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AT2018cow

• rise-time of ≤ 3 days & peak luminosity ∼ 4 × 1044 erg s−1 

• small ejecta mass -> brighter and shorter SNe  

• light fast  ejecta becomes transparent  quickly 
• internal energy is not wasted on expansion 

•  The X-ray emission of initial power ∼ 1043 erg s−1 had an extra 
component at t ≤ 15 days, peaking at ∼ 40 keV  

• Evolution of line profiles indicate anisotropy 

• Similar optical and X-ray luminosities 

• There is a clear change of properties of the emission at ∼ 20 days, H & 
He lines appear 

• There is an indication of the rising IR component at t ≥ 30 days  
• There is bright radio emission t ≥ 80 day

!2



!3



!3

• Initial binary ~ 5+8 MSun
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• Two evolutionary channels: 

ONeMg + CO WDs
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• q> 0.25 - Unstable Roch lobe overflow
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• CO WD is disrupted, no Nova-like, 

no type-Ia
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• shell burning, mass loss, core growth 

• AIC
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• < few tens% of MSun ejected, 
smaller if timing OK 

• Fast rotating NS, B-field is 
amplified



!3



!3

AT2018cow is the lucky one of FBOTs -  
very little envelope was left before AIC
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• Central NS drives relativistic wind 

• Termination shock: X - IR in fast 
cooling regime 

• Forward Shock: first through 
ejecta then through wind  

• change at ~ 20 days 

• hydrogen from wind (DA WDs, 
10-4 of H)
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• Small Ejecta mass 

• H in the wind



Population synthesis

• Initial binary ~ 5+8 MSun 
• Two distinct evolutionary 

channel (direct and inverted) 
• CO-ONeMg WD mergers rate 

(q> 0.25) ~ 5 · 10−5 per Solar  

mass, consistent with the lower 
limit of the FBOT rate.  

• Host galaxies: merger delays ~ 
100 Myrs
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Mass ratio as vs primary mass

Delay time of CO-ONeMg WD mergers
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Wind and ejecta

• Minimal bounce-off mass: 10-2 MSun 
• Ejecta velocity from proto-NS of 30 km: ~ 0.25 c 
• Optical transparency: few days 
• Ejecta-wind interaction: slow down in ~ 30 days 
• Blackbody radius Rbb ∼ 8 × 1014 cm - wind-driven cavity 

expands to these scales on time scales of few days  

• Similar X-ray and optical luminosities: expected in the fast 
cooling
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NS wind-ejecta

• PWN dynamics inside ejecta 

• Breaks out into the wind when ejecta slows down, ~ a month 
•  Optical emission: forward shock from the NS-driven wind 
• Radiation dominated forward shock 

• Anisotropy: 
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NS wind-ejecta

• PWN dynamics inside ejecta 

• Breaks out into the wind when ejecta slows down, ~ a month 
•  Optical emission: forward shock from the NS-driven wind 
• Radiation dominated forward shock 

• Anisotropy: 
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NS wind-ejecta

• PWN dynamics inside ejecta 

• Breaks out into the wind when ejecta slows down, ~ a month 
•  Optical emission: forward shock from the NS-driven wind 
• Radiation dominated forward shock 

• Anisotropy: 
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• Breaks out into the wind when ejecta slows down, ~ a month 
•  Optical emission: forward shock from the NS-driven wind 
• Radiation dominated forward shock 

• Anisotropy: 
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NS wind-ejecta

• PWN dynamics inside ejecta 

• Breaks out into the wind when ejecta slows down, ~ a month 
•  Optical emission: forward shock from the NS-driven wind 
• Radiation dominated forward shock 

• Anisotropy: 
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• PWN dynamics inside ejecta 

• Breaks out into the wind when ejecta slows down, ~ a month 
•  Optical emission: forward shock from the NS-driven wind 
• Radiation dominated forward shock 
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NS wind-ejecta

• PWN dynamics inside ejecta 

• Breaks out into the wind when ejecta slows down, ~ a month 
•  Optical emission: forward shock from the NS-driven wind 
• Radiation dominated forward shock 

• Anisotropy: 
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NS wind-ejecta

• PWN dynamics inside ejecta 

• Breaks out into the wind when ejecta slows down, ~ a month 
•  Optical emission: forward shock from the NS-driven wind 
• Radiation dominated forward shock 
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<latexit sha1_base64="D29ui0BS78kXd05hDo2PQgTCU2Y=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXNUZqeiy6MaVVLEPaMchk2ba0EwSkoxQhtn4K25cKOLWz3Dn35g+Ftp6IHA4515uzokko9p43rezsLi0vLJaWCuub2xubbs7uw0tUoVJHQsmVCtCmjDKSd1Qw0hLKoKSiJFmNLga+c1HojQV/N4MJQkS1OM0phgZK4Xu/l2Y1Zo3OexIJaQR0DxkZyeVPHRLXtkbA84Tf0pKYIpa6H51ugKnCeEGM6R12/ekCTKkDMWM5MVOqolEeIB6pG0pRwnRQTYOkMMjq3RhLJR93MCx+nsjQ4nWwySykwkyfT3rjcT/vHZq4osgo1ymhnA8ORSnDI6C2jZglyqCDRtagrCi9q8Q95FC2NjOirYEfzbyPGmcln2v7N9WStXLaR0FcAAOwTHwwTmogmtQA3WAQQ6ewSt4c56cF+fd+ZiMLjjTnT3wB87nD7UHldE=</latexit><latexit sha1_base64="D29ui0BS78kXd05hDo2PQgTCU2Y=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXNUZqeiy6MaVVLEPaMchk2ba0EwSkoxQhtn4K25cKOLWz3Dn35g+Ftp6IHA4515uzokko9p43rezsLi0vLJaWCuub2xubbs7uw0tUoVJHQsmVCtCmjDKSd1Qw0hLKoKSiJFmNLga+c1HojQV/N4MJQkS1OM0phgZK4Xu/l2Y1Zo3OexIJaQR0DxkZyeVPHRLXtkbA84Tf0pKYIpa6H51ugKnCeEGM6R12/ekCTKkDMWM5MVOqolEeIB6pG0pRwnRQTYOkMMjq3RhLJR93MCx+nsjQ4nWwySykwkyfT3rjcT/vHZq4osgo1ymhnA8ORSnDI6C2jZglyqCDRtagrCi9q8Q95FC2NjOirYEfzbyPGmcln2v7N9WStXLaR0FcAAOwTHwwTmogmtQA3WAQQ6ewSt4c56cF+fd+ZiMLjjTnT3wB87nD7UHldE=</latexit><latexit sha1_base64="D29ui0BS78kXd05hDo2PQgTCU2Y=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXNUZqeiy6MaVVLEPaMchk2ba0EwSkoxQhtn4K25cKOLWz3Dn35g+Ftp6IHA4515uzokko9p43rezsLi0vLJaWCuub2xubbs7uw0tUoVJHQsmVCtCmjDKSd1Qw0hLKoKSiJFmNLga+c1HojQV/N4MJQkS1OM0phgZK4Xu/l2Y1Zo3OexIJaQR0DxkZyeVPHRLXtkbA84Tf0pKYIpa6H51ugKnCeEGM6R12/ekCTKkDMWM5MVOqolEeIB6pG0pRwnRQTYOkMMjq3RhLJR93MCx+nsjQ4nWwySykwkyfT3rjcT/vHZq4osgo1ymhnA8ORSnDI6C2jZglyqCDRtagrCi9q8Q95FC2NjOirYEfzbyPGmcln2v7N9WStXLaR0FcAAOwTHwwTmogmtQA3WAQQ6ewSt4c56cF+fd+ZiMLjjTnT3wB87nD7UHldE=</latexit><latexit sha1_base64="D29ui0BS78kXd05hDo2PQgTCU2Y=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXNUZqeiy6MaVVLEPaMchk2ba0EwSkoxQhtn4K25cKOLWz3Dn35g+Ftp6IHA4515uzokko9p43rezsLi0vLJaWCuub2xubbs7uw0tUoVJHQsmVCtCmjDKSd1Qw0hLKoKSiJFmNLga+c1HojQV/N4MJQkS1OM0phgZK4Xu/l2Y1Zo3OexIJaQR0DxkZyeVPHRLXtkbA84Tf0pKYIpa6H51ugKnCeEGM6R12/ekCTKkDMWM5MVOqolEeIB6pG0pRwnRQTYOkMMjq3RhLJR93MCx+nsjQ4nWwySykwkyfT3rjcT/vHZq4osgo1ymhnA8ORSnDI6C2jZglyqCDRtagrCi9q8Q95FC2NjOirYEfzbyPGmcln2v7N9WStXLaR0FcAAOwTHwwTmogmtQA3WAQQ6ewSt4c56cF+fd+ZiMLjjTnT3wB87nD7UHldE=</latexit>



X-rays: synchrotron from 
termination shock

• Peak synch. frequency at TS: 
• Radiative cooling in decreasing B-field: pile-up in IR 
• In fast cooling regime: most wind power radiated, LX ~ Lw 
• NS spindown 

•   Erratic inter-day variability X-ray emission: not FS, easy in TS 
in fast cooling (Lyutikov +2017)

!7

✏s ⇡ 50keV t�5/4
d

<latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit>

Lw =
Lw,0

(1 + t/t⌦)2
<latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit>

L0 ⇡ 1043erg�1
<latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit>

t⌦ ⇠ 20days
<latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit>



X-rays: synchrotron from 
termination shock

• Peak synch. frequency at TS: 
• Radiative cooling in decreasing B-field: pile-up in IR 
• In fast cooling regime: most wind power radiated, LX ~ Lw 
• NS spindown 

•   Erratic inter-day variability X-ray emission: not FS, easy in TS 
in fast cooling (Lyutikov +2017)

!7

✏s ⇡ 50keV t�5/4
d

<latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit>

Lw =
Lw,0

(1 + t/t⌦)2
<latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit>

L0 ⇡ 1043erg�1
<latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit>

t⌦ ⇠ 20days
<latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit>



X-rays: synchrotron from 
termination shock

• Peak synch. frequency at TS: 
• Radiative cooling in decreasing B-field: pile-up in IR 
• In fast cooling regime: most wind power radiated, LX ~ Lw 
• NS spindown 

•   Erratic inter-day variability X-ray emission: not FS, easy in TS 
in fast cooling (Lyutikov +2017)

!7

✏s ⇡ 50keV t�5/4
d

<latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit>

Lw =
Lw,0

(1 + t/t⌦)2
<latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit>

L0 ⇡ 1043erg�1
<latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit>

t⌦ ⇠ 20days
<latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit>



X-rays: synchrotron from 
termination shock

• Peak synch. frequency at TS: 
• Radiative cooling in decreasing B-field: pile-up in IR 
• In fast cooling regime: most wind power radiated, LX ~ Lw 
• NS spindown 

•   Erratic inter-day variability X-ray emission: not FS, easy in TS 
in fast cooling (Lyutikov +2017)

!7

✏s ⇡ 50keV t�5/4
d

<latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit>

Lw =
Lw,0

(1 + t/t⌦)2
<latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit>

L0 ⇡ 1043erg�1
<latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit>

t⌦ ⇠ 20days
<latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit>



X-rays: synchrotron from 
termination shock

• Peak synch. frequency at TS: 
• Radiative cooling in decreasing B-field: pile-up in IR 
• In fast cooling regime: most wind power radiated, LX ~ Lw 
• NS spindown 

•   Erratic inter-day variability X-ray emission: not FS, easy in TS 
in fast cooling (Lyutikov +2017)

!7

✏s ⇡ 50keV t�5/4
d

<latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit>

Lw =
Lw,0

(1 + t/t⌦)2
<latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit>

L0 ⇡ 1043erg�1
<latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit>

t⌦ ⇠ 20days
<latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit>

Perly+, 2018



X-rays: synchrotron from 
termination shock

• Peak synch. frequency at TS: 
• Radiative cooling in decreasing B-field: pile-up in IR 
• In fast cooling regime: most wind power radiated, LX ~ Lw 
• NS spindown 

•   Erratic inter-day variability X-ray emission: not FS, easy in TS 
in fast cooling (Lyutikov +2017)

!7

✏s ⇡ 50keV t�5/4
d

<latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit>

Lw =
Lw,0

(1 + t/t⌦)2
<latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit>

L0 ⇡ 1043erg�1
<latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit>

t⌦ ⇠ 20days
<latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit>



X-rays: synchrotron from 
termination shock

• Peak synch. frequency at TS: 
• Radiative cooling in decreasing B-field: pile-up in IR 
• In fast cooling regime: most wind power radiated, LX ~ Lw 
• NS spindown 

•   Erratic inter-day variability X-ray emission: not FS, easy in TS 
in fast cooling (Lyutikov +2017)

!7

✏s ⇡ 50keV t�5/4
d

<latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit>

Lw =
Lw,0

(1 + t/t⌦)2
<latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit>

L0 ⇡ 1043erg�1
<latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit>

t⌦ ⇠ 20days
<latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit>



X-rays: synchrotron from 
termination shock

• Peak synch. frequency at TS: 
• Radiative cooling in decreasing B-field: pile-up in IR 
• In fast cooling regime: most wind power radiated, LX ~ Lw 
• NS spindown 

•   Erratic inter-day variability X-ray emission: not FS, easy in TS 
in fast cooling (Lyutikov +2017)

!7

✏s ⇡ 50keV t�5/4
d

<latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit>

Lw =
Lw,0

(1 + t/t⌦)2
<latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit>

L0 ⇡ 1043erg�1
<latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit>

t⌦ ⇠ 20days
<latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit>

Marguti+, 2018



X-rays: synchrotron from 
termination shock

• Peak synch. frequency at TS: 
• Radiative cooling in decreasing B-field: pile-up in IR 
• In fast cooling regime: most wind power radiated, LX ~ Lw 
• NS spindown 

•   Erratic inter-day variability X-ray emission: not FS, easy in TS 
in fast cooling (Lyutikov +2017)

!7

✏s ⇡ 50keV t�5/4
d

<latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit>

Lw =
Lw,0

(1 + t/t⌦)2
<latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit>

L0 ⇡ 1043erg�1
<latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit>

t⌦ ⇠ 20days
<latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit>



X-rays: synchrotron from 
termination shock

• Peak synch. frequency at TS: 
• Radiative cooling in decreasing B-field: pile-up in IR 
• In fast cooling regime: most wind power radiated, LX ~ Lw 
• NS spindown 

•   Erratic inter-day variability X-ray emission: not FS, easy in TS 
in fast cooling (Lyutikov +2017)

!7

✏s ⇡ 50keV t�5/4
d

<latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit>

Lw =
Lw,0

(1 + t/t⌦)2
<latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit>

L0 ⇡ 1043erg�1
<latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit>

t⌦ ⇠ 20days
<latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit>

BNS ⇡ c3/2INSp
L0R3

NSt⌦
= 8⇥ 1014 G

⌦0 =

r
L0t⌦
INS

= 140 rads�1

<latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit><latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit><latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit><latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit>



X-rays: synchrotron from 
termination shock

• Peak synch. frequency at TS: 
• Radiative cooling in decreasing B-field: pile-up in IR 
• In fast cooling regime: most wind power radiated, LX ~ Lw 
• NS spindown 

•   Erratic inter-day variability X-ray emission: not FS, easy in TS 
in fast cooling (Lyutikov +2017)

!7

✏s ⇡ 50keV t�5/4
d

<latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit>

Lw =
Lw,0

(1 + t/t⌦)2
<latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit>

L0 ⇡ 1043erg�1
<latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit>

t⌦ ⇠ 20days
<latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit>

BNS ⇡ c3/2INSp
L0R3

NSt⌦
= 8⇥ 1014 G

⌦0 =

r
L0t⌦
INS

= 140 rads�1

<latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit><latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit><latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit><latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit>

Not too extreme - very important!



X-rays: synchrotron from 
termination shock

• Peak synch. frequency at TS: 
• Radiative cooling in decreasing B-field: pile-up in IR 
• In fast cooling regime: most wind power radiated, LX ~ Lw 
• NS spindown 

•   Erratic inter-day variability X-ray emission: not FS, easy in TS 
in fast cooling (Lyutikov +2017)

!7

✏s ⇡ 50keV t�5/4
d

<latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit>

Lw =
Lw,0

(1 + t/t⌦)2
<latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit>

L0 ⇡ 1043erg�1
<latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit>

t⌦ ⇠ 20days
<latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit>

BNS ⇡ c3/2INSp
L0R3

NSt⌦
= 8⇥ 1014 G

⌦0 =

r
L0t⌦
INS

= 140 rads�1

<latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit><latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit><latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit><latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit>

Not too extreme - very important!



X-rays: synchrotron from 
termination shock

• Peak synch. frequency at TS: 
• Radiative cooling in decreasing B-field: pile-up in IR 
• In fast cooling regime: most wind power radiated, LX ~ Lw 
• NS spindown 

•   Erratic inter-day variability X-ray emission: not FS, easy in TS 
in fast cooling (Lyutikov +2017)

!7

✏s ⇡ 50keV t�5/4
d

<latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit>

Lw =
Lw,0

(1 + t/t⌦)2
<latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit>

L0 ⇡ 1043erg�1
<latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit>

t⌦ ⇠ 20days
<latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit>

BNS ⇡ c3/2INSp
L0R3

NSt⌦
= 8⇥ 1014 G

⌦0 =

r
L0t⌦
INS

= 140 rads�1

<latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit><latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit><latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit><latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit>

Not too extreme - very important!



X-rays: synchrotron from 
termination shock

• Peak synch. frequency at TS: 
• Radiative cooling in decreasing B-field: pile-up in IR 
• In fast cooling regime: most wind power radiated, LX ~ Lw 
• NS spindown 

•   Erratic inter-day variability X-ray emission: not FS, easy in TS 
in fast cooling (Lyutikov +2017)

!7

✏s ⇡ 50keV t�5/4
d

<latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit><latexit sha1_base64="a7n8kv3uvn0YwTAh9OYszbSrBRI=">AAACGXicbZC7TsMwFIYdriXcAowsFhUSA5QEtYKxgoWxSPQiNaVy3NPWqpNYtoOoor4GC6/CwgBCjDDxNrhtBmj5JUuf/nOOjs8fCM6Udt1va2FxaXllNbdmr29sbm07O7s1FSeSQpXGPJaNgCjgLIKqZppDQ0ggYcChHgyuxvX6PUjF4uhWDwW0QtKLWJdRoo3VdlwfhGLcoMI+EULGDxjbJRenvgzxAGoj/xhjrNudu/SkdFoctZ28W3AnwvPgZZBHmSpt59PvxDQJIdKUE6Wanit0KyVSM8phZPuJAkHogPSgaTAiIahWOrlshA+N08HdWJoXaTxxf0+kJFRqGAamMyS6r2ZrY/O/WjPR3YtWyiKRaIjodFE34VjHeBwT7jAJVPOhAUIlM3/FtE8kodqEaZsQvNmT56F2VvDcgndTzJcvszhyaB8doCPkoXNURteogqqIokf0jF7Rm/VkvVjv1se0dcHKZvbQH1lfP+SHnks=</latexit>

Lw =
Lw,0

(1 + t/t⌦)2
<latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit><latexit sha1_base64="Q/imjHNqJxRcTywBUsmsslzIz0c=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBElDgTBL0IQS8eAkYwCyRx6On0JE16FrprDGGYX/Dir3jxoIhXb978GzvLQRMfFDzeq6KqnhMKrsA0v43UwuLS8kp6NbO2vrG5ld3eqakgkpRVaSAC2XCIYoL7rAocBGuEkhHPEazu9K9Gfv2BScUD/w6GIWt7pOtzl1MCWrKz+bI9wBe45UpC47IdD47NJMFx3jqCE7BbNx7rksP7YpKxszmzYI6B54k1JTk0RcXOfrU6AY085gMVRKmmZYbQjokETgVLMq1IsZDQPumypqY+8Zhqx+OPEnyglQ52A6nLBzxWf0/ExFNq6Dm60yPQU7PeSPzPa0bgnrdj7ocRMJ9OFrmRwBDgUTy4wyWjIIaaECq5vhXTHtHhgA5xFII1+/I8qRULllmwbk9zpctpHGm0h/ZRHlnoDJXQNaqgKqLoET2jV/RmPBkvxrvxMWlNGdOZXfQHxucPOICbWg==</latexit>

L0 ⇡ 1043erg�1
<latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit><latexit sha1_base64="pNSxv1kp9ulxmQVp2jlR/GGHuh0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWDJa0GXRjQsXFewD2jRMppN26GQSZiZiCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8WPOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h1djv3lPpWKRuNOjmLoh7gsWMIK1kTz74MZzYAfHsYweIHK6aeUsg1T2YTc9QZlnl5yyMwGcJygnJZCj5tlfnV5EkpAKTThWqo2cWLsplpoRTrNiJ1E0xmSI+7RtqMAhVW46eSODR0bpwSCSpoSGE/X3RIpDpUahbzpDrAdq1huL/3ntRAcXbspEnGgqyHRRkHCoIzjOBPaYpETzkSGYSGZuhWSAJSbaJFc0IaDZl+dJ47SMnDK6rZSql3kcBbAPDsExQOAcVME1qIE6IOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w9woJcu</latexit>

t⌦ ⇠ 20days
<latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit><latexit sha1_base64="sNZwlrBeK8m2hfHhZKQeQESViQA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKoMuiG3dWsA9oQphMJu3QmUmYmQghdOPGX3HjQhG3/oM7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rcrK6tr6RnWztrW9s7tn7x90VZJJTDo4YYnsh0gRRgXpaKoZ6aeSIB4y0gvH11O/90Ckoom413lKfI6GgsYUI22kwD7WgXfLyRBBT1EOmw6EhSc5jFCuJoFddxrODHCZuCWpgxLtwP7yogRnnAiNGVJq4Dqp9gskNcWMTGpepkiK8BgNycBQgThRfjH7YgJPjRLBOJGmhIYz9fdEgbhSOQ9NJ0d6pBa9qfifN8h0fOkXVKSZJgLPF8UZgzqB00hgRCXBmuWGICypuRXiEZIIaxNczYTgLr68TLrNhus03LvzeuuqjKMKjsAJOAMuuAAtcAPaoAMweATP4BW8WU/Wi/VufcxbK1Y5cwj+wPr8Aa2Jl2Y=</latexit>

BNS ⇡ c3/2INSp
L0R3

NSt⌦
= 8⇥ 1014 G

⌦0 =

r
L0t⌦
INS

= 140 rads�1

<latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit><latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit><latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit><latexit sha1_base64="IxxDSPq6wC5whACc3ynjc++hiR0="></latexit>

Not too extreme - very important!



IR

•  Ejecta contributes a lot to free-free absorption 

• Thin for 

• High frequencies, 341 and 230 GHz, are transparent all 
along, while lower frequency, 34 GHz traces expanding τ = 
1 surface.  

• In radio  and far IR ejecta thick until the shock breakout 
from the ejecta, ~ month

!8

⌧ff,ej = 2⇥ 1020⌫�4.2
GHz

T�2.7
4 t�10

d
<latexit sha1_base64="yLLCbnaBv9AHKPNDia61phdyXTE="></latexit><latexit sha1_base64="yLLCbnaBv9AHKPNDia61phdyXTE="></latexit><latexit sha1_base64="yLLCbnaBv9AHKPNDia61phdyXTE="></latexit><latexit sha1_base64="yLLCbnaBv9AHKPNDia61phdyXTE="></latexit>

⌫GHz > 7⇥ 104t�2.4
d

<latexit sha1_base64="qr99/7lJdYI/rRjMuglwwxMHOKQ=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgY9gNgVhJ0MKUEcwD8lhmJ5NkyOzsMnNXiEu+wMZfsbFQxNbazr9x8ig08cCFwzn3cu89fiS4Bsf5tlJr6xubW+ntzM7u3v6BfXhU12GsKKvRUISq6RPNBJesBhwEa0aKkcAXrOGPrqd+454pzUN5B+OIdQIykLzPKQEjeXauLWMvuak8TPBlCbeBB0xj1+kWMQav103OC/niJOPZWSfvzIBXibsgWbRA1bO/2r2QxgGTQAXRuuU6EXQSooBTwSaZdqxZROiIDFjLUEnM2k4ye2eCc0bp4X6oTEnAM/X3REICrceBbzoDAkO97E3F/7xWDP2LTsJlFAOTdL6oHwsMIZ5mg3tcMQpibAihiptbMR0SRSiYBKchuMsvr5J6Ie86efe2mC1fLeJIoxN0is6Qi0qojCqoimqIokf0jF7Rm/VkvVjv1se8NWUtZo7RH1ifPylqmZo=</latexit><latexit sha1_base64="qr99/7lJdYI/rRjMuglwwxMHOKQ=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgY9gNgVhJ0MKUEcwD8lhmJ5NkyOzsMnNXiEu+wMZfsbFQxNbazr9x8ig08cCFwzn3cu89fiS4Bsf5tlJr6xubW+ntzM7u3v6BfXhU12GsKKvRUISq6RPNBJesBhwEa0aKkcAXrOGPrqd+454pzUN5B+OIdQIykLzPKQEjeXauLWMvuak8TPBlCbeBB0xj1+kWMQav103OC/niJOPZWSfvzIBXibsgWbRA1bO/2r2QxgGTQAXRuuU6EXQSooBTwSaZdqxZROiIDFjLUEnM2k4ye2eCc0bp4X6oTEnAM/X3REICrceBbzoDAkO97E3F/7xWDP2LTsJlFAOTdL6oHwsMIZ5mg3tcMQpibAihiptbMR0SRSiYBKchuMsvr5J6Ie86efe2mC1fLeJIoxN0is6Qi0qojCqoimqIokf0jF7Rm/VkvVjv1se8NWUtZo7RH1ifPylqmZo=</latexit><latexit sha1_base64="qr99/7lJdYI/rRjMuglwwxMHOKQ=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgY9gNgVhJ0MKUEcwD8lhmJ5NkyOzsMnNXiEu+wMZfsbFQxNbazr9x8ig08cCFwzn3cu89fiS4Bsf5tlJr6xubW+ntzM7u3v6BfXhU12GsKKvRUISq6RPNBJesBhwEa0aKkcAXrOGPrqd+454pzUN5B+OIdQIykLzPKQEjeXauLWMvuak8TPBlCbeBB0xj1+kWMQav103OC/niJOPZWSfvzIBXibsgWbRA1bO/2r2QxgGTQAXRuuU6EXQSooBTwSaZdqxZROiIDFjLUEnM2k4ye2eCc0bp4X6oTEnAM/X3REICrceBbzoDAkO97E3F/7xWDP2LTsJlFAOTdL6oHwsMIZ5mg3tcMQpibAihiptbMR0SRSiYBKchuMsvr5J6Ie86efe2mC1fLeJIoxN0is6Qi0qojCqoimqIokf0jF7Rm/VkvVjv1se8NWUtZo7RH1ifPylqmZo=</latexit><latexit sha1_base64="qr99/7lJdYI/rRjMuglwwxMHOKQ=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgY9gNgVhJ0MKUEcwD8lhmJ5NkyOzsMnNXiEu+wMZfsbFQxNbazr9x8ig08cCFwzn3cu89fiS4Bsf5tlJr6xubW+ntzM7u3v6BfXhU12GsKKvRUISq6RPNBJesBhwEa0aKkcAXrOGPrqd+454pzUN5B+OIdQIykLzPKQEjeXauLWMvuak8TPBlCbeBB0xj1+kWMQav103OC/niJOPZWSfvzIBXibsgWbRA1bO/2r2QxgGTQAXRuuU6EXQSooBTwSaZdqxZROiIDFjLUEnM2k4ye2eCc0bp4X6oTEnAM/X3REICrceBbzoDAkO97E3F/7xWDP2LTsJlFAOTdL6oHwsMIZ5mg3tcMQpibAihiptbMR0SRSiYBKchuMsvr5J6Ie86efe2mC1fLeJIoxN0is6Qi0qojCqoimqIokf0jF7Rm/VkvVjv1se8NWUtZo7RH1ifPylqmZo=</latexit>
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•  Ejecta contributes a lot to free-free absorption 

• Thin for 

• High frequencies, 341 and 230 GHz, are transparent all 
along, while lower frequency, 34 GHz traces expanding τ = 
1 surface.  
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!8

⌧ff,ej = 2⇥ 1020⌫�4.2
GHz

T�2.7
4 t�10

d
<latexit sha1_base64="yLLCbnaBv9AHKPNDia61phdyXTE="></latexit><latexit sha1_base64="yLLCbnaBv9AHKPNDia61phdyXTE="></latexit><latexit sha1_base64="yLLCbnaBv9AHKPNDia61phdyXTE="></latexit><latexit sha1_base64="yLLCbnaBv9AHKPNDia61phdyXTE="></latexit>

⌫GHz > 7⇥ 104t�2.4
d

<latexit sha1_base64="qr99/7lJdYI/rRjMuglwwxMHOKQ=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgY9gNgVhJ0MKUEcwD8lhmJ5NkyOzsMnNXiEu+wMZfsbFQxNbazr9x8ig08cCFwzn3cu89fiS4Bsf5tlJr6xubW+ntzM7u3v6BfXhU12GsKKvRUISq6RPNBJesBhwEa0aKkcAXrOGPrqd+454pzUN5B+OIdQIykLzPKQEjeXauLWMvuak8TPBlCbeBB0xj1+kWMQav103OC/niJOPZWSfvzIBXibsgWbRA1bO/2r2QxgGTQAXRuuU6EXQSooBTwSaZdqxZROiIDFjLUEnM2k4ye2eCc0bp4X6oTEnAM/X3REICrceBbzoDAkO97E3F/7xWDP2LTsJlFAOTdL6oHwsMIZ5mg3tcMQpibAihiptbMR0SRSiYBKchuMsvr5J6Ie86efe2mC1fLeJIoxN0is6Qi0qojCqoimqIokf0jF7Rm/VkvVjv1se8NWUtZo7RH1ifPylqmZo=</latexit><latexit sha1_base64="qr99/7lJdYI/rRjMuglwwxMHOKQ=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgY9gNgVhJ0MKUEcwD8lhmJ5NkyOzsMnNXiEu+wMZfsbFQxNbazr9x8ig08cCFwzn3cu89fiS4Bsf5tlJr6xubW+ntzM7u3v6BfXhU12GsKKvRUISq6RPNBJesBhwEa0aKkcAXrOGPrqd+454pzUN5B+OIdQIykLzPKQEjeXauLWMvuak8TPBlCbeBB0xj1+kWMQav103OC/niJOPZWSfvzIBXibsgWbRA1bO/2r2QxgGTQAXRuuU6EXQSooBTwSaZdqxZROiIDFjLUEnM2k4ye2eCc0bp4X6oTEnAM/X3REICrceBbzoDAkO97E3F/7xWDP2LTsJlFAOTdL6oHwsMIZ5mg3tcMQpibAihiptbMR0SRSiYBKchuMsvr5J6Ie86efe2mC1fLeJIoxN0is6Qi0qojCqoimqIokf0jF7Rm/VkvVjv1se8NWUtZo7RH1ifPylqmZo=</latexit><latexit sha1_base64="qr99/7lJdYI/rRjMuglwwxMHOKQ=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgY9gNgVhJ0MKUEcwD8lhmJ5NkyOzsMnNXiEu+wMZfsbFQxNbazr9x8ig08cCFwzn3cu89fiS4Bsf5tlJr6xubW+ntzM7u3v6BfXhU12GsKKvRUISq6RPNBJesBhwEa0aKkcAXrOGPrqd+454pzUN5B+OIdQIykLzPKQEjeXauLWMvuak8TPBlCbeBB0xj1+kWMQav103OC/niJOPZWSfvzIBXibsgWbRA1bO/2r2QxgGTQAXRuuU6EXQSooBTwSaZdqxZROiIDFjLUEnM2k4ye2eCc0bp4X6oTEnAM/X3REICrceBbzoDAkO97E3F/7xWDP2LTsJlFAOTdL6oHwsMIZ5mg3tcMQpibAihiptbMR0SRSiYBKchuMsvr5J6Ie86efe2mC1fLeJIoxN0is6Qi0qojCqoimqIokf0jF7Rm/VkvVjv1se8NWUtZo7RH1ifPylqmZo=</latexit><latexit sha1_base64="qr99/7lJdYI/rRjMuglwwxMHOKQ=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgY9gNgVhJ0MKUEcwD8lhmJ5NkyOzsMnNXiEu+wMZfsbFQxNbazr9x8ig08cCFwzn3cu89fiS4Bsf5tlJr6xubW+ntzM7u3v6BfXhU12GsKKvRUISq6RPNBJesBhwEa0aKkcAXrOGPrqd+454pzUN5B+OIdQIykLzPKQEjeXauLWMvuak8TPBlCbeBB0xj1+kWMQav103OC/niJOPZWSfvzIBXibsgWbRA1bO/2r2QxgGTQAXRuuU6EXQSooBTwSaZdqxZROiIDFjLUEnM2k4ye2eCc0bp4X6oTEnAM/X3REICrceBbzoDAkO97E3F/7xWDP2LTsJlFAOTdL6oHwsMIZ5mg3tcMQpibAihiptbMR0SRSiYBKchuMsvr5J6Ie86efe2mC1fLeJIoxN0is6Qi0qojCqoimqIokf0jF7Rm/VkvVjv1se8NWUtZo7RH1ifPylqmZo=</latexit>
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IR

•  Ejecta contributes a lot to free-free absorption 

• Thin for 

• High frequencies, 341 and 230 GHz, are transparent all 
along, while lower frequency, 34 GHz traces expanding τ = 
1 surface.  

• In radio  and far IR ejecta thick until the shock breakout 
from the ejecta, ~ month
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Connection to Short GRBs: there are problems with 
NS+NS scenario, not seen in GW170817
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Active stage of NS-NS merger takes 10-100 msec, then collapse into BH. Very little mass 
is ejected. 

Many short GRBs have long 100 sec tails, energetically comparable/dominant to the 
prompt spike. 

Many GRBs have late time flares, 105 sec 

Would be good to have an active object remaining, but Mtot > 2.5 MSun 

AIC of merged WDs: bounce-off may produce a short GRB (Lyutikov & Toonen 2017)

100 sec tail has more energy
 than the 1 second GRB
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Scenario
• Initial binary ~ 5+8 MSun 

• 1.3 MSun ONeMg WD + q> 0.25 another WD 

• Unstable Roch lobe overflow - CO WD is disrupted on few orbital time 
scales - tens of seconds 

• high accretion rate - material not expelled in Nova-like events 

• C-detonation does not happen - avoids SN Ia 

• Shell burning, wind mass-loss 

• ONeMG reaches super-Ch. mass, goes AIC 

• < few tens% of MSun ejected, smaller if timing OK  

• Newly formed fast rotating NS, B-field is amplified (not too extreme) 

• Central power NS drives relativistic wind 

• Termination shock: X - IR in fast cooling regime 

• Forward Shock: first through ejecta then through wind  
• change at ~ 20 days 

• hydrogen from wind (DA WDs are most common, 10-4 of H)
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AT2018cow is the lucky one of FBOTs -  
very little envelope was left
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WD-WD mergers and AIC as short GRB 
engine

• Rates:  

• WD-WD mergers ~ 1 per 100-1000 yr per Galaxy, ~ SN Ia (and other SN) 

• Short GRBs ~ 1 per 105 yr per Galaxy, so 0.1-1% needed 

• Super-Ch. mass: 10% of total mergers, so 1-10%  of Super-Ch.  mergers 
needed 

• So, we need a narrow, very special channel to produce a GRB from 
WD-WD mergers
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Lyutikov & Nelson, in prep


