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Abstract. Iso-Lws observations towards a large number d.2 (/10 kms™1) (7¢/2 x 10* yr) pc, so that they have filled (at
different positions in the core of theOph cloud are used to least partially) a volume.23 ~ 102 pc?.
place a limit to the abundance of wide sprea®HFromNLTE Based on the column density mapo®ph by Wilking &
excitation and radiative transfer modelling the average line sp&ada (1983) and the average densify,) = 2 x10* cm~2 de-
trum of thep Oph cloud, we find X (H,0) < 1075 to 107°. We termined by Liseau et al. (1995, 1999), the depth of the clo
interprete these results within the framework of the dynamicaong the line of sight is of the order of 1 pc. Thelumeden-
chemistry models by Bergin, Melnick & Neufeld (1998), whiclsity of IR-objects is numerically comparable, therefore)ig.
describe the time evolution of molecular clouds being shock&tis suggests that the available space is filled with outflow g
by outflowing gas from young stellar objects, and conclude that > 10 km s™!) by the time ofS 10° yr. If star formation is not
thep Oph cloud has been forming stars for less than one milliostrictly coeval, as is suggested by the coexistence of Class 0
years (2-5<10° yr). Finally, we show that this limiting result Class -1l sources i Oph, the timescale of space filling by
can be put to conclusive observational test by@man satellite the outflows would be longer by one to two orders of magnitud
mission in the near future. i.e. 10-10 yr.
For timescales of this order, Bergin et al. (1998, hereaft
Key words: ISM: individual objects;p Oph cloud (L1688) — BMN)have calculated dynamical models of the shock chemist
ISM: clouds — ISM: abundances — ISM: molecules — ISM: jefa molecular clouds, which become pervaded by generations
and outflows — stars: formation outflows from young stellar objects. These models predict t
time averaged abundance of gas phase wai¢H,0), as a
function of the cloud evolution timescale.
In this Letter, we are persuing the proposal by BMN tha
1. Introduction the abundance of HD can be used to follow the shock history,
. . . and hence also the star formation history, of the molecular clo
The eastern regions (L 1688) of the active star formlrwle base the discussion on the resultisot Lws] observations,

p Ophiuchi clouds are confined to an area bfc x 2pc at which are briefly described in Sect. 2. In Sect. 3, we introdug

the distance of roughly 150 pc. The surface density of you L o _—
stellar objects, which have been identified on the basis of th%?rLTE excitation and radiative transfer models gf®lemission

infrared excess (IR), is high, i.&r ~ 100pc—2 (Bontemps :n:‘je:gﬂyotir:’]etggsgshtol es(glml'aflts;ec:’fetsr:ﬁtsagll:l;gla;::(;essoefdv‘l”
et al. 1999 and references therein). P O

X . . ﬁhe light of the models by BMN in Sect.4 and in Sect.5, w
During the early phases of their evolution, young stel- . . .
ummarise the conclusions from this work.

lar objects commonly develop powerful outflows, which af?
fect their surroundings and, perhaps, regulate the matter in-

fall and accretion rates for the forming stars (Lada 1985;.8@1 Observations and results
et al. 1987). Outflows and shocked gas are known to exist at

present in thep Oph cloud (Tamura et al. 1990, Anéret al. The details regarding the observations discussed below hs
1993, Sekimoto et al. 1997, Wilking et al. 199701@ez et al. been presented by Liseau et al. (1999). Full spetinal scans
1998). After a typical flow time ofy ~ 2 x10*yr (Staude & (43197 um) have been obtained towards 33 positions spre

Elsasser 1993), these outflows have reached average distafv€s thep Oph cloud. The spectral resolution corresponds t
more than 1 000 knmrs', so that lines from galactic dark clouds

Send offprint requests 1&. Liseau are not resolved. The beam size of thes is ~ 1/3. In Fig. 1,
* Based on observations witho, anEsa project with instruments We present the grand average line spectrum between 140
funded byEsA Member States (especially the Pl countries: France
Germany, the Netherlands and the United Kingdom) and with the part Infrared Space Observatory: Kessler et al. (1996); Long Wav!
ticipation ofIsas andNAsA. length Spectrometer: Clegg et al. (1996), Swinyard et al. (1996).
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Fig. 1. The average line spectrum (continuum subtracted) between HQ. 2. Enlargement of the spectrum shown in Fig. 1. The positions of
and 19Qum for 33 positions spread over théph cloud. The emis- the rotational transitions of theJ® lines, discussed in the text, are
sion lines [Ox] 145um (PP, - ®P1) and [C1] 158 um (*P3,2 - *P;/2)  indentified and labelled with their respective quantum numbers. The
are clearly seen. Below the spectrum, the wavelengths of three ortresolution of the long wave spectrum of thers is 0.6um (F'waM).

H5O lines, discussed in the text, are indicated Broad features are residuals from insufficient de-fringing

190,:m, obtained from 261 individual spectral scans for a tf[om Phillips et al. (1996). Detailed balance arguments cannot

tal time of integration of 12.7 hr. A blow-up of this figure, a eESEd and compl_ete rates for.par,a(b‘l = 0, 2) and ortho-hl
: B : : J = 1) can be obtained for the five lowest levels of orthgcH
expanded scale, is shown in Fig. 2. Prior to averaging, sp

) ) fhich however is sufficient for the average physical conditions
tral f|ts. to the continuum had been subtracted, so thqt tgﬁ’countered in thg Oph cloud. The ortho-to-para ratio intro-
rms-noise fluctuates about the zero-level. Extended emiss

. . . . . Rites some uncertainty and we used thermally weighted rate
gives rise to fringes ilws observations and the wavy appear; . iants for ‘hybrid-H’. For H,0, presumably formed be-
ance in the figures is due to residuals from the non-perf%ct ' 2~
L S . ind shocks, an ortho-to-para ratio of three-to-one was assumed
de-fringing of the individual spectra. In the interval 160 t roughout
;950'“ ;r:),_tlgeervagtrﬁgo;tlherT:’Tls(-gc)?lie)has been determined as Molecular line observations of theOph cloud reveal line
x40 erg pr LY)- _ profiles about 3km's! wide at half maximum, with individual
InFig. 1, the average I|n_e emission from @ph cloud n components having BwHM ~ 1.5km s !. For most models
[01]145im Py -°P1) and in [Cir] 158.um Py 2 - °Py o) is both the line width (3kms!, i.e.dV/dr = 3kms ! pct)
clearly discernable, whereas molecular lines are not detect,[%e. average density on scaléétdi? (n(Ha) = 2 x 10 Cm_g)’
The H,O line in the wavelength range of thews, which and the d%st parameter&i., = 30K f _ 5 XIO,Q’
could be expected to be the strongest, is the ¢ 1o:) line dust 160 pm ’

) emissivity index =1.5) were held fixed. Grids of models, for
at 179.5um, connecpng to the ground state of orth@@ Fpr different gas kinetic temperatures, were then computed, varying
the spectral resolution of 08n, we place an upper limit to

the flux of F(179.5um) < 1.5x10~13 erg 2 5! (10). This '€ Water abundancel (H,0)=N (H,O)/N (H,). .
e . i . The reliability of theL.va code was tested by comparisons
limit applies also for the other transitions, having upper ener- h limiti vtical Its. Fori he flux | :
giesE/k < 200K and their lower level in common with thewlt I|_m|t|r}g anaytlcal reslu ts. orlnstank;:e,t e ruxin andet;nls-
upper one of the 179,am line, viz. Bos — 212) 174.6um and sion line (from a two-level system) can be approximated by
(221 — 212) 180.5um (see: Fig. 2). 0 fFan)

F = hl/EXmolN(Hg)’ylu n(Hs) 2

Be nc Yu ’
n(Hz) + Yul +1

where the symbols have their usual meaning. Specifically,
In order to estimate the amount of wide spread water vapasithe collision rate coefficient for the transition(§)u, n. =
which at most can be present in th@ph cloud, we have A, /ya isthe critical density of the transition afid, the photon
performedNLTE excitation and radiative transfer calculationgscape probability, is a function of the optical depth in the line
for water using a multi-levelvG-code (Large Velocity Gradi- (e.g. in slab geometryj, = (1 — exp —7)/7). AS Xino1 — 0,
ent), with Einstein transition probabilities from Chandra et ali, tends to unity and thé&vc formalism reduces to the ordi-
(1984). Rate coefficients for collisions with,Hvere adopted nary expression for optically thin line emission. In the case of

3. The H;O abundance in thep Oph cloud
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Fig. 3.Agrid of NLTE models forthe 179.smline of H,0 (212—101)-  Fig. 4. Same as Fig. 3, but for an observation of #f@ph cloud in the

The line flux is given for a range of gas temperatures, with the waigt7 GHz ground state line of ortho,® with Opin (2 beam). The
abundance as a parameter and indicated next to each solid curve.gHifivn expectedo level is reached after &, including chopping,
other model parameters are given in the upper left corner. The shaiy refers to the spectral resolution of 1 MHz (0.5 kim)s The line

dashed line refers to the model f&i(H.0) = 10~°, but for a different gtrength is in the antenna temperature scale (Rayleigh-Jeans). In
line width (1.5kms*) and the dotted curves are for two models withjer to compare with Fig. 3, the conversi¢iF, dv (ergenr?s™!) =

different densities. The long-dashed horizontal line refers tolthe 1 4x 103 Ty, (K) can be used (line width 3knTs)
upper limit to the line flux towards theOph cloud, obtained from the
LWS average spectrum of Fig. 1

times), whereas in dynamically active clouds, where parcels

X (H20) = 10~® and subthermal excitation (see below; effe@as go through shocks, valuesvfH,0) < 10~% - 10-° would
tively, the last factor equals unity), the result of the multi-levehdicate an outflow activity for times shorter tharf 102 x 106
Lva-program (no dust) is essentially that of the analytical exears (see: Figs. 14 & 15 of BMN). Taking the four times high
pression above. cosmic ray ionisation rate (see: references in Liseau etal. 19

The results, relevant to th&ws observations of the into accountlowers these limits to the ‘shock timescale’ (BM
179.5um line, are displayed in Fig.3. In the outmost layert approximately 2 —510° years in thep Oph cloud.
of the cloud, gas temperatures are as high as 60 K, whereas theThis could mean either (1) that only relatively few stars i
bulk of thep Oph gas is at temperatures significantly lower thap Oph develop powerful outflows during their earliest stages
this, Tyas ~ 25K (Liseau et al. 1999 and references therein(2) that the cloud has been forming stars for less than a few ti
For 25K and the ‘standard model’, an upper limit to the wa(’® to 10° years. On the basis dfir spectroscopy for a number
ter abundance ok (H,0) < 10~¢ is indicated by the results of objects inthe Oph cloud, Greene & Meyer (1995) estimated
in Fig. 3. Narrowing the line width to 1.5knT$ would have a median age for these stars of about1®° yr, with an upper
only marginal effects on this result; however, were temperimit of 3 x10° yr. This result has recently been reinforced b
tures or densities much below the assumed values, this liBi@ntemps et al. (1999) who, combining ground-based Wsith
would be pushed upwards (e.g., towards 1€or T,,s ~ 10K observations for a considerably larger number of objects, fi
or for n(Hy) S 1 x10* cm~3, see: Fig.3). These numbers ar@.2—2x10° yr. Comparison with our result strongly support
merely meant to be illustrative and largely lack relevance foption (2), i.e. the conclusion that tleph cloud has formed
the actual conditions in thg Oph cloud: from our Iso-Lws stars for at most a million years.
observations we deduce that densities are generally higher thant would, nevertheless, be highly desireable to confir
10* cm~3; in addition, very low gas temperatures are encouthese results by an actual detection. We are confident that
tered only in localised regions, such as in the centre of the deckeck will be performed in the near future: the dedicated sat
corep Oph B. lites Swas (Melnick et al. 199‘E and OpiN (Nordh 1997)
are about to become operational and will be able to obse
the cloud in the {30 — 101) ground state line of ortho-+D

at 556.9 GHz (538.8m). Models of the physical conditions
In the models of BMN, a low water abundance is obtained for

cold quiescent gas{((H0)~ 1077, for T,,s < 200K at all ~ ? Swas was successfully launched on December 5, 1998.

4. The star formation history of the p Oph cloud
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prevailing in thep Oph cloud generally predict the 557 GHz e Comparison ofX (H>O) with the evolutionary molecular

line to be much stronger than the 17215 line. The hetero- cloud models, including shock chemistry due to outflows
dyne technique has the further advantage that it permits ob- from young stellar objects, by Bergin et al. (1998) leads to
servations at very high spectral resolutignd(x 10, yielding an estimate of the time theOph cloud has been forming

Av~0.07kms!). Narrow lines as those expected from the stars, viz. for less than $Gears (2—-5<10° yr).
p Oph cloud would become resolved and their detailed profiles
could be studied. This is particularly warranted as pheper AcknowledgementsiVe thank David Neufeld for valuable suggestions

determination of the KO abundance from these optically ver&?1 his referee report. #I?Xis Brkandekeristharékgd fr?rhsis azgiit?\lncg Witlh
tthk Iines [7_2 102 (103) f0r X(HQO) - 107 (10,6)] Would 1 €c-programming. IS Work was Supporte yt e swedals ational

require the knowledge of the line shape (Hartstein & LiseaSLPace Board.

1998).
In Fig. 4, calculations similar to those of Fig. 3, but for th&eferences

557 GHz line are pres'ented. Using current sgnsitivity es:tirna}',g:ﬁdr,e P., Ward-Thompson D., Barsony M., 1993, ApJ 406, 122

for Opi, an observation of 3 hrwould resultin an rms-noise gegin £.A., Melnick G.J., Neufeld D.A., 1998, ApJ 499, 777 (BMN)
of 0.07K. This would clearly be pushing tHeo-Lws limit  gontemps S., Nordh L., Olofsson G., et al., 1999, to be submitted to
towards either a detection WyDIN or a very sensitive and sig-  A&A

nificant upper limit ({(H,O)~ 107, see above). Given theChandra S., Varshalovich D.A., Kegel W.H., 1984, A&AS 55, 51
large number density of Class | sources and outflows, the BMNegg P.E., Ade P.A.R., Armand C., et al. 1996, A&A 315, L 38
model is certainly relevant to the evolution of th®ph cloud. Gbdmez M., Whitney B.A., Wood K., 1998, AJ 115, 2018

We can expect, therefore, that either of the two posgintex ~ Greene T.P., Meyer M.R., 1995, ApJ 450, 233

scenarios should provide very important insight into the stggrstein D., Liseau R., 1998, A&A 332, 703
formation history of the Oph cloud. Kessler M.F., Steinz J.A., Anderegg M.E., etal., 1996, A&A 315, L 27

Lada C.J., 1985, ARA&A 23, 267
Liseau R., Lorenzetti D., Molinari S., et al., 1995, A&A 300, 493
5. Conclusions Liseau R., White G.J., Larsson B., et al., 1999, A&A 342, in press
) ) ) ) Melnick G.J., Dalgarno A., Erickson N.R., et al., 19%5A SP-401,
The main conclusions from this work can be summarised as p. 189
follows: Nordh H.L., 1997 Esa SP-401, p. 195
. . . . Phillips T.R., Maluendes S., Green S., 1996, ApJS 107, 467
e IsO-Lws observatlons. of the star forming Oph'UCh_' Sekimoto Y., Tatematsu K., Umemoto T., et al., 1997, ApJ 489, L 63
cloud resulted merely in upper limits to the flux of linesy,, F.H., Adams F.C., Lizano S., 1987, ARA&A 25, 23
from wide spread water in the gas phase. In particul&@iaude H.J., Esser H., 1993, A&AR 5, 165
F(179.5um) < 1.5x10" 3 ergent2s7 ! (10). Swinyard B.M., Clegg P.E., Ade P.A.R., et al., 1996, A&A 315, L 43
e Results of HO NLTE excitation and radiative transfer mod-Tamura M., Sato S., Kaifu N., et al., 1990, ApJ 350, 728
elling suggest that this upper flux limit corresponds to afilking B.A., Lada C.J., 1983, ApJ 274, 698
upper limit to the abundance of wide spread water Vapow,ilking B.A., Schwartz R.D., Fanetti T.M., Friel E.D., 1997, PASP

X (H,0)< 1076 to 1072, in the p Oph cloud. 109, 549
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