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ptical detection of CH CH*, CN beyond Galaxy -

HST & FUSE observa’rlons of CO and H2 in 'rhe Galaxy
- N(CO) vs. N(H,) :
Complemen’red by ngh R CH, CH+, N (ESO CES & McDonald)
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1926 -;-':E g1 or - R
1934  Merrill, sever'al s’rrd‘ng DIBs dete i
1937- 39 CH, CH, CN: stationary op‘ncal absor'phon lmes 4 Rt
1951 % fes & Spitzer, first models' (Kr'amer's & ter Haar' 1946)*
1963 Radio astronomy, OH, NH3 e : -

1970  H, Copernicus satellite; UV absor'p’rlon lmes |

- 1973 - Herbst & Klemperer; ion- molecule r'eac‘ruons >
1975  "X-ogen (HCO*) :

2005  some 125 gas phase molecules confirmed:

h -



Phase

- o -

nsitions: H* > H9 H, -
Hottenised HII: 5 10° K, 5 103 ém3
War'm HI/HII: 8000 K, 0.3 I,

Cool a’romuc 80 ;30 . |
~ Cold molecular: 10-100 K, 100 - -103 cm3
+ Diffuse > giant molecular clouds

_ Pressure equilibrium: nT = const



: \ \ﬁw with wav_el_eng‘r_-h:__r'e_d'de_ning Sl .
*+ Visual extinction A, = -2.5 log Ty e
.. » .Absorption law: FV/FO exp( k x) -
FOMA L =3 |
- depends on dust proper'hes
+ - Gas/Dust ratio: 0.01



.+ Diffuse clouds and translucent clouds
& . <= Optical detectlons of molecules, DIBs- -~ e

- . Giant molecular clouds and isolated globules” - &£.. -4
g - « _ Rich chemlstry, Iarge and complex organic molecules ' . :

2 e cor'es UCHII regions, PDRs RS



The Horsehead Nebula — Barnard 33 @ HUBBLESITE.org
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% Interstellor chemistry -

. ion-m@icule reactions

105 Ionlsmg source: photons (dlffuse clouds), X- rays cosmm«rays
(dense clouds) - -

+ .. Dissociative & radiative recombma’ruon
O free electrons reqUIred

° Neu’rml heutral reactions _
e Tnitiot e ta= Dhace -hemistry: Ho reduired
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iy mo ecules - \
on grain surface, He+ H gf‘*

°"---H.3*+29H2+H i
F dissociative r'ecombmcmon rate e O SO
Fast (Amano 1988, Larsson ZOOO) ' ' '
Slow (Plasil et al. 2003) minority vuew
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The initial reactions and radiative association
in dense interstellar clouds

HCO', N.H", HCS®
H,CN', H,0", HCO,"

col| N,
CS [HCN

COSMIC H;

rays He
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- Famous problems remain: DIBs, H; CH et
I. & of Diffuse In’rers‘rellar' Bands - A 5 #
IE. DIBs and Hs*: impact on ionisation r'a‘res e ¢
III. CH* for‘ma’rlon scenarios not under's’rood
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- Cecchi- Pes‘rellml ¢ b-u o _ e
® Dense clumps of gas embedded in diffuse'material - -~ .

o C*\GTIOH at n = 7000 cm3 : j T - . *
Gr'edel Black & Yan 20019 sl .
Tk,n‘35K h'=600.cm3 S

- mcr'eased radiation field from OB s‘rar's
X-ray mduced chemls’_rry _

a0 6 - 3101551
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flux (10 'ci'gs'chl 2 g1 bin? )I

X rays from Cyg OB2

Chandra observations
- Waldron et al. 2004

o Rapidly exanding stellar winds,
- shocks = X-ray emijssion

-

8 9
wavelength A

10 11 12 1



M + Xray > M** + g e
% C++ it HZ 9 CH*«+ H+ 5 < | *:

J Ener'gMosVrlon by fast secondar'y elec'rr'ons ks *
. ® Coulomb losses to thermal electrons | :
: 0, Lonisation and excitation of H and. H2
" He, n% 2, 3 singlet and triplet S and P states and ’ro 41p
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E2 radiative * |
cascade (IR) e n, TjwviTx,

gas’

R {Angstroms)
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Radiation fleld in dense £ e e
;Ener'ge‘rlc secondar'y elet‘rrons r'om -r'ay |o_|sa1'40n

. M

H. H,(vJ) + UV- thTons (Lyman and Werner' bands)
H, (vJ) 5 H, - .+ NIR-photons (E2 cascade)

*~ . Increased pho’ronomsahon and phoTodussocua’rlon
raTes |
Explqn_r}'s C/CO ratio in dense clouds
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n=800 cm™

: oI, nH n, constrained by observ_a:[ioné
~ Cool gas with T =35K,.n =600 cm3

—

£=06-31055L

Fractional Abundance log §£(X}}

. " " L -
- : . -26 -27 -2 -29

Energy Deposition Rate log jH/n (erg ™' om®)
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Model pr'educ’rlon

Observable amounts of ‘

- H,O¢ in_absorption _
S/N > 1000 spectrum of

Cyg OB2 no. 12
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Laboratory

£ Persei

Relative intensity

McCall et al. 2003

Large abun:

ce towards ¢ Per

High cosmic ray ionisation rate

. 3.667 3.668 3.669 3.670 3.671
C = 12 ]_'0-15 5-1 : - Wavelength(um}

_General solution !?



1ecules LT N
" "7’“'-'tr'c:heat|n of LM a *

: +" Wrong . slow: Drate U
. ® - Model predlctlons did not st ule

1

Tl

LT New la tory measur'ements H3 te ver'y fast *
® Models: H abundance too Iow to be detected :
O St|mulated huge « observatlonal efforts to detect H i

-

| III 2003: Iar'ge abundance of H3 detected in dn‘fuse -
; ISN\ . it

- TIonisation rate to "be increased?



Ther'

OFMATION S¢en
Ell’rzur' & WaTson 1978 o
Pineau des Forets et al. 1986 C-type shdcks

one, dissipation of m‘rers’rellar ‘rur'bulence
boun ar'y Iayer's '




The CH* problem

I CH _CH+ velocﬁ‘y dlfference e

MHD SHOCKS IN DIFFUSE CLOUDS. III.
LAMBERT, SHEF

INTERCLOUD T PHOTODISS.

MEDIUM . © " . FRONT

- PRESHOCK . /.- \, PHOTOIONIZ
. - CLOUD - ’/Tg- .} s~ FRONT
- (455 km/s) 3

TO SUNe—
SHOCK TRANSITION

DENSE POSTSHOCK GAS::
(=0.4 km/s)

AELATIVE FLUX

Fio. 1 —Proposed geometry of the preshock material, shock transition zone, 4 aterial on the li i I Oph {see text)
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4;&. Groe . o et
T Model fOf‘ dISSI ation of e
® Criss- cr'ossmg low- veloq’ry sﬁoc s s ,

4 Non TMGI models. T TR e > =
" Non-Maxwellian_velocity dlS'l'f'IbU'l'lOﬂS | '
i ,Gr'edel van Dushoeck&Black 1993, 1997

® ‘'brodad lines: CH* hlghly reactive, no ‘rher'mal profiles

O
® Super-thermal ¢+
® b(CH)-= b(CH)* 1-2 km st
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~ Selected from Tuiilinsc
Reanalysis of FUSE >
ST = 45790 K e e o
- 4, = 3 - 10 (30 - 900 near 3o Sor and sw SMC) 4}
nH-lOO 6OOcm3" L, - .

- " o
gt
o 7

LMC; EBV=008 051 mag
SMC: E,,=007-034mag _
. Galac’rlc for'eground absorption 0. 6o O 06 mag "
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_ ' In'rer'stellar' Molecules

l'_?ﬂ*-‘

L

O Lower' me’rallucn'rres

. oéwer gas-to- dusT rcmos facTor's of 3 (LMQ)
eilo 8 (SMC) 4 |

- > Test models & expec‘rcmons in dlffer'en’r
| ph_ysmal & chemical environment
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N(CH) N(Hz) r'elcmon

11

12 13 14 15 16 17 18 19 20 21
log|N(H,)]

Galax N(CH) ~N(H,)

Danks, Federman & Lamber"r (1984), Mattila (1986), Rachford et al. (2002)
van Dishoeck & Black (1989), n, = 500 - 1000 cm-3

LMC, LMC: same regrgssion _
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e +j, T

S G - E,_

....

CH*+H29CHZ i
'l:Hz_)CH3

_ . +e>CH.

N(CH) ~ 067k, N(CH ) f(HZ) n(H) /- Tjy GO(CH)

« “N(CH)Y/N(CH) > n,, =100 - 1000 cm3 .
consus’ren’r wn’rh densmes fr'om H, analysns |



Carriers
' ®  Large

earing molecules in gas phase . 5
® PAHRGWMUllerene cations - .. = ° T, W "  3 *
® Lyo induced 2- -photon absorptlon by H . ' |

4 Needed

® UseCH; CH, EN.-C,, Cal Call, Nal to determlne
varlatlonsm physmal parameters -
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.

The dlffuse m’rers'rellar' bands

:Sollerman et al. 2005 _
® _DIBs towards SNlain NGC 1448
- Correlaﬁ*with Call and Nal

Local condltlons affect DIB strength in
_ particular. lUV - - ° |

SN absorptlons DIBs are readily

formed and survive different physical -

& chemical environments

= universal carbon chemistry
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Liszt 2003 grain neufra T
*  Heating balance r'aduah\(ea d diele ombination- - .

of charged ions : ST . -'

P*—i > PAH + H r'apld des’rr'uc’rlon of pr'o‘rons R .-_- #»

= 3 : * : . +

: Ioni'sa_‘rion r'afe must be s'i'gr'j,ifiCan’rly'ih'c'reased
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Good cor' . |on

On aver'age weakar' 578 5797, so s ol
. factors of 10 in LMC, 20 in SMC r'elcmve to. HI S
.factors of 2 relative +6 By, = *

~ W(6284)/N(HI) fac’rors 30-70 below Galaxy
. (22 DIBs as strong as in Galaxy

8 -NO u_nifor"m scqling r'ela1'ion_s |
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H; & CO absorption ines -

i - 58 sngh’rlmes 33 new resul#s

Satdration > profile fn"rmg .

" =~ cloudire confinedby CH | = T *

Ty =eomacomate N(H,), N(CO) =5 T F R g, " =
ESO & McDonald data | ks |

" .- CH, CH+,CN

. = R‘ 170 OOO 220 OOO
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_ yH; thermal excitation in shocks -
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'___H in inferstellar shocks -
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Dark clouds
e VUV detections
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_ __N(CO) vs. N(Hz)

B - - J
= Jodyc

Weo: N(F

- CO shle ing pammeTer R
- Bre used by change in CO- pho#ochemls’rry T, 5 <+
Im‘na‘rlon of CO UV shielding S, -, ”
- confirmation of ¥D&B1988 shielding func’rlon |

"~ Break: Low densuTy vs. high dansn‘ry chemls‘rry
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. relative to HI, weaker by 2 - 6 r'ela‘rlve To EB v
Tov. me‘ralhcu’ry

Sall C,-DIBs towards Sk143 and Sk 6702 snmllar'
.~ strengths as in Galaxy | .

- no uniform scaling relations

'II Diffuse In’rer's’rellar' Ban e
£ 5797 6284 weaker by 10 (LN\C) 20 (SMC)
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Summar'y

o«f >< N(HZ)/N(CO)

% -

-tI;hpor'an of CO*proa N
 LePetit 2006, Sonnentrucker 2007 =~ .. il
- Reprodgetion of observed CH: Ievels innon- #
- Maxweltian velocu’ry flelds -
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