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a b s t r a c t
Blob birth and propagation characteristics have been investigated on the HL-2A tokamak using the novel
probe combination of a radial eight-probe array and a poloidal ten-probe array toroidally separated by
210 cm. Outside of the separatrix, close zero parallel wave number along a magnetic ﬁeld line was found.
Inside the separatrix 4–8 mm, density gradient has a maximum and the skewness is close to zero. Blob
poloidal velocity changes its direction across the separatrix, which is consistent with E  B driven mechanism. Based on the signiﬁcant correlation along a magnetic line, blob propagation across the separatrix
in poloidal–radial plane is clearly observed with condition average. At the far SOL, blob radial velocity is
0.5–0.6 km/s, which dominates the particle loss in the SOL.
Ó 2010 Elsevier B.V. All rights reserved.

1. Introduction
The fast radial transport in the scrape-off layer (SOL) of tokamak
plasma is intermittent and convective. One of possible mechanisms
for convective transport is associated with the radial movement of
plasma blobs, which locate in poloidal and radial plane and extend
along a magnetic ﬁeld line. The convective transport can increase
particle recycling, reduce divertor efﬁciency and lead to the high
erosion of the ﬁrst wall. Theoretically, it has been predicted that
blobs move towards the ﬁrst wall at the low ﬁeld side due to
E  B drift, where charge separation inside blobs is driven by the
gradient and curvature of magnetic ﬁeld [1–3]. The blobs were observed in many experiments using Langmuir probes and fast
cameras. These experiments are focused on their statistical characteristics. On the TCV tokamak, there is good agreement between
the blob characteristics measured with reciprocating Langmuir
probes and simulation results of 2D interchange turbulence [4].
Blob frequency reduction during L-H transition was observed with
gas puff imaging in NSTX [5]. The blobs are also observed in linear
and helical devices [6]. In the large plasma device (LAPD), the link
between the holes inside plasma column and the blobs in the limiter shadow was observed [7]. The experiment in the linear device
VINETA implied the blobs originating from quasi-coherent drift
wave [8]. In the versatile toroidal facility (VTF), the dependence
of blob radial velocity on the neutral particle density is reported
[9]. The suppression of turbulent blob transport by a resonant
magnetic perturbation is studied in TEXTOR [10]. Different
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contribution to the cross-ﬁeld transport from turbulent instabilities and blobs is also analyzed in TORPEX [11].
The blob birth zone and propagation characteristics are important for understanding its dynamics. Until now, there is no report
about the study with probe arrays, especially the dependence of
the signiﬁcant coherence along a magnetic ﬁeld line, which is focused on this paper. Plasma blobs are observed to be formed just
inside the separatrix, where the density gradient has a maximum
and the corresponding skewness is close to zero. Based on the
long-range correlation, blob propagation in poloidal–radial plane
(2D) is clearly observed with condition average method.
The remained parts of the paper are organized as follows. The
experimental setup is described in Section 2. The experimental results are given in Section 3. The last section is for the conclusions.

2. Experimental setup
The blob experiments were performed in ohmically heated deuterium discharges on HL-2A with R = 1.65 m and a = 0.4 m [12].
Main experimental parameters are Ip = 165 kA, Bt = 1.8 T, and
line-averaged density ne = 1.9  1019 m3. A novel combination of
a poloidal probe array with a radial one is used to study blobs.
Their experimental setup is shown in Fig. 1. The ﬁrst is a poloidal
probe array with ten-tips localized at the position A, in which
the ﬁrst-tip is 2.1 cm below midplane. The second is a radial probe
array with eight-tips localized at the position B, where each tip is
5.2 cm above midplane. The separation between adjacent probes
is 4.0 mm. Each tip is 2.0 mm in length and 1.5 mm in diameter.
The toroidal separation between array A and B is about 210 cm.
There is another four-tip array at the position B besides the radial
eight-tip array. Both are installed on a reciprocating probe system
with inward velocity 1.0 m/s [13]. The four-tip array is used to
measure local electron temperature and density. Other probes

