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Abstract Table 3 Reconnection rate spatial distribution Figure 8 Possible involvement of O

It 1s still an open question whether and how the heavy ions may affect the R determined with species- Figure 3 Sat 1 CLUSTER CODIF H# (Product 13)
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analysis, we apply the different methods to three dayside high latitude (GSE(2.8, , 0174 0.010 3 B frozen-in velocity as Vin, along the o (e) - (f) . 9) . () HA 1nd%cat10n for different
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the asymmetry and the guiding field have not been considered. Results from the o e white contour: Ba/Bx*Vout/VA . = ' = l = z
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. N 200 "™ a Vin/VA,,, diffusion region without the Reconnection rate estimation
Introduction 00 | o e density cavity — comparable Calculation of reconnection rates
Simulation (units are normalized by: length-d. Speeld-c) : 3 z:z Zz; . Determine LMN coordinates
Fully kinetic PIC simulation with open boundaries . s S o Change due to temporal motion of MP: 7, is 30 (60) degrees different with7, (;;))

 Domain: X[0, 2236] x Z[-1118, 1118], last step t*Q).; ~319, X-line ~(1310, 1);
* Three species with the mass ratios of my/m =50, my/m_=500;

* Start from a Harris equilibrium, pure H+ current sheet, n,/n;=0.6 background,; Cluster observation: daySide Magnetop ause reconnection on

 Flushing effect!?]: As reconnection proceeds, the initial current carriers are

Calculate VA: use the mass of H*, averaged over Msh interval (labeled with 1’)
Calculate Magnetopause motion
a Local normal Vi, check with integrated distance to the reconnection site (Fig. 5a)

Magnetosphere (Msp) side is divided into the

ejected out and the system is dominant with the background particles; J anuary 4, 2004 * Obtain inflow velocity (Vin) (Fig. 5g):
Methods to determine the reconnection rate (R) e 5 0 VNV | o |
e Definition: % > 9y =0 assumption: -Ey ~ V; B; ~ V. B, & " 1>eppratrix 'gt‘dzgnetosheath o  Identification of regions (Fig. 4) o Inflow signatures extend to S region on Msh side (Fig. 8b): asymmetry, no density
* Dimensionless R: with Lundquist number S | - E I3 region .+ Separatrix region, Msh side: cavity on Msh side. % B
0 Sweet-Parker model: 1‘; = \% 3 Petschek model: v~ ~ g7, B R ‘ | 1. anti-parallel electrons (Fig. 6a); * Obtain frozen-in inflow velocity (Vfi) (T +Vi)v—Vim
2 R turns out to be around 0.1 3 enowrn '« Ton edges (solid vertical lines in Fig. 5): * Calculate R: B/B,, Vin/VA, Vfi/VA (Fig. 5h-5i), take the average in the chosen intervals
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ntlow and dirrusion regon Conﬁgurati.on[‘” o , Mixed electrons on both sides exist within all the 2nd 0.1334 -0.1707 -0.2127 -0.0066 -0.1002 0.0364
Figure 1 V=V - - Numbered intervals in Fig. Sa are superimposed | o0iong between separatrices. 3rd 0.0709 -0.0034 -0.1094 0.0543 -0.0654 0.0414
= = High CHetgy p articles can be on Fig. 4, where the separatrix (S) region onthe |, the P _
demagnetized first (Z~90 (260)) for| | B Eval. Methds |deal For Msp side Not good |deal Comparable |deal

Msh 10ns are also present in S region on Msp side

H™ (O7)) without significantly reoi th/wi ' S . . . . Eval. Results Good  Goodfor Msp Notgood Notgood Reasonable Notgood
———— Bl cvicting the bulk velocity from the Zﬁ;);lse:vnl;l;i“’lthout (4/5) magnetic field (Fig. 7b), which might be due to multiple X lines*!. s | | g ° ° :
 UzoutX=1310" X :00 \\\\\\ S _ frozen-in speed (Z~50 for both H” e Three crossings: ist e ond T 3rd | | Ways to Evaluate va.|,.|es . : .
i ~ and O"). V, , within the diffusion _ e S N il Figure 5 . BN/BL should be p031t1V§ & higher (gegatlve & lower) on Msh (Msp) side;
WWWWMM it 8 region up to ~10 di might still 15 2888 = | | X e *  Vin/VA should be negative on Msh side.
\v’“”wWwWvW»‘“'M\W*WVW“”\‘““*‘*W“‘”%WWWWMW L M represent inflow velocity. 02000 ;2_/4'_4'3\2‘_\';_/_ ————— At =TT " TV Summary
- 7 - ~ Electron diffusion region — 10000 : | - l : : 10" — * Considering oply the contn‘putmn of Msh side inflow, R for these evegts 1s around 0.07-0.26;
O,OZWﬂ”O | o uexcutZ=15 —z0 upstream edge: sudden decrease of uz E 1000 | | P * B./B,, assuming V__~VA, is more reliable when crossing the separatrix;
1 ‘0 downstream edge: ux peaks = 100 10% N$ * Vin/VA can be_comparable;
% o around [1250, 1370] x [-2, 8]. 7 E * Magnetic field enhancement on the Msp side might be a good representation of S region;
-0 0, 10 1 1250 1300 1350 Q UPStl“eam edge for inflow Vbulk: /~20 %\ 19888 10 % ¢ Vln/ VA & Vﬁ/ VA n MSh intervals
100 — o Expected to be comparable or slightly higher than real values;
Al - t 5010° _9:’ a Possible reason for the failure: LMN coordinates might be only locally valid.
Table 1 e H* O all . ven velocity: upstream P _ g
VA 07443 01944 00812 00804 | cugeofspecies-dependent 1610° 5 ~ Summary & Discussion
diffusion region. | . j ) = * Symmetric simulation shows that in the diffusion region, each species 1s accelerated to the
V! VA 05204 0.5715 0.6121 Vo-ion/VA |e Each species is accelerated to | X . | =l ﬁ“ﬁa‘\ ! % SAADR same ratio of its own Alfven speed. The reconnection rate (R) normalized by the combined
Vou/ VA, 0.5261 0.6667 0.4863 0.5871 | the same ratio (~0.6) of its %ﬁ%@ﬁﬁw@@%}m Nl RS R VA represents the reconnection efficiency of the system, while R normalized by species-
. own upstream Alfven speed; o | B | | L ] dependent VA represents the behavior of each species.
Figure 2 Jux| cut Z=0 The ratio might be dependent _ #N\l\d _____ — W« I :_ f\:L:_”\’_‘jE BL  The accuracy of each method to determine R has spatial dependence. B\/B; i1s reliable along
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o ! * Outside the whole diffusion A - - - Lt | = approach to VA; Vin/VA and V{1/VA are good near the center along the direction
02 wi  region, all species approach to Y Py | ~ M\\AJEVM%\JfW perpendicular to the current sheet further than ~10 d, higher in upstream of the separatrix.
. il the same ratio (~0.6) of the VNPT T \ 7\‘;::“_7 _ij‘»T N JE E\EE,;?ZE)\' » In dayside Magnetopause reconnection, the temporary motion of the Magnetopause might
T SR N T "% combined Alfven speed; | = = | - have much effect on the estimation of R. The velocity in S region on Msh side might still
" 3 L | M \‘WN = represent inflow.
_§Z§ . 4‘\‘%\/\[ S MAML : _W\/{)\_ ] = SN/BL . Clz)mpare R etc. with asymmetric reg)}llnte%ltll(‘)g S}Xll(l)lg;}gns with guiding fields, which can be
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Reconnection rate results in the simulation 3 ﬂ‘ by "M‘ iy !, | ' .' r ,' M\/ ——————— % ‘\\] WWWW— ! _ |5 VN_filVA-sh to find out how O* affects the motion of other species and contributes to the reconnection.
Table 2 e R~0.15 T 7= f W :H M J | | | m L : | A LT vNvA-sh * Determine R including the contribution on Msp side. Test more Magnetopause reconnection
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