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1. Introduction and motivation
 Auxiliary heating or fusion products  suprathermal particles that drive the 

Alfvén modes unstable [1,2]  degradation in high-energy particle confinement

 Toroidal Alfvén Eigenmodes (TAE):

 Gap mode oscillations – interference between 2 poloidal harmonics

 Low damping rate (in comparison to Aflvén continuum)

 Currently open questions [2]:

 Non-linear behavior of Alfvén Eigenmodes (AE) in toroidal devices

 Effect of Resonant Magnetic Perturbations (RMP) and AE instabilities on 

fast particle confinement

 Tokamak COMPASS  flexible RMP configuration + recent observation of 

Alfven-like oscillations with unclear driving mechanism
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2. Experimental arrangement on the COMPASS tokamak

3. COMPASS plasma eigenmode oscillations

 Small tokamak  flexible operation

 ITER-like geometry.

 H-mode discharges:

 Fully ohmic H-modes.

 NBI-assisted H-modes.

 Equipped with RMP coils.

4. TAE-like parametric scaling
 Frequency of observed oscillations –

variable in time with discharge params.

 Frequency of TAE oscillations expected to 

scale as [1]:

 This study – scaling approximation of:

5. Travelling-wave character
 Alfvén-wave oscillations – travelling 

along magnetic field-lines + Doppler 

shifted by plasma rotation [5]:

 Typical MHD oscillations – rotating 

with bulk plasma.

 COMPASS equipped with stationary 

RMP field circuit.

 Interaction of tearing mode with RMP 

field  generation of locked mode 

localized braking of plasma rotation.

7. Conclusions

6. Mode correlated with runaway electrons
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R0 = 0.56 m

a = 0.2 m

Ip < 0.4 MA
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Cross-spectral density of signal x to y

Auto-spectral density of signal y

 Oscillations of 50-250 kHz spectral 

range reported during COMPASS 

ELM-free H-modes [3].

 Observations – analogue-integrated 

magnetic sensors  low-pass filter of    

f < 300 kHz.

 Present in both NBI-heated and ohmic

H-modes:

 Eigenmode oscillations on HFS 

identified as TAE [3].

 Eigenmode oscillations on LFS 

identified as BAE [3].

 LFS oscillations also observed by 

electrostatic reciprocating probes. 

 Recently – measurements by non-

integrated sensors:
 Mirnov coils of fNyquist < 1.0 MHz.

 U-probe [4] coils of  fNyquist < 2.5 MHz.

 High-frequency oscillations detected 

on HFS.
 In both H-mode and L-mode plasmas.

 Continuous across L-H and H-L 

transitions.

Plasma current

Line-averaged 

density

H-mode H-mode

L-mode
L-mode

Acknowledgements

Scaling curve

L-mode
H-mode

L-mode

H-mode

L-mode discharge

L-mode oscillations 

scale as TAE.

COMPASS RMP field 

generation circuit

Locked mode 

phase

Detail of low-frequency oscillations showing 

braking of tearing mode

Tearing mode
Locked 

mode 

phasePersistence of high-frequency 

oscillations during locked 

mode phase indicates their 

travelling-wave character

W
id

e
 r

a
n

g
e

 o
s
c
ill

a
ti
o

n
s

Oscillations = fluctuations 

of magnetic field

Detected by small coils

MC coils – good 

responsivity to high 

frequency signals (up to 1 

MHz)

Movable U-probe [4] manipulator 

with coils capable of detection of 

2.5 MHz oscillations  

 Low density discharges  generation of runaway electron beam.

 Under these conditions – observation of oscillations in the spectral range                 

f = 0.7 - 2.5 MHz.

 Oscillation frequency follows TAE parametric scaling.

 Dedicated experiment – increase gas puff during current ramp-up phase in 

order to mitigate the runaway beam  chirped oscillations no longer present.

Photo-neutron detector 

 indicator of high-energy radiation

Cherenkov detector measuring 

electrons in energy range of 50-

260 keV

Black – discharge #9905 with 

runaway electrons

Blue – discharge #9906 with 

less runaway electrons
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 Recent measurements using non-integrated magnetic coils  observation of 

wide range of high-frequency oscillations in COMPASS plasma.

 It was found that these oscillations:

 Are present in bot L-mode and H-mode plasmas (unlike those previously 

reported in [3]).

 Show TAE-like frequency scaling with discharge parameters.

 Suggest travelling-wave character.

 Highest-frequency oscillations  data suggest their driving mechanism 

includes runaway electron beam.

 Driving mechanism of the rest of oscillations still unknown  MHD modelling 

necessary.
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 Good coverage with magnetic diagnostics. 

 Oscillations detectable as coherence 

between detection coils:
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