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They'll never get cold T don t theyjust use |
enough ions with a liquid a supersonic expansion
nitrogen cooled source! source?
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ree of Interstellar Chemistry
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Diffuse Cloud H;* Chemistry

H2 cosmic ray % H2+ + e Rate =
H, + Ht 5 H e

Hy*+e-—>H+H,or3H Rate=

Steady State
(3x10:17 1)

(5x10" cm?3 s1)

10" cm3

x (2400)



Cygnus OBZ 12
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SurpfiSingfd dé.tect'H;in'a diffuls'e'.clroud'! R
Implies a path length of 1 kpc (3000 light-years)
Implies average density ~ 20 cm-3 (too low)

McCall, Geballe, Hinkle, & Oka

Peculiar Slghtllne7 Science 279, 1910 (1998)
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Big Problem with the Chemistry!

2-3 orders of magnitude!!

Steady State:

To increase the value of [H;*], we need:

- Higher ionization rate C

« Smaller recombination rate constant

» Smaller electron fraction [e]/[H,]



M’ Dissociative Recombination_

~+- Laboratory values

 of k, have varied by
4 orders of '
magnitude!

Theory unreliable
(until recently)...

Problem (?): not
measuring H;* in
ground states
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T Storage ng Measure‘.f,j{ents
b ~ CRYRING |

L Injectlon

c Ieratlon
L syste

12.1 MeV

Electron
cooler

= Very simplé éxpérimént |
-+ Complete vibrational relaxation
- + Control H;* — e impact energy

Rotationally hot ions produced
No rotational cooling in ring



.. » Pulsed nozzle design
-« Supersonic expansion

« Spectroscopy used to

« - Skimmer employed to

Berkeley Supersomc Ion f-“-’ou rce,,'_,jf

2 atm ?

S|m|lar to sources for e A.
-~ laboratory spectroscopy
in Saykally group

Solenoid
valve

<. leads to rapid cooling -
. .= Discharge from ring B
- electrode downstream o

ring

characterize ions _ e

P Insulating
' spacer

minimize arcingto ring







Spectroscopy of _’;.3* Sou rce . .l

Infrared CaV|ty Rlngdown Laser o Conflrmed that
Absorptlon Spectroscopy

'_-_.‘.gH3 produced IS
. rotationally cold,
- asin: mterstellar
S medlum

Laboratory
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ConS|derabIe amount of
structure (resonances) in
the cross-section

k., =2.6x 107 cm3 s
Factor of two smaller

McCall, et al. By
Nature 422, 500 (2003) ESEE=E
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Llngerlng Questlons

. (Mlnor) dlscrepanC|es W|th theory
B theory is wrong?
— experiment is “wrong”?

* high magnetic fields (~300 Gauss)

* high electron density (~107 cm)
« perhaps ions don't stay cold?

*+ + Major discrepancies with other experiments
B — new stationary afterglow measurements

, — some flowing afterglow measurements

- » Present storage-ring results are “preferred”
L. — more control over ion preparation

— conditions closest to interstellar medium
— rough agreement with theory



Back to the Interstellar Clouds!

Steady State:

To increase the value of [H;"], we need:

- Higher ionization rate C

* Sn ller recombination rate constant k_

« Smaller electron fraction
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Back to the Interstellar Clouds!

Steady State:

To increase the value of [H;"], we need:

» Higher ionization rate

* Sn ller recombination rate constant k_

+ Sm: «er electron fraction [e7])/[H,]



Implications for C Persei

L
N(e)
= .><(kcm38'1 MH?’Tn —3-8-405—
C L 0 e ) ( :f y) N(Hz)

C L =8000cm s

Adopt Adopt
£=3x10"1" g1 L=2.1 pc

L =85pc §=1 2x10 > s:
(n) =6 cm3 (40x higher!)



A&A 417,993-1002 (2004) A stronomy
DOL: 10.1051/0004-6361:20035629
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H; and other species in the diffuse cloud towards { Persei:
A new detailed model

F. Le Petit!, E. Ri::-u-:ﬂl and E. He1bat

Parameters: n=100 cm?3, =42 pc T=60 K
Matches all observations within a factor of 3
{=2.5x1016 g1

— 10x canonical value

OH not a problem

-H"+0O0—>0"+H
endothermic by 227 K
— OH lowered: T—60 K 5
Still.underpredicts H;* N
— “Proof of concept” RIS E e
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"+ Better experiments!
— Improved spectroscopy of ion source

« Higher resolution & higher sensitivity
» Better characterization of ro-vib distribution

— Spectroscopy of extracted ions?

. - » More observations!
- — Search for H,* in more sightlines
» "Direct" probe of ionization rate

— Better observations of  Persei cloud
» Probes of cosmic-ray flux: C IV, He* ?
» Other atomic & molecular species (C.I, CO)
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