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Overview

Paper 1: “The ATLAS3D project - VII. A new look at the morphology of nearby
galaxies: the kinematic morphology-density relation” (Cappellari et al. 2011)
. Revision of Hubble Tuning Fork
. Morphology-Environmental Density Relation

Paper 2: “The ATLAS3D project — XV. Benchmark for early-type galaxies scaling
relations from 260 dynamical models: mass-to-light ratio, dark matter,
Fundamental Plane and Mass Plane” (Cappellari et al. 2013)

. Fundamental plane

. Scaling relations



Paper 1: Core Ideas

* Revision to Hubble diagram using kinematic classification scheme
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Figure 9. Morphology versus density for elliptical (black filled circles),
lenticular (open diamonds) and spiral galaxies (spirals), versus the local
surface density £,9. The numbers above the symbols represent the number
of galaxies included in each of the seven density bins.
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Kinematic Classification scheme

(R|V]) n-1 F, Rn [Vn)]
AR — —_
(RVVZ + o62) YN__F RnVVZ + o2

* F,isthe fluxin the nth Voronoi bin
* V,isthe measured line-of-sight mean stellar velocity

* 0, the velocity dispersion

Slow rotators — Ay (Re) < 0.31Ve  [p-icthe effective half light radius
€ is the ellipticity within 1 R,

Fast rotators — AR (Re) > 0.31+/e



AtlassP parent sample

e Surveyvolume: 1.16 x 10° [Mpc?]

e K-band luminosity: L>8.2x10%L

* Total number of galaxies: Ny, = 871
* Spiraland irregular: Ng, =611
* S0 galaxies: Ngg =192
» Egalaxies: N = 68

Cappellari2011

Blue ellipses =fast rotator ETGs
Red circles = slow rotator ETGs
Green spirals = spiral galaxies



Kinematic Classification scheme
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Three estimators of galaxies’ environment
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Paper 1: Core Ideas

* Revision to Hubble diagram using kinematic classification scheme
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Paper 2: Core ldeas

* Originof tiltin Fundamental Plane
* Build axisymmetric dynamical models to reproduce
observables for subset of Atlas3® sample:
* Integral-field stellar kinematics (outto 1R,)

* Usedynamical models to measure scaling relations
parameters
* R,andL

o Ge



Revisit Atlas3P sample

Atlas3P sample
e Surveyvolume: 1.16 x 10° [Mpc3]

e K-band luminosity: L>8.2x10%L

* S0 galaxies: Ngg =192

» Egalaxies: N = 68 +

/
N, = 260

20

-20

Mpc

Blue ellipses = fast rotator ETGs
Red circles = slow rotator ETGs
Green spirals = spiral galaxies

—-SAURON integral-field stellar kinematics within 1R,

—SDSS photometry



Fundamental Plane

The properties of galaxies occupy a two dimensional plane

* O, Re and L are correlated in the three dimensional parameter space.
log R, .
* [ re-written in terms of surface g 1

24

brightness:
. = L/ (2nRe?)

2.2

'02 oy "g" :'
2 .

* From studies, plane can be written as:

1.8
9

Re < 01'33 26—0.82 -

Here is an illustration of such a two-
dimensional surface embedded in a

Which differs from the viral prediction three-dimensional space.

2y "1
R, < 0“2,

logl, 11

**Recall from Lecture 7



Jeans Anisotropic Multi-Gaussian Expansion (JAM) Model

Axisymmetric Jeans equations

V@ — V@ 8(1/%) O(vorvz) 0P
R 8rR ' 0z _ 'R
voru, . O(vv2)  O(vorv;) 0%

R i 0z + OR N g 0z
where: VLT, = /vkvjf d°v

Jeans-1

(continuity eqn.)

Jeans-2

(force eqn.)

Axisymmetric anisotropic Jeans equations

— O(vv?) — 0P
2 — \V%) 2 “=
vv? (R, z) b [R IR + sz] + RVBR.




Jeans Anisotropic Multi-Gaussian Expansion (JAM) Model

Approx. observed SDSS r-band surface brightness
distribution using MGE parametrization

M !
MGE E(.y) =) 5jexp [‘z% (+ y—)]
o} qj

Estimates the first two velocity moments (V and o)

l

Use Vand o in anisotropic Jeans MGE

JAM !

Return LOS second velocity moments (vlos2)1/2



Jeans Anisotropic Multi-Gaussian Expansion (JAM) Models

Six models tested in this paper: NFW profile from Lecture 8

(A) Self-consistent JAM model Navarro-Frenk-White Density Profiles

(B) JAM + NFW dark halo o |

( ) J AM + contracte d NFW dark halO Simulations shcz;/lve tfl;a;roc;::agp;::s?;!c;srzzrerzommately have
_ Ps

(D) JAM + general dark halo (gNFW) p(r) = AN

( ) JAM + f|Xed NFW dark halO where rs and ps are some scaling parameters.

(F) JAM + fixed contracted dark halo

Free parameters:

* Vertical anisotropy, 8, = 1- 0,2/ og?
* [|nclination, i

* + more



Mass follows light JAM models

SAURON
observation

Best fitting
JAM model

*Vrms = '\/-V >+ 0°
*Ticks are separated by 10 arcsec
*Surface brightness overlaid, in steps of 1 mag.




Mass follows light JAM models

Can also measure the velocity distribution of galaxies
as a function of both coordinates on the sky:
(this work done with an IFU: Integrated Field Unit)
NGC 474 j\ NGC 524 f NGC 821 f NGC 10231
) ': —] i 1 Surface
observation AVL Brightness
Average
velocity
(line of
Best fitting slght)
JAM model
Dipole-like structure indicates a net
rotation about the center Lecture 6

*Vims = VYV 2+ 02 /

*Ticks are separated by 10 arcsec
*Surface brightness overlaid, in steps of 1 mag.



Jeans Anisotropic Multi-Gaussian Expansion (JAM) Model

Approx. observed SDSS r-band surface brightness
distribution using MGE parametrization

M 2
MGE E(x’,y’)zz:Ejexp [_20% (x’2+;%)]

j=1 J J

Estimates the first two velocity moments (V and o)

l

Use Vand o in anisotropic Jeans equations

JAM !

Return LOS second velocity moments (vlos2)1/2

—> L R,

o M/L, MDM/L’

fDM



Results from JAM modelling

O, VErsus oy, Robustness of M/L
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Fundamental plane from models

logR. =a+blogo +clog ..

Other studies yield:
b=1.33,c=-0.82

a+blogo,+clogZX,

Classic Fundamental Plane (All)

| I | | | I | L | l | L L I | I I | I | L L I 4 1 1 1 1
1.01a =0.193 + 0.0074 T g
~|b =1.063 + 0.041 o i
0.8—c=-0.765 = 0.023 L oom
C ¢, =0.072 + 0.0056 =+
0.6 A= : i
= ?xo =
0.4FWo=0S7) Pkt —
0.2 —
0.0 —q_ —
02F. =
'04 *1 | | || | | L1 1 I L1 1 | L1 1 | L1 1 | L1 1 1:

04 -02 00 02 04 06 08 1.0

log R, [kpc]



Fundamental plane with velocity dispersion selection

log R. = a + blogo + clog =.. Classic Fundamental Plane (o, > 130 km s™)
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*Virial relati(zn: Mass Plane (M, O., R;nai)
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log (M/L) am [Me/Le ]

log (M/L) am [Me/Le ]

All ATLAS®® galaxies
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Galaxies in Tonry+01
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