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ABSTRACT

The interstellar medium (ISM) at the centers of active galaxies is exposed to a combination of cosmic-ray, far-
ultraviolet (FUV), and X-ray radiation. We apply photodissociation region (PDR) models to this ISM with both
“normal” and highly elevateds(x 107** ~8) cosmic-ray (CR) rates and compare the results to those obtained for
X-ray dissociation regions (XDRs). Our existing PDR-XDR code is used to construct models oved & bén
density range and for 0.16—160 erg$ sm 2 impingent fluxes. We obtain larger high@d > 10) CO ratios in PDRs
when we use the highly elevated CR rate, but these are always exceeded by the corresponding XDR ratios. The
[C 1] 609 um/3*CO (2-1) line ratio is boosted by a factor of a few in PDRs with 10° ~&exposed to a high
CR rate. At higher densities, ratios become identical irrespective of CR flux, while XDRs always show elevated
[C 1] emission per CO column. The HCN/CO and HCN/HC(re ratios, combined with higd-CO emission
lines, are good diagnostics to distinguish between PDRs, under either low or high CR irradiation conditions, and
XDRs. Hence, the Heterodyne Instrument for the Far Infrared (HIFI) orHiwechel Space Observatory, which
can detect these CO lines, will be crucial in the study of active galaxies.

Subject headings. cosmic rays — X-rays: ISM

1. INTRODUCTION large column densities\(, > 10** crf) and can cause the ob-

At the centers of late-type galaxies, such as M82, NGC 253, S€rved high line ratios over areas as large as 500 pc, when the
and Maffei 2, molecular Iizg in?ensity ratitare frequentlyfound  emitted fluxis high enough (Meijerink & Spaans 2005; Meijerink
to be high, e.g., CO (4-3)/CO (1-8) 60 (Israel et al. 1995;  ©t & 2006).

White et al. 1994; Israel & Baas 2003), requiring high gas den- 1 this Letter, we investigate whether in galaxy central
sitiesn > 105° cm® and high temperatures f> 50 K. How- regions PDRs with and without enhanced cosmic-ray fluxes

ever, FUV photons are easily attenuated by dust and do notcan be distinguished from XDRs on the basis of observable

penetrate very deep into clouds, and the galaxies are observe@ieMic and molecular line ratios. To this end, we calculate line
with beams covering regions typically hundreds of parsecs in intensities for PDRs with very different cosmic-ray rates and
size. At such large spatial scales, excited dense gas is not excompare the results to those obtained for XDRs with the same
pected to have very large filling factors. UV radiation seems radiation fields and column densities.
incapable of maintaining very large gas fractions at temperatures
of T ~50-150K, and regular PDR models do not explain the 2. PDR AND XDR MODELS
observed high ratios. In addition, Israel & Baas (2002) have \We have constructed a set of PDR and XDR models from
observed the [@ 609 um line at the centers of late-type galaxies the codes described by Meijerink & Spaans (2005) and Mei-
and have measured 609 um/**CO (2-1) line intensity ratios  jerink et al. (2006) in which we varied both the incident ra-
in the range 20-60; these ratios are hard to explain using (low-diation field and the density. The thermal balance (with line
CR) PDR models. The GC/CO transition zones in these PDRs transfer) is calculated self-consistently with the chemical bal-
contain only a thin layer in which neutral carbon has a high ance through iteration. Absorption cross sections for X-rays
abundance. At the cloud edge, carbon is ionized, and deep in(1-100 keV) are smallex1/E2, than for FUV photons. There-
the cloud, all of the carbon is locked up in CO. fore, PDRs show a stratified structure, while the changes in the

Various authors have invoked elevated cosmic-ray fluxes chemical and thermal structure in XDRs are very gradual. Spe-
caused by greatly enhanced supernova rates at the centers @jes like C, C, and CO coexist in XDRs, and large columns
galaxies in order to explain the large molecular gas masses abf neutral carbon (unlike in PDRs) are produced. In the XDRs,
high temperatures (Suchkov et al. 1993; Bradford et al. 2003) additional reactions for fast electrons that ionize, excite, and
and the high [C1] intensities and column densities relative to heat the gas are included. The heating efficiency in XDRs is
*CO and*°CO (Pineau des Fets et al. 1992; Schilke et al. much higher. Since we focus on galaxy centers, we have as-
1993; Flower et al. 1994). As most cosmic rays are produced insumed the metallicity to be twice solar. We take the abundance
supernovae, their flux is proportional to the star formation rate, of carbon to be equal to that of oxygen, since the carbon abun-
which is about 1M, yr* for the Milky Way. In circumnuclear ~ dance increases faster than oxygen for larger metallicity. The
starbursts, star formation rates may be 2 orders of magnitudeprecise C : O ratio does not affect our general results. We have
higher or more. Such galaxy centers may also contain an em-calculated PDR models for both a “normal” (lo:= 5 x
bedded accreting black hole producing X-rays. Like cosmic rays, 107" s°%; cf. van der Tak & van Dishoeck 2000) and a high
but unlike UV photons, these X-rays can also penetrate through(¢ = 5 x 107*°* s™) cosmic-ray flux corresponding to a star

formation rate o~100 M yr~*. The model input parameters

! Sterrewacht Leiden, P.O. Box 9513, 2300 RA Leiden, Netherlands; are summarized in Table 1. The range of free parameters
mgijerin@strw.leidenupiv.nl, i;rael@strw.leidenuniv.nI. ' (n= 10°-1C¢ cm3, G, = 102_105/Fx = 0.16-160ergs st
erlaﬁgg}%;{:ﬁ;%’gt’:g%';itl'_t“te' P.O. Box 800, 9700 AV Groningen, Neth- cm?) is representative for the conditions in galaxy centers.

3 Intensity ratios of linesa to linesb are related to brightness temperature  1hat is, from lowd CO (critical density 18-10' cm™) and
ratios by the cube of the line frequenci¢s;/v,)® . HCN 1-0 (critical density~10° cm™®) observations, it is ap-
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TABLE 1 ence and are diagnostically more valuable. In the XDRs, the
PDR AND XDR MODELS CO gas temperature is on average much higher than in the
PDR XDR Size PDRs, but marginally higher CO intensities occur only for the
Density (Gy) (Fo) (pc) weak radiation fieldr, = 1.6 ergs $ cm 2 In XDRs with
0. 10, 10, 10 0.16, 1.6, 16 10 stronger radiation fields, CO line inten_sif[i&s are much lower
100...... 16, 10, 1¢ 1.6, 16, 160 1 than in PDRs, because column densities are too small to at-
10°...... 16, 10, 1¢ 1.6,16,160 1 tenuate the X-rays significantly, and CO abundances are very
2Both low- and high-CR PDRs are calculated. low throughout the cloud. The very high CO (2-1)/CO (1-0)

) o _ and CO (4-3)/CO (1-0) ratios in XDRs, which can be much
parent that gas in galaxy centers must exhibit the density rangenigher than in the corresponding PDR cases, merely reflect the
that we model. The irradiation conditions are typical for Milky weakness of the lowet lines.

Way PDRs like the Orion bar (a high-mass star-forming region)  Density n = 10* cm™® (Table 3).—High-CR PDRs have
as well as a generic 1Dergs s* Seyfert nucleus X-ray lu-  more intense CO lines than low-CR PDRs, biugir high-J/

minosity for distances of about 100 pc and up. low-J CO line ratios are only marginally higher than those of
the corresponding low-CR PDRs. Again, we find that XDR
3. CHEMICAL AND THERMAL STRUCTURE CO line intensities exceed those in PDRs in relatively weak

radiation fieldsG, = 10°* oF, = 1.6 ergs$cm ?).In XDRs

with stronger radiation fields, the lowarCO lines [up to CO
(4-3)] are much weaker than in PDRs, but the higher rotational
lines are stronger. All XDR CO ratios are (much) larger than
g0en the high-CR PDR CO ratios, and ratios at the intermediate-
and highd levels above CO (6-5) are diagnostically particu-

Higher CR ionization rates do not affect the chemistry much
at the cloud edge, but large effects occur beyond the,H/H
transition (see, e.g., Fig. 1). As the CR flux in the PDRs is
enhanced, electron, carbon, and hydrogen abundances decrea;
much less beyond the HjHransition, due to larger ionization/
dissociation rates. lon abundances also remain higher, causinq;arly meaningful
H,O and OH to have higher abundances as well. As cosmic- Density n = 1(')5 cm® (Table 4).—There are no longer sig-

ray ionization contributes to the gas heating, higher incident .-+ gitferences between low-CR and high-CR PDRs. How-
CR E:JX_?S r"’ll,'fetﬁ]as ctjemptta_ratureiogeeprﬁmAtthﬁ_ ﬂ%Ud' Withgyer the XDR CO lines are strong in the lower transitions, and
roughly T~ ¢** at low densitiesn(~ cm). Athighden- o0 more so at the intermediate and higher rotational transi-

" e ;
:5|_|t|es,(;1 tﬁ 10° cm t,hduks_t zitptst as an etffect_lvelz coolantfit- d tions above CO (4-3). Their ratios are always larger than the
« and the rise in ne KINetc temperature IS eSS pronounced. ., asnonding ratios in any PDR model (see Meijerink et al.
Both temperatures and abundances in a PDR become hlgheé006 for a more detailed discussion)

when the CR rates are increased. Therefore, the ratios of emer-— "4 2, some high-CO intensities and ratios are left

gent line emissions are also modified. blank (i.e., marked with ellipses), since no significant emission
was found for these lines due to the low fractional abundances

4. CO LINE INTENSITIES AND RATIOS of CO and the high critical densities of the transitions.
Density n = 10° cm ™2 (Table 2).—In high-CR PDR clouds,
a large fraction of all CO is dissociated, and CO is a factor 5. [C 1] 609 um/°CO (2-1) RATIOS

~100 less abundant than in low-CR PDRs. However, in the

latter, the CO lines are optically thick, and CO line intensities ~ XDRs, quite unlike PDRs, have significant neutral carbon
are comparable for the same incident flux. In high-CR PDRs, abundances; their [@ intensities behave as volume tracers.
the low<J CO line ratios are somewhat larger than those in At the same time, XDRs generally have weaker @0 and
low-CR PDRs. The higher transitions show more of a differ- *CO lines than PDRs, fon<10* cmandF,>1 ergs s

PDR: n=10° cnvw" (30:]O5 \ow'CR

PDR: n=10° cm™ G,=10" high CR XDR: n=10° cm™ F,=1.6
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Fic. 1.—Chemical and thermal structure of PDR and XDR models at densityl0® °anmdG, = 10° F, = 1.6 ergs s' cm?).
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TABLE 2
LINE INTENSITIES AND RATIOS AT DENSITY N = 10° cm?®
Low-CR PDR HicH-CR PDR XDR
LINE G, = 1% G, = 1C¢° G =10 G, =1F¢ G,=1¢ G,=100 F, =016 F,=1.6 Fy = 16
Line Intensities (ergs$ cm 2 srt)
CO@A0).eiiiiiiiiieiiinnn. 8.28) 8.6(-8) 1.0-7) 8.4(-8) 8.3(-8) 8.1(-8) 1.2(=7) 3.7(-10) 3.0-10)
CO(2-1) i 4.8(7) 5.1-7) 6.6(=7) 6.3(-7) 6.3(=7) 6.4(=7) 1.0(-6) 9.3(-9) 9.19)
CO(B-2) veiiiiiiiiiiiiinnn 9.4(7) 9.9-7) 1.5(-6) 1.6(-6) 1.6(-6) 1.6(-6) 2.8(-6) 3.4(-8) 5.2(-8)
CO(B-3) ceiiiiiiiiiaaninnnn. 146) 1.6(-6) 2.8(-6) 2.2(-6) 2.1(-6) 2.1(-6) 4.5(-6) 5.3(-8) 1.17)
CO (7—6) vvveiiiiiieenn e 3.20) 1.17) 7.8(-=6) 1.4(=7) 1.2(=7) 1.3(=7) 3.4(-8) 1.17)
CO (10-9) ..ovvviiiieiiiinnnn. 8.4(01) 1.7¢11) 2.3(-10) 9.2-9) 4.7(=9) 2.4(=9)
CO (16-15) ..ovvvvviiiiiaann 1.6(12) 1.2(-10) 4.2(-9) 7.1-11)
BCO(2-1) vvvveiiiiiiiieaann 2.3(@7) 2.17) 2.87) 1.17) 1.0-7) 9.7(-8) 8.1(-8) 1.8(-10) 1.6(-10)
[C1609um ...t 5.6(6) 7.2(-6) 8.9(-6) 1.1(-5) 1.2(-5) 1.4(-5) 3.6(-5) 1.0-4) 1.2(-4)
Ratios

CO (2-1)/cO (1-0) ............ 59 5.9 6.3 7.5 7.6 7.8 8.4 25.4 30.3
CO (4-3)/CO (1-0) ............ 17.0 18.7 27.2 26.2 25.6 25.8 36.2 1.5(2) 3.6(2)
CO (7-6)/ICO (3-2) ..o 3.4Q) 1.1¢1) 5.2 8.6(-2) 7.9-2) 8.0-2) 9.8(-1) 2.2
CO (10-9)/CO (7-6) .......... 2.5Q) 1.5(+4) 3.0(-5) 6.7-2) 3.7-2) 1.9(-2)
CO(16-15)/CO(1-0) ........... 1.26) 1.1(=3) 5.02) 8.7-4)
CO (16-15)/CO (10-9) ........ 6.2Q) 0.51 9.0¢1) 3.02)
[C 1] 609 um/*CO (2-1) ...... 26.7 34.1 31.5 97.1 212) 1.4(2) 4.4(2) 5.6(5) 7.4(5)

cm 2 Thus, in XDRs [Ci] 609 um/**CO (2-1) line intensity larger and thus provide an excellent tool for distinguishing
ratios are much larger than in corresponding PDRs. Only atbetween PDRs and XDRs.

low densities,n < 10° cm® do high-CR PDRs behave in a
fashion intermediate between XDRs and low-CR PDRs. In such
low-density, high-CR PDRs, CO arifCO dissociation causes
simultaneous®CO line weakening and [@ line strengthening, Meijerink et al. (2006) found that HCN/CO and HCN/HCO
resulting in [C1]/**CO line intensity ratios 4 times higher than line intensity ratios discriminate between “normal” (low-CR)
seen in low-CR PDRs but still (much) lower than those seen PDRs and XDRs. These ratios are slightly different in high-
in XDRs. Even at higher densities ¥ 10* cfyand stronger  CR PDRs. At densities af = 10* cm, the HCN/CO ratios
radiation fields G, = 10° ), the high-CR PDRs fail to produce are lower in high-CR PDRs than in low-CR PDRs, especially
[C 1]/*CO ratios more than 1.5 times those of low-CR PDRs. for theJ = 4-3 transition, but they become more or less iden-
However,in XDRs the [C 1]/**CO ratios remain very much tical at densities oh = 10° cn?. In XDRs, the HCN/CO

6. HCN/CO AND HCN/HCO' RATIOS

TABLE 3
LINE INTENSITIES AND RATIOS AT DENsITY N = 10* cn®
Low-CR PDR HigH-CR PDR XDR
LINE G, =100 G,=10" G,= 10 G, = 1¢° G, =10 G, =10 Fy =16 Fy = 16 F, = 160

Line Intensities (ergss$ cm 2 sr?)

1.6() 1.9¢7) 257) 21C7) 247 277 2.6(7) 1.4-10)  3.4(11)
1.26) 1.66) 2.0(-6) 1.8(-6) 2.0(-6) 24(-6) 35(-6)  52(9) 1.4(-9)
346) 46(-6) 6.2(-6) 53(6) 6.26) 7.5(6) 13(5)  4.0(8) 1.0(-8)
5.76) 85(-6) 1.2(5)  1.0(5) 1.25) 15(-5) 2.9(5) 177 4.3(-8)
2.96) 1.3¢5) 27(5) 1.6(5) 2.3(-5) 35(5) 9.7(-5) 1.8(-6) 6.4(-7)

CO(10-9) ..voviviviininnnns 2.40) 74(-8) 1.8-6) 2.4(7) 1.0-6) 4.9-6) 1.1(4) 3.5(-6) 1.6(—6)
CO (16-15) ..cvvvevrnnnnn, 1400) 6.8¢9) 23(8) 21(-10) 3.1¢9) 298 1.1(7) 2.5(-6) 1.7(-6)
HCN (1-0) ....oovvviiiininnn 5.2(9) 6.8(-9) 3.8(-9) 3.9(-9) 3.8(-9) 3.8(-9) 4.9(-10) 2.2(-13) 3.114)
HCN (4-3) .o, 3.3(7) 40-7) 1.0(8)  9.5(9) 1.0-8) 1.0-8)  1.3(9) 4.0-11)  3.2¢11)
HCO" (1-0) ...evvviinennen, 1.9(8) 2.2(-8) 26(-8) 1.1(8) 1.1¢-8) 1.1(8) 1.5(8) 1.0-14)  1.4¢15)
HCO" (4-3) e, 4.3(7) 6.6(=7) 7.97) 6.2(-8) 7.0(-8) 7.2(-8) 2.07) 1.0-11) 1.412)
BCO(2-1) v, 5.8(7) 747) 937  8.0-7) 8.8-7) 96(7) 3.07) 1.0-10)  2.3¢-11)
[C11609um . ...cevnnnn... 8.4(6) 9.9-6) 1.1(-5) 1.2(-5) 1.4(5) 1.7(-5) 5.2(5) 1.2(-4) 1.2(-4)
Ratios
CO (2-1)/CO (1-0) .....nn.n 7.8 8.1 8.2 8.4 8.6 8.8 13.3 36.9 39.6
CO (4-3)/CO (1-0) ............ 35.8 44.2 50.4 475 51.8 56.9 1(2). 1.2(3) 1.3(3)
CO (7-6)ICO (3-2) ... 8.4() 2.8 4.3 3.1 3.7 4.7 7.5 46.1 61.9
CO (10-9)/CO (7-6) .......... 8.3¢) 5.6(-3) 6.5(-2) 1.5(-2) 4.4(-2) 1.4(-1) 1.1 1.9 2.6
CO (16-15)/CO (1-0) ......... 7.00) 35-2) 9.2(2) 1.0(3) 1.3-2) 111 4161 1.8(4) 5.0(4)
CO (16-15)/CO (10-9) ........ 4:6Q) 9.2-2) 1.2-2) 8.8(-4) 31(3) 6.0-3) 1.0-3) 7.0(-1) 1.0
HCN (1-0)/CO (1-0) .......... 3.2(2) 3.5(-2) 3.4(2) 1.9(-2) 1.6(-2) 1.4(-2) 1.9-3) 1.6(-3) 9.1(-4)
HCN (4-3)/CO (4-3) .......... 5.742) 47-2) 3.4(2) 954 8.4(-4) 6.8(-4)  4.4(5) 2.4(-4) 7.3-4)
HCN (1-0)/HCO (1-0) ...... 2.8¢1) 31(1) 331 3.6(-1) 34(-1) 36(-1) 3.2(-2) 217 22.6
HCN (4-3)/HCO (4-3) ...... 7.6¢1) 6.1-1) 5.4(1) 1.5(1) 1.5-1) 1.4(1) 6.3-3) 4.0 22.6

[C 1] 609 uMACO (2-1) ...... 14.6 13.4 12.1 14.9 16.2 17.6 7(2) 1.2(6) 5.1(6)
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TABLE 4
LINE INTENSITIES AND RATIOS AT DENSITY N = 10° cm®
Low-CR PDR Higu-CR PDR XDR
LINE G =10 G,=10 G, =10 G, =1¢ G,=10" G, =10 F, =16 F,=16 F, =160
Line Intensities (ergss cm 2 sr?)
(10 I (1 0 ) 340) 4.1(-7) 5.5(-7) 3.3(-7) 4.3(=7) 5.6(-7) 7.6=7) 1.4(-6) 1.2(-6)
CO(2-1) i 276) 3.5(-6) 4.7(-6) 2.8(-6) 3.7(-6) 4.9(-6) 7.1-6) 1.4(-5) 1.5(-5)
CO(B-2) v 8.56) 1.2(=5) 1.6(-5) 9.1(-6) 1.2(=5) 1.7(-5) 2.5(-5) 5.2(=5) 6.2(=5)
CO(MB-3) ceiiiiiiiiiaannnnnn. 1.86) 2.5(-5) 3.6(-5) 1.9(-5) 2.7(-5) 3.7--5) 5.6(-5) 1.2(-4) 1.7(-4)
CO (7—6) e 3.66) 8.0(-5) 1.4(-4) 4.4(-5) 8.8(=5) 1.4(-4) 2.1-4) 6.6(—4) 1.0(-3)
CO (10-9) ..ovvviiiiiiiiinnnn 4.36) 7.7(-5) 2.4(4) 1.2(=5) 9.0(-5) 2.7-4) 3.74) 1.6(-3) 2.93)
CO(16-15) ..vvvvviiiiinann 248) 7.8-7) 5.1(-6) 2.2(-8) 7.9-7) 8.8(-6) 5.1-6) 4.3(-3) 8.6(—3)
HCN (1-0) «.vvoveeeieeeee 7.6(8) 1.2(=7) 1.57) 8.2(-8) 1.2(=7) 1.57) 4.0(-8) 7.2(-8) 1.7(-8)
HCN (4-3) oo 2.5() 3.2(-6) 3.7(-6) 2.6(-6) 3.2(-6) 3.7(-6) 1.4(-6) 2.2(-6) 7.0-7)
HCO" (1-0) .....cvvvvvvviinnnnn 5.8(8) 8.4(-8) 1.1(7) 9.6(-8) 1.5(=7) 2.3(=7) 1.6(=7) 5.2(-7) 1.7¢7)
HCO" (4-3) ... 1.8(6) 2.9(-6) 4.0(-6) 3.3(-6) 5.0(-6) 6.8(-6) 4.2(-6) 8.9(-6) 9.8(-6)
BCO(2-1) voviiiiiiiiieen 1.36) 1.9(-6) 4.7(-6) 1.4(-6) 2.0(-6) 2.6(-6) 2.8(-6) 4.9(-6) 2.3(-6)
[C11609um ...ttt 7.4(6) 8.7(-6) 9.8(-6) 9.1(-6) 1.1(-5) 1.3(-5) 4.1(-5) 1.1(-4) 4.4(-4)
Ratios

CO (2-1)/CO (1-0) ............ 8.6 8.5 8.5 8.6 8.6 8.7 9.3 10.0 12.2
CO (4-3)/CO (1-0) ............ 56.6 61.1 64.6 57.8 62.3 66.2 73.1 91.1 1.3(2)
CO (7-6)/ICO (3-2) ..eevnnnn 4.2 6.9 9.1 4.8 7.14 8.8 8.9 12.9 16.5
CO (10-9)/CO (7-6) .......... 1.2(Q) 1.0 1.7 2.6(1) 1.0 1.8 1.7 2.4 2.8
CO (16-15)/CO (1-0) ......... 6.6Q) 1.9 9.2 6.7¢2) 1.8 15.6 6.7 3.1(3) 6.9(3)
CO (16-15)/CO (10-9) ........ 4.8Q) 1.0(-2) 2.1-2) 1.9-3) 8.7-3) 3.3(-2) 1.4(-2) 2.7 3.0
HCN (1-0)/CO (1-0) .......... 2.41) 2.8(-1) 2.8-1) 2.5(-1) 2.7¢1) 2.71) 5.2(-2) 5.1-2) 1.3(=2)
HCN (4-3)/ICO (4-3) .......... 1.4(2) 1.2(-1) 1.0-1) 1.3(-1) 1.1(1) 1.0-1) 2.5(+-2) 1.7-2) 4.2(=3)
HCN (1-0)/HCO (1-0) ...... 1.3 1.4 1.4 8.5(1) 8.0-1) 6.7(-1) 2.5(-1) 1.4(-1) 9.9-2)
HCN (4-3)/HCO (4-3) ...... 1.4 1.1 9.3(1) 7.8-1) 6.3(-1) 5.4(-1) 3.2(-1) 2.5(-1) 7.1-2)
[C 1] 609 um/*CO (2-1) ...... 5.7 4.5 3.6 6.3 55 4.8 14.7 24.0 1.9(2)

ratios are almost invariably significantly lower than in either the very bright lines received from highly irradiated XDRs are
PDR. High-CR PDRs with densities of = 10 chhave detectable within minutes.

HCN/HCQO" ratios higher than low-CR PDRs in the] = Second, [Q] 609 um/*CO (2-1) ratios are much higher in
1-0transition andower than low-CR PDRs in thd = 4-3 high-CR PDRs than in low-CR PDRs at modest densities of
transition. This opposite behavior reflects a cosmic-ray—in- n = 10° cm™3. At higher densities oh > 10* cn, this dif-
duced shiftin the HCN and HCCGabundances to larger (cooler)  ference vanishes. In XDRs, the ratios are always larger than
columns. However, at higher densities£ 10° & high- in PDRs at the same density, independent of incident radiation
CR PDRs have HCN/HCOratios that are always lower than field.

those in low-CR PDRs, mainly because of a boostinthe HCO  Third, HCN/CO and HCN/HCO line ratios are good di-
production. In all cases where XDRs produce HCN and FICO agnostics to distinguish between PDRs and XDRs. As the ratios

emission observable at all, the HCN/HC@atios are (much) obtained for low-CR and high-CR PDRs are different, a com-
lower in the XDR than in either PDR. bination with highd CO lines is both crucial and profitable in
the study of the active galaxy centers.
7. CONCLUSIONS Finally, although our model results broadly distinguish be-

. o ) o ) . tween low- and high-CR PDRs and XDRs, there is some de-
~ First, CO line intensity ratios increase when cosmic-ray 1on- generacy when constraining the four parameters (density, CR
ization rates are enhanced, but they remain smaller than thosgate, G, , andF,) through individual ratios. Therefore, a com-

in XDRs. In particular, high} (J>10) CO lines (which will bination of various ratios should be considered.

become observable with HIFI on the ESA%erschel Shace

Observatory) allow us to distinguish between (high-CR) PDRs

and XDRs. Using the HIFI time estimator and a beam filling  We thank J. le Bourlot and M. Elitzur for useful discussions
factor of 0.05, we find that a line intensity 8 x 10°® ergs on X-ray versus cosmic-ray irradiation, M. Hogerheijde and P.

s ' cm? the largest CO (16-15) intensity produced by our van der Werf for discussions on HIFI sensitivities, and an anon-
PDR models, will be detectable with HIFI in about 4 hr, while ymous referee for his/her constructive comments.
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