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1. Introduction

The pulse propagation method is a very powerful toostudy the plasma anomalous
transport [1]. To investigate the particle trans$porthe plasma, the controlled perturbation of the
density can be achieved by periodic gas puffings-fead modulation has been applied in TEXT
[2], JT-60U [3]. However, there are some limitaBotaused by several effects, for example the
effect of the recycling, the effect of the nonlinedge processes, the rapid fall of the amplitude o
the perturbation [1]. Especially, the main limitatiis the depth of the gas penetration. Therefore,
it is very important to use deep and local partjpdeturbation source for the particle transport
study in the core plasma. On HL-1M and HL-2A tok&maxperiments have been confirmed that
the SMBI (Supersonidlolecular Beam Injectionyan penetrate more deeply and locally than
general gas puffing [4-6]. It seems to be a gooadupeation source for particle transport study.
The perturbation experiments show that the parsolerce injected by pulsed MBI is located at
r/a=0.6~0.75, where the obvious minimum phases caoblserved. The maximum amplitude of
the first harmonic shifts inward, indicating theepence of an inward convective component. The
particle diffusion coefficient and convection vetgcduring an Ohmic discharge are calculated
using an analysis code.

Plasma rotation has been reported in many tokamaR$[ The plasma rotation profile has
been also measured in HL-2A and an new experimeeatallt has been obtained by multi-step
Doppler reflectometry system[9]. In purely Ohmisdiarge a change of tle<B flow velocity
profiles has been observed in the region forr&88cm if the line average density exceeds
2.2x13°m?.

2. Experimental results
2.1 Particle transport

The density perturbation source can be inducecheyptilsed SMBI in the experiments and
the density profile can be measured by scanningow@ve reflectometry[10] with a time
resolution about 1 ms and spatial resolution leas tlcm. The measurement results show that the
amplitude and the phase of the first harmonicHergerturbation density have clear local features.
The pulsed molecular beam is injected into therpéass the density modulation method and the
density perturbation source deposition at minoriusccan be measured throgh the scanning
microwave reflectometry in HL-2A [10] because ohimium phase profile [1] in HL-2A.
Figure 1 is the measurement results of the depsityurbation at the different minor radius during
the pulse molecular beam injection. The periodhefulses is 55 ms and gas pressBggid) is
0.55MPa. The maximal density difference due to $MBI is An=2.2x13*m" and the local
background plasma density is about 1.5%0. So,An/ne=14.6% shows that local influence of
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the density fluctuation is weaker for the backgprasma density.
Y — The amplitude and the phase of the first
~022legqu? harmonic of the Fourier transform of the
' modulated density can be obtained via the FFT
analysis at different radii as shown in Fig.2.
The minimum of the phase, locateda8cm,
800 900 1000 1100 1200 Corresponds to the particle source deposition.
tms) The maximum of the amplitude is clearly
Fig.. 1. The density perturbation at different minor shifted inward relative the minimum of the
phase. It indicates that there is an inward
particle pinch in this region.

A particle source is assumed by a
Gaussian distribution briefly in  Fig. 2.
Different particle source width induces differeimhslation results. The fittest source width ratio
to the experimental resultsvis/ a=0.03, and in the domain AD;=0.2n¥/s, V;= 3m/s in the
domain B,D,=0.4n%/s, V,=2m/s and in the domain (Ds=1n¥/s, V5=0.2m/s using an analysis
model [11]. The profiles of the diffusioi® and convection velocitieg are shown in Fig. 3. The
experiments and the simulations confirm that ttaeesinward particle pinch in the three domains.

radius during the pulse molecular beam injection in
shot 3875, I, =349 KA, B,=2.3 T, Gas pressure

(Psws) =0.55 MPa, from the top down
r=26.5,27,28,29,30,31,32,33,34,35 and 36 cm.

10—~ B _C The particle diffusion coefficients increase withet
....... 1a=0.01 . . . . . .
8 V";’/aazo 02 1 radius while the inward particle pinch velocitiesccease
3 ] N T wia=0.03 | with the radius in this region, 0.6&<0.9.
z F Y - W/a=0.04
4 e ¢ 4
® 12 AlB/C A‘B c
13 e 1 3 -
‘ pa“ticle source 508 ‘ » ‘ ‘
= depostion < £, -
T 12 r Sos6 U ‘ ‘
% 0.4 ~ 1
g5 11 W/a=0.05 02 —r ‘ ‘
® Exp. 0 0
1 20 25 30 35 40 20 25 30 35 40
24 26 28 30 32 34 r(cm) ricm)

r(cm)
Fig. 2. The experimental and simulations Fig. 3. The diffusion coefficients and the convection vtés

results in different source width, shot 3875. profiles in different domains, A,B and C for sh878.

In order to confirm the particle source positiohe tplasma density increase ratio with
discharge time has been checked in different rddis is based on the particle flux banlance
equation. A assumptive condition is undertaken tt@idensity increase ratio is induced mainly by
the particle source. The contour image ofdhgdt vsr is shown in Fig. 4. An evidence is that the

970 005 Plasma density fastly increase as the particle
ood depositon local place;~28cm. This results agree
that the particle source deposition has been
003 measured by the microwave reflectometry as shown
002 In Fig. 2. The error bar means tbe/dt value in
001 Fig. 4.
620 Fig. 4. The contour image of the density variational ratio

26 31 36 with discharge time in different radii.
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2.2 plasma rotation profile

A broadband sweeping Doppler reflectometry desigoedneasuring the plasma turbulence
is in operation at HL-2A [9, 12]. The main featurethe Doppler reflectometry system is its
capability to be tuned, within a fraction of a risiicond, to any selected frequency within the
frequency band while keeping synchronized the lacal radiofrequency oscillators with the same
stability as a fixed frequency system would do.sTproperty enables us to measure several
plasma layers within a short time interval durihg tlischarge, permitting characterization of the
radial distribution of plasma fluctuations. The teys uses the 8 mrfundamental waveguide
transmission line and separate antennas for langamnd receiving the signal, viewing the plasma
from the low field side.

In the current experiment&xB
flow velocity profile has been
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time(ms) about 1.9x18 m® as shown in Fig.

Fig. 5. Time evolution of the line-averaged density fortsho9(&)- Figure 5(b) is the control voltage
8655. (a) The line average density of 1.9%16". (b) The fOr microwave frequency of the
control voltage for microwave frequency of the Depp DopPpler reflectometry system. This

reflectometry system. (c) The initial signal fromet Microwave frequency increases with
Doppler system. the control voltage increasing. Figure

5(c) is the initial signal from the
Doppler system with the probing frequencies onedéht cutoff layers.
Figure 6 shows the results of the ray-trace by REddée[13] for shot 8614. O-mode (solid
line) cutoff surfaces for 26, 35.8 and 37.7 GHz @s®» shown. There is a distance about 16 cm

40 ‘ ‘ between the incidence wave beam and the

~ . .

- N Plasmaedge mid-plane of the device. The dashed curves are
Ree 2 S ] . -

SN ray-tracing predictions from the REMA code.
30¢ The perpendicular wave numbeks., can be
o5k obtained. The poloidal propagation velocity

= Vexg=w/k can be calculated and their profiles are
G 207 R
< shown in Fig. 7.
15¢ ! (©-mode) Fig. 6. Poloidal cross-section showing O-mode (solid
i kY line)cut-off surfaces at 26, 35.8 and 37.7 GHzsloot
107 =448/ .

perpl” " A \ “ 16em 8614 (Bt = 1.56T, nl = 2.8x18m?®) with antenna

k =722 i
5 kpe'PG 794;m'; N lines of sight. Dashed curves are ray-tracing

ik L
perp? L Y predictions from REMA code. One can estimate
10 20 30 40 . )
rcm) similar circular cross section for the plasma shape

It has been observed that tle<B flow
velocity profiles are changed if the line averagesity exceeds 2.2x¥m™. Figure 7(a) shows a
continuous increase of tHexB flow velocity in the range 24 cm<r <36 cm in si8&55 (line
average density is about 1.9%163) in purely Ohmic discharge. Figures 7(b) and P@sent
drastic changes of thexB flow velocity in the range 28<30 cm in shots 8618 (line average
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density is about 2.6x1dm™), and 8614 (line average density is about 2.8%10). The dashed
line shows the position of the velocity change.
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Fig. 7. Radial profiles of th&exB flow velocity in different line
average densities. THexB flow velocity increases in the range
24<r <36 cm in shot 8655, line average density isoat
1.9x10"m3. A drastic change of thExB flow velocity in the
range 28<r<30cm in shots 8618 {2.6x10*°m?), and 8614
(n~2.8x10°m?®). The dashed line shows the position of the

velocity change.

3. Summary and discussion

A local particle perturbation source can be formed
in plasma confinement region by SMBI. The amplitude
and phase profiles of the density perturbations lman
obtained after FFT for the data from the microwave
reflectometry measurements. The profiles of the

amplitude and the phase indicate clear featureth®particle transport in HL-2A: the maximum
of the amplitude and the minimum of the phase appea close area, which is also checked
throght the density increase ratio on the assumpkiat the increase ratio is mainly induced by the
local neutral particle source; inward particle pints observed and the particle diffusion
coefficientsD and the convection velocitied have been calculated via the simulation analysis
model in this way. The plasma rotation profile lme®n gotten using by the multi-step Doppler
reflectometry system in HL-2A. A significative pt@nena is that the plasma rotation is related to
the plasma density and one special paper to antdgsease using ITG/TEM model[14].
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