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Framework - 1

• N-body dissipationless (dark matter only) CDM 

simulations proved to be extremely successful at 

explaining and reproducing observations on evolution of  

large scale structure.  

• This has led to the currently standard paradigm for 

galaxy formation and evolution, according to which 

each galaxy is born within one dark halo and its 

evolution follows that of halos. 

• When halos merge, gravity and dynamical friction 

gradually cause the orbits to decay, until also the 

galaxies merge. 



• In this view mergers have a key role in galaxy evolution, 

including triggering bursts of star formation and 

accretion onto central supermassive black holes, and 

transforming galaxy structure and morphology. 

• But is this view substantiated by N-body 

simulations?

Framework - 2



High resolution simulations

• In the build-up of a galactic halo we can schematically 

identify two phases (Zhao et al. 2003): 

– a fast accretion phase (timescale « H(z)-1) in which the potential 

well is created by major mergers, and that can define the formation 

epoch of the galaxy 

– a slow accretion (minor merger) phase in which mass is added in 

the outskirts of the halo, affecting only weakly the central region 

where the stellar component resides. 

It is conceivable that this second phase affects only 

marginally the stellar component, although occasionally 

major mergers also occur, but they involve a minority of 

large galaxies. 



Halo mass vs velocity evolution

(Zhao et al. 2003)
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Size comparison: stars vs dark matter

Effective radii of the 

most massive 

galaxies: ~ 10 kpc.  

Since the halo 

extends well

beyond 10 times the

size of the stellar 

distribution, 

collisions between 

substructure halos 

and the visible part 

of the galaxy occur 

quite infrequently

Virial radius (dark matter):

Rv ≈ 110 * 4/(1+zv) * (Mv/1013 Msun)1/3 kpc

Font et al. (2001)



• Early type galaxies are characterized by old and 

homogeneous stellar populations. Correlations tight 

enough to leave little room for random processes have 

been known for a long time (colour-luminosity; 

fundamental plane relations; dynamical mass -

luminosity) and have been recently confirmed and 

strengthened with very large samples. 

• Such correlations have been found to be insensitive to 

environment (Clemens et al. 2009; Nair et al. 2010) and 

to persist up to substantial redshifts.

• They appear to be driven only by self-regulation 

processes and intrinsic galaxy properties such as mass.

What are data saying?



M.S. Clemens, A. Bressan, 

B. Nikolic, Rampazzo 09
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Galaxy Formation

all

Evolution of 

DM Halos:

smaller halos 

form first 

In smaller galaxies 

star formation 

proceeds slowly: 

downsizing 

-enhancement.

Lower [/Fe] 

indicates

longer duration 

of active SF 

phase r5 = distance to the fifth nearest neighbour

Clemens et al. (2009)



Star formation timescales of spheroidal galaxies

• The α-enhancement (high α/Fe element ratios) 

observed in the most massive galaxies require star 

formation timescales  ≤ 109 years (e.g. Matteucci 1994; 

Thomas et al. 1999). But in models of merger-driven 

galaxy formation, star formation in ellipticals typically 

does not truncate after 1 Gyr (Thomas & Kauffmann 

1999; see however Arrigoni et al. 2010; Khochfar & Silk 

2010). 

• A basic problem of the merger scenario is that on one

side the duration of a single merger event (~ 0.1 Gyr) is

too short while the total duration of the merger-

induced star formation is too long (~ 10 Gyr). 



Merger-driven models and sub-mm counts

• A lower limit to the duration of a single star formation 

episode comes from sub-mm counts.

• The problem is more clearly illustrated in terms of 

redshift-dependent far-IR/sub-mm luminosity function, 

estimated on the basis of Herschel data (Eales et al. 2010; 

Gruppioni et al. 2010, 2014; Lapi et al. 2011). These 

estimates consistently show that z  2 galaxies with 

SFR200 Msun/yr, that are the main contributors to the 

cosmic SFR, have comoving densities 200 310-3

Mpc-3 dex-1. 



SFR functions

Mancuso et al. (2014)



Merger-driven models and sub-mm counts - 2

• The comoving density of the corresponding halos is

n(Mvir)  200

𝑡
𝑒𝑥𝑝


𝑆𝐹𝑅

where Mvir is the total virial mass (mostly dark matter), 

𝑡𝑒𝑥𝑝 is the expansion timescale and 𝑆𝐹𝑅 is the lifetime of 

the star-forming phase.

• The above equation shows that the n(Mvir) corresponding 
to Mvir corresponding to 200 increases (i.e. Mvir

decreases) with decreasing 𝑆𝐹𝑅. 

• 𝑆𝐹𝑅 0.1 Gyr, typical of merger-driven starbursts, 

implies high values of the SFR/Mvir ratio, hard to achieve 

with standard IMFs and dust properties. 



Gruppioni et al. (2014)

Two versions of 

Munich galaxy

form. model 


Menci et 

al. (2014)

Monaco et

al. (2007)  



Rest-frame galaxy LFs in the PACS 100 and 160 μm bands and SPIRE 250 and 350 μm bands 

at five different redshifts. 

Sami-Matias Niemi et al. MNRAS 2012;421:1539-1556
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Counts given

by the 

GALFORM 

galaxy

formation

model (Kim et 

al. 2012).



Cowley et al. (2015)

Euclidean

normalized counts at

350 µm based on a 

new version of 

GALFORM, the 

Durham semi-analytic 

model of hierarchical

galaxy formation

Red dashed line: 

counts after

rescaling flux

densities by the ad 

hoc function shown 

in the bottom

panel. Need of an 

even more extreme  

top-heavy IMF?

350 µm



Merger-driven models and clustering properties

• Standard IMF and dust properties would give 𝑆𝐹𝑅

0.51 Gyr.

• For lower 𝑆𝐹𝑅 attempts to recover agreement with the 

data resort to top-heavy IMF and/or to “red” sub-mm 

SEDs.

• The degeneracy is broken considering the clustering 

properties of far-IR/sub-mm galaxies, that are a measure 

of effective halo masses. 

• Merger-driven models turn out to be insufficient 

clustering power at the frequencies at which the powr

spectrum has been best measured by Planck and 

Herschel.



Cowley et al. (2015)

Angular Power spectrum of CIB anisotropies predicted by the 

Cowley et al. (2015). The blue solid line indicates the power 

spectrum averaged over 3 randomly oriented lightcones The 

dashed blue lines in the left panel indicate the power spectrum

for each of these fields individually. The horizontal dashed line 

shows the predicted shot noise contribution to power spectrum. 

The dotted red line shows the prediction after the fluxes of our 

simulated galaxies have been rescaled. 

250µm 350µm 500µm



The continuity equation - 1



The continuity equation - 2 



SFR functions

Mancuso et al. (2014)



Aversa et al. (2015) 



Aversa et al. (2015)



Dry mergers - 1 



Aversa et al. (2015)



Dry mergers - 2

• As illustrated by the figure, major dry merger have little 

effect on the present day stellar mass function (they are 

rare).

• On the other hand, minor mergers can boost the high-

mass tail of the stellar mass function beyond the space 

densities allowed by the data, although we should remind 

that in this mass range data are still statistically uncertain 

and/or affected by large systematics. Thus, data indicate 

that the merger efficiency in increasing .the stellar mass 

is likely low. 



Self-regulated galaxy-AGN co-evolution - 1



Self-regulated galaxy-AGN co-evolution - 2



Self-regulated galaxy-AGN co-evolution - 3



Self-regulated galaxy-AGN co-evolution - 4

100 µm luminosity functions (Lapi et al. 2011) 



Self-regulated galaxy-AGN co-evolution - 4

log LFIR

log Lx log Lx



250 µm 350 µm

500 µm

850 µm

Lapi et al. (2011)



Self-regulated galaxy-AGN co-evolution - 5



Cai et al. (2013)

100 µm 250 µm

350 µm 500 µm



Conclusions - 1
• Although examples of starbursts triggered by mergers have 

been clearly observed, independent data sets consistently 

indicate that mergers are not the main star formation 

drivers.

• Sub-mm counts imply a duration of the main star-formation 

episode of ~0.7 Gyr for the most massive proto-sheroidal

galaxies.

• The /Fe element ratios imply that most stars of the most 

massive galaxies must have formed on that timescale, while 

longer star formation timescales are indicated for less 

massive galaxies. 

• A comparison between the redshift-dependent LFs with the 

stellar MFs, via the continuity eq. shows that dry mergers 

must have had only a minor role.



Conclusions - 2

• All these data can be easily accounted for by a 

scenario where the star formation history of galaxies is 

generally governed by in situ processes (e.g., Lapi et 

al. 2011, 2014; Cai et al. 2013). 

• This scenario 

– implies a tight relationship of galaxy properties with halo 

mass rather than scale invariant, as implied by the merger 

scenario

– naturally predicts downsizing and star-formation timescales 

implied by -enhancement and sub-mm counts 

– Gives the right clustering properties of sub-mm galaxies 

(Xia et al. 2011; Cai et al. 2013)

– Correctly predicted lensing counts (Negrello et al. 2010).


