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Tntroduction Key Results Radio Galaxies Suffer Restricted

The dramatic nse in both star formation rate and quasar densities Long lhived radio lobes probably penetrated a substantial V|5|b|||+Y ) 'gﬁziax-[rg-"f- Erg;‘s
back to z > 1 motivates mvestigahon of a possible causal frachion of the cosmic web dunng the quasar era. Al recert oo e e a i on o sortedin N G0 - Q.=5x10" erg/s

connechion. These lobes were sufficiently overpressured so as to induce very il Blundell et al. 1999 -- BRW, Manolakou and Kirk 2002)

Three factors combine to make 1t likely that radio lobes affected a il substantial star formation, and even galaxy formation, over l agree that radio flux dechnes with: increasing source size
large frachion of the cosmic web in which galaxies were forming cosmologically interesting volumes (Gopal-Knshna and Wiiia Jll because of adiabatic losses, and with redshift because of
at redshifts between 1.5 and 3 (the "quasar era"). 2001 -- GKWO01). mverse Compton losses off the CMB.

Most powerful radio galaxies (RGs) are only detectable for a il The RG lobes could fill much of the IGM with magnehc fields jl A jet of power Q,, propagating through a declinming power-
short fraction of their total hifehmes, so the volumes filled by old, of appropnate strength (~ 10 G, GKWO01l, Gopal-Krishna, jll law density distribution (Case 1), n(r); has total linear size D,
invisible, lobes are extremely large. Wita & Osterman 2003). Independent arguments based on Ml with a, the core radius (10 kpc), n, the ceniral density

different approaches yield very similar conclusions (Kronberg [l (0.01 cm), and 3=1.5. (Fig. 1, Case 1.) _ Sl
et al. 2001, Furlanetto and Loeb 2001). 1 ) sk Dashed : V,

0, )&
The metals swept up by lobes from host galaxies and from Eff]:lﬁﬂn[%]( :I i G s s o g s
earlier generations of inggered star formation could ennch both 100
the IGM and galaxies forming later (Gopal-Knshna and Wuta 8 Many properties of low frequency radio surveys (3C and 7C)
2003). can be fit if typical RG hifetimes are long (up to 500 Myr)
and if the jet power distnibution goes as Q,%* (BRW).

log.,(Volume in Mpc?)

. The co-moving density of detected RGs was roughly 1000 times
higherat 2<z<3 thanatz=0.

. These RG lobes need only fill much of the "relevant umiverse”,
the denser portion of the filamentary structures containing
matenal that 18 forming galaxies, not the entire umiverse.

t (Myr)

Fig 1. — Volumes filled by Radio Lobes as funchons of beam power Q,, for the

: - : : For RGs at z > 2, most observable hifehimes (7) are only a Ml powerlaw model (Case 1), and the dense IGM model (Case 2, =30, R=5Mpc).
Rﬂdlo LUI’TIIHOSI"'Y FUHC'I'IOI"IS few Myr, even if the jet hifetimes (T) are 100s of Myr.

Powerful (FR II) RGs were nearly 1000 times more common between

redshifts of 2 an 1lott et al. . Denser' Amblen'l‘ Media at HI h RedShlf'l'
dshufls of 2 and 3 (Wiloft et al, 2001 Radio Lobes Penetrate Much of the Relevant Universe J

This RLF 18 nearly flat for about a decade mn radio power above Early work assumed no cosmoelogical evolution in the confiming gas density (BRW, GKWO1).
P,.. > 10%° W Hz 'sr! , where FR II sources are most numerous. Dunng the quasar era, only a small fraction of the baryons had yet settled into the proto-
galactic cosmic web: roughly 10% of the mass and 3% of the volume (Cen & Osinker 1999).

?

This 18 reasonable as long as the galachc halo or ICM 1s the predominant confining gas, but at high z,
With the correction factor (T/7 ~ 50) we find at z = 2.5 the proper density P1eng ~ (11Z)° will dominate for D > 1 Mpe.

PHALpemerE R s Lns 1or L Erl}'ﬁsvzfl Ii[;b;iil;:; 2 bip tnpact 15 ey NEIVACh oy s flamentary: Teievant TINETE A limiting Case 2: propagation mnto a constant density medium where the total mass contained within a

p~4x107(1+z)° T- Mpc™ (Alog P,-() sphere of R Mpc i1s # times larger than that within the standard z = 0 extended halo.

with T. = T/(5 x 10° yr). i =R For z=2.5, n =30 18 reascnable (since » = 0.10 and about 50 % of the mass 18 1n the filaments at z = 0).
Assuming BRW parameters and integrating over beam power and z, we find the fraction of

the relevant universe filled during the quasar era by radio lobes: At early imes the power-law propagation distance (D,) 1s roughly 1/3 of the constant density distance (D.),

but for long lived sources D, > DD, 1s still likely (Fig. 1 and Fig. 3, evaluated for R =5 Mpc).

One then mtegrates over the peak of the RLF and must take into account
several generations of RGs during the 2 Gyr length of the quasar era.

= 1817 p—1 o
We find (GKWO01) the total proper density of intnnsically powerful RGs L et So our key conclusion that much of the cosmic web 18 filled by radio lobes 18 not likely to be affected by any
1s about: ® =8 x 10 ~ Mpc™’ if T > 250 Myt and typical rahios of R (RG length to wadth ~ 5) are assumed (Fig. 2). reasonable cosmological evoluhion of ambient medium properties.

Overpressured Lobes Trigger
Extensive Star Formation

Solid:Q,=5x10" erg/s
Dashed:Q,=5x10* erg/s 2 RG lobes remain significantly supersonic out to D > 1 Mpec.

Their bow shocks will compress cooler clouds within the IGM
(e.g., Rees 1989, GKWO1), inggenng extensive star formaton.

Much of the "ahgnment effect” (McCarthy et al. 1987) 18 thus
explained.
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Recent numenical work that includes cooling (Mellema et al.

2002 -- Fig. 5; Fragile et al. 2003) confirms that RG shocked

, cloud fragments become dense enough to yield massive star

Q,=5x10" erg/s : : : clusters. Fig. 4 shows pressure weighted volumes (E) for Cases 1

: and 2: for all plausible assumphons, substantial kinetic energy 1n

- NS : o o - the swept up matenal and overpressure in the lobes 1s maintained
100 1000 even out to late imes.

Filled Fraction of Relevant Universe
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Hence, RGs may accelerate the formahon of new galaxies and in
some cases produce them where they wouldn’t have formed in

Fig 2. — Fraction of Relevant Universe (¢) filled by Radio Lobes § Fig 3. — Ratio of the linear sizes of the RGs for the two models (R =5 Mpc). | Fig 4. — Energies inputted and stored in one lobe for the two models. the standard picture.

against lifetimes and volume frachons and axial ratios (Case 1). R f
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Substanhal metal abundances have been found in Lyman-break galaxies at z > 3 and in damped Ly-«
clouds.

Gopal-Krishna & Wuta (2003) have shown that the giant RGs can sweep up significant quantities of
metals from host galaxies.

These can seed the young galaxies, often tnggered by the lobes, with metals.




