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The strong suprathermal electron generation is modeled in conditions of bursts of the strong MHD plasma
activity in the Experimental Advanced Superconducting Tokamak (EAST) when magnetic field line reconnections
took place. Because of the fast changes in the magnetic flux during these magnetic field line reconnections the
instant bursts of the induced electric field occur. The instant changes in suprathermal electron density during these

bursts of the induced electric field have been analyzed.
PACS: 52.55.Fa; 52.35.Bj; 52.35.Vd

INTRODUCTION

Runaway electron generation is a fundamental
physical phenomenon. At the same time the runaway
electrons during major disruptions can cause a serious
damage of plasma-facing-component surfaces in large
tokamaks like ITER [1, 2].

The strong electric fields induced during the
tokamak disruption can generate a lot of these runaways.
The energy of runaway electrons can reach as high as
tens of Megaelektronvolt.

1. RUNAWAY GENERATION

Runaway electrons are generated when the electron
energy exceeds a critical energy at which the electric
field driving force is equal to the minimum frictional
drag force in the plasma. There are primary runaway
generation (p,>>p,, Dreicer generation [3]) and

secondary runaway generation ( p,<<p,,, avalanche
generation [4]). The inequality

Pro > P (24 Zyg )°% (1)

determines the runaway region of primary generation
process [5] and the inequality

P, >42p, (2+2,)° 13 ()

determines the runaway region of secondary generation
process [6], where p ~and p , are the initial values of

the electron longitudinal and transverse (with respect to
magnetic field) momenta, respectively, and

p2 =e’mn,L/4zlE, . 3)

Here, e and me are the charge and the resting mass of the
electron, ne is the plasma density L is the Coulomb
logarithm, Ze is the effective ion charge number, Ej is
the tokamak toroidal induced electric field and c is the
velocity of light. The avalanche formed as a result of the
secondary generation with avalanche time t, [7]:

t, ~~12m.cL(2+Z,, )/ 9eE, . (4)

2. RUNAWAY EAST DISCHARGE

The runaway ohmic discharge #28957 in EAST was
performed in the limiter configuration with the toroidal
magnetic field Bo = 2 T, the plasma current I, = 250 KA,
the central line-averaged density <ne> = 2.2x10%° m3,
the plasma major radius R = 1.86 m and the minor
radius a = 0.45 m (see, e.g. [8]). At the plasma center,
the electron temperature T, = 0.55 keVV was obtained
using a soft x-ray pulse height analysis (PHA) system
during the plasma current flat-top phase (duration of
impulse was 5s). MHD modes m/n=1/1 (the soft x-ray
signal) and m/n=2/1 (the Mirnov coil signals) existed in
the plasma, where m and n are the poloidal and toroidal
mode numbers.

Runaway electrons were created by the ohmic coil
during the start-up phase of the discharge. The
runaway electrons were located around the q = 2
rational magnetic surface (ring-like runaway electron
beam (see, e.g., [8]).

In shot #28957 three types of events were observed
during the stepwise increases in the non-thermal ECE
signal [9]:

1. The MHD (m/n=2/1) small amplitude spikes (type |
events, small non-thermal ECE jumps) emerged
approximately every 0.02 s and  coincided with
sawtooth m/n=1/1 peaks.

2. Huge MHD spikes (type 1l
approximately every 0.5 s.

3. Larger amplitude MHD (m/n=2/1) spikes (type Il
events) were observed approximately every 0.3 s after
each huge MHD spike (type Il events).

In cases II-111 types events the MHD (m/n=2/1) spikes
were not correlated with the m/n=1/1 sawtooth
oscillations peaks.

Due to the local runaway generation processes, local
changes in the plasma current density profile should
occur (around the q = 2 rational magnetic surface, where
the runaway electrons are located). The tearing mode
stability depends rather sensitively on the current-
density gradient in the vicinity of the resonant surface

events) emerged
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[10]. These local changes in the plasma current density
profile near the q = 2 rational magnetic may be the
trigger for the strong enhancement of the MHD activity
(m/n=2/1 spikes).

The generation of suprathermal electrons should be
enhanced during these MHD spikes because of the fast
changes in the magnetic flux (squeezing and
reconnection of the magnetic field lines). As result of
these changes in magnetic flux the bursts of induced
electric fields occurred [10]. During these bursts of the
induced electric field Ej, electron runaway region
increased because the value of p dropped (see Egs. (1)-
(3)). The abrupt growth in the suprathermal electron
population occurred during these bursts of Ej. In
Ref. [9] conclusion was made that the step-like non-
thermal ECE jumps may be explained by the abrupt
growth in the suprathermal electron generation (number
of runaways) during MHD m/n=2/1 spikes.

In Ref. 8 the runaway energy E =~ 30 MeV was
deduced for EAST shot #28957 and conclusion was
made that the secondary runaway generation process
should take place with avalanche time ta, ~ 0.5s (EAST
#28957 parameters: Ey = 0.1 V/m, Zett = 3, and L = 15).
The value of tay = 0.5 s is of the same order as the value
of the time of strong MHD activity (0.3s or 0.5s
intervals).

The time behavior of runaway electron density n; is
described by the following well-known equation (see,
e.g., [11-13)]):

dn n(t) n(t)
t=n, (t)v, (t)A(t)+ - , (5
o =" (v (A1) L(E)
where
“n, (t)L e’n L
_ e nez( 2) _ — Il ’ E = : ’ (6)
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br

The first term in right part of Eq. (5) describes
primary generation, second term describes secondary
generation and last term describes the runaway loss.
Solution of Eq. (5) has the next form:

nr(t):exp{idt{zvl(lz—)—%}]x

t t 1 1
x| ne(t, dt'ngvede — [dt" -—— 1. (8
[n (t )+t£ t'n exp[ t{ t[—(—)TaV E) % D] ©)

Because of a very short time of the MHD m/n=2/1
spikes, the linear time dependence of changes of the
bursting electric field was taken for modeling (Fig.1):

E,, t, <t<t;
EO+EmtT_t1, t<t<t 41, ®)
Ey(t)= ¢ b:t
Ep+E, 22—, t+r7, <t<t,
Thr
E,, t>t,

Fig. 1. Model for bursting electric field

The instant change in suprathermal electron density
during the burst of induced electric field is given by:

{p( [tav T )jzt_]

i Tor 2 Tor T
]+£dtl (t)exp[Ztav(Em)t +tav(Eo)t . tJ} . (10)
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Eq. (10) describes of instant change in suprathermal
electron density at the time of the fast reconnection of
magnetic field lines that was accompanied by the burst
of induced electric field. Reconnections of magnetic
field lines leads to the stochastization of magnetic field
lines. Rapid changes of synchrotron spot structure and
intensity during EAST experiments were result of
changes in the runaway beam structure owing this
stochastization. Recall, the synchrotron radiation is used
for the direct observation of the runaway beam image.
The loss term in Eq (10) describes the radial drift of
suprathermal electrons due to this magnetic turbulence.
This equation is used for modeling of experiments in
tokamak EAST.

Note, in Refs. [12, 13] the equation (5) was used for
modeling of disruption generated runaways in JET by
including secondary runaway generation with the value
of avalanche time, tay , which was obtained in Ref. [7]
(see Eq. (4)). This modeling of a JET disruption showed
that here the secondary runaway generation plays a
dominant role.

3. MODELLING OF THE SUPRATHERMAL
ELECTRON GENERATION DURING
HUGE MHD SPIKES

In modeling the same plasma parameters were used
that were in the EAST shot #28957 (see Table).

Plasma parameters for modeling of #28957

The plasma parameters Value
Eo in Eq. (9) 0.1V/m
Em in Eq. (9) (0.9...5) V/m
Eb 16 V/m
Plasma density, ne 2.2x10° m™®
Effective ion charge, Zes 3
Coulomb logarithm, L 15
Electron temperature, T 550 eV
K(Zet) 0.5
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Fig. 2. Instant changes in the suprathermal electron
density on amplitude of bursting electric field

Huge MHD spike (type Il events) was modeled for
assumed range of the induced electric field from 0.9 to
5VIm. The calculation was performed by a standard
program Microsoft Excel which realized Simpson

8

method for numerical integration. In Fig.2 the
phenomenological modeling result of instant changes in
suprathermal electron density is presented (curve 1
corresponds to 2.5 ms of burst duration (2zy), curve 3
for 3.75 ms, curve 2 for 1.7 ms). These three values of
burst durations are result of data analysis from Ref. 9.
They are in good agreement with EAST experiments.
Note, the value En=12 V/m of induced electric field was
found during a series of minor disruptions in the T-10
tokamak [14].

CONCLUSIONS

The dependence of instant changes in suprathermal
electron density from amplitude of bursting electric
field during the strong MHD plasma activity in EAST
has been investigated. We plan to use obtained results
for further comparison with EAST experiments.
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®OEHOMEHOJIOT'MYECKOE MOJEJIUMPOBAHUE 'EHEPAIIMU HAJATEIIVIOBBIX 9JIEKTPOHOB
TP MEPE3AMBIKAHAY MATHUTHBIX CUJIOBBIX JINMHUM B EXPERIMENTAL ADVANCED
SUPERCONDUCTING TOKAMAK

FO.H. Mapuyk, U.M. Ilankpamos

MopaenupyeTcs CuibHas TeHepalysl HaATEIJIOBbIX JIEKTPOHOB B YCIOBUSIX KOPOTKUX BCHbILIEK cuiabHOU MI'/I-
AKTHBHOCTH IUIA3MbI TIPH TIepe3aMbIKaHMN MarHUTHBIX CHIIOBBIX nuHU# B EXperimental Advanced Superconducting
Tokamak (EAST). B pesynbrare OBICTPBIX M3MEHEHHH MAarHUTHOTO MOTOKAa BO BpEMsl TaKuX IMepe3aMblKaHUN
MarHUTHBIX CHJIOBBIX JIMHHM HMHIYHUPYIOTCS KOPOTKHE BCHBIIIKK JJICKTPUYECKOro mous. IlpoaHanu3npoBaHEI
MTHOBEHHbIE M3MEHEHUsI IUIOTHOCTH HAJATEIUIOBBIX OJIEKTPOHOB NPH JTUX BCIBIIMIKAX HHIYLMPOBAHHOTO
AIIEKTPUUYECKOTO MOJIA.

®EHOMEHOJIOTTYHE MOJIEJIFOBAHHS T'EHEPAIIL HAJITEINIJIOBUX EJEKTPOHIB
MPU IEPEMUKAHHI MATHITHUX CUJIOBUX JITHIA B EXPERIMENTAL ADVANCED
SUPERCONDUCTING TOKAMAK

O.M. Mapuyxk, I.M. Ilankpamoe

MopentoeTbesi CHJIbHA TeHepallis HAATEINIOBUX EJEKTPOHIB B YMOBaX KOPOTKHX CIUlecKiB cuibHOi MI'JI-
aKTHBHOCTI IJIa3MU TpU TIEPEMHUKaHHI MarHiTHUX cwioBux JiiHiH B Experimental Advanced Superconducting
Tokamak (EAST). B pesynbrari MIBHIKAX 3MiH MarHiTHOrO MOTOKY ITiJi 4ac TaKUX MEPEMHUKAHHb MAarHiTHHX
CWJIOBUX JiHIH 1HIYKYIOTBCS KOPOTKI CIDIECKH ENeKTpUYHOro mond. [IpoaHanmizoBaHi MHTTEBI 3MiHH TYCTHHHU
HaJTEIJIOBUX SNEKTPOHIB Iijl 4ac [MX CIUIECKIB IHIYKOBAHOT'O €JIEKTPHYHOTO MOJIS.
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