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Outline

* simulation predictions

 planetary nebulae (and GCs) as dynamical tracers

* the dispersion-kurtosis Jeans analysis

* mass and anisotropy in galaxy haloes vs. simulations

* testing ACDM
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Simulation Prediction
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Simulation Prediction
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Density (Mg kpc™)

DM and Light properties — merging simulations

DM vs light densities
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Density (Mg kpc™)

DM and Light properties — merging simulations

DM vs light densities angular momentum
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Density (Mg kpc™)

DM and Light properties — merging simulations

DM vs light densities
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“The accreted component is characterised by radially anisotropic velocity dispersions
(Abadi et al.2006; Hilz et al. 2012) because the merging satellites come in on
predominantly radial orbits, and so many of the stars.”



Dynamical probes of ETGs
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Dynamical probes of ETGs

Galaxy Dynamics

with discrete tracers
in their outskirts
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PN as dynamical probles of the galaxy outer haloes

Planetary Nebula Spectrograph Galaxy Survey
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PN as dynamical probles of the galaxy outer haloes

Planetary Nebula Spectrograph Galaxy Survey

Coccato et al. 2009
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PN as dynamical probles of the galaxy outer haloes

Planetary Nebula Spectrograph Galaxy Survey
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The effect of the orbital anisotropy
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Jeans analysis of E systems

2"d moment Jeans Equation (spherical non rotating systems)
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Jeans analysis of E systems

4t moment Jeans Equation

| — 3 — |
c—(.’i*"l«’-g)—F 2. Uy +‘3J*02£ =0
dr dr
_ _ 26 |
i =3 273 , /2,3 2 dod 4
"dr’
2 [ B(1+B) R*\ j.ovir
- :4 S 1 — 213 ! 1y
llos R n ( ,2 + 9 7‘4) , .,,Q_RQCI
v: (R
hlos(R) —_ lOb( ) — 3



Jeans analysis of E systems

4t moment Jeans Equation

1 — 2;3 — 1P
(—(]*l’;%) + lr + —))J* 2(— =0
dr " dr
|fx;|
— _o 3. dd
jevd = 3p 2P / r'?P . o2 , dr’
- dr Richardson & Fairbairn 2014
o0 i generalize for B(r)
Zvlos(R) =2 /R 98,7, R) 2 _ 2 dr for separable augmented density
R?* pB(1+B)R* R*dpB Bor® + Birs
=1—-2 — : _ a
(B, B)=1-25 r2 T 2 rd  Ar3dr Blr) = r¢ +1g
4 (R) Churazov et a. 2010



Jeans analysis vs. more sophisticated dynamics
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Dearth of dark matter or massive dark halo? Mass-shape-anisotropy
degeneracies revealed by NMAGIC dynamical models of the elliptical

galaxy NGC 3379
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Jeans analysis vs. more sophisticated dynamics
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Jeans analysis vs. more sophisticated dynamics
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Jeans analysis vs. more sophisticated dynamics

_ — — Simulations
Mamon & Lokas 2005
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The effect of the orbital anisotropy

Use the higher order velocity moments to (somehow) break the mass-anisotropy
degeneracy (Merrifield & Kent 1998, Lokas 2002, Lokas & Mamon 2003).

Surface Density Velocity Dispersion and kurtosis .
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Does this work to break the mass-anisotropy degeneracy?
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Does this work to break the mass-anisotropy degeneracy?

Vims (kms™")

NGC 4494
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* PNe: latest news
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* PNe: latest news

velocity dispersion
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* PNe: latest news
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* PNe: latest news
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and finally something from the globular clusters

SLUGGS

SLUGGS Collaboration (Brodie, Romanowsky, Forbes, Pota, Foster)

...means different velocity

RGCs et BGCs 'decoupled” in the phase space . . .
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IMF variation with o
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Conclusions

2)

3)

Planetary nebulae (and globular clusters) are excellent probes to investigate the
outer galaxy haloes both from the kinematical (V/sigma, angular momentum)
and from the dynamical point of view (mass and anisotropy);

The velocity dispersion profiles of (mostly) slow-totator ETG from PNe are
statistically overlapping with the ones from recent models of (merging) galaxy
formation

Anisotropy (preliminary) constraints on a sample of 8 ETGs from the Planetary
Spectrograph (+2 external) elliptical galaxy survey show a variety of B(r) profile
which are generally consistent with a moderate (30-40%) to large (40-70%)
fraction of “in situ” star formation, but there are also some highly tangential
orbits (fast rotator, merging?).

Mass distribution: concentrations and virial masses are consistent with the
expectations from collisionless simulations with Plank cosmological
parameters.



