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Abstract. We present ISOCAM observations (5—iih) of the HST M 16 field, including the striking elephant trunk struc-

tures. The spectroscopic data have been obtained using the ISOCAM-CVF low-resolution mode, having a spectral resolution
of ~40 (1/A1) and a pixel size of 6. The spectra show a combination of Unidentified Infrared Band (UIB) emission centred
at6.2,7.7,8.6,11.3 and 164n, and atomic fine-structure lines of [Arll] 70n, [Arlll] 9.0 um, [SIV] 10.5um, [Nell] 12.8um

and [Nelll] 15.6um. The spectra were decomposed by fitting a combination of Lorentzian line profiles and a blackbody curve
to the data to produce maps of the spatial distribution of the fine-structure and UIB emission features. These maps have been
compared with VLA radio, 45@m SCUBA maps?CO ( = 1-0) maps, and broadband filters ISOCAM LW2 (5—8tB) and

LW3 (12-18um) observations. Decomposed spectral features have shown that the LW?2 filter is dominated by UIB emission
and the emission observed in the LW3 filter is a combination of Neon fine-structure lines and a steep continuum, with the
continuum dominating. Using the photoionisation code CLOUDY we have produced theoretical values for the fine-structure
ratio of [Nelll] 15.6 um/[Nell] 12.8 um, from which we have calculated th&extive ionising flux impinging onto the tips of

the pillars to be~1-3 x 10' photons cm? s2, consistent with estimates made from VLA observations.

Key words. ISM: HIl regions — ISM: lines and bands — infrared: ISM — ISM: individual object: Eagle Nebula

1. Introduction only the tips illuminated, and therefore probably in the fore-

. . . . .__ground.
The “Eagle Nebula” in M 16 is a prominent HIl region lying

a distance of-2 kpc (Hillenbrand et al. 1993; hereafter Hi93) The pillar structures are thought to have resulted from the
from the Earth. The region contains three “elephant trunk” arteraction between the UV radiation from the young massive
“molecular pillars” structures protruding into the surroundingtars in the cluster and the molecular cloud out of which they
HIl region from the parent molecular cloud, whelrg, I, formed (He96, Wh99). These structures are generally assumed
andIl; label the pillars running from north-west to south-eas¢ have been produced when the expanding ionisation front,
(following the notation introduced by Pilbratt et al. 1998; hereldriven by the massive stars, was impeded by high density re-
after Pi98; and used by White et al. 1999; hereafter Wh9@jions present in the inhomogeneous molecular cloud (which
see Fig. 1. are now in the tips of the pillars), while the lower density
The HIl region is excited by a recently formed stellar clugnaterial between the pillars was photoionised by the Far-UV
ter (NGC 6611) that contains several O5 stars locat2gpc  (FUV) radiation field, and drivenfé the surface by radiation
to the north-west (Hi93). These O type stars are the princigéiessure and strong stellar winds. This process produces the
source of ionising radiation in the nebula, emitting a combing@metary morphology, with the high density material forming
photon flux of~2 x 10°° photons st (Hester et al. 1996; here-the head, and the tail being formed from low density material
after He96). The ionising cluster appears to be in a plane sifielded from the ionising radiation, and the low-density gas
sky that lies between thid; andII,—I1s, with the nearside tip swept directly away from the ionising source.
of I1; being fully illuminated and therefore presumably in the

background, while the remaining two are optically opague Wig} tlt is widely believed that the O5 stars ionise the surface

he pillars, creating a layer of hot ionised gas surrounding
Send gprint requests toJ. S. Urquhart, _the_ tips of the p|IIa_rs. This surrounding layer of high pressure
e-mail: jsu@star.ukc. ac.uk ionised gas, seen in theeHmages taken by the Hubble Space

* Based on observations with ISO, an ESA project with instrumenl€!€scope (HST; He96) and in the extended free-free radio
funded by ESA Member States (especially the PI countries: Frang&Nission seen in images taken by the VLA (Wh99), is thought
Germany, The Netherlands and the UK) and with the participatié@ compress the underlying dense molecular material at the tips
of ISAS and NASA. of the pillars, driving shock fronts into the molecular gas as
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the ionised gas expands into the low-density HIl region, pos-
sibly triggering a next generation of star formation though the
process known as Radiatively Driven Implosion (RDI; Bertoldi
1989; Lefloch & Lazarff 1994).

The interface between the tips of the trunks and the sur-
rounding HII region have been investigated by He96 who re-
ported the presence of 73 small protrusions on, or near, the sur-
face of the tips of the pillars, denoting them as Evaporating
Gaseous Globules (EGGs). He96 proposed that these protru-
sions were the over-dense condensations of molecular material g
present in the pillars prematurely uncovered as the ionisation ~
front, driven by NGC 6611, propagates through the pillars and
therefore these EGGs are potential sites for low-mass stars to

=50’

ination (J2000)

—51'

NOT Image of M16 with & Footprint

hatch. Near-Infrared (NIR) observations of the EGGs near the T g N,

Eagle nebula (McCaughrean 1997; McCaughrean & Andersen

2002) concluding that the majority contained no embedded e 1o e e
NIR sources, but that a small proportionl5%) did show ev- Right Ascension (J2000)

idence of embedded sources, pOSSi.ny indicating the p-l’eSGEIC?:L He image of the Eagle nebula taken on the 1st January 2001
Of: a on(\j/-m?ss s(’;ar or browp dwarf. I;Ig?:obser(\:/ed thiplllarslv\/i h the Nordic Optical Telescope (NOT) using the ALFOSC instru-
the mid-Infrare (MIR) using two | AM (Cesarsky et &ment, La Palma. The footprint of the ISOCAM-CVF field is outlined
1996a) broadband filters LW2 (5-8/4m) and LW3 (12— p he white square. The three pillars can clearly be seen in this im-

18 um) on the Infrared Space Observatory (ISO; Kessler et ge running north-west to south-east and will be referred a8,
1996) in an attempt to correlate MIR sources with EGGs se&fidI1; respectively.

in the HST images, but due to poor angular resolution and sen-
sitivity this was not conclusive. wavelengths. In Sect. 2 we describe the details of the obser-
More recently deep NIR observations (Sugitani et al. 200¢ations and the methods employed in the data reduction. In
Thompson et al. 2002) of the pillars have revealed numerce@ct. 3 we present brightness distribution maps produced by
Young Stellar Objects (YSOs) and provided evidence of ma#ecomposing the emission features identified in the CVF data
sive star formation, particularly towards the tipsibf andIl,. and present modelling of the fine-structure lines. We present
This is consistent with recent star formation triggered by tiIr conclusions in Sect. 4.
interaction of the FUV radiation on the tips of the pillars, pos-
sibly by the RDI mechanism. _ 2. Observations and data reduction
Submillimetre observations of the pillars have revealed
the presence of cold dense coreB0—20 K, at the heads of 2.1. Observations
each pillar, with masses dil, ~ 60 Mo, Iz ~ 31 Mo p0 gata presented were observed using ISOCAM on the ISO

andll; ~ 11 Mo leading Wh99 to suggest that these denso% the 19th October 1997. The observation was centred on

cores, that form the heads of the cometary shaped pillars, arﬁﬁtz 1885320, Dec= —13°4939/0 (J2000), with an in-

;neerﬁg?/eit?gf O;Sp.r:fs;e!z fzg‘:ﬁgoq'lzgggg(ﬂg?? r(r)]aplot%%ration time of 4840 s. Imaging spectroscopy was obtained
ulargas . P (= 1-0), using CVF in its low-spectral resolution mode, sampling be-

13 _ 1_ 1218 _ o1_ e ;
recs:c())lug}]on_oinO)\/v?]?cdh rglegeg th_e dlra(r:q)ag:.;fntlai?t%g r\:\gg]rba tween 5-17um with spectral resolution between 35-50 and
! y _pixel size of 6 (at the distance to the M 16 corresponds

O stars are having on the pillars reporting steep velocity gra a linear resolution-2.1 x 107 ¢m, or ~14000 AU). The
ents up to 20 km's in the molecular gas. Fukuda et al. (2002é2 x 32 pixel detector array of ISOCAM had a total field of
hereafter FHS02) have made observations of the heatls Ofview 3 x 3 (see Fig. 1 for CVF field-of-view outlined by a
andIl; in the3CO ( = 1-0) and the &%0 (J = 1-0) lines, white square) '

reporting a steep intensity gradient in th(CO (J = 1-0) q '
emission on the tips of the pillars closest to the ionising clus-

ter, lending support to the theory that the structure of the p&-2. Data reduction and extraction of spectral features

lars is a direct result of their interaction with the radiatio . : .
) Co he data reduction was performed using the CAM Interactive
and the stellar winds of the ionising stars. Three local peaks

of ¥CO ( = 1-0) emission around the heads of both pillars Ralysis software package (CIA; Ott et al. 199Tsing the

have also been reported (FHS02), with the most Iuminousstandard reduction techniques described in Starck et al. (1999).

both cases being located near the tips, as well as several déllr%s%[raw data were cprregted for d_ark curre?t anq fIatﬂeIds us-
cores detected in%€0 (J = 1-0) emission ing _he ISOCAM calibration libraries. The M_ult_l-resolut|on_
In this paper we use ISOCAM. Circular VariabIeMed'an Transform” method was used to eliminate cosmic

Filter (CVF) observations to investigate the spatial distribl®Y hits from the data. Memoryfiects, due to the long time

tion of atomic and molecular gas across the M 16 field, com< CJA s a joint development by ESA Astrophysics Division and the
paring these distributions with observations made fiedint ISOCAM Consortium led by the ISOCAM PI, C. Cesarsky.
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Fig. 3. The image above is a closeup of the blended UIB Lin7and

the [Nell] 12.8um lines taken from the location labelled D in Fig. 2.
This image clearly shows the blended feature centred at ifi,8s

well as a slight shoulder located on the blue side of the blended fea-
ture, due to weak UIB 12.#m emission.

interest across the field, namely the three brightest regions and
the region of ionised gas in front of;.

The appearance of the 4 spectra vary quite dramatically
across the field. Pilbratt’s blob (A) displays a steep continuum,
with very weak or little emission from the UIBs and with only a
few, weak fine-structure lines. The headhf (D) and the con-
necting ridge (B) have similar spectra, both showing the same
shape continuum and the presence of an absorption feature be-
tween 9.0-1Q:m, butIl; shows stronger emission features at
longer wavelengths regiond & 10 um). The region of weak

Fig. 2. Left: Broadband infrared image of the Eagle nebula taken I§Mission in between the ionising source dhd(C) shows a
ISOCAM over the 5.1-17im wavelength range. The brightest regiongv€ak continuum and two strong emission lines in the 12:16

are the head ofl; (labelled D) and the ridge between the basé&lpf wavelength region.

andIl, (labelled B), with the trunk like structure &f; weakly visible The emission features within the CVF wavelength coverage
andIl, andIl; visible only as a dfuse region of emission. Anotherhave been extensively studied in a wide range of astrophysi-
feature to note is a region of bright emission to the NHlef(la-  cal environments using ISO, and a full discussion of individual

belled A, and referred to in this paper as “Pilbratt’'s blob”) comparabigmission feature identification and characteristics are available
in strength to the emission from the headIbf and the ridge. This é

. . L ) . cf. Verstraete et al. 1996). As can be seen from Fig. 3, the spec-
region pf bright was detected by P|98.|n their LW3 image, but not d fum over the wavelength region is rich and complex, contain-
tected in the shorter wavelength LW2 image. In the CVF mode a com- L .
plete spectrum is recorded for each pixel over tfte-17 um range. ing broad_band _feature_s, f’itomlc fine-structure I|r_1es_ and hydro-
Right: CVF spectra of four regions of particular interest. Clockwis&€N rqtanonal I|_ne emission. As well "_"S the er_mssmn features
Pilbratt's blob (A), the ridge connectiri@; andIl, (B), ionised region there is a continuum component which dominates at longer
between tip offT; and ionising source and tip &f; (C), and finally Wwavelengths %10 um), widely attributed to the presence of
the bright emission detected at the tiplof (D). Very Small Grains (VSGs), warm dusL.O nm in radius in ther-

mal equilibrium with the radiation field (Desert et al. 1990).

The most prominent of these lines were identified to be
constant of the detector array, were corrected for using thesociated with the UIBs (see Sect. 3) centred at 6.2, 7.7,
“IAS model” (cf. Abergel et al. 1996). 8.6, 11.3, 16.4um (Boulanger et al. 1998; hereafter Bo98;
In Fig. 2 we present a broadband (5+i7) infrared image Moutou et al. 2000), and [Arll] 7.Qum, [Arlll] 9.0 um,

of the three pillars along with four examples of the CVF speSIV] 10.5 um and [Nelll] 15.6 um hydrogen rotational
tra obtained from locations across the field as indicated line H,S(0) at 17.Jum. There is some ambiguity in the identifi-
Fig. 2. The first and second pilldr; andIl,, as well as the cation of the strong emission feature centred at i&lue to
ridge connecting the base of the same two pillars can be s#es presence of two possible emission features in close prox-
clearly. Additionally, a bright dfuse region can be seen in themity and the low-spectral resolution of the instrument. The
north-east of the head dl,, previously reported by Pi98 in 12.8 um feature is the result of a blending of a UIB centred
their LW3 image; hereafter referred to as “Pilbratt’s blob”. That 12.7um and [Nell] 12.8um, see Fig. 3. Theftect of the
spectra have been chosen to correspond to areas of partidollanding can be seen as a slight shoulder on the blue side of the
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Fig. 4. Spectra taken fromex 6” pixel field-of-view centred at the locations denoted by the labelsp pane), B (centre panél and D pot-
tom pane) in Fig. 2.

feature. As previously noted in regions of low level star fowas analysed using the Interactive Data Language (IDL) soft-
mation (Bo98) the 12.4m UIB feature is weaker than that ofware package. We developed a multiple Lorentzian baseline
the 11.3um feature, but in our spectra the opposite is sesfitting routine to separate out the individual emission features,
which would suggest that most of the observed flux is dumy simultaneously fitting the blackbody curve (representing the
to [Nell] 12.8 um ionic emission as previously reported byontinuum) in addition to a Lorentzian profile to each of the
Le Floc’h et al. (2001). individual lines. This method produced an excellent fit to
In addition to the features already mentioned a nurie data, some examples of the results are presented in Fig. 4.
ber of weaker features can also be seen in the specthe fitting parameters of the Lorentzian profiles were then used
which have been identified as, UIBs centred at 5.3, 5.7, 13®estimate the integrated flux for each emission feature, in each
and 14.4:m (Laurent et al. 2000) and hydrogen rotational ling&Xel. The integrated flux was then used to produce maps of the
at9.7 and 12.0m. As well as the emission features, a region @Patial and intensity distribution of each feature over the entire
absorption can be seen in the 9448 wavelength band. This field (see Fig. 5).
absorption region is generally assumed to be due to absorptionmany of the emission features proved to be too weak
by small dust grains and silicates. to produce suitable maps of their spatial brightness distribu-
The CVF data have been decomposed by fitting a combini@an. We therefore concentrated on the nine most prominent
tion of 17 Lorentzian profiles, one for each of the spectral emigatures for the remainder of this paper, fitting the blended
sion features identified as suggested by Bo98 and supporteddsntures of the 12.7im UIB and the [Nell] 12.8um line
work presented by Verstraete et al. (2001). A blackbody curwéth a single Lorentzian profile centred afl2.8 um. Using
(T = 200 K) was also introduced to account for the contrthe method previously described nine maps have been pro-
bution VSGs make to the underlying continuum following thduce of the spatial distribution of four of the UIB features
method described by Laurent et al. (2000). The reduced dats.2, 7.7, 8.6 and 11,3m, and the five fine-structure ionic
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Table 1. Summary of the Lorentzian cficients and integrated flux resulting from fitting Lorentzian profiles to a pixel (Labelled D) on the
head ofl1;.

Emission Line Peak Wavelength Peak flux FWHM Intensity
A (um) A (um) (Jy) 01) (Wm3)
uiB 6.2 6.26 4x10t 29x10' 20x10%

[Arll] 7.0 6.95 17x10% 22x10' 6.0x10%
uiB 7.7 7.69 81x10!' 65x10! 825x107%

UIB 8.6 8.57 34x10t 57x10* 3.05x10?%
[ArIlI] 9.0 9.01 90x102 16x10! 25x10%
uiB11.3 11.30 Hx10! 39x10T 525x 10
UIB & [Nell] 12.8 12.81 101x 10t 37x10* 585x10?%
[Nelll] 15.6 15.56 66x 101 45x10! 4.65x107%

transitions of [Arll] 7.0um, [Arlll]] 9.0 um, [SIV] 10.5um, resolved) and arefiected by the presence of the silicate ab-

[Nell] 12.8 um and [Nelll] 15.6um. These observed emissiorsorption on the red side of [Arlll]] 9.@m, leading to a degree

line and their corresponding fluxes are summarised in Tabledf.contamination in their maps compared to the Neon maps.
The [Arll] 7.0 um and the [Nell] 12.8&m images correlate well

3. ISOCAM-CVF images with those of the UIBs, but the emission from [Arll] 96m
' and the [Nelll] 15.6um is much more diuse.
3.1. Analysis of images of spectral features The higher ionisation states of [Arll] 9.um and

The diference between the UIB and fine-structure line emig\—le”” 15.6 um have very dterent distributions, both appear-

sion can be clearly seen from the spatial distribution maps p to show difuse emission outside of, and bet\_/veen the pil-
sented in Fig. 5. The two fierent types of observed emissio ars. The strongest emission from [Arlll] 94m is Iocatgd
features seen in our spectra are produced fifeidint regions. in a pocket on the surface di; th_at corre_late_s well with .
The UIB emission is produced by molecules that are transienﬂ? (\j/_LA Tad'ofmhapz af_“?' has a bnghﬁ re%mn Just abqve (;]n
heated to high temperatures each time they absorb a UV phob i direction of the ionising source)_t € ndge cpnnectlr_]g the
(Leger & Puget 1984) present in the stellar radiation field of ¢ offly & IIp. [Nelll] 15.6 um displays a bright region

: : : o . und the tip oflT;, which coincides with the bright region
massive star, and found in Photodissociation Regions (PDIQ%%n in the [Nell] 12.8im map, but peaks closer to the ion-

surrounding HIIl regions, and as such are considered good tra ¢ Th Il dark reai denoti low level
ers of star formation. The ionic emission lines do not origina{ Ing stars. Three small dark regions, denoting very 1ow 1evels
emission, can be seen in both the [Arll]] 94 and the

inside the PDRs due to extremely high extinction, but can . L !

produced on their surfaces and in the material that has b ﬁ“l] 15.6 pm. These dark regions coincide with the he_ads

photo-evaporatedfbthe surface, into the surrounding Hll re0 the three pillars corresponding to the three cores seen in the

gion (Hester 1991) ' 450um SCUBA image, the result of shielding by dense mate-
The maps produced of the UIB features are very well c rl‘-"ll arounq the tips ,Of the pllla}rs.. o .

related with each other, all showing a very bright rim of emis- 1he diference in the emission maps arising fronffef-

sion around the head of; and along the ridge connectiii ent atomic ionisation level of the two elements can be un-

andTl,. The shape of the second pillar is just weakly visible ar{berstood by considering the ionisation potential of each ionic

not very well resolved. The two regions of strong emission a¥8€- The ionisation potential of the higher ionisation state

considerably brighter than anything else in the field by up to% [Ar!!l] 9.0 um and [Nelll] 15.6um are considerably larger
factor of 3. This was first noted by Pi98 in observations made B that of the [Nell] 12.gm and the [Arll] 7.Qum. We would
the same field using the two ISOCAM broadband filters, Lwiperefore expect the levels with the higher ionisation potential
and LW3. Little, or no, UIB emission is observed externally dp peak closer to the ionisation source where the FUV radiation
the pillars, possibly indicating the destruction of the emittin!d IS stronger, which is observed.
molecules by the hard radiation field, or noffi@ency of the
e_xcitatior_n mechanis_m (Onaka et al. 2000). The lack of en"_|i§;2_ Comparison with broadband LW2
sion outside of the pillars leads us to suggest that the contribu-
tion of 12.7um UIB emission to the blended feature centred
at 12.8um is negligible. From a comparison of the spatial distribution maps produced
Maps of the five fine-structure lines identified in thef the various UIB features, the 7um UIB feature has the
CVF spectra are presented in Fig. 5. The maps produdssst spatial definition. It is also the strongest of the UIB emis-
from the ionic transition lines are very fterent with each sion features (optimal signal to noise), and is relatively unaf-
line having a dfferent distribution. Although both Argon linesfected by the silicate absorption at it compared with the
are dfected by poor spectral resolution (being only partiall§1.3 and the 8.am UIB emission. We have therefore used this

and LW3 images
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Fig. 5. Maps of the spatial brightness distribution of the decomposed ISOCAM-CVF spectra flnerntie between the UIB and fine-structure
lines can clearly be seen, with all of the UIB emission being confined to the pillar regions and the fine-structure lines being mudiuseore di
and located round the tips B, andIl, and the region between the two pillars.

emission feature to directly compare the spatial distribution bétween 5-8..xm, giving an éective wavelength of 6.4m,
the UIBs to the emission in the ISOCAM broadband filters arahd an &ective resolution of 2/8

observational data collected at other wavelengths. Comparing the two images presented in Fig. 6 it is easy to

The resulting image of the 7.4m UIB feature from see similarities in the overall structure of the pillars, both dis-
the decomposition of the ISOCAM—-CVF spectra is shown playing strong emission around the headlafand along the
Fig. 5. The emission clearly traces the structure of the first twidge connectindl; andIl,. The emission from these two re-
columnslly & IT,, with the strongest emission observed on thgions is stronger by a factor of 3 than the headlgf From
head ofI1; and on the ridge connecting the base of the firtte ISOCAM-CVF spectra it can be seen that the emission
two pillars, no discrete sources are seen. The ISOCAM LW#thin the LW2 broadband region is dominated by contribu-
broadband filter image, taken from an observational datasettiens from three UIBs peaked at 6.2, 7.7 and g6, with
ported by Pi98 can be seen on the right of theuftvUIB fea- only a weak contribution from the underlying continuum (see
ture. The LW2 broadband filter covered the wavelength regiéig. 4), as also seen in ISOCAM spectroscopy of Orion B
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Fig. 6. Left Image of the 7.7um UIB produced from the decomposition of the ISOCAM-CVF sped®ight The LW2 ISOCAM image of a
4 x 4 FOV the pillar structures in M 16 taken from observations by Pilbratt et al. (1998; see paper for observation details).

‘1"I

Fig. 7. Left Image of the 13.5-1am continuum emissiorRight The LW3 ISOCAM image of a8 x 4:8 field the pillar structures in M 16
taken from observations by Pilbratt et al. (1998; see paper for observation details). These two independent images confirm the reality of
“Pilbratt’s blob”.

(Abergel et al. 2002). Therefore the vast majority of the emifine-structure lines are present within the wavelength range of

sion seen in the LW2 image is emitted from the PDRs aroutitk filter wheel.

the tip of1; and the ridge below. We have found that the LW2 and the LW3 broadband
Comparisons of the LW3 broadband filter (12+48) with  filters are well correlated with the 7/m UIB feature and

the two spectral line images that fall within the wavelengtiie~13.5-1%m continuum, as previously reported by Abergel

region failed to fully account for all the features seen acrossal. (2002).

the field. The [Nell] 12.8:m emission correlates well with the

emissiorl fr_om the pillar structures qnd the [Nelll] 15@ dif- 3.3. Photodissociation regions

fuse emission seen throughout the field. However, neither spec-

tral image shows any emission that would correlate with tfigne family of UIBs seen in our data have been widely observed

bright region of emission seen to the northeadigfPilbratt’s by ISO in many astrophysical environments and has been ex-

blob, in the LW3 image or the broadband ISOCAM-CVF imtensively studied (Cohen et al. 1989; Allamandola et al. 1989).

ages presented in Fig. 2. We have produced an image of Te spectral profiles in much of the published work are very

continuum emission between the two Neon lines between 13$%milar, in both position and width, over a range of objects

15um shown in Fig. 7 next to the LW3 image. There is clearlwhere the &ective temperature and stellar radiation fields vary

a great deal of correlation between the two images despite Hyea large range of magnitudéigg = 11 000 to 50 000 K, and

difference in the angular resolution. This would suggest th@ag ~ 1-10* (Verstraete et al. 2001), whe@ is the value of

the LW3 filter is dominated by the continuum as suggesté¢ite FUV radiation field in units of the average interstellar radi-

by Abergel et al. (2002), even when strong emission froation field (Habing 1968; Tielens & Hollenbach 1985).



200 J. S. Urquhart et al.: ISOCAM-CVF imaging of M 16

Fig. 8. Upper left SCUBA 450um images of the pillar structures in M 16 overlaid with the contoured emission of thenY PAH feature.
Upper right VLA image of M 16 again overlaid with UIB 7.2m emission. Expanded region of the VLA emission on the rigbtver bottom

12CO (@ = 1-0) map (Pound, private communication) shows the distribution of molecular gas. (Contours levels are set at 10% of the p
emission beginning at 0.4 Jy.)

The UIB emission features has been widely attributgmtoduction of most of the Mid-IR radiation (MIR) observed in
to C—C and C-H vibrational modes in Polycyclic Aromatithe Interstellar Medium (ISM).
H){drocarbons (PAHSs) containing from 100-1000 C atoms Comparisons between the 7 UIB emission map and
(Leger & Puget 1984; Allamandola et al. 1985; Joblin et g}y 5465 obtained at 450n using SCUBA, free-free radio emis-
1995; Bo98) and have been demonstrated to be preferentig|y, 4t 8 69 GHz using NRAO Very Large Array (VLA) and
associated with regions of star formation (Laurent et al. 2000)c @ = 1-0) maps of Pound (private communication) are
The 8.6, 11.3 and 124 emission is believed to be associate|esented in Fig. 8. Full details of observations and data reduc-
with a C-H bond, and the remaining lines with C~C bondgqp, for hoth 450:m and VLA images are described in Who9.
UIB emission originates in the interface between the molecgy |4 qust T ~ 10 K) is assumed to be the source of the
lar hydrogen and the HIl region where the FUV radiation fromg um SCUBA emission and is associated with regions of

massive stars dominates the heating and chemistry of the gas, H column density, the free-free radio emission traces the
making them a good tracer for PDRs (Rathborne et al. 2002),i5eq gas and tHéCO (J = 1-0) traces the molecular gas.

Luminous PDRs are also good pointers to newly formed Three compact emission regions can be seen in the SCUBA
young massive stars, but are also interesting themselves as poage (upper left panel Fig. 8), relating to dense cores at the
sible sites for triggered low mass star formation and contain hkads of the pillars. There is good correlation between the
of the atomic gas and90% of the molecular gas in the Galaxyemission seen in the SCUBA image, located at the tiplpf
(Hollenbach & Tielens 1999). PDRs are also responsible for tard weaker extended emission along the ridge with the peak
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of the 7.7um UIB emission located between the the ionising
source and the SCUBA emission. From this we conclude that
the UIB emission peaks appears to be located at the front edge
of the molecular gas where the ionised gas flow starts, consis-
tent with hot grains directly exposed to the FUV field.

F H1.20

The free-free radio emission (see upper right panel Fig. 8)
traces the ionised gas emitted from the front and rear surfaces
of the pillars providing a complete picture of the distribution
of ionised gas around the pillars. The radio emission is more
difficult to interpret, but a bright region of emission is clearly
visible wrapping around the tip @f;, which peaks just in front
(with respect to the ionising source) and a weaker extended
region is seen lying in front of the bright ridge seen in the {Nelll} /[Nell] Ratio Map
7.7um UIB emission. Thé2CO (J = 1-0) emission (see lower
bottom panel Fig. 8) shows two molecular core that correlate
with emission seen in the UIB map, at the headlgfand the Fig. 9. Ratip maps of [NeI_II] 15.6m1/[NeII] 12.8;{m. The pillars can
second peaking on the ridge at the basH pf be seen silhouetted a_galnst the brlght HIl region. The c_olour bar_ to

the right of the map displays the ratio value across the field, ranging

The emission from all three images is consistent with th&m 0.4 (black) to 1.6 (white).
presence of a PDR on the tip Of between the cold molecular
core and Hll region. The 7.i4m UIB emission from the ridge
suggests the presence of a PDR, the radio emission in froninaf can see how the ratio, and therefore the properties of the
the ridge and presence of the dense concentration of molectaiV radiation field, change across the field.
material seen in th#CO (J = 1-0) located near the baseldf Using the photoionisation code CLOUDY (version 94.01,
is consistent with this. The lack of any emission from the otherland 1993) we have calculated the theoretical fine-structure
two columns would suggest either, that no PDRs are presentjng ratios of [Nelll] 15.6um/[Nell] 12.8 um for different val-
that the geometry is such that the emission from any PDRs a& of the total surface ionising fluk,(photons cm? %), and
hidden from our line-of-sight. Wh99 reported limb-brightening range of hydrogen density to produce the data presented in
of Iz in the radio images, possibly indicating the presence Pfg. 10. A Kurucz stellar atmosphere model with a temperature
a PDR on the hidden side of;. This would support the as-of 47000 K has been used to reproduce the continuum gener-
sumption that the ionising source lies in a plane betweeltheated by the O5 and O5.5 stars suggested by Pound (1998) to be
andIl; & Tl as previously discussed. responsible for most of the ionising radiation impinging onto

the surface of the pillars. We have assumed typical HIl abun-

dances (cf. Hazy, Ferland 1996). A comparison of these theo-
3.4. Modelling the fine-structure lines retical values with values estimated from the ratio maps should

) ) ) ] o allow us to determine the strength of the FUV radiation field

Fine-structure line ratios of flerent ionisation states of theg,gund the tips of the pillars and on the dense core at their
same elements, such as [Arlll] 9@V/[Arll]] 7.0 um and peads.
[Nelll] 15.6 umy[Nell] 12.8 um, are very sensitive to the SPec- g high ratio regions are found almost exclusively around
tral sh_ape of the incident FUV radlatlor_l field and mdt_ependegp]te tips of the three pillars with values ranging between 1.3—
pf their abundances. Throug_h comparison of the ratios of _ttﬂ%_ Taking an average from a 16 pixel area in frontbf
integrated fluxes of the four fine-structure lines anq theoretic@ltred at RA= 18187890, Dec = —13°4830715 (J2000)
values produced by models we are able to determine the prgRz|ye of-1.52 was obtained for the neon ratio. Assumimg an
erties of the ionising radiation field. upper limit for the hydrogen particle density in the Hll region

We have concentrated ouffert on the [Nelll] 15.6umy of 1 x 10° cm™3 an estimate of the upper limit fab can be
[Nell] 12.8 um line ratio since the [Nell] 12.&um and calculated. Taking into account the errors due to the calibration
[Nelll] 15.6 um lines span the widest range of ionisation potenncertainties we calculate an upper level doto be between
tial, 21.6 and 41.1 eV respectively, compared to other possile3 x 10'° photonscm?s™1, but if we assume a more reason-
line ratios in the CVF wavelength region, i.e. [Arll] 7utn and able estimate for the hydrogen density~&00 (electron den-
[Arlll]] 9.0 um is 15.8 and 27.6 eV, respectively. Therefore theity around the tip ofl; report by WH99 from VLA observa-
Neon ratio dfers the greatest sensitivity to the incident FUV rdions) a value ofb in the region of~1 x 10*° photonscm?s*
diation field. Additionally the wavelength of the two Neon linegs obtained. These values are in excellent agreement with the
are relatively close to one-another allowingfeiential extinc- values reported by Wh99 from the VLA observations of the
tion efects to be neglected-1%). Moreover, the calibration ionised gas around the tip of the pillars.
uncertainties in the observed fluxes are minimised by taking the Using these resulting values for the ionising photon flux
ratio of two lines, from approximately 30% to 10% (Schaeidhe total ionising flux emitted by the stars in NGC 6611 can be
et al. 1996). The emission of the two Neon lines has beendalculated, found to be2 x 10* photonss?, in good agree-
produce a ratio map, presented in Fig. 9. From this ratio magent with the value of 3 x 10 photonss! calculated by
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Fig. 10. Results obtained from CLOUDY for the [Nelf[Nell] ratio

for different values of ionising photons on the surface of the pillars
and the hydrogen density, (H, cm®). The ratio obtained from the
decomposition of the CVF data is represented by a triangle.

4.

Allen et al. (1999) from By emission observed from the sur-
face ofIl,. This value is a factor of ten smaller than theoret-

O;‘“““““““““E 3.
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[Nell] 12.8 um and [Nelll] 15.6um, as previously reported
by Abergel et al. (2002).

. All of the UIB emission is contained within the pillars

of M 16 with the vast majority being emitted from an the
area around the tip d1; and the ridge connecting thg &

I, to the parental molecular cloud. The bright area around
the tip ofI1; is situated in between the cold dust distribution
traced by SCUBA 45@m maps and a region of hot ionised
gas traced by the VLA map, where we would expecta PDR
to be located.

The lack of any UIB emission frofi, andIlz could be

the due to several factors, a combination of weak emission
from the pillars, the poor angular resolution of the instru-
ment or the geometry, i.e. if the ionising stars lie in a plane
betweenIl;, andII, the PDRs produced oH, andIl3
cloud would be out of our line-of-sight. This conclusion
is supported by the limb-brightening reported by Wh99.
Our analysis of the CVF data has failed to reveal any in-
formation concerning the origin of the emission referred
to as Pilbratt's blob. The CVF spectrum presented in Fig. 2
shows some evidence that the Pilbratt's blob has some weak

ical values presented by He96 and six times smaller than the

H 0
theoretical valllJes presented by Pound,x 10° and~1.2 x composition of the data into maps of the spectral features,
10°° photonss?, respectively. There are several possible ex- i.e. [Nell] 12.8um and [Nelll] 15.6xm the two main fea-

planations for the discrepency between the value obtained from .o« within the LW3 broadband filter. failed to produce
our data and the theoretical value calculated from stellar mod- any correlation with Pilbratt's blob, but an integrated im-

els. First, the flects of attenuation of the photon flux due to age produced using the CVF data over a similar wavelength
absorption by dl_Js_t grains and any reionisation_taking place region (13.5-15:m: see Fig. 7) did correlate well with
between the ionising stars and the tlps_of_ the plIIar_s has not the LW3 image. From this we conclude that the emission
been considered. In a recent study of a similar photoionised re- ¢, towards Pilbratt’s blob is continuum emission due to
gion in the Trifid nebula, bright-rimmed globule TC2, (Lefloch  \,555 warmed by a presently unknown source.
et al. 2002) the impinging photon flux calculated was found 1 - sing the photoionisation code CLOUDY, Kurucz stellar
be a factor of between 5-6 smaller than the theoretical pho- atmosphere model (47000 K) and the results of the de-
ton flux derived from the Lyman continuum luminosity of the composition of the CVF data, thefective ionising flux
ionising star located a projected distance of 1 pc. This is fully impinging onto the tips of the pillars has been calculated
consistent with our results. Second, it has been assumed that, o ~1_3 1010 photonscm? s2, in agreement with the
the ionising stars and the pillars are in the same plane in the \;| o gpservations reported by Wh99.
sky. This is not necessarily true, in which case the geometry
will result in a lower photon flux impinging onto the pillarsAcknowledgementswe gratefully acknowledge Marc Pound for pro-
and therefore a reduction in the observed photon flux. viding the ?CO (@ = 1-0) maps, Mike Burton, Larry Morgan and
Taking these explanations into account we believe our fdark Thompson for some helpful discussions and advice. We also
sults our consistent with the hypothesis that the pillars are beffighk an anonymous referee for some useful comments and sugges-

hotoionised by a aroup of O5-05.5 stars located a ro'ecf s The ISOCAM data presented here have been analysed using
(F:I)istance of2 p)(/: togthe rl?orth-west Pro) tﬁ)e CIA, a joint development by ESA Astrophysics Division and the

ISOCAM Consortium led by the ISOCAM PI, C. Cesarsky, Direction
General of ESO. The NOT image was based on observations made
with the Nordic Optical Telescope, operated on the island of La Palma
jointly by Denmark, Finland, Iceland, Norway, and Sweden, in the

The main conclusions based on the ISOCAM-CVF data prepanish Observatorio del Roque de los Muchachos of the Instituto

sented in the previous sections can be summarised as folloJ§: Astrofisica de Canarias. The James Clerk Maxwell Telescope is
operated on behalf of the Particle Physics and Astronomy Research

. .. - Council of the UK, The Netherlands Organisation for Scientific
1. We have presented MIR maps of the brightness dlsmb!gésearch and the National Research Council of Canada.

tion of emission features over the field of M 16 produce

from the decomposition of low resolution spectra obtain

using ISOCAM-CVF. We have compared these maps witkeferences

LW2 (5-8.5um) and LW3 (12-18m) images reported ppergel A, Bernard, J. P., Boulanger, ., et al. 1996, A&A, 315, L329
by Pi98 and found that the LW2 filter is dominated bypergel, A., Bernard, J. P., Boulanger, F., et al. 2002, A&A, 389, 239
UIB emission and the LW3 filter is dominated by continallamandola, L. J., Tielens, A. G. G. M., & Barker, J. R. 1985, ApJ,
uum emission despite the presence of strong emission from 290, L25

spectral line emission on top of a steep continuum. The de-
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