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Abstract. We present Infrared Space Observatory mid- and far-infrared spectroscopy of the merging galaxy NGC 6240, an
object presenting many aspects of importance for the role of star formation and AGN activity in [ultra]luminous infrared
galaxies. The mid-infrared spectrum shows starburst indicators in the form of low excitation fine-structure line emission and
aromatic “PAH" features. A strong high excitation [O IV] line is observed which most likely originates in the Narrow Line
Region of an optically obscured AGN. NGC 6240 shows extremely powerful emission in the pure rotational lines of molecular
hydrogen. We argue that this emission is mainly due to shocks in its turbulent central gas component and its starburst superwind.
The total shock cooling in infrared emission lines accounts-fa6% of the bolometric luminosity, mainly through rotational

H, emission and the [O1]6&m line. We analyse several ways of estimating the luminosities of the starburst and the AGN

in NGC 6240 and suggest that the contributions to its bolometric luminosity are most likely in the range 50-75% starburst
and 25-50% AGN.
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1. Introduction can be obtained from the low resolution mid-infrared diag-
. . . hostic diagram of Laurent et al. (2000). Several X-ray studies
The goublf ggglgess mlerdgll"ngggi/llaxy .NfGC 6d2‘|10 IS a relatlvq%ve firmly established the presence of powerful AGN activity
nearX/(L;z i 6.05 nics)“’L » pc)Sm rzre -;'\r?_lnobusl %‘Z e.g., lwasawa & Comastri 1998; Vignati et al. 1999), in fact
tem. AtLir = 6.05x o (seee.g. anders Irabe occuring in both nuclei (Komossa et al. 2003). Coexistence
for the def|n|t|on_of th? 8-100m luminosity Lig), it is al- . of star formation and AGN activity is a feature of many
mosj[ an ultraluminous infrared galaxy and thus allows de§a|I traJluminous infrared galaxies. The proximity of NGC 6240
.StUd'eS of many aspects of the phenomenon of [ultra]lumino fd the extensive set of multi-wavelength observations make
'”f“”?red gaIaX|e§ ([U]LIRGS)' F_or the dusty system_NGC _624 'a unique target for studying the quantitative contributions of
the infrared luminosity is identical to the bolometric Iumlnostwhe AGN and star formation activity in a [U]LIRG with a rel-
Iy to g_ood approximation, the opﬂdal;ar-mfrared a”?' X a ively powerful AGN. Such studies are not only of interest
ray regions observed t.o be minor cont.nbutors.. In the infrar an understanding of the local [U]LIRG population, but also
selected sample studied spectroscopically with the Infrar]eo the high redshift infrared and submm selected populations

Space Ob_ser\_/at(_)ry !SO by Genzel_ etal. (1998) itis among fwhich the [UILIRGS likely form the closest available local
sources with indications for an active galactic nucleus (AG alogs

in the mid-infrared emission line spectrum, similar indications . . .
P A second important question relates to the evolution of

Send gprint requests toD. Lutz, e-mail:lutz@mpe .mpg . de merging galaxies like NGC 6240. Recent near-infrared dynam-

* Based on observations with ISO, an ESA project with instrumeri@@! studies (Genzel et al. 2001; Tacconi et al. 2002) sug-
funded by ESA member states (especially the PI countries: Fran@gst that merging ultraluminous infrared galaxies as a class
Germany, the Netherlands, and the UK) with the participation of ISA®Ill evolve into moderate mass, disky-type elliptical galaxies.
and NASA. NGC 6240 stands out in this group by its very high stellar
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Table 1. Log of the ISO observations of NGC 6240 presented in this paper. The number of wavelength ranges includes “serendipitous” «
obtained by a dferent detector in dierent order simultaneously with a requested range, but excludes data outside the nominal SWS wavelen
bands.

ObsID Date AOT Proposal Nranges Duration
uT h:mm:ss
09700106 22-Feb.-1996 S02 RGENZBMPEXGAL?2 16 5:06:22
09700207 22-Feb.-1996 S02 RGENZEIPEXGAL2 11 2:20:14
31101401 23-Sep.-1996 S02  ASTERNBEGALAXI 2 0:56:40
31801036 29-Sep.-1996 S02 RGENZEIPEXGAL3 7 2:53:52
48101201 11-Mar.-1997 S02 PVDWERSHOCKS 7 1:49:02
83300305 25-Feb.-1998 S02 EEGAMP 3 1:15:26
83500308 27-Feb.-1998 S02 EEGAMP 3 1:00:34
84400107 08-Mar.-1998 S02 EEGAMH2 8 2:06:38
86600118 30-Mar.-1998 S02 DLEVINEILLFUP 3 0:42:02
27801108 21-Aug.-1996 L01  HSMITHRBGALS n.a. 1:09:04
81000771 02-Feb.-1998 L02 HSMITHRBGALS n.a. 0:20:38
81000872 02-Feb.-1998 L02 HSMITHRBGALS n.a. 0:20:38
81000973 02-Feb.-1998 L02 HSMITHRBGALS n.a. 0:20:38
81001074 02-Feb.-1998 L02 HSMITHRBGALS n.a. 0:20:38
81600475 08-Feb.-1998 L02 HSMITHRBGALS n.a. 0:20:40
81600676 08-Feb.-1998 L02 HSMITHRBGALS n.a. 0:20:40

velocity dispersion (Lester & GEney 1994; Doyon et al. 1994) A resolution element off/2000 was used for this step. While
suggesting a very massive object. Spatially resolved dynamiesding to a slight degradation of the nominal SWS resolution,
studies using CO (cold gas; Tacconi et al. 1999) (bt gas; thisis favourable for signal-to-noise reasons and doesffeitta
van der Werf et al. 1993; Tecza et al. 2000), and stellar absotipe wide line profiles of NGC 6240 noticeably. Figure 1 shows
tion features (Tecza et al. 2000) reveal complex, not fully réhe segments containing the detected lines and some ranges
laxed dynamics with maximum velocity dispersion between tipeoviding important upper limits. The spectra were rebinned
two nuclei. The extraordinary luminosity of NGC 6240 in thevith R ~ 2000 and are five times oversampled with respect to
near-infrared rovibrational lines of molecular hydrogen (Joseftat resolution. Table 2 lists the derived fluxes (estimated to be
et al. 1984) may be partly linked to this complex dynamics, ascurate to 20—30%), limits, and line parameters.
well as to shocked emission in the superwind flow that is driven All observations were centered on the region of the
by the NGC 6240 starburst (van der Werf et al. 1993). NGC 6240 double nucleus (Fried & Schulz 1983). The
This paper presents 1ISO mid- and far-infrared spectrBWS apertures (between 1% 20” and 20’ x 33”) include
scopic observations of NGC 6240 and discusses implicatidrsth nuclei as well as the extended region of emission in the
for its starburst and AGN activity, and the nature of the powetrear-infrared rovibrational lines of molecular hydrogen (e.g.
ful H, emission. van der Werf et al. 1993). Partial analyses of the SWS spec-
tra of NGC 6240 using only a subset of the data with earlier
calibrations and addressing only certain aspects are presentec
2. Observations and reduction in Genzel et al. (1998) and Egami (1998; 1999).

We have retrieved from the ISO archive all observations of W& have also reduced an ISO'LW.S 43_13 & ful
NGC 6240 that were obtained with the ISO Short Wavelen chtrum (L01 mode) as well as 6 gra_tlng line scan obser-
Spectrometer SWS (de Graauw et al. 1996). Table 1 lists lons (L02 m0(_je) of the [N .”I] Sum I|_ne (see Table 1).
basic data. All observations were obtained in the SWS02 mo (_9 data were_ first reduced in _L?Aversmn 81 t_)ase_d on
which produces short spectral segments at the nominal SWSJdine Processing software version 10.1 calibration files. In

solving power £2000), centered on selected wavelengths. qugrticular dark current subtraction and absolute responsiv-

data were reduced in the OSI&.0 software framework which ity .correction were done interactively. Following the LWS
adopts the SWS calibration files of th&lime processing soft- recipes for faint sources we have furth_er reduced the data
ware version 10.1. Standard reduction procedures were u g ISAP version 2.1. We deleted gll_tches anfj memory
putting particular emphasis on identifying and eliminating irF—a.I s, and averaged m.“'“p'.e scans using .ISAPS standard
dividual noisy detectors and scanfeated by signal jumps. clip & mean option with bin SIzes preserving the sample
Repeated observations of the same range w@setcby small spacing. To produce the continuous full grating spectrum
values to a consistent median flux. Slngle valued spectra wereIA is a joint development of the ISO-LWS Instrument Team at
then produced by kappa-sigma clipping and averaging tRetherford Appleton Laboratories (RAL, UK — the PI Institute) and
many independent measurements inside a resolution elem#tnstinfrared Processing and Analysis Center (IRp&ltech, USA).
3 The 1SO Spectral Analysis Package (ISAP) is a joint develop-
1 OSIAis ajoint development of the SWS consortium. Contributinment by the LWS and SWS Instrument Teams and Data Centers.
institutes are SRON, MPE, KUL and the ESA Astrophysics DivisiorContributing institutes are CESR, IAS, IPAC, MPE, RAL and SRON.
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Fig. 1.1SO-SWS spectra of the lines detected in NGC 6240. Some of the ranges from which important upper limits are derived are also shown.



870 D. Lutz et al.: Starburst and AGN in the infrared spectrum of NGC 6240

Table 2. Line fluxes and limits measured with SWS and LWS for NGC 6240. Upper limits for line fluxes are for an adjtdil of
600 km s (SWS) which corrgsonds to an unresolved line for LWSFWHM enforced for the Gaussian fit used to derive the line flux.

Transition ARest Aobs Flux FWHM
um um  102°Wcem? kms?

H, 1-0 Q(3) 24237  2.4832 1.55 540

H, 1-0 Q(5) 2.4548 25159 0.83 604

H Brg 2.6259 <0.90

H, 1-0 O(3) 2.8025 2.8720 1.59 548

H, 2-1 O(3) 2.9741 <0.35

H, 3-2 O(3) 3.1638 <0.30

H, 1-0 O(5) 3.2350 3.3144 0.56 436

H Bra 4.0523 <25

H, 0-0 S(11) 4.1813 <2.6

H31,2,3,, —» 3,3 4.350 <1.9

H, 0-0 S(9) 46946  4.8114 3.90 600

[Fell 5.3402 5.4707 5.46 875

H, 0-0 S(7) 5.5112  5.6469 7.27 636

H, 0-0 S(5) 6.9095  7.0803 12.20 580

H Pfa 7.4599 <0.6

H, 0-0 S(3) 9.6649  9.9021 9.24 641

[SIV] 10.5105 <1.1

H, 0-0 S(2) 12.2786 12.5821 4.35 484

[Nell] 12.8136 13.1288 16.20 630

[Ne V] 14.3217 <0.8

[Ne lIl] 15.5551  15.9405 6.31 675

H350—- 4,3 16.331 <1.0

H, 0-0 S(1) 17.0348 17.4497 7.83 657

[Fell] 17.9360 <1.6

[sin 18.7130 <2.0

[Ne V] 24.3175 <0.6

[sn 25.2490 <1.2

[OIV] 25.8903 26.5384 2.33 672

[Fell 25.9883 26.6322 1.85 653

H, 0-0 S(0) 28.2188 <2.2

[sin 33.4810 34.3091 3.57 503

OH 1/2-3/2 34.6164 7 <05 no absorption

[Sill] 34.8152 35.6786 26.0 731

[Fell] 35.3487 <2.4

[Ne 36.0135 <2.6

Hzo 643 - 532 40.3367 <3.7

[onn 51.8145 <14.0

[N 57.3170 <4.0

[O1] 63.1837 64.744 72.00 unresolved

[om 88.3560 <6.0

[N11] 121.8976 124.95 2.3 unresolved

Hzo 313 e 202 138.5272 <1.7

[on 145.5254 148.99 4.00 unresolved

CO 17-16 153.2667 <1.8

[cl 157.7409 161.598 29.00 unresolved

shown in Fig. 2 we have shifted the 10 LWSO01 sub-spectra We have reanalysed the ISOPHOT-S spectrum already pre-
in offset mode by values between 5 and 20 percent (30% fmnted in Genzel et al. (1998) and Rigopoulou et al. (1999)
detector LW5), using detector LWO04140 to 170um) as using PIA version 9.0.1. The spectrum was obtained on 1996

reference (“good”) detector. With an averageetive LWS February 15 using rectangular chopped mode (chopper throw
beam size of 77 (Gry et al. 2002) all relevant regions ofof 180”). The pure on-source integration time was 512 s. Steps
NGC 6240 are covered. Fluxes or upper limits are includédthe data reduction included: 1) deglitching on ramp level,

in Table 2. All measured lines are unresolved at the res?)subdivision of ramps in four sections of 32 non destructive

lution of LWS grating spectra (150 to 308,1500 kms?).

4 PIAis a joint development by the ESA Astrophysics division and
the ISO-PHT consortium.
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Fig. 2. Infrared spectral energy distribution of NGC 6240 from ISO observations. Continuous lines show the ISOCAM-CVF and LWS spectra,
histograms the ISOPHOT-S spectrum. Small crosses indicate continua from the SWS spetGamt where the relative zodiacal light
contribution is small. Asterisks indicate the broad band photometry of Klaas et al. (1997, 2001).

read-outs; 3) ramp fitting to derive signals; 4) masking of ba&l1. Detection of AGN Narrow Line Region emission
signals by eye-inspection; 5) kappa sigma and/max clip-
ping on remaining signal distribution; 6) determination of avFhe detection of [O IV] at~15% of the [Ne ] flux is clearly
erage signal per chopper plateau; 7) masking or correctionapfove the regime of starbursts and approaches values for AGN
bad plateaux by eye-inspection; 8) background subtraction gSig. 3). Under the assumption of simple mixing of AGN and
ing all but the first four plateaux; 9) finally, flux calibration,starburst emission, the AGN will then contribute little to [Ne 1]
using the signal dependent spectral response function. The alx-will dominate [O1V]. A word of caution is in place here
solute calibration is accurate to within 20%. Figure 2 shows t®out possible other origins of [OIV]. The very low level
infrared spectral energy distribution of NGC 6240 combinin® |V] emission seen in starbursts is not generally attributed to
the ISOPHOT-S spectrum, the ISOCAM-CVF data of Laure®GN but to either supernova or wind-related ionizing shocks
et al. (2000 and priv. communication), the LWS data and pubr very hot stars (Lutz et al. 1998; Schaerer & Stasinska 1999).
lished broadband photometry. Given the dynamics and the superwind activity of NGC 6240
3 R and the extremely strong and likely shock-related molecular
. Results ST .
hydrogen emission, it is conceivable that, compared to a nor-

The mid-infrared fine-structure emission line spectrum ofal starburst, ionizing shocks producing [O1V] are at a sig-
NGC 6240 resembles the spectra of starbursting infrared galaificantly elevated level as well. One way to probe for such a
ies (Thornley et al. 2000;dtster Schreiber et al. 2001; Vermacontribution is to look for other emissions that are strong in ion-
et al. 2003) in showing strong [Ne 1] 12.8dn emission and izing shocks. An obvious choice here is [Fe Il] which is amply
a moderate excitation as probed by the ratio [Ne lll] 15:6%8 emitted in partially ionized zones of shocks (e.g. Graham et al.
[Nell] 12.81um. It differs from a typical starburst spectrum i987; Hollenbach & McKee 1989) and additionally boosted
the enormous strength of the rotational emission lines of waby shock destruction of grains (e.g. Jones et al. 1996; Oliva
molecular hydrogen, and in the fairly strong emission in [O M3t al. 1999a,b) onto which Fe is normally depleted. Indeed
25.89um, a line which is one of the strongest tracers of thaoth starbursts and supernova shocks observed with ISO show
mid-infrared spectra of AGN (Sturm et al. 2002), but very weadtrong emission in the [Fe 11] 25.98n line that is neighbouring
or absent in the spectra of starbursts (Lutz et al. 1998; Verfi@lIV]. Similar ratios of the two lines are observed in starbursts
et al. 2003). and SNRs (Fig. 3). In AGN, however, the [Fe II] emission from

The overall spectral energy distribution and mid-infrareshocked or UYX-ray irradiated partially ionized zones is (rel-
low resolution spectrum (Fig. 2) also resemble star formiradively) fainter compared to the strong [O IV] emission from
galaxies, with prominent emission in the mid-infrared aromatibe NLR. The [Fell] emission in NGC 6240 is fainter rela-
“PAH"” features. The rotational lines of molecular hydrogen atése to [O IV] than in starbursts or supernova remnants which
so strong that some of them are easily detected in the low resoggests the AGN to dominate [O1V]. This is quantified in
lution spectra. the simple mixing model shown in Fig. 3 which assumes the
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T T T

H the central region of NGC 6240. We consider an extreffece
10.00 Storbursts | of obscuration on the line ratios unlikely, however, because of

T
|

& the non-ideal structure of real NLRs (e.g. Capetti et al. 1997)
© which does not show perfect layering of ionisation stages as in
& idealized spherically symmetric photoionisation models. In ad-
Z 1.00F e dition, such a scenario would either require the same peculiar
E 3 geometry to apply for both AGN, or insignificance of one of
2 them, which is in contrast to their modest hard X-ray flux ratio
= of ~3 (Komossa et al. 2003).
% o.10F E The combined evidence favours a model where the lower
= ionisation lines are dominated by starburst emission but [O V]
L by the NLR(s) of the AGN(s). The absolute flux of [O IV] from
0.01 R R T B the NLR may still be fiected by obscuration. NLR obscuration
0.001 0.010 0.100 1.000 10.000 cannot be constrained from the data that are lacking extinction-

[OV]25.89um/[Nell]12.81um sensitive ratios which are purely tracing the NLR. In principle,

Fig. 3. Fine-structure emission line ratios for NGC 6240, compard§€ [O 1ll] nondetections (Table 2) also might constrain prop-

to a number of bright AGN from Sturm et al. (2002), the starbursgfties of the obscured Narrow Line Region (e.g. [O Il1].88/

of Verma et al. (2003, excluding low metallicity dwarfs), and the syO IV] 26 um < 2.6). However, our ignorance about density

pernova remnants IC 443 and RCW 103 (Oliva et al. 1999a,b). Taad ionization parameter of this region prevents converting this

overplotted grid represents simple mixing by a linear superpositigmo an obscuration constraint.

of starburst, SNR, and AGN line spectra. The loci of the grid lines

indicate where the contribution to [Ne 1] is 0%, 10%, 20%, ... for su-

pernova remnants and for AGN. The percentage contribution to ott&P. Properties of the starburst

lines will be diferent. Note that the four leftmost AGN themselves

have evidence (PAH emission) for significant star formation inside th¢ an excitation ratio [Nelll] 15.55um/[Nell] 12.81 um

SWS beam. of 0.39, NGC 6240 is well within the range covered by normal
and high metallicity starburst galaxies (Thornley et al. 2000;

spectrum to be a linear superposition of a starburst, an AGYgrma et al. 2003). This is still true when lowering the ratio by
and a SNR spectrum. At the location of NGC 6240, the coRorrecting for the likely noticeable contamination of [Ne ll1]
tributions to [Nell] are then about 82% starburst, 14% SNRY AGN emission. Estimated from AGN [Ne IJ{D IV] ratios
and 4% AGN. Because of the stronglyfférent intrinsic (Sturm et al. 2002) and the observed [O IV] flux, about half
[0 1V]/[Ne Il] ratios, the contributions to [O IV] are veryfier- ©f the [Ne lll] 15.55um flux could be due to a relatively low
ent: 7% starburst, 18% SNR, and a dominant 75% AGN. THiXcitation NLR, whereas AGN contamination of the stronger
nominal mix as well as the complexity of the excitation mectiNe Il] line is much less significant. A rough estimate of the
anisms for these lines clearly allow some of the strong [O |\'y|Ttrinsic starburst neon excitation ratio is hence closer to 0.2
emission to be due to a high level of non-AGN shock activity?‘ther than the observed total of 0.39. This is in line with the
but we will proceed in the following with the assumption tha@verall picture of an ageing starburst derived on the basis of
[0 1V] is mainly tracing the AGN proper. near-infrared data, e.g. the low equivalent width of the near-
The higher ionization potential NLR lines or coronal line§frared hydrogen recombination lines (e.g., Tecza et al. 2000).
are weak or absent in NGC 6240. No near-infrared coronal In the gas-rich circumnuclear region of NGC 6240, extinc-
line detections have been reported in the literature. This cotiloh is most likely significant. If possible, it should be estimated
be due to extinction. A limit 0f<0.26 can be derived for from mid-infrared tracers representative of the starburst activ-
the extinction-insensitive ratio of [NeV] 24.8m and the ity probed by the ISO observations. The two most reliable es-
neighbouring [O1V] 25.8um line. This places the NLR of timators, recombination lines and the [SII] lines are of lim-
NGC 6240 towards the low end but within the excitation ranged use for the NGC 6240 data, however. Because of their low
of the Seyferts studied by Sturm et al. (2002), who measureguivalent width, no recombination lines are significantly de-
ratios in the range from 0.18 to 0.37. The data are consisté&ntted in our data. Comparison of the [SII] 18u# line (in-
with [O IV] being AGN dominated. side the silicate feature) with the 33.4& line can provide
Egami (1999) suggested an overall dominance of tlamother estimate of obscuration which i$eetively a lower
AGN contribution to the NGC 6240 fine-structure line emidimit based on the assumption of [S Ill] being in the low den-
sion, not only for [OIV] but also for the low excitation linessity limit. The 18.71um line is indeed undetected, consistent
like [Nell]. To make this consistent with typical AGN NLRwith high obscuration, but the overall weakness of [S1II] in
line ratios (e.g., Sturm et al. 2002), he invoked a model whek&sC 6240 (as in other high-metallicity starbursts, see Verma
the ionization structure of the NLR follows an onion-like layet al. 2003) makes the limit on the ratio with [S1lI] 33.48
ered pattern from high excitation inside to low excitation oustill consistent with the intrinsic ratio, and thus prevents deriva-
side, with obscuration selectively blocking the higher excitéion of a lower limit on obscuration. Another way for obtaining
tion inner parts. High obscuration specifically towards part ah estimate for the obscuration is to compare the near-infrared
the NLR is conceivable, also given the large amounts of gasBny flux of Goldader et al. (1997), obtained in & 8 9’ N-S
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aperture, with the [Ne II] flux. The ratio of 0.012is afactorof [ ~ =~~~ = =~~~ T =7 7 7

2 lower than the one derived in matching apertures fordrd -f"°’
[Ne 1] fluxes in M 82 (Forster-Schreiber et al. 2001). This sug- i

gests 10-13y higher extinction towards NGC 6240 than the s} .
well-studied extinction towards M 82A( ~ 5 for the screen e 1
case, Brster-Schreiber et al. 2001), in total 15-4&0in the
simplifying screen assumption. This correspondsmag ex- S(3) .
tinction of [Ne ll] and [Ne Ill]. This estimate is very uncertaing ° ° 7
for several reasons. It is sensitive to uncertainties in the f@( i S |
of the weak By line that is dificult to measure accurately ons
top of the stellar continuum. Adopting the smallerBlux of

s(2)
S

+ const

1.15x102*W cm 2 obtained by integrating over & Biameter r "",E’é%?g}g o ]
aperture in the Br map of Tecza et al. (2000) increas®s by - B KYNER T g
another=9 mag. The estimate also relies on the assumption of | 271 o 3-2003)

similar metallicities in NGC 6240 and M 82. Our obscuration -tolL .. . .+ . . . v . . o v,
estimate is consistent with an estimate from the beginning of ° 5.0x10% 1.0x10% 1.5x10% 2ox10

. X /% [K]
this century ofNy ~ 2 x 10?2 (Ay ~ 10) for the atomic hydro-

gen column in front of the radio continuum sources (Beswiditg- 4. H excitation diagram for NGC 6240, showing for the lines ob-
et al. 2001). Since this column refers only to atomic gas, it §§7ved with SWS the upper level population divided by the level de-

effectively a lower limit to which any molecular column would@€N€racy, as a function of upper level energy. The level populations
have to be added are derived from observed fluxes without extinction correction.

The picture of a low excitation starburst at obscuration ) ) ) )
somewhat above or similar to that of M82 is also COnsigi_erlved from those lines in other galaxies observed with 1SO.
tent with the 4 detection of the low excitation [N I[[12zgm Comparinglines originating at higher and lower energies, how-
line, at a wavelength much less sensitive to obscuration. TRE the flux ratio S(35(1) = 1.56 is larger than in any of the
ratio of 0.14 to [Nell] is slightly above the estimated raStarbursts and AGN presented by Rigopoulou et al. (2002).
tio 0.12 in M82 (Colbert et al. 1999 vs. aperture-corrected '€ upper level of the S(3) line which falls near the cen-
Forster-Schreiber et al. 2001). The small critical density of tAgF Of the silicate feature appears somewhat underpopulated in
[N I1] line could additionally dfect this ratio. The limits on the Fi9- 4, suggesting significant extinction #bs,m ~ 1 mag
higher excitation lines above 58n ([N 11], [O 111]) are close towards the H emitting region. The levels in the first vibra-

to fluxes expected for an M 82-like excitation; slightly deepdionally excited state from which the 1-0 lines arise appear un-
spectra should detect these lines. derpopulated as well. Extinction may contribute here as well,

since the lines from the first vibrationally excited state are at

shorter wavelengths. For most commonly adopted extinction
3.3. Extremely strong emission of warm molecular laws the obscuration at 2.4—-3&h will be similar or less than

hydrogen the extinction at 9.aem, however. Less than or about one mag-

nitude of extinction is not dficient to explain the dierence
Even more than the near-infrared rovibrational transitions, thetween the population of the vibrational ground state and first
mid-infrared rotational transitions ofdre extremely strong in vibrational excited state. Subthermal population of the vibra-
NGC 6240. The observed rotational lines in the range 0-0 S{@nal levels at not too high densities may play a role.
to S(11) (Table 2) carry a total flux of.3x 107°Wcm 2, A total mass of 2-% 10% M, for the “warm” (a few hun-
Adding an approximate/2 for the unobserved among the puréred K) molecular hydrogen can be estimated from the ob-
rotational transitions, this corresponds to a luminosity of tleerved S(1) flux, and making the plausible assumption that
H, rotational lines of 18 x 10° L, which is ~0.3% of the in- the S(1) emission originates in gas that on average is 50—
frared (8—100Qum) luminosity of the galaxy. A convenientl00K colder than the excitation temperature estimated from
way to visualize the properties of the ldmission is an excita- S(2)YS(1). This is a few percent of the total molecular gas mass
tion diagram (Fig. 4, adopting transition probabilities of Turnegstimated from CO observations (Solomon et al. 1997; Tacconi
et al. 1977, see also Wolniewicz et al. 1998). Thermally ert al. 1999), a fraction not uncommon in starbursts and AGN.
cited H, at a single temperature and high density will shoMore significantly~5x 10° M,, of gas at an excitation temper-
all transitions on a straight line in such a diagram. The coature 0f~1100 K are needed to produce the observed S(5) flux.
cave curvature seen in Fig. 4 indicates a mix of temperatures, Draine & Woods (1990) proposed a model where most
similar to excitation diagrams for starbursts and AGN observefl the near-infrared rovibrational Hemission of NGC 6240
with 1ISO (Rigopoulou et al. 2002). The rotational emission iis due to molecular gas illuminated by shock-produced soft
NGC 6240 is, however, not only scaled up but also showsXarays. Such gas would also contribute to a lesser degree to
stronger population of the higher rotational levels. At the lothe observed rotational line emission. An observational test for
energy end, both the limif > 145K obtained from the limit this model is the expected emission of ,He.g. at 4.35 and
on the S(1)S(0) ratio and the excitation temperature-@65K 16.33um. We do not detect these lines but the derivedifits
derived from the S(1) and S(2) lines are within the rang€$able 2) are factors of 19 and 4 respectively above the
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predictions. They do not constrain the X-ray illumination scef the strongest rotational molecular hydrogen lines. We may
nario, also considering the much lower predictions of Malonese these limits and the ratio S(5) to 1-0 Q(3) to search for ac-
et al. (1996). ceptable conditions in the range of shock speeds and densities
Radiative excitation of molecular hydrogen by UV illusampled by the shock models of Kaufman & Neufeld (1996).
mination in moderate density PDRs and subsequent casclldese argue for, on average, relatively fagt{ 30 kms?)
ing leads to a strong population of the higher vibrationallghocks in gas of preshock density0® cm~3. Under these con-
excited levels which will be found above the pure rotationditions, the rotational lines of molecular hydrogen will radiate
lines of similar energy in an excitation diagram (e.g., Fig. 340% of the shock mechanical luminosity.
of Timmermann et al. 1996; Sternberg & Neufeld 1999, Fig. 6 The strong and probably shock dominated [O I}68 line
of Draine & Bertoldi 1999). The limits set on the 2-1 O(3) anéhdicates that this picture is not complete. It radiates another
3-2 O(3) lines rule out a dominant contribution from such mod@-3% of the bolometric luminosity but is not produced in signif-
erate density PDRs for the NGC 6240 $pectrum. The higher icant quantities in the nondissociative (C-) shock models cited
vibrational levels are clearly not overpopulated with respect &ove, where oxygen is assumed mostly locked in molecules
the lower ones. This agrees with conclusions that have bdent cf. Poglitsch et al. 1996). Strong [O I] emission is however
reached on the basis of near-infrared spectra (e.g. van der Véekky result of models of dissociative (J-) shocks (Hollenbach
et al. 1993; Sugai et al. 1997). & McKee 1989). A single shock model is not adequate to
Beyond excluding UV excitation in low density PDRs aseproduce a galaxy with a wide range of shock speeds and
the prime contributor, the thermal,Hspectrum observed in preshock densities. Assuming that the fdtational lines and
the SWS range holds little direct clue as to its sources of g0 1] are the strongest coolants of shocks in NGC 6240, the
citation. However, the detailed multiwavelength observatiot@al mechanical luminosity of these shocks must be of the
available for NGC 6240 make a strong contribution of shockeder 16°L,, even if some fraction of those lines has other
likely. The CO velocity field in the inner gas concentration isrigins.
highly turbulent, suggesting rapid dissipation in this large gas If derived from the kinetic energy of the turbulent central
mass (Tacconi et al. 1999). Shocks that will occur under sughs concentration@x 10° Mg, o ~ 150 km s, Tacconi et al.
conditions are ficient sources of rotational Hemission up 1999), a shock mechanical luminosity of*20,, will dissipate
to fairly high excitations, with the excitation diagram genethis turbulent energy within a few million years, i.e. on the dy-
ally showing a smooth trend with level energy (e.g., OMC-hamical timescale of the central gas concentration. Additional
Figs. 2 and 5 of Rosenthal et al. 2000). The [O 1148 line contributions may come from the mechanical luminosity of the
expected to be strong in shocks (Hollenbach & McKee 1988arburst “superwind” in NGC 6240, estimated to be of the or-
is also observed to be prominentin NGC 6240 (Table 2). Its flaber 13° L, (e.g., Heckman et al. 1990; Schulz et al. 1998).
is ~2.5 times that of [C II] 157«m, unusually high compared
to other starbursts and IR-bright galaxies (e.g., Fischer et al
1999; Colbert et al. 1999). This high [QIT I1] ratio is even
above the relatively high [OAIC II] ratios observed in some
[C 1] deficient galaxies (Malhotra et al. 2001; Luhman et alVe discuss several approaches to quantify the luminosity of the
2003) which are often ascribed to intensely heated (Gigin) starburst and the AGN(s) in NGC 6240. All these approaches
PDRs. The very high ratio for NGC 6240 is probably not mordirectly relate a mid-infrared or X-ray observable to the in-
than partially of the same origin — at Idg€y /Lrr) = —2.7 frared (or bolometric) luminosity. In this theyftir from the
(see also Stacey et al. 1991; Luhman et al. 1998) NGC 62d@rely mid-infrared diagnostic diagrams (Genzel et al. 1998;
is not [C Il]-deficient. Morphology, kinematics and excitatioaurent et al. 2000) where extrapolation from mid-infrared to
conditions of the near-infrared rovibrationad lthes have been bolometric has to be considered separately (e.g. Sect. 3.6 of
variously used to argue for shock excitation of these lines @gnzel et al. 1998). The uncertainties will thus include the un-
well (e.g., van der Werf 1993; Sugai et al. 1997). Single velocertainties of the extrapolation to bolometric luminosity. In ad-
ity/density C shock models (Kaufman & Neufeld 1996) maglition to normal uncertainties in measurements and methods,
not be able to reproduce simultaneously all the rotational linesconsistent diiculty of several of these approaches is incom-
This can be plausibly accounted for by a mix of speeds and plete characterisation of obscuratiofig€tively, this leads to a
a contribution of PDRs to the lowest rotational transitions.  situation where a lower limit to the luminosity of a component
Depending on shock conditions, cooling by the pure ra@an be set with some confidence, but where it is vefficdit to
tational lines of H will correspond to a few percent to tensaassess whether more of this component is present at higher ob-
of percent of the mechanical luminosity of the shock (e.gcuration or whether afilerent componenttakes over. It is then
Kaufman & Neufeld 1996). The mechanical luminosity comore useful to quantify what is observedeztively defining a
responding to the observed rotationg €boling may thus be lower limit, than to make possibly biased interpretations of the
approaching 18 L. A refined estimate is possible considerebscured components. It is also worth remembering that obscu-
ing other potential major shock cooling lines. We do not deation towards spatially distinct regions (e.qg., starburst, Narrow
tect in the LWS spectrum lines of CO ang®i that can also Line Region, AGN dust source, AGN X-ray source) is likely to
be major coolants for shocks in molecular regions. Table 2 idifer considerably.
cludes limits for CO and kD lines in the most sensitive re-  Since modelling from first principles is currently unreliable
gions of the spectrum. These are factobsless than the fluxes for several of the constraints discussed below, we follow an

‘What are the contributions of star formation
and AGN to the luminosity of NGC 6240?
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approach of quantitative but empirical comparison to starburdiserved to be strong in the immediate vicinity of AGN. A
and AGN templates. For NGC 6240 as well as for the (dustyumber of studies have successfully decomposed low resolu-
comparison starbursts we assume the bolometric luminositytiten mid-infrared spectra of galaxies into three components: A
be equal to the 8-1000m infrared luminosity, while the re- “PDR” component dominated by the aromatic emission fea-
lation between these quantities is explicitly included for AGNures, an “H II” very small grain continuum steeply rising to-
For brevity, we do not include the radio emission of NGC 6240ards longer wavelengths and a hotter “AGN” dust contin-
in our discussion. The radio results summarized by Beswiakim (Laurent et al. 2000; see also Sturm et al. 2000; Tran
et al. (2001) are consistent with coexistence of starburst agtdal. 2001; Bister Schreiber et al. 2003). Dust obscuration
AGN, as outlined below. can be important (Lutz et al. 1998a; Tran et al. 2001), with
the additional complication of ice features (Spoon et al. 2002).
. o ) ) The NGC 6240 spectrum (Fig. 5) is similar to starburst spectra
4.1. Star formation: Low excitation fine-structure lines  \hich are a superposition of “PDR” and “H II”, but there is an
eadditional continuum extending down tqun, indicative of an

With [Ne Il] mainly excited by star formation, this line can b . . s : .
used to estimate the ionizing luminosity and bolometric IOA_\GN continuum which we will discuss in Sect. 4.4. Subtracting

minosity of the starburst. During the evolution of a starburs%fmh a ‘?O”t'”““m' the peak flux density in the /¥ aromatic

the ratio of ionizing luminosity of the hot stars to bolomet1ieature 15+0.45 Jy.

ric luminosity will decay, as will the excitation observed in  The physics and chemistry of the carriers of the aromatic
the mid-infrared fine-structure lines (see, e.g., the models pfeatures and their transient heating by UV photons originat-
sented in Thornley et al. 2000). When trying to estimate tlweg over a very wide range of stellar types is complex and not
bolometric luminosity of the starburst component from the olfully understood. This certainly provides for a less direct link
served low excitation fine structure lines, it is hence impoirom PAH luminosity to the bolometric luminosity of a star-
tant to choose templates with excitation similar to the ratlurst than from luminosity of the emission lines originating
[Ne lll] 15.55um/[Ne 1] 12.81um ~ 0.2 derived above for the in the medium ionized by OB stars to bolometric luminosity
NGC 6240 starburst. Of the starbursts observed by Verma etddlthe starburst. Nevertheless, it is worth trying to extrapolate
(2003) this ratio is between 0.1 and 0.4 for M 82, NGC 325@&0m the PAH emission to the associated bolometric emission
and NGC 3690C 694. For these galaxies, we compute a medny using starbursts as templates. In order to minimize aperture
log(Lnenj/Lir) = —3.03. The values for the individual galaxieseffects in the comparison to the IRAS FSC-based infrared lu-
are between-2.89 and-3.22. To meaningfully compare with minosity, we use objects for which PAH data are available cov-
the IRAS FSC-based infrared luminosities, we have considemihg a major part of the IRAS beam dodthe starburst re-
their spatial extent compared to the SWS aperture by adding tfien>. Comparing the PAH 7.Zm feature peak flux density
two apertures for the two pointings on NGC 3@€0694 which in Jy, and the 8—1000m IR flux in Wm2, we obtain a mean
together fully cover the active regions of this interacting systelwmg(S7.7/Fir) of 11.84 with a dispersion of 0.25. Application
(see Fig. 1 in Verma et al. 2003) and by doubling the observefithis relation to NGC 6240 results in a starburst luminosity
flux for M 82 where the SWS aperture only partially covers thef 2 x 10*L,.

starburstregion (seeofster Schreiber et al. 2001). This is an underestimate if the PAH emission is more ob-
Using this empirical calibration, the observed [Ne Il] lumiscyred than in the comparison starbursts. Indications for the
nosity of 48 x 10° L, converts into a starburst bolometric 'U'corresponding relative weakening of the 8.6 and Lin3fea-
minosity of 5x 10! Lo, i.e. the major part of the bolometric lu-yres (in the wings of the silicate absorption) are not strong,
minosity of NGC 6240. This would be an underestimate if thes\yever (Fig. 5). More important for assessing the robustness
obscuration were higher than in the starburst templates. Whileihis estimate are variations of the aromatic feature emis-
there is evidence for higher obscuration of the NGC 6240 st@[ny with environment. It is known since the IRAS mission
burst than in M82 (Sect. 3.2), we stick with the conservgnat the aromatic features decrease when approaching a hot
tive assumption of similar obscuration because of the uncgfs; or when going inwards from PDRs to H I regions (e.g.,
tainty of this estimate and of obscuration estimates for the Ot@dulanger etal. 1988; Verstraete et al. 1996). Correspondingly,
templates NGC 3256 and NGC 3690. The starburst luminosifgnds are observed in “normal star forming” galaxies between
would be overestimated if the metallicity were much highgpe average radiation field intensity, echoed in th160um
than for the templates, which are already at supersolar meflx ratio tracing the large grain temperature, and the ratio of
licities, however (Verma et al. 2003). It would also be overepaH emission to total infrared luminosity (Dale et al. 2001).
timated if the AGN contribution to [Ne lll] were less, makingrhs introduces additional uncertainties when extrapolating
the starburst more highly excited with a correspondingly lowgtm pAH features to total luminosity and may cause underes-
ratio of total to ionizing luminosity. timates if much of the star formation is concentrated in a small
region.

4.2. Star formation: Aromatic emission features

The mid-infrared aromatic “PAH" emission features are ob-5 |SOCAM-CVF M82, M83, NGC 253, NGC 520, NGC 1808,

served over a wide range of interstellar medium conditioRg&C 3690, NGC 40389, Arp 236, NGC 7252 (O. Laurent. priv.
from the difuse ISM to star forming regions but are notomm.) and NGC 3256 ISOPHOT-S (Rigopoulou et al. 1999).
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tapTTTTTmm T T T T T T T T T T T Juminosities in the comparison Seyferts. In Seyfert galaxies,
I NGC 6240 1 the 10-100@:m infrared range will represent very roughl21
12r 7 of the bolometric luminosity (Spinoglio et al. 1995), with
L M82 scaled L .. . .
[ significant emission emerging at shorter wavelengths in the
1.0 near-infrared, visual, and UV to X-ray ranges. The shorter
E i wavelength emission in the integrated SEDs of Seyferts as in
> 08F Spinoglio et al. (1995) will not always be pure AGN emission
2 I because of host contributions, but we assume it is dominated
S o6l by the AGN. For an obscured AGN in NGC 6240, it is then
é L plausible to assume that much of the KdpticajUV/soft-X
04k part of the AGN bolometric luminosity would be absorbed and
[ reradiated in the mid- and far-infrared. We hence double the
ook estimate of the AGN contribution to the infrared luminosity
<t , to 14 x 101 L.
oob L oy Y This is an overestimate if the non-AGN shock contribution
4 6 8 10 12 14 16 to [OIV] were large in NGC 6240, contrary to the estimate in
T4 T 1 Tt 1] Sect 3.1. While we have tried to exclude objects with PAHs
[ 1 indicating strong star formation from the comparison sample,
1.2 = NGC 6240 -1 it may still be an overestimate if the IR emission of the com-
Lo M82 scaled {1 parison objects still has significant contributions from star for-
1.0 —— — - Absorbed continuum 1 mation. This is possible because of apertuffiects between
= [ —— Schematic model the PAH measurements and the FIR continuum measurements
E osk in currently available data. An example for this problem is
G [ NGC 1068 with very weak PAH in the ISOPHOT beam, and
g o6k considerable star formation outside this beam but inside the
x ot IRAS beam (Telesco & Decher 1988; Le Floc’h et al. 2001).
e I Similar efects are hard to firmly exclude for other less well
0.4 studied large galaxies because of the mismatch between the
L IRAS beam and the ISOPHOT-S aperture used to search for
02 PAHs indicating star formation. High spatial resolution both in
i A VI mid-infrared spectrophotometry and in the far-infrared would
COL i b e be needed to minimize these problems. Our AGN luminosity

4 6 8 10 12 14 16

is an underestimate if the NLR of NGC 6240 is significantly
Rest wavelength [um]

obscured even at 2@8m. Several magnitudes of visual extinc-
Fig.5. Low resolution ISOCAM 5-16um spectrum of NGC 6240 tion needed to hide the NLR in the optical do not yet have a
compared to a scaled spectrum of M 82 (top) and a schematic mogigniﬁcant éfect, however.

consisting of the sum of a scaled M 82 spectrum and an absorbed

power law continuum (bottom). Obscuration of the continuum is

needed for a satisfactory representation including the region of silicatel, AGN: Mid-Infrared continuum

feature. The schematic model is inadequate in the regions of strong

emission lines because offfirences in the emission line spectra ofid-infrared spectra of AGN show a strong continuum due to
NGC 6240 and M 82. warm dust in the vicinity of the AGN, either in the putative
torus or on larger scales e.g. embedded in the Narrow Line
Region. The spectrum of NGC 6240 has excess continuum over
a pure starburst spectrum which may either be AGN related
or an increased contribution of the steep “HII” continuum.
Here, we use the Narrow Line Region [O1V] 25.86 lumi- 1he excess continuum must be obscured in order not to vio-

nosity as an indicator of the AGN luminosity and use again 4ate the observed spectrum in the region of the silicate feature.
empirical calibration. To avoid biasing our result by star formdecause of this obscuration and the steep rise of a starburst-
tion contributions to the bolometric luminosity of comparisof€lated “H1I" excess, an excess AGN continuum is best quanti-
objects, we choose as comparison those among the SeyfertdiggLshortwards of the PAH complex, 85.9um (Laurent et al.
served by Sturm et al. (2002) that have measured [O IV] lin€800). Subtracting from the observed spectrum of NGC 6240 a
and are not listed in their Table 1 as having strong evidenggaled M 82 spectrum reproducing the 6.2 angi PAH fea-

for circumnuclear star formation. The mean lbg{y;/Lir) of tUres, we estimate the excess AGN continuum te-Be7 Jy
these 16 objects is3.01, with a dispersion of 0.29. Using thisat 5.9um (Fig. 5).

calibration, the observed [O IV] luminosity ofs7 10" L, con- Again we use AGN without evidence for circumnuclear
verts to an AGN infrared luminosity of ¥ 10°L,. This is star formation (no or only weak PAH features according to
an extrapolation based on the relation of [O V] anffared ISOPHOT-S observations) as templates. From 40 such AGN

4.3. AGN: High excitation lines from the Narrow Line
Region
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with z < 0.1 and observations in the 1ISO archive we estimaleble 3. Constraints on the contribution of starburst and AGN activity
a mean relation between 5/n continuum flux density in Jy, to the infrared luminosity of NGC 6240.
and the IR flux in Wm?, of log(Ss.¢/Fir) = 11.70 with a dis-

persion of 0.29. Application of this relation to NGC 6240 re- Constraint Starburst ~ AGN

sults in an AGN infrared luminosity of.4x 10'°L,. Again, we Low excitation mid-IR lines  50-100%

have to consider that for the comparison Seyferts a noticeable ~PAHfeatures >33%

part of the bolometric will emerge at short wavelengths that are U‘?jh excitation mid-IR lines >24%

likely absorbed and redistributed to the infrared in NGC 6240. id-IR dust continuum >13%
Hard X-ray emission 10-100%

As for the estimate based on the [O V] line, we apply an addi-
tional factor 2 correction to account for thdfdirence between

infrared and bolometric luminosity in the comparison Seyferts, o
arriving at an AGN bolometric luminosity §8 x 10 L. 2-10keV luminosity has to be extrapolated to the bolomet-
.ric luminosity. Assuming the mean radio-quiet quasar SED of

This is an underestimate if the AGN dust continuum ip, . O .
NGC 6240 is heavily obscured. Relatively little obscura’tio%IVIS et al. (1994, their Fig. 10).2-10 kev/Lsol ~ 0.09, with

. . - . ignifican r around this mean relation. In the regime of
is suficient to produce the silicate absorption needed forS cant scatter around this mean relatio the regime o

spectrum fit (e.gAy ~ 20 in Fig. 5), but high values are <Y €"tSL2-10 kev/Lir is typically around 0.1 for a major frac-

not excluded. Another potential bias which can cause an lEIr?—n of objects that are not absorbed in the 2-10 keV range,

derestimate of the AGN luminosity is due to the choice 6¥Ith at_all to smaller_ratlos (Risaliti et al. 2001). We have ver-
: : e . Ified this by comparing observed 2-10 keV fluxeszof 0.1
PAH-free comparison objects. If unification related orient

tion effects cause variations in the AGN mid-IR brightne %eyfert 1s from George et al. (1998) and extinction-corrected

(Clavel et al. 2000), then our comparison objects selected. o 0 keV fluxes of Seyfert 2s from Bassani et al. (1999) with

have a bright continuum standing out of the host galaxy PA [ S?rared fluxes. We ha\{e restricted the samples to objects where
. : . : the absence of PAHs in ISOPHOT spectra suggests small star
might be above average in mid-IR brightness compared 1o .. o~ . )
: : . formation contribution, and excluded Compton thick objects.
an orientation-unbiased sample. In the absence of obse

yVa- .
tions that can spatially separate host and AGN at amd the mean log( 10 ev/Lie) for 18 objects (12 Sy, 6 Sy2)

: A .~ is —=1.0 with a dispersion of 0.29. Following our previous ap-
far-infrared wavelengths this bias is hard to break. Again, .V\p')?oach, We assurtiag ~ 0.5Lgq, for the Seyferts.

ill have overestimated the AGN luminosity if the IR lumi- . .
w Ve overest uminosry | um In total, the AGN luminosity estimated from the X-ray

nosities of the comparison objects still contain significant star- o
P J 9 ectroscopy is in the rangex210* to 6 x 10*°ergs?, or

burst contributions, outside the ISOPHOT-S beam but insi 8

the IRAS beam. We will also have overestimated the AGN SVeen 10% and several times the luminosity of NGC 6240,

minosity if some of the excess S.8n continuumis still H 1l re- d_ependlng onthe est|_mate of the X-ray luminosity and assump-
gion related. tions for the bolometric correction. The X-ray data suggest that

the AGN plays a significant and possibly dominant role but
cannot pin down the AGN luminosity accurately.

4.5. AGN: X-ray emission

The X-ray emission of NGC 6240 holds important clues to th‘é6' Combining the constraints

nature of its AGN. The soft X-ray emission (0.5-2keV) is stilirhe five constraints on the contributions of star formation and
dominated by extended thermal emission tracing the starbyfgin in NGC 6240 discussed in the previous subsections are
superwind (Komossa et al. 1998; lwasawa & Comastri 1998);mmarized in Table 3. We assign highest weight to two con-
The hard X-rays (2-10keV) are dominated by AGN emissifiraints. The X-ray constraint suggests that the AGN is con-
reflected by cold and warm matter (Iwasawa & Comastri 1998, uting a significant and possible dominant fraction of the Iu-
from two AGN located in the two nuclei (Komossa et al. 2003)inosity, the latter situation being within the uncertainty of the
Above 10keV, absorbed direct AGN emission has been alstimate based on tidbservedk-ray emission rather than just
served with BeppoSAX and RXTE (Vignati et al. 1999; Ikebgeing allowed as an unseen obscured component. The second
et al. 2000). The question is to estimate the bolometric luney constraint is the one on the starburst luminosity derived
nosity of the AGN from the observed direct dadreflected from the low excitation fine-structure lines, which is based on
AGN X-rays. relatively straightforward analysis of starburst H I regions. It

Spectral fits to the complete X-ray spectrum of NGC 6248 difficult to envisage H Il regions that are low excitation and
suggest an intrinsic (corrected for absorption) 2—-10keV lurstill have a high ratio of ionizing luminosity to total lumi-
nosity of 22 x 10* to 27 x 10*ergs? (Vignati et al. 1999; nosity, which would be needed to make the starburst contri-
Ikebe et al. 2000, corrected to the distance assumed in this Ipation to the bolometric luminosity insignificant. We suggest
per). The main uncertainties involved in the analysis of that the most likely range of contributions to the luminosity of
2-10keV emission are the geometry of the X-ray reflectadGC 6240 is 50 to 75% starburst and 25 to 50% AGN. This es-
and the potential féect of scattering by the absorbing mattetimate is based on direct comparison of mid-IR and X-ray ob-
Similar uncertainties arise when extrapolating from the directbervables to the bolometric luminosity. Reassuringly, the agree-
observed very hard>(L0 keV) X-ray emission, due to the un-mentwith pure mid-IR diagnostics (Genzel et al. 1998; Laurent
certain spectral index towards softer X-rays. In a next step, #teal. 2000) is good.
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5. Conclusions Jones, A. P., Tielens, A. G. G. M., & Hollenbach, D. M. 1996, ApJ,
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erful star formation activity and of an obscured AGN. We havgaufman, M. J., & Neufeld, D. A. 1996, ApJ, 456, 611
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estimate the contributions to the total luminosity of starburst L21
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