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ALDM birefringence

Lagrangian of the ALDM-photon system:

L= —%F#VF“V—}—%@“(LGNCL—%mzaQ— igawaFWF“”, (1)
Weyl gauge Ag = A° = 0:
WA+ k x (k X A) = igy,(wVa+ k) x A. (2)
Dispersion relations:
wi ~ k£ goyy <g? +Va - 1}> =k =+ gayyn*'Vya. (3)
EVPA change for a linearly polarized light:
Agy = ;/ttobs (Wi —w-)dt = %gaw [a(zfe) — alzhy)] - (4)
emit
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Space-based gravitational wave detectors

Local transmitted beam: Epy = /2Ipe™r!
Received beam: Epy = pv/21e!@Wrt+¢)
\ .. Fields at the photodiodes

/f;:‘ Sa = |Erx + 6i7r/2ERX|27 (5)
( Sp = ‘em/zETx—l-ERx|2. (6)

2mn/Q )
arg [/ (Sp—Sa)e ™ dt| ~p+7/2 (7)
0

Credit: Colpi et al., 2024 Heterodyne frequency Q2 = wp — wr;
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Recent proposals

ALDM field collective velocity v ~ 1073, coherence length A\, > L:

A¢, = %gaw% {cos(mgt + @) — cos [mq(t — L) + @]} . (8)

n

1/4-wave plate

e R e |

1/2-wave plate
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Motivation

® Although the current design of SGWDs utilize linearly polarized laser links,
the past designs of SGWDs favored circularly polarized light for the
inter-satellite path, and both options were under consideration.

® (Circular polarization in phase sensitive ranging yields a susceptibility to roll
rotations of the S/C.

® Optical components, such as quarter-wave plates, are main sources of

backreflection, and it is easier to design and to predict the behavior of the
antireflection coatings of the optics working only with linear polarization.
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Our proposal

Inter-spacecraft
Interferometer (ISI)

| Interferometer Transmitting
Laser (TX)
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Proposed Modification
oe

Phase signals of ALDM

Erx = cos A, Erxs + sin A¢, Erxp. (9)
2mn/Q )
oo =arg| [ 180~ S0+ (S5 - Swle (10)
0
2mn/Q )
¢1s1 = arg / (Sp— Sa)e “at (11)
0

Phase shift between two interferometers: A¢ = A1y + Adrx + Adps;
Impose Ia;py = fisr and fix A¢ = 7/2:

A¢g =~ daLDM — P51 (12)
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Ser to the ALDM-photon coupl
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Time-delay interferometry

Credit: Hartwig et al., 2022
S/IC 1

Credit: Tinto and Dhurandhar, 2021
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itivity to the ALDM-photon coupling

Different TDI combinations

Symmetrized
Sagnac ()

six-link observables ) .. eight-link observables

Credit: Vallisneri, 2005
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Sensitivity to the ALDM-photon coupling
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Doppler signals

Single-arm signal
1 d(darpm — dist) 1 dA¢,

= 13
firs W dt wr dt (13)
_ 1 d(¢1st — ¢arLDM™m) 1 dA¢,
= — R —— 14
s Wy dt wy dt (14)
Sagnac variable a:
aft) = [7712 + Diofjos + D12D237731] — [7713 + D13n32 + D13D327721}
I I (15)
=2 Jary v/ 2ppM sin 31 cos (mat + o — 31 ),
W 2 2
One-sided PSD:
4sin?(37fL) g? in2 — T
Sa(f) _ ( f )ga'y'prM sin [ﬂ'(f fa) obs] 7 (16)

7720}% Tobs (f - fa)2
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Summary

® Propose a novel modification to the space-based gravitational wave detectors
to probe axion-like dark matter by introducing an auxiliary interferometer for
the p-polarized component of the received light.

® Do not change the polarization state of the beam exchanged between the
spacecraft.

e Applicability in different TDI combinations.
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