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Massive hosts, most powerful radio galaxies

M⋆ ≈ 1011−12 M⊙ and
dEmech

dt
≈ 1047 erg s−1

70 powerful high redshift radio galaxies, 1<z<5.2



Well studied galaxies w/ all telescopes

• VLA and ATCA radio continuum 
• Various ground-based and HST images/spectroscopy 
• SPITZER IRAC photometry 
• Herschel PACS and SPIRE photometry 
• SCUBA and LABOCA photometry 
• Submm and mm spectroscopy with ALMA and IRAM 
• Some X-ray with Chandra



What’s new?

For today’s presentation: 

ALMA band 6 (some 3&4) observations w/ 10-80𝜇Jy/bm @ 0.3 
arcsec resolution, of a subsample of ~25 southern 
hemisphere galaxies of the HERGÉ sample and some 
additional high frequency ATCA. 

Halo gas detections with CO(1-0) ATCA and [CI](1-0), 
CO(4-3), and H2O with ALMA 

And, for the chair, I’ll flash a very deep rest-frame UV 
spectrum of PKS0529-249 w/ X-Shooter



Pentericci et al. 2001

Span a range of radio and optical morphologies
HST imaging of some
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Component-wise fitting with Mr. Moose

Drouart & Falkendal 2018

Bayesian component wise 
separation for combining low 
and high resolution data — 
simple SEDs 

Fit 25 southern sources

Falkendal, DeBreuck, MDL et al. 2018, submitted



Falkendal et al. 2018, AA submitted

On the road to quenching

Most galaxies lie below and are “on their 
way to being quenched” 

But what about the highly star forming 
ones? Named sources + 4C 41.17

Santini et al. 2017; Schreiber et al. 2015 MS



That’s on galaxy scales 

What about on larger scales? 

The tale of the Spider and its web



Star-formation and dense gas in the Spiderweb halo

Emonts, MDL et al. 2016, Science

Hatch et al. (2006) 
estimate SFR~140 
M⦿ yr-1 in the 
extended diffuse 
light. 

We found the 
molecular gas 
supporting that SF 
on ~100 kpc scale



Star-formation and dense gas in the Spiderweb halo

Excitation is similar to galaxies 
[CI] abundance similar to MW, it’s metal-enriched 
If tidal debris, it has dissipated a lot of energy

MH2
= 1.0 ± 0.4 × 1011(αCO/4) M⊙

XCI /XH2
∼ 1.5 ± 0.6 × 10−5(αCO/4)

M[CI] ∼ 8.9 ± 1.4 × 106 M⊙

Emonts, MDL, et al. 2018



Dissipation in the Spiderweb halo

Gullberg, MDL, et al. 2016
H2O is a sign of strong dissipation in slow molecular shocks



Some HzRGs forming stars vigorously 
Most are quenched 

Can have molecule-rich SFing halos 

So what does this all tell us?



What’s the relation between SFing and non-SFing?

Test case: PKS0529-249 and other star-forming HzRGs 
Dynamical modeling of [CI] suggests massive “cold” disk 

Lelli et al. 2018, MNRAS accepted

log M⋆ = 11.8 M⊙

z=2.59 
Compact radio 
source

SFR = 1020 M⊙ yr−1

[OIII] outflow 
+ 

[CI] disk



Direct detection of O-stars w/ X-Shooter  

Man, MDL, et al. 2018

Both spectra look like nearby young star clusters 
Clearly has different ISM lines — outflows 
But some of these lines could be from stellar winds 
Both spectra are consistent with very young ages … Myrs 
Stellar lines are narrow — rotating stars + cold population

e.g., S V



Gas depletion and content in context 

Man, MDL, et al. 2018

The star forming HzRGs have: 
• High SFE and low gas fractions 
• Low gas masses for their stellar masses

10s Myrs

10%



Schmidt-Kennicutt relation  

Man, MDL, et al. 2018

This is with “SMG/merger-like” 𝛂(CO) conversion and line ratios … when 
necessary ([CI] is also used)

Spiderweb CGM



It’s all AGN feedback, right????



Not so fast: Mass transfer of dense highly excited gas

“Bridge-like” structure between SE and NW components in dense gas
·Mtransfer ≈ 2900 ± 1600M⊙yr−1

ttransfer = Mdense gas/
·Mtransfer ∼ 11 Myr ∼ tdepletion

Emonts, De Breuck, MDL et al. 2015



Some final thoughts

Much more work and thought is needed …

• Powerful radio galaxies are quenching and this is mostly likely 
related to their high masses 

• Speculation that low gas fractions all efficient feeding, strong 
compression through mergers or expanding jets enhance SFE, 
and the AGN simply finishes the job unbounded by intense star 
formation 

• Is it only positive feedback or its just any process the compresses 
the gas … like mass transfer drives high SFE/AGN activity and 
thus quenching 

• Jets can heat and cause cooling of the halo gas as they pass 
through. Must dissipate the energy fast enough to form stars.


