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Abstract Object J053253.51-695915.1 (J053253) in the Large Magell@loud (LMC) is reported as

a young stellar object (YSO). Its chemical abundances tetfhecinitial composition of the gas cloud in
which the star formed. However, the discovery that this steows the enhancement of the neutron(n)-
capture elements and the higher ratio of the heavier n-cagiements relative to the lighter n-capture
elements is puzzling. Using an abundance decomposed metbakplore the astrophysical origins of the
n-capture elements in this star. We find that the abundaram@cteristic of the higher ratio of the heavier
n-capture elements to the lighter n-capture elements carlained by the pollution of the r-process event
and the contamination of the s-process material.
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1 INTRODUCTION SNell (Travaglio et al. 1999; Qian & Wasserburg 2007).
However, recent researchers suggested that neutron star

Neutron (n)-capture nucleosynthesis is believed to be rd'€M9€rs (Tsujimoto et al. 2014; Ji et al. 2016_; .Kom.iya
sponsible for the production of elements heavier than thé& Shlgeyama 2016) shggld _be the most promising sites,
iron-group elements. There exist two principle n-capturé"’hICh has now been verified in a general sense by the ob-

processes: the slow process (s-process) and the rapid IOI%e_rvation of the kilonova counterpart of the neutron star
cess (r-process). The s-process nucleosynthesis contaffj€rger GW 170817 (Cowperthwaite et al. 2017; Drout et

s weak and main components. The weak component oé‘-l' 2017; Tanvir et al. 2017).

curs in He-burning cores and C-burning shells of the mas- The low and intermediate mass AGB stars with carbon
sive stars and mainly produces around the first peak elnd the s-process elements enhanced in their envelopes can
ements. The low to intermediate mass asymptotic gianbe divided into intrinsic and extrinsic AGB stars (Smith
branch (AGB) stars are the convincing sites of the mair& Lambert 1990; Lambert et al. 1995). For the intrinsic
component of s-process which generally produces the el&GB stars, the s-process enrichment in stellar envelopes
ments with the mass numbdr > 90 (Busso et al. 1999; is produced by dredging up the nucleosynthesis products
Travaglio et al. 2004). The r-process also contains weagenerated in the stellar interior during their thermal puls
and main components. The weak component (or “lightestages. On the other hand, the extrinsic AGB stars are en-
element primary process”) may take place in Type Il su+iched in the s-process elements by the mass transfer from
pernovae (SNe Il) with the initial mass ran@ile > 10 M,  initially more massive stars which have evolved through
and can be an origin of the light n-capture elements witithe thermally pulsing AGB phase and now are white d-
mass numberd < 130 (Travaglio et al. 2004; Qian & warfs (Busso et al. 2001). When the low and intermediate
Wasserburg 2007). The main component of the r-procesmass AGB stars undergo mass-loss in superwind largely
nucleosynthesis, associating with greatly neutron-rith e enough, their envelopes would be expelled, and these ob-
vironment, can produce light and heavy n-capture elejects will enter the post-AGB phase which approaches the
ments. Several previous studies considered that the aplanetary nebula phase (Van Winckel 2003; De Smedt et
trophysical environment of the r-process associates wital. 2015).
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Through studying the elemental abundances of thd053253 than the averaged ratios in the normal LMC s-
post-AGB stars in the Large Magellanic Cloud (LMC), vantars, particularly, [La/Fe] and [Eu/Fe] are about 0.6 and
Aarle et al. (2013) found that, compared to other post-AGB).4 dex respectively higher in J053253 than in the normal
starsinthe LMC, star J053253.51-695915.1 (J053253) ex-MC stars. In Figure 2, we present the comparison of the
hibits different abundance characteristics: a highernoaut abundance ratios [X/Eu] in the sample star with in the so-
exposure efficiency and a lower s-process enhancemettdr system (Arlandini et al. 1999). We find that the [X/Eu]
van Aarle et al. (2013) reported that the subluminosity andatios in J053253 lie between the solar s-process and so-
the deviation of the s-process pattern from the other postar r-process ratios and near the solar total [X/Eu] ratios,
AGB stars are difficult to be explained by the single-starwhich indicates the n-capture elements of this star might
evolution track. They suggested that J053253 may be ewome from the combination of the s- and r-processes. In
riched in s-process elements through mass transfer in therder to obtain the abundance characteristics of J053253,
binary system and possesses extrinsic feature. Howeveve will compare the abundance patterns of this star with
they also pointed that the dust excess observed for J0532830se of the post-AGB stars, extreme r-l stars and r-I s-
is not the characteristic of the extrinsic objects. Based otar. Figures 3(a) and (b) display the comparison of the ob-
alog g criterion, Kamath et al. (2015) classified J053253served [X/Eu] ratios in J053253 with in 8 post-AGB stars
as a young stellar object (YSO). They suggested that thand the averaged [X/Eu] ratios of the post-AGB stars. The
enhancement of the n-capture elements in this star shouibundance data of the 8 post-AGB stars are adopted from
be attributed to the initial composition of the LMC. In this Van Winckel & Reyniers (2000); Reyniers et al. (2004);
case, the explanation about the observed abundance chaan Aarle et al. (2013); De Smedt et al. (2016). We find
acteristics, such as the enhancement of the n-capture ¢hat, for the most observed n-capture elements, [X/Eu] ra-
ements and the higher ratio of the heavier n-capture eldios are higher in post-AGB stars than in this sample star
ments relative to the lighter n-capture elements is neededbout 0.6 dex (averaged), which implies that the contribu-
Obviously, investigating the astrophysical origins of the tions of the s-process to those post-AGB stars are higher
capture elements in this star is an important task. Becaugban to J053253 relative to Eu. Figures 4(a) and (b) show
the abundance pattern is closely related to nucleosynthéie comparison of the observed [X/Eu] ratios in J053253
sis process, in this work, adopting an abundance decomwith in the extreme r-ll stars stars and the averaged [X/Eu]
posed method, we have studied the abundance characterniatios of the extreme r-1l stars. The abundance data of the
tics of star J053253 and investigate the astrophysical ori-Il stars are adopted from Hill et al. (2002); Sneden et al.
gin of its n-capture elements. In Section 2, we compare th€2003); Barklem et al. (2005); Frebel et al. (2007); Hayek
n-capture abundances of J053253 with other post-AGB st al. (2009); Aoki et al. (2010); Placco et al. (2017); Ji
tars, extreme r-Il stars and the r-I star. Our calculatiords a et al. (2018). We can see that, for the most n-capture ele-
discussion are presented in Section 3. Section 4 gives ounents, [X/Eu] ratios are lower in the r-1l stars than in the

conclusions. sample star about 0.5 dex (averaged). In Figure 5, we per-
formed the comparison of the ratios [X/Eu] in J053253
2 THE COMPARISON OF THE N-CAPTURE with r-1 star HD 221170 (Ivans et al. 2006), since their
ENRICHMENT BETWEEN J053253 AND [Eu/Fe] ratios are close. Similar behavior is exhibited in
OTHER STARS Figure 4.

We arrive at a challenge to explain logically the abundance

characteristics of J053253, a star that was reported as a

post-AGB star in LMC by van Aarle et al. (2013) and

reclassified as a YSO by Kamath et al. (2015). Figure 8 STUDY OF THE ABUNDANCE

shows the comparison of the observed ratios [X/Fe] in this CHARACTERISTICS AND THE

star and the averaged ratios [X/Fe] in normal LMC stars INVESTIGATION OF THE ASTROPHYSICAL

(Van der Swaelmen et al. 2013). Using high-resolution ORIGINS OF THE N-CAPTURE ELEMENTS

spectra, Van der Swaelmen et al. (2013) analyzed the

chemical abundances of the LMC field red giant stars ifThe stellar abundances provide us very important informa-
the bar and inner disk of the LMC. As a YSO, the chem-tion to investigate the origin of the elements in the star.
ical abundances of J053253 would reflect the initial com-To study the origin of the elements in the sample star, we
position of the LMC (Kamath et al. 2015) and the valuesfollow the model by Li et al. (2013b) assuming that the
of [La/Fe] and [Eu/Fe] in this object should be close toabundance of théth element in star J053253V() origi-
those in the LMC. From the figure, we can see that thenates from five components (the main r-, primary, main s-,
abundance ratios of the n-capture elements are higher secondary processes, and SNela). The model can be ex-
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Fig. 1 Comparison between the observed ratios [X/Fe] in J053283ttaa averaged ratios [X/Fe] in normal LMC stars. Thied
squares(blue) represent the averaged ratios of the normal LMC stars (\anSavaelmen et al. 2013) and tfiled circles (red)
represent the observed ratios of J053253 (van Aarle et &B)2The lower panel shows the deviation of the averagedst/Fe] in

LMC from those of the sample star.
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® J053253 ]
Solar s-process only |
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Fig. 2 Comparison of the observed abundance ratios [X/Eu] in J8%3@th the solar s- and solar r-process ratios. Theved lines
represent the solar s-process only ratog() (Arlandini et al. 1999) and the solar r-process only rafjask) (Li et al. 2013a). The
dashed linendicates the solar total ratios. Thiked (red) circlesrepresent the ratios of J053253 (van Aarle et al. 2013).

2_;"(é)’l""I'"'I""I""I""I""I""I""_ 2_"(B)'I""I""I""I'"'I""I""I""I""_;
[ ] 4
=l e 17 gl it P
Pl MDAl gl B SRgERE
1 @ - (] ]
1] ] 1] E
'51- Illl T T T ; T :l _i ?1-5 .l.l T |..: T T .l E
g, |: !!!!!I. L B B
4_1_ _i 4_1_2 3
'"'I""I""I""I'"'I""I""I""I""so 35""I""I'"'I""I""I""I""I""I""

Fig. 3 (a) Upper. Comparison of the abundance ratios [X/Eu] in J053253 withsé in the post-AGB stars. Tli#led (red) circles
represent the observed [X/Eu] ratios of J053253. Jitay squaresndicate the data of the post-AGB stars which are adopted ¥an
Winckel & Reyniers (2000); Reyniers et al. (2004); van Aatal. (2013); De Smedt et al. (2016&pwer. The deviations of the ratios
in post-AGB stars from in the sample star. Upper. Comparison of the [X/Eu] ratios in J053253 with the avethf)¢Eu] ratios of
the post-AGB stars. Thielue squares with the error bargepresent the averaged valueswer. The deviations of the averaged ratios

of post-AGB stars from the [X/Eu] ratios in the sample star.
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Fig.4 (a) Upper. Comparison of the abundance ratios [X/Eu] in J053253 withextreme r-Il stars. Thgray squaresndicate the
observed ratios of the r-1I stars with [r/Ee]1.5. The data of r-1I stars are taken from Hill et al. (2002); Ssreét al. (2003); Barklem
et al. (2005); Frebel et al. (2007); Hayek et al. (2009); Aetkal. (2010); Placco et al. (2017); Ji et al. (2018)wer. The deviations
of the ratios in the r-1I stars from that for the sample sthy.pper. Comparison of the [X/Eu] ratios in J053253 with the averhge
[X/Eu] ratios of the extreme r-l stars. Thtue squares with the error barepresent the averaged valueswer. The deviations of the
averaged ratios of r-1l stars from the [X/Eu] ratios for tlzergle star.
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Fig.5 Comparison of the abundance ratios [X/Eu] between J053883-&star HD 221170. The abundance data of HD 221170 are
adopted from Ivans et al. (2006).

pressed as: elements, because these elements originate from massive
Ni =(CrNirm + CoxiNipsi + Cs.mNiosm stars. The component abundances of the secondary pro-
T ’ T (1) cessare adopted from Li et al. (2013a). The weak s-process
+ CsecNisee + CialNi1a) X Lo/ M, abundances are taken from Raiteri et al. (1993). Based on
whereN; ;.m, Ni pris Ni.s.m» Nisec, @andN; 1, indicate the  the nucleosynthesis calculations, Bisterzo et al. (2016) p
corresponding component abundances which have beenssnted a set of AGB yields of low-mass and low metallicity
caled to the corresponded component abundances of tfier various'C-pocket efficiencies, including the standard
solar systemC,. ., Coris Cs.m, Csec, andCy, are the co-  case (hereafter ST), ST/6, ST/12 and ST/24. For the ST
efficients which represent the relative contributions @ th case adopted by Gallino et al. (1998), the low-mass AGB
corresponding components. These coefficients can be dstars at half solar metallicity can exactly explain the main
rived by comparing the calculated abundances with the olsomponent of the solar s-process abundances (Arlandini et
served abundances and looking for the smaligstThe  al. 1999). Adopting the AGB yields presented by Bisterzo
value of N; 1, is referenced from Timmes et al. (1995). et al. (2010), the scaled abundancesVpf ., is calculated
N .m andN; ,,,; are taken from Li et al. (2013a). Because as the combination of the ST case and the ST/12 case with
both the primary light elements and weak r-process elthe M = 1.5 M, at [Fe/H}= —1.0:
ements are ejected from massive sta¥s,,,; includes
the abundances of the primary light eIerﬁents and weak smNiss,m = C1lNiso,m(ST) + C2Nis,m (ST/12), ()
r-process elements. Similarlyy; s includes the abun- whereN; g ., N; s.m(ST) andN; ; ,,(ST/12) are scaled to
dances of the secondary light elements and weak s-procefee Ba abundance of the solar s-procé&€ssand Cs indi-



W. Q. Han et at. The Puzzling Abundance Pattern of J053253 59-5

cate the relative contributions of the ST case and the ST/1a/Fe] as the mean of [Y/Fe], [Zr/Fe], [Ba/Fe], [La/Fe],
case to the main s-process. For the best-fitted results, tfid/Fe] and [Sm/Fe], and the index [hs/Is] represents the
value of x? is 0.517, the derived coefficients af& ,, =  difference between the mean of [Ba/Fe], [La/Fe], [Nd/Fe]
13.40, Cpri = 1.30,Cy = 5.10,Cy = 0.40 (Cs », = 5.50),  and [Sm/Fe] and the mean of [Y/Fe] and [Zr/Fe]. Because
Csec = 1.50, andC, = 0.8, respectively. In the calcu- of no observed Ba abundance for J053253 (see van Aarle
lations, the abundances of s-process are obtained from tle al. 2013), its hs-index does not contain Ba abundance.
expressior; N; s ., (ST)+C2N; 5., (ST/12), which mean- In Figure 8, we present the comparison of [hs/Is] between
s that the abundances of s-process are dependefit on the sample star and the post-AGB stars. The green squares
Cs, Ni s, (ST) andN; s .,,(ST/12). If we change the rep- indicate the post-AGB stars adopted by van Aarle et al.
resentative element from Ba to other element (such ag013), and their linear least-squares fit line is also dis-
La), the scaled s-process abundancas .(..(ST) and played. From the figure we can see that our calculation
N, s,m(ST/12)) should change, then the valuesgfand  (blue star) is close to the observed ratio (red circle) of
Cy (Csm = €y + Cy is valid for La) should also J053253.

change. This guarantees that the calculated abundances of Based on the abundance analysis, van Aarle et al.
s-process from the expression do not change, because t(#013) found that the abundances of J053253 are differ-
best fitted result from Equation (1) does not change. In thignt from those of other post-AGB stars. For J053253, the
work, the equatiorCs ,,, = Cy + Cs is valid for Ba, s- observed [hs/Is] ratio of this star 39 + 0.14 which

ince Nj s,m, Nism(ST) andN; ,,,(ST/12) are scaled to is higher than those of other post-AGB stars with sim-
the Ba abundance of the solar s-process. The de€ygg ilar s-process enhancement. However, the [s/Fe] ratio is
andC; ., are larger than other coefficients, which indicates).78 + 0.14 which is lower than those of other post-AGB
that the star exhibits significant s- and r-process charactestars. Based on our calculations, the n-capture elements Y,
istics. The comparisons of the calculated abundances withr, La, Ce, Nd in J053253 contain the contributions of the
the observed abundances are plotted in Figure 6. We carprocess. In order to understand the observed abundance
see that, for the most elements, the calculations are cowharacteristics, we define the component ratios of the s-
sistent with the observations within the uncertainties. Tgprocess and the r-process as

study the astrophysical origins of each element in the sam-

ple star, Figure 7 shows the calculated abundance ratios [EL; /Feli = log (N; ) — log (Ni,0), )

and components ratios of the elements of the sample s-

tar. For comparison, the observed abundance ratios are gy_herek = 1,5. Ny ¢ is the abundance of thith elemen-

so shown. Because the calculated abundance uncertaintlteg1 J053253, andV; o is the abundance of thih ele-

come from the observed uncertainties, for simplicity, Wementflnhtf}le soladr shys}fem. Thi calcouéasted goom?’plon(;r.]thra—
adopt the mean of the observed uncertainties as the cdloS © [hs/ls} and [hs/ls} are about 0.65 and 0.31 whic

culated uncertainties, which is about 0.13 dex. From th&'® shown in Figure 9 by the horizontal solid line and the

figure, we find that the light elements Mg, Si, and Ca arerizontal dashed line, respectively. It can be seen from
mainly,/ oroduced by the primary process,’antlj Na, Al gcthe figure that the abundance ratio of [hs/ls] in J053253

Cr, Mn, and Ni are mainly produced by the secondary prol|es between the ratios of the r-process component and the

cess of the massive stars. Element Fe is mainly produce%ipro_cesS component. ObV'OUSIY’ the h|gher ratio of the
by SNela, and Ti mainly comes from the mixture of theheawer n-capture elements relative to the lighter n-aaptu

secondary process and SNe la. For the lighter n-capture e(f_lements for J053253 can be understood by the mixture of
ements, Y is mainly produced by the main s-process, an e r-process and the s-process. The calculated component
elements Zr and Mo mainly originate from the combined' 2108 of [s/Fe] and [s/Fe] are about 0.45 and 0.44 which

main s-process and the main r-process. For the heaviest &tet_Sh?\évn ': ;hf figure by tt.hel vei/r\';wal solid I;Eet?;:d the
ements beyond La, the main s-process dominates the pr}g?r icatdasnedfine, respectively. Ye can see thatthe com-

duction of La and Ce, while the main r-process dominategonent ratios of the r-process and s-process are both lower

the production of elements Sm, Eu, Gd, and Tb. In addithan the abundance ratio of J053253. The lower abundance

tion, element Pr, Nd, and W own their origins to the mix- ratio [s/Fe] can be explained by the combined contributions

ture of the main s- and the main r-processes. of the r-process and the S-Process.
Obviously, the abundance difference between star

van Aarle et al. (2013) reported that J053253 exhibits]053253 and the normal LMC stars contains useful infor-
a higher ratio of the heavier n-capture elements (La, Ndmation about the chemical enhancement of the gas cloud
Sm) relative to the lighter n-capture elements (Y, Zr) andn which J053253 formed. Based on our calculations, we
lower enrichment of n-capture elements compared to possuggest that, for the gas cloud in which J053253 formed,
AGB stars. Similar to van Aarle et al. (2013), we definethe enrichment could be divided into two steps. Firstly, the
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gas cloud is polluted by the products of the r-process everFhe black filled star represents the initial composition of

t, and secondly, the gas cloud is contaminated by the ghe LMC (Van der Swaelmen et al. 2013). The red circle
process products of the low mass AGB stars. Note that thand the blue square represent the observed and the calcu-
elements La and Ce mainly come from the s-process, andted results, respectively.

elements Smt Eu, Gd and Th mainly origir?ate from t.he ™ Komiya & Shigeyama (2016) studied the r-process en-
process. In Figure 10, we explore the enrichment h'St°r¥ichment by NSM. They suggested that the Eu yield from
from the initial composition of LMC to that of JO53253 _ ' \isM event is about.5 x 10—4 M, and it can pol-

in [La+Ce/Fe] vs. [Sm+Eu+Gd+Tb/Fe] space. The dasheﬂJte ~ 107 M, cloud. Recently, Roederer et al. (2018)

line and the dash-dotted line indicate the main S"PrOCeSRhorted that there are some r-process enhanced stars with

(B|stgrzo et al. 201,0) .and. the solar-r (Li et al. 2013a), "high [Fe/H] ratios and suggested that the stars formed in
spectively. The solid line is [La+Ce/Sm+Eu+Gd+Fb).

low-mass dwarf galaxy enriched by a high-yield r-process
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short-dashed bluandblack linesrepresent the pollution track of the main s-process matanid the r-process material, respectively.
Thetriangle represents the calculated r-process component, andbthie triangleindicates the ratio of the low mass AGB star from

Bisterzo et al. (2010).
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event. For a cloud polluted by a r-process event, the abur{2016). The abundance data of the CEMP-i stars indicat-
dance relation of Eu and Fe can be expressed as (Yanged by empty circles are taken from Preston & Sneden
al. 2017): (2001); Aoki et al. (2002a,b); Cohen et al. (2003, 2006);
Johnson & Bolte (2004); lvans et al. (2005); Barbuy et

New/Nre = (AFe/AE“)'(MSWXE“—FYEH)/(MSWXF&S al. (2005); Barklem et al. (2005); Goswami et al. (2006);
where Msy indicates the cloud massig, and Ap, rep- Jonsell et al. (2006); Masseron et al. (2010); Allen et al.
N © (2012); Placco (2013). For comparison, the post-AGB stars

resent the atomic masXg, and Xg. indicate the initial . )
mass fractions of elements Eu and Fe of the cl are also shown by gray triangles. The calculated i-process
! u igh abundances with neutron densitig3'2, 10'3, 10 and

is the r-process yield from an NSM event. For J053253

o . 15 em=3 by H | et al. (2016 h in the fig-
the [Eu/Fe] ratio is 0.88 and the averaged ratio [Eu/Fe] otllJ (r)e bchhort%a:hrzz?ineesawit(h re d) balruees (r)(\:/ennlnan debllgck
the LMC is about 0.5. Adopting the cloud mak&w ~ y ' 9 ' '

. tively. F the fi , that J053253 i
10" Mg, the Eu yield by an NSM event would reach Irespec Vely. From fhe figure, we can see tha 2292 1S
_3 T . ocated on the lower end of the CEMP-i stars region in
~ 5.0 x 1072 Mg, which is higher than the Eu yield by

. . the [La/F . [Eu/F .M hile, the abund
Komiya & Shigeyama (2016) about 1.5 order of mag- el €] vs. [Eu/Fe] space. Meanwhile, the abundance

. . . ratios of J053253 are close to those of i-process calcula-
nitude. Note that, if the polluted cloud mass is less thar%. . 15 3 : :

- o o ion with 10*> cm~>. The comparison results imply that,
10 Mg, it is not necessary that the pollution is from a.

high-yield r-process event. In Figure 10, the abundancegjosszsg is a post-AGB star or an extrinsic object, the i-

of the gas cloud polluted by the products of the r_procesgrocess scenario might provide an explanation for the ob-

SO ) Served characteristics of this star.
eventis indicated as a short-dashed black curve with arrow.

For a gas cloud pplluted by the s-process ma_terlal, th(jr CONCLUSIONS
mass abundance of tli element could be approximately
expressed as: We have presented a detailed study of the astrophysical
Xi o Xyt [ % Xie, (5) origins of. the n-capture g_lements of LMC star J053253.
’ ’ Using a linear superposition method, we successfully fit
where f is the mass fraction of the s-process materialthe abundance patterns of this star with the combination
X ini is the abundance which had been polluted by the reof five component abundances and the derived coefficients
process material, andl; ; is the s-process abundance of C,.,,, = 134, Cpi = 1.3, Csy, = 5.5 (C1 = 5.1,
the low mass AGB stars. Since the dilution factor of theCy = 0.4), Csec = 1.5, andCr, = 0.8, respectively. Our
incorporated s-process material for J053253 is only abouesults are given as follows:
5 percent, the s-process enrichment is mild. In the figure, The chemical composition would reflect the initial
the abundances of the gas cloud contaminated by the semposition of the gas cloud in which the LMC star
process products of the low mass AGB stars is indicated a¥)53253 formed, since it is a YSO. We find that thel-
a short-dashed blue curve with arrow. We can see that thements Mg, Si and Ca mainly originate from the prima-
abundance characteristics of the star J053253 can be undey-process, and the light elements (e.g., Na, Al, Sc, Cr,
stood by the pollution of the r-process and the s-process. Mn and Ni) mainly originate from the secondary process,
The astrophysical origins of the n-capture elements arevhich indicates that the massive stars make a major con-
closely related to the formation scenario of J053253. Itribution to the light elements of J053253. Element Fe in
J053253 is a post-AGB star or an extrinsic object (e.g.this star mainly comes from SNela. The abundance ra-
van Aarle et al. 2013), its abundance characteristics afios [La/Fe] and [Eu/Fe] are about 0.5 dex higher in this
the n-capture elements should be ascribed to the AGBtar than in normal LMC stars, which implies that its n-
nucleosynthesis. The intermediate n-capture process (¢apture elements should have additional origins. Based on
process) proposed by Cowan & Rose (1977) probably ocghe superposition method, we find that, for J053253, the
curs in some circumstance with high neutron density about-capture abundances can be fitted by the combination of
10'® cm~2 in the AGB stars Hampel et al. (2016). Basedthe s- and r-process abundances. The elements Y, La, Ce,
on the nuclear network calculations, Hampel et al. (2016Pr and Nd mainly originate from the s-process products
calculated the i-process yields at various neutron dessiti of the low mass AGB stars and the elements Eu, Gd and
10"2ecm=3 — 10" cm~3. Using the calculated i-process Tb mainly come from the r-process event. The puzzling
abundances, Hampel et al. (2016) successfully reproducedundance characteristic of the higher ratio of the heavier
the chemical abundances of 19 carbon-enhanced metal-capture elements to the lighter n-capture elements can
poor (CEMP) stars and named them as CEMP-i stars. Ibe explained by the combination of the s-process and the r-
Figure 11, we present the abundance comparison betwe@nocess. Furthermore, the possible pollution tracks fer th
J053253 and the CEMP-i stars studied by Hampel et abas cloud in which J053253 formed are explored. We find
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that the astrophysical reasons for the enhancement of theoswami, A., Aoki, W., Beers, T. C., et al. 2006, MNRAS, 372,
n-capture elements of J053253 can be ascribed to the pol- 343
lution of the r-process event and the contamination of theHampel, M., Stancliffe, R. J., Lugaro, M., & Meyer, B. S. 2016
s-process material. ApJ, 831, 171

We hope that our results in this work can provide moreHayek, W., Wiesendahl, U., Christlieb, N., et al. 2009, A&A,
information and more constraints on the study of the astro- 504, 511
physical origins of the n-capture elements of the LMC star.Hill, V., Plez, B., Cayrel, R., et al. 2002, A&A, 387, 560
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