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Using the profile analysis, the density perturbation transport analysis, and the Doppler reflectometry
measurement, for the first time a spontaneous and steady-state particle-transport barrier has been
evidenced in the Ohmic plasmas in the HL-2A tokamak with no externally applied momentum or particle
input except the gas puffing. A threshold in density has been found for the observation of the barrier. The
particle diffusivity is well-like, and the convection is found to be inward outside the well and outward
inside the well. The formation of the barrier coincides with the transition between the trapped electron
mode and the ion temperature gradient driven mode.
DOI: 10.1103/PhysRevLett.104.215001
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arne =ne ¼ a=Ln . Figure 1(a) (in the bottom) displays
the time-space evolution of the density gradient, showing
clearly the trace of pITB around r ¼ 0:29 m for a nearly
constant line averaged density n e ¼ 3:0  1019 m3 .
Figure 1(b) shows the density profile at selected times:
before the formation of the barrier ( t0 ¼ 240 ms), during the barrier phase with gas puffing (t1 ¼ 520 ms, t2 ¼
670 ms), and without gas puffing (t3 ¼ 790 ms, t4 ¼
832 ms). From this figure it can be observed that the
pITB remains unchanged even though the gas puffing is
stopped. This shows unambiguously that the pITB formation does not depend on the gas puffing.
Figure 2(c) displays the time-space evolution of the density gradient when the density increases slowly. It shows
clearly the trace of pITB around r ¼ 29 cm. Before t ¼
400 ms, no clear barrier has been observed. Starting from
this time, the pITB appears progressively. The critical density corresponding to this transition is n c ¼ 2:2 
1019 m3 . After the injection of a particle pulse by super-
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Intensive effort has been made for experimental as well
as theoretical studies of the particle transport in tokamaks,
which has a direct impact on subjects such as energy
confinement, particle fueling, impurity control, etc.
Particle-transport barriers with energy confinement improvement have been observed in tokamaks, such as the
H mode [1] at the edge of the plasma and internal transport
barrier (ITB) [2–5] in the core. These regimes have often
been obtained with high power external input auxiliary
heating as the neutral beam injection [1,5], off-axis minority ion-cyclotron heating [3,4], or large external input
particle source as the pellets [2]. The mechanisms responsible for these barriers are reversed magnetic shear, or E 
B rotation shear. In this Letter we report the observation of
a spontaneously generated particle-transport barrier in
purely Ohmically heated plasmas in the HL-2A tokamak
with no externally applied momentum or particle input,
except the standard gas puffing.
The plasma parameters in the present experiments are
major radius R ¼ 1:64 m, minor radius a ¼ 0:40 m, toroidal magnetic field BT ¼ 1:45 T, and plasma current Ip ¼
185 kA. The plasma is circular with limiter configuration.
The density profile is measured by a broadband O mode
reflectometer of 26.5–40 GHz, which covers a density
domain of 0.8 to 2:0  1019 m3 . The line averaged density is measured by a hydrogen cyanide interferometer. The
electron temperature is measured by the diagnostic of
electron cyclotron emission.
Internal particle-transport barriers (pITBs) have been
observed in stationary Ohmic plasmas in the HL-2A tokamak with or without standard gas puffing. This phenomenon is perfectly reproducible. Figure 1 shows a steady state
of the pITB over a time of 400 ms, much longer than the
energy confinement time (E  60 ms). The parameter
characterizing the pITB is the normalized density gradient
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FIG. 1 (color online). Shot no. 7243. (a) Central line averaged
density, the gas puffing (GP) signal (in arbitrary units), and the
time-space evolution of the density gradient. (b) Density profile
at selected times, before the formation of the barrier
( t0 ¼ 240 ms), during the barrier phase with gas puffing (t1 ¼
520 ms, t2 ¼ 670 ms), and without gas puffing (t3 ¼ 790 ms,
t4 ¼ 832 ms).
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