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Magnetic reconnection may explain nonthermal emissions in space 
physics and astrophysics

• Magnetic reconnection converts magnetic energy 
into bulk plasma flows, thermal heating, and 
nonthermal energetic particles 

• Particle acceleration mechanisms and resulting 
energy spectra are being intensely studied (Guo et 
al. PRL 2014, Sironi & Spitkovsky ApJL 2014, 
Cerutti et al. ApJ 2014, Nalewajko et al. ApJ 2015) 

• The partitioning of the dissipated magnetic energy 
into various possible channels (thermal/nonthermal 
electrons/ions) is not yet understood

Zweibel, E. & Yamada, Annu. Rev. Astron. Astrophys. 47, 291–332 (2009).

Reconnection Geometry
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Hoshino (POP 2022, ApJ) 2023 studied thermal and nonthermal partitioning 
of pair plasma reconnection for varied temperature and guide field strength

Spectral fitting function:
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M. Hoshino ApJ 946 77 (2023)

M. Hoshino PoP 29 042902 (2022)
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Example application: Magnetic reconnection in the Earth’s magnetosphere

• Magnetic reconnection is thought to play a 
key role in substorm disruptions in the 
Earth’s magnetotail 

• Nonthermal energetic electrons and ions 
with power-law energy spectra are routinely 
observed in association with substorms 
(Turner et al. 2016, Imada et al. 2015) 

• The production of these nonthermal 
particles and the development of an ion to 
electron temperature ratio                      is 
not fully understood

Magnetotail reconnection

Eastwood et al. 2017
<latexit sha1_base64="SlRzJUx/w2TgijT6Ytap5FVFvA8=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITCVBUBgrWBiL1JfURpXjOq1Vx7ZsB1FFWfgVFgYQYuUz2Pgb3DYDtBzp6h6dc6/se0LJqDae9+0sLa+srq0XNoqbW9s7u+7eflOLRGHSwIIJ1Q6RJoxy0jDUMNKWiqA4ZKQVjm4nfuuBKE0Fr5uxJEGMBpxGFCNjpZ57WO+lNINn0HaSwS6SUolHeNlzS17ZmwIuEj8nJZCj1nO/un2Bk5hwgxnSuuN70gQpUoZiRrJiN9FEIjxCA9KxlKOY6CCdHpDBE6v0YSSULW7gVP29kaJY63Ec2skYmaGe9ybif14nMdF1kFIuE0M4nj0UJQwaASdpwD5VBBs2tgRhRe1fIR4ihbCxmRVtCP78yYukeV72K+XK/UWpepPHUQBH4BicAh9cgSq4AzXQABhk4Bm8gjfnyXlx3p2P2eiSk+8cgD9wPn8AUA6Vmg==</latexit>
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Simulations are run using the OSIRIS particle-in-cell (PIC) code on 
Supercomputer Fugaku (RIKEN, Japan)

O i ir ss
3.0

1000 104 105 106
1

5

10

50

100

500

1000

75% efficiency 
1,600,000 

Ideal

106105104103

1,572,8644,096

100

101

102

103

#2 in cores: 1,572,864
#3 in power: 16.3 PFlops

Cores

Sp
ee

d 
up

F. Fiuza 2013

Sequoia @ LLNL

PIC Simulation Loop OSIRIS: a state-of-the-art PIC code
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Simulation initial conditions

• Two-dimensional Harris current 
sheets 

• Reconnection triggered in the center 
of the domain by a perturbation in the 
initial magnetic field 

• Uniform background plasma provides 
a steady inflow of magnetized plasma

<latexit sha1_base64="uLjk+ua9ugAaFq2JQ57eFKJHN48=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRJmJ7PJkNnZYR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dkeRMG9//9gpr6xubW8Xt0s7u3v5B+fCopVOrCG2SlKeqE2FNORO0aZjhtCMVxUnEaTsa38389hNVmqXi0UwkDRM8FCxmBBsn9UQ/k5JM0Q2qXfbLFb/qz4FWSZCTCuRo9MtfvUFKbEKFIRxr3Q18acIMK8MIp9NSz2oqMRnjIe06KnBCdZjNb56iM6cMUJwqV8Kgufp7IsOJ1pMkcp0JNiO97M3E/7yuNfF1mDEhraGCLBbFliOTolkAaMAUJYZPHMFEMXcrIiOsMDEuppILIVh+eZW0LqpBrVp7uKzUb/M4inACp3AOAVxBHe6hAU0gIOEZXuHNs96L9+59LFoLXj5zDH/gff4A2o2Q7A==</latexit>

nppc = 64
<latexit sha1_base64="b1n2perlqj1pcDupQbI4psvShSY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi1Y1QdOOygn1AG8JketMOnUzCzEQIof6KGxeKuPVD3Pk3TtsstHrgcg/n3MvcOUHCmdKO82WVVlbX1jfKm5Wt7Z3dPXv/oKPiVFJo05jHshcQBZwJaGumOfQSCSQKOHSDyc3M7z6AVCwW9zpLwIvISLCQUaKN5NvVyM/ZFJ9i02GKr7DrOL5dc+rOHPgvcQtSQwVavv05GMY0jUBoyolSfddJtJcTqRnlMK0MUgUJoRMygr6hgkSgvHx+/BQfG2WIw1iaEhrP1Z8bOYmUyqLATEZEj9WyNxP/8/qpDi+9nIkk1SDo4qEw5VjHeJYEHjIJVPPMEEIlM7diOiaSUG3yqpgQ3OUv/yWds7rbqDfuzmvN6yKOMjpER+gEuegCNdEtaqE2oihDT+gFvVqP1rP1Zr0vRktWsVNFv2B9fANVWJNH</latexit>

mi/me = 100
<latexit sha1_base64="0LUzgrsPcmhyBGCmQQKnskMudlg=">AAACC3icbVC7SgNBFJ31GeNr1dJmSBBiE3dFo40Q1MIygnlAdgmzk5tkyMzuMjMrhiW9jb9iY6GIrT9g5984eRSaeOBeDufcy8w9QcyZ0o7zbS0sLi2vrGbWsusbm1vb9s5uTUWJpFClEY9kIyAKOAuhqpnm0IglEBFwqAf9q5FfvwepWBTe6UEMviDdkHUYJdpILTvnXQPXBD/gI1ygpnmRgC5ppTEMD/EFdoqnLTvvFJ0x8DxxpySPpqi07C+vHdFEQKgpJ0o1XSfWfkqkZpTDMOslCmJC+6QLTUNDIkD56fiWIT4wSht3Imkq1His/t5IiVBqIAIzKYjuqVlvJP7nNRPdOfdTFsaJhpBOHuokHOsIj4LBbSaBaj4whFDJzF8x7RFJqDbxZU0I7uzJ86R2XHRLxdLtSb58OY0jg/ZRDhWQi85QGd2gCqoiih7RM3pFb9aT9WK9Wx+T0QVrurOH/sD6/AFizZgb</latexit>

�x/(c/!pe) = 0.5
<latexit sha1_base64="VhMzeqYDMkiivXqI3NertXZH0b8=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgxjpTa+1GKLpxWaEvaMchk6ZtaDIzJBmhDLNz46+4caGIW3/BnX9j2s5CWw9cODnnXnLv8UJGpbKsbyOztLyyupZdz21sbm3vmLt7TRlEApMGDlgg2h6ShFGfNBRVjLRDQRD3GGl5o5uJ33ogQtLAr6txSByOBj7tU4yUllzzsA7PIHdjkkB8HxcTeAWtglUuXsBTeF4puWZeP6eAi8ROSR6kqLnmV7cX4IgTX2GGpOzYVqicGAlFMSNJrhtJEiI8QgPS0dRHnEgnnt6RwGOt9GA/ELp8Bafq74kYcSnH3NOdHKmhnPcm4n9eJ1L9ihNTP4wU8fHso37EoArgJBTYo4JgxcaaICyo3hXiIRIIKx1dTodgz5+8SJrFgl0ulO9K+ep1GkcWHIAjcAJscAmq4BbUQANg8AiewSt4M56MF+Pd+Ji1Zox0Zh/8gfH5A/rllY0=</latexit>

T/mec
2 = 0.0625� 384

<latexit sha1_base64="oWIjwsEJ5t96YW0Kn9JVg88WzwA=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYBFd1RrS6EYpuXFawF2iHIZOmbWgmMyQZoQwDvoobF4q49Tnc+Tam7Sy09UDIx/+fQ07+IOZMacf5tgpLyyura8X10sbm1vaOvbvXVFEiCW2QiEeyHWBFORO0oZnmtB1LisOA01Ywup34rUcqFYvEgx7H1AvxQLA+I1gbybcPhJ8GgwydIgNOhq6RU3EufLtsrmmhRXBzKENedd/+6vYikoRUaMKxUh3XibWXYqkZ4TQrdRNFY0xGeEA7BgUOqfLS6foZOjZKD/UjaY7QaKr+nkhxqNQ4DExniPVQzXsT8T+vk+j+lZcyESeaCjJ7qJ9wpCM0yQL1mKRE87EBTCQzuyIyxBITbRIrmRDc+S8vQvOs4lYr1fvzcu0mj6MIh3AEJ+DCJdTgDurQAAIpPMMrvFlP1ov1bn3MWgtWPrMPf8r6/AE7n5O6</latexit>

nbg/n0 = 0.05

<latexit sha1_base64="CBrGhC/3m3Vikl1opPh/iRu0klA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgQmoipbosunFZwT6gCWEynbRDZyZhZiKWkF9x40IRt/6IO//GaZuFth64cDjnXu69J0wYVdpxvq3S2vrG5lZ5u7Kzu7d/YB9WuypOJSYdHLNY9kOkCKOCdDTVjPQTSRAPGemFk9uZ33skUtFYPOhpQnyORoJGFCNtpMCuNhuOd44vvJiTEQqyhOaBXXPqzhxwlbgFqYEC7cD+8oYxTjkRGjOk1MB1Eu1nSGqKGckrXqpIgvAEjcjAUIE4UX42vz2Hp0YZwiiWpoSGc/X3RIa4UlMemk6O9FgtezPxP2+Q6ujaz6hIUk0EXiyKUgZ1DGdBwCGVBGs2NQRhSc2tEI+RRFibuComBHf55VXSvay7zXrzvlFr3RRxlMExOAFnwAVXoAXuQBt0AAZP4Bm8gjcrt16sd+tj0Vqyipkj8AfW5w/VS5Oz</latexit>

640 c/!pi

<latexit sha1_base64="Snho/AVvAFgSG3xcxpxt1jeq83s=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcSE2qVJdFNy4r2Ac0IUymk3boTCbMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733hAmjSjvOt7Wyura+sVnaKm/v7O7t2weVjhKpxKSNBROyFyJFGI1JW1PNSC+RBPGQkW44vp363UciFRXxg54kxOdoGNOIYqSNFNiVi7rjneFzT3AyREGW0Dywq07NmQEuE7cgVVCgFdhf3kDglJNYY4aU6rtOov0MSU0xI3nZSxVJEB6jIekbGiNOlJ/Nbs/hiVEGMBLSVKzhTP09kSGu1ISHppMjPVKL3lT8z+unOrr2MxonqSYxni+KUga1gNMg4IBKgjWbGIKwpOZWiEdIIqxNXGUTgrv48jLp1Gtuo9a4v6w2b4o4SuAIHINT4IIr0AR3oAXaAIMn8AxewZuVWy/Wu/Uxb12xiplD8AfW5w/NZJOu</latexit> 32
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Current sheet evolution and energy spectra for varied initial temperatures

<latexit sha1_base64="W8PM5OiqADPk0So48nFRSkJYWYM=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV3WmFu1GKLpxWaEvaMchk2ba0CQzJBmhDAP+ihsXirj1O9z5N6aPhbYeuHA4517uvSeIGVXacb6t3Mrq2vpGfrOwtb2zu2fvH7RUlEhMmjhikewESBFGBWlqqhnpxJIgHjDSDka3E7/9SKSikWjocUw8jgaChhQjbSTfPmrAc8j9lGQQP6TlDF7Di2rFt4tOyZkCLhN3Topgjrpvf/X6EU44ERozpFTXdWLtpUhqihnJCr1EkRjhERqQrqECcaK8dHp+Bk+N0odhJE0JDafq74kUcaXGPDCdHOmhWvQm4n9eN9Fh1UupiBNNBJ4tChMGdQQnWcA+lQRrNjYEYUnNrRAPkURYm8QKJgR38eVl0iqX3MtS5b5SrN3M48iDY3ACzoALrkAN3IE6aAIMUvAMXsGb9WS9WO/Wx6w1Z81nDsEfWJ8/BEmTmQ==</latexit>

T/mec
2 = 384

<latexit sha1_base64="1ClQ+LKO2YRZHohuPg5TmdU5Woo=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWdKbW6EYpuXFboDdpxyKSZNjTJDElGKMOAr+LGhSJufQ53vo3pZaGtPwQ+/nMO5+QPYkaVdpxvK7eyura+kd8sbG3v7O7Z+wctFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPR7aTefiRS0Ug09DgmHkcDQUOKkTaWbx81zrmfkgw/pOUMXkOn5FTLF75dNDAVXAZ3DkUwV923v3r9CCecCI0ZUqrrOrH2UiQ1xYxkhV6iSIzwCA1I16BAnCgvnZ6fwVPj9GEYSfOEhlP390SKuFJjHphOjvRQLdYm5n+1bqLDKy+lIk40EXi2KEwY1BGcZAH7VBKs2dgAwpKaWyEeIomwNokVTAju4peXoVUuudVS5b5SrN3M48iDY3ACzoALLkEN3IE6aAIMUvAMXsGb9WS9WO/Wx6w1Z81nDsEfWZ8/TwqTxQ==</latexit>

T/mec
2 = 0.0625

<latexit sha1_base64="S2y7Znn8ieVpIod+ojN84CAq0j4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiZFqhuh6MZlhb6gjWEynbRDZyZhZiKWkF9x40IRt/6IO//GaZuFth64cDjnXu69J4gZVdpxvq3C2vrG5lZxu7Szu7d/YB+WOypKJCZtHLFI9gKkCKOCtDXVjPRiSRAPGOkGk9uZ330kUtFItPQ0Jh5HI0FDipE2km+XW/Accj8lGX5Iaxm8hq5vV5yqMwdcJW5OKiBH07e/BsMIJ5wIjRlSqu86sfZSJDXFjGSlQaJIjPAEjUjfUIE4UV46vz2Dp0YZwjCSpoSGc/X3RIq4UlMemE6O9FgtezPxP6+f6PDKS6mIE00EXiwKEwZ1BGdBwCGVBGs2NQRhSc2tEI+RRFibuEomBHf55VXSqVXderV+f1Fp3ORxFMExOAFnwAWXoAHuQBO0AQZP4Bm8gjcrs16sd+tj0Vqw8pkj8AfW5w+ukJLv</latexit>

T/mec
2 = 1
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Thermal heating comparison for varied initial temperatures

<latexit sha1_base64="W8PM5OiqADPk0So48nFRSkJYWYM=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV3WmFu1GKLpxWaEvaMchk2ba0CQzJBmhDAP+ihsXirj1O9z5N6aPhbYeuHA4517uvSeIGVXacb6t3Mrq2vpGfrOwtb2zu2fvH7RUlEhMmjhikewESBFGBWlqqhnpxJIgHjDSDka3E7/9SKSikWjocUw8jgaChhQjbSTfPmrAc8j9lGQQP6TlDF7Di2rFt4tOyZkCLhN3Topgjrpvf/X6EU44ERozpFTXdWLtpUhqihnJCr1EkRjhERqQrqECcaK8dHp+Bk+N0odhJE0JDafq74kUcaXGPDCdHOmhWvQm4n9eN9Fh1UupiBNNBJ4tChMGdQQnWcA+lQRrNjYEYUnNrRAPkURYm8QKJgR38eVl0iqX3MtS5b5SrN3M48iDY3ACzoALrkAN3IE6aAIMUvAMXsGb9WS9WO/Wx6w1Z81nDsEfWJ8/BEmTmQ==</latexit>

T/mec
2 = 384

<latexit sha1_base64="1ClQ+LKO2YRZHohuPg5TmdU5Woo=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWdKbW6EYpuXFboDdpxyKSZNjTJDElGKMOAr+LGhSJufQ53vo3pZaGtPwQ+/nMO5+QPYkaVdpxvK7eyura+kd8sbG3v7O7Z+wctFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPR7aTefiRS0Ug09DgmHkcDQUOKkTaWbx81zrmfkgw/pOUMXkOn5FTLF75dNDAVXAZ3DkUwV923v3r9CCecCI0ZUqrrOrH2UiQ1xYxkhV6iSIzwCA1I16BAnCgvnZ6fwVPj9GEYSfOEhlP390SKuFJjHphOjvRQLdYm5n+1bqLDKy+lIk40EXi2KEwY1BGcZAH7VBKs2dgAwpKaWyEeIomwNokVTAju4peXoVUuudVS5b5SrN3M48iDY3ACzoALLkEN3IE6aAIMUvAMXsGb9WS9WO/Wx6w1Z81nDsEfWZ8/TwqTxQ==</latexit>

T/mec
2 = 0.0625

<latexit sha1_base64="S2y7Znn8ieVpIod+ojN84CAq0j4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiZFqhuh6MZlhb6gjWEynbRDZyZhZiKWkF9x40IRt/6IO//GaZuFth64cDjnXu69J4gZVdpxvq3C2vrG5lZxu7Szu7d/YB+WOypKJCZtHLFI9gKkCKOCtDXVjPRiSRAPGOkGk9uZ330kUtFItPQ0Jh5HI0FDipE2km+XW/Accj8lGX5Iaxm8hq5vV5yqMwdcJW5OKiBH07e/BsMIJ5wIjRlSqu86sfZSJDXFjGSlQaJIjPAEjUjfUIE4UV46vz2Dp0YZwjCSpoSGc/X3RIq4UlMemE6O9FgtezPxP6+f6PDKS6mIE00EXiwKEwZ1BGdBwCGVBGs2NQRhSc2tEI+RRFibuEomBHf55VXSqVXderV+f1Fp3ORxFMExOAFnwAWXoAHuQBO0AQZP4Bm8gjcrs16sd+tj0Vqw8pkj8AfW5w+ukJLv</latexit>

T/mec
2 = 1
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Bulk flow energy comparison for varied initial temperatures

<latexit sha1_base64="W8PM5OiqADPk0So48nFRSkJYWYM=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV3WmFu1GKLpxWaEvaMchk2ba0CQzJBmhDAP+ihsXirj1O9z5N6aPhbYeuHA4517uvSeIGVXacb6t3Mrq2vpGfrOwtb2zu2fvH7RUlEhMmjhikewESBFGBWlqqhnpxJIgHjDSDka3E7/9SKSikWjocUw8jgaChhQjbSTfPmrAc8j9lGQQP6TlDF7Di2rFt4tOyZkCLhN3Topgjrpvf/X6EU44ERozpFTXdWLtpUhqihnJCr1EkRjhERqQrqECcaK8dHp+Bk+N0odhJE0JDafq74kUcaXGPDCdHOmhWvQm4n9eN9Fh1UupiBNNBJ4tChMGdQQnWcA+lQRrNjYEYUnNrRAPkURYm8QKJgR38eVl0iqX3MtS5b5SrN3M48iDY3ACzoALrkAN3IE6aAIMUvAMXsGb9WS9WO/Wx6w1Z81nDsEfWJ8/BEmTmQ==</latexit>

T/mec
2 = 384

<latexit sha1_base64="1ClQ+LKO2YRZHohuPg5TmdU5Woo=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWwVWdKbW6EYpuXFboDdpxyKSZNjTJDElGKMOAr+LGhSJufQ53vo3pZaGtPwQ+/nMO5+QPYkaVdpxvK7eyura+kd8sbG3v7O7Z+wctFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPR7aTefiRS0Ug09DgmHkcDQUOKkTaWbx81zrmfkgw/pOUMXkOn5FTLF75dNDAVXAZ3DkUwV923v3r9CCecCI0ZUqrrOrH2UiQ1xYxkhV6iSIzwCA1I16BAnCgvnZ6fwVPj9GEYSfOEhlP390SKuFJjHphOjvRQLdYm5n+1bqLDKy+lIk40EXi2KEwY1BGcZAH7VBKs2dgAwpKaWyEeIomwNokVTAju4peXoVUuudVS5b5SrN3M48iDY3ACzoALLkEN3IE6aAIMUvAMXsGb9WS9WO/Wx6w1Z81nDsEfWZ8/TwqTxQ==</latexit>

T/mec
2 = 0.0625

<latexit sha1_base64="S2y7Znn8ieVpIod+ojN84CAq0j4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiZFqhuh6MZlhb6gjWEynbRDZyZhZiKWkF9x40IRt/6IO//GaZuFth64cDjnXu69J4gZVdpxvq3C2vrG5lZxu7Szu7d/YB+WOypKJCZtHLFI9gKkCKOCtDXVjPRiSRAPGOkGk9uZ330kUtFItPQ0Jh5HI0FDipE2km+XW/Accj8lGX5Iaxm8hq5vV5yqMwdcJW5OKiBH07e/BsMIJ5wIjRlSqu86sfZSJDXFjGSlQaJIjPAEjUjfUIE4UV46vz2Dp0YZwjCSpoSGc/X3RIq4UlMemE6O9FgtezPxP6+f6PDKS6mIE00EXiwKEwZ1BGdBwCGVBGs2NQRhSc2tEI+RRFibuEomBHf55VXSqVXderV+f1Fp3ORxFMExOAFnwAWXoAHuQBO0AQZP4Bm8gjcrs16sd+tj0Vqw8pkj8AfW5w+ukJLv</latexit>

T/mec
2 = 1
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• Out-of-plane vector potential calculated by 
inverting 

• Isocontours of the out-of-plane vector 
potential give the magnetic field lines 

• The downstream region can now be defined 
by the maximum value of the vector potential 
over a line-out through the current sheet

Red: Upstream 
Blue: Downstream
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Energy spectra are calculated by integrating downstream particles

<latexit sha1_base64="sgP6xSWMjAPHQ3SYhEA+/ct6N+s=">AAACCHicbVBNS8NAEN34WetX1aMHF4vgqSRS1ItQ68VjBfsBTSiT7aZdutmE3Y1QQo5e/CtePCji1Z/gzX/jNu1BWx8MPN6bYWaeH3OmtG1/W0vLK6tr64WN4ubW9s5uaW+/paJEEtokEY9kxwdFORO0qZnmtBNLCqHPadsf3Uz89gOVikXiXo9j6oUwECxgBLSReqWj1PUDXM/wFXYF+Bywq1lIFc7166xXKtsVOwdeJM6MlNEMjV7py+1HJAmp0ISDUl3HjrWXgtSMcJoV3UTRGMgIBrRrqACzzEvzRzJ8YpQ+DiJpSmicq78nUgiVGoe+6QxBD9W8NxH/87qJDi69lIk40VSQ6aIg4VhHeJIK7jNJieZjQ4BIZm7FZAgSiDbZFU0IzvzLi6R1VnHOK9W7arlWn8VRQIfoGJ0iB12gGrpFDdREBD2iZ/SK3qwn68V6tz6mrUvWbOYA/YH1+QOiqZh6</latexit>

B = r⇥A
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Energy spectra are fit to the sum of a Maxwellian and 
a kappa distribution

<latexit sha1_base64="2+awUR1ysjZdIeZXEJ5+F+BuxUo="></latexit>

lim
�!1

f(�) = (T/mc2)(1+)�1�

<latexit sha1_base64="dHxnadT8PiIPbGZUvclSSd/ad+w="></latexit>

f(�) = �
p

�2 � 1

✓
1 +

� � 1

T/mc2

◆�(1+)
Kappa distribution:

Large energy limit is a power-law:

<latexit sha1_base64="3iznUSsW4GfGik29FbBCkzoVeCo="></latexit>

lim
!1

f(�) = �
p

�2 � 1 exp

✓
� � � 1

T/mc2

◆Large      limit is a Maxwellian:
<latexit sha1_base64="n6m7Oxf66ELcdLLGSqWs+mPTk3c=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A9olzKbZtvYbBKSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCAzlTNCmZZbTjtIUkojTdjS+nfntJ6oNk+LBThQNExgKFjMC1kmt3hiUgn654lf9OfAqCXJSQTka/fJXbyBJmlBhCQdjuoGvbJiBtoxwOi31UkMVkDEMaddRAQk1YTa/dorPnDLAsdSuhMVz9fdEBokxkyRynQnYkVn2ZuJ/Xje18XWYMaFSSwVZLIpTjq3Es9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LalCr1u4vK/WbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05knvxXv3PhatBS+fOUZ/4H3+AJm+jyo=</latexit>
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Electrons Ions

Example energy spectrum fits

Cutoff function included at high energies:
<latexit sha1_base64="flFdkao3HVRYsVo4/1JoJs6Kz0g=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs7Uom6EohuXFfqCdhwyadqGJpkhyShlnE9x40IRt36JO//GtJ2Fth64cDjnXu69J4gYVdpxvq3cyura+kZ+s7C1vbO7Zxf3WyqMJSZNHLJQdgKkCKOCNDXVjHQiSRAPGGkH45up334gUtFQNPQkIh5HQ0EHFCNtJN8uNk65n5AU3yeVFF7Bs4pvl5yyMwNcJm5GSiBD3be/ev0Qx5wIjRlSqus6kfYSJDXFjKSFXqxIhPAYDUnXUIE4UV4yOz2Fx0bpw0EoTQkNZ+rviQRxpSY8MJ0c6ZFa9Kbif1431oNLL6EiijUReL5oEDOoQzjNAfapJFiziSEIS2puhXiEJMLapFUwIbiLLy+TVqXsnperd9VS7TqLIw8OwRE4AS64ADVwC+qgCTB4BM/gFbxZT9aL9W59zFtzVjZzAP7A+vwBd0mS1w==</latexit>

T/mec
2 = 32

<latexit sha1_base64="jXBQy5z0U63ibTvtr53xL2+NA7M="></latexit>

fcut(�) / exp
�
�(� � �cut)

2/�cut
�

12
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• Acceleration efficiency is enhanced as the temperature 
approaches the rest mass energy for each species

Partitioning of thermal and nonthermal electrons and ions

• Ions show preferential heating and nonthermal 
acceleration at nonrelativistic temperatures

13
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14

Fitted parameters of the Kappa and Maxwellian distributions

Power-Law Index Kappa Temperature Maxwellian Temperature

• Slight decrease in nonthermal acceleration at the highest energies likely due to system size limitations 

• Convergence with system size currently under investigation

S. Totorica | June 19, 2025 | ECMRP



<latexit sha1_base64="4Hijl1pFrobapVFg3AdcgjQ7G4I=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiYi1Y1QdOOygn1AG8JketsOnUzCzEQpMZ/ixoUibv0Sd/6N0zYLbT1wuYdz7mXunCDmTGnH+bYKK6tr6xvFzdLW9s7unl3eb6kokRSaNOKR7AREAWcCmpppDp1YAgkDDu1gfDP12w8gFYvEvZ7E4IVkKNiAUaKN5Nvl0E9Zhk+x6ZDhK+z6dsWpOjPgZeLmpIJyNHz7q9ePaBKC0JQTpbquE2svJVIzyiEr9RIFMaFjMoSuoYKEoLx0dnqGj43Sx4NImhIaz9TfGykJlZqEgZkMiR6pRW8q/ud1Ez249FIm4kSDoPOHBgnHOsLTHHCfSaCaTwwhVDJzK6YjIgnVJq2SCcFd/PIyaZ1V3Vq1dndeqV/ncRTRITpCJ8hFF6iOblEDNRFFj+gZvaI368l6sd6tj/lowcp3DtAfWJ8/bmuS0w==</latexit>

mi/me = 1

<latexit sha1_base64="iFcEzq2ad3mCNl868sGAXEkHbqY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiZSqhuh6MZlBfuANoTJ9KYdOpmEmYlSYj/FjQtF3Pol7vwbp20WWj1wuYdz7mXunCDhTGnH+bIKK6tr6xvFzdLW9s7unl3eb6s4lRRaNOax7AZEAWcCWpppDt1EAokCDp1gfD3zO/cgFYvFnZ4k4EVkKFjIKNFG8u1y5Gdsik+x6TDFl7jm2xWn6syB/xI3JxWUo+nbn/1BTNMIhKacKNVznUR7GZGaUQ7TUj9VkBA6JkPoGSpIBMrL5qdP8bFRBjiMpSmh8Vz9uZGRSKlJFJjJiOiRWvZm4n9eL9XhhZcxkaQaBF08FKYc6xjPcsADJoFqPjGEUMnMrZiOiCRUm7RKJgR3+ct/Sfus6tar9dtapXGVx1FEh+gInSAXnaMGukFN1EIUPaAn9IJerUfr2Xqz3hejBSvfOUC/YH18A3L3ktY=</latexit>

mi/me = 4

<latexit sha1_base64="9JL8b7liPmv48cj7AS5Zr5WrzEY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFc1aRodSMU3bisYB/QhjCZ3rZDJ5MwMxFLyK+4caGIW3/EnX/jtM1CWw9c7uGce5k7J4g5U9pxvq2V1bX1jc3CVnF7Z3dv3z4otVSUSApNGvFIdgKigDMBTc00h04sgYQBh3Ywvp367UeQikXiQU9i8EIyFGzAKNFG8u1S6Kcsw2fYdMjwNa5e+HbZqTgz4GXi5qSMcjR8+6vXj2gSgtCUE6W6rhNrLyVSM8ohK/YSBTGhYzKErqGChKC8dHZ7hk+M0seDSJoSGs/U3xspCZWahIGZDIkeqUVvKv7ndRM9uPJSJuJEg6DzhwYJxzrC0yBwn0mgmk8MIVQycyumIyIJ1SauognBXfzyMmlVK26tUrs/L9dv8jgK6Agdo1PkoktUR3eogZqIoif0jF7Rm5VZL9a79TEfXbHynUP0B9bnD+rakxM=</latexit>

mi/me = 25

<latexit sha1_base64="b1n2perlqj1pcDupQbI4psvShSY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi1Y1QdOOygn1AG8JketMOnUzCzEQIof6KGxeKuPVD3Pk3TtsstHrgcg/n3MvcOUHCmdKO82WVVlbX1jfKm5Wt7Z3dPXv/oKPiVFJo05jHshcQBZwJaGumOfQSCSQKOHSDyc3M7z6AVCwW9zpLwIvISLCQUaKN5NvVyM/ZFJ9i02GKr7DrOL5dc+rOHPgvcQtSQwVavv05GMY0jUBoyolSfddJtJcTqRnlMK0MUgUJoRMygr6hgkSgvHx+/BQfG2WIw1iaEhrP1Z8bOYmUyqLATEZEj9WyNxP/8/qpDi+9nIkk1SDo4qEw5VjHeJYEHjIJVPPMEEIlM7diOiaSUG3yqpgQ3OUv/yWds7rbqDfuzmvN6yKOMjpER+gEuegCNdEtaqE2oihDT+gFvVqP1rP1Zr0vRktWsVNFv2B9fANVWJNH</latexit>

mi/me = 100
15
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<latexit sha1_base64="4Hijl1pFrobapVFg3AdcgjQ7G4I=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiYi1Y1QdOOygn1AG8JketsOnUzCzEQpMZ/ixoUibv0Sd/6N0zYLbT1wuYdz7mXunCDmTGnH+bYKK6tr6xvFzdLW9s7unl3eb6kokRSaNOKR7AREAWcCmpppDp1YAgkDDu1gfDP12w8gFYvEvZ7E4IVkKNiAUaKN5Nvl0E9Zhk+x6ZDhK+z6dsWpOjPgZeLmpIJyNHz7q9ePaBKC0JQTpbquE2svJVIzyiEr9RIFMaFjMoSuoYKEoLx0dnqGj43Sx4NImhIaz9TfGykJlZqEgZkMiR6pRW8q/ud1Ez249FIm4kSDoPOHBgnHOsLTHHCfSaCaTwwhVDJzK6YjIgnVJq2SCcFd/PIyaZ1V3Vq1dndeqV/ncRTRITpCJ8hFF6iOblEDNRFFj+gZvaI368l6sd6tj/lowcp3DtAfWJ8/bmuS0w==</latexit>

mi/me = 1

<latexit sha1_base64="iFcEzq2ad3mCNl868sGAXEkHbqY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiZSqhuh6MZlBfuANoTJ9KYdOpmEmYlSYj/FjQtF3Pol7vwbp20WWj1wuYdz7mXunCDhTGnH+bIKK6tr6xvFzdLW9s7unl3eb6s4lRRaNOax7AZEAWcCWpppDt1EAokCDp1gfD3zO/cgFYvFnZ4k4EVkKFjIKNFG8u1y5Gdsik+x6TDFl7jm2xWn6syB/xI3JxWUo+nbn/1BTNMIhKacKNVznUR7GZGaUQ7TUj9VkBA6JkPoGSpIBMrL5qdP8bFRBjiMpSmh8Vz9uZGRSKlJFJjJiOiRWvZm4n9eL9XhhZcxkaQaBF08FKYc6xjPcsADJoFqPjGEUMnMrZiOiCRUm7RKJgR3+ct/Sfus6tar9dtapXGVx1FEh+gInSAXnaMGukFN1EIUPaAn9IJerUfr2Xqz3hejBSvfOUC/YH18A3L3ktY=</latexit>

mi/me = 4

<latexit sha1_base64="9JL8b7liPmv48cj7AS5Zr5WrzEY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFc1aRodSMU3bisYB/QhjCZ3rZDJ5MwMxFLyK+4caGIW3/EnX/jtM1CWw9c7uGce5k7J4g5U9pxvq2V1bX1jc3CVnF7Z3dv3z4otVSUSApNGvFIdgKigDMBTc00h04sgYQBh3Ywvp367UeQikXiQU9i8EIyFGzAKNFG8u1S6Kcsw2fYdMjwNa5e+HbZqTgz4GXi5qSMcjR8+6vXj2gSgtCUE6W6rhNrLyVSM8ohK/YSBTGhYzKErqGChKC8dHZ7hk+M0seDSJoSGs/U3xspCZWahIGZDIkeqUVvKv7ndRM9uPJSJuJEg6DzhwYJxzrC0yBwn0mgmk8MIVQycyumIyIJ1SauognBXfzyMmlVK26tUrs/L9dv8jgK6Agdo1PkoktUR3eogZqIoif0jF7Rm5VZL9a79TEfXbHynUP0B9bnD+rakxM=</latexit>

mi/me = 25

<latexit sha1_base64="b1n2perlqj1pcDupQbI4psvShSY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi1Y1QdOOygn1AG8JketMOnUzCzEQIof6KGxeKuPVD3Pk3TtsstHrgcg/n3MvcOUHCmdKO82WVVlbX1jfKm5Wt7Z3dPXv/oKPiVFJo05jHshcQBZwJaGumOfQSCSQKOHSDyc3M7z6AVCwW9zpLwIvISLCQUaKN5NvVyM/ZFJ9i02GKr7DrOL5dc+rOHPgvcQtSQwVavv05GMY0jUBoyolSfddJtJcTqRnlMK0MUgUJoRMygr6hgkSgvHx+/BQfG2WIw1iaEhrP1Z8bOYmUyqLATEZEj9WyNxP/8/qpDi+9nIkk1SDo4qEw5VjHeJYEHjIJVPPMEEIlM7diOiaSUG3yqpgQ3OUv/yWds7rbqDfuzmvN6yKOMjpER+gEuegCNdEtaqE2oihDT+gFvVqP1rP1Zr0vRktWsVNFv2B9fANVWJNH</latexit>

mi/me = 100

<latexit sha1_base64="MtDHxDFVv+6nFpdWuZF9t71jjvM=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXNVEpLosunFZoTdoQziZTtqhk0mYmRRKyJu4caGIW9/EnW/jtM1CW38Y+PjPOZwzf5BwprTjfFuljc2t7Z3ybmVv/+DwyD4+6ag4lYS2Scxj2QtAUc4EbWumOe0lkkIUcNoNJg/zendKpWKxaOlZQr0IRoKFjIA2lm/bLT8bTCBJIL8y6OS+XXVqzkJ4HdwCqqhQ07e/BsOYpBEVmnBQqu86ifYykJoRTvPKIFU0ATKBEe0bFBBR5WWLy3N8YZwhDmNpntB44f6eyCBSahYFpjMCPVartbn5X62f6vDOy5hIUk0FWS4KU451jOcx4CGTlGg+MwBEMnMrJmOQQLQJq2JCcFe/vA6d65pbr9WfbqqN+yKOMjpD5+gSuegWNdAjaqI2ImiKntErerMy68V6tz6WrSWrmDlFf2R9/gBKrJN0</latexit> T

/T

0

<latexit sha1_base64="MtDHxDFVv+6nFpdWuZF9t71jjvM=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXNVEpLosunFZoTdoQziZTtqhk0mYmRRKyJu4caGIW9/EnW/jtM1CW38Y+PjPOZwzf5BwprTjfFuljc2t7Z3ybmVv/+DwyD4+6ag4lYS2Scxj2QtAUc4EbWumOe0lkkIUcNoNJg/zendKpWKxaOlZQr0IRoKFjIA2lm/bLT8bTCBJIL8y6OS+XXVqzkJ4HdwCqqhQ07e/BsOYpBEVmnBQqu86ifYykJoRTvPKIFU0ATKBEe0bFBBR5WWLy3N8YZwhDmNpntB44f6eyCBSahYFpjMCPVartbn5X62f6vDOy5hIUk0FWS4KU451jOcx4CGTlGg+MwBEMnMrJmOQQLQJq2JCcFe/vA6d65pbr9WfbqqN+yKOMjpD5+gSuegWNdAjaqI2ImiKntErerMy68V6tz6WrSWrmDlFf2R9/gBKrJN0</latexit> T

/T

0

<latexit sha1_base64="MtDHxDFVv+6nFpdWuZF9t71jjvM=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXNVEpLosunFZoTdoQziZTtqhk0mYmRRKyJu4caGIW9/EnW/jtM1CW38Y+PjPOZwzf5BwprTjfFuljc2t7Z3ybmVv/+DwyD4+6ag4lYS2Scxj2QtAUc4EbWumOe0lkkIUcNoNJg/zendKpWKxaOlZQr0IRoKFjIA2lm/bLT8bTCBJIL8y6OS+XXVqzkJ4HdwCqqhQ07e/BsOYpBEVmnBQqu86ifYykJoRTvPKIFU0ATKBEe0bFBBR5WWLy3N8YZwhDmNpntB44f6eyCBSahYFpjMCPVartbn5X62f6vDOy5hIUk0FWS4KU451jOcx4CGTlGg+MwBEMnMrJmOQQLQJq2JCcFe/vA6d65pbr9WfbqqN+yKOMjpD5+gSuegWNdAjaqI2ImiKntErerMy68V6tz6WrSWrmDlFf2R9/gBKrJN0</latexit> T

/T

0

<latexit sha1_base64="MtDHxDFVv+6nFpdWuZF9t71jjvM=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXNVEpLosunFZoTdoQziZTtqhk0mYmRRKyJu4caGIW9/EnW/jtM1CW38Y+PjPOZwzf5BwprTjfFuljc2t7Z3ybmVv/+DwyD4+6ag4lYS2Scxj2QtAUc4EbWumOe0lkkIUcNoNJg/zendKpWKxaOlZQr0IRoKFjIA2lm/bLT8bTCBJIL8y6OS+XXVqzkJ4HdwCqqhQ07e/BsOYpBEVmnBQqu86ifYykJoRTvPKIFU0ATKBEe0bFBBR5WWLy3N8YZwhDmNpntB44f6eyCBSahYFpjMCPVartbn5X62f6vDOy5hIUk0FWS4KU451jOcx4CGTlGg+MwBEMnMrJmOQQLQJq2JCcFe/vA6d65pbr9WfbqqN+yKOMjpD5+gSuegWNdAjaqI2ImiKntErerMy68V6tz6WrSWrmDlFf2R9/gBKrJN0</latexit> T

/T

0

<latexit sha1_base64="tE9lQfvnNjwy3L/IroEUSFKLauw=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJMi1WPRi8cK/YI2hs122y7dTcLuRiwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMwLYs6Udpxva219Y3Nru7BT3N3bPzi0j0ptFSWS0BaJeCS7AVaUs5C2NNOcdmNJsQg47QST25nfeaRSsShs6mlMPYFHIRsygrWRfLvU9FMnQxdI+CnNyENazXy77FScOdAqcXNShhwN3/7qDyKSCBpqwrFSPdeJtZdiqRnhNCv2E0VjTCZ4RHuGhlhQ5aXz2zN0ZpQBGkbSVKjRXP09kWKh1FQEplNgPVbL3kz8z+slenjtpSyME01Dslg0TDjSEZoFgQZMUqL51BBMJDO3IjLGEhNt4iqaENzll1dJu1pxa5Xa/WW5fpPHUYATOIVzcOEK6nAHDWgBgSd4hld4szLrxXq3Phata1Y+cwx/YH3+APqbk8g=</latexit>

T0/mec
2

<latexit sha1_base64="tE9lQfvnNjwy3L/IroEUSFKLauw=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJMi1WPRi8cK/YI2hs122y7dTcLuRiwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMwLYs6Udpxva219Y3Nru7BT3N3bPzi0j0ptFSWS0BaJeCS7AVaUs5C2NNOcdmNJsQg47QST25nfeaRSsShs6mlMPYFHIRsygrWRfLvU9FMnQxdI+CnNyENazXy77FScOdAqcXNShhwN3/7qDyKSCBpqwrFSPdeJtZdiqRnhNCv2E0VjTCZ4RHuGhlhQ5aXz2zN0ZpQBGkbSVKjRXP09kWKh1FQEplNgPVbL3kz8z+slenjtpSyME01Dslg0TDjSEZoFgQZMUqL51BBMJDO3IjLGEhNt4iqaENzll1dJu1pxa5Xa/WW5fpPHUYATOIVzcOEK6nAHDWgBgSd4hld4szLrxXq3Phata1Y+cwx/YH3+APqbk8g=</latexit>

T0/mec
2

<latexit sha1_base64="tE9lQfvnNjwy3L/IroEUSFKLauw=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJMi1WPRi8cK/YI2hs122y7dTcLuRiwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMwLYs6Udpxva219Y3Nru7BT3N3bPzi0j0ptFSWS0BaJeCS7AVaUs5C2NNOcdmNJsQg47QST25nfeaRSsShs6mlMPYFHIRsygrWRfLvU9FMnQxdI+CnNyENazXy77FScOdAqcXNShhwN3/7qDyKSCBpqwrFSPdeJtZdiqRnhNCv2E0VjTCZ4RHuGhlhQ5aXz2zN0ZpQBGkbSVKjRXP09kWKh1FQEplNgPVbL3kz8z+slenjtpSyME01Dslg0TDjSEZoFgQZMUqL51BBMJDO3IjLGEhNt4iqaENzll1dJu1pxa5Xa/WW5fpPHUYATOIVzcOEK6nAHDWgBgSd4hld4szLrxXq3Phata1Y+cwx/YH3+APqbk8g=</latexit>

T0/mec
2

<latexit sha1_base64="tE9lQfvnNjwy3L/IroEUSFKLauw=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJMi1WPRi8cK/YI2hs122y7dTcLuRiwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMwLYs6Udpxva219Y3Nru7BT3N3bPzi0j0ptFSWS0BaJeCS7AVaUs5C2NNOcdmNJsQg47QST25nfeaRSsShs6mlMPYFHIRsygrWRfLvU9FMnQxdI+CnNyENazXy77FScOdAqcXNShhwN3/7qDyKSCBpqwrFSPdeJtZdiqRnhNCv2E0VjTCZ4RHuGhlhQ5aXz2zN0ZpQBGkbSVKjRXP09kWKh1FQEplNgPVbL3kz8z+slenjtpSyME01Dslg0TDjSEZoFgQZMUqL51BBMJDO3IjLGEhNt4iqaENzll1dJu1pxa5Xa/WW5fpPHUYATOIVzcOEK6nAHDWgBgSd4hld4szLrxXq3Phata1Y+cwx/YH3+APqbk8g=</latexit>

T0/mec
2
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S. Totorica | June 19, 2025 | ECMRP



17

Maximum energy limited by system size

<latexit sha1_base64="4T0glWScWoXSPOQA3/ys72HBVzw=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBsIq7ItFGCLGxjGAekF3C7GQ2GTKPdWY2EEIaf8XGQhFbP8POv3GSbKGJBy4czrmXe++JEka18bxvJ7eyura+kd8sbG3v7O65+wcNLVOFSR1LJlUrQpowKkjdUMNIK1EE8YiRZjS4nfrNIVGaSvFgRgkJOeoJGlOMjJU67lGg+hLewKCHOEeQwyE8h4+w2nGLXsmbAS4TPyNFkKHWcb+CrsQpJ8JghrRu+15iwjFShmJGJoUg1SRBeIB6pG2pQJzocDx7YAJPrdKFsVS2hIEz9ffEGHGtRzyynRyZvl70puJ/Xjs18XU4piJJDRF4vihOGTQSTtOAXaoINmxkCcKK2lsh7iOFsLGZFWwI/uLLy6RxUfLLpfL9ZbFSzeLIg2NwAs6AD65ABdyBGqgDDCbgGbyCN+fJeXHenY95a87JZg7BHzifP6HGlII=</latexit>

⇢ = �mv/qB
<latexit sha1_base64="6DXjqCdNX/A2j0aBMSvKsJToxlM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5pIqS6Lbly4qGAf0IQwmU7aoTOZMDORllA3/oobF4q49S/c+TdO2yy09cCFwzn3cu89YcKo0o7zbS0tr6yurRc2iptb2zu79t5+U4lUYtLAggnZDpEijMakoalmpJ1IgnjISCscXE/81gORior4Xo8S4nPUi2lEMdJGCuxDT/ZFkHE0HEMPJYkUQ3gLz2AlsEtO2ZkCLhI3JyWQox7YX15X4JSTWGOGlOq4TqL9DElNMSPjopcqkiA8QD3SMTRGnCg/m34whidG6cJISFOxhlP190SGuFIjHppOjnRfzXsT8T+vk+ro0s9onKSaxHi2KEoZ1AJO4oBdKgnWbGQIwpKaWyHuI4mwNqEVTQju/MuLpHledqvl6l2lVLvK4yiAI3AMToELLkAN3IA6aAAMHsEzeAVv1pP1Yr1bH7PWJSufOQB/YH3+ACjslg0=</latexit>

⇢max ⇡ L/4
S. Totorica | June 19, 2025 | ECMRP
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Nonthermal particle trajectories:

Nonthermal Electron Trajectories Nonthermal Ion Trajectories

S. Totorica | June 19, 2025 | ECMRP

<latexit sha1_base64="2688YfMxiYrsb6wSbVBCYELnjEs=">AAACBHicbZC7TsMwFIadcivlFmDsYlEhMZWkgsKCVMHCWKTepDZEjuu0Vu0ksh2kKsrAwquwMIAQKw/BxtvgtBmg5UiWP/3/ObLP70WMSmVZ30ZhZXVtfaO4Wdra3tndM/cPOjKMBSZtHLJQ9DwkCaMBaSuqGOlFgiDuMdL1JjeZ330gQtIwaKlpRByORgH1KUZKS65ZbrkJSeEp5NmN75NaCq+gVbXqtXPXrGiYFVwGO4cKyKvpml+DYYhjTgKFGZKyb1uRchIkFMWMpKVBLEmE8ASNSF9jgDiRTjJbIoXHWhlCPxT6BArO1N8TCeJSTrmnOzlSY7noZeJ/Xj9W/qWT0CCKFQnw/CE/ZlCFMEsEDqkgWLGpBoQF1X+FeIwEwkrnVtIh2IsrL0OnVrXr1frdWaVxncdRBGVwBE6ADS5AA9yCJmgDDB7BM3gFb8aT8WK8Gx/z1oKRzxyCP2V8/gBgwZX/</latexit>

Te/mec
2 = 0.0625
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Nonthermal particle trajectories:

Nonthermal Electron Trajectories Nonthermal Ion Trajectories

S. Totorica | June 19, 2025 | ECMRP

<latexit sha1_base64="JAdTcpNDMvbw+E+v6aqwarsm7tI=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUyKVjdC0Y3LCn1BG8NkOm2HziRhZiKUEHDjr7hxoYhbf8Kdf+M0zUJbD1zu4Zx7mbnHjxiVyra/jcLS8srqWnG9tLG5tb1j7u61ZBgLTJo4ZKHo+EgSRgPSVFQx0okEQdxnpO2Pb6Z++4EIScOgoSYRcTkaBnRAMVJa8syDhpeQFJ5CnnV8n1RSeAWdinXumWXbsjPAReLkpAxy1D3zq9cPccxJoDBDUnYdO1JugoSimJG01IsliRAeoyHpahogTqSbZDek8FgrfTgIha5AwUz9vZEgLuWE+3qSIzWS895U/M/rxmpw6SY0iGJFAjx7aBAzqEI4DQT2qSBYsYkmCAuq/wrxCAmElY6tpENw5k9eJK2K5VSt6t1ZuXadx1EEh+AInAAHXIAauAV10AQYPIJn8ArejCfjxXg3PmajBSPf2Qd/YHz+AMlAlbA=</latexit>

Te/mec
2 = 12.5
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Nonthermal Electron Trajectories Nonthermal Ion Trajectories

S. Totorica | June 19, 2025 | ECMRP

Nonthermal particle trajectories:
<latexit sha1_base64="u1XgxKrYlH/0HMtDfYOYH/aC46Q=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzpTpLoRim5cVugL2nHIpJk2NMkMSUYoQ934K25cKOLWv3Dn35hpZ6GtBy73cM69JPcEMaNKO863tbS8srq2Xtgobm5t7+zae/stFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPRTea3H4hUNBINPY6Jx9FA0JBipI3k24cNPyUTeAZ51vF9WpnAK+g6jm+XnLIzBVwkbk5KIEfdt796/QgnnAiNGVKq6zqx9lIkNcWMTIq9RJEY4REakK6hAnGivHR6wQSeGKUPw0iaEhpO1d8bKeJKjXlgJjnSQzXvZeJ/XjfR4aWXUhEnmgg8eyhMGNQRzOKAfSoJ1mxsCMKSmr9CPEQSYW1CK5oQ3PmTF0mrUnar5erdeal2ncdRAEfgGJwCF1yAGrgFddAEGDyCZ/AK3qwn68V6tz5mo0tWvnMA/sD6/AHwLpVH</latexit>

Te/mec
2 = 100
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Future directions

• Study influence of out-of-plane guide field on nonthermal particle 
acceleration efficiency and partitioning 

• Three-dimensional simulations to investigate the influence of the 
drift-kink instability on partitioning and dependence on guide field 

• Connect results to observations in space physics and 
astrophysics

S. Totorica | June 19, 2025 | ECMRP



<latexit sha1_base64="b1n2perlqj1pcDupQbI4psvShSY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi1Y1QdOOygn1AG8JketMOnUzCzEQIof6KGxeKuPVD3Pk3TtsstHrgcg/n3MvcOUHCmdKO82WVVlbX1jfKm5Wt7Z3dPXv/oKPiVFJo05jHshcQBZwJaGumOfQSCSQKOHSDyc3M7z6AVCwW9zpLwIvISLCQUaKN5NvVyM/ZFJ9i02GKr7DrOL5dc+rOHPgvcQtSQwVavv05GMY0jUBoyolSfddJtJcTqRnlMK0MUgUJoRMygr6hgkSgvHx+/BQfG2WIw1iaEhrP1Z8bOYmUyqLATEZEj9WyNxP/8/qpDi+9nIkk1SDo4qEw5VjHeJYEHjIJVPPMEEIlM7diOiaSUG3yqpgQ3OUv/yWds7rbqDfuzmvN6yKOMjpER+gEuegCNdEtaqE2oihDT+gFvVqP1rP1Zr0vRktWsVNFv2B9fANVWJNH</latexit>

mi/me = 100
<latexit sha1_base64="27qIzls4x3p/icRJOT/sc4yQ2jY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiZVqhuh6MZlhb6gjWEynbRDZyZhZiKUEPBX3LhQxK3f4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39lsqSiQmTRyxSHYCpAijgjQ11Yx0YkkQDxhpB6Pbid9+JFLRSDT0OCYeRwNBQ4qRNpJvHzb81MnOuJ+SDD+klQxew/OKb5ecsjMFXCRuTkogR923v3r9CCecCI0ZUqrrOrH2UiQ1xYxkxV6iSIzwCA1I11CBOFFeOj0/gydG6cMwkqaEhlP190SKuFJjHphOjvRQzXsT8T+vm+jwykupiBNNBJ4tChMGdQQnWcA+lQRrNjYEYUnNrRAPkURYm8SKJgR3/uVF0qqU3Wq5en9Rqt3kcRTAETgGp8AFl6AG7kAdNAEGKXgGr+DNerJerHfrY9a6ZOUzB+APrM8feVGUiA==</latexit>

T0/mec
2 = 32

<latexit sha1_base64="cXy62VGYQSF1fCadfR6bHuwmG68=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVzURqW6EUhe6rGAf0IYwmU7boZNJmJkINeRL3LhQxK2f4s6/cdpmodUD93I4517mzglizpR2nC+rsLK6tr5R3Cxtbe/slu29/baKEkloi0Q8kt0AK8qZoC3NNKfdWFIcBpx2gsn1zO88UKlYJO71NKZeiEeCDRnB2ki+XW746U12arqToSvk+HbFqTpzoL/EzUkFcjR9+7M/iEgSUq EJx0r1XCfWXoqlZoTTrNRPFI0xmeAR7RkqcEiVl84Pz9CxUQZoGElTQqO5+nMjxaFS0zAwkyHWY7XszcT/vF6ih5deykScaCrI4qFhwpGO0CwFNGCSEs2nhmAimbkVkTGWmGiTVcmE4C5/+S9pn1XdWrV2d16pN/I4inAIR3ACLlxAHW6hCS0gkMATvMCr9Wg9W2/W+2K0YOU7B/AL1sc3rhuR0Q==</latexit>

BG/B0 = 0
22

S. Totorica | June 19, 2025 | ECMRP



<latexit sha1_base64="b1n2perlqj1pcDupQbI4psvShSY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi1Y1QdOOygn1AG8JketMOnUzCzEQIof6KGxeKuPVD3Pk3TtsstHrgcg/n3MvcOUHCmdKO82WVVlbX1jfKm5Wt7Z3dPXv/oKPiVFJo05jHshcQBZwJaGumOfQSCSQKOHSDyc3M7z6AVCwW9zpLwIvISLCQUaKN5NvVyM/ZFJ9i02GKr7DrOL5dc+rOHPgvcQtSQwVavv05GMY0jUBoyolSfddJtJcTqRnlMK0MUgUJoRMygr6hgkSgvHx+/BQfG2WIw1iaEhrP1Z8bOYmUyqLATEZEj9WyNxP/8/qpDi+9nIkk1SDo4qEw5VjHeJYEHjIJVPPMEEIlM7diOiaSUG3yqpgQ3OUv/yWds7rbqDfuzmvN6yKOMjpER+gEuegCNdEtaqE2oihDT+gFvVqP1rP1Zr0vRktWsVNFv2B9fANVWJNH</latexit>

mi/me = 100
<latexit sha1_base64="27qIzls4x3p/icRJOT/sc4yQ2jY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiZVqhuh6MZlhb6gjWEynbRDZyZhZiKUEPBX3LhQxK3f4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39lsqSiQmTRyxSHYCpAijgjQ11Yx0YkkQDxhpB6Pbid9+JFLRSDT0OCYeRwNBQ4qRNpJvHzb81MnOuJ+SDD+klQxew/OKb5ecsjMFXCRuTkogR923v3r9CCecCI0ZUqrrOrH2UiQ1xYxkxV6iSIzwCA1I11CBOFFeOj0/gydG6cMwkqaEhlP190SKuFJjHphOjvRQzXsT8T+vm+jwykupiBNNBJ4tChMGdQQnWcA+lQRrNjYEYUnNrRAPkURYm8SKJgR3/uVF0qqU3Wq5en9Rqt3kcRTAETgGp8AFl6AG7kAdNAEGKXgGr+DNerJerHfrY9a6ZOUzB+APrM8feVGUiA==</latexit>

T0/mec
2 = 32

<latexit sha1_base64="tM1nRMrbbx3WYmFIrCIxmMJr93M=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUxEqhuh1IUuK9gHtCFMptN26OTBzEQpMZ/ixoUibv0Sd/6N0zYLbT1wL4dz7mXuHD/mTCrb/jYKK6tr6xvFzdLW9s7unlneb8koEYQ2ScQj0fGxpJyFtKmY4rQTC4oDn9O2P76e+u0HKiSLwns1iakb4GHIBoxgpSXPLNe99CY71d3O0BWyLcczK7Zlz4CWiZOTCuRoeOZXrx+RJK ChIhxL2XXsWLkpFooRTrNSL5E0xmSMh7SraYgDKt10dnqGjrXSR4NI6AoVmqm/N1IcSDkJfD0ZYDWSi95U/M/rJmpw6aYsjBNFQzJ/aJBwpCI0zQH1maBE8YkmmAimb0VkhAUmSqdV0iE4i19eJq0zy6la1bvzSq2ex1GEQziCE3DgAmpwCw1oAoFHeIZXeDOejBfj3fiYjxaMfOcA/sD4/AGRnpJE</latexit>

BG/B0 = 0.1
23

S. Totorica | June 19, 2025 | ECMRP



<latexit sha1_base64="b1n2perlqj1pcDupQbI4psvShSY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi1Y1QdOOygn1AG8JketMOnUzCzEQIof6KGxeKuPVD3Pk3TtsstHrgcg/n3MvcOUHCmdKO82WVVlbX1jfKm5Wt7Z3dPXv/oKPiVFJo05jHshcQBZwJaGumOfQSCSQKOHSDyc3M7z6AVCwW9zpLwIvISLCQUaKN5NvVyM/ZFJ9i02GKr7DrOL5dc+rOHPgvcQtSQwVavv05GMY0jUBoyolSfddJtJcTqRnlMK0MUgUJoRMygr6hgkSgvHx+/BQfG2WIw1iaEhrP1Z8bOYmUyqLATEZEj9WyNxP/8/qpDi+9nIkk1SDo4qEw5VjHeJYEHjIJVPPMEEIlM7diOiaSUG3yqpgQ3OUv/yWds7rbqDfuzmvN6yKOMjpER+gEuegCNdEtaqE2oihDT+gFvVqP1rP1Zr0vRktWsVNFv2B9fANVWJNH</latexit>

mi/me = 100
<latexit sha1_base64="27qIzls4x3p/icRJOT/sc4yQ2jY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiZVqhuh6MZlhb6gjWEynbRDZyZhZiKUEPBX3LhQxK3f4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39lsqSiQmTRyxSHYCpAijgjQ11Yx0YkkQDxhpB6Pbid9+JFLRSDT0OCYeRwNBQ4qRNpJvHzb81MnOuJ+SDD+klQxew/OKb5ecsjMFXCRuTkogR923v3r9CCecCI0ZUqrrOrH2UiQ1xYxkxV6iSIzwCA1I11CBOFFeOj0/gydG6cMwkqaEhlP190SKuFJjHphOjvRQzXsT8T+vm+jwykupiBNNBJ4tChMGdQQnWcA+lQRrNjYEYUnNrRAPkURYm8SKJgR3/uVF0qqU3Wq5en9Rqt3kcRTAETgGp8AFl6AG7kAdNAEGKXgGr+DNerJerHfrY9a6ZOUzB+APrM8feVGUiA==</latexit>

T0/mec
2 = 32

<latexit sha1_base64="NRWDDeyuZSIelvGiwBDFRa6Ar1Q=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUxEqxuh1IUuK9gHtCFMptN26OTBzEQpMZ/ixoUibv0Sd/6N0zYLrR64l8M59zJ3jh9zJpVtfxmFpeWV1bXiemljc2t7xyzvtmSUCEKbJOKR6PhYUs5C2lRMcdqJBcWBz2nbH19N/fY9FZJF4Z2axNQN8DBkA0aw0pJnluteep0d625n6BLZ1plnVmzLngH9JU5OKpCj4ZmfvX5Eko CGinAsZdexY+WmWChGOM1KvUTSGJMxHtKupiEOqHTT2ekZOtRKHw0ioStUaKb+3EhxIOUk8PVkgNVILnpT8T+vm6jBhZuyME4UDcn8oUHCkYrQNAfUZ4ISxSeaYCKYvhWRERaYKJ1WSYfgLH75L2mdWE7Vqt6eVmr1PI4i7MMBHIED51CDG2hAEwg8wBO8wKvxaDwbb8b7fLRg5Dt78AvGxzeXrpJI</latexit>

BG/B0 = 0.5
24

S. Totorica | June 19, 2025 | ECMRP



<latexit sha1_base64="b1n2perlqj1pcDupQbI4psvShSY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi1Y1QdOOygn1AG8JketMOnUzCzEQIof6KGxeKuPVD3Pk3TtsstHrgcg/n3MvcOUHCmdKO82WVVlbX1jfKm5Wt7Z3dPXv/oKPiVFJo05jHshcQBZwJaGumOfQSCSQKOHSDyc3M7z6AVCwW9zpLwIvISLCQUaKN5NvVyM/ZFJ9i02GKr7DrOL5dc+rOHPgvcQtSQwVavv05GMY0jUBoyolSfddJtJcTqRnlMK0MUgUJoRMygr6hgkSgvHx+/BQfG2WIw1iaEhrP1Z8bOYmUyqLATEZEj9WyNxP/8/qpDi+9nIkk1SDo4qEw5VjHeJYEHjIJVPPMEEIlM7diOiaSUG3yqpgQ3OUv/yWds7rbqDfuzmvN6yKOMjpER+gEuegCNdEtaqE2oihDT+gFvVqP1rP1Zr0vRktWsVNFv2B9fANVWJNH</latexit>

mi/me = 100
<latexit sha1_base64="27qIzls4x3p/icRJOT/sc4yQ2jY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiZVqhuh6MZlhb6gjWEynbRDZyZhZiKUEPBX3LhQxK3f4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39lsqSiQmTRyxSHYCpAijgjQ11Yx0YkkQDxhpB6Pbid9+JFLRSDT0OCYeRwNBQ4qRNpJvHzb81MnOuJ+SDD+klQxew/OKb5ecsjMFXCRuTkogR923v3r9CCecCI0ZUqrrOrH2UiQ1xYxkxV6iSIzwCA1I11CBOFFeOj0/gydG6cMwkqaEhlP190SKuFJjHphOjvRQzXsT8T+vm+jwykupiBNNBJ4tChMGdQQnWcA+lQRrNjYEYUnNrRAPkURYm8SKJgR3/uVF0qqU3Wq5en9Rqt3kcRTAETgGp8AFl6AG7kAdNAEGKXgGr+DNerJerHfrY9a6ZOUzB+APrM8feVGUiA==</latexit>

T0/mec
2 = 32

<latexit sha1_base64="iRWqDDz5MI5kLMhUjBOTiUdJtAw=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVzURqW6EUhe6rGAf0IYwmU7boZNJmJkINeRL3LhQxK2f4s6/cdpmodUD93I4517mzglizpR2nC+rsLK6tr5R3Cxtbe/slu29/baKEkloi0Q8kt0AK8qZoC3NNKfdWFIcBpx2gsn1zO88UKlYJO71NKZeiEeCDRnB2ki+XW746U12arqToSvk+nbFqTpzoL/EzUkFcjR9+7M/iEgSUqEJx0r1XCfWXoqlZoTTrNRPFI0xmeAR7RkqcEiVl84Pz9CxUQZoGElTQqO5+nMjxaFS0zAwkyHWY7XszcT/vF6ih5deykScaCrI4qFhwpGO0CwFNGCSEs2nhmAimbkVkTGWmGiTVcmE4C5/+S9pn1XdWrV2d16pN/I4inAIR3ACLlxAHW6hCS0gkMATvMCr9Wg9W2/W+2K0YOU7B/AL1sc3r5+R0g==</latexit>

BG/B0 = 1
25
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Partitioning for varied guide field

<latexit sha1_base64="b1n2perlqj1pcDupQbI4psvShSY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi1Y1QdOOygn1AG8JketMOnUzCzEQIof6KGxeKuPVD3Pk3TtsstHrgcg/n3MvcOUHCmdKO82WVVlbX1jfKm5Wt7Z3dPXv/oKPiVFJo05jHshcQBZwJaGumOfQSCSQKOHSDyc3M7z6AVCwW9zpLwIvISLCQUaKN5NvVyM/ZFJ9i02GKr7DrOL5dc+rOHPgvcQtSQwVavv05GMY0jUBoyolSfddJtJcTqRnlMK0MUgUJoRMygr6hgkSgvHx+/BQfG2WIw1iaEhrP1Z8bOYmUyqLATEZEj9WyNxP/8/qpDi+9nIkk1SDo4qEw5VjHeJYEHjIJVPPMEEIlM7diOiaSUG3yqpgQ3OUv/yWds7rbqDfuzmvN6yKOMjpER+gEuegCNdEtaqE2oihDT+gFvVqP1rP1Zr0vRktWsVNFv2B9fANVWJNH</latexit>

mi/me = 100
<latexit sha1_base64="27qIzls4x3p/icRJOT/sc4yQ2jY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiZVqhuh6MZlhb6gjWEynbRDZyZhZiKUEPBX3LhQxK3f4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39lsqSiQmTRyxSHYCpAijgjQ11Yx0YkkQDxhpB6Pbid9+JFLRSDT0OCYeRwNBQ4qRNpJvHzb81MnOuJ+SDD+klQxew/OKb5ecsjMFXCRuTkogR923v3r9CCecCI0ZUqrrOrH2UiQ1xYxkxV6iSIzwCA1I11CBOFFeOj0/gydG6cMwkqaEhlP190SKuFJjHphOjvRQzXsT8T+vm+jwykupiBNNBJ4tChMGdQQnWcA+lQRrNjYEYUnNrRAPkURYm8SKJgR3/uVF0qqU3Wq5en9Rqt3kcRTAETgGp8AFl6AG7kAdNAEGKXgGr+DNerJerHfrY9a6ZOUzB+APrM8feVGUiA==</latexit>

T0/mec
2 = 32

S. Totorica | June 19, 2025 | ECMRP
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Fitting parameters for varied guide field

<latexit sha1_base64="b1n2perlqj1pcDupQbI4psvShSY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiYi1Y1QdOOygn1AG8JketMOnUzCzEQIof6KGxeKuPVD3Pk3TtsstHrgcg/n3MvcOUHCmdKO82WVVlbX1jfKm5Wt7Z3dPXv/oKPiVFJo05jHshcQBZwJaGumOfQSCSQKOHSDyc3M7z6AVCwW9zpLwIvISLCQUaKN5NvVyM/ZFJ9i02GKr7DrOL5dc+rOHPgvcQtSQwVavv05GMY0jUBoyolSfddJtJcTqRnlMK0MUgUJoRMygr6hgkSgvHx+/BQfG2WIw1iaEhrP1Z8bOYmUyqLATEZEj9WyNxP/8/qpDi+9nIkk1SDo4qEw5VjHeJYEHjIJVPPMEEIlM7diOiaSUG3yqpgQ3OUv/yWds7rbqDfuzmvN6yKOMjpER+gEuegCNdEtaqE2oihDT+gFvVqP1rP1Zr0vRktWsVNFv2B9fANVWJNH</latexit>

mi/me = 100
<latexit sha1_base64="27qIzls4x3p/icRJOT/sc4yQ2jY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiZVqhuh6MZlhb6gjWEynbRDZyZhZiKUEPBX3LhQxK3f4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39lsqSiQmTRyxSHYCpAijgjQ11Yx0YkkQDxhpB6Pbid9+JFLRSDT0OCYeRwNBQ4qRNpJvHzb81MnOuJ+SDD+klQxew/OKb5ecsjMFXCRuTkogR923v3r9CCecCI0ZUqrrOrH2UiQ1xYxkxV6iSIzwCA1I11CBOFFeOj0/gydG6cMwkqaEhlP190SKuFJjHphOjvRQzXsT8T+vm+jwykupiBNNBJ4tChMGdQQnWcA+lQRrNjYEYUnNrRAPkURYm8SKJgR3/uVF0qqU3Wq5en9Rqt3kcRTAETgGp8AFl6AG7kAdNAEGKXgGr+DNerJerHfrY9a6ZOUzB+APrM8feVGUiA==</latexit>

T0/mec
2 = 32

S. Totorica | June 19, 2025 | ECMRP
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Three-dimensional effects on partitioning in electron-positron pair 
plasmas (Hoshino 2024)

<latexit sha1_base64="iRWqDDz5MI5kLMhUjBOTiUdJtAw=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVzURqW6EUhe6rGAf0IYwmU7boZNJmJkINeRL3LhQxK2f4s6/cdpmodUD93I4517mzglizpR2nC+rsLK6tr5R3Cxtbe/slu29/baKEkloi0Q8kt0AK8qZoC3NNKfdWFIcBpx2gsn1zO88UKlYJO71NKZeiEeCDRnB2ki+XW746U12arqToSvk+nbFqTpzoL/EzUkFcjR9+7M/iEgSUqEJx0r1XCfWXoqlZoTTrNRPFI0xmeAR7RkqcEiVl84Pz9CxUQZoGElTQqO5+nMjxaFS0zAwkyHWY7XszcT/vF6ih5deykScaCrI4qFhwpGO0CwFNGCSEs2nhmAimbkVkTGWmGiTVcmE4C5/+S9pn1XdWrV2d16pN/I4inAIR3ACLlxAHW6hCS0gkMATvMCr9Wg9W2/W+2K0YOU7B/AL1sc3r5+R0g==</latexit>

BG/B0 = 1

<latexit sha1_base64="cXy62VGYQSF1fCadfR6bHuwmG68=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVzURqW6EUhe6rGAf0IYwmU7boZNJmJkINeRL3LhQxK2f4s6/cdpmodUD93I4517mzglizpR2nC+rsLK6tr5R3Cxtbe/slu29/baKEkloi0Q8kt0AK8qZoC3NNKfdWFIcBpx2gsn1zO88UKlYJO71NKZeiEeCDRnB2ki+XW746U12arqToSvk+HbFqTpzoL/EzUkFcjR9+7M/iEgSUqEJx0r1XCfWXoqlZoTTrNRPFI0xmeAR7RkqcEiVl84Pz9CxUQZoGElTQqO5+nMjxaFS0zAwkyHWY7XszcT/vF6ih5deykScaCrI4qFhwpGO0CwFNGCSEs2nhmAimbkVkTGWmGiTVcmE4C5/+S9pn1XdWrV2d16pN/I4inAIR3ACLlxAHW6hCS0gkMATvMCr9Wg9W2/W+2K0YOU7B/AL1sc3rhuR0Q==</latexit>

BG/B0 = 0

S. Totorica | June 19, 2025 | ECMRP

• 3D reconnection is capable of maintaining a hard 
nonthermal energy spectrum even in the presence of 
a strong guide magnetic field
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Conclusions

• Particle energy spectra in electron-ion reconnection can be fit to the sum of a 
Maxwellian and a Kappa distribution 

• Model fitting procedure allows a quantification of the partitioning of dissipated 
magnetic energy into thermal and nonthermal electrons and ions 

• At nonrelativistic temperatures, ions are preferentially heated 

• As the temperature approaches the rest mass energy of a species of particles, 
a sharp increase in nonthermal particle acceleration efficiency occurs for that 
species 

• Future work will investigate partitioning for varied guide fields and in three 
dimensions

S. Totorica | June 19, 2025 | ECMRP


