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Motivation

 Trapped minority 
ions induce a 
poloidal electric 
field causing 
localized HFS 
asymmetry on the 
ICRH resonance 
surface
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[R. Bilato NF14, M.Reinke PPCF12]

Main driving mechanims in the tokamak plasma

Steady state is described by the parallel force balance equation

    Bulk ions and light impurities - dominated by
    Non-maxwellian particles - contribution from the mirror-force
    High-Z (i.e. heavy) impurities - add the centrifugal force (CF) 
                                                    and  the parallel electric field (EF)
Finally, densities of all species 
are connected via quasineutrality 

CF is produced by fast toroidal rotation in NBI heated discharges
EF is created by trapped minority ions in ICRH heated discharges  

Tungsten is a promising material for the plasma facing
 components of fusion reactors:
    High melting temperature
    Low errosion and sputtering
    Acceptable tritium retention
However, W is a significant source of radiation losses
    at c  > 2 10  Lawson criterion cannot be fulfilled
Effect of poloidal asymmetries on the neoclassical and turbulent 
transport were predicted [Fulöp PoP11,Angioni PPCF14]
However, experimetal verification is necessary   

1.0 1.2 1.4 1.6 1.8 2.0 2.2
R [m]

1.0

0.5

0.0

0.5

z 
[m

]

Shot:30812 , time: 4.51490s

0

2

4

6

8

10

12

14

16

P
o
w

e
r 

[k
W

m
−
3
]

0

10

20

30

40

Midplane profile cut

ICRH 
resonance

ICRH 
resonance CF model

Measured
asymmetry

1.0 0.5 0.0 0.5 1.0
ρθ (negative for HFS)

0.2 0.4 0.6 0.8 1.0
ρθ

0.00

0.25

0.50

0.75

1.00

0.25-

[k
W

/m
3

]

shot:30812, 4.654s

HFS LFS

CF+EF model

S
X
R

1.0 1.2 1.4 1.6 1.8 2.0 2.2
R [m]

1.0

0.5

0.0

0.5

z 
[m

]

Shot:30812 , time: 4.65410s

0

5

10

15

20

25

30

35

40

P
o
w

e
r

[k
W

m
−
3
]

ion cyclotro
n resona

nce

Centrifugal force induced asymmetry

Parallel electric force induced asymmetry 
  Rare, can be observed in low density discharges with high 
power LFS ICRH heating

Tungsten asymmetries in AUG plasma
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Conclusions and perspectives

Radial impurity transport

A B

Tungsten flux in the plasma core is dominated by the neoclassical transport
Pfirsch-Schlüter (PS) flux for Z >>1 including arbitrary asymmetry is:

where P  and P  depend on the impurity asymmetry

[Angioni PPCF14, Casson PPCF14]

Poloidal asymmetries of heavy ions leads to enhancing
 of the PS flux or alternatively to its reductions and reversal

Effect on the anomalous transport is smaller and the flux 
direction will be unaffected

 PS flux of main ions
 [R. Dux]

Change in the tungsten density profile

Our experiment
#30812 4.65s

W concentration profile was changed 
from peaked to hollow
    Other explanations like core MHD was excluded

Asymmetry in our experiment  has 
reached the point of
the reversed PS flux
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 The centrifugal force 
produces  LFS 
asymmetries 
increasing with 
distance from core
and growing with the 
square of the heavy 
ion Mach number

P

PS flux is composed from two competitive fluxes, flowing 
from LFS and HFS (left fig.)

  The asymmetry is calculated via precise tomographical 
reconstructions of the Soft-X-Ray (SXR) radiation
  Relation between SXR asymmetry    and W asymmetry

Grow of the asymmetry was
 interrupted by a sawtooth
crash, therefore stationary 
asymmetry and consequent
        outward flux could be even larger  

  Common, observed in every neutral beam heated discharge

Change in W density profile
correlated with change
 in the poloidal asymmetry

The existence of the centrifugal and poloidal electric force induced 
asymmetry was successfully demonstrated in AUG

A parameter space of the large HFS asymmetries was identified 

The initial study of the tungsten transport effects was done and 
advanced simulations based on GKW and NEO code will follow

In the next AUG campaign, dedicated experiments focused on 
enhancing the HFS asymmetry and consequently also effects on the 
impurity flux are planned.

The goal will be to disentangle effects of the asymmetry and changes 
in the kinetics profiles of the bulk ions on the impurity transport


