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ABSTRACT

Context. BP Psc is a puzzling late-type, emission-line field star @étige infrared excess. The star is encircled and enshroogled
a nearly edge-on, dusty circumstellar disk, and displaysx@ensive jet system similar to those associated with @ersequence
(pre-MS) stars. However, the photospheric absorptionufeatof the star itself appear more consistent with postiseguence status.
Aims. We seek to characterize the molecular gas component of tHesBHlisk, so as to compare the properties of its moleculfar dis
with those of well-studied pre-main sequence stars.

Methods. We conducted a mm-wave molecular line survey of BP Psc wighBthm telescope of the Institut de Radio Astronomie
Millimetrique (IRAM). We use these data to investigate tlimeknatics, gas mass, and chemical constituents of the BRiglsc
Resuits. We detected lines d?CO and'3CO and, possibly, very weak emission from HC&nhd CN; HCN, HCO, and SiO are not
detected. The CO line profiles of BP Psc are well fit by a modealking a disk in Keplerian rotation. The mimumum disk gas snas
inferred from the?CO line intensity and3CO/*2CO line ratio, is~0.1 Jupiter masses.

Conclusions. The weakness of HCOand CN (relative td**CO) stands in sharp contrast to the strong HGMd CN emission
that characterizes most low-mass, pre-main sequencetBtarhave been the subjects of molecular emission-lineeganand is
suggestive of a very low level of X-ray-induced moleculanization within the BP Psc disk. These results lend someatipp the
notion that BP Psc is an evolved star whose circumstell&riuis its origins in a catastrophic interaction with a closspanion.
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1. Introduction The enigmatic K emission-line field star BP Pse (StHx
202; Stephenson 1986) stands as an important object inethis r
gard (Zuckerman et al. 2008, hereafter Z08). Z08 estaliishe
that this little-studied system consists of a late G-typeanly
K-type star surrounded by a compact, dusty, gaseous disk, an
that the star-disk system is the source of highly collimgdésl
1608 furthermore infer, on the basis of both its classicayle-
peaked CO line profiles and the dark-lane morphology of near-
IR adaptive optics images, that the BP Psc disk is viewedyear
panions. Studies of such disks typically rely on dust eraissi €d9€-0ni(~ 75°) and that the disk absorbs and reradiates 75%
(i.e., infrared excess) to ascertain fundamental disk gmgs ©f the incident stellar luminosity as seen from Earth. _
(e.g., disk dimensions and mass; e.g., Backman & Pares@ 199 Like the intensively-studied, nearby classical T Taurr sta
Lagrange et al. 2000; Zuckerman 2001). Complementaryj-sed§ TTS) TW Hya (Kastner et al. 1997; Webb et al. 1999; and
tive measurements of (sub)millimeter emission from COegaftreferences therein), BP Psc is isolated and found at higittial
H., the second-most abundant molecular species) as wellsas lagtude. Z08 show that if BP Psc is an early K-type pre-main
abundant molecular species (such as HCN, CN, and H@&® sequence (pre-MS) star then, like TW Hya, it would be one of
ward disk-enshrouded stars provide the best available sreanthe closest (and perhaps oldest) classical T Tauri stara/fno
determine the residual molecular gas content and chenustryHowever, unlike TW Hya, no young stellar association hasibee
circumstellar disks (e.g., Zuckerman, Forveille & Kasth@®5; identified in the vicinity of BP Psc (for a list of nearbp [~ 100
Kastner et al. 1997; Dutrey et al 1997; Thi et al 2004). Sugit ] young associations, see review in Zuckerman & Song 2004)
measurements provide unique tests for theories descrilighkg Indeed, Z08 also present two lines of evidence suggestiayg th
chemical and thermal evolution, particularly for those mled BP Psc may be an evolved star — most likely, a first-ascent gi-
concerned with thefeects of irradiation of protoplanetary disksant: its 16709.6 Li absorption line is far weaker than in early
by high-energy photons — UV and (perhaps more importantli}type stars of agec 100 Myr, and gravity-sensitive lines in its
X-rays — on circumstellar disk chemistry and energeticg.(e.optical spectrum suggestit is of luminosity class IV orili,, its
Glassgold et al. 2004, 2007). surface gravity is lower than a typical 10 Myr-old, K-typeep

Circumstellar disks around young stars serve both as thessu
of material for accreting young stars and as the sites ofi@atsc
planets orbiting such stars. Circumstellar disks arounith reex
quence and evolved stars may represent debris resulting f
planetary collisions, the destruction of planetary-masagan-
ions, or similarly devastating interactions with stellaass com-
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MS star. Whether BP Psc is an isolated, relatively old cTTS or
a post-MS star undergoing an episode of collimated mass loss o
its nearly edge-on disk and its system of jets and HerbigsHar 0.6F -
objects — which is as spectacular as the jet systems commonly i ]
associated with very young (still cloud-embedded) pre-ké$ss
— make BP Psc an exceedingly unusual object. i
To better characterize the disk orbiting BP Psc, we und&rtoo 0.5¢
a mm-wave molecular line survey with the 30 m telescope of the f
Institut de Radio Astronomie Millimetrique (IRAB). In addi- i ]
tion to constraining the mass, kinematics, and chemisttpef i ?co(2=1) (/3) ]
BP Psc disk, the results point out significarffeliences between 04F a
this system and those pre-MS star molecular disks that Hewe a ? ]
been the subjects of extensive radio emission-line surveys

2C0(1-0)

2. Observations
2.1. Data Acquisition and Reduction

We conducted our molecular line survey of BP Psc with the
IRAM 30 m telescope during the period 4-6 Dec. 2007. The
molecules and transitions observed are listed in Table 1. We
observed simultaneously in either the 100 GHz (3 mm) and
230 GHz (1 mm) or 150 GHz (2 mm) and 270 GHz (1 mm)
bands, and in both polarizations in each band, using receive
combinations A106B100 and C238D230 or A15G-B150 and
C270+D270 (all in SSB mode), respectively. The 1 MHz filter
banks served as the spectral line backends. The weathexwas e
cellent to good{,25 ~ 0.1 to 0.3) throughout the period; time- : ]
averaged system temperatures in both the 3 mm and 1 mm bands ol v b b
were in the range 250-400 K. We checked pointing and focus 100 50 0 50
(using Uranus as the reference) every 1-2 hours, and both wer

found to be stable and reliable; typical pointing errorseveB”, Visg [km/s]

i.e., less than/B beamwidth for 3 mm (FWHP beamwidth’21

and less than/4 beamwidth for 1 mm (FWHP beamwidth2  Fig. 1. Radio (mm-wave) molecular spectra of BP Psc. Ordinate
Individual spectral scans were of duration 200 s, with tote- s velocity with respect to the Local Standard of Rest (LSRR} a
gration times (per polarization) ranging from40 minutes (for apscissa is antenna temperature corrected for béacency.
HCN(3-2)) to~ 8.5 hours (for HCO(3-2)). Spectral baselines ardfset in T for clarity. All spectra except
We used the CLAS&radio spectral line data reduction pack12CO(3—2) were obtained with the IRAM 30 F2CO(3-2) was

age to sum all individual spectral scans obtained in both pgebtained at the JCMT 15 m. See text and Table 1.
larizations for a given transition, and then to subtrachadr-
fit baseline from each of these integrated spectra, calnglat L . . .
channel-to-channel noise levels in the process. A few ideiv @S UPPer limits in Table 1 and are considered as such in the dis
ual scans were discarded due to baseline anomalies. AtimatecUsSion below. For HCN, 3€O, and SiO, the upper limits on
temperature measurements reported in Table 1 figgex and PEaK antenna temperatufgmx and integrated line intensity
I see§3.1), have been corrected for beaffigency assuming | listed in Table 1 were obtained from the channel-to-channel
Berf = 0.76,0.70,0.57 and 0.45 at observing frequencies of 8¢}0!Se level measured via spectral baseline fitting, assgimin
115, 230, and 270 GHz, respectifly |_nevy|(_jth of 15 km s* FWHM (as estimated from _CO Ime_pro—
' ' ' file fitting; §3.1). The measurements of the CO line profile pa-
rameters and of the upper limits @@ max andl for the marginal
2.2. Results detections of HC® and CN are described i§3.1. Relative to
) ] ) ] the intensities of the CO lines, the HE@nd CN emission from
Results are summarized in Table 1 and Fig. 1. Including the pthe BP Psc disk is evidently quite weak in comparison to pre-
vious observations obtained with the IRAM 30 m and the 15 WS star disks (Dutrey et al. 1997; Thi et al. 2004; $&e3).
James Clerk Maxwell Telescope (JCMT) reported in Z08, the Bffye upper limits on HCN emission in Table 1 are not similarly
Psc molecular line survey has yielded detection¥6f0(1-0), constraining.
12Cc0(2-1),2C0O(3-2) and*CO(2—-1) emission; only tentative
detections of HC®(3-2) and CN(2-1) emission; and nonde-
tections of HCN, HCO, and SiO (maser) emission. Given thé. Analysis and Discussion
marginal ¢20) significance of the possible detections of th
HCO"(3-2) and CN(2-1) lines, these observations are repor

t%’ & CO line profiles: constraints on disk structure and

kinematics
1 httpy/iram.fiy Some of the CO lines displayed in Fig. 1 (see also Z08) appeart
2 See httpYiram.f/IRAMFR/GILDAS/ display the double-peaked profile characteristic of a oirstel-

3 See httpiram.fyIRAMFR/ARN/aug0%node6.html lar disk in Keplerian rotation (e.g., Beckwith & Sargent 399
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Table 1. Molecular emission lines measured toward BP Psc

Transition v Temax | A q Pad
(GHz) (mK) (Kkms?) (kms?)
(1) (2) (3) (4) (5) (6) (7)

2CO (1-0) _ 115.270 85 (4) 12(@©.1) 53(03) 08(01) 033
2CO(2-1) 230538 260(35) 3.5(0.4) 4.7(0.3) 0.7(0.1) 0.1
2c0(3-2)  345.796 530(120) 5.2(0.8) 4.0(0.5) 0.5 0.1:
BCO(2-1) 220399  33(2) 0.4(0.1) 4.0(0.9) 09(0.2) ..

HCO' (3-2)  267.558 <15 <023
CN (2-1) 226.875 <9 <015
SiO (v=1,2-1) 86.243 <12 <018
HCN (1-0) 88632 <4 <0.06
HCN (3-2)  265.886 <70 <11
H,CO (21-11) 140.839 <10 <015

NOTES — Data obtained in 2007 December with the IRAM 30 m, \eitheption of-2CO (2-1) (obtained 1996 May with the IRAM 30 m) and
12CO (3-2) (obtained 1996 Feb. with the JCMT 15 m). Peak linenisity (Tsx), integrated line intensityl§, one-half peak-to-peak velocity
difference (), radial temperature power law indej) (and outer disk cutd parameterfy) obtained from fits to disk model line profiles. Numbers
in parentheses indicate formalofLuncertainties in best-fit parameter values. Upper limit'gn.x and| listed for nondetected transitions of
SiO, HCN, and HCO are 3, based on measured channel-to-channel noise levef&-lime regions of spectrum and an assumed linewidth of 15
km st. See§§2.2 and 3.1.

hereafter BS93; Omodaka et al. 1992). In contrast!#8©(2— to the value estimated from tR&CO(2—1) profile fitting (see be-
1) line appears flat-topped, and is reminiscent of 3@0(3-2) low). The total CO line intensitied  were then obtained by in-
line profile measured with the SubMillimeter Array (Z08).1 Al tegrating the best-fit models over the velocity rard® to+15
of the CO lines display broad wings extendiag- 15 km s'to km s with respect to the systemic velocity of BP Psc. For the
either side of the systemic velocity of BP P& 4r = —15 km (marginal significance) CN and HCQines, all parameters ex-
s™1). In addition, thet?CO(1-0) line appears to display a broadeptTg nax Were fixed to the values obtained from the fit to the
negative-velocity shoulder; a feature ndagr ~ —25 km st 12CO(2-1) profile, such thaltg max Was left as the only free pa-
may be present in the other CO profiles as well. rameter; the & upper limits onTg max @andl in Table 1 are then
The CO line profile asymmetries, and the slight varidsased on the formal uncertainties in the resulting il &Qnax
tion from transition to transition, suggests departuresifthe (these upper limits are similar to those estimated from teeb
“ideal” flattened disk with sharp outer edge in Kepleriararot line fitting procedure).

tion. Nevertheless, the BP Psc CO profiles can be reasonablyThe results of this profile fitting exercise are listed in c8ls
well described by a simple parameterization of the resiilt®e 7 of Table 1. In Fig. 2 we display the best-fit model CO profiles
tailed numerical models of Keplerian molecular disks sun@  overlaid on the IRAM and JCMT spectra. For three of the four
ing T Tauri stars (Egs. 27, 28 of BS93). The parameterizatigrp lines measured thus far, we obtain best-fit valueg af the
applies in the case of a disk viewed edge-on — a reasonapfige 4.0-4.7 km$. The 12CO(1-0) line yields a somewhat
approximation of the BP Psc viewing geometry — and is ifarger best-fit value ofy = 5.3 + 0.3 km s'1. These values of
terms of the Keplerian velocityy at the outer edge of the disky, are all systematically larger than those obtained from kmp
(Va = (GM,/Rq)"/?, whereM, is the stellar mass anBlq the two-Gaussian model fits to the single-dish (Fig. 1) and fater
disk outer radius) and the indexof the (assumed) power law ometer (Z08) CO profiles, which yield peak-to-peak sepanati
dependence of disk gas temperatiiren radial positiorr (i.e., in the range 6.0-7.5 kn (i.e., v in the range 3.0-3.75 km
T(r) o 7). Hence,vq defines the peaks of the “twin horns’s-1) The discrepancy is due to the fact that, in the BS93 model
in the ideal line profile, with the value ofy roughly equal to parameterization, the value af corresponds to the outer edges
half the peak-to-peak velocity separation of the hornsaBee of the “twin peaks” in the line profile, whereas the Gaussitm fi
the velocity dependence of line flux E(v) oc V¥ for v > vq  find the velocity centroids of these peaks.

(BS93),q dictates the steepness of the line wings in the model ), (tentatively) conclude thag lies in the range 3.0-4.0 km

profiles. Values ofj larger than the canonicgl= 1/2 yield an 1

“excess” of highv disk material relative to the “standard” BS9 SI 'inF ?rr]:ugr]]ger%ngi%’ t(qeOT'la %sosf;?\?e%egt[ja;lsfmewgfulldoo
d'Sk. models and,_hence, broader Wwings than _those of the B 80) pc (Z208). The Keplerian profile fits also indicate valoé
profiles. In modeling the BP Psc CO line profiles, we modifiefl ;.\ b in the ranges 0.7-0.9 and 0.1-0.3, respectively (Table
the lowv BS93 profile parameterization (BS93, Eq. 28) by 'nl), suggesting that the gas temperature in the BP Psc disk fal

troducing a variable index for the power-law dependencéef t,g: o mehat more steeply than'/? and that the disk does not
line intensity on velocity (i.e.F(v) « v for v < vg). This pa- have a sharp outer edge
Y .

rameter,pq, in effect accounts for the fact that the disk likel
does not have a sharp ctitat Ry; values ofpy < 1.0 tend to fill
in the central regions of the line profile. 3.2. Disk gas mass, density, and gas-to-dust ratio

Fitting the BP Psc CO lines with this simple model thereby
allows the empirical determination of and the peak line in- Due to lack of knowledge of the optical depth {#CO(2-1),
tensity Te max, @s well as the temperature profile and outer ed@®8 were only able to estimate an approximate lower limihi t
cutof power-law indices) and pq. For the threé?CO lines, all mass of gas in the BP Psc disk. Detectioh®6fO(2—1) emission
four parameters were left free during the model fitting. Far t (Fig. 1; Table 1), in combination with our previous measueam
(lower signal-to-noise}y>CO(2-1) line, the value gy was fixed of ?CO(2-1) at the 30 m (Z08), allows us to refine this disk gas
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Fig. 2. CO line profiles of BP Psc (solid lines) overlaid with besk#plerian disk model profiles (dashed lines). Ordinate isaity
with respect to the systemic velocity of BP PSgdg = —15 km s1).

mass estimate. Specifically, tRCO(2—-1)'3CO(2-1) line ra- al. (1997) estimate that, in pre-MS disks, CO gas is depleyed
tio is now determined to bes@ (Table 1). Assuming the solarfactors~10-200. Thi et al. (2004) further estimaf&€O optical
value of 89 for the number ratio 6fC:13C, and that thé3CO(2— depths< 1 for each of the 4 pre-MS disks that they observed
1) emission is optically thin (see below), this implies aticgd  with the JCMT, whereas the BS93 CO line profile models indi-
depth in the*?’CO(2-1) line ofr ~ 10. With thist estimate, and cate that thé3CO optical depth should bhe> 1 given a gas-to-
adopting standard formalism (e.g., Eq. 4 in Z08) and stahadsw dust mass ratio of 100 and COsH 104 by number.

sumptions (i.e., a mean gas temperature ¢f K and a CO:H
number ratio of 16%), we estimate a disk gas mass-010~* M,
(~ 0.1 Jupiter masses) assuming that BP Psc is a pre-MS st
a distance o100 pc. The disk would contain about a Jupiter

mass of gas if BP Psc were instead a first-ascent giant at 300Medels indicate that both HCOand CN should be sensitive
Adopting the Z08 estimate for the mass of cold ¢ 200 tracers of X-ray molecular ionization rate at a given gas col
K) dust in the disk, 0.7 Earth masses (for an assumed dignn density. Glassgold et al. (2004) note that the abundafnce
tance of 100 pc), these gas mass estimates imply a (distarld€O* is likely to be sharply elevated in pre-MS circumstellar
independent) gas-to-dust ratio ef 50. Meanwhile, assuming disks that are irradiated by X-rays from the vicinity of trene
BP Psc is pre-MS, such that its disk outer radiuB4s= 50 AU tral star. Although the Glassgold et al. disk models do net in
and disk scale height is 5 AU (the latter based on the heavy @hide HCN or CN, the abundance of the latter (the dissociatio
scuration of the central star for an assumed inclinatioR5’; product of HCN) should also be enhanced by exposure tostella
Z08), the implied mean Hnumber density isy, ~ 2x 10®  X-rays (Lepp & Dalgarno 1996). Kastner et al. (1997) and Thi
cm™3. This mean density — which depends only weakly on thet al (2004) considered both X-rays and UV as potential dsive
assumed distance to, hence evolutionary status of, BP Pscof4arge HCO/CO and CNMHCN abundance ratios (relative to
is significantly larger than the critical densities of eatiitn of the molecular cloud values of these ratios) measured in Ti Tau
all of the molecular transitions in Table 1 (see, e.g., Tdbtd and AgBe star disks. lonization of Hby soft (~ 1 keV) X-
Dutrey et al. 1997). rays was also implicated as the source of enhanced*HEMe
Our disk gas mass, gas-to-dust ratio, and meamifnber molecular envelope surrounding the planetary nebula N&Z 70
density estimates remain uncertain — and may still onlyeepr(Deguchi et al. 1990), an interpretation supported by thessu
sent lower limits — given the possibility that most CO mollesu quent detection of an extended region of luminous, soft K-ra
in the disk are frozen out onto (i.e., trapped in icy mantles s emission within this object (Kastner et al. 2001).
rounding) dust grains, or are preferentially photodisstad rel- In Figs.[3,[2 we plot the Table 1 results f6tCO/*2CO,
ative to H. Indeed, the assumptions invoked above for the BRCO*/*3CO, and CNCO line ratios measured for BP Psc
Psc disk — optically thir3CO emission and CO:humberra- along with the same ratios for all (6) other circumstellaskdi
tio of 10~ — may be mutually exclusive. Adopting the standardources for which line intensities have been published te da
ISM gas-to-dust ratio of 100, Thi et al. (2004) and Dutrey €TW Hya: Kastner et al. 1997 and Thi et al. 2004; DM Tau and

a?'éf’t Weakness of HCO' and CN: inefficient molecular
ionization?
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S ‘ e cause the typical disk gas densities arffisient to well-excite
B ] the observed transition§3.2), the HCO/*3CO and CMCO
I 1 ratios serve as measures of the relative abundances (asezppo
A&G 1 to the ease of excitation) of HCCand CN, respectively (again
] assuming®CO is optically thin).
In both Fig[3 and Fid.14, five of the six previously observed
pre-MS stars appear clustered together. The outlier anmfuag t

{ pre-MS stars is the “old” (age- 8 Myr) cTTS TW Hya.

Although'2CO is optically thick in all of the objects, tHgCO
1 optical depth of the TW Hya disk is smaller than that of thesoth
BP Psc %4% 1 pre-MS stars (see also Table 8 of Thi et al. 2004), likely otfle
1 ing its relatively evolved state. TW Hya also displays threéest
| HCO*/13CO and CM'3CO line ratios among the pre-MS stars.

o1 | . L Fig.[ is indicative of a correlation between the HGBCO
CO/7C0 line ratia and CN'CO line ratios in pre-MS circumstellar molecular

: : . disks. Furthermore, the star with the largest HE@CO and

13 13c /L2 ,

Fig.3. HCO™/™CO vs.*CO/**CO line ratios for BP Psc and CN/®CO line ratios, TW Hya, exhibits the largest quiescent X-

for the (6) pre-MS stars measured to date (including thevedbl ray luminosity:Ly = 1.4 x 10% erg s? (Kastner et al. 2002),

cTTS TW Hya). Data points corresponding to JCMT 15 m mea ) < .
va) b b g compared with_x <~ 5x 10?° erg s for those stars for which X-

ray data have been published to date (HD 163296, Stelzer et al
06; DM Tau, Gudel et al. 2006; GG Tau, Stelzer & Neuhauser
01). TW Hya also possesses the smallest molecular disk ra-

Hlius and mass (Dutrey et al. 1997, Thi et al. 2004, and refer-

ences therein). Hence the apparent correlation of HEQO

and CN3CO, combined with the inferred large (2—3 order of

magnitude) enhancement of the GXCN and HCO/CO abun-

HCO*/'*CO line ratio

surements of the integrated line intensities in the HE@EB) and
13C0O(3-2) transitions (Thi et al. 2004) are indicated witfeast
isks; points corresponding to IRAM 30 m measurements of t
integrated line intensities in the HC(B-2) and'*CO(2—-1) tran-
sitions are indicated with diamonds (BP Psc, this paperot
stars, Dutrey et al. (1997).

wop T ‘ ] dance ratios in all of the pre-MS disks, relative to values of
i 1 these ratios in molecular cloud cores (Thi et al 2004), stgpo
%My“ 1 the interpretation that high molecular ionization rates -est

likely due to irradiation by X-rays emitted from stellar ocoiae
andor from star-disk interfaces — enhance the abundances of

:% k== | both HCO and CN in these disks.

ﬁ 1.0 q; = If disk ionization by central X-ray sources is responsilae f
g0 ] the potential correlation between HEAPCO and CNCO ap-
8 parent in Fig[}, then this correlation indicates that thdemo

BP ﬁj ] ular gas disks lie in a regime where both HC&nd CN abun-

dances are roughly proportional to X-ray ionization ratefp

& Dalgarno 1996, their Figs. 2, 3). More specifically — noting

ol ‘ e that the HCO/*?CO and CM?CO number ratios in the pre-MS

" 100"/ tine rati 10 disks are inferred to be as large-as8 x 10* and~ 2 x 1073,

respectively (Thi et al. 2004) — the Lepp & Dalgarno modeis in

dicate that ionization rates in the 6 previously measured\ws

flisks lie in the range 16°>-10s™* (given a representative disk

Fig.4. CN/*3CO vs. HCG/*3CO line ratios for BP Psc and pre-

MS stars. Data points c_orr(_aspon_d_ing_to JCMT 15 m measunumberdensityl 10" cm~2 for the molecular line-emitting re-
ments of the integrated line intensities in the HE®-3), CN(3- |gions; Thi et al. 2004). This range is several orders of magei

2) and'3CO(3-2) transitions (Thi et al. 2004) areindicatedwitI than th ol molecular ionizafi to duetmg
asterisks; points corresponding to IRAM 30 m measuremdnts @ 9" than the canonical molecular ionization rate du@sruc

the HCO'(3-2), CN(2-1), and®*CO(2-1) transitions are indi- "&S- 12 _ S
cated with diamonds (BP Psc, this paper; other stars, Detrey ~ The*CO/*“CO ratio of BP Psc is similar to that of TW Hya,

al. (1997). The lone data point near the BP Psc upper limitsd8d is smaller than the ratios characteristic of the (yotnye-
the Herbig Ae star MWC 480. MS stars in Fig[B. If BP Psc were pre-MS, this comparison

would suggest that the BP Psc disk is as highly evolved as the

disk orbiting TW Hya. However, the HC@'3CO and CM*CO
GG Tau: Dutrey et al. 1997; LkCa 15, HD 163296, and MW@ne ratio upper limits measured for BP Psc are at least a fac-
480: Thi et al. 2004). The ratios have been calculated from litor ~30 lower than those of TW Hya and a facte8—10 lower
intensity data obtained at transitions that lie within15% or than all but one of the other pre-MS stars. The only pre-MS6 sta
less in frequency, so are relatively insensitive to beamtidih near which BP Psc may lie in Fig 4 is the (intermediate-mass)
effects; these and other systematic errors in the line ratigs (eHerbig Ae star MWC 480 — a star with which BP Psc, if a (K-
corrections for the dierent relative contributions from unmeatype, low-mass) pre-MS star, otherwise would have littleam-
sured CN hyperfine structure lines at each rotation tramsiti mon. If the trend observed in Fig 4 is indeed indicative ofay-r
Skatrud et al. 1983) are similar to or smaller than the tylpicnization of H, then its low HCO/*CO and CM3CO ratios
measurement uncertainties. Assuming t*@0 emission from imply BP Psc has an anomalously low X-ray flux at its disk sur-
all stars is optically thin, thé3CO/*2CO line ratio should pro- face, compared with the other (pre-MS) star-disk systenith (w
vide a measure d?CO column density§3.2). Meanwhile, be- the possible exception of MWC 480).
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Unfortunately, the only X-ray observation of BP Psc obresult in a sensitive measurement of the “hard” (1.0-10 keV)
tained thus far — a nondetection in the ROSAT All-Sky Surve}-ray flux incident on the BP Psc disk, providing a test of this
(RASS) — cannot be used to test this hypothesis. The RA8®erpretation.

nondetection (PSPC count rate.1 s'1) implies an intrinsic X- However, detection of a large X-ray flux from BP Psc —

ray flux upper limitFy < 9x 102 erg st cm2 (0.1-2.0 keV) while leaving open the question of the origin of its anoma-

assumin Ty = 107 K and an intervening absorbing column®YS molecular emission line ratios — would shed little addi

Ny = 8x 1021 cm2 (adopting theNy, value obtained by Z08 ional light on its evolutionary status. This is becausepits-
2

. . . > A
and correcting for thé?CO optical depth determined §8.1), jected rotational velocity may be as largevasni ~ 32 km s
or an X-ray luminosityLx ~ 10%! erg s for an assumed source(zog) which, given a radius typical of late-G giants {0R.),

: . ! would imply a period of only~ 2 days. This period is similar
g'ztggce Ofé ,[10? pc. He?dce[z), if BP P?c Its a_tﬁre-MS_ star, :[[hBoth to those of rapidly rotating pre-MS staasd to those of
cvor Ia?ggr thﬁ It%gtwcguTW ayC;Zf fggo";'rg S?J"qlLéIaGSSt%%nr X-ray-luminous, G-type giants of the FK Com class (Gondoin
et al. 2002). If BP Psc is, instead, a post-MS G sta,r at a dista 2005 and references therein). The approximate upper limit o

~ 300 pc (208), the RASS nondetection does not preclude the kinematic mass of BP Psc assuming a distance of 300 pc,

o F 4 . & wm §3.1), would be consistent with FK Com status. As
pos_slb|llty that itsL Is compara_ble to that of the more X-raypy Cgm( starg are thought to be the products of stellar mergers
luminous G-type giants (Gondoin 2005).

(Heunemoerder et al. 1993 and references therein), theadmp
son has interesting ramifications for the recent history@Bc,
under the hypothesis that it is a post-MS star: if BP Psc iséad

a giant now engulfing a close companion (see Soker 1998) —
The suite of molecular line data obtained thus far for BP p&rming a disk and driving jets in the process (e.g., Norc¢hfau
(Table 1; Fig. 1) confirms that its circumstellar disk in eémt Blackman 2006 and references therein) — we may be witness-
respects resembles those of pre-MS stars — but also revdagsthe “birth” of FK Com.

S(-)me fundamental ﬂ‘b_rences. The BP PSC- CQ line prOf”eS- in,-O\cknovaedgements The authors wish to acknowledge useful comments and
dicate Keplerian rotation of at least0.1 Jupltgr masses of d|5ksu gestions by David Meier, David Wilner, and the refered.Kl. thanks the
gas around a central star(s) whose mass lies the range @.5sf of the Laboratoire d'Astrophysique de Grenoble for thejpart and hos-
Mo, assuming pre-main sequence sta@f3(1, 3.2 and Z08), pitality during his yearlong sabbatical visit to that iistion.
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4. Conclusions
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