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• ySAM has been developed by Sukyoung Yi and Jaehyun Lee since 2010 using IDL

• The code is mainly motivated by Sadegh Khochfar, Julien Devriendt, Rachel Somerville, 

and Darren Croton’s models

• Unique prescriptions of ySAM

• Rigorous stellar evolution and mass loss

• Additional processes for tracing subhalo properties
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• Treatments for halo merger trees in ySAM

• Cases Not allowed
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• Additional processes for orphan subhaloes

• If subhaloes disappear before reaching very central regions (<0.1Rvir), ySAM 
additionally calculates their merging timescales, orbits and mass.

• Merging timescale 

• Dynamical friction 

• Sphere of Influence - Subhaloes hold particles within the radii
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using the positional information of subhalos extracted from our N-body simulation. In

this study, we assume that the mass distribution of dark matter halos basically follows the

Navarro-Frank-White (NFW) profile (Navarro et al. 1996).

Subhalos can disappear before arriving at central regions if they are heavily embedded

in their host halo density profiles or their mass decreases below the resolution limit of our

numerical simulation. We take these numerical artifacts into consideration. Thus, once a

halo enters into a more massive halo, we additionally calculate its merger timescale, tmerge,

using the following fitting formula suggested by Jiang et al. (2008):

tmerge(Gyr) =
0.94✏0.60 + 0.60
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where ✏ is the circularity of the orbit of a satellite halo, C is a constant, approximately

equal to 0.43, Mhost is the mass of a host halo, Msat is the mass of a satellite halo, Rvir is

the virial radius of a host halo, and V
c

is the circular velocity of a host halo at Rvir. If a

subhalo disappears within 0.1Rvir of its host halo, a galaxy in the subhalo is regarded as

having merged with its central galaxy. On the other hand, if it disappears outside 0.1Rvir,

we assume that the galaxy in the subhalo merges with its central galaxy at tmerge given

by Eq. 1 after the subhalo becomes a satellite of its host halo. In that case, we consider

dynamical friction to analytically compute the positions and velocities of subhalos. We

adopt the dynamical friction prescription introduced by Binney & Tremaine (2008):
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where Msat is the mass of a subhalo, which is initially defined as the mass at a previous

time step after which the subhalo cannot be resolved in the N-body simulation anymore,

r is the distance between the subhalo and the center of its host halo, ln⇤ is a Coulomb

logarithm with ⇤ = 1 + Mhost/Msat adopted by Springel et al. (2001), V
c

is the circular

velocity of the host halo at the virial radius, and v is the orbital velocity of the subhalo.
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During the orbital motion of a satellite halo in its host halo, the dark matter of the

satellite halo is stripped due to dynamical friction. If the satellite is resolved in an N-body

simulation, dark matter of the satellite would be naturally stripped. On the other hand,

if the halo is not resolved in the simulation but considered to orbit around its host halo,

stripping due to dynamical friction should be computed analytically. We evaluate the

amount of dark matter stripped by dynamical friction by adopting the concept of the sphere

of influence (rsoi) within which dark matter particles are bound to the satellite halos, using

the following formula (Battin 1987):

rsoi ⇠ r
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where r is the distance between the centers of the satellite and its host halos, Msat,tot is the

total (baryon+dark matter) mass of the satellite halo, Mhost(< r) is the total mass of the

central halo within r, and ✓ is the angle between the line connecting the particle to the center

of the satellite halo and the line connecting the centers of the satellite and the host halos.

During a time step, �t, we assume that a satellite halo loses �Msat = Msat(r > rsoi)�t/tdyn,

where tdyn is the dynamical timescale of the satellite halo, and Msat(r > rsoi) is the mass of

dark matter outside rsoi of the satellite halo.

We assume that stellar components in satellite1 galaxies merging with their hosts

constitute the bulge component of the host. If the mass ratio of baryonic mass (mcold +m⇤)

between merging galaxies, msecondary/mprimary, is greater than 0.25, then it is assumed that

all the stellar components of the host galaxy quickly become bulge components of the

remnant, as well.

1In this paper, galaxies that are not the central one in a halo are all “satellite”. Only one

galaxy is qualified as the central galaxy of a halo and all the rest, regardless of brightness,

are satellites.
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where Msat is the mass of a subhalo, which is initially defined as the mass at a previous

time step after which the subhalo cannot be resolved in the N-body simulation anymore,

r is the distance between the subhalo and the center of its host halo, ln⇤ is a Coulomb

logarithm with ⇤ = 1 + Mhost/Msat adopted by Springel et al. (2001), V
c

is the circular

velocity of the host halo at the virial radius, and v is the orbital velocity of the subhalo.
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• Prescriptions governing baryonic physics

• Gas cooling - White & Frenk (1991), Sutherland & Dopita (1993)

• Star formation - Kauffmann et al. (1993)

• Merger-induced starburst - Somerville et al. (2008), Cox et al. (2008)

• Tidal stripping of hot gas - Kimm et al. (2011)

• Ram pressure stripping of hot gas - Font et al. (2008), McCarthy et al. (2008)

• AGN feedback

• QSO mode - Kauffmann & Haehnelt (2000)

• Radio mode - Croton et al. (2006)

• Supernova feedback - Somerville et al. (2008)

• Chemical evolution - gradual mass loss of stellar populations, Lee & Yi (2013)



• Stellar mass growth and mass loss history in galaxies 

• Massive galaxies have more than several thousands of stellar populations

Courtesy - S.K. Yi
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• Stellar mass growth and mass loss history in galaxies 

• In SAM, Npopulation ️≤ Nprogenitor x Ntimestep

~104 for BCGs
~103 for large satellites
~102 for isolated galaxies



• Stellar mass growth and mass loss history of galaxies 

• ySAM rigorously calculates evolution of each stellar population in galaxies.



• Stellar mass growth and mass loss history of galaxies 

• ySAM rigorously calculates evolution of each stellar population in galaxies.

Galaxy 2

Galaxy 3

Galaxy 4

Merge
Merge

Merge

Galaxy 1

And far more stellar populations 
and galaxies ....



• Free parameters tuned for calibration in ySAM

• Star formation efficiency - εsf (~0.02)

• Stellar mass fraction scattered by mergers - fscatter (0.2-0.5)

• QSO mode AGN feedback efficiency - fBH (0.005-0.04)

• Radio mode AGN feedback efficiency - κAGN (0.00001-0.0004)

• Supernova feedback efficiency - εSN (1.0-3.0), αrh (2.0-3.5)



• What can ySAM provide?

• Stellar mass (bulge, disk, and components born outside, in-situ, merger-induced 
starburst, and scattered by mergers)

• Cold and hot gas mass

• Metallicity (bulge, disk, cold and hot gas)

• Host-satellite relations between galaxies

• SMBH mass

• M200, R200, velocity, and position of orphan subhaloes

• Star formation rates in bulge and disk

• Luminosity in L⊙

• Galaxy merger histories


