7%
university of 59/,
groningen L

i

University Medical Center Groningen

University of Groningen

The deeply obscured AGN of NGC 4945. |. Spitzer-IRS maps of [Ne V], [Ne II], H2 0-0 S(1),
S(2), and other tracers

P erez-Beaupuits, J.P.; Spoon, HW.W.; Spaans, M.; Smith, J.D.

Published in:
Astronomy & Astrophysics

DOI:
10.1051/0004-6361/201117153

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2011

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):

P erez-Beaupuits, J. P., Spoon, H. W. W., Spaans, M., & Smith, J. D. (2011). The deeply obscured AGN of
NGC 4945. I. Spitzer-IRS maps of [Ne V], [Ne Il], H2 0-0 S(1), S(2), and other tracers. Astronomy &
Astrophysics, 533, [A56]. DOI: 10.1051/0004-6361/201117153

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 10-02-2018


http://dx.doi.org/10.1051/0004-6361/201117153
https://www.rug.nl/research/portal/en/publications/the-deeply-obscured-agn-of-ngc-4945-i-spitzerirs-maps-of-ne-v-ne-ii-h2-00-s1-s2-and-other-tracers(b3619226-1669-420f-910f-421440660c9d).html

arxiv:1107.0224v1 [astro-ph.CO] 1 Jul 2011

Astronomy & Astrophysicsnanuscript no. NGC4945-Spitzer-maps © ESO 2011
July 4, 2011

The deeply obscured AGN of NGC 4945*
I. Spitzer-IRS maps of [Ne v], [Ne 1], H, 0-0 S(1), S(2), and other tracers

J.P. Pérez-Beauputts, H.W.W. SpooR, M. Spaans$, and J.D. Smith

1 Max-Planck-Institut fur Radioastronomie, Auf dem Hi1g6| 53121 Bonn, Germany; e-majlp@mpifr.de

2 Astronomy Department, Cornell University, Ithaca, NY

3 Kapteyn Astronomical Institute, Rijksuniversiteit Gragen, 9747 AD Groningen, The Netherlands

4 Department of Physics and Astronomy, Mail Drop 111, Uniitgrsf Toledo, 2801 West Bancroft Street, Toledo, OH 43606 AU

Received January 15, 2011; accepted March 15, 2011
ABSTRACT

Context. The nearly edge-on galaxy NGC 4945 is one of the closest igalaxhere an AGN and starburst coexist, and is one of the
brightest sources at 100 keV. Near and mid-infrared speotqmy have shown very strong obscuration of its centrabregivaled
only in strength by some of the most deeply obscured ULIRGs.

Aims. Determine the spatial distribution of ISM emission feaguirethe central 426426 p& of NGC 4945,

Methods. We map the central region of NGC 4945 in three of the four $pitRS modules (SH, SL and LL). In particular, we
produce maps of the flux distribution of the starburst tra¢ie II], [Ne 111], [S ]l and [S V] at 12.81, 15.56, 18.71 &10.51um,
respectively, and a map of the AGN narrow-line region trgbr V] at 14.32um. In addition, we mapped the S(1), S(2) and S(3)
pure rotational lines of K which trace the distribution of warm molecular hydrogeimally, we obtained an extinction map\)
based on the apparent strength of the 8ri/silicate absorption feature.

Results. At a spatial resolution of£5” our extinction map traces the contours of the starburst fihg highest extinction is, however,
found at the nucleus, where we measAg9.85 um)~60. Within the uncertainty of the astrometry all emissiore$i are found to
peak on the nucleus, except for the warm molecular hydroggeseon which shows a maximum 60-100 pc NW of the nucleus.
We favour a scenario in which the lower 18-0 S(1) and S(2) rotational lines originate mainly from arlscured extra-nuclear
component associated with the super-wind cone observeaeitiST NICMOS map of the H1-0 S(1) vibrational line. For the
[Ne V] emission we infer an attenuation of a factor 12-180#£55-112) based on a comparison of the ratio of our [Ne V] flux tred
absorption-corrected 14-195 keV Swift-BAT flux to the agerfiNe V)BAT ratio for Seyfert 1 nuclei. The high attenuation indest
that [Ne V] and [O IV] cannot be used as extinction-free traad AGN power in galaxies with deeply buried nuclei.

Key words. Galaxies: active — Galaxies: nuclei — Galaxies: individbbEC 4945 — ISM: lines and bands

1. Introduction lies~ 1” west (but, within the uncertainty) of the position of the
. H>O mega maser (Greenhill et'al. 1997), which we adopt as the

At _a distance of ~3.82 Mpc ¢18.5 pgarcsec, location of the AGN. The mega maser emission allows to esti-
Karachentsev et al. 20(_)7) the active galaxy NGC 4945 fRate the mass of the central black hdVsy ~ 1.4 x 10° Mo
one of the closest galaxies that host both, an AGN and ststrbuf, i together with its inferred 0.1-200 keV bolometric fum
Earlier X-ray observations showed evidence for a hidden A sity of~2x10%3 erg s (~ 5x10° |'_® Guainazzi et 4l (2000))
pev\vlzg?géaaetgg'ml;g‘i; t?]?é?(lg?)zeﬂtfjrillvsi?r?cgﬁ -;T)ess(‘)?kgggeﬁ indicates that the central engine radiates % of its Edington

: A - - ihinosity [ illetal. 1997; iski .2000).
density of Ny = 2.4 x 10?* cm™2 (Guainazzi et al. 2000). The mo_sﬂy (Greenhill et &l. 1997, Made;_sh _et l.2000)
nucleus of NGC 4945 is one of the brightest extragalactic Estimates from IRAS observations indicate that about 75%

sources at 100 keV (Done et al. 1996), and the brightest Beyff the total infrared luminosity of the galaxy @ = 2.4 x

2 AGN at> 20 keV (ltoh et al. 2008). 10' L) is generated within an elongated region of’ 29"
Rather than a point source marking the presence of the AGaPout 222x 167 p¢) centered on the nucleus_(Brock et al.

in optical and near-infrared images, the nearly edge-er@(®) 11988). The structure of this region, as shown in high resolu-

line of sight to the central region reveals evidence forggrand  tion HST-NICMOS observations of the #dine, is consistent

patchy extinction, which is especially apparentin HST-MIGS ~ With a nearly edge-on starburst disk with &4(~ 83 pc) radius

H — K maps|(Marconi et al. 2000). A dust lane aligned along tH&arconi et all 2000), embedded i & 8” (~150 pc) inclined

major axis of the galactic disk obscures parts of the cengral (62 degrees) molecular disk (Chou et al. 2007).

gion just southeast of thi€-band peak. Th&-band peak itself  Although the star formation and supernova rates in the nu-

* We dedicate this paper to the memory of our esteemed cokheaqﬁjear region were originally estimated to be moderaté.¢ Mo

and advisor, Alan Moorwood (1945-2011), who pioneered tifiaied r* and~ 0.05.yr1, respectlvely,_ MoorWOO(_j & Oliva_1994),
spectroscopic study of NGC 4945. This work is based on obtiens MOre recent estimates based on high resolution (angulersica
obtained with the Spitzer Space Telescope, which is optatehe Jet 0.3 pc) radio observations and estimates of supernova remnant
Propulsion Laboratory, California Institute of Technofpgnder NASA ~ Source counts, sizes and expansion rates, lead to a typgeli-su
contract 1407. nova rate of> 0.1(v/10% yr~!, and star formation rate (SFR)
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limits of 2.4(v/10%) < SFRM > 5 Mg) < 370Mg yr~t, where ules SH, SL and LL, in this work we present the most intergstin

vis the shell radial expansion velocity in kit{Lenc & Tingay results from the SH and SL spectral maps only, since we focus

2009). These supernova and star formation rates are, withih the analysis of the spatial distribution of ISM emissiom a

a factor of two, similar to those estimated in NGC 253 anabsorption features. We present for the first time the mapseof

M82 (Pedlar et al. 2003; Lenc & Tinday 2006), which are alsstarbursttracers [Né¢] 12.81um, [Nelll] 15.56um, [S1I1]18.71

nearly edge-on starburst galaxies, have similar distaolose M, and [S'V] 10.51um, and a map of the AGN narrow-line re-

to 4 Mpc and all show similar infrared luminositiés_(Rice Et agion tracer [Nev] at 14.32um, and analyze the ratios between

1988). The impact of the central starburst on the circumearcl some of these tracers adfdrent diagnostics. The organization

region is large, as revealed by the presence of a conicalycaf this article is as follows. In Sedil 2 we describe the obser

evacuated by a supernova driven wind (Moorwood Et al. 199@igns and the data reduction. The maps obtained are presente

Marconi et all 2000). The HST-NICMOS images of the HO in Sect[B. The analysis of the data is presented in Bkct.&. Th

S(1) line at 212 um show that the edges of the cavity extend o@onclusions and final remarks are presented in Ekct. 5.

to 5’ (~93pc) north from the NGC 4945 nucleus (Marconi et al.

2000). . )
Near and mid-infrared spectroscopy indicate that the ISft OPServations and data reduction

line of sight to the central region of NGC 4945 is veryfelient \we mapped the central region of NGC 4945 with the InfraRed
than that of other nearby starburst galaxies, such as M 82 atyskctrogragh(IRS -[Houck et al._2004) on board of the Spitzer
NGC 253, which present similar inclination angles. Thersiro space Telescopé (Werner etlal. 2004) through the guaranteed
absorption features of both volatile (CO and f@nd refrac- time observation (GTO) program P40018 (PI: H.W.W. Spoon).
tory (H,0) ices observed in the 2.4+ ISO-PHT-S spectrum The spectral maps were done in moderate resolutior6(R)
indicate the presence of shielded cold molecular cloudswbs yith the Short-High (SH; 9.9 — 19.,6m) IR$] module, and at
ing the NGC 4945 nucleus (Spoon etial. 2000, 2003). The dgw resolution (R-60—120) using the Short-Low (SL1; 7.4 —
tection of a strong absorption feature of XCN ice at 4u62by  14.5,m, SL2; 5.2 — 7.7um) and Long-Low (LL1; 19.5 — 38.0
Spoon et &l..(2000, 2003) indicates that these moleculadslo ;m LL2; 14.0 — 21.3im) IRS modules.

have been processed in an energetic environment_(Lacy e#al.-rhe SH module was used to measure mainly the fine-
1984), and processed ice is suggested to be a common chagggrture emission lines (starburst tracers)\[pat 10.51um,
teristic of dense molecular material in star forming gataoti-  [Ne 11] at 12.81um, [Ne Ill] at 15.56um, [S 1] at 18.71um,

clei (Spoon et &l. 2003). A highly distorted PAH emissioncspethe AGN narrow-line region tracer [N¢] at 14.32um, and the
trum produced by a very deep 9ufn silicate absorption fea- molecular hydrogen (pure rotational) lines; -0 S(2) and H
ture is more evidence for the unusually strongly obscured ngLo S(1) at 12.3m and 17.Qum, respectively. With the SL mod-

clear regioni(Spoon et al. 2000; Brand| et al. 2006). Thisesakyle we obtained maps of the,1$(3), and the silicate absorption
NGC 4945 a unique nearby laboratory to study an environmegghture at 9.7:m.

that can be found only in distant ULIRGs.
Previous mid-infrared spectroscopic observations coatd n
confirm the presence of an AGN in NGC 4945. Just an ug-1. SH map

per limit of the 14.32um [Ne V] emission, considered aype RS SH map was obtained in July 2007 (at the beginning of
tracer of AGN narrow-line regions (e.g.. Moorwood et.al. 889 he summer visibility window) when the SH slit was relativel

Genzel et al. 1998), was obtained from ISO-SWS observati Ryned with the minor axis of NGC 4945. The area ma
. . pped was
(Spoon et all_2000). The VLT-ISAAC observation of the 3.98ited to a set of 3 parallel by 10 perpendicular pointinga-c

pm [SiIX] line, commonly observed in the soft X-ray photoiontereq on the nucleus, and covering an area 6£226”. Thetop
|zed’>gas of many Seyfert galax_|es (Oliva et al. 1994, Lutd.et ?Janel of Fig.[d shows the orientation of the SH slit overlaid on
2002), resulted in a non-detection (Spoon et al. 2003). @YY 6 gpitzer-MIPS 24m map of the central region of NGC 4945
cent observations with the more sensitive IRS-SH Spea@iyr ,, courtesy of Varoujian Gorjian, private communication)

on Spitzer allowed the detection (although at a very faille The quality of the map was optimized by splitting up the
of the 14'32'|“m [Nel V] line tovr\]/ards the NGC 4945 nucleusmapning into 4 1-cycle maps of 120 sec, each of which was al-
(Bernard-Salas et Al 2009). The [Ng14.3umy[Ne N12.8im ornated with a staring modd&esource sky measurement to keep

flux ratio found in NGC 4945 is- 0.007, which indicates an ;.o of rogue pixels and to obtain an accurate measure skihe

AGN contribution of less than a few percent using the diagra : ; ;
by|Farrah et al. (2007) (their Fig. 16). This detection of [Xle bg%gﬁ%ﬁ:nﬁé;-g_estﬁzl_ time used for the SH map, including sky

relative to [Nell] is about 10 times weaker than what was o
served in other Seyfert galaxies like Mrk 266 and NGC 1365
(Bernard-Salas et al. 2009). 2.2. SL map

In this paper we study the mid-IR properties of the nuclegue to aSpitzer anomalyd that began a few hours before the

region of NGC 4945. Spitzer-IRS spectral mapping obsesaati _ . .
, ] . original schedule of the observations, the IRS-SL map ofthe
of a 23 x 23" (about 426:426 pc) region are presented. Theclear region of NGC 4945 was delayed till August 2008, when

mapping capabilities of Spitzer-IRS allow the study of a AUN : : :
X N - the SL slit was no longer perfectly aligned with the galaxy ma
ber of properties of the nuclear region in NGC 4945. For or axis. The observagt;ionFs) were )(/jong with 5 cycle% of ¥4 sec

stance, the extent of the AGN coronal line region as traced J(%/
the [NeV] line, the extent of the crystalline silicate absorbing 1 The |RS was a collaborative venture between Cornell Urityers

region (and asgarch fothe sources responsi_blg for th_ermes and Ball Aerospace Corporation funded by NASA through the Je
of crystalline silicates), disentangling PAH emission ailidate  Propulsion Laboratory and the Ames Research Center.

absorption along the line of sight, and the excitation arelafy 2 httpy/ssc.spitzer.caltech.etis/highleveloverview
the circumnuclear-nuclear starburst based on line rafidsro 3 httpy/www.spitzer.caltech.edoewg856-feature06-25-Engineers-
bidden lines. Although we actually used the Spitzer-IRS mo@&tudying-Spitzer-Anomaly
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& F around the emission lines, PAH and silicate features oféste
v and we reconstructed the cubes after cleaning new pixels.
The spectral cubes obtained with CUBISM are in units
of surface brightness, MJy St but we convert them to
W cm2 um~t sr! to work and present the spectra. We use the
units of surface brightness W cisr! to present the maps, and
flux density W cm? for the integrated total fluxes. For this we
use the conversion 1 arcgee 2.3504x 10! steradian, know-
ing that the pixel siZgof the IR§SH map is~2.26 arcsegpixel,
which leads to 2005x 10~ steradians that we need to multiply
"v*’ by in order to get the maps in units of flux density. In the cdse o
IRS/SL the pixel size is-1.85 arcseggixel, so we have slightly
smaller 804424x 10~ steradians per pixel than in the SH map.

S0 P

F 3. Analysis and results

During the data reduction and spectral analysis processuvalf
that the SH spectral ordérare mismatched at levels that vary
Fig. 1. Spitzer-MIPS 24um map (Varoujian Gorjian, priv.comm.) of across the mapped region. Thifeet is smoothed (although not
the central region of NGC 4945. The galaxy major axis runsicadr completely solved) by increasing the overlap between tberar
North is toward the upper right, East toward the upper lefong the  (in the wavsamp calibration file) and by increasing the sfzb®
declination axis the grid spacing isl arcminute, and about 12 sec-aperture used to extract 1-D average spectra, as discusiesd b
onds along the R.A. axis. The region mapped with the IRS-SHule g 4|50 observed module to module mismatches, which inhibit
S](f paerée'\zvi'tshizguﬁ?zé_gégﬂ'ovr‘ah":nad')arrﬁg(; rleeg'?_r;]gfrggxa% Wﬁs us from reliably combining the SH and SL modules to perform
bp P u'e. YEIOW further analyses like, for instance, using the $(3) line as an

grids correspond to the SL1 and SL2 spectral orders, ragphciThe T ) >
sky (off-source) positions observations are indicated by the goidise extinction indicator. These mismatches in the SH ordershaad

left and right of the galaxy major axis. The images were peeduith tWeen modules have not been addressed tefprebably be-

the SpitzefLeopard software package used to query the archive afi@duse they are apparent only in higiN$lata as those presented
download the data. in this work. The IRS-SKSL ordergmodules mismatch problem

seen in high 8N data is a new issue that we are still studying to-
gether with members of the SINGS team. Fortunately, most of
the emission and absorption features we are interestedein ar
found within the spectral orders, and those features obderv
near the edge of the orders are treated with extreme caretor no

ramps, which allowed to map a region of about' 3767 in 2
parallel by 19 perpendicular pointings centered on theausl
Of NGC 4945, ddressed at all.

In order to sample the background continuum and to identity o o erage spectrum, considering the whole field of view
rogue pixels, we also obtainedfegource spectra with the same(FOV) of the IRSSH map. and the average spectrum of the

Lr:teerglr at;(t))r;\;[gmaens d%g?ouutwge;gxcygilself ?%N;ofr?émsonemcﬁ; IRS/SL map (extracted from a similar FOV as that of the SH
y 9 y ) P map) are shown in theop and bottom panel of Fig[2, respec-

were taken before and after the SL mapping. The total timée u : o i 1
for the SL map, including sky positions, amounts to 3.1 hre T%'invely. The most important fine-structure emission lined BAH

orientation of the SL slit, overlaid on the Spitzer-MIPS 2% feaw:z:\r;lg]de'%a;i? ?anofgipigté‘;ures to work on the 1-D
map of NGC 4945, is shown in thmttom panel of Fig.[d. P P

spectra that were used to build the final maps. These 1-Drspect
were extracted from the clean SH cubes by averaging the spec-
2.3. Data reduction tra over a moving R2 pixel aperture. The whole field of view

) _ ~was covered with a step size of 1 pixel, so the reduced map con-
The Basic Calibrated Data (BCD) were pre-processed with thfins only 1610 pixels of~ 2.3” each (where 1 corresponds
Spitzer pipeline versions S16.1 for SH, and S18.1 for SL.UR0gto ~ 185 pc at the distance of@ Mpc) but covering the same
pixels were cleaned, and maps were built, using the IRS mapphrea as the original map. However, the last slit observaifon
reduction package CUBISM designed by the SINGSegacy  the IRSSH map covers just about one third of the spatial region
team (Smith et al. 2007). With this tool we performed the flugssociated with each pixel. Therefore, we conclude thalette
calibration, background subtraction, and estimated #téstital column of the original 1%11 grid map produced by CUBISM
uncertainty at each spectral wavelength. We create thefiest- s not representative of the actual spatial region assextiaith
tral cubes from the slit observations combined with CUBISMhat slit column, and we do not use it in our maps. So the final
After creating the first cubes, we further cleaned the daitegus maps reduced with thex2 aperture results in>® pixel maps,
the back-tracking procedure described in Smith et al. (RO covering a slightly smaller region than the original mapse T
the pixels with flux uncertainty larger than 50% were flagged, coordinates assigned to each pixel of the resulting maghaset
they were not used in subsequent reconstructions of thérapecof the center of the 22 aperture, and the pixel fluxes reported
cubes. We iterate on the cleaning procedure by performewgvi
inspections throughout the maps, of small sections of thetsp 6 gq¢ http7coolwiki.ipac.caltech.edindex.phpUnits for a descrip-
tion of Spitzer units and conversions
4 httpy/ssc.spitzer.caltech.efliataanalysistogioolgcubismj 7 httpy/ssc.spitzer.caltech.efig/irsinstrumenthandbogk
5 httpy/ssc.spitzer.caltech.epitzermissiofobservingprograniegacy & httpy/ssc.spitzer.caltech.efis/features
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6 8 10 12 14 13.8 14.0 14.2 14.4 14.6 14.8
Rest wavelength A [um] Rest wavelength A [um]

IR A Fig. 3. Zoom into the [Ne V] complex wavelength range from the av-
erage IRESH spectrum of Fig]2. At these wavelengths we find the
first bending mode of HCN at 1@2 ym, and the AGN tracer [Ne V] at

— 14.22 um, almost blended with the fine-structure emission line [[Git
& 107F E 14.37 um, on the slope of the PAH feature around2um. The dotted
é i line shows the wavelength at which we found an order mismatciba-
€ bly producing the unknown feature observed next to the HCRZl4m,
§ which could be fiected.
107 E drop df along the (10 pixels) slit,>22 aperture spectra were ex-
EoA R A R A S tracted in the same way as we do for the SH maps of NGC 4945.
L E Then the continuum flux at 1m was measured in each posi-

10 12 14 16 18

Rest wavelength A [um] tion, resulting in a mostly Gaussian variation of the fluxrgjo

. . i . the slit. The FWHM ranges from 6 to 7 arcsec between 10 and
Ff' gr.]2. STflp panel ; ﬁveragle spectrum c;f’\tlréecegg:lvsalent field of Vr']e"" 9 microns, far less than the ratio/10 expected over this range
of the map o0 the nuclear region o , as seen In the . P _
map. The SL2 order is shown withdashed line. The most significant 6T the PSF of_a diraction limited telescope. Th‘? Same proce
dure was applied to the ¥B map of the star KsiDra used by

fine structure emission lines and PAH features in the SL wange :
are labelled, in particular the ones that overlap with thes@iderange. Pereira-Santaella etial. (2010) (AORs 16294912 and 1634022

Bottom panel - Average spectrum of the whole field of view of the SHN this case, a FWHM in the rangef8 —6.4” was _foun_d in both
map. The higher spectral resolution of the JBH module allows to the parallel and the perpendicular (to the slit) directions

distinguish emission lines like [Ne V]14.3&1 and [CI 1[]14.37:m, oth- From the SH %2 aperture average spectra we obtained maps
erwise blended in the IRSL module. These spectra are not correctedf the starburst tracers [I§] at 10.51um, [Nell] at 12.81um,
for extinction. [Cl n] at 14.37um, [Nelll] at 15.56um, [SIlI] at 18.71um,

as well as the AGN tracer [Ng] at 14.32um, and the pure
rotational molecular hydrogen lines;13(2) and H S(1) at 12.3
in Figures B[ B 10 arid11 are the average fluxes in #&aber- um and 17.0um, respectively. For each line we first estimate
tures. Using the 22 pixel extraction box the/8l of the spectra a continuum level by fitting a second-order polynomial to the
is increased by a factor 2 (from thé4 pixels), and reduces thebase of the emission line, or a cubic spline with selecteti@anc
effect of the mismatch between orders mentioned above. TRgiNts (pivots) when the emission line was on top of a complex
corresponds to a standard procedure recommended to dR&in PAH or silicate feature. We applied the same aperture reatuct
maps of extended sources. procedure for the SL map, from where we obtained a map of
The average Full Width Half maximum (FWHM) of theth? silicate absorption fe_ature_ at Quih and the corresp_onding
IRS/SH Point Spread Function (PSF) has been estimatedsiticate strength as described in Secl 3.4. We also obtaineap
be ~ 5.16” and ~ 4.31” for the direction along the spec-Of the the molecular hydrogen line;}$(3) at 9.66.:m.
tral dispersion axis and the spatial axis of the slit, retpely,
while the corresponding average PSF FWHM values of the S
(mostly used in this work) are 3.76” and 327", respectively |321 The spectral complex around [Ne V] 14.32 um
(Pereira-Santaella etlal. 2010, their appendix A). Thedevi- The complexity of the spectral range around the yji&4.32um
ation around the average centroid position in SL modules wgsshown in Fig[B. An unknown feature at13.95um seems
found to be~ 20 times smaller than the SL pixel size&%’). to be present just next to the first bending mode of HCN
While the maximum 1 deviation in the SH module was foundat 1402 um. Depending on the temperature of the surround-
to be~ 0.6”, which is considered small compared to the Skhg molecular gas, HCN can be vibrationally excited by ab-
pixel size (226”). sorbing the infrared photons at .D4um. This will produce
With the aim to determine whether our line emission mags subsequent cascade process that can enhance HCN rota-
are resolved, we retrieved a partial map gB35H slit pointings tional lines in the (sub-)millimeter range. This corresgen
of the star P Cygni (AOR 13049088). The map consists’of 50 the IR-pumping scenario proposed to explain the bright
steps parallel to the slit and’Zteps perpendicular to the slitHCN J = 1 — 0 (and higher) transition observed in some
similar to the map spacing we have for NGC 4945. These poitdtIRGs and Galactic star-forming regions (e.g., Aalto et al
ings lead to a 183 pixel map. In order to test the continuunil995;/ Garcia-Burillo et al. 2006; Guélin et lal. 2007; Aedt al.
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I I
[Ne V] Peak!Flux'=  2.72E-12 [W/cm?/um/sr]

2007;[ Pérez-Beaupuits et al. 2010). Although, due to tlaeror 1110

mismatch (mentioned in S€d. 3) observed betwedr8.90 um [o1 1] Peak Flux 1= 581612 [W/cm?/um/sr]
Baseline RMS (o)1= 9.25E-13 [W/cm?/um/sr]

and~ 14um, also seen by Pereira-Santaella et al. (2010), we are
unable to conclude whether we detect or not the HCN24m
feature, either in emission or in absorption.

A larger PAH feature is observed arourd4.22um, and
on its rightmost (and less steep) slope the fine-structutis-em
sion lines of [Nev] 14.32um and [CllI] 14.37 um are found.
Chlorine, which has an ionization potential of .92 eV, is
known to play an important role in characterizing the ndutra
gas components in the ISM. When lis abundant (optically b
thick in the FUV), it reacts (exothermically by. ¥ eV) with 6.2x107""Ls Leehn . . .

8.3x107™"

Flux density F, [W/cm?/um/sr]

[CI 1] to form HCI*, which leads to the formation of [Q] and 14.2 14.3 - wavele‘:;h N [W:“]‘ﬁ 4.7
H 1 (Jura 1974; Jura & York 1978). This means, chlorine is pre-

dominantly ionized in H regions while it is predominantly neu- 1.78x107° " I ' ' '
tral when cold H components are present (Sonnentruckerlet al. [Ne V] Peok Fluxi=  9.08E-11 [W/cm?/um/s]
2002,02003). The [ClI] 14.37 um fine-structure emission line [CI 1] Peck Flux 1= 1.62E—10 [W/cm?/um /sr]
was clearly detected-Bo7) in the whole region mapped with the Baseline mf ©) : 7.96E-12 [W/cm?/um/sr]

IRS/'SH module, and presents a similar (although more spread-
out) distribution than that of the [Nig] 12.81um line.

Because its ionization potential (27eV) is too large to al-
low production by main-sequence stars, the fine-strucioee |
[Ne V] 14.32um is commonly used to probe the narrow line re-
gion of AGNs (e.g., Moorwood et al. 1996a; Genzel et al. 1998;
Sturm et al. | 2002;. Armus etlal. _2007; _Alonso-Herrero et al. Do
2009; |Baum et al! _2010; Willett etlal. 2010, and references  1.19x10°L Ll . . .
therein). It has recently been used as a diagnostic tool to un 14.2 14.3 e vels , ;1‘]*-6 14.7
ambiguously identify AGN in galaxies that have not been fden o wovelengTh A L
fied as such using optical spectroscapy (Goulding & Alexande 7.0x107"

1.46x107°

‘[Ne \
i

i[cw |

Flux density Fy [W/cm?/um/sr]

2009) [Ne V] Peokiﬂux 1: 8.67E-12 [W/cm?/um/sr]
[CI ] Peak Flux 1= 7.59E-11 [W/cm?/um/sr]
Boseline RMS (0)!=  4.79E-12 [W/cm?/um/sr]

3.2. Estimating the line emission flux

The emission fluxes were estimated by fitting a Gaussian pro-
file to the fine-structure lines and integrating the flux abave
local continuum, which was estimated from a cubic splinerint
polation of selected anchor points (pivots). Since we wetw@n
determine the actual spatial distribution of the emissined in

the nuclear region of NGC 4945, we set a strietlBvel detec- b
tion for all the fine-structure emission lines, and at leastdata 4.1x107°0 bbb . s .
points (or a full width 0f~560 km s'at 14.32um) in the profile 14.2 14.3 - wavelel:étsh N [W:“]‘ﬁ 4.7
to consider a feature as a real emission line in the specfom.

a robust estimate of the local continuum we adopted an agerddg- 4. Gaussian fit of the [Ne V] 14.32m and [C 1] 14.37um fine-
flux of five points around each of the selected pivots useden thfructure emission lines at threeffdrent pixels of the IRSH map.
cubic spline interpolation. Figufé 4 shows the Gaussiarf fhe The error pars |nd|catg the uncertainties of th.e speptrla]. d’@g filled
[Ne V] 14.32um and [Cl1I] 14.37 um fine-structure emission circles indicates the pivots used for the cubic spline patation of

. . the baseline. Théop panel shows less thand3 detection for [Ne V]
lines at three dferent positions of the IRSH map. The uncer- but a clear detection of the [CI ] line. The spectrum of thidle

tainty of each spectral data point is indicated by the erewsb pang shows clear detections of both lines. Thettom panel shows
The pivots used for the cubic spline interpolation of thealoc <3, detection for [Ne V], in spite of the low uncertainties in thata
continuum (baseline) are shown with filled circles. These pipoints.

ots are at the wavelengths 14.20h, 14.247um, 14.281um,
14.428um, 14.531um, 14.667um, and 14.78@m.

Thetop pand of Fig.[4 shows the spectrum in a region of theletection for [Nev] (with a N~1.8), but a strong detection of
map with relatively high uncertainties {.4% on average) in the [CI 1] 14.37um. With this Gaussian fit procedure, we produced
spectral data and with high RMS (as computed from the ba$e<9 pixels maps (as described above) of several fine-structure
line, and indicated in the legend of the plots) that lead®8s | lines, PAH features and the silicate absorption feature7gir®
than a 3r detection for [Nev], but a clear detection3c) for (discussed in Se€._3.4), covering a region of about 223"
the [Cl11] line. The spectrum of theniddle panel was extracted (about 426426 p&). The SH maps are shown in Figs. 5 and
from the central 22 pixel aperture of the map, which has NS [6. In the case of the [N&] 14.32um the pixels with surface
ratio ~9 in the line and>100 in the continuum, and is amongbrightness lower than.Dx 10712 W cm~2 sr-! correspond to a
the highest A\ in the whole IR$SH map. This spectrum showsdetection levek 3o
very low uncertainties0.06% on average) in the data, and clear For the particular case of the [N4 line, a Gaussian fit of
detections of both lines. Although with low uncertaintiaglie the uncorrected for extinction map indicates that this eioisis
data ¢0.13%), thebottom panel of Fig.[4 shows less than a3 only marginally resolved along the major axis, given its FM/H

5.4x107"°

‘[NE \/i

Flux density F, [W/cm?/um/sr]

e 1]
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Fig.5. IRS/SH surface brightness (18 W cm™2 srt) maps of the fine-structure lineteff panels, from top to bottom) [Ne V] 14.32um,
[Ne 111] 15.55 um, [Ne 11] 12.81um, (right panels, from top to bottom) [S 1V] 10.5km, [S I1l] 18.71um, and [CI II] 14.37um. The peak fluxes
are shown with a white pixel. These fluxes are not correcte@xtnction, and each of the 9x9 pixels correspond to thediftux in the 2x2
aperture extracted spectrum as described in Sedfiohs &[3.anThe dashed-line circle represents+1& pointing accuracy of Spitzer, and the
contour lines are labelled. The referenéer(= 0,Ad = 0) is marked with a cross and corresponds to the position(B2800}%13:05:27.477,
Dec.(J20003-49:28:05.57 of the LD mega maser reported by Greenhill etial. (1997).

0.09

of 6.4”. Along the minor axis the FWHM is.3"”. After extinc- In order to compare with our data, we produced an image of
tion correction (discussed in Ses.3.3 3.4), the\[Nemis- Ay at the same resolution of the IRSH maps, using the HST-
sion appears unresolved. The other emission lines (urctede NICMOSH - K colour image. First, we use the same definition

for extinction) are well resolved (FWHM7"). of foreground screen extinction given.in Marconi et lal. (@0
. . E(H - K)

3.3. Visual extinction Ay(H-K)= —————— 1

v(H-K) = o (1)

Lower limits on the reddening in the nuclear region of

NGC 4945 were obtained from the HST-NICM®5- K color where E(H — K) is the colour excess that can be obtained
image ((Marconi et al. 2000). An average coldr— K = 1.1, from the diference between the observed and intrinsic colours,
yielding anAy ~ 11 mag, was observed in the region of th&(H - K) = (H — K) — (H — K)o. We use the average intrin-
Pax ring. This Ay is comparable with extinctions larger tharsic colour { — K)o ~ 0.22 + 0.1 mag of spiral and elliptical
13 mag, as estimated from the dBrg and Pa/Ha ratios galaxies reported by Hunt et al. (1997). Té(#1) andc(K) co-
(Moorwood & Oliva 1988; Marconi et al. 2000). efficients are derived from the extinction laiy; = c(1)Ay. But
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Fig. 6. IRS/SH surface brightness (1% W cm2 srt) maps of the molecular hydrogen lindsf{ panels, from top to bottom) H S(1) and H
S(2) at 17.Qum and 12.3um, respectively, and the5(3) line at 9.7um from the IR3SL map. Theright panel shows (from top to bottom) the
average continuum flux density (#8 W cm2 um* sr't) between 14.5m and 15.Qum, and the surface brightness (¥W cm2 sr?) of the
PAH features at 11.8m and 12.7um. The details in the maps are the same as in Figure 5.

instead of using thé,; o« (1/1 um)~"5law (1 > 1 um) assumed c(H) andc(K) coeficients for the stellar light-based extinction
bylMarconi et al.l(2000), we used the extinction law for thealo Ay (H — K).

ISM reported by Chiar & Tielens (2006), which considersdoli

and porous spheres and a continuous distribution of eltigso

in the extinction profiles used for the amorphous silicatethée
9.7 um absorption feature. We interpolated theodficients at
A = 1.606umandA = 2.218um of the HST-NICMOSH and
K bands, respectively. In_Chiar & Tielers (2006) the local 1S
continuum extinction was found to be described by the expr
sion

Thetop panel of Fig.[4 shows the HST-NICMOS - K mag
image reported by Marconi etlal. (2000) with the Spitzer-8t6
%iid overlaid. We took all the pixels of thd — K image (which

ve higher resolution than our maps) that fall within& dixel
aperture of the SH grid map, and computed the avefggtor
log(A1/Ax) = 0.65— 2.4l0g(2) + 1.34l0g(1)2, (2) thatparticular pixel. After doing this for every single phin the

SH grid we obtain the foreground extinction (at the resolutf
usingAx /Ay = 0.09 to normalize the extinction to tH€ band the SH map) shown in thieottom panel of Fig.[d. The SH pixels
(Whittet|2003). Beyond &m the silicate profile of WR-98A that cover less than 400 pixels in the— K image are shown in
is superimposed usingy/7(9.7 um) = 18 (Roche & Aitken dashed lines. The peak of this stellar light-derived exitimdies
1984). So we used eQl(2) a /Ay = 0.09 to estimate the about 23" (one pixel) northeast of theJ® mega maser.
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Fig. 7. Top panel - HST-NICMOSH - K colour image (mag) reported Fig.8. Top panel - IRS/SL map of the apparent silicate strength
by|Marconi et al.|(2000). The Spitzer-IRS SH grid is overlticshow S estimated at 9.8%:m. Bottom panel - Silicate-based extinc-
the diference in resolution and thefldirent orientation of the fields of tion A,(9.85 um) map estimated from the average visual extinc-
view. Bottom panel - Foreground screen extincti@®y (H - K) estimated tion to silicate optical depth ratiéy /(9.7 um) = 18 for the local
from theH — K colour image at the resolution of the IF8$ map. ISM (Roche & Aitken| 1984| Rieke & Lebofsky 1985) and assuming
7(9.7 um) =~ Sg;(9.85 um). The contour lines of the stellar light-based
extinction Ay (H — K) of Fig.[d are overlaid on thé,, (9.85 um) map
3.4. The deep silicate absorption around 9.7 um (colour pixels).
From the IR$SL cubes we can study the amorphous silicate ) )
grains, which present a broad and deep absorption feanuedr observed flux fos) and the estimated continuum flu¢) at
9.7 um. The presence of PAH emission along the same line $85um, and we obtained the silicate stren&tj as
sight as the silicate absorption makes it hard to measuraghe
parent silicate depth. If one assumes the PAH emission to be _ I fobs(9.854m)
foreground to the silicate absorption, then &atent apparent sil = feon(9.85um) |
silicate depth is found than when it is assumed that they are
mixed. Silicate absorption can also be foreground to the PAH For sources with a silicate absorption feati8g, can be in-
emission. Here we use the method proposed by Spoon etatpreted as the negative of the apparent silicate optiepthd
(2007, their Fig.2) for absorption-dominated spectra ferithe (97 ,m). The top panel of Fig.[8 shows the IRSL map (re-
apparent strength of this silicate feature. First, we extth1-D binned to the 22 aperture of the IRSH map) of the appar-
spectra from the SL map rebinned to the22pixel aperture of ent silicate strength at 9.8@m. The silicate-based extinction
the SH map described in S&¢. 3. For each spectrum, we adopig¢B.85 um), shown in thebottom panel of Fig.[8, was es-
a local mid-infrared continuum by interpolating the featfiree timated from the average visual extinction to silicate cgiti
continuum pivots at 5.8m and 13.5%m. depth ratioAy /(9.7 um) = 18, which is appropriate for the lo-
Because the/8l is not uniform for all the pixels of the SL cal ISM (Roche & Aitken 1984; Rieke & Lebofsky 1985). The
map, and the features around m® change depending on thespatial distribution of the silicate-based extinctionimitar to
proximity to the nucleus of NGC 4945, we used a similar prdhat of the stellar light-based extinctiéw (H — K) estimated in
cedure as the one used for [N§14.32um (Sec[311). The flux Sed.3:B. The peak extinction is found at the same relative po
assigned to the pivot at 5@n was adopted as the minimumsition (A RA. ~ 2", A Dec ~ 1”), at about 23” (one pixel)
flux observed between 54m and 5.5um. In order to avoid northeast of the bD mega maser (Greenhill et/al. 1997).
contamination from the HS(3) 9.66um molecular line, the flux It is known that extinction estimated from optical or near-
estimated for the deepest point adopted at g185wvas the me- infrared observations generally underestimates the bettiac-
dian flux between 9.Zzm and 10.qum. The flux estimated for tion if the environment probed is optically thick at the esiis
the pivot at 13.55um was the median flux observed betweelines observed. If most of the emitting region is obscured, a
12.9um and 14.Qum. Then we computed the ratio between thim the case of the nucleus of NGC 4945, the visual extinction

®3)
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estimate is representative of the surface of the obscuggdrre Table 1. LINE FLUXES? FROM THE 10<10 PIXEL (~426x426 p&)
and not the region itself. Thisfliect is reflected in the fier- APERTURE IR3SH MAP.
ent extinctions derived from thel — K optical image and the

silicate-based estimate derived from our mid-IR obseowest Line 10 Flux ¢ Flux(Ay) ¢ FWHM ©
where the peak extinction is about 7 times stronger thanahat [km]  [10%*Wem?]  [107Wem?]  [kmsT]
the stellar light-based estimate. Q& (9.85 um) is also a fac- 10,5105 161 22.03 38268
tor ~1.7 higher than the extinctiosy; = 3618 mag) previously "] 0.08 112 30.54
inferred from ISO observations of the [6] 18.7/33.5um line 12,2786 154.07 889.94 525,66
ratio (Spoon et al. 2000). Thisfiierence can be explained by the H20052) ™ 1.99 11.57 6.23
peaked nature of the silicate-based extinction map andulseca

of the larger apertures:(14” x 20”) of the ISO observations,  [Nell 12.8135 11123}3'28 Sg’;%ﬁg 3?21_2'754
which averages out the extinction to the lower value.

Figure[® shows the contour lines of the B8 surface ey 143217 N o ok
brightness map of the molecular hydrogen line${1) 17.0um ' ' '
(top left), Hz S(2) 12.3um (top right), the IRFSL map of the H [ci 14.3678 12.82 66.75 502.97
S(3) 9.7um line (bottom I eft), and the [Nel] 12.81um line (bot- 0.10 0.53 4.04
tomright), overlaid on the silicate-based extinctiap(9.85um) Ne ] 15.5551 127.01 741.49 640.81
map. The molecular hydrogen emission avoids the obscured nu 2.79 18.03 12.74
cleus and peaks between one and three pixels away from theH o5 170348 252,60 1781.25 549.60
highest obscuration. Although the1$(2) 12.3um (Fig.[8) has 200S(1) 7.64 63.90 18.12
a similar distribution as the HS(1) line, its peak emission lies
closer ¢ 2.3”, one pixel) to the peak obscuration and to th&H (s 16.7129 17_43';37 folgk?o giszén

mega maser than the othej khes.
Since the distribution of the silicate-based extinction? These are the fluxes obtained from the co-added spectra wifttbie 10<10 aperture
Av(9.85 um) is similar to that of the stellar light-based ex- ,, ofthe St map described in Sg. 3.
. . . . . . est wavelength of the lines.
tinction Ay(H — K) we think that the mid-IR derived extinC- ¢ The fiux densities of each line are given in the first row. The below shows the
tion towards the starburst ring may be accurate to corrext th_ ;?rresepggttﬂngot:?eccfiggig:e:-t_nct_on i i averaceesion valuoA. - 36 ma
quxeg_of the Star_burSt tracers. That is, the _elon_gated sbfipe esL:i):natedlf)rlom the silicate—)l;;ségli(Q.LéSLﬁ) (Se\é[}]%). For [l:lle L\j/] t\r/1is extinctign
the silicate map indicates that the obscuration is mostip-as  corection may be ingficient. See SeE4.4.
ciated with the starburst ring rather than with the line Qﬂ’ﬂ;i ¢ Line width in km st obtained from the Gaussian fit. The line profile is not cordct
to the AGN. Hence, thé\v(9.85pm) map can be used to per- for the instrumental profile, which has a FWHM of 500 fsm
form an extinction correction for species whose emissioarge
from the disk. Species associated with the AGN (BLR and
NLR gas) may be siering more extinction than the disk doeslength scale introduced by the telescope pointing unaitsi
Therefore, the corrected flux derived for the [Mg14.32um  limits the accuracy of the velocity estimates up#b0 kms?,
corresponds only to the best lower limit we can derive from thregardless of the/Sl of the spectra, for sources which are neither
current data. Figurds 10 aqd]11 show the same set of mapga@iit sources nor uniformly extended sources (e.g., théeauc
in Figs.[B andB, but corrected for extinction using the estéd region of NGC 4945). Considering as well the uncertaintya t
Ay(9.85um) map. Note that after correcting for extinction, alabsolute wavelength calibratior (L0% of a pixel), which does
the fine-structure emission lines, the average 14.5+448.600n- depend on the/8I of individual spectrd, Pereira-Santaella €t al.
tinuum, and the PAH features peak at about the same positiestimated uncertainties of 2030 kms? in the SH velocity
that of the HO mega maser. The corrected for extinction Hfields, and concluded that variationsf20 kms? in the ve-
lines (Fig.[11) show anfiset of ~ 2.3” (one pixel) with re- locity maps are likely to be real.
spect to the water maser. However, there isffedénce of only The derived velocity fields of the [Ng] 12.81um, [Nelll]
< 1”7 between the centroids obtained from a two-dimensiong.56um, H, 0-0 S(1) 17.Qum and S(2) 12.3im, and the [CI
Gaussian profile fit of all the lines. 1] 14.37um lines are shown in Fi§.12. These correspond to the
The integrated flux densities of the co-added spectra frem tines with the highest/8l (> 100) in the SH spectra throughout
whole 10<10 aperture of the IRSH map (described in S€d. 3)the whole region mapped, and therefore the velocity fields de
are summarized in Tabl@ 1. In this work we include only théved from them are considered to be reliable. We also irelud
fluxes of the most prominent emission lines. These fluxes ar@ velocity field of the [Nev] 14.32um line, although with a
larger than those reported by Bernard-Salaslet al. (20@9), nuch lower SN ranging from~ 1 to ~ 100 throughout the map.
cause our 1R10 aperture is larger than the SH staring aperturghe pixels with less than a3detection level in the [N&] line
In Table[l we also include the fluxes corrected with the ditica (mostly found at the edges of the map, where th¢iS the low-
based extinctiory (9.85um), and the line widths (FWHM) as est) are shown as hatched.
estimated from the Gaussian fit. Given that the galaxy major axis runs at+PAl5°, and the
fact that the inclination of the nuclear disk has been egétha
to be smaller £ 62°) than the inclination{ 80°) of the large-
scale galactic disk (Chou etlal. 2007), we find that the rarige o
Even though the spectral resolution~@00) of the IR$SH velocities probed in a region ef 23" x 23" (~ 426x 426 p&)
module is relatively low in comparison to the resolution disewith the [Nell], [Ne Il1], and H, S(2) lines agree with the range
in most kinematic studies, we used the SH spectra to determaf velocities probed by the ISAAC long slit spectra of the H
shifts in the velocity of various lines. Pereira-Santaetlal. P8 and H 0-0 S(9) lines by Spoon etlal. (2003, their Fig.7).
(2010) studied the validity of the SH velocity fields by using The velocity structure of [Né&l] (top left panel in Fig.[12)
synthetic spectra. They found that the distortion of the evavshows a gradient along the N-S direction rather than NE-SW, a

3.5. Rotation in the nuclear region
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Fig.9. IRS/SL map of the silicate-based extinctiég (9.85 um) with the contour lines of the IRSH map of the surface brightness (in units of
1012 W cm? srt) of the molecular hydrogen line48(1) 17.0um (top left panel), the IRSSH map of the K S(2) 12.3um line (top right panel),

the IRSSL map of the H S(3) 9.7um line (bottom Ieft panel), and the IRESH map of the [Ne 11] 12.8im (bottomright panel). The figures show
that the H emission is stronger in a regigr2.3’ away from the peak obscuration, although theS{f2) is the closest to the peak obscuration and
to the HO mega maser, as well as the [Ne I1], which peaks at ti® khega maser (within 1”), as seen in FidL]5.

in the case of K 0-0 S(1) €op right panel in Fig.[12). A simi- of *2CO, *3CO, and G80 (Chou et all 2007). However, higher
lar difference in velocity structure is observed in the [Npand spectral and spatial resolution observations of the Yjidine
H, 0-0 S(2) velocity mapsnfiddie left andmiddle right panels are required to reliably conclude on this.

in Fig.[12, respectively). Theseftrent kinematic components

may be caused by fierent origins related to the species emit-

ting, or by diferent levels of extinction (extinction law atftér- . .

ent wavelengths), which allow us to probe deeper regionaat ¢+ Discussion
wavelength than another. This is further discussed in B&gt. 4 ; Tracing the circumnuclear starburst ring

On the other hand, the relatively uniform central region of
the [NeV] velocity field may be due to the lack of spectral resol he [Nell] and [SIII] fine-structure lines are our cleanest tracers
lution and the lower (factor 1 to 10018 level obtained in this Of star formation (HI regions). If an AGN is present, however,
line. This implies that we are unable to spectrally resaiva,re- the [Nelll]and [SIV] lines will have contributions from both the
liable level, the rather smalk(50 km s?) velocity shifts in the Starburstand the AGN. In NGC 4945 the AGN contamination to
[Ne V] line. Nevertheless, with a higher spectral resolution widNe 111] is likely low, given the faintness of [N®]. In fact, at
would expect a weaker rotation of [Ng in comparison to the the peak flux of the [N&] and [Nelll] maps (Fig[5) the former
rotation shown by the starburst tracers (from abel20 kms®  corresponds to only about 5% of the [Ni] flux.
to ~ 100 km s?). If the [NeV] is exclusively related to the AGN From Table[1l we derive the respective luminosities of
NLR, this would mean that the NLR gas does not feel the gralyney) = 7.42x10°7°W srt andLjeny = 1.76x10°1 W srt, us-
itational pull of the large gas mass interior to the starbring. ing a luminosity distanc®_ =3.82 Mpc. However, from the re-
But it would feel the pull from the SMBH, showing not neceslation between jnev; andLnen; bylGorjian et al.[(2007) (which
sarily the same kinematics as the gas in the starburst rirfgct, holds for a group of Seyfert 1 and 2, AGNs, ULIRGs and ra-
the group of three pixels next (43 pc) to the adopted locationdio galaxies), the predicted [N&] luminosity should be~
of the AGN (the HO mega maser), shows positive velocities (i8.28 x 10°° W sr?, that is a factor~5.4 lower than observed.
the range~ 10— 70 km s with uncertainties 0k1% in the This means that NGC 4945 has a slightly lower AGN contri-
line fit) which is opposite to the characteristics of the eétp bution to the [Nelll] line than the outlier NGC 3079 found in
fields of the starburst tracers. This might be a sign of thekinthe sample by Gorjian et al. (2007), for which the [Né lumi-
matically decoupled component discovered at the centdreof hosity is a factor5 brighter than expected based on its [Xe
disk with interferometric maps of thé = 2 — 1 transitions luminosity.
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Fig.10. IRS/SH surface brightness (1% W cm? srt) maps, corrected for extinction using the extinction law fbe local ISM from
Chiar & Tielens|(2006) and the silicate-based extinc#g1(9.85 um) (Figs8 and19). Thésft panels show (from top to bottom) the fine-structure
lines [Ne V]14.32um, [Ne 111]15.55um, and [Ne 11]112.81um. Theright panels show (from top to bottom) the [S 1V]10.5dm, [S 111]18.71um,
and [CI 11]14.37um lines. The extinction corrected fluxes and notations aie Bigy.[3. Note that after correcting for extinction, all #eeemission
lines (and the average continuum) peak at about the samopo#hat of the HO mega maser.

The [Nelll] 15.5¢[Ne 1] 12.81 um line ratio (Fig.[IB)

In fact, a similar increase of [Ndll]/[Ne II] ratios

ranges betweer0.13 and~0.27 above and below the majoraway from the nucleus is observed in the nuclear maps by
axis of the region mapped. Thefidirence with the lowest ra-Pereira-Santaella etlal. (2010, their Fig.5), with exceptdf

tios (0.06—0.13), which are found along the northeasttsoest
axis, is more pronounced than in the [Mg14.32[Ne 1] 12.81
um line ratios {op left panel in Fig.[13).

The lowest [Nelll] 15.55um/[Ne 11] 12.81 um line ratios
coincide with the 100 pc-scale circumnuclear starburgy dh
NGC 4945 pottom panels in Fig.[14), detected in Raemis-

NGC 7130, the only galaxy classified as LINERyfert 2 in
their sample. According to_(Snijders et al. 2007) the higher
the metallicity, the higher the age of the stellar populatio
and the higher the gas density, the lower should be the
[Ne ] 15.55um/[Ne 11] 12.81um ratio.

The [S111]18.7Y/[Nell1] 12.81 line ratio is considered a good

sion with HST NICMOS [(Marconi et al. 2000). The increasingracer of densities in the range“énd 16 cm™3 because their
gradient above the starburst ring seems to mimic the coenicsimilar excitation potentials (21.6 eV and 23.3 eV, for [N
shaped cavity traced by the,H-0 S(1) line [((Marconi et al. and [Slil], respectively) and significantly fiierent critical den-
2000). However, the ratio also increases toward the scagh-esities (61 x 10° cm~3 for [Ne 11] and 10 x 10* cm~3 for [S111])

direction from the starburst ring, which rather impliestttiee
ring has dfferent properties than its surroundings.

make this ratio less sensitive to the hardness of the radiati
field than to the density of the ISM. According to the models
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Fig.11. IRS/SH surface brightness (1% W cm? srt) maps, corrected for extinction using the extinction law foe local ISM from
Chiar & Tielens [(2006) and the silicate-based extincthr{9.85 um) (Figd8 and19). The molecular hydrogen lines $(1) 17.0um, H, S(2)
12.3um, and H S(3) 9.7um (from the IRSSL map) are shown in thieft panel. Theright panel shows (from top to bottom) the average contin-
uum flux density (16*2 W cm 2 um~ srt) between 14.5xm and 15.Qum, and the the surface brightness 0V cm? srt) of the PAH features
at 11.3um and 12.7um. The extinction corrected fluxes and notations are as ing-igfter correcting for extinction, the [CI I1] line and tHeAH
features also peak at about the same position of Hi iHega maser.

by |Snijders et al.[ (2007) a lower [B]/[Ne 11] ratio would in- The [Nelll]/[Ne II] line ratios obtained with the extinction
dicate larger densities. In Fig.J13 the l[§ 18.7%[Nell] 12.81 correction (niddle right panel in Fig.[13) are just9% larger
line ratios are also lower in the center than around it. This rthan without correction. This relatively small change aftee
tio ranges between 0.002 and 0.013 in the center, whichatelicextinction correction is because even in a high-extinctiba-
densities larger than #&m3 in a >5 Myr old starburst sys- ation the diferential extinction between [N@é] and [Nell] is
tem with solar metallicity and relatively high (g 8 x 10°) small, given that both lines are closely spaced in waveteagtl
ionization parameter_(Snijders et al. 2007, their Fig.53s&1 not in one of the silicate absorption features. On the othadh
on our observed [N@&l]/[Ne 1] ratios, the [SIlI]/[Ne Il] ratios because of their larger fiierential (wavelength) extinction, the
predicted with the model by Pereira-Santaella et al. (2€61y [S 111]/[Ne II] ratios corrected for extinction do change signifi-
equation 2) are about ten times larger than the observagbraticantly from a factor~50 in the center (where the extinction is
These can be a consequence of the about 10 times higher-extiager) to a factor 3 away from the center (where the extomcti
tion found in NGC 4945 than in the sample of galaxies used lg/lower).

Pereira-Santaella etlal. (2010). .
crerra-anaeta enal.t ) Note that only the ratios from our co-added fluxes (Table 1)

can be compared to other galactic nuclei, as thel00aper-
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Fig. 12. The left panel shows (from top to bottom) the velocity fields of the fine-stae lines [Ne 11] 12.81um, [Ne Ill] 15.56 um, and
[Ne V] 14.32um. Theright panel shows (from top to bottom) the molecular hydrogen lingFD S(1) 17.Qum, and S(2) 12.3m, and the [CI
1] 14.37 um. The maps, covering a region-of23” x 23" (~ 426x 426 p&), are consistent with a rotating disk, with the exceptiothaf[Ne V]
line, which present a relatively uniform (most likely noesgrally resolved) velocity field.

ture is comparable to the size probed in any of the more distday a conically shaped narrow line region (NLR). Previously,
galaxy nuclei. The [N@l]/[Nell] ratio at the positionof the 0 no evidence was found for the existence of such a NLR,
mega maser is about 10% lower than the ratio obtained from thigen the absence of 5007A [@] emission in the central
fluxes of the 1&10 co-added spectrum (Talle 1). 800pc<800pc(Moorwood et al. 1996b). Instead the conical cav-

Since in starburst environments the [Né and [Ne ] ity traced by optical and near-mfrared_ line and continuuact _
emission lines are expected to be driven mainly by phot8ts (Moorwood et al. 1996h; Marconi ef al. 2000) was associ-
ionization (e.g. 6 2007), the lower ratios foundrago ated with a starburst super wind. However, given the higimext
the northeast-southwest axis are likely due to alfijlemission tion implied by our observations, optical 0] emission can be
enhanced by the starburst ring. Although, these low raties £asily attenuated; mid-infrared [Nie] emission less so. A hypo-
also consistent with a ratio [Né]/[Ne 11]<0.1 found in shocks thetical conical NLR would be dicult to identify from a [Nelll ]

(Binette et all 1985) where the low ionization line [Ng can Map alone due to blending with the nuclear starburst comptone
also be enhance 92). But it may manifest itself more clearly in a [Ne]/[Ne 111 map,

On the other hand, the highest [M&]/[Ne 11] ratios found in which the contribution of the starburst component dirstigs

above and below the starburst ring are larger than those t)%‘-iCkly beyond the nucleus proper.

ically found in shocks. These higher ratios could actually The [Ne IllI]/[Ne 11]1~0.06-0.13 ratios observed along the
be tracing an additional contribution to the [Nelll] emimsi starburst ring are in close agreement with the ratios oleserv
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Fig.13. Left panels - Integrated flux ratios between the fine-structure lineon(frtop to bottom) [Ne V] 14.3Ne 1] 12.81,
[Ne 111] 15.56/[Ne 11] 12.81, [S Il]] 18.7¥[Ne 1I] 12.81, and [S IV] 10.54S Ill] 18.71. Right panels - Same as above, but considering the
fluxes corrected for extinction. The hatched areas correspmpixels with a<30- detection level in the faintest emission lines [Ne V] 1432
and [S IV] 10.51um.

in some galaxies of the ISO starburst sample and are comisisttarburst of 5- 8 Myr (Thornley et all 2000, their Fig.6). In the
with burst timescale models predicting a relatively sHivgd whole region mapped, we observe ratios [N¢/[Ne 11]<0.3,
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i tion feature at 9.7m (Fig[2), the [S\V] 10.5Y[S 1] 18.71um
line ratios corrected for extinctiométtomright in Fig.[13) are a
factor~2 larger than those obtained without correctibat{om
left in Fig.[I13). In both cases the highest ratio is found about
Lo 2.3” (one pixel) northwest of the #0 mega maser. The un-
corrected for extinction map-averaged ratios (from thedtuix
12 Tabld1) of [Nelll]/[Nel1]~0.11 and [SV]/[S111]~0.02 are simi-
lar (within 10%) to the ratios obtained from the SH staringer
i vations by Bernard-Salas et al. (2009). They position NG&549
among the sources with the lowest hardness of the radiation
field in their sample of starburst galaxies, which, accaydim
Bernard-Salas et al., may be an indication of an old (or gmall
population of massive stars in NGC 4945. However, this can be
concluded only for the outermost surface that we can probe wi
[S1V] and [SII] lines, and we cannot rely much on the extinc-
tion corrected data for this analysis, since the\{B[S II1] ratio
depends more on the extinction law used than thel[Ni¢Ne 11]
s ratio.
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4.2. Molecular hydrogen gas

(£ As can be seen in Figurgs 5[& 6, the emission centroids of the
H> 0-0 S(1), S(2) and S(3) lines are clearlyset from the cen-
- troids of the low ionization fine-structure lines, which p#ak
close to the HO mega maser. Such afftget is hard to under-
stand if the H 0-0 S(1), S(2) and S(3) lines and the HIl region
gas would be exposed to similar amounts of extinction. The di
L ol A . ferential extinction between HS(2) and [Nell], at 12.28 and
oK ; 12.81um, for instance, is very small. The same is true for the
wavelengths of KWl S(1) and [SIl] at 17.0 and 18.7Lm, re-
i spectively. The lack of H0-0 S(1), S(2) and S(3) emission at
the position of the mega maser can be explained if the molec-
H ular hydrogen emission in the nucleus would be more strongly
attenuated than the HIl region gas. That is, the inngehhis-
za sion would stffer additiongldifferential extinction that is not ac-
counted for by the silicate feature. On the other hand, amaly
12 of the higher pure rotational lines observed in the SL module
(Spoon et alin preparation) and with VLT-ISAAC (Spoon et al.
2003, their Figure 7) indicates that the S(5), S(7) and Si(@}!
originate progressively closer to the nucleus. This seeand h
to reconcile with the above scenario, given tha)dy in the
S(5)-S(9) wavelength range is likely higher than in the §09)
wavelength range.
We instead favour a scenario in which the lower pure ro-
_ tational lines S(1) and S(2) mainly originate from an unob-
Fig. 14. HST NICMOS image of Pa (in units of 10%* W cm?) of  scured extra-nuclear component associated with the suipelr-
the nucleus of NGC 4945 (Marconi et al. 2000). The not coe@éor  cone as seen in the HST NICMOS map of the vibrational H
ei<t|nftlonlponto“rslflit)zeged '”t””'ts 0;1]6\%0&“ Vsrlz gre the f'.r(f' 1-0 S(1) emission (Marconi etldl. 2000). Figliré 15 shows the
structure lines [Ne I} 12.8Lm (top panel) and [Ne V] 14.3:m (mi IRS/SH maps of the pure rotationabt$(1) and S(2) lines over-

die panel). The [Ne V] flux peaks at about one pixel to the north; A
west of the HO mega maser (Fidll 5), THaottom pandl shows the laid on the H 1-0 S(1) map. Interestingly, the two pure rota-

[Ne 111] 15.55/[Ne 1] 12.81 zm line ratio not corrected for extinction. tional lines peak further from the apex of the cone than the 1-
The ratio is lower along the starburst ring traced by the Ree, while 0 S(1) line does. The 0-0 S(1) line (upper level energy 1015
it increases away from the center. K) more so than the 0-0 S(2) lind {,=1682 K). In this sce-
nario the higher pure rotational lines S(5), S(7) and S(Qldo
originate mainly from the starburst ring or within. Thereeon
which are a factor~3 lower than the ratios observed in thdikely finds the high critical densitiesi;; > 10° cm™3) as well
sample of quasars reported by Veilleux et al. (2009). Howevas high gas temperature®y( > 10° K) needed to thermalize
the ratio [Ne li]/[Ne 11]~0.07 observed at the nucleus othese lines (as seen in active galaxies like NGC 1068, Mrk 231
NGC 4945 is comparable to the ratios observed in the nucleausd Arp 220; e.g. Pérez-Beaupuits et al. 2007, 2009; Aakb e
of 5 (out of 16) galaxies in the sample of LIRGs studied i2007; van der Werf et &l. 2010), but they will also lieated by
Pereira-Santaella etlal. (2010, their Fig.14). strong extinction. The latter may cause the nuclear comptone
On the other hand, theftiérential extinction between [8]  of the 2.12um H, 1-0 S(1) line Typ=6950 K) to sifer far more
and [SIV] is larger than between [Ni] and [Nelll]. Because extinction than the longer wavelength B-0 S(5)-S(9) lines and
[S1v] is sitting close to the deepest point of the silicate absorfherefore to be associated solely with the conical cavitglll of
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Fig. 15. IRS/SH contours of the rotational +0-0 S(1) {eft) and H 0-0 S(2) ¢ight) lines overlaid on the HST NICMOS map of the vibrational
H, 1-0 S(1) molecular hydrogen line (Marconi etlal. 2000).

this the H 0-0 S(3) line, originating at an upper level energy oéstimated from the S(1) and S(2) fluxes (Spoon et al. 2000, the
2500 K, may have both strong nuclear and cavity componenitable 6), which is in close agreement with our result conrside
Due to the extreme extinction the nuclear component would ey the size of the big SWS slit. This excitation temperaiare
suppressed, leaving only the cavity component for us to see. similar to the temperatur€. = 365+ 50 K derived for the
low-energy transitions in NGC 1377 (Roussel et al. 2006}, bu
. higher than the temperature ©f;x = 292+ 6 K estimated from
4.3. Excitation of H, the S(0)-S(3) lines observed in NGC 6240 (Higdon €t al. 2006)
For LTE conditions, and an ortho-to-para ratio of 3 Since we cannot use the map of the ${3) 9.7um line due
(Neufeld et all 2006, their Fig.13), we can estimate thetaxcito the flux mismatch between the SH and SL modules mentioned
tion temperature of the molecular hydrogen throughout ére in Sec.[B, we would only be able to base our estimate of the
gion mapped with the IR'SH module, from the ratio betweenwarm H2 mass on the S(1) and S(2) lines. In fact, even if we had
the flux of the B 0-0 S(2) 12.3um and H 0-0 S(1) 17.0um been able to use the S(3) line, most of the mass is revealed by

lines as including the S(0) line. This line has however not been mdppe
since the spatial resolution of the LH module is much lowanth
TS@ _ 750 that of the SH and SL modules.
Tex = P P

log(Fs@ys@As@wPs@) — 109(Fsays@As@ds@) K
4.4, AGN dominated [Ne V] emission?

whereFs() andFs(p) are the integrated flux densities of the H ) o
0-0 S(1) and S(2) lines; is the corresponding rest frequenc;?rhe detectlor) (_)f [N&/] emission from the nucleus of NGC4945
(~ 1.75% 1013 Hz for S(1) and~ 2.44 x 103 Hz for S(2)), and IS not surprising. The galaxy hosts a 24P M, super
A andg are the respective Einsteircodficients and statistical massive black hole, as revealed by@imaser observations
weights of each transition. The upper level enefgy of the (Greenhill etal. 1997) with an intrinsic 0.1-200 keV lumsity
transitions is in units of K. of 1.8x10% erg st (GualnaZZI et al. 20()0)

Figure[Z6 shows the IRSH maps (not corrected for extinc- ~ More remarkable is the faintness of the [Ng emission.
tion) of the H 0-0 S(2) to S(1) total flux ratiotgp left panel), Only 1078 of the infrared luminosity of the galaxy is detected in
and the corresponding map of the excitation temperafigze the [NeV] line (Tablel1). This is surprisingly little for an AGN
(K) (bottom left panel) of the molecular hydrogen, estimatedvhich can easily account for the entire bolometric emissibn
from eq.[3). The peak excitation temperature~0628 + 31 K the galaxy (Marconi etal. 2000). It is also 100 times les®itha
is reached>2.3’ (one pixel) to the north of the # mega L([Ne V])/Lr for galaxies whose IR luminosity is dominated by
maser. Theight panels of Fig.[I6 show the K 0-0 S(2)S(1) AGN activity (Goulding & Alexander 2009).
ratio and the estimated excitation temperature from thpees Interesting is also the size of the [N emitting region,
tive H, fluxes corrected for extinction with the silicate-basedhich can be reasonably well constrained given that at a dis-
Av(9.85um). The correction for extinction leads to a peak tentance of 3.82 Mpc one arcsecond corresponds to 18.5pc. Since
perature of 421 K, which is about 100 K lower than the tempethe spatial profile of the [N&] map (Figuréb) is only marginally
ature derived from the non-corrected fluxes. However, thiidi wider than the PSF, the radius of the [Meemitting region will
bution of the temperature, and the position of its peak valoe be less than 55 pe-@”). This upper limit is large in comparison
not change. to the size of coronal line regions (e-g19 pc for Circinus as

Since galaxies are complex systems, thedds is not ex- probed by the 2.48n [Si IV] line; [Prieto et all. 2004), but small
pected to be at a single temperature. Besides, a long lirighif s compared to the kpc scale of narrow line regions as probed wit
can probe dferent excitation environments (e.g., PDRs, XDR$Q 1i1] (e.g. Circinus; Marconi et al. 1994).
shocks) like in the sample of galaxies studieo by Roussdl et a Both the faintness and the observed extent of the e
(2007). Previous estimates of the excitation temperahased emission are likely fiected by strong extinction within the nu-
on SWS observations of the (0-0) S(0) and S(1) fluxes detectddus. However, if the narrow line region were to extend &ov
in the nucleus of NGC 4945, led to a cooles ébmponent with the plane of the molecular disk in which the AGN and the
Tex ~ 160 K (corresponding to about 9% of the totgl Mass), circumnuclear starburst are embedded, the amount of extinc
while a temperaturge, ~ 380 K (about 0.4% of llmass) was tion would be less than probed by the silicate absorption fea
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Fig. 16. Left panels - IRS/SH maps of the K0-0 S(2) to H 0-0 S(1) total flux ratiotop left panel), and the map of the estimatd@g, (K) of the
molecular hydrogen. The peak excitation temperature5#8 K is reached about2.3’ (one pixel) to the north of the #0 mega maseRight
panels - Same as above, but using the extinction corrected fluxdeedfit S(2) and S(1) lines. The extinction correction leads te- 200 K lower
peak temperature.

ture (Ay=50-60). The amount will, however, certainly be less The example of NGC 4945 may also serve as a warning
than the line of sight extinction to the AGN broad line regiorthat the non-detection of NLR tracers in AGN does not neces-
Np=2.4x10?*cm2, (Guainazzi et al. 2000), which is equivalensarily imply the absence of a NLR. Instead it may indicate tha
to Ay=1300. the NLR is so strongly attenuated that the line does not eenerg
o N ) above the continuum noise. In these cases, only deep mid-IR
The extinction probed by the silicate absorption feature gpservations, like the ones presented here, would reveakth
consistent with the F([N¥])/F(14-195keV) ratio found for Sy1 tracers.
galaxies|(Weaver et al. 2010) when multiplied by the absompt In NGC4945 the [Ne/] line was detected at 5% of the con-
corrected 14-195keV flux for NGC 4945. The latter depends, ,.um flux in a spectrum with continuuny!$ of 140 in the
on the geometry of the absorber, and ranges between 5 an ,151

: . bum range. Other galaxies which may host an AGN, and
times the Swift-BAT flux of NGC 4945 (F(14-195ke¥33+0.8 \hich have been observed at simildN§among them ULIRGs

x10-1* W cmr?; MTueller et al. [(2010)) for a spherical and edgeyye Arp220 and IRAS 085723915), do not show evidence for
on disk geometry, respectively (K. wasawa, private commurine v] emission|(Armus et al. 2007). The NLR in these galaxies
cation). Taking further into account the fact_or 2.5 scattehe __may hence be even more strongly obscured than in NGC 4945,
F([Ne V])/F(14-195keV) ratio for Syl galaxies, the attenuatiog, the AGN may contribute a far smaller fraction of the bolome
on the [NeV] flux ranges between 12 and 157, which corr&;c hower than in NGC 4945. The NLR may also simply not exist

sponds toAy=55-112 mag for our adopted local ISM extinctiont ye jonizing photons needed to form the NLR areabscured
law of|Chiar & Tielens [(2006). This result would indicate tha.|yse to their origin.

the NLR is buried along with the other components of the nu
clear molecular disk.

) i 4.5. [Ne V] emission from supernovae? the template
The strong obscuration to the NLR in NGC 4945 may serve  cassiopeia A

as a warning that mid-infrared NLR tracers such as {jlend

[O IvV] may not always be suitable as tracers of the AGN lumAlthough the [NeV] emission is unresolved along the majas ax
nosity as suggested by Goulding & Alexander (2009). Gataxiand only marginally resolved along the minor axis (as diseds

in this risk group may be recognized by the presence of a daaBec[B), the fact that the [N€ line has also been observed in
silicate absorption feature in their mid-infrared spearal a supernova remnants (SNRs) (e.g. Oliva et al. 1999; Smith et a
classification 3A, 3B or 3C in the mid-infrared galaxy cléissi- 12009) raises valid questions: could the [jeemission observed
tion scheme of Spoon etlal. (2007). Besides NGC 4945 galaxieNGC 4945 be powered purely by SNRs?, and if so, how many
in this group include LIRGs such as NGC 4418 and ULIRGs likBNRs would be needed to reproduce its \Wdlux? Below we
Arp220, IRAS 085723915 and IRAS F00183-7111. explore the alternative of [Ne¢] emission being powered by the

17



J.P. Pérez-Beaupuits et al.: The deeply obscured AGN of N&I15

SNRs in the nuclear region of NGC 4945. We note, though, that We present the first map of [N¢] 14.32 um towards the
the number of supernovae needed depends not only on the totatleus of NGC 4945 with flux detection levels down td 8
[Ne V] flux but also on the actual size of the SNR. 1072 W cm? sr! per pixel. We produced and estimated an ex-
Our analysis is based on previous Spitfe® SL module ob- tinction mapAy (9.85um) based on the apparent strength of the
servations of Cassiopeia A (Cas A) from which the global di€-7 um silicate absorption feature, which traces the contours of
tribution of fine-structure lines covering a %3.3 arcminuté the starburst ring at a5” spatial resolution.
area was presented by Smith €t al. (2009). The totaMN&ux Most of the emission lines are found to peak on the nucleus,
of Cas A was not reported before due to théfidilties to ex- within the uncertainty of the astrometry. Only the warm ncole
tract the flux with enough reliability. Using fitting technigs lar hydrogen emission shows a maximum about 60—-100 pc NW
tailored to the [Nev] line, we now are able to state its total fluxof the nucleus. After correction for extinction the distriion
as 15+ 0.7 x 10 W cm2. Considering an average extinctiorof the H, rotational emission is more concentrated in the nu-
Ay ~ 5 mag (Hurford & Fesen 19096) the corrected flux, usinglear region, but its peak emission is still slightlfset from the
the extinction law for the local ISM by Chiar & Tieléns (2006) peak of the other emission lines, that of theCHmega maser.
iS~1.9+09x 10 Wcm=2. Thus, we favour a scenario in which the lower pure rotational
On the other hand, the total [Ne] flux in NGC 4945 is lines S(1) and S(2) mainly originate from an unobscuredsextr
~ 53+ 05 x 1021 W ecm™2. In order to estimate the dered-nuclear component associated with the super-wind coneeas se
dened [Nev] emission observed in NGC 4945, we computed df the HST NICMOS map of the vibrationalH-0 S(1) emis-
average extinction valudy ~ 36 mag from theAy(9.85 um) Sion, with an intrinsic excitation trend toward the nucledsch
map (Fig[B). Note that due to the stronger extinction at te c is reflected in the higher level S(5)-S(9) lines.

tral pixels, this represents just a lower limit to the actestinc- ~ We found that the map-integrated [N&/[Ne i ratio is con-
tion on the [NeV] line. Thus the lower limit for the extinction- Sistent with ratios observed in starbursts rather than ilNAG
corrected total [N&/] flux is ~27.9<10°21 W cm2, The [Nelll]/[Nel1]<0.13 ratios observed along the starburst ring

Considering a canonical distance of 3.4 kpc for Cas @€ likely due to an excess [N emission driven by the star-
(Smith et all 2009, and references therein) aBd82 Mpc for burst ring, or to high density( 10° cm™®) ISM gas in the cir-
NGC 4945, we found that the ratio between the total jNiux ~ cumnuclear disk. _
of NGC 4945 and Cas A, corrected by the square of the ratio A range of extinctionAy ~ 55— 112 mag (which corre-
between the distanceBfccagas/ Deasa)?, is about 1&103. This sponds to an attenuation of a factor 12—160) _est|mated ev|N
represents a lower limit to the number of contemporaneoss ¢gpm our observed [N&] flux and the absorption-corrected 14-
A type supernovae needed to produce the extinction-cedect 95 keV Swift-BAT flux, indicate that mid-infrared NLR trase
[Ne V] emission observed in NGC 4945. Another extreme low&tich as [Nev] and [O IV] may not be trusted as tracers of the
limit can be obtained assuming no extinction in the NGC 4945GN luminosity of galaxies with a deep silicate absorptiea-f
flux, from which the same exercise indicates that about0d ture. _ ) o ]

Cas A type SNRs would be needed. _ A new estimate of the total [N€] flux in Cassiopeia A in-

According tol Lenc & Tingay[(2009), the upper limit to thedicates that at least 4—%90° Cas-A type supernova remnants,
supernova rate in NGC 4945 is 15.3 §rwhich means the indi- With ages betweer260 (no extinction correction) anel1240
vidual supernovae, for the not corrected and correcteddine (0N extinction correction) years, would be needed to poer t
tion lower limits estimated above, need to emit at Cas A v\ V] emission observed in NGC 4945. However, given the ac-
for about 260 and 1240 years, respectively. These are rabigon tUal median age of SNRs observed in NGC 4945, and the uncer-
numbers given that the age of Cas A is estimated to be about 331 in the true extinction of its [Ne] emission, SNRs are not
yr (Fesen et al. 2006), while the kinematic age of anothen[Ne | ely to fully reproduce the [Ne&/] flux observed in the nucleus
emitting SNR, E0102, has been estimated to be 20600 yr ©f this galaxy.

(ka(:"lsl[em etal. 2006.)' This 'mp“?s that the number ofRSN cknowledgements. We thank Varoujian Gorjian for the Spitzer-MIPS 2#h
estimated above can indeed persist long enough to power i of the central region of NGC 4945. We also thank AlessaMirconi for
[Ne V] emission observed in NGC 4945, at least from the pointoviding the HST NICMOS images, and Emil Lenc for the ATCA &Hz im-

of view of the SNR properties used in our estimate. Howevege. We thank Kazushi lwasawa for the very useful commentstancorrection

Lenc & TinaaV (2000, their section 4 5) also determine a mgl_ctors provided for the SWIFT-BAT fluxes. We are gratefuMeks Diamond-
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radiative phase~§3—16x10* years) needed for the individual su-
pernovae. Therefore, the [N4 flux observed in NGC 4945 is
likely not powered by a population of supernovaremnants. References
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