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Supra-thermal ions in the Mega Amp Spherical Tokamak (MAST) excited a range of 

instabilities, including bursting modes with toroidal mode number n =1 whose high frequency 

(several tens of kHz) combined with a rapid rise and decay in mode amplitude (on a timescale 

of ~2-3ms) led to them being referred to as “fishbones”. The mode frequency rapidly drops 

(“chirps”) during the burst to a value comparable to the plasma rotation frequency. During 

this chirp fast ions are expelled from the plasma core region in which the mode is excited. 

Fishbones can be detected remotely using coils outside the plasma and through fluctuations in 

soft X-ray (SXR) emission detected using a set of cameras each of which has a range of lines-

of-sight. The tangential camera has horizontal lines-of-sight in the plasma midplane. The SXR 

emission is optically thin thermal bremsstrahlung, and in the case of the tangential camera n = 

1 SXR emission associated with fishbones can be represented as an Abel transform of the 

local fluctuating emissivity, which can thus be obtained from the measured intensities for 

different lines-of-sight by evaluating the inverse transform. Digital demodulation is used to 

remove the carrier frequency from the soft X-ray measurements and to determine the relative 

phase of the oscillation for different lines-of-sight. This makes it possible to optimize the 

photon statistics and to obtain the fishbone eigenfunction in the midplane. Figure 1 shows 

results obtained for a time at which 

the magnetic axis lay at Rmag  

0.93m. Early in the burst, the 

“phase axis”, at which the mode 

amplitude changes sign, lay at 

1.05m, whereas later the phase axis 

moved inboard to R  Rmag. When 

first excited the fishbone is an 

energetic particle mode (EPM) 

whose properties are determined by 

fast ions that are rotating toroidally 

in the co-current direction at ~2000 

kms-1. In the fast particle rest frame, 

the effective magnetic flux surfaces 

are shifted outboard [1], along with 

the phase axis of the EPM. Later in 

the burst many of the fast ions are ejected from the plasma core by the fishbone, which thus 

transitions to a thermal plasma mode, with a phase axis  Rmag. Abel inversion of the fishbone 

SXR emission thus provides insights into the complex interaction of fast ions with the plasma.     
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Figure 1. Amplitude of soft X-ray fluctuations versus major 

radius R and time during fishbone in MAST pulse 29976, 

calculated using Abel inversion of soft X-ray emission.  
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