
agreement with the merger scenario proposed by Kauffmann &
Haehnelt (2000). In addition, Daddi et al. (2005) find four very
compact (re P 1 kpc) and massive (M! k 1011 h"2

70 M#) objects
at z $ 1:7 in the UDF. These objects could be the same class of
compact galaxies that we find here and could be found at red-
shifts as low as z $ 1 (see Fig. 9 of McIntosh et al. 2005). In a
!CDM universe, Khochfar & Silk (2006b) find that early-type
galaxies at high redshifts merge from progenitors that have
more cold gas available than their counterparts at low redshift.
As a consequence, they claim that the remnant should be smaller
in size at high redshift (Khochfar & Silk 2006a). These high-z
spheroid-like objects are very massive, so it is not expected that
their masses can increase dramatically since then. Hence, a mech-
anism that makes the size of the galaxies grow very rapidly at
increasing their mass is expected. As stated in x 1, the merger of
early-type galaxies could increase their sizes. If this is the case,
repeated mergers of the most massive spheroid-like objects that
we observe at z > 1:5 could bring them into the local observed
stellar massYsize relation of early-type galaxies. A more detailed
analysis of the nature of these compact objects in the FIRES
sample will be presented in S. Toft et al. (2006, in preparation)
and A. Zirm et al. (2006, in preparation).

We want to add a final cautionary note on the interpretation of
the evolution of the luminosity-size and stellar massYsize rela-
tions. There is a hint that the degree of evolution of these relations
could be different depending on the luminosity and stellar mass
range (or size) analyzed (Barden et al. 2005; McIntosh et al.
2005). To test this, we show in Figure 14 the size evolution for
galaxies more massive than our completeness mass limit (M!k
6:6 ; 1010 h"2

70 M#). In this case, the evolution in the sizes (at a
given stellar mass) seems to be larger than if we maintain the
current limit. However, the uncertainty particularly at the high-
n sample is very large to make any strong conclusion.

7. SUMMARY

Using very deep NIR images of the HDF-S and theMS 1054-
03 field from the FIRES survey, we have analyzed the evolution
of the luminosity-size and stellar massYsize relation, measured
in their optical rest frame, for luminous (LV k 3:4 ; 1010 h"2

70 L#)
and massive (M! k 3 ;1010 h"2

70 M#) galaxies with z > 1. By
combining HDF-S with the MS 1054-03 field, we have tripled
the number of galaxies with z > 1 used in Trujillo et al. (2004).

Several tests have been run in order to estimate the robustness
of our structural parameter estimates. From these tests we estimate

an uncertainty in our sizes of $25% and in the concentration
(Sérsic index n) parameter of$60%.Moreover, we have briefly
investigated whether our sample is affected by surface bright-
ness selection effects. As shown in that cursory analysis, our
magnitude selection criterion appears sufficiently conservative
enough to avoid such a concern.

Combining the analysis of FIRES data with the results obtained
by GEMS at z < 1 (Barden et al. 2005; McIntosh et al. 2005) and
tying both to the present-day results fromSDSS (Shen et al. 2003),
we trace a detailed picture of the evolution of the luminosity-size
and stellar massYsize relations in the last $11 Gyr. For less con-
centrated ( low n) objects, at a given luminosity, the typical sizes
of the galaxies were $3 times smaller at z $ 2:5 than those we
see today. In contrast, the stellar massYsize relation has evolved
less: we see very little evolution to z $ 1:2 and a factor of $2
decrease in size at a given stellar mass at z $ 2:5. The evolution at
a given stellar mass has evolved proportional to (1þ z)"0:40&0:06.
As pointed out by Trujillo et al. (2004), the different evolution in
the luminosity-size and the stellar massYsize relations is explained
by the fact that the M/L ratios of high-z galaxies are lower than
nowadays (or, the stellar populationsweremuch younger at earlier
times). The evolution observed in the stellar massYsize relation,
combined with the fact that galaxies are producing new stars,
implies an inside-out growth of the galactic mass.

The observed luminosity-size relation evolution out to z $ 2:5
for low-n objects matches very well the expected evolution for
MilkyWayYtype objects from infallmodels. For disklike galaxies,
the semianalytical hierarchical predictions based on simple scal-
ing relations between halos and baryons seem to overestimate
the observed evolution of the stellar massYsize relation. The dis-
crepancy is in the sense that the observed galaxies at high redshift
are larger than expected from the model scalings. However, this
model cannot be totally rejected with the current data set.

For highly concentrated (high n) objects, the evolution of the
luminosity-size relation is consistent with (but does not nec-
essarily imply) pure luminosity evolution of a fading galaxy
population. The evolution of the sizes at a given stellar mass is
proportional to (1þ z)"0:45&0:10.
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Fig. 14.—Ratio between observed size and expected size and at a given mass from the local SDSS sample (Shen et al. 2003) as a function of z for galaxies more
massive than our completeness mass limit (M! k 6:6 ; 1010 h"2

70 M#). The meaning of the symbols is the same as in Fig. 13.
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