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Improvements of the observing technology

-

Properties of each instrument:

€ I piyel
e new frequencies

¢ higher sensitivity
e better spatial resolution
e better spectral resolution

e arrays
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Galaxies as PDRs
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Extended CO 7-6 in M82 observed with the HHT (Mao et al. 2000)

V.Ossenkopf Prospects for PDR observations



Sensitivity

Spitzer, APEX, HIFI, ALMA, ...

New observations PDR related questions
faint and diffuse clouds low density, low PDRs
absorption lines from PDRs cool parts, detailed radiative transfer

high-redshift galaxies

V.Ossenkopf Prospects for PDR observations



Sensitivity

Spitzer, APEX, HIFI, ALMA, ...

New observations PDR related questions
faint and diffuse clouds low density, low PDRs
absorption lines from PDRs cool parts, detailed radiative transfer

high-redshift galaxies interpretation of whole galaxies as PDRs

V.Ossenkopf Prospects for PDR observations



Sensitivity

Spitzer, APEX, HIFI, ALMA, ...

New observations PDR related questions
faint and diffuse clouds low density, low PDRs
absorption lines from PDRs cool parts, detailed radiative transfer

high-redshift galaxies interpretation of whole galaxies as PDRs

[J We have to provide knowledge on the “average Galactic PDRSs”, not just the brig
ones which are mainly observed until now.
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SOFIA, HIFI, ...

New observations

lines and continuum
guasi-simultaneously

Wavelength coverage

PDR related questions
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The full FIR spectrum “at one shot”
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Schematic view of the spectrum of M82
(Phillips & Keene 1992).

We get simultaneously:
e molecular rotational lines
e atomic fine structure lines

e spectral energy distribution of the
continuum

e dust features in the continuum

[1 Line and continuum interpretation has to go hand in hand.
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New observations

lines and continuum
guasi-simultaneously

full frequency surveys

Wavelength coverage

PDR related questions

Interplay with continuum
(FIR pumping, PAH excitation, ice destruction ...)
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Search for the complete

chemical inventory

First systematic frequency surveys ir
the submm (Orion KL, Schilke et al.

2002)

| 'Schilke ot al. 1097 ! ¢SO 3251360 GHz survey -
r @ [sla o Eo o WO oo + WE T
- ! > m@e 9 a und o ey
L SE T AT
100 Lo Do Pl
= I < o S
{ 2 P

jas] B Do . B
= " : ' 1
= 50 | _
O L _|
330 340 350 360
| Schilke et al. 2000 | CSC 807-725 GHz survey 4
e i o g o 7
5 o°2 887 8 2 8% Sg
- = A S-S =" 1
100 [ o oE 4 % R
— L -] - i [ N : i

e L ©m AR
= i E L5 ]
B I N % | 1
= 50 B I —

0 |
650 700
| Mehringer, Scililke! Phillips = 'CSO 793—842 GHz survey -
o = + av M HoHHE O el o7
LS © ] ip o lwm | o ol D [
[F3] 4] 73] ; 2] f : [
AR 5 g5 G <]
100 = ; === o =
— L (S I . LS _
- I o N ]
- I 1
E L -
B 50 b |
O L) ;"L i, A L;Jj..n.‘lh PR TN A | —
800 810 820 830 840
Rest Frequency (GHz)

V.Ossenkopf

Prospects for PDR observations



Wavelength coverage

SOFIA, HIFI, ...

New observations PDR related questions

lines and continuum interplay with continuum

guasi-simultaneously (FIR pumping, PAH excitation, ice destruction ...)

all major PDR cooling lines

full frequency surveys

V.Ossenkopf Prospects for PDR observations 10



Wavelength coverage

SOFIA, HIFI, ...

New observations PDR related questions

lines and continuum interplay with continuum

guasi-simultaneously (FIR pumping, PAH excitation, ice destruction ...)
all major PDR cooling lines

full frequency surveys huge chemical network

V.Ossenkopf Prospects for PDR observations 10



Wavelength coverage

SOFIA, HIFI, ...

New observations PDR related questions

lines and continuum interplay with continuum

guasi-simultaneously (FIR pumping, PAH excitation, ice destruction ...)
all major PDR cooling lines

full frequency surveys huge chemical network

hydrides in their ground state
(CH, NH, NH*, NH3, OH", H;0", H,0)

V.Ossenkopf Prospects for PDR observations 10



Ll

Table 2: Line candidates for HIFI observations to trace the chemical and physical structure of PDRs and shocks

molecule transition frequency lower level KLTE rel [km/s cm?] bonus comments
[GHz] energy [K] at 10 K at50K at100 K at300K line
CII Py —*Pi ) 1900.545 0 75107 48107 25107 8.010°"
CH Ty, 1,27 — 536761 0 22107 381075 121075 1510716 M 1,17 —2M;, 1,17 and I 1,17 —
T 1,17F °I1; /5 1,0" only 20 MHz apart
s, 2,37 — 1656961 26 8810~ 21107 L1107 191075 v blended with °Ils, 2,27 — I3, 1,2 and
T 1,2 s/, 2,27 — I3, 1,1%, simultaneously with
H3;0" 1, — 119
CH™ 1-0 835.07 0 1210723 24107 77107 1.01071
2-1 1669.16 40 43107 31107 17107 331070
NH 3¥71,1/2-0,1/2  974.479 0 65107 1.6107% 55107 39107 v« blended with 32~ 1,3/2 —0,1/2, 32~ 1,3/2 —
0,3/2, lines between 974.531 and 974.607 GHz si-
multaneously, H,O 2p, — 1; 1 in upper sideband
NH+ M1, /5.3/2,5/2,3—  1012.524 0 47107 721075 4.010°5 7510716 blended *I1; 5. 3/2,3/2,2—1/2,1/2,1; four other
1/2,3/2,2 transitions only 30-50 MHz apart
NH; lo—0p 572.498 0.5 171072 1.1107% 231075 1.710°!6
21— 1, 1168.452 24 13107 841075 251075 2310716
OH™ 3% 1,2,5/2 —  971.804 0 3210723 81107 27107 361070 v blended  with X~ 1,2,3/2 — 0,1,1/2;
0,1,3/2 3%~ 1,2,3/2 — 0,1,3/2 only 15 MHz apart,
simultaneously with NH
H;0™ Lii—lio 1655.814 0 65107 1.7107% 441075 3.510°'° 251 — 25 simultaneously at 1657.236 GHz
00.1 — loo 984.697 7 41107 151074 381075 281071 simultaneously with HyO 29, — 11
p-H,O 111 —00p 1113.343 0 421078 8.6107* 20107 161071
202 — 111 987.927 53 1.5107%% 21107 8210715 9.010716
211 —202 752.033 101 3.6107"7 19107 1.1107 1.61071°
0-H,0 lio—1o1 556.936 0 191072 42107 12107"% 11107 v NH; 1o — 0 in the upper sideband
212—1og 1669.905 0 201078 80107 29107 30107 v simultaneously with CH' 2 — 1
303—212 1716.770 114 771077 19107 15107 281070
HDO 11,1 — 000 893.639 0 2710718 21107 4.610° 3.410°'°
H80 111 - 009 1101.698 0 421078 85107 20107 16107 v Hy0 1,1 — 0 in the upper sideband
OH 211, 5 3/2—1/2 1834.747 181 6.5107% 9.6107!6 291075 151075 v CO 16-15 in the upper sideband
CO 10-9 1151.985 249 5810726 3710718 141077 1.0107V
16-15 1841.345 663 321072 1.81072' 49107 5910718
Bco 10-9 1101.350 238 171003 43107 151077 961078 v Hy0 111 — 0 in the upper sideband
15-14 1650.768 555 7.51073" 14107 12107 7.010718 & H;0" 1, — 11 in the upper sideband




Uncertainties in hydride intensities

Species Freq.  Relative Abundance Ip " K]
|GHz]  at(0.0) at (0.0

C1I 1900.545  1.0E-05 6.5EH01 (3.6E+1)
CH 536.761  1.5E-09 2.0E+00

CH 1656.961 [ 5E-09 6.O9EH00

CH* 835070 93E-13 2.5E-03(1.6E-1)
CH* 1669160 9.3E-13 SO0E-05(2.5E-2)
NH 974479 5.6E-10 . 2.2E+00

NH* 1012.524  2.2E-13 4.5E-04

NH; ST2408  43E-11 2. 1E-01

NH; 1168452 4.3E-11 4 3E-03

OHTs 971.804  5.7E-13 5.5E-03

HaOF 1655814 1.OE-10 | 4E-02

HaOF 984.697  1.0E-10 4. 8E-02

H,0 1113345 2.2E-07 L.6E+HO0(2.0E-1)
Ha0) O87.927  22E-07 | 8E+O0 (2. 8E-2)
Ho0 752033 2.2E-07 |.6E-01

H,0 556936 2.2E-07 SAEH00 (1.OE+0)
H, O 1669905 2.2E-07 3.8E-01

HDO 803639 1.3E-12 . 1E-02

HIFO 1101.698  2.0E-10 | .SE+00

CON 10-9) 1151985  2.6E-04 L AE+HO1 (2. 1E+0)
CO(15-14) 1726.603  2.6E-04 9 2E+00 (4.8E-4)
[3CO10-9) O350 3.8E-06 4.0E+00
[3CON15-14y  1630.768  3.8E-06 3.0E-01

OH 2509988  4.0E-10 | 4E-02

OH 2514316 4.0E-10 | 4E-02

0 4745804 1 4E-04 A8EH00(1.5E+2)
0 2060068 1 4E-04 2AEH00(3.6E+1)

Line estimates for S106 from two different PDR codes (Meudon & KOSMA) obtaine
with similar input parameters.
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Water
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Wavelength coverage

SOFIA, HIFI, ...

New observations PDR related questions

lines and continuum interplay with continuum

guasi-simultaneously (FIR pumping, PAH excitation, ice destruction ...)
all major PDR cooling lines

full frequency surveys huge chemical network

hydrides in their ground state  key rates in the chemical network
(CH, NH, NH", NH3, OH*, H30™", H,0)

the water ladder chemistry and cooling by water

[1 Think big! We have to put everything together in the models as we will get ever
thing together in the observations.
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Spectral resolution

SOFIA, HIFI, ALMA...

New observations PDR related questions

velocity profile of cooling lines evaporation of PDRs
transport pattern of species (Decamp & Le Bourlot)
expansion of HIl shells
turbulent flows (Gerin et al.)
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PDR profiles
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[1 Combining the observation of many lines and the profiles only allows to extract t
excitation structure along the line of sight.
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Spectral resolution

SOFIA, HIFI, ALMA...

New observations PDR related questions

velocity profile of cooling lines evaporation of PDRs
transport pattern of species (Decamp & Le Bourlot)
expansion of HIl shells
turbulent flows (Gerin et al.)

self absorption pattern determination of the actual cooling line strength
In the lines structure along the line of sight

[J Time dependent models will be essential.
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ALMA

New observations

complex, clumpy, turbulent
structure at mas scale

Spatial resolution

PDR related questions

neither plane-parallel nor spherical PDRs
merging turbulence models with PDR models

V.Ossenkopf
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Chemistry and resolution
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The chemical structure is time dependent and changes at different spatial scale
different time scales (Helmich 1998).
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Spatial resolution

ALMA

New observations PDR related questions

complex, clumpy, turbulent neither plane-parallel nor spherical PDRs
structure at mas scale merging turbulence models with PDR models

resolution dependent pattern nested-scales chemistry
of species
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Spatial resolution

ALMA

New observations PDR related questions

complex, clumpy, turbulent neither plane-parallel nor spherical PDRs
structure at mas scale merging turbulence models with PDR models

resolution dependent pattern nested-scales chemistry
of species

1 We will need 3-D PDR codes.
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Conclusion

The modelling progress has to be accelerated to catch up with the
upcoming observational prospects.

We need the bundled effort — as started here — to achieve this accel-
eration.
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