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Comet Hyakutake (with the Big Dipper) as seen from Chatsworth, New Jersey 

The Story of  Hyakutake: How We 
Know That Comets Produce X-rays 



The Story of  Hyakutake: How We 
Know That Comets Produce X-rays 
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Final Consensus on Emission 
Mechanism: Charge Exchange 

1. Ion approaches neutral target 
2. Ion captures electron(s) from neutral atom into 

excited state(s) 
3. Electron decays down, emits X-ray(s) 



Experimental charge exchange data convolved with the 
instrumental function produces an excellent fit to Chandra 

observations.  
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Charge Exchange Depends on 
Solar Wind Velocity – but how? 

Model of  velocity dependence of  hardness ratio, with two experimental data points 



Laboratory data can help 
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EBIT data can help 

I will add another data point to this graph using EBIT charge exchange data. 
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EBIT data can help 



New data point with 
EBIT data: 
hardness ratio of  ~.9, 
velocity of  ~40 km/s 

EBIT data can help 



Conclusions 
�  Comets produce X-rays! 

�  Charge exchange is the main emission mechanism 

�  Charge exchange cross sections depend heavily on 
collision velocity 

�  We can recreate charge exchange reactions between 
various species at different velocities using accelerators 
already in place across the globe 

�  In this way, we can better understand the charge 
exchange dependence on velocity in all relevant regimes 

Questions? 


