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using the Monte Carlo results from BBN as a function of η to give LBBN (η|X) and the
WMAP value of η distributed as a Gaussian, LWMAP (η). These are shown in Fig. 4 by the

The lithium problem: Pop II abundances inconsistent with SBBN
dark (blue) shaded regions. Though there are useful measurements of the 3 He abundance

[56], these are difficult to match to the primordial abundance [57]. We will show the BBN
likelihood for 3 He in Fig. 4, but will not discuss 3 He any further.
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FIG. 4: The theoretical
and(2008)
observational likelihood functions for 4 He, D/H, 3 He/H, and 7 Li/H.
BBN results have been convolved with the WMAP determination of η and are shown as dark (blue)
shaded area. The observational likelihoods are shown as light (yellow) shaded regions as well as
alternative dotted curves. The data and distinctions are detailed in the text.

Fig. 4 also shows the observational likelihoods for comparison. For 4 He, the light (yellow)
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Fig. 4 also shows the observational likelihoods for comparison. For 4 He, the light (yellow)

Non-Standard Model physics could explain the Li discrepancy

• Decay or annihilation of dark matter particles
inject energetic Standard Model particles into BBN.
‣

Hadronic injection: Decay products change n / p ratios or energetic decays spall
4He particles.

‣

Electromagnetic injection: Excess photons photodisentegrate D or α, providing
excess 3He/D.
3H+4He

→ 6Li+n

n+7Be → 7Li+p

3He+4He
7Li+p

→ 6Li+p

→4He+4He

Enhance 6Li
Suppress 7Li

• Charged dark matter particles catalyze BBN
‣

Negatively charged particles (X-) create bound particles with baryonic nuclei,
reducing Coulombic barriers.

Suppresses 7Be (and thus 7Li) and/or enhances 6Li.
(see Jedamzik & Pospelov 2009)

Interstellar Li as a probe of pre-galactic production
The idea:
Use interstellar Li in low metallicity environments as a
probe of the contemporary Li abundance.
While the chemical evolution of Li is complex, there is no
worry about time-dependent in situ destruction modifying
the abundance of Li over time.
Significant uncertainties in the approach are completely
independent of those affecting stellar measurements.

Large Magellanic Cloud

Z ~ 0.5 Z

Small Magellanic Cloud

Z ~ 0.25 Z

*This was attempted toward SN1987A using ESO telescopes (Vidal-Madjar et al. 1987; Sahu et al. 1988).

Sk 143 sight line:
*Large H I, H2 column density
*Large columns of neutral metals
*Apparent low radiation field

The Observations:
*Sk 143 (O9.5 Ib): V = 12.9
*UVES @ R ~ 74,000
*~1 night

MCELS: Smith+

Interstellar Li as a probe of pre-galactic production

S/N ~ 275

Absorption
from the MW
at v ~ +0 to
+50 km/s

Absorption from
the SMC at
v ~ +120 km/s

Interstellar Li as a probe of pre-galactic production

b ≡ 21/2 σ ~ 0.8 km/s
T ≲ 270 K

Interstellar Li as a probe of pre-galactic production
A(7Li)MW ≈ 2.54 ± 0.05
A(7Li)SMC = 2.68 ± 0.16

Prantzos (2012)
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Sources of 7Li:
+ Big Bang nucleosynthesis
+ Cosmic ray nucleosynthesis
(spallation)
Lambert+&Type
ReddyII(2004)
SNe
(ν-process)
+ AGB stars
(“hot bottom burning”)
+ Novae (?)

gure 2: Estimates of the lithium abundance in the SMC interstellar medium and in several different

Interstellar Li as a probe of pre-galactic production
[Li/Fe]SMC ≈ [Li/K]SMC = +0.04±0.10
[Li/Fe]MW = -0.09±0.11
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Interstellar Li as a probe of pre-galactic production

Standard BBN and chemical evolution predict the SMC should have
6Li/7Li

~ 0.01–0.02

Non-standard models predict
6Li/7Li

~ 0.05 – 0.10.

At S/N ~ 500, we should detect 6Li in the SMC in the latter case.

Interstellar Li in the ELT era
With 10-m class telescopes, this
approach is limited to the SMC,
LMC, and a single low-redshift
damped Lyman-α (DLA) absorber
with LMC-like metallicity.

*The planned 30 and 40-m class telescopes have the grasp to extend the search for
interstellar Li to more DLAs. However, there are several issues:
1) Li will be redshifted quickly into the NIR.
2) The number of bright QSOs with quite low metal DLAs is limited.
3) The number of DLAs bearing neutral gas and/or H2 is VERY limited.
*Studies of the SMC/LMC isotopic ratio and its variations should be straightforward.

Summary
•

Measurements of interstellar Li I in low metallicity
galaxies will allow us to probe primordial and pregalactic production of Li (including the 7Li/6Li ratio) in
a way that is independent of the systematics
associated with stellar determinations.

•

•

Figure 3: Estimates of Li/Fe in the SMC interstellar medium and in several different environ-

The first measurement of gas-phase Li
in the SMC suggests a current
abundance consistent with the BBN
value, leaving little room for chemical
enrichment. This may favor a low
primordial abundance.

The first marginal measurement of the
isotopic ratio in the SMC implies that <40%
of the 7Li had been produced since the era
of Big Bang nucleosynthesis. The 6Li/7Li
ratio may represent the best test on
non-standard BBN from the ISM.
ments. The SMC value is derived from the 7 Li I/K I ratio. At low metallicities ([Fe/H] ! −1), stellar
measurements6 trace the build-up of Fe with a constant Li abundance along the Spite plateau. At higher
metallicities, disc star abundances16 show a turnover to roughly constant [7 Li/Fe] at values consistent with
the solar system/meteoritic value23 (shown as the dash-dotted line). Our SMC estimate is consistent with
the solar system and disc star abundances in this region of relatively constant 7 Li/Fe abundances, with
[7 Li/Fe]SMC = +0.04 ± 0.14 for [K/Fe]SMC = 0.0 ± 0.10 (Supplemental Information). The most Li-rich
disc stars within 0.1 dex of the SMC metallicity have a mean "[7 Li/Fe]# = −0.13 ± 0.05. (All uncertainties
are 1σ.) The green curves show the chemical evolution models25 as in Figure 2, while the dotted line shows
the behavior of [7 Li/Fe] for the standard BBN primordial abundance with no subsequent evolution of 7 Li.
The relative uniformity of the stellar 7 Li/Fe abundances at [Fe/H] " −1 could be caused by a delicate
balance of Li and Fe production and metallicity-dependent Li astration (not ruled out given the changes
in mean age and mass potentially present in the sample16 ). However, the agreement of the [7 Li/Fe] ratio
seen in these old stars (ages >4 Gyr16 ) and in the present-day interstellar medium of the SMC suggests
little change in the stellar abundances for metallicities [Fe/H] " −0.6 through the solar metallicity. To
bring the stellar and SMC interstellar abundances into agreement with standard BBN predictions requires
a delayed injection of significant 7 Li from stellar production mechanisms as well as vigorous depletion of
stellar surface 7 Li abundances at metallicities just below that of the SMC.

