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1. Introduction
It is important to understand a mechanism of growth and damping of Alfven

Eigenmodes (AEs) in order to establish an operation scenario of fusion plasmas because the
modes could deteriorate the confinement of alpha particles. In JT-60U, the investigation of
the condition for excitation and suppression of Alfven Eigenmodes (AE) has been
intensively performed in ICRF heated plasmas and Negative-ion-based Neutral Beam
(NNB) heated plasmas, and the observed characteristics of AEs have been compared with
theoretical predictions [1,2]. The loss of energetic ions by AEs has been also investigated.
However we still have many issues to be investigated which relates to the AE activity. One
of them is an understanding of chirping mode and burst mode at low toroidal magnetic field,
Bt0 = 1.2 T, in NNB plasma, which was found recently [2]. It is expected that the
understanding of these mode gives us new insight into the interaction between AE and NNB
ions. Another one is the measurement of the radial structure of AEs. A measurement of a
radial structure is important to identify the mode by comparing with the mode structure
expected from theory. This paper describes recent results about these issues.

2. Chirping mode and burst mode in NNB plasma
Figure 1 shows temporal evolutions of plasma parameters and a frequency spectrum of

magnetic fluctuations. A toroidal magnetic field on the axis ( Bt0) is 1.2 T and an energy of
NNB ( ENNB ) is 360 keV and a power of NNB ( PNNB ) is ~ 3.2MW. The discharge gas is D2

and the beam was D°. A preheating by a Positive-ion-based Neutral Beam ( PNB ) during
the current ramp-up phase is performed in order to have a safety factor profile, q-profile,
with low central shear. In Fig. 1 (c), we can see modes whose frequency changes slowly
from ~ 20 kHz at ~ 3.6 s, -100 ms after a start of NNB injection, to ~ 60 kHz at 3.8 s. Here

a slowing-down-time, xs, of NNB is ~ 300 ms in this discharge. The frequency of ~ 60 kHz

is a Toroidicity induced AE ( TAE ) frequency in this discharge and the frequency of ~ 25
kHz is inside the Alfven continuum. We call these modes chirping modes. A toroidal mode
number of this chirping mode is n = 1. We can also see other modes around ~ 60 kHz which
have a burst-like behaviour and its frequency changes around the TAE frequency by 15 -
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20 kHz in ~ 10 ms. We call these modes burst modes. A toroidal mode numbers of the burst
modes are 1 and 2. The effect of these chirping mode and the burst mode on NNB ion loss
is not clear from the present neutron emission measurement.

We performed a Bt0 scan and a power scan of NNB, which change the behavior of (3h, in

order to understand the chirping mode and burst mode. BT0 scan was performed at 1.2, 2.1,
and 3.5 T with ENNB = 350 - 360 keV and PNNB ~ 3.2 - 3.4 MW. Plasma current ( Ip ) was
chosen to keep a similar surface safety factor, qs ~ 5 at the Ip flat top. The burst mode and
the mode similar to chirping mode were observed at 2.1 T. A continuous TAE was also
observed at 2.1 T. However the chirping mode and the burst mode were not observed and

only a continuous TAE was observed at 3.5 T. A volume-averaged (3h ( <(3h> ) is estimated

~ 0.1 % at 2.1 T and ~ 0.07 % at 3.5 T. Thus these result might suggest that chirping modes

and burst modes require relatively large <Ph>, and the threshold to destabilize these modes

might exist between <(3h> - 0 . 1 and 0.07 % in the weak shear plasmas studied. Another

result from this BT0 scan is that we observed TAE at BT0 = 3.5 T even in NNB plasma. This

means TAE driven by NNB ions can be also destabilized with <ph> ~ 0.05 % similar to

TAE induced by ICRF in JT-60U.
A PNNB scan was performed at ~ 3.2 - 3.4 MW and ~ 2.5 - 2.8 MW with ENNB = 360 keV,

BT0 =1.2 and 2.1 T. The timing for clear burst modes to appear was delayed for the 2.5 MW
case compared with the 3.2 MW case. On the other hand, a continuous TAE was clearly
observed for the 2.5 MW case and the continuous TAE changed into a burst mode in the
later phase. The amplitude of the burst mode is 2 - 3 times larger than that of the preceding

continuous TAE. It is considered that (3h increases with time, thus this result might suggest

that the TAE become burst mode when [3h reaches some threshold.

3. Investigation of radial structure of Alfven eigenmodes
One of important issues for understanding AEs is to measure their radial structure. The

direct measurement of the radial structure of AEs has been performed using a reflectometer
and compared with TAE theory in TFTR [4,5]. In JT-60U, we have started to measure the
radial structure of Alfven eigenmodes by the newly installed reflectometer [6]. Here we
describes the preliminary result of internal measurements of AEs in ICRF heated plasma.

Figure 2(a) shows temporal evolutions of Ip, PPNB, the power of ICRF, PIC. Figure 2(b)
shows the temporal evolutions of n^ and Sn for this discharge. The other plasma parameters
are as follows; BT0 = 3.26 T, qeff = 4.5, and the discharge gas is D2. Figure 2 (c) and (d)
show temporal evolutions of the frequency spectrum of a magnetic probe and the
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reflectometer measured at r/a~0.2 on the low field side, respectively. TAEs with a coherent
spectrum was observed in the signals of the reflectometer and magnetic coils when the
ICRF was injected from 4.5 to 6.0 s. The observed toroidal mode number is 1 and 2. Two
clear coherent modes were observed in the spectrum measured at r/a~0.2 on the low field
side of the magnetic axis. On the other hand, no coherent mode was observed in the
spectrum measured at r/a~0.3 in the high field side. This result might suggest that these
modes have a ballooning mode structure.

4. Summary
A BT0 scan and a power scan of NNB is performed in order to understand chirping

modes and burst modes. We had a result that the threshold to destabilize these mode might

exist between <[3h> ~ 0.05 and 0.1 % from a BT0 scan. We also have the result that burst

mode might come from TAE activity. Chirping modes and burst modes could be caused by

larger local |3h or larger gradient of local (3h. We need further analysis by using an Orbit-

following Monte-Carlo (OFMC) code in order to know the relation between the excitation

of chirping mode and burst mode and the local (3h or the gradient of ph.

We began to perform internal measurements by using the reflectometer and showed
preliminary result. We will use this measurement to identify modes and to understand the
mechanism of growth and damping of AEs in the future work.
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Figure 1: (a) shows temporal evolutions of plasma current, Ip, power of NNB, P N N J J , and power of PNB,

b) s n o w s temporal evolutions of a line-averaged electron density,^ , and neutron emission rate, Sn.

(c) shows the temporal evolutions of the frequency spectrum of magnetic fluctuations.
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Figure 2(a) shows temporal evolutions of Ip, PPNB, power of ICRF, Pjp. (b) shows the temporal evolutions of

n^ and S n for this discharge, (c) and (d) show temporal evolutions of frequency spectrum of a magnetic probe

and a reflectometer measured at r/a~0.2 on the low field side, respectively.
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