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LIGO PROJECT

CALIFORNIA INSTITUTE OF TECHNOLOGY

TO Distribution (/; fb) DATE October 14, 1991
FROM Stan Whitcomb’ exT 2131 wmaiL 102-33  EmaAILL stan@ligo.caltech.edu
suJEcT Preliminary Agenda for Next LIGO Monthly Review Meeting

Please contact me before October 21 if you wish to suggest changes in the agenda.

Agenda for LIGO Monthly Review of October 24, 1991
9:00 a.m., 360 West Bridge

A. Project Status (RV)
B. Review and Disposition of Pending Action Items (see Attachment 1)
C. Review of Major Tasks
1. Interferometers
a. 40-m prototype investigations (MZ)
b. Fixed-mass interferometer investigations (DS)
c. Planning future R&D on interferometer facilities (DS, MZ)
2. Development Tasks
Beam-tube demonstration (RW, FR)
VTF measurements (RW, AA)
40-m lab rebuild (RS)
Spectra Physics laser stabilization (AA)
Mode cleaner development (AA)
Auto alignment development (DS)
g. Seismic motion measurements (LS)
3. Optics
a. Scattering analysis (RW, YG)
b. Optics Simulations [GLAD V] (YG)
c. Optics testing and development (FR)
4. Vacuum Technology
a. Vacuum-compatibility testing (FR)
b. Vacuum screening (AA)
5. Software Development
~a. General computer software (DS, YG)
b. Laboratory computer software (YG, DS)
D. LIGO Interferometer Conceptual Design
1. Report on “Optical Topology and Modulation” tasks (AA, DS, RS, RW)
2. Report on “Vibration Isolation” task (LS, RW)
3. Report on “Test Mass Suspension and Control” task (MZ, LS, SK)
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Attachment 1: Action Items from Prior Reviews

Distribution:
A. Abramovici Y. Hefetz
C. Akutagawa (file) S. Kawamura
W. Althouse S. Merullo (file)
B. Behnke (file) F. Raab
R. Drever D. Shoemaker
Y. Giirsel L. Sievers

Attachment 1

LIGO REVIEW MEETING
OPEN ACTION ITEMS

AUGUST 22, 1991

R. Spero

K. Thorne
R. Vogt

R. Weiss

S. Whitcomb
M. Zucker

Set up a design review for the autoalignment development. (DS)
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: Agenda for LIGO Monthly Review of October 24, 1991
9:00 a.m., 360 West Bridge

A. Project Status (RV)
B. Review and Disposition of Pending Action Items (see Attachment 1)
C. Review of Major Tasks
1. Interferometers
a. 40-m prototype investigations (MZ)
b. Fixed-mass interferometer investigations (DS)
c. Planning future R&D on interferometer facilities (DS, MZ)
2. Development Tasks
Beam-tube demonstration (RW, FR)
VTF measurements (RW, AA)
40-m lab rebuild (RS)
Spectra Physics laser stabilization (AA)
Mode cleaner development (AA)
Auto alignment development (DS)
. Seismic motion measurements (LS)
3. Optics
a. Scattering analysis (RW, YG)
b. Optics Simulations [GLAD V] (YG)
c. Optics testing and development (FR)
4. Vacuum Technology
a. Vacuum-compatibility testing (FR)
b. Vacuum screening (AA)
5. Software Development
a. General computer software (DS, YG)
b. Laboratory computer software (YG, DS)
D. LIGO Interferometer Conceptual Design
1. Report on “Optical Topology and Modulation” tasks (AA, DS, RS, RW)
2. Report on “Vibration Isolation” task (LS, RW)
3. Report on “Test Mass Suspension and Control” task (MZ, LS, SK)
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Distribution:
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Attachment 1

LIGO REVIEW MEETING
OPEN ACTION ITEMS

AUGUST 22, 1991
Set up a design review for the autoalignment development. (DS)



LIGO MEETING SUMMARY
- LIGO Monthly Review 24 October, 1991

Attendees

A. Abramovici, W. Althouse, R. Drever, Y. Giirsel, Y. Hefetz, S. Kawamura, F. Raab,
D. Shoemaker, L. Sievers, R. Spero, S. Whitcomb, R. Weiss, M. Zucker

A. Project Status

R. Vogt is recovering from a recent injury, and is unable to attend this Review. The deadline
for G. Bush to sign the budget bill that includes LIGO funding is about a week away. A site
evaluation panel will convene at Caltech on November 21 and 22; almost all of W. Althouse’s
time will be devoted to site issues in the immediate future.

B. Disposal of Action Items

The autoalignment action item remains open.

C. Review of Major Tasks

1. Interferometers

1. R. Weiss presented a calculation demonstrating that a measurement of suspension
wire Q provides enough information for a prediction of suspension thermal noise. The
suspension Q’s will be measured by timing the ringdown after wire-pusher piezo exci-
tation.

2. A large variation between test masses in coupling from vertical excitation of optical
tables to interferometer output was observed. These measurements will be repeated,
and similar measurements will be made for horizontal excitation.

2. Development Tasks

1. S. Whitcomb requested that presentations of results from the Beam Tube Demonstra-
tion include top-level plots of results of measurements.

2. One of the cavities used for the Spectra Physics laser stabilization is showing rapid
degradation of mirror reflectivity.

3. Development of a separately suspended mode cleaner has been delayed by a diversion
of people to the beam tube outgassing measurements. Regular meetings on the mode
cleaner work with D. Shoemaker as a participant will be set up.
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LIGO Monthly Review : 24 October, 1991

4. A review for autoalignment development, to include Y. Hefetz, will be set up in about
a month.

3. Optics

1. Within a few weeks there will be a kickoff meeting with Breault Research to begin the
scattering calculations.

2. The optics simulation work is close to being able to predict contrast for typical LIGO
optical arrangements, using measurements of mirror surface imperfections.

4. Vacuum Technology

S. Whitcomb requested that A. Abramovici prepare for the next monthly review a summary
of all the vacuum screening and VTF work that has gone on to date.

5. Software Development

1. There has been no progress on laboratory computer software, due to lack of personnel—
particularly undergraduate programmers.

2. PV-Wave was recommended as the standard commercial program for graphical display
and analysis of laboratory data.

D. Interferometer Conceptual Design

Optical topology and vibration isolation experiments continued; there was no new work on
test mass suspension and control.
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40m Prototype Interferometer

Progress Report
24 Qctober, 1991

RES, MEZ
1. Instrumentation improvements

e 18 kHz notch for “new” TM resonance (also helps cut
line pulses)

¢ remote TM alignment controls (75% complete)

e very low noise custom readout filter

e PC for disk/file translation (50% complete)
2. Seismic isolation measurements

e vertical measurements at vertex, both ends
e XF's different, H the “worst”

3. Low-frequency background investigations

o effect of vertical beam translation
e line harmonics due to wirepushing; 4 Hz sidebands
e not really f~3; appears nonstationary

¢ somewhat lower late at night (below 100 Hz)

Cla,1



4. Low—frequency noise sources “ruled out” by tests:

e electronic noise

e TM orientation system noise

e TM damping system noise (except at line frequencies)
e laser frequency noise

e laser intensity noise

¢ RF amplitude modulation

e “scattered light noise” (Post-it effects, beam tube mo-
tion effects)

e seismic noise (above 100 Hz)
5. Zoom-in on 330 Hz wire resonances (H mass)

o Q~ 10"

e cbserved amplitude ~ thermal excitation (!)
6. Test for stress—induced glue noise

e applied 4mN,_, common mode to both end TM drive
coils, 20 Hz and 100 Hz sine (natural noise < 1mN,_,
at ~ 5 Hz)

e no increase in interferometer noise at ~ 800 Hz (upper
limit Zgue(f) < 1.5 x 1078 m/v/ Hz)

7. Residual gas index fluctuation tests

e clear signature observed for Ny, Xe, CO,

¢ excellent agreement with calculation
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8. Planned noise investigations

e seismic isolation
— completion of total isolation tests
— factor out acoustic coupling
— return to suspension characterization

beamsplitter control system noise check

® nonlinear intensity noise analysis (bilinear model?)
e increase/redistribute secondary cavity LF servo gain

investigate test mass internal Q problem (?)

® seismic upconversion tests
nonlinear intensity noise analysis (bilinear model?)
e RFAM and splitter tests

9. Planned instrumentation changes

® power stabilizer upgrade
e secondary cavity servo

— comprehensive computer model

— better SNR greater range of P,V
— more dynamic reserve

— more LF gain

e cover on laser table

e turbopump interlock upgrade

<3
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EFFECT OF TRANSLATING RESONANCE ON END MASSES
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VERTICAL SEISMIC ISOLATION
Input excitation measured by accelerometer
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TWO TESTS FOR SOURCE OF LOW—FREQUENCY NOISE
A/C off; cryopump off
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SEISMIC NOISE CONTRIBUTION———VERTICAL (H)
Input excitation measured by accelerometer
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Fixed-mass interferometer
DHS NM 24 Oct 91

: D -~ B>-1  RFphotodiode
o «— — — o monitor photodiode
m L‘I Faraday‘:solator
N <\/, polarizing beamsplitter
. _—c A Pockels cell
L .
- <> = N |- [ polaizer
/7
N LR YO N )}
O

]

e experiment physically transported into Vassar St. lab!
optics roughly in place e real work
frequency stablization working

ssb scheme tests
laser and experiment dust covers in place test of long input cavity locking
alignment of optics
e things yet to do for installation
fiber installation finished (maybe already done) |
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TUBE TEST AND DEMONSTRATION
OUTGASSING STUDIES
WATER:  140C bake began October 18, 1991
Prediction Jg,0 < 3 x 10716 torr liters/sec/cm? after 30 day bake followed
by 30 day pumping - 8 x 1073 torr final water pressure.
Improvements in system reliability completed
Measures taken to reduce H,O background in measurement
Separately pumped manifold for calibration leaks
Low H,0 Nitrogen calibration leak installed
RGA, RGA chamber,valves and leak manifold to be baked
concurrently with beam tube. .
LN2 trap accumulation experiment indicated that RGA chamber
walls dominated water outgassing in RGA system.

Full LIGO beam tube model of water outgassing with finite

pumping speed of tubes being run on supercomputer.

HYDROGEN: Role of parent metal and welds in outgassing?

Hydrogen outgassing in BTD before current bake: Jy, = 1.2 x 10~!2 torr liters/sec
cm?. At this level require 10 to 20 times 1989 proposal pumping capacity to attain LIGO
pressure goal. Hydrogen outgassing steady for the past two months (not falling as 1 /Vt)
but was rising before 100C bake.

New findings

Average Hydrogen conéentration is 1 + .3 ppm by weight - J and L steel is factor
of 2 to 3 better than ordinary 304 SS.

Unwelded sample pieces show similar but larger (x50) jump in hydrogen outgassing
after bake (615K) than original VTF chambers and BTD. baked at lower temperatures.

Concentration measurements and published Hydrogen diffusion constants are con-
sistent with outgassing by sample pieces at 615K.

Increased outgassing rate after bake is consistent with concentration and extrapo-
lated diffusion constant at room temperature. Low initial outgassing before bake is not
understood.

Measurements of original VTF chambers after 1 - 2 years show 1 to 1/5 change in
Hydrogen outgassing after bake.

Average Hydrogen concentration of TIG welds is 10 ppm by weight.

C 2 a) |




Both Roscoe Moss and Northwest welds show contiguous large ferrite grain growth
in welds, typically 5% of weld is composed of ferrite grains.

Surface analysis: Oxide less than 300A thick, Carbon islands (100u) below oxide
~ 1% of surface, surface densely pock marked with ~ 1u craters .

VTF Research Short Term Goals

Is it possible to change the steel processing to attain low Hydrogen steel economi-

cally?

Are the welds really implicated and if so what should be done to reduce the weld
permeation?

VTF Research in Current Plan
Measurement of spiral welded chambers: RM and NW welded
with no stiffening ring,. .
Measurement of spiral welded chambers: RM and NW welded
with stiffening rings.

Major Issue

Develop a set of options for the project consistent with being able to let a design
contract in three months. :

c20e) 2
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PLOT LIMITS
(X AND Y IN CM)

~ MIN MAX
X -3.52 3.52 -
Y -3.52 3.52

Z -0.056  0.061
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HAVELEN = - 0.515

MIC -

Z20.ZCLAP (14.C)

|
|
|
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DIFFERENCE BETWEEN <BERL AND CONVERGED (14.C)

PLOT LIMITS , ' INPUT
(X AND Y IN CM) C . :
MIN MAX

X -1.76 . 178~
Y -1.76 - 1.76 ‘
Z. 9.91E-10 2.92E-O4

o
.

INTENSITY - . .
BEAM NO.- 1 S
WAVELEN = 0.515 MIC
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VIBRATION ISOLATION:
TESTING OF PROTOTYPE

August 1991
JG, LS, RW -

PROGRESS REPORT

I. Michelle's interferometer assembled on stack so could mea-
sure horizontal transfer functions using ground noise—would
not keep lock due to low frequency ground motion.

ll. Presently driving stack in vertical direction—some questions
about calibration so transfer function data is still preliminary.

FUTURE WORK

I. Finish vertical measurements
I. Drive in horizontal direction
l. Test for tilt and rotation coupling

IV. Test to see if viton springs become stiff at some frequency.
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Design of Top Plate and Down Tube
_h.-.

|. Abaqus model of Al top plate and down tube:

A. Top Plate: diameter=42in, thickness=3in, mass=183kg
B. Down Tube: diameter=18in, wall thickness=3/8in, mass=35kg
C. Bottom Plate: diameter=18in, thickness=.5in, mass=5.6kg

[l. Results and implications of Abaqus modeling:
A. Lowest internal resonance is > 330 hz using above pa-

rameters

B. Should be able to design less massive top stage and also
keep internal resonances above 300 hz by adding stiffen-
ers in key locations

C. If rubber remains compliant in 300 to 500 hertz range,
top plate and down tube can have Q of 1000 and not
effect strain spectrum.

[1l. Open Questions

A. Effect of down tube on rms motion of test mass
B. Thermal noise contribution of top stage of stack

IV. Work Plan

A. Consider design of the cage attached to the base of down
tube.

B. Defer detailed design until measurements of prototype
stack are complete.
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