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Synchrotron radiation can be used to diagnose relativistic runaway electrons, lggﬁsj‘zﬁg,g;’#g"508
typically by measuring the radiation spectrum or recording camera images. Recently,
the Alcator C-Mod Motional Stark Effect (MSE) diagnostic was used to also measure
the polarization of synchrotron radiation [1]. In this contribution we use the SOFT
synthetic synchrotron diagnostic framework [2] to simulate the response of the Joint
European Torus (JET) MSE diagnostic [3] to synchrotron radiation from runaway
electrons with different energies and pitch angles. In particular, we study the linear

polarization fraction fpol and polarization angle 050l -

The JET MSE diagnostic consists of 25 channels viewing

the plasma tangentially. Each channel receives most of its
light from a narrow range of flux surfaces. Here, we consider - |
the magnetic geometry of JET pulse #94508 at t = 48.5s,~ 00
reconstructed with EFIT [8] and shown to the right. The blue
crosses indicate the points where the diagnostic lines-of-
sight are tangential to the plasma. The figure on the bottom- -1.0;
left gives the diagnostic sensitivity as a function of radius for
each channel. Due to the vertical offset of the plasma, the
diagnostic cannot view the plasma centre.
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We find that a threshold in pitch angle exists in both the polarization fraction and
angle. At the threshold, the polarization fraction goes to zero while the polarization
angle transitions from 6,, = 0° to 6,, = 90° . This threshold was also observed in
Alcator C-Mod [1] and was proposed as a useful indicator for constraining the pitch
angle of the electrons dominating synchrotron emission. In the magnetic geometry
of the particular JET discharge considered here, #94508, the threshold occurs at a
very small pitch angle, and does not vary appreciably between MSE diagnostic
channels. Therefore, the threshold could likely not be used to constrain the pitch
angle in this particular magnetic geometry. It might however be possible to constrain
the pitch angle in other pulses, particularly if the plasma is more vertically offset
relative to the MSE diagnostic.
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Sensitivity of the 25 MSE diagnostic channels to radiation from different
flux surfaces in #94508.
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When the light propagation vector k is not perpendicular to

POIarizatiOn fi Iter mOdel the polarizer plane, we consider the model proposed in [6].

There, the polarizer is assumed to absorb light which is

polarized along the axis a = y cos ) — & siny, and allow any other
polarization component to be transmitted. For arbitrary k, light is
assumed to be absorbed along the effective absorption axis

a—k(a-k) T = eoc|T, E|?
_ .
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Stokes parameters The irradiance is then given by Z(¢)) = egc|E — e (Gegt - E) |2.
I =7(0)+Z(n/2), By decomposing E as [/], E = e, I, —ie E), where ¢|is a unit
Q =Z(0) — I(n/2), vector in the direction of acceleration, and e | a unit vector in the
plane perpendicular to e, we can express the irradiances needed

SOFT Green's functions

SOFT [2] calculates the radiation power received by an
observer. The radiation power can be cast on the form

The irradiance behind a linear polarizer in
the setup illustrated in the figure below can
be given in terms of Stokes parameters [9]:

Z(y) = % (I + Q cos 2¢ + U sin 21))

P = /G(R,p, 0,)f(R,p,0,)p*sinf, dR dpd,

where f(R,p,0,) is the electron distribution function,
andG(R, p, 6, )is the diagnostic Green's function which
describes the diagnostic signal due to electrons on
the flux surface labeled by R, with momentum p and
pitch angle 6, in the point of minimum magnetic field
along the orbit.

By making measurements aty =0, ¢ = /4
and ¥ = /2 we can then solve for the

U=2L(n/4) —Z(0) —ZL(7/2).
(m/4) (0) (7/2) to evaluate the Stokes parameters to the left as
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The linear polarization fraction f,. is defined in terms Stokes 1 vanishes d N 5 A A L2
of the Stokes parameters as identically for synchrotron A" (7 /4) ET(#-¢ —y-¢) + E (Z-eL—y-el)
Vv Q2+ U2 radiation [4] and is hence (2-e)—§-e)) + (@61 -7 &)
Jpol = not considered here. This is equivalent to saying Lo —Yy-e€ brelL—Y-eL
I that synchrotron radiation is not circularly polarized

SOFT Green's functions for the linear polarization
fraction measured by a few MSE diagnostic channels
are shown below. The polarization fraction depends
weakly on momentum 4, but shows more structure as a function 6, =0.11rad
of pitch angle 6,. The gray regions in the figure below indicate ~——
regions of no radiation received. A threshold in pitch angle

foo Polarization angle
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appears in all MSE diagnostic channels at small pitch angle. ing The polarization angle is defined in terms of the Stokes parameters as

Around the threshold, the polarization fraction goes to zero. The ¢ —g. 19rad 0% Opol = 1 arctan v

reason for the threshold is illustrated in the right figure, which 0% 2 Q

shows synchrotron camera images, coloured according to the 0% The figure below shows the polarization angle as measured by four MSE diagnostic

linear polarization fraction in each pixel, and overlaid with green ™ channels as functions of momentum p and pitch angle 6,,. As with the polarization

circles indicating the MSE diagnostic lines-of-sight. Near the
edges of the synchrotron spot, the polarization fraction goes to

Synchrotron camera images,
zero. Since the lines-of-sight are vertically aligned fairly close to coloured according to the

fraction, a threshold is found in all channels at a small pitch angle where the
polarization angle transitions from 6, = 0° to 6,1 = 90°. This threshold was first
pointed out in [1] for Alcator C-Mod. Similar to the polarization fraction, the threshold
occurs because the polarization near the upper and lower edges of the synchrotron

the centre of the synchrotron spot in #94508, f,.1 = Owill only be Pe/arzation fraction received
recorded when the synchrotron spot is sufficiently contracted,

which only occurs at Channel 12 L00e Channel 15
small pitch angles.
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