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Basics of terrestrial fusion?  

d-t fusion (more efficient)  
T=150 mil K 
Alpha-particles and neutrons carry  
most of the energy  

Fusion on earth (Controlled fusion!)  
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magnet 
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Plasma heating 

(rf, microwave, . . .) 

Schematic magnetic fusion reactor 
ITER, DEMO 
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PMI strategy is evolving thru ITER towards DEMO reactor 
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Divertor chamber 

DEMO (> 2030?):   
ÅSteady-state, power flux ~ 10 MW/m2 

ÅHot walls (>600 C )  

ÅRefractory metals 

ÅNeutron irradiation 14.1 MeV (~ 100 dpa) 

Parameter range inaccessible in present devices  

F valid extrapolation needed! 
  

ITER  (> 2020) uses multi-matl walls 

Pulses ~ hundreds of sec 
~Be Main chamber wall(700m2 ) 

Low Z + oxygen getter 

~W Baffle/Dome (100 m2) 

Funnels exhaust to divertor chamber 

Low erosion,  long lifetime 

~ C Divertor Target  (50 m2) (Graphite) 

 Minimize high-Z impurities 

 (which lead to large radiative losses) 



Atomic physics for magnetically 

confined fusion: Where does it meet the 

planetary science?  

-  17 Mev per d+t  fusion in plasma core   
(> 50 mil. K) ; 80%  transferred by n to Li  
blanket which fuel t; 20% carried by a,  
1/ 4 supports the plasma, rest needs to be  
exhausted by e, p, a  via atomic inelastic  
processes:  
 
-  SOL plasma  ( 50- 300 eV), absence of  
neutrals and molecules,  electron - impurity ion  
processes, radiative  plasma cooling  

 

- Divertor region, 50 - 1 eV, 1014 -15 cm3,  

H, H2 dominant, He, He+,++ , impurities;  

neutral particle transport, helium removal,  

recombination, collision with surfaces: 

Key for thermal power exhaust problem 

Planetary science is in  
a lower, partially overlapping  
region of collision energies!  



Guiding principle: 

 If Edison had a needle to find in a haystack, he would proceed at 

once with the diligence of the bee to examine straw after straw 

until he found the object of his searché I was a sorry witness of 

such doings, knowing that a little theory and calculation would 

have saved him 90% of his labor.  

ïNikola Tesla, New York Times, October 19, 1931 

Shooting data at random approach to a large categories of atomic 
data for fusion (excited states, molecules,é) is becoming 
prohibitively slow and costly, programmatic problems, funding 
problems.  

Need clearly to identify  the problems, data needed and 
accuracy 5 

LET US THINK!!!  



Model validation  is usually defined to mean òsubstantiation that a  
computerized model within its domain of applicability possesses a  
satisfactory range of accuracy consistent with the intended  
application of the model.ó (Schlesinger at al 1979 ).  
  Comparison with experiment  :: qualitative toward quantitative  
  Calculation needs to mimic the experiment as close as possible  
 

Model verification  is often defined as òensuring that the computer  
code of the computerized model and its implementation are correctó. 
Code testing against simple models; Overlap of different adjacent time and spatial  
scales by various methods  
 
 

Uncertainty quantification  science tries to determine how likely  
certain outcomes are if some aspects of the system are  
not exactly know.  
Here: Model parameters may vary between different instances  
of the same object for which predictions are sought.  
 Example: Monte -Carlo approach to trajectories over the surface  

What are the requirements for of the computer simulation  
and modeling of the atomic data?  



In fusion plasma 

1. Typical for the divertor region is formation of the molecules, particularly H2, H2
+, 

hydrocarbons (if carbon facing plasma material), vib-rot excited, metals, inert gases,é  

2. Huge increase of the cross sections (as n4 for charge transfer) necessitates 

      electronically excited atomic and molecular states!!! 

3. Vibrationally resolved collisions  for volume plasma recombination schemes MAR 

      and MAD  for  hydrogen and hydrocarbons;  For in frared emission  p lasma 

      diagnostics; For CR models of H2/D2 plasma.  

4. High rotational temperatures of hydrogen molecules indicated!!! 

5. Tritium codeposition in tokamaks (with carbon, with tungsten around grain boundaries, too) 

closely linked with the plasma chemistry relevant molecules in plasma. 

 

6. EXAMPLES from carbon chemistry 



D. Coster  et al, D. Reiter et al, H. Summers et al, others?  

Also: 

Why does fusion/plasma need accurate atomic physics theory? 



Overview of reactive heavy -particle  
processes we are interested in this CRP  
 
Special stress on molecules  
Challenging in the environment of r educed funding  

REMINDER:  
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Proton  impact of molecule  

Exc elec vib 

Dissoc 
Double  ion 

Charge transfer  



2 2

2 2

2

( ) ( ')

( ) ( ')

( )

H H v H H v

H H v p H v

H H v p H H

+ +

+

+

+ ­ +

+ ­ +

+ ­ + +

Processes with molecular ion  



2 2

2 2

2

2 2 2 2

2 2 2

( ) ( ')

( ) ( ')

( )

( ') ( ") ( ''') ( "")

( )

H H v H H v e

H H v H H v

H H v H H H

H v H v H v H v

H H v H H H

-+ ­ + +

+ ­ +

+ ­ + +

+ ­ +

+ ­ + +

Numerous other processes with molecules  



2 2 3( ') ( ) ( ")H v H v H v H+ ++ ­ +

 
DE, DR, branching ratios with electrons  
 
D, DCT with H  
 
 

Creation of H 3
+ 

3H+
Series of interesting reactions:  
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Processes with vibrationally  and  
rotationally  excited hydrogen molecules  
 
What can we do here  

Vibrational done in good extent!  
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WHAT HAS BEEN DONE  WITH VIBRATIONAL RESOLUTION?  

ÅComprehensive  QM calculations of cross sections,  

Åon the ñsame footingò 

Å0.5-100 eV collision energy  

EXC 

CT 

DISS 

EXC 

CT 

DISS 

ASSOC 

ASSOC 

+ENERGY&ANGULAR SPECTRA (DISS) 
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 Fragments  of H 3
+: (H2,H2

+,H,H+) 

g 

R 
R 1 

R 2 

H 
+ 

H 

H 

IOSA :  g  "frozen"  

r  

Geometry 

The approximation: 
Sudden approximation for target  
rotations (IOSA): g frozen 

Cross sections averaged over g  

By understanding the underlying physics FIRST  
(What to expect?)  
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and, similarly,  

for H+H2
+ 

Place of events: H3
+ 

Two lowest electronic surfaces 

HOW ?  NOT ROTATIONAL DYNAMICS INCLUDED?  

Angular average of the cross section!!!  
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ñBattle field of hydrogen molecule: 

Two-electronic, strongly coupled potential-surfaces of H3
+; Reactive 

Physics highly dependent on projectile-diatom angle; Reactive at small ɔ 

Reactive at very large r for large ɔ 

Need large config space (40 a.u.) 

Violent coupling (CT) 

Need trans to diabatic  

representation 
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II  IV  
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Dissociation 

Charge transfer 

g =85 
0 

Physics in direct channel   

Dissociative continuum discretized  

Extensively rich  

ÅWe describe both electronic and 
nuclear motion quantum - 
mechanically 
 
ÅSolve resulting Schr ödinger  
equation by expanding in diabatic 
vibrational basis  
 
ÅSeveral hundreds states to 
converge  

VIBRONIC REPRESENTATION:  


