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CC-5SN event sequences
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CC-5SN event sequences

Progenitor mass?
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CC-5SN event sequences

Progenitor mass? Central engine(s)? Final Remnant?

van Putten, Levinson, Lee, Rigimbau,
Punturo & Harry, 2004, PRD 69 044007
van Putten, Levinson, Frontera, Guidorzi,
Amati & Della Valle, 2019, EPJ Plus 134,
537

Distinct outlook on GW-emission by frequency and energy
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Prolbe by gravitational radiation
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Quadrupole GW-emission from BH central engines
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van Putten PRL 2001:; van Putten & Levinson 2003
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| essons learned from GW170817
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Fvent sequence GW1708177
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GW170817-GW170817B/GRB170817A

GW170817B
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van Putten, 2023, 32nd Texas Symposium Relativistic Astrophysics (invited)
van Putten & Della Valle, 2023, AK&A, 669, A36
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. event timing and energy

Ecw = 3.5 % Mc* exceeds EFMNS by 4x
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.. central engine and remnant

Radiative cooling mostly in GW-
emission (PTP 2012)

van Putten & Della Valle (2019)

DNS merger - HMNS — BH remnant
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Scaling relation for BH central engines
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Abchouyeh, van Putten & Amati, 2023, Apd, 952, 157
van Putten, Della Valle & Abchouyeh, in prep.
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Detector-limited horizon distance to long-duration transients
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. by un-modeled search
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Horizon distance for CC-SNe?

N/

Progenitors M. 2 20M  are expected to produce BH central engines of mass M 2 SM
Compared to GW170817B/GRB170817A, this poses three advantages

« kg: Scale to lower GW-frequency, overlap with bandwidth of maximal sensitivity B ~ (100 — 250) Hz

e ki: Scale to more GW-energy, assuming similar Kerr parameter a = J/M

» k. Scale to more distant horizon distance by detector sensitivity improvement O4 over O2

van Putten, Della Valle, Abchouyeh, in prep.
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Horizon distance (I)
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van Putten, Della Valle, Abchouyeh, in prep.
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LIGO | Virgo
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O4 horizon distance to BH central engines ~ 160 Mpc
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https://dcc.ligo.org/public/0161/

SN 2023ixf (D ~ 7 Mpc)
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... Observational opportunity

M101 Is 6 times closer than GW170817
O4 is 1.6 times more sensitive than O2

Detection threshold by scaling of ~ 1 % M@c2 N probe of GW170817/02

1 % MQCZ , . ,
Ecwm > ———— = 0.01 % M_c* = 10"*Mc? (<1 kHz)
’ 120
Use-case
o Confidently out BH spin-down (<1kHz)

o Put new on new-born NS (>1kHz)
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Conclusions and outlook

Un-modeled G\W-observations: new probe of CC-SNe event sequence “progenitor mass
- central engine - final remnant”

dentity un-expected signals in the run-up (e.g. Imshennik & Ryazhskaya, 2004, Astron. Lett., 30, 14)

Detect or rule out BH central engines

2.5 M, 2.5 M,
200HZ { ———— ) £ /.., S700Hz | —— ] (scaling of GW170817B)
M s M
O4 horizon distance: ~ 160 Mpc.

SN2023ixf (M101): if BH central engine is ruled out, then progenitor < 20M, (cf.
Sanduleak —69 202 to SN1987A).
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Detector-limited horizon distances
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Time-symmetric un-modeled searches

—qual sensitivity to ascending/descending chirps
Template bank: time-symmetric chirp-like templates
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BMF Kolmogorov spectra
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Sensitivity of BMF outperforms Fourier-based analysis by over one order of magnitude
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BMFE sensitivity gain

o Sensitivity to ascending/descending chirps on par with CBC

1

N 1 A\ 20 +2)
gain over FFT = —~ | —=(m+2)!AN? =22 (n=1)
NEpr 2

° Gain = \ﬁ gain ~ 3.11 for joint (H1,L1)-observations

Equivalent to 10 years of improvement in detector sensitivity - bringing
next-gen GW-detector sensitivity into view today
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