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Tracing galaxy formation across time
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Tracing galaxy formation across time
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Milky Way chemo-dynamics
Bimodality in [a/Fe] vs. [Fe/H] plane
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Simulation Physics in Gasoline2

” GASOLINE? star formation regions 0w
smooth particle hydrodynamics | '

~,modern® implementation of hydrodynamics,
metal diffusion

Wadsley+2017, Keller+2014

e gas cooling

via hydrogen, helium and various metal lines

gas heating

via Photoionisation (e.g. from the UV background)

chemical enrichment
limited to Fe and O

M. = 0.7682 M"°

Mg, = 2.802 x 10~ 4p1-86%

iImage size: 50x50 kpc

Animation by T. Buck (MPIA, NYUAD) based on NIHAO simulations

Mo = 4.586 x 107*M*"*! .

Shen+2010, Haardt&Madau 2012 BlLtjCk+2019a
e Raiteri+1996
self consistent star formation energetic feedback from
from cold, dense gas young massive stars
and supernovae
Stinson+2006 Stinson+2013

Tobias Buck N-body Shop Conference 4



Simulation Physics in Gasoline2

” GASOLINE? star formation regions 0w
smooth particle hydrodynamics | '

~,modern® implementation of hydrodynamics,
metal diffusion

Wadsley+2017, Keller+2014

e gas cooling

via hydrogen, helium and various metal lines

gas heating

via Photoionisation (e.g. from the UV background)

chemical enrichment
limited to Fe and O

M. = 0.7682 M"°

Mg, = 2.802 x 10~ 4p1-86%

iImage size: 50x50 kpc

Animation by T. Buck (MPIA, NYUAD) based on NIHAO simulations

Mo = 4.586 x 107*M*"*! .

Shen+2010, Haardt&Madau 2012 BlLtjCk+2019a
e Raiteri+1996
self consistent star formation energetic feedback from
from cold, dense gas young massive stars
and supernovae
Stinson+2006 Stinson+2013

Tobias Buck N-body Shop Conference 4



Star particles in cosmological simulations
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Star particles in cosmological simulations
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Simple stellar population

mass, metallicity, age
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Simple stellar population

mass, metallicity, age
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Simple stellar population model

assume stellar evolution models to calculate time evolution of the SSP
l.e. massloss and stellar remnant masses
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Chemical composition of mass return
nucleosynthetic yield tables for element production inside stars

Yield Table Masses Metallicities
CC SN

Portinari et al. (1998) 6,120 (0.0004,0.05]
Francois et al. (2004) 11,40 10.02]

— Chieffi & Limongi (2004) 13,35 0,0.02]
Nomoto et al. (2013) 13,40 0.001,0.05]
Frischknecht et al. (2016)  [15,40]  [0.00001,0.0134]
West & Heger (in prep.) 13,30] 10,0.3]
Ritter et al. (2018b) 12,25 0.0001.0.02

M , E, /. Limongi & Chieffi (2018)%  [13,120]  [0.0(
; SNIa
[wamoto et al. (1999) [1.38]
Thielemann et al. (2003) [1.374] [0.02]
Seitenzahl et al. (2013) [1.40] 10.02]
AGB
Karakas (2010) 1,6.5] 0.0001,0.02]
Ventura et al. (2013) 1,6.5] 0.0001,0.02]
Pignatari et al. (2016) 1.65,5] 0.01,0.02]
Karakas & Lugaro (2016) [1,8] (0.001,0.03]
TNG? [1,7.5] 0.0001,0.02]
Hypernova

Nomoto et al. (2013) 20,40] (0.001,0.05] Buck to be subm.

Tobias Buck N-body Shop Conference 8



Importance of tracing a large set of elements
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some yield tables allow to trace all 81 elements W CC-SY  mEm SN.  WEN AGH
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Time release of newly produced elements
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Time release of newly produced elements

10~* 1t |
®
= 107 AF / -
- Sl N
g 10—4 O dL Ne
2 100 1t :
é Ne
0 1079 oLt -
.%. _% 1L N
'g —10 all 1T all ]
= | — co-sN —— (CC—SN
- =107 — s8N, 1 —— swu -

_10—4 — AGB o JL— AGB |

10~* 1t |
= 3

10~ 4} Feo -
= - C
~ 107 1t |
'T*‘) _5 Mg
j 10 Me 1r -
o 10 1F -
£ il '
E —10 all 1T all e
= | — cc-sN —— (CC —SN
= _10 _— SNIa 1M — SNIa a

_10—4 — AGB 1 — AGB |
10-2 10~ 100 10! 10-2 10~ 100 10!
Time in Gyr Time in Gyr Buck to be subm.

Tobias Buck N-body Shop Conference 10



Calculate time release of newly produced elements
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Calculate time release of newly produced elements

Table 1. Free stellar (SSP) evolution parameters, 6, used in

SyntheS|Se IOO k—u p tables Chempy together with the fiducial values adopted in this work.
US|ng Chempy (Ryblzk|+201 7) 0  description 06 ducial

IMF type functional form of IMF

aimMp  Chabrier high-mass slope —2.3

— 8 parameters + 3 yleld tables IMF mass range 0.1—100 Mo
CC-SN mass range 8 —40 Mg
SNIa delay time exponent 1.12
50 bins in Z (1 e-5 005) l(l)oglo (N1,) normalizatior.l of SN la rate :2.9
: : 210 (71a) SN la delay time in Gyr 1.4
1 OO bInS In IOg(t) (O. . 1 38 Gyr) ZSSP metallicity of the SSP 10_52@ — QZ@
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Results mass metalllc:lty relation unchanged
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Differences In element distribution functions
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Differences in [a/Fe] vs. [Fe/H]
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*I am happy to sha ‘JWith the community,

B

drop me a-mfdil-or talk to me during the discé®Sions
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Simple stellar population model

assume mass ranges for CC-SN, AGB stars and SN la
here the number of SN la follows empirical delay time distribution
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