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Residual gas Brownian noiseResidual gas Brownian noiseResidual gas Brownian noiseResidual gas Brownian noise
Gas damping of the motion of a macroscopic body is Gas damping of the motion of a macroscopic body is Gas damping of the motion of a macroscopic body is Gas damping of the motion of a macroscopic body is characterized  by characterized  by characterized  by characterized  by a viscous damping a viscous damping a viscous damping a viscous damping 

coefficient proportional to the pressure coefficient proportional to the pressure coefficient proportional to the pressure coefficient proportional to the pressure PPPP

where mwhere mwhere mwhere m0 0 0 0 is the mass of the residual gas molecules. is the mass of the residual gas molecules. is the mass of the residual gas molecules. is the mass of the residual gas molecules. 

IIIIncreased over that ncreased over that ncreased over that ncreased over that obtained for a TM in an infinite gas volume by a obtained for a TM in an infinite gas volume by a obtained for a TM in an infinite gas volume by a obtained for a TM in an infinite gas volume by a geometric factor geometric factor geometric factor geometric factor ρ ρ ρ ρ 

related related related related to the constrained geometry TM inside to the constrained geometry TM inside to the constrained geometry TM inside to the constrained geometry TM inside a a a a 
housing housing housing housing with gaps with gaps with gaps with gaps of size  <<TM side length of size  <<TM side length of size  <<TM side length of size  <<TM side length of of of of ssss

As demonstrated by simulations and As demonstrated by simulations and As demonstrated by simulations and As demonstrated by simulations and verified verified verified verified with torsion with torsion with torsion with torsion pendulum facility measurements pendulum facility measurements pendulum facility measurements pendulum facility measurements 

����Brownian Brownian Brownian Brownian force noise arises via force noise arises via force noise arises via force noise arises via the fluctuation the fluctuation the fluctuation the fluctuation ----dissipation theoremdissipation theoremdissipation theoremdissipation theorem



R.Dolesi, XI LISA Symposium, Zurich  Sept  2016

Strategies for suppressing Brownian noiseStrategies for suppressing Brownian noiseStrategies for suppressing Brownian noiseStrategies for suppressing Brownian noise

Design Design Design Design the the the the Gravitational Reference Gravitational Reference Gravitational Reference Gravitational Reference SSSSensor with ensor with ensor with ensor with large gaps surrounding large gaps surrounding large gaps surrounding large gaps surrounding the TMthe TMthe TMthe TM. . . . 

TM size 46 mmTM size 46 mmTM size 46 mmTM size 46 mm
Sensing electrodes Sensing electrodes Sensing electrodes Sensing electrodes atatatat

ddddxxxx=4 mm=4 mm=4 mm=4 mm
ddddyyyy=2.9 mm, =2.9 mm, =2.9 mm, =2.9 mm, ddddzzzz=3.5mm =3.5mm =3.5mm =3.5mm 



Strategies for suppressing Brownian noiseStrategies for suppressing Brownian noiseStrategies for suppressing Brownian noiseStrategies for suppressing Brownian noise

Design Design Design Design the the the the Gravitational Reference Gravitational Reference Gravitational Reference Gravitational Reference SSSSensor with ensor with ensor with ensor with large gaps surrounding large gaps surrounding large gaps surrounding large gaps surrounding the TMthe TMthe TMthe TM. . . . 
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Strategies for suppressing Brownian noiseStrategies for suppressing Brownian noiseStrategies for suppressing Brownian noiseStrategies for suppressing Brownian noise

----dedicated vacuum chamberdedicated vacuum chamberdedicated vacuum chamberdedicated vacuum chamber
----pumping line: vent to space via venting  ductpumping line: vent to space via venting  ductpumping line: vent to space via venting  ductpumping line: vent to space via venting  duct

----stringent requirements stringent requirements stringent requirements stringent requirements on on on on outgassing contribution outgassing contribution outgassing contribution outgassing contribution 
of all items of all items of all items of all items inside VCinside VCinside VCinside VC

- aaaat least a mild baket least a mild baket least a mild baket least a mild bake----out to decrease out to decrease out to decrease out to decrease outgassingoutgassingoutgassingoutgassing::::
1 1 1 1 day at 115Cday at 115Cday at 115Cday at 115C

Residual gas Residual gas Residual gas Residual gas composition? composition? composition? composition? 
Due to the short and low temperature bakeDue to the short and low temperature bakeDue to the short and low temperature bakeDue to the short and low temperature bake----out likely to be dominated by Hout likely to be dominated by Hout likely to be dominated by Hout likely to be dominated by H2222O (andHO (andHO (andHO (andH2222.).).).)

expected P < expected P < expected P < expected P < requirement of 10 requirement of 10 requirement of 10 requirement of 10 microPa down microPa down microPa down microPa down to several to several to several to several µµµµPa thanks to decay Pa thanks to decay Pa thanks to decay Pa thanks to decay ofofofof
the outgassing rate once the system is vented to spacethe outgassing rate once the system is vented to spacethe outgassing rate once the system is vented to spacethe outgassing rate once the system is vented to space. . . . 
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QQQQ0000 is a flow is a flow is a flow is a flow prefactor prefactor prefactor prefactor 
θ is the activation energy is the activation energy is the activation energy is the activation energy of of of of the outgassing processthe outgassing processthe outgassing processthe outgassing process

Low residual gas pressure P around the Low residual gas pressure P around the Low residual gas pressure P around the Low residual gas pressure P around the TM TM TM TM 
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PredictionPredictionPredictionPrediction MeasurementMeasurementMeasurementMeasurement

WWWWhite hite hite hite noise dominates most of the frequency noise dominates most of the frequency noise dominates most of the frequency noise dominates most of the frequency bandbandbandband

Residual Residual Residual Residual gas Brownian gas Brownian gas Brownian gas Brownian noise ?noise ?noise ?noise ?

InterferometerInterferometerInterferometerInterferometer
sensingsensingsensingsensing

lower force authoritylower force authoritylower force authoritylower force authority
����lower actuation noiselower actuation noiselower actuation noiselower actuation noise

And at 1mHz is now neglibileAnd at 1mHz is now neglibileAnd at 1mHz is now neglibileAnd at 1mHz is now neglibile
Requirement  10 Requirement  10 Requirement  10 Requirement  10 µµµµPaPaPaPa

Expected  down to several Expected  down to several Expected  down to several Expected  down to several µµµµPaPaPaPa

Brownian noise Brownian noise Brownian noise Brownian noise 
RequirementRequirementRequirementRequirement

How much is the pressure P of the How much is the pressure P of the How much is the pressure P of the How much is the pressure P of the residual gas residual gas residual gas residual gas surrounding the surrounding the surrounding the surrounding the TMs ?TMs ?TMs ?TMs ?

PRELIMINARY



Forces induced by temperature gradientsForces induced by temperature gradientsForces induced by temperature gradientsForces induced by temperature gradients
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See Ferran Gibert PosterSee Ferran Gibert PosterSee Ferran Gibert PosterSee Ferran Gibert Poster

RadiometerRadiometerRadiometerRadiometer
effecteffecteffecteffect

Temp. dependentTemp. dependentTemp. dependentTemp. dependent
outgassingoutgassingoutgassingoutgassing

Radiation Radiation Radiation Radiation 
pressurepressurepressurepressure
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Residual gas pressure estimationResidual gas pressure estimationResidual gas pressure estimationResidual gas pressure estimation
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From simulationsFrom simulationsFrom simulationsFrom simulations\\\\ torsion torsion torsion torsion pendulum test with Ependulum test with Ependulum test with Ependulum test with Electrode lectrode lectrode lectrode HHHHousing prototypes :ousing prototypes :ousing prototypes :ousing prototypes :
----we we we we have estimations for have estimations for have estimations for have estimations for the other parameters the other parameters the other parameters the other parameters (calibration error of about 20%) (calibration error of about 20%) (calibration error of about 20%) (calibration error of about 20%) 

----based also on literature based also on literature based also on literature based also on literature ����range range range range of values for of values for of values for of values for activation energy activation energy activation energy activation energy Θ (10000K, 20000K(10000K, 20000K(10000K, 20000K(10000K, 20000K))))
tttthat correspond respectively to Hhat correspond respectively to Hhat correspond respectively to Hhat correspond respectively to H2222O and HO and HO and HO and H2222

our estimation of  P is calibrated at 20%  and depends upon residual gas  composition our estimation of  P is calibrated at 20%  and depends upon residual gas  composition our estimation of  P is calibrated at 20%  and depends upon residual gas  composition our estimation of  P is calibrated at 20%  and depends upon residual gas  composition 

����	�� and and and and ��� 						
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as function of time as function of time as function of time as function of time 
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H20

H2

Fit with a curve Fit with a curve Fit with a curve Fit with a curve 

LPF requirementLPF requirementLPF requirementLPF requirement

Residual gas pressure estimationResidual gas pressure estimationResidual gas pressure estimationResidual gas pressure estimation

Pressure inside electrode housing 1Pressure inside electrode housing 1Pressure inside electrode housing 1Pressure inside electrode housing 1

where twhere twhere twhere tventventventvent (2 Febr 2016) is (2 Febr 2016) is (2 Febr 2016) is (2 Febr 2016) is the day the sensors were vented to spacethe day the sensors were vented to spacethe day the sensors were vented to spacethe day the sensors were vented to space
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Comparison with LPF White NoiseComparison with LPF White NoiseComparison with LPF White NoiseComparison with LPF White Noise
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H2O

H2

LISA LISA LISA LISA 
requirement!requirement!requirement!requirement!
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80 100 120 140 160 180 200 220 240 260

10

20

30

40

50

60

70

80

90

100

LPF LPF LPF LPF wwwwhite Noise time decaying in timehite Noise time decaying in timehite Noise time decaying in timehite Noise time decaying in time

R.Dolesi, XI LISA Symposium, Zurich  Sept  2016

Fit with a curve Fit with a curve Fit with a curve Fit with a curve 

where  twhere  twhere  twhere  tventventventvent (2 Febr 2016) day of venting (2 Febr 2016) day of venting (2 Febr 2016) day of venting (2 Febr 2016) day of venting to spaceto spaceto spaceto space
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ConclusionsConclusionsConclusionsConclusions
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• LISA PF white noise floor compatible with LISA PF white noise floor compatible with LISA PF white noise floor compatible with LISA PF white noise floor compatible with 
residual residual residual residual gas Brownian gas Brownian gas Brownian gas Brownian noisenoisenoisenoise

• Other possible white noise sources?Other possible white noise sources?Other possible white noise sources?Other possible white noise sources?

• LISA requirement achieved after about 130 days after LISA requirement achieved after about 130 days after LISA requirement achieved after about 130 days after LISA requirement achieved after about 130 days after 
venting to venting to venting to venting to spacespacespacespace

• Possible strategies can be Possible strategies can be Possible strategies can be Possible strategies can be implemented implemented implemented implemented for further for further for further for further 
suppressing the residual suppressing the residual suppressing the residual suppressing the residual gas pressure gas pressure gas pressure gas pressure in LISAin LISAin LISAin LISA


