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Abstract 
In asymmetric reconnection at the dayside magnetopause, the rate (R) is expected to follow the 
Cassak-Shay formula with an aspect ratio around 0.1[1,2]. We perform a statistical study of 10 
magnetopause reconnection events observed by Cluster. Our results show that the measured R 
generally follows the asymmetric prediction.  However, the predicted rate when only including 
the magnetosheath (Msh) contribution correlates better with the measured R, indicating that there 
are other effects not included in the fluid picture. Cold ions commonly exist near the 
reconnection region. For individual events, cold ions can make a comparable contribution to the 
Msh H+ when there are plasmaspheric drainage plumes; the contribution of magnetospheric hot 
O+ can be up to ~30%. However, the variation of solar wind conditions has a larger effect on the 
variation in the reconnection rate. The aspect ratio of 0.1 is a reasonable estimation. It does not 
vary systematically with the O+ content, but shows a weak positive correlation with guide field.  

Motivation 
• In asymmetric reconnection like at the dayside magneto- 

     pause the local reconnection rate (R) is expected to  

     follow the Cassak-Shay formula (Rcs) 
[1] 

      

     where        is the aspect ratio of the diffusion region.  

     Usually     is dominant. 

• Applying Rcs assuming an aspect ratio of 0.1, recent studies[2] estimated that the plasmaspheric 

plume can reduce R by up to tens of percent; however, the cold ion behaviors in reconnection 

may depend on where they enter the reconnection region, so their effect may not be as strong.[3] 

• O+, with 16 times the H+ mass, may be more efficient in reducing R; on the other hand, it may 

also increase the aspect ratio,[4] which increases R. 

• We present a statistical study with Cluster to examine  

 whether the reconnection rate follows the prediction;  

 the contribution of O+ and cold ions. 

and to discuss the procedures and difficulties in calculating the reconnection rates. 
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• How we identify each region 
 Inside reconnection region: waves (Fig. 2f); mixture of plasmas from both sides (Fig. 2a-2d) 

Msph side separatrix: ion density gradient and cavity (Fig. 2e);  

Msh side separatrix: boundary of high energy field-aligned e- (Fig. 2c-2d);  

Msph (red), Msh (solid black) inflow region: intervals close to separatrices (blue) with steady n, V and B. 

• Measured reconnection rate (Rm) 
 Rmeasure=Vin, sh*Bsh 

 Bsh: average in the Msh interval; 

 Method to determine VMP: minimize EM variations. 

 Similar to the Minimum Faraday Residue method[6]; 

 Getting EM in the magnetopause frame (Fig. 2j); 

 The variations of VMP for different intervals (dashed lines) is used as the error bar for Vin,sh. 

 Vin, sh=VN, sh-VMP 

• Predicted reconnection rate (Rpre) 

 Cassak-Shay formula (Rcs) with parameters evaluated in Msph and Msh intervals, assuming 

aspect ratio 0.1; O+ and cold ions (assumed to be H+) mass densities are included and the 

fractions of their contributions are evaluated. 

 Rsh= 0.1VABsh with only magnetosheath inflow parameters used to calculate VA. 

• Aspect ratio: 0.1Rm/Rpre 

Determination of the reconnection rate: methods and an example 

Evaluation of the cold ion density 
• Indications of cold ions 

 Low-energy ion spectra near the separatrix (Fig. 3a); 

• Density: HIA 5-216 eV  
 17.1 cm-3 for this event (Fig. 3b) 

 Cold ions gain the ExB drift velocity at the separatrix 

 E~1 mV/m, B~40 nT, H+ ExB drift energy ~ 3eV  

 In 7/8 events with distinct cold ion populations, 

HIA captures the PSD peak above 5 eV (Fig. 4). 

 

Statistical results and discussions 
We investigate the reconnection rate for 10 MP reconnection events 

• Reconnection rate (R) 
 R generally follows Rcs (Fig. 6a); 

 Rsh with only Msh parameters correlates better with the Rm (Fig. 6b) 
 Asymmetric plasmas might not be fully coupled as a single fluid 

• O+ and cold ion contribution 
 The contribution (Fig. 6c) to the Cassak-Shay formula is usually 

small; cold ions in plume can have a comparable (~50%) 

contributions to Msh H+; O+ contribution can be up to ~30%. 

 The variation of Msh (SW) conditions has a larger overall effect than 

the modification of Msph contribution for R (Fig. 6d). 

• Aspect ratio 
 Around 0.1 with deviations 

 Not correlated with O+ mass density percentage (Fig. 6e), O
+ effect 

may be smaller than other factors and error bars 

 Very weak positive correlation with guide field (Fig. 6f) 

Conclusions 
• The dayside reconnection rate can be estimated with the 

Cassak-Shay formula. However, the estimation is better when 

the inflow B and n on the magnetosheath side are used, instead 

of the values from both sides. This may indicate that ions from 

different origins have different contributions to the 

reconnection rate, due to different scales where they can be 

demagnetized and the asymmetric reconnection structure. 

• For individual events, the contribution of cold ions and O+ can 

be comparable to Msh H+, but statistically, the variation of 

Msh/SW conditions has a larger effect on the reconnection rate. 

• The aspect ratio does not show a correlation with O+. However, 

the amount of O+ may be too low in these events to have an 

effect. The aspect ratio does have a weak positive correlation 

with the guide field. 
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Fig. 4 

Date MLAT MLT 
Rcs 

mV/m 

Rsh 

mV/m 

Rm 

mV/m 

2003-05-30 42.9 5.9 3.23 2.52 1.55±0.03 

2004-01-04 22.5 16.5 0.22 0.30 0.57±0.21 

2004-04-06 31.1 10.2 2.10 1.57 1.29±0.16 

2005-02-25 36.2 13.3 1.16 1.14 2.25±0.13 

2005-03-09 26.8 12.3 0.52 0.25 0.40±0.11 

2007-03-05 35.4 12.9 0.90 0.68 0.83±0.43 

2008-03-03 3.3 13.2 0.74 0.42 0.38±0.13 

2008-04-22 23.0 10.2 1.16 0.65 1.13±0.40 

2010-02-15 4.2 15.5 1.00 1.00 0.99±0.34 

2012-06-17 -23.7 9.8 2.24 2.04 2.37±1.61 

Locations and reconnection rates 

Red: with high cold ion density 

Blue: with high O+ density 

Underlined: with large guide field (angle between the 

fields on two sides smaller than 140°) 

Fig. 5 

• Cold ions clearly appear in 8 out of 10 events 
(Fig. 5) 
 High density (>3 cm-3) mainly in the afternoon sector: plume 

drainage; 

 Low density cold ions can be either plasmaspheric plume or 

ionospheric outflow 
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