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Figure 6. Top: A simple prediction for the total luminosity function of galactic
systems (solid line) compared with the group luminosity function estimated from the
2PIGG catalogue by Eke et al. (2006). The halo mass function of Jenkins et al. (2001)
has been converted into a group luminosity function by assuming a constant mass
to light ratio for each halo. Bottom: The mass-to-light ratio required to match the
observed group luminosity function is plotted in the right hand panel. Note that the
strength of the up-turn below M ∼ 1012h−1M⊙ is affected by systematic errors in the
determination of the total luminosity of groups in the 2dFGRS.

2.3. A simple model: Is this all we need?

Now that we have specified a cosmological model and can compute the abundance of

dark matter haloes, we are in a position to make a very simple model of galaxy formation.
This naive calculation will serve to reveal some basic facts about how the efficiency of

galaxy formation must depend upon the mass of dark matter halo. The shortcomings

of this toy model will motivate the more physical (and complicated) modelling that is

the focus of this review.

The first calculation that we can do is to take each dark matter halo and assign

to it a luminosity that scales linearly with the mass of the halo. Thus, each halo is
given a fixed mass to light ratio. Note that we have not made any assumption about

how this light is distributed between galaxies within the halo. We can compare this

prediction with the abundance of galaxy groups as a function of their total luminosity.

This quantity was measured recently for galaxy groups extracted from the two-degree

field galaxy redshift survey by Eke et al. (2004a,b). The comparison is shown in

Fig. 6. A fixed mass-to-light ratio (∼ 80hM⊙/L⊙) was chosen such that haloes of mass
≈ 1012h−1M⊙ match the break in the observed group luminosity function. We can see

that this simple prediction gives a poor match to the observed luminosity function of

groups. The predicted group luminosity function simply has the wrong shape, with too

many faint groups and too many bright groups. Thus, if we are to retain the otherwise

highly successful background ΛCDM cosmology, our assumption of a mass to light ratio

Globally, supermassive black holes provide the 
heating necessary to prevent the (excessive) 

formation of stars in the most massive galaxies



Thermal instabilities promote 
localised cooling 

The cold gas is probably an 
important source of 

accretion onto the black 
hole, triggering further 

feedback events

Phoenix Cluster  
(Russell et al. 2017)



Pulido et al. 2018

Once thermal instabilities take place, 
cooling cascades through all phases 
down to molecular gas

Gaspari et al. 2018

The ensemble velocity dispersion is 
expected to be tightly linked between 

all thermal phases



THE HUNT FOR MOLECULAR GAS IN M87 

Salome & Combes 2008 
no significant detection of molecular gas



Discovery of [CII] in M87 with Herschel/PACS

Werner et al. 2013



3h on source with ALMA 
Simionescu et al. 2018

MH2
= (4.7 ± 0.4) × 105M⊙
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Extremely narrow line; possibly 
not enough CO to fully trace the 
ensemble velocity dispersion of 

the X-ray gas. 
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+ high [OIII]/Hb in the region without CO



CO(2-1) detected outside but not inside AGN radio lobe [in projection] 
Ha to CO ratio changes by a factor >5 across radio lobe edge

Is this just projection?
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WHAT DESTROYS (DISRUPTS?) THE MOLECULAR GAS IN M87?

It’s probably not projection!
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CO(2-1) detected outside but not inside AGN radio lobe [in projection] 
Ha to CO ratio changes by a factor >5 across radio lobe edge



WHAT DESTROYS (DISRUPTS?) THE MOLECULAR GAS IN M87?

Has the ‘missing’ molecular gas been converted into stars?
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14 individual young stars should have been detected by HST in the Ha filament



WHAT DESTROYS (DISRUPTS?) THE MOLECULAR GAS IN M87?

Has the ‘missing’ molecular gas been converted into stars? 

Does the shock promote the formation of molecular gas?

Too weak! Mach~1.2



WHAT DESTROYS (DISRUPTS?) THE MOLECULAR GAS IN M87?

Is it just by chance? 

Does the relativistic plasma in the AGN radio lobe actively 
destroy the molecular gas (e.g. magnetic reconnection)? 

Does the X-ray shock destroy the gas, but with a "time delay”? 
(estimated time elapsed since shock passage: 1.1 Myr) 

Perhaps the molecular gas is not destroyed at all but heated/
excited? (check other CO transitions?)

When is CO being destroyed rather than produced?  
The mass of host halo? (Mmol/MX smaller in galaxies than clusters, cf. Brian’s talk) 

Does it depend on the total mechanical power of the AGN?  
The “phase” of the feedback cycle?


