Optical/NIR studies of the ISM

Interstellar chemistry MOlecular AStl’Op hySiCS

i Brief history, astrophysical context

Diffuse and translucent molecular clouds 5 5
" e Pl gas phase chemistry in ISM
i unresolved problems from observations
Required modifications

L. CH": Non-Maxwellian velocity distributions, XDRs, PDRs

II.  DIBs: change of ionisation balance

III. H,;*: X-ray induced chemistry, ionisation rate

Summary

Better observations required

Interstellar molecules Interstellar medium

Brief History

1922 5780, 5797 stationary features (Heger 1922)
1926 Eddington, molecules cannot survive ISRF
1934 Merrill, several strong DIBs detected
; - ®  Phase transitions: H* > H > H

1937-39 CH, CH*, CN: stationary optical absorption lines o e 9» 19 R 2
1951 Bates & Spitzer, first models (Kramers & ter Haar 1946) : Hf" ionised HIT: 510> K, 510 s cm
1963 Radio astronomy, OH, NH, : V‘\ i L2 H“' SIS, (]'{Lm
1970 H, Copernicus satellite, UV absorption lines : ("001 awmits: 0 1%, 30 e N N
1973 Herbst & Klemperer, ion-molecule reactions : Cat 1111‘(‘)1“1‘11‘11. ICIEVLE, 1EY= 10 em
N h . . Diffuse interstellar clouds
1975 X-ogen (HCO") .

. Giant molecular clouds

2005  some 125 gas-phase molecules confirmed . Pressure equilibrium: nT = const
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Dense molecular clouds Confusion limit: Glycine
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Confusion limit: OMC-1

Blake et al. 1987, OMC-1 InterStellar ChemlStry

tral resolution 0.14 km s°!

® Theoretical models

tellar chemistry

Ion-molecule reactions
® Jon ource: photons (diffuse clouds), X-rays, cosmic rays (dense
clouds)
X —  Veryslow,
Neutral-neutral reactions y grain surface chemistry, H + H:gr > H, + gr
Radiative recombination H, +CR = H,*
® free electrons required H,"+H, > H;*
Dissociative recombination
e Hite>H,+H
dissociative recombination rate
Fast (Amano 1988, La 2000)

Slow (Plasil et al. 2003) minority view

Initiation of gas phase chemistry: H, required




y of diffuse i

Interstellar chemistry

Carbon chemistry
133eV) > C +e

C*+H, > CH," + hv, radiative association, slow

xygen chemistry
O+H > O* + H cha
0" +H, > OH

®  Nitrogen chemistry

N+ H," > NH," radiative association, slow

The initial reactions and radiative association
in dense interstellar clouds

HCO", NH", HCS'
H,CN, H,0", HCO,*

New Standard Model

® Bettens 1995, 3785 rez 5, 409 sp
® Many reac g often wrong T-extrapolation
e (=10"¢!

cosmic Ha B

rays ([ ] Famous problems remain: DIBs, H;*, CH*

L DIBs: carriers not identified
II. DIBs and H; r impact on ionisation rates

III.  CH*: formation scenarios not understood

Translucent molecular clouds

Translucent clouds e

/ ag, ionisations from ISRF dominate
Translucent clouds, edges of giant molecular clouds

A,=1-5mag

[ ) Optica]/NIR absorption lines Background stars still visible

T=20-100K

— Interstellar H;* X
- n=100- 1000 cm?

— The DIBs
— Interstellar CH*




* *
Interstellar absorption line studies

High resolution spectroscopy

Light source: early type star
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H,™ in translucent clouds
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C, towards Cyg OB2 no. 12

s OB No. 12 (20) 0, Philips System
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CR & X-ray induced chemistry

Radiation field in dense molecular clouds

econdary ele: om CR or
L4 = [
H, > Hy(v]) +

H,(V)>H, +

Energetic,

(E2 cascade)

Increased photoionisation and photodissociation rates

X-rays: chemistr

Double charged ic
Induced, diffu
and photoior

CN towards C

®  [arge abundances of

relative intensity

) N formation requires
Gredel Pineau des Fore|

Velocities of absorptioy

®  Formation of H;* in d¢
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X-ray induced chemistry

Cool molecular clouds subjected to X-rays
redel, Lepp & Dalgarno 1 edel, Yan & Blac

M +xr > MZ" +2e
«  (*+H,>CH+H

CO+hv > C>*+0+
>0*+C+ a
Energy deposition by fast secondary electrons
del & Dalgarno 1995
to thermal electrons
itation of H and H,

He, n=> 2, 3 singlet and triplet S and P states and to 4'P

oulomb los:

Ionisation and
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H," in the diffuse ISM
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®  Model prediction: ®  McCall etal. 2003
® Observable

© S/N > 1000
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Optical/NIR absorption line studies

, large molecules C, homonuclear molecule
lels including photoelec heating of LM:
able abundance of H;

Wrong. slow recombination rate used

thermal population among X v=0 J=0,2,4 > T,

kin

ips

not stimulate observations to detect Hy CN violet — red system

erb va

New laboratory measurements: H;*+ e ve
® Models: H;* abundanc low to be detected

° Stimulated huge observational efforts to detect H,

. large abundance of H;" detected in diffuse ISM

Ionisation rate must be increased
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DIB carriers

N, o= 1000

model

S O+ CH* +
®  Carriers of DIBs C'+H,>CH'+H
Sir Harold Kroto Sussex, 1996 Nobel Laureate Chemi: X X
Thermal formation scenarios
®  Fundamental role in ionisation balance Elitzur & Watson 1978, 1980: J-type shocks
Liszt 2003 PAH grai isati Pineau des Fore 1986: C-type sh
Heating balance: radiative and dielectronic recombination of Dissipation of interstellar turbulence, boun
charged ions

PAH-+ H* © PAH + H rapid destruction of protons 0ng . .
. L Predictions & earlier observations

Ionisation rate must be increased

Tine indicates an cquivalent width of 20 mA, and the dashed  DoCweCT CIT M
lin indicates 43 mA. A small additional error of about 0.1 dex ~ 4r¢ very lazge. T}
is introduced by selecting a b value which is lower than the true &7 postshock
value, since the curves nearly overlap. Choosing a b value 835 Sscond, in
which is too large is a more serious problem. As the figure “"“E" d”';?’
shows, it s possible o have column density errors which are  Jiould 10t
=+ . greater than 0.5 dex lowever, the st:
'le 1 O We plotted the caleulated CH' values, along with our el reddened.
observatons in Figur . The figureshows hat, when 5(5—) O stars witn B8
is extended past + 1.0, it now does not appear that CH " c & otec. 7!
tinues to increase with reddening. This is of particular m(ares( PR
in that it supports the shock model, or any other model in have ha d'a e
which CH"* is formed in thin layors of the ISM insicad of 2% had 2 &if
throughout the material. Increasing column density implies (£ =X O 10
that we are looking through higher and higher optical dep}hs et colu

e skl components pr
of material as b(b’ V) increases. Since shock-formed CH D 150600 ]

The CH™ problem

only expected to be produced in relatively thin layers of the ™ D 608 1
TOM, nerensing optial depth il mot substantially inerease
. strongest detectic
120 LAMBERT, SHEFFER, AND CRANE Vol. 359 [ J g Op h 1S an excep of the highest cof
BD +31°643) is
CN line. The small difference between the velocities of the CN 7 . s entire column def
and CO ‘may not be real. Since our reference ® Velocity differencd
spectrum from a hollow cathode lamp probably does not illu- N - the gas kinetic t
minate the spectrometer in the same way as a star, a small [ ] N(CH") not correla i lent boundary 14
velocity error is possible. In addition, the difference of 0.3 km. ) g e Ve o obs
57" is equivalent to an error in the CN line’s adopted wave- Allen 1994, Fale o @ also obsers
. , Falga tion nebula NG
Iength (Black and van Dishoeck 1988) of only 3.9 m: o spectrum of fluof

Langer, Glassgold, and Wilson (1987) observed the CO
=1-0 line with a 1!7 beam and deconvolved the line into
three main components and one weak component. When we.

this type. We finc
with a velocity

RELATIVE FLUE

fitted the CN line o a three-component model, an adequate fit 2h e ° in relatively smal
is obtained, but the required line widths are larger than the % been found that
0.50-0.58 km 5" widths obtained by Langer et al. The addi- is on the near
tional components found by Langer et al. are probably arti- behind the star.
facts of their larger beam size; Le Boutlot et dl. clearly show 0z o1 08 08 1 12 14 Moreobeervatio
o5 L Loasl 1 Lol that the velocity of their weak component varies on scales E(B-V) be valuable for
o pmen’ 1 © " smallerthan Langerecal’s beam b o o ing Th damonts i “The modcls o
Lon - the ctscreatons ited i Tebe 7. The squtt a6 e new observatons rallel geometry
—Profiles of the CN 3§74 A, CH 4300 A, and CH* 4232 A lines in b) CH" Profile e e in Table 7. The o . e s:m 1:..53? ina
the specirum of { Oph. The CN and CH profiles have been shifted so that the The CH* at 4232 A is very well fitted by a single Gaussian
stronger of the two narfow components i at Vi b veloc: profile with & FWHM of 349 £ 0.09 km 5™*. The equivalent
protles width from our observations is W, = 23.1 + 0.3 mA. The mea-

sured velocity of the CH™ line is W 09405 kms™*
here the My vided the ref ©
strength 3 and 3. The velocity splitting between the two main 1 v 07 o -t i nbert ;‘f",’,‘a;i‘“ @\W&ﬁpf
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OB associations

Needed: Test N/E gy variation in single cloud
Determine variation in physical parameters
via Cal/Call, C,, CH, CN, etc.




The CH™ problem

The CH™ problem
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Summary

CH' formation: mystery remains

Single shocks don‘t work
Firm statement aft tematic studies in single translucent
molecular clouds

ipation of turbulence
CH* formation in cool g

Non-Maxwellian chemistry from super-thermal C* or H,

Multiple, criss-crossing shocks at low velocities, no strong
heating
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Fast formation in high-i ation zc
v (km/s)

I.  Not the general formation scenario

Summary Summary

Huge progres r . Very large abundances in diffuse and dense clouds
PAHs, PAH S . C istry stood

fsingle clouds, determination of physica
parameters using diatomics and ions
II.  Accurate laboratory wavelengths required

III. He clusters, very low matrix shifts and broadening

IV. Dramatic effect on ionisation equilibrium




