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1. Introduction
As an advanced fuelling method on tok&manolecular beaminjection (MBI) has
successfully been developed in HL-1M firsdpd applied to HL-2A later. Many advantages
such as peaked density profileand the energy confinement time increaéingave been
found in the MBI experiments. Some interesting phenoftiéhhave been observed in the
previous MBI experiments. But up to now the mechanism of the MBI seems not very clear.
The mechanism of the interaction of hydmgmolecular beam witlplasma has been
discussed in Rét>. Although they are in dispute untilow, they are Hpful for us to
understand the mechanism of MBn this paper, asymmaetr perturbations of electron
temperature and large-scale perturbationseaitral electron density have been observed

during multi-pulse MBI.
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HL-2A is a divertor tokamak

with the following parameters:

R=1.65m, a<0.45m, B2.2T,

I p= 0.32 MA, n_e = 42><1019 m-3, ’ i ) f u,m Pump

T~800eV. At present, the gas : /

source pressure is about 0.4MPa
Fig. 1. Arrangement for MBI in the HL-2A tokamak.
during the MBI experiments. Fig. 1

shows the experimental arramgent for the MBI in the HL-2A tokamak. The pulse molecular
beam was driven by electric-magnetic valVae molecular beam inges from the low field
side (LFS). The width and the period of opelse are 10ms and 30ms, respectively. Ten
pulses of molecular beam can be injected during one discharge.

At present, the ECE has twenty channal®nce sweeping frequency which covering
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from 104 to 181GHz in 4ms. The FIR lasetenferometer only hasne channel through
central plane. Four soft-Xya(SXR) arrays have beenranged and every array has 20
channels. The main data analyzed in ffaper are obtained by SXR array, ECE diagnostic
and FIR laser interferometer. Note that the @dt&IR laser interfeameter and SXR are the
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Fig.2 shows the evolution of the - "$F
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radius during multi-pulse MBI. The Fig. 2. Time evolu;irg;msc))f the Te during MBI
propagation of the cold pulses from
plasma edge to its inside has been observemudly. In the high fied side (HFS) the cold
pulses propagate from r = 41cmrteg 30cm. The amplitude of éhcold pulse decreases with
the decreasing of the radliposition. The phase differencetbe cold pulses at the different
radius is difficult tobe distinguished becautiee time resolution of #1/ECE diagnostic is not
high enough, then the phases of the cold pldsk like very similar.In the LFS the cold
pulses can propagate to r = 12cm. The propagation depth of the cold pulse in LFS is much
longer than that in HFS, indittag that propagation depth ofetltold pulse during the MBI is
asymmetric. As we know, the intensity of the ECE& Harmonic at the edge of the plasma is
not always proportional to the electron teargiure because of the low optical thickffassut
the propagation of the cold pulse is only relatgtth the variation of the electron temperature
obviously, comparing with the edggectron temperature withéhelectrostatic probe, which
is shown in bottom of Fig 2.

The asymmetric propagation of the cold pulae also be obsexd by SXR array. Fig.

3 shows the time evolution of the SXR inteysit can be found that the phase of the SXR
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intensity pulses in the plasma center is revesdbe phase of the pulses at the plasma edge,
which is in-phase with the ECE%harmonic measurement. TBXR intensity pulses in the
plasma center are related with variation ofelextron density, which will be analyzed in the
next section. But the different propagatiorptiein LFS and HFS isery clear. The cold
pulses of the SXR at the plasma edge havalgshase shift. The propagation depths of the
cold pulse in LFS and HFS are about

015

29cm and 14cm, respectively, which is ~ °%

in good agreement witthe results of

the ECE measurement.

3.2 The features of the density

perturbation
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be measured in the case oER.1T.

Fig.4 shows the time evolution of the
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harmonic at r = 14cm and r8cm are main related witthe perturbations of electron
temperature, because the intensity of tHeh&rmonic decreases dugi gas injection and the
temperature perturbation has been observed at r= 12cm. But the electron temperature in the
plasma center (from 6cm to —6cm) is mdtanged as mentioned above, therefore the

perturbations of the ECE™®harmonic at r = 2cm and r= -4cm are only related with the

electron density. Then. increases with pulse perturlmis during MBI. The phase of the

perturbation is corresponding to that of the ECEharmonic in the plasma center, indicating
that the perturbation in the plasma centereally produced by vaation of the electron
density. The SXR perturbations alasma center have the saptese features, which means
that the SXR perturbations are also relatgth the electron densit instead of electron
temperature.

4. Summary
Heat and density perturbations have besserved in the plasma during recent

multi-pulse MBI experiments. The present experimental results are as following:

1) The propagation depth of cold pulse & two sides of plasma column during MBI is
asymmetric. The propagation depth is about 30cm in LFS and is only about 10cm in HFS.

2) The cold pulses cannot propagate to thsmh center both from HFS and LFS and the
electron temperature in plasma center is not changed during MBI.

3) Electron density pulse perturbations have been observed in the plasma center.
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