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Source of dust

e in local universe AGB stars (e.g. Draine 2003)

o significant amount of dust can be produced only 1 Gyr after
the birth of first low mass stars (Morgan & Edmunds, 2003)

o BUT: dust observed in early times

quasar host galaxies at z ~ 6: 10° — 10°M, of dust (sub-mm, far IR)
(Priddey et al., 2003, Beelen et al, 2006)

extinction curves of quasars and GRB
(Maiolino et al., 2004, Stratta et al. 2007)

e quasar winds predicted to produce dust (Elvis et al, 2002)
e Up to 10" M, - can explain only part of the observed amount
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Spectroscopic observation of PG 2112+059

Markwick-Kemper et al., 2007/

o InfraRed Spectrograpch (IRS) on board Spitzer

o 1 cycle (240s) with Short-Low modules (5.2 — 14.5um) and
2 cycles (120s) with Long-Low modules (14.0 — 38.0um)

e broad emmision bands at 10 and 18um (amorphous silicates)
o [Nell] transition (12.8um)
e substructure in the solid state emmision 11.2um
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A
Best Ay’ Fits To THE Two CONTINUUM-DIVIDED SPECTRA oF PG 21124059 (Fig. 2)

Continuum | Continuum 2 Average
Fraction (WI1.5%) {wWL.56) (WL.5%)

............................. 59 + | 565 = 14
Corndumfotal ......oorrreiriieerrnnn, 37 £ 2 39 £ 2 38 £ 3

MgOftotal .....cooovmiiiniiiniiiiniias, 9+ 2 27 + 1.7 59 + 26

Crystallinefsilicates .................oonns 4 = 2 6 +2 513

Mg, 510 /amorphous silicates ............ 0 £ 44 49 = 40

MgFeSi0 /amorphous silicates .......... 30 + 44 51 = 40
Amorphous silicate composition ..., Me, Fe, Si0, Mg, Fe .5i0, Mg, ..Fe,,Si0,

NoTES. —The first column shows the dust fraction considered, and the following columns show
the mass fractions for both continuum fits and the average. The standard deviation on the results
is determined from the spread of the mass fractions observed in those fits within the Ax” wlerance
of a factor 2. The bottom line shows the average composition of the amorphous silicate dust,
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Corundum
o condense at 1500 K (above silicates)

o at lower temperatures usually covered by silicates
o its presence suggests that gas density drops rapidly

o high luminosity and detection in emmision suggests that it is
associated rather with quasar than with the host galaxy

o presence of both corundum and olivines indicate clumpy den-

sity structure
Periclase

o in slowly cooling gas M ¢,5:0, forms first
and consumes all Mg

e indicates that the gas cooled rapidly
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Crystalline silicates (fosterite)

o approximatelly 5 4 3% of silicates crystalline
o not observed in ISM - destroyed by CR at timescale 40 Myr

o their formation requires higher densities than amorphous sili-
cates

e quasar wind origin may explain their presence
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Conclusions

o for the first time, composition of dust in a quasar has been
determined

o some of dust properties similar to dust in other environments,
some are different (presence of large amount corundum and
periclase; presence of crystalline silicates), consistent with
formation in quasar wind

o coexistence of corundum, crystalline and amorphous silicates
suggests inhomogenous temperature and density structure

e quasar winds have high velocities (v = 1000km/s> v.s. = dust

will be ejected into IGM where it may:

may affect measurements of cosmological parameters (Aguirre, 1999)
alter gaseus IGM composition
contribute to FIR background

change galaxy evolution models (Dwek, 1986; Aguirre & Haiman,
2000)
alter Sunyaev-Zeldovich effect (Sunyaev-Zeldovich, 1972)
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