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ABSTRACT

Context. G39-27/289 is a common proper motion pair formed by a white dwarf (\WB®-270) and a main-sequence star
(BD+26 730) that apparently has been classified as a member ofydmell open cluster. Previous studies of the white dwarf com-
ponent yielded a cooling time ef 4 Gyr. Although it has not been pointed out before explicittys result is 6 times larger than the
age of the Hyades cluster, giving rise to an apparent cobfiitveen the physics of white dwarfs and cluster main-sexputting.

Aims. We investigate whether this system belongs to the Hyadasecland, accordingly, give a plausible explanation to titene

of the white dwarf member.

Methods. We have performed and analyzed spectroscopic observdtidretter characterize these objects, and used their kiiema
properties to evaluate their membership to the Hyades., diffarent mass-radius relations and cooling sequencesfferetit core
compositions (He, ©, O/Ne and Fe) have been employed to infer the mass and coolilegfithe white dwarf.

Results. From kinematic and chemical composition considerationbel®ve that the system was a former member of the Hyades
cluster and therefore has an evolutionary link with it. Hearethe evidence is not conclusive. With regards to thereaifithe white
dwarf component, we find that two core compositions ©@nd Fe — are compatible with the observééeive temperature and
radius. These compositions yield veryfdrent cooling times of4 Gyr and~1 Gyr, respectively.

Conclusions. We distinguish two posssible scenarios. If the pair doedalmng to the Hyades cluster but only to the Hyades stream,
this would indicate that such stream contains rather oldaibjand definitely not coeval with the cluster. This has@sing conse-
guences for Galactic dynamics. However, our favoured sieisthat of a white dwarf with a rather exotic Fe core, hgvincooling
time compatible with the Hyades age. This is a tantalizirgyltethat would have implications for the thermonuclearlesion of
white dwarfs and explosion theories of degenerate nuclei.

Key words. stars: evolution — stars: white dwarfs — open clusters asd@ations: common proper motion pairs

1. Introduction ogous method of using eclipsing binaries (Ribas et al. 2000)

o . . . , yields similar (model-dependent) accuracy.
The determination of reliable ages is of obvious importatioce h dv of white dwarfs h d luabl i
both astrophysics and cosmology, but not exempt of many com- | N€ Study of white dwarfs has made very valuable contribu-

plications — see, e.gl, von Hippel etal. (2001). The age of!iQns t0 numerous areas of astrophysics, and estimatingdad
star is perhaps the mostf@cult property to estimate and, fur_ual ages of stars is no exception. The main advantage of white

ther, it nearly always depends on rather strong model assurflf@'fs is the conceptual simplicity of their evolution, whican
tions (Mamajek et al. 2007). An exception is the method th3f described as a simple cooling process. Modelling of thé co
uses radioactive decay to directly estimate stellar agagréCet 'd Sequences makes whlge dwarfs powerful stellar chrorome
al. 2001; Frebel et al. 2007), but this has rather restrigfgii- (S: accurate to about 25% (Silvestri et al. 2005). Amorg th
cability. Another emerging technique is asteroseismaglagych  Major uncertainties of this method are the pre-white dwao e
has the potential to provide accurate ages (Miglio & Moréalb lution time and the fects of the chemical composition of the
2005), but this will require high-precision photometri¢al&rom core.

upcoming space missions and also stars with well-constgain  In this paper we discuss a case that presents an interesting
physical properties. In the meantime, the use of open c¢iiatel  puzzle in which the age estimate stemming from the white tiwar
main sequence stellar evolutionary models continues tdiée tooling sequence is in apparent conflict with the age estimat
most widely used method to infer the ages of stars in the Galagoming from cluster membership. The object is G29/289,

In spite of the still-present uncertainties, such as caiiw@over- a common proper motion pair formed by a DA white dwarf
shoot, chemical composition anomalies,. .. the field hashed (WD0433+270) and a K type star — BER6 730 (Holberg et
sufficient maturity to provide ages that are reliable to bettanth al. 2002) — which is a well studied variable star (V833 Tawj an

~10% — see, for instance, Paunzen & Netopil (2006). The ana@lso a single-lined spectroscopic binary with a very lowsena
companion (Tokovinin et al. 2006). The members of a common

Send offprint requests to: S. Catalan proper motion pair were likely born simultaneously and vtfita

*Based on observations obtained at: Calar Alto Observatdmyeria, Same chemical composition (Wegner 1973; Oswalt et al. 1988)
Spain and McDonald Observatory, Texas, USA. Since the components are well separated?(200 AU in this
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Table 1. Photometric data and stellar parameters derived for B®D730.

v J H K Ter (K) [Fe/H] z log(L/Le)
8.42:0.02 5.9450.023 5.4080.018 5.2480.023 4595+30 003+009 0021+0004 -0.527+0.021

case), no mass exchange has taken place and they have evolabte 2. Photometric properties and parallax of WD04230.
as isolated stars. Thus, it is logical to assume that bothpoem The uncertainties are typically 3% fof, R, andl, and 5% for
nents of G3927/289 have the same age and the same origirthk rest.
metallicity. The K-star component, and, by extension, dme
mon proper motion companion, were classified as Hyades mem-
bers by Perryman et al. (1998) and therefore would have an age \Y R I J H K x (mas)
ranging from about 0.6 to 0.7 Gyr. However, this stands ini-obv
ousgco?]flict with the cooling tim):e of WD043270, which has 1648 1581 1540 1501 1461 1442 1432 +80
been estimated to be about 4 Gyr (Bergeron et al. 2001).

In this work, we carry out a detailed study of these objects,
using both information present in the literature and alsoosn Table 3. Atmospheric parameters of WD048270 available in
spectroscopic observations, with the objective of urngitheir the Iiter'ature
nature and their possible membership to the Hyades opeerclus '
We evaluate the €lierent scenarios and discuss their respective
implications to white dwarf physics and Galactic dynamics.

Ter (K) logg Reference

5620+ 110 814+0.07 Bergeron et al. (2001)
5,434+ 300 80+0.1 Zuckerman et al. (2003)

2. Observations

We have observed both components of the common proper mo-
tion pair, namely BR2-26 730 and WD0438270, with the ob-
jective of characterizing their radiative properties.he tase of
BD+26 730, we performed spectroscopic observations with t %e of~ 600 Myr. Thus, the results suggest a Hyades age for
FOCES echelle spectrograph on the 2.2 m telescope at CA +26 730. )
(Almeria, Spain), obtaining a resolution Bf ~ 47,000. The In the case of WD0438270, a cool white dwarf, the
data were reduced following the standard procedures ubing Pest way to estimate itsffective temperature is by using the
echelle tasks of the IRAF package. From these observatiop@otometric energy distribution instead of a spectroscdipi
together with a detailed study of the visible and near-nefda (Bergeron et al. 2001). However, we decided to observe this o
spectral energy distribution of the star, we derived thieative J€Ct to ensure its spectral classification. The observatwere _
temperature and metallicity of BE26 730 following the pro- performed with the LCS spectrograph of the Harlan J. Smith
cedure described [n Catalan et al. (2007). The resultihgevaf (2.7 M) telescope at McDonald Observatory (Texas, USA) cov-
Ter = 4,595+ 30 K is in good agreement with the determiering some of the main Balmer lines (from 3,885 to 5,267 A)
nation of Olah et al. (2001). The chemical composition gsial and obtaining a resolving power of 5 A FWHM. We used
yielded a nearly solar metallicity of [Ad]= 0.03 + 0.09. The the standard procedures within the single-slit tasks of /A
total luminosity,L, was calculated from the apparent magnitudeackage. The spectrum shows weak absorption lines but vee wer
and a bolometric correction (Masana et al. 2006). A summaale to unambiguously identify 84 The weakness of the lines
of the photometric information of BBE26 730 and the derived is the reason why this star had been previously classified as a
stellar parameters is given in Table 1. type DC white dwarf by several authors (Eggen & Greenstein
A very relevant parameter for our study is the ag#&965; Oswalt & Strunk 1994). Higher resolution observation
of BD+26 730. Unfortunately, this cannot be deterbyBergeron et al. (20011) and Zuckerman et al. (2003) had per-
mined reliably from the observedez and L and using mitted the identification of & and H3, respectively. Putting all
model isochrones because of the relative proximity of thesults together we can confidently classify this object B&\a
star to the zero-age main sequence. Note, however, thdtite dwarf.
Barrado y Navascués & Star (1996) determined lithium Bergeron et al. (20011) useBVRIJHK photometry — see
abundances for a sample of binaries classified as Hyadeble [2 — to obtain the energy flux distribution of
members, including BB26 730. Lithium was indeed de-WD0433+270. From a fit of diferent theoretical energy distri-
tected in this case, obtaining a value of Mg = 0.31, butionsthey obtained itsfective temperature an&(d)?, where
which is in good accord with the rest of the observed bRis the radius of the star arttis the distance. The radius can be
naries, albeit with an abundance somewhat larger than tlatermined accurately because a trigonometric distaraeis
of single objects belonging to the Hyades (Mg = -0.5). able for this object. The authors also obtained its massaygl |
According to|Barrado y Navascués & Sfear (1996)), this is from the mass-radius relation |of Fontaine et al. (2001) f@ C
something expected since, in general, binary systems havewdite dwarfs! Zuckerman et al. (2003) followed the same pro-
overabundance of lithium with respect to single stars. i.ateedure as Bergeron et al. (2001), but using the mass-raslas r
Barrado y Navascués et al. (1997) recalculated the lithiution of[\Wood (1995). The results obtained by these authas ar
abundance of BB26 730, obtaining in this case Idg; = 0.23. summarized in Tablel 3. It is worth mentioning that the spectr
They compared the Li abundance and tlfeaive temperature scopic observations were not used in any case to estimate the
of this object with lithium depletion isochrones, yieldirayn stellar properties but they served as an internal checkegbttio-
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Table 4. Spacial velocities for the studied stars and the Hyadesarlasd streams.

Ha Us V; U=xoy V+oy W+ ow
(magyr)  (magyr) (knmys) (kmys) (kmys) (kmys)
WD0433+270 228 -155 +36.3 -39.2 -155 -1.8
WD0433+270 228 -155 +41.7 -44.4 -157 -39
BD+26 73G 232.36 -14711 +36.18+0.08 -394 -17.2 -16
Hyades OCl -428+36 -179+32 -22+52
Hyades SCI($) -316+28 -158+28 08%27
Hyades SCI(2) -330+42 -141+40 -51+31
Hyades SCI(3) -328+28 -118+28 -89+29
Hyades Streamn -303+15 -203+06 -88+4.0

1Proper motions frorh Salim & Gould (2003) and velocities fidockerman et al. (2008).

2Proper motions frorn Salim & Gould (2003) and velocities teglated considering a Fe core (sg8.

SSpacial velocities calculated from the radial velocity @ndper motions reported by Perryman et al. (1997).
4Spacial velocities frorh Chereul et al. (1999).

SSpacial velocities from Famaey et al. (2005).

tometric solutions via comparison of calculated modeléithe as determined by Perryman et al. (1998). The result is not con
observed line profiles. clusive, however, because the mean metallicity of fieldssiar
The luminosity of the white dwarf can be derived from it®f [Fe/H]= —-0.14 + 0.19 (Nordstrom et al. 2004). The other
effective temperature (Bergeron et al. 2001) and distadce ( important point is the detection of lithium in the spectruin o
16.95+0.86 pc), and considering its apparent magnitude and tB®+26 730 by| Barrado y Navascués & Sfian (1996)), which
bolometric corrections dgf Masana et al. (2006). The valw thclearly favours a relatively young age for this object, and i
we obtained is lod(/L») = —3.92+0.04, and, from this, a radius agreement with the rest of the Hyades members studied.
of R=0.0115+ 0.0010R. Both results are in good agreement |t has been often mentioned that there is a spatially un-
with those reported Ky Bergeron et al. (2001). bound group of stars in the solar neighbourhood with the same
kinematics as the Hyades open cluster (Eggen et al. 1993b;
. Perryman et al. 1998). This group of stars is called the Hyade
3. Membership to the Hyades stream or Hyades supercluster. Chereul et al. (1999) mapped

The membership of WD043270 to the Hyades cluster wasdensity-velocity inhomogeneities of an absolute magitird-
evaluated by Eggen (1993a) within the course of a study of §fd sample of A-F type dwarfs. Threefigrent clumps within
degenerate stars with certain kinematic criteria. WDa43® the Hyades stream were distinguished, each one of them with
was excluded from the member list, although the radial \igloc characteristic space velocities, which are given in Tabléhe
of its companion is identical to the value predicted from menguthors also claimed that the Hyades stream contains psobab
bership. The justification was a color index supposedly b rthree groups of 0.5-0.6 Gyr, 1 Gyr and 1.6-2 Gyr, which are
to belong to the Hyades but, more importantly, the distarfce i an advanced stage of dispersion in the same velocity valum
the common proper motion pair to the center of the clusteis THEAch stream presents a characteristic age distributitimuagh
author concluded that this common proper motion pair is préi€ velocity separation does not produce a clear age separat
jected on the cluster but only at about a third of the distance  In Table[4 we provide the radial and space velocities of
the cluster. BD+26 730 and WDO0438270. We also give the kinematic

The comprehensive study [of Perryman et al. (1998) consfroperties of the Hyades open cluster (OCI) and of each clump
ered the 5,490 Hipparcos Catalog stars corresponding fietde Wwithin the stream according fo Chereul et al. (1999) (caBex
of the Hyades. Hipparcos astrometry was combined with radia 2 and 3 by these authors). The recent spatial velocitiétseof
velocity measurements in order to obtain three-dimensioma Hyades stream calculatedby Famaey et al. (2005) are aisd.lis
locities, which allowed candidate membership selectiosetla As can be seen, both members of the common proper motion pair
on position and kinematic criteria. The authors divided tHeave velocities compatible with those of the Hyades opestetu
Hyades into four components by using the three-dimensior@ld are somewhatf@ierent from the velocities characteristic of
distance to the cluster center. The distance of#BB 730 to the the Hyades stream or the clumps within the stream.
center of the cluster is 29 pc and therefore it was classieal a  From the kinematic considerations made here, together with
former member of the Hyades cluster, currently lying beythied the lithium detection in BB26 730, we favour the hypothe-
tidal radius €10 pc). In contrast, de Bruijne (1999) preferred ndatis that the common proper motion pair studied here is indeed
to include BD+26 730 in their list of Hyades member stars follinked with the Hyades cluster evolution-wise. It is cantginot
lowing the conclusions of a study based on the convergeint-pca bona fidecluster member because of it location beyond the
method. tidal radius of the cluster but it is likely a former membeath

It is also worth mentioning two further pieces of evidenchas escaped. If this scenario is correct, the componentseof t
that were not included in the studies mentioned above. Onepiir should have the age of the Hyades cluster, which was esti
the metal content of BB26 730. As discussed in SeEtl. 2, waenated to be 625 50 Myr by|Perryman et al. (1998). However,
have reliably determined the metallicity of this star anthoted we do not have conclusive evidence supporting this evaiatip
a value of [FgH]= 0.03 = 0.09. This is in reasonably goodlink and therefore the alternative scenario that this paiohgs
agreement with the Hyades metallicity of [F= 0.14 + 0.05 to the Hyades stream cannot be completely ruled out.
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The gravitational redshift and the radial velocity
of a white dwarf are two interdependent parameters.
Zuckerman et al. (2003) calculated the radial velocity of
WD0433+270 (see Tabld]4) assuming &CC core. Since
a Fe core seems also possible in this case, we have recal-
s He _ culated this value considering the mass-radius relation of
i ] Panei et al. (2000b) for Fe white dwarfs. As seen in Table 4,
L , in both cases, radial and space velocities are compatilite wi
- . the kinematic properties of the Hyades cluster, considerin
et 1 the typical errors of white dwarf radial velocities (Schuét
=15 = al. 1996).
= i ] Turning the argument around, the kinematics can also be
- used to estimate the mass of WD04230 independently of
the composition of the core. This can be done assuming that
WDO0433+270 has the same radial velocity as its companion,
BD+26 730, and considering the observed velocity of this white
dwarf reported by Zuckerman et al. (2003). This yields a mass
, of ~ 0.55 Mg, which does not conclusively favour any of the
, two core compositions (O or Fe).

05 . Once we know the masses that correspond to each mass-
e radius relation (see Tablel 4) we can calculate the cooling
times using the proper cooling sequences. In Eig. 2 we show
the cooling sequences for fiirent core compositions: /O
, , ) ) . (top-left), ONe (top-right), He (bottom-left) and Fe (bottom-
Fig.1. Mass-radius relations for fierent compositions and ht). The dashed lines correspond to cooling isochrovs.
Tet = 5,500 K. The dashed line corresponds to the radius Hgve overplotted thefkective temperature and luminosity of
WD0433+270. The filled circles correspond to observationgh/pp433+270 to check whether it falls within the range of val-
data obtained by Provencal et al. (1998). ues corresponding to each set of cooling sequences. Astexipec
there is no correspondence with thgNe- and He-core model
sequences since the physics of white dwarfs with these compo
Table 5. Masses and cooling times for WD048370 assuming Sitions predicts masses for this radius that are too higlor t

2.5

a §O and a Fe core. low, respectively.
The most common internal structure of a white dwarf is
thought to be a core made of/@ surrounded by a H thick
Model M M t G . .
ode wo (Mo) ool (GYT) envelope ontop of a He Hfiier, with compositions ofj(H) =
C/Ocore 067+003 41+12 My/M = 10 andq(He) = Mpe/M = 1072, The cooling
Fecore (®6+007 10+01 sequences df Salaris et al. (2000) consider such configorati

but with a larger abundance of O than C at the center of the
core. These improved cooling sequences include an accurate
treatment of the crystallization process of th®©@ore, includ-
ing phase separation upon crystallization, together witesof-
4. The nature of WD0433+270 the-art input physics suitable for computing white dwarb-ev
lution. As can be seen in Tablé 4, the cooling time derived
Most white dwarfs have a core made ofGZ although other (~4 Gyr) is in excellent agreement with the results obtained by
compositions are possible. However, in this particulaecasd [Bergeron et al. (200[1). This cooling time is 6 times largemth
given the putative age discrepancy with the Hyades cluster, the age of the Hyades open cluster and 2 times larger than that
consider all the feasible compositions that have been gexpo of the older Hyades stream group — abet Gyr (Chereul et
to date. In Fig[lL we show mass-radius relations considerial 1999). The assumption of aryNie-core white dwarf would
different compositions for the core: He (Serenelli et al. 2003)ive smaller cooling times, since the heat capacity of O aad N
C/O (Salaris et al. 2000), e (Althaus et al. 2005) and Feis smaller than that of C, and as result white dwarfs of thiety
(Panei et al. 2000a). All these relations correspond to an ebol faster (by a factor of 2). We considered the coolingksac
fective temperature of, 500 K. As can be seen, the radius obf/Althaus et al. (2007) for @e-core white dwarfs (Fidll 2, top-
WD0433+270 only has a corresponding mass in the casg©f Cright). The outer layer chemical stratification consistsiqfure
and Fe cores (dashed line). The existence of Fe white dwdnfgirogen envelope of T8Mg overlying a helium-dominated
has been pointed out in the past. Provencal et al. (1998)atkrishell of 4x 10*Mg and, below that, a bEer rich in 12C and
the radii of some field white dwarfs using parallaxes afidee 1°0. However, as mentioned before, this core composition does
tive temperatures. Then, they obtained the masses fronadlie rnot reproduce a white dwarf with such small radius.
and surface gravities, which were previously determinetin In the light of the recent results obtained by
pendently from spectroscopic fits to white dwarf modelswa t [Kilic et al. (2007), who claim that He white dwarfs may
cases (GD 140 and EG 50) they obtained masses that weredaist in the Galaxy as a product of single stellar evolution,
small to fit the QO mass-radius relation. The best explanatiomave considered also this composition. In Fig. 2 (bottofi)-le
for these stars that the authors proposed is that they haee amve have plotted the cooling sequences of Serenelli et aDA20
core (Shipman & Provencal 1999). The data correspondingfto He-core white dwarfs. But, as in the case of thi&core
these stars have been also plotted in [Hig. 1. models they do not reproduce a white dwarf with this observed
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Fig.2. Luminosity versus #ective temperature for flerent cooling tracks: ©-core (top-left), @Ne-core (top-right), He-core
(bottom-left) and Fe-core (bottom-right). The dasheddirepresent cooling isochrones.

radius. Moreover, as can be seen in . 2, thieative tem- not consider a possible systematic contribution from thading
perature and luminosity of WD043270 does not fall in the sequences.

range of values covered by these tracks. In any case, He-core

white dwarfs cool typically slower than/O-core ones because

of the larger heat capacity of He in comparison with C and @&. Discussion and Conclusions

Although this is partly compensated by the smaller mass, t

e . . :
net result does not lead to smaller cooling times Pn this work we have presented new spectroscopic obsenstio

of the members of the common proper motion pair G39289.
Finally, we have taken into account the cooling tracks dfsing these observations and the available photometry we ha
Panei et al. (2000p) for Fe-core white dwarfs, obtaining @l-co better characterized these objects, which has helped unsltr-u
ing time of ~1 Gyr, which is 4 times smaller than foy@ white stand their nature.
dwarfs. This is because Fe nuclei are much heavier than C or O Considering the kinematic properties of the members of the
and, hence, the specific heat per gram is much smaller. The cqair and the lithium detection in BER6 730, we favour the sce-
ing time derived is in much better agreement with the age®f thario in which the common proper motion pair is indeed a for-
Hyades open cluster when considering an Fe core. It shouldrber member of the Hyades cluster, and thus its members have
noted that the cooling time of a white dwarf is just a loweritim a coeval age 0£0.6—-0.7 Gyr. Having evaluatedftérent com-
to its total age, since the main-sequence lifetime of itgpm  positions for WD0433270, the young age inferred from clus-
itor, which is badly determined for single white dwarfs, sltb ter membership is only compatible with the case of an Fe core,
also be taken into account. However, this value could be relahich would have an associated cooling time~df Gyr. The
tively small if the white dwarf progenitor is massivigigg < 1 agreement is not perfect, but the modelling of the coolingr ev
Gyr). Itis worth mentioning that the uncertainties in theliog lution of Fe-core white dwarfs could still have some asgecia
times are derived only from the observational parametedsian uncertainties.
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The existence of white dwarfs with an Fe-rich core has inflesearch was partially supported by the MEC grants AYA05433C03-01 and
portant consequences for the models of thermonuclearsigplo 02, by the European Union FEDER funds and by the AGAUR.
of stellar degenerate cores. According to the theory ofastel
evolution, all stars that develop an Fe core experiencelapss
to a neutron star or a black hole, regardless of the mass |5§§gerences
rate assumed. However, there is still an alternative pidisgitn ~ Althaus, L. G., Garcia-Berro, E., Isern, J., & Corsico,h.2005, A&A, 441,
avoid this final fate that relies in the failure of the therraolear 689A ) .
explosion of a degenerate white dwarf near the Chandrasekﬁ'ﬁ‘%%%7LA%"Ai%rg'§f§A”°’ E., Isemn, J., Corsico, A, & Rohrmann, R. D.
limit (Isern etal. 1991). Our current view of a thermonucle®  garrado y Navascués, D., Seer, J. R. 1996, AGA, 310, 879
plosion is as follows. Once the thermonuclear runawaysstart Barrado y Navascués, D., Fernandez-Figueroa, M. J.,iGaapez, R. J., De
the central regions of a white dwarf, the ignition front pagptes Castgro, E., & Cornide, M. 1997, A&A, 326, 780
outwards and injects energy at a rate that depends on thevegﬁgsg)‘jgr' FI;’ I(_:eglgg%tg %h%' _‘I‘}hr‘;‘;:é’ ’\\("AIZ-&?S; SAitF;/JS' 13341
ity at which matter is ﬁectl\_/ely burned leading to the expansioF iaian, 'S Isem, J., Garcia-Berro, E., et al. 2007, AGA press
of the star. At the same time, electron captures on the incine  (arxiv:0710.1542)
ated matter iciently remove energy at a rate determined by theayrel, R., Hill, V., & Beers, T. C., et al. 2001 Nature, 409,16
density causing the contraction of the star. Thereforegdding gggﬁjli{lﬁg-,JCFfiéZJé,l'\élgg&S:\?g;ysmgb (63- ;giw A&ASS, 135, 5
on the ignition density and .the velocity of the burning frahe de Brui}ne: J: H: J: , Hoo,gerwerf, R dé Zeeuw, P. T. 2001, A&7, 111
outcome can be ferent. It is known that He-degenerate coresygen 0. 3., & Greenstein, J. L. 1965, ApJ, 141, 83
always explode, that Mle and Fe degenerate cores always cokggen, 0. J. 1993a, AJ, 106, 642
lapse and that ©-degenerate cores can explode or collapse deggen, O. J. 1993b, AJ, 106, 1885
pending on the ignition density. The existence of Fe-riclitevh Egmggy E" g}%ﬁsgnﬁ-ﬁ L)‘(""gt(; |et23|é)7202§AE§218%55726' 1
dwarfs would |mp_ly the possibility pf an !ntermed|ate beiumr_ Fontainyé, G., Brassard, P, & Bergeron, P. 2001, PASP, TKB, 4
between those discussed above in which an Fe remnant is fgdbel, A., Christlieb, N., Norris, J. E., et al. 2007, Ap80§117
after a mild explosion. Holberg, J. B., Oswalt, T. D., & Sion, E. M. 2002, ApJ, 571, 512
A detailed theory explaining the formation of Fe-core whit&em, J., Canal, R., & Labay, J. 1991, ApJ, 372, 83
dwarfs is still to be developed and up to now the possibility &"'Cka?;'('i'\/_g;%%e;b 4*,; Z., & Pinsonneault, M. H. 2007, ApJ, suied
their existence has been suggested mainly from obser@#on yiamajek, E. E., Barrado y Navascués, D., Randich, S., €087, in Stellar
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