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ABSTRACT & MOTIVATION B KEY RESULTS .

* Alfvenic turbulence 1s ubiquitous in space/astro/lab plasmas (solar Stationary Spectra & Cascade Directions

wind, corona, fusion devices) o o kT | v oo 1P B m o kR m
L , & e &Ry TRy |y e O IRy
kinetic Alfven waves (KAWs)

* In low-f plasma at 10n-kinetic scales,

. . . . ki pi > 1 -3/2,-9/2 direct
dominate = co-propagating KAWSs can interact nonlinearly due to klp -1 1) (1/2.5/2) SHETey -3/2,9/2) e
finite-1on-Larmor-radius (FILR) effect |Shen 2024 PoP| l(pc ‘O_) ' ' helicity (-3/2,-4) inverse

. Twoomvanants (generahz.ed free-energy E and hehc.:lt.y P) suggest ki < 1 eneray (:3/2,-5) diroct
possible dual cascade= inverse cascade due to helicity ) (1,2) (1/2,3) o .
, . , , (co-) helicity (-3/2,-4) inverse
* Goal: derive wave kinetic equation, find stationary power-law spectra, k1o« 1
identify cascade directions, verify numerically ( Ctu‘nter_) (1,0) (1/2,1) energy (-3/2,-3) direct

¢ k, p; <1 (co-prop): nearly scale-invariant [ Zakharov 1992 ]
Wy — kyva < kyki
¢ Cascade in k| direction = energy & helicity fluxes [Zakharov 1992 ]

¢ Gyrokinetic formulation for KAWs (w;, < Q;, % K P ~ b; K1) I, = Cy 0I(v),v,) R, = C; 0I(v),vyi)
l kyky 0vy vi=—B-1 kyky 0vy vi=(a=2f-3)/2

- THEORETICAL FRAMEWORK _-
Model Equations

perturbed fields 0¢, 04, Vi=—B,~2 vi=(a,—28,-4)/2
¢ Generalized parallel Ohm’s law & gyrokinetic vorticity equation I(vy,v,) is the dimensionless form of C[n]
c™10:8A) + V006¢p = By '[5A), 006¢] ¢ Co-propagating KAWs exhibit both a direct energy cascade and an
2..2 2.,.2 . . .
Pi Va C Pi Va inverse helicity (momentum) cascade
[, —1)0;6¢ ViAL0A = —— 1009, 00| 0A;, A 0A ,
(To = 1)0,0¢ c AT By 106, To09! cBy 04, LA ¢ Counter-propagating (balanced) case recovers RMHD/ERMHD
¢ Nonlinear mode equation (Fourier form) assuming normal-mode results [Galtier 2000, 2015 JPP]
iAY ¢ Potential explanation for steep solar-wind transition-range spectra
breadi = [ 52 56186260k — by — k) dkydk, & exprana ion or sieep Ee =P
ay Numerical Verification
¢ Two conserved quadratic invariants: _3/2
E, =0,(1 =T)|60,|* = |wk|ng, P, =k, = n, = Ex/|wg] ¢ Integrate WKE 1n k, space assuming ny < k, *""n(k, )

o Direct energy-cascade spectra (co-prop): n(k,) o k7>, kI9/ 2

Method - Weak Turbulence & KZ Spectra

1072 : 102
¢ Wave kinetic equation (WKE) 1n canonical form |Nazarenko 2011 | 107 10-5-
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¢ Zakharov transformation assuming scale-invariance CONCLUSIONS
a a 1% V . .
W < kK kf : kfl, ny « k 'k * (bi-homogeneous functions)

o Derived WKE for weak KAW turbulence from gyrokinetics

¢ Kolmogorov-Zakharov spectra (energy & parallel-momentum) o Found stationary KZ spectra: direct energy cascade in both co- and

-B—1;, —B—-2
I kJ_ 1 ’

a—2B1-3)/2, (a;—2B,—4)/2 . . ..
n, <k, Ny X kﬁ I=281=3)/ ki L=2PLm )/ counter-propagating cases; inverse helicity cascade only for co-
ik, > ki ko [k alkn My — keykyy /ky propagating case . _ .
ki, = k2/kq, kiy = ki /kq, o KZ energy spectra for co-propagating case numerically verified

o Numerical solutions show inverse transfer
o Future works: improved numerics; locality of interaction; ST
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