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Introduction. Runaway electron (RE) experiments are an important parh@foingoing
ITER-relevant studies on COMPASS, as the REs could sevelatyage the plasma facing
components in the future fusion reactors. The electronid tea‘run away” (in the velocity
space), when the collisional drag forég); acting on it becomes smaller than the accelerating
force Facc due to the toroidal electric fielH;o . This net accelerating force comes from the fact
that theF, decreases with approximately quadratic dependence oretbeity. The theory
made by Dreicer], 2] defines a critical velocity, above which one an electron diffusing in
the velocity space becomes the Rii(nary/Dreicer mechanism). Beside diffusing, a thermal
electron can escape to the runaway region if it collides tighprimary generated RE and both
the electrons remain in the runaway regieecondary/avalanche mechanism).

A relativistic accelerated charged particle in the presesficthe magnetic field emits Syn-
chrotron Radiation (SR). As SR is emitted preferentiallyhie direction parallel to the RE mo-
tion (the so-called headlight effect) it should be observenh a tangential view. Consequently,
the SR offers a valuable opportunity for measuring parara@tithe confined high-energy REs
directly from the plasma core.

In this paper it is demonstrated that the relative intensftyhe infrared (IR) radiation is
correlated with the critical energf for production of REs. Furthermore, analysis of the first
direct observation of the RE beam in the COMPASS tokamak thi¢hcalibrated camera is
presented.

Experimental Setup. The COMPASS tokamal3] is a experimental fusion device with ma-
jor radiusRy = 0.56 m and minor radiua = 0.23 m. Toroidal magnetic fiel@,, was 115T
for all discharges reported in this paper, the typical plésgth is 04 s, although the low cur-
rent circular discharge dominated by REs can last apprdeima s. Furthermore, the SR was

successfully measured at the low line-averaged densithdigesife < 2.5 x 10° m~3) for the



wide range of the plasma current values 0260 KA.
The SR falls in the mid-wavelength IR region for the REs getext in
the COMPASS tokamak, therefore the bolometric IR ca SERE

era with the wavelength range5/ 13 um was used. Dur-
ing these experiments, the IR camera was installed atam
plane tangential port. The diameter of the observed area
the plasma cross-section varied between the RE campaig
14.9, 169 and 155 cm for the first, the second and the third
campaign, respectively. Fid. shows the resulting differ-
ences in the observed picture.

Results. Even though the observed area was relativel
large for monitoring of the plasma core in comparison t
a, it seems that almost all of the recorded intensity is rathg
a reflection of SR from the vessel than a direct SR fro
the visible plasma volume. Nevertheless, it is possibIeFtigure L Different observations from

analyse the dependence of the relative synchrotron inyengi, i« (top) to the third (bottom) cam-

as function of the critical energi¢. Following the Dreicer paign. The moon-like shape is the car-

runaway theory, the critical energy is given 4k | bon neutral beam injector dump. A yel-
eln/A Ne low rectangle is the analysed area from
=———+/2+ 1
© 4ngd B Zett @) Fig. 3.

whereZgs ¢ is the effective ion charge andAnis the Coulomb logarithm. For the calculation
given hereZegs ¢ is assumed to be constant and seZdpy = 2, thereforé)\; is proportional to
the ratio between the electron dengsityand the loop voltag¥®,qp, Which are both measured
quantities. In Fig2 the maximum of the relative intensity from the IR camera algsplotted as
a function of the averagadk. during the first 240 ms of the discharge. One can see thatetiife
set-ups have different maxima, but in general a margin ateu#0 keV could be distinguished.

There are two main reasons why almost all discharges witloliservation of the SR come
from the reflection. First, the observed field of view is stlglfarther from the region where the
high-energy REs are presumably generatdNloreover, even if the RE beam reaches proper
radial position for the direct observation of the SR, the #ihvera almost regularly disconnects.
This is probably because the radiation is so strong thatutates the camera’s electronics. The
cases when the camera disconnects are separately group@tbtted on Fig2 and one can
see that they occur only whéit < 37 keV.

The evolution of the RE beam for the discharge #9814 is shawEdy 3. The SYnchrotron

spectra from RUnaway Particles (SYRUP) coflgi$ used for the theoretical estimation of the



synchrotron spectral power den- 60
sity dP/dA per RE. The SYRUP sof

requires the maximum RE en-
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The latter one can be measureg Discharges 2 0.35s

Radﬂ‘lon Maximum [a u.]

from Fig. 3 [7], while Winax has 10f

been calculated using the 0D-

model from B] that takes into 20 30 W, e 60 70

e loop

account a power gain by tr]é:|gure 2: The relative |ntenS|ty measured by the IR camera as a functio

of the averagell; during the first 240 ms of the discharge. Discharges are

electric field Pz and a power
i P grouped by the campaigns, while discharges when the IR @adiston-

loss by the SRP%'”Ch for the nects during all campaigns are grouped separately.

highly relativistic electrons:

WV €Moop 2meC3rey?
Tdt = Pe —Pynch, Pe=€ecEor = omR synch = T (2)

whererg is the classical electron radius aRd is the curvature radius of the RE. The plasma
parameters are necessary for the quasi-steady-state ®iButien function calculation imple-
mented in SYRUP. For purpose of this paper, the necessasynpl@arameters are taken to be
constantne = 1.6 0.2 x 10°m~3, To = 530+ 60 eV, Zet 1 = 2 andEyr = 0.33£0.04V/m.
Furthermore, the calculation from Eggives risingWmax from 20 to 30 MeV at time when the
SR was observed (Fi@).

The derivative &/dA obtained from SYRUP should first be converted to an integnaka-
surable value such as brightn&E]:

B(A, 0, W) = n—nS/mh, (3)

WherenSynCh is the density of the observed REs. To get the comparabledtieal estimation
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Figure 3: Time evolution of the RE beam observed with the IR cameradtier scale is in Wsrt m=2). The

black line represents 50% of the maximum intensity, whictalen as the margin of the RE beam. Note that
in order to obtain this evolution, the radiation level asarlied at 227 ms (the background thermal radiation) is

subtracted from all the frames.



with the IR camera measurement, the brightrB<@n be integrated over the camera wave-
lengths:

(6, W) = /B(A,e,wmax)T(/wd/\, @)
whereT(A) is a transparency of the optical path between the plasmaheniRtcamera. The
pitch anglef in the IR camera measurements varied frodbdo Q30 rad, which leads to the
corresponding RE densityf™ values 065— 1.7 x 10*5m=3. Note that this evaluatef!™"
gives only density of the high-energetic REs contributim¢hie SR.

Discussion. A method of extracting the relevant information from theeeféd SR using an
appropriate analysis is presented. From here the thresiiakee critical energy\; = 40 keV
during the discharge can be estimated. Note thaithealue is a dynamic quantity and that
the value given is its average over the time range. Additignanger discharges have more
intense synchrotron radiation, as expected due to the t@ugeleration time.

One should note that SYRUP could be used to estimat&\hg provided that then™"
is known, however calculation af¢ is a demanding task by itself, which is out of the scope
of this paper. Nevertheless, for the future work usage oftctide name CODE9] as an effi-
cient numerical tool for approximation of the RE distrilmrtifunction is planned for th@/nax
estimation based on the observed SR.
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