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Overview: A measurement problem, not only a fitting problem

1. Signal 2. Model 3. Evidence 4. Prospects

The High Frequency What physical What cWB recovers The HFF evolution
component of CCSNe  information of the across SNR, how to carries information

GW is an source is encoded in make a proper about the PNS. What is
astrophysically slope and curvature of  astrophysical analysis measurable? We would
motivated target. the HFF. from their outputs. like to use the HFF de-

tectable/reconstructed
information to make for
example, constrain the

EOS?

Central question

When does reconstructed HFF curvature carry physical information and what can we extract from
it? EQOS? Parameters of the source?
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Slope describes the launch; curvature describes the evolution

Early slope

» Local derivative near fit start.

. » Compresses the initial rise
into one number.

Curvature

» Quantifies departure from
linearity.
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0.25 » Requires a sufficiently long
reconstructed track.
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A three-parameter model separates scale, evolution and start time

[F(0) = hll—exp(—a(t =t} 2 tan (1)
Parameter Mathematical role Operational interpretation
fo asymptotic frequency reconstructed frequency scale
« inverse time scale rate at which the track bends
tstart time origin beginning of the fitted rise
At)?
e At =1 aAt+ (o 5 ) +0(At), (2)
1, 5,0 3
f(t) = fhalt — 5foa At + O(A). (3)
Therefore,
‘50 = f/(tstart) - an ‘; G = %f”(tstart) - 7%60&2 . (4)
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cWB operation

1. Simulated CCSN waveforms are injected into real interferometric noise.
2. c¢WB decomposes the network data into Wilson—Daubechies—Meyer time—frequency pixels.
3. Network-consistent excess-power pixels are clustered and reconstructed coherently.
4. The HFF ridge is extracted and fitted for (fy, a, tstart)-
$15.0 hplus (¢, 6) = (0,90) e “ivescan
BE P 20
5 2 ‘
E:: 68 15 Ld 15
E’- 2 . / 10
= LB e x4 ‘
3 N d = s
£~ T £ i ‘
0.025 0.050 0.075 0.100 0.125 0.150 0.175 . y - - o 54\6 1

I
o

. 546.8 547 5472 547.4 ) 547 5472 5474
Time [s] Time (sec) : GPS OFFSET = 1241072461.000 Time (sec) : GPS OFFSET = 1241072461.000

Figure: Different steps for capturing the HFF slope and curvature.
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Waveform families and their physical properties

Waveform Family EOS Mzams (Me) foeak (Hz) Simulation duration (ms)
Andresen et al. 2019 LS220 15 ~400 — 800 ~400 — 500
Mezzacappa et al. 2020 LS220 15 ~600 — 1000 ~400 - 500
Mezzacappa et al. 2023 LS220 9.6, 15, 25 ~450 — 1200 ~600 — 1200
Kuroda et al. 2017 SFHx, LS220 15 ~1000 - 1200 ~300 - 400
O’Connor — Couch 2018 SFHo, LS220 12 - 40 ~600 — 1100 ~400 - 600
Powell — Miiller 2019 LS220 18 ~800 — 1000 ~900

Powell — Miiller 2018 LS220 3.5, 4.0 ~900 — 1100 ~600 — 800
Vartanyan et al. 2023 SFHo 9.0-25 ~600 — 1100 ~1000 - 1300
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The frequency range fi, ) at which the GW energy spectrum peaks, the physical scope of the catalog,

and approximate simulation overview timelines (Szczepaficzyk et al. (2023)).
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Detailed Catalog Classification

Model label Mzams (Mg) Progenitor/series Metallicity Rot. (o [rad/s]) EOS Sim. reference
Kuroda—s15.0 15.0 WH / Woosley Solar No SFHx Kuroda et al. (2017)
Powell-s18_3d 18.0 WH / Woosley Solar No LS220 Powell & Miiller (2019)
Powell-s3.5_3d 35 WH / Woosley Solar No LS220 Powell & Miiller (2018)
Powell-m39 39.0 WH / Woosley Solar 0.5 LS220 Powell & Miiller (2020)
Andresen—s15nr 15.0 WH / Woosley Solar No LS220 Andresen et al. (2019)
Andresen—s15r 15.0 WH / Woosley Solar 0.5 LS220 Andresen et al. (2019)
Andresen—s15fr 15.0 WH / Woosley Solar 1.0 LS220 Andresen et al. (2019)
mesa20_pert 20.0 MESA progenitor Solar No SFHo O’Connor & Couch (2018)
Mezzacappa—C15-3D 15.0 WH / Woosley Solar No LS220 Mezzacappa et al. (2020)
Mezzacappa—D9.6-3D 9.6 WH / Woosley Zero No LS220 Mezzacappa et al. (2023)
Mezzacappa—D15-3D 15.0 WH / Woosley Solar No LS220 Mezzacappa et al. (2023)
Mezzacappa—D25-3D 25.0 WH / Woosley Solar No LS220 Mezzacappa et al. (2023)
Vartanyan—s15 15.0 WH / Woosley Solar No SFHo Vartanyan et al. (2023)
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Preliminary results: All models

Full CCSN population by model — a [1/s] vs fo [Hz]
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Preliminary results:

All models
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Preliminary results: Grouping by Family
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Preliminary results: Grouping by Family

Full CCSN population by waveform family — a [1/s] vs f, [Hz]
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Map of viable equations of state from nuclear physics
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Figure: The EOS used in the CCSN waveform catalog span
parameter space (L,S). (Tews et al. 2017). .
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Preliminary: Grouping by EOS
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Preliminary: Grouping by EOS

Full CCSN population by EOS — a [1/s] vs fy [HZ]
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Mass dependence emerges most clearly in the high-SNR subset

Mezzacappa et al. (2023) mass sequence: full population and SNR extremes

® 9.6Mo (parent N=924)

100 - . Full parent population

® 15M, (parent N=66,014)

Low SNR: model-wise bottom 25%

® 25M, (parent N=71,228)

O Median

High SNR: model-wise top 25%
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» D9.6 remains at lower fy and is especially SNR-sensitive.
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» Median « decreases strongly from low to high SNR.
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User-provided analysis: Mezzacappa et al. (2023) sequence.
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Perturbation labels overlap once reconstruction scatter contracts

O'Connor & Couch (2018) perturbation sequence: full population and SNR extremes

® Unperturbed (parent N=38,224)

Full parent population

® Perturbed (parent N=52,779) & Median

Low SNR: model-wise bottom 25%
Al =

High SNR: model-wise top 25%
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» Full and low-SNR samples appear more separated.
» High-SNR populations overlap substantially.

» Some apparent separation is likely reconstruction-driven.
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User-provided analysis: O'Connor & Couch (2018) sequence.
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Magnetic-field models separate mainly through fy, not «

Powell et al. (2020) magnetic-field sequence: full population and SNR extremes

® B=0(parentN=72218) ® B=10'G (parentN=67,088) © B=10G (parentN=67,121) <> Median
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» « remains comparatively small across the sequence.
» Magnetized models occupy higher-fy regions.
» The B = 10%° G structure merits model-specific follow-up.
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User-provided analysis: Powell et al. (2020) sequence.
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Rotation leaves the clearest high-SNR population structure

Andresen et al. (2019) rotation sequence: full population and SNR extremes

© Non-rotating (parent N=31,792) @ Rotating (parent N=10,776)  © Fast rotating (parent N=21,789) < Median

Full parent population

Low SNR: model-wise bottom 25% High SNR: model-wise top 25%
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» Scatter contracts dramatically at high SNR.
» Fast rotation remains localized at lower fj.
» Persistent separation is a candidate measurable fingerprint.

User-provided analysis: Andresen et al. (2019) sequence.
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Curvature is promising—but where?

"Supported by the present results" Not established yet

A physical .
» High SNR reduces fit scatter, reducing > A physical o range

degeneracies?. » Unique inference of EOS, rotation or B .

» Some model sequences retain population » Localizations and series.

structure.

» Slope—curvature pairs can add information
to solve entanglement or clues to do it.

» Possible paths for connecting the detection
with source parameters?
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