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PDp HIFSTaFEVeIUen Heger & Woosley 2002, ApJ, 567, 532
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 REDEEIE? |
a few 100M 4

(Abel et al. 2000; Bromm et al. 2002; Yoshida et al. 2006)
bimodal of ~ 1M, & afew 100M , (Nakamura & Umemura 2001)
several 10M , (Clark et al. 2011)
about 40M 4 (Hosokawa et al. 2011)
a few ~ 10M ,, (Greif et al. 2011)
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SLSNe: Superiluminous Supernovae

Nicholl et al. MNRAS 452, 3869-3893 (2015)

Taddia template (scaled)
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Matsuda et al 2004, ApJ, 128, 56-9 Ouchi et al. 2010, ApJ, 723, 869
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Ly a emission = cooling shells

)
N
F L -—— I'l
E >
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L 5

Mori and Umemura, 2006,
Nature, 440, 644

Subaru




+SN
Ly a emission = recombination in HIl regions

Hesegawa & Semelin 2012, MNRAS, 428, 154
MU, Susa, Hasegawa, Suwa & Semelin 2012, PTEP, 01A306 (23pp)



gas star ] ] . . .
Ly a emission = cooling radiation
L %
gas star
gas star
gas sta
Yajima et al 2015, 801, 52




Hell detection in CR7

COSMOS/Ultra VISTA Fields Sobral et al. 2015, ApJ, 808, 139
VLT (X-SHOOTER, SINFONI, FORS2), Keck (DEMIOS)

CR7 :z=6.604 (L, ,,=8.5"10% erg/s)

cf. Himiko: z=6.54 (L ,,=2.5"10% erg/s)

J-band excess 6s detection of Hell 1640 A (S/N=6)

Fre=4.1"10-17 erg/s/icm?

FWHM=130+ 30 km/s

Hell/Lya=0.23

NV/Lya<1/70, Clll}/Hell<0.4 (weak metal line emission)

NV1240, NIV1487, CIV1549, Olll]1661, OIl1]1666, NIII]1750: undetected
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Possible sources for high luminosity, high EW Ly a and Hell

1) Cooling radiation (Faucher-Gigu ere et al. 2010)
R L,,,=10% erg/s ® My,,>5" 10" M,
R expected number density~10-"Mpc-23 @z~6.6 consistent with obs.
Hell/Lya<0.1
broader Lya line
2) Strong AGN (De Breuck et al. 2000)
Hell FWHM~1000 km/s
strong metal lines (NV, Olll], CIlI])
3) Wolf-Rayet (WR) stars (Shirazi & Brinchmann 2012; Erb et al. 2010)
line FWHM~3000 km/s
many metal lines
4) Direct collapse black hole (Johnson et al. 2011)
R high Hell/Lya
R no metal line
strong X-ray emission
broad line emission
much lower Lya & Hell luminosities
5) Poplll stars (Schaerer 2003; Raiter et al. 2010)
R Hell FWHM~100 km/s
R Hell/Lya~0.1 ® Hell/Lya~0.2-0.3 due to HI absorption
R no metal line




z=5-10 galaxies

B — 5C method F‘?anclc+WF’+h|r:|hL
Mirune =—17

=+ EWCmethodh . VS
> S S L

.-1-""'

Planck 2015

WMAP only

—_— G, My 1T
—_— 50, Wewe=—I0

- EWLC, My .=—17
- EWC, Mye=—10

15 20 25 30
Redshift Redshift

Time [Gyr]

0.8 06 05 0.4
I I I I

SFR Density Evolution

L |
™
I
5]
[
b
I
=]
I
i
7]
]
B
b
o
B
o
-
=
a.
="1]
o

Cosmic Star Formation Rate
Densityatz 10

> 0.7 M. fyr

HFF A2744
GOODS-N/S + HUDFO/XDF
CLASH

Oesch et al. 2015, ApJ, 808,104
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Redshift (z)

z=11.1

Oesch et al.

Previous
record holder

2016, arXiv:1603.00461
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7=7.085 QSO

Fractional transmsaion, T

Mortlock et al. 2011, nature, 474, 616

L=6.3"1013L, , Mg,=2"10°M,

Eddigton Ratio
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Follow=up photometry of ULAS J112040641:
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Figure 4 | Rest-frame transmission profile of ULAS J11204+0641 in the
region of the Ly emission line, compared to several dumpingpnlﬁ les. The
transmission profike of ULAS J1120+ 0641, obtained by dividing the spectrum
by the SDSS composite shown in Fig. 1, is shown in black. The random error
spectrum is plotted below the data, also in black. The positive residuals near
0.1230 pm in the transmission profile suggest that the Lyx emission line of
ULAS J1120+0641 is actually stronger than average, in which case the
absorption would be greater than illustrated. The dispersion in the Ly
equivalent width at a fixed C v equivalent width of 13% quantifies the
uncertainty in the Ly strength; this systematic uncertainty in the transmission
profile is shown in red. The blue curves show the Ly damping wing of the
i.|'||t:r§|.l:|.|.‘l'i|." medium for neutral fractions of (from top to |:l|:|-1|11|||]-_|f5|| =01,
fio =05 and fi;, = 1.0, assuming a sharp ionization front 2,2 Mpe in front of
the quasar. The green curve shows the absorption profile of a damped Ly
absorber of column density Ny, = 4 x H]hlﬁ:l‘l'l 3 located 2.6 Mpc in front of
the quasar, These curves assume that the fonized zone itself is completely
transparent; a more realistic model of the Hi distribution around the quasar
m.islt! be sufficient to discriminate between these two maodels™, The
wavekngth of the Ly transition is shown as a dashed line; also marked is the
M v doublet of the associated absorber referred to in the text.



7=6.30 QSO

Xue-BingWu et al. 2015, nature, 518, 512

1=4.29"10%L, , Mg,=1.2"1010M

" J0100+2802 I
- z=6.30+0.01

3 f \ T

B - A

Flux (10716 erg s7! cm 2 A1)

r LBT 1

0 i 1 1 I.l 1 -I..I ..I 1 | 1 I. I.I. | 1 II-I-II.-llb_lcilt I_

1
7,000 7,500 8,000 8,500 9,000 9,500

Observed wavelength (A)

Figure 1| The optical spectra of J0100+2802. From top to bottom, spectra
taken with the Lijiang 2.4-m telescope, the MMT and the LBT (in red, blue
and black colours), respectively. For clarity, two spectra are offset upward by
one and two vertical units. Although the spectral resolution varies from very
low to medium, in all spectra the Lyo emission line, with a rest-frame
wavelength of 1,216 A, is redshifted to around 8,900 A, giving a redshift of 6.30.
J0100+2802 is a weak-line quasar with continuum luminosity about four times
higher than that of SDSS J1148+5251 (in green on the same flux scale)’,
which was previously the most luminous high-redshift quasar known at
z=642.

1046}
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107 108 10° 1010 10M
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Figure 4 | Distribution of quasar bolometric luminosities, Ly, and black-
hole masses, Mpyy, estimated from the Mg lines. The red circle at top right
represents J0100+2802. The small blue squares denote SDSS high-redshift
quasars™'®", and the large blue square represents J1148+5251. The green
triangles denote CFHQS high-redshift quasars'*'2 The purple star denotes
ULAS J1120+0641 at z = 7.085 (ref. 6). Black contours (which indicate 1o to
5¢ significance from inner to outer) and grey dots denote SDSS low-redshift
quasars®' (with broad absorption line quasars excluded). Error bars represent
the 1o standard deviation, and the mean error bar for low-redshift quasars

is presented in the bottom-right corner. The dashed lines denote the luminosity
in different fractions of the Eddington luminosity, Lp4s. Note that the black-
hole mass and bolometric luminosity are calculated using the same method
and the same cosmology model as in the present Letter, and the systematic
uncertainties (not included in the error bars) of virial black-hole masses could
be up to a factor of three”.



Eddington Growth of z=7.085 QSO SMBH
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Eddington Growth of z=6.30 QSO SMBH
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Ohsuga & Mineshige 2011, ApJ, 736, 2
2D Radiation Magneto-hydrodynamical simulation
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Direct Collapse to Massive Black Holes

Suppression of H2 cooling by UV background
Bromm & Loeb 2003, ApJ, 596, 34

5710°M_, MBH binary

Cold Accretion Shock model
Inayoshi & Omukai 2012, MNRAS, 422, 2539

2 o (gfem)

lo

Warm cloud collapse model |
Inayoshi, Omukai, Tasker 2014, MNRASL 445, L109 ' o | _ v i

log o (g/em?)

>105M,_, MBH




T I Quadruple suspension system
R Livwt Wiy f

Advanced LIGO, Sep 14, 2015, 09:50:45 UTC
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Mergers of - Black Holes

(Tagawa, Umemura, et al. 2015, MNRAS 451, 2174; 2016 arXiv:1602.08767)
Post-Newtonian N-body Simulations (2.5PN=GW)
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(@]
(Tagawa, Umemura, et al. 2015, 2016)

T

Post-Newtonian
2.5PN=GW

Advanced LIGO (Abbott et al. 2016)
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Counterpart in Hard X-Ray

Fermi GBM Observations of LIGO Gravitational Wave event GW150914
(Connaughton et al. 2016)

@ GW150914 0.4s >50 keV  weak transient source (a false alarm probability of 0.0022)
@ Luminosity between 1 keV and 10 MeV = 1.8x 10*° erg s!

%] GW150914
%] astrophysical, solar, terrestrial, or magnetospheric activity
@ weak short Gamma-Ray Burst
] stellar mass black hole binary merger
GBM detectors at 150914 09:50:45.797 +1.024s
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