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The activities in this project follow from the 
general context of the main subject that is 
the evolution of ETGs in different 
environments up to z ∼ 0.5, which 
corresponds to an epoch of 5 billion years 
ago. 
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Ongoing Projects

1 - Early-Type Galaxies in Compact Groups (Tatiana Moura)

2 - Surface Photometry of Galaxies Using a Bayesian Scheme (Diego Stalder)

3 - Stellar Content and Star Formation History of Early-type Galaxies (Dr. Marina 
Trevisan)

4 - Investigating the Relation between Galaxy Properties and the Gaussianity of the 
Velocity Distribution 

5 - Mass Calibration of Galaxy Clusters (Dr. Marcelle Soares - Fermilab)

6 - Morphological Classification - New Methods and Extension to High-z (Dr. Fabricio 
Ferrari - IMEF, FURG)

7 - Environmental Effects on the Properties of Galaxies (Dr. Gary Mamon - IAP)

8 - Galaxy Cluster Mass Reconstruction (Dr. Lyndsay Old - Univ. of Nottingham)
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Galaxy Formation - A Brief History 
Monolithic collapse and merge 
I - In the 1930’s we already knew that there were two types of galaxies, E and S.

2 - Eggen, Lynden-Bell & Sandage (1962) - galaxies form from the collapse of gas clouds, 
and the difference between E and S reflects the rapidity of star formation during the 
collapse. τSF  / τCO   >> 1              SPIRALS τSF  / τCO   << 1              ELLIPTICALS
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Galaxy Formation - A Brief History 
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Toomre & Toomre (1972)
Numerical simulations demonstrate convincingly that some of the extraordinary 
structures seen in peculiar galaxies, such as long tails, could be produced by tidal 
interactions between two normal spirals.

Based on the observed frequency 
of galaxies with such signatures of 
interactions, and on their estimate 
of the time scale over which tidal 
tails might be visible 

Most elliptical galaxies could be merger remnants. In an extreme version of this 
picture, all galaxies initially form as disks, while all ellipticals are produced by 
mergers between pre-existing galaxies
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GF in Dark Matter Halos
By the end of the 1970s, several lines of argument had led to the conclusion that dark 
matter must play an important role in galaxy formation.

White & Rees (1978) proposed a two-stage theory for galaxy formation:
1)   dark halos form first through hierarchical clustering;
2) the luminous content of galaxies results from cooling and condensation 
of gas within the potential wells provided by these dark halos.
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GF in Dark Matter Halos
The model of White and Rees contains the basic ideas of the modern theory of galaxy 
formation. Feedback is required to explain the low overall efficiency of galaxy 
formation - supernova feedback operates in dwarf galaxies.

Efstathiou & Silk (1983) discussed how the two-stage theory of White & Rees (1978) 
can solve some of the problems in earlier models based on the collapse of gas clouds.

They argued that extended dark matter halos around galaxies make mergers of 
galaxies more likely, a precondition for Toomre & Toomre’s (1972) merger scenario 
of elliptical galaxy formation to be viable.
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Environment - How to characterize ? 

Environment has been characterized over the years in different ways and it seems like a 
simple thing to define.

Local density

Distance from the center

⎧Halo Mass⎧
Is the velocity 

distribution gaussian ?
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Environment - How to characterize ? 
How Difficult or Easy is to distinguish Gaussians ? 

males in the 20-29 age bracket (U. S. Census Bureau 1999). 
The data for each sex have the means and standard deviations in 
Table 1 and each follow a normal distribution reasonably well. 

Table 1. Summary Statistics for NHANES Height Data 
Mean SD* 

Males 69.3 2.92 
Females 64.1 2.75 

*Standard deviations were computed from the cumulative distributions, as they were not 
supplied by NHANES. 

Using the NHANES means and standard deviations as param- 
eters for two normal densities and assuming equal numbers of 
each sex, we get the graph in Figure 2 for the theoretical mixture 
distribution of height for persons aged 20-29. 

55 60 65 70 75 80 
Figure 2. Theoretical distribution of U.S. young adult human height in 

inches as a mixture of two normal distributions using means and standard 
deviations from NHANES data. 

This obviously is not a bimodal distribution! Yet Joiner's liv- 
ing histogram shows two clear peaks. We start our investigation 
of this paradox by studying the modality of a mixture of two 
unimodal densities, with particular focus on normal densities. 

2. AN INVESTIGATION OF BIMODALITY 

Most students are willing to believe that the mixture of two 
unimodal densities with differing modes will necessarily be bi- 
modal, as each of the component modes will generate a peak in 
the mixture distribution. It is quite easy to show that this is not 
the case. Consider a mixture of two triangular distributions, as 
shown in Figure 3. If neither distribution's support overlaps the 

Figure 3. Dashed lines represent an equal mixture of the component 
distributions (solid lines). 

other's mode (Figure 3a), then the mixture distribution is indeed 
bimodal. However, if each mode is contained within the support 
224 Teacher's Corner 

of the other distribution (Figure 3b), then outside the compo- 
nent modes the mixture is monotone, while between modes the 
mixture is the sum of two linear functions, hence is itself linear. 
Thus the mixture is not bimodal. 

Now consider mixture densities of the form f(x) = pfl (x) + 
(1 -p)f2(x), where fl and f2 are each normal densities with 
means p1 < 12 and variances o2 and -2, respectively, and 0 < 
p < 1. Consider first the simplest situation where a2 = oj2 = a2 
and p = 0.5. If I1t and I2 are far apart, then f clearly will be 
bimodal, resembling two bell curves side by side. This certainly 
happens when 12 - P1 is greater than about 6a. Furthermore, 
it is easy to see that the modes of f occur not at 1I and I2, but 
between them: Both fl and f2 are strictly increasing below pi, 
so f has positive derivative there. At p1i, fi has a derivative of 
zero and f2 is increasing, so f has positive derivative at 111. Thus 
any mode must be larger than /t1. Similarly, any mode must be 
smaller than 12- 

But what happens when I,1 and I2 are much closer together? 
The result for this case is generally credited to Cohen's (1956) 
problem in the American Mathematical Monthly, but dates back 
at least to Helguerro (1904): 

Theorem 1. (Helguerro 1904). Let fl and f2 be normal den- 
sities with respective means It1 and 12 and common variance 
a2, and let f be the mixture density 0.5 fi + 0.5 f2. Then f is 
unimodal if and only if I12 - 1t l < 2ca. 

Helguerro and the Monthly include a proof of the seemingly 
obvious fact that a mixture of two normal densities must be 
either unimodal or bimodal. With that assumption, a simpler 
justification of Theorem 1 appears below. 

Proof: A normal density is concave down between its inflec- 
tion points Iu ? a and concave up elsewhere. Note that f is 
symmetric around m = (1I + 1U2)/2. Now if 112 - 11I > 2a, 
then both fl and f2 are concave up at m, hence so is f. Therefore 
f has a local minimum at m, which implies that f is bimodal. 
Conversely, if I12 - lI < 2c, then both fl and f2 are concave 
down at m, hence so is f. Thus, f has a local maximum at m and 
is therefore unimodal. In the borderline case 1t2 - 11 = 2a the 
second derivative of f vanishes, but the fourth derivative can be 
used to show that f has a maximum at m and thus is unimodal. 

a b 

m m 
Figure 4. (a) When pi1 - I|21<2a, both normal components (light 

lines) are concave down at m = (i 1 + IL2)/2, so the mixture f (heavy 
line) is also concave down at m and is therefore unimodal. (b) When 
Il1 - 12 1>2a, both components are concave up at m, so the mixture f 
is also concave up at m, hence is bimodal. The dots indicate inflection 
points of the component densities. 

Figure 4 illustrates this argument that a two standard devi- 
ation separation between the means is needed for bimodality. 
The symmetry in Figure 4 is crucial and so this proof does not 
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Environment - How to characterize ? 
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