plans

o Topics Covered:
40 Meter Status

Op*rating Environment
Itesults and Lessolts Learned

Future Plans and Sched"ule

The Role of the 40 M within LIGO
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Current status of the 40 m - or
"How we spent our summer vacation"

. Lots of hardware failures:
Laser tubes

o 3 replacernent fubes!
. Sagging cathode failure on original tube
. i'lass-to-rnetal seal faihue {.)n first trvo replacenrcut tubeso
, 7 weeks lost to laser repair

Electronics failures:
. faulty current controller board in the l;iser po1,\rer supply
o pockels cell HV supply
. VME power supply
. phase shifter NIM modr-rle
. east vertex suspension control electronics.

Pockels cell degradation

Oct. 14,1997 Mark Coles
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Accomplishments

. Ar+ laser back in operation Arg 15.

o Achieved stable locked status by
September 3.

o 10 hours of data recorded
o Power spectrum measured

Oct. 14,1997 Mark Coles
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40 M Operating Environment

. How LIGO- like is the 40 m?
Similar items:

o BS suspension
I RM suspension

F,lon-similar
SE, EE suspension

5U

Somewhere in between:
EV (new suspension, NIM controller)

RF source

PSL

Oct. 14,1997 Mark Coles
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40 M is a table top experiment
environment - not a"production"

environment

I It cottld be a production platform, but this would
require comrnissioning a 3rd observatory
simultaneously with F{anford and Livingstcn.

o Because of LIGO schedule demands, future 40 M
experience is not a major factor Ln mosf LIGO system
designs

o There is the opportunity to incorporate some lessons
learned into LIGO

Oct. 14,1997 Mark Coles
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Schedule Considerations

r Projected LIGO FDR Dates:

ASC 2198

LSC 3198

DAQ 7te8

PSL 11/98

Oct. 14,1997 Mark Coles
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Lessons Learned

o OSEMs
o Suspension ali"gnment
o Suspension standoffs
o RF layout sensitivity
o Software interfaces
o Reliability history
o Opportunities to develop realtime software

diagnostics based on experience

Oct. 14,1997
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OSEM Alignment

t jennifer Lagan'r4 nhservation that misaligned OSEM
slot couples vertical and horrzontal oscillations.

OSEM ori*ntatir:n is very
orientatinn nf scnsor slot

sensitive to angr.rlar

Oct.14,1997
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OSEM Angul ar Sensitivity
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Alignment Tools

o show alignment tool
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Reliability

o We need to teach the machine to do
what Dick's ears can do

o Documentation
Trouble shooting in the 40m is an indicator of the
level of infrastructure needed in the field. What
kind of documentation is needed to sustain
operation in the field
Layout drawingS, theory af operation etc. in
addition to schematics and procedures

Oct. 14,1997 Mark Coles
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Software Modelling

. Opportunity to validate some aspects of
LIGO end-to-end model as it develops within
the 40m environrnent.

o Malik Rakhmanm, Fliro Yamamoto, Matt
Evans, Guoan Hu are in the initial phase of
this effort.

o Potentially critical tocl for LIGO
commissioning

Oct. 14,1997 Mark Coles
LIGO G970245-00-M slide 13
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Printed by End to End

Oot 1r0, 97 12:O.3 nonius.m Page 1/1

l? 
a,need or tisht (m/s)

lc 
= 2este2459;

| 
? no.tulation parameters

I fmod = 32.7e6;

lf_rooa 
= c/fmod;

| ? approximate lengtht--
Iro 

= 38.5;

| 
* beat number

ll 
= tt"":'' 

:. "o/l-mod) 
;

| 
6 exacc reng'trn

lL = (L/2) * (m + ratio) * l_mod

I

I

I

I
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Printed by Malik Rakhmanov

Oct 13, 97 15:42 notes Page 1/1

t0/8/97

Results:

ratio

0.4072

0.4092

0 .4087

0 .4088

0.4097

ratio = 0.4087 +- 0.0004

<[> = 38.5453 +- 0.0036

14,97y Uctober 14,
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40m Wave Front Sensing (WFS) STATUS
(Bill Kells)

' System clesign finisheel (4197)
. MIT/FMI Electronics and WFS sensor: l:*ncls

' D*tailccl anarlvsis {'*r 40m confieuratir}rr nnri

parameters

r 40nr implementatian *ngineered; hardware ait

*t e{erell "

t Decisior: to us* #xistent Me l*cking RF for needeel

I\fR side hanrj

Oct. 14,1997 Mark Coles
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WFS Status (ctd)

o Optics and WFS heads installation complete
(ets7)

o One Asyrnrnetric port WFS {ierm cavity differential
alignrnent)

. Three syrnmetri* p*rt WFrS {one eh"rplext:cl}

. Loop filter and control electronics (^'8}Tc

cornplete 8197)
o Loop filter shapes designed.

Oct.74,1997 Mark Coles
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WFS Status (ctd)

r Orientation controller hardware

modifications (partially complete)

r Need VME interface to 40m server

. New rack for loop electronics and system

cabling

Oct. 14,1997 Mark Coles
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4A Meter WFS Plan
(8i11 Kells)

, Complete installation {^''end 1AD7)

|.lew rack placement (ad-jacent RM, BS, EV

controller rack)

Bring VME harelware fram CDS"

Integrate control of rack electronics with
EPICS/monitor.

Oct. 14, 1997 Mark Coles
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WFS Plan (ctd)

' Modulation tests (^-mid LAl97)
o Use former ( 12.33 Mhz) APD as detector

. Characterize at actual recycling light levels {RC
locked)

. Check WFS head and Guoy telescope alignment
with LaserMax cliode

. [Jse data to set up loop gains

Oct. 14,1997 Mark Coles
LIGO G970245-00-M slide 18



VVFS Plan (ctd)

r Open loop alignffient signal evaluation
Conrpare to globals and cavity level fluctuations (8197

elata)

Tune up system {optirnum 0,roo", beam alignment,
head tuning)

. Close loops sequentially

Oct. 14,1997 Mark Coles
LIGO G970245-00-M slide 19



INoise studies

il r;c;rf,# ttl t,'Iil() - urr*elf'ul fcr tr-,IGO commissinnifrg,
prrr"rvid es exp*cted operating parameters.

recl rr c*s commissioning tirne.
| I)evelnp diagnostic procedures that can h'e used tcr

comrTrission I" IG{l:
determine nretl"rciet t* ir:ject and read out lase r
frequency n*ise
similar objectir,'es for intensity, pointing, electrical,
shot noise, etc,

Oct. 14,1997 Mark Coles
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Opportunities for data takirg
t Opurating ther 40m is motivated primarily by

noise studies.
t If we can obtain a reasonable noise spectrum

and "in-lock" duty factor, then limited data
taking (^-,100 hours) for science objectives can
be pursued in parallel.

Oct. 14, 1997
LrGO G970245-00-M

Mark Coles
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Possible Science Obi ectives

t tlpper limit on local gal axy neutron star binary
inspiral rate

-- l00 hour run {tirne scale set by GlasgowlGar"ching
data)

Theoretical upper limit is about one every billion years
+/- two orders of rnagnitr,rde, so running for 100 hours
versus 1000 hours is irr:elevant

. Targeted CW search

t Broad-hand galactic search

Ocl 14,1997 Mark Coles
LIGO G970245-00-M shde22
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Results of the first coi'nci&nt observations

by two laser-interferometric gfavitational wave detectors

D. Nicholsona, C.A. Dicksonn, W.J. Wa*iosu,85. Schutza, J' Sbuttleworthu' G'S' Jones"'

D.I. Robertrono,,N.i. t"tu.t.n"i"o, fi. seafob, B'J' Meersb' GP' Newtoob' H' Wardb'

C; ;;by\ N.X-ntu"nt""6, r. nooghb, K.ryry.', TM. Niebauer', A' Riidiger"

R. Schilling', L. Sclmupp', W' Winkler'

'l "*" !tr:;flI:: :; ;#, f:',#r;msffi'n'ffi w-:i;l*' 
r

c Max Planck lttstituu for Qww Opt*l furching' Genwq

Rcccivcd l0 April 1996; rccqtcd for p*'ficaelo t6 lfiay 1996

Communicrcd bY PR' tlolbd

Abstract

Wereportanupperboundonthestrainamplinrdeofgravl*fuilalvarrcburstsinawavebandftomaroundSfi)Hzto
1.25 kHz.In an effective coincident ouscrving pefid oe6,2 ho@" fu potoqrpe laser intcrferomeEic sravitational wavc

derecrors of the Univenity of Ghsgw d Ms' Phck Imisre tut @;; Optics' barc tcr 1 
lity of 4'9 x l0-t6'

averaging over wave potarizations *a *iO.m d*Gt. Tbis is rougpry a frtor oi Z tttts" ihm &e Mical 56st hmit

thd rhe &tectors could have set, $e excess beiry &J€ to uffioddted tn"*-a"ti* noise Tbe exgerimc M demonsu,ed

the viabiliry of the kind of observ*inm pn**a br &e taags-scde imelftromeers that $ou'ld b€ m-liqe in a few years

time.

1. Introduction

Gravitatiooal radidion is expected from a wkie

range of asfoPhFicd souroes such r sse&r sd-

lapJes, ttt tg.* of neuon $8 and Uack Me bi-

nuri"r, prlsrs, md from ttte t-y erty- waiverse'

In ordei to bme m appreciable cttarce of detecting

this radiatio*r, theoreticd calculatio*rs indcate 6at
gravitationd wave de,*tors should xtai'n an effiec-

ii* rrr"in sensi'tivity h better that aborx l0-2r over

a bandwidth frorn a few hundred Hz to So{s I k'FIz

[ 1,2]. It is anticip*ed that this target will be reaoh€d

in ttr" n"xt fe*, yers by large-scale laser irw{ers-

metric detectors t3-51. A comprehensive overview

of grarfutdional wave detcction can be found in two

recw bosks [6,7].
At 15S,2 (GfT) u 02 Mach 1989 two prototype

gralvfudod ware dcf;ectors' one opsated by the Uni-

''*sit'y of Crry (Irc) afti tlre other by the Ma"t

Ft** Me fr Qnsrtum Optics (MPQ)' partic-

i@ed i'E a lrint observing run over a p"d?9 of 100

tprms. The motivations forihis run were iwofold:'E&B
$o-deffi trate' thr pacticaliry'of-rndeingl6dq:::S

\,coioaident observadons wittr-interferonrcten;ad sec -

od o prwide real'd*a'with allis,inherentpomplexi-,

tks forrestin gouf rrange of si gnat"aialisiS p'rogramss

Ttlis urs the first time that two imcrfcrqnetcrs bad

been r.un in coincidence for srrcir a lc*gth of time' The

0375.9@| /96/512@ Copyr[lt o 196 Elsevicr sci:scc B'v. A,|l ri'gtfrs rc-srvd.

P/ S03?5-960 I (96)00438-0



.5.. The analYsis softwane

The 100-hour experiment was undertaken with a

view to gaining practical experience under realistic

conditions and offering guidance for the development

i- of larger detectors. This motivated our decision to ana-

lyzethe data with computer progrurms that could serve

€ls protorypes of programs that will have to process

the data of the large interferometers in real time. This

software, designd by the Cardiff group' is described

,in detail in a Fh-D. thesis [ 14]'



A search for continn'ror.rs gravita*iGffiEl$ffi.El$=us
ttiHdl.#*# -r; r

A$regro

dsteetorr

Department of Physics and, Astrcnaqn!, Lou,is,iana State .U,nip.g_$srg!,y, -Bg!,On,Reuge, LA 7'0ffi3,

USA

(October 3, 1997)

Absfract

We describe the rutr,Its of a first search for continuous vrave radiation by

the Allegro gravi'tational wave detector rmi.ng data taken in early 1994. Such

radiation might be emitted from a rotatilag asymmetric neutron star. Ghe

sea,rch was directed towa.rds both the galactic center and the globular cluster

47 T\rcanae. A number of candidates from 47 T\rcanae are identified but no

detection can be claimed. The results put an qpper limit on the gravifa,tiom;l

wave strain a,rnplitude of (3 - 7) x 10-za in tuo n€,rrow freguency bands near

900 Hz.

04.80.Nn

Typemt usinB REVT!,\



10

olf,
=o-
E
6
c
6
@

10 896.4 896"6 896.8 897 W7.2

signal frequency (Hz)



4
10

e
10"

b
€ tot
fc

1o'

1oo
0.7 0.9

0.7 0.8 0.9

1 1.1
normalized sffaftn

1 1.1
normalized strain

1.2

ocr)
E to-
fc

4
10

103

101

100
1.41.31.2

l:::

:::::t:::



Ag*[ nr St^s*'U\

FiSure 2.7 Thc scnsitivity, as a functba of dircctiil, of a laterferonrctlic Aravitational
wlve deteclor to unpolarized gravitationrl rerc. Tlc htcrfcrometcr ryne sc oricntcd
along thc x and y axcs.
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Long term outlook for the 40
Meter Interferometer

t Manpower requirements for LIGO
installation are large"

o Mujor reconfiguration of the 40 M durins
LIGO installation and commissioning phases
would probably exceed LIGO resources.

o Proposals for future use must not be resource
intensive.
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Conclusion

t The 4t) M scheduler will cnly modestly afferct

rernaining LlG() clesigrl wtlr:k.
I It can lrave a substantial effect {}n comrnissiolrirrg:

Provides the only operational experience we gCIL bef*re
I-IGO fielci deployment.

Input tr: elevelopm*nt r:f pr:ocedurers, operating so{:tt^/ilt:r'.

Inputs to software f*r cliagnostic monitoring, clnLa anal!:ts"

I Requires "squeaky' w.heeLs" ta make sut"c th;r t 4{Jnr

experience is cornmunicated to the rest of [-lCiC)"
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NSF Spring report

o Much remains to be done, not only with
modelling, but also with testing and training,
particularly on the 40m systerll. When the 40m is
agaunoperational, LIGO can interactively test and

refine their computer models as they move from a
real 1 m system with fixed masses to a real 40 m
system with suspended masses. This will be

critical to the proper design of the alignment
sensing and control tools for the 4-km system.
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