Black Holes in Short GRBs,
Macronovae & GW150914

Kunihito IOKA

(Center for Gravitational Physics,
YITP, Kyoto U.)

TTTTTTTTTTTTTTTTTT



Contents

® BH in long-lasting short GRBs
— BH v.s. Neutron star

® BH in macronovae
— BH v.s. R-process radioactivity

® BH in GWI150914

— Galactic BHs as high-energy sources
— Fermi GBM event



Black Hole or Neutron Star?
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Fallback
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Topological Evolution
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Black Hole or Neutron Star?
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Discovery of Macronova
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Engine-Powered Macronova?
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Requlred Ejecta Mass
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Cosmic Dust?
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Macronova Spectrum
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Old Problem

* Eddington 20’s * Grindlay+ 78

* Hoyle & Lyttleton 39 « Carr79

* Bondi & Hoyle 44 * McDowell 85

* Bondi 52  Campana & Pardi 93
 Zeldovich 64 * Heckler & Kolb 96

* Salperter 64 * Fujitat 98

* Lynden-Bell 69 * Popov & Prokhorov 98

* Shvartsman 71| * Armitage & Natarajan 99
* Michel 72 * Agol & Kamionkowski 02
* Shapiro 73 * Chisholm+ 03

* Shakura & Sunyaev 73 * Barkov+ 12

* Meszaros 75 * Motch & Pakull 12

* |pser & Price 77,82, 83 Fender+ 13

GW:s put a lower limit on #(spinning BHs)
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Blandford-Znajek Effect
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Luminosity Function
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' ' Agol & Kamionkowski 12
Xh(m17m2,’l})5 |:M(n7 mi,ma, ’U) — Mi| : Klg-fin Pr:rpr."(')n owski

BH mass: m: Salpeter, m,: Flat, 5My<m,<m <50Mg
Velocity: Maxwell distribution

+ GW recoil + ISM sound velocity {) 0 “

Density: 5 phases of ISM

Phase ni [em™3] mng[em™] B & cs [km s~

Molecular clouds 102 10° 2.8 1073 10 75 pc
Cold H; 10 102 3.8 0.04 10 150 pc
Warm H; 0.3 — — 035 10 0.5 kpc
Warm Hyy 0.15 - — 0.2 10 1 kpc

Hot Hyp 0.002 — - 04 150 3 kpc
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Luminosity Function
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Max Acceleration Energy
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Total Power
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TeV Gamma- Ray Sky

HESS 1307.4690
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BHs <

| TeV uniIDs?

1Flux dis. is similar

BH nebula size:
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Observed Flux F [erg g cm'2] CTA WI” see ~3OO BHS

Kl+ in prep.
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Fermi y-ray Burst Monitor

GBM detectors at 150914 09:50:45.797 +1.024s

5600

Nal+BGO

SNR = 5.1
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0 2
relative time [s]
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Dead Disk

- 0 -

Cold neutral disk
No MRI, No accretion
Accretion only at merger

Perna+ |5
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Dead Disk Evaporation

O

ISM accretion = Hot disk = Evaporation

: —5/2 M \? n 5/2 % —9/2
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~ | 06 ~ | -5
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No-Go?

\ Going back time
by say t,~1000 sec
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Relativistic Shock Breakout

Relativistic
‘Shock breakout

Kyutoku, KI & Shibata 12
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Shock Acceleration
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Relativistic Shock
Acceleration
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Relativistic OQutflow
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Event Based
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FIG. 9. The posterior density on the rate of GW150914-like BBH,
LVTI151012-like BBH, and GW151226-like BBH mergers. The
event based rate is the sum of these. The median and 90% credi-
ble levels are given in Table II. LIGO Ol 16



Really r-Process?

Yes?

® Macronova with GRB 0606 1 4? Yang® 1>
- M__.~0.IM, = BH-NS?

ejecta Jin+ 16

® Macronova with GRB 050709

— Mgjeca™0-05Mg, Wind signature?
® Deep-sea plutonium 2*Pu (t,,~81Myr) Hotokezaka+ I5
® r-process in an ultra-faint dwarf galaxy .

No?
® Required M., is too large? Grossmann+ 14
P D t . ) Takami+ 14

ust emission Kyutoku & KI 16

® r-process cosmic rays are unreasonably weak!?
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External Shock Variability

® Example 2 cA\t Ratio of surface area
N(cTAt)’ N( At )2
(R/T) !

Only a fraction of the surface
can emit for variable LC

= Low efficiency
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Max Mass of Neutron Star
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| Shapiro delay
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Y (Hyperon?
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temperature; T (K)
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o4

Condensation Temperature

2000

1000

If T<2000K,
dusts can

1 condensate

in principle

100 1000 10* 10° 10° 10° 10°% 10° 10%°

number density of atom; n (cm_s)

©Nozawa
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DlllStl Yield

low—density case
(efficient r—process)

®
[] ® £=1.0
O £,=0.5
\L/ no dust formation
| ; | ;
l ) I ]
high—density case
— — @ — — — —| (inefficient r—process)|
®
i 0 e -
®
_ ] \L I
1 X | ,
C Fe

r
(1st peak) (2nd peak) (3rd peak)
dust species

r-process dusts
are not formed

Carbon dusts
are possible!

lron dusts may
be formed but
at t>10 days

Takami, Nozawa & Kl 14
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Density

: C
Photons diffuse out when pK r~ —
v
o U fp r\’ N 2 pk
fain ¢ (Emfp) c gmfp — (Pli)_l

r

{ ~ —
dyn
V

v=0.2c
Density at ~7 days
1 c

—1
K
— ~1.4x 10716 =3 Y
KnTe U 5 CHl (10 cm? g_1>
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Expected Dust Size

Once T<Tcondense’

T KNUNT ~ 200 ™ B E o
N PehNEN 10 cm? g—1 12

UN = \/Qk'BT/mN, KN = 7T7“12\I/mN, TN = 10~° cm, MmN = Nmp

colliding dusts stick together

If k~0.1cm?/g without r-process, the density can be large

; —1 /Ay —3/2
~ pekinONt ~ 20000 2 —
TN PehiNEN (0.1 cm? g—1> (12>

Heavy elements are difficult to form dusts
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Metalllelty Dependence

10t 1 | |
1 : f Dust is
1o-1 | - formed if
: M>0.01M,
1072 | Bave X (47t/AL2)
1073

N, =100
—4 |
0 / ~> Optically thick

10°3 o 01 o 1 1

M.(4m/AQ) (Mg) Takami, Nozawa & K1 14
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Figure 3. Inferred peculiar velocity as a function of black hole mass. Black
points denote low-mass X-ray binaries, and the red point represents the
high-mass X-ray binary Cygnus X-1. A larger sample is required to make
robust inferences about any potential correlation between black hole (or
companion) mass and natal kicks. Miller-Jones 14
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Swift/XRT data of GRB 160821B
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