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<latexit sha1_base64="KWvMXrjUgl4jZBIXzhCupiwVloI=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJtreOuqAvdVbEPaIeSSTNtaCYzJBmhDP0INy4Ucev3uPNvzLQVVPTAhcM593LvPX7MmdIIfVi5peWV1bX8emFjc2t7p7i711JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77I/PY9lYpF4k5PYuqFeChYwAjWRmr3/ABeX972iyVku6hWqbgQ2eUqqqGMINepnTjQsdEMJbBAo1987w0ikoRUaMKxUl0HxdpLsdSMcDot9BJFY0zGeEi7hgocUuWls3On8MgoAxhE0pTQcKZ+n0hxqNQk9E1niPVI/fYy8S+vm+jA9VIm4kRTQeaLgoRDHcHsdzhgkhLNJ4ZgIpm5FZIRlphok1DBhPD1KfyftMq2U7XPbsql+vkijjw4AIfgGDjgFNTBFWiAJiBgDB7AE3i2YuvRerFe5605azGzD37AevsEuUOPMg==</latexit>

EDR = Electron Di↵usion Region

<latexit sha1_base64="djm0VbKKHHgKFWzOGjeGS2pkU/4="></latexit>

IDR = Ion Di↵usion Region

<latexit sha1_base64="R2RFWZGS4kTafST+JVlT6W7vHo0="></latexit>

<latexit sha1_base64="D2HFEtUvPIIySMYF92ny/IYVVqk=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRbB1ZCZah+7oi5cVrG10A4lk2ba0MyDJCPUofgrblwo4tb/cOffmJlWUNEDgcM553JvjhtxJhVCH0ZuYXFpeSW/Wlhb39jcKm7vtGUYC0JbJOSh6LhYUs4C2lJMcdqJBMW+y+mNOz5L/ZtbKiQLg2s1iajj42HAPEaw0lK/uNdzPXjOPC9OI/CKDjO5hMx6vWzVLIjME1QrV1OC7LJ9XIWWiTKUwBzNfvG9NwhJ7NNAEY6l7FooUk6ChWKE02mhF0saYTLGQ9rVNMA+lU6SXT+Fh1oZQC8U+gUKZur3iQT7Uk58Vyd9rEbyt5eKf3ndWHk1J2FBFCsakNkiL+ZQhTCtAg6YoETxiSaYCKZvhWSEBSZKF1bQJXz9FP5P2rZpVczKpV1qnM7ryIN9cACOgAWqoAEuQBO0AAF34AE8gWfj3ng0XozXWTRnzGd2wQ8Yb59dXJU0</latexit>

Di!usion Region

Topological rearrangement of magnetic field lines 
Explosive energy conversion  

Plasma heating and particle acceleration

 Collisionless plasmas



Magnetic reconnection in near-Earth plasmas
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<latexit sha1_base64="TP5eXlo9yDi69oNE6ax5s7/RBmU=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgasiMj7a7ohs3QgX7gHYomTTThmYmQ5JRythPceNCEbd+iTv/xvQhqOiBC4dz7k3uPUHCmdIIfVi5peWV1bX8emFjc2t7xy7uNpVIJaENIriQ7QAryllMG5ppTtuJpDgKOG0Fo4up37qlUjER3+hxQv0ID2IWMoK1kXp2sRuE8MpoVIsEp4rCnl1CTrWCzo4rEDmnyHO9siFeGXmeC10HzVACC9R79nu3L0ga0VgTjpXquCjRfoalZoTTSaFrXk0wGeEB7Rga44gqP5utPoGHRunDUEhTsYYz9ftEhiOlxlFgOiOsh+q3NxX/8jqpDit+xuIk1TQm84/ClEMt4DQH2GeSEs3HhmAimdkVkiGWmGiTVsGE8HUp/J80Pcc9carXXql2vogjD/bBATgCLiiDGrgEddAABNyBB/AEnq1769F6sV7nrTlrMbMHfsB6+wQYq5Pt</latexit>

Reconnection

<latexit sha1_base64="ilJKWe1Ge9TIxUKvb7taYXEpgug=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgasiMj7a7ohuXVewD2qFk0kwbmskMSUYptZ/ixoUibv0Sd/6NmbaCih64cDjnXu69J0g4UxqhDyu3tLyyupZfL2xsbm3v2MXdpopTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC0UXmt26pVCwWN3qcUD/CA8FCRrA2Us8udoMQXlMSC0FJJsGeXUJOtYLOjisQOafIc72yIV4ZeZ4LXQfNUAIL1Hv2e7cfkzSiQhOOleq4KNH+BEvNCKfTQjdVNMFkhAe0Y6jAEVX+ZHb6FB4apQ/DWJoSGs7U7xMTHCk1jgLTGWE9VL+9TPzL66Q6rPgTJpJUU0Hmi8KUQx3DLAfYZ9I8zMeGYCKZuRWSIZaYaJNWwYTw9Sn8nzQ9xz1xqldeqXa+iCMP9sEBOAIuKIMauAR10AAE3IEH8ASerXvr0XqxXuetOWsxswd+wHr7BBW2k+s=</latexit>

Reconnection

<latexit sha1_base64="ls0sWjdTiQWkHQllHczPO5mTuHY=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiTRPrIrunFZxT6gDWUynbRDJ5MwM1FK7ae4caGIW7/EnX/jpK2gogcuHM65l3vvCRJGpbLtDyO3srq2vpHfLGxt7+zumcX9loxTgUkTxywWnQBJwignTUUVI51EEBQFjLSD8UXmt2+JkDTmN2qSED9CQ05DipHSUt8s9oIQXhMcc05wJsG+WbKtStk9dcrQttyq53quJrVqxSu70LHsOUpgiUbffO8NYpxGhCvMkJRdx06UP0VCUczIrNBLJUkQHqMh6WrKUUSkP52fPoPHWhnAMBa6uIJz9fvEFEVSTqJAd0ZIjeRvLxP/8rqpCmv+lPIkVYTjxaIwZVDFMMsBDqjQD7OJJggLqm+FeIQEwkqnVdAhfH0K/yct13LOLO/KLdXPl3HkwSE4AifAAVVQB5egAZoAgzvwAJ7As3FvPBovxuuiNWcsZw7ADxhvnzi6lAQ=</latexit>

Magnetotail

<latexit sha1_base64="lmzv7ybT8xoO7ZCt/n1UvXAZOJE=">AAAB+XicdVDJSgNBEO2JW4zbqEcvjUHwNMyMZrsFvXgRIpgFkiH0dHqSJj0L3TWBMORPvHhQxKt/4s2/sbMIKvqg4PFeFVX1/ERwBbb9YeTW1jc2t/LbhZ3dvf0D8/CopeJUUtaksYhlxyeKCR6xJnAQrJNIRkJfsLY/vp777QmTisfRPUwT5oVkGPGAUwJa6ptmzw/wrdYYxEC4wH2zaFvlknvhlLBtuZWaW3M1qVbKtZKLHcteoIhWaPTN994gpmnIIqCCKNV17AS8jEjgVLBZoZcqlhA6JkPW1TQiIVNetrh8hs+0MsBBLHVFgBfq94mMhEpNQ193hgRG6rc3F//yuikEVS/jUZICi+hyUZAKDDGex4AHXDIKYqoJoZLrWzEdEUko6LAKOoSvT/H/pOVazqVVu3OL9atVHHl0gk7ROXJQBdXRDWqgJqJogh7QE3o2MuPReDFel605YzVzjH7AePsEYHOTiA==</latexit>

Bo
w

<latexit sha1_base64="fCfm1jd/xogyGJjIrWi/8gx+1Mg=">AAAB73icdVBNTwIxEO3iF+IX6tFLIzHxtNklwC43ghePmAiSwIZ0Sxcauu3adjWE8Ce8eNAYr/4db/4bu4CJGn3JJC/vzWRmXpgwqrTjfFi5tfWNza38dmFnd2//oHh41FEilZi0sWBCdkOkCKOctDXVjHQTSVAcMnITTi4y/+aOSEUFv9bThAQxGnEaUYy0kbr9MIJNcQ8HxZJjV3y/5lehY3t+xa15Gan59aoHXdtZoARWaA2K7/2hwGlMuMYMKdVznUQHMyQ1xYzMC/1UkQThCRqRnqEcxUQFs8W9c3hmlCGMhDTFNVyo3ydmKFZqGoemM0Z6rH57mfiX10t15AczypNUE46Xi6KUQS1g9jwcUkmwZlNDEJbU3ArxGEmEtYmoYEL4+hT+Tzpl263Y9atyqdFcxZEHJ+AUnAMXeKABLkELtAEGDDyAJ/Bs3VqP1ov1umzNWauZY/AD1tsnwMmP0g==</latexit>

Sho
ck

<latexit sha1_base64="qKyqkkdu5/6SY7+oip4JNZdK8bc=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GmZK25nuim5cVrQPbIeSSTNtaCYZkoxQSv/CjQtF3Po37vwbM20FFT1w4XDOvdx7T5gwqrTjfFi5tfWNza38dmFnd2//oHh41FYilZi0sGBCdkOkCKOctDTVjHQTSVAcMtIJJ5eZ37knUlHBb/U0IUGMRpxGFCNtpLt+GMGbscATOCiWHLvi+zW/Ch3b8ytuzctIza9XPejazgIlsEJzUHzvDwVOY8I1ZkipnuskOpghqSlmZF7op4okCE/QiPQM5SgmKpgtLp7DM6MMYSSkKa7hQv0+MUOxUtM4NJ0x0mP128vEv7xeqiM/mFGepJpwvFwUpQxqAbP34ZBKgjWbGoKwpOZWiMdIIqxNSAUTwten8H/SLttuxa5fl0uNi1UceXACTsE5cIEHGuAKNEELYMDBA3gCz5ayHq0X63XZmrNWM8fgB6y3T0w3kLY=</latexit>

Magnetosheath

<latexit sha1_base64="izc3mnf5YJPJ32gsE64pVArD33A=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvgapgponZXdONGqGAf0A4lk95pQzPJkGTEUvorblwo4tYfceffmD4EnwcCh3Pu5Z6cKOVMG99/d3JLyyura/n1wsbm1vaOu1tsaJkpCnUquVStiGjgTEDdMMOhlSogScShGQ0vpn7zFpRmUtyYUQphQvqCxYwSY6WuW+xEMb6yGhipB0DMAHfdku9V/KByEuDfJPD8GUpogVrXfev0JM0SEIZyonU78FMTjokyjHKYFDqZhpTQIelD21JBEtDheJZ9gg+t0sOxVPYJg2fq140xSbQeJZGdTGw6/dObin957czEZ+GYiTQzIOj8UJxxbCSeFoF7TAE1fGQJoYrZrJgOiCLU2LoKtoTPn+L/SaPsBcde5bpcqp4v6sijfXSAjlCATlEVXaIaqiOK7tA9ekRPzsR5cJ6dl/lozlns7KFvcF4/AOZllGM=</latexit>

Magnetosphere

<latexit sha1_base64="n54BELupbDYUKc7zKXfD7Mq6ddQ=">AAAB+3icdZDLSsNAFIYn9VbrLdalm8EiuCpJDL3sim7cCBXsBdpQJtOTdujkwsxELKWv4saFIm59EXe+jZO2gor+MPDznXM4Z34/4Uwqy/owcmvrG5tb+e3Czu7e/oF5WGzLOBUUWjTmsej6RAJnEbQUUxy6iQAS+hw6/uQyq3fuQEgWR7dqmoAXklHEAkaJ0mhgFvt+gK81AxXLZAwC8MAsWeV6reK4FWyVLatqO3ZmnKp77mJbk0wltFJzYL73hzFNQ4gU5UTKnm0lypsRoRjlMC/0UwkJoRMygp62EQlBerPF7XN8qskQB7HQL1J4Qb9PzEgo5TT0dWdI1Fj+rmXwr1ovVUHNm7EoSRVEdLkoSDlWMc6CwEMmgCo+1YZQwfStmI6JIFTpuAo6hK+f4v9N2ynbbrl+45QaF6s48ugYnaAzZKMqaqAr1EQtRNE9ekBP6NmYG4/Gi/G6bM0Zq5kj9EPG2yfk3ZRh</latexit>

Reconnection

<latexit sha1_base64="IyUw0VgKDJXuEiYYVduWKkcF0rM=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFcDZlabWdXdOOyin1AO5RMmmlDM5khySil9lPcuFDErV/izr8x01ZQ0QMXDufcy733BAlnSiP0YS0tr6yurec28ptb2zu7dmGvqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gdJH5rVsqFYvFjR4n1I/wQLCQEayN1LML3SCE15TEQlCSSbBnF5HjItcrVSFyzsqVyolnCHKRVz6FroNmKIIF6j37vduPSRpRoQnHSnVclGh/gqVmhNNpvpsqmmAywgPaMVTgiCp/Mjt9Co+M0odhLE0JDWfq94kJjpQaR4HpjLAeqt9eJv7ldVIdVv0JE0mqqSDzRWHKoY5hlgPsM2ke5mNDMJHM3ArJEEtMtEkrb0L4+hT+T5olxy073lWpWDtfxJEDB+AQHAMXVEANXII6aAAC7sADeALP1r31aL1Yr/PWJWsxsw9+wHr7BCTDk/Y=</latexit>

in Turbulence

<latexit sha1_base64="Tg73jmNaCm9KZneL406EFIoU3go=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvgasjUaju7ohuXFfqCdiiZNNOGZjJDkhHL0F9x40IRt/6IO//G9CGo6IELh3Pu5d57goQzpRH6sHJr6xubW/ntws7u3v6BfVhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaSeYXM/9zh2VisWiqacJ9SM8EixkBGsjDexiPwghE7CZyiDlVBAKB3YJOS5yvXINIueyUq2ee4YgF3mVC+g6aIESWKExsN/7w5ikERWacKxUz0WJ9jMsNSOczgr9VNEEkwke0Z6hAkdU+dni9hk8NcoQhrE0JTRcqN8nMhwpNY0C0xlhPVa/vbn4l9dLdVjzMyaSVJu3lovClEMdw3kQcMgkJZpPDcFEMnMrJGMsMdEmroIJ4etT+D9plx234ni35VL9ahVHHhyDE3AGXFAFdXADGqAFCLgHD+AJPFsz69F6sV6XrTlrNXMEfsB6+wSMp5Qp</latexit>

Magnetotail

<latexit sha1_base64="lmzv7ybT8xoO7ZCt/n1UvXAZOJE=">AAAB+XicdVDJSgNBEO2JW4zbqEcvjUHwNMyMZrsFvXgRIpgFkiH0dHqSJj0L3TWBMORPvHhQxKt/4s2/sbMIKvqg4PFeFVX1/ERwBbb9YeTW1jc2t/LbhZ3dvf0D8/CopeJUUtaksYhlxyeKCR6xJnAQrJNIRkJfsLY/vp777QmTisfRPUwT5oVkGPGAUwJa6ptmzw/wrdYYxEC4wH2zaFvlknvhlLBtuZWaW3M1qVbKtZKLHcteoIhWaPTN994gpmnIIqCCKNV17AS8jEjgVLBZoZcqlhA6JkPW1TQiIVNetrh8hs+0MsBBLHVFgBfq94mMhEpNQ193hgRG6rc3F//yuikEVS/jUZICi+hyUZAKDDGex4AHXDIKYqoJoZLrWzEdEUko6LAKOoSvT/H/pOVazqVVu3OL9atVHHl0gk7ROXJQBdXRDWqgJqJogh7QE3o2MuPReDFel605YzVzjH7AePsEYHOTiA==</latexit>

Magnetopause

<latexit sha1_base64="TP5eXlo9yDi69oNE6ax5s7/RBmU=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgasiMj7a7ohs3QgX7gHYomTTThmYmQ5JRythPceNCEbd+iTv/xvQhqOiBC4dz7k3uPUHCmdIIfVi5peWV1bX8emFjc2t7xy7uNpVIJaENIriQ7QAryllMG5ppTtuJpDgKOG0Fo4up37qlUjER3+hxQv0ID2IWMoK1kXp2sRuE8MpoVIsEp4rCnl1CTrWCzo4rEDmnyHO9siFeGXmeC10HzVACC9R79nu3L0ga0VgTjpXquCjRfoalZoTTSaFrXk0wGeEB7Rga44gqP5utPoGHRunDUEhTsYYz9ftEhiOlxlFgOiOsh+q3NxX/8jqpDit+xuIk1TQm84/ClEMt4DQH2GeSEs3HhmAimdkVkiGWmGiTVsGE8HUp/J80Pcc9carXXql2vogjD/bBATgCLiiDGrgEddAABNyBB/AEnq1769F6sV7nrTlrMbMHfsB6+wQYq5Pt</latexit>

Interplanetary Magnetic Field Lines

<latexit sha1_base64="ZHG/jo4CNteX+hAS4QUibgAt0jc=">AAACDHicdVDLSgMxFM3UV62vqks3wSK4KjOlWLsrCKKgUMG2QjuUTHrbhmYyQ5IRhtIPcOOvuHGhiFs/wJ1/Y2Y6gooeCBzOOfeGe7yQM6Vt+8PKLSwuLa/kVwtr6xubW8XtnbYKIkmhRQMeyBuPKOBMQEszzeEmlEB8j0PHm5wkfucWpGKBuNZxCK5PRoINGSXaSP1i6VxokCEnAjSRMb40NmhG8SkDPsAXZq0yKbtcT4HnpFbNSN3BTtlOUUIZmv3ie28Q0MgHoSknSnUdO9TulEizmMOs0IsUhIROyAi6hgrig3Kn6TEzfGCUAR4G0jyhcap+n5gSX6nY90zSJ3qsfnuJ+JfXjfTw2J0yEUYaBJ1/NIw41gFOmsEDJoFqHhtCqGRJCXRMJKGmIFUwJXxdiv8n7UrZqZbrV5VS4yirI4/20D46RA6qoQY6Q03UQhTdoQf0hJ6te+vRerFe59Gclc3soh+w3j4BXICb0w==</latexit>

Solar

<latexit sha1_base64="VcH7kobPVNGAbOqP06oS71tmTFs=">AAAB9XicbZBLSwMxFIUz9VXrq+rSTbAIroaZUlB3RTcuK9pWaMeSSTNtaCYZkjtqGfo/3LhQxK3/xZ3/xvSBWO2BwOE795LLCRPBDXjel5NbWl5ZXcuvFzY2t7Z3irt7DaNSTVmdKqH0bUgME1yyOnAQ7DbRjMShYM1wcDHOm/dMG67kDQwTFsSkJ3nEKQGL7trAHiGMsmsliB51iiXf9SbCP8ZzK/OkhGaqdYqf7a6iacwkUEGMafleAkFGNHAq2KjQTg1LCB2QHmtZK0nMTJBNrh7hI0u6OFLaPgl4Qn9vZCQ2ZhiHdjIm0Dd/szFclLVSiE6DjMskBSbp9KMoFRgUHleAu1wzCmJoDaGa21sx7RNNKNiiCgtL+GcaZdevuGdX5VL1fFZHHh2gQ3SMfHSCqugS1VAdUaTRE3pBr86D8+y8Oe/T0Zwz29lHc3I+vgEtY5L4</latexit>

Wind

<latexit sha1_base64="8pto8lIe0aOLYiyq0gYJ9NUSQN0=">AAAB9HicbZBLS8NAFIUn9VXrq+rSzWARXIW0FNRd0Y3LCvYBbSiTyU07dDKJMzfFEvo73LhQxK0/xp3/xvSBWO2BgcN37mUux4ulMOg4X1ZubX1jcyu/XdjZ3ds/KB4eNU2UaA4NHslItz1mQAoFDRQooR1rYKEnoeUNb6Z5awTaiEjd4zgGN2R9JQLBGWbI7SI8ohekLaH8Sa9YKtvOTPTHOHZ1mZTIQvVe8bPrRzwJQSGXzJhO2YnRTZlGwSVMCt3EQMz4kPWhk1nFQjBuOjt6Qs8y4tMg0tlTSGf090bKQmPGoZdNhgwH5m82hauyToLBpZsKFScIis8/ChJJMaLTBqgvNHCU48wwrkV2K+UDphnHrKfCyhL+mWbFLlftq7tKqXa9qCNPTsgpOSdlckFq5JbUSYNw8kCeyAt5tUbWs/Vmvc9Hc9Zi55gsyfr4Blq8kn8=</latexit>



Interplay of reconnection and 
instabilities and waves

�!

<latexit sha1_base64="2+HVprIlji6a1+3ttew47Ibd1nE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4sgLkKifbkrunFZwT6gCWUynTRDJw9mJmoJ2bvxV9y4UMStP+DOv3H6QNR64MLhnHu59x43ZlRI0/zUckvLK6tr+fXCxubW9o6+u9cWUcIxaeGIRbzrIkEYDUlLUslIN+YEBS4jHXd0MfE7N4QLGoXXchwTJ0DDkHoUI6mkvl60XQ/ad5wOfYk4j25T2xcxwuQ4NQ3TwkGW9fWSorWqdVqHplGpWNVaBVqGOcU3KYE5mn39wx5EOAlIKDFDQvQsM5ZOirikmJGsYCeCqBUjNCQ9RUMUEOGk018yeKiUAfQiriqUcKr+nEhRIMQ4cFVngKQv/noT8T+vl0iv7qQ0jBNJQjxb5CUMyghOgoEDygmWbKwIwpyqWyH2EUdYqvgKKoSFlxdJ+8SwysbZVbnUOJ/HkQcHoAiOgAVqoAEuQRO0AAb34BE8gxftQXvSXrW3WWtOm8/sg1/Q3r8AGJibHA==</latexit>

�!

<latexit sha1_base64="2+HVprIlji6a1+3ttew47Ibd1nE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4sgLkKifbkrunFZwT6gCWUynTRDJw9mJmoJ2bvxV9y4UMStP+DOv3H6QNR64MLhnHu59x43ZlRI0/zUckvLK6tr+fXCxubW9o6+u9cWUcIxaeGIRbzrIkEYDUlLUslIN+YEBS4jHXd0MfE7N4QLGoXXchwTJ0DDkHoUI6mkvl60XQ/ad5wOfYk4j25T2xcxwuQ4NQ3TwkGW9fWSorWqdVqHplGpWNVaBVqGOcU3KYE5mn39wx5EOAlIKDFDQvQsM5ZOirikmJGsYCeCqBUjNCQ9RUMUEOGk018yeKiUAfQiriqUcKr+nEhRIMQ4cFVngKQv/noT8T+vl0iv7qQ0jBNJQjxb5CUMyghOgoEDygmWbKwIwpyqWyH2EUdYqvgKKoSFlxdJ+8SwysbZVbnUOJ/HkQcHoAiOgAVqoAEuQRO0AAb34BE8gxftQXvSXrW3WWtOm8/sg1/Q3r8AGJibHA==</latexit>

�! <latexit sha1_base64="2+HVprIlji6a1+3ttew47Ibd1nE=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4sgLkKifbkrunFZwT6gCWUynTRDJw9mJmoJ2bvxV9y4UMStP+DOv3H6QNR64MLhnHu59x43ZlRI0/zUckvLK6tr+fXCxubW9o6+u9cWUcIxaeGIRbzrIkEYDUlLUslIN+YEBS4jHXd0MfE7N4QLGoXXchwTJ0DDkHoUI6mkvl60XQ/ad5wOfYk4j25T2xcxwuQ4NQ3TwkGW9fWSorWqdVqHplGpWNVaBVqGOcU3KYE5mn39wx5EOAlIKDFDQvQsM5ZOirikmJGsYCeCqBUjNCQ9RUMUEOGk018yeKiUAfQiriqUcKr+nEhRIMQ4cFVngKQv/noT8T+vl0iv7qQ0jBNJQjxb5CUMyghOgoEDygmWbKwIwpyqWyH2EUdYqvgKKoSFlxdJ+8SwysbZVbnUOJ/HkQcHoAiOgAVqoAEuQRO0AAb34BE8gxftQXvSXrW3WWtOm8/sg1/Q3r8AGJibHA==</latexit>
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Phase

• Is reconnection evolution affected by 
waves and instabilities? 
  

• How to distinguish different phases,  
especially in observations?





In situ observations and numerical simulations

[Ganse et al., Phys. Plasmas, 2023]
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Review papers: 
[Shay et al., Space Sci. Rev., 2025] 
[Palmroth et al., LRCA, 2025] 



Interplay of instabilities and reconnection  
at the electron/lower hybrid scales

• Large, non-constant differences 
between spacecraft observations can 
be explained with a complex trajectory 
along the separatrix 

• Kink modes at center of the thin 
electron-scale current sheet perturb  
the EDR 

• 3D effects are important.  2D 
reconnection description is not sufficient 
to understand the observations 

[Cozzani et al., PRL, 2021]  

Multi-spacecraft MMS data 

PIC simulations

EDR
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EDR crossing in the magnetotail

[Cozzani et al., PRL, 2021]  
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[Cozzani et al., PRL, 2021]  

Interplay of instabilities and reconnection at the electron scales: 
the electron firehose instability (EFI)

• The EFI is a temperature-anisotropy-driven instability that can develop in the 
reconnection outflow 

• We report the first direct in situ observations of the non-propagating  
electron firehose wave mode in the outflow region in the magnetotail 

  Review paper: [Graham, Cozzani, et al., Space Sci. Rev., 2025] 

[Cozzani et al., JGR, 2023]  [Le et al., Phys. Plasmas, 2019]
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PIC simulations MMS data - indirect evidence  MMS data - direct evidence  

[Cozzani et al., JGR, 2023] 
[Štverák et al., JGR, 2008] 
[Zhang et al., GRL, 2018]  
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3D global simulations 
[Cozzani et al., GRL, 2025]  

[Palmroth et al., Nat. Geosci., 2023]

Magnetic reconnection and instabilities co-exist.  
Is the reconnection affected by the presence of the kink instability?

Large, magnetospheric scales

Simulations allow to follow the time evolution  
of the global system

MMS observations + PIC simulations
[Cozzani et al., PRL, 2021]

Electron kinetic scales
reconnection
plane

instability
kink



• We study the interaction of magnetic reconnection and the current 
sheet kink instability in the magnetotail of 3D Vlasiator simulation 

• The reconnection rate decreases during the instability growth phase. 
Strong interplay of the two processes.

3D Vlasiator magnetospheric simulations

Interplay of instabilities and reconnection at the ion/fluid scale

(�⌧1)
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Is the reconnection rate evolution influenced by the kink instability?

[Cozzani et al., GRL, 2025]  
[Palmroth et al., Nat. Geosci., 2023]

 
 [Zaitsev, Cozzani et al., JGR, 2025]        [Alho, Cozzani et al., Ann. Geo., 2024] 

Reconnection rate
Kink instability
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Identifying the growth phase of reconnection using  
pressure-strain interaction: PIC simulations

[Barbhuiya & Cassak, PoP, 2022] [Barbhuiya et al., JGR, 2025]
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• Characteristic spatial structures in the electron 
pressure-strain interaction at the EDR edge during 
growth phase only  

• Structures associated with opening of separatrices and 
formation of the ouflow (dilation/compression)

�h(P↵ ·r) · u↵i

<latexit sha1_base64="kwezNc3iHoxyzp75BijHYRbCzGs="></latexit>

hEth
↵ i

<latexit sha1_base64="foL+y2ZBml011CMLmqmXoXWLK+o=">AAACEnicbVDLSsNAFJ3UV62vqks3g0XQTUmkoO6KIrisYB/QxHAznbZDJ5MwMxFKyDe48VfcuFDErSt3/o3TtAttPTBwOOdc5t4TxJwpbdvfVmFpeWV1rbhe2tjc2t4p7+61VJRIQpsk4pHsBKAoZ4I2NdOcdmJJIQw4bQejq4nffqBSsUjc6XFMvRAGgvUZAW0kv3zichADTrEbgh4S4Ol15qcu8HgI2X2qhxl2ZZ7wyxW7aufAi8SZkQqaoeGXv9xeRJKQCk04KNV17Fh7KUjNCKdZyU0UjYGMYEC7hgoIqfLS/KQMHxmlh/uRNE9onKu/J1IIlRqHgUlOFlfz3kT8z+smun/upUzEiaaCTD/qJxzrCE/6wT0mKdF8bAgQycyumAxBAtGmxZIpwZk/eZG0TqtOrXpxW6vUL2d1FNEBOkTHyEFnqI5uUAM1EUGP6Bm9ojfryXqx3q2PabRgzWb20R9Ynz9gjp6T</latexit>

hEmi

<latexit sha1_base64="iK5oGz7UEyWTxS+66nD6Kgf5pcw=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmkoO6KIrisYB/QxDKZTtqhM5MwMxFKyNKNv+LGhSJu/QR3/o2TtAttPXDhcM693HtPEDOqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqyiRmLRwxCLZDZAijArS0lQz0o0lQTxgpBOMr3K/80CkopG405OY+BwNBQ0pRtpIffvQY0gMGYEeR3qEEUuvs/uUZ9CThd63q07NKQAXiTsjVTBDs29/eYMIJ5wIjRlSquc6sfZTJDXFjGQVL1EkRniMhqRnqECcKD8tHsngsVEGMIykKaFhof6eSBFXasID05mfq+a9XPzP6yU6PPdTKuJEE4Gni8KEQR3BPBU4oJJgzSaGICypuRXiEZIIa5NdxYTgzr+8SNqnNbdeu7itVxuXszjK4AAcgRPggjPQADegCVoAg0fwDF7Bm/VkvVjv1se0tWTNZvbBH1ifPxCmmgc=</latexit>

hEf
↵i

<latexit sha1_base64="ViWB2kykOUYpOduABw0z9sdk24g=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiRSUHdFEVxWsA9oarmZTtqhk0mYmQgl5Bfc+CtuXCji1p07/8Zpm4W2Hhg4nHMuc+/xY86Udpxvq7Cyura+UdwsbW3v7O7Z+wctFSWS0CaJeCQ7PijKmaBNzTSnnVhSCH1O2/74auq3H6hULBJ3ehLTXghDwQJGQBupb1c8DmLIKfZC0CMCPL3O+qkHPB5Bdp8GGfbkLNC3y07VmQEvEzcnZZSj0be/vEFEkpAKTTgo1XWdWPdSkJoRTrOSlygaAxnDkHYNFRBS1UtnF2X4xCgDHETSPKHxTP09kUKo1CT0TXK6t1r0puJ/XjfRwXkvZSJONBVk/lGQcKwjPK0HD5ikRPOJIUAkM7tiMgIJRJsSS6YEd/HkZdI6rbq16sVtrVy/zOsooiN0jCrIRWeojm5QAzURQY/oGb2iN+vJerHerY95tGDlM4foD6zPH3fInhM=</latexit>

hJ↵ ·Ei

<latexit sha1_base64="FLhR9fvUAdgDL6sPzeNqrRjAaAY=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIK6q4ogriqYB/QhHIznbRDJ5MwMxFK6H+48VfcuFDEleDCv3GaBtHWAwOHc85l7j1+zJnStv1lLS2vrK6tFzaKm1vbO7ulvf2WihJJaJNEPJIdHxTlTNCmZprTTiwphD6nbX90OfXb91QqFok7PY6pF8JAsIAR0EbqlaouBzHgFLsh6KEfpDeTngs8HgJ2ST/SP/rVBLsyi/ZKZbtiZ8CLxMlJGeVo9Eofbj8iSUiFJhyU6jp2rL0UpGaE00nRTRSNgYxgQLuGCgip8tLstgk+NkofB5E0T2icqb8nUgiVGoe+SU43VfPeVPzP6yY6OPNSJuJEU0FmHwUJxzrC06Jwn0lKNB8bAkQysysmQ5BAtKmzaEpw5k9eJK1qxalVzm9r5fpFXkcBHaIjdIIcdIrq6Bo1UBMR9ICe0At6tR6tZ+vNep9Fl6x85gD9gfX5DXK6obE=</latexit>

������!

<latexit sha1_base64="8SmRiF+J3zAWbWqFoa+Rduzev8M=">AAACB3icbVDLSsNAFJ3UV62vqEtBBosgLkJSCuqu6MZlBfuAJpTJdNIMnUzCzEQtITs3/oobF4q49Rfc+TdO2yy09cCFwzn3cu89fsKoVLb9bZSWlldW18rrlY3Nre0dc3evLeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/dDXxO3dESBrzWzVOiBehIacBxUhpqW8eug+CDkOFhIjvMzeUCcLkNHOsGo7yHPbNqm3ZU8BF4hSkCgo0++aXO4hxGhGuMENS9hw7UV6GhKKYkbzippLoFSM0JD1NOYqI9LLpHzk81soABrHQxRWcqr8nMhRJOY583RkhFcp5byL+5/VSFZx7GeVJqgjHs0VByqCK4SQUOKCCYMXGmiAsqL4V4hAJhJWOrqJDcOZfXiTtmuXUrYuberVxWcRRBgfgCJwAB5yBBrgGTdACGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gALn5lr</latexit>

������!

<latexit sha1_base64="8SmRiF+J3zAWbWqFoa+Rduzev8M=">AAACB3icbVDLSsNAFJ3UV62vqEtBBosgLkJSCuqu6MZlBfuAJpTJdNIMnUzCzEQtITs3/oobF4q49Rfc+TdO2yy09cCFwzn3cu89fsKoVLb9bZSWlldW18rrlY3Nre0dc3evLeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/dDXxO3dESBrzWzVOiBehIacBxUhpqW8eug+CDkOFhIjvMzeUCcLkNHOsGo7yHPbNqm3ZU8BF4hSkCgo0++aXO4hxGhGuMENS9hw7UV6GhKKYkbzippLoFSM0JD1NOYqI9LLpHzk81soABrHQxRWcqr8nMhRJOY583RkhFcp5byL+5/VSFZx7GeVJqgjHs0VByqCK4SQUOKCCYMXGmiAsqL4V4hAJhJWOrqJDcOZfXiTtmuXUrYuberVxWcRRBgfgCJwAB5yBBrgGTdACGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gALn5lr</latexit>

������!

<latexit sha1_base64="8SmRiF+J3zAWbWqFoa+Rduzev8M=">AAACB3icbVDLSsNAFJ3UV62vqEtBBosgLkJSCuqu6MZlBfuAJpTJdNIMnUzCzEQtITs3/oobF4q49Rfc+TdO2yy09cCFwzn3cu89fsKoVLb9bZSWlldW18rrlY3Nre0dc3evLeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/dDXxO3dESBrzWzVOiBehIacBxUhpqW8eug+CDkOFhIjvMzeUCcLkNHOsGo7yHPbNqm3ZU8BF4hSkCgo0++aXO4hxGhGuMENS9hw7UV6GhKKYkbzippLoFSM0JD1NOYqI9LLpHzk81soABrHQxRWcqr8nMhRJOY583RkhFcp5byL+5/VSFZx7GeVJqgjHs0VByqCK4SQUOKCCYMXGmiAsqL4V4hAJhJWOrqJDcOZfXiTtmuXUrYuberVxWcRRBgfgCJwAB5yBBrgGTdACGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gALn5lr</latexit>

������!

<latexit sha1_base64="8SmRiF+J3zAWbWqFoa+Rduzev8M=">AAACB3icbVDLSsNAFJ3UV62vqEtBBosgLkJSCuqu6MZlBfuAJpTJdNIMnUzCzEQtITs3/oobF4q49Rfc+TdO2yy09cCFwzn3cu89fsKoVLb9bZSWlldW18rrlY3Nre0dc3evLeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/dDXxO3dESBrzWzVOiBehIacBxUhpqW8eug+CDkOFhIjvMzeUCcLkNHOsGo7yHPbNqm3ZU8BF4hSkCgo0++aXO4hxGhGuMENS9hw7UV6GhKKYkbzippLoFSM0JD1NOYqI9LLpHzk81soABrHQxRWcqr8nMhRJOY583RkhFcp5byL+5/VSFZx7GeVJqgjHs0VByqCK4SQUOKCCYMXGmiAsqL4V4hAJhJWOrqJDcOZfXiTtmuXUrYuberVxWcRRBgfgCJwAB5yBBrgGTdACGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gALn5lr</latexit>

<latexit sha1_base64="bbhJkprJyTXTBB3deXlxNI1T2Fg=">AAACCXicbVBNS8NAEN34WetX1KOXxSJ4KolI9VgUwWMF+wFNLJvtpF262YTdjVBCrl78K148KOLVf+DNf+Om7UFbHww83pthZl6QcKa043xbS8srq2vrpY3y5tb2zq69t99ScSopNGnMY9kJiALOBDQ10xw6iQQSBRzaweiq8NsPIBWLxZ0eJ+BHZCBYyCjRRurZ2ONEDDhgLyJ6SAnPrvP7LMqxJ6d6z644VWcCvEjcGamgGRo9+8vrxzSNQGjKiVJd10m0nxGpGeWQl71UQULoiAyga6ggESg/m3yS42Oj9HEYS1NC44n6eyIjkVLjKDCdxb1q3ivE/7xuqsMLP2MiSTUIOl0UphzrGBex4D6TQDUfG0KoZOZWTIdEEqpNeGUTgjv/8iJpnVbdWrV2e1apX87iKKFDdIROkIvOUR3doAZqIooe0TN6RW/Wk/VivVsf09YlazZzgP7A+vwBcjGaMA==</latexit>

→Em↑
<latexit sha1_base64="nnbK9Fs17mU+I/xonQt+O7pT5Zg=">AAACEnicbVDLSsNAFJ3UV62vqks3g0XQTUlEqsuiCC4r2Ac0MdxMJ+3QySTMTIQS8g1u/BU3LhRx68qdf+P0sdDWAwOHc85l7j1BwpnStv1tFZaWV1bXiuuljc2t7Z3y7l5LxakktEliHstOAIpyJmhTM81pJ5EUooDTdjC8GvvtByoVi8WdHiXUi6AvWMgIaCP55ROXg+hzit0I9IAAz65zP3OBJwPI77Mwx66cBvxyxa7aE+BF4sxIBc3Q8Mtfbi8maUSFJhyU6jp2or0MpGaE07zkpoomQIbQp11DBURUednkpBwfGaWHw1iaJzSeqL8nMoiUGkWBSY4XV/PeWPzP66Y6vPAyJpJUU0GmH4UpxzrG435wj0lKNB8ZAkQysysmA5BAtGmxZEpw5k9eJK3TqlOr1m7PKvXLWR1FdIAO0TFy0DmqoxvUQE1E0CN6Rq/ozXqyXqx362MaLVizmX30B9bnD90Xnjw=</latexit>

→Ef
ω↑

<latexit sha1_base64="wNcuqE0+pGs2DvheWnZNnPjp5Xc=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyURqS6LIrisYB/QxHIznbZDJ5MwMxFKyD+48VfcuFDErRt3/o2TtgttPTBwOOdc5t4TxJwp7TjfVmFpeWV1rbhe2tjc2t6xd/eaKkokoQ0S8Ui2A1CUM0EbmmlO27GkEAactoLRVe63HqhULBJ3ehxTP4SBYH1GQBupa594HMSAU+yFoIcEeHqddVMPeDyE7D7Vwwx7cpro2mWn4kyAF4k7I2U0Q71rf3m9iCQhFZpwUKrjOrH2U5CaEU6zkpcoGgMZwYB2DBUQUuWnk5syfGSUHu5H0jyh8UT9PZFCqNQ4DEwy31zNe7n4n9dJdP/CT5mIE00FmX7UTzjWEc4Lwj0mKdF8bAgQycyumAxBAtGmxpIpwZ0/eZE0TytutVK9PSvXLmd1FNEBOkTHyEXnqIZuUB01EEGP6Bm9ojfryXqx3q2PabRgzWb20R9Ynz/GVZ68</latexit>

→Eth
ω ↑

<latexit sha1_base64="fBL76KgNInWj1nateKVcX8VJCDM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0cosegF48RzEOSJcxOZpMh81hmZpWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1vf2NzaLuwUd/f2Dw5LR8cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntR6oNU/LeThIaCjyULGYEWyc9RCkfo5irp36p7Ff8OdAqCXJShhyNfumrN1AkFVRawrEx3cBPbJhhbRnhdFrspYYmmIzxkHYdlVhQE2bzg6fo3CkDFCvtSlo0V39PZFgYMxGR6xTYjsyyNxP/87qpja/CjMkktVSSxaI45cgqNPseDZimxPKJI5ho5m5FZIQ1JtZlVHQhBMsvr5JWtRLUKrW7arl+ncdRgFM4gwsI4BLqcAsNaAIBAc/wCm+e9l68d+9j0brm5TMn8Afe5w+/8JBj</latexit>

bulk flow
<latexit sha1_base64="QEfhan5A/P3F0j87rlfHhaanwiE=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmIzGxIncUaEm0scREwAQuZG8ZYMPu3mV3z4Rc+BE2Fhpj6++x89+4wBUKvmSSl/dmMjMvSgQ31ve/vcLG5tb2TnG3tLd/cHhUPj5pmzjVDFssFrF+jKhBwRW2LLcCHxONVEYCO9Hkdu53nlAbHqsHO00wlHSk+JAzap3UsWPUkop+ueJX/QXIOglyUoEczX75qzeIWSpRWSaoMd3AT2yYUW05Ezgr9VKDCWUTOsKuo4pKNGG2OHdGLpwyIMNYu1KWLNTfExmVxkxl5DoltWOz6s3F/7xuaofXYcZVklpUbLlomApiYzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJu1YN6tX6fa3SuMnjKMIZnMMlBHAFDbiDJrSAwQSe4RXevMR78d69j2VrwctnTuEPvM8fiSWPtg==</latexit>

thermal
<latexit sha1_base64="FffOxLxIoTvznKFuCRrDa5x9GEM=">AAAB73icbVC7SgNBFL3rM8ZX1NJmMAg2ht0U0TJoYxnBPCBZwuzkbjJkdnadmRXCkp+wsVDE1t+x82+cJFto4oGBwzn3MvecIBFcG9f9dtbWNza3tgs7xd29/YPD0tFxS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFSBwUyo+LLfqnsVtw5yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzeKTm3yoCEsbJPGjJXf29kNNJ6EgV2MqJmpJe9mfif101NeO1nXCapQckWH4WpICYms/BkwJXNKyaWUKa4vZWwEVWUGVtR0ZbgLUdeJa1qxatVavfVcv0mr6MAp3AGF+DBFdThDhrQBAYCnuEV3pxH58V5dz4Wo2tOvnMCf+B8/gD2Z4/u</latexit>

electro-<latexit sha1_base64="EaTXiMCABjaqzKSumLXd/Rkj4fc=">AAAB73icbVDLTgIxFL2DL8QX6tJNIzFxRWZYoEuiG5eYyCOBCemUO9DQ6Yxtx4QQfsKNC41x6++482/swCwUPEmT03Pube89QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST28zvPKHSPJYPZpqgH9GR5CFn1Fipm93QcDYoV9yquwBZJ15OKpCjOSh/9YcxSyOUhgmqdc9zE+PPqLKPCZyX+qnGhLIJHWHPUkkj1P5sMe+cXFhlSMJY2SMNWai/O2Y00noaBbYyomasV71M/M/rpSa89mdcJqlByZYfhakgJibZ8mTIFTIjppZQpridlbAxVZQZG1HJhuCtrrxO2rWqV6/W72uVxk0eRxHO4BwuwYMraMAdNKEFDAQ8wyu8OY/Oi/PufCxLC07ecwp/4Hz+ADqnkBs=</latexit>

magnetic

Pressure-strain interaction term



Identifying the growth phase of reconnection using  
pressure-strain interaction: MMS observations

<latexit sha1_base64="w0HYczxebS/d/mO/azQF+rkZJvk=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAhuDElbWrMQim5cVrAPaEOYTKbt0MkkzEyKJfRP3LhQxK1/4s6/cdJWUNEDFw7n3Mu99wQJo1LZ9oexsrq2vrFZ2Cpu7+zu7ZsHh20ZpwKTFo5ZLLoBkoRRTlqKKka6iSAoChjpBOPr3O9MiJA05ndqmhAvQkNOBxQjpSXfNO99DC/hecVyYB+GPvXNkm25ru06FWhbTq1Sdqs5cctOvQ4dy56jBJZo+uZ7P4xxGhGuMENS9hw7UV6GhKKYkVmxn0qSIDxGQ9LTlKOISC+bXz6Dp1oJ4SAWuriCc/X7RIYiKadRoDsjpEbyt5eLf3m9VA0uvIzyJFWE48WiQcqgimEeAwypIFixqSYIC6pvhXiEBMJKh1XUIXx9Cv8n7bLOx6rdVkuNq2UcBXAMTsAZcEAdNMANaIIWwGACHsATeDYy49F4MV4XrSvGcuYI/IDx9gnce5Hn</latexit>

xc = →3.1 di

<latexit sha1_base64="LpQPyhkCwpPnUB1ECgSStQ3UDTc=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwY0i0VpdFNy4r2Ae0IUwmN+3QySTMTMQS+htuXCji1p9x5984fQg+D1w4nHMv994TpJwp7TjvVmFhcWl5pbhaWlvf2Nwqb++0VJJJCk2a8ER2AqKAMwFNzTSHTiqBxAGHdjC8nPjtW5CKJeJGj1LwYtIXLGKUaCP17nyKj7CLQx+wX6449qlTrZ44+DdxbWeKCpqj4ZffemFCsxiEppwo1XWdVHs5kZpRDuNSL1OQEjokfegaKkgMysunN4/xgVFCHCXSlNB4qn6dyEms1CgOTGdM9ED99CbiX14309G5lzORZhoEnS2KMo51gicB4JBJoJqPDCFUMnMrpgMiCdUmppIJ4fNT/D9pHdtuza5dVyv1i3kcRbSH9tEhctEZqqMr1EBNRFGK7tEjerIy68F6tl5mrQVrPrOLvsF6/QAQNpBt</latexit>

xc → 1de
<latexit sha1_base64="ifCcWa5VH2ZvP2ticZaC6+cOmM0=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiCECatSXVXdOOygn1AG8JkMm2HTiZhZiKW0N9w40IRt/6MO//G6UNQ0QMXDufcy733hClnSiP0YS0tr6yurRc2iptb2zu7pb39lkoySWiTJDyRnRArypmgTc00p51UUhyHnLbD0dXUb99RqVgibvU4pX6MB4L1GcHaSL37gMBT6MAooDAolZFddSvuhQOR7bkIeRVDqlXHRTXo2GiGMligEZTee1FCspgKTThWquugVPs5lpoRTifFXqZoiskID2jXUIFjqvx8dvMEHhslgv1EmhIaztTvEzmOlRrHoemMsR6q395U/MvrZrp/7udMpJmmgswX9TMOdQKnAcCISUo0HxuCiWTmVkiGWGKiTUxFE8LXp/B/0qrYjmd7N2fl+uUijgI4BEfgBDigBurgGjRAExCQggfwBJ6tzHq0XqzXeeuStZg5AD9gvX0CIvKQeg==</latexit>

xc + 1de
<latexit sha1_base64="vp8HlkLk/qh+O2wx38Mg2hjeRC4=">AAAB83icbZBLSwMxFIUzPmt9VV26CRZBEIaZWqvuim5cVrAPaIchk95pQzOZIcmIZejfcONCEbf+GXf+G9OHotYDgcN37iWXEyScKe04H9bC4tLyympuLb++sbm1XdjZbag4lRTqNOaxbAVEAWcC6pppDq1EAokCDs1gcDXOm3cgFYvFrR4m4EWkJ1jIKNEGde59io9xCXd9wH6h6NjORNj9Mo59cVI6dcrfpIhmqvmF9043pmkEQlNOlGq7TqK9jEjNKIdRvpMqSAgdkB60jRUkAuVlk5tH+NCQLg5jaZ7QeEJ/bmQkUmoYBWYyIrqv/mZj+F/WTnV47mVMJKkGQacfhSnHOsbjAnCXSaCaD40hVDJzK6Z9IgnVpqa8KcGdK2HONEq2W7ErN+Vi9XJWRw7towN0hFx0hqroGtVQHVGUoAf0hJ6t1Hq0XqzX6eiCNdvZQ79kvX0C6wuQVA==</latexit>

xc + 2de

<latexit sha1_base64="Nmhkd3wOBeQB4eg1kTkcRuWYSBs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUS0lEqseiF48VTFtoQ9lsNu3SzW7Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777aytb2xubZd2yrt7+weHlaPjtpaZItQnkkvVDbGmnAnqG2Y47aaK4iTktBOO72Z+54kqzaR4NJOUBgkeChYzgo2V/Fo0YBeDStWtu3OgVeIVpAoFWoPKVz+SJEuoMIRjrXuem5ogx8owwum03M80TTEZ4yHtWSpwQnWQz4+donOrRCiWypYwaK7+nshxovUkCW1ngs1IL3sz8T+vl5n4JsiZSDNDBVksijOOjESzz1HEFCWGTyzBRDF7KyIjrDAxNp+yDcFbfnmVtC/rXqPeeLiqNm+LOEpwCmdQAw+uoQn30AIfCDB4hld4c4Tz4rw7H4vWNaeYOYE/cD5/AAwbjjQ=</latexit>

(di)

<latexit sha1_base64="Nmhkd3wOBeQB4eg1kTkcRuWYSBs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUS0lEqseiF48VTFtoQ9lsNu3SzW7Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777aytb2xubZd2yrt7+weHlaPjtpaZItQnkkvVDbGmnAnqG2Y47aaK4iTktBOO72Z+54kqzaR4NJOUBgkeChYzgo2V/Fo0YBeDStWtu3OgVeIVpAoFWoPKVz+SJEuoMIRjrXuem5ogx8owwum03M80TTEZ4yHtWSpwQnWQz4+donOrRCiWypYwaK7+nshxovUkCW1ngs1IL3sz8T+vl5n4JsiZSDNDBVksijOOjESzz1HEFCWGTyzBRDF7KyIjrDAxNp+yDcFbfnmVtC/rXqPeeLiqNm+LOEpwCmdQAw+uoQn30AIfCDB4hld4c4Tz4rw7H4vWNaeYOYE/cD5/AAwbjjQ=</latexit> (d
i)

<latexit sha1_base64="QI/ohQ1v3I26uSpvAGllw99IMYE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJF6EoBePEcwDkiXMTmaTMbM7y0yvEEL+wYsHRbz6P978GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNY1KNeMNpqTS7YAaLkXMGyhQ8naiOY0CyVvB6Hbmt564NkLFDzhOuB/RQSxCwShaqYnkmnjVXrHklt05yCrxMlKCDPVe8avbVyyNeIxMUmM6npugP6EaBZN8WuimhieUjeiAdyyNacSNP5lfOyVnVumTUGlbMZK5+ntiQiNjxlFgOyOKQ7PszcT/vE6K4ZU/EXGSIo/ZYlGYSoKKzF4nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/zyKmlelL1KuXJ/WardZHHk4QRO4Rw8qEIN7qAODWDwCM/wCm+Ocl6cd+dj0Zpzsplj+APn8wf7YY4a</latexit>

t = 17
<latexit sha1_base64="DPo7fA5uioMwL+0VV2s+qckNyzw="></latexit>

→Pe : Se = →(Pe ·↑) · ue

<latexit sha1_base64="DPo7fA5uioMwL+0VV2s+qckNyzw="></latexit>

→Pe : Se = →(Pe ·↑) · ue

<latexit sha1_base64="oDvqXZ9ax+14waWGCC/wiDiLhPw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh1IvHCtYW2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48etRxqhi2WCxi1QmoRsEltgw3AjuJQhoFAtvB+Hbmt59QaR7LBzNJ0I/oUPKQM2qs1G70h+SGuP1yxa26c5BV4uWkAjma/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5uVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjtZ1wmqUHJFovCVBATk9nvZMAVMiMmllCmuL2VsBFVlBmbUMmG4C2/vEoeL6perVq7v6zUG3kcRTiBUzgHD66gDnfQhBYwGMMzvMKbkzgvzrvzsWgtOPnMMfyB8/kDrd+OgA==</latexit>

Bg = 0

<latexit sha1_base64="5i87kdZjp8feLdDq7xRtApR7BoE=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBiyGpbW1uRS8eK9hWbEPYbDbt0s0m7G7EEvovvHhQxKv/xpv/xk1bQUUfDDzem2Fmnp8wKpVlfRiFpeWV1bXiemljc2t7p7y715VxKjDp4JjF4sZHkjDKSUdRxchNIgiKfEZ6/vgi93t3REga82s1SYgboSGnIcVIaen23sPwBFYDj3jlimU6zXq9VoWWaVlOrX6qieM4dtOGtlZyVMACba/8PghinEaEK8yQlH3bSpSbIaEoZmRaGqSSJAiP0ZD0NeUoItLNZhdP4ZFWAhjGQhdXcKZ+n8hQJOUk8nVnhNRI/vZy8S+vn6qw6WaUJ6kiHM8XhSmDKob5+zCggmDFJpogLKi+FeIREggrHVJJh/D1KfyfdKum3TAbV7VK63wRRxEcgENwDGxwBlrgErRBB2DAwQN4As+GNB6NF+N13lowFjP74AeMt0+fjJBF</latexit>

xc → 2de

PIC simulations
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<latexit sha1_base64="9uueKGcyq5/huiV9OO5KGo3g3EE=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxIncUaEm0sbCARD4SuJC9ZQ5W9vYuu3smhPALbCw0xtafZOe/cYErFHzJJC/vzWRmXpAIro3rfju5jc2t7Z38bmFv/+DwqHh80tJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbut59QaR7LBzNJ0I/oUPKQM2qs1LjvF0tu2V2ArBMvIyXIUO8Xv3qDmKURSsME1brruYnxp1QZzgTOCr1UY0LZmA6xa6mkEWp/ujh0Ri6sMiBhrGxJQxbq74kpjbSeRIHtjKgZ6VVvLv7ndVMTXvtTLpPUoGTLRWEqiInJ/Gsy4AqZERNLKFPc3krYiCrKjM2mYEPwVl9eJ61K2auWq41KqXaTxZGHMziHS/DgCmpwB3VoAgOEZ3iFN+fReXHenY9la87JZk7hD5zPH6Z7jNk=</latexit>

L
<latexit sha1_base64="bj14gek0u21CZUwZX8zAKSbUOrE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SRMugjY2QgPmA5Ah7m7lkzd7esbsnhJBfYGOhiK0/yc5/4ya5QhMfDDzem2FmXpAIro3rfju5jc2t7Z38bmFv/+DwqHh80tJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbut59QaR7LBzNJ0I/oUPKQM2qs1LjvF0tu2V2ArBMvIyXIUO8Xv3qDmKURSsME1brruYnxp1QZzgTOCr1UY0LZmA6xa6mkEWp/ujh0Ri6sMiBhrGxJQxbq74kpjbSeRIHtjKgZ6VVvLv7ndVMTXvtTLpPUoGTLRWEqiInJ/Gsy4AqZERNLKFPc3krYiCrKjM2mYEPwVl9eJ61K2auWq41KqXaTxZGHMziHS/DgCmpwB3VoAgOEZ3iFN+fReXHenY9la87JZk7hD5zPH6f/jNo=</latexit>

M

<latexit sha1_base64="/EeKmsk5TS3eDHMjHuPgtut4Wu0=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxIncUaEm0sTKQyEcCF7K3zMHK3t5ld8+EEH6BjYXG2PqT7Pw3LnCFgi+Z5OW9mczMCxLBtXHdbye3sbm1vZPfLeztHxweFY9PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38799hMqzWP5YCYJ+hEdSh5yRo2VGvf9YsktuwuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCa3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpFUpe9VytVEp1W6yOPJwBudwCR5cQQ3uoA5NYIDwDK/w5jw6L86787FszTnZzCn8gfP5A6mDjNs=</latexit>

N
<latexit sha1_base64="9pGb0GWWFnmuW62XkDUVU+NTXfo=">AAAB+HicbVDLSsNAFL2prxofjbp0EyyCq5K4qG7EohuXFewD2lIm00k6dDITZiZKDf0SN4KKuPUn3LsR/8bpY6GtBy4czrmXe+8JEkaV9rxvK7e0vLK6ll+3Nza3tgvOzm5diVRiUsOCCdkMkCKMclLTVDPSTCRBccBIIxhcjv3GLZGKCn6jhwnpxCjiNKQYaSN1nUKbCR5JGvU1klLcdZ2iV/ImcBeJPyPF8w/7LHn6sqtd57PdEziNCdeYIaVavpfoToakppiRkd1OFUkQHqCItAzlKCaqk00OH7mHRum5oZCmuHYn6u+JDMVKDePAdMZI99W8Nxb/81qpDk87GeVJqgnH00Vhylwt3HEKbo9KgjUbGoKwpOZWF/eRRFibrGwTgj//8iKpH5f8cql87RcrFzBFHvbhAI7AhxOowBVUoQYYUniAZ3ix7q1H69V6m7bmrNnMHvyB9f4D1aGW3w==</latexit>→↑<latexit sha1_base64="9pGb0GWWFnmuW62XkDUVU+NTXfo=">AAAB+HicbVDLSsNAFL2prxofjbp0EyyCq5K4qG7EohuXFewD2lIm00k6dDITZiZKDf0SN4KKuPUn3LsR/8bpY6GtBy4czrmXe+8JEkaV9rxvK7e0vLK6ll+3Nza3tgvOzm5diVRiUsOCCdkMkCKMclLTVDPSTCRBccBIIxhcjv3GLZGKCn6jhwnpxCjiNKQYaSN1nUKbCR5JGvU1klLcdZ2iV/ImcBeJPyPF8w/7LHn6sqtd57PdEziNCdeYIaVavpfoToakppiRkd1OFUkQHqCItAzlKCaqk00OH7mHRum5oZCmuHYn6u+JDMVKDePAdMZI99W8Nxb/81qpDk87GeVJqgnH00Vhylwt3HEKbo9KgjUbGoKwpOZWF/eRRFibrGwTgj//8iKpH5f8cql87RcrFzBFHvbhAI7AhxOowBVUoQYYUniAZ3ix7q1H69V6m7bmrNnMHvyB9f4D1aGW3w==</latexit> →↑<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>→

�Pe : Se < 0

<latexit sha1_base64="N3vP6eiKrgV4vcX7+L+4QdkY4so="></latexit>

<latexit sha1_base64="lZiY9arrWUGtqlJbx0asC3+u+No="></latexit>

→Pe : Se > 0

<latexit sha1_base64="DwTbutSmpxf6MgJAXa8SAavGSDI=">AAAB8XicbVA9T8MwEL3wWcpXgZHFokJiqpIOhbGChbFI9EO0UeW4TmvVcSL7gqiq/gsWBhBi5d+w8W9w2gzQ8iRLT+/dne9ekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2MbzK//ci1EbG6x0nC/YgOlQgFo2ilB8MTqilq8dQvld2KOwdZJV5OypCj0S999QYxSyOukElqTNdzE/SnVKNgks+KvTQbzsZ0yLuWKhpx40/nG8/IuVUGJIy1fQrJXP3dMaWRMZMosJURxZFZ9jLxP6+bYnjlT4VKUuSKLT4KU0kwJtn5ZCA0ZygnllCmhd2VsJGNgKENqWhD8JZPXiWtasWrVWp31XL9Oo+jAKdwBhfgwSXU4RYa0AQGCp7hFd4c47w4787HonTNyXtO4A+czx8Ii5Eq</latexit>

separatrix
<latexit sha1_base64="SMK4QYXuv05qdW+A+YNAWzJ6qrE=">AAAB7XicbVDLTgIxFL2DL8QX6tJNIzFxI5lhAS6JblxiIo8EJqRTOlDptJO2Y0Im/IMbFxrj1v9x59/YgVkoeJImJ+fck957gpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvc387hNVmknxYGYx9SM8FixkBBsrdXpXWXBYrrhVdwG0TrycVCBHa1j+GowkSSIqDOFY677nxsZPsTKMcDovDRJNY0ymeEz7lgocUe2ni23n6MIqIxRKZZ8waKH+TqQ40noWBXYywmaiV71M/M/rJya89lMm4sRQQZYfhQlHRqLsdDRiihLDZ5ZgopjdFZEJVpgYW1DJluCtnrxOOrWqV6/W72uV5k1eRxHO4BwuwYMGNOEOWtAGAo/wDK/w5kjnxXl3PpajBSfPnMIfOJ8/PTOO7A==</latexit>

X-line
<latexit sha1_base64="beIYXqg0Uyre5Ufr8nlyUUMfeYg=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkltY09S6sWLUMF+QBvKZrtpl242cXcjlNA/4cWDIl79O978NyZthSr6YODx3gwz87yIM6Ut69NYWV1b39jMbeW3d3b39gsHhy0VxpLQJgl5KDseVpQzQZuaaU47kaQ48Dhte+OrzG8/UKlYKO70JKJugIeC+YxgnUqdev8GXSIL9QtF27RmQJZZrjjlcycjdsmqVNG3VYQFGv3CR28QkjigQhOOleraVqTdBEvNCKfTfC9WNMJkjIe0m1KBA6rcZHbvFJ2mygD5oUxLaDRTlycSHCg1Cby0M8B6pH57mfiX1421X3UTJqJYU0Hmi/yYIx2i7Hk0YJISzScpwUSy9FZERlhiotOI8ssh/E9aJdN2TOe2XKzVF3Hk4BhO4AxsuIAaXEMDmkCAwyM8w4txbzwZr8bbvHXFWMwcwQ8Y718k5I7C</latexit>

BM > 0

<latexit sha1_base64="EfaYdNziNU1MwHeLcNFIsIYggSo=">AAAB73icbVDLSgMxFM3UV62vqks3wSK4GjI6TrtwUerGjVDBPqAdSibNtKGZzJhkhDL0J9y4UMStv+POvzF9IGo9cOFwzr3ce0+QcKY0Qp9WbmV1bX0jv1nY2t7Z3SvuHzRVnEpCGyTmsWwHWFHOBG1opjltJ5LiKOC0FYyupn7rgUrFYnGnxwn1IzwQLGQEayO1a70beAkR7BVLyD4vV7wLDyLbdRGquNCx0QzfpAQWqPeKH91+TNKICk04VqrjoET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbvBJ4YpQ/DWJoSGs7UnxMZjpQaR4HpjLAeqr/eVPzP66Q6rPgZE0mqqSDzRWHKoY7h9HnYZ5ISzceGYCKZuRWSIZaYaBNRwYSw9PIyaZ7Zjmd7t26pWlvEkQdH4BicAgeUQRVcgzpoAAI4eATP4MW6t56sV+tt3pqzFjOH4Bes9y8t247H</latexit>

BM < 0

<latexit sha1_base64="20/PnKavWLmlhe9ue4Yiuj/p+fM=">AAAB63icdVBNS8NAEN3Ur1q/qh69LBbBU0hCTZtbUQRPUsHWQhvKZrtpl+5uwu5GKKV/wYsHRbz6h7z5b9y0FVT0wcDjvRlm5kUpo0o7zodVWFldW98obpa2tnd298r7B22VZBKTFk5YIjsRUoRRQVqaakY6qSSIR4zcReOL3L+7J1LRRNzqSUpCjoaCxhQjnUuX/WvYL1ccO/CcWtWDju0HfuDVDfGCmhucQdd25qiAJZr98ntvkOCME6ExQ0p1XSfV4RRJTTEjs1IvUyRFeIyGpGuoQJyocDq/dQZPjDKAcSJNCQ3n6veJKeJKTXhkOjnSI/Xby8W/vG6m43o4pSLNNBF4sSjOGNQJzB+HAyoJ1mxiCMKSmlshHiGJsDbxlEwIX5/C/0nbs13f9m+qlcb5Mo4iOALH4BS4oAYa4Ao0QQtgMAIP4Ak8W9x6tF6s10VrwVrOHIIfsN4+Ac/6jiA=</latexit>

EN
<latexit sha1_base64="uraBAE4YuCuDZxo6ZWAcKxGhGzU=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZI2prorunFZwdpCG8pketMOnTycmRRK6He4caGIWz/GnX/jpK2gogcGDufcyz1z/IQzqSzrwyisrK6tbxQ3S1vbO7t75f2DOxmngkKLxjwWHZ9I4CyClmKKQycRQEKfQ9sfX+V+ewJCsji6VdMEvJAMIxYwSpSWvF5I1MgPsnTWB9wvVyyzelavuRbWpO447oUmNavqODVsm9YcFbREs19+7w1imoYQKcqJlF3bSpSXEaEY5TAr9VIJCaFjMoSuphEJQXrZPPQMn2hlgINY6BcpPFe/b2QklHIa+noyDyl/e7n4l9dNVXDuZSxKUgURXRwKUo5VjPMG8IAJoIpPNSFUMJ0V0xERhCrdU0mX8PVT/D+5q5q2a7o3TqVxuayjiI7QMTpFNqqjBrpGTdRCFN2jB/SEno2J8Wi8GK+L0YKx3DlEP2C8fQI5pJJt</latexit>ue

<latexit sha1_base64="ajxc77oexoFzDiZgLrR8b0KzzPE=">AAAB/XicbVDLTsMwEHTKq5RXeNy4WFRIXCgJoMKxggvHIuhDSkLkuG6xajuR7SCVqOJXuHAAIa78Bzf+BrfNAVpGWmk0s6vdnShhVGnH+bYKc/MLi0vF5dLK6tr6hr251VRxKjFp4JjFsh0hRRgVpKGpZqSdSIJ4xEgr6l+O/NYDkYrG4lYPEhJw1BO0SzHSRgrtHV9yeFi/CQn0oSdaR/zuJAjtslNxxoCzxM1JGeSoh/aX34lxyonQmCGlPNdJdJAhqSlmZFjyU0UShPuoRzxDBeJEBdn4+iHcN0oHdmNpSmg4Vn9PZIgrNeCR6eRI36tpbyT+53mp7p4HGRVJqonAk0XdlEEdw1EUsEMlwZoNDEFYUnMrxPdIIqxNYCUTgjv98ixpHlfcaqV6fVquXeRxFMEu2AMHwAVnoAauQB00AAaP4Bm8gjfryXqx3q2PSWvByme2wR9Ynz8O4JOz</latexit>

→PSe [nW/m3]
<latexit sha1_base64="DPo7fA5uioMwL+0VV2s+qckNyzw="></latexit>

→Pe : Se = →(Pe ·↑) · ue

Pressure-strain variations during an  
EDR crossing in the magnetotail

<latexit sha1_base64="woQLFLYLe2TFjRyBRhGKUmmSIu0=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8LbNBox6EEC8ePEQwD0iWMDuZJENmZ5eZWSEs+QgvHhTx6vd482+czQNUtKChqOqmuyuIBdcG409naXlldW09t5Hf3Nre2S3s7Td0lCjK6jQSkWoFRDPBJasbbgRrxYqRMBCsGYyuM7/5wJTmkbw345j5IRlI3ueUGCs1q91bdIVwt1DErneZAWG3hC3OFqSEPBdPUYQ5at3CR6cX0SRk0lBBtG57ODZ+SpThVLBJvpNoFhM6IgPWtlSSkGk/nZ47QcdW6aF+pGxJg6bq94mUhFqPw8B2hsQM9W8vE//y2onpX/gpl3FimKSzRf1EIBOh7HfU44pRI8aWEKq4vRXRIVGEGptQ3oaw+BT9Txol1yu75bvTYqU6jyMHh3AEJ+DBOVTgBmpQBwojeIRneHFi58l5dd5mrUvOfOYAfsB5/wLYZI6e</latexit>

BL = 0

[Cozzani et al., in preparation]



<latexit sha1_base64="9uueKGcyq5/huiV9OO5KGo3g3EE=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxIncUaEm0sbCARD4SuJC9ZQ5W9vYuu3smhPALbCw0xtafZOe/cYErFHzJJC/vzWRmXpAIro3rfju5jc2t7Z38bmFv/+DwqHh80tJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbut59QaR7LBzNJ0I/oUPKQM2qs1LjvF0tu2V2ArBMvIyXIUO8Xv3qDmKURSsME1brruYnxp1QZzgTOCr1UY0LZmA6xa6mkEWp/ujh0Ri6sMiBhrGxJQxbq74kpjbSeRIHtjKgZ6VVvLv7ndVMTXvtTLpPUoGTLRWEqiInJ/Gsy4AqZERNLKFPc3krYiCrKjM2mYEPwVl9eJ61K2auWq41KqXaTxZGHMziHS/DgCmpwB3VoAgOEZ3iFN+fReXHenY9la87JZk7hD5zPH6Z7jNk=</latexit>

L
<latexit sha1_base64="bj14gek0u21CZUwZX8zAKSbUOrE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5SRMugjY2QgPmA5Ah7m7lkzd7esbsnhJBfYGOhiK0/yc5/4ya5QhMfDDzem2FmXpAIro3rfju5jc2t7Z38bmFv/+DwqHh80tJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbut59QaR7LBzNJ0I/oUPKQM2qs1LjvF0tu2V2ArBMvIyXIUO8Xv3qDmKURSsME1brruYnxp1QZzgTOCr1UY0LZmA6xa6mkEWp/ujh0Ri6sMiBhrGxJQxbq74kpjbSeRIHtjKgZ6VVvLv7ndVMTXvtTLpPUoGTLRWEqiInJ/Gsy4AqZERNLKFPc3krYiCrKjM2mYEPwVl9eJ61K2auWq41KqXaTxZGHMziHS/DgCmpwB3VoAgOEZ3iFN+fReXHenY9la87JZk7hD5zPH6f/jNo=</latexit>

M

<latexit sha1_base64="/EeKmsk5TS3eDHMjHuPgtut4Wu0=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxIncUaEm0sTKQyEcCF7K3zMHK3t5ld8+EEH6BjYXG2PqT7Pw3LnCFgi+Z5OW9mczMCxLBtXHdbye3sbm1vZPfLeztHxweFY9PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38799hMqzWP5YCYJ+hEdSh5yRo2VGvf9YsktuwuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCa3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpFUpe9VytVEp1W6yOPJwBudwCR5cQQ3uoA5NYIDwDK/w5jw6L86787FszTnZzCn8gfP5A6mDjNs=</latexit>

N
<latexit sha1_base64="9pGb0GWWFnmuW62XkDUVU+NTXfo=">AAAB+HicbVDLSsNAFL2prxofjbp0EyyCq5K4qG7EohuXFewD2lIm00k6dDITZiZKDf0SN4KKuPUn3LsR/8bpY6GtBy4czrmXe+8JEkaV9rxvK7e0vLK6ll+3Nza3tgvOzm5diVRiUsOCCdkMkCKMclLTVDPSTCRBccBIIxhcjv3GLZGKCn6jhwnpxCjiNKQYaSN1nUKbCR5JGvU1klLcdZ2iV/ImcBeJPyPF8w/7LHn6sqtd57PdEziNCdeYIaVavpfoToakppiRkd1OFUkQHqCItAzlKCaqk00OH7mHRum5oZCmuHYn6u+JDMVKDePAdMZI99W8Nxb/81qpDk87GeVJqgnH00Vhylwt3HEKbo9KgjUbGoKwpOZWF/eRRFibrGwTgj//8iKpH5f8cql87RcrFzBFHvbhAI7AhxOowBVUoQYYUniAZ3ix7q1H69V6m7bmrNnMHvyB9f4D1aGW3w==</latexit>→↑<latexit sha1_base64="9pGb0GWWFnmuW62XkDUVU+NTXfo=">AAAB+HicbVDLSsNAFL2prxofjbp0EyyCq5K4qG7EohuXFewD2lIm00k6dDITZiZKDf0SN4KKuPUn3LsR/8bpY6GtBy4czrmXe+8JEkaV9rxvK7e0vLK6ll+3Nza3tgvOzm5diVRiUsOCCdkMkCKMclLTVDPSTCRBccBIIxhcjv3GLZGKCn6jhwnpxCjiNKQYaSN1nUKbCR5JGvU1klLcdZ2iV/ImcBeJPyPF8w/7LHn6sqtd57PdEziNCdeYIaVavpfoToakppiRkd1OFUkQHqCItAzlKCaqk00OH7mHRum5oZCmuHYn6u+JDMVKDePAdMZI99W8Nxb/81qpDk87GeVJqgnH00Vhylwt3HEKbo9KgjUbGoKwpOZWF/eRRFibrGwTgj//8iKpH5f8cql87RcrFzBFHvbhAI7AhxOowBVUoQYYUniAZ3ix7q1H69V6m7bmrNnMHvyB9f4D1aGW3w==</latexit> →↑<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>→

�Pe : Se < 0

<latexit sha1_base64="N3vP6eiKrgV4vcX7+L+4QdkY4so="></latexit>

<latexit sha1_base64="lZiY9arrWUGtqlJbx0asC3+u+No="></latexit>

→Pe : Se > 0

<latexit sha1_base64="DwTbutSmpxf6MgJAXa8SAavGSDI=">AAAB8XicbVA9T8MwEL3wWcpXgZHFokJiqpIOhbGChbFI9EO0UeW4TmvVcSL7gqiq/gsWBhBi5d+w8W9w2gzQ8iRLT+/dne9ekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2MbzK//ci1EbG6x0nC/YgOlQgFo2ilB8MTqilq8dQvld2KOwdZJV5OypCj0S999QYxSyOukElqTNdzE/SnVKNgks+KvTQbzsZ0yLuWKhpx40/nG8/IuVUGJIy1fQrJXP3dMaWRMZMosJURxZFZ9jLxP6+bYnjlT4VKUuSKLT4KU0kwJtn5ZCA0ZygnllCmhd2VsJGNgKENqWhD8JZPXiWtasWrVWp31XL9Oo+jAKdwBhfgwSXU4RYa0AQGCp7hFd4c47w4787HonTNyXtO4A+czx8Ii5Eq</latexit>

separatrix
<latexit sha1_base64="SMK4QYXuv05qdW+A+YNAWzJ6qrE=">AAAB7XicbVDLTgIxFL2DL8QX6tJNIzFxI5lhAS6JblxiIo8EJqRTOlDptJO2Y0Im/IMbFxrj1v9x59/YgVkoeJImJ+fck957gpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvc387hNVmknxYGYx9SM8FixkBBsrdXpXWXBYrrhVdwG0TrycVCBHa1j+GowkSSIqDOFY677nxsZPsTKMcDovDRJNY0ymeEz7lgocUe2ni23n6MIqIxRKZZ8waKH+TqQ40noWBXYywmaiV71M/M/rJya89lMm4sRQQZYfhQlHRqLsdDRiihLDZ5ZgopjdFZEJVpgYW1DJluCtnrxOOrWqV6/W72uV5k1eRxHO4BwuwYMGNOEOWtAGAo/wDK/w5kjnxXl3PpajBSfPnMIfOJ8/PTOO7A==</latexit>

X-line
<latexit sha1_base64="beIYXqg0Uyre5Ufr8nlyUUMfeYg=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkltY09S6sWLUMF+QBvKZrtpl242cXcjlNA/4cWDIl79O978NyZthSr6YODx3gwz87yIM6Ut69NYWV1b39jMbeW3d3b39gsHhy0VxpLQJgl5KDseVpQzQZuaaU47kaQ48Dhte+OrzG8/UKlYKO70JKJugIeC+YxgnUqdev8GXSIL9QtF27RmQJZZrjjlcycjdsmqVNG3VYQFGv3CR28QkjigQhOOleraVqTdBEvNCKfTfC9WNMJkjIe0m1KBA6rcZHbvFJ2mygD5oUxLaDRTlycSHCg1Cby0M8B6pH57mfiX1421X3UTJqJYU0Hmi/yYIx2i7Hk0YJISzScpwUSy9FZERlhiotOI8ssh/E9aJdN2TOe2XKzVF3Hk4BhO4AxsuIAaXEMDmkCAwyM8w4txbzwZr8bbvHXFWMwcwQ8Y718k5I7C</latexit>

BM > 0

<latexit sha1_base64="EfaYdNziNU1MwHeLcNFIsIYggSo=">AAAB73icbVDLSgMxFM3UV62vqks3wSK4GjI6TrtwUerGjVDBPqAdSibNtKGZzJhkhDL0J9y4UMStv+POvzF9IGo9cOFwzr3ce0+QcKY0Qp9WbmV1bX0jv1nY2t7Z3SvuHzRVnEpCGyTmsWwHWFHOBG1opjltJ5LiKOC0FYyupn7rgUrFYnGnxwn1IzwQLGQEayO1a70beAkR7BVLyD4vV7wLDyLbdRGquNCx0QzfpAQWqPeKH91+TNKICk04VqrjoET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbvBJ4YpQ/DWJoSGs7UnxMZjpQaR4HpjLAeqr/eVPzP66Q6rPgZE0mqqSDzRWHKoY7h9HnYZ5ISzceGYCKZuRWSIZaYaBNRwYSw9PIyaZ7Zjmd7t26pWlvEkQdH4BicAgeUQRVcgzpoAAI4eATP4MW6t56sV+tt3pqzFjOH4Bes9y8t247H</latexit>

BM < 0

<latexit sha1_base64="20/PnKavWLmlhe9ue4Yiuj/p+fM=">AAAB63icdVBNS8NAEN3Ur1q/qh69LBbBU0hCTZtbUQRPUsHWQhvKZrtpl+5uwu5GKKV/wYsHRbz6h7z5b9y0FVT0wcDjvRlm5kUpo0o7zodVWFldW98obpa2tnd298r7B22VZBKTFk5YIjsRUoRRQVqaakY6qSSIR4zcReOL3L+7J1LRRNzqSUpCjoaCxhQjnUuX/WvYL1ccO/CcWtWDju0HfuDVDfGCmhucQdd25qiAJZr98ntvkOCME6ExQ0p1XSfV4RRJTTEjs1IvUyRFeIyGpGuoQJyocDq/dQZPjDKAcSJNCQ3n6veJKeJKTXhkOjnSI/Xby8W/vG6m43o4pSLNNBF4sSjOGNQJzB+HAyoJ1mxiCMKSmlshHiGJsDbxlEwIX5/C/0nbs13f9m+qlcb5Mo4iOALH4BS4oAYa4Ao0QQtgMAIP4Ak8W9x6tF6s10VrwVrOHIIfsN4+Ac/6jiA=</latexit>

EN
<latexit sha1_base64="uraBAE4YuCuDZxo6ZWAcKxGhGzU=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZI2prorunFZwdpCG8pketMOnTycmRRK6He4caGIWz/GnX/jpK2gogcGDufcyz1z/IQzqSzrwyisrK6tbxQ3S1vbO7t75f2DOxmngkKLxjwWHZ9I4CyClmKKQycRQEKfQ9sfX+V+ewJCsji6VdMEvJAMIxYwSpSWvF5I1MgPsnTWB9wvVyyzelavuRbWpO447oUmNavqODVsm9YcFbREs19+7w1imoYQKcqJlF3bSpSXEaEY5TAr9VIJCaFjMoSuphEJQXrZPPQMn2hlgINY6BcpPFe/b2QklHIa+noyDyl/e7n4l9dNVXDuZSxKUgURXRwKUo5VjPMG8IAJoIpPNSFUMJ0V0xERhCrdU0mX8PVT/D+5q5q2a7o3TqVxuayjiI7QMTpFNqqjBrpGTdRCFN2jB/SEno2J8Wi8GK+L0YKx3DlEP2C8fQI5pJJt</latexit>ue

<latexit sha1_base64="+ZorB6/H3G3PD3u9F+5CaCJsxbY=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0FwFfKgMe6KIrisYFulDWUynbRDZ5IwMymU0K9w40IRt36OO//G6UNQ0QMXDufcw31EGaNS2faHUVpZXVvfKG9WtrZ3dveq+wctmeYCkyZOWSruIiQJowlpKqoYucsEQTxipB2NLmd+e0yEpGlyqyYZCTkaJDSmGCkt3V+NSaJg1/R6VdO2XM8Laja0Lb8WuIGvSeA79rkHHcuewwRLNHrV924/xTnXecyQlB3HzlRYIKEoZmRa6eaSZAiP0IB0NE0QJzIs5gtP4YlW+jBOhS49f65+TxSISznhke7kSA3lb28m/uV1chUHYUGTLFckwYtBcc6gSuHsetingmDFJpogLKjeFeIhEggr/aOKfsLXpfB/0nItx7f8G9esXyzfUQZH4BicAgecgTq4Bg3QBBhw8ACewLMhjEfjxXhdtJaMZeYQ/IDx9gkpLpAE</latexit>

Event #3

<latexit sha1_base64="bpgDrkA5Gsz2y8pqFHdXz3XseFs="></latexit>

dCS → 7 de; VCS,N → ↑70 km/s

<latexit sha1_base64="NqIZIEvyEVzLu0OamkZ+piOiI/Y="></latexit>

dSC → 26 km; de → 7 km;Bg → 0; [Lu et al., Nat. Comm., 2020]
[Farrugia et al., JGR, 2021]

Event #3 — EDR crossing along N — Possible growth phase

[Wang et al., GRL, 2018]

Strong flapping!

<latexit sha1_base64="mXbv2zppYs7n3ls/8vOn93+5/Oo=">AAACFHicbVBJS8NAGJ241rpFPXoZDEJFUpIKrTeLInqsYBdoQ5lMJ83QycLMpFJCf4QX/4oXD4p49eDNf+Ok7UFbHwy8ed/+3JhRIS3rW1taXlldW89t5De3tnd29b39hogSjkkdRyziLRcJwmhI6pJKRloxJyhwGWm6g6ss3hwSLmgU3stRTJwA9UPqUYykkrr66fWQhBJ2jDNomrBk2RXTKpt2Jfvd8OhB+jD2VX9YuDjp6oZVtCaAi8SeEQPMUOvqX51ehJNATcAMCdG2rVg6KeKSYkbG+U4iSIzwAPVJW9EQBUQ46eSoMTxWSg96EVdPbThRf1ekKBBiFLgqM0DSF/OxTPwv1k6kd+6kNIwTSUI8HeQlDMoIZg7BHuUESzZSBGFO1a4Q+4gjLJWPeWWCPX/yImmUina5WL4rGdXLmR05cAiOQAHYoAKq4BbUQB1g8AiewSt40560F+1d+5imLmmzmgPwB9rnD9mambg=</latexit>

Event #3 – 2017-06-17 – Growth phase (?)

<latexit sha1_base64="ajxc77oexoFzDiZgLrR8b0KzzPE=">AAAB/XicbVDLTsMwEHTKq5RXeNy4WFRIXCgJoMKxggvHIuhDSkLkuG6xajuR7SCVqOJXuHAAIa78Bzf+BrfNAVpGWmk0s6vdnShhVGnH+bYKc/MLi0vF5dLK6tr6hr251VRxKjFp4JjFsh0hRRgVpKGpZqSdSIJ4xEgr6l+O/NYDkYrG4lYPEhJw1BO0SzHSRgrtHV9yeFi/CQn0oSdaR/zuJAjtslNxxoCzxM1JGeSoh/aX34lxyonQmCGlPNdJdJAhqSlmZFjyU0UShPuoRzxDBeJEBdn4+iHcN0oHdmNpSmg4Vn9PZIgrNeCR6eRI36tpbyT+53mp7p4HGRVJqonAk0XdlEEdw1EUsEMlwZoNDEFYUnMrxPdIIqxNYCUTgjv98ixpHlfcaqV6fVquXeRxFMEu2AMHwAVnoAauQB00AAaP4Bm8gjfryXqx3q2PSWvByme2wR9Ynz8O4JOz</latexit>

→PSe [nW/m3]



Kink instabilities at the lower-hybrid scale can affect electron 
dynamics and perturb the reconnecting current sheet and the EDR.

The interaction of reconnection and kink instability is still poorly 
understood. Global magnetospheric simulations indicate that the 
reconnection rate decreases during the kink instability growth phase. MR outflow

<latexit sha1_base64="BhrCdEtrCc+wba3qmeKEdDSkR/M=">AAAB/HicdVDLSgNBEJyNrxhf0Ry9DAbBU5gNSpJb0IsXIYp5QBLC7GQ2GTK7s8z0qmGJv+LFgyJe/RBv/o2Th6CiBQ1FVTfdXV4khQFCPpzU0vLK6lp6PbOxubW9k93daxgVa8brTEmlWx41XIqQ10GA5K1Icxp4kje90dnUb95wbYQKr2Ec8W5AB6HwBaNgpV421wF+B56fXFxhFYMv1e2kl82TwkmRkHIJkwKZYUoqFeJWsLtQ8miBWi/73ukrFgc8BCapMW2XRNBNqAbBJJ9kOrHhEWUjOuBtS0MacNNNZsdP8KFV+thX2lYIeKZ+n0hoYMw48GxnQGFofntT8S+vbb8pdxMRRjHwkM0X+bHEoPA0CdwXmjOQY0so08LeitmQasrA5pWxIXx9iv8njWLBPS5ULov56ukijjTaRwfoCLmohKroHNVQHTE0Rg/oCT07986j8+K8zltTzmImh37AefsEeL+VVQ==</latexit>

MR outflow

<latexit sha1_base64="VwOEfkJ4Y93gy2gOEw80nqr1au8=">AAAB/HicdVDLSgNBEJz1bXxFPXoZDIKnZTbmYW5BL16EKCYRkhBmJ7M6ZHZnmelVwxJ/xYsHRbz6Id78GycPQUULGoqqbrq7/FgKA4R8ODOzc/MLi0vLmZXVtfWN7OZWw6hEM15nSip96VPDpYh4HQRIfhlrTkNf8qbfPx75zRuujVDRBQxi3gnpVSQCwShYqZvdbgO/Az9IT8+xSiCQ6nbYzeaIS0qVfKGIiXtQ8EiZWFIkpYNSHnsuGSOHpqh1s+/tnmJJyCNgkhrT8kgMnZRqEEzyYaadGB5T1qdXvGVpRENuOun4+CHes0oPB0rbigCP1e8TKQ2NGYS+7QwpXJvf3kj8y2vZbw47qYjiBHjEJouCRGJQeJQE7gnNGciBJZRpYW/F7JpqysDmlbEhfH2K/yeNvOsV3MpZPlc9msaxhHbQLtpHHiqjKjpBNVRHDA3QA3pCz8698+i8OK+T1hlnOrONfsB5+wSL+5Vi</latexit>

kinking instability

<latexit sha1_base64="0nWc4na/W1fI7TkqrlpuRHeod5I=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSB4CrtBUG9BLx4jmAckIcxOepMhs7PLTK+4LDl58Ve8eFDEq9/gzb9x8jhoYtENRVU3M11+LIVB1/12lpZXVtfWcxv5za3tnd3C3n7dRInmUOORjHTTZwakUFBDgRKasQYW+hIa/vB67DfuQRsRqTtMY+iErK9EIDhDK3ULR22EB/SDbCiUrT4VyiDzhRSYjmi3UHRL7gR0kXgzUiQzVLuFr3Yv4kkICrlkxrQ8N8ZOxjQKLmGUbycGYsaHrA8tSxULwXSyyRkjemKVHg0ibVshnai/NzIWGpOGvp0MGQ7MvDcW//NaCQYXnUyoOEFQfPpQkEiKER1nQntCA0eZWsK4FvavlA+YZhxtcnkbgjd/8iKpl0veWenytlysXM3iyJFDckxOiUfOSYXckCqpEU4eyTN5JW/Ok/PivDsf09ElZ7ZzQP7A+fwBJB2Zjw==</latexit>

reconn
ection

(MR)

<latexit sha1_base64="mrt6qIkhO9v7W2YOAlZLoJ0Zlcw=">AAACA3icbVC7SgNBFJ31GeNr1U6bwSBoE3ZFUDvRxkaIYh6QhDA7uZsMmZ1dZu6KYQnY+Cs2ForY+hN2/o2TR6HRAwOHc+7lzjlBIoVBz/tyZmbn5hcWc0v55ZXVtXV3Y7Ni4lRzKPNYxroWMANSKCijQAm1RAOLAgnVoHcx9Kt3oI2I1S32E2hGrKNEKDhDK7Xc7QbCPQZhpoHHSgEfynT/6uZg0HILXtEbgf4l/oQUyASllvvZaMc8jUAhl8yYuu8l2MyYRsElDPKN1EDCeI91oG6pYhGYZjbKMKB7VmnTMNb2KaQj9edGxiJj+lFgJyOGXTPtDcX/vHqK4UkzEypJERQfHwpTSTGmw0JoW9joKPuWMK6F/SvlXaYZR1tb3pbgT0f+SyqHRf+oeHp9WDg7n9SRIztkl+wTnxyTM3JJSqRMOHkgT+SFvDqPzrPz5ryPR2ecyc4W+QXn4xvrgJex</latexit>

current sheet

<latexit sha1_base64="Hwh2Yu83c89iCLBP+IhqOdFIzVE=">AAAB/3icdVDLSgMxFM34tr6qghs3wSK4GjJa+9gV3bhUsLbQlpJJ79hg5kFyRyxjF/6KGxeKuPU33Pk3prWCih4IHM65Nzk5fqKkQcbenanpmdm5+YXF3NLyyupafn3jwsSpFlAXsYp10+cGlIygjhIVNBMNPPQVNPyr45HfuAZtZByd4yCBTsgvIxlIwdFK3fxWG+EG/SATqdYQITV9ABx28wXmlrxKcb9EmcuqrHhwYMlhuXzIytRz2RgFMsFpN//W7sUiDe0VQnFjWh5LsJNxjVIoGObaqYGEiyt+CS1LIx6C6WTj/EO6a5UeDWJtj40wVr9vZDw0ZhD6djLk2De/vZH4l9dKMah0MhklKUIkPh8KUkUxpqMyaE9qEKgGlnChpc1KRZ9rLtBWlrMlfP2U/k8u9l2v6FbPioXa0aSOBbJNdsge8UiZ1MgJOSV1IsgtuSeP5Mm5cx6cZ+flc3TKmexskh9wXj8AVZmW/Q==</latexit>

X [RE]

<latexit sha1_base64="+OpTWUIQFsxCCJ62wcX04q7MFWY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQiqLuiCC6r2AekoUymk3boZBJmJoUS6pe4caGIW//EnX/jpM1CWw8MHM65l3vmBAlnSjvOt1VaWV1b3yhvVra2d3b37P2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD0U3ut8dUKhaLRz1JqB/hgWAhI1gbqWfb3QjrYRBmnSfvoXfrT3t21ak5M6Bl4hakCgUaPfur249JGlGhCcdKea6TaD/DUjPC6bTSTRVNMBnhAfUMFTiiys9myafoxCh9FMbSPKHRTP29keFIqUkUmMk8p1r0cvE/z0t1eOlnTCSppoLMD4UpRzpGeQ2ozyQlmk8MwUQykxWRIZaYaFNWxZTgLn55mbTOau557er+vFq/LuoowxEcwym4cAF1uIMGNIHAGJ7hFd6szHqx3q2P+WjJKnYO4Q+szx+O95Oh</latexit>
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Indirect evidence Direct evidence 
 
We report the first direct in situ observations of the  
non-propagating electron firehose wave mode in the 
outflow region in the magnetotail. The interaction with 
reconnection is still not understood.

Take home messages

PIC simulations indicate that spatial structures in  
pressure-strain interaction at the EDR edge could be a useful 
indicator for the reconnection growth phase. We suggest that 
these signatures can be observed by MMS.
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Challenges and open questions  
(most of them requiring cross-scale approach)

• Onset in weakly driven current 
sheets (e.g. the magnetotail) 

• Interplay with waves (3D effects, 
anomalous resistivity) 

• Large-scale X-line topology (extent of 
the reconnection line, prime and 
secondary X-lines) 

• Role of turbulence  

• … (this is not a comprehensive list!)  
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Asymmetric Reconnection

Symmetric Reconnection

t = 1388 s
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