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ABSTRACT

It is known that host stars with planets have a tendency to have a large metallic abundance in their photospheres in
comparison with stars without planets. One of the explanations for this tendency is the self-enrichment explanation.

We observed two stars with planets, ¢ Eri and HD37124, and we determined the chemical abundances of these
stars in order to decide the right or wrong of the self-enrichment explanation.

The observations were made with the Echelle Spectrograph attached to the 150cm reflector at Gunma
Astronomical Observatory in Gunma prefecture in Japan. Data reduction was carried out using standard techniques
within the IRAF image processing software. The analysis was done by a sort of the differential curve-of-growth
method, using the program made by Yoshioka.

The following results were obtained.

1) There is a correlation between the abundance relative to the Sun and the condensation temperature for both of the
stars that the [M/Fe] values decrease with the condensation temperature, thought the scatters are large.
2) The above correlation of the K2V star, ¢ Eri, is more conspicuous than that of the G4V star, HD37124.

These results are contrary to the expectations from the self-enrichment explanation. However, these results are
not contrary to the expectations from other viewpoint that the fractionation of volatile and refractory elements may
have occurred in the protoplanetary nebulae and significant accretion of refractory rich planet material has not taken
place.

It is desired that more stars with planets are observed and more precise observations are done in order to decide
the right or wrong of the self-enrichment explanation.
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I. Introduction

The first planetary mass object orbiting a star was
discovered in 1992 by Wolszczan and Frail (1992)".
The host star of this object is a pulsar. The first extra-
solar planet orbiting a sun-like star was discovered in
1995 by Mayor and Queloz (1995)”. The host star of
this planet is 51 Peg with spectral type of G2.5IV or
G4-5V. At the time of 2010 October, nearly 500 extra-
solar planets have been discovered. Nearly all of these
planet have been found with the Doppler method.
Some of them have also been found with the transit
and microlensing methods. Especially, the satellite,
Kepler have discovered more than 2000 candidates for
planet with the transit method at the time of this writ-
ing.

Gonzalez (1997)” first showed a link between the
metallicities of stars and the presence of planets. Ac-
cording to him, host stars with planet have a tendence
to have a large metallicity in comparison with stars
without planet. For example, Luck and Heiter (2006)"
showed that the average value of [Fe/H] for the stars
with planets is larger by 0.18 in comparison with that
for the stars without planets, where [Fe/H] means
the logarithmic difference between the ratio of the
number density of Fe to that of H for the relevant star
and that of the sun, logw(Fe/H) s —logi (Fe/H) we sun.
Johnson” showed that about the percentage of 3 out of
the stars with [Fe/H] values of 0 have planets, while
the percentage of more than 15 out of the stars with
{Fe/H} values of more than 0.25 have planets.

There are two explanations for the above correla-
tion between the ratio of the stars with planet to the
stars without planet and the [Fe/H] values. One of
them is the primordial explanation. According to this
explanation, the probability of forming planets for
birth clouds with large metallicity is larger than that
for birth clouds with small metallicity. Consequently,
the [Fe/H] of the stars with planet have the tendency
to larger values. The other is the self-enrichment ex-
planation. According to this explanation, the stars
with planet suffer significant alteration of a surface
chemical composition by the accretion of metal-rich
planet or metal-rich planeteimal. Consequently, the
[Fe/H] values of the stars with planet have inceased.
According to the primordial explanation the metallic-
ty of a parent star does not change after the formation
of planet, while according to the self-enrichment ex-
planation the metallicity changes after the formation.

It is called a hot jupiters which is orbiting parent
stars with semimajor axis of less than 0.05 AU. Many
hot jupiters have been found until now. According to

moaoE R

the planet formation theory, these giant gas planet did
not formed at the present orbit. They were formed
outside ice lines. Then, they migrated from their birth
places to the places near their parent stars due to in-
teraction with the disc gas. Thereafter, the disc gas
evaporated and these planet remained there.

If the above process occurs, there is a possibility
that the giant gas planets fall into the parent stars
without remaining there. If the evaporation of the disc
gas or the release of the disc gas from the parent stars
occurs earlier than the migration, there is a possibility
that the protoplanets changes their orbits due to the
gravitational interaction with other protoplanets and
they fall into the parent stars. Therefore, the self-en-
richment explanation seems to be highly probable.

In this study, we investigate the validity of the self-
enrichment explanation by the observation of the
chemical abundance of the stars with planets. We
check the two correlations which are deduced from
this explanation. One correlation is that between the
relative abundance of an element M, [M/Fe], and the
condensation temperature, Tc, of the element M. If
the self-enrichment occurs and the accretion of mate-
rial rich in refractory elements onto the parent stars
occurs, the photospheres become relatively rich in re-
fractory elements and become relatively poor in vola-
tile elements. Therefore, the stars with planets will
have the correlation of increasing [M/Fe] value with
increasing 7c value.

The other correlation is that between the [M/Fe]
value and the surface temperature. According to Pin-
sonneault (2001)%, Jupiter has two earth masses of
iron. If the sun accrete Jupiter, the [Fe/H] value of
the sun increases by 0.09, which value is large enough
to detect by observation. The mass of convective zone
of the main-sequence stars with the spectral type be-
tween F type and K type decrease abruptly with sur-
face temperature. For example, the mass of convec-
tive zone for FO dwarf is about a tenth of that for KO
dwarf. Therefore, the dilution of accreted material by
the convection zone become smaller with surface tem-
perature. On the other hand, the mass of dwarf in-
creases with surface temperature, so the probability
of accretion for dwarfs increases with the surface
temperature due to larger gravity. The effects of both
the dilution and the gravity increase the contamina-
tion of chemical composition by the accretion. There-
fore, the dwarf stars with planets will have the corre-
lation of increasing the absolute value of [M/Fe] with
Increasing surface temperature.

We have observed the chemical abundances of two
stars with planets in order to confirm the above two
correlations. The first correlation is hereafter referred
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Fig. 1 The correlation between the relative abundance, [M/Fe], and the 50% condensation

temperature, Tc, for HD37124. The solid line shows the least-squares solution

to as the condensation temperature correlation and
the second correlation is referred to as the surface
temperature correlation.

I. Observations and Reduction

We searched the main-sequence stars which have
planets and satisfy the following requirements.

1) The apparent visual magnitude is brighter than 8.5.

2) The declination is larger than 0 degree.

3) The right ascension is between 23 hours and 6
hours.

The stars which satisfy the requirements of 2) and 3)

can be observed enough in Japan between September

and December.

We obtained the table 1 which lists the dwarf stars
with planet that satisfy the above requirements. In
the search of the dwarf stars in the table 1, we used
the paper by Butler” and the internet site by Sch-
neider”. In this table, the stars with negative values of
declination are added.

We have made spectroscopic observations of six
stars listed in the table 1 at Gunma Astronomical Ob-
servatory (hereafter referred to as GAO) in Gunma
prefecture in Japan, which are HR8799, v Boo, HD
37124, HD12661, 14 Her, and ¢ Eri. The observations
were made between September and December in
2010. The observations were made with the Echelle

Table 1 Candidate stars for observation
Star’s Name | Right Declination Apparent |Spectral
Ascension visual type
magnitude
HR8799 23'07729° | +21° 08 03" |5.96 ABV
7 Boo 134717 | +17° 27 227 |4.50 F7v
HD11506 01'52"51° | —19° 30’ 25" |7.51 GOV
HD37124 05"37702° | +20° 43 50" |7.68 G4V
HD49674 06"51730° | +40° 52" 03" |8.10 G5V
HD12661 02°04™34° | +25° 24’ 51”7 |7.44 G6V
14 Her 16"10723° | +43° 49" 18" |6.67 KOV
¢ Eri 03'32"55° | —09° 27" 29" |3.73 K2v

Spectrograph (hereafter referred to as GAOES) at-
tached to the 150cm reflector at Gunma Astronomical
Observatory.

We have analyzed two stars, HD37124 and ¢ Eri out
of the above six stars. The spectral types of HD37124
and ¢ Eri are G4V and K2V, respectively. The spec-
tral resolution was about 60000 and S/N ratio was
about 100. The observations were made with a spec-
tral coverage from 453 nm to 640 nm. This spectral
range was selected, because there are many metallic
lines in a short wavelength range and its range in-
clude neither Ha line nor Hy line which give a bad in-
fluence in the measurement of equivalent widths of
metallic lines. We analyzed the spectrums of HD37124
and ¢ Eri which were observed on the 7th of October
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in 2010 and on 21th of September in 2010, respective-
ly.

Data reduction was carried out using standard tech-
niques within the IRAF image processing software.
Calibration i.e., biases, flat fields, ThAr comparison
lamps, were taken on every night. The reduction pro-
cess included bias removal, scattered light subtrac-
tion, flat fielding, order extraction, and wavelength
calibration.

The absorption lines used for reduction were select-
ed on referring to the line lists by Thevenin (1989)
and Thevenin (1990)"”. The line list of the solar spec-
trum by Moore et al. (1966)" was also referred for
the selection of absorption lines.

The analysis was done by a sort of the differential
curve-of-growth method in the following process.
First, we obtained the values X, Y, and e, where X
and Y are a difference in abscissa and in ordinate, re-
spectively, between an observed curve-of-growth
and a theoretical curve-of-growth, and 8 is the re-
ciprocal excitation temperature, 5040/ Tex (Tex is an
excitation temperature). In the observed curve—of-
growth, the logwl¥/A values are plotted in the ordi-
nate and the logugfl+ 0 + Ay values are plotted in
the abscissa, where Ay is the difference between the
lonization potential and the lower excitation potential
(for singly-ionized lines, Ay is negative and its abso-
lute value is the ordinary lower excitation potential).
On the other hand, the values of logiw(Wc/2RcVnl)
values are plotted in the theoretical curve—of-growth,
where ¢ and Vo are the speed of light and the Dopper
velocity, respectively ; Rc is the limiting central depth
for strong lines. The following values are plotted for
the abscissa of the theoretical curve-of-growth ; loguo
gfA+log(N) +logC, where {(N) is the average value
of the number density for the lower energy level of
the relevant absorption line in the atmosphere and C
is a constant. C is selected so as to the values of the
abscissa agree with those of the ordinate for weak
lines. The theoretical curve for pure absorption in the
Milne-Eddington atmosphere calculated by Hunger
(1956)™ was used. The program made by Yoshioka
(1987)" and improved thereafter was used to obtain
the values X, Y, and .. This program determines the
above three parameters and the value of damping pa-
rameter, logwZe, for the theoretical curve—of-growth
under the condition that the sum of the squares of the
differences of lines between the theoretical and ob-
served curves takes the minimum value. In this pro-
gram, a gradient of the theoretical curve-of-growth
for the ordinate of a line is taken into account as a
weight for the least-squares solution so that the lines
on the linear and damping parts of the curve-of-

mo0oE R

growth are given heavier weight than those on the
flat part of the curve, because the latter lines gives a
larger difference between theoretical and observed
curve-of-growth for the same value of error in the or-
dinate. The above four parameters were obtained for
Fe I and Fell lines of the relevant stars and the sun,
respectively.

Secondly, the following values were calculated by
the following equations from the four parameters ob-
tained for Fe I and Fell lines. In these equations,
[Q] means the logarithmic difference between @ val-
ues for the relevant star and that of the sun, logw@sr
- longme sun.

[P]=AX-AX"—2.5[0], (1)
where P. and O are the electron pressuree and the
reciprocal ionization temperature, respective, and AX
and AX" are the differences of X values between the
relevant stars and the sun for the neutral lines and sin-
gly-ionized lines of the same element, respectively. In
the above equation, the value of [fi] is calculated by
the following equation.

[in] =logul 10.98+ (AG: + AGx)/2} /0.98], 2)
where Af: and Afu are the differences of the .. val-
ues between the relevant star and the sun for neutral
lines and singly-ionized lines, respectively. In the
above equation, the ionization temperature of the sun
is taken to be 0.98 after Cayrel and Jugaku (1963)".
The microturbulence velocity, &m, is calculated by the
following equation,

Emi= <VD2 - V(h2> 1'/2, (3)
where v means the thermal velocity and it is calculat-
ed by the following equation, 4)

vin=0.01726 % (5040/Gicx) . (5)
The Vb value is calculated by the following equation,

Vo=1.591x10 ", (6)
In the above equations, the &m value of the sun is tak-
en to be 1.0km/s and it is assumed that the thermal
temperature is equal to the ionization temperature.
The [Vb] value is derived from the difference in Y
values between the sun and the relevant star. In the
above derivation it is assumed that the Rc value of the
relevant star is equal to that of the sun.

Thirdly, the X values of the elements other than Fe
were obtained from the observed curves-of-growth
and the theoretical curve-of-growth. The theoretical
curve-of-growth other than Fe was obtained assum-
ing that the microturbulent velocity and the excitation
temperature for the element are equal to those for Fe.
It was also assumed that the logiw2a value for the ele
ment is equal to that for Fe. In the calculation of the
Vb value for the theoretical curve-of-growth for the
element, the difference in the thermal velocity due to
the difference in an atomic weight was also taken into
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Table 2 The relative abundance, [M/Fel, of HD37124 and the 50% condensation temperature, 7.
The [Fe/H] value is equal to —0.51+0.04 (p.e). The T value of Fe is equal to 1336K

Element [M/Fe] p.e. Te (K) Element [M/Fe] p.e. Te (K)
Zn 0.18 0.11 640 Nd 0.05 0.04 1510
Na 0.46 0.08 970 Sm 0.70 0.04 1515
K 0.16 0.07 1000 Ca 0.33 0.03 1518
Cu 0.09 0.23 1037 La 0.44 0.05 1520
Ba 0.39 0.16 1162 Pr 041 0.05 1532
Mn —0.08 0.03 1190 Ti —0.09 0.10 1549
Sr 0.15 0.11 1217 Nb -0.29 0.19 1550
Cr -0.06 0.08 1277 Ru -0.22 0.10 1573
Si 0.20 0.02 1311 Y 0.21 0.13 1592
Mg 0.64 0.08 1340 Mo 0.09 0.09 1608
Co 0.16 0.03 1351 Sc -0.39 0.16 1644
Ni -0.01 0.02 1354 Zr 0.12 0.12 1780
\Y 0.14 0.14 1450 W 0.11 0.22 1802
Ce 0.30 0.06 1500

account.
The relative abundance of the element M, [M/H],
is calculated from
[(M/H] = AX +0.7500 1 = (0] = [x] + [un], (7)
for neutral lines, and
[M/H] =AX" +0.75A01 + 1.5[ion]

+[P] - [x] + [ur] (8)
for singly-ionized lines, where x is the degree of single
ionization and ur is the partition functions of a singly-
ionized atom. In the calculation of x and w1, the follow-
ing value of P. is taken,

logu Pe=0.45+ [P.]. 9)
In the above equation, the logw P. value of the Sun is
taken to be 0.45 after Cayrel and Jugaku (1963)".
The [Fe/H] values were also calculated from the
equation (7) or from the equation (8).

Lastly, logarithmic difference in surface gravity,

[ 2] is calculated by the following equation,

[g] =[Pu] + [P]+1.9-(A0: +AO1)/2—[7]

+ [3X +1], (6)
where Pu is the partial pressure of hydrogen and 7 is
the mean optical depth of the formation of absorption
lines and X is the mass fraction of hydrogen. The
above equation is derived from the hydrostatic equa-
tion by Catchpole et al. (1967)". We have assumed
that [7] = —0.10 when the integrated sunlight is com-
pared with the center of the solar disk and that [3X +
1]1=0. The [Px] value is calculated from the ionization
equation

[Pu] =[P.] — [xu+ <Mg/H>SlO[Mg/H]XMg

+ (Si/H)s10%"xs + (Fe/H)s10™ " xr., (10)
where M/H is the number ratio of the element M to
hydrogen and x is the degree of single ionization. In
the above equation, the subscript attached to (M/H)
means the M/H value of the sun, and the subscript of

a chemical symbol attached to x means the x value of
the element. In the above equation, it is assumed that
the main donors of free electrons are Mg, Si, and Fe.

II. The Results for HD37124 and ¢ Eri

We obtained the equivalent widths for HD37124 and
¢ Eri from the plate listed in table 2, using the IRAF
image processing software. We used the values listed
in the table by Moore et al. (1966)* as the equivalent
widths for the sun. We used the values listed in the ta-
bles by by Thevenin (1989)” and Thevenin (1990)"
as the loguogf values. We used the values listed in the
Chronological Scientific Tables (2010)" for the ioniza-
tion potentials and the atomic weights of the analyzed
elements. We used Hf line of hydrogen and D: and D:
lines of sodium for the measurement of radial velocity
of the star analyzed. The radial velocities measured
were used for the calculation of the Doppler shifts of
absorption lines and the Doppler shifts were used the
identification of absorption lines.

m-1 HD37124

We obtained the following results for HD37124. We
obtained —1.01 and —1.84 as the logiw2a value from
FeI and Fell lines, respectively. We obtained 0.09
and —0.13 as the Af: and Afx values and we obtained
—0.02 as the Afin value. We obtained 0.5km/s and
1.3km/s as the &w values from Fe I and Fell lines,
respectively. We obtained 0.33 as the [P.] value.

We obtained the relative abundance, [M/Fe], of 28
elements. We list the relative abundance of HD37124
in table 2 together with the 50% concentration tem-
peratures of the elements. The [M/Fe] value was cal-
culated as the difference between the [M/H] value



94 w oM o— 5

(AR T

Table 3 The relative abundance, [M/Fel, of ¢Eri and the 50% condensation temperature, Tc.
The [Fe/H] value is equal to 0.06 £0.04 (p.e). The T¢ value of Fe is equal to 1336K

Element [M/Fe] p.e. Te (K) Element [M/Fe] p.e. Te (K)
Zn 0.40 0.12 640 Nd -0.67 0.04 1510
Na 0.17 0.09 970 Sm —0.66 0.05 1515
K —0.45 0.04 1000 Ca 0.05 0.03 1518
Cu 0.04 0.26 1037 La -0.60 0.06 1520
Ba -1.04 0.29 1162 Pr -0.73 0.10 1532
Mn —0.00 0.02 1190 Ti -0.23 0.17 1549
Sr 0.18 0.06 1217 Nb —0.06 0.31 1550
Cr 0.11 0.21 1277 Ru 0.11 0.06 1573
Si 0.17 0.02 1311 Y -0.45 0.03 1592
Mg 0.37 0.08 1340 Mo 0.19 0.10 1608
Co 0.50 0.03 1351 Sc -0.36 0.11 1644
Ni —0.09 0.02 1354 Zr —0.05 0.09 1780
\Y -0.14 0.02 1450 W 0.08 0.30 1802
Ce —0.56 0.04 1500

and the [Fe/H] value. The 50% concentration tem-
perature were taken from the table by Lodders
(2003)™. Lodders (2003)" calculated the 50% con-
densation temperatures assuming a solar-system
composition gas and a total pressure of 10™* bar.

For the elements, Sc, Ti, V, Cr, Fe, Y, and Zr, both
neutral and singly-ionized lines were used to obtain
the relative abundance. The relative abundances, [M/
H], for these elements are the weighted means of val-
ues from neutral and singly-ionized lines. The weight
are taken from the probable errors of the relative
abundances and the weighted mean value, [M/H],
was calculated by the following equation ;

[M/H] = ([M/H] 1/p612+ [M/H] H/peﬂz)/
(1/pei*+1//per?), (11)
and the probable error, pe, was calculated by the fol-
low ing equation ;
pe=0.6745x {([M/H]: — [M/H])*/pe:*+ ([M/H]x -

[M/H])*/per’t /(1/pei’+1//per’). (12)
In the above two equations, [M/H]: and [M/H]
mean the [M/H] values from the neutral and singly-
ionized lines, respectively, and pe: and per mean the
probable errors for [M/H]: and [M/H]1, respective-
ly.

-2 ¢ Eri

We obtained the following results for ¢ Eri. We ob-
tained —0.82 and —0.87 as the logw2a value from
FeI and Fell lines, respectively. We obtained 0.09
and 0.51 as the Af: and Afr values and we obtained
0.30 as the Afin value. We obtained 1.4km/s and
1.1km/s as the &w values from Fe I and Fell lines,
respectively. We obtained —1.62 as the [P.] value.

We obtained the relative abundance of 28 elements.
We list the relative abundance, [M/Fe], of ¢ Eri in ta-

ble 3 together with the 50% concentration tempera-
tures of the elements.

For the elements, Sc, Ti, V, Cr, Fe, Y, and Zr, both
neutral and singly-ionized lines were used to obtain
the relative abundances. The relative abundances,
[M/Fe], for these elements are the weighted means
of values from neutral and singly-ionized lines.

V. Duscussion

According to the description in the section I, we
expected the following two results.

1) There is the correlation between the relative abun-
dance and the condensation temperature for both
of the stars that the [M/Fe] values increase with
the condensation temperature.

2) The above correlation of the G4V star, HD37124, is
more conspicuous than that of the K2V star, ¢ Eri.

Figure 1 shows the correlation between the relative
abundance, [M/Fe], and the 50% concentration tem-
perature, Tc, for HD37124. The straight line shows
the least squares solution of the above correlation.

As is shown in this figure, the expected correlation
does not hold for HD37124. The opposite correlation
rather holds, though the scatter around the straight
line is large. The [Fe/H] value of —.51 also is con-
trary to the expected value, because, according to the
self-enrichment explanation, the [Fe/H] value is
epected to be positive value.

Figure 2 shows the correlation between the relative
abundance and the 50% concentration temperature
for ¢ Eri. The straight line shows the least squares so-
lution of the above correlation.

As is shown in this figure, the expected correlation
does not holds either for ¢ Eri. The opposite correla-



HEEFFO2OMOELRE, T ¥ X

[M/Fe]

0.6

AJEe R & HD37124 DAL O g 95

eEri

05

—

04

H—

0.3

0.2 Na

01 1
00

-0.1

-0.2

-0.3

-04

-05

-0.6
-0.7

-0.8

-09

-10
11+ 1 1 ‘

Ba

600 800 1000

1200 1400 1600 1800  (K)

Fig. 2 The correlation between the relative abundance, [M/Fel, and the 50% condensation

temperature, 7, for ¢ Eri. The solid

tion also holds, though the scatter around the straight
line is large. However, the [Fe/H] value of 0.06 is not
contrary to the expected value.

Figure 3 shows the correlation between the differ-
ences, [M/Felusnz— [M/Fel. i, and the 50% conden
sation temperature, where [M/Felupsnz and [M/
Fel.s: mean the [M/Fe] value for HD37124 and ¢ Eri,
respectively. The straight line shows the least
squares solution. According to the expectation 2), the
differences should decrease with the 50% condensa-
tion temperature. Figure 3 indicates the expected cor-
relation does not holds and the opposite correlation
holds, though the scatter around the straight line is
very large.

As is above described, out results do not support
the self-enrichment explanation. However, our results
do not deny completely the self-enrichment explana-
tion.

Schuler et al. (2011)" indicated that the sun is de-
pleted in refractory elements relative to volative ele-
ments when compared to the stars which resemble
the sun and have not planets. According to them, the
abundances of the sun relative to the stars without
planets decrease with increasing Tc. They interpret
that the above trend is a possible signature of terres-
trial planet formation in the solar system, suggesting
that the refractory elements depleted in the solar pho-
tosphere are locked up in the terrestrial planets.

line shows the least-squares solution

Moreover, they made the precise determination of
abundance of 18 elements for 10 stars known to host
giant planets. When considering the refractory ele-
ments (7c=900K) only, which may be more sensitive
to planet formation process, the above 10 stars are
separated into two groups. The four stars form one
group, where the stars have positive slope for the re-
lation between the [M/Fe] values and the Tc values,
i.e., the [M/Fe] values increase with increasing T
values. On the other hand, the six stars form another
group, where the stars have flat or negative slopes,
L.e., the [M/Fe] values are constant or decrease with
increasing 7c values. The stars of the former group
have very close-in giant planets. They suggest that
the stars of the former group have accreted refracto-
ry-rich planet material and that the fractionation of
volatile and refractory elements may have occurred in
the proto-planetary nebulae for the latter group and
significant accretion of refractory-rich planet material
has not taken place despite having a giant planet on a
close—in orbit. According to their suggestion, the flat
or negative slopes indicate the formation of both the
glant and terrestrial planets.

HD37124 has three giant planets with about 0.6 jo-
vian mass. The semi-major radius of most inner plan-
et is equal to 0.5AU. On the other hand, ¢ Eri has a gi-
ant planet with 1.5 jovian mass. This star may have
another planet. Recently, two asteroid belts near ¢ Eri
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were detected by the observation of Spitzer Space
Telescope (Clavin 2008)". The above observations
for HD37124 and ¢ Eri suggest that both of the stars
have terrestrial plantes. If this is true, the results ob-
tained by us does not contradict the self-enrichment
explanation.

Our observation does not decide the right or wrong
of the self-enrichment explanation. It is desired that
more stars with planets are observed and more pre-
cise observations are done in order to decide the right
or wrong of the self-enrichment explanation. Con-
cerning the latter desire, the data of our observation
are being checked and the analysis will be done anew
with the checked data.

References

1) Wolszczan, A., and Frail, D. A. 1992, Nature, Vol.355,
145.

Mayor, M., and Queloz, D. 1995, Nature, Vol.378, 355.
Gonzalez, M. 1997, the Monthly Notices of the Royal
Astronomical Society, Vol.285, 403.

Luck, R. E. and Heite, U. 2006, the Astronomical Jour-
nal, Vol.131, 3069.

Johnson, J. A. 2009, Publications of the Astronomical
Society of the Pacific, Vol.121, 309.

Pinsonneault, M. H. 2001, the Astrophysical Journal,
Vol.556, L59.

Butler, R. P. 2006, the Astrophysical Journal, Vol.646,

2)
3)

4)

5)

6)

7)

8)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

505.

Schneider, J., “The Extrasolar Planets Encyclopae-
dia”, http://voparis-exoplanet.obspm.fr/

Thevenin, F. 1989, Astronomy and Astrophysics,
Vol.77, 137.

Thevenin, F. 1990, Astronomy and Astrophysics,
Vol.82, 179.

Moore, C. E., Minnaert, M. G., and Houtgast, J. 1966,
The Solar Spectrum 2935A to 8770A, Second Revision
of Rowland’s Preliminary Table of Solar Spectrum
Wavelength (U. S. Government Printing Office, Wash-
ington, D. C.).

Hunger, K., 1956, Zeitschrift fur Astrophysik, Vol.39,
36.

Yoshioka, K, 1987, Journal of the University of the
Air, No.4, 65.

Cayrel, R., and Jugaku, J. 1963, Annals of the Astro-
physics, Vol.26, 495.

Catchpole, R. M., Pagel, B. E. ]., and Powell, A. L. T.
1967, Monthly Notices of the Royal Astronomical Soci-
ety, Vol.136, 403.

The National Astronomical Observatory of Japan,
2010, The Chronological Scientific Tables (Maruzen
Company, Japan).

Lodders, K. 2003, the Astrophysical Journal, Vol.591,
1220.

Schuler, S. C., Flateau, D., Gunha, K., King, J. R.,
Ghezzi, L., and Smith, V. V. 2011, The Astrophysical
Journal, Vol.732, 55.

Clavin, W., 2008, NASA/JPL-Caltech, 2008-197.

(2013410 H 31 H 2 #)



