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Supernova shock is stalled or not?
How much material fallback on proto-NS?

The key will be inner density structure within
r ~ 1000 km, M, ~ 2-3 M
Blue supergiant

(BSG) O’Connor & Ott 201 I; Ugliano et al. 2012;
Horiuchi et al. 2014; Pejcha & Thompson 201 5;
Sukhbold et al. 17
o

Walf-Rayet star
(WR)
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e.g., GW 170608 (adLIGO 17)
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Ex) Stellar evolution calculations of
single massive stars with MESA

Vsurf, ini — ZOO km/S
MZAMS = 20, 40, 60 Msun
Z-1,01,0012Z,.

EREN DV DR EJIZIEWo( N[O oTWD,

LED%Ee. Z=2ZsunldA A TWREZ ¢ LTI,

EREND LV R EETDHELERCO > T3S,
ED%E. Z<0.1ZsunldBR. FBEEZ ¢ L TR,
TDIELAET (BELIEFTDL) agy~ L.
NENOG~-KIGEEDEEMBENTE 3.

GE) @82 Dwind mass lossid R E AT A,
T2 TEmIL .

Angular Momentum Density [erg s cm ™ ] Angular Momentum Density [erg s cm ™ ]

Angular Momentum Density [erg s em™?]

— 20M,
< 40M,
- 60 M,

0 10 20 30 40 50 60
Enclosed Mass [M ]

Z=0.17
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Enclosed Mass [M ]

Z=0.01Z,

\I L L I L L
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Enclosed Mass [M ]



Tidal interaction

The convective core + rad. envelope can be locked by the dynamical tide (Zahn 83).

A
I
modei BYIET A 127 ,17/2
% g 1 fsyn ~ 0.07 Myr ¢ 2( > ) E2,—6M / s R 712 12/5’

——— 12 417 (1+¢ 3/31 217 4 1/17 14/17
@ @ derit < 4% 1012 cm ¢/ (_2 ) Ey e MR, 15

: 18 .2 -1 —3/2,.1/2
= Jsyn ~ 1077 cm” s a; Mtot,lSR*ll’

jSCh ~ 4.7 X 1017 sz S_IM.,I.S,
C.T., . _
Jkerr ~ 1.5 x 1017 em? s71M, | 5.

Note: g mode dumping is non-trivial, especially when including the wind mass loss.
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Always just vanishing?




Probably not.

w ”

» N

A fraction of outer envelope can be ejected due to a gravitational mass
loss of the core through neutrino emission in the proto-NS phase.



The Nadyozhin effect

: N Nadyozhin 80
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A fraction of outer envelope can be ejected due to a gravitational mass
loss of the core through neutrino emission in the proto-NS phase.



Estimate on the “explosion” energy

A feels change in g A

\4 falls to BH \4
quickly

T G X — ST AN BISPT
tff (’rc) — Ty

Fernandez, Quataert, KK, Coughlin, 17



AE(r) [erg]

1048

1047 L

1046

Estimate on the “explosion” energy
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binding energy exterior to M(r) [erg]

Mass ejection in failed supernovae
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n failled SNe

jection 1n

Hydro sims. of mass e
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mass [Mc] energy [erg]

logig velocity [km/s]

Mass ejection in failed supernovae
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total ejecta energy [erg]

ejected mass [My]

Mass ejection

1n failed supernovae
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logo accretion rate [M, s

Fallback accretion

R15z00 eHR
Y25z-2 ¢

(©)

B25z00 eHR

W40z00 eHR
SR{lzgzggz B30z-4 ¢ W26200 e
20 B80z-4 e W50200 e
10! 102 10> 104 10° 10° 107 10! 10% 103 10* 10° 10° 10! 102 103 10*
time [s] time [s] time [s]

FHERLHVWLREEOEEE R b Y —~NDZE LB TV,

Fernandez, Quataert, KK, Coughlin, 17



Luminous red novae tfrom failed SNe

L (erg/s)
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Searching for vanishing RSGs

Monitoring ~10% RSGs in ~25 Gal.
within ~10 Mpc with ~0.5 yr
cadence for ~5 yrs using the
Large Binocular Telescope
Examine sources with

A(vL,) > 10*Lg
3 core collapse supernovae

| candidate of vanishing RSG

Continuous obs. will give

meaningful constraints on
failed SN rate.
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Possible obs. signatures of non-RSG failed SNe

Model Lo tho Ubo Tho Lpl lpl Vexp
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Ex) Stellar evolution calculations of
single massive stars with MESA

Vsurf, ini — ZOO km/S
MZAMS = 20, 40, 60 Msun
Z-1,01,0012Z,.

TRENZ\V D ERLIITEP o HE > T3,

LED%E. Z=2ZsunldH A TWREZ ¢ L T3,

ERBEND LV R EETHENERCE > T3,
LED%E. Z<0.1ZsunldBR. FEEZ ¢ L TR,
TDIELAET (BBFELIEFT2L) agy ~ L.
NN~ KGEEDEEMEINTE S.

GE) @82 Dwind mass lossid R E AT A,
T2 TEmIL .

Angular Momentum Density [erg s cm ™ ] Angular Momentum Density [erg s cm ™ ]

Angular Momentum Density [erg s em™?]

— 20M,
< 40M,
- 60 M,

0 10 20 30 40 50 60
Enclosed Mass [M ]

Z=0.17

0 10 20 30 40 50 60
Enclosed Mass [M ]

Z=0.01Z,

\I L L I L L
0 10 20 30 40 50 60
Enclosed Mass [M ]



Tidal interaction

The convective core + rad. envelope can be locked by the dynamical tide (Zahn 83).

A
I
modei BYIET A 127 ,17/2
% g 1 fsyn ~ 0.07 Myr ¢ 2( > ) E2,—6M / s R 712 12/5’

——— 12 417 (1+¢ 3/31 217 4 1/17 14/17
@ @ derit < 4% 1012 cm ¢/ (_2 ) Ey e MR, 15

: 18 .2 -1 —3/2,.1/2
= Jsyn ~ 1077 cm” s a; Mtot,lSR*ll’

jSCh ~ 4.7 X 1017 sz S_IM.,I.S,
C.T., . _
Jkerr ~ 1.5 x 1017 em? s71M, | 5.

Note: g mode dumping is non-trivial, especially when including the wind mass loss.



Mass ejection from a minidisk

Circumstellar Medium

S
Nt s

1 '
Decelerating Shock

) Pe@® »« D (=

The outermost layers have
The Inner core is directly sufficient angular momentum
swallowed by the black hole. to form a mini disk.

Fast Blue Transient

& Inverse Compton X rays Radio Afterglow

KK & Quataert 15
KK, Hotokezaka, Murase 17



Thermal emission from the outflow
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Pan-STARRS| Medium Deep Survey (PS1-MDS) for Rapidly Evolving and Luminous Transients

The PSI-MDS Transients

PS1-10ah

PS1-10bjp 1

Drout+14

v’ t,,, < |2 day --- rapidly evolving than any SN type
~ 10%%3 erg s --- luminous as bright SNe
~ a few 10* K --- blue

v L
v T

peak

peak

g g
. = -16 38 st
ve v i
xr Y 1 -15F J
A2 4 o
v vy 2l i’ ¥ # -17F
Vv ® v
—14F 3
20 0 20 40 60 80 -20 0 20 40

P51-12bb

v" No line blanketing --- not powered by the radioactive decay
v Host Gal. = star forming Gal. --- related to massive stars
v' Event rate ~ 4-7 % of core-collapse SN --- not rare



Non-thermal emission from the outflow

[cm]

lerg s~

Lboi

1010 ¢

~ Fastl

N P S ST R A | N PR S R S B A
10* 10° 108

0 . Luminous!-
o \ E

~——

g

108

_I_

electron acceleration at the forward shock
& inverse Compton cooling

@t ~ t . ~ @ few days

A7 Tpeak 4 Ipeak -1
7/6C 1()4_ B( 1 (133]

IS, ~ 6_6%\)3
IC 20 Vi out

40 -1 -1y -1 .3
~ 6x10™ ergs € _1C My, 5V, 8Vout. 10

~ 2 Ye\? ( Tpeak
ElC R ZkBTpeakYe ~ 1.5 keV (%) (104 K)

The IC X-ray flares are detectable by
e.g., Swift XRT from ~ 100 Mpc.

KK, Hotokezaka, Murase 17



Non-thermal emission from the outflow

Circumstellar Medium

IR

Decelerating Shock. 10%°
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Radio Afterglow
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The radio afterglow are detectable by
e.g., VLA from a few 100 Mpc.

KK, Hotokezaka, Murase 17



The radio afterglow
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The radio afterglow
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L, [erg/s/Hz]

The radio afterglow
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L, [erg/s/Hz]

The radio afterglow
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The radio afterglow
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L, [erg/s/Hz]

The radio afterglow
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Flux (mJy)

The radio afterglow
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Competitive sources & future obs.
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Weak explosion + (mini)disk

“pre”’-ejecta



Disk-wind powered supernovae
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Creepy transients powered by zombie stars?
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Either

collapse

® | circularization circularization
primary

BH

cr
Tidally synchronized WR

or

(X
BBH

Kimura, Murase, Meszaros 17
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« QB VWIHS
* RSG — luminous rednovae? € vanishing star search
« BSG, WR — sub-day blue transients? € Tomo-e Gozen etc?

* I DI DHRNBE
* RSG — disk-wind powered SNe? €& conventional SN search

« BSG, WR — fast blue transients? € high-cadence SN search
c DL e (L rRVIFS
« RSG —failed jet & disk-wind powered SNe?

« BSG —ultra-long GRBs?
* WR —long GRBs

« LR EDIBRE T L

J4u—7 v JEANAEEE



appendix



Mass ejection in failed supernovae

Model Ar/r  wv-loss T  Ttov OMq M.; E; Ex max Te AE(re) AM
(%) (s) () (Mp) (Me) (10*7erg) (10*7 erg) (10° cm) (10*7 erg) (M)
R15z00_e 0.9 exp 3 6.1 0.30 4.2 1.5 4.7 1.5 2.9 4.8
B25z00_e 3.1 0.24 4.9E-2 1.5 4.5 1.7 4.8 0.13
W40z00_e 2.6 0.22 5.0E-4 0.23 3.5 1.5 4.2 3E-3
R15z00_eHR 0.45 exp 3 6.1 0.30 4.2 1.9 4.5 1.5 2.9 4.8
B25z00_eHR 3.1 0.24 4.9E-2 1.6 4.4 1.7 4.8 0.13
W40z00_eHR 2.6 0.22 5.0E-4 0.25 3.4 1.5 4.2 3E-3
R12z00_e 0.9 exp 3 21 0.30 5.5 1.8 3.9 1.4 1.5 5.6
Y22z00_e 1.1 0.12 0.4 0.8 1.8 1.2
Y25z-2_e 5.3 0.30 2.5 -1.0 8.1 1.5 8.7 11
B30z-2_e 4 0.30 0.2 1.4 10 1.6 9.3 0.85
B80z-2_e 0.2 0.03 0.03 0.23 0.38 0.01
W26z00_e 6.8 0.30 8.1E-3 2.6 10 1.5 9.3 0.02
W50z00_e 1.2 0.13 5.7TE-5 0.02 0.63 0.9 1.9 2E-3
R15z00_f 0.9 full 3 8.0 0.47 4.6 8.8 12 1.5 7.4 4.8
B25z00_f 4.2 0.43 0.11 9.1 18 1.7 16 0.20
W40z00_f 3.6 0.42 4.9E-3 3.0 17 1.7 13 9E-3
B&0z-2_f 0.4 0.04 0.05 0.42 0.63 0.02
R15z00_m 0.9 max 3 8.4 0.49 4.6 13 17 1.5 8.1 4.8
B25z00_m 3.7 0.37 9.5E-2 7.0 15 1.7 12 0.18
W40z00_m 3.0 0.33 2.6E-3 1.5 11 1.7 8.0 6E-3
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