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Complex plasma devices as thrusters or ion sources for fusion and their physical models at reduced size as the negative ion source NIO1 developedComplex plasma devices as thrusters or ion sources for fusion and their physical models at reduced size, as the negative ion source NIO1 developed 
b C i RFX d INFN LNL l l i lik il hi ldi i i b d bi l t d hi h d t bby Consorzio RFX and INFN-LNL, rely on several accessories, like coil shielding, cesium vaporizers, probes and bias electrodes, which needs to be y , y , g, p , p ,
separately tested both to avoid delays in the major source schedule and to better understand features of those accessories A simple plasmaseparately tested , both to avoid delays in the major source schedule and to better understand features of those accessories. A simple plasma 

t b i t ll d t d d d h b (fi 2 7) Ai i d f di f t fgenerator can be installed on standard pumped vacuum chambers (fig 2-7). Air is used as feeding gas for economy; moreover spectroscopy of g p p ( g ) g g y; p py
nitrogen allows for a determination of electron temperature T in much simpler and direct way than in the other gas cases Simple and directnitrogen allows for a determination of electron temperature Te in much simpler and direct way than in the other gas cases. Simple and direct 
di ti d ib d E i th t li it ti f f l l bl d (1016 3) d b i ht l b d d (Fi 7 8)diagnostics are described. Even in the present limitation of rf power level, reasonable dense (1016 m-3) and bright plasma can be produced (Fig 7-8), g p p , ( ) g p p ( g ),
with a large degree of inductive coupling and T about 4 eV (+/-1 eV) according to the still compelling scaling laws from global ionization balancewith a large degree of inductive coupling and Te about 4 eV (+/-1 eV) according to the still compelling scaling laws from global ionization balance 

d l O th th h d ill ti f th l t ti l ( ibl h l th T ) b t di d f ti f th il d bimodels. On the other hand, oscillation of the plasma potential (possibly much larger then Te) can be studied as a function of the coil and bias , p p (p y g e)
configuration and may indicate some residual capacitive coupling especially between with low power amplifiers Effect of these fluctuations onconfiguration, and may indicate some residual capacitive coupling especially between with low power amplifiers. Effect of these fluctuations on 
l t d i fl i id l i th i ti ti A i l ti d l i l d ib d (Fi 1 9 10)electron and ion flows inside plasma is worth investigation. A simulation model is also described (Fig 1, 9, 10).p g ( g , , )

A i th l t t ti lAzimuthal vector potentialAzimuthal vector potential  

(applied voltage on k-th turn)/2π( pp ed vo ge o u )/ π
Fi 4)Pl li ht i f d i id fib

M t i l d ti it f t bl
Fig 4)Plasma light is focused inside a fiber 
optic by a ll t l d b PVC t bMaterials conductivity from tables; many optic by a small telescope, covered by PVC tubeMaterials conductivity from tables; many 

plasma conductivity model [4] asplasma conductivity model [4] asp y [ ]

where
B rf magnetic flux density BBf rf magnetic flux density, Bs
static magnetic flux density, νc

Fig 3) Photo of the test-stand: oven and 
c
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vacuum connectionsangular frequencyParticle conservation lawsParticle conservation laws

Fi 5) Pl t i th t ti d i d i K (T ) i i i ffi i Fig 5) Plasma generator in the test ng0 input gas density, ng gas density, Kiz(Te) ionization coefficient
stand[6]: vertical section (some line g0 p g y, g g y, iz( e)

removed and gas tube displaced for 
Fi 7)Ion flow in the ambipolar regime: g p

visibility); dimension in mm.Fig 7)Ion flow in the ambipolar regime: y);

ambipolar flow velocityambipolar flow velocity 

Da(Bs) is the diffusion tensor; for low magnetized plasmasDa(Bs) is the diffusion tensor; for low magnetized plasmas

Metal wall b.c. with Bohm velocityMetal wall b.c. with Bohm velocity 

Energy flow [9]Energy  flow [9]gy [ ]
Fi 6) Th f d ( kFig 6) The faraday cage (now taken 

) d th t i i 60away) and the containing 60 mm 
di t l j ( l d bK thermal conductivity E ionization work per pair diameter glass jar (now replaced by a 

clean one)
Ke thermal conductivity, Eiz ionization work per pair, 

clean one)heating powerheating power

Webcam view area dashedWebcam view area dashed

Fig 8) Some 2016 results (power limited by amplifier) g ) (p y p )
for the optically [5,7,8] inferred temperature Te

394

( / 10%) I d i h l ((error +/- 10%).  Ion density ni has larger errors (a 
f t 2) i l t ti l fl t ti [1]factor 2), since plasma potential fluctuation [1] are 

preliminarily estimated over 10 Vpp and compensatedpreliminarily estimated over 10 Vpp and compensated 
only in part The small values of n are due to a filteronly in part. The small values of ni are due to a filter 

field and the drift distance and power limits; this makesfield and the drift distance and power limits; this makes 
electrostatic probe analysis even more difficult [2,3]electrostatic probe analysis even more difficult [2,3]

FIG 10) Electron temperature T in eVFIG 10) Electron temperature Te in eV. 
Level lines of L log (n /n ) with n 1Level lines of Lne= log10 (ne/n1) with n1=1 

3m-3 are also shown. Figure 1 The rf magneticTable 1 Results for Figure 1. The rf magnetic Table 1. Results for g g
fl d it lit dl i flux density amplitudeplasma; vacuum gives y pp ; g

R 0 07 hRt=0.07 ohmRt 0.07 ohm

FIG 9) The rf heating power Ph for I1=50 A and  p0
/2Fig 2) Some versions of Langmuir = 6 Pa; here w/2p= 2.14 MHz. Level lines of rfFig 2) Some versions of Langmuir 

probes used (fixed position near plasma
flux r | Aq | also shown

probes used (fixed position near plasma 
periphery) | q |periphery)


