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Tidal Dwarf Galaxies

More than 60 TDG candidates

observed.

Internal Binematics show that.
they are gravitationally bound
systems.

They bave active star formation.

Should not contain dark matter

Stem from already pre-enriched

material.

NGC 3256
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7 / ﬁ 75 Y fall back, but 25 % survive

more than 2 Gyrs.

. Bournaud & Duc (2006)
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Motivation

We need high resolution simulations to answer the question:

Can TDGs turn into dSph/dE type galaxies?

against processes like:

& Dynamical Friction (orbital decay)
@ Tidal Disruption

@ Star Formation and Stellar Feedback
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Some Numerical Details

FLASH Version 3.2 (by FLASH center for computational science, University of Chicago)
Adaptive Mesh Refinement (FLASH3.2)

Parallelization (FLASH3.2, with new work load routine by SP)

Multigrid Poisson Solver for self-gravity (FLASH3.2)

Unsplit Hydro Solver - Light (based on the FLASH V3.2 unsplit solver, but uses only
down to 4 % of the memory - by Nigel Mitchell, University of Vienna)

Orbit module for velocity field inside the simulation box (by SP)

Chemistry module (by SP)
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The Orbit Module

Within the simulation box:

® Time dependent external
gravitational potential
(additional to the self-gravity)
Wind: velocity field due to the
motion of the simulation box

Tidal field

Bournaud & Duc (2006)
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Tidal Field
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Tidal Field
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Tidal Field
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Tidal Field
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Tidal Field
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Tidal Field
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Tidal Field + Wind
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Some Numerical Details
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The Chemistry Module

e Radiative cooling

e Star Formation (IMF) /
e Stellar Feedback 7))
.///7///////'////:
' 5%
° / i ’Z’%// ,,:
e Stellar Wind Feedback y
® Supernova Feedback .
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Radiative Cooling + Ionization
Included elements: H, He, C, N, O, Mg, 5i, Fe
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T < 10* K: Dalgarno & McCray (1972)

Data from: Arnaud & Rothenflug (1985)
T > 10* K: Boehringer & Hensler (1989)



Selt Regulated Star Formation

Star Stellar
Formation Feedback

% — - \Ij(gv T) - (] %
b= (1= WeT) + (-7 *
with stellar birth function:

V(g,T) = Cpgte /T

n ... fraction of gas ejected by SNe

¢ ... mass fraction of newly formed massive stars

Koppen, Theis & Hensler (1995)

Heating of the ISM by one massive star

during its lifetime:

stellar
8Gth I 2 wind
= —1Y Li..(m
radiation
with:
| L
Lr,(m) = 10% (M—) photons s~ !star™!
®
7 \05 /1 \ 16
=0 (z) (g) e
0.15 0.08
m 7
o = 3103 (-~ Sl lem s~
! o <Mb) (Z@) "

Theis, Burkert & Hensler (1992)



Maeder (1989):

100

Number of Stars

—
()

f.e.: Salpeter IMF :
N(M) X M—1.35

Stellar Mass [Mso]

40
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Stellar Feedback I - Energy

—0.75
m
Maeder (1989): (m) = 1.1 x 10° (—) yr

100

f.e.: Salpeter IMF :
N(M) oc M~157

9p)
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Maeder (1989):

100
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Number of Stars
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f.e.: Salpeter IMF :
N(M) oc M~157

SNII after 9 Myrs

Stellar Mass [Msol] 40



SN Feedback - Overcooling

1. Stars are formed but no SN yet

2. SN explosion in cell #4

3. + 4. SN material is advected
(still SNe in #4)

5. Fraction of SN material is
decreasing with time:

d snwi SNW1

dt tw Cell Index

‘Cooling is only applied to the non-SN material. \



Stellar Feedback II - Chemistry

Metallictiy Progenitor Star [Zso]
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Data from:
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Results




First high resolution runs:

Simulation parameter:

rmin = o0Kkpc
ecc = 0.5

Meyr = 10" Mg
Tw = 3Myrs

Effective resolution:

Ax = 75 pc

Initial gas mass = 1.29 - 10° Mg

Initial cloud radius = 4.4 kpc




t =390 Myrs Initial gas mass = 1.29 - 10° M,

Gas column density

Stars column density

10 kpc

0.5

0.05 L

0.005
- 10 kpc 10 kpc - 10 kpc 10 kpc
Maes = 1.23-10° Mg Msiars = 6.60-10° Mg

Runtime on 128 precéssors: 6d 9h 26m



t =390 Myrs

Gas column density

10 kpc

- 10 kpc
- 10 kpc 10 kpc
Maes = 1.23-10° Mg

Initial gas mass: 1.29- 10° M

-1

-125

-100

25T

25 90

MStCLTS =

Runtime on 128 precéssors: 6d 9h 26m

. 10° M5




t =390 Myrs Initial gas mass: 1.29 - 10° Mg

Gas column density

10 kpc

-150 -125 -100 -75

- 10 kpc
- 10 kpc 10 kpc |

Maes = 1.23-10° Mg Msiars = 6.60-10° Mg

Runtime on 128 precéssors: 6d 9h 26m



Log10 Density (g/cm?)
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y (em)

Log10 Temperature (K)

Temperature

2x10%2
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y (cm)

Log10 snwi

I I I I I

SN Wind
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LLow Mass Run

Log10 Density (g/cm?)

Effective resolution:

Ax = 63 pc

Initial gas mass:

1.6 - 10" M,
y Initial cloud radius:
1.5 kpc
r— = 50kpe
ecc = 0.5
_ Mz = 10" M
1030 10-2° 1028 1027 1020 Tw = JMyrs

—
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Outlook

Fly-by model Sdeg200vel at 2.5 Gyr

Fly-by model Sdeg200vel at 3.5 Gyr

Mass flow along the tidal arm. " :L(
°© 36“ - \\ax":‘k e e
Old stellar population. S %
u'é c e T v
18— > ’
Include SN 1 12
0.6 -150,
o o . . . S0 o s0 w0 0 50 0 S0 100
More realistic gravitational Z in kpc Z in kpc
potential
Merger model 7.5deg100vel Fly-by model Sdeg200vel
e " ,
Better initial distribution. 100 100
50
50
Include Stellar Hydrodynamics £ £
. . . o -sof
(with N. Mitchell, E. Vorobiev) » ]
1 -100+
B =100 =50 0 50 100 150 -150 =100
X In kpc
=
T vski, Krou

w & o
o N @

> o
log10(N)

e
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Thank you for your attention!

Contact:

Sylvia Pléckinger

e-mail: sylvia.ploeckinger@Qunivie.ac.at

web: homepage.univie.ac.at/sylvia.ploeckinger
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