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S5 Environmental Disturbances: To March 07
Robert Schofield

Emelie Harstad, U of O, Keita Kawabe, Hugh Radkins, Mike Landry,

Justin Garofoli, Josh Meyers, Richard McCarthy, John Worden, Doug Cook
LHO, Erik Katsavounidis, Laura Cadonati, MIT, Mike Viles, BPA

I. Understanding environmental coupling: S5 PEM injections

II. Reducing coupling during S5

a. Isolating the 4k dark port with servoed pneumatic legs

b. Backscattering reduction from end stations

c. Microseismic peak servo

III. Local (self-inflicted) sources in S5

a. Dewar insulation working

b. Noise reduced by extra rack cooling

c. Magnetic noise from laser chillers

d. Motors at the crab pulsar frequency

e. Update on reduction of inspiral range from building temperature control fans

IV. External sources discovered during S5

a. H1 H2 coincidences from power grid events

b. Inspiral range limited by McNary dam

c. H1 60 Hz peak partly from power transmission lines
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S5 PEM Injections
Location LHO LLO

Round 1:  Nov.-Dec. 2005 Dec. 2005

Round 2: April-May 2006 Aug. 2006

Round 3 (planned): Near end of run Near end of run

Acoustic/in-band seismicAcoustic/in-band seismic

LHO

 4x lower than S4. Ambient sound contribution is 1/10 to 1/100 of displacement noise floor,

except at certain frequencies such as 280 Hz. Coupling levels the same for both rounds

except: H1 was much higher in round 2 due to damaged dark port diode, and high level at

end stations until back scattering fix.

LLO

 ~4x lower than S4, coupling the same for both rounds, ambient sound contribution is

generally 1/10 to 1/100 of noise floor.
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MagneticMagnetic
LHO

Same as S4, same both rounds, less than 1/10th of the

displacement noise floor except at 60 Hz harmonics.

The ambient 60 Hz field is substantial or dominant

contributor to 60 Hz peak in gravitational wave channel.

LLO

Roughly the same as LHO, same as S4, pulsed heating

turned off. Magnetic transients interfere with Crab.

Low frequency seismic Low frequency seismic upconversionupconversion
LHO

Same at all stations, both interferometers, same both rounds.

Radio FrequencyRadio Frequency
LHO

Coupling unchanged since S4. Normal background contributes less than 1/100 to the noise

floor.

LLO

Coupling roughly the same as S4 and LHO. Automatic Link Establishment signals could be

seen on the gravitational wave channel if they pass through the 24 MHz main modulation

frequency.
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S5 PEM Injections: sample coupling functions

AcousticAcoustic

MagneticMagnetic
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Just Pre-S5
1) Acoustic enclosures on reflected ports 

(similar to enclosures already on dark ports).

2) Experimental seismic isolation (servoed

pneumatic legs) of 2k dark port.

During S5
1) Backscattering reduction at end stations

(Keita K. and Sam W.).

2) Tuning position of beam on dark port

diodes to minimize acoustic coupling.

3) Update of microseismic servo to minimize

low frequency seismic upconversion (Mike. L,

Keita. K., Richard. M., Hugh. R., Robert. S.)

4) Seismic isolation (servoed pneumatic

legs) of 4k dark port. (Doug. C., Robert. S.)

S5 efforts to reduce environmental coupling
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Reduction of in-band motion of 4k dark port with “floating”
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“Floating” dark ports should reduce H1-H2 coincidences

H1 DARM, H2

DARM during S4

event

H1 DARM, H2

DARM during

forklift event:

with floating H2

dark port, very

little signal is

seen on H2
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Improvement in range with reduction of

coupling of microseismic peak

Microseiseismic peak servo

LIGO-G070133-00-Z



9

Local (self-inflicted) S5 sources: update on LN2

dewar induced seismic events

 (Emelie Harstad, U of O)

Original Thermally insulated
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1) Mid-X dewar events down by ~10 since insulation (between S4

and S5).

2) Most of the remaining glitches from non-insulated dewar.

3) Peak frequency of glitch

increases as dewar

empties.

liquid nitrogen level

peak frequency
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Local S5 sources of environmental noise:

Seismic: Kyle Ryan improves the seismic

isolation of the office area air handler,

which has been running at 59.6 Hz, the

GW frequency for the Crab pulsar.

Magnetic: 3 Hz side bands on 60 Hz peak

in gravitational wave channel found to be

from laser chillers, probably 3 Hz pulsed

heating.
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Local S5 sources of environmental noise:

Temperature: a number of wandering

lines were removed from the gravitational

wave channel by extra cooling of certain

electronics racks.

Gravitational wave channel: Red: before; Blue:

after removing all sides of LSC racks
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Update on HVAC flow rate reduction to improve

inspiral range last spring

•Shutting HVAC down improved H1 & H2 range about ! Mpc.

•Influence likely seismic – air flow into LVEA/VEA not needed

for range reduction.

•Seismic noise likely from turbulence in supply plenum.

•DARM noise at 100 Hz is likely from up-conversion of lower

frequency HVAC seismic signal instead of direct coupling.

•Running at reduced flow rates (about 75%) gave most of the

improvement and good temperature control
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Broad-band seismic signal from HVAC possibly produced

 by plenum turbulence (noise produced without duct flow)

Pitch of blades controls

flow rate through turbine

Flow from turbine

~50 mph

turbulence

to duct
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Recent experiment suggested that we were once again

limited by HVAC: flow rate was again reduced

H2 inspiral range

Flow rate, fan 1, (CFM)
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External sources: magnetometer/ mains voltage

events produce H1 H2 coincidences; where do

they come from and how do they couple ?
Event discovery and veto studies by Erik K., Laura C. and glitch group

Magnetometers

H1 and H2

AS_Q
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Study of 31 site-wide magnetometer events

Collaboration with Mike Viles, BPA
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Summary of magnetometer/mains H1 H2

coincidences study

1) BPA events were associated with 28/31 of the large

sitewide magnetic events.

2) The events that affected us the most were line faults and

trips; capacitor insertions produced higher frequency

transients that are eddy current shielded.

3) For capacitors, we can tell the originating substation by

the peak frequency of the transient.

4) The effect on the gravitational wave channel is consistent

with direct coupling of magnetic fields to TM magnets.

5) DQ flags have been produced for the first year of S5,

based on BPA records of events.

6) Events were local (tens of miles) except one from central

Oregon at the other end of the nearby transmission line.
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Dam 60 km away sets maximum inspiral range
(discovered by Justin Garofoli)
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Dam affects inspiral range through upconversion of

seismic signal at 1.2 Hz.

“Bounce” of water timed at 1 to 0.3 second.

Large mass bouncing on the ground at our most sensitive frequency
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Justins update showing entire run until present: dam has

affected us for about 1/4 of the run so far
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Transmission lines partly responsible for 60Hz

peak in H1
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60 Hz peak height in gravitational wave channel

as a function of current in transmission lines
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Summary of transmission line effect on

60 Hz peak

1) 60 Hz magnetic field generated by power transmission lines

accounts for 1/2 of 60 Hz peak in H1 gravitational wave

channel.

2) A model of the transmission lines roughly predicts the

magnetic field at the end station.

3) This predicted field can account for the effect on the

gravitational wave channel through coupling to the test

mass magnets.

4) The 60 Hz peak in H2 gravitational wave channel is twice as

large as H1 and correlation with transmission lines is not

evident.

LIGO-G070133-00-Z



25

Main sources of H1 H2 coherence are fans and

low frequency seismic motion
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Coherence through January 07
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