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• Can we talk about collision mechanisms? 
• How could we define it? ( Even quantify it?, measure it? ) 

 
• HANDICAP: No trajectories (Quantum Scattering) 
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• How the collision outcome depends on the relative 
orientation/alignment of the reactants? What happens in the 
presence of quantum effects? 
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It is experimentally possible to prepare 
aligned and/or oriented reactants 



J. Phys. Chem. A 2023, 127, 418–438 

co-expansion beam 
experiments for which 
using Optical Raman 
Pumping is possible to 
prepare a pure |v j m=0〉  
state. m, determined 
regard to a laboratory 
frame (space-fixed). 



J. Phys. Chem. A 2023, 127, 418–438 

Zhou et al., Nature Chemistry, 14, 658–663 (2022) 
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Perreault et al., J. Phys. Chem. Lett. 2022, 13, 10912−10917 





Very stringent test for 
calculations 



 

• D2 + D2 
 

 

• He + D2 
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• Conclusions: 
• For both systems they infere the presence of an intense 

ℓ=2 resonance 
 

• For D2 + D2 only collisions between aligned-aligned 
molecules are relevant 
 



 

• D2 + D2 
• Inelastic collisions 
• 6D PES (probably rigid rotor 

also works) 
• No open-shell fragments 
• Very accurate PES 
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• He + D2 
• Inelastic collisions 
• 3D PES (probably rigid rotor 

also works) 
• No open-shell fragments 
• Very accurate PES 

 
 

 

• But cold energies require very high accuracy 
• And we need the machinery to make 

calculations for non-isotropic reactants 
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propagation axis of the molecular beam 
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propagation axis of the molecular beam 
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4-vector correlations (k-j1-j2-k’) 

3-vector correlations (k-j1-k’) 
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Average over the Experimental collision 
energy distribution 
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Experiments: Zhou, Perreault, Mukherjee, Zare,Nat. Chem. 14, 658 (2022). 
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SARP Laser 

Aligned • 38% in (v = 2, j = 2) 
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Although the experimental velocity 
distribution peaks at the ℓ =2 
resonance, the 3 orders of magnitude 
larger cross sections of the ℓ =1 
resonance makes it dominant 
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Experiments: Zhou, Perreault, Mukherjee, Zare. Science. 374. 960 (2021) 
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• Theory side 
• Scattering Calculations are wrong 

• Tested with different codes (different people). Similar results 

• What about the formalism? 
• It worked for other experiments. 

• What about the PES?  Unlikely  
 

 

• Experimental side 
• Something related to the velocity distribution? 

 



 

•
•

•
•

•
•

 

 

•
•

 

Perhaps we are not calculated what 
they are measuring 



• The shape of the DCS changes dramatically with the alignment 
of the intermolecular axis.   
 

• Experimental results can be  simulated from first principles for 
inelastic collisions.  
 

• Contribution of theory is important for the interpretation of the 
experimental results.  
 

• No agreement for He + D2. More calcs/expt are needed 



 
He + D2 : 
P. G. Jambrina et al. J. Phys. Chem. Lett. 2022, 13, 4064−4072 

 
 
D2 + D2 : 
P. G. Jambrina et al. Phys. Rev. Lett. 2023, 130, 033002 
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