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ABSTRACT OUTCOME

eSmall-scale verification of the new technique of the active control of axial The clearest evidences of the helical mirror effect are 1.6-fold rise in the

losses of the rotating plasma in the helical magnetic field number of the confined particles and the suppression of the integral flux
e]1.6-fold increase in plasma density between the simple mirror and the through the end of the transport section.

helical one. The effective mirror ratio of the helical section was R, > 10 The flux towards the plasma source with the local density exceeding the

*Integral flux through the helical mirror drops below the detectable level. density of the flux in the forward direction was observed directly. This flux

o i ' ' ' iIrror towar . . s :
Particle tlux returning from the distant part of the helical mirror towards Is generated close to the axis in the qualitative agreement with the theory.

the confinement zone was observed.

o All fluxes scale linearly on the plasma density. In model it has the mean velocity comparable to the axial velocity of the

multiple mirror movement. Such flux by itself can be a source of the energy

BACKGROUND for the microinstabilities which lead to the anomalous scattering.

*Open trap with the reactor-grade plasma is achievable with specialized  presence of the anomalous scattering is required for the multiple mirror

sections for suppression of the losses along the magnetic field. confinement of the fusion p|asma to reduce mean free path.
eBasic method of suppression of the axial losses for the GDMT project is

_ . . Linear dependence of the experimentally measured particle fluxes on the
multiple-mirror confinement. , , o , _
_ . . . . . plasma density and higher level of the noise in the probe data in the helical
eThe idea of the helical mirror renews an idea of the moving magnetic , , o , ,
. . . . _ configuration may be the indirect evidences of this process.
mirrors and considers a flow of a rotating plasma through a linear static

magnetic system with a helical corrugation. =040 m

z=3.48 m

ePeriodical variations of the magnetic field moving upstream in plasma’s

© Straight
O Helical

reference frame transfer momentum to trapped particles and lead to

plasma pumping towards the central trap.

eImprovements over the multiple mirrors: the exponential dependence of L] e smien R
- O Helica 0 ’ ~
the confinement on the system length and the radial pinch of the ions. "0 ) A o4 ; o ;

r, cm

Typical radial profiles of the plasma density and fluxes

eConcept exploration helical mirror «SMOLA»: small-scale verification,
started in 2017.

Particles in the entrance tank 7=2.94 m z=3.48 m
4 40 20
Entrance tank | Transport section | Exit expander I % % . i % % % ) "9
_ ! _ B
Plasma Helical Straight Correction s, é § < 59 i i 0 | T © 40 mT
source Limiter winding solenoid coill  Limiter 9 z § N & S $ © 60 mT
2 3 A © 70mT
1 o 60mT 10 S eomt . 5 i %
I Z ;8 Imn¥ i o 70 mT: ug a down - %
% . . | O 1 1 1 1 1 1 1 1 ] 0 1 1 1 1 1 1 1 O
I I II ' le—_- = 7 0079 I 11 12 13 14 15 1.6 17 18 09 1 1,1 1,2 1,; 14 1,5 1,6 1,7 1,8 09 1 1,1 1,2 1,; 1.4 1,5 1,6 17 1,8
= BeavataciiitatintittiNilE e
TR Dependencies of the plasma density and fluxes on the corrugation ratio

BT B T [ | W T = - T~ BB |"f Particles in the entrance tank 7=2.94 m ) 7z=0.4 m
Probe,UV Coils Probe i 40 . 240
P b E . _ P b D S || © Straigh,up 4 down
rooeg, LIlis. D*Sp Prﬂbe MHCh rooe, * p' O Helical,up 4 down - o Straigh
2 30) 180 o Helical
>
=S % i < g i L | é § ¢
0 | 2 4 Z, m Z o i > i 3 ¢ %
: I 5 60 8
Layout of the SMIOLA device 3 o Suaight| | | 10 ? - _
o Helical - g = A 4 = 0 \ N \ \ I 1 )
0 : : ' ' ' ' 0 ! ' . . ' ' 0 10 20 30 40 50 60 70
M ETH O DS 0 10 20 30 40 50 60 0 10 20 30 40 50 60 Hydrogen flux, 10" s-!
Hydrogen flux, 10" s! Hydrogen flux, 10" s!

Main parameters Density dependencies of the plasma density, fluxes and potential

Asymmetric mirrors of the confinement zone: R = 8 (towards the plasma

| o CONCLUSION
source) and R = 3 (towards the transport section). Guiding field B, = 40—

- 1-1.7, density n = (1-4)-10% m3 eHigh rotation velocity and high mean corrugation ratio made it possible to

100 mT, mean corrugation depth R

mean

temperatures T, = 4 eV and T. = 30 eV, rotation velocity up to w = 1.2-106 s observe the effect of the helical mirror clearly and achieve effective mirror
i =~ e ~ ’ B '

ratio of the helical section R, > 10. Integral flux through the end of the

Focus of the experimental campaign section was below detectable.

Thorough investigation of the axial plasma fluxes in the transport section.

The detailed radial profiles of the plasma parameters were measured and *The flux of the particles which changed their direction in the helical mirror

was observed directly.

integrated in the assumption of the azimuthal symmetry.

e All fluxes scale linearly on the plasma density, even if the mean free path
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