
HOW IT HAPPEN… 
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Electron distribution is compressed in longitudinal direction with rise 
of electric field

ГE ~ exp (- ED / 4E), ED ~ ne / Te;     γw~ nres ,   Гw ~ - exp (exp(- ED / 4E) )

Eigen frequencies of plasma (Langmuir) oscillations:
LF - ωpi ≤ ωlf ≤ min (ωpe, ωbe);       HF - max (ωpe, ωbe) ≤ ωhf ≤ (ωpe

2 + ωbe
2)1/2 

Stationary distribution function
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Electric conductivity. Critical electric field

Electric conductivity  depends on 

parameter

σ = σ(E, Ne, B, Te, Zeff)

Positive feedback between current and electric field in “abnormal” regime

provides necessary conditions for oscillations up to current disruption

1994, V.I. Poznyak et al. Proc. in 15  Int. 

Conf. on Plasma Phys. and Contr. 

Fusion, Seville, Spain,

Nuclear Fusion, 1995, v. 2, p. 169; 

1995, Proc. in ECE-9, Borrego Springs, 

California, p. 137; 

1 – “classical”  conductivity 

2 – «runaway» regime

3 – regime of saturation

4 – “abnormal” dependence
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Duration of resonance is essentially

more near equatorial plane (at the

vicinity of points on LFS and HFS)

Limitation of total electron energy

on magnetic surface excludes

plasma wave generation outer

relaxation zone
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Small shear zone has finite size in

consequence of fast electrons

location into rational zone

V.I. Poznyak et al., ECE-14, Santorini,

Greece, 2008
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Boundary conditions for plasma waves

q=1

Small shear at the vicinity of rational

magnetic surface ensures long

conservation of angle between wave

vector and projection of electron

velocity on magnetic field direction

Magnetic field topology determines

location of resonance zone for

plasma waves. Those peculiarities

synchronize process along small

radius and simulate “reconnection
of magnetic force line”. Local values

of current poloidal field drop and

“solar prominence” bears

h ~ 1 – 3 cm,   l ~ 100 – 300 cm 
as was measured on TEXTOR by
ECEI
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Spectrum of plasma wave is determined by

value of electron density at q=1 zone on LFS

V.I. Poznyak et al., Strong Microwaves in Plasmas,

1997

At relaxation zone – distribution function is

stationary but plasma is unstable

Outside – distribution function is not stationary

but plasma is stable

32q=2 3/2 3/211

Unstable form of spectrum

t, ms f, GHz
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Condition of 

bifurcation

Vϑq=1 ≈ Vdr

Vϑ1

Vϑ2
Vϑ2+

Vϑ1 = Vdr = 1

ne (R) = const

Ti (R) = const

Vdr (R) = const

rq=1 / rq+=1 = 2

Sq=1 / Sq+=1 = 4
Vϑ = VΔjϑ → Δjϑ ~ jϑ

Vϑ2,3(q=1) = 0.5

Vϑ(q=1+) = 2 

Vϑ2,3 (q=1+) / Vϑ2,3(q=1) = 4

Собственные частоты

ωq = 2π(viВ▼В / 2rq)

ω q=1+ / ωq=1 = 2

Vdr

Rhythm of motion is odd
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t, ms

# 36055

Δ = - 1 cm

Δt  = 15 μs

«Thin structure of oscillations

r, cmq = 3/21 11 12 12 112 23/22 3/22 3/21
14 14

Trad, keV

t, ms

floc ~ 3.6 kHz f1
1/1 ~ 6.1 kHz

floc ~ 3.6 kHz δ ~ 90 μs 

f1
1/1 ~ 6.1 kHz  δ ~ 45 μs     



Trad, keV
t, ms

# 36055

Δ = - 1 cm

Δt  = 15 μs
“Thin structure” of oscillations

r, cmq = 3/21 11 12 12
112 23/22 3/22 3/21

14 14

floc ~ 3.1 kHzfloc ~ 2.9 kHz

floc ~ 2.9 kHz δ ~ 90 μs 

floc ~ 3.1 kHz δ ~ 90 μs 


