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ABSTRACT

Halo merger trees are the essential backbone of semi-analytic models for galaxy formation and evolution.
Srisawat et al. (2013) show that different tree building algorithms can build different halo merger histories
from a numerical simulation for structure formation. In order to understand the differences induced by
various tree building algorithms, we investigate the impact of halo merger trees on a semi-analytic model.
We find that galaxy properties in our models show differences between trees when using a common
parameter set. The models independently calibrated for each tree can reduce the discrepancies between
global galaxy properties at z=0. Conversely, with regard to the evolutionary features of galaxies, the
calibration slightly increases the differences between trees. Therefore, halo merger trees extracted from
a common numerical simulation using different, but reliable, algorithms can result in different galaxy
properties in the semi-analytic model. Considering the uncertainties in baryonic physics governing galaxy
formation and evolution, however, these differences may not necessarily be significant.
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1. TREE BUILDING ALGORITHMS AND A SEMI-
ANALYTIC MODEL

The following is a summary of Lee et al. (2014). In this
study, we used nine different halo merger trees generated
from a halo catalogue by using various independently de-
veloped algorithms. The halo catalogue was extracted
from a cosmological N-body volume simulation of struc-
ture formation run using GADGET-3 (Springel, 2005).
The tree building algorithms can be classified into five
groups according to their main features. The following
list shows the halo properties that the various algorithms
used to construct merger trees, as well as the name of
the algorithms.

e Particle transfer between haloes in two sequen-
tial snapshots: MERGERTREE, TREEMAKER, VE-
LOCIRAPTOR, YSAMTM

e Particle transfer and the boundness of particles to
haloes in more than two sequential snapshots: D-
TREES, SUBLINK

e Particle transfer and on-the-fly halo construction:
HBT

e Particle transfer and halo trajectories:
TENT TREES

e Halo trajectories only: JMERGE

CONSIS-

The trees were implanted into a semi-analytic model
written by Lee & Yi (2013). Galaxy properties were
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calculated by the semi-analytic model based on halo
merger trees modified by tree cleaning processes which
remove the branches of abnormal haloes that disap-
pear without any descendants or are newly identified
as subhaloes. By adopting the prescriptions described
in Binney & Tremaine (2008) and Battin (1987), our
semi-analytic model additionally computes the trajec-
tories and masses of subhaloes identified as merged into
their host haloes before reaching the central regions
(< 0.1Ry;) of the hosts. Further details of the tree
building algorithms, the cosmological volume simula-
tion, and the semi-analytic model are described in Sri-
sawat et al. (2013) and Lee & Yi (2013).

2. RESULTS AND DISCUSSION

We investigated the evolutionary features and global
properties of galaxies in semi-analytic models based on
nine different trees and a common parameter set. The
mean star formation histories of central galaxies with
respect to the final Mg of haloes show noticeable dif-
ferences, especially in the most massive groups and very
early epochs. This is due to the fact that haloes at
high redshifts are smaller and less clustered than at
z = 0. Furthermore, bigger haloes are more likely to
have grown over time via mergers of small structures.
The evolutionary histories of satellite number density
and galaxy merger rates also clearly demonstrate the ef-
fects of the different tree building algorithms on galaxy
evolution. Algorithms developed to minimize the seg-
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mentation of merger trees have more satellite galaxies.
These differences naturally lead to various stellar mass
formation and assembly times; algorithms with lower
merger rates or fewer subhaloes tend to have narrower
gaps between stellar assembly and the formation time
of galaxies. As the final products of these effects across
cosmic time, the global galaxy properties at z=0, such
as the stellar mass function, the stellar to halo mass ra-
tio, and the contribution of merger accretion to total
stellar mass also show slight differences according to the
algorithms.

We confirmed that our semi-analytic model based on
the different halo merger trees can be individually cali-
brated to match a galaxy stellar mass function, a popu-
lar calibration point of many semi-analytic models. The
calibration reduces the discrepancies between the trees
at z=0 while it slightly widens gaps between the trees
in evolutionary features such as global or individual star
formation history.

To summarize, semi-analytic models based on the
various merger trees resulted in different model galaxy
properties. However, they can be calibrated to repro-
duce some empirical data by adjusting the free parame-
ters. Thus, we can conclude that although the variety of
merger trees induces non-negligible differences, they do
not seem to be as significant as those coming from un-
certainties in the empirical data or other input prescrip-
tions governing baryonic physics for galaxy formation
and evolution.
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