H;" in the
Diffuse Interstellar Medium
tward 1843 _

Ben McCall University of Chicago
Tom Geballe Gemini Observatory
Ken Hinkle National Optical Astronomy Observatory
Verne Smith University of Texas at El Paso
Gerald Moriarty-Schieven Joint Astronomy Centre
Shuro Takano Nobeyama Radio Observatory

Takeshi Oka University of Chicago



Importance of Interstellar H,™
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Hydrogenic species
of fundamental He
interest
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Simple chemistry —
probe of cloud L, n, T
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Spectroscopy of H,"
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Integrated area of absorption lines
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H;" column density N = [H;"|xL
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H," in Dense Clouds
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~ Barnard 68 (courtesy Jodo Alves

ESO)

AFGL 2136
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L=N(H;")/[Hy] ~
[Hy]=NH,) /L ~
T’ (ortho:para) ~

H—>H,

C—>CO

[H,] ~ 10° cm??
L~1pc(3x10'% cm)
I'~30K

dust extinction — no
visible/UV light

Observed spectrum:
NH;") ~ 3x10'* cm™

Chemical model:
[Hy*] ~ 10* cm??

1 pc
10° cm™
30 K



Diffuse Clouds
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Dense Clouds: Diffuse Clouds:
H — H, [H] ~ [H,]
C—->CO CoC+e
[H,] ~ 10> cm [H]+2[H,] ~ 100 cm™3
L~1pc L~10pc
T~30K T~30K

no visible/UV light large visible/UV flux

* Diatomics observed (CH, CH", CN, C,, CO, OH, NH)
« CH" (over)abundance a mystery
e Until recently, no polyatomics

e Diffuse Interstellar Bands:

P. Jenniskens, F.-X. Desert



H;" in Diffuse Clouds
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Formation: Destruction:
H, —Someny sHY ye H, +¢ >H+H+H
,+H) —>@+ H — H+H,
Rate = C [H,] Rate = k,[H;"] [e7]

Steady State:
¢ [H,]
k. le]

(very low due to efficiency of electron recombination)

~10"em™

[H 3]—

Over a typical diffuse cloud pathlength of 10 pc,
N(H;3") = [Hy"] x L
=(107em?) x 3 x 10P em) < \

~3 x 10?2 cm™



Cygnus OB2 12
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» Diffuse cloud sightline
* Heavily reddened (A ,~10)

* Member of Cygnus OB2
association

101 -

1.00 -

0.99 -

0.98 |- N(H3+) ~3x10% cm™

R(1,1)" R(1,0) R(.1)
0.97 | | Ly | 1 |
3.667 3.668 3.669 3.715 3.716 3.717

Wavelength (um)

Chemical model — L ~ 900 pc [too long!]
— [H,] ~5cm3  [too low!]

Perhaps H;" production is enhanced by X-ray
ionization from the OB association? (J. Black)



HD 183143
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* Typical diffuse cloud
* Less reddened (A ~3)

» Herbig’s reference star
for Diffuse Interstellar
Bands

* Very little C,, CO
1.01
1.00
0.99 - n 14 )
N(H ) ~3x10"* cm-

i | v
0.98 RO r ) 2 velocity components!
0.97 ' ' R1 1

3.667 3668 3669 3.715 3716 3717

Wavelength (um)

Rules out any “special effect” in Cygnus OB2!

H,;" abundance 1s a general problem! (as DIBs, CH")



Visible Spectroscopy
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(UKIRT)
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Velocity agreement — H;™ coexists with other species




Chemical Model
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CHELEELE

k. \[H,]

e

* Uncertain parameters:

e { — cosmic ray 10nization rate
 could be higher in diffuse clouds?

* k,— electron recombination rate

 could be lower than experiments indicate?
 controversial field — ACS Chicago meeting

* [e’]/[H,] — electron fraction

e could be lower 1n “translucent” clouds?

* Observational approach:

e observe more sources!

» UV spectroscopy of H& H,, C & C*

with FUSE (Far Ultraviolet Spectroscopic Explorer)
and HST (Hubble Space Telescope)



Recent Results
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UKIRT: May 24-28, 2001
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Possible FUSE target!



Conclusions
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* H,;" observed in 10 diffuse cloud sources

* Upper limits 1n several others

* H;" overabundance not peculiar to a
particular region

* H;" coexists with other diffuse cloud
species

* Major problem with chemical model

* [e7], k,, or C 1s wrong by factor of 100

* Third enigma of diffuse cloud chemistry

For more information, visit http://h3plus.uchicago.edu



