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 Magnetic reconnection is a fundamental physical 
process that enables the rapid transfer of magnetic 
energy into plasma kinetic and thermal energy in the 
laboratory, astrophysical and space plasma. Flux ropes 
have been suggested to play important role in controlling 
the micro-scale physics of magnetic reconnection and 
electron acceleration. In this presentation, we will show 
the observations of flux ropes associated with magnetic 
reconnection in the magnetotail based on the Cluster and 
MMS multi-spacecraft data. Firstly, two consecutive 
magnetic flux ropes, separated by less than 30 s (Δt < 30 
s), are observed within one magnetic reconnection 
diffusion region without strong guide field. In spite of 
the small but non-trivial global scale negative guide field 
(–By), there exists a directional change of the core fields 
of two flux ropes, i.e. – By for the first one, and +By for 
the second one. This is inconsistent with any theory and 
simulations. Therefore, we suggest that the core field of 
flux ropes is formed by compression of the local 
preexisting By. Secondary, we will present in-situ 
observations of a small scale flux rope locally formed at 
the separatrix region of magnetic reconnection without 
large guide field. We suggest that this flux rope is locally 
generated at the separatrix region due to the tearing 
instability within the separatrix current layer. Thirdly, an 
ion-scale flux rope, embedded in a high-speed electron 
flow (possibly an electron vortex), is investigated in the 
magnetotail using observations from the MMS spacecraft. 
Intense electric field and current and abundant waves are 
observed in the exterior and interior regions of the flux 
rope. Electron demagnetization occurs in some 
sub-regions of the flux rope. It is surprising that strong 
dissipation (J·E' up to 2000 pW/m3) occurs in the center 
of the flux rope without signatures of secondary 
reconnection or coalescence of two flux ropes, implying 
that flux rope may provide another important channel for 
energy dissipation in space plasmas. These features 
indicate that the observed flux rope is still highly 
dynamical, and hosts multi-scale coupling processes, 
even though the flux rope has a very large scale and is 
far away from the reconnection site. 
 
 
 
 
 

References 
1. Huang, S. Y., Jiang, K., Yuan, Z. G., Zhou, M., 
Sahraoui, F., Fu, H. S., et al. (2019). Observations of flux 
ropes with strong energy dissipation in the magnetotail. 
Geophysical Research Letters, 46, 580–589. 
https://doi.org/ 10.1029/2018GL081099 �  
2. Huang, S., Zhao, P., He, J., Yuan, Z., Zhou, M., Fu, H., 
Deng, X., Pang, Y., Wang, D., Yu, X., Li, H., Torbert, R., 
and Burch, J.: A new method to identify flux ropes in 
space plasmas, Ann. Geophys., 36, 1275-1283, 
https://doi.org/10.5194/angeo-36-1275-2018, 2018. 
3. Huang, S. Y., F. Sahraoui, A. Retino, O. Le Contel, Z. 
G. Yuan, A. Chasapis, N. Aunai, H. Breuillard, X. H. 
Deng, M. Zhou, H. S. Fu, Y. Pang, D. D. Wang, et al. 
(2016), MMS observations of ion-scale magnetic island 
in the magnetosheath turbulent plasma, Geophys. Res. 
Lett., 43, 7850–7858, doi:10.1002/2016GL070033. 
4. Huang, S. Y., A. Retino, T. D. Phan, W. Daughton, A. 
Vaivads, H. Karimabadi, M. Zhou, F. Sahraoui, G. L. 
Li, Z. G. Yuan, et al. (2016), In situ observations of flux 
rope at the separatrix region of magnetic reconnection, J. 
Geophys. Res. Space Physics, 121, 205–213, 
doi:10.1002/2015JA021468. 
5. Huang, Shiyong�Ye Pang, Zhigang Yuan, Xiaohua 
Deng, Jiansen He, Meng Zhou, Huishan Fu, Song Fu, 
Huimin Li, Dedong Wang, Haimeng Li (2014) 
Observation of directional change of core field inside 
flux ropes within one reconnection diffusion region in 
the Earth’s magnetotail, Chin. Sci. Bull. 59, 34, 
4797-4803, DOI 10.1007/s11434-014-0583-0 
6. Huang, S. Y., A. Vaivads, Y. V. Khotyaintsev, M. Zhou, 
H. Fu, A. Retinò, X. H. Deng, M. André, C. M. Cully, J. 
He, F. Sahraoui, Z. Yuan, and Y. Pang (2012), Electron 
Acceleration in the Reconnection Diffusion Region: 
Cluster Observations, Geophys. Res. Lett., 39, L11103, 
doi:10.1029/ 2012GL051946 

 
 

 
 
 
 
 
 
 
 

SG-I21 AAPPS-DPP2019


