A new quasar discovered at
redshift 6.6 from Pan-STARRS 1

Tang, Goto et al., 2017, MNRAS, 466,4568
Liu, Goto et al. submitted

Nlcole L|u (NTHU) Jl, ua Tang (NTU) "TomoJGOTO,
T-Hashimoto® (NTHU)\Y.Ohyama" (ASIAA)"

#+PS1 teamy
R A N




the Big Bang

Years after the Big Bang

The Universe was filled
" with ionized gas

[}
Cosmic
Kfay - =il reionization

Dark Age

First astronomical objects:
0.5 billion . formation of galaxies and
2=20 . quasars, Beginning of the

COSMIC reronization
-

Renaissance of the §
« ® ° lonized inter-galactic space Universe - the End
. of the Dark Age

Z=6 ..o ‘.....‘ .. »
ten. » °

» Completion of the
1 billkion 4 o™ e 0... LT ...o .0...0..

reionization: inter-galactic
medium was ionized

When, and how the Universe was relonized?
One of the outstanding questions in the
observaitional cosmology.

- i
L *

z=0 & N P
135bilion | AR e L R The Present

Universe



‘T ALS 5

C R

“
-
TR A TN

Whe e was reionlzgé?
One of the outstanding questions in the
observational cosmology.



Gunn-Peterson (1965) test
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Gunn-Peterson test
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* One 1.8m telescope

- Built on Haleakala (on
Maui, Hawaii)



The PS1 3xn Survey

90,0007 /=

(c.f. HSC 1400deg?)

[grizy]
=[23.95, 23.48, 23.42, 22.38, 20.61] 5sigma




We found a new QSO at z=6.6!

Discovery spectra
1 hour (Tang, Goto et al. 2017)
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Advantage of y~20mag

SN ~20A-1(7.5hrs)
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Gunn-Peterson test
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z~6.4  (Lya redshift)
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Spectrum: Later we will preform 3 methods to probe the phas I tio w ith the spectrum



1. Transmission & Optical depth

Transmission: 7 = <M> Optical depth:t=—-In7T
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Method1: measuring the transmission and optical depth




2. Dark gaps statistics
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Method2: counting the gap span by two adjacent peaks
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2. Dark gaps statistics

median of
_________________ — the gap
j width
Y
’j
]
E

(0]
. t:;':::.‘:::“z

z = 5.83-6.18—

0.66A

A |

--------------------- -

z = 6.18-6.54-

f
]

(

06— —

04 P _—1

b |

v . -

0.0 Shets | B ] bbbt ————
0.0 05 1.0 15 2.0

 Gap width(A)



3. The dark pixel fraction

m dark pixel
m not dark pixel

oo

6.07
Lya redshift

Dark fraction

(neutral)

_number of the pixel without detected flux
total pixels in the spectrum
LR /|~ No need to assume.thejintrinsic flux!
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Method3: dark fraction = upper limit of the neutral fraction




3. The dark pixel fraction

Neutral _fraction




Three abs. tests up to z~6.6

1. Transmission:
flux~0 at z>6 even with
our high-quality spectrum.
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We found a f Bl 2. Dark gap distribution:
bright QSO at B A jump of gap width at




