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How does life in the Universe begin? 
Stars are born in 

molecular clouds 

Planets are born 
around stars in 

protoplanetary disks 

Prebiotic molecules 
left over in the cloud 
may be delivered by 

comets to planets 



Cold (T = 10 K) 
Low density (nH =104 cm-3) 

 Implies 

More about molecular clouds 

Ion-neutral chemistry 
Binary reactions  

Mostly H2 

180+ molecules have been found. 

3/4ths contain carbon! 



Formation of CH3
+ is first step towards complex organics. 
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What are the chemical pathways 
towards life? 

C+ + H2 



How does CH3
+ form? 



Prior Data for C + H3
+ 
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QM calculations beyond current theoretical abilities. 
No lab data exist at molecular cloud temperatures. 
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C- source 

Laser 
C beam  

Our merged-beams apparatus can study 

C + H3
+ → CHn

+ + H3-n 

H3
+ source 
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C + H3
+ Thermal Rate Coefficient 

Classical	  
Scaled	  Classical	  

Semiclassical	  

Semiclassical	  

Prev.	  work	  

O’Connor	  et	  al.	  2015,	  ApJS,	  219,	  6	  
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Kinetic Database for Astrochemistry 
(KIDA) 

•  ~500 chemical species 
•  ~7000 reactions 
•  We input our new data 

Wakelam	  et	  al.	  2015,	  ApJS,	  217,	  20	  



The general form for a binary reaction is: 
 
 
We can write a rate law for the reaction: 
 
 
k = rate coefficient 
n1 and n2 = number densities of species x1 and x2 
 
 

How does the model work? 



Now, the model treats each rate law as a differential 
equation: 
 
 
 
The model solves all 7000 coupled differential 
equations numerically 
The model then returns the density of each species as a 
function of time 

How does the model work? 



Inputting our data 

KIDA defines rate coefficient as a function of 
temperature by the Arrhenius-Kooij equation: 

 
 
 
 

Data is fit to this function to input into model 
 
 



Arrhenius-Kooij fit cannot fully 
describe temperature dependence 
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Trying a new fit 

We then used a different function to fit the data, an 
extension of that proposed by Novotný et al.: 

Novotný	  et	  al.	  2014,	  ApJ,	  792,	  132	  



Novotný fit better describes 
temperature dependence 
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Initial parameters and abundances 

•  Cosmic Ray Ionization Rate (10-17 s-1) 
•  Visual Extinction (30) 
•  Temperature (10-300 K) 
•  Number Density of Hydrogen (103-107 cm-3) 
•  Initial abundances (Wakelam et al. 2015) 
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Experimental reduction of uncertainty 

Old uncertainty: 
 
 
New uncertainty: 
 

x 2 

x 1.13;  x 1.18 

How do the new data impact the network? 



Tracking uncertainty 

Given a rate coefficient k and an uncertainty σ :
•  Input: kσ       Output: χupper 
•  Input: k/σ  Output: χlower 
•  Track log(χupper/χlower) to measure uncertainty. 
•  If |log(χupper/χlower)|> 0.3, it’s considered 

“significantly uncertain.” 



Reduction of uncertainty in network 
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Uncertainty reduction for observed species 
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Conclusion 

•  Fit the experimental 
data to functional form 

•  Implemented the fit 
into the model 

•  Used new data to lower 
uncertainty on model 

•  Lowered uncertainty 
allows us to better 
model formation of 
complex organics 

•  Fitted data can be used 
for other environments 

Future Work 
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Reduction of uncertainty across many 
temperatures and densities 


