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Supernovae from optical surveys

SN la and core-collapse SNe
- SN la are remarkably standard (Phillips 1993)

» CC-SN are remarkable diverse:
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Diversity In core-collapse supernovae

SN 1998bw (Gallama et al. 1998): Type Ic
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Diversity In core-collapse supernovae
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Angular momentum powered supernovae”

Bisnovatyi-Kogan, Sov. Ast. (1971):

E;, from L-rich central engine:
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... by NS or BH?

(HM)NS:

2 2 2
R
g =2 yr? = 007me (L) (R
5 7% 2KHz 15 km

Kerr BH: Puntiro & Harry PRD 2004 -
sin(A4/4)

2
—— | ; sSmA=alM
sin(z/8)

EP" = 2Mc* sin“(A/4) ~ 0.29Mc” (

Readily feasible EfH > EZJVS by choice of spin rapidity A and mass M

Q—» Observable radiation channels?

van Putten, Della Valle & Levinson ApJL 2019; A&A 2023
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Catalytic Energy Extraction Process (CEEP)
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3H luminosity mostly incident onto the inner face of the torus
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Multi-Messenger Emission in suspended accretion
GWs

wind MeV-neutrinos
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van Putten, Abchouyeh & Della Valle , 2024, ApJL
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Multi-Messenger Emission in suspended accretion
GWs

wind MeV-neutrinos

Suspended \ ‘ \’ ,
accretion.
Balance between \\

input in energy and \
angular momentum -: 2 :
from E, anq output 5 : v
in MME to infinity : E =
. Kow 5 .
. : van Putten PRL 2001; van Putten & Levinson 2003
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Magnetic winds

5
) Ly=0 (1051) erg s—1

van Putten, Abchouyeh & Della Valle , 2024, Ap|L i Ky

GW-dominated output when BH spins rapidly, faster than
surrounding high-density matter
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GW170817/B-GRB170817A

GW /70817

Ascending chirp
from a merger:

¢G, — C}

D = 40Mpc

Abbott et al. 2017/
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van Putten, Della valle, Levinson, ApJL, 2019

GW1 7081 7/B—GRB1 7081 7A van Putten & Della Valle A&A 2023
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Black hole universality

DNS BHNS CC

S =N =N = = = W=
~-------

Convergence CEEP in suspended accretion
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P, Black hole universality

DNS BHNS CC
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e Black hole universality

\)/ Mass-scaling law for descending branch (E,f):
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Prospect to probe for BH central engines

Mass-scaling of descending branch (E,f ) GW170817R

ky, 2 2: Energy output from a more massive BH (M > SMQ)
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Sweet spot in sensitivity... ol AR SRS IR R BRI
» |

Detector pair at nominal
performance over
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Prospects to probe for BH central engines

Mass-scaling of descending branch (Ef) GW170817R

th
ky, 2 2: Energy output from a more massive BH (M > SMO)

k, ~ 1.3: Frequency from more massive BH is closer to “sweet spot
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Prospects to probe for BH central engines

Mass-scaling of descending branch (E,f ) GW170817R

ky, 2 2: Energy output from a more massive BH (M > SMO)
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Prospects to probe for BH central engines

Mass-scaling of descending branch (E,f ) GW170817R

ky, 2 2: Energy output from a more massive BH (M > SMO)
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Horizon distance to BH central engines
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Observational opportunities in the Local Universe

o Existing LIGO-Virgo searches specialize to GVW-probes of proto-neutron stars (PN):

horizon distance D ~ few Mpc Abac et al 2025 Ap) 985 183

o GW-probes of BH central engines with BMF: horizon distance D 2 100 Mpc

New opportunities beyond DNS mergers are energetic CC-SNe

“vent rate SN Ic is about 100 yr~! within 100Mpc

van Putten, Abchouyeh & Della Valle, ApJL, 2024
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EM-triggered Image-based searches

Over search window, generate (H1,L1,V1)-spectrograms < 1kHz by BMF for

avallable data:

e Matched filtering over large bank of time-symmetrized chirps of intermediate duration

e Circumvents sensitivity limitation of FFT by the time-frequency uncertainty relation

e Realizes near detector-limited sensitivity to transient signals (ascending, descending, ...)

van Putten, Guidorzi & Frontera, 2014, Apd, 786, 146
van Putten, 2024, Universe, 9,, 279
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E.g. SN2023ixf May |18 2023 during O4

Conclusions

AKozyreva, et, A&A, 694, A319 (2025)
M. C. Bersten et. al, A&A 681, L18 (2024)
C. D. Kilpatrick et al 2023 ApJL 952 L23

CC-supernovae:

o The events may be triggsered by collapse to a rapidly spinning
converting £; — £, by a catalytic energy extraction process rather than
producing ‘failed supernovae’

o E; — E; 15 signaled by a (£, <E < E, S Egy)
o May be probed out to a horizon distance of about

o [OOs of interest are specifically

van Putten, Abchouyeh, Della Valle, ApJL 2024
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COH C | US'OH S E.g. SN2023ixf May 18 2023 during O4
AKozyreva, et, A&A, 694, A3 19 (2025)
of e . M. C. Bersten et. al, A&A 681, L18 (2024)
Unveiling the central engine: NS or BH? C. D Kilpatrick et al 2023 ApJL 952 123

Supports the absence of BH spin-down. It 56N output Is also modest, a BH central engine Is
effectively ruled out.

f real — supported by two or more detectors — this may be a chance coincidence (given
relatively weak constraints on 1) or indicate a NS, subject to detailed consistency conditions.

Support the presence of a BH rather than a NS by GW-calorimetry: £y > E]JVS at observed fw.

van Putten, Abchouyeh, Della Valle, ApJL 2024
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e Black hole universality

\i/ Time of observation , constrains time-of-onset £,
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EM-triggered GW-probes of CC-SNe

Lo Narrow the GW-search window about the time-
( } Delay time

f of-onset fy by an EM-trigger time 1,

GW search window

(©)2026 van Putten et al. HEAC 2026

28



EM-triggered GW-probes of CC-SNe

Early time of discovery

e mm— — — — — — — — — — — m— m— m— m— m— m— m— = = e e s s s e s e s s e e e m— s m— e s s e s e m— e e e e e m— e m— mm— m— m— e m— e e e e e e— e— — o,

| GRB X—ray optical

I lo o ‘o

| 0 - - -
: Seconds Hours <d Weeks

: t() tb

\

E—— B S S S S S B B B0 S S B S0 S0 S B S S B0 S0 B0 B0 B0 G0 B0 S0 B0 B B S0 B0 B0 B S S0 B0 B0 B0 S0 S S0 B0 B S B B0 B0 S0 B S B S0 B B G0 G0 B B G G B G A s e e

Eg.: Einstein Probe EP260321a: Continuous wide-field observatories
SN Ic BL (GCN 44068; O’Conner (Della Valle et al. 2025,
et al. 2026, arXiv:2606.09992v1) arxXiv:2512.18157)

GW search window
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