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Quasars

Super-massive Mgy ~ 10” M
black holes in galaxy centres

Emits more powerfully
than rest of galaxy:

Lq~ 10" L

Only ~50 known in
first Gyr of universe
(i.e., with redshift > 6) ...

... hone with redshift > 6.5




Quasar spectra
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Quasars have very similar spectra

Absorption blueward of Ly alpha - reionization
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High-redshift sources
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The UKIRT Infrared
Deep Sky Survey
(UKIDSS)

SDSS-like
Imaging survey

wavelengths










UKIDSS













UKIDSS Large Area Survey

declination, 4§ (deg)

right ascenscion, a (deg)

UKIDSS DR8 LAS: 2250 deg”2 of ~3800 deg”2 analysed
Coverage matched to SDSS
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UKIDSS quasar search
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Probabilistic (Bayesian) candidate selection



Redshift ~6 quasars

UKIDSS DR8:
2250 sq. deg.

Discovered 8 new
redshift ~6 quasars

Recovered 6 SDSS
redshift ~6 quasars




The first redshift >6.5 quasar

ULAS J1120+0641
redshift = 7.085

Seen 100 Myr earlier
than any other highly
luminous source

Only ~100 brighter
and more distant
sources over whole
sky
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Unabsorbed spectrum very similar to low-z quasars
A 2 x10° Mg black hole 770 Myr after the Big Bang
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Fractional transmission, T

Ly alpha IGM absorption
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Ly o absorption redshift, Zabs,Lya

Complete Gunn-Peterson (1965) trough from z ~ 5.85

Optical depth too high to probe easily through Ly alpha



Quasar near zone

- Gemini Observatory
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Fractional transmission, T

0.5

[ ULAS J1120+0641

[ SDSS J1148+5251 el
| SDSS J1030+0524 JJ |

Proper distance, R (Mpc)

Quasar near zone ~4 times smaller thanatz =6

Extent due to ionization front or recombination?




Ly alpha damplng wing!
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Ly alpha damplng wing!
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Confirmation
of fiducual
f HI > 0.1
conclusion

(DLA possible
but unlikely
a priori (P=0.05)

Possible young
age make BH
problem worse

Bolton et al. (201 I)



The Future

® UKIDSS continuing: 2500 deg”2 -> 3800 deg”2

® ~|5 new z ~ 6 quasars; a few more z > 6.5
® Pan-STARRS: lacks | band; image quality issues
® VISTA: lacks optical imaging at present, but deep z
® DES: lacks ] band; starting now
® JANUS: proposed NASA mission: tens with z > 7?
e EUCLID: fainter quasars with z > 8!

® |LOFAR/SKA: will dominate ...in a decade or more



