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Spontaneous symmetry breaking in plasma turbulence and resultant generation
of Nambu-Goldstone modes
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Fig. 1 Mexican-hat shape free energy F in the complex
m plane. (&) Npiasmon < Nerir. The lowest value of foccurs
at m = 0. (b) Npiasmon > Nerir. The lowest value of F
occurs at lml # 0. No energy is required to excite
oscillations in the @ direction, unlike the lml direction.
The oscillations in the & direction is the NG-mode.
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Fig. 2 Time evolution of the amplitudes lmxuramon! and
phases € of the order parameters for the LWT (left)
and the LWSC (right), respectively.
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“Spontaneous symmetry breaking (SSB)” is one of
the most universal phenomena discovered in the

history of modern physics [e.g., 1]. According to the
Nambu—Goldstone  (NG)
continuous symmetry of a system is spontaneously
broken, a gapless (massless) mode is created [2]. The

theorem, when a

NG mode is a long-wavelength fluctuation of the
corresponding order parameter. There are numerous
of this,
ferromagnets, phonons in a lattice, phonons in fluids
and flocking (a large number of self-propelled

examples including spin waves in

organisms) [3]. In this talk, we show two examples
of SSB and resultant NG mode generation in plasma
turbulence. NG mode generation can be seen in

transition between Langmuir-wave turbulence
(LWT) and Langmuir-wave supercontinuum
(LWSC). The latter corresponds to the

superconducting state of matter and exhibits a broad
power spectrum with long-range-order (LRO). The
relevant parameter is the density of plasmons (LW
quanta) rather than the temperature. The phase
exhibits typical
superconducting phase transitions, including (i)
condensation of quasi-particle pairs (plasmon pairs)

transition many features of

into a single momentum state having an identical
phase, (i1) LRO, (iii) spontaneous breaking of U(1)
symmetry, and (iv) resultant generation of an NG
mode.

Another example is generation of zonal-flows
(ZFs) in two-dimensional (2D) drift wave turbulence
(DWT) described by the Hasegawa-Mima equation
(HME). The free energy of 2D DWT is evaluated
from the canonical Hamiltonian form of HME [4]. It
is shown by introducing a relevant order parameter
that the SO(2) symmetry of the 2D-DWT system is
spontaneously broken when the action density of
DWs exceeds a critical value. As a consequence of
SSB, ZF is generated as an NG mode.

References:

[1] P. W. Higgs, Broken Symmetries and the Masses of
Gauge Bosons, Phys. Rev. Lett. 13 508 (1964).

[2] M.S. Swanson, 1992 Path Integrals and

Quantum Processes. ISBN-13: 978-0126789454,
Academic Press Chapter 9.

[3] John Toner and Yuhai Tu, Phys. Rev. E 58, 4828
(1998).

[4] A. M. Balk V. E. Zakharov and S.V. Nazarenko,
Sov. Phys. JETP 71, 249 (1990).



