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1. In the interstellar medium (ISM), in cool stellar and in various 
planetary atmospheres, astronomers extensively observe and identify 
different atoms and molecules.

2. These molecules are detected through emission and adsorption of 
electromagnetic radiation. 


3. The radiation and its interpretation provide astronomers with valuable 
information about astronomical objects.
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1.  In order to obtain correct interpretation of different physical and chemical 
processes in the areas of interest in ISM it is important to know: cross 
sections and thermal rate coefficients of all microscopical processes  in 
the population of emitting and adsorbing atoms and molecules.
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Few - Body  Atomic  Collisions
1. 

2.                                   PES for .


3. 

4.                               PES for .


5) 

6)    PES for  or  .


7. Water: ;  ;  at 2K - 1000K.

8. 3-Body Recombination:        .


H + H2(v, j) → H2(v′￼, j′￼) + H
H + HD(v, j) → HD(v′￼, j′￼) + H H3

He + H2(v, j) → H2(v′￼, j′￼) + He
He + HD(v, j) → HD(v′￼, j′￼) + He He + H2

H2(v1, j1) + H2(v2, j2) → H2(v′￼1, j′￼1) + H2(v′￼2, j′￼2)
H2(v1, j1) + HD(v2, j2) → H2(v′￼1, j′￼1) + HD(v′￼2, j′￼2) H2 − H2 H4

H2O + H2 H2O + HD HDO + H2
H + H + H → H2 + H
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V( ⃗r1, ⃗r2, ⃗R ) = V(r1, θ1, r2, θ2, R, ϕ2) = V(θ1, θ2, R, ϕ2)



A Pure Quantum-Mechanical Approach:

rigid rotor model
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RESULTS
 HD + ortho-  , HD + para-   ,  


Original H2-H2 PESs: DJ (2000), BMKP (2002), R. Hinde (2008).
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RECENT RESULTS: HD + H2, H2  +  H2
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HD ( j1=1) + para - H2 ( j2=0):   (10) - (00) 
with BMKP PES  (CPL 436 (2007) 19–24). 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10-00 
(J. Phys. B 49 (2016) 015203)

R.A. SULTANOV, 7/20/2023
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           HD(0) + H2(2) → HD(2) + H2(0)
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HD + HD   Collision
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HT + HT      and    DT + DT  Collisions
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HT + HT   Elastic / Inelastic Scattering
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DT + DT   Elastic / Inelastic Scattering

(calculations in progress…so far) 
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Thank You for Your Time & Attention!

• PLEASE LET ME KNOW IF YOU HAVE QUESTIONS!

• Thank you very much!

• EMAIL #1: rsultanov@odessa.edu

• EMAIL #2: r.sultanov2@yahoo.com
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