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M. Adamów et al.: The Penn State - Toruń Centre for Astronomy Planet Search stars.

Fig. 6. Histogram of A(Li) for 92 stars with Li detections. We
note a jump in the number of stars at A(Li) > 1.4.

Galactic Bulge, are plotted together with our results. All avail-
able Li abundances, including those presented here, show an
identical tendency regarding lithium abundances and Te↵ ; cooler
stars reach lower Li abundances. Our sample is comparable to
that analyzed by Brown et al. (1989): it covers similar range in
log g and Te↵ and focuses on field stars. The main di↵erence
is the more restricted selection of stars in the PTPS. The sam-
ple presented here does not include stars with Te↵ . 4000 nor
are masses greater than ⇠ 3.5 M

�

, while the Brown et al. (1989)
sample does. These limitations are the consequence of the obser-
vational strategy which is required for searching planets around
evolved stars.

In Fig. 6, we present a distribution of obtained A(Li). In ad-
dition to a gradual decay, we observe a sudden increase of stars
with A(Li) > 1.4 and a few super-Li giants.

4.1. Giants with lithium on the Hertzsprung-Russel diagram

The location of our stars in the Hertzsprung-Rusell (HR) dia-
gram is shown in Fig. 7, where evolutionary tracks of 1 to 3 M

�

stars and solar metallicity from Bertelli et al. (2008) are pre-
sented as well.

To investigate the Li abundance of our sample of PTPS gi-
ants, we have divided the total sample (323 stars) in three groups:
(1) stars with only upper limits or no lithium detections (241 ob-
jects, group A, black symbols in Fig. 7); (2) stars with detected
Li and A(Li)NLT E < 1.4 (71 objects, group B, blue symbols);
and (3) giant stars with Li–abundances A(Li)NLT E > 1.4 (11 ob-
jects, group C, red symbols).

In addition to the five dwarfs identified by Zieliński et al.
(2012) we also excluded another two stars: TYC 3676-02387-
1 ( A(Li)NLT E of 1.75) and TYC 3993-01850-1 ( A(Li)NLT E =
1.81) from the whole further analysis, despite their high lithium
abundances. According to their e↵ective temperatures and log g,
these two stars are still in the subgiant phase in that they only
recently started the first dredge-up, and thus, their high lithium
abundances are most likely leftover MS values.

Two more objects, as identified within PTPS as spectro-
scopic binaries with unresolved lines (TYC 3667-00550-1, TYC
4421-01996-1) and the sixteen stars for which we only have esti-
mates of the stellar parameters from Zieliński et al. (2012) were
excluded from statistical analysis for consistency as well. The
later stars are presented in the following figures; however, they
are marked as crosses colored according to their A(Li).

Fig. 7. HR diagram showing the location of all the PTPS stars
studied in this paper. Colors of points denote Li abundance. Red
are the most Li-rich objects (the red stars denote the four most
Li-rich giants). Stars denoted in blue have moderate Li level, and
black is for Li-poor stars. Crosses denote stars with uncertain
atmospheric parameters. The blue stripes denote the beginning
of RGB. The gray area is LFB region, and green box denotes
RGC. Evolutionary tracks from Bertelli et al. (2008) for 1�3 M

�

stars with solar metallicity are plotted as solid lines.

Given that lithium depletion is not expected in a star on the
RGB before the first dredge–up (FDU) has occurred, it is impor-
tant to determine the location of the star on the HR diagram with
respect to this event. For FGK stars, Li depletion due to the FDU
starts at approximately Te↵ = 5400 K and ends at Te↵ = 4500 K
(Charbonnel & Balachandran 2000) when the convective enve-
lope reaches its maximum depth. A higher Li abundance as a
remnant from the MS phase could be confused with an overabun-
dance per se if the star did not experience severe FDU dilution
yet. This is particularly important for stars in the higher mass
end ⇡ 1.5 � 3 M

�

and solar metallicity, since Li is not so easily
destroyed during the MS lifetime of the star (note, however, the
small number of objects we have with solar metallicities). In so-
lar mass stars lithium is strongly depleted during the MS lifetime
and they are expected to leave the MS with A(Li) ⇠ 1.

Points representing the position of the RGB bottom for the
presented evolutionary tracks were joined with blue striped line
to define the beginning of the RGB for various masses. The light
gray area represents the location of the LFB on the first ascent
of RGB.

In the green block in Fig. 7 we have marked the location of
the RGC region, as defined by 4700 K< Te↵ < 5100 K and
1.3< log L/L

�

<2.0 (see Zieliński et al. 2012). We can see in
Fig. 7 that we have a substantial number of stars located in the
region that corresponds to the first ascent on the RGB in our sam-
ple, and a handful of objects with low Te↵ and high luminosities
for which we cannot fully exclude the possibility that they are
already evolved o↵ the horizontal branch (HB).

Of the 323 giants in our complete sample, 125 (37±3%) fall
into an extended RGC region of the HR diagram as defined in
Zieliński et al. (2012) and from the sample of 82 giants with a
detected Li (group B and C) 35 (43 ± 5%). Within uncertainties,
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Fig. 5.— Same as Figure 4 for a 1.5M�.

The burning of planetary Li also produces slightly di↵erent A(Li) for various SSC periods

(P in days) in the 1.5 M� stars at higher metallicity. In contrast, for higher mass stars the

final Li abundance does not depend too much on the time of accretion, and is only mainly

dependent on the intrinsic properties of SSC and star.

Up to this point, our exploration of parameter space has produced a maximum Li

abundance of A(Li) ⇠ 1.99, after the accretion of a massive planet or low mass brown dwarf
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Surface Li-6 abundance
3.2. SUBSTELLAR COMPANION ENGULFMENT

Figure 3.15: Evolution of surface 6Li abundance (top panel) and lithium isotopic ratio
6Li/7Li (bottom panel) in 1.0 M� stars of [Fe/H]=�2.0, engulfing 4 di↵erent SSCs (each
line) at the same timestep, a brown dwarf enhanced in metals, a brown dwarf with solar
metallicity, a Jupiter-like planet, and an Earth-like planet. The continuous gray line in the
top panel shows the abundance of the star evolving in isolation.
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Figure 3.17: Evolution of the 6Li/7Li ratio in solar metallicity stars of 1.0 and 1.5 M�.
These show that the 6Li is destroyed and completely depleted during the pre-MS.
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Figure 3.17: Evolution of the 6Li/7Li ratio in solar metallicity stars of 1.0 and 1.5 M�.
These show that the 6Li is destroyed and completely depleted during the pre-MS.
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5.5. SUMMARY

Figure 5.7: From top to bottom, lithium abundances versus Te↵ , metallicity, mass,
and vsini. Circles are detection, while triangles are upper limits, that are also drawn in
lighter colors. Stars are color-coded according to their evolutionary status, in blue are first
ascending RGB stars, and in green, the possible horizontal branch stars.
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Summary

Only accreted objects of M<15Mj can produce a signal.

Traditional definition of Li-rich giants is misleading.

After planet engulfment A(Li)<2.2

There are some ideal mass ranges and samples to test this 
scenario.

The lack of Li-6 in a star does not imply that the star has not 
engulfed a substellar mass companion.

Two Li-rich giants found in Trumpler20 could be the product of 
engulfment.


