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Gravitational Waves from 
Superradiance Boson Clouds

GEMMA2, Roma, 17th of September 2024

Phys. Rev. D 107 075025, arxiv:2212.09772 

With: Nils Siemonsen, Daniel Egaña-Ugrinovic, Junwu Huang, Masha Baryakhtar, and William E. East

+ ongoing work lead by Lorenzo Mirasola (U. Cagliari + CW group at INFN Roma/La Sapienza)

Cristina Mondino



Cristina Mondino

New ultralight bosons

• Arise in several extensions of the DM (string theory)


• Good DM candidates or DM-SM mediators


• Naturally light (masses protected by approximate symmetries)


• Couple to SM particles

Spin 0 - QCD Axion/ALPs Spin 1 - Dark Photons

GEMMA2, Roma, 17th of September 2024
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Cristina Mondino

New bosons: coupling to photons

Spin 0 - QCD Axion/ALPs

From Ciaran O’Hare (cajohare.github.io/AxionLimits/)
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GEMMA2, Roma, 17th of September 2024

https://cajohare.github.io/AxionLimits/
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Cristina Mondino

New bosons: coupling to photons

Spin 0 - QCD Axion/ALPs

From Ciaran O’Hare (cajohare.github.io/AxionLimits/)
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Spin 1 - Dark Photons

BH superradiance:

ultralight & weakly 
coupled bosons

GEMMA2, Roma, 17th of September 2024

https://cajohare.github.io/AxionLimits/
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How are ultralight particles produced?

• Around spinning black holes

Gravitational coupling

GEMMA2, Roma, 17th of September 2024



Cristina Mondino

How are ultralight particles produced?

• Around spinning black holes

Gravitational coupling

GEMMA2, Roma, 17th of September 2024

The existence of astrophysical 
BHs guarantees the production 

of these particles!



Cristina Mondino

How are ultralight particles produced?

• Around spinning black holes

Gravitational coupling

GEMMA2, Roma, 17th of September 2024

The existence of astrophysical 
BHs guarantees the production 

of these particles!

(stellar mass BH)

Compton wavelength ~ km

m ⇠ 1

GM
⇠ 10�12eV
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(very quick review of)

Black Hole Superradiance

GEMMA2, Roma, 17th of September 2024



Black hole superradiance

Wave

Classical instability:


• Rotating object


• Perfect absorber 
(dissipation is necessary)  

/ e�i!t+im�
<latexit sha1_base64="FJDT9p2EQEcCPhPn85Oz+RrGSgk=">AAACC3icbVDLSgMxFM34rPVVdekmtAiCWGaqoMuiG5cV7AM6tWTS2zY0mYQkI5Shezf+ihsXirj1B9z5N6aPhbYeCBzOuZebcyLFmbG+/+0tLa+srq1nNrKbW9s7u7m9/ZqRiaZQpZJL3YiIAc5iqFpmOTSUBiIiDvVocD326w+gDZPxnR0qaAnSi1mXUWKd1M7lQ6WlshLDfXrKcCgF9Ai2+AQzLHCo+mzUzhX8oj8BXiTBjBTQDJV27ivsSJoIiC3lxJhm4CvbSom2jHIYZcPEgCJ0QHrQdDQmAkwrnWQZ4SOndHBXavdiiyfq742UCGOGInKTgti+mffG4n9eM7Hdy1bKYpVYiOn0UDfh2GUfF4M7TAO1fOgIoZq5v2LaJ5pQ6+rLuhKC+ciLpFYqBmfF0u15oXw1qyODDlEeHaMAXaAyukEVVEUUPaJn9IrevCfvxXv3PqajS95s5wD9gff5A+Tvmas=</latexit>

⌦H
<latexit sha1_base64="LoIeY9HHx7EDpRQhu4hG/pvXN5Q=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL7kZwTwgWcLspDcZMrO7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ch5hw3AjsJ0opDIQ2ApGtzO/9YRK8zh6MOMEfUkHEQ85o8ZK7e6dxAHt1XrFklt25yCrxMtICTLUe8Wvbj9mqcTIMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYGlGJ2p/M752SM6v0SRgrW5Ehc/X3xIRKrccysJ2SmqFe9mbif14nNeG1P+FRkhqM2GJRmApiYjJ7nvS5QmbE2BLKFLe3EjakijJjIyrYELzll1dJs1L2LsqV+8tS9SaLIw8ncArn4MEVVKEGdWgAAwHP8ApvzqPz4rw7H4vWnJPNHMMfOJ8/rHGPug==</latexit>

Y. B. Zeldovich, 1971
C. W. Misner, 1972
A. A. Starobinskii, 1973
S. L. Detweiler, 1980
….

Cristina Mondino GEMMA2, Roma, 17th of September 2024



Black hole superradiance

Wave

/ e�i!t+im�
<latexit sha1_base64="FJDT9p2EQEcCPhPn85Oz+RrGSgk=">AAACC3icbVDLSgMxFM34rPVVdekmtAiCWGaqoMuiG5cV7AM6tWTS2zY0mYQkI5Shezf+ihsXirj1B9z5N6aPhbYeCBzOuZebcyLFmbG+/+0tLa+srq1nNrKbW9s7u7m9/ZqRiaZQpZJL3YiIAc5iqFpmOTSUBiIiDvVocD326w+gDZPxnR0qaAnSi1mXUWKd1M7lQ6WlshLDfXrKcCgF9Ai2+AQzLHCo+mzUzhX8oj8BXiTBjBTQDJV27ivsSJoIiC3lxJhm4CvbSom2jHIYZcPEgCJ0QHrQdDQmAkwrnWQZ4SOndHBXavdiiyfq742UCGOGInKTgti+mffG4n9eM7Hdy1bKYpVYiOn0UDfh2GUfF4M7TAO1fOgIoZq5v2LaJ5pQ6+rLuhKC+ciLpFYqBmfF0u15oXw1qyODDlEeHaMAXaAyukEVVEUUPaJn9IrevCfvxXv3PqajS95s5wD9gff5A+Tvmas=</latexit>

!

m
< ⌦H

<latexit sha1_base64="TKA50ChEjEJFxwIpE5Qhh5gkQ2A=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJCYqqQgwcBQwdKNItGH1ESR4zqtVduJbAepijqw8CssDCDEykew8Tc4bQZoOdKVjs+5V773hAmjSjvOt7Wyura+sVnaKm/v7O7t2weHHRWnEpM2jlkseyFShFFB2ppqRnqJJIiHjHTD8U3udx+IVDQW93qSEJ+joaARxUgbKbArXiQRzryYkyGaZnwKr6B3mz+CZmBXnZozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+xmSmmJGpmUvVSRBeIyGpG+oQJwoP5sdMYUnRhnAKJamhIYz9fdEhrhSEx6aTo70SC16ufif1091dOlnVCSpJgLPP4pSBnUM80TggEqCNZsYgrCkZleIR8ikok1uZROCu3jyMunUa+5ZrX53Xm1cF3GUQAUcg1PgggvQAE3QAm2AwSN4Bq/gzXqyXqx362PeumIVM0fgD6zPH1LEl98=</latexit>

If                   :  

• Wave is amplified


• BH spins down
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….

Classical instability:


• Rotating object


• Perfect absorber 
(dissipation is necessary)  

GEMMA2, Roma, 17th of September 2024



Black hole superradiance

Wave
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Massive bosonic field with mass µ
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• Gravitationally bound to the BH


• Occupation number of the “gravitational atom” 
grows exponentially 

V (r) = �GMµ

r
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Classical instability:


• Rotating object


• Perfect absorber 
(dissipation is necessary)  

GEMMA2, Roma, 17th of September 2024
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EOM in Kerr spacetime

• Energy with imaginary component if
• Hydrogen-like wave functions
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“Gravitational atom” with exponential 
growth of the occupation number.
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Lowest energy level (n=0, l=0, m=1)

“Gravitational atom” with exponential 
growth of the occupation number.
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Large, rotating dark electric field

Rotating with period

“Gravitational atom” with exponential 
growth of the occupation number.
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Observational signatures

BH superradiance can be used to probe the existence of ultralight bosons
0905.4720, String Axiverse 

A. Arvanitaki, S. Dimopoulos, S. Dubovsky, N. Kaloper, J. March-Russell
1004.3558, Exploring the String Axiverse with Precision Black Hole Physics

A. Arvanitaki, S. Dubovsky
1411.2263, Discovering the QCD Axion with Black Holes and Gravitational Waves

A. Arvanitaki, M. Baryakhtar, X. Huang
1704.04791, Superradiant Instability and Backreaction of Massive Vector Fields around Kerr Black Holes

W. E. East, F. Pretorius
1801.01420, Constraining the mass of dark photons and axion-like particles through black-hole superradiance

V. Cardoso, O. J. C. Dias, G. S. Hartnett, M. Middleton, P. Pani, J. E. Santos

1. Spin distribution of BH population


2. Continuous gravitational wave signal

….
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Observational signatures: spin distribution

BH superradiance can be used to probe the existence of ultralight bosons

Cristina Mondino

* depends on the time between BH formation and the merger (longer merger time, longer time for SR to grow)

Arvanitaki, Baryakhtar, Dimopoulos, Dubovsky, Lasenby PRD 2017Ng, Vitale, Hannuksela, and Li PRL 2021

Axion masses around  eV already disfavored!10−13
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Observational signatures: continuos GW

BH superradiance can be used to probe the existence of ultralight bosons

Cristina Mondino

GW

GW

GW

GW

Jones, Sun, Siemonsen, East, Scott, Wette, PRD 2023

Vector boson clouds could be seen with 
targeted CW searches of BH merger remnants in 

future LVK observing runs!

* needs good sky localization

GEMMA2, Roma, 17th of September 2024



Cristina Mondino

Kinetically-mixed dark photon 

superradiance

Phys. Rev. D (2023), arxiv:2212.09772 

N. Siemonsen, CM, D. Egaña-Ugrinovic, J. Huang, M. Baryakhtar, W. E. East
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S. Xin and E. R. Most, Dark magnetohydrodynamics: Black hole accretion in 
superradiant dark photon clouds, 2406.02992
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Large, rotating electric field
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Cloud of large rotating electric field
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<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

⌧SR
<latexit sha1_base64="UiRT7EGp/opO0EyXpJ3R/bfLjsM=">AAAB/HicbVC7TsMwFHV4lvIqdGSxqJCYqqQgwVjBwlgefUhNFDmu01q1nch2kKIo/AoLAwix8iFs/A1OmwFajmTp6Jx7dY9PEDOqtG1/Wyura+sbm5Wt6vbO7t5+7eCwp6JEYtLFEYvkIECKMCpIV1PNyCCWBPGAkX4wvS78/iORikbiQacx8TgaCxpSjLSR/Frd1SjxM5cjPZE8u7/Lc+jXGnbTngEuE6ckDVCi49e+3FGEE06ExgwpNXTsWHsZkppiRvKqmygSIzxFYzI0VCBOlJfNwufwxCgjGEbSPKHhTP29kSGuVMoDM1mEVIteIf7nDRMdXnoZFXGiicDzQ2HCoI5g0QQcUUmwZqkhCEtqskI8QRJhbfqqmhKcxS8vk16r6Zw1W7fnjfZVWUcFHIFjcAoccAHa4AZ0QBdgkIJn8ArerCfrxXq3PuajK1a5Uwd/YH3+ABdglQw=</latexit>

⌧plasma
<latexit sha1_base64="gtxxVsR4dIrShzhYsFs3eJQ+jmg=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARXJWkCrosunFZwT6gCeFmOmmHziRhZiKUkI2/4saFIm79DHf+jZM2C209MHA45947954g4Uxp2/62VlbX1jc2K1vV7Z3dvf3awWFXxakktENiHst+AIpyFtGOZprTfiIpiIDTXjC5LfzeI5WKxdGDnibUEzCKWMgIaCP5tWNXQ+pnrgA9liJLOCgBeY79Wt1u2DPgZeKUpI5KtP3alzuMSSpopIkZogaOnWgvA6kZ4TSvuqmiCZAJjOjA0AgEVV42OyDHZ0YZ4jCW5kUaz9TfHRkIpaYiMJXFomrRK8T/vEGqw2svY1GSahqR+UdhyrGOcZEGHjJJieZTQ4BIZnbFZAwSiDaZVU0IzuLJy6TbbDgXjeb9Zb11U8ZRQSfoFJ0jB12hFrpDbdRBBOXoGb2iN+vJerHerY956YpV9hyhP7A+fwCcJ5cN</latexit>

Production of charged particles

Cristina Mondino GEMMA2, Roma, 17th of September 2024



e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

"| ~E0|
<latexit sha1_base64="xntBJw5aUJgJhonzxI6IalnnyNA=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF9FSSKuixKILHCvYDmlA222m7dLMJu5tCSXvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlBzJnSjvNt5VZW19Y38puFre2d3T17/6CuokRSqNGIR7IZEAWcCahppjk0YwkkDDg0gsHt1G8MQSoWiUc9isEPSU+wLqNEG6ltH3lDIiFWjEdi7A2BpndnkzFu20Wn5MyAl4mbkSLKUG3bX14nokkIQlNOlGq5Tqz9lEjNKIdJwUsUxIQOSA9ahgoSgvLT2f0TfGqUDu5G0pTQeKb+nkhJqNQoDExnSHRfLXpT8T+vlejutZ8yEScaBJ0v6iYc6whPw8AdJoFqPjKEUMnMrZj2iSRUm8gKJgR38eVlUi+X3ItS+eGyWLnJ4sijY3SCzpGLrlAF3aMqqiGKxugZvaI368l6sd6tj3lrzspmDtEfWJ8/RbSWQA==</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

⃗B
γ

γ

⃗B

GW

GW

GW

GW
e�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

GW and EM emissions

⌧SR
<latexit sha1_base64="UiRT7EGp/opO0EyXpJ3R/bfLjsM=">AAAB/HicbVC7TsMwFHV4lvIqdGSxqJCYqqQgwVjBwlgefUhNFDmu01q1nch2kKIo/AoLAwix8iFs/A1OmwFajmTp6Jx7dY9PEDOqtG1/Wyura+sbm5Wt6vbO7t5+7eCwp6JEYtLFEYvkIECKMCpIV1PNyCCWBPGAkX4wvS78/iORikbiQacx8TgaCxpSjLSR/Frd1SjxM5cjPZE8u7/Lc+jXGnbTngEuE6ckDVCi49e+3FGEE06ExgwpNXTsWHsZkppiRvKqmygSIzxFYzI0VCBOlJfNwufwxCgjGEbSPKHhTP29kSGuVMoDM1mEVIteIf7nDRMdXnoZFXGiicDzQ2HCoI5g0QQcUUmwZqkhCEtqskI8QRJhbfqqmhKcxS8vk16r6Zw1W7fnjfZVWUcFHIFjcAoccAHa4AZ0QBdgkIJn8ArerCfrxXq3PuajK1a5Uwd/YH3+ABdglQw=</latexit>

⌧plasma
<latexit sha1_base64="gtxxVsR4dIrShzhYsFs3eJQ+jmg=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARXJWkCrosunFZwT6gCeFmOmmHziRhZiKUkI2/4saFIm79DHf+jZM2C209MHA45947954g4Uxp2/62VlbX1jc2K1vV7Z3dvf3awWFXxakktENiHst+AIpyFtGOZprTfiIpiIDTXjC5LfzeI5WKxdGDnibUEzCKWMgIaCP5tWNXQ+pnrgA9liJLOCgBeY79Wt1u2DPgZeKUpI5KtP3alzuMSSpopIkZogaOnWgvA6kZ4TSvuqmiCZAJjOjA0AgEVV42OyDHZ0YZ4jCW5kUaz9TfHRkIpaYiMJXFomrRK8T/vEGqw2svY1GSahqR+UdhyrGOcZEGHjJJieZTQ4BIZnbFZAwSiDaZVU0IzuLJy6TbbDgXjeb9Zb11U8ZRQSfoFJ0jB12hFrpDbdRBBOXoGb2iN+vJerHerY956YpV9hyhP7A+fwCcJ5cN</latexit>

⌧EM, ⌧GW
<latexit sha1_base64="l9PdXIzTzhZUIDAYjB8GRtuCueM=">AAACB3icbVDLSgMxFM34rPU16lKQYBFcSJmpgi6LIroRKtgHdIYhk6ZtaJIZkoxQhtm58VfcuFDErb/gzr8xbQfU1gMXTs65l9x7wphRpR3ny5qbX1hcWi6sFFfX1jc27a3thooSiUkdRyySrRApwqggdU01I61YEsRDRprh4GLkN++JVDQSd3oYE5+jnqBdipE2UmDveRolQepJnl7eZNkR/HlfNbMssEtO2RkDzhI3JyWQoxbYn14nwgknQmOGlGq7Tqz9FElNMSNZ0UsUiREeoB5pGyoQJ8pPx3dk8MAoHdiNpCmh4Vj9PZEirtSQh6aTI91X095I/M9rJ7p75qdUxIkmAk8+6iYM6giOQoEdKgnWbGgIwpKaXSHuI4mwNtEVTQju9MmzpFEpu8flyu1JqXqex1EAu2AfHAIXnIIquAY1UAcYPIAn8AJerUfr2Xqz3ietc1Y+swP+wPr4BoHambc=</latexit>

Cristina Mondino GEMMA2, Roma, 17th of September 2024



e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

"| ~E0|
<latexit sha1_base64="xntBJw5aUJgJhonzxI6IalnnyNA=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF9FSSKuixKILHCvYDmlA222m7dLMJu5tCSXvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlBzJnSjvNt5VZW19Y38puFre2d3T17/6CuokRSqNGIR7IZEAWcCahppjk0YwkkDDg0gsHt1G8MQSoWiUc9isEPSU+wLqNEG6ltH3lDIiFWjEdi7A2BpndnkzFu20Wn5MyAl4mbkSLKUG3bX14nokkIQlNOlGq5Tqz9lEjNKIdJwUsUxIQOSA9ahgoSgvLT2f0TfGqUDu5G0pTQeKb+nkhJqNQoDExnSHRfLXpT8T+vlejutZ8yEScaBJ0v6iYc6whPw8AdJoFqPjKEUMnMrZj2iSRUm8gKJgR38eVlUi+X3ItS+eGyWLnJ4sijY3SCzpGLrlAF3aMqqiGKxugZvaI368l6sd6tj3lrzspmDtEfWJ8/RbSWQA==</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

⃗B
γ

γ

⃗B

GW

GW

GW

GW
e�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

⌧SR
<latexit sha1_base64="UiRT7EGp/opO0EyXpJ3R/bfLjsM=">AAAB/HicbVC7TsMwFHV4lvIqdGSxqJCYqqQgwVjBwlgefUhNFDmu01q1nch2kKIo/AoLAwix8iFs/A1OmwFajmTp6Jx7dY9PEDOqtG1/Wyura+sbm5Wt6vbO7t5+7eCwp6JEYtLFEYvkIECKMCpIV1PNyCCWBPGAkX4wvS78/iORikbiQacx8TgaCxpSjLSR/Frd1SjxM5cjPZE8u7/Lc+jXGnbTngEuE6ckDVCi49e+3FGEE06ExgwpNXTsWHsZkppiRvKqmygSIzxFYzI0VCBOlJfNwufwxCgjGEbSPKHhTP29kSGuVMoDM1mEVIteIf7nDRMdXnoZFXGiicDzQ2HCoI5g0QQcUUmwZqkhCEtqskI8QRJhbfqqmhKcxS8vk16r6Zw1W7fnjfZVWUcFHIFjcAoccAHa4AZ0QBdgkIJn8ArerCfrxXq3PuajK1a5Uwd/YH3+ABdglQw=</latexit>

⌧plasma
<latexit sha1_base64="gtxxVsR4dIrShzhYsFs3eJQ+jmg=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARXJWkCrosunFZwT6gCeFmOmmHziRhZiKUkI2/4saFIm79DHf+jZM2C209MHA45947954g4Uxp2/62VlbX1jc2K1vV7Z3dvf3awWFXxakktENiHst+AIpyFtGOZprTfiIpiIDTXjC5LfzeI5WKxdGDnibUEzCKWMgIaCP5tWNXQ+pnrgA9liJLOCgBeY79Wt1u2DPgZeKUpI5KtP3alzuMSSpopIkZogaOnWgvA6kZ4TSvuqmiCZAJjOjA0AgEVV42OyDHZ0YZ4jCW5kUaz9TfHRkIpaYiMJXFomrRK8T/vEGqw2svY1GSahqR+UdhyrGOcZEGHjJJieZTQ4BIZnbFZAwSiDaZVU0IzuLJy6TbbDgXjeb9Zb11U8ZRQSfoFJ0jB12hFrpDbdRBBOXoGb2iN+vJerHerY956YpV9hyhP7A+fwCcJ5cN</latexit>

⌧EM, ⌧GW
<latexit sha1_base64="l9PdXIzTzhZUIDAYjB8GRtuCueM=">AAACB3icbVDLSgMxFM34rPU16lKQYBFcSJmpgi6LIroRKtgHdIYhk6ZtaJIZkoxQhtm58VfcuFDErb/gzr8xbQfU1gMXTs65l9x7wphRpR3ny5qbX1hcWi6sFFfX1jc27a3thooSiUkdRyySrRApwqggdU01I61YEsRDRprh4GLkN++JVDQSd3oYE5+jnqBdipE2UmDveRolQepJnl7eZNkR/HlfNbMssEtO2RkDzhI3JyWQoxbYn14nwgknQmOGlGq7Tqz9FElNMSNZ0UsUiREeoB5pGyoQJ8pPx3dk8MAoHdiNpCmh4Vj9PZEirtSQh6aTI91X095I/M9rJ7p75qdUxIkmAk8+6iYM6giOQoEdKgnWbGgIwpKaXSHuI4mwNtEVTQju9MmzpFEpu8flyu1JqXqex1EAu2AfHAIXnIIquAY1UAcYPIAn8AJerUfr2Xqz3ietc1Y+swP+wPr4BoHambc=</latexit>

Plasma production

Cristina Mondino GEMMA2, Roma, 17th of September 2024



Plasma production

| ~E| = ✏| ~E0| ⇠ 1013 V/m
<latexit sha1_base64="h7tCd8GBEX+T2MxpnH55N2AICxg="></latexit>

e±
<latexit sha1_base64="RlDQ4TZ5y57muKaDY+i0bFkAl68=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJ92LorunFZwbZCO5ZMmmlDM5mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BJIzbRD6cHIrq2vrG/nNwtb2zu5ecf+go+NEEdomMY/VbYA15UzQtmGG01upKI4CTrvB5DLzu/dUaRaLGzOV1I/wSLCQEWys1KV3aV9Gs0GxhFxUK9e9GkRupX5ePWtYglAD1arQsyRDCSzRGhTf+8OYJBEVhnCsdc9D0vgpVoYRTmeFfqKpxGSCR7RnqcAR1X46P3cGT6wyhGGsbAkD5+r3iRRHWk+jwHZG2Iz1by8T//J6iQkbfsqETAwVZLEoTDg0Mcx+h0OmKDF8agkmitlbIRljhYmxCRVsCF+fwv9Jp+x6Fbd8XS01L5Zx5MEROAanwAN10ARXoAXagIAJeABP4NmRzqPz4rwuWnPOcuYQ/IDz9gn8zpAC</latexit> Synchrotron emission of high energy photons

!syn ' �3
eµ � me

<latexit sha1_base64="nS4x97IPi/rNeS2p7HQgvAFeA6E=">AAACGHicbVBNSwMxEM36WetX1aOXYBE81d1W0GPRi8cKVoVuXWbT6RqaZNckK5SlP8OLf8WLB0W8evPfmNYe/How8PLeDJl5cSa4sb7/4c3Mzs0vLJaWyssrq2vrlY3NC5PmmmGbpSLVVzEYFFxh23Ir8CrTCDIWeBkPTsb+5R1qw1N1bocZdiUkivc5A+ukqLIfphITiIpQy8IM1WhEQ8Ml3tIwASkhwusGDWXungmVEUaVql/zJ6B/STAlVTJFK6q8h72U5RKVZQKM6QR+ZrsFaMuZwFE5zA1mwAaQYMdRBRJNt5gcNqK7TunRfqpdKUsn6veJAqQxQxm7Tgn2xvz2xuJ/Xie3/aNuwVWWW1Ts66N+LqhN6Tgl2uMamRVDR4Bp7nal7AY0MOuyLLsQgt8n/yUX9VrQqNXPDqrN42kcJbJNdsgeCcghaZJT0iJtwsg9eSTP5MV78J68V+/tq3XGm85skR/w3j8B00OgNg==</latexit>

e±
<latexit sha1_base64="RlDQ4TZ5y57muKaDY+i0bFkAl68=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJ92LorunFZwbZCO5ZMmmlDM5mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BJIzbRD6cHIrq2vrG/nNwtb2zu5ecf+go+NEEdomMY/VbYA15UzQtmGG01upKI4CTrvB5DLzu/dUaRaLGzOV1I/wSLCQEWys1KV3aV9Gs0GxhFxUK9e9GkRupX5ePWtYglAD1arQsyRDCSzRGhTf+8OYJBEVhnCsdc9D0vgpVoYRTmeFfqKpxGSCR7RnqcAR1X46P3cGT6wyhGGsbAkD5+r3iRRHWk+jwHZG2Iz1by8T//J6iQkbfsqETAwVZLEoTDg0Mcx+h0OmKDF8agkmitlbIRljhYmxCRVsCF+fwv9Jp+x6Fbd8XS01L5Zx5MEROAanwAN10ARXoAXagIAJeABP4NmRzqPz4rwuWnPOcuYQ/IDz9gn8zpAC</latexit>

e +
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e �
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

Schwinger pair productionPhoton-assisted

�e±
<latexit sha1_base64="nyo8LrYaNVM13qlnfblE36h8TfQ=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSRV0GPRgx4r2A9oYphst+3S3U3Y3RRKyD/x4kERr/4Tb/4bt20O2vpg4PHeDDPzooRRpV332yqtrW9sbpW3Kzu7e/sH9uFRW8WpxKSFYxbLbgSKMCpIS1PNSDeRBHjESCca3878zoRIRWPxqKcJCTgMBR1QDNpIoW37d8A5hBl5yvyE53loV92aO4ezSryCVFGBZmh/+f0Yp5wIjRko1fPcRAcZSE0xI3nFTxVJAI9hSHqGCuBEBdn88tw5M0rfGcTSlNDOXP09kQFXasoj08lBj9SyNxP/83qpHlwHGRVJqonAi0WDlDk6dmYxOH0qCdZsaghgSc2tDh6BBKxNWBUTgrf88ipp12veRa3+cFlt3BRxlNEJOkXnyENXqIHuURO1EEYT9Ixe0ZuVWS/Wu/WxaC1Zxcwx+gPr8wfr8ZPZ</latexit>

Cristina Mondino GEMMA2, Roma, 17th of September 2024
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Efficient plasma production

e±
<latexit sha1_base64="RlDQ4TZ5y57muKaDY+i0bFkAl68=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJ92LorunFZwbZCO5ZMmmlDM5mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BJIzbRD6cHIrq2vrG/nNwtb2zu5ecf+go+NEEdomMY/VbYA15UzQtmGG01upKI4CTrvB5DLzu/dUaRaLGzOV1I/wSLCQEWys1KV3aV9Gs0GxhFxUK9e9GkRupX5ePWtYglAD1arQsyRDCSzRGhTf+8OYJBEVhnCsdc9D0vgpVoYRTmeFfqKpxGSCR7RnqcAR1X46P3cGT6wyhGGsbAkD5+r3iRRHWk+jwHZG2Iz1by8T//J6iQkbfsqETAwVZLEoTDg0Mcx+h0OmKDF8agkmitlbIRljhYmxCRVsCF+fwv9Jp+x6Fbd8XS01L5Zx5MEROAanwAN10ARXoAXagIAJeABP4NmRzqPz4rwuWnPOcuYQ/IDz9gn8zpAC</latexit>

e±
<latexit sha1_base64="RlDQ4TZ5y57muKaDY+i0bFkAl68=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJ92LorunFZwbZCO5ZMmmlDM5mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BJIzbRD6cHIrq2vrG/nNwtb2zu5ecf+go+NEEdomMY/VbYA15UzQtmGG01upKI4CTrvB5DLzu/dUaRaLGzOV1I/wSLCQEWys1KV3aV9Gs0GxhFxUK9e9GkRupX5ePWtYglAD1arQsyRDCSzRGhTf+8OYJBEVhnCsdc9D0vgpVoYRTmeFfqKpxGSCR7RnqcAR1X46P3cGT6wyhGGsbAkD5+r3iRRHWk+jwHZG2Iz1by8T//J6iQkbfsqETAwVZLEoTDg0Mcx+h0OmKDF8agkmitlbIRljhYmxCRVsCF+fwv9Jp+x6Fbd8XS01L5Zx5MEROAanwAN10ARXoAXagIAJeABP4NmRzqPz4rwuWnPOcuYQ/IDz9gn8zpAC</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

rcloud =
1

↵µ
<latexit sha1_base64="Oqjygmu+5mWK7DUpzhRzcSY+J0Y=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiRV0I1QdOOygm2FJoTJZNIOnUnCPIQS8gVu/BU3LhRx69qdf+O0zUJbD1w4nHMv994TZoxK5TjfVmVldW19o7pZ29re2d2z9w96MtUCky5OWSruQyQJownpKqoYuc8EQTxkpB+Or6d+/4EISdPkTk0y4nM0TGhMMVJGCuyGCHJP8ByzVEdFAS+hFwuEc7fIPcSyEfK4LmBg152mMwNcJm5J6qBEJ7C/vCjFmpNEYYakHLhOpvwcCUUxI0XN05JkCI/RkAwMTRAn0s9n7xSwYZQIxqkwlSg4U39P5IhLOeGh6eRIjeSiNxX/8wZaxRd+TpNMK5Lg+aJYM6hSOM0GRlQQrNjEEIQFNbdCPEImDmUSrJkQ3MWXl0mv1XRPm63bs3r7qoyjCo7AMTgBLjgHbXADOqALMHgEz+AVvFlP1ov1bn3MWytWOXMI/sD6/AHCI5yK</latexit>

(↵ ⌘ µGM)
<latexit sha1_base64="qc44RZtiwUZ0T0EcwTzFtOsG/t0=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbMVEGXRRe6ESrYB3SGkkkzbWiSGZNMoQx146+4caGIW//CnX9j2s5CWw9cOJxzL/feE8SMKu0431ZuaXlldS2/XtjY3NresXf3GipKJCZ1HLFItgKkCKOC1DXVjLRiSRAPGGkGg6uJ3xwSqWgk7vUoJj5HPUFDipE2Usc+KHmIxX0EPfKQ0CH0eAKv4S086dhFp+xMAReJm5EiyFDr2F9eN8IJJ0JjhpRqu06s/RRJTTEj44KXKBIjPEA90jZUIE6Un04/GMNjo3RhGElTQsOp+nsiRVypEQ9MJ0e6r+a9ifif1050eOGnVMSJJgLPFoUJgzqCkzhgl0qCNRsZgrCk5laI+0girE1oBROCO//yImlUyu5puXJ3VqxeZnHkwSE4AiXggnNQBTegBuoAg0fwDF7Bm/VkvVjv1sesNWdlM/vgD6zPH/y9lUo=</latexit>

�e± � ↵µ
<latexit sha1_base64="tYsPGnu2yaJsQ61xOo6JwbhmByc=">AAACCHicbVA9SwNBEN2LXzF+nVpauBgEq3AXBS2DFlpGMB+Qi2Fus0mW7O4du3tCOFLa+FdsLBSx9SfY+W/cJFdo4oOBx3szzMwLY8608bxvJ7e0vLK6ll8vbGxube+4u3t1HSWK0BqJeKSaIWjKmaQ1wwynzVhRECGnjXB4NfEbD1RpFsk7M4ppW0Bfsh4jYKzUcQ+DaxACOim9T4NYjMc46PdxADweAA5E0nGLXsmbAi8SPyNFlKHacb+CbkQSQaUhHLRu+V5s2ikowwin40KQaBoDGUKftiyVIKhup9NHxvjYKl3ci5QtafBU/T2RgtB6JELbKcAM9Lw3Ef/zWonpXbRTJuPEUElmi3oJxybCk1RwlylKDB9ZAkQxeysmA1BAjM2uYEPw519eJPVyyT8tlW/PipXLLI48OkBH6AT56BxV0A2qohoi6BE9o1f05jw5L8678zFrzTnZzD76A+fzB3HrmZk=</latexit>
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Production cascade

| ~E| = ✏| ~E0| ⇠ 1013 V/m
<latexit sha1_base64="h7tCd8GBEX+T2MxpnH55N2AICxg="></latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e±
<latexit sha1_base64="RlDQ4TZ5y57muKaDY+i0bFkAl68=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJ92LorunFZwbZCO5ZMmmlDM5mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BJIzbRD6cHIrq2vrG/nNwtb2zu5ecf+go+NEEdomMY/VbYA15UzQtmGG01upKI4CTrvB5DLzu/dUaRaLGzOV1I/wSLCQEWys1KV3aV9Gs0GxhFxUK9e9GkRupX5ePWtYglAD1arQsyRDCSzRGhTf+8OYJBEVhnCsdc9D0vgpVoYRTmeFfqKpxGSCR7RnqcAR1X46P3cGT6wyhGGsbAkD5+r3iRRHWk+jwHZG2Iz1by8T//J6iQkbfsqETAwVZLEoTDg0Mcx+h0OmKDF8agkmitlbIRljhYmxCRVsCF+fwv9Jp+x6Fbd8XS01L5Zx5MEROAanwAN10ARXoAXagIAJeABP4NmRzqPz4rwuWnPOcuYQ/IDz9gn8zpAC</latexit>

e±
<latexit sha1_base64="RlDQ4TZ5y57muKaDY+i0bFkAl68=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJ92LorunFZwbZCO5ZMmmlDM5mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BJIzbRD6cHIrq2vrG/nNwtb2zu5ecf+go+NEEdomMY/VbYA15UzQtmGG01upKI4CTrvB5DLzu/dUaRaLGzOV1I/wSLCQEWys1KV3aV9Gs0GxhFxUK9e9GkRupX5ePWtYglAD1arQsyRDCSzRGhTf+8OYJBEVhnCsdc9D0vgpVoYRTmeFfqKpxGSCR7RnqcAR1X46P3cGT6wyhGGsbAkD5+r3iRRHWk+jwHZG2Iz1by8T//J6iQkbfsqETAwVZLEoTDg0Mcx+h0OmKDF8agkmitlbIRljhYmxCRVsCF+fwv9Jp+x6Fbd8XS01L5Zx5MEROAanwAN10ARXoAXagIAJeABP4NmRzqPz4rwuWnPOcuYQ/IDz9gn8zpAC</latexit>

Cristina Mondino GEMMA2, Roma, 17th of September 2024



Production cascade

| ~E| = ✏| ~E0| ⇠ 1013 V/m
<latexit sha1_base64="h7tCd8GBEX+T2MxpnH55N2AICxg="></latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e±
<latexit sha1_base64="RlDQ4TZ5y57muKaDY+i0bFkAl68=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJ92LorunFZwbZCO5ZMmmlDM5mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BJIzbRD6cHIrq2vrG/nNwtb2zu5ecf+go+NEEdomMY/VbYA15UzQtmGG01upKI4CTrvB5DLzu/dUaRaLGzOV1I/wSLCQEWys1KV3aV9Gs0GxhFxUK9e9GkRupX5ePWtYglAD1arQsyRDCSzRGhTf+8OYJBEVhnCsdc9D0vgpVoYRTmeFfqKpxGSCR7RnqcAR1X46P3cGT6wyhGGsbAkD5+r3iRRHWk+jwHZG2Iz1by8T//J6iQkbfsqETAwVZLEoTDg0Mcx+h0OmKDF8agkmitlbIRljhYmxCRVsCF+fwv9Jp+x6Fbd8XS01L5Zx5MEROAanwAN10ARXoAXagIAJeABP4NmRzqPz4rwuWnPOcuYQ/IDz9gn8zpAC</latexit>

e±
<latexit sha1_base64="RlDQ4TZ5y57muKaDY+i0bFkAl68=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJ92LorunFZwbZCO5ZMmmlDM5mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BJIzbRD6cHIrq2vrG/nNwtb2zu5ecf+go+NEEdomMY/VbYA15UzQtmGG01upKI4CTrvB5DLzu/dUaRaLGzOV1I/wSLCQEWys1KV3aV9Gs0GxhFxUK9e9GkRupX5ePWtYglAD1arQsyRDCSzRGhTf+8OYJBEVhnCsdc9D0vgpVoYRTmeFfqKpxGSCR7RnqcAR1X46P3cGT6wyhGGsbAkD5+r3iRRHWk+jwHZG2Iz1by8T//J6iQkbfsqETAwVZLEoTDg0Mcx+h0OmKDF8agkmitlbIRljhYmxCRVsCF+fwv9Jp+x6Fbd8XS01L5Zx5MEROAanwAN10ARXoAXagIAJeABP4NmRzqPz4rwuWnPOcuYQ/IDz9gn8zpAC</latexit> e+

<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

Cristina Mondino GEMMA2, Roma, 17th of September 2024



Production cascade

| ~E| = ✏| ~E0| ⇠ 1013 V/m
<latexit sha1_base64="h7tCd8GBEX+T2MxpnH55N2AICxg="></latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e±
<latexit sha1_base64="RlDQ4TZ5y57muKaDY+i0bFkAl68=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJ92LorunFZwbZCO5ZMmmlDM5mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BJIzbRD6cHIrq2vrG/nNwtb2zu5ecf+go+NEEdomMY/VbYA15UzQtmGG01upKI4CTrvB5DLzu/dUaRaLGzOV1I/wSLCQEWys1KV3aV9Gs0GxhFxUK9e9GkRupX5ePWtYglAD1arQsyRDCSzRGhTf+8OYJBEVhnCsdc9D0vgpVoYRTmeFfqKpxGSCR7RnqcAR1X46P3cGT6wyhGGsbAkD5+r3iRRHWk+jwHZG2Iz1by8T//J6iQkbfsqETAwVZLEoTDg0Mcx+h0OmKDF8agkmitlbIRljhYmxCRVsCF+fwv9Jp+x6Fbd8XS01L5Zx5MEROAanwAN10ARXoAXagIAJeABP4NmRzqPz4rwuWnPOcuYQ/IDz9gn8zpAC</latexit>

e±
<latexit sha1_base64="RlDQ4TZ5y57muKaDY+i0bFkAl68=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJ92LorunFZwbZCO5ZMmmlDM5mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BJIzbRD6cHIrq2vrG/nNwtb2zu5ecf+go+NEEdomMY/VbYA15UzQtmGG01upKI4CTrvB5DLzu/dUaRaLGzOV1I/wSLCQEWys1KV3aV9Gs0GxhFxUK9e9GkRupX5ePWtYglAD1arQsyRDCSzRGhTf+8OYJBEVhnCsdc9D0vgpVoYRTmeFfqKpxGSCR7RnqcAR1X46P3cGT6wyhGGsbAkD5+r3iRRHWk+jwHZG2Iz1by8T//J6iQkbfsqETAwVZLEoTDg0Mcx+h0OmKDF8agkmitlbIRljhYmxCRVsCF+fwv9Jp+x6Fbd8XS01L5Zx5MEROAanwAN10ARXoAXagIAJeABP4NmRzqPz4rwuWnPOcuYQ/IDz9gn8zpAC</latexit> e+

<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e
+

<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e
�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e
�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e +
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e �
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e +
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e +
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e �
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e +
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit> …

Cristina Mondino GEMMA2, Roma, 17th of September 2024



Screening

ene ' "r · ~E0
<latexit sha1_base64="USJY3Yh8cEoUTqrPHIqPo8iTpcI=">AAACF3icbVDLSgNBEJz1GeMr6tHLYBA9hV0V9BgUwWME84BsCL2Tjg7Ozqwzs4Gw5C+8+CtePCjiVW/+jZPHQRMLGoqqbrq7okRwY33/25ubX1hcWs6t5FfX1jc2C1vbNaNSzbDKlFC6EYFBwSVWLbcCG4lGiCOB9ej+YujXe6gNV/LG9hNsxXAreZczsE5qF0pIZRtpaHiMDzTsgcbEcKEkDSVEAmjIOso6A1l2eTBoF4p+yR+BzpJgQopkgkq78BV2FEtjlJYJMKYZ+IltZaAtZwIH+TA1mAC7h1tsOiohRtPKRn8N6L5TOrSrtCtp6Uj9PZFBbEw/jlxnDPbOTHtD8T+vmdruWSvjMkktSjZe1E0FtYoOQ6IdrpFZ0XcEmObuVsruQAOzLsq8CyGYfnmW1I5KwXHp6PqkWD6fxJEju2SPHJKAnJIyuSIVUiWMPJJn8krevCfvxXv3Psatc95kZof8gff5AyWJn0o=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e±
<latexit sha1_base64="RlDQ4TZ5y57muKaDY+i0bFkAl68=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJ92LorunFZwbZCO5ZMmmlDM5mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BJIzbRD6cHIrq2vrG/nNwtb2zu5ecf+go+NEEdomMY/VbYA15UzQtmGG01upKI4CTrvB5DLzu/dUaRaLGzOV1I/wSLCQEWys1KV3aV9Gs0GxhFxUK9e9GkRupX5ePWtYglAD1arQsyRDCSzRGhTf+8OYJBEVhnCsdc9D0vgpVoYRTmeFfqKpxGSCR7RnqcAR1X46P3cGT6wyhGGsbAkD5+r3iRRHWk+jwHZG2Iz1by8T//J6iQkbfsqETAwVZLEoTDg0Mcx+h0OmKDF8agkmitlbIRljhYmxCRVsCF+fwv9Jp+x6Fbd8XS01L5Zx5MEROAanwAN10ARXoAXagIAJeABP4NmRzqPz4rwuWnPOcuYQ/IDz9gn8zpAC</latexit>

e±
<latexit sha1_base64="RlDQ4TZ5y57muKaDY+i0bFkAl68=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJ92LorunFZwbZCO5ZMmmlDM5mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BJIzbRD6cHIrq2vrG/nNwtb2zu5ecf+go+NEEdomMY/VbYA15UzQtmGG01upKI4CTrvB5DLzu/dUaRaLGzOV1I/wSLCQEWys1KV3aV9Gs0GxhFxUK9e9GkRupX5ePWtYglAD1arQsyRDCSzRGhTf+8OYJBEVhnCsdc9D0vgpVoYRTmeFfqKpxGSCR7RnqcAR1X46P3cGT6wyhGGsbAkD5+r3iRRHWk+jwHZG2Iz1by8T//J6iQkbfsqETAwVZLEoTDg0Mcx+h0OmKDF8agkmitlbIRljhYmxCRVsCF+fwv9Jp+x6Fbd8XS01L5Zx5MEROAanwAN10ARXoAXagIAJeABP4NmRzqPz4rwuWnPOcuYQ/IDz9gn8zpAC</latexit> e+

<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e
+

<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e
�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e
�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e +
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e �
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e +
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e +
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e �
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e +
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit> …

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+ vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+ vFel205qzlzCH4AevtExgFjuI=</latexit> e+

<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+ vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>e�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+ vFel205qzlzCH4AevtExgFjuI=</latexit>

Charges separate and screen the background electric field
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Screening
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<latexit sha1_base64="USJY3Yh8cEoUTqrPHIqPo8iTpcI=">AAACF3icbVDLSgNBEJz1GeMr6tHLYBA9hV0V9BgUwWME84BsCL2Tjg7Ozqwzs4Gw5C+8+CtePCjiVW/+jZPHQRMLGoqqbrq7okRwY33/25ubX1hcWs6t5FfX1jc2C1vbNaNSzbDKlFC6EYFBwSVWLbcCG4lGiCOB9ej+YujXe6gNV/LG9hNsxXAreZczsE5qF0pIZRtpaHiMDzTsgcbEcKEkDSVEAmjIOso6A1l2eTBoF4p+yR+BzpJgQopkgkq78BV2FEtjlJYJMKYZ+IltZaAtZwIH+TA1mAC7h1tsOiohRtPKRn8N6L5TOrSrtCtp6Uj9PZFBbEw/jlxnDPbOTHtD8T+vmdruWSvjMkktSjZe1E0FtYoOQ6IdrpFZ0XcEmObuVsruQAOzLsq8CyGYfnmW1I5KwXHp6PqkWD6fxJEju2SPHJKAnJIyuSIVUiWMPJJn8krevCfvxXv3Psatc95kZof8gff5AyWJn0o=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>
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e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+ vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+ vFel205qzlzCH4AevtExgFjuI=</latexit> e+

<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+ vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>e�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+ vFel205qzlzCH4AevtExgFjuI=</latexit>

Charges separate and screen the background electric field

Cristina Mondino GEMMA2, Roma, 17th of September 2024



e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e±
<latexit sha1_base64="RlDQ4TZ5y57muKaDY+i0bFkAl68=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJ92LorunFZwbZCO5ZMmmlDM5mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BJIzbRD6cHIrq2vrG/nNwtb2zu5ecf+go+NEEdomMY/VbYA15UzQtmGG01upKI4CTrvB5DLzu/dUaRaLGzOV1I/wSLCQEWys1KV3aV9Gs0GxhFxUK9e9GkRupX5ePWtYglAD1arQsyRDCSzRGhTf+8OYJBEVhnCsdc9D0vgpVoYRTmeFfqKpxGSCR7RnqcAR1X46P3cGT6wyhGGsbAkD5+r3iRRHWk+jwHZG2Iz1by8T//J6iQkbfsqETAwVZLEoTDg0Mcx+h0OmKDF8agkmitlbIRljhYmxCRVsCF+fwv9Jp+x6Fbd8XS01L5Zx5MEROAanwAN10ARXoAXagIAJeABP4NmRzqPz4rwuWnPOcuYQ/IDz9gn8zpAC</latexit>

e±
<latexit sha1_base64="RlDQ4TZ5y57muKaDY+i0bFkAl68=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJ92LorunFZwbZCO5ZMmmlDM5mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BJIzbRD6cHIrq2vrG/nNwtb2zu5ecf+go+NEEdomMY/VbYA15UzQtmGG01upKI4CTrvB5DLzu/dUaRaLGzOV1I/wSLCQEWys1KV3aV9Gs0GxhFxUK9e9GkRupX5ePWtYglAD1arQsyRDCSzRGhTf+8OYJBEVhnCsdc9D0vgpVoYRTmeFfqKpxGSCR7RnqcAR1X46P3cGT6wyhGGsbAkD5+r3iRRHWk+jwHZG2Iz1by8T//J6iQkbfsqETAwVZLEoTDg0Mcx+h0OmKDF8agkmitlbIRljhYmxCRVsCF+fwv9Jp+x6Fbd8XS01L5Zx5MEROAanwAN10ARXoAXagIAJeABP4NmRzqPz4rwuWnPOcuYQ/IDz9gn8zpAC</latexit> e+

<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e
+

<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e
�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e
�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e +
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e �
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e +
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e +
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e �
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e +
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit> …

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit> e+

<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>e�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

Rotating dipole

10-100 km

Large 
amount of 

EM radiation!

ene ' 107 cm�3
<latexit sha1_base64="GkMTZrH+M3lqF/xDNU4Q6V7rvcc=">AAACCHicbVC7SgNBFJ2NrxhfUUsLB4NgY9hNhFgGbSwjmAdkkzA7uUmGzMyuM7NCWFLa+Cs2ForY+gl2/o2TR6GJBy4czrmXe+8JIs60cd1vJ7Wyura+kd7MbG3v7O5l9w9qOowVhSoNeagaAdHAmYSqYYZDI1JARMChHgyvJ379AZRmobwzowhagvQl6zFKjJU62WPAsgPY10zAPfbcdsnHvhIJFeN2cl4cd7I5N+9OgZeJNyc5NEelk/3yuyGNBUhDOdG66bmRaSVEGUY5jDN+rCEidEj60LRUEgG6lUwfGeNTq3RxL1S2pMFT9fdEQoTWIxHYTkHMQC96E/E/rxmb3mUrYTKKDUg6W9SLOTYhnqSCu0wBNXxkCaGK2VsxHRBFqLHZZWwI3uLLy6RWyHvFfOH2Ile+mseRRkfoBJ0hD5VQGd2gCqoiih7RM3pFb86T8+K8Ox+z1pQznzlEf+B8/gCzIZiC</latexit>

Cristina Mondino GEMMA2, Roma, 17th of September 2024



e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

"| ~E0|
<latexit sha1_base64="xntBJw5aUJgJhonzxI6IalnnyNA=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF9FSSKuixKILHCvYDmlA222m7dLMJu5tCSXvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlBzJnSjvNt5VZW19Y38puFre2d3T17/6CuokRSqNGIR7IZEAWcCahppjk0YwkkDDg0gsHt1G8MQSoWiUc9isEPSU+wLqNEG6ltH3lDIiFWjEdi7A2BpndnkzFu20Wn5MyAl4mbkSLKUG3bX14nokkIQlNOlGq5Tqz9lEjNKIdJwUsUxIQOSA9ahgoSgvLT2f0TfGqUDu5G0pTQeKb+nkhJqNQoDExnSHRfLXpT8T+vlejutZ8yEScaBJ0v6iYc6whPw8AdJoFqPjKEUMnMrZj2iSRUm8gKJgR38eVlUi+X3ItS+eGyWLnJ4sijY3SCzpGLrlAF3aMqqiGKxugZvaI368l6sd6tj3lrzspmDtEfWJ8/RbSWQA==</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

⃗B
γ

γ

⃗B

GW

GW

GW

GW
e�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

⌧SR
<latexit sha1_base64="UiRT7EGp/opO0EyXpJ3R/bfLjsM=">AAAB/HicbVC7TsMwFHV4lvIqdGSxqJCYqqQgwVjBwlgefUhNFDmu01q1nch2kKIo/AoLAwix8iFs/A1OmwFajmTp6Jx7dY9PEDOqtG1/Wyura+sbm5Wt6vbO7t5+7eCwp6JEYtLFEYvkIECKMCpIV1PNyCCWBPGAkX4wvS78/iORikbiQacx8TgaCxpSjLSR/Frd1SjxM5cjPZE8u7/Lc+jXGnbTngEuE6ckDVCi49e+3FGEE06ExgwpNXTsWHsZkppiRvKqmygSIzxFYzI0VCBOlJfNwufwxCgjGEbSPKHhTP29kSGuVMoDM1mEVIteIf7nDRMdXnoZFXGiicDzQ2HCoI5g0QQcUUmwZqkhCEtqskI8QRJhbfqqmhKcxS8vk16r6Zw1W7fnjfZVWUcFHIFjcAoccAHa4AZ0QBdgkIJn8ArerCfrxXq3PuajK1a5Uwd/YH3+ABdglQw=</latexit>

⌧plasma
<latexit sha1_base64="gtxxVsR4dIrShzhYsFs3eJQ+jmg=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARXJWkCrosunFZwT6gCeFmOmmHziRhZiKUkI2/4saFIm79DHf+jZM2C209MHA45947954g4Uxp2/62VlbX1jc2K1vV7Z3dvf3awWFXxakktENiHst+AIpyFtGOZprTfiIpiIDTXjC5LfzeI5WKxdGDnibUEzCKWMgIaCP5tWNXQ+pnrgA9liJLOCgBeY79Wt1u2DPgZeKUpI5KtP3alzuMSSpopIkZogaOnWgvA6kZ4TSvuqmiCZAJjOjA0AgEVV42OyDHZ0YZ4jCW5kUaz9TfHRkIpaYiMJXFomrRK8T/vEGqw2svY1GSahqR+UdhyrGOcZEGHjJJieZTQ4BIZnbFZAwSiDaZVU0IzuLJy6TbbDgXjeb9Zb11U8ZRQSfoFJ0jB12hFrpDbdRBBOXoGb2iN+vJerHerY956YpV9hyhP7A+fwCcJ5cN</latexit>

⌧EM, ⌧GW
<latexit sha1_base64="l9PdXIzTzhZUIDAYjB8GRtuCueM=">AAACB3icbVDLSgMxFM34rPU16lKQYBFcSJmpgi6LIroRKtgHdIYhk6ZtaJIZkoxQhtm58VfcuFDErb/gzr8xbQfU1gMXTs65l9x7wphRpR3ny5qbX1hcWi6sFFfX1jc27a3thooSiUkdRyySrRApwqggdU01I61YEsRDRprh4GLkN++JVDQSd3oYE5+jnqBdipE2UmDveRolQepJnl7eZNkR/HlfNbMssEtO2RkDzhI3JyWQoxbYn14nwgknQmOGlGq7Tqz9FElNMSNZ0UsUiREeoB5pGyoQJ8pPx3dk8MAoHdiNpCmh4Vj9PZEirtSQh6aTI91X095I/M9rJ7p75qdUxIkmAk8+6iYM6giOQoEdKgnWbGgIwpKaXSHuI4mwNtEVTQju9MmzpFEpu8flyu1JqXqex1EAu2AfHAIXnIIquAY1UAcYPIAn8AJerUfr2Xqz3ietc1Y+swP+wPr4BoHambc=</latexit>

EM emissions

Cristina Mondino GEMMA2, Roma, 17th of September 2024



SR cloud + plasma

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>e�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

?

Cristina Mondino GEMMA2, Roma, 17th of September 2024



Magnetosphere of neutron star pulsar
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Neutron star pulsar

Emission spectra of the Vela pulsar

From Pulsar Magnetospheres and Their Radiation  
A. Philippov and M. Kramer

Annu. Rev. Astron. Astrophys. 2022 
Cristina Mondino GEMMA2, Roma, 17th of September 2024



Neutron star pulsar

From Pulsar Magnetospheres and Their Radiation  
A. Philippov and M. Kramer

Annu. Rev. Astron. Astrophys. 2022 


Plasma density

Cristina Mondino GEMMA2, Roma, 17th of September 2024



Analogy

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>e�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

• Large EM fields


• Rotating objects ( ~ ms periods)

Cristina Mondino GEMMA2, Roma, 17th of September 2024



Difference

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>e�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

| ~B0| ⇠ ↵| ~E0| ⌧ | ~E0|
<latexit sha1_base64="ShGygjhfedUUeFjU1OOeZex2FAA=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2ARXZWZKuiyVASXFewFOkPJpGkbmmSGJFMo0z6HG1/FjQtF3Ikb38Z0Oova+kPgz3fOITl/EDGqtOP8WLm19Y3Nrfx2YWd3b//APjxqqDCWmNRxyELZCpAijApS11Qz0ookQTxgpBkMb2f15ohIRUPxqMcR8TnqC9qjGGmDOrY78UYEJ9Xz6QR6inLoIRYNEJzjuxQztnjt2EWn5KSCq8bNTBFkqnXsL68b4pgToTFDSrVdJ9J+gqSmmJFpwYsViRAeoj5pGysQJ8pP0tWm8MyQLuyF0hyhYUoXJxLElRrzwHRypAdquTaD/9Xase7d+AkVUayJwPOHejGDOoSznGCXSoI1GxuDsKTmrxAPkERYmzQLJgR3eeVV0yiX3MtS+eGqWKlmceTBCTgFF8AF16AC7kEN1AEGT+AFvIF369l6tT6sz3lrzspmjsEfWd+/ZS6gcw==</latexit>

Dissipation is important

Electrically dominatedMagnetically dominated

Cristina Mondino GEMMA2, Roma, 17th of September 2024



e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>e�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

SR cloud + plasma model

~J = �( ~E + ~v ⇥ ~B)
<latexit sha1_base64="+ptQY32AmHDV60tN3cBlzkVn2HM=">AAACG3icbVDLSsNAFJ34rPUVdelmsAgVoSRV0I1QKoK4qmAf0IQymU7aoZNJmJkUSsh/uPFX3LhQxJXgwr9xmmahrQcGzj3nXu7c40WMSmVZ38bS8srq2npho7i5tb2za+7tt2QYC0yaOGSh6HhIEkY5aSqqGOlEgqDAY6Ttja6nfntMhKQhf1CTiLgBGnDqU4yUlnpm1RkTnNyl8Ao6kg4CBMuZcpPCU5ixceooGhA5q+rpSc8sWRUrA1wkdk5KIEejZ346/RDHAeEKMyRl17Yi5SZIKIoZSYtOLEmE8AgNSFdTjvQ2N8luS+GxVvrQD4V+XMFM/T2RoEDKSeDpzgCpoZz3puJ/XjdW/qWbUB7FinA8W+THDKoQToOCfSoIVmyiCcKC6r9CPEQCYaXjLOoQ7PmTF0mrWrHPKtX781KtnsdRAIfgCJSBDS5ADdyCBmgCDB7BM3gFb8aT8WK8Gx+z1iUjnzkAf2B8/QCtzaCW</latexit>

Ohm’s law

@t ~B = �r⇥ ~E
<latexit sha1_base64="dub4Cg+9pVVbABhtQEcctsayMUs=">AAACFXicbVDLSgMxFM34tr6qLt0Ei+BCy0wVdCNIRXBZwarQGYY7adqGZjJDcqdQhv6EG3/FjQtF3Aru/BvTx0KrBwKHc+7l5J4olcKg6345M7Nz8wuLS8uFldW19Y3i5tatSTLNeJ0lMtH3ERguheJ1FCj5fao5xJHkd1H3Yujf9bg2IlE32E95EENbiZZggFYKiwd+ChoFyBCp3+Msrw7oGT2kvoJIAvVRxNyMnctBWCy5ZXcE+pd4E1IiE9TC4qffTFgWc4VMgjENz00xyIeJTPJBwc8MT4F1oc0bliqwYUE+umpA96zSpK1E26eQjtSfGznExvTjyE7GgB0z7Q3F/7xGhq3TIBcqzZArNg5qZZJiQocV0abQnKHsWwJMC/tXyjqggaEtsmBL8KZP/ktuK2XvqFy5Pi6dVyd1LJEdskv2iUdOyDm5IjVSJ4w8kCfyQl6dR+fZeXPex6MzzmRnm/yC8/ENKUCeMA==</latexit>

@t ~E = r⇥ ~B � ~J � ✏µ2 ~A0
<latexit sha1_base64="VRSeJxJL8BmVajnLMX1adtmE12k="></latexit>

Superradiance field (source)

• Solve equations for the E, B fields

• Compute EM energy emitted for                       (             ) � ! 1

<latexit sha1_base64="F0D2Skl1Suyk7wWeYFsZgWMlr2Y=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5JUQY9FLx4r2A9oQtlsN+nSzSbsTpRQihf/ihcPinj1V3jz37htc9DWBwOP92aYmRekgmtwnG9raXlldW29tFHe3Nre2bX39ls6yRRlTZqIRHUCopngkjWBg2CdVDESB4K1g+H1xG/fM6V5Iu8gT5kfk0jykFMCRurZh57mUUywp3g0AKJU8oA9LkPIe3bFqTpT4EXiFqSCCjR69pfXT2gWMwlUEK27rpOCPyIKOBVsXPYyzVJChyRiXUMliZn2R9MXxvjEKH0cJsqUBDxVf0+MSKx1HgemMyYw0PPeRPzP62YQXvojLtMMmKSzRWEmMCR4kgfuc8UoiNwQQhU3t2I6IIpQMKmVTQju/MuLpFWrumfV2u15pX5VxFFCR+gYnSIXXaA6ukEN1EQUPaJn9IrerCfrxXq3PmatS1Yxc4D+wPr8AYLNl4E=</latexit>

� � µ
<latexit sha1_base64="cq7CTLbAsLw9bJYym+CHLUhUefU=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmls12ky7d3YTdjVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXppxp47rfzsrq2vrGZmmrvL2zu7dfOThs6yRThLZIwhPVDbGmnEnaMsxw2k0VxSLktBOObqZ+55EqzRJ5b8YpDQSOJYsYwcZKD75mscDIj2Pki6xfqbo1dwa0TLyCVKFAs1/58gcJyQSVhnCsdc9zUxPkWBlGOJ2U/UzTFJMRjmnPUokF1UE+u3qCTq0yQFGibEmDZurviRwLrccitJ0Cm6Fe9Kbif14vM9FVkDOZZoZKMl8UZRyZBE0jQAOmKDF8bAkmitlbERlihYmxQZVtCN7iy8ukXa9557X63UW1cV3EUYJjOIEz8OASGnALTWgBAQXP8ApvzpPz4rw7H/PWFaeYOYI/cD5/AOfUkh8=</latexit>

Nils Siemonsen

Full GR numerical simulation

Cristina Mondino GEMMA2, Roma, 17th of September 2024



The dissipative energy density is 
maximal in the regions of 

magnetic field lines reconnection.

Simulation: energy dissipation

Cristina Mondino GEMMA2, Roma, 17th of September 2024



Magnetic reconnection

Field energy dissipated into particle 
acceleration and high energy emissions

~B
<latexit sha1_base64="x+HWlhTeYqRpbE3+7Aa/bfE0JQc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjqxWMF+wFtKJvtpF262YTdTaGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4fu63J6g0j+WTmSboR3QoecgZNVZq9ybIsvqsXyq7FXcBsk68nJQhR6Nf+uoNYpZGKA0TVOuu5ybGz6gynAmcFXupxoSyMR1i11JJI9R+tjh3Ri6tMiBhrGxJQxbq74mMRlpPo8B2RtSM9Ko3F//zuqkJ7/yMyyQ1KNlyUZgKYmIy/50MuEJmxNQSyhS3txI2oooyYxMq2hC81ZfXSata8a4r1cebcq2ex1GAc7iAK/DgFmrwAA1oAoMxPMMrvDmJ8+K8Ox/L1g0nnzmDP3A+fwBhI4+Y</latexit>

�
<latexit sha1_base64="IoELSitFJaTQ4WT4pr8f01q0csw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiDmPGQ==</latexit>

• Discontinuity in the magnetic field lines


• In a neutron star pulsars it happens on the 
equatorial plane (2d structures “current sheets”)

Plasma density

Cristina Mondino GEMMA2, Roma, 17th of September 2024



Simulation: power output

PEM =

I
dS ~r · ( ~E ⇥ ~B)

<latexit sha1_base64="vipiKbUnas9DDI5PcmYU7T0Y07M="></latexit>

• Poynting flux

• Dissipative losses

Numerical solutions and fit

Ldiss =

Z
dV ~E · ~J

<latexit sha1_base64="WFfbvBPI5mHzSX/JjBr3DGqFWQU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLEkVdCMURRBxUcE+oAlhMpm0QyeZMDMplJCvcOOvuHGhiFtx5984bbPQ1gMDZ865l3vv8RNGpbKsb2NhcWl5ZbW0Vl7f2NzaNnd2W5KnApMm5oyLjo8kYTQmTUUVI51EEBT5jLT9wdXYbw+JkJTHD2qUEDdCvZiGFCOlJc88vvMyR0RZQKXMc3gBHRorGLSgMyQ4u86hgwOupr/b3DMrVtWaAM4TuyAVUKDhmV9OwHEakVhhhqTs2lai3AwJRTEjedlJJUkQHqAe6Woao4hIN5uclcNDrQQw5EI/vdRE/d2RoUjKUeTrygipvpz1xuJ/XjdV4bmb0ThJFYnxdFCYMqg4HGcEAyoIVmykCcKC6l0h7iOBsNJJlnUI9uzJ86RVq9on1dr9aaV+WcRRAvvgABwBG5yBOrgBDdAEGDyCZ/AK3own48V4Nz6mpQtG0bMH/sD4/AGv/Z8R</latexit>

Cristina Mondino GEMMA2, Roma, 17th of September 2024



Simulation: power output

PEM =

I
dS ~r · ( ~E ⇥ ~B)

<latexit sha1_base64="vipiKbUnas9DDI5PcmYU7T0Y07M="></latexit>

• Poynting flux

• Dissipative losses

Numerical solutions and fit

Ldiss =

Z
dV ~E · ~J

<latexit sha1_base64="WFfbvBPI5mHzSX/JjBr3DGqFWQU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLEkVdCMURRBxUcE+oAlhMpm0QyeZMDMplJCvcOOvuHGhiFtx5984bbPQ1gMDZ865l3vv8RNGpbKsb2NhcWl5ZbW0Vl7f2NzaNnd2W5KnApMm5oyLjo8kYTQmTUUVI51EEBT5jLT9wdXYbw+JkJTHD2qUEDdCvZiGFCOlJc88vvMyR0RZQKXMc3gBHRorGLSgMyQ4u86hgwOupr/b3DMrVtWaAM4TuyAVUKDhmV9OwHEakVhhhqTs2lai3AwJRTEjedlJJUkQHqAe6Woao4hIN5uclcNDrQQw5EI/vdRE/d2RoUjKUeTrygipvpz1xuJ/XjdV4bmb0ThJFYnxdFCYMqg4HGcEAyoIVmykCcKC6l0h7iOBsNJJlnUI9uzJ86RVq9on1dr9aaV+WcRRAvvgABwBG5yBOrgBDdAEGDyCZ/AK3own48V4Nz6mpQtG0bMH/sD4/AGv/Z8R</latexit>

Cristina Mondino GEMMA2, Roma, 17th of September 2024
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Simulation: power output

Lcrab ' 1038 erg/s
<latexit sha1_base64="xVgmCbNobc3DA81wU/YLAu28W/E=">AAACFnicbZC7TgJBFIZn8YZ4Qy1tJhITG3EXTKQk2lhYYCKXhEUyOxxgwszuOjNrQjb7FDa+io2FxtgaO9/GWaBQ8CSTfPn/c3Lm/F7ImdK2/W1llpZXVtey67mNza3tnfzuXkMFkaRQpwEPZMsjCjjzoa6Z5tAKJRDhcWh6o8vUbz6AVCzwb/U4hI4gA5/1GSXaSN38yXU3dqWIqSRekmBXMQH32LHv4nIlcXFqgRwkpymopJsv2EV7UngRnBkU0Kxq3fyX2wtoJMDXlBOl2o4d6k5MpGaUQ5JzIwUhoSMygLZBnwhQnXhyVoKPjNLD/UCa52s8UX9PxEQoNRae6RRED9W8l4r/ee1I9yudmPlhpMGn00X9iGMd4DQj3GMSqOZjA4RKZv6K6ZBIQrVJMmdCcOZPXoRGqeiUi6Wbs0L1YhZHFh2gQ3SMHHSOqugK1VAdUfSIntErerOerBfr3fqYtmas2cw++lPW5w9Z259+</latexit>

LSN ' 1043 � 1045 erg/s
<latexit sha1_base64="Z0h1Sayx8pQQ6d34XA34r3kHFc8=">AAACHHicbVC9TsMwGHT4LeUvwMhiUSGxUBIKghHBwoBQEbQgNSFy3K+thZ0E20GqojwIC6/CwgBCLAxIvA1O6QCFkyyf7u6T/V2YcKa043xaY+MTk1PTpZny7Nz8wqK9tNxUcSopNGjMY3kVEgWcRdDQTHO4SiQQEXK4DG+OCv/yDqRicXSh+wn4gnQj1mGUaCMFdu0kyDwpsvPTPMeeYgJusetcZzu1fHNw7+YeLgIgu/lWQVQe2BWn6gyA/xJ3SCpoiHpgv3vtmKYCIk05UarlOon2MyI1oxzyspcqSAi9IV1oGRoRAcrPBsvleN0obdyJpTmRxgP150RGhFJ9EZqkILqnRr1C/M9rpbqz72csSlINEf1+qJNyrGNcNIXbTALVvG8IoZKZv2LaI5JQbfosmxLc0ZX/kuZ21a1Vt892KgeHwzpKaBWtoQ3koj10gI5RHTUQRffoET2jF+vBerJerbfv6Jg1nFlBv2B9fAGKHKEM</latexit>

Crab pulsar

Supernova

Lfit = "2F (↵)
Mc

GM
' 1043 erg/s

<latexit sha1_base64="tONhgw0diwYMsEu+znt8lDsWnCA="></latexit>

Can be observed at cosmological distances!!!

Cristina Mondino
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GEMMA2, Roma, 17th of September 2024



“New pulsar”: periodicity and spectrum

Cristina Mondino GEMMA2, Roma, 17th of September 2024

• Cannot be robustly inferred from current simulations

• Pulsar analogy: low energy periodic component + X-ray/ -ray emissionsγ



Cristina Mondino

Multimessenger signatures

GEMMA2, Roma, 17th of September 2024



Evolution of the system

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

"| ~E0|
<latexit sha1_base64="xntBJw5aUJgJhonzxI6IalnnyNA=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF9FSSKuixKILHCvYDmlA222m7dLMJu5tCSXvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlBzJnSjvNt5VZW19Y38puFre2d3T17/6CuokRSqNGIR7IZEAWcCahppjk0YwkkDDg0gsHt1G8MQSoWiUc9isEPSU+wLqNEG6ltH3lDIiFWjEdi7A2BpndnkzFu20Wn5MyAl4mbkSLKUG3bX14nokkIQlNOlGq5Tqz9lEjNKIdJwUsUxIQOSA9ahgoSgvLT2f0TfGqUDu5G0pTQeKb+nkhJqNQoDExnSHRfLXpT8T+vlejutZ8yEScaBJ0v6iYc6whPw8AdJoFqPjKEUMnMrZj2iSRUm8gKJgR38eVlUi+X3ItS+eGyWLnJ4sijY3SCzpGLrlAF3aMqqiGKxugZvaI368l6sd6tj3lrzspmDtEfWJ8/RbSWQA==</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

⃗B
γ

γ

⃗B

GW

GW

GW

GW
e�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

⌧SR
<latexit sha1_base64="UiRT7EGp/opO0EyXpJ3R/bfLjsM=">AAAB/HicbVC7TsMwFHV4lvIqdGSxqJCYqqQgwVjBwlgefUhNFDmu01q1nch2kKIo/AoLAwix8iFs/A1OmwFajmTp6Jx7dY9PEDOqtG1/Wyura+sbm5Wt6vbO7t5+7eCwp6JEYtLFEYvkIECKMCpIV1PNyCCWBPGAkX4wvS78/iORikbiQacx8TgaCxpSjLSR/Frd1SjxM5cjPZE8u7/Lc+jXGnbTngEuE6ckDVCi49e+3FGEE06ExgwpNXTsWHsZkppiRvKqmygSIzxFYzI0VCBOlJfNwufwxCgjGEbSPKHhTP29kSGuVMoDM1mEVIteIf7nDRMdXnoZFXGiicDzQ2HCoI5g0QQcUUmwZqkhCEtqskI8QRJhbfqqmhKcxS8vk16r6Zw1W7fnjfZVWUcFHIFjcAoccAHa4AZ0QBdgkIJn8ArerCfrxXq3PuajK1a5Uwd/YH3+ABdglQw=</latexit>

⌧plasma
<latexit sha1_base64="gtxxVsR4dIrShzhYsFs3eJQ+jmg=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARXJWkCrosunFZwT6gCeFmOmmHziRhZiKUkI2/4saFIm79DHf+jZM2C209MHA45947954g4Uxp2/62VlbX1jc2K1vV7Z3dvf3awWFXxakktENiHst+AIpyFtGOZprTfiIpiIDTXjC5LfzeI5WKxdGDnibUEzCKWMgIaCP5tWNXQ+pnrgA9liJLOCgBeY79Wt1u2DPgZeKUpI5KtP3alzuMSSpopIkZogaOnWgvA6kZ4TSvuqmiCZAJjOjA0AgEVV42OyDHZ0YZ4jCW5kUaz9TfHRkIpaYiMJXFomrRK8T/vEGqw2svY1GSahqR+UdhyrGOcZEGHjJJieZTQ4BIZnbFZAwSiDaZVU0IzuLJy6TbbDgXjeb9Zb11U8ZRQSfoFJ0jB12hFrpDbdRBBOXoGb2iN+vJerHerY956YpV9hyhP7A+fwCcJ5cN</latexit>

⌧EM, ⌧GW
<latexit sha1_base64="l9PdXIzTzhZUIDAYjB8GRtuCueM=">AAACB3icbVDLSgMxFM34rPU16lKQYBFcSJmpgi6LIroRKtgHdIYhk6ZtaJIZkoxQhtm58VfcuFDErb/gzr8xbQfU1gMXTs65l9x7wphRpR3ny5qbX1hcWi6sFFfX1jc27a3thooSiUkdRyySrRApwqggdU01I61YEsRDRprh4GLkN++JVDQSd3oYE5+jnqBdipE2UmDveRolQepJnl7eZNkR/HlfNbMssEtO2RkDzhI3JyWQoxbYn14nwgknQmOGlGq7Tqz9FElNMSNZ0UsUiREeoB5pGyoQJ8pPx3dk8MAoHdiNpCmh4Vj9PZEirtSQh6aTI91X095I/M9rJ7p75qdUxIkmAk8+6iYM6giOQoEdKgnWbGgIwpKaXSHuI4mwNtEVTQju9MmzpFEpu8flyu1JqXqex1EAu2AfHAIXnIIquAY1UAcYPIAn8AJerUfr2Xqz3ietc1Y+swP+wPr4BoHambc=</latexit>

Cristina Mondino GEMMA2, Roma, 17th of September 2024



Evolution of the system

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

⃗B
γ

γ

⃗B

GW

GW

GW

GW
e�

<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e+
<latexit sha1_base64="Xxo5PMeLAG3JZQCN6ktLIdz6iCE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSIIwpDpw9Zd0Y3LCk5baMeSSTNtaCYzJBmhDP0GNy4UcesHufNvzLQVVPTAhcM593LvPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRuNXTmHohHgkWMIK1kVx6l57NBsUSslGtXHdqENmV+kX1vGEIQg1Uq0LHkAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzY2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDhpUzEiaaCLBYFCYc6gtnncMgkJZpPDcFEMnMrJGMsMdEmn4IJ4etT+D9pl22nYpdvqqXm5TKOPDgCx+AUOKAOmuAatIALCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJxT7juA=</latexit>

e�
<latexit sha1_base64="jz+LHZfaMTQdlTqS7Dmhz1uMM6I=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4ccj0Yeuu6MZlBacttGPJpJk2NJMZkoxQhn6DGxeKuPWD3Pk3ZtoKKnrgwuGce7n3Hj/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKsokYS6JOKR7PpYUc4EdTXTnHZjSXHoc9rxJ1eZ37mnUrFI3OppTL0QjwQLGMHaSC69S89mg2IJ2ahWrjs1iOxK/aJ63jAEoQaqVaFjSIYSWKI1KL73hxFJQio04VipnoNi7aVYakY4nRX6iaIxJhM8oj1DBQ6p8tL5sTN4YpQhDCJpSmg4V79PpDhUahr6pjPEeqx+e5n4l9dLdNDwUibiRFNBFouChEMdwexzOGSSEs2nhmAimbkVkjGWmGiTT8GE8PUp/J+0y7ZTscs31VLzchlHHhyBY3AKHFAHTXANWsAFBDDwAJ7AsyWsR+vFel205qzlzCH4AevtExgFjuI=</latexit>

• GW emissions with frequency  ~ few x 100 Hz


• Low and high energy EM emissions with periodicity  ~ ms


• Decays over time with timescales from ~ days to ~ thousands of years
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Evolution of the system
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• GW emissions with frequency  ~ few x 100 Hz


• Low and high energy EM emissions with periodicity  ~ ms


• Decays over time with timescales from ~ days to ~ thousands of years

μ/π
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Cristina Mondino GEMMA2, Roma, 17th of September 2024

Dark photon parameters: Mass ( ) and coupling ( )μ ε

Black Hole parameters: mass & spin



Multimessenger signatures

1. EM follow-ups of compact binary mergers

     (large    , young system) 


2. GW follow-ups of anomalous pulsars

      (small    , old system)
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Multimessenger signatures

1. EM follow-ups of compact binary mergers

     (large    , young system) 


2. GW follow-ups of anomalous pulsars

      (small    , old system)
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GW follow-up of “anomalous” pulsars
GW

GW

GW

GW

Small    , old system ↵
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• Some of the observed pulsating sources could be old BHs with radiating SR cloud

• Search in existing catalogs:


1. Pulsating sources with the same frequency

2. Sources that spin-up over time 

⇠ 2⇡/µ
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Target for continuous GW searches!

Cristina Mondino GEMMA2, Roma, 17th of September 2024
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GW follow-up of “anomalous” pulsars
Analysis lead by Lorenzo Mirasola, with C. Palomba, P. Astone, P. 
Leaci, S. Mastrogiovanni, L. D’Onofrio, S. D’Antonio, F. Amicucci

Preliminary

Cristina Mondino GEMMA2, Roma, 17th of September 2024



Interpretation?
•Galactic BHs population 


•Dark Photon parameters (mass & coupling)
“Predict” number of expected 
observables events

Dark photon masses around  eV with small kinetic mixing parameters are disfavored10−13

* up to modeling uncertainties of the “new pulsar”
Cristina Mondino
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• Rotating black holes produce clouds of weakly coupled 
bosons through superradiance

• Dark photons that mix with the photon will lead to 
dramatic dynamics around the black hole: perhaps, 
a “new pulsar”!

Cristina Mondino
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• Rotating black holes produce clouds of weakly coupled 
bosons through superradiance

• Dark photons that mix with the photon will lead to 
dramatic dynamics around the black hole: perhaps, 
a “new pulsar”!

Thank you!

Cristina Mondino
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