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The Lorimer burst (2007)
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Observational constraints on 
FRB emission mechanisms

• few msec. in duration, peak L ~ 1040 erg/s,     > 700 MHz

• > 104 per day (not prompt GRBs)

• repetitive  - 2 repeaters (not catastrophic like NS-NS mergers)

• isotropic (extra-Galactic); D ~ 1 Gpc - (cosmological)

• coherent emission,                 

• DM ~ 1000, constant to ~ % over few years

• Polarization is messy

• no clear evidence for two different populations

• one localized to star-forming,  another to regular massive galaxy

Tb ⇡ 1034 K
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FRBs - new/tougher constraints 
(compared to pulsars) from 
coherent emission on the 
parameters at the source

• Crab’s radio: Tb ~ 1040K, 10-6 of spindown, highest GP: 10-2 
• No energetic constraints 
• Repeater: some 5-10 orders of magnitude larger energy 

density at the source - macroscopic physical constraints on 
plasma  parameters at the source. 

• Can they be satisfied?

!4

(Lyutikov 2019, Lyutikov & Melrose, in  prep.)



Plasma density and B-field

• Let              source size.  
• Radiation energy density 

•  The brightness Tb: 

• brightness temperature is ~  
energy density of radiation 
within a volume of 
wavelength cubed
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• Radiation energy  density 
< of emitting particles' 
energy density 

• Equipartition B-field 

        (can be larger) 
• NS magnetospheres
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(Lyutikov 2019)



Plasma density and B-field

• Let              source size.  
• Radiation energy density 

•  The brightness Tb: 

• brightness temperature is ~  
energy density of radiation 
within a volume of 
wavelength cubed
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• Radiation energy  density 
< of emitting particles' 
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• Equipartition B-field 

        (can be larger) 
• NS magnetospheres

ur < �nmec
2

<latexit sha1_base64="Ieyw1jaFaD9JZ9hE0uPRT/tYkf4=">AAACAXicbVA9SwNBEJ2LXzF+ndoINotBsAp3QdDCImBjGcF8QHIee5tNsmR379jdE8IRG/+KjYUitv4LO/+Nm+QKTXww8Hhvhpl5UcKZNp737RRWVtfWN4qbpa3tnd09d/+gqeNUEdogMY9VO8KaciZpwzDDaTtRFIuI01Y0up76rQeqNIvlnRknNBB4IFmfEWysFLpHaZipyRXqDrAQGEmEREgRua+GbtmreDOgZeLnpAw56qH71e3FJBVUGsKx1h3fS0yQYWUY4XRS6qaaJpiM8IB2LJVYUB1ksw8m6NQqPdSPlS1p0Ez9PZFhofVYRLZTYDPUi95U/M/rpKZ/GWRMJqmhkswX9VOOTIymcaAeU5QYPrYEE8XsrYgMscLE2NBKNgR/8eVl0qxWfK/i356Xa7U8jiIcwwmcgQ8XUIMbqEMDCDzCM7zCm/PkvDjvzse8teDkM4fwB87nD5BOlaQ=</latexit><latexit sha1_base64="Ieyw1jaFaD9JZ9hE0uPRT/tYkf4=">AAACAXicbVA9SwNBEJ2LXzF+ndoINotBsAp3QdDCImBjGcF8QHIee5tNsmR379jdE8IRG/+KjYUitv4LO/+Nm+QKTXww8Hhvhpl5UcKZNp737RRWVtfWN4qbpa3tnd09d/+gqeNUEdogMY9VO8KaciZpwzDDaTtRFIuI01Y0up76rQeqNIvlnRknNBB4IFmfEWysFLpHaZipyRXqDrAQGEmEREgRua+GbtmreDOgZeLnpAw56qH71e3FJBVUGsKx1h3fS0yQYWUY4XRS6qaaJpiM8IB2LJVYUB1ksw8m6NQqPdSPlS1p0Ez9PZFhofVYRLZTYDPUi95U/M/rpKZ/GWRMJqmhkswX9VOOTIymcaAeU5QYPrYEE8XsrYgMscLE2NBKNgR/8eVl0qxWfK/i356Xa7U8jiIcwwmcgQ8XUIMbqEMDCDzCM7zCm/PkvDjvzse8teDkM4fwB87nD5BOlaQ=</latexit><latexit sha1_base64="Ieyw1jaFaD9JZ9hE0uPRT/tYkf4=">AAACAXicbVA9SwNBEJ2LXzF+ndoINotBsAp3QdDCImBjGcF8QHIee5tNsmR379jdE8IRG/+KjYUitv4LO/+Nm+QKTXww8Hhvhpl5UcKZNp737RRWVtfWN4qbpa3tnd09d/+gqeNUEdogMY9VO8KaciZpwzDDaTtRFIuI01Y0up76rQeqNIvlnRknNBB4IFmfEWysFLpHaZipyRXqDrAQGEmEREgRua+GbtmreDOgZeLnpAw56qH71e3FJBVUGsKx1h3fS0yQYWUY4XRS6qaaJpiM8IB2LJVYUB1ksw8m6NQqPdSPlS1p0Ez9PZFhofVYRLZTYDPUi95U/M/rpKZ/GWRMJqmhkswX9VOOTIymcaAeU5QYPrYEE8XsrYgMscLE2NBKNgR/8eVl0qxWfK/i356Xa7U8jiIcwwmcgQ8XUIMbqEMDCDzCM7zCm/PkvDjvzse8teDkM4fwB87nD5BOlaQ=</latexit><latexit sha1_base64="Ieyw1jaFaD9JZ9hE0uPRT/tYkf4=">AAACAXicbVA9SwNBEJ2LXzF+ndoINotBsAp3QdDCImBjGcF8QHIee5tNsmR379jdE8IRG/+KjYUitv4LO/+Nm+QKTXww8Hhvhpl5UcKZNp737RRWVtfWN4qbpa3tnd09d/+gqeNUEdogMY9VO8KaciZpwzDDaTtRFIuI01Y0up76rQeqNIvlnRknNBB4IFmfEWysFLpHaZipyRXqDrAQGEmEREgRua+GbtmreDOgZeLnpAw56qH71e3FJBVUGsKx1h3fS0yQYWUY4XRS6qaaJpiM8IB2LJVYUB1ksw8m6NQqPdSPlS1p0Ez9PZFhofVYRLZTYDPUi95U/M/rpKZ/GWRMJqmhkswX9VOOTIymcaAeU5QYPrYEE8XsrYgMscLE2NBKNgR/8eVl0qxWfK/i356Xa7U8jiIcwwmcgQ8XUIMbqEMDCDzCM7zCm/PkvDjvzse8teDkM4fwB87nD5BOlaQ=</latexit>

�n�3 � kBTb

mec2
<latexit sha1_base64="SAGj2BGPQ6HCcxPcRj76sOv2eto="></latexit><latexit sha1_base64="SAGj2BGPQ6HCcxPcRj76sOv2eto="></latexit><latexit sha1_base64="SAGj2BGPQ6HCcxPcRj76sOv2eto="></latexit><latexit sha1_base64="SAGj2BGPQ6HCcxPcRj76sOv2eto="></latexit>

Beq =
p
8⇡

r
Tb

�3
= 108⌫3/2

GHz
T 1/2
b,35 G

<latexit sha1_base64="8ZRgB6tCLzMV4sxA3CcDcb06buE="></latexit><latexit sha1_base64="8ZRgB6tCLzMV4sxA3CcDcb06buE="></latexit><latexit sha1_base64="8ZRgB6tCLzMV4sxA3CcDcb06buE="></latexit><latexit sha1_base64="8ZRgB6tCLzMV4sxA3CcDcb06buE="></latexit>

(Lyutikov 2019)



Plasma density and B-field

• Let              source size.  
• Radiation energy density 

•  The brightness Tb: 

• brightness temperature is ~  
energy density of radiation 
within a volume of 
wavelength cubed
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<latexit sha1_base64="Ieyw1jaFaD9JZ9hE0uPRT/tYkf4=">AAACAXicbVA9SwNBEJ2LXzF+ndoINotBsAp3QdDCImBjGcF8QHIee5tNsmR379jdE8IRG/+KjYUitv4LO/+Nm+QKTXww8Hhvhpl5UcKZNp737RRWVtfWN4qbpa3tnd09d/+gqeNUEdogMY9VO8KaciZpwzDDaTtRFIuI01Y0up76rQeqNIvlnRknNBB4IFmfEWysFLpHaZipyRXqDrAQGEmEREgRua+GbtmreDOgZeLnpAw56qH71e3FJBVUGsKx1h3fS0yQYWUY4XRS6qaaJpiM8IB2LJVYUB1ksw8m6NQqPdSPlS1p0Ez9PZFhofVYRLZTYDPUi95U/M/rpKZ/GWRMJqmhkswX9VOOTIymcaAeU5QYPrYEE8XsrYgMscLE2NBKNgR/8eVl0qxWfK/i356Xa7U8jiIcwwmcgQ8XUIMbqEMDCDzCM7zCm/PkvDjvzse8teDkM4fwB87nD5BOlaQ=</latexit><latexit sha1_base64="Ieyw1jaFaD9JZ9hE0uPRT/tYkf4=">AAACAXicbVA9SwNBEJ2LXzF+ndoINotBsAp3QdDCImBjGcF8QHIee5tNsmR379jdE8IRG/+KjYUitv4LO/+Nm+QKTXww8Hhvhpl5UcKZNp737RRWVtfWN4qbpa3tnd09d/+gqeNUEdogMY9VO8KaciZpwzDDaTtRFIuI01Y0up76rQeqNIvlnRknNBB4IFmfEWysFLpHaZipyRXqDrAQGEmEREgRua+GbtmreDOgZeLnpAw56qH71e3FJBVUGsKx1h3fS0yQYWUY4XRS6qaaJpiM8IB2LJVYUB1ksw8m6NQqPdSPlS1p0Ez9PZFhofVYRLZTYDPUi95U/M/rpKZ/GWRMJqmhkswX9VOOTIymcaAeU5QYPrYEE8XsrYgMscLE2NBKNgR/8eVl0qxWfK/i356Xa7U8jiIcwwmcgQ8XUIMbqEMDCDzCM7zCm/PkvDjvzse8teDkM4fwB87nD5BOlaQ=</latexit><latexit sha1_base64="Ieyw1jaFaD9JZ9hE0uPRT/tYkf4=">AAACAXicbVA9SwNBEJ2LXzF+ndoINotBsAp3QdDCImBjGcF8QHIee5tNsmR379jdE8IRG/+KjYUitv4LO/+Nm+QKTXww8Hhvhpl5UcKZNp737RRWVtfWN4qbpa3tnd09d/+gqeNUEdogMY9VO8KaciZpwzDDaTtRFIuI01Y0up76rQeqNIvlnRknNBB4IFmfEWysFLpHaZipyRXqDrAQGEmEREgRua+GbtmreDOgZeLnpAw56qH71e3FJBVUGsKx1h3fS0yQYWUY4XRS6qaaJpiM8IB2LJVYUB1ksw8m6NQqPdSPlS1p0Ez9PZFhofVYRLZTYDPUi95U/M/rpKZ/GWRMJqmhkswX9VOOTIymcaAeU5QYPrYEE8XsrYgMscLE2NBKNgR/8eVl0qxWfK/i356Xa7U8jiIcwwmcgQ8XUIMbqEMDCDzCM7zCm/PkvDjvzse8teDkM4fwB87nD5BOlaQ=</latexit><latexit sha1_base64="Ieyw1jaFaD9JZ9hE0uPRT/tYkf4=">AAACAXicbVA9SwNBEJ2LXzF+ndoINotBsAp3QdDCImBjGcF8QHIee5tNsmR379jdE8IRG/+KjYUitv4LO/+Nm+QKTXww8Hhvhpl5UcKZNp737RRWVtfWN4qbpa3tnd09d/+gqeNUEdogMY9VO8KaciZpwzDDaTtRFIuI01Y0up76rQeqNIvlnRknNBB4IFmfEWysFLpHaZipyRXqDrAQGEmEREgRua+GbtmreDOgZeLnpAw56qH71e3FJBVUGsKx1h3fS0yQYWUY4XRS6qaaJpiM8IB2LJVYUB1ksw8m6NQqPdSPlS1p0Ez9PZFhofVYRLZTYDPUi95U/M/rpKZ/GWRMJqmhkswX9VOOTIymcaAeU5QYPrYEE8XsrYgMscLE2NBKNgR/8eVl0qxWfK/i356Xa7U8jiIcwwmcgQ8XUIMbqEMDCDzCM7zCm/PkvDjvzse8teDkM4fwB87nD5BOlaQ=</latexit>
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<latexit sha1_base64="8ZRgB6tCLzMV4sxA3CcDcb06buE="></latexit><latexit sha1_base64="8ZRgB6tCLzMV4sxA3CcDcb06buE="></latexit><latexit sha1_base64="8ZRgB6tCLzMV4sxA3CcDcb06buE="></latexit><latexit sha1_base64="8ZRgB6tCLzMV4sxA3CcDcb06buE="></latexit>

��4n0�3 � kBTb

mec2
<latexit sha1_base64="JK/S+7juSSVqHep8mH64HkS2DVU="></latexit><latexit sha1_base64="JK/S+7juSSVqHep8mH64HkS2DVU="></latexit><latexit sha1_base64="JK/S+7juSSVqHep8mH64HkS2DVU="></latexit><latexit sha1_base64="JK/S+7juSSVqHep8mH64HkS2DVU="></latexit>

(Lyutikov 2019)



“Normal” (non-coherent) loses may 
dominate

• Laser intensity parameter “a” 

• (most powerful lasers can get to a ~ 1) 
• In no B-field:                                -> huge radiative (IC and 

synch) loses (e.g., loss time can be shorter than pulse 
duration) 

• In B-field: if                      , the drift with  
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<latexit sha1_base64="cUMXDSB8QPfEddtO43Kt+V1l+84="></latexit><latexit sha1_base64="cUMXDSB8QPfEddtO43Kt+V1l+84="></latexit><latexit sha1_base64="cUMXDSB8QPfEddtO43Kt+V1l+84="></latexit><latexit sha1_base64="cUMXDSB8QPfEddtO43Kt+V1l+84="></latexit>

!B � !0
<latexit sha1_base64="b7OfZ6ujHQh9WbfTpvn+DoRBLbc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPZVEBD0WvXisYGuhCWGznaRLN5u4uxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHj73gw788KMM6Ud59uqLC2vrK5V12sbm1vbO/buXkeluaTQpilPZTckCjgT0NZMc+hmEkgScrgPh9cT//4RpGKpuNOjDPyExIJFjBJtpMA+8NIEYhJcYS+GBzx7nQR23Wk4U+BF4pakjkq0AvvL66c0T0BoyolSPdfJtF8QqRnlMK55uYKM0CGJoWeoIAkov5iuP8bHRunjKJWmhMZT9fdEQRKlRkloOhOiB2rem4j/eb1cR5d+wUSWaxB09lGUc6xTPMkC95kEqvnIEEIlM7tiOiCSUG0Sq5kQ3PmTF0nnrOE6Dff2vN5slnFU0SE6QqfIRReoiW5QC7URRQV6Rq/ozXqyXqx362PWWrHKmX30B9bnDxbSlOY=</latexit><latexit sha1_base64="b7OfZ6ujHQh9WbfTpvn+DoRBLbc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPZVEBD0WvXisYGuhCWGznaRLN5u4uxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHj73gw788KMM6Ud59uqLC2vrK5V12sbm1vbO/buXkeluaTQpilPZTckCjgT0NZMc+hmEkgScrgPh9cT//4RpGKpuNOjDPyExIJFjBJtpMA+8NIEYhJcYS+GBzx7nQR23Wk4U+BF4pakjkq0AvvL66c0T0BoyolSPdfJtF8QqRnlMK55uYKM0CGJoWeoIAkov5iuP8bHRunjKJWmhMZT9fdEQRKlRkloOhOiB2rem4j/eb1cR5d+wUSWaxB09lGUc6xTPMkC95kEqvnIEEIlM7tiOiCSUG0Sq5kQ3PmTF0nnrOE6Dff2vN5slnFU0SE6QqfIRReoiW5QC7URRQV6Rq/ozXqyXqx362PWWrHKmX30B9bnDxbSlOY=</latexit><latexit sha1_base64="b7OfZ6ujHQh9WbfTpvn+DoRBLbc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPZVEBD0WvXisYGuhCWGznaRLN5u4uxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHj73gw788KMM6Ud59uqLC2vrK5V12sbm1vbO/buXkeluaTQpilPZTckCjgT0NZMc+hmEkgScrgPh9cT//4RpGKpuNOjDPyExIJFjBJtpMA+8NIEYhJcYS+GBzx7nQR23Wk4U+BF4pakjkq0AvvL66c0T0BoyolSPdfJtF8QqRnlMK55uYKM0CGJoWeoIAkov5iuP8bHRunjKJWmhMZT9fdEQRKlRkloOhOiB2rem4j/eb1cR5d+wUSWaxB09lGUc6xTPMkC95kEqvnIEEIlM7tiOiCSUG0Sq5kQ3PmTF0nnrOE6Dff2vN5slnFU0SE6QqfIRReoiW5QC7URRQV6Rq/ozXqyXqx362PWWrHKmX30B9bnDxbSlOY=</latexit><latexit sha1_base64="b7OfZ6ujHQh9WbfTpvn+DoRBLbc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPZVEBD0WvXisYGuhCWGznaRLN5u4uxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHj73gw788KMM6Ud59uqLC2vrK5V12sbm1vbO/buXkeluaTQpilPZTckCjgT0NZMc+hmEkgScrgPh9cT//4RpGKpuNOjDPyExIJFjBJtpMA+8NIEYhJcYS+GBzx7nQR23Wk4U+BF4pakjkq0AvvL66c0T0BoyolSPdfJtF8QqRnlMK55uYKM0CGJoWeoIAkov5iuP8bHRunjKJWmhMZT9fdEQRKlRkloOhOiB2rem4j/eb1cR5d+wUSWaxB09lGUc6xTPMkC95kEqvnIEEIlM7tiOiCSUG0Sq5kQ3PmTF0nnrOE6Dff2vN5slnFU0SE6QqfIRReoiW5QC7URRQV6Rq/ozXqyXqx362PWWrHKmX30B9bnDxbSlOY=</latexit>

vd/c ⇠ E0/B
<latexit sha1_base64="1gpWvmalNkcHZc/h8k/ZjqyJ4vA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbGIntpEBD0WRfBYwX5AG8Jms2mX7iZhd1Oopb/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMC1LOlHacb6uwtr6xuVXcLu3s7u2X7YPDlkoySWiTJDyRnQAryllMm5ppTjuppFgEnLaD4e3Mb4+oVCyJH/U4pZ7A/ZhFjGBtJN8uj/ywRlBPMYHuzmo3vl1xqs4caJW4OalAjoZvf/XChGSCxppwrFTXdVLtTbDUjHA6LfUyRVNMhrhPu4bGWFDlTeaHT9GpUUIUJdJUrNFc/T0xwUKpsQhMp8B6oJa9mfif1810dO1NWJxmmsZksSjKONIJmqWAQiYp0XxsCCaSmVsRGWCJiTZZlUwI7vLLq6R1UXWdqvtwWanX8ziKcAwncA4uXEEd7qEBTSCQwTO8wpv1ZL1Y79bHorVg5TNH8AfW5w+2P5HM</latexit><latexit sha1_base64="1gpWvmalNkcHZc/h8k/ZjqyJ4vA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbGIntpEBD0WRfBYwX5AG8Jms2mX7iZhd1Oopb/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMC1LOlHacb6uwtr6xuVXcLu3s7u2X7YPDlkoySWiTJDyRnQAryllMm5ppTjuppFgEnLaD4e3Mb4+oVCyJH/U4pZ7A/ZhFjGBtJN8uj/ywRlBPMYHuzmo3vl1xqs4caJW4OalAjoZvf/XChGSCxppwrFTXdVLtTbDUjHA6LfUyRVNMhrhPu4bGWFDlTeaHT9GpUUIUJdJUrNFc/T0xwUKpsQhMp8B6oJa9mfif1810dO1NWJxmmsZksSjKONIJmqWAQiYp0XxsCCaSmVsRGWCJiTZZlUwI7vLLq6R1UXWdqvtwWanX8ziKcAwncA4uXEEd7qEBTSCQwTO8wpv1ZL1Y79bHorVg5TNH8AfW5w+2P5HM</latexit><latexit sha1_base64="1gpWvmalNkcHZc/h8k/ZjqyJ4vA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbGIntpEBD0WRfBYwX5AG8Jms2mX7iZhd1Oopb/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMC1LOlHacb6uwtr6xuVXcLu3s7u2X7YPDlkoySWiTJDyRnQAryllMm5ppTjuppFgEnLaD4e3Mb4+oVCyJH/U4pZ7A/ZhFjGBtJN8uj/ywRlBPMYHuzmo3vl1xqs4caJW4OalAjoZvf/XChGSCxppwrFTXdVLtTbDUjHA6LfUyRVNMhrhPu4bGWFDlTeaHT9GpUUIUJdJUrNFc/T0xwUKpsQhMp8B6oJa9mfif1810dO1NWJxmmsZksSjKONIJmqWAQiYp0XxsCCaSmVsRGWCJiTZZlUwI7vLLq6R1UXWdqvtwWanX8ziKcAwncA4uXEEd7qEBTSCQwTO8wpv1ZL1Y79bHorVg5TNH8AfW5w+2P5HM</latexit><latexit sha1_base64="1gpWvmalNkcHZc/h8k/ZjqyJ4vA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbGIntpEBD0WRfBYwX5AG8Jms2mX7iZhd1Oopb/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMC1LOlHacb6uwtr6xuVXcLu3s7u2X7YPDlkoySWiTJDyRnQAryllMm5ppTjuppFgEnLaD4e3Mb4+oVCyJH/U4pZ7A/ZhFjGBtJN8uj/ywRlBPMYHuzmo3vl1xqs4caJW4OalAjoZvf/XChGSCxppwrFTXdVLtTbDUjHA6LfUyRVNMhrhPu4bGWFDlTeaHT9GpUUIUJdJUrNFc/T0xwUKpsQhMp8B6oJa9mfif1810dO1NWJxmmsZksSjKONIJmqWAQiYp0XxsCCaSmVsRGWCJiTZZlUwI7vLLq6R1UXWdqvtwWanX8ziKcAwncA4uXEEd7qEBTSCQwTO8wpv1ZL1Y79bHorVg5TNH8AfW5w+2P5HM</latexit>

pfluct/(mec) ⇠ a
<latexit sha1_base64="dXGKyET0aPHaUSZ2+LBhWZLx4vI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCvdREBD0WvHisYD+gCWGznbRLd5OwuxFK6MmLf8WLB0W8+hu8+W/ctjlo64OBx3szzMwLU86Udpxvq7Syura+Ud6sbG3v7O7Z+wdtlWSSQosmPJHdkCjgLIaWZppDN5VARMihE45upn7nAaRiSXyvxyn4ggxiFjFKtJEC+zgNck8KHPGM6sl5DYsAMD3DnmICk8CuOnVnBrxM3IJUUYFmYH95/YRmAmJNOVGq5zqp9nMiNaMcJhUvU5ASOiID6BkaEwHKz2dvTPCpUfo4SqSpWOOZ+nsiJ0KpsQhNpyB6qBa9qfif18t0dO3nLE4zDTGdL4oyjnWCp5ngPpNANR8bQqhk5lZMh0QSqk1yFROCu/jyMmlf1F2n7t5dVhuNIo4yOkInqIZcdIUa6BY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5Azcnl6U=</latexit><latexit sha1_base64="dXGKyET0aPHaUSZ2+LBhWZLx4vI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCvdREBD0WvHisYD+gCWGznbRLd5OwuxFK6MmLf8WLB0W8+hu8+W/ctjlo64OBx3szzMwLU86Udpxvq7Syura+Ud6sbG3v7O7Z+wdtlWSSQosmPJHdkCjgLIaWZppDN5VARMihE45upn7nAaRiSXyvxyn4ggxiFjFKtJEC+zgNck8KHPGM6sl5DYsAMD3DnmICk8CuOnVnBrxM3IJUUYFmYH95/YRmAmJNOVGq5zqp9nMiNaMcJhUvU5ASOiID6BkaEwHKz2dvTPCpUfo4SqSpWOOZ+nsiJ0KpsQhNpyB6qBa9qfif18t0dO3nLE4zDTGdL4oyjnWCp5ngPpNANR8bQqhk5lZMh0QSqk1yFROCu/jyMmlf1F2n7t5dVhuNIo4yOkInqIZcdIUa6BY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5Azcnl6U=</latexit><latexit sha1_base64="dXGKyET0aPHaUSZ2+LBhWZLx4vI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCvdREBD0WvHisYD+gCWGznbRLd5OwuxFK6MmLf8WLB0W8+hu8+W/ctjlo64OBx3szzMwLU86Udpxvq7Syura+Ud6sbG3v7O7Z+wdtlWSSQosmPJHdkCjgLIaWZppDN5VARMihE45upn7nAaRiSXyvxyn4ggxiFjFKtJEC+zgNck8KHPGM6sl5DYsAMD3DnmICk8CuOnVnBrxM3IJUUYFmYH95/YRmAmJNOVGq5zqp9nMiNaMcJhUvU5ASOiID6BkaEwHKz2dvTPCpUfo4SqSpWOOZ+nsiJ0KpsQhNpyB6qBa9qfif18t0dO3nLE4zDTGdL4oyjnWCp5ngPpNANR8bQqhk5lZMh0QSqk1yFROCu/jyMmlf1F2n7t5dVhuNIo4yOkInqIZcdIUa6BY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5Azcnl6U=</latexit><latexit sha1_base64="dXGKyET0aPHaUSZ2+LBhWZLx4vI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCvdREBD0WvHisYD+gCWGznbRLd5OwuxFK6MmLf8WLB0W8+hu8+W/ctjlo64OBx3szzMwLU86Udpxvq7Syura+Ud6sbG3v7O7Z+wdtlWSSQosmPJHdkCjgLIaWZppDN5VARMihE45upn7nAaRiSXyvxyn4ggxiFjFKtJEC+zgNck8KHPGM6sl5DYsAMD3DnmICk8CuOnVnBrxM3IJUUYFmYH95/YRmAmJNOVGq5zqp9nMiNaMcJhUvU5ASOiID6BkaEwHKz2dvTPCpUfo4SqSpWOOZ+nsiJ0KpsQhNpyB6qBa9qfif18t0dO3nLE4zDTGdL4oyjnWCp5ngPpNANR8bQqhk5lZMh0QSqk1yFROCu/jyMmlf1F2n7t5dVhuNIo4yOkInqIZcdIUa6BY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5Azcnl6U=</latexit>
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<latexit sha1_base64="9zglQtOn0wq2xsWToBPbub/t+u4="></latexit><latexit sha1_base64="9zglQtOn0wq2xsWToBPbub/t+u4="></latexit><latexit sha1_base64="9zglQtOn0wq2xsWToBPbub/t+u4="></latexit><latexit sha1_base64="9zglQtOn0wq2xsWToBPbub/t+u4="></latexit>



“Normal” (non-coherent) loses may 
dominate

• Laser intensity parameter “a” 

• (most powerful lasers can get to a ~ 1) 
• In no B-field:                                -> huge radiative (IC and 

synch) loses (e.g., loss time can be shorter than pulse 
duration) 

• In B-field: if                      , the drift with  
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<latexit sha1_base64="cUMXDSB8QPfEddtO43Kt+V1l+84="></latexit><latexit sha1_base64="cUMXDSB8QPfEddtO43Kt+V1l+84="></latexit><latexit sha1_base64="cUMXDSB8QPfEddtO43Kt+V1l+84="></latexit><latexit sha1_base64="cUMXDSB8QPfEddtO43Kt+V1l+84="></latexit>

!B � !0
<latexit sha1_base64="b7OfZ6ujHQh9WbfTpvn+DoRBLbc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPZVEBD0WvXisYGuhCWGznaRLN5u4uxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHj73gw788KMM6Ud59uqLC2vrK5V12sbm1vbO/buXkeluaTQpilPZTckCjgT0NZMc+hmEkgScrgPh9cT//4RpGKpuNOjDPyExIJFjBJtpMA+8NIEYhJcYS+GBzx7nQR23Wk4U+BF4pakjkq0AvvL66c0T0BoyolSPdfJtF8QqRnlMK55uYKM0CGJoWeoIAkov5iuP8bHRunjKJWmhMZT9fdEQRKlRkloOhOiB2rem4j/eb1cR5d+wUSWaxB09lGUc6xTPMkC95kEqvnIEEIlM7tiOiCSUG0Sq5kQ3PmTF0nnrOE6Dff2vN5slnFU0SE6QqfIRReoiW5QC7URRQV6Rq/ozXqyXqx362PWWrHKmX30B9bnDxbSlOY=</latexit><latexit sha1_base64="b7OfZ6ujHQh9WbfTpvn+DoRBLbc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPZVEBD0WvXisYGuhCWGznaRLN5u4uxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHj73gw788KMM6Ud59uqLC2vrK5V12sbm1vbO/buXkeluaTQpilPZTckCjgT0NZMc+hmEkgScrgPh9cT//4RpGKpuNOjDPyExIJFjBJtpMA+8NIEYhJcYS+GBzx7nQR23Wk4U+BF4pakjkq0AvvL66c0T0BoyolSPdfJtF8QqRnlMK55uYKM0CGJoWeoIAkov5iuP8bHRunjKJWmhMZT9fdEQRKlRkloOhOiB2rem4j/eb1cR5d+wUSWaxB09lGUc6xTPMkC95kEqvnIEEIlM7tiOiCSUG0Sq5kQ3PmTF0nnrOE6Dff2vN5slnFU0SE6QqfIRReoiW5QC7URRQV6Rq/ozXqyXqx362PWWrHKmX30B9bnDxbSlOY=</latexit><latexit sha1_base64="b7OfZ6ujHQh9WbfTpvn+DoRBLbc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPZVEBD0WvXisYGuhCWGznaRLN5u4uxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHj73gw788KMM6Ud59uqLC2vrK5V12sbm1vbO/buXkeluaTQpilPZTckCjgT0NZMc+hmEkgScrgPh9cT//4RpGKpuNOjDPyExIJFjBJtpMA+8NIEYhJcYS+GBzx7nQR23Wk4U+BF4pakjkq0AvvL66c0T0BoyolSPdfJtF8QqRnlMK55uYKM0CGJoWeoIAkov5iuP8bHRunjKJWmhMZT9fdEQRKlRkloOhOiB2rem4j/eb1cR5d+wUSWaxB09lGUc6xTPMkC95kEqvnIEEIlM7tiOiCSUG0Sq5kQ3PmTF0nnrOE6Dff2vN5slnFU0SE6QqfIRReoiW5QC7URRQV6Rq/ozXqyXqx362PWWrHKmX30B9bnDxbSlOY=</latexit><latexit sha1_base64="b7OfZ6ujHQh9WbfTpvn+DoRBLbc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPZVEBD0WvXisYGuhCWGznaRLN5u4uxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHj73gw788KMM6Ud59uqLC2vrK5V12sbm1vbO/buXkeluaTQpilPZTckCjgT0NZMc+hmEkgScrgPh9cT//4RpGKpuNOjDPyExIJFjBJtpMA+8NIEYhJcYS+GBzx7nQR23Wk4U+BF4pakjkq0AvvL66c0T0BoyolSPdfJtF8QqRnlMK55uYKM0CGJoWeoIAkov5iuP8bHRunjKJWmhMZT9fdEQRKlRkloOhOiB2rem4j/eb1cR5d+wUSWaxB09lGUc6xTPMkC95kEqvnIEEIlM7tiOiCSUG0Sq5kQ3PmTF0nnrOE6Dff2vN5slnFU0SE6QqfIRReoiW5QC7URRQV6Rq/ozXqyXqx362PWWrHKmX30B9bnDxbSlOY=</latexit>

vd/c ⇠ E0/B
<latexit sha1_base64="1gpWvmalNkcHZc/h8k/ZjqyJ4vA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbGIntpEBD0WRfBYwX5AG8Jms2mX7iZhd1Oopb/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMC1LOlHacb6uwtr6xuVXcLu3s7u2X7YPDlkoySWiTJDyRnQAryllMm5ppTjuppFgEnLaD4e3Mb4+oVCyJH/U4pZ7A/ZhFjGBtJN8uj/ywRlBPMYHuzmo3vl1xqs4caJW4OalAjoZvf/XChGSCxppwrFTXdVLtTbDUjHA6LfUyRVNMhrhPu4bGWFDlTeaHT9GpUUIUJdJUrNFc/T0xwUKpsQhMp8B6oJa9mfif1810dO1NWJxmmsZksSjKONIJmqWAQiYp0XxsCCaSmVsRGWCJiTZZlUwI7vLLq6R1UXWdqvtwWanX8ziKcAwncA4uXEEd7qEBTSCQwTO8wpv1ZL1Y79bHorVg5TNH8AfW5w+2P5HM</latexit><latexit sha1_base64="1gpWvmalNkcHZc/h8k/ZjqyJ4vA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbGIntpEBD0WRfBYwX5AG8Jms2mX7iZhd1Oopb/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMC1LOlHacb6uwtr6xuVXcLu3s7u2X7YPDlkoySWiTJDyRnQAryllMm5ppTjuppFgEnLaD4e3Mb4+oVCyJH/U4pZ7A/ZhFjGBtJN8uj/ywRlBPMYHuzmo3vl1xqs4caJW4OalAjoZvf/XChGSCxppwrFTXdVLtTbDUjHA6LfUyRVNMhrhPu4bGWFDlTeaHT9GpUUIUJdJUrNFc/T0xwUKpsQhMp8B6oJa9mfif1810dO1NWJxmmsZksSjKONIJmqWAQiYp0XxsCCaSmVsRGWCJiTZZlUwI7vLLq6R1UXWdqvtwWanX8ziKcAwncA4uXEEd7qEBTSCQwTO8wpv1ZL1Y79bHorVg5TNH8AfW5w+2P5HM</latexit><latexit sha1_base64="1gpWvmalNkcHZc/h8k/ZjqyJ4vA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbGIntpEBD0WRfBYwX5AG8Jms2mX7iZhd1Oopb/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMC1LOlHacb6uwtr6xuVXcLu3s7u2X7YPDlkoySWiTJDyRnQAryllMm5ppTjuppFgEnLaD4e3Mb4+oVCyJH/U4pZ7A/ZhFjGBtJN8uj/ywRlBPMYHuzmo3vl1xqs4caJW4OalAjoZvf/XChGSCxppwrFTXdVLtTbDUjHA6LfUyRVNMhrhPu4bGWFDlTeaHT9GpUUIUJdJUrNFc/T0xwUKpsQhMp8B6oJa9mfif1810dO1NWJxmmsZksSjKONIJmqWAQiYp0XxsCCaSmVsRGWCJiTZZlUwI7vLLq6R1UXWdqvtwWanX8ziKcAwncA4uXEEd7qEBTSCQwTO8wpv1ZL1Y79bHorVg5TNH8AfW5w+2P5HM</latexit><latexit sha1_base64="1gpWvmalNkcHZc/h8k/ZjqyJ4vA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbGIntpEBD0WRfBYwX5AG8Jms2mX7iZhd1Oopb/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMC1LOlHacb6uwtr6xuVXcLu3s7u2X7YPDlkoySWiTJDyRnQAryllMm5ppTjuppFgEnLaD4e3Mb4+oVCyJH/U4pZ7A/ZhFjGBtJN8uj/ywRlBPMYHuzmo3vl1xqs4caJW4OalAjoZvf/XChGSCxppwrFTXdVLtTbDUjHA6LfUyRVNMhrhPu4bGWFDlTeaHT9GpUUIUJdJUrNFc/T0xwUKpsQhMp8B6oJa9mfif1810dO1NWJxmmsZksSjKONIJmqWAQiYp0XxsCCaSmVsRGWCJiTZZlUwI7vLLq6R1UXWdqvtwWanX8ziKcAwncA4uXEEd7qEBTSCQwTO8wpv1ZL1Y79bHorVg5TNH8AfW5w+2P5HM</latexit>

Large B-fields are required to avoid catastrophic “normal”  loses 

pfluct/(mec) ⇠ a
<latexit sha1_base64="dXGKyET0aPHaUSZ2+LBhWZLx4vI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCvdREBD0WvHisYD+gCWGznbRLd5OwuxFK6MmLf8WLB0W8+hu8+W/ctjlo64OBx3szzMwLU86Udpxvq7Syura+Ud6sbG3v7O7Z+wdtlWSSQosmPJHdkCjgLIaWZppDN5VARMihE45upn7nAaRiSXyvxyn4ggxiFjFKtJEC+zgNck8KHPGM6sl5DYsAMD3DnmICk8CuOnVnBrxM3IJUUYFmYH95/YRmAmJNOVGq5zqp9nMiNaMcJhUvU5ASOiID6BkaEwHKz2dvTPCpUfo4SqSpWOOZ+nsiJ0KpsQhNpyB6qBa9qfif18t0dO3nLE4zDTGdL4oyjnWCp5ngPpNANR8bQqhk5lZMh0QSqk1yFROCu/jyMmlf1F2n7t5dVhuNIo4yOkInqIZcdIUa6BY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5Azcnl6U=</latexit><latexit sha1_base64="dXGKyET0aPHaUSZ2+LBhWZLx4vI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCvdREBD0WvHisYD+gCWGznbRLd5OwuxFK6MmLf8WLB0W8+hu8+W/ctjlo64OBx3szzMwLU86Udpxvq7Syura+Ud6sbG3v7O7Z+wdtlWSSQosmPJHdkCjgLIaWZppDN5VARMihE45upn7nAaRiSXyvxyn4ggxiFjFKtJEC+zgNck8KHPGM6sl5DYsAMD3DnmICk8CuOnVnBrxM3IJUUYFmYH95/YRmAmJNOVGq5zqp9nMiNaMcJhUvU5ASOiID6BkaEwHKz2dvTPCpUfo4SqSpWOOZ+nsiJ0KpsQhNpyB6qBa9qfif18t0dO3nLE4zDTGdL4oyjnWCp5ngPpNANR8bQqhk5lZMh0QSqk1yFROCu/jyMmlf1F2n7t5dVhuNIo4yOkInqIZcdIUa6BY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5Azcnl6U=</latexit><latexit sha1_base64="dXGKyET0aPHaUSZ2+LBhWZLx4vI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCvdREBD0WvHisYD+gCWGznbRLd5OwuxFK6MmLf8WLB0W8+hu8+W/ctjlo64OBx3szzMwLU86Udpxvq7Syura+Ud6sbG3v7O7Z+wdtlWSSQosmPJHdkCjgLIaWZppDN5VARMihE45upn7nAaRiSXyvxyn4ggxiFjFKtJEC+zgNck8KHPGM6sl5DYsAMD3DnmICk8CuOnVnBrxM3IJUUYFmYH95/YRmAmJNOVGq5zqp9nMiNaMcJhUvU5ASOiID6BkaEwHKz2dvTPCpUfo4SqSpWOOZ+nsiJ0KpsQhNpyB6qBa9qfif18t0dO3nLE4zDTGdL4oyjnWCp5ngPpNANR8bQqhk5lZMh0QSqk1yFROCu/jyMmlf1F2n7t5dVhuNIo4yOkInqIZcdIUa6BY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5Azcnl6U=</latexit><latexit sha1_base64="dXGKyET0aPHaUSZ2+LBhWZLx4vI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCvdREBD0WvHisYD+gCWGznbRLd5OwuxFK6MmLf8WLB0W8+hu8+W/ctjlo64OBx3szzMwLU86Udpxvq7Syura+Ud6sbG3v7O7Z+wdtlWSSQosmPJHdkCjgLIaWZppDN5VARMihE45upn7nAaRiSXyvxyn4ggxiFjFKtJEC+zgNck8KHPGM6sl5DYsAMD3DnmICk8CuOnVnBrxM3IJUUYFmYH95/YRmAmJNOVGq5zqp9nMiNaMcJhUvU5ASOiID6BkaEwHKz2dvTPCpUfo4SqSpWOOZ+nsiJ0KpsQhNpyB6qBa9qfif18t0dO3nLE4zDTGdL4oyjnWCp5ngPpNANR8bQqhk5lZMh0QSqk1yFROCu/jyMmlf1F2n7t5dVhuNIo4yOkInqIZcdIUa6BY1UQtR9Iie0St6s56sF+vd+pi3lqxi5hD9gfX5Azcnl6U=</latexit>

B � mec2

e��
⇡ 100⌫GHz�

�1 G
<latexit sha1_base64="9zglQtOn0wq2xsWToBPbub/t+u4="></latexit><latexit sha1_base64="9zglQtOn0wq2xsWToBPbub/t+u4="></latexit><latexit sha1_base64="9zglQtOn0wq2xsWToBPbub/t+u4="></latexit><latexit sha1_base64="9zglQtOn0wq2xsWToBPbub/t+u4="></latexit>



Limits on B-field

• Radiation energy density < particle energy density < B-field: 

• Weak “normal” losses: 

!7

B � mec2

e�
⇡ 100G

<latexit sha1_base64="5IwNOQXb5H56LCM+ny/Ikm4Fl/4=">AAACH3icbVDLSsNAFJ34tr6qLt1cLIKrkoioy6ILXSrYVmhimExv6uBMEmcmYgn5Ezf+ihsXioi7/o3Tx8LXgQuHc+6dufdEmeDauO7AmZqemZ2bX1isLC2vrK5V1zdaOs0VwyZLRaquIqpR8ASbhhuBV5lCKiOB7ej2ZOi371FpniaXpp9hIGkv4TFn1FgprB4cg9/DO/BjRVkBMkRg13tlgeAL+0qXQgk+zTKVPoDnulD4SsJpGVZrbt0dAf4Sb0JqZILzsPrpd1OWS0wME1TrjudmJiioMpwJLCt+rjGj7Jb2sGNpQiXqoBjdV8KOVboQp8pWYmCkfp8oqNS6LyPbKam50b+9ofif18lNfBQUPMlygwkbfxTnAkwKw7CgyxUyI/qWUKa43RXYDbVJGRtpxYbg/T75L2nt1T237l3s1xqNSRwLZItsk13ikUPSIGfknDQJI4/kmbySN+fJeXHenY9x65QzmdkkP+AMvgD70qEP</latexit><latexit sha1_base64="5IwNOQXb5H56LCM+ny/Ikm4Fl/4=">AAACH3icbVDLSsNAFJ34tr6qLt1cLIKrkoioy6ILXSrYVmhimExv6uBMEmcmYgn5Ezf+ihsXioi7/o3Tx8LXgQuHc+6dufdEmeDauO7AmZqemZ2bX1isLC2vrK5V1zdaOs0VwyZLRaquIqpR8ASbhhuBV5lCKiOB7ej2ZOi371FpniaXpp9hIGkv4TFn1FgprB4cg9/DO/BjRVkBMkRg13tlgeAL+0qXQgk+zTKVPoDnulD4SsJpGVZrbt0dAf4Sb0JqZILzsPrpd1OWS0wME1TrjudmJiioMpwJLCt+rjGj7Jb2sGNpQiXqoBjdV8KOVboQp8pWYmCkfp8oqNS6LyPbKam50b+9ofif18lNfBQUPMlygwkbfxTnAkwKw7CgyxUyI/qWUKa43RXYDbVJGRtpxYbg/T75L2nt1T237l3s1xqNSRwLZItsk13ikUPSIGfknDQJI4/kmbySN+fJeXHenY9x65QzmdkkP+AMvgD70qEP</latexit><latexit sha1_base64="5IwNOQXb5H56LCM+ny/Ikm4Fl/4=">AAACH3icbVDLSsNAFJ34tr6qLt1cLIKrkoioy6ILXSrYVmhimExv6uBMEmcmYgn5Ezf+ihsXioi7/o3Tx8LXgQuHc+6dufdEmeDauO7AmZqemZ2bX1isLC2vrK5V1zdaOs0VwyZLRaquIqpR8ASbhhuBV5lCKiOB7ej2ZOi371FpniaXpp9hIGkv4TFn1FgprB4cg9/DO/BjRVkBMkRg13tlgeAL+0qXQgk+zTKVPoDnulD4SsJpGVZrbt0dAf4Sb0JqZILzsPrpd1OWS0wME1TrjudmJiioMpwJLCt+rjGj7Jb2sGNpQiXqoBjdV8KOVboQp8pWYmCkfp8oqNS6LyPbKam50b+9ofif18lNfBQUPMlygwkbfxTnAkwKw7CgyxUyI/qWUKa43RXYDbVJGRtpxYbg/T75L2nt1T237l3s1xqNSRwLZItsk13ikUPSIGfknDQJI4/kmbySN+fJeXHenY9x65QzmdkkP+AMvgD70qEP</latexit><latexit sha1_base64="5IwNOQXb5H56LCM+ny/Ikm4Fl/4=">AAACH3icbVDLSsNAFJ34tr6qLt1cLIKrkoioy6ILXSrYVmhimExv6uBMEmcmYgn5Ezf+ihsXioi7/o3Tx8LXgQuHc+6dufdEmeDauO7AmZqemZ2bX1isLC2vrK5V1zdaOs0VwyZLRaquIqpR8ASbhhuBV5lCKiOB7ej2ZOi371FpniaXpp9hIGkv4TFn1FgprB4cg9/DO/BjRVkBMkRg13tlgeAL+0qXQgk+zTKVPoDnulD4SsJpGVZrbt0dAf4Sb0JqZILzsPrpd1OWS0wME1TrjudmJiioMpwJLCt+rjGj7Jb2sGNpQiXqoBjdV8KOVboQp8pWYmCkfp8oqNS6LyPbKam50b+9ofif18lNfBQUPMlygwkbfxTnAkwKw7CgyxUyI/qWUKa43RXYDbVJGRtpxYbg/T75L2nt1T237l3s1xqNSRwLZItsk13ikUPSIGfknDQJI4/kmbySN+fJeXHenY9x65QzmdkkP+AMvgD70qEP</latexit>

B �
r

8⇡kBTb
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⇡ 108G

<latexit sha1_base64="eVLEUw9v20iErmYQAVO6mPrmLLw="></latexit><latexit sha1_base64="eVLEUw9v20iErmYQAVO6mPrmLLw="></latexit><latexit sha1_base64="eVLEUw9v20iErmYQAVO6mPrmLLw="></latexit><latexit sha1_base64="eVLEUw9v20iErmYQAVO6mPrmLLw="></latexit>



Limits on B-field

• Radiation energy density < particle energy density < B-field: 

• Weak “normal” losses: 
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B � mec2

e�
⇡ 100G

<latexit sha1_base64="5IwNOQXb5H56LCM+ny/Ikm4Fl/4=">AAACH3icbVDLSsNAFJ34tr6qLt1cLIKrkoioy6ILXSrYVmhimExv6uBMEmcmYgn5Ezf+ihsXioi7/o3Tx8LXgQuHc+6dufdEmeDauO7AmZqemZ2bX1isLC2vrK5V1zdaOs0VwyZLRaquIqpR8ASbhhuBV5lCKiOB7ej2ZOi371FpniaXpp9hIGkv4TFn1FgprB4cg9/DO/BjRVkBMkRg13tlgeAL+0qXQgk+zTKVPoDnulD4SsJpGVZrbt0dAf4Sb0JqZILzsPrpd1OWS0wME1TrjudmJiioMpwJLCt+rjGj7Jb2sGNpQiXqoBjdV8KOVboQp8pWYmCkfp8oqNS6LyPbKam50b+9ofif18lNfBQUPMlygwkbfxTnAkwKw7CgyxUyI/qWUKa43RXYDbVJGRtpxYbg/T75L2nt1T237l3s1xqNSRwLZItsk13ikUPSIGfknDQJI4/kmbySN+fJeXHenY9x65QzmdkkP+AMvgD70qEP</latexit><latexit sha1_base64="5IwNOQXb5H56LCM+ny/Ikm4Fl/4=">AAACH3icbVDLSsNAFJ34tr6qLt1cLIKrkoioy6ILXSrYVmhimExv6uBMEmcmYgn5Ezf+ihsXioi7/o3Tx8LXgQuHc+6dufdEmeDauO7AmZqemZ2bX1isLC2vrK5V1zdaOs0VwyZLRaquIqpR8ASbhhuBV5lCKiOB7ej2ZOi371FpniaXpp9hIGkv4TFn1FgprB4cg9/DO/BjRVkBMkRg13tlgeAL+0qXQgk+zTKVPoDnulD4SsJpGVZrbt0dAf4Sb0JqZILzsPrpd1OWS0wME1TrjudmJiioMpwJLCt+rjGj7Jb2sGNpQiXqoBjdV8KOVboQp8pWYmCkfp8oqNS6LyPbKam50b+9ofif18lNfBQUPMlygwkbfxTnAkwKw7CgyxUyI/qWUKa43RXYDbVJGRtpxYbg/T75L2nt1T237l3s1xqNSRwLZItsk13ikUPSIGfknDQJI4/kmbySN+fJeXHenY9x65QzmdkkP+AMvgD70qEP</latexit><latexit sha1_base64="5IwNOQXb5H56LCM+ny/Ikm4Fl/4=">AAACH3icbVDLSsNAFJ34tr6qLt1cLIKrkoioy6ILXSrYVmhimExv6uBMEmcmYgn5Ezf+ihsXioi7/o3Tx8LXgQuHc+6dufdEmeDauO7AmZqemZ2bX1isLC2vrK5V1zdaOs0VwyZLRaquIqpR8ASbhhuBV5lCKiOB7ej2ZOi371FpniaXpp9hIGkv4TFn1FgprB4cg9/DO/BjRVkBMkRg13tlgeAL+0qXQgk+zTKVPoDnulD4SsJpGVZrbt0dAf4Sb0JqZILzsPrpd1OWS0wME1TrjudmJiioMpwJLCt+rjGj7Jb2sGNpQiXqoBjdV8KOVboQp8pWYmCkfp8oqNS6LyPbKam50b+9ofif18lNfBQUPMlygwkbfxTnAkwKw7CgyxUyI/qWUKa43RXYDbVJGRtpxYbg/T75L2nt1T237l3s1xqNSRwLZItsk13ikUPSIGfknDQJI4/kmbySN+fJeXHenY9x65QzmdkkP+AMvgD70qEP</latexit><latexit sha1_base64="5IwNOQXb5H56LCM+ny/Ikm4Fl/4=">AAACH3icbVDLSsNAFJ34tr6qLt1cLIKrkoioy6ILXSrYVmhimExv6uBMEmcmYgn5Ezf+ihsXioi7/o3Tx8LXgQuHc+6dufdEmeDauO7AmZqemZ2bX1isLC2vrK5V1zdaOs0VwyZLRaquIqpR8ASbhhuBV5lCKiOB7ej2ZOi371FpniaXpp9hIGkv4TFn1FgprB4cg9/DO/BjRVkBMkRg13tlgeAL+0qXQgk+zTKVPoDnulD4SsJpGVZrbt0dAf4Sb0JqZILzsPrpd1OWS0wME1TrjudmJiioMpwJLCt+rjGj7Jb2sGNpQiXqoBjdV8KOVboQp8pWYmCkfp8oqNS6LyPbKam50b+9ofif18lNfBQUPMlygwkbfxTnAkwKw7CgyxUyI/qWUKa43RXYDbVJGRtpxYbg/T75L2nt1T237l3s1xqNSRwLZItsk13ikUPSIGfknDQJI4/kmbySN+fJeXHenY9x65QzmdkkP+AMvgD70qEP</latexit>

B �
r

8⇡kBTb

�3
⇡ 108G

<latexit sha1_base64="eVLEUw9v20iErmYQAVO6mPrmLLw="></latexit><latexit sha1_base64="eVLEUw9v20iErmYQAVO6mPrmLLw="></latexit><latexit sha1_base64="eVLEUw9v20iErmYQAVO6mPrmLLw="></latexit><latexit sha1_base64="eVLEUw9v20iErmYQAVO6mPrmLLw="></latexit>

These are high fields: NS magnetospheres



Limits on B-field

• Radiation energy density < particle energy density < B-field: 

• Weak “normal” losses: 

!7

B � mec2

e�
⇡ 100G
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These are high fields: NS magnetospheres

Rotationally-powered 
(super-Giant Pulses)



Limits on B-field

• Radiation energy density < particle energy density < B-field: 

• Weak “normal” losses: 
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These are high fields: NS magnetospheres

Rotationally-powered 
(super-Giant Pulses)

Magnetically-powered 
(super-Solar flares)



Radio  emission from NSs
• There are three types of coherent 

emission from NS: type-I,  type-II,  type-III

• Type I: log-normal dist., Crab precursor, 
polar caps, rotationally-driven

• Type II: GPs, power-law, Crab MP&IP, 
border between open/closed field lines, 
rotationally-driven

• Type III: magnetars, on close field lines, 
crustal shear-driven (reconnection, ~ 
Solar)
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Rotationally vs magnetically powered

• Rotationally (super-giant 
pulses), scale with GJ: 

• Crab GP and nano-shots: 

• Pulsars: no correlation 
between coherent radio 
and other freq. - not 
expected for FRBs
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• Magnetically: scale density 
with magnetar twist: 

• ~ OK 
• Solar flares: both radio, 

optical and high energy - is 
expected for ``magnetar 
flare’’ model

n0
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Macroscopic Model I: Rotationally powered 
super-Giant Pulses 

• very young SNRs, 10-100 years  
• free-free absorption in new SN shell                                             (no LOFAR) 

• DM through the shell 

• Crab’s GPs reach ~ 1% efficiency of Lsd 
• If                       need ~ 104 higher peak power from 100 Mpc 

• Few msec period, with Crab-like B-field - reasonable to expect 

• Spin-down times ~ 10-100 yrs 

• Rates within 100 Mpc are OK. 

• Injection rate                        (observed                      - consistent 
with observed distribution of fast pulsar)  

• Very flat distribution of distances to a given brightness (type of Malmquist 
bias)
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Repeater: FRBs not Rotationally powered

•  observed radio flux  a fraction <1  of the spin-down 

• (Lsd is the EM power, need to put energy in particles to emit) 
• Could have worked from 100Mpc (Lyutikov+ 2016) 
• Can get from millisecond pulsar,  but spin-down time is then 

short, no evolution seen in the 1st Repeater (and no DM 
changes - expected ~ 1/t2 through ejecta). 

• lack of periodicities in the Repeater
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-  need powerful source

Requirement of large Lsd and no DM changes  excludes young 
rotationally-powered pulsars as FRB sources (Lyutikov 2017)



Macroscopic Model II:  
magnetar flares (type-iii)

• Solar type-III radio emission in magnetars 
(Lyutikov 2006) 
• Initial stage of a “reconnection flare” - jets of particles, hence 

coherent emission - like Crab flares (Lyutikov et al. 2016)  
• Best case - observe radio burst associated with magnetar 

burst and flares. 
• Acceleration will “waste” energy on high energy emission: 

problems with energetics (like GBRs, but wrong rate) 
• Constraining  limits from SGR 1806-20 flare 

• SGR flare was 1047 erg/s -> radio efficiency of Repeater10-6 - OK? 

• But would give a GJy from 10 kpc -  not seen in Parkes side-lobes 
(Tendulkar + 2016) 

• No radio from PSR J1119-6127 X-ray (radio efficiency < 10-8)
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CHIME: same frequency drift in two 
repeaters
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- Some kind of a stiff confining structures - most likely magnetic field (radius-
to-frequency mapping in pulsars)

- Constructive interference through changing lens: up and down drifts

CHIME/FRB Collaboration
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Two “predictions” of magnetars’ radio 
emission (Shitov + 1999)
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Two “predictions” of magnetars’ radio 
emission (Shitov + 1999)



Type-III Solar Radio bursts

• plasma jets (electrons) from reconnection region 
propagating up in the corona 

• Reconnection in magnetars - beamed up
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Radius-to-frequency mapping

•           , given frequency at given radius, emission along B 

• Typical linear frequency drift, rates matched observed, 
sometimes complicated 

• Faster rotation - larger drifts 
• Prediction: PA swings  

(RVM - but smaller than in pulsars)
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Counter-part strategy: optical
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• Optical energetics >> radio, ~ 1045 erg/sec 
• Peak flux ~ 9m (but only for few msec - fast 

read-outs!) 
• m~ 15 image in 60 sec PTF, ASAS-SN, 

EVRYSCOPE (LSST!) - PTF might have seen, as 
star-like points in single exposure 

• Radio and optical - stare at the same patch 
• 2 optical? 
• Multi-frequency radio  

• triggered LOFAR obs. 
• CHIME

t=1, 5, 10 msec

Lyutikov & Lorimer 2016

- let’s hope!



Conclusion
• FRBs’ radio energetics is huge: macroscopic constraints at the 

source! (did not have for pulsars) 
• NS magnetospheres are the best bet for now, a bit boring 

• overall duration 

• frequency drifts 
• Predicted PA swings 

• Must be a special, powerful NS, not even average magnetar 
• Radio power (+ constant DM and non-changing properties of 

The Repeater) seem to exclude super-GPs 
• (Special ) Magnetars: 

• energetics OK  
• frequency  drift ~ Solar type-III 
• some, weak, observational arguments against 

• but must be “quiet”, not GRB, not much at high energies
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Alternatives

• Cyclotron maser at shocks (Lyubarsky, Beloborodov) 
• from 1014-1015 cm: Gamma ~ 104 is needed 

• energy is “wasted” on bulk motion (we are tight already) 
• not clear if can work in 3D 

• Super-radiance 
• (In lab: excite to inverted population,  

          like laser without mirrors)  

• coherently emitting blob Ls 
• Increased pumping within  
• triggered rate of induced transitions 

• Energy within Ls, duration         
 (if induced rate is fast enough) 

• Not clear if there is a good “lab technician” out there
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<latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit><latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit><latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit><latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit>



Alternatives

• Cyclotron maser at shocks (Lyubarsky, Beloborodov) 
• from 1014-1015 cm: Gamma ~ 104 is needed 

• energy is “wasted” on bulk motion (we are tight already) 
• not clear if can work in 3D 

• Super-radiance 
• (In lab: excite to inverted population,  

          like laser without mirrors)  

• coherently emitting blob Ls 
• Increased pumping within  
• triggered rate of induced transitions 

• Energy within Ls, duration         
 (if induced rate is fast enough) 

• Not clear if there is a good “lab technician” out there

!20

c⌧
<latexit sha1_base64="2LX7Hn1xP5n0JX6pT08is0JADmE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1GekizXrlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qmjCbTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/wPn8ANA2O3w==</latexit><latexit sha1_base64="2LX7Hn1xP5n0JX6pT08is0JADmE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1GekizXrlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qmjCbTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/wPn8ANA2O3w==</latexit><latexit sha1_base64="2LX7Hn1xP5n0JX6pT08is0JADmE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1GekizXrlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qmjCbTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/wPn8ANA2O3w==</latexit><latexit sha1_base64="2LX7Hn1xP5n0JX6pT08is0JADmE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1GekizXrlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qmjCbTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/wPn8ANA2O3w==</latexit>

Ls
<latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit>

c⌧
<latexit sha1_base64="2LX7Hn1xP5n0JX6pT08is0JADmE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1GekizXrlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qmjCbTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/wPn8ANA2O3w==</latexit><latexit sha1_base64="2LX7Hn1xP5n0JX6pT08is0JADmE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1GekizXrlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qmjCbTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/wPn8ANA2O3w==</latexit><latexit sha1_base64="2LX7Hn1xP5n0JX6pT08is0JADmE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1GekizXrlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qmjCbTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/wPn8ANA2O3w==</latexit><latexit sha1_base64="2LX7Hn1xP5n0JX6pT08is0JADmE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1GekizXrlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qmjCbTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/wPn8ANA2O3w==</latexit>

Gallant +,1992
Ring 
distribution

c⌧
<latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit><latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit><latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit><latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit>

c⌧
<latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit><latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit><latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit><latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit>



Alternatives

• Cyclotron maser at shocks (Lyubarsky, Beloborodov) 
• from 1014-1015 cm: Gamma ~ 104 is needed 

• energy is “wasted” on bulk motion (we are tight already) 
• not clear if can work in 3D 

• Super-radiance 
• (In lab: excite to inverted population,  

          like laser without mirrors)  

• coherently emitting blob Ls 
• Increased pumping within  
• triggered rate of induced transitions 

• Energy within Ls, duration         
 (if induced rate is fast enough) 

• Not clear if there is a good “lab technician” out there

!20

c⌧
<latexit sha1_base64="2LX7Hn1xP5n0JX6pT08is0JADmE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1GekizXrlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qmjCbTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/wPn8ANA2O3w==</latexit><latexit sha1_base64="2LX7Hn1xP5n0JX6pT08is0JADmE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1GekizXrlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qmjCbTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/wPn8ANA2O3w==</latexit><latexit sha1_base64="2LX7Hn1xP5n0JX6pT08is0JADmE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1GekizXrlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qmjCbTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/wPn8ANA2O3w==</latexit><latexit sha1_base64="2LX7Hn1xP5n0JX6pT08is0JADmE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1GekizXrlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qmjCbTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/wPn8ANA2O3w==</latexit>

c⌧
<latexit sha1_base64="2LX7Hn1xP5n0JX6pT08is0JADmE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1GekizXrlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qmjCbTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/wPn8ANA2O3w==</latexit><latexit sha1_base64="2LX7Hn1xP5n0JX6pT08is0JADmE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1GekizXrlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qmjCbTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/wPn8ANA2O3w==</latexit><latexit sha1_base64="2LX7Hn1xP5n0JX6pT08is0JADmE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1GekizXrlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qmjCbTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/wPn8ANA2O3w==</latexit><latexit sha1_base64="2LX7Hn1xP5n0JX6pT08is0JADmE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1GekizXrlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qmjCbTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/wPn8ANA2O3w==</latexit>

Ls
<latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit>

Gallant +,1992
Ring 
distribution

c⌧
<latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit><latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit><latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit><latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit>

c⌧
<latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit><latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit><latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit><latexit sha1_base64="cp63CF58YNLaIidLAlWA2di7POU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfntJ26s0OoBJykPEzpUIhaMopNajPSQZv1K1a/5c5BVEhSkCgUa/cpXb6BZlnCFTFJru4GfYphTg4JJPi33MstTysZ0yLuOKppwG+bza6fk3CkDEmvjSiGZq78ncppYO0ki15lQHNllbyb+53UzjG/CXKg0Q67YYlGcSYKazF4nA2E4QzlxhDIj3K2EjaihDF1AZRdCsPzyKmld1gK/FtxfVev1Io4SnMIZXEAA11CHO2hAExg8wjO8wpunvRfv3ftYtK55xcwJ/IH3+QMzc47d</latexit>
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