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Reversed shear configuration is to apply for the
steady-state operation in advanced tokamak scenarios. In
such configuration, reversed shear Alfvén eigenmodes
(RSAEs) can be destabilized by energetic particles. In
experiments, downsweeping RSAEs destabilized by
energetic electrons were observed during the transition
phase from TAEs to normal RSAEs. Despite
experimental observations and theoretical analysis, few
simulation works have focused on the effects of specific
physical conditions and experimental parameters on the
excitation of downsweeping RSAE instability. Hybrid
simulations are performed to investigate the dependence
of downsweeping RSAEs on key parameters in tokamaks
using global kinetic-MHD hybrid code M3D-K. The
slow frequency evolution of the downsweeping and
upsweeping RSAE sweeping process in experiments is
reproduced by a set of simulation, changing only the
equilibrium g-profile.

In this work, the downsweeping RSAE, for which it
has been confirmed that the mode is in the
nonperturbative regime, has a twisted mode structure in
the poloidal plane, while the upsweeping RSAE, which
is weakly affected by the energetic ion effects, has a
nearly up—down symmetry mode structure, as shown in
Fig. 1. Further, downsweeping RSAEs, showing a
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relatively narrow mode spatial profile, are generally
more stable than the upsweeping ones, which can be a
reason why the downsweeping RSAEs are rare in
experiments. By analyzing key plasma parameters, we
find that the excitation condition of downsweeping
RSAEs is more stringent than that of upsweeping modes,
especially for bulk pressure gradient at gmin and the
magnetic shear strength in the central region. The
enhancement of the pressure gradient at gmin improves
the likelihood of the destabilization of downsweeping
RSAEs. Moreover, the downsweeping RSAEs only occur
in a weak magnetic shear configuration in our
simulations. It is found that the downsweeping RSAEs
can be replaced by TAEs with increasing negative
magnetic shear. Finally, it is found that the kinetic effect
of the energetic ion central pitch angle does not affect the
excitation of downward-sweeping RSAEs, but affects the
mode stability. One of the main results is shown in Fig.
2.

References

[1] Wanling Ge et al, Nucl. Fusion 61, 116037 (2021)
[2] Fu G.Y. et al, Phys. Plasmas 13 052502 (2006)

[3] Berk H.L. et al, Phys. Rev. Lett. 87 185002 (2001)

g. = 0.06
0

0.86 A
=

*F:*;*.--‘-d-*---..p-"

0.094, -

0.12
ontl=©-7 006 _ ~Poos
S| e & - <= _e- N
3 o [ + P 004 3. »i [T e B T S Fo04 3
3 o” < 3 _ Pog o
0.09 -7 0.02 009 -7 0.02
- (a) br (0)
p
0.08 0 0.08 0
0.9 x 1.5 x 2x 2.5x 0.5 x 1% 1.5 x 2x
EP drive strength scale Factor EP drive strength scale Factor
EP drive x 0.9 EP drive x 1 EP drive x 1.5 EP drive x 2.5
1 1
1@ @ @ L
EP drive x 0.5 EP drive x 1 EP drive x 1.5 EP drive x 2
1 1 1 1
L@ L L@ )
2 25 3 35 2 25 3 35 2 25 3 35 2 25 3 35
R/a R/a R/a R/a

0

:¥:t:::*‘+. Lo

2,66 2.63 2.6

2.56
Qmin

2.52

2.48

Fig. 1. Linear mode frequency and growth rate varies with
energetic ion drive strength for (a) downsweeping and (b)
upsweeping RSAE. The mode structure varies with energetic
ion drive strength for (c)—(f) downsweeping RSAE and for (g)—
(j) upsweeping RSAE.

Fig. 2. (a) Frequencies and (b) growth rates vary with gmin for
different negative magnetic shear gc, where gc = go— gmin. The
diamonds, circles, and crosses correspond to the downsweeping
RSAEs, upsweeping RSAEs and TAEs, respectively.



