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Background for gravitational wave signal at LISA
from refractive index of solar wind plasma
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Gravitationalvaveantennas

i/ = E \, T

Groundbased GW antennas (LIGO, VIRGO) Spacebased GW antennas (LISA)

A Size limitation A Free of size limitation

A Seismic noise A No seismic noise

A Vacuum technology A Vacuum for free

A Ultra-highvacuum D 107 molecules/c) A Better vacuumI 10 particles/cr)

A Vacuum im)purity under control A Vacuum im)purity NOTunder control

8/20/2021 20"™LOMONOSOUONFERENORELEMENTARPARTICLEHYSICS 2




Amaro-SeoaneP., et al., 2017, Laser Interferometer Space
Antenna (arXiv:1702.00786)
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L I SA:haI Ien eS Amaro-SeoaneP., et al., 2017, Laser Interferometer Space
g Antenna (arXiv:1702.00786)

Interferometry with
A Variable arm lengthgd & 5 0 . ®during thenorbit

A Single laser path (no coherent beams)

A Ovewhelming laser wavelength noise due to unequal arm lengtfiime delayed
interferometry

A Doppler shifted laser beah\s m/3

A Mechanical, Thermal, Electronic, Optical noise
A Test mass charging

A High energy cosmic rays

A Solar winditter

A Timing and Clock Synchronisation
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LISA parameters

A 6 |aser ||nkS Operatlng on the Wavelength Amaro-Seoane P., et al., 2017, Laser Interferometer Space Antenna (arXiv:1702.00786)

|\ = 1064nm |

MR1.1 Galactic Binaries -
MR2.1 Light, seed black holes at high redshift ]
MR2.2 Blackhole growth over cosmic history

10716L

MR5.1 MR2.3a Mergers of Milky-way type galaxies

MR2.4a Detection of Intermediate Mass Black Holes
MR2.4b High mass ratio Intermediate Mass Black Holes
MR7.2a MR3.1 EMRIs around massive black holes 3
MR4.1 LIGO-type black holes ]
MRS5.1 Tests of GR with high SNR ring-down signals
MRT7.1 Astrophysical stochastic background

MR2.3a

A Variable arm length with average 1077

L =25 x 10°km
| |

MRT7.2 Cosmological stochastic background
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Refractive index of solar wind plasma

Solar wind(SW)
A Composition: electron® protons > alpha > heavier ions § ]
AFd m 'Y FNRY O0KS {dzy o[L{!'Wwa YR 9FNIKWYa 2N

A average particle densit 10 cnt %and quasy” S dzi NJ nf finjFé pF§OY
A at scales of optical wavelengths rafgen k YZ { 2 Ja&ollisidNlesOiderl Qlasing &
A electron component is characterized by plasma frequency

Nee>

w2 =
€EQMe

A Which dominates th&ellmeierequation for refractive inder for elmagwave of frequency

w2 1 w? - 21
n=1/1—--L=1_-2P 4 Foropticalelmagwavenn D 10
w2 2 w2
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Estimation of the background for LISA
from the solar wind plasma effect

, 1 ne(t)e?
A Effective displacement: hsw(t) = 7 fe( )EQL
€0MeW

A Effective strain: | hgw/ L |

Alinear spectral density:  [Ssw(f)| 62 68 02YLI NBR ¢V/Spo [L{!Wa NBIdANBF




Solar wind data

max

. no. initial date length mn, n2** n2™" [cm 7]
Qata. _ 1. 1997/07/11 24h 5.9 10.0 3.0
A Sampling frequency 2. 1997/08/11 24h 6.4 10.5 3.5

6scl2s 3.1997/09/11 24h 44 7.3 2.7

) p 4. 1997/10/11 24h 7.6 135 4.0
ASdzNF UAZY X H [bga?;j ,//{11 24h 40 72 08
X MAOF O/Adm  Y.[19p801/11 24h 7.4 103 4.6

X - , 8. 1998/03/11 24h 3.4 4.5 2.6
A No mterf(,erence with 9. 19;;8;94/11 24h 56 92 2.2
9 NI KWa Y I Byegbm2ia K SNB4 23
11."1998/06/11 24h 6.6 13.5 0.1

12. 1998/07/11 24h 5.3 114 1.4

13. 1998/09/11 24h 13.1 206 7.4

14. 1998/10/11 24h 4.0 6.0 2.4
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