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Abstract. We report the results of an investigation, performeldey words: stars: formation — stars: individual: HH24MMS,
with the ISO spectrometers (LWS and SWS), on the star formikH25MMS, HH26IR — ISM: jets and outflows — infrared: ISM:
region associated with the Herbig-Haro objects HH 24—25 aliwdes and bands
26. Low-resolution LWS spectra (45-12w) were observed to-
wards the HH24MMS, HH25MMS and HH26IR sources as well
as the HH26IR outflow. In addition, SWS scans of the puse I—l Introduction
rotational lines towards HH24MMS were acquired. Emission
from [O1]63mand [Ci1] 158 um appears widespread whileThe HH 24-25-26 region is located in the L1630 Orion
molecular transitions of carbon monoxide and water vapodark cloud at distance 0f400pc (Anthony-Twarog 1982)
were detected only towards HH25MMS and the blue lobe ahd presents a quite complex morphology due to strong star
HH26IR. From the analysis of the observed emission we deddoemation activity. The region is rich in young stellar ob-
that the gas towards HH24MMS and HH25MMS is excited §dcts including the two very young and embedded protostars
densities~ 10° cm~3 and temperatures ranging from 650 t¢Class 0,/ Andre et al. 2000) HH24MMS_(Chini et al. 1993)
1400K in HH24MMS and from 150 to 550K in HH25MMS.and HH25MMS (Bontemps et al. 1995), the Class | pro-
Along the blue lobe of the HH26IR outflow, a more diffus@ostar HH26IR (Davis et al. 1997) and four more evolved
(nu, ~ 10 cm—3) and warm " ~ 1800K) gas is found. Both IRAS sources, i.e. SSV59, SSV60, SSV61 and SSV63
the molecular (CO, KO and H) and atomic ([Q]) emissionin (Strom et al. 1976), whose luminosities range between 15 and
the three sources can be interpreted as due to shock excitatd®] .. Compact jets, traced by means of both the 2,48
and a mixture of botlC- andJ-type shocks are required to reH, line and CO mm observations (Gibb & Davis 1998; Bon-
produce most of the observed characteristics of the spectra. Tdaps et al. 1996), emanate from HH24MMS and HH25MMS,
derived water abundances (37169 10-%) are lower than ex- while HH26IR drives a more extended molecular outflow
pected in warm shock excited gas, a result which has also b¢@ibb & Heaton 1993). Observations in the 2.12n H, ro-
found in other similar regions investigated with ISO. The totaibrational line (Davis et al. 1997) reveal a string of shocked
cooling derived from the gas component traced by the FIR linels knots along the axis of the HH25MMS and HH26IR out-
is always of the same order or larger than the cooling due to tf@vs. Herbig-Haro objects (HH24, HH25 and HH26) are as-
molecular hydrogen as traced by the H12umline; although sociated with each of these three sources. Radio maps of the
this latter could be underestimated if the dust extinction is n@gion (Gibb & Heaton 1993) reveal a string of dense molecu-
negligible, however itis evident that a significant fraction of thiar cores, extending north-south for abo{jtdme of which are
energy released in the shocks is re-radiated away by the fardassociated with the infrared sources.
frared lines. Finally, the [@]158.:m line intensities are rather  In this paper we report the results of a spectroscopic investi-
constant at all of the observed positions, excluding the presegegion of the region with the Infrared Space Observatory (1SO,
of strong photo-dissociation regions related to the nearby Kessler et al. 1996). The far infrared spectral band covered by
sources. the 1SO spectrometers extends from 3 to 200and includes
transitions from atoms (e.g.°@nd C") and molecules (e.g. CO,

Send offprint requests 1. Benedettini (milena@ifsi.rm.cnr.it) H>O, H; and OH) which are expected to be copiously emitted

* Based on observations with 1SO, an ESA project with instrumerifs the excitation conditions prevailing in star forming regions.
funded by ESA Member States and with the participation of ISAS aifglich emission lines have the advantage of being less sensitive to
NASA the extinction which can be severe for deeply embedded objects
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Fig. 1.Narrow-band image of the HH24-26 re-
gion at 2.122um (Hz+continuum) from Davis

et al. (1997) with superimposed the LWS (cir-
cle) and SWS (rectangle) beams on the target-
ted positions. The crosses mark the positions
of HH24MMS and HH25MMS. The blue and
the red lobe of the HH26IR flow are associated
with 26A, C and 26B respectively.

like the Class 0 sources HH24MMS and HH25MMS, makingf the three protostars will be presented. Finally, in Sect. 5 the
observations of the warm circumstellar environment difficult iexcitation mechanisms will be discussed for the different parts
the near infrared. Therefore the analysis of far infrared lines pifthe investigated region and in Sect. 6 some global conclusions
vides a powerful diagnostic tool of the physical conditions anill be given.
energy budget in complex star forming regions like HH24—26.

In Sect. 2 of this paper we will describe the observations and opservations and data reduction
the reduction methods. In Sect. 3 we will present the main ob-
servational results, together with the model fits on the molecufzi!! grating scans (i.e. from 45 to 197m with \/AX ~200)

lines using a Large Velocity Gradient code. In Sect. 4 the SEBgntered on HH24MMS, HH25MMS and HH26IR, as well as
along the HH26IR outflow were obtained with the Long Wave-
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Table 1.Journal of the observations.
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Source Date # orbit «(2000) 4(2000) tht  Ns
m s ! " sec

HH24MMS SWS 14 Oct 97 698 5 46 086 -0 10 40.8 - -
HH24MMS 14 Oct 97 698 5 46 086 -0 10 408 10 25
HH25MMS 10 Oct 97 694 5 46 067 -0 13 247 10 25
HH26blue 10 Oct 97 694 5 46 089 -0 14 268 48 12
HH26IR 10 Oct 97 694 5 46 039 -0 14 525 48 12
HH26red 10 Oct 97 694 5 46 016 -0 15 233 48 12

Notes:t;,c=integration time per spectral sample;=;number of spectral scans

length Spectrometer (LWS, Clegg et al. 1996) on board 1SO. -
The journal of the observations is presented in Table 1 and thetx10-5-
target positions are shown in Fig. 1, where the LWS and SWS -
fields of view are superimposed on the 2/4# image taken = 0
fromiDavis et al. (1997). With the relatively large LWS beam o
~80" we were able to cover the HH26IR outflow with three par-
tially overlapping observations, centered on the IR source and gn
the blue and the red outflow lobes (called HH26IR, HH26blug 4x10-
and HH26red respectively). For HH24MMS and HH25MMS, é
single LWS measurement encompasses the MM source as V\gall 0
as the associated HH and jet.

The LWS measurements were obtained by oversampllr%g
the spectra by a factor 4. Each spectral sample was repea;;ed
a number of times as indicated in Column 7 of Table 1 ar‘[gl 4x10-18
integrated for a total time given in Column 6. The raw data
were reduced using the Off-Line Processing (OLP) version 7 0
software and calibrated with Uranus, giving an absolute flux
calibration uncertainty better than 30% (Swinyard et al. 1996).
Additional reduction steps were carried out to remove spurious
signal due to cosmic ray impact, to average together the sCaRs 2. Gaussian fits to the rotational lines (0-0)S(3), (0-0)S(4) and
of each detector and to remove the interference fringes whi@h0)S(5) observed in HH24MMS.
affect the LWS spectra.

HH24MMS was also observed using the Short Wavelength
Spectrometer (SWS, de Graauw et al. 1996) in the AOTO02 grassociated to the rms noise of the local baseline (Column 5). In
ing mode, to scan the H(= 0—0) rotational lines from (0- this table we also report the vacuum wavelengths of the identi-
0)S(1) to (0-0)S(5) obtaining line spectra covering a wavelengihd transitions k..., Column 1) and the observed wavelengths
range 0.1:m wide, at 6.9, 8.0 and 9i/mand 0.2umat 12.3 (A\obs, Column 3). The line identification was based on the fol-
and 17um. The resolution was/A)X ~ 1200 and the aperture lowing criteria:i) signal to noise ratio S/N 3, ii) consistency of
size was 14x 27’ for the (0-0)S(1) and S(2) lines and’4 the FWHM with the instrumental resolution ani difference
20" for the (0-0)S(3), S(4) and S(5) lines. Also all the othdvetween the fitted line center and the expected wavelength less
positions listed in Table 1 were scheduled to be observed wittan half of the resolution elemerite, 0.003 um for 6 < A <
SWS but the observations were not performed because of #2eym and 0.005:m for 12< A < 19 um (SWS); 0.15um for
end of the satellite operations. The integration time for the SWS < A < 90 pm and 0.3um for 90 < A < 190 pm (LWS)).
observations was 200 sec for each line. The OLP version 6 was Towards HH24MMS, out of the five $(0-0) transitions
used to process the raw data, achieving flux calibration unceeanned with SWS, only the S(3), S(4) and S(5) lines have been
tanties of about 30% (Schaeidt et al. 1996). The final spectletected with S/ 3 (Fig. 2).
were obtained after de-glitching, averaging and rebinning the All the LWS spectra show the [§63 um (Fig. 3) and the
data to double the instrumental resolution. [C1]158m atomic lines; emission from molecular lines is
however less widespread. HH25MMS has the richest molecular
lines spectrum in which CO transitions fror},314 to J,,=18
as well as the three o4® backbone lines at 179.5, 174.6 and
Table 2 lists the lines identified in the different spectra (Coluntil3.5 um are seen. Conversely, towards HH24MMS the CO
2) and their integrated fluxes estimated from gaussian fits to tti& 16 line was the only molecular line detected. Among the
(unresolved) line profile (Column 4) together with thedrror three pointings covering the HH26 flow, HH26blue shows the

(0-0)8(3)

|
6.88 6.9 6.92
Wavelength (um)

3. Results and analysis
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Table 2. Observed emission lines. Flux upper limits ate 3

Avac Transition Aobs Flux AFlux
(pm) (um) (107" wcem?)
HH24MMS
6.909 H(0-0)S(5) 6.909 3 1
8.025 H(0-0)S(4) 8.026 1.1 0.4
9.665 H(0-0)S(3) 9.666 2.0 0.4
12.279 H(0-0)S(2) <3
17.035 H(0-0)S(1) <1.2
63.18 [O3P, =3 Py 63.19 55 3
144.78 CO 18-17 <3
145.53 [o*p -2 P <3
157.74 [CIPPs; —® Pij»  157.78 40 1
153.27 CO 17-16 153.60 3.6 0.7
162.81 CO 16-15 <3

HH25MMS
63.18 [P -3 Py 63.21 49 2
113.54 0-HO 414-303 113.89 5 1
137.20 CO 19-18 <45
144.78 CO 18-17 14493 6.4 0.9
145.53 [O*P, =2 P, <3
153.27 CO 17-16 153.36 7.2 0.7
157.74 [Cu]*Ps) — Pyj»  157.75  29.6 0.9
162.81 CO 16-15 162.87 7.0 0.8
173.63 CO 15-14 173.62 6 1
174.63 0-HO 393-215 174.69 4 1
179.53 0-HO 22-101 179.63 10 2
186.00 CO 14-13 185.93 6 2

HH26blue
63.18 [P -3 Py 63.18 45 3
108.07 0-HO 221-110 <2.7
113.54 0-HO 414-303 113.61 5 1
124.19 CO 21-20 <2.8
130.37 CO 20-19 130.26 2.2 0.6
137.20 CO 19-18 137.07 2.3 0.6
144.78 CO 18-17 14472 2.4 0.8
145.53 [O[]3P0 3 P <2
153.27 CO 17-16 153.31 3.0 0.8
157.74 [Cu]’P3/» —* Pyj» 15775 35 1
162.81 CO 16-15 162.77 4.0 0.7
173.63 CO 15-14 <5

HH26IR

63.18 [O]°P —* P 6320 39 3
137.20 CO 19-18 <2
144.73 CO 18-17 14490 2.4 0.5
145.53 [O*P, =2 P, <15
153.27 CO 17-16 153.20 2.6 0.6
157.74 [Cu]*Ps) = Pyjp  157.77  29.0 0.9
162.81 CO 16-15 162.83 3.4 0.7
173.63 CO 15-14 <4

HH26red
63.18 [P -3 Py 63.22 19 3
145.53 [o*P, -2 P, <15
157.74 [Cu]®Ps)o —* Pyjp  157.77 43 1
t [Avac — Aobs| slightly exceedes half of the resolution element.

largest number of molecular transitions, with CO transitions
from J,,=16 to J,,=20 and the 4,-3p3 0-H,O line at 113.5
pm; towards the infrared source HH26IR the CO lines from
Jup=16 to J,,=18 were detected while at the HH26red position
no molecular lines were detected. Fi. 4 shows continuum sub-
tracted spectra towards HH25MMS, HH26blue and HH26IR.

In Table 2 we also report the upper limits of the
[O1]145umlines, the CO lines with,4 value adjacent to the
detected transitions and, for HH26blue, the upper limit of the
108.1um 0-H; O line; these upper limits will be used in the fol-
lowing analysis aimed to derive the physical parameters of the
emitting regions.

3.1. Molecular line fitting

In order to estimate the physical conditions in the emitting gas,
we solved the equations of the statistical equilibrium for the CO
and H,O molecules by assuming the radiative Large Velocity
Gradient (LVG) approximation and a plane-parallel geometry.
Our CO and o-HO models predict the level populations of the
first 60 and 45 pure rotational levels respectively; detailed in-
formation on the adopted radiative and collisional rates as well
as on the model assumptions are given in Giannini et al. (1999)
for the CO model and in Nisini et al. (1999) for the ® model.
Since the LVG model depends on a large number of free pa-
rameters (gas kinetic temperature, density, intrinsic linewidth,
column density and filling-factor), and because the flux uncer-
tainties are quite high, the physical conditions of the emitting
region cannot be uniquely constrained by the data, but only a
range of values can be given. This also means that meaningful
fits were possible only for two sources, namely HH25MMS and
HH26blue, in which enough lines were detected.

3.1.1. HH25MMS

Since we observed only three g-8 transitions on HH25MMS,

we first fitted the CO lines and then checked the derived pa-
rameters for consistency with the g:@ line fluxes, under the
assumption that CO and water originate in the same excita-
tion conditions. In particular, the gas temperature and volume
density were derived from the shape of the CO line flux dis-
tribution plotted as a function of,J, obtaining7’=150-550 K
andny,=510-810 cm=3 (Fig.5). In the fit we assumed a
linewidth of 15 kmst, which is about the maximum velocity
observed in the outflow; with this adopted value the modelled
lines have an optical depth slightly less than 1 and can there-
fore be used to constrain the CO column density which ranges
from 9107 to 6 10® cm™2. Finally, from the absolute flux of
the observed lines, we estimate an emitting region size3f
arcsec diameter which corresponds, for a distance of 400 pc, to
~0.006 pc.

The three detected o4 transitions are the backbone lines
below the 4, energy level; these transitions connect the low-
est levels of each ladder specified by the rotational number J
(see e.g. the kD energy level diagram in_Nisini et al. 1999)
and have strong radiative coefficients. The gcHine fluxes
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Table 3. Physical parameters derived by molecular line fitting.

source T (K) nm, (€M™2)  Nu,o (M%)  Nco (cm™2)  diameter (")  diameter (pc)

HH24MMS  650-1400 516510 - - - -

HH25MMS  150-550 810510 210910 610%-9107 ~3 ~ 0.006

HH26blue  1200-1800 510110 210610 210'7-910'¢ 5-10 0.01-0.02
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Fig.5. The observed CO line fluxes in HH25MMS (filled dots) and
LVG model fits. The solid and dotted lines are, respectively, for the
warmest and coldest model fitting the data.
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| . o .
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Wavelength (um) the temperatures typically traced by the P112 umline (T ~
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HH26IR in the wavelength range in which molecular lines have be%%D in Fia. 1). This indi ’ ! .

detected. g.1). is in |cat.es that strong temperature gradients

may be present in the region. We calculated that the molecular

) _ _luminosity is~ 0.033 L, for CO and 0.023 |, for H,O, while

are consistent with the ranges of temperature and density @3- |uminosity emitted in ro-vibrational Hines is estimated

timated from the CO fits; however, the lowest temperature f§ pe 0.03 L. The H, luminosity is calculated as 10 times the

gives a b.etter_match to .both the absolute water line fluxes a0ehinosity of the (1-0)S(1) line taken from Davis et al. (1997);

the emitting size as denvgd from the CO f.'t- Th@@lcglumn the factor 10 is the ratio between the total &hd the (1-0)S(1)

density is~ 10'® cm™?, which, compared with the derived COjine juminosities for a gas at 2000K in LTE conditions. Com-

column density and assuming X(CO)=1f), corresponds to paring these values with the luminosity due taJ68um (0.024

an H,0 abundance in the range 31610~°. L) we conclude that radiative cooling in the region is mainly

1 [Gibb & Little (1998) have found that CO may be highly deplete&Ch'eV_ed through re-emission from the molecular transitions:
(by more than a factor of 10) towards all the HH24—26 cores. The 196 Particular the “warm” (CO+HO) gas component seems to
observations however trace warm regions, where all the CO originglgminate the “hot” (H) gas. The latter could however be highly
depleted onto grains has probably already returned to the gas-phagderstimated if a significant amount of extinction is present in
due to the elevated temperatures. the region.
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42D ‘ ‘ ‘ 1 show the best fit we obtain, including the 2.4 line, and
N T=1400 K A;=0 mag assuming as emitting region size the 2, emission size
40 T=650 K A,=13 mag ] (~1079 sr). While the fitted temperatur&=750K, is still in
SasL - E the range that we obtained fitting only the (0-0) lines, a larger
} . ] extinction (Ay=19 mag) is needed to increase the observed 2.12
E 36 - pm flux to a value compatible with the other lines.
aul a N In the LWS spectrum we have detected only one CO line
r ] at J,,=17 and we assumed that this is the most luminous CO
32F - transition, as supported from the fact that the adjacent lines have
s L A R L lower flux upper limits. If the observed CO and Home from
E v _ T=750 K A,=19 mag 1 the same excited gas, the range of temperatures (650-1400 K)
40~ - derived from the Hanalysis can be used to estimate the gas
T sl E density, which turns out to lie between 5°1énd 516 cm—3.
> F ] These values are similar to those estimated in HH25MMS, as
ERNS E expected since both sources are associated to environments with
34l b 4 densitiesin excess ef 10° cm™? (Gibb & Heaton 1993). How-
E ] ever, the high J CO line could also be emitted by the shocked
3= | gasin 24A (see Fig. 1) which is not encompassed by the SWS

L L L ‘
<000 4%0%{) 6000 8000  peam. In this case we are not allowed to assume the tempera-
! ture derived from the (0-0) Hines and the observed CO line
Fig. 6a and b. Rotational diagram for the pure rotationah Hines could also originate from gas colder than 500K (but warmer
observed with SWS (circles) and the (1-0)S(1) ro-vibrational lindan~200 K) with a density larger than 1@m—3.
(squares) for HH24MMS. In panalwe show the fits obtained consid- ~ The total H, luminosity contained inthe SWS aperture getsa
ering only the SWS lines corrected Byt =13 mag (open circles) and similar contribution from the observed NIR ro-vibrational lines
Av=0mag (filled circles), corresponding to a temperaturée650 K (Lnyr=0.0018 L, determined as ten times the 2 4 flux in
(solid_line) a_md 1_400 K_ (dashed line) respectiyely. Padnshows the Bontemps et al. 1996) and the (0-0) lines (0.0@3..However,
best fit obtained including also the (1-0)S(1) line f#ov=19 mag and correcting the NIR emission by an extinction of 19 mag, the
T=750K. Lnigr (0.015 L)) exceeds the SWS contribution by a factor of 5.
If we consider the larger LWS beam, a considerable contribution
3.1.2. HH24MMS to the H, cooling also comes from the 24A knoty{lr=0.0095

The observed pure rotationahHnes, being optically thin and L, [Davis etal. 1997); in this case a lower limit of the total
thermalised, can be effectively used to estimate the gas temp&rluminosity of 0.028 L, can be estimated; this value is of
ature by means of a rotational diagram. A linear relationshige same order of the CO and the1]63,m luminosity (0.02
exists, under LTE conditions, between the natural logarithm bt and 0.027 L, respectively).

the column density of the upper level of each transitidi )

divided for the statistical weightg(), and the energy of the 3 1 3 HH26IR and its outflow

level (Ey): In(N3/g3) < —Ej/T; the slope of this straight line

is the reciprocal of the excitation temperature. The rotatiorl8l the blue lobe of the outflow (HH26blue), the flux of the CO
diagram can also be used to give a rough estimate of the extiiees decreases with increasing rotational quantum number J
tion by Considering that the 8(3) line at Qtﬁh iS more sensitive which ImplleS that we have not observed the peak of the CO flux
to extinction corrections, lying in the middle of the silicate atdistribution (see Fig. 7). This, together with the flux errors, per-
sorption feature. By imposing that the S(3) transition should [fgits only a rough estimate of the gas temperature and density.
on the same straightline derived from the S(4) and S(5) trankPe average density in the region contained in the LWS beam
tions and taking into account the associated errors (see Fig. 6&); 10' cm™? (Gibb & Heaton 1993) and, while a density en-
we derive a gas temperature ranging from 650 to 1400 K aR@ncement on small scales due to shock compression or clumpy
a maximum value for the visual extiction of 13 mag adoptingfructures might be expected, it is very unlikely that the local

thelRieke & I ebfofsky (1985) extinction law. This value is afdensity of the shocked gas is less than the average for the cloud.
fected by a relative error of a facter2 due to the uncertainty When flttlng the CO lines we have therefore not considered vol-

on theAg 7 .. value (Draine 1989). ume densities less thanl@m—3. The derived parameter ranges
The SWS beam centered on the Class 0 source also includ@s’= 400-1800K anduy,=110' -210° cm? (Fig. 7). For
the compact H jet (Bontemps et al. 1996) traced by the 2.1these cases the modelled lines are optically thin, so that the pre-
pm line. Although this line, coming from a vibrational transitiorflicted fluxes are independent of the adopted gas velocity and
at much higher excitation energy, is not necessarily associaf@fnot be used to constrain the CO column density. However, a
with the pure-rotational transitions observed by SWS, itis hodjtst order estimate of the column density and filling factor can
ever possible to check if all of these lines could originate froRe deduced from both the absolute fluxes and the4gas density, by
the same gas component at a single temperature. In Fig. 6bag§guming a CO abundance with respect aH10™* and that
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the width and depth of the emitting region are similar (Giannirs-, , ,
et al. 1999).

Although we have detected only ong®lline, namely the 06
4,4-3p3 transition at 113.5um, the upper limit to the 2-1¢
at 108.1um, covered by the same LWS detector, can be used 4
to constrain the excitation conditions. In Hijy. 8 the expected 3 4 5 6 7 8
ratio of the 108.m/113.5.m water lines is shown as a func- Log ny, (em™?)

t|0_ﬂ of _denS|ty and temperature. The two plots also show h?—% 8.108.1um/113.5um water line ratios/s gas density predicted
this ratio depends oWV, o /Av, the water column density di-  'the |G model for three temperatures (500, 1000, 2000 K) and for
vided by the linewidth. For high values of the water columgyo values ofNVi,o /Av. The dashed region is limited by the density
density (Vir,0/Av=10" cm~2km~"'s), only low gas densi- range derived from CO line fitting and the upper limit ratio obtained
ties (g, <5 10'cm™3) are consistent with the upper limiton HH26blue by using the upper limit flux of the 108..

of the 108.1m/113.5:mratio and, to be also consistent with

the CO fitting results, higher temperaturex(T200K) mod- 7=1800K. The derived emitting size e$100 arcse%, is re-

els have to be assumed; also for lower water column densitiearkably similar to the size of the 26A knot (about 95 arésec
(Nu,0/Av=10" cm~2km~!s) similar values have been desee Fig. 1) suggesting that the bulk of the observed emission can
rived. originate from this knot.

In conclusion, to simultaneously fit both the CO
and HO emission, temperature and density ranges gf
T=1200-1800K anchs,=(1-5)10' cm~—3 have been derived. =
With these values we obtailVeo=(9-20)10°cm=2 and The emission line spectra discussed so far lie over a dust
Nu,0=(6-20)16° cm~2 and an emitting area ranging betweerontinuum spectrum which is an important piece of infor-
5 and 10 arcsec in diameter (corresponding to 0.01-0.02 pcnation for an evaluation of the spectral energy distribution

The cooling due to CO and4® (~0.05 L) exceeds the (SED) of the various sources. This is especially true for the
contribution due to the [@63um (0.022 L;) and is slightly Class 0 sources, whose SED is expected to peak at wave-
less than the Hluminosity (estimated to be0.062 L., Davis lengths longer than 10@m. In Fig[9 the flux densities ob-
et al. 1997); therefore the molecular lines are the main chantehed from our spectra are combined with other observa-
through which the energy is radiated away. The cooling conttiens available in literature to construct the SEDs of the three
butions of the various species relative to the total gas coolisgurces HH24MMS, HH25MMS and HH26IR in the wave-
will be analysed in the next section within the framework déngth range of 50 - 130@m. The ISO-LWS data (open
different excitation models. circles) are obtained by averaging the fluxes in each detec-

The three CO lines detected towards HH26IR, are unalite and the associated error corresponds to the 30% flux cal-
to significantly constrain alone the local physical parameteiisration uncertainty. Other measurements plotted are IRAS
However, they do show similar line ratios to the HH26blue lineend JCMT|(Ward-Thompson et al. 1995; Gibb & Davis 1998),
and since in the red lobe we do not detect any CO line, itis rd@AO (Cohenetal. 1984), CSO and IRAM_(Lis et al. 1999)
sonable to assume that this CO emission is associated to the dlata. If we look at the 1SO fluxes, we note that for the three
outflow lobe. We have therefore checked that the CO lines dmurces there is an apparent change in the SED slope for wave-
tected in the HH26IR measurement are fitted by the same phigsgths longer than 100m. A likely explanation of this be-
ical parameters derived in the blue lob&, ny,=10* cm=3, haviour is the contamination by the strong background cloud
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emission which, in the large LWS beam, gives a not negligi- ;4 20 200 ‘

ble contribution at longer wavelengths (see for example the

350 ymmap byl Lis et al. 1999). This background emission 10

could be in principle removed by subtracting the emission from

HH26red, which is the only off-source pointing in the region HH24MMS

(see Fig. 1). However diffraction effects from HH26IR at th% 0.1 —+—+—+++1 : 1

edge of the beam, make this pointing not useful for this pur 100 2% g 200

pose. Source confusion is also present to different extent in &l @.f = T =

the three objects. In HH25MMS our measurements at 60 afd

100 sm are consistent with the IRAS data, while KAO fluxes? 1

obtained with a smaller beam, are significantly below both thege HHZ?MMS | &

values, indicating the presence of diffuse, large scale emissionl.odé IR L R

SSV59 strongly contaminates the spectrum of HH26IR, being p 20

just at the edge of the LWS field of view. Finally, the beam cen- 19

tered on HH24MMS encompasses the IR source SSV63, which

is associated with a relatively bright IRAS source and has a HH26IR

strong emission at 350m (Lis et al. 1999). 01 L] L B
The above discussion highlights the difficulties to use the 100 wavelength (um) 1000

measured SEDs for any comparison with detailed dust emission

models. However, a rough estimate of the sources color temd@'g_ 9. Observed spectral energy distributions of the three sources:

ature made between 150 and 350 assuming a dust emissioniH24MMS (top), HH25MMS (middle) and HH26IR (bottom). Open

coefficient3 = 1.5, leads to values ef 25 K for HH24MMS circles are obtained from the ISO-LWS observations by averaging

and HH25MMS and- 40 K for HH26IR, as expected given thethe flux densities in each detector. The other symbols are IRAS

" ved oh f this latt (filled circles), KAO (filled triangles, Cohen et al. 1984) and ground
apparently more evolved phase ot this latter source. based observations (filled squares from Ward-Thompson et all 1995

and Gibb & Davis 1998 and open squares fiom Lis et al. 1999).
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5. Discussion
gesting that the various molecular species, (H, O and high-J
CO) are excited in similar conditions. The total luminosity ra-
The investigated region shows the presence of a strong shdigéed from the blue lobe of the flow by both the atomic and
activity associated with the outflowing gas; it is thus very likelgnolecular lines is comparable to the outflow kinetic luminosity
that most of the observed emission is excited in such shockskin=0.16 Lo, /Gibb & Heaton 1993), which indicates that the
We will therefore analyse the consistency of our observatiopgserved emission lines are excited from the shock generated
with current shock models. by the impact of the stellar wind with the molecular cloud.
Among the three observed positions, the HH26blue position The two sources HH25MMS and HH24MMS show a higher
shows the richest far infrared spectrum. From Fig. 1 and Tablefgnsity of excited gas with respect to HH26IR1((°cm ™3 vs
we note in particular that both the molecular and the][@nis- ~10*cm~3). This is somehow expected since they are both
sion seem to be correlated with the PL12 m intensity along Class 0 objects with a significant amount of material in their
the outflow. This suggests that the shock excitation in the redvironment; dense shocks are therefore more likely to de-
lobe is less energetic than in the blue one and that the lowetop along their outflows. These two Class 0 sources show
H, luminosity in this part of the flow cannot simply be a conindeed a similar nature. They both have VLA counterparts (Bon-
sequence of a larger reddening. An explanation for this diffdemps et al. 1995) and in addition, they are both associated
ence in the flow excitation may be given considering the densitjth HCO"™ and CS molecular clumps whose central densi-
structure of the cloud material into which the flow is expandiriges are higher than #@m~3. Moreover, they both seem to
(see for example the HCOmaps by Gibb & Heaton 1993 anddrive compactjet-like flows: in HH25MMS the outflow has been
Gibb & Little 1998). The blueshifted gas appears to be flowraced by means of CO 3-2 emission (Gibb & Davis 1998) and
ing into a high-density cloud environment and thus the stellir HH24MMS jet-like H, 2.12 ym and radio emission is seen
jet would be expected to experience strong shock interactidBontemps et al. 1996).
as it strikes against the molecular clumps labelled E and F by Despite these similarities, they however exhibit some dif-
Gibh & Heaton (1993). On the contrary the red counterpart afgrences in their FIR spectra, as can be seen in Table 4 in which
pears to be in a region of lower and more uniform density, af5

IOWInghthe gas tolfIOW morebfreely.d | inf et al. 1991), however they are not associated with the MM source but
Schwartz et al. (1987) observed several near infrare®H 00641 originated from the IR source SSV63. Of the shocked optical

vibrational lines from the HH26A knot, and from their absolutgnats only HH24A is also associated with B 12:m emission (Davis
intensities and intensity ratios derived an excitation temperatigieal. 1997); this knot is thought to represent the point of interaction
of about 2100 K. This value is very similar to the temperatutgtween the C-E jet from SSV63 and the compact flow from the MM
derived from the far infrared molecular lines (800 K), sug- source.

5.1. Shock excitation

HH24 contains at least two strong collimated optical jets (Mundt
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Table 4.Cooling from the [Q]63 zm, CO, H,O and K (calculated as have been observed by ISO (Saraceno et al.|1999). The only ex-
10 times the 2.12m line luminosity taken from Davis et al. 1997) forception is the Class 0 source L1448-mm, where despite condi-
the observed objects (column 2, 3, 4 and 5 respectively). All the valugsns similar to HH26blueT ~1400 K anduyy, ~6 10 cm~3),

are expressed ind. units. the water abundance is 5107, i.e. more than one order of

magnitude higher than here (Nisini et al. 1999). Possible ex-
source L101163 um Lco Luyo L, planations for this may be either that less atomic oxygen is
HH24MMS 0.027 0.020 - 0.028 available to be incorporated into water due to depletion onto
HH25MMS 0.024 0.030-0.037 0.020-0.026  0.030 the grains, or that part of the water could rapidly be depleted
HH26blue 0.022 0.027-0.033 0.020 0.062 onto cold grains once the shock is passed, as suggested by some
HH26IR 0.019 - - 0.046  time dependent models (Bergin et al. 1998). We stress however
HH26red 0.0094 - -

that the estimated water abundance is still significantly greater
" the luminosity of the 24B knots is corrected by an extinction dhan expected in quiescent clouds (which is predicted to be about
19 mag and the contribution of the; Hines observed with SWS is also 10~8-10~7). That in the considered regions there is a significant
included. chemical reprocessing due to the shock passage is also testified
for HH25MMS, where_Gibb & Davis (1998) observed a sig-

the relative cooling due to the different species are given. A#icant abundance enhancement for slow shock tracer species
already noticed, in HH25MMS the gas cooling is dominate#Hch as SiO and methanol.
by molecular emission. The ratio of the [[B3:m luminosity While the observed molecular emission can be better ac-
to the luminosity in CO, K and H,O for this source is-0.3; counted for in the framework oE-shock models, we cannot
at the derived temperature range<150-550 K), a significant however overlook the few but strong evidences in favour of the
contribution is also expected from the pure rotationattdnsi- Presence of dshock in the region; firstly, the presence of the
tions which is not taken into account here. On the contrary, leggtical HH objects, which testifies to the high excitation and
FIR emission is observed in the form of molecular transitio@nization and secondly the high radial velocity of these Herbig
in HH24MMS, where the ratio of [(i]Gaum over molecular Haro @100 km gl) (Jones et al. 1987) An additional test for
luminosity is 0.8 (0.6 if the extinction is taken into accountfhe presence of a strong component due thshock can be
The characteristics of the shock activity in the surroundings @fade by using the [@63.m emission; it has been indeed re-
these sources appears to be different also in the NIR. The waiged by Hollenbach (1985) that the {[B3;:m line luminosity
localised H 2.12,m emission associated with the HH24MMSs proportional to the rate of mass lost from the star providing
source is weaker than in the HH25 and 26 knots, which I&gat it directly traces the dissociative shock due to the impact
Bontemps et al. (1996) to invoke a large extinction in the réf the high velocity star wind on the ambient medium. Alterna-
gion. We have shown however that the visual extinction, avédizely, the wind mass loss rate may be also estimated from the
aged across the SWS beam<i§9 mag £30 mag if we take Spatial maps of mm CO lines, in the hypothesis of momentum
into account the uncertainty on the extinction curve) and not th@nservation and assuming a wind velocity. For HH26IR we
50-100 mag derived by Bontemps et al. (1996) from the mfonsider the flow parameters derived from the CO observation
limeter continuum, assuming a spherical protostellar envelof¥:/Gibb & Heaton (1993) and assume a wind velocity equal
this suggests that the jet may have already opened a cavityarthe radial velocity of HH26 (i.e~~130 kms'!, Jones et al.
the envelope. 1987) obtaining amass loss rate of 1.8 M, yr—! inthe blue

In any case, the prevalence of molecular cooling over the of the outflow. From the [@63.:m luminosity, we derive
[01]63umemission in the three sources, together with tfemass loss rate of (2£0.1) 10°% M, yr—!, which is similar
relatively high temperatures derived at least for HH26blie the value given from the mm observations; this indicates the
and HH24MMS, are both evidences which point to excitdalidity of the underlying hypothesis that the {3emission is
tion by a slow non-dissociativ€-shock more than to & mainly due to a dissociative shock and that it provides the dom-
type shock [(Draine et al. 1983; Hollenbach & McKee 198dant cooling process. This result is in broad agreement with
see also Nisini et al. 1999 for a comparison of the predithe general trend found between these two mass loss determi-
tions by the different shock models). Temperatures in tf@tions in a sample of HH objects observed by LWS (Liseau et
range 500—2000K are indicative of shock velocitie$5—25 al. 1997).
kms! (Kaufman & Neufeld 1996): in such a shocks the cool- On the other hand, from the HH25MMS flow parame-
ing due to H ro-vibrational lines increases with the temperaturégrs given by _Gibb & Davis (1998) a mass loss rate equal
as we observe in HH26blue which shows the largest valuetgf 1.310°7 Mg yr—! is derived (allowing for a factor of
Ly, (See Table 4). However the contribution of the water coolirfy/0 due to the incomplete mapping of the flow), while the
is much lower than predicted given the fact thafat- 400K [0 1]63um luminosity gives (2.30.1) 10°° Mg yr—" which is
all of the oxygen not locked into CO would be expected t&ore than a factor ten larger. One possible reason for this dis-
be converted into water. This result is not totally surprisingfepancy is that the Gibb and Davis flow parameters are not
indeed the water abundance and its relative cooling have &irected for the outflow inclination which is likely to be sig-
ready been found to be lower than predicted by models (irdficant given the orientation close to the plane of the sky of
Kaufman & Neufeld 1996) in the majority of the outflows thathis flow. This seems in fact the most plausible explanation af-
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ter having considered additional sources for the][€citation. 8

is emitted directly in a protostellar disk accretion shock cay 2
also be investigated. According to the Neufeld & Hollenbach
(1994) model, the [@63m luminosity in such high density o HHZAMMS HHZ5MMS HH26blue HH26IR HH26red
shocks cannot exceed10~* L unless very large accretionF, 10. Line fi £ 101163 4 [CIN158 din th
rates (larger than 10 M, yr—1) are considered. [@63umcan 3 +°- -IN€ TUXes 0 [C1}63um and [CII]158um measured in the
. . .obtserved positions.
also arise from the protostar collapsing envelope (Ceccarelli e
al. 1996); however, its luminosity is never expected to be more

than one tenth of the value observed in HH25MMS. that a significant fraction of the [@63.m emission results from

In HH24MMS the mass loss rate derived fromhijs contribution inaddition tothe shock excitation. In principle,
[O1]63umluminosity is (2.6:0.1)10°° Mgyr~'; this the presence of a localised PDR is easily recognisable with an
value cannot be however compared with any CO map dgnhancement of the []158:m emission which is dependent
termination since no millimeter data are available for thisn the presence of a FUV field. However, ther{ft58:m flux
flow. at the different observed positions is quite uniform (Eig. 10) and

In conclusion, the different observational evidence gathergfigeneral there is no correlation between this emission and the
for the three investigated sources cannot be explained by a sifgigsence of IR sources in the beams. Therefore we conclude
shock component: a mixture @ andJ-shocks seem to bestthat the FUV fields from these stars provide only a minor con-
reproduce the cooling due to the different species as well @ution to the gas excitation.
the various velocity components. This could for example be On the other hand, this uniformity of the [§158.m flux
achieved by considering a curved shock (bow shock); inthis casean indication that the emission arises from the PDR of
the maximum shock velocity is achieved at the head of the beMe ambient molecular cloud exposed to the averaged Galac-
thus producing a dissociative shock, while in the tail the veloci¢ field. This in principle could itself be also responsible for
at which the jet strikes the ambient medium is reduced and jg&t of the [O1]63;:m emission. To check for this possibility,
obliqueC-shock can be produced (Smith 1991). The evidengg: use the PDR model results by Kaufman et al. (1999). Ac-
that HH24MMS lacks a molecular cooling as strong as for th®rding to this model, if we assume a cloud mean density of
other two sources can be explained by two different picturegy* cm—3 or less, the observed averager[[158um intensity
1) the jet emanating from the MM source produces a strogg2.7 10> ergs ' cm~2 sr! corresponds to a FUV field of
dissociative shock emitting primarly inthe [{83umlineandat ahout 3-6G, (where G, is the FUV flux expressed in units
cmwavelengths; only a small part of the energy is released in §¥ahe local interstellar value, i.e. 1.6 1dergs ! cm~2). With
form of H, emission which could originate from either the H such a field the expected [{B3,m/[C 11]158um intensity ratio
reformation plateau as predicted fbtype shocks (Hollenbach can be 0.5 at maximuum. Looking at Fig. 10, where the flux den-
& McKee 1989) or from a different and weaker shock in thgity of these two lines is plotted versus the different investigated
bow tails of the jet; 2) the observed [Pemission comes mainly positions, we see that in fact the observed]g3,m always ex-
from the optical HH knots that are not associated with the Mikeds the contribution of the [[q158'um with the exception of
source, while the jet from HH24MMS is energetically too weathe HH26red position, where a ratio of about 0.5 is reached.
to produce strong shock interactions observable by LWS.  Among the targetted positions this is indeed the one where the

shock excitation is the faintest and thus where the diffuse PDR

5.2. Spatial distribution should give the largest contribution. We therefore conclude that

of [O1] and [C11] and PDR excitation the diffuse PDR from the ambient cloud may be responsible for

most of the [Q]63um emission only towards HH26red, while

Inspection of Fig. 1 shows that the region covered by our mg@-the other positions it can account for a maximum of 40% of
surements also includes, in addition to the different shockgg observed flux at worst.
knots traced by the 2.32m emission, the young objects SSV60  The [O1]145:m line was not detected in any of the LWS
inside the HH26blue pointing, and SSV63 and SSV59 on thgectra. Comparing the upper limit for this line with the de-
edge of the beam centered on HH24MMS and HH26IR respggcted [Or]63.:m line flux, we obtain a lower limit on the ratio
tively. These objects are embedded pre-main sequence S@r§63.m/[O1]145:m ranging from 13 to 26 with an average
which are probably not associated with the surrounding shogdjue of 20. The ratio of this two lines is in principle very sen-
activity. Despite their relatively low luminosities-@0 Lo) the  sitive to the hydrogen gas density, irrespective of the excitation
associated FUV flux (6 E' <13.6 eV) could produce compactmechanism, as soon as the temperature exceeds a value of about
photodissociation regions (PDR) able to excite the circumstellggio K: the derived lower limits indicate in particular densities
gas (asmodelled e.g. by Spaans etal. 1994), soit could be argdgger than 16cm~3 and are therefore consistent with the values

The C-shock component alone cannot account for an excessf [ [01]63um 1
[O1] emission. Excitation by photodissociation will be consid< ®[ B
ered in the next paragraph where we show that its contributiﬁn L ]
can account for at maximum 30% of the totalfjuminosityin 2 4| ]
HH25MMS. The possibility that a significant fraction of [p = 7 [CTT]158um 7
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derived from the analysis of the molecular emission. Althoughan the cooling due to 4hlone, which is usually derived from

not very stringent, the measured lower limits on this ratio appegmound based observations of the 2/ line. This finding

to be within the range of expected values. This is not alwageeds to be taken into account in future analyses of the energy
found in the surroundings of deeply embedded young stellzalance along the outflows.

sources, where values of the {IB3um/[O1]145um ratio much

lower than predicted by any physical model have been fouq—'geferences

These anomalous ratios have been interpreted as being due to

strong absorption of the [@63um line by large columns of André P., Ward-Thompson D., Barsony M., 208@otostars and Plan-
cold gas along the line of sight (Saraceno et al. 1998), a situagts IV, ed. V. Mannings, A.P. Boss & S. S. Russell, University of

tion which does not seem to be present in the HH24—26 region/\rizona Press, in press
Anthony-Twarog B.J., 1982, AJ 87, 1213

Bergin E.A., Melnick G.J., Neufeld D.A., 1998, ApJ 499, 777
6. Conclusions Bontemps S., Andr P., Ward-Thompson D., 1995, A&A 297, 98.

. . . . ....Bontemps S., Ward-Thompson D., AedP., 1996, A&A 314, 477
The analysis of the ISO spectroscopic data obtained in diffesp; R.pKriJgeI E Haslarg C.GT. etal. 1993 ARA 272 L5

ent positions along the HH24-25 and 26 region, shows that §hen M., Harvey P.M., Schwartz R.D., Wilking B.A., 1984, ApJ 278,
far infrared spectra are dominated by atomic (&3.:m line) 671

and molecular (CO and #D) transitions excited in shocks.Clegg P.E., Ade P.A.R., Armand C., et al., 1996, A&A 315, L38
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We finally remark that the total cooling due to the gas com-
ponents traced by the far infrared lines is always of the same or-
der of magnitude or larger (up to a factor of three in HH25MMS)
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