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In diffuse molecular clouds, H3
+ production 

follows ionization of H2

McCall et al. (2003): CRIR along sight-line to z Per
zp(H) = 5 x 10–16 s–1

Indriolo & McCall (2012): Best-estimate of average CRIR 
zp(H) = 1.5 x 10–16 s–1
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The CRIR in diffuse molecular clouds 
revisited with detailed models

To compute the electron abundance more 
precisely, and to include the destruction of 
H3

+ by neutral species and of H2
+ by H, we 

need to model the structure of diffuse 
molecular gas clouds

In Neufeld and Wolfire (2017), we adopted a 
1-D slab model
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H3
+/H2 column density ratio

Key behaviors:

1) At large AV

N(H3
+)/N(H2) increases as

C+ recombines and the 
electron abundance drops

2) At large 𝜁

N(H3
+)/N(H2) decreases as

the ionization of H or H2
contributes additional 
electrons and H2

+ is destroyed 
by charge transfer to H 

Non-monotonic behavior also 
found by Le Petit et al. 2016

Neufeld and Wolfire 2017, ApJ,
with updates



Variation with cloud N(H2): 
Black points: clouds with direct 
measurements of H2 and density 
estimates from C2

Blue points: clouds without direct 
measurements of H2 but with  density 
estimates from C2

Marginally significant evidence for a 
decline in zp(H) with N(H2) or AV(tot)

Effect of shielding?

Consistent with the difference 
between the CRIRs derived for 
diffuse and dense molecular clouds 
(factor ~ 20)

The CRIR in diffuse molecular clouds 
revisited with detailed models

Neufeld and Wolfire 2017, ApJ, 
with modifications



From HCO+ (van der Tak 
& van Dishoeck 2000)
zp(H) = 1.1× 10−17 s−1

From H3
+

zp(H) =  2.7 ± 0.6 × 10−16 s−1

(with marginal evidence for
decline with AV(tot))

What CRIR is inferred from observations of 
the local ISM?

Cloud types in the ISM (Snow and McCall, 2006, ARAA)



Next step: models in which the CR 
ionization rate varies with depth

Adopt a depth dependent ionization rate of the form 

𝜁 =
𝜁!

(1 + 𝑁"𝑁!
)#

Create a grid of models for each cloud (in which the 
CRIR varies with position)

Vary 𝜁", 𝑁" and α to obtain the best overall fit to the 
observed N(H3

+)/N(H2) in a sample of 12 clouds of 
known nH and N(H2)



Goodness of fit 

Upper panel: 
rms log10 deviation 
for the optimal 𝜁"
at each a and N0

a = 0 disfavored at 
~ 2.5 s level

Lower panel: 
optimal 𝜁"
at each a and N0



Next steps
Additional searches for H3

+ absorption under way at 
IRTF (led by Nick Indriolo)

DR rate for rotationally-cold H3
+ to be measured at the 

new CSR storage ring in Heidelberg (H. Kreckel and 
collaborators)

Astrophysical models for N(H3
+)/ N(H2) in a turbulent 

multiphase medium (e.g. B. Godard et al.)

Compare with other tracers of the CRIR in less shielded 
gas (OH+; led by Arshia Jacob) and also more shielded 
(e.g. Session 1-b in this meeting)


