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            Abstract
So far, roughly 40 quasars with redshifts greater than z = 6 have been discovered1,2,3,4,5,6,7,8. Each quasar contains a black hole with a mass of about one billion solar masses (109 [image: ])2,6,7,9,10,11,12,13. The existence of such black holes when the Universe was less than one billion years old presents substantial challenges to theories of the formation and growth of black holes and the coevolution of black holes and galaxies14. Here we report the discovery of an ultraluminous quasar, SDSS J010013.02+280225.8, at redshift z = 6.30. It has an optical and near-infrared luminosity a few times greater than those of previously known z > 6 quasars. On the basis of the deep absorption trough15 on the blue side of the Lyman-Î± emission line in the spectrum, we estimate the proper size of the ionized proximity zone associated with the quasar to be about 26 million light years, larger than found with other z > 6.1 quasars with lower luminosities16. We estimate (on the basis of a near-infrared spectrum) that the black hole has a mass of âˆ¼1.2 Ã— 1010 [image: ], which is consistent with the 1.3 Ã— 1010 [image: ] derived by assuming an Eddington-limited accretion rate.
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                    Figure 1: The optical spectra of J0100+2802.[image: ]


Figure 2: Transmission in absorption troughs and the proximity zone for J0100+2802.[image: ]


Figure 3: The combined optical/near-infrared spectrum of J0100+2802 and the fitting of the MgÂ ii line.[image: ]


Figure 4: Distribution of quasar bolometric luminosities, Lbol, and black-hole masses, MBH, estimated from the MgÂ ii lines.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Images of J0100+2802 in SDSS, 2MASS and WISE bands.
J0100+2802 is undetected in SDSS u,g,r bands (top row) but is relatively bright in other bands (lower three rows). It is consistent with a point source in the bands with high signal-to-noise detections. The size is 1â€² Ã— 1â€² for all images. The green circle represents an angular size of 10â€³ in each image.


Extended Data Figure 2 The LBT K-band image of J0100+2802.
The size is 10â€³ Ã— 10â€³. The horizontal and vertical axes denote the offsets in right ascension (Î”RA) and in declination (Î”Dec.). The image, with seeing of 0.4â€³, shows a morphology fully consistent with a point source.


Extended Data Figure 3 The rest-frame spectral energy distributions of J0100+2802, J1148+5251 and ULAS J1120+0641.
The redshifts of these three quasars are 6.30, 6.42 and 7.085, respectively. The luminosity of J0100+2802 in the ultraviolet/optical bands is about four times higher than that of J1148+5251, and seven times higher than that of ULAS J1120+0641. The photometric data are from literature for J1148+5251 and J1120+0641. The error bars show the 1Ïƒ standard deviation.


Extended Data Figure 4 The major absorption features identified from optical and near-infrared spectroscopy of J0100+2802.
Most of them are from Mg ii, C iv and Fe ii. The labels from A to H correspond to the redshifts of absorption materials at 6.14, 6.11, 5.32, 5.11, 4.52, 4.22, 3.34 and 2.33, respectively. Studies of intervening and associated absorption systems will be discussed elsewhere.
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Ultraluminous quasar illuminates epoch of cosmic reionization
Cosmic redshifts of between 6 and 7 represent a time when the intergalactic medium was in transition from a neutral state to being completely ionized. Here Xue-Bing Wu et al. report the discovery of an ultraluminous quasar at redshift z = 6.30 that has optical and near-infrared luminosity several times greater than previously known quasars at redshifts beyond 6. Based on near-infrared spectral data, the authors estimate a mass of approximately twelve-billion solar-masses for the associated black hole, consistent with the thirteen-billion solar masses derived by assuming an Eddington-limited accretion rate, where the force of radiation acting outwards and the gravitational force acting inwards are in balance. As the most luminous quasar known to date at z = 6, this object will be a useful resource for the study of galaxy formation around massive black holes at the end of the epoch of cosmic reionization.
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