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RV search for planets around evolved stars. 

Instrument: Hobby-Eberly Telescope (HET) and HRS (R=60.000),  

Technique: I2 cell 

Aim: planet detection and characterisation 

star-planet interactions 

statistical analysis based on own uniform sample 

Extention: 

TAPAS - Tracking Advanced PlAnetary Systems with HARPS-N

PennState-Toruń Planet Search
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PennState-Toruń Planet Search

Sample: 547 giants, 246 subgiants, 132 dwarfs



2 3 4 5 6 7 8 9 10
V [mag]

10

30

50

70

90

110

N

0.4 0.6 0.8 1.0 1.2
B-V [mag]

10

30

50

70

90

110

PennState-Toruń Planet Search

Sample: uniformly distributed bright northern hemisphere targets
Zieliński et al (2012), Niedzielski et al. (2016), Adamczyk et al. (2016), Deka-Szymankiewicz et al. (in prep.)
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PennState-Toruń Planet Search

Sample: 3 subsamples with well constrained stellar parameters
Zieliński et al (2012), Niedzielski et al. (2016), Adamczyk et al. (2016), Deka-Szymankiewicz et al. (in prep.)
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PennState-Toruń Planet Search

Sample: 3 subsamples with well constrained stellar parameters
Zieliński et al (2012), Niedzielski et al. (2016), Adamczyk et al. (2016), Deka-Szymankiewicz et al. (in prep.)



PennState-Toruń Planet Search planets

20 planetary systems with 23 planets

0 1 2 3 4

a [AU]

HD 17092 b
M⇤=2.3 M�, mb=4.6 MJ

HD 102272 b, c
M⇤=1.9 M�, mb=5.9 MJ , mc=2.6 MJ

BD+14 4559 b
M⇤=0.86 M�, mb=1.47 MJ

HD 240210 b
M⇤=0.82 M�, mb=6.9 MJ

BD+20 2457 b, c
M⇤=2.8 M�, mb=21.42 MJ , mc=12.47 MJ

HD 240237 b
M⇤=1.69 M�, mb=5.3 MJ

BD+48 738 b
M⇤=0.74 M�, mb=0.91 MJ

HD 96127 b
M⇤=0.91 M�, mb=4.0 MJ

BD+20 274 b
M⇤=0.8 M�, mb=4.2 MJ

BD+48 740 b
M⇤=1.5 M�, mb=1.6 MJ

BD+15 2940 b
M⇤=1.1 M�, mb=1.11 MJ

HD 219415 b
M⇤=1.0 M�, mb=1.0 MJ

HD 233604 b
M⇤=1.5 M�, mb=6.58 MJ

TYC 1422-614-1 b, c
M⇤=1.15 M�, mb=2.5 MJ , mc=10 MJ

BD+49 828 b
M⇤=1.52 M�, mb=1.6 MJ

HD 95127 b
M⇤=1.20 M�, mb=5.01 MJ

HD 216536 b
M⇤=1.36 M�, mb=1.47 MJ

HD 5583 b
M⇤=1.01 M�, mb=5.78 MJ

BD+15 2375 b
M⇤=1.08 M�, mb=1.06 MJ

TYC 3667-1280-1 b
M⇤=1.87 M�, mb=5.4 MJ
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PennState-Toruń Planet Search planets

20 planetary systems with 23 planets



5.4

5.5

5.7

5.8

R
ad

ia
l
V
el
oc
it
y
(k
m

s−
1
)

0.0 0.4 0.8 1.2 1.6 2.0
Phase

−50

0

50

R
es
id
u
al

(m
s−

1
)

PennState-Toruń Planet Search planets

TYC 3667-1280-1b - Niedzielski, Villaver et al (2016) - TAPAS IV 
M✶/M⦿=1.87±0.17, R✶/R⦿=6.26±0.86, logg=3.11±0.09, [Fe/H]=-0.08±0.05 
P=26.468±0.005 d, mp sini=5.4±0.4 mJ, a=0.21±0.01au, e=0.036±0.04
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PennState-Toruń Planet Search planets

TYC 3667-1280-1b - Niedzielski, Villaver et al (2016)
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PennState-Toruń Planet Search planets

TYC 3667-1280-1b - Niedzielski, Villaver et al (2016)



PennState-Toruń Planet Search planets

TYC 1422-614-1 b, c - Niedzielski, Villaver et al (2015) - TAPAS I 
M✶/M⦿=1.15±0.18, R✶/R⦿=6.85±1.38, logg=2.85±0.18, [Fe/H]=-0.10±0.08 
Pb=198.4±0.4 d, mb sini=2.5±0.4 mJ, ab=0.69±0.03au, eb=0.06±0.06 
Pc=559.3±1.3 d, mc sini=10±1 mJ, ac=1.37±0.06au, ec=0.048±0.02



PennState-Toruń Planet Search planets

BD+49 828 b - Niedzielski, Wolszczan et al (2015) 
M✶/M⦿=1.52±0.22, R✶/R⦿=7.6±1.3, logg=2.85±0.09, [Fe/H]=-0.19±0.06 
P=2590±300 d, mp sini=1.6±0.4 mJ, a=4.2±0.3 au, e=0.35±0.24



Li-rich giants in PTPS

Adamów, Niedzielski et al (2014) - 82 giants wih Li detected 
11 with A(Li)>1.4 ( seven with A(Li)>1.5).



Li-rich giants in PTPS

Adamów, Niedzielski et al (2014) - 82 giants with Li detected 
11 with A(Li)>1.4 ( seven with A(Li)>1.5).



Li-rich giants in PTPSA&A 569, A55 (2014)

Fig. 8. Lithium abundances vs. available stellar parameters. Color cod-
ing is the same as in Fig. 7.

in a particular region of the HR diagram in Fig. 7, and thus, they
do not seem to be associated with any particular evolutionary
stage.

Interestingly enough, the four most Li-rich giants in our sam-
ple form a line on HR diagram, suggesting a similar evolutionary
phase; however, the superposition in the HR diagram of the loca-
tion of stars with di↵erent masses and metallicities complicates
identification of their evolutionary stage.

4.2. Lithium abundances versus stellar parameters

To understand the behavior of the lithium abundances in giants,
we checked for their possible relation with the available stellar
parameters. Plotted in Figs. 8a�h are the A(Li) versus spectro-
scopic parameters (Te↵ , log g, [Fe/H], vmic, v sin i) and estimated
integrated parameters (luminosities, masses and stellar radii).
The points are color-coded, as in Fig. 7, according to the Li con-
tent. The mean and median values, as well as dispersions of the
relevant stellar parameters obtained for the three groups, are pre-
sented in Table 6.

The relation between Te↵ and A(Li) is explored in Fig. 8a,
where we see an increase of A(Li) with e↵ective temperature
as already shown in Fig. 5. Giants with detected Li practically
occupy the whole range of available Te↵ , while those with en-
hanced Li abundance stay within a limited range of Te↵ >
4500 K. The four giants with greatest A(Li) all have Te↵ in rel-
atively narrow range between 4500 and 4800 K (4673± 88 K on
average).

A considerable fraction of stars occupy a narrow range of ef-
fective temperatures between 4700 to 5100 K. In this region, two

Fig. 9. Cumulative distributions of available stellar parameters. Color
coding is the same as in Fig. 7.

di↵erent evolutionary stages are expected to be co-existing: gi-
ants on their first ascent on RGB that still undergo FDU dilution,
and stars in the clump, that already burn helium steadily in their
cores. The latter group of stars should reveal lower lithium abun-
dances compared to giants on their way to RGB tip in the ab-
sence of an extra-mechanism of Li production. Stars in the clump
have already finished depletion due to the FDU, and their lithium
abundances were lowered by extra mixing process, which oper-
ates after the RGB bump. Although separating those two groups
is di�cult and requires detailed spectral analysis, stars in the
clump are expected to belong to a narrow luminosity range. The
Te↵ averages for groups A� reveal higher e↵ective temperatures,
although within uncertainties for the Li–rich stars (see Table 6).

Figure 8b presents a relation between lithium abundance and
the surface gravity. Again, giants with detected Li are present at
all log g values. Stars with A(Li) enhanced are placed within a
range of log g between 2.4 and 3.3, while the four objects with
the largest Li overabundances seem to be located in a very nar-
row range of log g and, within uncertainties, all four stars have
identical log g of 2.42 ± 0.05.

Another interesting feature of Fig. 8b is a significant drop in
the number of giants with detected Li for stars with log g . 2.4.
This may be, however, an artifact, which results from the log g
distribution in the sample (cf. Zieliński et al. 2012). Group A gi-
ants show the lowest log g on average; however, no statistically
significant di↵erence is found in the mean surface gravity be-
tween groups A�C.

A55, page 10 of 18

Adamów, Niedzielski et al (2014) 
Li-rich giants show normal stellar parameters



Li-rich giants in PTPS

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

Table 8. Mean values of abundances obtained for the di↵erent subsamples: (Group A ) Li–poor giants, (B) giants with Li measurements, excluding
Li-rich stars, and (C) Li-rich stars.

A B C
Median Mean � Median Mean � Median Mean �

[O/Fe] 0.19 0.21 0.13 0.18 0.21 0.12 0.17 0.19 0.10
[Mg/Fe] 0.08 0.11 0.16 0.07 0.09 0.12 0.05 0.07 0.08
[Al/Fe] 0.13 0.15 0.11 0.09 0.12 0.09 0.08 0.09 0.06
[Ca/Fe] �0.02 �0.02 0.08 0.01 0.02 0.09 0.01 0.01 0.07
[Ti/Fe] 0.06 0.08 0.11 0.06 0.08 0.10 0.06 0.06 0.08

Fig. 11. Cumulative distributions of [X/Fe] values. Color coding is the
same as in Fig. 7.

for infrared excesses. A total of 317 stars from the 323 sample,
16 giants with uncertain parameters, and two spectroscopic bi-
naries were identified in the WISE catalog with only four stars
falling outside of the 100 search radius and 83 matches within
a 2500 search radius were found in the IRAS catalog (queried in
both the Point Source Catalog and Faint Source Catalog).

In Fig. 12, we present the K-WISE[12 µm] color versus the
J � K 2MASS color diagram of our stars, based on the color
selection presented by Lebzelter et al. (2012), who investigated

Table 9. Kolmogorov-Smirnov tests for abundances: (Group A) Li-poor
giants; (B) giants with Li measurements, excluding Li-rich stars, and
(C) Li-rich stars.

A vs. B A vs. C B vs. C
D p D p D p

[O/Fe] 0.10 0.62 0.27 0.37 0.21 0.74
[Mg/Fe] 0.08 0.83 0.24 0.51 0.20 0.81
[Al/Fe] 0.13 0.29 0.29 0.30 0.21 0.74
[Ca/Fe] 0.10 0.58 0.21 0.68 0.22 0.69
[Ti/Fe] 0.10 0.67 0.24 0.54 0.22 0.69

the possibility of enhanced mass-loss in lithium rich stars. Only
few stars, including one Li-rich star (TYC 0405-01700), are
outliers from the general flat relation K-WISE[12 µm] = 0.06.
However, with K-WISE[12 µm] < 1 they do not appear to be
objects with substantial mass loss taking place (Lebzelter et al.
2012).

Figure 13 shows an IRAS two color�color diagram with
three regions defined by de La Reza et al. (1997) based on mass
loss rates and the IR excess consequence of it. In the region la-
beled as I no Li–rich nor fast rotating giants are expected as,
according to de La Reza et al. (1997), in this region only “nor-
mal” K giants, i.e. stars with low lithium abundances and no
signatures of circumstellar shell should be present. Region II de-
limitates a color�color region with infrared excesses. If lithium
production was associated to a planet engulfment episode in the
form of a mass loss increase then the star should move to re-
gion II where infrared excess is observed. When this episode
ends, the star should move to region III, where a small infrared
excess is still present, and finally will head back to region I clos-
ing the cycle.

Region I is poorly populated � only two stars are located in
here � TYC 3226-02285-1 and TYC 3930-01790-1, one with
detected Li. These are also the only two stars with both IRAS
colors available. For all remaining stars only upper limits in one
or both IRAS colors are available. In the most interesting re-
gion II we find 10 stars, all with upper limits of Li abundances.
The vast majority of the stars identified in the IRAS catalog,
69 out of 83 (83 ± 4%), are located in region III. In that region
we identified super-Li star TYC 3917-01107-1, 11 stars with de-
tected Li (group B) and 58 from group A. Only 16 ± 5% of stars
in that region belong to group B or C.

What Fig. 13 seems to imply is that most of giants iden-
tified in IRAS catalog have moderate infrared excesses. These
excesses, if triggered by an engulfment process, would suggest
that it has happened recently, and we observe stars before their
envelopes became diluted. It seems more reasonable to assume
that if the nature of the excess is real, then it is most likely asso-
ciated with RGB mass loss than due to an extra mechanisms.
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Li-rich giants show normal stellar abundances
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Li-rich giants in PTPS

TAPAS - Li-rich giants sample. 13 giants with A(Li)>1.4.
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Li-rich giants in PTPS

BD+48 740  b - Adamów, Niedzielski et al (2012) 

M✶/M⦿=1.5±0.3, R✶/R⦿=11.4±0.7, logg=2.48±0.12, [Fe/H]=-0.13±0.06, A(Li)=2.33±0.04. 
P=771.3±7.4 d, mp sini=1.6 mJ, a=1.89 au, e=0.67±0.17



Li-rich giants in PTPS

HD 107028  - Adamów, Niedzielski et al (2015) 

M✶/M⦿=1.72±0.21, R✶/R⦿=6.6±1, logg=2.97±0.09, [Fe/H]=-0.13±0.06, A(Li)>3.3. 
Single. RV variations <22m/s



Li-rich giants in PTPS
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PTPS 1509  b - Adamów, Niedzielski et al (in prep) 

P=12977.6±0.3 d, mp sini=0.4±0.03 M⦿, a=14.8±0.5 au, e=0.7524±0.002



Li-rich giants in PTPS

Of 13 stars monitored with HARPS-N: 

5 (38%) with planetary-mass companions 

1 (8%) stellar binary 

6 (46%) single

PTPS 1509  b - Adamów, Niedzielski et al (in prep) 



�6780

�6720

�6660

�6600

R
ad

ia
lV

el
oc

it
y

(m
s�

1
)

0.0 0.4 0.8 1.2 1.6 2.0
Phase

�40

0

40

R
es

id
ua

l(
m

s�
1
)

Li-rich giants in PTPS

PTPS 1254  b - Adamów, Niedzielski et al (in prep) 

P=4100±210 d, mp sini=6.0±2.7 mJ, a=5.7±0.9 au, e=0.56±0.07
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Li-rich giants in PTPS

TAPAS - Li-rich giants with companions
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Summary

13 out of 547 giants (~2%) with A(Li)≥1.4 

5 out of 13 (38%) with planetary-mass companions 

1 out of 13 (8%) - stellar binary 

6  out of 13 (46%) - single 

most of companions in eccentric orbits


