SR Scaling Relations & Fundamental Plane
e VMR F 5 (Max-Planck Institute for Astrophysics)

We simulate the formation and chemodynamical evolution of 128 elliptical 2. M()de' |
galaxies (Es) using a GRAPE-SPH code that includes various physical Gravity is calculated with GRAPE oM criterion

processes that are associated with the formation of stellar systems: Hydrodynamics with SPH P=1-exp(-cAtlty,)  Star Formation

(1) convergent V- v<0

radiative cooling, star formation, feedback from Type |l and la supernovae gﬁ ) _

and stellar winds, and chemical enrichment. We succeed in reproducing 4 e Yoy g; jggggguﬁ;‘t’:;fé”

the observed global scaling relations under our CDM-based scenario, e.g., % \Z, 7 % tayn<tsound

the Faber-dackson relation, the Kormendy relation, and the fundamental “g KQ W SFR: Schmidt law (c=1.0)
plane. An intrinsic scatter exists along the fundamental plane, and the IMF: Salpeter (x=1.10)

origin of this scatter lies in differences in merging history. Galaxies that
undergo major merger events tend to have larger effective radii and fainter

: Feedback
. . . Cooling 100% thermal
surface brightnesses, which result in larger masses, smaller surface @ Z-dependent A e within 1kpc
brightnesses, and larger mass-to-light ratios. We can also reproduce 0
the observed color-magnitude and mass-metallicity relations, although *‘ @
the scatter is larger than observed. iy @
3. Initial Condition @ e @

e cosmological initial condition with GRAFIC (Bertschinger 1995) SNla
e Ho=50, Qo=1.0, A0=0.0, 0s=1, z:~25, 1-30 single degenerate Stellar Wind
* a sphere with r, Mot (baryon fraction=0.1) r[Mpc] M [Mo] Nt prlmarg WD: ?'gm@ 8-120Mo

and Niot (the half for gas H| 15 1x10™2 60000 econcary: —lgaviq 1 0.8

v 6(3_7 J ;_8 L 1.5 1x1012 10000 Z-effect: [Fe/H]>-1.1 SNII 0.2x10°" (Z/Z0)"® erg

4 mgas~1o MQ, mpm~10 Mo cD 3 6x1012 60000 Kob hi et al. 1998 8-50Mo
e small rotation: spin parameter A~0.02 (1 ZXE;VS; 'eerga' ) 1.3x1051 erg
We calculate 74 fields and obtain 128 Es (74 giants, 45dwarfs, 9 cDs). yield: Nomoto et al. 1997 mape-dependentgeid: hpmoto et-3ul 697

All Es formed by the star burst at z>2, and have de Vaucouleurs SB profiles.

F

V-luminosity Map (z=0) g, I o, I 1) Monolithic-like Collapse >time - 2) Major Merger >time
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6 o Sca| i ng Re|at|0ns The star formation timescale controls when and where stars

4. Elliptical galaxies

form in the contracting gas cloud, determines the effective
» How elliptical galaxies form and evolve? 22 e oo etion (Penre 1999) radius at given mass, and is constrained by observation to
monolithic collapse vs. disk-disk merger. ¥RE s + monolithic be ten times longer than the local dynamical timescale.
» We adopt a CDM fluctuation as the initial condition. E—',; Tg P A The different relations for ellipticals and dwarfs could be
— successive merging of subgalaxies with ~10%1° Mo, ¥ aE ﬁ! " ; repr.Oduced’ altheleh sigijated dwelilg hayg Iarg?r clgElve
. . . E £ . multiple merger radii than observed because of the lack of resolution.
— some ellipticals: no merger, some: major merger 2] P T et P
The merging history depends on the initial fluctuation. E ool ::. "1 & 1 el SB OFaber-JacksonBg{%(c) A -S43 B (a-d)
. o o = . : c.ﬂ I or & continuous SF Oj'ﬁfg-#ﬁf[% Bﬂ{%(e) 1_,":- i ~la- =
5. Metallicity Gradients ScE S TN ] cmmenseens O i BR() NEE-2EE BF(eh) S
Kobayashi (2004) MNRAS, 347, 740 R P AT X R Adwarfoig > Bif% EE-Fi#h B2 L3)
e Merger destroys the radial metallicity gradients —osf® ¢ -§§-<95 R S AUN Oyounger dwarfs <
— monolithic-like Es have steeper gradients £ 08F -;‘F. EI ::':w 5 -:'1 Adopting the Salpeter IMF, the mass-metallicity relations £
merger Es have flatter gradients gg: :,.'%g,.,:, ::g, (-ﬂe'- ::;‘? ¥ can be reproduced, although the slope is shallower and i 3_----.---3-;.-:. L P L opeE
* No relation between the gradients and the mass, which =~ _g —E " ;%.ﬁ:f:;‘jf i e ]Ehe Scatt(e.r s larger :c?an.Obsﬁ rved, which y be‘fa“se the Hosbyaii e 3. pnyed
is consitent with the observation (Kobayashi & Arimoto 1999)  § _gof e @M e 1 2o i o SO 'S flot so cTOR'S gt Mast MBS are jockad '”toi’ig-g = L F o .
e Meraing histori . inciole. be inferred f h p E ey o SRCHTNL L Teete stars in the simulation. The color-magnitude relation also 2 3 E wf )]
erging his Orl.e.s can, |r.1 PNJEPISRs Nere rom © E:Z; : Lo “ ) :_’;’}* :‘," '__g :;" el shows a larger scatter because the star formation does 17 18 19 20 21 2218 2 22 24
observed metallicity gradients of present-day galaxies. L E ,? I 5 R 2 I : _ not terminated completely in the simulations. ~My,, [mag] log 0, [km/s]
R o TSI 8 TP I T PPN PPTT TP s § P The luminosity-weighted ages of dwarfs span in wide range, 3-8 Gyr, depending on their star
9 Well EIP 207 &0 P 540905 Nl formation histories, while ellipticals are as old as 7-10 Gyr independent of their mass
log M, [M,] -M,,, [mag] logao,[km/s] log r, [kpe] ’ y '
7. Fundamental Plane
{E- T T, T T T T T e T T [ 2 An intrinsic scatter exists along the fundamental plane, and the origin 8' D'SCUSS'O“. Or'g'n Of E|I|pt|cals
0.9 E x . e ’ 3 0‘; ........ se 1 Of the scatter in the simulation lies in differences in merging history. The origin of eIIipticaI galaxies can be
T E X ¥ ox o 2% @ 4 Galaxies that undergo major mergers tend to have larger effective
m 0.8 ’&Xfxt# *‘: 5 y ©. !. (S o & — /_i radii and fainter surface brightnesses, which result in larger k1 (mass), understood under the CDM piCture_
X 0.7 z_*,; *§+*++§Q_‘./.-’---r T @ ¥ @ _; smaller k2 (surface brightness), and larger k3 (mass-to-light ratio). Galaxies form through the successive
E* f Le0@ S : L . : . .
OOF  fpe0 - faceonvigws - ristogralgg 0" deviations grg the fundarferty piane. merging of subgalaxies with various masses.
— T T e monolithic The red and blue areas are for the simulated non-major _ _ : _ _
I , o | 1 assembly merger ([E1]-[E3]) and major merger ([E4]-[E5]) galaxies, Their merging histories vary between a major
A - * % O 9 - semi merger respectively. The dashed line is for the simulated dwarfs merger at one extreme. and a monolithic
N ¢o® B ) 15 .
[ . s e 1 * merger ] /) | | : collapse of a slow-rotating gas cloud at the
a * 9 o _ . \ il
. % o ] ©double merger - 2 other extreme. The majority of stars formed
- ® @ 00 — i . s g
3O e o5 ¢ - cdwars 10 |- % - in a initial star burst at z>2, and the star
N - X ® o 1 gray points & solid line: - & / - _ _ _ _
R [, e e o ] observation (Pahre 1999) z \\ I ; formation during merging events is small.
) BRI . - L R . Internal structure such as metallicity gradients
L ] xi=(ogog)/V2 L e IS greatly affected by merging histories, while
_ - 2,2 -1 i PR : :
o : ] ] <o =(logog Ll 7)INE - /B the global properties are determined from
O [~ edge-on view — _ 271 0 | St : : :
oy R = ogald TS o1 o0 o1 02 overall masses according to the scaling relations.



