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QUIGK SUMMARY: SIMULATIONS 208 s e NGO M SHOCK IDENTIFIGATION & XX QUANTITY i '
e Background: Observations [1] show that furbulent fluctuations e2.5D Particle-in-Cell code B N R TN ‘? * [he shock moves at a near-constant speed, 80 |
observed in the solar wind and magnetosheath differ [2], erid is resolved in 2D, however the shock reformation cycle |
e Question: How much of this variation is driven by the bow shock? while E and B fields can influences its precise location 70
And what is the scale size of shock-driven turbulence? have z-component. e The shock is defined to be the first instance }
e Method: We use 2.5D hybrid PIC simulations of collisionless e Modified [3] to a hybrid of the ion number density increasing to % 60
shocks T'O measure magnefic specfral index, kurtosis scaling, and method where electrons sreater than 1/e times the maximum 2 }
correlation lengths | | are modelled as a fluid. density (averaged in y) for each time step = 20F
® Resulfs: The magnefic speciral index is much steeper than well | ¢ qrj4: 1600x160, x:240, y:24d. e This exploits the homogeneous upstream N
devgloped Kolmogorpv.me.rhal range'scallng would SUgSEST‘ The e Jne quasi-perpendicular conditions, which guarantfe that upstream L
scaling of the kurtosis is highly localised to the shock, implying 43 3 el shocks ctructures <uch as fareshock bubbles or -
infermittency is not present far downstream. Correlation lengths a.n Huasi=para . 30:{
remain large. This all suggests that dissipaitfon of small scale S'.mUIaTEd' ) current shee’r's wil np’r e Pres?m- L dﬁ | . | | F | |
structures is very efficient, but large structures generated af the * Different Aliven M‘?Ch -\The shczck—allgned ;lmulaTlon s split info 2920'0' ~150 —100 -50 0 50 100 150
shack (and from upsream) remain. numbers are also simulated. chunks’ of equal width (12d.) X Xer [d]
MAGNETIG SPEGTRAL INDEX KURTOSIS SGALING GORRELATION LENGTH
e The power spectrum of the magnetic field is obfained from the 2D Fourier transform e Kurtosis, «, is the fourth order statistical moment, representfing heavy-tfailedness. e This can be used [1,4] to describe the average size of the dominant fluctuations
in x and vy, which is then transformed to a single average radial wavenumber, k. e \\Vhen k>3 the distribution has more high/low amplitude observations than would be observable in the data.
e |n well-developed Kolmogorov furbulence, a power-law is observed at inertial scales expected from a Gaussian. e |tisdefined asthe area underneath the 2D autocorrelation of the magnetic field in x and
. (k<17d) with a spectral index a=-5/3. e Scaling of the kurtosis (intermittency) is required for a fluid to be considered turbulent. v, up o the first zero crossing, A2 = [[,°° R(¢) d¢. Where R(2) is the autocorrelation. .
e The plot shows average power spectra for e S B e We use the kurtosis of 65(:8) — 65(f+@aT 40T ey eHere, we have rofated the components of oo AP 05
the enfire upstream and downstream of i C lag £ To obtain the scale dependent kurfosis, 3_55_ — Z the magnetic field bx,by,bz, info components 3 0 \‘ 5@' 15
four simulations at a single fimestep. T wheredb=B—{ L) | Ly arallel, perpendicular in the x-y plane and 3, BN | Sl i E
*We see that upstream conditions (solid) 3 107} e The slope of this (at £>1d) describes the 3 *°FT | = = ; verpendicular out-of-plane, relative to the - S
are not representative of turbulence, while = 105}, scaling of the kurtosis. More negative means £ 25§ = L mean magnetic field in each ‘chunk’ of data. N ey 100 101 107
downstream conditions (dashed) show & | —w that kurtosis increases with scale more ™,k o 2 e From this we can observe how the size of 3 S tag b L]
slopes similar to (but steeper than) -5/3. * 10— =10 wssam strongly. | B the dominant structures changes across the 5 1o
e At k>2 we observe unphysical behaviour - Ma=12, 64y =40 downstrean e Therefore, steeper negative slope indicates - | . shock. -
due to the fluid electron approximation. G stronger infermittency. D 100 10" 107
k [d1] Lag { [d]] Lag £x [d]]
RESULTS [ T T I M=, oam=b0 - RESULTS oosb LT T RESULTS " May=6, 05 =60 ;
e Quasi-parallel shocks (red, 20— ol e |n the upstream away from f f e All quasi-parallel shocks ar
blue, orange) all exhibif . i__"_:llDE( | e G | hossible inflow effects, 0.00 b L | show a steadily increasing
steepening of spectral index N =—_|_‘__'— : there is no evidence of R = _T:?tb 3 correlation length
unstream Of the shock. 0 ... .................................................................................... ... inTermiHenCy. < % 005 _ _ approaching the shock.
* [he sfeepest spectral index 5 : e The ‘chunks’ either side 3; IR : e Fluctuations in the quasi- ol ,
appears in the lowest Mach & ~1F - of the shock exhihit £ N I perp shock do not startto 5
quasi-parallel shock. ok —I_ 1 . - the strongest scaling g —0.10 . - srow significantly until the = 4[ 5
* Quasi-perp shock (red) does E = tll_ : relationship, and hence the : : shock foof. g |
nof show any sfeepening -3F - strongest intermittency. —05 ; e Counterintuitively, the = :
until the shock foof. E E— .H’ e The kurtosis scaling rapidly [ — Ma=6, 05, =40 : largest downstream = 2T :
o All shocks in the _45' decays for all shocks. —0.20 0t - correlation lengths are seen 2 [ _~F 5
ownsiream Show Siones 200 -100 0 100 200 200 -100 0 100 200 in the lowest Mach number  § 0J7e—=——
much steeper than -5/3. hock (top right). =200 0
X — Xsh [d]] X — Xsh [d]] > P 11g X — Xsp [d]]
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