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LVK sub-solar search for O4a
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Credit: LVK collaboration (20206)

* LVK collaboration has reported sub-
solar O4a result (arXiv:2605.05444).

» No significant event

» Space-time hypervolume VT

» Constraint on the fraction of dark
matter in Primordial Black Holes

(PBH): fpgHu.



Matched filtering to find Gravitational Waves
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Challenge of sub-solar search

FIXED: fiow = 20 Hz
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Current searches limit the low-frequency cutoff
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Future detectors will extend their sensitivity to

lower frequency e o

1o i
- N I —— KAGRA
Longer waveforms %1019 ; |\ | Peeenne
are inevitable - i % |
. f E 10-21 i ”K‘ 'rmle'
in future detectors. E 5 Ny
10-23{ | i
YT T T

Frequency (Hz)



OUR APPROACH:
RATIO FILTER

(PRD:113, 064006 (2026))
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The ratio waveform is as long as the duration

difference
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Conventional matched filtering

all waveforms
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Reusing one reference SNR for nearby waveform
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Ratio filter on simulated data
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Non-spinning templat; bank
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Number of templates: 51,588
Number of reference waveforms: 131
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SNR time series for the loudest template
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SNR time series for the loudest template
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SNR time series for the loudest template
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» Relative error: 0(107%)
« Speed up gain: 25~30%
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Where the ratio filter enters the pipeline

Data preparing

Input strain
Conditioning & PSD
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First real-data demonstration: one subbank

| | | | | _*» One reference group / one subbank: 811 templates
D |+ Reference template:

m1: 0.051 Mg, m2: 0.050 M,
chi1: -0.94, chi2: -0.80

1* LIGO Livingston and Hanford during O1

« H1:2015-09-12 05:51:43 ~ 2015-11-10 16:38:07
(live time: 34.3 days)

005 -  L1:2015-09-1204:43:27 ~ 2015-11-24 03:45:51

A (live time: 36.8 days)

No candidate



v> down-ranks inconsistent triggers
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Conclusions

* The problem

Sub-solar and future-detector signals are very long

 The method

One reference matched filter + short ratio convolutions (ratio filter)

* The result
Accurate SNR reconstruction + first real-data subbank analysis

Future work

« Complete the search for sub-solar mass region and find sub-solar
mass candidates or constraint on the existence of PBH






Ratio filter: reconstructs the new SNR via
convolving with the reference SNR
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The number of triggers

2.4 x 10° 1

2.2 x 10° 1

Number of triggers
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Trigger reduction in the single-detector pipeline
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2,446,914

BN After raw-SNR clustering
BN Stored after NewSNR / consistency cuts

1,705,909
(69.7%)

1,329,844

(97.0%)
1,371,068

H1 L1
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