
Tracers of Pre-galactic and extra galactic Lithium abundances in 
Milkyway:
 towards solving the lithium problem

      Spite and Spite (1982) first noticed that the metal poor stars 
show a
constant lithium abundance, with a narrow scatter. Such a plateau in 
Lithium
abundance  was expected, if these abundances represented the 
primordial lithium that
was produced during the Big Bang.
However, this Lithium abundance of the plataeau was found to be 2-4 
times
lower than the Lithium abundance that was predicted from baryonic 
densities
from CMB experiements (Fields 2011). This is called "the Lithium 
problem".
There were possible solutions proposed towards solving this problem,
1. Uncertainties in the nuclear cross-section and Non-standard BBN 
(Jedamzik 2004)
2. Stellar depletion of lithium due to diffusion and  mixing process 
(Korn et al 2006)
3. Uncertainities in the stellar parameters and stellar modelling (e.g 
Melendez & Ramirez 2004)
4. Pre-galactic chemical enrichment and  mixing, leading to lithium 
depletion (Piau et al. 2006)

Recently, experiments that measured the nuclear crossections at Big 
Bang energies
(e.g Anders et al. 2014), are consistent with the theoretical 
predictictions.
In order to distinguish between the depletion is due to stellar 
process (diffusion, convection, binarity) and depletion of ISM lithium 
abundances  due to the Pop-III stars , it is ideal to
have observations of pre-galactic or extra-galactic lithium abudances.
Observing directly the lithium abundance in the proto galaxy or an 
external galaxy is quite limited.  Howk et al. (2012),  has measured 
interstellar lithium
in the Small Megellanic Clouds. However, still it is not very low 
metallicity to compare
the lithium abudance of milkyway Halo stars.

We propose here, Outer halo stars and the high velocity clouds of 
Milkyway as
possible sites for probing the pre-galactic Lithium abundances.

Lithium in high velocity clouds:
High Velocity Clouds (HVC) are neutral condensations of intergalactic 
gas 
that are falling towards the galaxy. HVCs are metal poor, 



and their deuterium abundances  were found to be consistent with 
primordial value.
Hence these will be pristine and primitive system, where one can 
observe deutrium 
and Lithium in the same system (Prodanovic & Fields 2004).

Currently,  it is a time consuming to do such observations, since a 
large area needs to covered and a large number of stars need to be 
obsrved in the field to identify stars that are 
behind the HVC. MSE  is ideal for large sky coverage and unique with 
its R=20000 mode
for this study. HERMES survey which has similar specifications, cannot 
reach fainter
magnitudes of these stars. By the time MSE
survey begins, we will have GAIA data, with precise distance of the 
stars in the HVC field.
Here, we propose to survey the field of HVC clouds, and choose 
suitable stars (e.g BHB), that
are behind these clouds to derive the lithium abundances of the cloud.

Lithium in outer Halo stars: 

The outer halo stars of Milkyway might offer an unique way to probe 
the
lithium in an external galaxy that was possibly much smaller than the 
Milkyway,
probably galaxies similar to the dwarf satellites around Milkyway.
Carollo et al. (2007), discovered dual overlapping  halo components 
around Milkway.
They found that the  inner halo stars were  formed due to dissipative 
merger event
and the stars were formed in-situ during the merging. However, the 
outer halo stars
are formed due to dry mergers and the stars were already formed in the 
merging galaxy. 
Hence, inner halo stars might represent the typical pop-II halo stars 
that are formed from 
well mixed, pre-processed chemical composition of the Pop-III 
nucleosynthesis products
and might have uniformly depleted Lithium. There was a concern that 
such process
would have increased the metallcity to very values. However, recent 
observations of 
hyper metal poor stars [Fe/H] < -5.0, show that the early supernovae 
were of low
energy and did not contribute to too much metals and the mixing of the 
metals were



not efficient.

Here, we propose to study lithium abundance in inner and outer halo 
stars to understand 
possible depletion mechanism of Lithium due to the 1st generation of 
stars. The scatter
in the lithium abudance along with other chemical  elements will 
provide clues to 
early star and galaxy assembly process. With the availability of GAIA 
data, the complete
kinematics of these stars will be available, hence it will be very 
helpful to preselect
them for observations.

One might expect to see a higher abundances of Lithium and a large 
scatter, for the 
outer halo stars and inner halo stars will have depleted lithium 
floor, but with low scatter
due to a well mixed ISM. Current, observation show narrow lithium 
plateau until
[Fe/H] ~ -2.5. Below [Fe/H] < -2.5 the scatter increases (Sbordone et 
al 2010). This might 
have been due to unmixed ISM during those epoch. However, it is also 
to be noted that the 
fraction of outer halo stars is high low metallicities.

Survey of r-process elements:

The rapid neutron capture elements are unique, because they are 
produced in a very 
narrow mass range of supernovae, hence they are sensitive probes of 
IMF.
The main r-process pattern in the r-process rich most metal poor stars 
([Eu/Fe] > 1.5),
are exactly same as the solar system r-process pattern. This means r-
process pattern produced 
by a single supernovae in the early universe produces r-process 
elements in the same ratio
as the cumulative effect of generations of supernovae that contributed 
to the solar system
r-process abundance. 

Such study, was  not possible by SDSS due to the low spectral 
resolution.The spectral
resolution of R=20000, is quite optimal for detecting EuII lines to 
study r-process
abundances. There are no surveys that target the blue optical region 
(where the strong EuII
 line and r-process lines are present) at R=20000.  



The strong s-process peak (Pb) - tracer of the EMP (extreme metal 
poor) AGB stars:

Lead is produced due to radiative decay of Thorium and Uranium. It was 
noticed that this
process can not completely account for solar system Pb abundance. 
Recent studies of carbon 
enhanced metal poor stars, showed really large enhancements in Pb 
abundances. They are about 
few thousand times the solar value (Sivarani et al. 2004). The key 
feature is that the at slightly lower metallicities [Fe/H] < -2.0, the 
Pb abudance start to decline quickly and the 
main s-process peak (that is the Ba peak), start to increase. This 
makes the EMP AGB stars as the  major contributor of Pb in the
 universe. Since s-process is produced in a very narrow range of mass 
stars, it is a 
good tracer of IMF. 

Here, we propose to study Pb abudnaces in globular clusters, stars in 
the satellite galaxies
of milkyway to understand the  contribution of EMP AGBs.

Spite, M. & Spite, F. Lithium abundance at the formation of the 
Galaxy. Nature 297,
483–485 (1982).

Sbordone, L. et al. The metal-poor end of the Spite plateau. 1: 
Stellar parameters,
metallicities and lithium abundances. Astron. Astrophys. 522, A26 
(2010).

Mele´ndez, J., Casagrande, L., Ramı´rez, I., Asplund, M. & Schuster, 
W. J.
Observational evidence for a broken Li Spite plateau and mass-
dependent Li
depletion. Astron. Astrophys. 515, L3–L7 (2010).

8. Korn, A. J. et al. A probable stellar solution to the cosmological 
lithium discrepancy.
Nature 442, 657–659 (2006).

B. D. Fields, Annu. Rev. Nucl. Part. Sci. 61, 47 (2011).

Jedamzik, K. Did something decay, evaporate, or annihilate during big 
bang
nucleosynthesis? Phys. Rev. D 70, 063524 (2004).

Prodanovi{\'c}, T., Fields, B.~D.\ 2004.\ Probing Primordial and 
Pre-Galactic Lithium with High-Velocity Clouds.\ The Astrophysical 



Journal 
616, L115-L118. 

Carollo, D., et al. 2007.\ Two stellar components in the halo of the 
Milky Way.\ 
Nature 450, 1020-1025.

Sivarani, T., et al. 2004 \ First stars IV. CS 29497-030: Evidence for 
operation of the s-process at very low metallicity.\ A\&A 413, 
1073-1085. 


