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Abstract. Observations are reported of IR emission ix Bround 2um in theK-band, obtained with the ESO 3.6 m telescope

using the ADONIS adaptive optics system. Data cover a region of the Orion Molecular Cloud north of the Trapezium stars and
SW of the Becklin-Neugebauer object. Excellent seeing yield@ddtion limited images in the= 2-1 S(1) line at 2.247Zm.

Excitation temperature images were created by combining these data with similar datadimidsion in the = 1-0 S(1)

line reported earlier (Vannier et al. 2001). Shock models are used to estimate densities in emitting clumps of material. In local
zones with high excitation temperatures, post-shock densities are found to be as high as severaf ttme% 4@ order of
magnitude denser than our previous estimates. We propose that the nature of these zones is dictated by the combined activity
of shocks, which create dense structures, and the powerful radiation figh@ @ri which photoevaporates the boundaries of

these structures.

Key words. ISM: individual objects: OMC1 — ISM: kinematics and dynamics — ISM: molecules — shock waves —
ISM: lines and bands

1. Introduction (Lucas & Roche 2000; Zapatero Osorio et al. 2000; Boss 2001).

The Orion Molecular Cloud, OMCL, lying at the heart of th This mechanism, if operational, has far-reaching consequences

Orion Nebula (Ferland 2001; O'Dell 2001), is a region izor star formation in many regions of the Galaxy and in ex-

: . ; ternal galaxies, making an important contribution to the ini-
which powerful outflows from massive young stars intera

strongly with the parent gas from which they formed. This cogl.— | mass function (IMF) for objects in the low mass range.

tributes, it is believed, to the formation of further massive st he Galactic IMF has been extensively studied, especially in
' ' . ; rion, e.g. Luhman et al. (2000), in which studies extend down

(Elmegreen & Lada 1977) and an extensive population of Ig\(/)v0 02M

mass stars. The Trapezium cluster and the region around it " @

which includes both OMC1 and the Becklin-Neugebauer (BN) | recent work (Vannier et al. 2001, hereafter V2001), we

object, itself a young and massive B-star (Gezari et al. 1998kempted quantitatively to test the shock compression hypoth-

contains several hundred very early low mass stars within a g&js jn OMC1, examining the distribution of scale sizes of re-

gion of scale 0.5 pc. The age of the cluster is of the order gfons brightly emitting in H (e.g. Allen & Burton 1993; Schild

10P years (Hillenbrand 1997; Palla & Stahler 1999; Luhmag; a). 1997; Chen et al. 1998; Stolovy et al. 1998: Schultz

etal. 2000). et al. 1999) and using theoretical shock models (Wilgenbus
An understanding of how massive stars influence the fait a1. 2000) to reproduce the observed brightness of emission

mation of compact bodies in the surrounding gas is basgthe H, » = 1-0 S(1) line at 2.12m. The results in V2001

on the hypothesis that outflows from massive stars mapowed that clumps of gas emitting in the 1-0 S(1) line do

shock-compress the local gas, triggering the formation gt form a fractal size distribution but rather display a preferred

stars, brown dwarfs or free-floating objects of planetary masgga|e size lying betweerr4 to 28, thatis 1073 to 4x10-3 pc

given a distance to Orion of 460 pc (Bally et al. 2000). It was

e-mail-dfield@phys. au. dk fou_n_d that the passlage o_f m_agnetic (C-type) shocks, with ve-

* Mainly based on observations performed at the ECsilla 10Citiés of ~30 kms™, impinging on gas of preshock number
3.6 m telescope. Reference is also made to observations perfonfl88Sity 16 em3, could yield the very bright Hlemission ob-

Send g@print requests toD. Field,

at the CFHT 3.6 m telescope. served. The passage of the shock was found to compress gas to
** \fisiting astronomer at the European Southern ObservatoRgimber densitied| +2ny,) of several times 10cm. V2001
La Silla, Chile. found that one clump in the field (region 1, below) may be
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line are used in conjunction with datadin= 1-0 S(1), where
8 30 25 20 15 10 5 0 @BIRC2 the |atter have already been reported in V2001. In all sets of

TTTTTTT T TT T TT T T TT T T T T TT T T T T T TTTTTTTH
s [ | | | ] ~‘i- _‘ | 6‘ 1s data, isolation of spectral lines and observation of the contin-
iy _ = uum at 2.179um were achieved using a Fabry-Perot interfer-
0 i o 1324 o Eo ometer with a resolution 0f/1000, that isx150 kms?.
= “Trccoois!| The northerly extent of the field which we were able to ob-
5 J.5 serve was restricted by the availability of only a single star,
C a B Ori, as a sficiently bright reference for wavefront sensing.
10 ¥ J.10 Thefield reported here consists of a single framé&gk2.2’'8),
- i - B centered 188 E and 34 S, relative to TCC0016 (see Fig. 1)
-15F ¥ .15 and chosen for its strong= 2—1 emission. The Strehl ratio, the
E B - & ] ratio of the peak intensity of the measured point-spread func-
20~ 1-20 tion (PSF) to the theoretical maximum for a telescope with per-
E » . fect optics and no atmosphere, diminishes as the distance from
el h —-25  the reference star increasé’.0ri B lies at the south-eastern
c .@10” B.B, . ] corner of our image, with the north-west corner of our field
-0k —%0 45" away. This corresponds to a size of the order of that of the
_355 zblori I\ }_35 i_soplanatic pa}tch_ _at 2am, the area beyond_ which AQ correc-
- . . E tion may be significantly degraded. The size of the isoplanatic
aoF . eonD . 1.0 patch depends on the outer scale of turbulence, a poorly char-
E glori c. R acterized parameter, and much larger isoplanatiq patches have
been reported. It turned out that the excellent seeing at the time

H‘H\\‘\H\‘\\H‘HH‘HH‘HH‘HH‘HH‘\
3% 3 2 20 15 10 5 0 - of our observations allowed us to achieve mediralition lim-

Fig. 1. A finding chart, recorded at 2.12dm (H, emission+ con- ited correction throughoutthe field, including faint objects. The
tinuum), showing the area in which observations are presented, Egsolution in our images corresponds to a Strehl ratio between
tending approximately from T1to 23’ to the East, 3 to the North 0.37 and 0.5. In order to obtain a representative point spread
and ¢ to the south of TCC0016 (marked as a large white crosglnction, we chose to recomt Ori D to the SE (see Fig. 1),
TCCO0016 lies at 085"1491, -052239/31 (J2000). The positions rather tharg® Ori B, since6* Ori D lies at a distance from
of the Trapezium stars and IRc2 are also shown relative to TCCOO&§yr field more representative for the full field thehOri B.
Two stars used for image registration, PSH132 a.nd _TCC0044 locajg@dmerous observations were performed?bbri D through-
at19'E, 3'N and 14E, 7'S of TCC0016, are also indicated. The box, \+ yat4 taking, since it is important for data reduction to use a
identifies the zone studied in the present work. . . .
PSF appropriate to the time of and therefore the seeing for any
particular image acquisition.
gravitationally unstable and may be a potential site for future Data reduction to obtain ajimage was performed so as to
low mass star formation. This result is consistent with the stédke account of any temporal variability of the sky background,
lar density in the Trapezium cluster, which would yield one stapatial variations in the sensitivity of the detector (flat-fielding),
on average in the volume of gas observed (Luhman et al. 20Qfljferences in the sky brightness affdient wavelengths and

In the present work we consider, as in V2001, a small patiffering dficiencies of the detection system for théfelient
of OMCL1 in a region centered45” north of the Trapezium Fabry-Perot settings. Dark counts were subtracted and bad pix-
cluster, reporting data in the= 2-1 S(1) line at 2.247um, at els and noise due to cosmic rays removed.
high spatial resolution, obtained using adaptive optics. Since we seek to ratio the imagesia 1-0 andv = 2-1
S(1), itis essential that brightness estimates are as free as possi
ble from diferential éfects between the two lines. In this regard
atmospheric absorption in these lines must be considered. Data
Afinding chart for the region observed, recorded initkel-0 obtained (Dec. 2000) on the Canada-France-Hawaii Telescope,
S(1) line, is given in Fig. 1. The brightest,Hemission is using a combination of the PUEO adaptive optics system and
centered around T0E of the reference star TCC0016 andrabry-Perotinterferometry (“GriF”; @het et al. 2002), as well
is the region originally designated as “Peak 2" in Beckwiths extensive data in Chrysostomou et al. (1997), reveal that
et al. (1978). BN lies 2@ to the north-west of TCC0016, thatOMC1 as a whole containszHemission which shows veloc-
is, 0.045 pc. ity shifts, relative to Earth, of between60 to —10 kms™*.

The ADONIS Adaptive Optics (AO) system at the ESQJsing the atmospheric absorption line atlas of Livingston &
3.6 m telescope was used for the observations, which took plaallace (1991), we find that there is negligible absorption for
on 27th to 29th December 1996. ADONIS was equipped withev = 1-0 line in all cases, save over a very narrow range of
the infra-red Sharp-NICMOS camera (256256 pixels). At velocities around-30 kms* for which an absorption 0f~7%
the time of our observations the seeing was exceptionally go@gifound. For thes = 2-1 line, the situation is similar with a
lying between 0.3 and 0.4 arcsec, and the lens set was usedk absorption feature again 7% at around+33 kms™.
which gave a resolution of 50 myasxel, with a field of view GriF data show that the regions studied span the range of ve-
of 12.8’x 12.8’. Data recorded here in the;ld = 2-1 S(1)  locity which includes these values. Thuffdiential absorption

2. Observations and data reduction
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may introduce systematic errors into estimates of excitation Referringtov = 1,J = 3 aslevel 1 and = 2,J = 3 as
temperature, but of only a few per cent. THeeet cannot be level 2, both of the same degeneracy, the excitation temperature
accurately determined and we choose to ignore it in the preseraty be expressed as

work.
A further consideration is that the= 21 line will be less T, = E2;r|151 1)
reddened than the = 1-0 line. The factor between the two kin n—i

is ~(11/42)"*" (Mathis 1990), that is, the = 2-1 line may o ,
be overestimated by10% compared to the = 1-0 line. we WhereEz — E1 = 38924 cn1”, andn; are the populations of
present results here for data uncorrected for this imprecis@él’el' = 1, 2. The column densitiedl;, and hence the relative

known diferential absorption. If included, excitation temperd20Pulations can be obtained from the observed brightngss,
tures estimated below would be reduced456. Absolute val- YS'"9
ues of brightness may however be underestimated due to dust 4, |,
obscuration (Rosenthal et al. 2000), but this does not in its®lf = e A (2)
affect estimation of excitation temperatures.
Data for thev = 2-1 S(1) line and at 2.17%m in whereA is the wavelength and is the EinsteinA-value for
the continuum, free from } emission, were deconvolvedthe corresponding line 87 x 10" s°* for v = 1-0 S(1) and
with the appropriate point-spread functions, using the tech98x 107" s7 for v = 2-1 S(1); Wolniewicz et al. 1998).
nique of Subtractive Optimally Localized Averages, SOLA The resulting H excitation image can be seen in Fig. 2. To
(Pijpers 1999). This method has been shown to preserve @veid unacceptable levels of noise in forming this image, all
smallest scales in the data morfeetively than the stan- emission in the = 1-0 andv = 2-1 S(1) lines weaker than
dard methods of Maximum Entropy and Richardson-Ludx 10" Wm2sr (~10% of the maximum in the 2—1 line and
(Vannier 2001; Hook 1999 and references therein), yieldin@% of the maximum in the 1-0 line) was excluded. Details of
otherwise very similar results. Implementation of SOLA intwo illustrative objects within Fig. 2 are shown in Figs. 3 and
volves as input some “target” resolution which it is the aim, which also show the corresponding- 1-0 and 2-1 data.
of deconvolution to achieve. If this target represents too higte data show surprisingly clear excitation structure, ranging
a resolution, the penalty will be an unacceptable level &bm excitation temperatures of 1500 K:#6000 K. There is a
noise. In the present data we were able, with acceptable noteadency for the emitting clumps of;Ho show a hot edge. In
to achieve a spatial resolution, uniform within the image@ddition, edges have a clear propensity to face south to south-
of 0715. Absolute fluxes were obtained by calibration usingest.
both the standard star HD71264, afPg"1815, -05351'49’8 Cuts through objects 1 and 2 are shown in Figs. 5a, b, which
(J2000), with aK magnitude of 8.538 (DENIS Standardllustrate that the excitation temperature in these zones can rise
Stars: seehttp://cdsweb.u-strasbg.fr/denis.html) to more than 5000 K. Errors in the excitation temperatures
and TCC0016, whoseK’ band calibration is given in quoted here and subsequently af0% for 3r. Values ofTey
McCaughrean & Staier (1994). Images of the = 2-1 S(1) in hot zones lie in general around 3500 K to 4000 K. In cooler
emission were obtained by subtraction of the deconvolved ca@enes, values oOf e, congregate around 2500 K. A significant
tinuum image at 2.17am from that at 2.247m, noting that feature is that the edge of hot zones tends to be very abrupt, as
the continuum itself shows very little emission save that froshown in Fig. 5b.
stars in the field. The region is strongly illuminated by the A comparison may be made between excitation tempera-
Trapezium stars (see below) and absence of continuum entises reported here and the excitation temperature(s) deduced
sion indicates that very small dust particles, which show brighiom Boltzmann plots, that is, of\{/gi) vs. E;, whereN; is
K-band emission in photon dominated regions (PDRs: ethe column density of level, andg; and E the multiplicity
NGC 7023: Lemaire et al. 1996), are absent in this part afid energy of level respectively, using the ISO-SWS data of
OMCI1 (Ferland 2001). Images extracted in the same manRasenthal et al. (2000). The latter data integrate the emission
as described above, but for the: 1-0 S(1) line, may be found in an area in the plane of the sky efl5” by 30" in the re-
in V2001. gion of Peak 1. This region, lying to the north of IRc2 (see
Excitation temperature images were created by forming~ig. 1) and about 3 times larger than the present region, suf-
ratio of thev = 2-1 andv = 1-0 S(1) images. This placesfers excitation processes similar in nature to those in Peak 2.
a stringent requirement on registration of the separate imagEse excitation temperature in the range of energies including
Two stars in the field were used for image registration, namely 2, J = 3, spatially averaged over the ISO-SWS beam, is of
PSH132 and TCC0044 located”E 3’N and 14'E, 7’S re- the order of 3000 K in Rosenthal et al. (2000) or 3300 K ac-
spectively of TCC0016 (see Fig. 1). Cuts through these staxxding to Le Bourlot et al. (2002). It is evident therefore that
show that superposition of the two sets of data may be p#re hot zones observed in the present work, very small on the
formed with an accuracy afl pixel on the full field. Thus ratio scale of the ISO-SWS beam, are rather hotter than in general
images could be made without significant loss of spatial resofer OMC1 and represent aftitrent set of physical conditions
tion. (Data recently acquired using the Canada-France-Hawhin the average for OMC1 as a whole.
Telescope have enabled us to perform registration-ef2—1 Absolute values of brightness of,Hemission in hot and
and 1-0 S(1) images using 10 stars in the field. Results conficold zones in Figs. 2—4 provide an additional diagnostic of the
the registration of the images presented here.) prevalent physical conditions. The average value of brightness
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Fig. 2. An “excitation image” of the 128 x 12’8 region of OMC1, identified in Fig. 1, represented by an image of the excitation temperature a:
estimated using Egs. (1) and (2). The centre of the image, designated (0,0), is locaft®581 683, 0522486/ 7 (J2000), displaced 18 E

and 34 S from the (0,0) position (TCC0016) in Fig. 1. The area in grey represents regions in which emission is below specified signal lev
(see text). Boxes labelled 1 and 2 refer to data in Figs. 3 and 4.

0.07 1.05 2.02 3.00 0.07 0.25 0.42 0.60
2.0 1 r
1.5 r
| o
1.0 g W +
0.5 1 a r
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5

Fig. 3. a) A detail of region 1, identified in the excitation image in Figbh2,corresponding emission in= 1-0 S(1) andc) in v = 2-1 S(1).
The line in Fig. 3a indicates the position of the cut taken in this image to form the data shown in Fig. 5a. The colour bars for brightness ir
andc) are in units of 16° Wm=—2sr?!
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Fig. 4. As in Fig. 3, but for region 2, see Fig. 2. The lineahindicates the position of the cut taken in this image to form the data shown in
Fig. 5b. The colour bars for brightnesstihandc) are in units of 16> Wm=2sr*
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6000 we consider first the influence of shocks and then turn to the

influence of the PDR generated 8YC Ori.

5000
3.1. The influence of shocks

Our aim is to identify shock conditions which reproduce the
observed range of excitation temperatures using shock models.
Our discussion proceeds with the proviso that shock models do
not yet yield a definitive description of the origin of, ldmis-

sion. Indeed, models in general experience considerable dif-
ficulties in describing data for Hemission spectrum in such
objects as the Orion bullets (e.g. Tedds et al. 1999).

Since the region may be permeated by magnetic fields
(Norris 1984; Crutcher et al. 1999) and the gas is at
1000 Bt bbb 03 least weakly ionized, shock models include  not  only

0.90 1.00 110 1.20 1.30 J-type (Hollenbach & McKee 1989; Lim et al. 2002)
Position in arcsec and but also continuous-type (C-type) shock waves. The
latter have been investigated by Draine et al. (1983),
6000 T — — } Pineau des FetS et al. (1988), Smith & Brand (1990),
5000 D

4000

3000

Excitation Temperature / K

2000

—e—
——i 1
——

e b b b b

Kaufman & Neufeld (1996a,b), Timmerman (1998),
Wilgenbus et al. (2000), whose results were used in V2001,
and most recently by Le Bourlot et al. (2002). The latter ex-
tends the work of Wilgenbus et al. (2000), showing that C-type
shocks may propagate at considerably greater velocities than
was previously believed, increasing the range from around
30 kms?! to > 50 kms? depending on the gas density (see
below). The model of Le Bourlot et al. (2002) used here abides
by the relationship that the transverse magnetic induction is
given by B(uG) = [n(cm3)]¥2, in contrast to the models
reported for example in Smith (1991) and Smith et al. (1991)
which invoke very high magnetic fields. Using the new model
of Le Bourlot et al. (2002), the range of C-type shock speed and
pre-shock gas density explored in the present work is therefore

4000

5000

Excitation Temperature / K

2000

1000F L L L considerably enlarged over that investigated using the results
18 16 14 92 of Wilgenbus et al. (2000) in V2001. The range of densities
Position in arcsec and shock speeds covers preshock valuas ef10° cm™ to

10" cm2 and shock speeds of 10 ks vshock < verit, Where

Fig.5. @) A cut through the excitation image in Fig. 3a, region 1, in = . . . . .
a direction N-S, 115 west of the centre of the excitation image it is the maximum velocity at which a C-type shock is able

Fig. 2, showing the variation of excitation temperature with positior’i‘? propagate in the medium for any chosen pre-shock density,

i 1 _ —3 1
b) A similar cut for region 2 in the E-W direction”2 south of the anging from>50 kms~ for n = 10° cm™ to ~24 k_m§
centre of the excitation image. for n = 10’ cm™3. The steady-state code treats, in planar

geometry, the hydrodynamics of the shock and the detailed
chemistry in a self-consistent manner, including for example
of thev = 1-0 S(1) line in hot zones witfiex > 3300 K is 85+ the chemistry-dependent cooling of the post-shock gas. Level
2.7x 10 Wm=2sr! (10) whereas the cooler zones possesspopulation densities of Hro-vibrational states are computed,
higher brightness of between 1 ansk30> Wm==2sr?, in parallel with the chemical and dynamical variables. In the
models to which we refer below, the orfpara H ratio is
) i i assumed to be 3 in the pre-shocked gas. We note that these
3. Discussion of the observations latest shock models, which include the most recent collisional

H, emission in OMC1 arises from both heating througﬁross—section data (Le Bourlot et al. 2002), overcome the
shocks (V2001 and see below), and from photon excitdifficulties experienced in earlier shock models (e.g. Burton
tion in PDRs (Stizer & Hollenbach 1999 (SH99); Sternberdt al- 1990) in treating high density regions:df0> cmr.

& Dalgarno 1989; Black & van Dishoeck 1987; Black & We initially consider the possibility that in any clump, such
Dalgarno 1976). PDRs are characterized by high excitatias those in Figs. 3 and 4, we are observing generic structure
temperatures, e.g-5000 K for the S(1)» = 2-1 and 1- in the emission of a shock, seen edgeways on, and that the
0 lines, at any rate for low number densities, thakB)* cm™  observed excitation temperature structure reflects the cooling
(Sternberg & Dalgarno 1989). In the discussion that followprofile of the shock itself. In this physical model, observations
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require that the width of the shocked region is of the order ofd 25-30 kms!. The observed 1+/2-1 line ratio in cooler
few hundred AU. This limits pre-shock densities¢d0® cm™3.  parts of region 1, for example, is0/+ 0.3 around the peak

In order to achieve a brightness in the S¢l)= 1-0 line of emission. The C-type shock models mentioned yield results
in excess of 1 Wm=2sr 1, this turns out to require veloc-which span this range, running from 9.6 to 5.0Tgg = 2200 to
ities of 40-50 kmst. Computed excitation temperature pro2900 K. Models predict a brightness in the 1-0 S(1) line of
files however shoW e, remaining roughly constant, at 2600 K3 to 6x 10°> Wm™2sr! and are therefore also consistent with
to 2800 K, throughout the emitting zone. Hence excitation terar a little brighter than values recorded in our observations.

perature profiles do not resemble those observed (Figs. 5a, b)in the shock interpretation outlined above, the excitation
and we conclude that this edgeways-view model is not correghage is seenfiectively to trace gas density and we conclude
Turning first to a suitable model for the highy zones, that clumps of material possess very dense regions. Using the
a large range of C- and J-type shocks has been exploredsgale size of % + 0.5 x 103 pc derived in V2001, it was
order to try to reproduce the high observed excitation terghown in V2001 on the basis of the Jeans length that gravi-
peratures. For C-type shocks, the only group which yild tational instability may set in for number densities in excess of
of 3500-4000 K are those which involve shock velocities af107 cm3, for the largest of the clumps (region 1 in Fig. 2). It
25 to 30 kms! impinging on gas at a pre-shock density ofiow appears that parts of this and other objects possess albeil
5x 10° cm™3 (or higher, but with correspondingly lower shocksmall regions with number density of several time& &3
velocities). For example, a shock velocity of 28 kmhis gas of - and therefore that the total mass contained within these clumps
pre-shock density 10° cm® yieldsTex = 3800 K and a post- s somewhat larger than previous estimates-@fl M. This
shock density of 1L x 10° cm™ at 10 K. However the calcu- sirengthens the conclusion of V2001 that region 1, for example,

lated brightness in the= 1-0 S(1) line is % 10-°Wmsrt,  may contain sfiicient material for low mass star formation.
whereas the observed average brightnessls times lower. , his connection, a new element in our interpretation

We find no C-type shocks which yield a high excitation teMyiseq from spatially and velocity resolved GriF data for
perature accompanied by the observed lower brightness, [ﬂgltemission in OMC1 (see Sect. 2; Gustafsson et al. 2003).

1S, IO\;ver brlghtnesshthell(n in 10Wex zont()as.b did e interpret these data as showing evidence that some of the
Slower J-type shocks turn out to be better candidates to C1 clumps may already possess protostars buried within

scribe high excitation temperature zones. It is possible to idqﬂ—em_ Since outflow is characteristic of protostars (A&ndr’
tify a limited range of J-shock velocities and pre-shock de t al. 1993: Evans 1999; Egsfel et al. 2000), these clumps

sities which yields the observed excitation temperature an Warefore sffer shocks originating from flows within the

suitable b emissiorl1 brightness. For example a J-type shogf, s rather than from an external source alone, such as
O,f velocity 15 _k3m S7, Impinging on prg-shock gas at a den'Ehe well characterised outflow from the BN-IRc2 zone (Doi
S,'ty of 1¢° cm éy|eld_§ a Pnghtr_]ess in the = 1-0 S(1) et al. 2002). If a clump contains a protostag, ¢imission then

line of 3.4 % 10> Wm™sr= and inv = 2-1 S(1) of 10 x represents a later post-collapse stage of star formation, rather

6 -2 1 i — - . .
10 Wm™sr". This corresponds @ex = 3650 K, represen- y,,, yhe hastening of star formation through shock accumula-
tative of hot zones. The post-shock density at 50 K is estlmatﬁ(% of dense material prior to gravitational collapse.
to be 15 x 108 cm3. This and similar shock models provide a

brightness between 2 and 3 times less than the observed aver-
age value of &x 10 Wm=—2srtinthe 1-0 S(1) line. A higher 3.2. The influence of 6*C Ori
preshock density may be chosen to yield the observed figure.
However, as we describe in section 3.2, there is a PDR cdile region observed is exposed to the far-UV radiation field of
tribution to the emission of comparable magnitude to that préfle Trapezium stars, of which the dominant contributor is the
vided by the shock and the uncertainties in both the shock #Adtare*C Ori, ~0.09 pc distant from the Hemitting clumps.
PDR models do not warrant more detailed estimates of shdUE |n|t|a”y set aside the hlgh densities that arise in the shock
Speeds and densities. Despite this Comp|exityvthé_1/l_0 model of Sect. 3.1 and consider purely PDR excitation.
S(1) line ratio appears to be a good diagnostic of the physical #'C Ori generates a radiation field of 2x31L0° times the
conditions in the sense that highy clearly implies high pre- standard interstellar fiel@, = 2—-3x10°), including appropri-
and post-shock gas densities. The model width of the J-shoeks attenuation by dust in the HIl outflow, as discussed in SH99.
mentioned above is a small fraction of 1 AU. Thus we posti¥e note that estimates ofy@&ould be too low by an order of
late that the medium is under continuous shock excitation amagnitude (Ferland 2001), but that predictions of PDR models
is subject to a large number of small scale shocks, since thase insensitive to variation @y over this range (SH99). With
features together would yield the extended emission observ&y.= 2.5x10° n = 4x10° cm3, including 2.6 km s of advec-

As described in V2001, which used the models describéde heating, SH99 reports a brightness &410°° Wm=—2sr!
in Wilgenbus et al. (2000), C-type shocks are essential to iathev = 1-0 S(1) line. This is-7 times lower than the bright-
produce the level of = 1-0 S(1) emission in the brightest re-ness of the central’8 of region 1, for example (V2001). With
gions. Thus the brightly emitting zones of low excitation tenthe same model parameters, the 2-1 line brightness pre-
perature, where the greatest 1-0 S(1) emission is found, dicted in SH99 is Bx 107 Wm=2sr !, whereas the observed
can be modelled as C-type shocks involving pre-shock dés~5x 10® Wm=2sr . Results in SH99 correspond to an ex-
sities of the order of 10 cm3, post shock densities of acitation temperature 0£2000 K. Data in SH99 represent the
few x10” cm™ at 10 K, with accompanying shock velocitiesnost extreme PDR conditions which have been explored and
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thus no known PDR model can account for the present obsadvective flow, which should be present, the true emission
vations. There must nevertheless be a PDR contribution to théghtness due to the FUV field 6tC Ori will be greater than
H, emission, as subsequently discussed. the estimates mentioned. These considerations largely remove
In addition,6*C Ori can also generate a shock in the zortbe discrepancy between observation and calculated brightness,
of interest. The mass loss rate®tC Oriis~4 x 107 M, yr*  found for the J-shock alone, as discussed in 3.1.
with a velocity of 1000 kms' (Howarth & Prinja 1989; The photoevaporation model proposed in SH99 may also
O’Dell 2001). This corresponds however to an energy flux pfovide some basis for our inference, drawn from shock mod-
material in the region of blemission which is 2 to 3 orders ofels, that shocks are both C-type and J-type within closely lying
magnitude too small to drive the shocks described in Sect. 3dgions. C-type shocks require the presence of transverse mag-
Thus shocks fromdC Ori cannot account for the structure obnetic induction, whereas J-type assume that this is absent or that
served in the excitation temperature image. Rather the fothe degree of ionization in the region is negligible. SH99 (and
of this image arises because the émission zones representeferences therein) show that tHeeets of an intense FUV field
dense clouds within an HIl region, subject both to shocks afalling upon dense material is to generate a neutral outflow. One
PDR excitation, as we now describe. may speculate that neutral outflowing material may drag ions
We combine the féects of shocks, discussed in Sect. 3.5nd electrons away with it, creating a zone of low ionization,
with the environment generated BYC Ori. The general nature relatively devoid of magnetic induction, in which J-type shocks
of this environment in the zone of interest has been extensivelgy propagate. A further possibility is that shocks in high
studied. The HIl region associated with the Trapezium clustesnes do not achieve a steady state and we are observing the
is very well-documented and its morphology is known in detajttype region which accompanies the developing C-type shock.
(Ferland 2001; O'Dell 2001; Wen & O’Dell 1995). Following A further point arises which may stimulate new observa-
Wen & O'Dell (1995), the main wall of the HIl region lies 0.15tions. The combination of shocks and a PDR as above would
to 0.2 pc beyond the region observed. This is corroborated, §@ld a velocity spectrum of fishowing a narrow line for the
example, by recent data in Takami et al. (2002), who describ®R, superposed on broader shock emission. Thus high spec-
the morphology of the HIl zone around the Trapezium stars, ugal resolution spectro-imaging of these regions, with a spa-
ing [Fell], Hel and Palines as diagnostic of the presence of thgal resolution of~0"2, would yield data which provide a use-
HIl region. These data show that the present region is overmuntest of the model proposed. Existing data in Chrysostomou
by the HIl zone and thus that the clumps observed are dergel. (1997) or Salas et al. (1999) is offitient spectral reso-
fragments, surviving in the HIl region around the Trapeziumtion but has a spatial resolution of no better thdt{6.
stars (O’Dell 2001). This is supported by the fact that High
regions are generally sharp-edged, where the expansion of the
HIl zone is @fectively inhibited by the high density. Thus we4. Concluding remarks
interpret the form of the excitation tempera’Fureimag_esintemﬁﬁe observational data presented heresfor 2-1 S(1) H
of a combination of shocks, which build high density, and an_. . . . . e
. ! emission provide evidence for highly structured excitation tem-
intense far-UV photon field from the south, largely fréhC P . .
. : . eratures and densities in clumps of gas in Orion. In a frac-
Ori, which scours away less dense material through photoevﬁ

. ; ! n of th I f th I iti f
oration. This latter aspect is analogous to the photoevaporat] 8# of the volume of these clumps, densities deduced from

. . u ’ ock models are an order of magnitude higher than previous

model of circumstellar disks, so-called “proplyds” (Henney . .
, . . estimates in V2001, where the latter were based solely upon
O’Dell 1999). Only dense gas survives when unshielded from o .
1 ; - - v = 1-0 S(1) emission. We propose that the density structure
6-C Ori — providing the mass reservoir is large enough. Thi

. o ) 5t the clumps, a few times 7@m3 in the bulk, but in excess of
gives a qualitative explanation for the generally southern f

~ _3 . . . _ .
ing morphology of the hot dense zones, pointing towards t gscm at the high excitation temperature south-facing edges,

. IS dictated by a combination of energetic shock compression
Trapezium cluster. d radiati . h o P din th

In this combined photoevaporation-shock description, t@gd raf|ar:|ve Ievaporgtlon. The er:nlsion ofisiforme r|]nt g

radiation field of9*C Ori falls upon very dense material, with ody of the clumps by C-type shocks. However at the edges,

facing *C Ori, emission is generated through roughly equal
—3 H H ’
> - N .
n > 10° cm, 2 qrders of magnitude denser than in Pr%ontributions from J-type shocks and the PDR created by the
plyd photoevaporation models of SH99. In order to estima ) 1 . o ;

: . . intense FUV field of~-C Ori. The radiation field competes with
the brightness generated in the khes for such a dense re-

; o the shock-induced process of accumulation of material, strip-
gIL?nq,b:rZzssii?gsgiaz/s:e?ﬁ'legﬂgnaﬁzgg ; 12(585;:11%?5 _?hr}g ping away less dense matter at the fringes of the clumps and

model, based on a code described in Abgrall et al. (199§avmg behind only very dense regions facing in the direction

. : o 'the Trapezium stars.
involves purely the fluorescence mechanism of excitation 0

H,. We find that the model generates a surface brightnes .
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