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ABSTRACT

Using numerical hydrodynamics and N-body techniques to simulate cosmological galaxy formation we consider the effect of sub-

orid chemical evolution models on the abundance ratios and global supernovae rates of a Milky Way analogue. We show that the
abundance of elements in the low metallicity interstellar medium provides a key constraint to the sub-grid chemical evolution models

particularly regarding the upper mass limit of type-l1I supernovae progenitors. Definition of this limit has a knock-on effect upon the

constraints that these simulations may place on type-la supernovae progenitor models and the slope of the stellar initial mass function.

INTRODUCTION RESULTS
There are numerous cosmological codes on the market but studies of chemical evolution are limited to smoothed
particle hydrodynamics with a dearth of Eulerian implementations that include a detailed chemical evolution 0.6
model. Smoothed particle hydrodynamics codes require additional sub-grid physics to correct for the absence of V | I | I | ]
diffusion between neighbouring gas particles. With the aim of providing a complementary approach to existing 0.4 F | + | + | .

chemical evolution codes we present a fully cosmological, chemical evolution code with an adaptive mesh refinement
hydrodynamics scheme that traces the formation and subsequent evolution of H, He, C, N, O, Ne, Mg, Si and Fe -
RAMSES-CH, [FCGT12]. The results of the initial simulations illustrate how the elemental abundances of the low
metallicity ISM provide constraints on star formation treatments in a numerical context.

FIGURE 1: Our code (RAMSES-
CH) is applied to cosmological simula-
tions (20h~'Mpc cube) of disk galax-
ies achieving a resolution of 436 pc. R S NS, | 1 | 1 |
The galaxy presented (109-CH) is a4l ST i i |
a field spiral galaxy of total mass o - T 3 I 5 *
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mological environment of this galaxy. T T R T
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model for a series of test runs that use [Fe/H]

different initial mass functions (IMFs),

upper stellar mass limits and super-

novae type-la models to ascertain the
influence that each of these ingredients FIGURE 3: |O/Fe| is plotted against |Fe/H| for disk stars. The age of the stars is denoted by colour and

has on the abundance ratios of stars, dotted lines indicate solar abundances. Observational data is plotted in grey, triangles are very metal-poor
tracing the evolution of the ISM abun- stars from [CDS'04], diamonds are thick disc and halo stars from [GCCT03], plusses are disc dwarf stars

dances. from [EAG™93].
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Fig. 3 shows the abundance ratios of stars that trace the evolution of the ISM. The model that best reproduces
APPII CATION the metallicity of the solar neighbourhood is K01-uM/0-IaH however this model underestimates |O/Fe| at low
metallicities. The models with steeper IMFs (S-uMj0-laH and K93-uM40-IaH) or a lower mass limit (K01-
uM40-IaH ) produce fewer SNIT and thus have a lower |O/Fe|. Models using SNIa models TaM and 1aGR produce

e e e N e FIGURE 2: Six different models are SNIa on shorter timescales than those using laH models, leading to the relatively constant |O/Fe|. Only one model
S UMAO—lan presented here with different SNIa successfully reproduces the low metallicity |O/Fe|, K01-uM100-IaH, which has the most top-heavy IMF and the
[| T K9sTumaD—ar I progenitor models and IMFs. Fig. 2 greatest upper mass limit. This suggests that either the simulations mix gas too efliciently or that a variable IMF
|| ——— KOT-uM100-IaH B} illustrates the cumulative SN rates for (one that is more top heavy at low metallicities) should be invoked.
0 K01-uM40-I1aGR - .
: KO1—UMA0—laM . the different models. The first part
L AMSES 1 of each model name seen in Fig. 2 SUMMARY
1077 refers to the IMF of the model (5 5 e We present a small suite of chemical evolution models applied to a Eulerian cosmological disk galaxy frame-
- Salb5], K93 is [KTGI3] and K01 is work and test how the abundance ratios of the tracer stars vary depending upon the intial mass function
T : from |Kro01}). The second part of the and SNTa model.
E name (prefixed with uM ) refers to the S o _ o
5107 . . e A great deal of variation in abundance ratios is seen under changes in IMF slope, upper mass limit and
= - upper mass limit of the IMF at either , .
- - 40 or 100 M and the last denotes the supernovae type-la delayed time distribution.
- SNIa progenitor model employed (IaH e Reasonable SN rates are recovered, however this conflicts with the excessive stellar mass fraction of the
107" is based on [HKN99], [aGR is [GR83] galaxies which should be carefully considered.
! and [aM is [MDPO06]). All mod- e Only models that give the highest SNII rates are capable of reproducing the quantity of O] required to match
- els take | nucleosynthetic yields from low metallicity observations while other models produce excessive quantities of [Fe| which nevertheless lead
107 F ; | E [IBN"99] (SNTa), [WW95] (SNII) and to recovery of the solar abundance ratio. There is also an underprediction in the spread of abundance ratios,
; ! ; vGIT7] (AGB winds) and stellar life- both these results suggest that a variable IMFE should be considered or that metal diffusion throughout the
: | . times from |[KA97]. A dotted line calaxy is too eflicient in the simulations.
mo,Bom - lg’gw ; — lg. lw‘oo — ;{ goo — l{g’ ‘o o gesr:;rﬁ;zt;s;ﬁesggeﬂze SN rate for e Future work will explore a tull range in parameter space to constrain the chemical evolution of disk galaxies

and determine the key degeneracies. High resolution simulations will be undertaken employing large-scale

magnetic fields to study the role that turbulence plays in metal diffusion within the ISM.

References

CDS™04] R. Cayrel, E. Depagne, M. Spite, V. Hill, F. Spite, P. Frangois, B. Plez, T. Beers, F. Primas, J. Andersen, B. Barbuy, P. Bonifacio, P. Molaro, and B. Nordstrom. First stars V - Abundance patterns from C to Zn and supernova yields in the early Galaxy. AA, 416:1117-1138, March 2004.
EAG™93] B. Edvardsson, J. Andersen, B. Gustafsson, D. L. Lambert, P. E. Nissen, and J. Tomkin. The Chemical Evolution of the Galactic Disk - Part One - Analysis and Results. AA, 275:101—+, August 1993.

FCG*12] C. G. Few, S. Courty, B. K. Gibson, D. Kawata, F. Calura, and R. Teyssier. RAMSES-CH: a new chemodynamical code for cosmological simulations. MNRAS, 424:1.11-L15, July 2012.

GCC*03] R. G. Gratton, E. Carretta, R. Claudi, S. Lucatello, and M. Barbieri. Abundances for metal-poor stars with accurate parallaxes. . Basic data. AAP, 404:187-210, June 2003.

GR83] L. Greggio and A. Renzini. The binary model for type I supernovae - Theoretical rates. AA, 118:217-222, February 1983.

Kro01]  P. Kroupa. On the variation of the initial mass function. MNRAS, 322:231-246, April 2001.

KTG93] P. Kroupa, C. A. Tout, and G. Gilmore. The distribution of low-mass stars in the Galactic disc. MNRAS, 262:545-587, June 1993.

MDPO06] F. Mannucci, M. Della Valle, and N. Panagia. Two populations of progenitors for Type la supernovae? MNRAS, 370:773-783, August 2006.

Salbb] E. E. Salpeter. The Luminosity Function and Stellar Evolution. ApJ, 121:161—+, January 1955.

v(GIT] L. B. van den Hoek and M. A. T. Groenewegen. New theoretical yields of intermediate mass stars. AA, 123:305-328, June 1997.

WW95]  S. E. Woosley and T. A. Weaver. The Evolution and Explosion of Massive Stars. II. Explosive Hydrodynamics and Nucleosynthesis. ApJs, 101:181—, November 1995.



mailto:c.gareth.few@googlemail.com

