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Inhomogeneous plasma rotation, according to the present day understanding, can play a
substantial role in energy confinement in toroidal plasmas, suppressing drift micro
turbulence and thus reducing anomalous heat and particle fluxes. The Doppler frequency
shift of Back Scattering (BS)
signal at oblique microwave
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Fig.1. Poloidal FT-2 tokamak cross section with antennae set.
f
f
f
ki – incident wave vector (blue), qconv and qθ – fluctuation
wave vector at BS efficiency maximum and it’s poloidal
projection (both orange), circles – central ray of the probing
beam, triangles and squares – probing beam at 1.5 dB and 3 dB
power suppression levels, ms – magnetic surface (green), red
curves – Electron Berstein Waves (EBW) at 0 dB and 1.5 dB
power suppression levels.

interpretation

and reduce the accuracy of
measurements. Recently a
possibility
increase
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a
the

drastic
Doppler

frequency shift of microwave
BS signal in toroidal devices,
based on the Upper Hybrid

Resonance (UHR) BS was demonstrated experimentally [1]. The microwave BS experiment
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was performed at FT-2 tokamak with a
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set, allowing off equatorial plane plasma
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X-mode probing from high magnetic field
side. The spatial distribution of the focused
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probing beam, computed using the beam
tracing code [2], is shown in Fig. 1. The
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Fig.2. (a) Poloidal probing wave number near
UHR, (b) BS efficiency for central probing ray.

depending on the probing frequency in the
range

52 – 69

theoretical

GHz).
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[1,
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to
and

computations shown in Fig. 2a, the probing poloidal wave number grows rapidly in the
vicinity of the UHR linear conversion point, where the BS cross section FBS(qθ) possesses
sharp maximum, as demonstrated in Fig. 2b. This projection, which can be much larger than
the poloidal component of wave vector at the antenna, can lead to substantial enhancement
of the Doppler frequency shift of the microwave BS by fluctuations moving with poloidal
plasma flow. The frequency shift corresponding to the BS efficiency maximum is given by
ff


qconv
eθ eR f ce2
Vθ ,
f D = 2 kθ 0 +
f 2
(1)
2 R ∇( f pe + f ce2 )


UHR 

where Vθ is the fluctuation poloidal velocity; qconv ≡ 2(2πf i c ) c VTe is the wave number
value of fluctuation leading to BS in the linear conversion point; kθ 0 gives the probing
f
f
extraordinary mode poloidal wave number out of the UHR zone, eθ and eR are unit vectors
in poloidal and major radius directions; R gives the major radius in the UHR. In agreement
with theoretical predictions a separate line less than 1.5 MHz wide and shifted by up to 2
MHz, was reliably observable in the BS spectrum under condition of accessible UHR [1].
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In this paper, the recently observed giant Doppler frequency shift effect of the highly
localized microwave BS in the Upper Hybrid Resonance (UHR) [1] is applied to tokamak
plasma rotation diagnostics. The obtained profiles of plasma poloidal velocity are
benchmarked against the Doppler reflectometry data. The experiment is performed at
research FT-2 tokamak (R = 55 cm, a ≈ 8 cm, BT ≈ (1.7 ÷ 2.2) T, Ip ≈ (19 ÷ 37) kA, ne(0) ≈
(0.5 ÷ 5)×1013 m-3, Te(0) ≈ 500 eV), where
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Fig.3. (a) Doppler frequency shift versus
incident frequency ( ya = +15 mm).
(b) Poloidal velocity profiles for Ip = 35 kA.
Red circles – UHR BS, green stars – O-mode
Doppler reflectometry, blue curve neoclassical dependens.

possesses discontinuity in agreement with
expectations of neoclassical theory (the
corresponding estimation is shown in Fig. 3b
by blue curve). The corresponding velocity
values determined using the UHR BS
technique fit well those obtained by the O-

mode Doppler reflectometry, which are shown by green stars in Fig. 3b. Out of the LCFS the
rotation velocity changes sign, which indicate the dominant role of electron losses to the
limiter along the magnetic field lines.
In the lower current regime no poloidal rotation discontinuity at the LCFS was observed.
As it is shown in Fig. 4, at current less than 30 kA the rotation velocity decreases
continuously towards the LCFS, where it changes sign, which is not consistent with the
neoclassical theory expectations and indicates important role of anomalous electron losses
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Fig.4. Poloidal velocity profiles for Ip = 19
kA. Red circles – UHR BS, green stars –
O-mode Doppler reflectometry.

techniques

provide

information

on

fluctuation rotation, the wave length of those
fluctuations differs by two orders of
magnitude. It is very unlikely that the phase

velocities for such a different fluctuations coincide, which gives an argument in favor of
plasma rotation origin of the frequency shift measured by both diagnostics. It is important to
note that the calculated electron diamagnetic drift velocity all over the measurement region
exceeds the experimental values of poloidal rotation velocity by a factor of 3 – 5. This result
provides additional confirmation to our assumption that the Doppler frequency shift is rather
associated with the plasma flow than with fluctuation phase velocity, which is quite natural
because the fluctuations producing BS in the UHR possess radial wave number much higher
than the poloidal one and thus are not similar to the drift wave eigen-modes.
Conclusions.
Based upon the robust Enhanced Doppler effect observed in the off equatorial plane
microwave UHR BS experiment at FT-2 tokamak a new scheme for precise diagnostics of
plasma poloidal rotation in tokamaks and stellarators possessing high spatial and temporal
resolution has been developed. Two types of poloidal plasma rotation profiles are observed
at FT-2 tokamak. The new diagnostic has been successfully benchmarked against the
Doppler reflectometry technique data.
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