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1.INTRODUCTION 2. THEPHYSICSOF THE TILT 3. METHOD: SIMULATIONS

Elliptical galaxies populate a plane in the 3-parameter space of the E' nallly f:ch)mvlzfqa(al an_d using Eq (4) and Eq. (5) one gets a relation similar to The code used in our smulations is DEVA [17]. Gravity Is
observed effective radius, R, the mean surface brightness within that radius, a (1), the Virial Plane 1 computed through an AP3M-like method and hydrodynamics through
<I"o">_ and the central line-of-sight (los) velocity dispersion, .., known as the R :i.cvir. iy, 2 1 (8) a SPH techmque where pqrtlcular attention has been pad to the
Fundamental Plane (FP, [5], [6], [9], [13]): ¢ G2 M\ L los,0 " e Implementation of conservation laws.

log Rfjg’” =a-log . +b-log(Il), +c (1) The observational results described above mean that the FP its tilted relative to 64° DM particles and 64° GAS particles in a periodic box of
- o the virial plane. The origin of this tilt must be in the dependence of the 10 Mpc side; = 2,33 kpc gravitational softening
The values of the FP coefficients for the SDSS samplearea 1.5, smilar in the following coefficients with luminosity k
four SDSSbands, b -0.77,and c -8.7 with a small scatter [2]. The existence | M Mo We work in the framework of turbulent ential dar
of the FP and its small scatter has the important implication that it provides us (VY b vir ZTob g e (9) >4

. . . o . . M star formation scenario [7]. In DEVA, cold locally-collapsing gas, denser
st ot en st ax mation and ev M L
with a strong constraint wh udying elliptical galaxy formation and evolution. ob than a threshold density, s trandormed into stars with a

thres?

On the other hand, in a theoretical perspective, assuming that ellipticals are ¥ 2.1. Stellar content: metallicity, age, IMF timescale given by empirica Kennicutt-Schmidt law [12], with an
dynamically hot systems whose configuration in phase space are close to M 10 average star formation efficiency, c., at scales resolved by the code.
equilibrium, the virial theorem predicts: b _ o [, e (10)

tot 2 tot L

M, = (2) $ 2.2. Mass content: variation in the amount of dark matter with 3.1. ELOS
G bright matter M (11)
.. . . tot . . . . vir vir
V\{here Muvir is the viria Mass, 3, |s_th_e average 3—qllmen3|ona}lot veloc_lty Mo L 10 simulations. SF-A type: .. = 6x10-25 gr cm-3, ¢, = 0.3
dispersion of dark and baryonic matter inside virial radius and 7, , radius ob o SE-B tvpe: — 18x10-24 ar cm-3. ¢. = 0.1
enclosing halos of the virial mass. We can connect observationa results (Eg. 1) ¥ 2.3. Homology breaking: relation between characteristic parameters. o 2 YPE: e, = HOXTFERD T
with theoretical predictions (Eq. 2) assuming that Global structure of galaxies E!llp’[l cal-like-objects (ELOs_): Identified as thoge object.s having a
, vir (" oo (12) dynamically relaxed stellar spherical component, with no disks and a
L=2 I -R: (4) Cy =CrCyCp (5) “m very low gas content.
_ o _ _ _ We can split this coefficient in kinematical and structural ratios

Equation (4) relates luminosity with the mean surface brightness and effective . pob 22 Samples:
radius. Equation (5) ssimply include the coefficients that relate characteristics C.=C, ,C, p= "‘l’)’ : eb oL’ ¢, =c, pc, po=rmrte 2o p EZO-A ELO sample: 26 objects (black)
parameters of observations with theoretical predictions: 7 rY RS R A RN EZ0-B ELO sample: 17 objects (red)

2
( ;Ot) _ rvir
c,= [T (6) €r= R (7) Thiswork consist in a detailed study of the possible origins of the tilt

los,0 e

4. RESULTS: THE SCALES

4.1. Halo scale: Thevirial theorem 4.2. ELO scale: 3D galaxy 4.3. Projected EL O scale; What we see

Halo scale Is parameterized by M., Projected ELO characteristic

dark andrlpoaryon mass enclosed in viria ELO scale is parameterized by q mass is parameterized by
radius, Ten, radius enclosed half the M, , star mass of the baryonic MG,  star mass of the
- - mess of these constituents Wllthln \_/lrlal object, trwb . radii enclosed half baryonic object. This mass is
' redii and 3 , average 3-dimensional M the M ," and 3% , mean square Ay amost equa to the
velocity dispersion of dark and baryonic vir velocity for stars. ob 1 characteristic mass of ELO
matter inside virial Iradluls - M ‘;’Zr 1 - scale. The other characteristic
We caculate C. paameter - o cylob Parameters are ijjg . radii_enclosed half the ) and
(Eq. 2) for each ELO and | ] ¢, p= ;Z - ¥ e ob 105.0 central stellar line-of-sight velocity dispersion.
caculate its dependence with the ’ o ob "R
mass. SeeFig. 1. > ! o o To calculate characteristic parameters of this scale, we use three
’ * c D:# €. po= ( hbol orthogonal projections. Firstly we use the mean for these three
ponse 35 3+( e, projections. To make more test we also build samples of ELOs
ELOs satisfy viria theoremat, =~ with random projections (see below).
halo scale g (4,
Figure 1.
5. Halo scaleto EL O scale: Physic of the baryons 6. EL O scaleto Observational variables:
Proj ection effects
i 5.2. Dark Matter vs.. Bright Matter . . .
5.1. Dark Matter vs.. Bright Matter L ibution: J 6.1. 3D vs.. Projected 6.2. 3D vs. Projected bright
content: o __ bright matter distribution matter Kinematics
Fig. 4. Relation of Cr,DOC(Mob : : L Fig. 5: C,, for e Fig 6 C f
virial mass and stellar ' o - I | o I | Hg.6:C g Tor
— + i 0°° il 100 L § SF-A | e ]
mass for SF-A sample BrD,A 0.225+0.127 * YT | f E (black) als’ladmglf : E SF-A sample
(black) and SF-B Bpog =-0316+0.199 | SRR * : | : | (black) and SF-
rD,B e 10} . : B sample (red).
°, sample (red). The _ : : - | We can see the _ | B sample (red).
? e mass fraction of stars Fig. 3: C, for SF-A sample : | ] | aood o | Wecanseethe
E L bound to the ELOs (black) and SF-B sample (red) _ T ] gorrel ation “ | good
or cae 1 (or, more generically, _ . h | ' | petween 3D ’ | correlation
cold baryons) relative We find a clear trgnd with the | ; : : L O ool : | between 3D
to total mass within mass. See Conclusions T e 1 ST BN 1 | ElOstae
| | o | ] the Vlrlal radlus, bo © i E “Observatlonal” ; R AT LAV oL ; VeIOC|ty
. " decrease with  the wo Hgii“w) BN TE orojected ELO oo M(M) — = disperson and
i s (u, o,
Mass Sl _ scale radius. No trend with mass is observed. “observational” line-of-sight velocity dispersion
Iy 5.3. Dark Matter vs.. Bright matter ELO. No trend with massis observed.
vir oc(MS’lj” kinematics I c, poc|M] " C. oo M| e
star o Y ¢
WD E = +
ob ., poc| M rea = 0.019:2 0.009 Byrca = -0.044 % 0,029
Byira = 0.221 + 0.083 8,0, = 0.021 + 0,041 | : Bpg = 0.016 + 0.017 By = -0.044 + 0.093
B, = 0.281 + 0.048 Bog =0.076£0075 ™ ?
(Ftl)|g ;‘) CdeforSiFE-;A Samp:e 6.3. Influence on the scatter of the Fundamental Plane
. ; ack) an -B sample
The dark to bright mass content of EL Os increases (red). No trend with mass is  'f i - Although projection effects seems not to play aimportant role in the origin of the tilt, we have study its effect
with their mass. See Conclusions. observed | B RO by building random ELO samples choosing one projection for each ELO. We have found the same trends for
Mg (M) C.,and C .. but for an increase of the scatter.
.. | NP 7.1. Summary of fits
@ Wefind ELOs satisfy virial theorem at halo scale [1] Bender, R., Burstein, D., & Faber, SM. 1992 ApJ, 399, 462

& Matter content: [2] Bernardi, M., et al. 2003 AJ, 125,1866

[3] Ciotti, L., Lanzoni, B. & Renzini, A. 1996, MNRAS, 282,1

[4] Djorgovski, S. & Davis, M. 1987, ApJ, 389, L49
0.221+ 0.083
0.237 £ 0.158

& Wefind systematic trends with mass scale in:

> Dark matter vs. Bright matter content: The mass fraction of stars
decrease with the mass scale
> Dark matter vs. Bright matter distribution: Homology breaking

[5] Dresder, G. et al. 1987, ApJ, 313, 42

[6] EImegreen & Scale astroph/0404451 preprint

[7] Faber, S.F. et al. 1987, in Nearly Normal Galaxies. From the Planck
Time to the Present, ed. S.M. Faber (New Y ork: Springer), 175

& Thesetrend do not significantly depend on the star formation parameterization. [8] Guzman, R. et al. 1993, MNRAS, 265, 731
& Homology breaking: [9] Kennicut, R. 1998, ApJ, 498,541

& Both are due to systematic decrease, with increasing ELO mass, of the relative [10] Kormendy, J. & Djorgovski, S. 1989, ARA&A, 27, 235

amount of dissipation experienced by the baryonic mass component along ELO [11] Serna, A. Dominguez-Tenreiro, R. & Saiz, A., 2003, ApJ, 597, 878

formation [1][10][4].

-0.225+£0.127 | 0.021+£0.041 | 0.019%+0.009 | -0.044 + 0.029

& These trends cause atilt of the virial plane in such away that there is no further 0316+ 0.199 | 0076 +0075 | 0.016+ 0.017 | -0.044 + 0.093

need of any relevant contribution from stellar population effects to explain
) obsgrvec_l ult. _ _ o _ All . dopes are obtained through direct fits. Errors are 95% confidence intervals. Any comments or suggestl ons ae veay
& Projection effects do not play an important role in the origin of thetilt welcome: jose.onnorbe@uam.es Thank youl

of the FP but they increase the scatter.
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