Local Averaged Energy Transfer Rate in Plasma Turbulence
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* Turbulence is a widespread phenomenon in space  We perform a driven 3D MHD simulation (Jiang et - | | 1 Fig. 7. Spaha}lj
plasma, playing a crucial role in energy exchange al. 2023) with a resolution of 1024°. The grid size is S ------------------ ----------- ' averaged II,”
and particle energization across various scales. A= 2rn/1024 No guide magnetic field is applied. 10° i i L and I1,. vs scale

Viscosity v equals resistivity u for each simulation. : | | ANE R

* A classical scenario of turbulence describes how The Kolmogorov scale is n ~ 0.8A. — T s ; O\
energy is transferred from large energy-containing — [ /| '<H> | |
scales to small dissipation scales and is finally Resolution(3D) 1024 1 ' <Hfj> ______ i i
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turned into heat, which is also called the energy E, =E, 05 - Cm i -
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* The simple cascade picture was also postulated to Re; 290 r(A)
apply to MHD turbulence and then validated with
simulations and observatondata. ~  —JF 0 0/} ——— /1 | i B B 150

* To reveal the local characteristic of the dissipation 1071 (a) e —— 7 ;

« To obtain the local property of the energy transfer, rate, we calculate the locally averaged dissipation 107~ | % """ 7 100 -
we use different diagnostics in the inertial range and rate ¢, under different lag r, ¢, = y > - f|x'|<7‘€ (x + w107 i\ - .
the dissipation range and conduct a comparison ') dx’ " 2 ol 1 =%
among different scales. ' ol .
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* Incompressible MHD eqvuatlolns. . . " and the scale-filtered flux II,. .
du+u-Vu= _YP +—jxB+vVu Fig. 2. Locally averaged dissipation rate at (a) r, = 0, (b)
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9,2% + 2 - Vzt = —VP + v*V2z* 4 v V2zF [0 . Figure 9. (a) Volume ratios of the locally averaged (¢, ){}
Where P = p + b2 vt =2 (v + 1) o over size £. (b) PDFs of (¢, ), at£ = 80A, LET &, , and
Pram A 107° - " : — the scale-filtered flux I1 !
AEETTTT BRI BRI T NI RETIT IR AR TTTT BECERR T T ry:
* The energy transfer channels among different 10° 10° 10" 10° 10' 10° 10° .
scales and forms: £, « Cross correlations between energy transfer
T * Local energy transfer (LET) rate: (Sorriso-Valvo, L. measurements ¢, &, and II,
Energy Q%_ et al, 2018, J. Plasma Phys. vol. 84, 725840201) (FOx+7) — (P = (g))
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* In Fig. 1, the dissipation rate ¢ is the dissipation - 7 - | | 1 Fig. 5. Third-order (4)
rate of the Elsasser fields s 1 structure functions
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where - . - . . L
1 N N - ; - To generalize our research into kinetic system, we
Si; = 5 (0izj” + 0;77) - o - will perform PIC simulations, where the dissipation
T T ¢ is unavailable. Instead, we will calculate
e IH = _(T—;i + flb) : Vi, , is the kinetic energy flux 1 10 100 pressure—strain interaction (P - V) - u.
across scale [ due to the subscale stresses. "(A) Kinetic
Scale-filtered flux: total f o Von nertial | [Kamomroy D) | Modified
. N’ = —E,- (Vx B,), is the magnetic energy flux cale-filtere energyb ux: total energy flux across containing Karmian b Inertial
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