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Abstract. A recent spectroscopic survey has shown that the lithium abundances

in low-mass red-clump stars are higher than theoretical prediction. Motivated
by their finding, we implemented effects of additional energy losses induced
by neutrino magnetic moments on stellar evolution models. It is found that the
lithium abundances in red giants increase because the finite magnetic moments
of neutrinos enhance the efficiency of deep mixing and 7 Be is conveyed from the
hydrogen burning shell to the convective envelope. The results motivate further
studies on the effects of non-standard energy losses on the surface compositions
of low-mass red giants and red-clump stars.

1 Introduction
The lithium abundances in low-mass stars are long-standing problem in stellar modeling.
Giant stars with A(Li) = log N(Li)/N(H) + 12 > 1.5 are called lithium-rich giants [1, 2].
Since stellar models predict that lithium in red giants is destroyed by the first dredge-up [3],
the mechanism for the lithium enhancement in such giants is an open problem.
Lithium-rich giants with A(Li) > 1.5 account for only ∼ 1% of red giants [e.g. 4]. However, a recent spectroscopic survey [5] has shown that almost all red-clump stars show the
lithium abundances of A(Li) = 0.71 ± 0.39, which are higher than theoretical prediction. This
observational result implies missing physical processes in stellar models.
In order to reconcile observations and models, we consider effects of additional energy
losses induced by neutrino magnetic moments [NMMs; 6]. It is known that finite NMMs
would make a helium core at the tip of red giant branch (RGB) heavier [7, 8]. However, their
effect on the stellar surface composition has not been discussed.
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Figure 1. The luminosity L and the surface lithium abundance A(Li) of the models with µ12 = 0 and 5.

2 Method
We adopt Modules for Experiments in Stellar Astrophysics [MESA; 9] to calculate stellar
models. We fix the initial stellar mass to 1M⊙ and the metallicity to Z⊙ = 0.0148 [10]. We
adopt the mixing length of α = 1.6. We assume thermohaline mixing as the mechanism of
deep mixing. The efficiency of thermohaline mixing [11] is fixed to αthm = 50.
The energy loss rate induced by NMMs is given as [8]
µ
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where ωpl is the plasma frequency, µν is an NMM, µB is the Bohr magneton, and ϵplas is the
standard plasmon decay rate.

3 Results
We performed simulations of stellar evolution with µ12 = µν /(10−12 µB ) = 0 − 5 [6]. Fig. 1
shows the evolution of the luminosity and A(Li) of the models with µ12 = 0 and 5. The star
becomes more luminous as it evolves along the red giant branch. In red giants, an inert helium
core is formed and its mass gradually grows because of hydrogen shell burning. When the
core temperature becomes sufficiently high, helium is ignited in the core. Because the core is
degenerate, helium burning at the tip of the red giant branch happens violently. As a result,
the core becomes non-degenerate and stable helium burning starts. This evolutionary phase
with stable helium core burning is called red clump stars.
As a star evolves in the red giant branch, the lithium abundance decreases. When L ∼
0.5L⊙ , A(Li) decreases by ∼ 1.5 because of the first dredge-up, where the convective envelope
penetrates into the stellar interior and lithium is destroyed by higher temperature there. The
lithium abundance continues to decrease when L > 1.5L⊙ . This is because thermohaline
mixing conveys the material in the envelope to the hydrogen burning shell. When the star
is close to the tip of the red giant branch, A(Li) starts increasing because 7 Be created in the
hydrogen burning shell is conveyed to the envelope and decays to 7 Li [12].
When the effect of NMM is considered, the lithium abundance becomes larger around
the tip of the red giant branch. This is because the additional energy loss leads to a smaller
core and the density in the envelope becomes lower. The efficiency of thermohaline mixing
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Figure 2. A schematic picture on the lithium enhancement. The figure is not to scale.

then becomes higher. As a result, 7 Be is conveyed to the envelope more efficiently. The
mechanism of the lithium enhancement is schematically shown in Fig. 2.
Fig. 1 shows that the lithium abundance in red clump stars becomes ∼ 10 times higher
when µ12 = 5 is adopted. The enhancement of lithium may mitigate the lithium problem in
red clump stars. Similar effects are expected in the cases of other physical processes such as
axions. It is desirable to perform calculations with such additional energy losses induced by
new physics to find a solution to the problem. Also, it is important to explore other scenarios
including mixing induced by the helium flash [13] and effects of the stellar mass distribution
[14].
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