10th Symposium on Nuclei in the Cosmos, July 27 - August 1 2008, Mission Point Resort, Mackinac Island, Michigan, USA prodanvc@if.ns.ac.yu

New Constraints of Galactic Infall From Deuterium Observations

Tijana Prodanović^1 & Brian D. Fields^2

(^1University of Novi Sad, Serbia ;^2University of Illinois, USA)

Abstract Local deuterium observations have shown large variations over different lines of sight. However, it has been recently proposed that such variations can be explained by strong depletion of deuterium onto dust grains. Consequently, recent Far Ultraviolet Spectroscopic Explorer (FUSE) deuterium observations represent only a lower bound on the true local deuterium abundance which has thus been estimated to be as high as ∼ 85% of the primordial D abundance, as opposed to previous estimates of ∼ 55%. Such high local deuterium abundance could be explained with Galactic infall. Within our analytical model we demonstrate that such hight local D abundance in fact requires a significant infall. Our constraint comes from the FUSE deuterium observations AND Galactic gas fraction estimates, which, when used in concert, demand infall rate comparable to the star-formation rate. Moreover, our analysis also constrains the fraction of stellar mass that is returned to the ISM to a range 0.1 < R <∼ 0.4 which is just marginally consistent with modern initial mass functions. Finally, the requirement of infall is broadly consistent with hierarchical structure formation. Thus, our results offer new qualitative and quantitative ways of placing Galactic evolution in the larger cosmological context.

T. Prodanović & B.D. Fields, 2008, accepted to JCAP [arXiv:0804.3095]

1 Introduction

• Deuterium is only created in the big bang nucleosynthesis (BBN) while all other processes destroy it [1, 2] – its abundance should monotonically decrease after the BBN. • Measurements of the D abundance in the interstellar medium (ISM) have revealed large variations over different lines of sight, that can be greater than the factor of 3! • Linsky et al.(2006) [3] claim – these local variations are due to efficient D depletion onto dust grains.

• Linsky et al.(2006) determine the true ISM deuterium abundance (D/H)_{ISM+dust} ≥ (2.31 ± 0.24) × 10^{−5} which is almost at the level of the primordial value. • Need some level of infall of primordial gas in order to explain such high D abundance [4]. • We combine the local D and Galactic gas fraction observations to constrain different infall models.

2 Model

• We construct a model for Galactic evolution with infall and no outflow. • Adopt infall rate arbitrarily proportional to the star formation rate [5]; baryonic

mass of the Galaxy thus increases with time as Ṁ_{baryon} = αψ (1)

where ψ(t) is the star formation rate, while α is the infall proportionality constant.

• Assume primordial infalling material and complete destruction of D in stars. • Define the ratio of gas at time t to the initial baryonic mass M_{baryon,0} as

μ ≡ M_{ISM}(t)/M_{baryon,0}.

• Find deuterium evolution from its primordial D_p to present day value D(t), as

a function of the return fraction R – the fraction of stellar mass that is returned to the ISM in the instantaneous recycling approximation, and α, as

D(t) D_p = R α + R

(_α R + μ α+R 1−α−R ) (2) where D is the deuterium mass fraction for a given epoch, while D_p is the primordial deuterium mass fraction.

• Present gas mass fraction defined as ω ≡ M_{ISM}(t)/M_{baryon}(t), can, in our

model, be expressed as

ω(t) ≡

M_{ISM} M_{baryon} = 1 − R − α 1 − R − αμ(t) μ(t) (3)

• Equations (2) and (3) relate observables D and ω to the model parameters α

and μ, which together respectively quantify the current and integrated rates of Galactic infall.

• At late times, D and ω approach minimum values and combine to give the

limiting curve above which no solutions can be found. We find the limiting curve to be D_{min}

D_p = 1 1 + R(1 − ω)(1 − R) (4) • Equation (4) includes the return fraction R as a parameter – it can be used to

discriminate between different IMFs which all directly determine the value of R.

3 Results

• Figure 1 (left) – deuterium mass fraction vs. the gas mass fraction (equation 2). • R = 0.3 follows from using the Salpeter IMF [6].

• Shaded horizontal bands – observed D values with (top, cyan) and without (bottom, yellow) accounting for the dust depletion.

• Shaded vertical yellow band – observed range of gas mass fractions ω = 0.07 − 0.3 [7].

• Red curves fall within the observed limits – infall almost comparable to the star formation rate with the infall parameter 0.5 <∼ α <∼ 1.

• Figure 2 (right) – limiting curves above which no solution can be found. • Overlap ranges between observed D and ω are presented as boxes. • Only return fractions that are allowed are 0.1 < R <∼ 0.4.

4 Conclusion

• Local D and gas mass observations demand significant infall rate 0.5 <∼ α <∼ 1 of pristine material, consistent with hierarchical assembly of galaxies by accretion.

• Modern IMFs [8] which demand high return fractions R ∼ 0.4 are just marginally allowed by these observations (right panel).

• Large depletion of deuterium onto dust might have important consequences for D observations at high-redshift systems and its the concordance with the BBN theory.

References

[1] Epstein R. I., Lattimer J. M. & Schramm D. N., 1976, Nature, 263, 198 [2] Prodanović T. & Fields B. D., 2003, Astrophys. J., 597, 48 [3] Linsky J. L. et al., 2006, Astrophys. J., 647, 1106 [4] Romano D., Tosi M., Chiappini C. & Matteucci F., 2006, Mon. Not. R. Astron. Soc., 369, 295 [5] Larson, R. B. 1972, Nature, 236, 7 [6] Salpeter, E. E. 1955, Astrophys. J., 121, 161 [7] Flynn C., Holmberg J., Portinari L., Fuchs B. & Jahreiß H., 2006, Mon. Not. R. Astron. Soc., 372, 1149 [8] Baldry I. K. & Glazebrook K., 2003, Astrophys. J., 593, 258

The work of TP is supported in part by the Provincial Secretariat for Science and Technological Development, and by the Republic of Serbia under project number 141002B. prodanvc@if.ns.ac.yu