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Introduction

T JFrequency ranges;
»SGWB: superposition of many =35
unresolved sources. QGround (LIGO/Virgo/KAGRA): ~20 Hz - kHz.

aSpace (LISA): ~107* — 1071 Hz.
JOPTAs: ~107° — 1077 Hz.
Q3G(CE/ET): ~1-5 Hz to several kHz

»Cosmological: inflation, phase
transitions, cosmic strings...

»Astrophysical: compact binaries,
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Motivation & goals

»Why circular polarization? \¥X;

~Parity-violating processes in the early Umverse are expected to induce
circular polarization in the SGWB — a feature predicted by certain
inflationary models.

»detecting such polarization, along with characterizing dipole
anisotropies, would provide a great opportunity to enrich the scope of
GW astronomy.

» Our focus,
v robust pipeline for circularly polarized SGWB — simulations / LIGO 01-03 .

v include Doppler-induced anisotropies in | and V.

v parameter estimation (PE) on the GW energy density parameter and
polarization parameter.

v Forecasting for 3G (CE&ET) detectors.
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Theoretical background (I)

= Power-law spectrum for SGWB, ngmznmf( f )

fref
= Cross-correlation?! 5i(f,t) = ha(f,t) + ([, 1)

= Combining two (or more) detectors suppresses 5(£,0) = hy(£,0) + (1, 2),
uncorrelated noise,

while preserving any common SGWB signal. & o /d2 G ﬂ
YAV - n rFaa\J,n) Yi;\J,t,n),
= Overlap reduction functions (ORFs),

(B1(f,0) 8(f,1) = (hi (£, ) hy(f', 1))

= ORFs encode geometry, separation, and polarization STl
response of a detector pair: ~
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Theoretical background (II)

Boost transformations: > tilt parameters of the
Under a boost velocity, 7 = [0 isotropic background,
GW frequencies transform as,
(F) = dInQew (f) Pe
fF oD Yi—p 4 nalf) = dlnf I(f) = 5 Qew(/f)
D — 47Tf SCH; ergs
1—8n-v a(f)zdnn(f)
Q dinf = | s S ———

(where g =v/c =vwithc = 1),

» Modified GW energy density spectrum acquires a kinematic modulation of its monopole and a
dipole term (“kinematic dipole”) proportional to D(f):

Uy (£, ) = VAT Qg (F) [(1 £ M) Yool0,0) + jf) (V10(6,0) + V211 (0, 0) + VZVy (6, 0))

= VAT Qyeprera(f) [(1 42 {8+ a? = 60 + %)) Y00 (6,0) + 2 (4 — @) {1106, @) + VZV11(8,9) + V2116, )}] @




Methodology

> correlation model (with monopole + dipole, | and V
channels) for a pair of detectors i and j,

1. 1451 1. Vi<
Cij Ile] +Vyi];-

ngy =7 | 1=V

2<1 <1
:I[y{] +17yV

~ QL [y1e<1 +Hy”<1
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SIGNAL 5
TEMPLATE: |Cilhrt) = ref(fif> Z['vfj(f,t)+H72§(f,t)]lm9zm(t]
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3H: —
Href <10 02 fref> J IB = — #

Boost-dipole coefficients;

(a1 850) = (167.942+0.007,—6.944 40.007) deg.

QM = Q00 Qref,
= VAT Qref
[Qg]soz = \/ 4; cos(m/2 — dso1) Qb
— —0.24744 Qp,
[QB]SO[ = —4/ 23 sin(m/2 — dgo1)e™ "5 Qp

= (1.40489 + 0.30011i) Qp,
[Q})_l] sol _ [QB] *sol

[Physical Review D, 106(8), 082005]




Preliminary results:
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Conclusions

= Circularly polarized SGWB is a probe of parity-violating early-Universe physics.

= What we did?
= Built PE on Q,,, Qpand IT & incorporate Doppler-induced dipole anisotropies.
= No detection in O1-O3 data/set UL .

= Circularly-polarized SGWB remains unconstrained by 01-03, but our limits approach the
kinematic dipole regime > provides a meaningful benchmark for future searches.

= Simulations indicate 3G (CE) with realistic observing time can constrain or detect
circular polarization.

- Next!
- analysis strategies has to be improved to enhance sensitivity to the kinematic dipole
anisotropies.

- frequency-dependent circular-polarization fraction I1 — II(f).
- Multi baseline combination + longer observing time
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