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Magnetars: twisted magnetospheres emit hard X-rays (slow dissipation)
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Magnetars: twisted magnetospheres emit hard X-rays (slow dissipation)
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burst durations 

     ~ 0.1 sWoods et al. 2007

X-ray bursting history of SGR 1806-20

luminosities
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1041�1047 erg/s

Magnetars produce bright bursts (fast dissipation)



burst durations 

     ~ 0.1 sWoods et al. 2007

X-ray bursting history of SGR 1806-20

luminosities

Thompson, Duncan 19951. Short-lived Alfvenic turbulence (excited by quakes)
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1041�1047 erg/s

Magnetars produce bright bursts (fast dissipation)

2. Magnetic reconnection (over-twisted magnetosphere) Parfrey, AB, Hui 2013
Yuan et al. 2020
Li, AB, Sironi 20213. Two strong Alfven waves collide, annihilating each other

4. Magnetosonic perturbations form monster radiative shocks AB 2023

Mechanisms:



Loss of magnetic equilibrium and reconnection

Parfrey, AB, Hui 2013



Mahlmann et al. 2023



Yuan et al. 2022

Nonlinear Alfven wave from a quake



°2A

°A
-1
0

A-1
A

2A

E
z
/B

0

°2A

°A

0
A-1

A
2A ° 1

2A

B
y
/B

0

Before Collision After

x
<latexit sha1_base64="hL+FaLtOT9luwfLW3Ut08xl3Pcw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOeHjQA=</latexit>

B0
<latexit sha1_base64="ROb9WndurAW5xc0nuJWcUfGOXaM=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQKuix147KCfUAbwmQyaYdOJmFmUiihf+LGhSJu/RN3/o2TNgttPTDM4Zx7mTMnSDlT2nG+rY3Nre2d3cpedf/g8OjYPjntqiSThHZIwhPZD7CinAna0Uxz2k8lxXHAaS+Y3Bd+b0qlYol40rOUejEeCRYxgrWRfNseBgkP1Sw2V96a+45v15y6swBaJ25JalCi7dtfwzAhWUyFJhwrNXCdVHs5lpoRTufVYaZoiskEj+jAUIFjqrx8kXyOLo0SoiiR5giNFurvjRzHqghnJmOsx2rVK8T/vEGmozsvZyLNNBVk+VCUcaQTVNSAQiYp0XxmCCaSmayIjLHERJuyqqYEd/XL66TbqLvX9cbjTa3ZKuuowDlcwBW4cAtNeIA2dIDAFJ7hFd6s3Hqx3q2P5eiGVe6cwR9Ynz+pIpOr</latexit>

x
<latexit sha1_base64="hL+FaLtOT9luwfLW3Ut08xl3Pcw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOeHjQA=</latexit>

0
<latexit sha1_base64="rsPGDo38dCUrLsAt/ftnosrChUA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPemeMuA==</latexit>

A-1

absorbed energy fraction:

after collision

vacuum

actual
A-1

0

0

A > 1/2
<latexit sha1_base64="2LMbVFVGXiEpyQ6+VzKd7veNw/Y=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqe5WQU9S9eKxgtsW2qVk02wbms0uSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFySCa+M436iwsrq2vlHcLG1t7+zulfcPmjpOFWUejUWs2gHRTHDJPMONYO1EMRIFgrWC0d3Ubz0xpXksH804YX5EBpKHnBJjJe/m2j2r9coVp+rMgJeJm5MK5Gj0yl/dfkzTiElDBdG64zqJ8TOiDKeCTUrdVLOE0BEZsI6lkkRM+9ns2Ak+sUofh7GyJQ2eqb8nMhJpPY4C2xkRM9SL3lT8z+ukJrzyMy6T1DBJ54vCVGAT4+nnuM8Vo0aMLSFUcXsrpkOiCDU2n5INwV18eZk0a1X3vFp7uKjUb/M4inAEx3AKLlxCHe6hAR5Q4PAMr/CGJHpB7+hj3lpA+cwh/AH6/AFldI3B</latexit>

x = 0 :
<latexit sha1_base64="y2pwODLuotghG8UEwUWfrTai5ho=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mtgiIIRS8eK9gPaJeSTbNtaJJdkqxYlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFldW19Y3iZmlre2d3r7x/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9mfvuRKs0i+WAmMfUFHkoWMoJNJj1du1f9csWtujOgZeLlpAI5Gv3yV28QkURQaQjHWnc9NzZ+ipVhhNNpqZdoGmMyxkPatVRiQbWfzm6dohOrDFAYKVvSoJn6eyLFQuuJCGynwGakF71M/M/rJia89FMm48RQSeaLwoQjE6HscTRgihLDJ5Zgopi9FZERVpgYG0/JhuAtvrxMWrWqd1at3Z9X6jd5HEU4gmM4BQ8uoA530IAmEBjBM7zCmyOcF+fd+Zi3Fpx85hD+wPn8AVWFjcU=</latexit>

By = 0
<latexit sha1_base64="HFaqVbZmqxRGDUBetvpCxca8fAU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CKUevFYwbSFNpTNdtMu3eyG3Y0QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFyacaeO6387a+sbm1nZpp7y7t39wWDk6bmuZKkJ9IrlU3RBrypmgvmGG026iKI5DTjvh5G7md56o0kyKR5MlNIjxSLCIEWys5DcH2a07qFTdmjsHWiVeQapQoDWofPWHkqQxFYZwrHXPcxMT5FgZRjidlvuppgkmEzyiPUsFjqkO8vmxU3RulSGKpLIlDJqrvydyHGudxaHtjLEZ62VvJv7n9VIT3QQ5E0lqqCCLRVHKkZFo9jkaMkWJ4ZklmChmb0VkjBUmxuZTtiF4yy+vkna95l3W6g9X1UaziKMEp3AGF+DBNTTgHlrgAwEGz/AKb45wXpx352PRuuYUMyfwB87nDxlgjjc=</latexit>

 reflection with 
amplitude |A-1|

)
<latexit sha1_base64="aa+RtvqzfdVoDKVWFQEMlw9hXxM=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjFfkAayma7aZdudsPuRCmlP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdgqbu/s7u2XDg6bRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8mfqtR6YNV/IBRykLE9KXPOaUoJWCzj3vD5BorZ66pbJX8WZwl4mfkzLkqHdLX52eolnCJFJBjAl8L8VwTDRyKtik2MkMSwkdkj4LLJUkYSYcz06euKdW6bmx0rYkujP198SYJMaMksh2JgQHZtGbiv95QYbxVTjmMs2QSTpfFGfCReVO/3d7XDOKYmQJoZrbW106IJpQtCkVbQj+4svLpFmt+OeV6t1FuXadx1GAYziBM/DhEmpwC3VoAAUFz/AKbw46L8678zFvXXHymSP4A+fzB5JpkXE=</latexit>

|Ez| = B0
<latexit sha1_base64="gkH9lt1gJcQDsUhQpjCSd2UXaG0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBehVASPFeyHtCFstpt26WYTdjdCTfsrvHhQxKs/x5v/xm2bg7Y+GHi8N8PMPD/mTGnb/rZyK6tr6xv5zcLW9s7uXnH/oKmiRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3g99VuPVCoWiXs9iqkb4r5gASNYG+lhfOM9ja9qnu0VS3bZngEtEycjJchQ94pf3V5EkpAKTThWquPYsXZTLDUjnE4K3UTRGJMh7tOOoQKHVLnp7OAJOjFKDwWRNCU0mqm/J1IcKjUKfdMZYj1Qi95U/M/rJDq4dFMm4kRTQeaLgoQjHaHp96jHJCWajwzBRDJzKyIDLDHRJqOCCcFZfHmZNCtl56xcuTsvVWtZHHk4gmM4BQcuoAq3UIcGEAjhGV7hzZLWi/Vufcxbc1Y2cwh/YH3+ACnSj/w=</latexit>

fabs = 1� (A� 1)2

A2
=

2A� 1

A2
<latexit sha1_base64="ngM/qO/fPYu7AdWp7iSM7v0U8rc=">AAACG3icbZDLSsNAFIYn9VbrLerSzWAR6qIliYJuCq1uXFawF2himEwn7dDJhZmJUELfw42v4saFIq4EF76N0yYLbT0ww8/3n8PM+b2YUSEN41srrKyurW8UN0tb2zu7e/r+QUdECcekjSMW8Z6HBGE0JG1JJSO9mBMUeIx0vfH1zO8+EC5oFN7JSUycAA1D6lOMpEKubvluavMAIk9M62bV9jnCaaVZNU/vrWnaVFc9Y5ZiGXD1slEz5gWXhZmLMsir5eqf9iDCSUBCiRkSom8asXRSxCXFjExLdiJIjPAYDUlfyRAFRDjpfLcpPFFkAP2IqxNKOKe/J1IUCDEJPNUZIDkSi94M/uf1E+lfOikN40SSEGcP+QmDMoKzoOCAcoIlmyiBMKfqrxCPkIpCqjhLKgRzceVl0bFq5lnNuj0vN67yOIrgCByDCjDBBWiAG9ACbYDBI3gGr+BNe9JetHftI2staPnMIfhT2tcPDmyfjA==</latexit>

By

B0
<latexit sha1_base64="juk9zdfLqEV3EEIxNP8eOs+qwDo=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyWpgi5L3bisYB/QhjCZTtqhk0mYmQgx5EvcuFDErZ/izr9x2mahrQfu5XDOvcyd48ecKW3b31ZpY3Nre6e8W9nbPzis1o6OeypKJKFdEvFIDnysKGeCdjXTnA5iSXHoc9r3Z7dzv/9IpWKReNBpTN0QTwQLGMHaSF6tOgokJlnbS3PT7Nyr1e2GvQBaJ05B6lCg49W+RuOIJCEVmnCs1NCxY+1mWGpGOM0ro0TRGJMZntChoQKHVLnZ4vAcnRtljIJImhIaLdTfGxkOlUpD30yGWE/VqjcX//OGiQ5u3IyJONFUkOVDQcKRjtA8BTRmkhLNU0MwkczcisgUmyS0yapiQnBWv7xOes2Gc9lo3l/VW+0ijjKcwhlcgAPX0II76EAXCCTwDK/wZj1ZL9a79bEcLVnFzgn8gfX5A6x1kxg=</latexit>

Ez

B0
<latexit sha1_base64="yyNr99bphIWqHks1W6WUpnIh/oo=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBT2WiuCxgv2ANoTNdtMu3WzC7kZoQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhY3Nre6e4W9rbPzgs20fHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E49u533miUrFYPOpJQr0IDwULGcHaSL5d7ocSk+zOn86yhu/MfLviVJ0F0Dpxc1KBHE3f/uoPYpJGVGjCsVI910m0l2GpGeF0VuqniiaYjPGQ9gwVOKLKyxaHz9C5UQYojKUpodFC/T2R4UipSRSYzgjrkVr15uJ/Xi/V4Y2XMZGkmgqyXBSmHOkYzVNAAyYp0XxiCCaSmVsRGWGThDZZlUwI7urL66Rdq7qX1drDVaXeyOMowimcwQW4cA11uIcmtIBACs/wCm/W1Hqx3q2PZWvBymdO4A+szx+yo5Mc</latexit>

A ⌘ �B

B0
=

maxBy

Bx
<latexit sha1_base64="7YxfDxZjKNLOjbjktKr2WuFveeo=">AAACGXicbZC7SgNBFIZn4y3GW9TSZjAIVmE3CtoIMTaWEcwFsmGZnZxNhsxenJkNCcu+ho2vYmOhiKVWvo2TZAtN/GHg5zvncOb8bsSZVKb5beRWVtfWN/Kbha3tnd294v5BU4axoNCgIQ9F2yUSOAugoZji0I4EEN/l0HKHN9N6awRCsjC4V5MIuj7pB8xjlCiNnKJ5bcNDzEa2JwhN7B5wRXAtTWqOmV5l0CdjXHMmUzhOnWLJLJsz4WVjZaaEMtWd4qfdC2nsQ6AoJ1J2LDNS3YQIxSiHtGDHEiJCh6QPHW0D4oPsJrPLUnyiSQ97odAvUHhGf08kxJdy4ru60ydqIBdrU/hfrRMr77KbsCCKFQR0vsiLOVYhnsaEe0wAVXyiDaGC6b9iOiA6DqXDLOgQrMWTl02zUrbOypW781K1lsWRR0foGJ0iC12gKrpFddRAFD2iZ/SK3own48V4Nz7mrTkjmzlEf2R8/QAJkaDx</latexit>
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<latexit sha1_base64="N9SYQ5p8N5YqKuMBbb/etQ4BdWg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahQilJFXQjlLhxWcE+oA1hMpm0QycPZiZCCAU3/oobF4q49Sfc+TdO2iy09cAwh3Pu5d573JhRIQ3jWyutrK6tb5Q3K1vbO7t7+v5BV0QJx6SDIxbxvosEYTQkHUklI/2YExS4jPTcyU3u9x4IFzQK72UaEztAo5D6FCOpJEc/GroR80QaqC+zptc1yzHqlpPWjTNHrxoNYwa4TMyCVEGBtqN/Db0IJwEJJWZIiIFpxNLOEJcUMzKtDBNBYoQnaEQGioYoIMLOZjdM4alSPOhHXL1Qwpn6uyNDgcjXVJUBkmOx6OXif94gkf6VndEwTiQJ8XyQnzAoI5gHAj3KCZYsVQRhTtWuEI8RR1iq2CoqBHPx5GXSbTbM80bz7qLasoo4yuAYnIAaMMElaIFb0AYdgMEjeAav4E170l60d+1jXlrSip5D8Afa5w8cFZaB</latexit>

E = ( 0 , 0 , Ez)
<latexit sha1_base64="P08ROhxx4sfhj8hwHoEXq7L/oJg=">AAACFnicbVDLSgMxFM34rPVVdekmWIQKtcxUQTdCUQouK9gHdMqQyWTa0MyD5I5Qh36FG3/FjQtF3Io7/8b0IWjrgSSHc+4l9x43FlyBaX4ZC4tLyyurmbXs+sbm1nZuZ7ehokRSVqeRiGTLJYoJHrI6cBCsFUtGAlewptu/GvnNOyYVj8JbGMSsE5BuyH1OCWjJyR3bbiQ8NQj0k1aHF7ZgPhTsomkXiz931bm3Je/24MjJ5c2SOQaeJ9aU5NEUNSf3aXsRTQIWAhVEqbZlxtBJiQROBRtm7USxmNA+6bK2piEJmOqk47WG+FArHvYjqU8IeKz+7khJoEaT68qAQE/NeiPxP6+dgH/eSXkYJ8BCOvnITwSGCI8ywh6XjIIYaEKo5HpWTHtEEgo6yawOwZpdeZ40yiXrpFS+Oc1XLqdxZNA+OkAFZKEzVEHXqIbqiKIH9IRe0KvxaDwbb8b7pHTBmPbsoT8wPr4Bus2dzg==</latexit>

0
<latexit sha1_base64="rsPGDo38dCUrLsAt/ftnosrChUA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPemeMuA==</latexit>
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Li, AB, Sironi 2021

Alfven wave collision: PIC simulations

tearing

� = 20
<latexit sha1_base64="ZJ3q59S8qsW/5jXo087Fz8IunGY=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBE8ld0q6EUoevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jVZW19Y3Ngtbxe2d3b390sFh08SppqxBYxHrdkgME1yxhuVWsHaiGZGhYK1wdDv1W09MGx6rBztOWCDJQPGIU2Kd9Ng1fCDJddXrlcpexZsBLxM/J2XIUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHbwBJ86pY+jWLtSFs/U3xMZkcaMZeg6JbFDs+hNxf+8TmqjqyDjKkktU3S+KEoFtjGefo/7XDNqxdgRQjV3t2I6JJpQ6zIquhD8xZeXSbNa8c8r1fuLcu0mj6MAx3ACZ+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbV1A+cwR/gD5/AAWKj+Q=</latexit>



Magntesonic waves steepen into monster radiative shocks
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plasma acceleration in the wave

particles crossing the shock 
emit curvature gamma-rays

gamma-rays convert to e+- pairs  

              =>  e+- fireball 

AB 2023,
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E2 �B2where                   approaches zero

Chen et al. 2023



NS

Neutron stars hold long-lived 
ulstrastrong magnetic fields Black holes have externally imposed  


magnetic fields (brought by accretion)

BH

— lower magnetization, variable,

     with persistent fast dissipation

— extreme magnetization,

     stable fields with occasional 

     instabilities and fast dissipation 



 Radiative magnetic reconnection near BH and NS

• Magnetic stresses pull plasmoids through radiation drag

photon upscattering by the moving cold plasmoids
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• Compton cooling keeps most of the plasma cold      AB 2017

Similar dissipation mechanism operates in turbulent cascades

Dissipation: (photon viscosity)
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Turbulent cascade 

 in optically thick 

         plasma

Zrake, AB, Lundman 2019



First-principles numerical experiments
dissipation by magnetic reconnection or turbulence cascades

evolves self-consistently plasma particles 

and electromagnetic field

Compton cooling is implemented as a drag force on electrons 

Method:  “particle-in-cell” (PIC)



bulk pickup X-points
inflow

Maxwell

particle distribution 

     Sironi, AB 2020

kinetic (PIC) 

simulation with fixed

background radiation

exerting Compton drag 

 Radiative reconnection
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                 Partitioning of reconnection power:

      individual particle heating vs. hydro (bulk) motions

bulkfHE
<latexit sha1_base64="FntcnSW9UuglmlottTxpHY2tZec=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LIvRYwX5gu5Rsmm1Dk+ySZIWy9F948aCIV/+NN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5DbzO09UaRbJBzONqS/wSLKQEWys9BgO0r4SqHE3G5QrbtWdA60SLycVyNEclL/6w4gkgkpDONa657mx8VOsDCOczkr9RNMYkwke0Z6lEguq/XR+8QydWWWIwkjZkgbN1d8TKRZaT0VgOwU2Y73sZeJ/Xi8x4bWfMhknhkqyWBQmHJkIZe+jIVOUGD61BBPF7K2IjLHCxNiQSjYEb/nlVdKuVb2Lau3+slK/yeMowgmcwjl4cAV1aEATWkBAwjO8wpujnRfn3flYtBacfOYY/sD5/AEVppCH</latexit>

particles

 ~80% of energy is dissipated through drag on bulk motions

   no

cooling

 Sironi & AB 2020

radiation density

(photon viscosity)



Post-processing radiative transfer: comparison with Cyg X-1

     Sridhar, Sironi, AB 2022



Nattila & AB 2021

 Radiative turbulent cascade

— losses suppress diffusive particle acceleration

— plasma stays cool

— Compton drag on turbulent fluid motions
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� = 10in a magnetically dominated plasma  (              )



Turbulent plasma (PIC) + radiative transfer in real time Groselj et al. 2023

— simplest composition:  e+- plasma

— injection of soft (blackbody) photons 

grid:  1280 x 1280 x 1280 
box size / plasma skin depth = 640 

optical depth:
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� = 2.5magnetization parameter:



Evolution to steady state after turbulence activation   



Turbulence spectrum

~ 80% of turbulence energy is radiated by “turbulent Comptonization”

— scattering by turbulent fluid motions



Escaping radiation spectrum: comparison with Cyg X-1
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AB 2021

Magnetar bursts:

optically thick e+- plasma 
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• The first kinetic plasma simulation of magnetic dissipation with real-time 
Comptonization of ambient soft radiation has been performed.

Summary
• 4 mechanisms for fast dissipation:

    magnetic reconnection, turbulent cascade, collision of strong Alfven waves, shocks

• In bright compact sources radiation keeps plasma cool and exerts drag on plasma 
bulk motions. Magnetic energy is dissipated via photon viscosity.

The found Comptonized  spectrum is consistent with the hard state of black holes

~10 light crossing times                                      ~1 light crossing time

Radiation gains main energy from stochastic fluid motions (driven by magnetic     

stresses) rather than from individual particles  

• Magnetar bursts:  e+- pairs with                ,  producing hard X-rays
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