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Abstract We report the discovery of an extremely metal-poor (EMP)ngia
LAMOST J110901.22075441.8, which exhibits a large excessreprocess el-
ements with [Eu/Fe]l~ +1.16. The star is one of the newly discovered EMP
stars identified from the LAMOST low-resolution spectrgsicosurvey and a high-
resolution follow-up observation with the Subaru Telestdptellar parameters and
elemental abundances have been determined from the Subectrusn. Accurate
abundances for a total of 23 elements including 11 neutegitre elements from
Sr through Dy have been derived for LAMOST J11090%025441.8. The abun-
dance pattern of LAMOST J110901:2R75441.8 in the range of C through Zn
is in line with the “normal” population of EMP halo stars, ext that it shows
a notable underabundance in carbon. The heavy element atcmdattern of
LAMOST J110901.22075441.8 is in agreement with other well studied coell
metal-poor giants such as CS 2289352 and CS 31082001. The abundances of el-
ements in the range from Ba through Dy match the scaled sqiescess pattern well.
LAMOST J110901.22-075441.8 provides the first detailed measurements of neutro
capture elements amonmg-1l stars at such low metallicity with [Fe/HE —3.4, and
exhibits similar behavior as other-II stars in the abundance ratio of Zr/Eu as well as
Sr/Eu and Ba/Eu.
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1 INTRODUCTION

Detailed elemental abundances of metal-poor stars in thec@ahalo provide fundamental knowl-
edge about the history and nature of nucleosynthesis in #texg Particularly, abundances of slow
(s) and rapid {) neutron-capture elements are of great importance to @nstarly Galactic nu-
cleosynthesis and chemical evolution models. In the pasddis, great efforts have been devoted
to studies in relevant fields based on high-resolution spscbpic measurements of the elemental
abundances of metal-poor stars in the Galaxy. These oltgersdogether with theoretical studies
have revealed that theprocess was primarily responsible for the production civiyeelements
beyond the iron group (Spite & Spite 1978; Sneden et al. 1896)e early Galaxy. Only at later
times (with higher metallicities) does the onset of thgrocess occur, injecting nucleosynthesis ma-
terial into the interstellar medium from long-lived low-@mtermediate mass stars (Burris et al.
2000). Detections of radioactive elements including tlnoriand uranium in a few-process en-
hanced metal-poor stars have provided an independent ne@asot on the age of these oldest stars,
and hence set lower limits to the age of the Galaxy (Hill e@D2; Frebel et al. 2007).

Sneden et al. (1994) found the firstprocess enhanced extremely metal-poor (EMP) giant
CS 22892052, with a [Eu/Fe]~ +1.6 * and an abundance pattern from Ba through Dy which
is similar to a scaled Solar Systerrprocess (SSr) distribution. A few rare stars have subsgtyue
been found to exhibit extreme enhancements-process elements, suggesting that the observed
abundances are dominated by the effect from a single or wvynticleosynthesis events. Based
on the definition by Beers & Christlieb (2005), such starshvjfu/Fe] > +1 and [Ba/Eu]< 0
are referred to as—II stars. Although the astrophysical site of th@rocess is not yet clear, the
process is believed to be connected to explosive conditibmassive-star core-collapse supernovae
(Woosley et al. 1994), or neutron star mergers (Goriely e2@13). Therefore;—II stars are the
best candidates to explore the details ofith@rocess and the site where it occurs.

There are 12—l stars known to date (e.g., Hill et al. 2002; Sneden et alMHonda et al.
2004; Sneden et al. 2008; Hayek et al. 2009; Mashonkina @040; Aoki et al. 2010). Detailed
abundance analysis of thesell stars has found aexcellent match between the stellar and solar
r-process pattern in the Ba-Hf range, which indicates a universatprocess, i.e. elements were
produced with the same proportions during the evolutiorhef Galaxy. Such a conclusion is of
fundamental importance for a better understanding of thieraaf ther-process. To establish the
origin of heavy elements beyond the iron group among thesbktars in the Galaxy, larger samples
with accurate measurements of additional elements aréregqu

LAMOST J110901.22075441.8 was identified as a candidate of an EMP star fromr8ielfita
release (Luo et al. 2015) of the low-resolutidd £ 1800) spectroscopic survey of LAMOS (the
Large sky Area Multi-Object fiber Spectroscopic Telescaisp known as a Wang-Su Reflecting
Schmidt Telescope or the Guo Shou Jing Telescope; Zhao 20@6,; Cui et al. 2012; Zhao et al.
2012; Luo etal. 2012; Liu et al. 2015). The follow-up higlsekution spectroscopic observation was
carried out with the Subaru Telescope (Li et al. 2015b), Whias confirmed it is an—II EMP
giant.

In this paper, we introduce the observation and measureméparameters and abundances of
LAMOST J110901.22075441.8 in Section 2; results and interpretations on tamehtal abun-
dance are presented in Section 3; patterns of heavy eleraadtgonclusions are described in
Sections 4 and 5 respectively.

1 [A/B] = log(Na/Ng)« — log(Na/Ng)e, where N4 and Np are the number densities of elements A and B
respectively, aneé and® refer to the star and the Sun respectively.
2 Seehttp://www.lamost.ordor more detailed information, and a description of progmedated to the LAMOST surveys.
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Fig.1 The low-resolution spectrum of thell star obtained by LAMOST.

2 OBSERVATIONS AND MEASUREMENTS
2.1 Target Selection and Follow-up Observations

The wavelength coverag8700-9100A) and resolving powerg = 1800) of LAMOST spectra
(Fig. 1) allow a robust estimation of stellar parametertiding metallicities. Methods to determine
the metallicity of an object and the selection of EMP cantdidavere similar to those made by Li
et al. (2015).

For 54 candidates of EMP stars selected from the LAMOST samfsnapshot” high-
resolution spectra were acquired with a resolving poflver 36 000 and exposure times of-1Q0
minutes during a two-night run in May 2014 with the SubargfdiDispersion Spectrograph
(HDS), which adopted the same method of observation as madédki et al. (2013).
LAMOST J110901.22-075441.8 was observed on May 9. Since this object is relgtivéght (r =
12.08), quite a high signal-to-noise ratio (S/N) was achieeovering 400068004, e.g., with an
S/N of about 70 at 4508 and 110 at 5208 from an exposure of 10 minutes. Data reduction was
carried out with standard procedures using the IRAF echpelitkage including bias-level correc-
tion, scattered light subtraction, flat-fielding, extraatof spectra and wavelength calibration using
Th—Ar arc lines. Cosmic-ray hits were removed by the methodritessd in Aoki et al. (2005).

Radial velocities of the sample were obtained usind tRaF procedurd xcor , and a synthetic
spectrum with low-metallicity was employed as a templatecfoss-correlation. The above method
derived a radial velocity 0f72.3 + 0.4 kms™!.

2.2 Stellar Parameters

Equivalent widths were measured by fitting Gaussian profdesolated atomic absorption lines
based on the line list of Aoki et al. (2013) for elements lgghthan Zn, and that from Mashonkina
et al. (2010) for heavy elements beyond Sr.

Since there is not yet a uniform photometric system for alltted LAMOST input cata-
log, we have adopted a spectroscopic method to derive rsigdleameters for the whole sam-
ple, including LAMOST J110901.22075441.8. By minimizing the trend in the relationship be-
tween derived abundances and excitation potentials of iRe$,l the effective temperatufigs of
LAMOST J110901.22075441.8 was determined. The empirical formula derived tap€l et al.
(2013) has been adopted to correct the usually expectezhsgit offsets between the spectroscopic
and photometric effective temperatures, which resultealpg of 4441 K compared to the origi-
nal value of 4190 K. The microturbulent veloctywas also determined based on an analysis of Fe |
lines, i.e., by forcing the iron abundances of individuaék to exhibit no dependence on the reduced
equivalent widths. The sufficiently high quality of the Sulbapectrum allows us to detect 11 Felll
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lines for LAMOST J110901.22075441.8. Therefore, the surface gravity ¢ was determined by
minimizing the difference between the average abundarerdged from the Fe | and Fe ll lines.

The derived parameters of LAMOST J11090142275441.8 are listed in Table 1. Since the
V — K color is available for LAMOST J110901.2D75441.8(V — K)o = 2.54), we have also
checked the photometric temperature of this object. Adggtie calibration by Alonso et al. (1999,
2001), the derived temperature is 4560 K, which is consistétn the spectroscopic temperature
within the level of the uncertainty in our measurement.

2.3 Abundance Deter mination

For the abundance analysis, the 1D plane-parallel, hyatioshodel atmospheres of the ATLAS
NEWODF grid of Castelli & Kurucz (2003) were adopted, assugra mixing-length parameter of
amrr = 1.25, no convective overshooting, and local thermodynamicldaim (LTE). An up-
dated version of the abundance analysis code MOOG (Sned@®) W@s used, which does not treat
continuous scattering as true absorption, but as a sounoéidn which sums both absorption and
scattering (Sobeck et al. 2011). When calculating [X/H] §fFe] abundance ratios, the photo-
spheric solar abundances of Asplund et al. (2009) were adopt

Abundances of most elements were computed using the melasquavalent widths of iso-
lated atomic lines with the derived stellar parameters Heawy elements whose spectral lines show
hyperfine splitting, such as Sr, Ba, La and Eu, the elemehtaidances were determined using spec-
tral synthesis taking into account the isotopic splitting/r hyperfine structure (HFS). The derived
abundances of LAMOST J110901:-2075441.8 are listed in Table 1, which also inclulle the
number of lines which have been used to determine the abuadtogether with the abundance
error as described in the following text.

The uncertainties in the derived abundances mainly conne finm aspects, i.e. the uncertainties
in the equivalent width measurements and the uncertaintssllar parameters. In the case of equiv-
alent width measurement, whéh > 2 lines of individual species of an element were observed, the
dispersion around the average abundance was used to rep@sgom error; if the elemental abun-
dance was determined from a single line, the statistical @frthe equivalent widths was estimated
based on the classical formula of Cayrel (1988, eq. 7). Tleentainties in abundance associated
with uncertainties in stellar parameters were estimataddiyidually varyingTes by +150K,log g
by +0.1dex andt by +0.1kms! in the stellar atmospheric model. The total uncertaintyhie t
errors was computed as the quadratic sum of the above aspedts shown in the column ferin
Table 1.

3 ELEMENTAL ABUNDANCESAND INTERPRETATIONS

In Figure 2, abundance ratios relative to iron for LAMOST 0201.22-075441.8 are shown and
compared to other metal-poor-11 stars, as well as “normal” metal-poor giants from the &tir
Stars” project (Cayrel et al. 2004). Note that there is omlg oool metal-poor, main-sequencell
star discovered by Aoki et al. (2010) with [Fe/H] —3.36, while the rest are all cool giants.

3.1 Lithium through Zinc

Lithium. The Lil 6708A line is covered in the observed spectrum, but we could ne¢aighe
lithium line in LAMOST J110901.22075441.8. An upper limit ofi(Li) < 0.35 % has been derived
based on spectral synthesis. This is not unexpected for giaed which usually shows a rather
low abundance of Li, since such objects have already undertiee first dredge-up and the surface
material is mixed with internal material which is depletadithium.

3 A(Li) is defined asA(Li) = log(N(Li) /N(H)) + 12.
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Table 1 Stellar Parameters and Elemental Abundances of LAMOSTQU1.02+075441.8

LAMOST J110901.22-075441.8 Sun
Toi (K) 44404150
log g 0.70+0.1
[Fe/H] —3.41+0.1
Ekkms 1) 1.98+0.1
lon loge(X) [X/Fe] N o loge(X)
C 4.45 —0.57 1 0.38 8.43
Na 3.41 0.58 2 0.23 6.24
Mg 4.60 0.41 4 0.15 7.60
Si 4.58 0.48 1 0.17 7.51
Ca 3.30 0.31 15 0.16 6.34
Sc —0.33 —-0.07 8 0.16 3.15
Til 171 0.17 10 0.23 4.95
Till 181 0.27 25 0.11 4.95
Cr 1.83 —0.40 5 0.20 5.64
Fel 4.09 0.00 98 0.24 7.50
Fell 4.08 —0.01 11 0.14 7.50
Co 1.64 0.06 1 0.23 4.99
Ni 2.75 —0.06 2 0.16 6.22
Zn 1.62 0.47 2 0.09 4.56
Sr —0.25 0.29 2 0.19 2.87
Y -1.20 0.00 3 0.12 2.21
Zr —0.54 0.29 2 0.17 2.58
Ba —-0.92 0.31 3 0.14 2.18
La —1.60 0.71 2 0.16 1.10
Ce —1.47 0.36 2 0.13 1.58
Pr —1.78 0.91 1 0.15 0.72
Nd —1.47 0.52 4 0.16 1.42
Sm —-1.67 0.78 2 0.17 0.96
Eu —1.73 1.16 1 0.14 0.52
Dy —-1.35 0.96 1 0.15 1.10

Carbon.The carbon abundance of LAMOST J110904:225441.8 was derived by matching
the observed CHI — X band at 4316 (i.e., theG-band) to the synthetic spectra. The object shows
notable underabundant carbon compared to othél stars and most of the EMP stars (Fig. 2).
The derived abundance ratio [C/Ee}-0.57, which is close to the ratios of the so-called “mixed”
EMP giants from the sample of Spite et al. (2005). Such a laWwamabundance ratio is likely to be
caused by mixing which has brought processed material freep dayers to the surface. Such cool
giants should exhibit enhancement of nitrogen which is abbpconverted from carbon; however,
due to limited wavelength coverage of the snapshot speatrich does not include the NH or CN
lines, we are unable to measure the nitrogen abundance of@®MJ110901.22075441.8 with
current data.

Sodium.Abundance of Na was derived based on the equivalent width) (EMasurements
of the two resonance lines. It can be noticed from Figure 2 tha [Na/Fe] = 0.58 of
LAMOST J110901.22075441.8 indicates relative excess compared to athdérstars which nor-
mally show solar or a slightly lower [Na/Fe] ratio. The diéce may be balanced when the non-
LTE (NLTE) correction to sodium abundances are considered, according to Cayrel et al. (2004),
a correction of up to-0.5 dex should be added to the LTE sodium abundance. Howeverawe h
only found [Na/Fe] from literatures for a few-1l stars, and a larger sample would be needed to
make any conclusive remark.

Thea—elementsFor LAMOST J110901.22075441.8, abundances of fourelements, Mg,

Si, Ca and Ti, were derived based on the EW measurementsroicdines. As shown in Figure 2,
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Fig.2 [X/Fe] vs. [Fe/H] from C through Dy of LAMOST J110901.2D75441.8. Filled circles are
abundances of LAMOST J110901-2075441.8. Triangles are abundance ratios of othdi stars
collected from literatures (Hill et al. 2002; Sneden et 802, Honda et al. 2004; Christlieb et al.
2004; Barklem et al. 2005; Francois et al. 2007; Lai et d0@Gneden et al. 2008; Hayek et al. 2009;
Mashonkina et al. 2010; Aoki et al. 2010). Diamonds and doanavarrows refer to abundances and
upper-limits of metal-poor giants from the “First Stars’ojact (Cayrel et al. 2004; Spite et al.
2005; Francois et al. 2007). For C, the dashed line refef€fiee] ~ +0.7 which corresponds to
the division between the carbon-enhanced and carbon-hatara (Aoki et al. 2007). For the-
elements, the dashed line refers to the canonical value/6g] ~ +0.4 for halo stars (McWilliam
1997). For Eu, the criterion far—II stars with [Eu/Fe]> +1.0 (Beers & Christlieb 2005) is also
presented with a dashed line for reference.

all the a«—elements present enhancement relative to iron, with araged(Mg+Si+Ca+Ti)/Fel=
+0.37 which agrees with the canonical value affFe] ~ +0.4 for halo stars (McWilliam 1997).

Scandium and ironpeak element&xcept for V whose atomic lines are not covered and Mn for
which only one line with a distorted feature could be fouhé,abundance of elements in the nuclear
charge ranging fro¥ = 21 through 28 were determined for LAMOST J1109042275441.8. The
abundance ratios of Sc, Co and Ni to iron are about the sdllae v@r is deficient relative to iron and
solar ratios, with [Cr/FeE —0.40, while Zn is overabundant relative to iron with [Zn/Fe]+0.47.
These abundance ratios in LAMOST J11090%:225441.8 agree well with the general trend of
EMP halo stars with similar metallicities (with Sc, Cr and gmown in Fig. 2 as examples).

In general, we found that the element abundance pattern MQAT J110901.22075441.8in
the C-Znrange resembles the “normal” pattern of halo EMP staggithat it shows a quite low C
abundance and relatively large [Na/Fe]. The underaburedarearbon is presumably due to the fact
that it is a more evolved star compared with EMP stars withd&igemperatures. The overabundance
in sodium may be explained by the discrepancy between LTENAAE Na abundances for EMP
giants.

3.2 Heavy Elements: Strontium through Dysprosium

We determined abundances of LAMOST J110904.225441.8 for 11 heavy elements, including
three light trans-iron elements and eight elements in th@reof the second-process peak. The
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elements representing the third peak could not be measgeduse the wavelength coverage of our
spectrum did not include any strong lines for measurements.

The light trans-iron element$hree elements were measured in the region of the first pak wi
38 < Z < 46, including Sr, Y and Zr. The abundance of Sr was measured éstisp synthesis of
the two strongest resonance lines, Srll 4077 and 42Both of these lines are affected by HFS
of the odd isotopé&”Sr, and a fraction of 0.22 was adopted for this isotope fotrsssis, according
to Arlandini et al. (1999) for a pure-process production of strontium. The correction for HF8 an
isotopic splitting has resulted in an increase of 0.15 dexife abundance of S, i.e. from0.25 to
—0.10. For Y and Zr, the abundances were derived from the EWs oé tanel two isolated and clear
atomic lines, respectively. Abundances of these elementsA\MOST J110901.22075441.8 are
quite similar to other—II stars, and are higher than the average abundance ratimaftal” EMP
halo stars with similar metallicities (Fig. 2).

The second-process peak elements. the region of the second peak, abundances were de-
termined for eight elements, Ba, La, Ce, Pr, Nd, Sm, Eu andDyr isolated barium lines could
be measured for LAMOST J110901:2075441.8, including the Ball 4554 resonance line and
the three subordinate lines, Ball 5853, 6141 and 649The three subordinate lines are almost
free from HFS effects, and derive quite similar Ba abundangéh a difference of about 0.01 dex.
However, the resonance line is strongly affected by HFSnEwee take the HFS splitting for spec-
tral synthesis into account, the Ba Il 45A84ine still results in a Ba abundance that is 0.20 dex higher
than that from the subordinate lines. We suspect that tfievdince is mainly caused by the NLTE ef-
fect (Mashonkina & Christlieb 2014), which is not includediur analysis for this paper. Therefore,
the adopted Ba abundance of LAMOST J110904-225441.8 was solely based on the three subor-
dinate lines. HFS splitting was also accounted for in La (leawt al. 2001a), which resulted in a dif-
ference of 0.3 dex in log(La). Europium is another element for which HFS and isotqpi¢ting has
been accounted for. Eu Il 412gis the only europium line detected in the spectrum, whichsists
of more than 30 components in total. The Eu abundance of LAM@EL0901.22-075441.8 was
thus derived by synthesizing the Eull 41R%ne, taking the HFS data from Lawler et al. (2001b)
and the meteoritic isotopic abundance ratid BfEu : '53Eu = 47.8 : 52.2. As shown in Figure 2,
abundance ratios of the second peak elements relativertdara. AMOST J110901.22075441.8
are notably higher than those for normal EMP giants with lsimmetallicities.

4 HEAVY-ELEMENT ABUNDANCE PATTERN OF LAMOST J110901.22+075441.8

LAMOST J110901.22075441.8 is the coot—II giant with the lowest metallicity yet known.
Figure 3 compares its abundance pattern of heavy elemetttstivase of two well-studied cool
r—Il giants with T.<5000K, CS 22892052 (Sneden et al. 2003) and CS 316821 (Hill
et al. 2002). Abundances of the comparison stars are scaledatch the abundance of La in
LAMOST J110901.22075441.8. Previous studies have indicated that the paiféreavy-element
abundances in these two comparison stars is tracing theaoaiponent of the-process (Sneden
et al. 2003; Roederer et al. 2014). It is clear from the colsparthat in the range from Sr to
Dy, the abundance pattern of the neutron-capture elememt&aMOST J110901.22075441.8 is
very similar to the two cool—II giants, and thus the mairprocess. For example, the dispersion
in the average difference of le¢x) values between LAMOST J110901:2075441.8 and the two
comparison-—II stars is about 0.19dex (vs. CS 2289252) and 0.15dex (vs. CS 3108Q01),
respectively, which is comparable to the &rror in our elemental abundance determinations. The
similar chemical abundance pattern observed in neutrptuoaelements suggests that there should
be a common origin for these elements in the classiqabcess.

For comparison, the SSr patterns predicted by Bisterza é€@14) and Arlandini et al. (1999)
are also displayed in Figure 3, respectively as solid andhathdines. These two sets of solar
r—components are very similar except for elements with a ggmt contribution ofs-process to
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Fig.3 Heavy-element abundance patterns of LAMOST J1109640Z5441.8 filled circle§ and

r-1l stars with T.s cooler than 5000 K, including CS 2289P52 (Sneden et al. 2003guares)
and CS 31082001 (Hill et al. 2002,stars) The element abundances are scaled to match La
in LAMOST J110901.22-075441.8. The solid curve refers to the SSr abundance psatfesm
Bisterzo et al. (2014), and the dashed and dotted linesatalibose of the— ands-process com-
ponents in the SSr from Arlandini et al. (1999), respecyivel

their solar abundances, especially for the light trane-@lements such as Sr, Y and Zr. However, as
discussed in Mashonkina & Christlieb (2014), it would bdidifit to make a firm conclusion about
the relation between—II stars and the solar-process shown by light trans-iron elements, due to the
large uncertainty in the solar-residuals. When compared to the predicted abundances tsr&is

et al. (2014) and those by Arlandini et al. (1999), the eleiménthe range from Ba through Dy in
LAMOST J110901.22075441.8 are found to match the scaled SSr pattern very wighl,a dis-
persion of 0.13 dex and 0.16 dex respectively, about theageesibundance differences for the eight
second peak elements. The observed match is in line withquestudies on other-process rich
stars, and provides additional evidence for the univensadyection ratio of these elements during
the evolution of the Galaxy.

Previous studies on metal-poor halo stars suggest that &xést distinct mechanisms involved
in the production of light trans-iron elements as well asvieraelements beyond Ba (Aoki et al.
2005; Francois et al. 2007; Mashonkina et al. 2007). By shmapSr (Zr) and Eu to represent the
first and second neutron-capture element peaks, we cogddhthe Sr/Eu and Zr/Eu abundance ra-
tios of ther—II stars. Figure 4(a) and (b) show the distribution of aburwdaratios of log Sr/Eu and
log Zr/Eu for knownr—II stars including LAMOST J110901.22075441.8. The average values of
log Sr/Eu and log Zr/Eu are 1.39.11 and 1.320.12 (dotted lines) respectively, which are consis-
tent with the results of previous studies (e.g. Mashonkirg 2010), and are relatively smaller than
those of normal EMP stars. Also, an average value for logB8af0.98+0.11 (the dotted line in
Fig. 4(c)) is derived from the 12— Il stars, which agrees well with the predicted value of 0®3lie
purer-process production of heavy elements (Arlandini et al Q) 9@dicating that the environment
from which these stars were formed only contained a smallenthaf s—nuclei. The distribution of
the abundance ratios as shown in Figure 4 also suggestsishee@mmon origin for the first and
second--process peak elements in strongiprocess enhanced stars.
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5 CONCLUSIONS

LAMOST J110901.22-075441.8 has been selected as a candidate of an EMP star liem t
LAMOST spectroscopic survey, and was followed-up by obitajrits high-resolution spectrum
with Subaru/HDS. The relatively high quality Subaru/HD®&ppum enabled us to determine ac-
curate parameters and elemental abundances for 23 speciesling 11 elements in the nuclear
charge range of = 38 — 66 which covers the light trans-iron and secongrocess peak ele-
ments. Detailed abundance analysis confirms that LAMOSDI01.22-075441.8 is a strongly
r-process enhanced EMP star having [Eu/Ee]+1.16. It is also found that in the range from
Sr to Dy, LAMOST J110901.22075441.8 presents very similar abundance patterns of the el
ements to the well studied coel-Il giants, CS 22892052 and CS 31082001, whose pat-
terns of heavy elements can be explained well by a main coemiaf ther-process. Therefore
LAMOST J110901.22-075441.8 is a newly discovered member of the small samplewéotly
knownr—II stars, with the lowest metallicity of [Fe/H} —3.4 amongr—II giants.

The abundance pattern from Ba to Dy in LAMOST J110904.225441.8 can be matched well
by the scaled solar-process pattern prediction by Arlandini et al. (1999) aimstd3zo et al. (2014).
However, the large uncertainty in the sotafresiduals for the first-process peak elements leads to
difficulties in drawing any conclusion concerning the rielatbetween the light trans-iron elements
in LAMOST J110901.22-075441.8 (and other—II stars) and the solar-process.
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Apart from different metallicities, LAMOST J110901.2D75441.8 presents quite similar abun-
dance ratios of Sr/Eu and Zr/Eu compared with previouslyl weldied r—Il stars, and fur-
ther confirms that LAMOST J110901.2P75441.8 is a member of the group ofll stars.
LAMOST J110901.22-075441.8 turns out to be the lowest metallicity Il star with measured
Zr abundance. The extreme enhancement in [Eu/Fe] and loBuSZr/Eu, Ba/Eu as well) in
LAMOST J110901.22075441.8 indicates a single or very few nucleosynthesistevas is the
case for other—II stars.

However, due to limited wavelength coverage of the snapspettrum, our analysis does not
include any elements heavier than Dy. To investigate abwelaf the third--process peak elements
of LAMOST J110901.22-075441.8, we will need to further obtain spectra with higieality and
higher resolution which cover théV band to investigate the chemical abundances of heavier ele-
ments beyond Dy.
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