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ABSTRACT

Neutral lithium (Li) can be used for the control of hydrogen 
of fusion plasmas by forming  lithium compounds.  As a test 
bench for the lithium injection experiment, a prototype of Li  
evaporator was tested in a cylindrical chamber with radius 
of 50 cm and length of  100 cm . Radial and axial variations 
of densities of Li neutrals and ions are obtained  analytically 
for th is cylindrical device and compared with initial data . Li 
beams emitted from the oven are considered as a uniform 
source for the distribution, and Li ions are to be formed at 
the exit of the oven due to ionization by the background  
plasma. For neutrals and ions , classical diffusion is assumed.  
As for the boundary  conditions at the wall, Dirichlet and 
Neumann conditions are applied and compared each other .  
For the application to the toroidal devices, large aspect ratio 
is  assumed so that cylindrical approximation can be 
applied.  Effect of the background plasma and magnetic 
field will be mentioned in terms of flux toward the wall. 



Issue and Idea

Lithium beam/vapor in edge plasmas of fusion devices for
(1) Improvement of Recycling of hydrogen
(2) Improvement of Wall condition 

- reduction of heat load to plasma facing components, 
- reduction of impurity 

(3) Edge diagnostics

Experiments
(1)Tokamak ŘT11M, etc
(2)Spherical Tokamak ŘNSTX, etc
(3)Stellerator ŘLHD (to be planned), etc
(4)Linear devices ŘVEHICLE, LIGHT (NIFS), NAGDIS-2(Nagoya U.), etc

Analyses
(1)Deposition rate on the wall
(2)Reduction rate of hydrogen/oxygen/ etc
(3)Distribution of lithium Řdensity, flux, Z_effective , etc



This is an initial test to 

Set up simple fluid models to analyze 
linear and toroidal devices

Derive analytic solutions to check the 
trend of distribution of lithium neutrals 
and/or ions in linear device(s)

Apply to toroidal device for the 
deposition to the wall and for the 
variation of impurity level of core/edge 
plasmas due to lithium



LIGHT- Experimental Device
(Lithium Injection Getteringof Hydrogen and its Transport-1)
H. Tsuchiya, Y. Hirooka , N. Ashikawa , etc 
for Lithium Workshop Workshop (Jan. 2010, NIFS)



Proto-type of Lithium Vapor Injection Device
( ) by
H. Tsuchiya, Y. Hirooka , N. Ashikawa , (for Lithium Workshop, 2010, NIFS)
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H. Tsuchiya, Y. Hirooka , N. Ashikawa , etc 
for Lithium Workshop



Lithium neutrals injected by the 
evaporator to Neutral background 
(hydrogen/ other gases) should be 
treated as neutrals.

Lithium neutrals injected by the 
evaporator to background plasmas 
(hydrogen/ others) could be treated 
either as ions or neutrals.



LHD Divertor ne and Te by LTS: 
T. Morisaki et al., Plasma Science & Tech. 8 (2006) 14
Te = 0.8 ~ 1.2 keV (helical div.) , < 0.1 keV (local island div.)
Te = 8 ~ 20 eV (div. plate) 200~500 eV (rho = 0.94), 
Ne  = 0.4~1 e1019 m^ -3(div. plate), 2~4 e19 m^ -3(rho =0.94)



LHD Div. Ne, Te (HD:helical div.)
S. Masuzaki, et al. NF 42 (2002) 750

Te = 10~30 eV, ne = 1~ 10 e17 m^ -3
During H2 gas -puffing, or increasing 
Power absorption



Lithium beam injection to LID: 
Lithium can be treated as Neutrals 
although there is chance for lithium 
to be ionized.

Lithium beam injection to HD: 
Lithium should be treated as Ions.



Tokamak : Li Experiment in T11M : 
SV Mirnov , et al., PPCF 48 (2006) 821, ne = 2~4 e19 m^ -3, Te(0) = 400 eV
R = 70 cm, a = 20 cm, B = 1 T, Ip = 100 kA, 



Most of Lithium neutrals evaporated 
by the plasma flux are to be ionized, 
and  should be treated as i ons, or 
mixed particles of ions and neutrals.



Density/Flux Profiles of Lithium 
in Linear and Toroidal Devices



Schematic drawing of a lithium neutral experiment



Geometry for analytic model (Cylindrical device)



A test fitting of lithium experiment : Fluid(triangle, square) (Chung) 
Monte -Carlo(dotted), Expt (circle)(Tsuchiya)



3.1 Collisionless Model ( Li^o )



3.2 (Semi -)Collisionless Model ( Li^o )


