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Gravitationalwaveantennas
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Ground-based GW antennas (LIGO, VIRGO)

ÁSize limitation

ÁSeismic noise

ÁVacuum technology

ÁUltra-highvacuum (Ḑ107 molecules/cm3)

ÁVacuum (im)purity under control

Space-based GW antennas (LISA)

ÁFree of  size limitation

ÁNo seismic noise

ÁVacuum for free

ÁBetter vacuum (Ḑ10 particles/cm3)

ÁVacuum (im)purity NOTunder control



LISA ςLaser InterferometerSpaceAntenna
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Amaro-SeoaneP., et al., 2017, Laser Interferometer Space 
Antenna (arXiv:1702.00786)



LISA challenges
Interferometry with

ÁVariable arm length (ȹl å 50.000 km) during the orbit

ÁSingle laser path (no coherent beams)

ÁOverwhelming laser wavelength noise due to unequal arm length -> Time delayed 
interferometry

ÁDoppler shifted laser beam(Ñ5 m/s)

ÁMechanical, Thermal, Electronic, Optical noise

ÁTest mass charging

ÁHigh energy cosmic rays

ÁSolar wind jitter

ÁTiming and Clock Synchronisation

ÁLaser stability

ÁOptical impurity
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Amaro-SeoaneP., et al., 2017, Laser Interferometer Space 
Antenna (arXiv:1702.00786)



LISA parameters
Á6 laser links operating on the wavelength

ÁVariable arm length with average

ÁDisplacement noise linear spectral density
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Refractive index of solar wind plasma
Solar wind (SW)
ÁComposition: electrons Ḑprotons > alpha > heavier ions
Áŀǘ м !¦ ŦǊƻƳ ǘƘŜ {ǳƴ ό[L{!Ψǎ ŀƴŘ 9ŀǊǘƘΨǎ ƻǊōƛǘύ
Á average particle density Ḑ10 cmҍоand quasi-ƴŜǳǘǊŀƭƛǘȅ Ҧ  neҒ npҒ р ŎƳ

ҍо

Á at scales of optical wavelengths  range Ḑм ҡƳΣ {² ƛǎ ǇǊŀŎǘƛŎŀƭƭȅ a collision-less ideal plasma

Á electron component is characterized by plasma frequency

ÁWhich dominates the Sellmeierequation for refractive index n for elmagwave of frequency ̟
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ForopticalelmagwaveɲnḐ10-21



Estimation of the background for LISA 
from the solar wind plasma effect
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ÁEffective displacement:

ÁEffective strain: hSW / L

ÁLinear spectral density:  ǘƻ ōŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ [L{!Ψǎ ǊŜǉǳƛǊŜŘ 



Solar wind data
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WIND

Data:

ÁSampling frequency 
6 s ς12 s

Á5ǳǊŀǘƛƻƴ җ нп Ƙ
җ млϝόлΦм ƳIȊύ-1

ÁNo interference with 
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