SAGE : Can we detect gravitational waves with CubeSats?
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* Photometer 100ppm

» Technology demonstrator for single mode
fibre

» Development started Mach 2015
» Launched January 2018 on PSLV C-40
» Lost contact in Mars 2018
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e8e < > M = spaceflight.com (o 0 M

DETAIL CONTAINERIZED SATELLITE CLASS

PAYLOAD TYPE 3uU 6U 12U 50kg 100kg 150kg 200kg 300kg 450kg 750ka 1000kg

LENGTH (CM) 3405 34.05 34.05 80 100 100 100 125 200 300 350 -
(==
S

HEIGHT/DIA (CM) 10 10 2263 40 50 60 80 100 150 200 200 o
<
i

WIDTH (CM) 10 2263 2263 40 50 60 80 100 Q

MASS (KG) 5 10 20 50 100 150 200 300 450 750 1000

PRICE-LEO $295 $545 $995 $1,750 $3,950 $4,950 $5,950 $7,950 $17,500 $22,000 $28,000

PRICE-GTO $915 $1,400 $2,750 $4,600 $8,400 $9,800 $11,200 $14,000 CALL CALL CALL

Pricing in thousands (USD)
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From LISA White Book 2017
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2 off axis telescopes 30cm

2 optical bench with bulk interferometers

2 accelerometer (5 centimeters cubes)

1 Disturbance Reduction System (thrusters)
Thermal stability !
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2 off axis telescopes xm => 10cm mirrors

« “Zopticathenchswith-buticinterferometers => Fibered interferometry

[ —
2 acce ers cubes)
mm—

1 Whrusters)
Thermal stability ! => 100mW laser beam only
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Satellite A >~ _ 7  Satellite B
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220 000 km interferometer
1 s light travel time

Measurement at zero OPD
Satellites on ballistic trajectory
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21(E+ A1) = q2(f) + Loq(t)

12(t+ Aq2) = 21(t) + Lq2(8)
172( 12(t) = 13(t))

ar(t+ Agq) = 43(t) + L2(t)

13(t+ Aqz) = 31(t) + Lq2(f)

/

7 ctelite B
7 Sa‘l

satelite P

h(t) = @i2(t) + @21(t = Aq2) + 2011(t = Aq2 = A2)
+Qa(t— A= Ax)+ @a(t— Az = Az = Apy)
= @13(t) = @31(t = Aq3) = @i(t = A1z — Asy)
= @r2(t = A1z = Azt) = @1(t = A21 = Aqz = Asi)
+ 2011(t) = 2011(t = A21 = A2 = A1z = A3q)
h(t) =L1a(t) + Loa(t = Aq2) + Laa(t = A2 = Azq) + Lag(t = Aq2 = Az = A43))
= La3(t) = Lag(t = Aq3) = Loq(t = A1z = Az1) = Lo(t = A1z = Az1 = Aq2)
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Characteristic strain amplitude
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Graph From ESA Gravitation Observatory Advisory team, final report 2016
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Solar Wind 1-6 UN/m?

16 B R_Hvatoire — LESIA
GDR Ondes Gravitationnelles de Paris



SOHO SPM/ Year 2013 (days)
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Characteristic strain amplitude
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ACE SWEPAM / Year 2017 (days)
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Characteristic strain amplitude
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Y (millimeters)

X (millimeters)
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 Diffraction + fiber injection coupling cause an energy loss of 1.5 10-1°
between the two satellites: 100mW=>15pW
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Characteristic strain amplitude
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sensitivity of SAGE (80)
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No 10* IMBH?

pair instability gap

relative number
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log(Mpy /Mg, )

M. Colpi, A. Sesana, 2018
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sensitivity of SAGE (80)
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« Technical challenges:
— Orbitography
— Thermal expansion (20pm/sqgrt(Hz)
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