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1. Introduction 

Disruptions with low radiation levels can cause significant heat loads during vertical 

displacements in the current quench phase as seen in JET with its ITER-like wall [1]. 

Experimental observations have shown already more than 20 years ago that such heat 

fluxes are related to the halo currents generated in the region of open field lines [2]. The 

DINA code [3] has been updated recently to include convective power losses in the halo 

region in addition to the losses from radiation. This is done by including parallel heat fluxes 

in the power balance of the form q∥ ~ neTecs. If radiation is negligible, q∥ will be a 

significant loss channel for the magnetic energy. It will be shown in this paper that this 

has important consequences for the current quench dynamics and the heat loads to be 

expected for ITER.   

2. Implementation of parallel transport in the halo region 

The plasma temperature during the CQ is the quantity defining the disruption dynamics as 

it determines the plasma resistance and, 

therefore, the CQ duration. A standard way to 

calculate the plasma temperature and density is 

solving heat and particle transport equations. 

Unfortunately, disruption simulators with flux 

surface averaged transport equations cannot take 

into account the parallel part of transport in the 

region of open flux surfaces. Nevertheless, by 

assuming that the halo region acts similar to a limiter scrape-off layer (SOL) we can 

establish a power balance on each flux surface. In contrast to the standard SOL, the power 

entering the halo region is generated through ohmic heating (POH) by the halo currents 

Figure 1: Core plasma and halo region cross 

section 
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rather than by perpendicular transport. The two loss channels are radiation (Prad) and 

convective parallel heat fluxes: 

 haloP
q

A

   (1) 

with Phalo = POH - Prad and A⊥ being the perpendicular cross section of the halo region (see 

Fig. 1). Then from the power balance it follows that: 
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with Spitzer resistivity ηspitzer, halo current density jhalo and radiation rates Lk. The sheath 

limited regime is considered here to calculate the parallel heat flux density: 
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where cs is the sound speed, γ is the heat transmission coefficient (γ = 7 is chosen for the 

simulations presented here) and kB = 1. 

3. Modelling results 

Vertical displacements of the plasma column do not only occur during vertical 

displacement events (VDEs), but are also observed in the current quench phase of major 

disruptions (MDs). An example of a DINA simulation of an unmitigated MD of a 15 MA 

ITER baseline discharge is shown in Fig. 2. This simulation takes into account radiation 

from beryllium only, which is a weakly radiating impurity. The additional loss channel 

through the parallel heat transport results in a faster dissipation of the magnetic energy and 

therefore in a faster current quench compared to the case that takes only radiation into 

account (Fig. 2a). Due to the faster current quench, the toroidal halo current is also slightly 

reduced. However, the evolution of the poloidal halo current that causes forces on the 

vacuum vessel and in-vessel components in ITER depends also on the evolution of the 

safety factor and values are found to be close to those of the previous DINA version 

without parallel losses. A radial profile of the electron temperature and the parallel heat 

flux density is given in Fig. 2b. 

The resulting forces and heat loads of radiation-less disruptions will require a reliable and 

effective mitigation scheme [4]. The ITER Disruption Mitigation System is foreseen to 

inject highly radiative impurities like neon or argon to enhance the radiative dissipation of 

thermal and magnetic energy. 

To assess the required impurity quantity for sufficient current quench mitigation, a neon 

density scan has been performed (see Fig. 3). The fraction of radiated energy frad = Erad 
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/(Erad+Econv) stays high for a large range of neon densities, but drops rapidly below around 

1018 m-3. At these densities the energy loss through parallel convection starts to dominate 

and the halo temperature rises quickly (see Fig. 3(b)). However, already at higher neon 

densities the parallel losses accelerate the CQ significantly compared to the case without 

these additional losses.  

  

(a) Evolution of the plasma current and the toroidal halo 

current. 

(b) Profiles of electron temperature and 

parallel heat flux density at t=140 ms 

Figure 2: An example of a MD in ITER as simulated with DINA for nBe = 1019 m-3 

  

(a) Radiated energy fraction, CQ duration and 

parallel heat flux. The black dashed line is the CQ 

duration without q∥ for comparison. 

(b) Peak halo temperature at the last closed flux 

surface and poloidal halo current 

Figure 3: Neon density scan 
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Mitigation of a MD in ITER requires the poloidal halo current times the toroidal peaking 

factor (TPF) to be below 15% of the initial current. Experimentally, the TPF in mitigated 

disruptions is observed to be small. Assuming TPF ≤ 1.5, the minimum neon density 

required for halo current mitigation is about 41018 m-3 according to the simulations shown 

in Fig. 3. With a vessel volume of the order of 1000 m3, this translates to a required neon 

quantity of 41021 or 0.02 kPam3, which is well within the capabilities of the ITER DMS 

(up to 8kPam3) with enough margin to allow for limited assimilation of the gas in the 

plasma and non-uniform spatial distribution. The upper limit for the neon quantity is given 

by eddy current forces acting on the blanket modules of ITER. For the majority of 

mitigated MDs the CQ duration has to be above 50 ms. Thus, neon quantities have to be 

limited to below about 31022. This is in agreement with a previous assessment of the 

current quench time [5] as for these high radiation levels convective losses are negligible.  

4. Conclusions 

In current quenches with low radiation, a significant fraction of the plasma energy, which is 

ohmically dissipated in the halo region, is conducted along the field lines to the plasma 

facing components. Therefore, for accurate simulations of the disruption, it is important to 

take into account the parallel transport in the halo region. A simple 0-D model for the 

power balance in the halo region has been implemented in the DINA code. It was found 

that the convective parallel heat flux is dominating over radiation losses for low impurity 

levels. As a consequence, the current quench is faster compared to simulations without this 

additional loss channel. The convective loss of magnetic energy is consistent with melt 

events observed in JET disruptions with the ITER-like wall. Avoidance of these heat loads 

and of high halo currents in ITER can be achieved at still modest impurity levels well 

within the capabilities of the ITER mitigation system. 

Disclaimer 

The views and opinions expressed herein do not necessarily reflect those of ITER 

Organization. ITER is a Nuclear Facility INB-174. 
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