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WELCOME FROM THE CHAIR

tĞ�ǁŝƐŚ�ƚŽ�ĞǆƚĞŶĚ�Ă�ǁĂƌŵ�ǁĞůĐŽŵĞ�ƚŽ�Ăůů�ŽĨ�ǇŽƵ�ĂƩĞŶĚŝŶŐ�ƚŚĞ�ϰϭƐƚ�/����/ŶƚĞƌŶĂƟŽŶĂů��ŽŶĨĞƌ-
ĞŶĐĞ�ŽŶ�WůĂƐŵĂ�^ĐŝĞŶĐĞ�;/�KW^�ϮϬϭϰͿ�ĂŶĚ�ƚŚĞ�ϮϬƚŚ�/����/ŶƚĞƌŶĂƟŽŶĂů��ŽŶĨĞƌĞŶĐĞ�ŽŶ�,ŝŐŚͲWŽǁĞƌ�
WĂƌƟĐůĞ��ĞĂŵƐ�;�ĞĂŵƐ�ϮϬϭϰͿ͘��dŚŝƐ�ĐŽŵďŝŶĞĚ�/�KW^ͬ�ĞĂŵƐ�ϮϬϭϰ�ĐŽŶĨĞƌĞŶĐĞ�ŝƐ�ƐƉŽŶƐŽƌĞĚ�ďǇ�ƚŚĞ�
WůĂƐŵĂ�^ĐŝĞŶĐĞ�ĂŶĚ��ƉƉůŝĐĂƟŽŶƐ��ŽŵŵŝƩĞĞ�;W^��Ϳ�ĂŶĚ�ƚŚĞ�WƵůƐĞĚ�WŽǁĞƌ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ�
;WW^ΘdͿ��ŽŵŵŝƩĞĞ͕�ďŽƚŚ�ŽĨ�ƚŚĞ�/����EƵĐůĞĂƌ�ĂŶĚ�WůĂƐŵĂ�^ĐŝĞŶĐĞ�^ŽĐŝĞƚǇ�;EW^^Ϳ͘��dŚŝƐ�ŵĞĞƟŶŐ�
ǁŝůů�ďĞ�ŚĞůĚ�DĂǇ�Ϯϱ�Ͳ�Ϯϵ͕�ϮϬϭϰ͕�ŝŶ�tĂƐŚŝŶŐƚŽŶ͕����Ăƚ�ƚŚĞ�ŚŝƐƚŽƌŝĐ�DĂƌƌŝŽƩͲtĂƌĚŵĂŶ�WĂƌŬ�,ŽƚĞů�
ŝŶ�EŽƌƚŚǁĞƐƚ���͘��/ƚ�ĨŽůůŽǁƐ�ƚŚĞ�ĨŽƌŵĂƚ�ŽĨ�ƉƌĞǀŝŽƵƐ�/�KW^�ŵĞĞƟŶŐƐ�ǁŝƚŚ�ƚŽƉŝĐƐ�ĨƌŽŵ�ƚƌĂĚŝƟŽŶĂů�
ƉůĂƐŵĂ�ƉŚǇƐŝĐƐ�ĂŶĚ�ĞŶŐŝŶĞĞƌŝŶŐ͕�ďƵƚ�ĂůƐŽ�ŝŶĐůƵĚĞƐ�ĞŶŚĂŶĐĞĚ�ƚĞĐŚŶŝĐĂů�ƐĞƐƐŝŽŶƐ�ĐŽŵƉƌŝƐŝŶŐ�ƉƵůƐĞĚ�
ƉŽǁĞƌ�ƚĞĐŚŶŽůŽŐŝĞƐ͕�ƐŝŵƵůĂƟŽŶƐ͕�ĂŶĚ�ĚŝĂŐŶŽƐƟĐƐ�ĨŽƌ�ŝŶƚĞŶƐĞ�ĐŚĂƌŐĞĚ�ƉĂƌƟĐůĞ�ďĞĂŵƐ�ĂŶĚ�ƚŚĞŝƌ�
ĂƉƉůŝĐĂƟŽŶƐ͘�

�ŐĂŝŶƐƚ�Ă�ďĂĐŬĚƌŽƉ�ŽĨ�ƐĞǀĞƌĂů�ŽƚŚĞƌ�ƉůĂƐŵĂ�ĂŶĚ�ƉƵůƐĞĚ�ƉŽǁĞƌ�ĐŽŶĨĞƌĞŶĐĞƐ�ƚŽ�ďĞ�ŚĞůĚ�ǁŝƚŚŝŶ�ϮͲϯ�
ǁĞĞŬƐ�ŽĨ�/�KW^ͬ�ĞĂŵƐ�ϮϬϭϰ�ĂŶĚ�ƌĞĐĞŶƚ�h^�ŐŽǀĞƌŶŵĞŶƚ�ďƵĚŐĞƚ�ĐƵƚƐ�ĨŽƌĐŝŶŐ�ƌĞĚƵĐĞĚ�ƚƌĂǀĞů͕�ǁĞ�ĂƌĞ�
ŶŽŶĞƚŚĞůĞƐƐ�ƉůĞĂƐĞĚ�ƚŽ�ŚĂǀĞ�ĂĐĐĞƉƚĞĚ�ϲϬϴ�ĂďƐƚƌĂĐƚƐ͘�tĞ�ǁŽƵůĚ�ůŝŬĞ�ƚŽ�ƚŚĂŶŬ�Ăůů�ƉůĂƐŵĂ�ƐĐŝĞŶƟƐƚƐ�
ĂŶĚ�ĞŶŐŝŶĞĞƌƐ�ǁŚŽ�ŚĂǀĞ�ƐƵďŵŝƩĞĚ�ƚŚĞŝƌ�ƉĂƉĞƌƐ�ƚŽ�/�KW^ͬ�ĞĂŵƐ�ϮϬϭϰ͕�ĂůůŽǁŝŶŐ�ƵƐ�ƚŽ�ĨŽƌŵ�Ă�ǀĞƌǇ�
ǀŝďƌĂŶƚ�ĂŶĚ�ƐƚƌŽŶŐ�ƚĞĐŚŶŝĐĂů�ƉƌŽŐƌĂŵ͘��

dŚŝƐ�ƚĞĐŚŶŝĐĂů�ƉƌŽŐƌĂŵ�ǁŝůů�ďĞ�ůĞĚ�ďǇ�ƐĞǀĞŶ�ƉůĞŶĂƌǇ�ƚĂůŬƐ�ĐŽǀĞƌŝŶŐ�Ă�ĚŝǀĞƌƐĞ�ƌĂŶŐĞ�ŽĨ�ŝŵƉŽƌƚĂŶƚ�
ƚŽƉŝĐƐ�ƐƵĐŚ�ĂƐ�ƵůƚƌĂĐŽůĚ�ŶĞƵƚƌĂů�ƉůĂƐŵĂƐ͕�ŚŝŐŚͲĞŶĞƌŐǇͲĚĞŶƐŝƚǇ�ƉůĂƐŵĂƐ͕�ŚŝŐŚͲƉŽǁĞƌ�ŵŝĐƌŽǁĂǀĞƐ͕�
ŝŶĞƌƟĂů�ĐŽŶĮŶĞŵĞŶƚ�ĨƵƐŝŽŶ͕�ƉƵůƐĞĚ�ƉŽǁĞƌ�ĂƉƉůŝĐĂƟŽŶƐ�ƐƵĐŚ�ĂƐ�ƌĂĚŝŽŐƌĂƉŚǇ�ĂŶĚ�ĞůĞĐƚƌŽŵĂŐŶĞƚ-
ŝĐ�ƌĂŝůŐƵŶƐ͕�ƉůĂƐŵĂ�ŵŽĚŝĮĐĂƟŽŶ�ŽĨ�ďŝŽŵĂƚĞƌŝĂůƐ͕�ĂŶĚ�ƚŚĞ�ƵƐĞ�ŽĨ�ŚŝŐŚͲƉŽǁĞƌĞĚ�ďĞĂŵƐ�ĨŽƌ�ĂĐƟǀĞ�
ĚĞƚĞĐƟŽŶ�ŽĨ�ƐƉĞĐŝĂů�ŶƵĐůĞĂƌ�ŵĂƚĞƌŝĂůƐ͘�tĞ�ĂƌĞ�ĨŽƌƚƵŶĂƚĞ�ƚŚĂƚ��ƌ͘ �DŝĐŚĂĞů��ĞƐũĂƌůĂŝƐ͕�ǁŝŶŶĞƌ�ŽĨ�ƚŚĞ�
ϮϬϭϰ�/����EW^^�W^����ǁĂƌĚ�ŚĂƐ�ĐŚŽƐĞŶ�/�KW^ͬ�ĞĂŵƐ�ϮϬϭϰ�ƚŽ�ŐŝǀĞ�ŚŝƐ�ƉƌŝǌĞͲǁŝŶŶŝŶŐ�ĂĚĚƌĞƐƐ͘��

KƌŝŐŝŶĂů�ƉĂƉĞƌƐ�ŚĂǀĞ�ďĞĞŶ�ƐƵďŵŝƩĞĚ�ĨƌŽŵ�ŽǀĞƌ�ϯϬ�ĐŽƵŶƚƌŝĞƐ͕�ŐŝǀŝŶŐ�ƵƐ�Ă�ǁŽŶĚĞƌĨƵů�ĂƐƐĞŵďůǇ�ŽĨ�
ƚĞĐŚŶŝĐĂů�ĐŽŶƚƌŝďƵƟŽŶƐ�ĨƌŽŵ�ĂƌŽƵŶĚ�ƚŚĞ�ǁŽƌůĚ͖�ĂƐ�ƐƵĐŚ͕�ƚŚĞ�/�KW^ͬ�ĞĂŵƐ�ϮϬϭϰ�ƚĞĐŚŶŝĐĂů�ƉƌŽŐƌĂŵ�
ŝƐ�ĞǆƉĞĐƚĞĚ�ƚŽ�ŽīĞƌ�ĂŶ�ŽƵƚƐƚĂŶĚŝŶŐ�ĨŽƌƵŵ�ǁŝƚŚ�ǁŚŝĐŚ�ƚŽ�ůĞĂƌŶ�ĂďŽƵƚ�ƐŽŵĞ�ŽĨ�ƚŚĞ�ŐƌĞĂƚĞƐƚ�ĂĚǀĂŶĐ-
ĞƐ�ŝŶ�ƉůĂƐŵĂ�ƐĐŝĞŶĐĞ�ĂŶĚ�ƚĞĐŚŶŽůŽŐǇ�ŝŶ�ƌĞĐĞŶƚ�ǇĞĂƌƐ�ĂŶĚ�ƚŽ�ĞǆĐŚĂŶŐĞ�ǀŝĞǁƐ�ŽĨ�ĨƵƚƵƌĞ�ĚŝƌĞĐƟŽŶƐ�ŽĨ�
ŬĞǇ�ƉůĂƐŵĂ�ĂƉƉůŝĐĂƟŽŶƐ͘�^ŝŵŝůĂƌůǇ͕�ĂĐĂĚĞŵŝĐ͕�ƚĞĐŚŶŽůŽŐŝĐĂů͕�ŝŶĚƵƐƚƌŝĂů͕�ĂŶĚ�ĐŽŵŵĞƌĐŝĂů�ŝŶƚĞƌĞƐƚƐ�ŝŶ�
ƉůĂƐŵĂ�ƐĐŝĞŶĐĞ�ĂƌĞ�ůŝŬĞůǇ�ƚŽ�ŵĂŬĞ�/�KW^ͬ�ĞĂŵƐ�ϮϬϭϰ�ƚŚĞ�ŝĚĞĂů�ƉůĂĐĞ�ĨŽƌ�ŶĞƚǁŽƌŬŝŶŐ͕�ƐǇŶĞƌŐŝǌŝŶŐ͕�
ĂŶĚ�ŝŶĚĞĞĚ�ĐƌĞĂƟŶŐ�ŶĞǁ�ŐƌŽǁƚŚ�ĂƌĞĂƐ͘�

dŚŝƐ�ĐŽŶĨĞƌĞŶĐĞ�ĂůƐŽ�ĨĞĂƚƵƌĞƐ�ƚǁŽ�ϭ͘ϱͲĚĂǇ�ŵŝŶŝͲĐŽƵƌƐĞƐ�ĞŶƟƚůĞĚ�͞>Žǁ�dĞŵƉĞƌĂƚƵƌĞ��ƚŵŽƐƉŚĞƌŝĐ�
WƌĞƐƐƵƌĞ�WůĂƐŵĂƐ͟�ĂŶĚ�͞�ƚŽŵŝĐ�ĂŶĚ�ZĂĚŝĂƟŽŶ�WŚǇƐŝĐƐ͕͟ �ƌĞƐƉĞĐƟǀĞůǇ͕�ůĞĚ�ďǇ�ϮϬ�ƚĞĐŚŶŝĐĂů�ĞǆƉĞƌƚƐ�
ŝŶ�ƚŚĞƐĞ�ĮĞůĚƐ͘��/ŶǀŝƚĞĚ�ĂŶĚ�ƉůĞŶĂƌǇ�ƉĂƉĞƌƐ�ǁŝůů�ďĞ�ƉƵďůŝƐŚĞĚ�ŝŶ�Ă�^ƉĞĐŝĂů�/ƐƐƵĞ�ŽĨ�ƚŚĞ�/����dƌĂŶƐ-
ĂĐƟŽŶƐ�ŽŶ�WůĂƐŵĂ�^ĐŝĞŶĐĞ�ĂŶĚ�ĐŽŶƚƌŝďƵƚĞĚ�ƉĂƉĞƌƐ�ǁŝůů�ďĞ�ƉƵďůŝƐŚĞĚ�ŝŶ�ƚŚĞ�͞�ĞĂŵƐ͟�ƉƌŽĐĞĞĚŝŶŐƐ͕�
ŽƉĞŶ�ƚŽ�Ăůů�ĂƩĞŶĚĞĞƐ�ŽĨ�ƚŚĞ�ĐŽŵďŝŶĞĚ�ĐŽŶĨĞƌĞŶĐĞ͘

/�KW^ͬ�ĞĂŵƐ�ϮϬϭϰ�ŝƐ�ĂǀĂŝůĂďůĞ�ǀŝĂ�ƐŽĐŝĂů�ŶĞƚǁŽƌŬŝŶŐ�ƐƵĐŚ�ĂƐ�&ĂĐĞďŽŽŬ͕�>ŝŶŬĞĚ/Ŷ͕�ĂŶĚ�dǁŝƩĞƌ�
;ηŝĐŽƉƐďĞĂŵƐͿ͘�tĞ�ĞŶĐŽƵƌĂŐĞ�ǇŽƵ�ƚŽ�ũŽŝŶ�ƚŚĞƐĞ�ŐƌŽƵƉƐ͕�ĐƌĞĂƚĞ�ƚŽƉŝĐƐ͕�ŵĂŬĞ�ĨƌŝĞŶĚƐ�ĂŶĚ�ĂƐƐŝƐƚ�ŽƚŚ-
ĞƌƐ�ǁŚŽ�ĐĂŶ�ƉƌŽĮƚ�ĨƌŽŵ�ǇŽƵƌ�ĞǆƉĞƌŝĞŶĐĞ͘��ŽŶĨĞƌĞŶĐĞ�ĚĞƚĂŝůƐ�ĨŽƌ�/�KW^ͬ�ĞĂŵƐ�ϮϬϭϰ�ĐĂŶ�ďĞ�ĨŽƵŶĚ�
Ăƚ�ƚŚĞ�ĐŽŶĨĞƌĞŶĐĞ�ǁĞďƐŝƚĞ�Ăƚ͗��ŚƩƉƐ͗ͬͬǁǁǁ͘ĞĐĞ͘ƵŶŵ͘ĞĚƵͬŝĐŽƉƐͲďĞĂŵƐϮϬϭϰͬ͘
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�Ɛ�Ă�ůŽŶŐͲƟŵĞ�ƌĞƐŝĚĞŶƚ�ŽĨ�ƚŚĞ�tĂƐŚŝŶŐƚŽŶ����ĂƌĞĂ͕��ƌ͘ �:ŽĞ�^ĐŚƵŵĞƌ�ŽĨ�ƚŚĞ�EĂǀĂů�ZĞƐĞĂƌĐŚ�>Ăď-
ŽƌĂƚŽƌǇ�ŝƐ�ƉƌŽƵĚ�ƚŽ�ǁĞůĐŽŵĞ�ǇŽƵ�ƚŽ�ƚŚĞ�h͘^͘��ĂƉŝƚĂů�ƌĞŐŝŽŶ͘���Ɛ�ƚŚĞ�ƉŽůŝƟĐĂů�ĐĞŶƚĞƌ�ŽĨ�ƚŚĞ�hŶŝƚĞĚ�
^ƚĂƚĞƐ͕����ŝƐ�Ă�ŐƌĞĂƚ�ƉůĂĐĞ�ƚŽ�ǀŝƐŝƚ�ĂŶĚ�ůŝǀĞ͘��^ŝƚƵĂƚĞĚ�ŽŶ�ϭϲ�ďƌĞĂƚŚƚĂŬŝŶŐ�ĂĐƌĞƐ͕�ƚŚĞ�ĐŽŶĨĞƌĞŶĐĞ�ŚŽƚĞů�
ŝŶ�Et�tĂƐŚŝŶŐƚŽŶ͕����ŚĂƐ�ŚŽƐƚĞĚ�Ă�ůŽŶŐ�ůŝƐƚ�ŽĨ�h͘^͘�WƌĞƐŝĚĞŶƚƐ͕�ĚŝŐŶŝƚĂƌŝĞƐ�ĂŶĚ�s/WƐ͘��dŚĞ�ĐŽŶ-
ĨĞƌĞŶĐĞ�ŚŽƚĞů�ŝƐ�ůŽĐĂƚĞĚ�ŽŶ�ƚŚĞ�DĞƚƌŽ�ƐǇƐƚĞŵ�ďĞƚǁĞĞŶ�'ĞŽƌŐĞƚŽǁŶ͕�ƚŚĞ��ĚĂŵƐ�DŽƌŐĂŶ�ĚŝƐƚƌŝĐƚ͕�
ĂŶĚ��ƵƉŽŶƚ��ŝƌĐůĞ͕�ĮŶĚŝŶŐ�Ă�ŚŽŵĞ�ďĞƚǁĞĞŶ�ĞƚŚŶŝĐ�ƌĞƐƚĂƵƌĂŶƚƐ͕�ƚŚĞ�EĂƟŽŶĂů��ŽŽ͕�ŝŶƚĞƌĞƐƟŶŐ�ĂŶĚ�
ĐŽƐŵŽƉŽůŝƚĂŶ�ŶĞŝŐŚďŽƌŚŽŽĚƐ͕�ĐƵůƚƵƌĂů�ĚŝǀĞƌƐŝƚǇ͕�ƋƵŝƌŬǇ�ƐŚŽƉƐ͕�ĂŶĚ�ŽĪĞĂƚ�ďĂƌƐ�ĂŶĚ�ĐůƵďƐ͘��tĂƐŚ-
ŝŶŐƚŽŶ����ŝƐ�Ă�ƉĞƌĨĞĐƚ�ƉůĂĐĞ�ĨŽƌ�ĂŶ�ŝŶƚĞƌŶĂƟŽŶĂů�ŐĂƚŚĞƌŝŶŐ�ŽĨ�ƚŚĞ�ǁŽƌůĚ͛Ɛ�ĞǆƉĞƌƚƐ�ŝŶ�ƚŚĞ�ƚĞĐŚŶŽůŽŐǇ�
ĂŶĚ�ƐĐŝĞŶĐĞ�ŽĨ�ƉůĂƐŵĂƐ�ĂŶĚ�ƉƵůƐĞĚ�ƉŽǁĞƌ͘

�ůů�ŽĨ�ƵƐ�ǁŚŽ�ŚĞůƉĞĚ�ŽƌŐĂŶŝǌĞ�/�KW^ͬ�ĞĂŵƐ�ϮϬϭϰ�ƐŝŶĐĞƌĞůǇ�ŚŽƉĞ�ƚŚĂƚ�Ăůů�ƉĂƌƟĐŝƉĂŶƚƐ�ǁŝůů�ĞŶũŽǇ�
ďŽƚŚ�ƚŚĞ�ĐŽŶĨĞƌĞŶĐĞ�ĂŶĚ�tĂƐŚŝŶŐƚŽŶ͕���͘�tĞ�ůŽŽŬ�ĨŽƌǁĂƌĚ�ƚŽ�ǁĞůĐŽŵŝŶŐ�ǇŽƵ�Ăůů�ŝŶ�ƚŚĞ�ĞǆĐŝƟŶŐ�
ƉŽůŝƟĐĂůůǇͲĐŚĂƌŐĞĚ�ĐŝƚǇ�ŽĨ�tĂƐŚŝŶŐƚŽŶ͕���͘

Steve Richardson 

�ŽŵŵƵŶŝĐĂƟŽŶƐ��ŚĂŝƌ͕ �/�KW^ͬ�ĞĂŵƐ�ϮϬϭϰ

�ŽŶ�^ŚŝŋĞƌ 
dĞĐŚŶŝĐĂů�WƌŽŐƌĂŵ��ŚĂŝƌ͕ �/�KW^�ϮϬϭϰ

Bruce Weber 

dĞĐŚŶŝĐĂů�WƌŽŐƌĂŵ��ŚĂŝƌ͕ ��ĞĂŵƐ�ϮϬϭϰ

Rick Faehl 

�ŚĂŝƌ͕ �W^����ǆ�Žŵ͕�/����EW^^
Juergen Kolb 

�ŚĂŝƌ͕ �WW^Θd��ǆ�Žŵ͕�/����EW^^

Joe Schumer 

�ŚĂŝƌ͕ �/�KW^ͬ�ĞĂŵƐ�ϮϬϭϰ
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COMMITTEES

/�KW^ͬ�ĞĂŵƐ�ϮϬϭϰ�KƌŐĂŶŝǌŝŶŐ��ŽŵŵŝƩĞĞ
General Chair: :ŽƐĞƉŚ�^ĐŚƵŵĞƌ� EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
ICOPS 2014 Technical Chair: �ŽŶ�^ŚŝŋĞƌ� �ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
Beams 2014 Technical Chair: �ƌƵĐĞ�tĞďĞƌ� EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
Local Organizing Chair: �ĂŶ�:ŽďĞ� �K�ͬEE^�
�ŽŵŵƵŶŝĐĂƟŽŶƐ��ŚĂŝƌ͗� ^ƚĞǀĞ�ZŝĐŚĂƌĚƐŽŶ� EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
�ǆƚĞƌŶĂů�ZĞůĂƟŽŶƐ��ŚĂŝƌ͗� ^ĐŽƩ�<ŽǀĂůĞƐŬŝ� h͘�DŝƐƐŽƵƌŝ
�ǆƚĞƌŶĂů�ZĞůĂƟŽŶƐ͗� dŚŽŵĂƐ�,ƵƐƐĞǇ� �&K^Z͕�ƌĞƟƌĞĚ
&ŝŶĂŶĐĞ��ŽŵŵŝƩĞĞ͕��ŚĂŝƌ͗� ^ƚĞǀĞ�'ŽůĚ� EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
&ŝŶĂŶĐĞ��ŽŵŵŝƩĞĞ͗� ^ƚƵĂƌƚ�:ĂĐŬƐŽŶ� EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
Mini-course: :ŽŚŶ�&ŽƐƚĞƌ͕ �EĂƚĂůŝĂ��ĂďĂĞǀĂ� h͘�DŝĐŚŝŐĂŶ
Mini-course: �ƌĂƟ��ĂƐŐƵƉƚĂ� EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
Student Paper Awards: �ŚƌŝƐƟŶĞ��ŽǀĞƌĚĂůĞ� ^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ
Conference Secretary: dŽŶǇĂ�'ĂƌĚŶĞƌ� EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
Student Grants: &ĂƌŚĂƚ��ĞŐ� h͘��ĂůŝĨŽƌŶŝĂͲ^ĂŶ��ŝĞŐŽ
Conference Management: �ůŝĐŝĂ��ƵƉĞĐŬ� /����Ͳ�D��
Employment Center: tŝůůŝĂŵ�tŚŝƚĞ� �ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ��ĞŶƚĞƌ

/�KW^ͬ�ĞĂŵƐ�/ŶƚĞƌŶĂƟŽŶĂů��ŽŽƌĚŝŶĂƟŶŐ��ŽŵŵŝƩĞĞ
Chair: <ĞŝƚŚ�>Ğ�ŚŝĞŶ� �K�ͬEE^�͕�h^�
Co-Chair: ZŽďĞƌƚ��ŽŵŵŝƐƐŽ� EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �h^�
Beams Liaison: 'ĞƌĂůĚ��ŽŽƉĞƌƐƚĞŝŶ� EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �h^�

>ĂǇͲ<ĞĞ��ŶŐ� ^ŝŶŐĂƉŽƌĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ�Θ��ĞƐŝŐŶ͕�^ŝŶŐĂƉŽƌĞ
WĂƐĐĂů��ŚĂďĞƌƚ� >ĂďŽƌĂƚŽŝƌĞ�ĚĞ�WŚǇƐŝƋƵĞ�ĚĞƐ�WůĂƐŵĂƐ͕��ĐŽůĞ�WŽůǇƚĞĐŚŶŝƋƵĞ͕�&ƌĂŶĐĞ
:ŝĂŶũƵŶ��ĞŶŐ� /ŶƐƟƚƵƚĞ�ŽĨ�&ůƵŝĚ�WŚǇƐŝĐƐ͕��ŚŝŶĂ��ĐĂĚĞŵǇ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ�WŚǇƐŝĐƐ
WŝĞƚƌŽ�&ĂǀŝĂ� hŶŝǀĞƌƐŝƚǇ�ŽĨ��Ăƌŝ͕�/ƚĂůǇ
ZŽďĞƌƚ�&ĞĚŽƐĞũĞǀƐ� hŶŝǀĞƌƐŝƚǇ�ŽĨ��ůďĞƌƚĂ��ĚŵŽŶƚŽŶ͕��ĂŶĂĚĂ
:ĂŵĞƐ�&ŝůůĞƌƵƉ� �&K^Z�^ŽƵƚŚĞƌŶ�KĸĐĞ�ŽĨ��ĞƌŽƐƉĂĐĞ�ZĞƐĞĂƌĐŚ�ĂŶĚ��ĞǀĞůŽƉŵĞŶƚ
�ƐŚŝůĚ�&ƌĞĚƌŝŬƐĞŶ� hŶŝǀĞƌƐŝƚǇ�ŽĨ�dƌŽŵƐŽ͕�EŽƌǁĂǇ
tĞŝŚƵĂ�:ŝĂŶŐ� �ǆƚƌĞŵĞ��ŶĞƌŐǇͲ�ĞŶƐŝƚǇ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕�EĂŐĂŽŬĂ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �:ĂƉĂŶ
<ĂƌĞů�:ƵŶŐǁŝƌƚŚ� �ǌĞĐŚ��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͕��ǌĞĐŚ�ZĞƉƵďůŝĐ
DŝĐŚĂĞů�<ŽŶŐ� KůĚ��ŽŵŝŶŝŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �h^�
zŝƚǌŚĂŬ�DĂƌŽŶ� tĞŝǌŵĂŶŶ�/ŶƐƟƚƵƚĞ�ŽĨ�^ĐŝĞŶĐĞ͕�/ƐƌĂĞů
'ĞŶŶĂĚǇ�DĞƐǇĂƚƐ� ZƵƐƐŝĂŶ��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͕�ZƵƐƐŝĂ
'ĞŽƌŐ�DƺůůĞƌ� <ĂƌůƐƌƵŚĞ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �'ĞƌŵĂŶǇ
>Ƶƞŝ�KŬƐƵǌ� ^ƵůĞǇŵĂŶ��ĞŵŝƌĞů�hŶŝǀĞƌƐŝƚǇ͕ �dƵƌŬĞǇ
sĂůĞŶƟŶ�^ŵŝƌŶŽǀ� <ƵƌĐŚĂƚŽǀ�/ŶƐƟƚƵƚĞ͕�ZƵƐƐŝĂ
DĂŶĨƌĞĚ�dŚƵŵŵ� <ĂƌůƐƌƵŚĞ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �'ĞƌŵĂŶǇ
�ƵŐƵƐƚ�sĂůĨĞůůƐ� ZĞǇŬũĂǀŝŬ�hŶŝǀĞƌƐŝƚǇ͕ �/ĐĞůĂŶĚ
>ĂƵƌĞŶƚ�sĞƌŽŶ� ^ƚƌĂƚĞŐǇ�ĂŶĚ��ƐƐĞƐƐŵĞŶƚ�KĸĐĞ͕��ŽŵŵŝƐƐĂƌŝĂƚ�Ă�ů͛�ŶĞƌŐŝĞ��ƚŽŵŝƋƵĞ͕�&ƌĂŶĐĞ
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EW^^�WůĂƐŵĂ�^ĐŝĞŶĐĞ�ĂŶĚ��ƉƉůŝĐĂƟŽŶƐ��ŽŵŵŝƩĞĞ�;W^��Ϳ
Chair: ZŝĐŬĞǇ�&ĂĞŚů�
Vice Chair: �ŽŶĂůĚ�^ŚŝŋĞƌ�
Secretary: ^ƚĞǀĞŶ�'ŽůĚ�
WĂƐƚ��ŚĂŝƌ�;ϮϬϭϰͿ͗� �ƌĞŶĚĂŶ�'ŽĚĨƌĞǇ�
�ĚŝƚŽƌͲŝŶͲ�ŚŝĞĨ�ŽĨ�dƌĂŶƐĂĐƟŽŶƐ�ŽŶ�WůĂƐŵĂ�^ĐŝĞŶĐĞ͗�����^ƚĞǀĞŶ�'ŝƚŽŵĞƌ�

ExCom Leadership  

�ĂǀŝĚ��ďĞ�;ϮϬϭϰͿ� :ŽŚŶ�'ŝƵůŝĂŶŝ�;ϮϬϭϱͿ� <ĞŝƚŚ��ĂƌƚǁƌŝŐŚƚ�;ϮϬϭϲͿ
&ĂƌŚĂƚ��ĞŐ�;ϮϬϭϰͿ� DŝĐŚĂĞů�<ŽŶŐ�;ϮϬϭϱͿ� dŝŵ�'ƌŽƚũŽŚŶ�;ϮϬϭϲͿ
dĂƚǇĂŶĂ�^ŝǌǇƵŬ�;ϮϬϭϰͿ� DĂƌŬ�<ƵƐŚŶĞƌ�;ϮϬϭϱͿ� ^ĐŽƩ�<ŽǀĂůĞƐŬŝ�;ϮϬϭϲͿ
DŝĐŚĂĞů�DĂǌĂƌĂŬŝƐ�;ϮϬϭϰͿ� DŽƵŶŝƌ�>ĂƌŽƵƐƐŝ�;ϮϬϭϱͿ� �ĂƌƵĐŚ�>ĞǀƵƐŚ�;ϮϬϭϲͿ
�ŽŶĂůĚ�^ŚŝŋĞƌ�;ϮϬϭϰͿ� dŚŽŵĂƐ�DĞŚůŚŽƌŶ�;ϮϬϭϱͿ� ^ƚĞǀĞ�^ŚĂŶŶŽŶ�;ϮϬϭϲͿ
DĂƌǇ��ŶŶ�^ǁĞĞŶĞǇ�;ϮϬϭϰͿ� WĞƚĞƌ�^ƚŽůƚǌ�;ϮϬϭϱͿ� DĂŶĨƌĞĚ�dŚƵŵŵ�;ϮϬϭϲͿ
�ŚƌŝƐƟŶĞ��ŽǀĞƌĚĂůĞ� �ƌĞŶĚĂŶ�'ŽĚĨƌĞǇ� ^ƚĞǀĞŶ�'ŽůĚ
;�Ě�Žŵ�ϮϬϭϱͿ� ;�Ě�Žŵ�ϮϬϭϲͿ� ;�Ě�Žŵ�ϮϬϭϳͿ

�ĞĂŵƐ�/ŶƚĞƌŶĂƟŽŶĂů��ĚǀŝƐŽƌǇ��ŽŵŵŝƩĞĞ
'ĞƌĂůĚ��ŽŽƉĞƌƐƚĞŝŶ� EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �h^�
:ŝĂŶũƵŶ��ĞŶŐ� /ŶƐƟƚƵƚĞ�ŽĨ�&ůƵŝĚ�WŚǇƐŝĐƐ͕����W͕ ��ŚŝŶĂ
�Ăƌů��ŬĚĂŚů� >ŽƐ��ůĂŵŽƐ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �h^�
sůĂĚŝŵŝƌ��ŶŐĞůŬŽ� �ĨƌĞŵŽǀ�/ŶƐƟƚƵƚĞ͕�ZƵƐƐŝĂ
dŝŵŽƚŚǇ�'ŽůĚƐĂĐŬ� �ƚŽŵŝĐ�tĞĂƉŽŶƐ��ƐƚĂďůŝƐŚŵĞŶƚ͕�h<
tĞŝŚƵĂ�:ŝĂŶŐ� EĂŐĂŽŬĂ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �:ĂƉĂŶ
<ĂƌĞů�:ƵŶŐǁŝƌƚŚ� �ǌĞĐŚ��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͕��ǌĞĐŚ�ZĞƉƵďůŝĐ
sĂƐŝůŝ�<ŽŝĚĂŶ� <ƵƌĐŚĂƚŽǀ�/ŶƐƟƚƵƚĞ͕�ZƵƐƐŝĂ
<ĞŝƚŚ�>Ğ�ŚŝĞŶ� �K��EE^�͕�h^�
�ůĞǆĂŶĚĞƌ�>ŝƚǀĂŬ� /ŶƐƟƚƵƚĞ�ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ͕�ZƵƐƐŝĂ
:ŽŚŶ�DĂĞŶĐŚĞŶ� ^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕�h^�
DĞŝƌ�DĂƌŬŽǀŝƚƐ� DŝŶŝƐƚƌǇ�ŽĨ�EĂƟŽŶĂů�/ŶĨƌĂƐƚƌƵĐƚƵƌĞƐ͕�/ƐƌĂĞů
'ĞŶŶĂĚǇ�DĞƐǇĂƚƐ� �ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͕�ZƵƐƐŝĂ
'ĞŽƌŐ�DƺůůĞƌ� <ĂƌůƐƌƵŚĞ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �'ĞƌŵĂŶǇ
�ƌǇĂŶ�KůŝǀĞƌ� ^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕�h^�
DĂƌŬ�^ŝŶĐůĂŝƌ� �ƚŽŵŝĐ�tĞĂƉŽŶƐ��ƐƚĂďůŝƐŚŵĞŶƚ͕�h<
sĂůĞŶƟŶ�^ŵŝƌŶŽǀ� <ƵƌĐŚĂƚŽǀ�/ŶƐƟƚƵƚĞ͕�ZƵƐƐŝĂ
DĂŶĨƌĞĚ�dŚƵŵŵ� <ĂƌůƐƌƵŚĞ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �'ĞƌŵĂŶǇ
>ĂƵƌĞŶƚ�sĞƌŽŶ� ���͕�&ƌĂŶĐĞ
ZŽŐĞƌ�tŚŝƚĞ� >Ͳϯ��ŽŵŵƵŶŝĐĂƟŽŶƐ�WƵůƐĞ�^ĐŝĞŶĐĞ͕�h^�
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^ƚĂŶĚŝŶŐ�dĞĐŚŶŝĐĂů��ŽŵŵŝƩĞĞ�Ͷ�sŽƟŶŐ�DĞŵďĞƌƐ
^ƚĞƉŚĞŶ��͘��ĂǇŶĞ� ^ƚĞƉŚĞŶ��͘��ĂǇŶĞ� ^ƵƐĂŶ�,ĞŝĚŐĞƌ
'ĞŽƌŐ�DƵůůĞƌ� t͘�DĂƌŬ�,ĞŶĚĞƌƐŽŶ� �ŶĚƌĞĂƐ��͘�EĞƵďĞƌ
dŚŽŵĂƐ�t͘�,ƵƐƐĞǇ� �ƌǇĂŶ�s͘ �KůŝǀĞƌ� tĞŝŚƵĂ�:ŝĂŶŐ
&ƌĂŶŬ�WĞƚĞƌŬŝŶ� ZĂǀŝ�W͘ �:ŽƐŚŝ� DĂƌŬ�ZĂĚĞƌ
:ƵĞƌŐĞŶ�<Žůď� >ƵşƐ�ZĞĚŽŶĚŽ� <ĞŝƚŚ�>Ğ�ŚŝĞŶ
:ŽƐĞ�ZŽƐƐŝ� :ĂŶĞ�>ĞŚƌ� DĂƌŬ�^ŝŶĐůĂŝƌ
�ĂǀŝĚ��ůĂŶ�tĞƚǌ�:ƌ͘

^ƚĂŶĚŝŶŐ�dĞĐŚŶŝĐĂů��ŽŵŵŝƩĞĞ�Ͷ��ǆ�KĸĐŝŽ�DĞŵďĞƌƐ
ZĂǇŵŽŶĚ��ůůĞŶ� ^ƚĞǀĞŶ�:͘�'ŝƚŽŵĞƌ� WĂƚ��ŽƌĐŽƌĂŶ
>ŝƐĂ�DĂƩŽǆ� 'ĞƌĂůĚ��ŽŽƉĞƌƐƚĞŝŶ� ZŽďĞƌƚ��͘�ZĞŝŶŽǀƐŬǇ
DĂƌŬ��ƌĂǁĨŽƌĚ� �Ěů�^ĐŚĂŵŝůŽŐůƵ� ZĂŶĚǇ��ƵƌƌǇ
/ĂŶ��͘�^ŵŝƚŚ� ZŽŐĞƌ�tŚŝƚĞ

2014 Nuclear and Plasma Science Society

KĸĐĞƌƐ
President: :ĂŶĞƚ��ĂƌƚŚ
Vice President: :ŽŚŶ�sĞƌďŽŶĐŽĞƵƌ
Treasurer: ZŽŶ�<ĞǇƐĞƌ
Secretary: �ůďĞƌƚĂ�D͘��ĂǁƐŽŶ�>ĂƌƐĞŶ

ϮϬϭϰ��ĚŵŝŶŝƐƚƌĂƟǀĞ��ŽŵŵŝƩĞĞ
ZŽďĞƌƚ��ǁĂƐŬĂ�;W�^dͿ
�Ě�>ĂŵƉŽ�;Z/Ϳ
�ůďĞƌƚŽ�ĚĞů�'ƵĞƌƌĂ�;ED/^Ϳ

ϮϬϭϱ��ĚŵŝŶŝƐƚƌĂƟǀĞ��ŽŵŵŝƩĞĞ
<ĂǇ��ŚĞƐŶƵƚ�;Z�Ϳ
�ŚƌŝƐƟŶĞ��ůŽǀĞƌĚĂůĞ�;W^��Ϳ
DĂƌŬ��ƌĂǁĨŽƌĚ�;WW^dͿ
ZŽďĞƌƚ�ZĞĞĚ�;Z�Ϳ
:ŽŚŶ�^ĞƚŚŝĂŶ�;&d�Ϳ

ϮϬϭϲ��ĚŵŝŶŝƐƚƌĂƟǀĞ��ŽŵŵŝƩĞĞ
ZŽŶ�:ĂƐǌĐǌĂŬ�;ED/^�Ϳ
�ƌĂŶĚŽŶ�'ŽĚĨƌĞǇ�;W^��Ϳ
WĂƚƌŝĐŬ�>Ğ�Ƶ�;dƌĂŶƐŶĂƟŽŶĂůͿ

ϮϬϭϳ��ĚŵŝŶŝƐƚƌĂƟǀĞ��ŽŵŵŝƩĞĞ
^ƚĞǀĞ�'ŽůĚ�;W^��Ϳ
�ĂǀŝĚ�,ĞŝŵƐƚƌĂ�;Z�Ϳ
tĞŝŚƵĂ�:ŝĂŶŐ�;WW^dͿ
�ŝĐŬ�>ĂŶǌĂ�;Z/Ϳ
^ƚĞĨĂŶ�ZŝƩ�;��EW^Ϳ
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Past & Future ICOPS Conferences

ϭϵϳϰ� <ŶŽǆǀŝůůĞ͕�dE
ϭϵϳϱ� �ŶŶ��ƌďŽƌ͕ �D/
ϭϵϳϲ� �ƵƐƟŶ͕�dy
ϭϵϳϳ� dƌŽǇ͕ �Ez
ϭϵϳϴ� DŽŶƚĞƌĞǇ͕ ���
ϭϵϳϵ� DŽŶƚƌĞĂů͕��ĂŶĂĚĂ
ϭϵϴϬ� DĂĚŝƐŽŶ͕�t/
ϭϵϴϭ� ^ĂŶƚĂ�&Ğ͕�ED
ϭϵϴϮ� KƩĂǁĂ͕��ĂŶĂĚĂ
ϭϵϴϯ� ^ĂŶ��ŝĞŐŽ͕���
ϭϵϴϰ� ^ƚ͘�>ŽƵŝƐ͕�DK
ϭϵϴϱ� WŝƩƐďƵƌŐ͕�W�
ϭϵϴϲ� ^ĂƐŬĂƚŽŽŶ͕��ĂŶĂĚĂ
ϭϵϴϳ� �ƌůŝŶŐƚŽŶ͕�s�
ϭϵϴϴ� ^ĞĂƩůĞ͕�t�
ϭϵϴϵ� �ƵīĂůŽ͕�Ez
ϭϵϵϬ� KĂŬůĂŶĚ͕���
ϭϵϵϭ� tŝůůŝĂŵƐďƵƌŐ͕�s�
ϭϵϵϮ� dĂŵƉĂ͕�&>
ϭϵϵϯ� sĂŶĐŽƵǀĞƌ͕ ��ĂŶĂĚĂ
ϭϵϵϰ� ^ĂŶƚĂ�&Ğ͕�ED

ϭϵϵϱ� DĂĚŝƐŽŶ͕�t/
ϭϵϵϲ� �ŽƐƚŽŶ͕�D�
ϭϵϵϳ� ^ĂŶ��ŝĞŐŽ͕���
ϭϵϵϴ� ZĂůĞŝŐŚ͕�E�
ϭϵϵϵ� DŽŶƚĞƌĞǇ͕ ���
ϮϬϬϬ� EĞǁ�KƌůĞĂŶƐ͕�>�
ϮϬϬϭ� >ĂƐ�sĞŐĂƐ͕�Es
ϮϬϬϮ� �ĂŶī͕��ĂŶĂĚĂ
ϮϬϬϯ� :ĞũƵ͕�<ŽƌĞĂ
ϮϬϬϰ� �ĂůƟŵŽƌĞ͕�D�
ϮϬϬϱ� DŽŶƚĞƌĞǇ͕ ���
ϮϬϬϲ� dƌĂǀĞƌƐĞ��ŝƚǇ͕ �D/
ϮϬϬϳ� �ůďƵƋƵĞƌƋƵĞ͕�ED
ϮϬϬϴ� <ĂƌůƐƌƵŚĞ͕�'ĞƌŵĂŶǇ
ϮϬϬϵ� ^ĂŶ��ŝĞŐŽ͕���
ϮϬϭϬ� EŽƌĨŽůŬ͕�s�
ϮϬϭϭ� �ŚŝĐĂŐŽ͕�/>
ϮϬϭϮ� �ĚŝŶďƵƌŐŚ͕�h<
ϮϬϭϯ� ^ĂŶ�&ƌĂŶĐŝƐĐŽ͕���
ϮϬϭϰ� tĂƐŚŝŶŐƚŽŶ͕���
ϮϬϭϱ� �ŶƚĂůǇĂ͕�dƵƌŬĞǇ

Past Beams Conferences

ϭϵϳϱ� �ůďƵƋƵĞƌƋƵĞ͕�ED
ϭϵϳϳ� /ƚŚĂĐĂ͕�Ez
ϭϵϳϵ� EŽǀŽƐŝďŝƌƐŬ͕�ZƵƐƐŝĂ
ϭϵϴϭ� WĂůĂŝƐĞĂƵ͕�&ƌĂŶĐĞ
ϭϵϴϯ� ^ĂŶ�&ƌĂŶĐŝƐĐŽ͕���
ϭϵϴϲ� <ŽďĞ͕�:ĂƉĂŶ
ϭϵϴϴ� <ĂƌůƐƌƵŚĞ͕�'ĞƌŵĂŶǇ
ϭϵϵϬ� EŽǀŽƐŝďŝƌƐŬ͕�ZƵƐƐŝĂ
ϭϵϵϮ� tĂƐŚŝŶŐƚŽŶ͕���
ϭϵϵϰ� ^ĂŶ��ŝĞŐŽ͕���

ϭϵϵϲ� WƌĂŐƵĞ͕��ǌĞĐŚ�ZĞƉƵďůŝĐ
ϭϵϵϴ� ,ĂŝĨĂ͕�/ƐƌĂĞů
ϮϬϬϬ� EĂŐĂŽŬĂ͕�:ĂƉĂŶ
ϮϬϬϮ� �ůďƵƋƵĞƌƋƵĞ͕�ED
ϮϬϬϰ� ^ƚ͘�WĞƚĞƌƐďƵƌŐ͕�ZƵƐƐŝĂ
ϮϬϬϲ� KǆĨŽƌĚ͕��ŶŐůĂŶĚ
ϮϬϬϴ� yŝ Ă͛Ŷ͕��ŚŝŶĂ
ϮϬϭϬ� :ĞũƵ͕�^ŽƵƚŚ�<ŽƌĞĂ
ϮϬϭϮ� <ĂƌůƐƌƵŚĞ͕�'ĞƌŵĂŶǇ
ϮϬϭϰ� tĂƐŚŝŶŐƚŽŶ͕���
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University of New Mexico
Albuquerque, New Mexico, USA

July 27-August 1, 2014

www.ece.unm.edu/amerem2014

Professor Edl Schamiloglu, General Chair: edls@unm.edu
Dr. D.V. Giri, Technical Program Chair
Dr. William A. Radasky, Technical ProgramVice Chair
Mr. William Prather, Treasurer
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GENERAL INFORMATION

KŶƐŝƚĞ�ZĞŐŝƐƚƌĂƟŽŶ�
KŶƐŝƚĞ�ƌĞŐŝƐƚƌĂƟŽŶ�ĨŽƌ�/�KW^ͬ�ĞĂŵƐ�ǁŝůů�ďĞ�ĂǀĂŝůĂďůĞ�ŝŶ�ƚŚĞ��ƚƌŝƵŵ�Ăƚ�ƚŚĞ�DĂƌƌŝŽƩ�tĂƌĚŵĂŶ�WĂƌŬ͘�
ZĞŐŝƐƚƌĂƟŽŶ�ŚŽƵƌƐ�ĂƌĞ�ĂƐ�ĨŽůůŽǁƐ͗

Day Time

^ƵŶĚĂǇ͕�DĂǇ�Ϯϱ ϰ͗ϬϬ�Ɖŵ�ʹ�ϴ͗ϬϬ�Ɖŵ
DŽŶĚĂǇ͕�DĂǇ�Ϯϲ ϳ͗ϬϬ�Ăŵ�ʹ�ϲ͗ϬϬ�Ɖŵ
dƵĞƐĚĂǇ͕�DĂǇ�Ϯϳ ϳ͗ϯϬ�Ăŵ�ʹ�ϲ͗ϬϬ�Ɖŵ
tĞĚŶĞƐĚĂǇ͕�DĂǇ�Ϯϴ ϳ͗ϯϬ�Ăŵ�ʹ�ϲ͗ϬϬ�Ɖŵ
dŚƵƌƐĚĂǇ͕�DĂǇ�Ϯϵ ϳ͗ϯϬ�Ăŵ�ʹ�ϭϮ͗ϬϬ�Ɖŵ

�ŽīĞĞ��ƌĞĂŬƐ
�ŽīĞĞ�ďƌĞĂŬƐ�ǁŝůů�ďĞ�ƐĞƌǀĞĚ�Ăƚ�ϵ͗ϬϬ�Ăŵ�ĂŶĚ�Ϯ͗ϬϬ�Ɖŵ�ĚĂŝůǇ�;DŽŶĚĂǇ͕ �dƵĞƐĚĂǇ͕ �tĞĚŶĞƐĚĂǇ͕ �ĂŶĚ�dŚƵƌƐĚĂǇ�
ŵŽƌŶŝŶŐͿ�ŝŶ�ƚŚĞ��ǆŚŝďŝƚ�Θ�WŽƐƚĞƌ�ĂƌĞĂ͘���ƌĞĂŬƐ�ǁŝůů�ĂůƐŽ�ďĞ�ƐĞƌǀĞĚ�dŚƵƌƐĚĂǇ�ĂŌĞƌŶŽŽŶ�ĂŶĚ�&ƌŝĚĂǇ�ĨŽƌ�
DŝŶŝĐŽƵƌƐĞƐ͘

WƌĞƐĞŶƚĂƟŽŶ�/ŶƐƚƌƵĐƟŽŶƐ
dŚĞ�ĨŽůůŽǁŝŶŐ�ƐƵŵŵĂƌŝǌĞƐ�ƚŚĞ�ĨŽƌŵĂƚƐ�ĨŽƌ�WůĞŶĂƌǇ͕ �/ŶǀŝƚĞĚ͕�ĂŶĚ��ŽŶƚƌŝďƵƚĞĚ�KƌĂů�ƚĂůŬƐ͕�ĂƐ�ǁĞůů�ĂƐ�ƉŽƐƚĞƌƐ͗

KƌĂů�WƌĞƐĞŶƚĂƟŽŶƐ
WƌĞƐĞŶƚĂƟŽŶƐ�ŵƵƐƚ�ďĞ�ƵƉůŽĂĚĞĚ�ŽŶƚŽ�ƚŚĞ�ĐĞŶƚƌĂů�ƐĞƌǀĞƌ�Ăƚ�ůĞĂƐƚ�ƚǁŽ�ŚŽƵƌƐ�ƉƌŝŽƌ�ƚŽ�ƚŚĞ�ďĞŐŝŶŶŝŶŐ�ŽĨ�
ǇŽƵƌ�ƐĞƐƐŝŽŶ͘��ƵĞ�ƚŽ�ƚŚĞ�ƟŐŚƚ�ƐĐŚĞĚƵůĞ͕�ƉůĞĂƐĞ�ŶŽƚĞ�ƚŚĂƚ�ƐƉĞĂŬĞƌƐ�ǁŝůů�ŶŽƚ�ďĞ�ĂůůŽǁĞĚ�ƚŽ�ĐŽŶŶĞĐƚ�ƉĞƌ-
ƐŽŶĂů�ĐŽŵƉƵƚĞƌƐ�ƚŽ�ƚŚĞ�ƉƌŽũĞĐƚŽƌ͕ �ĂŶĚ�ƐĞƐƐŝŽŶ�ĐŚĂŝƌƐ�ǁŝůů�ŶŽƚ�ďĞ�ĂďůĞ�ƚŽ�ůŽĂĚ�ƉƌĞƐĞŶƚĂƟŽŶƐ�ĚƵƌŝŶŐ�ŽƌĂů�
ƐĞƐƐŝŽŶƐ͘�/Ĩ�Ă�ƚĂůŬ�ŝƐ�ŶŽƚ�ƵƉůŽĂĚĞĚ�ŝŶ�Ă�ƟŵĞůǇ�ŵĂŶŶĞƌ͕ �ƚŚĞ�^ĞƐƐŝŽŶ��ŚĂŝƌ�ǁŝůů�ŚĂǀĞ�ƚŚĞ�ŽƉƟŽŶ�ƚŽ�ƌĞƉůĂĐĞ�ŝƚ�
ǁŝƚŚ�Ă�ďĂĐŬƵƉ�ƚĂůŬ�ƚŽ�ĞŶƐƵƌĞ�ƐĞƐƐŝŽŶ�ĐŽŶƟŶƵŝƚǇ͘

�ƚ�ƚŚĞ�ĐŽŶĨĞƌĞŶĐĞ͕�Ă�͞WƌĞͲ>ŽĂĚŝŶŐ��ĞŶƚĞƌͬ͟^ƉĞĂŬĞƌ�ZĞĂĚǇ�ZŽŽŵ�ǁŝůů�ďĞ�ĂǀĂŝůĂďůĞ�ĨŽƌ�ĐŚĞĐŬŝŶŐ�ƚŚĞ�
ĐŽŶƚĞŶƚ�ŽĨ�ǇŽƵƌ�ƉƌĞƐĞŶƚĂƟŽŶ�ĂŶĚ�ƵƉůŽĂĚŝŶŐ�ŝƚ�ƚŽ�ƚŚĞ�ĐĞŶƚƌĂů�ƐĞƌǀĞƌ͘ �dŚĞ�͞WƌĞͲ>ŽĂĚŝŶŐ��ĞŶƚĞƌ͟�ǁŝůů�ďĞ�
ŽƉĞŶ�ŽŶ�^ƵŶĚĂǇ͕ �DĂǇ�Ϯϱ�ĨƌŽŵ�ϯ�Ɖ͘ŵ͘�ƚŽ�ϲ�Ɖ͘ŵ͘�;ϭϲϬϬʹϭϴϬϬͿ͖�ĂŶĚ�DŽŶĚĂǇʹdŚƵƌƐĚĂǇ�;DĂǇ�ϮϲʹϮϵͿ�ĨƌŽŵ�
ϴ�Ă͘ŵ͘�ƵŶƟů�ϱ�Ɖ͘ŵ͘�;ϬϴϬϬʹϭϳϬϬͿ͕�ůŽĐĂƚĞĚ�ŝŶ�ƚŚĞ�dǇůĞƌ�ZŽŽŵ�ŽŶ�ƚŚĞ�DĞǌǌĂŶŝŶĞ�>ĞǀĞů͕�ĂĚũĂĐĞŶƚ�ƚŽ�ƚŚĞ�ŽƌĂů�
sessions.

WƌĞƐĞŶƚĂƟŽŶƐ�ŵĂǇ�ďĞ�ƵƉůŽĂĚĞĚ�ĨƌŽŵ���͕��s�͕�Žƌ�h^��ŇĂƐŚ�ĚƌŝǀĞ͘�KŶůǇ�WŽǁĞƌ�WŽŝŶƚ�ƉƌĞƐĞŶƚĂƟŽŶƐ�
;͘ƉƉƚͬ͘ƉƉƚǆͿ�ĂŶĚ��ĚŽďĞ��ĐƌŽďĂƚ�ĮůĞƐ�;͘ƉĚĨͿ�ǁŝůů�ďĞ�ĂĐĐĞƉƚĞĚ͕�ĂƐ�ƚŚĞ�ĂǀĂŝůĂďůĞ�ƐŽŌǁĂƌĞ�ŝŶĐůƵĚĞƐ�Dŝ-
ĐƌŽƐŽŌ�KĸĐĞ�ĂŶĚ��ĚŽďĞ��ĐƌŽďĂƚ�ZĞĂĚĞƌ͘ �dŚĞ�ƉƌĞƐĞŶƚĞƌ�ŝƐ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ŬŶŽǁŝŶŐ�ŚŽǁ�ƚŽ�ƵƐĞ�ƚŚĞ�
ƐŽŌǁĂƌĞ�ĨŽƌ�ƚŚĞŝƌ�ĮůĞ�ĨŽƌŵĂƚ͖�Ă�ƐƉĞĂŬĞƌ�ƌĞĂĚǇ�ƌŽŽŵ�ǁŝůů�ďĞ�ĂǀĂŝůĂďůĞ�ĨŽƌ�ƉƌĂĐƟĐĞ͘

��ĐŽŵƉƵƚĞƌ͕ �ƉƌŽũĞĐƚŽƌ͕ �ůĂƐĞƌ�ƉŽŝŶƚĞƌ͕ �ƐůŝĚĞ�ĂĚǀĂŶĐĞƌ͕ �ĂŶĚ�ŵŝĐƌŽƉŚŽŶĞ�ǁŝůů�ďĞ�ĂǀĂŝůĂďůĞ�ŝŶ�ĞĂĐŚ�ŽƌĂů�ƐĞƐ-
ƐŝŽŶ�ƌŽŽŵ͘�zŽƵƌ�ƵƉůŽĂĚĞĚ�ƉƌĞƐĞŶƚĂƟŽŶ�ǁŝůů�ďĞ�ĂǀĂŝůĂďůĞ�ĨƌŽŵ�ƚŚĞ�ĐĞŶƚƌĂů�ƐĞƌǀĞƌ�ŝŶ�ĞĂĐŚ�ƐĞƐƐŝŽŶ�ƌŽŽŵ͘�
�ƵĚŝŽ�sŝƐƵĂů�dĞĐŚŶŝĐŝĂŶƐ�ǁŝůů�ďĞ�ĂǀĂŝůĂďůĞ�ƚŽ�ƉƌŽǀŝĚĞ�ƚĞĐŚŶŝĐĂů�ƐƵƉƉŽƌƚ͘

KƌĂů�ƐĞƐƐŝŽŶƐ�ǁŝůů�ďĞ�ŚĞůĚ�ŽŶ�ƚŚĞ�ƵƉƉĞƌ�ůĞǀĞů�;DĞǌǌĂŶŝŶĞͿ�ŝŶ�ƚŚĞ�dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�ĂƌĞĂ�Žƌ�ƚŚĞ�,ŽŽǀĞƌ�
ĂŶĚ��ŽŽůŝĚŐĞ�ZŽŽŵƐ�ŶĞĂƌďǇ͘
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WŽƐƚĞƌ�WƌĞƐĞŶƚĂƟŽŶƐ
dŚĞ�ƉŽƐƚĞƌ�ƐĞƐƐŝŽŶƐ�ǁŝůů�ďĞ�ůŽĐĂƚĞĚ�ŽŶ�ƚŚĞ�ůŽǁĞƌͲůĞǀĞů�ŝŶ��ǆŚŝďŝƚ��͘�WŽƐƚĞƌƐ�ŵƵƐƚ�Įƚ�ŽŶ�Ă�ϰ�ĨŽŽƚ�ŚŝŐŚ�ǆ�ϴ�
ĨŽŽƚ�ǁŝĚĞ�ƉŽƐƚĞƌ�ďŽĂƌĚ�;ŝ͘Ğ͘�ůĂŶĚƐĐĂƉĞ�ŽƌŝĞŶƚĂƟŽŶͿ͘�zŽƵƌ�ƉŽƐƚĞƌ�ƐŚŽƵůĚ�ďĞ�ĚŝƐƉůĂǇĞĚ�ďǇ�ϴ͗ϬϬ�Ăŵ�ŽĨ�ƚŚĞ�
ĚĂǇ�ǇŽƵ�ĂƌĞ�ƐĐŚĞĚƵůĞĚ͘�dŚĞ�ƉŽƐƚĞƌ�ƉƌĞƐĞŶƚĞƌ�ŝƐ�ĞǆƉĞĐƚĞĚ�ƚŽ�ƌĞŵĂŝŶ�Ăƚ�ƚŚĞ�ƉŽƐƚĞƌ�ĚƵƌŝŶŐ�ƚŚĞ�ĞŶƟƌĞ�ƟŵĞ�
ĂůůŽƩĞĚ�ƚŽ�ƚŚĞ�ƉŽƐƚĞƌ�ƐĞƐƐŝŽŶ�;ϭϰϬϬ�ʹ�ϭϱϯϬͿ͘��ĂĐŚ�ƉŽƐƚĞƌ�ŚĂƐ�ďĞĞŶ�ĂƐƐŝŐŶĞĚ�Ă�ŶƵŵďĞƌ͕ �ĂŶĚ�ŵƵƐƚ�ďĞ�
ŵŽƵŶƚĞĚ�ŽŶ�ƚŚĞ�ĂƉƉƌŽƉƌŝĂƚĞůǇ�ŶƵŵďĞƌĞĚ�ďŽĂƌĚ͘�;zŽƵ�ĐĂŶ�ĐŚĞĐŬ�ƚŚĞ�ŶƵŵďĞƌ�ďǇ�ƌĞĨĞƌƌŝŶŐ�ƚŽ�ƚŚĞ�ƉƌŝŶƚĞĚ�
Žƌ�ŽŶͲůŝŶĞ�ƉƌŽŐƌĂŵ�ŽŶĐĞ�ŝƚ�ŝƐ�ƉŽƐƚĞĚ͘Ϳ��ůů�ƉŽƐƚĞƌƐ�ǁŝůů�ďĞ�ĚŝƐƉůĂǇĂďůĞ�ƚŚĞ�ĞŶƟƌĞ�ǁĞĞŬ͕�DŽŶĚĂǇ�Ͳ�dŚƵƌƐĚĂǇ�
ŶŽŽŶ͕�ĂůůŽǁŝŶŐ�ĂĐĐĞƐƐ�ĨŽƌ�ƚĞĐŚŶŝĐĂů�ĚŝƐĐƵƐƐŝŽŶƐ�ƚŚƌŽƵŐŚŽƵƚ�ƚŚĞ�ǁĞĞŬ͘�/Ĩ�ƚŚŝƐ�ŝƐ�ƉŽƐƐŝďůĞ͕�ƉůĞĂƐĞ�ĚŝƐƉůĂǇ�
ǇŽƵƌ�ƉŽƐƚĞƌ�Ăƚ�ǇŽƵƌ�ĞĂƌůŝĞƐƚ�ĐŽŶǀĞŶŝĞŶĐĞ͘�/Ŷ�Ăůů�ĐĂƐĞƐ͕�ƉŽƐƚĞƌƐ�ůĞŌ�ŽŶ�ƚŚĞ�ďŽĂƌĚƐ�ĂƐ�ŽĨ�dŚƵƌƐĚĂǇ�ϭϮ͗ϬϬ�
Ɖ͘ŵ͘�ǁŝůů�ďĞ�ĚŝƐƉŽƐĞĚ�ĂŶĚ�ŶŽƚ�ƌĞƚƵƌŶĞĚ�ƚŽ�ƚŚĞ�ĂƵƚŚŽƌ͘

Social Events

�ĂĚŐĞƐ�ŵƵƐƚ�ďĞ�ǁŽƌŶ�ĨŽƌ�ĂĚŵŝƐƐŝŽŶ�ƚŽ�Ăůů�ĞǀĞŶƚƐ͖�ƟĐŬĞƚƐ�ǁŝůů�ďĞ�ĐŽůůĞĐƚĞĚ�ǁŚĞŶ�ŶĞĐĞƐƐĂƌǇ͘

^ƵŶĚĂǇ͕�ϱͬϮϱ͕�ϲ͗ϬϬ�Ɖŵ�ʹ�ϴ͗ϬϬƉŵ͗�tĞůĐŽŵĞ�ZĞĐĞƉƟŽŶ�
;/ŶĐůƵĚĞĚͿ 
dŚŝƐ�ĞǀĞŶƚ�ŝƐ�ŽƉĞŶ�ƚŽ�Ăůů�ƌĞŐŝƐƚĞƌĞĚ�ĐŽŶĨĞƌĞŶĐĞ�ĂƩĞŶĚĞĞƐ�ĂŶĚ�ĐŽŵƉĂŶŝŽŶƐ�ĂŶĚ�ǁŝůů�ďĞ�ůŽĐĂƚĞĚ�ŝŶ�ƚŚĞ�
�ƚƌŝƵŵ�Θ��ǆŚŝďŝƚ��͘�dŚĞ�ǁĞůĐŽŵĞ�ƌĞĐĞƉƟŽŶ�ŝƐ�ŝŶĐůƵĚĞĚ�ŝŶ�ǇŽƵƌ�ƌĞŐŝƐƚƌĂƟŽŶ�ĨĞĞ͘���

DŽŶĚĂǇ͕�ϱͬϮϳ͕�ϲ͗ϯϬ�Ɖŵ�ʹ�ϴ͗ϬϬ�Ɖŵ͗�tŽŵĞŶ�ŝŶ��ŶŐŝŶĞĞƌŝŶŐ�ZĞĐĞƉƟŽŶ
;ZĞŐŝƐƚƌĂƟŽŶ�ĨŽƌ�ƌĞĐĞƉƟŽŶ�ƌĞƋƵŝƌĞĚ͕�ƚŚĞƌĞ�ŝƐ�ŶŽ�ĐŽƐƚ�ĨŽƌ�ƚŚŝƐ�ĞǀĞŶƚͿ
dŚŝƐ�ĞǀĞŶƚ�ŝƐ�ŽƉĞŶ�ƚŽ�ƚŚŽƐĞ�ĂƩĞŶĚĞĞƐ�ǁŚŽ�ŚĂǀĞ�ƉƌĞͲ�ƌĞŐŝƐƚĞƌĞĚ�ĨŽƌ�ƚŚĞ�ĞǀĞŶƚ͘��dŚĞ�tŝ��ZĞĐĞƉƟŽŶ�ǁŝůů�
ďĞ�ůŽĐĂƚĞĚ�ŝŶ�tŝůƐŽŶ����͘�dŝĐŬĞƚƐ�ǁŝůů�ďĞ�ĐŽůůĞĐƚĞĚ�Ăƚ�ƚŚĞ�ĚŽŽƌ͘

tĞĚŶĞƐĚĂǇ͕�ϱͬϮϴ͕�ϳ͗ϬϬ�Ɖŵ�ʹ�ϵ͗ϬϬ�Ɖŵ͗�/����WůĂƐŵĂ�^ĐŝĞŶĐĞƐ��ǁĂƌĚƐ��ĂŶƋƵĞƚ�
;dŝĐŬĞƚ�ƉƵƌĐŚĂƐĞ�ƌĞƋƵŝƌĞĚ͕�ΨϰϬ�ĨŽƌ�ĐŽŶĨĞƌĞŶĐĞ�ĂƩĞŶĚĞĞƐ͕�Ψϱϱ�ĨŽƌ�ĐŽŵƉĂŶŝŽŶͿ 
dŚĞ��ĂŶƋƵĞƚ�ŝƐ�ĂǀĂŝůĂďůĞ�ďǇ�ƟĐŬĞƚ�ƉƵƌĐŚĂƐĞ�ĂƐ�ůŝƐƚĞĚ�ĂďŽǀĞ�ĂŶĚ�ǁŝůů�ďĞ�ůŽĐĂƚĞĚ�ŝŶ�dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�^�͘

KīƐŝƚĞ��ǆĐƵƌƐŝŽŶƐ͗
DŽŶĚĂǇ͕�ϱͬϮϲ͗�DŽƵŶƚ�sĞƌŶŽŶ�ĂŶĚ�KůĚ�dŽǁŶ͕��ůĞǆĂŶĚƌŝĂ�dŽƵƌ
�ŶũŽǇ�Ă�ŐƵŝĚĞĚ�ƚŽƵƌ�ŽĨ�DŽƵŶƚ�sĞƌŶŽŶ͕�ƚŚĞ�ŚŽŵĞ�ŽĨ�'ĞŽƌŐĞ�ĂŶĚ�DĂƌƚŚĂ�tĂƐŚŝŶŐƚŽŶ�ĨŽůůŽǁĞĚ�ďǇ�ĂŶ�
ĂŌĞƌŶŽŽŶ�ŝŶ�ĨĂŵŽƵƐ�KůĚ�dŽǁŶ͕��ůĞǆĂŶĚƌŝĂ͘��zŽƵ�ǁŝůů�ŚĂǀĞ�ƉůĞŶƚǇ�ŽĨ�ƟŵĞ�ƚŽ�ĞǆƉůŽƌĞ�ƚŚĞ�ŵĂŶǇ�ƐŚŽƉƐ�ĂŶĚ�
ƌĞƐƚĂƵƌĂŶƚƐ�ĂůŽŶŐ�<ŝŶŐ�^ƚƌĞĞƚ�ďĞĨŽƌĞ�ƌĞƚƵƌŶŝŶŐ�ƚŽ�ƚŚĞ�ŚŽƚĞů͘��dŚĞ�ďƵƐ�ůĞĂǀĞƐ�ƚŚĞ�ŚŽƚĞů�ůŽďďǇ�Ăƚ�ϭϬ͗ϬϬ��D�
ĂŶĚ�ƌĞƚƵƌŶƐ�Ăƚ�ϯ͗ϬϬ�WD͘
�ŽƐƚ͗�ΨϱϬ�/ŶĐůƵĚĞƐ�ƚƌĂŶƐƉŽƌƚĂƟŽŶ�ĂŶĚ�ĂĚŵŝƐƐŝŽŶ�ƚŽ�DŽƵŶƚ�sĞƌŶŽŶ

dƵĞƐĚĂǇ͕�ϱͬϮϳ͗�DŽŶƵŵĞŶƚ�ĂŶĚ�^ŵŝƚŚƐŽŶŝĂŶ�DƵƐĞƵŵƐ�dŽƵƌ
dŚĞ�ďƵƐ�ůĞĂǀĞƐ�ƚŚĞ�ŚŽƚĞů�Ăƚ�ϵ͗ϬϬ��D�ĨŽƌ�ƚŚĞ�ŵŽŶƵŵĞŶƚ�ƚŽƵƌ͘ ��dŚĞ�ƚŽƵƌ�ŝŶĐůƵĚĞƐ�ƚŚĞ�>ŝŶĐŽůŶ͕�sŝĞƚ�EĂŵ͕�
<ŽƌĞĂ͕�D><�ZŽŽƐĞǀĞůƚ�ĂŶĚ�tt//�DŽŶƵŵĞŶƚƐ͘��dŚĞ�ďƵƐ�ǁŝůů�ƚŚĞŶ�ƚĂŬĞ�ƵƐ�ƚŽ�ĚŽǁŶƚŽǁŶ͕�tĂƐŚŝŶŐƚŽŶ͕����
ĨŽƌ�ůƵŶĐŚ�ĂŶĚ�ƚŚĞŶ�ƚŽ�ƚŚĞ�^ŵŝƚŚƐŽŶŝĂŶ�DƵƐĞƵŵƐ�ŽŶ�ƚŚĞ�EĂƟŽŶĂů�DĂůů͘��dŚĞ�ƌĞƚƵƌŶ�ƚŽ�ƚŚĞ�ŚŽƚĞů�ǁŝůů�ďĞ�
ǀŝĂ�ƚŚĞ����DĞƚƌŽ͘��ŽƐƚ͗�ΨϯϬ�ŝŶĐůƵĚĞƐ�ƚƌĂŶƐƉŽƌƚĂƟŽŶ�ĂŶĚ����DĞƚƌŽ�ƟĐŬĞƚ͘��;�ĚŵŝƐƐŝŽŶ�ƚŽ�ƚŚĞ�ŵŽŶƵ-
ŵĞŶƚƐ�ĂŶĚ�ŵƵƐĞƵŵƐ�ĂƌĞ�ĨƌĞĞ�ŽĨ�ĐŚĂƌŐĞͿ
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dƵĞƐĚĂǇ͕�ϱͬϮϳ͗�EĂƚƐ�ǀƐ͘�DĂƌůŝŶƐ��ĂƐĞďĂůů�'ĂŵĞ
dŚŽƐĞ�ǁŚŽ�ŚĂǀĞ�ƉƵƌĐŚĂƐĞĚ�ƟĐŬĞƚƐ�ǁŝůů�ƚĂŬĞ�ƚŚĞ�DĞƚƌŽ�ƚŽ�EĂƚ Ɛ͛�^ƚĂĚŝƵŵ͘
�ŽƐƚ͗�ΨϯϬ�ŝŶĐůƵĚĞƐ�ŐĂŵĞ�ƟĐŬĞƚ

tĞĚŶĞƐĚĂǇ͕�ϱͬϮϴ͗�EĂƟŽŶĂů��ŝƌ�ĂŶĚ�^ƉĂĐĞ�DƵƐĞƵŵͬhĚǀĂƌͲ,ĂǌǇ��ĞŶƚĞƌ�ĂŶĚ�EĂ-

ƟŽŶĂů�DĂůů�^ŵŝƚŚƐŽŶŝĂŶͬEĂƟŽŶĂů�'ĂůůĞƌǇ
dŚĞ�ďƵƐ�ůĞĂǀĞƐ�ƚŚĞ�ŚŽƚĞů�Ăƚ�ϭϬ͗ϬϬ��D�ĨŽƌ�ƚŚĞ�EĂƟŽŶĂů��ŝƌ�ĂŶĚ�^ƉĂĐĞ�DƵƐĞƵŵ͕�hĚǀĂƌͲ,ĂǌǇ��ĞŶƚĞƌ͘ ��dŚŝƐ�
ĂŵĂǌŝŶŐ�ŵƵƐĞƵŵ�ďǇ��ƵůůĞƐ��ŝƌƉŽƌƚ�ŝƐ�ŚŽŵĞ�ƚŽ�ƐŽŵĞ�ŽĨ�ƚŚĞ�ǁŽƌůĚ Ɛ͛�ŵŽƐƚ�ĂŵĂǌŝŶŐ�Ăŝƌ�ĂŶĚ�ƐƉĂĐĞ�ĐƌĂŌ�
ĂŶĚ�ŝƐ�Ă�ĐŽŵƉĂŶŝŽŶ�ĨĂĐŝůŝƚǇ�ƚŽ�ƚŚĞ�DƵƐĞƵŵ�ŽŶ�ƚŚĞ�EĂƟŽŶĂů�DĂůů�ŝŶ�tĂƐŚŝŶŐƚŽŶ͕���͘��KƉĞŶĞĚ�ŝŶ�ϮϬϬϯ͕�
ŝƚƐ�ƚǁŽ�ŚƵŐĞ�ŚĂŶŐĂƌƐ�ĚŝƐƉůĂǇ�ƚŚŽƵƐĂŶĚƐ�ŽĨ�ĂǀŝĂƟŽŶ�ĂŶĚ�ƐƉĂĐĞ�ĂƌƟĨĂĐƚƐ͕�ŝŶĐůƵĚŝŶŐ�Ă�>ŽĐŬŚĞĞĚ�^ZͲϳϭ�
�ůĂĐŬďŝƌĚ͕�Ă��ŽŶĐŽƌĚĞ͕�ĂŶĚ�ƚŚĞ�^ƉĂĐĞ�^ŚƵƩůĞ��ŝƐĐŽǀĞƌǇ͘ ��dŚĞ��ĞŶƚĞƌ�ĂůƐŽ�ŽīĞƌƐ�ƚŚĞ��ŝƌďƵƐ�/D�y�dŚĞĂƚĞƌ�
ĂŶĚ�ƚŚĞ��ŽŶĂůĚ��͘��ŶŐĞŶ�KďƐĞƌǀĂƟŽŶ�dŽǁĞƌ͕ �ǁŚŝĐŚ�ŐŝǀĞƐ�ǇŽƵ�Ă�ϯϲϬͲĚĞŐƌĞĞ�ďŝƌĚ Ɛ͛ͲĞǇĞ�ǀŝĞǁ�ŽĨ�tĂƐŚŝŶŐ-
ƚŽŶ��ƵůůĞƐ�/ŶƚĞƌŶĂƟŽŶĂů��ŝƌƉŽƌƚ�ĂŶĚ�ƚŚĞ�ƐƵƌƌŽƵŶĚŝŶŐ�ĂƌĞĂ͘

dŚĞ�ďƵƐ�ǁŝůů�ƌĞƚƵƌŶ�ƚŽ�ƚŚĞ�EĂƟŽŶĂů�DĂůů�ĨŽƌ�ƚŚŽƐĞ�ǁŚŽ�ǁŝƐŚ�ƚŽ�ĐŽŶƟŶƵĞ�ĞǆƉůŽƌŝŶŐ�ƚŚĞ�ŵƵƐĞƵŵƐ�Žƌ�ƚŚĞ�
EĂƟŽŶĂů�'ĂůůĞƌǇ�ŽĨ��ƌƚ͘
�ŽƐƚ͗�ΨϯϬ�ŝŶĐůƵĚĞƐ�ƚƌĂŶƐƉŽƌƚĂƟŽŶ�ĂŶĚ����DĞƚƌŽ�ƟĐŬĞƚ͘��;�ĚŵŝƐƐŝŽŶ�ƚŽ�ƚŚĞ�ŵƵƐĞƵŵƐ�ĂƌĞ�ĨƌĞĞ�ŽĨ�ĐŚĂƌŐĞͿ

�ǆŚŝďŝƟŽŶ
�ǆŚŝďŝƚƐ�ǁŝůů�ďĞ�ůŽĐĂƚĞĚ�ŽŶ�ƚŚĞ��ǆŚŝďŝƟŽŶ�>ĞǀĞů�ĚƵƌŝŶŐ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ĚĂƚĞƐ�ĂŶĚ�ƟŵĞƐ͗

Day Time

^ƵŶĚĂǇ͕�DĂǇ�Ϯϱ ϱ͗ϬϬ�Ɖŵ�Ͳ�ϳ͗ϬϬ�Ɖŵ
DŽŶĚĂǇ͕�DĂǇ�Ϯϲ ϴ͗ϬϬ�Ăŵ�ʹ�ϱ͗ϬϬ�Ɖŵ
dƵĞƐĚĂǇ͕�DĂǇ�Ϯϳ ϴ͗ϬϬ�Ăŵ�ʹ�ϱ͗ϬϬ�Ɖŵ
tĞĚŶĞƐĚĂǇ͕�DĂǇ�Ϯϴ ϴ͗ϬϬ�Ăŵ�ʹ�ϭϮ͗ϬϬ�Ɖŵ

Minicourses

Day Time

dŚƵƌƐĚĂǇ͕�DĂǇ�Ϯϵ ϭ͗ϬϬ�Ɖŵ�ʹ�ϱ͗ϬϬ�Ɖŵ
&ƌŝĚĂǇ͕�DĂǇ�ϯϬ ϴ͗ϬϬ�Ăŵ�ʹ�ϱ͗ϬϬ�Ɖŵ
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Fe near CZ
boundary:
T~200 eV,
ne~1023 cm-3

Effect of modeling
on emissivity

Mini-course: Atomic and Radiation Physics
IEEE Pulsed Power & Plasma Science (PPPS) Conference
Thursday, May 29 - Friday, May 30, 2014
Marriott Wardman Park, Washington, DC, USA
Organized by: Arati Dasgupta, NRL
arati.dasgupta@nrl.navy.mil

Topics and Speakers
Atomic and Radiation Physics
Overview of Atomic and Radiation Physics
Arati Dasgupta (NRL)
Radiation transport in Z pinches
John P. Apruzese (NRL)
X-Ray spectroscopic signatures for pinches
Alla Safronova (UNR)

Laboratory Astrophysics
Applied Spectroscopy in Pulsed Power Plasmas
Gregory A. Rochau (SNL)
Opacity; Theoretical and astrophysical aspects
Anil K. Pradhan (OSU)

Non-LTE Atomic Kinetics
Radiation field effects on NLTE plasmas
Steven Rose (Imperial College, UK)
Line Profile & Line broadening;
Richard W. Lee (SLAC/UC-Berkeley)
Non-LTE Atomic Physics for the NIF
Kevin B. Fournier (LLNL)
Atomic models for NLTE simulations
Yuri Ralchenko (NIST)

Atomic Physics of Ultra Fast Lasers
Science at the time scale of electron
Margaret Murnane (JILA/U. Colorado)
Properties of Ultrafast Laser Heated Plasmas
Todd Ditmire (U. Texas)

detailed model
configuration-
averaged (CA)
CA+band-averaged
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Job Placement Center

��ũŽď�ŽƉƉŽƌƚƵŶŝƚǇ�ĐĞŶƚĞƌ�ǁŝůů�ďĞ�ƐĞƚ�ƵƉ�Ăƚ�ƚŚĞ�ϮϬϭϰ�/�KW^ͬ�ĞĂŵƐ��ŽŶĨĞƌĞŶĐĞ͘�dŚĞ�ƉůĂĐĞŵĞŶƚ�ĐĞŶƚĞƌ�
ƐĞƌǀĞƐ�ƚŽ�ĨĂĐŝůŝƚĂƚĞ�ĐŽŶƚĂĐƚ�ďĞƚǁĞĞŶ�ŝŶĚŝǀŝĚƵĂůƐ�ƐĞĞŬŝŶŐ�ǁŽƌŬ�ĂŶĚ�ƉƌŽƐƉĞĐƟǀĞ�ĞŵƉůŽǇĞƌƐ�;ŝŶĐůƵĚŝŶŐ�
ƚŚŽƐĞ�ŝŶ�ƉƌŝǀĂƚĞ�ŝŶĚƵƐƚƌǇ͕ �ĨĞĚĞƌĂů�ůĂďƐ�ĂŶĚ�ƵŶŝǀĞƌƐŝƟĞƐͿ͘�dŚĞ�ƉůĂĐĞŵĞŶƚ�ĐĞŶƚĞƌ�ŝƐ�Ă�ĨƌĞĞ͕�ǀŽůƵŶƚĂƌǇ�ƐĞƌǀŝĐĞ�
ĨŽƌ�ƐĞǀĞƌĂů�ƌĞůĂƚĞĚ�ĮĞůĚƐ�ŝŶĐůƵĚŝŶŐ͗�ƉůĂƐŵĂ�ƉŚǇƐŝĐƐ͕�ƉƵůƐĞĚ�ƉŽǁĞƌ͕ �ŚŝŐŚ�ƉŽǁĞƌ�ŵŝĐƌŽǁĂǀĞƐ�ĂŶĚ�ĨƵƐŝŽŶ͘

:Žď�ƉŽƐƟŶŐƐ�ǁŝůů�ďĞ�ƉƌŽŵŝŶĞŶƚůǇ�ĚŝƐƉůĂǇĞĚ�ŽŶ�ƚŚŝƐ�ƉĂŐĞ�ĂŶĚ�ǁŝůů�ĂůƐŽ�ďĞ�ƉŽƐƚĞĚ�Ăƚ�ƚŚĞ�ĐŽŶĨĞƌĞŶĐĞ�ŽŶ�Ă�
ďƵůůĞƟŶ�ďŽĂƌĚ�ĨŽƌ�ƚŚĞ�:Žď�KƉƉŽƌƚƵŶŝƚǇ��ĞŶƚĞƌ͘ �ZĞƐƵŵĞƐ�ǁŝůů�ďĞ�ĂǀĂŝůĂďůĞ�Ăƚ�ƚŚĞ�ůŝŶŬ�ďĞůŽǁ�ƚŽ�ƌĞŐŝƐƚĞƌĞĚ�
ũŽď�ƉůĂĐĞŵĞŶƚ�ĐĞŶƚĞƌ�ƌĞĐƌƵŝƚĞƌƐ͘�/ŶƚĞƌǀŝĞǁƐ�ǁŝůů�ďĞ�ƉŽƐƐŝďůĞ�ŽŶƐŝƚĞ�Ăƚ�/�KW^ͬ�ĞĂŵƐ�ŝŶ�ƚŚĞ�dĂǇůŽƌ�ZŽŽŵ�ŝĨ�
ĐĂŶĚŝĚĂƚĞƐͬƌĞĐƌƵŝƚĞƌƐ�ĂƌĞ�ĂǀĂŝůĂďůĞ�ďƵƚ�ĂƩĞŶĚĂŶĐĞ�Ăƚ�ƚŚĞ�ĐŽŶĨĞƌĞŶĐĞ�ŝƐ�ŶŽƚ�Ă�ƌĞƋƵŝƌĞŵĞŶƚ�ƚŽ�ƉĂƌƟĐŝƉĂƚĞ�
ŝŶ�ƚŚĞ�ƉůĂĐĞŵĞŶƚ�ĐĞŶƚĞƌ͊

/Ŷ�ƉƌĞǀŝŽƵƐ�ǇĞĂƌƐ�ƚŚĞ�ƉůĂĐĞŵĞŶƚ�ĐĞŶƚĞƌ�ŚĂƐ�ďĞĞŶ�ĂďůĞ�ƚŽ�ŚĞůƉ�ĞŶŐŝŶĞĞƌƐ͕�ƉŚǇƐŝĐŝƐƚƐ͕�ŵĂƚŚĞŵĂƟĐŝĂŶƐ�ĂŶĚ�
ƚĞĐŚŶŽůŽŐŝƐƚƐ�ŵĂŬĞ�ĐŽŶƚĂĐƚ�ǁŝƚŚ�ƉƌŽƐƉĞĐƟǀĞ�ĞŵƉůŽǇĞƌƐ͘

/ŶĚŝǀŝĚƵĂůƐ�ŝŶƚĞƌĞƐƚĞĚ�ŝŶ�ĞŵƉůŽǇŵĞŶƚ�ŽƉƉŽƌƚƵŶŝƟĞƐ�ƐŚŽƵůĚ�ƐĞŶĚ�ƚŚĞŝƌ�ƌĞƐƵŵĞƐ�;ŝŶ�ƉĚĨ�ĨŽƌŵĂƚͿ�ǀŝĂ�ĞŵĂŝů�
ƚŽ�ǁŵǁŚŝƚĞΛŝĞĞĞ͘ŽƌŐ͘�WůĞĂƐĞ�ŝŶĐůƵĚĞ�͞ϮϬϭϰ�/�KW^ͬ���D^�:ŽďƐ͟�ŝŶ�ƚŚĞ�ƐƵďũĞĐƚ�ůŝŶĞ͘�ZĞƐƵŵĞƐ�ƐŚŽƵůĚ�
ŝŶĐůƵĚĞ�ĐŝƟǌĞŶƐŚŝƉ�;ŶĞĞĚĞĚ�ĨŽƌ�ƉŽƐŝƟŽŶƐ�ŝŶ�ĐĞƌƚĂŝŶ�ƌĞƐĞĂƌĐŚ�ůĂďƐͿ�ĂŶĚ�ďĞ�ůŝŵŝƚĞĚ�ƚŽ�ŽŶĞ�ƉĂŐĞ�ƚŽ�ďĞ�
ŵŽƐƚ�ƵƐĞĨƵů͘�/Ĩ�ĂŶ�ŝŶĚŝǀŝĚƵĂů�ǁŝůů�ŶŽƚ�ďĞ�ĂƩĞŶĚŝŶŐ�ƚŚĞ�ĐŽŶĨĞƌĞŶĐĞ�ƉůĞĂƐĞ�ŶŽƚĞ�ƚŚŝƐ�ǁŚĞŶ�ƐĞŶĚŝŶŐ�ŝŶ�ƚŚĞ�
ƌĞƐƵŵĞ͘��ŐĂŝŶ͕�ƉĂƌƟĐŝƉĂƟŽŶ�ŝŶ�ƚŚĞ�ĐŽŶĨĞƌĞŶĐĞ�ŝƐ�ŶŽƚ�ƌĞƋƵŝƌĞĚ�ƚŽ�ƉĂƌƟĐŝƉĂƚĞ�ŝŶ�ƚŚĞ�ũŽď�ĨĂŝƌ͘

�ŵƉůŽǇĞƌƐ�ŝŶƚĞƌĞƐƚĞĚ�ŝŶ�ƌĞĐƌƵŝƟŶŐ�ƐŚŽƵůĚ�ƐĞŶĚ�Ă�ũŽď�ƉŽƐƟŶŐ�;ŝŶ�ƉĚĨ�ĨŽƌŵĂƚͿ�ǀŝĂ�ĞŵĂŝů�ƚŽ�ǁŵǁŚŝƚĞΛ
ŝĞĞĞ͘ŽƌŐ͘�WůĞĂƐĞ�ŝŶĐůƵĚĞ�͞ϮϬϭϰ�/�KW^ͬ�ĞĂŵƐ�:ŽďƐ͟�ŝŶ�ƚŚĞ�ƐƵďũĞĐƚ�ůŝŶĞ͘�WůĞĂƐĞ�ŵĂŬĞ�Ă�ŶŽƚĞ�ŽŶ�ƚŚĞ�
ƉŽƐƟŶŐ�ŝĨ�Ă�ƉŽƐŝƟŽŶ�ŚĂƐ�ƐƉĞĐŝĂů�ƌĞƋƵŝƌĞŵĞŶƚƐ�ƐƵĐŚ�ĂƐ�ĞǆƚĞŶĚĞĚ�ƚƌĂǀĞů�ĚƵƟĞƐ�Žƌ�ƚŚĞ�ĂďŝůŝƚǇ�ƚŽ�ŽďƚĂŝŶ�Ă�
ƐĞĐƵƌŝƚǇ�ĐůĞĂƌĂŶĐĞ͘�/Ĩ�ĂŶ�ĞŵƉůŽǇĞƌ�ǁŽƵůĚ�ůŝŬĞ�ƚŽ�ŝŶƚĞƌǀŝĞǁ�ĂƉƉůŝĐĂŶƚƐ�Ăƚ�ƚŚĞ�ĐŽŶĨĞƌĞŶĐĞ͕�ƉůĞĂƐĞ�ŶŽƚĞ�ƚŚŝƐ�
ǁŚĞŶ�ƐĞŶĚŝŶŐ�ŝŶ�ƚŚĞ�ũŽď�ƉŽƐƟŶŐ�;ƐƉĂĐĞ�ǁŝůů�ďĞ�ƉƌŽǀŝĚĞĚ�ĨŽƌ�ŝŶƚĞƌǀŝĞǁƐͿ͘�ZĞŐŝƐƚƌĂƟŽŶ�ŝŶĨŽƌŵĂƟŽŶ�ĨŽƌ�ƚŚĞ�
ǁĞďƉĂŐĞ�ǁŝůů�ďĞ�ƐĞŶƚ�ƚŽ�ƚŚĞ�ĞŵƉůŽǇĞƌ�ĐŽŶƚĂĐƚ�ĂůůŽǁŝŶŐ�ƚŚĞ�ƌĞƐƵŵĞƐ�ŽŶ�ƚŚŝƐ�ǁĞďƐŝƚĞ�ƚŽ�ďĞ�ǀŝĞǁĞĚ͘

WĂƌƟĐŝƉĂŶƚƐ�ǁŝƚŚ�ƋƵĞƐƟŽŶƐ�ƐŚŽƵůĚ�ĨĞĞů�ĨƌĞĞ�ƚŽ�ĐŽŶƚĂĐƚ�ƵƐ�Ăƚ�ǁŵǁŚŝƚĞΛŝĞĞĞ͘ŽƌŐ

Free Introductory Membership

/Ŷ�ŽƌĚĞƌ�ƚŽ�ĞŶĐŽƵƌĂŐĞ�ƉĂƌƟĐŝƉĂƟŽŶ�ŝŶ�ƚŚĞ�ĂĐƟǀŝƟĞƐ�ŽĨ�ƚŚĞ�/����ĂŶĚ�ƚŚĞ�WůĂƐŵĂ�^ĐŝĞŶĐĞ�ĂŶĚ��ƉƉůŝĐĂƟŽŶƐ�
^ĞĐƟŽŶ�ŽĨ�ƚŚĞ�/����EƵĐůĞĂƌ�ĂŶĚ�WůĂƐŵĂ�^ĐŝĞŶĐĞ�^ŽĐŝĞƚǇ͕ �ĨƌĞĞ�ŚĂůĨͲǇĞĂƌ�ŵĞŵďĞƌƐŚŝƉƐ�ǁŝůů�ďĞ�ŐŝǀĞŶ�ƚŽ�Ăůů�
ŝŶƚĞƌĞƐƚĞĚ�ŶŽŶͲ/����ŵĞŵďĞƌƐ�;ŝŶĐůƵĚŝŶŐ�ƐƚƵĚĞŶƚƐͿ�ƌĞŐŝƐƚĞƌŝŶŐ�ĨŽƌ�ƚŚŝƐ�ĐŽŶĨĞƌĞŶĐĞ͘��dŚŝƐ�ĨƌĞĞ�ŚĂůĨͲǇĞĂƌ�
ŵĞŵďĞƌƐŚŝƉ�ŝŶĐůƵĚĞƐ�Ă�ƐƵďƐĐƌŝƉƟŽŶ�ƚŽ�/����^ƉĞĐƚƌƵŵ�ĂŶĚ�ƚŚĞ�/����dƌĂŶƐĂĐƟŽŶƐ�ŽŶ�WůĂƐŵĂ�^ĐŝĞŶĐĞ͘��
dŚĞ�ƌĞŐƵůĂƌ�ĐŽƐƚ�ŽĨ�Ă�ĨƵůů�ǇĞĂƌ Ɛ͛�ŵĞŵďĞƌƐŚŝƉ�ĐĂŶ�ďĞ�ĨŽƵŶĚ�Ăƚ�ǁǁǁ͘ŝĞĞĞ͘ŽƌŐ͘��DĞŵďĞƌƐŚŝƉ�ŝŶĐůƵĚĞƐ͗

9� ^ƵďƐĐƌŝƉƟŽŶ�ƚŽ�dƌĂŶƐĂĐƟŽŶƐ�ŽŶ�WůĂƐŵĂ�^ĐŝĞŶĐĞ͕�Ă�ũŽƵƌŶĂů�ĚĞǀŽƚĞĚ�ƚŽ�Ăůů�ĂƐƉĞĐƚƐ�ŽĨ�ƉůĂƐŵĂ�
ƐĐŝĞŶĐĞ�ĂŶĚ�ƚĞĐŚŶŽůŽŐǇ͘

9� ^ƵďƐĐƌŝƉƟŽŶ�ƚŽ�/����^ƉĞĐƚƌƵŵ͕�Ă�ŵĂŐĂǌŝŶĞ�ĐŽǀĞƌŝŶŐ�ĞŶŐŝŶĞĞƌŝŶŐ�ƚŽƉŝĐƐ�ŽĨ�ŐĞŶĞƌĂů�ƚĞĐŚŶŝĐĂů͕�
ĞĐŽŶŽŵŝĐ͕�ƉŽůŝƟĐĂů͕�ĂŶĚ�ƐŽĐŝĂů�ŝŶƚĞƌĞƐƚ͘

9� ^ƵďƐĐƌŝƉƟŽŶ�ƚŽ�ƚŚĞ�EW^^�EĞǁƐůĞƩĞƌ�ǁŝƚŚ�ŶĞǁƐ�ŝƚĞŵƐ�ĂďŽƵƚ�ƚŚĞ��ŽŶĨĞƌĞŶĐĞ�ŽŶ�WůĂƐŵĂ�
^ĐŝĞŶĐĞ͕�ƚŚĞ�WĂƌƟĐůĞ��ĐĐĞůĞƌĂƚŽƌ��ŽŶĨĞƌĞŶĐĞ͕�ĂŶĚ�ƚŚĞ�^ǇŵƉŽƐŝƵŵ�ŽŶ�&ƵƐŝŽŶ��ŶŐŝŶĞĞƌŝŶŐ͘

9� �ůŝŐŝďŝůŝƚǇ�ƚŽ�ƉĂƌƟĐŝƉĂƚĞ�ŝŶ�Ă�ďƌŽĂĚ�ƌĂŶŐĞ�ŽĨ�/����ĂĐƟǀŝƟĞƐ͘
9� KƉƉŽƌƚƵŶŝƟĞƐ�ĨŽƌ�/����ĞĚƵĐĂƟŽŶĂů�ƐĞƌǀŝĐĞƐ�ƐƵĐŚ�ĂƐ�ǀŝĚĞŽͲĐŽŶĨĞƌĞŶĐĞƐ�ĂŶĚ�ŝŶĚŝǀŝĚƵĂů�

ůĞĂƌŶŝŶŐ�ƉĂĐŬĂŐĞƐ͘

dŽ�ƌĞĐĞŝǀĞ�Ă�Ъ�ǇĞĂƌ�ĨƌĞĞ�ŵĞŵďĞƌƐŚŝƉ͕�Įůů�ŽƵƚ�ĂŶ�ĂƉƉůŝĐĂƟŽŶ�Ăƚ�ƚŚĞ�ZĞŐŝƐƚƌĂƟŽŶ��ĞƐŬ͘
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Outstanding Student Paper Awards

dŚĞ�/����EƵĐůĞĂƌ�ĂŶĚ�WůĂƐŵĂ�^ĐŝĞŶĐĞƐ�^ŽĐŝĞƚǇ�ǁŝůů�ŚŽŶŽƌ�ƚŚĞ�ƚǁŽ�ďĞƐƚ�ƐƚƵĚĞŶƚ�ƉĂƉĞƌƐ�ƉƌĞƐĞŶƚĞĚ�Ăƚ�ƚŚĞ�
ĐŽŶĨĞƌĞŶĐĞ͘�dŚĞ�ƉƵƌƉŽƐĞ�ŽĨ�ƚŚĞƐĞ�ĂǁĂƌĚƐ�ŝƐ�ƚŽ�ĞŶĐŽƵƌĂŐĞ�ďŽƚŚ�ŽƵƚƐƚĂŶĚŝŶŐ�ƐƚƵĚĞŶƚ�ĐŽŶƚƌŝďƵƟŽŶƐ�ĂŶĚ�
ŐƌĞĂƚĞƌ�ƐƚƵĚĞŶƚ�ƉĂƌƟĐŝƉĂƟŽŶ�ĂƐ�ƉƌŝŶĐŝƉĂů�Žƌ�ƐŽůĞ�ĂƵƚŚŽƌƐ�ŽĨ�ƉĂƉĞƌƐ�ĂƐ�ǁĞůů�ĂƐ�ƚŽ�ĂĐŬŶŽǁůĞĚŐĞ�ƚŚĞ�ŝŵ-
ƉŽƌƚĂŶĐĞ�ŽĨ�ƐƚƵĚĞŶƚ�ĐŽŶƚƌŝďƵƟŽŶƐ�ƚŽ�ƚŚĞ�ĮĞůĚƐ�ĞŵďƌĂĐĞĚ�ďǇ�ƚŚĞ�EW^^�ƵŵďƌĞůůĂ͘�dŚĞ�ƚǁŽ�ďĞƐƚ�ƐƵďŵŝƐ-
ƐŝŽŶƐ�ǁŝůů�ƌĞĐĞŝǀĞ�ĐĂƐŚ�ĂǁĂƌĚƐ�ŽĨ�ΨϱϬϬ�ĂŶĚ�Ă�ĐĞƌƟĮĐĂƚĞ͘�

dŽ�ƋƵĂůŝĨǇ�ĨŽƌ�ĐŽŶƐŝĚĞƌĂƟŽŶ�ƚŚĞ�ƐƚƵĚĞŶƚ�ŵƵƐƚ�ŚĂǀĞ�ŝĚĞŶƟĮĞĚ�ƚŚĞŝƌ�ŝŶƚĞƌĞƐƚ�ĨŽƌ�ŝŶĐůƵƐŝŽŶ�ŽŶ�ƌĞŐŝƐƚƌĂƟŽŶ�
ŽĨ�ƚŚĞŝƌ�ĂďƐƚƌĂĐƚ�ĂŶĚ�ŝŶĐůƵĚĞĚ�Ă�ƐƵƉƉŽƌƟŶŐ�ůĞƩĞƌ�ĨƌŽŵ�ƚŚĞŝƌ�ƐƵƉĞƌǀŝƐŽƌ�ƐĞŶƚ�ƚŽ�ƚŚĞ�ƐƚƵĚĞŶƚ�ĂǁĂƌĚƐ�ĐŽ-
ŽƌĚŝŶĂƚŽƌ�;ĐĂĐŽǀĞƌΛƐĂŶĚŝĂ͘ŐŽǀͿ͘��ŶǇ�ƐƚƵĚĞŶƚ�ǁŚŽ�ŝƐ�ƚŚĞ�ƉƌŝŶĐŝƉĂů�ĂƵƚŚŽƌͬƌĞƐĞĂƌĐŚĞƌ�ĂŶĚ�ƚŚĞ�ƉƌĞƐĞŶƚĞƌ�
ŽĨ�ĞŝƚŚĞƌ�ĂŶ�ŽƌĂů�Žƌ�ƉŽƐƚĞƌ�ƉĂƉĞƌ�Ăƚ�ƚŚĞ�/�KW^ͬ�ĞĂŵƐ�ϮϬϭϰ�ĐŽŶĨĞƌĞŶĐĞ�ĂŶĚ�ǁŚŽ�ŚĂƐ�ďĞĞŶ�ŝĚĞŶƟĮĞĚ�ĂƐ�Ă�
ƐƚƵĚĞŶƚ�ĂƵƚŚŽƌ�ǁŝůů�ďĞ�ĞůŝŐŝďůĞ͘

dŚĞ�ǁŽƌŬ�ƉƌĞƐĞŶƚĞĚ�ƐŚŽƵůĚ�ďĞ�ƚŚĞ�ŵĂũŽƌŝƚǇ�ǁŽƌŬ�ŽĨ�ƚŚĞ�ƐƚƵĚĞŶƚ�ĂŶĚ�ǁŝůů�ďĞ�ũƵĚŐĞĚ�ŽŶ�ŐƌŽƵŶĚƐ�ŽĨ�
ŽƌŝŐŝŶĂůŝƚǇ͕ �ǀĂůƵĞ�ƚŽ�ƚŚĞ�ĐŽŵŵƵŶŝƚǇ͕ �ĂŶĚ�ĚĞůŝǀĞƌǇ͘ ���ũƵĚŐŝŶŐ�ƉĂŶĞů�ŽĨ�ϰͲϳ�ƐĐŝĞŶƟƐƚƐ͕�ĐŚŽƐĞŶ�ƚŽ�ƌĞƉƌĞƐĞŶƚ�
ƚŚĞ�ďƌĞĂĚƚŚ�ŽĨ�ƚŚĞ�/�KW^�ĂŶĚ��ĞĂŵƐ�ĐŽŵŵƵŶŝƟĞƐ͕�ǁŝůů�ƐĞůĞĐƚ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϭϮͲϭϰ�ƉĂƉĞƌƐ�ĨƌŽŵ�ƚŚĞ�
ǀĂůŝĚ�ƐƚƵĚĞŶƚ�ƉĂƉĞƌ�ĞŶƚƌŝĞƐ͘�dŚĞ�ƉĂŶĞů�ǁŝůů�ĂƐŬ�ƚŚĞƐĞ�ƐĞůĞĐƚĞĚ�ƐƚƵĚĞŶƚƐ�ƚŽ�ƉƌĞƐĞŶƚ�ƚŚĞŝƌ�ǁŽƌŬ�ŝŶ�Ă�ϭϱ�
ŵŝŶƵƚĞ�ŽƌĂů�ƉƌĞƐĞŶƚĂƟŽŶ�ƚŽ�ƚŚĞ�ũƵĚŐĞƐ�Ăƚ�ƚŚĞ�ĐŽŶĨĞƌĞŶĐĞ�;ǁŚŝĐŚ�ŝƐ�ŝŶ�ĂĚĚŝƟŽŶ�ƚŽ�ƚŚĞ�ƌĞŐƵůĂƌůǇ�ƐĐŚĞĚ-
ƵůĞĚ�ƉƌĞƐĞŶƚĂƟŽŶͿ͘��ŌĞƌ�ƚŚŝƐ�ũƵĚŐŝŶŐ�ƉĞƌŝŽĚ�Ăƚ�ƚŚĞ�ĐŽŶĨĞƌĞŶĐĞ͕�ƚŚĞ�ŽŶͲƐŝƚĞ�ĂǁĂƌĚƐ�ĐŽŵŵŝƩĞĞ�ǁŝůů�ƌĂŶŬ�
ƚŚĞ�ƉĂƉĞƌƐ͕�ƉƌŝŵĂƌŝůǇ�ĨŽƌ�ƚĞĐŚŶŝĐĂů�ĐŽŶƚĞŶƚ�ĂŶĚ�ŽƌŝŐŝŶĂůŝƚǇ͘ �KƚŚĞƌ�ĐƌŝƚĞƌŝĂ�ƐƵĐŚ�ĂƐ�ŐƌĂƉŚŝĐ�ĚŝƐƉůĂǇ�ĂŶĚ�
ĐůĂƌŝƚǇ�ŽĨ�ĚĂƚĂ�ƉƌĞƐĞŶƚĂƟŽŶ�ŵĂǇ�ďĞ�ĐŽŶƐŝĚĞƌĞĚ͘�/Ĩ�ƚŚĞƌĞ�ŝƐ�Ă�ƟĞ͕�ƉƌĞĨĞƌĞŶĐĞ�ǁŝůů�ďĞ�ŐŝǀĞŶ�ƚŽ�ϭͿ�/����EW^^�
ŵĞŵďĞƌƐ͕�ϮͿ�/����ŵĞŵďĞƌƐ͕�ĂŶĚ�ϯͿ�ŶŽŶͲ/����ŵĞŵďĞƌƐ͕�ŝŶ�ƚŚĂƚ�ŽƌĚĞƌ͘

KƌĂů�WƌĞƐĞŶƚĂƟŽŶƐ�ĨŽƌ�ƐĞůĞĐƚĞĚ�͞ƐƚƵĚĞŶƚ�ĂǁĂƌĚ͟�ƉĂƉĞƌƐ͗
dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ͕�ϮϬϭϰ
Ϯ͗ϬϬƉŵ�ʹ�ϱ͗ϯϬƉŵ
dƌƵŵĂŶ�ZŽŽŵ
DĂƌƌŝŽƩ�tĂƌĚŵĂŶ�WĂƌŬ�;DĞǌǌĂŶŝŶĞ�>ĞǀĞůͿ

Proceedings

�Ɛ�ƉĞƌ�/�KW^�ƚƌĂĚŝƟŽŶ͕�Ă�ƌĞĨĞƌĞĞĚ�/����dƌĂŶƐĂĐƟŽŶƐ�ŽŶ�WůĂƐŵĂ�^ĐŝĞŶĐĞ�͞^ƉĞĐŝĂů�/ƐƐƵĞ͗�/ŶǀŝƚĞĚ�ĂŶĚ�
WůĞŶĂƌǇ�^ƉĞĂŬĞƌƐ�ŽĨ�/�KW^ͬ�ĞĂŵƐ�ϮϬϭϰ͟�ǁŝůů�ďĞ�ŐĞŶĞƌĂƚĞĚ�ĨƌŽŵ�ŝŶǀŝƚĞĚ�ĂŶĚ�ƉůĞŶĂƌǇ�ƚĂůŬƐ�Ăƚ�ƚŚĞ�ĐŽŶĨĞƌ-
ĞŶĐĞ�;�Ɖƌŝů�ϮϬϭϱͿ͘�/Ŷ�ĂĚĚŝƟŽŶ�ĂŶĚ�ŬĞĞƉŝŶŐ�ƚƌĂĐŬ�ǁŝƚŚ�ƚŚĞ�ůŽŶŐ�ƚƌĂĚŝƟŽŶ�ŽĨ��ĞĂŵƐ͕�ƐŚŽƌƚ�ŶŽŶͲƌĞĨĞƌĞĞĚ�
ĐŽŶƚƌŝďƵƚĞĚ�ƉĂƉĞƌƐ�ǁŝůů�ďĞ�ƐŽůŝĐŝƚĞĚ�ĨƌŽŵ�Ăůů�ĐŽŶƚƌŝďƵƚĞĚ�ƚĂůŬƐ�ĂŶĚ�ƉŽƐƚĞƌƐ�ƚŽ�ĨŽƌŵ�ƚŚĞ�WƌŽĐĞĞĚŝŶŐƐ�ĨŽƌ�
/�KW^Ͳ�ĞĂŵƐ�ϮϬϭϰ͘�dŚŽƐĞ�ǁŚŽ�ĚĞƐŝƌĞ�Ă�ƌĞĨĞƌĞĞĚ�ĨŽƌŵĂƚ�ĨŽƌ�ĐŽŶƚƌŝďƵƚĞĚ�ƚĂůŬƐ�ĂŶĚ�ƉŽƐƚĞƌƐ�ĂƌĞ�ĞŶĐŽƵƌ-
ĂŐĞĚ�ƚŽ�ƐƵďŵŝƚ�ƚŚĞŝƌ�ƉĂƉĞƌƐ�ƚŽ�/����dƌĂŶƐĂĐƟŽŶƐ�ŽŶ�WůĂƐŵĂ�^ĐŝĞŶĐĞ͘���Ɛ�ĚĞƚĂŝůƐ�ĞŵĞƌŐĞ͕�ƚŚĞǇ�ǁŝůů�ďĞ�
ƉŽƐƚĞĚ�Ăƚ͗�ŚƩƉ͗ͬͬǁǁǁ͘ĞĐĞ͘ƵŶŵ͘ĞĚƵͬŝĐŽƉƐͲďĞĂŵƐϮϬϭϰͬƉƌŽĐ͘Śƚŵů͘

Manuscript Submission Deadline

dŚĞ�ĚĞĂĚůŝŶĞ�ĨŽƌ�ŵĂŶƵƐĐƌŝƉƚ�ƐƵďŵŝƐƐŝŽŶ�ĨŽƌ�ƚŚĞ�͞WƌŽĐĞĞĚŝŶŐƐ�ĨŽƌ�/�KW^Ͳ�ĞĂŵƐ�ϮϬϭϰ͟�ŝƐ�:ƵůǇ�ϭϭ͕�ϮϬϭϰΎ͘

DĂŶƵƐĐƌŝƉƚ�^ƵďŵŝƐƐŝŽŶ�&ŽƌŵĂƫŶŐ
KŶĐĞ�ĂƵƚŚŽƌƐ�ŚĂǀĞ�ďĞĞŶ�ŶŽƟĮĞĚ�ƚŚĂƚ�ƚŚĞŝƌ�ĂďƐƚƌĂĐƚ�ŝƐ�ĂĐĐĞƉƚĞĚ�ĨŽƌ�ƉƌĞƐĞŶƚĂƟŽŶ�Ăƚ�/�KW^ͬ�ĞĂŵƐ�ϮϬϭϰ͕�
ƚŚĞǇ�ǁŝůů�ďĞ�ŝŶǀŝƚĞĚ�ƚŽ�ƐƵďŵŝƚ�Ă�ŵĂŶƵƐĐƌŝƉƚ�ƚŽ�ďĞ�ŝŶĐůƵĚĞĚ�ŝŶ�ƚŚĞ��ŽŶĨĞƌĞŶĐĞ�WƌŽĐĞĞĚŝŶŐƐ͘�dŚŝƐ�ƉƌŽ-
ĐĞĞĚŝŶŐƐ�ŝƐ�Ă�ƚƌĂĚŝƟŽŶ�ŽĨ�ƚŚĞ��ĞĂŵƐ�ĐŽŶĨĞƌĞŶĐĞ�ĂŶĚ�ƚŚĞ�ŽīĞƌ�ƚŽ�ƐƵďŵŝƚ�Ă�ƉƌŽĐĞĞĚŝŶŐƐ�ƉĂƉĞƌ�ŚĂƐ�ďĞĞŶ�
ĞǆƚĞŶĚĞĚ�ƚŽ�Ăůů�ĂƩĞŶĚĞĞƐ�ŽĨ�ƚŚĞ�ĐŽŵďŝŶĞĚ�/�KW^ͬ�ĞĂŵƐ�ϮϬϭϰ�ĐŽŶĨĞƌĞŶĐĞ͘��ƵƚŚŽƌƐ�ƐŚŽƵůĚ�ƐƵďŵŝƚ�ƚŚĞŝƌ�
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ŵĂŶƵƐĐƌŝƉƚƐ�ŽŶůŝŶĞ�Ăƚ�ŚƩƉ͗ͬͬǁǁǁ͘ŶƉƐƐͲĐŽŶĨƐ͘ŽƌŐͬŝĐŽƉƐ͘�dŽ�ƵƉůŽĂĚ�Ă�ŵĂŶƵƐĐƌŝƉƚ͕�ůŽŐ�ŽŶ�ǁŝƚŚ�ƚŚĞ�ƐĂŵĞ�
ƵƐĞƌŶĂŵĞ�ĂŶĚ�ƉĂƐƐǁŽƌĚ�ƚŚĂƚ�ǁĂƐ�ƵƐĞĚ�ĨŽƌ�ĂďƐƚƌĂĐƚ�ƐƵďŵŝƐƐŝŽŶ͕�ĂŶĚ�ĐůŝĐŬ�ŽŶ�ƚŚĞ�ƉĂƉĞƌ�ƐƵďŵŝƐƐŝŽŶ�ůŝŶŬ͘�
KŶĐĞ�ǇŽƵ�ĂƌĞ�ŝŶ�ƚŚĞ�ƐƵďŵŝƐƐŝŽŶ�ƐŝƚĞ͕�ǇŽƵ�ǁŝůů�ďĞ�ŐŝǀĞŶ�ƐƚĞƉͲďǇͲƐƚĞƉ�ŝŶƐƚƌƵĐƟŽŶƐ�ƚŽ�ƐƵďŵŝƚ�Ă�ƉĂƉĞƌ͘

ΎEŽƚĞ͗�ŵĂŶƵƐĐƌŝƉƚ�ƵƉůŽĂĚ�ǁŝůů�ŶŽƚ�ďĞ�ĂǀĂŝůĂďůĞ�ƵŶƟů�ĂŌĞƌ�ƚŚĞ�ƐĞƐƐŝŽŶ�ƐĐŚĞĚƵůĞƐ�ĂƌĞ�ƐĞƚ͘

Internet Access

tŝƌĞůĞƐƐ�ŝŶƚĞƌŶĞƚ�ǁŝůů�ďĞ�ƉƌŽǀŝĚĞĚ�ƚŚƌŽƵŐŚŽƵƚ�Ăůů�ŽĨ�ƚŚĞ�/�KW^ͬ�ĞĂŵƐ�ŵĞĞƟŶŐ�ƐƉĂĐĞ�ĨŽƌ�ǇŽƵƌ�ĐŽŶǀĞ-
nience. 

hƐĞƌŶĂŵĞ͗�ŝĐŽƉƐďĞĂŵƐϮϬϭϰ 
WĂƐƐŬĞǇ͗��ŝĐŽƉƐďĞĂŵƐϮϬϭϰ

hŶĂƵƚŚŽƌŝǌĞĚ��ƵĚŝŽͬsŝĚĞŽ�ZĞĐŽƌĚŝŶŐ
�ƩĞŶĚĂŶĐĞ�Ăƚ͕�Žƌ�ƉĂƌƟĐŝƉĂƟŽŶ�ŝŶ͕�ƚŚŝƐ�ĐŽŶĨĞƌĞŶĐĞ�ĐŽŶƐƟƚƵƚĞƐ�ĐŽŶƐĞŶƚ�ƚŽ�ƚŚĞ�ƵƐĞ�ĂŶĚ�ĚŝƐƚƌŝďƵƟŽŶ�ďǇ�
/����ŽĨ�ƚŚĞ�ĂƩĞŶĚĞĞ Ɛ͛�ŝŵĂŐĞ�Žƌ�ǀŽŝĐĞ�ĨŽƌ�ŝŶĨŽƌŵĂƟŽŶĂů͕�ƉƵďůŝĐŝƚǇ͕ �ƉƌŽŵŽƟŽŶĂů�ĂŶĚͬŽƌ�ƌĞƉŽƌƟŶŐ�ƉƵƌƉŽƐ-
ĞƐ�ŝŶ�ƉƌŝŶƚ�Žƌ�ĞůĞĐƚƌŽŶŝĐ�ĐŽŵŵƵŶŝĐĂƟŽŶƐ�ŵĞĚŝĂ͘��EŽ�ŇĂƐŚ�ƉŚŽƚŽŐƌĂƉŚǇ�ǁŝůů�ďĞ�ƵƐĞĚ͘

sŝĚĞŽ�ƌĞĐŽƌĚŝŶŐ�ďǇ�ƉĂƌƟĐŝƉĂŶƚƐ�ĂŶĚ�ŽƚŚĞƌ�ĂƩĞŶĚĞĞƐ�ĚƵƌŝŶŐ�ĂŶǇ�ƉŽƌƟŽŶ�ŽĨ�ƚŚĞ�ĐŽŶĨĞƌĞŶĐĞ�ŝƐ�ŶŽƚ�Ăů-
ůŽǁĞĚ�ǁŝƚŚŽƵƚ�ƐƉĞĐŝĂů�ƉƌŝŽƌ�ǁƌŝƩĞŶ�ƉĞƌŵŝƐƐŝŽŶ�ŽĨ�/���͘

WŚŽƚŽŐƌĂƉŚƐ�ŽĨ�ĐŽƉǇƌŝŐŚƚĞĚ�WŽǁĞƌWŽŝŶƚ�Žƌ�ŽƚŚĞƌ�ƐůŝĚĞƐ�ĂƌĞ�ĨŽƌ�ƉĞƌƐŽŶĂů�ƵƐĞ�ŽŶůǇ�ĂŶĚ�ĂƌĞ�ŶŽƚ�ƚŽ�ďĞ�
ƌĞƉƌŽĚƵĐĞĚ�Žƌ�ĚŝƐƚƌŝďƵƚĞĚ͘���Ž�ŶŽƚ�ƉŚŽƚŽŐƌĂƉŚ�ĂŶǇ�ƐƵĐŚ�ŝŵĂŐĞƐ�ƚŚĂƚ�ĂƌĞ�ůĂďĞůĞĚ�ĂƐ�ĐŽŶĮĚĞŶƟĂů�ĂŶĚͬŽƌ�
ƉƌŽƉƌŝĞƚĂƌǇ͘

EŽŶ��ŝƐĐƌŝŵŝŶĂƟŽŶ�WŽůŝĐǇ
/����ŝƐ�ĐŽŵŵŝƩĞĚ�ƚŽ�ƚŚĞ�ƉƌŝŶĐŝƉůĞ�ƚŚĂƚ�Ăůů�ƉĞƌƐŽŶƐ�ƐŚĂůů�ŚĂǀĞ�ĞƋƵĂů�ĂĐĐĞƐƐ�ƚŽ�ƉƌŽŐƌĂŵƐ͕�ĨĂĐŝůŝƟĞƐ͕�ƐĞƌ-
ǀŝĐĞƐ͕�ĂŶĚ�ĞŵƉůŽǇŵĞŶƚ�ǁŝƚŚŽƵƚ�ƌĞŐĂƌĚ�ƚŽ�ƉĞƌƐŽŶĂů�ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ�ŶŽƚ�ƌĞůĂƚĞĚ�ƚŽ�ĂďŝůŝƚǇ͕ �ƉĞƌĨŽƌŵĂŶĐĞ͕�
Žƌ�ƋƵĂůŝĮĐĂƟŽŶƐ�ĂƐ�ĚĞƚĞƌŵŝŶĞĚ�ďǇ�/����ƉŽůŝĐǇ�ĂŶĚͬŽƌ�ĂƉƉůŝĐĂďůĞ�ůĂǁƐ͘��&Žƌ�ŵŽƌĞ�ŝŶĨŽƌŵĂƟŽŶ�ŽŶ�ƚŚĞ�/����
ƉŽůŝĐǇ�ǀŝƐŝƚ͕�ŚƩƉ͗ͬͬǁǁǁ͘ŝĞĞĞ͘ŽƌŐͬĂďŽƵƚͬĐŽƌƉŽƌĂƚĞͬŐŽǀĞƌŶĂŶĐĞͬƉϵͲϮϲ͘Śƚŵů͍td͘ŵĐͺŝĚсŚƉĨͺƉŽů

Messages

��ŵĞƐƐĂŐĞ�ďŽĂƌĚ�ŝƐ�ĂǀĂŝůĂďůĞ�ŶĞĂƌ�ƚŚĞ�ZĞŐŝƐƚƌĂƟŽŶ��ĞƐŬ�ŝŶ�ƚŚĞ��ƚƌŝƵŵ͘
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Women in Science & Engineering Event

tŝůƐŽŶ����͕�DŽŶĚĂǇ͕�ϭϴϯϬ�ʹ�ϮϬϬϬ

KƌŐĂŶŝǌĞƌ͗��ƌ͘ ��ƌĂƟ��ĂƐŐƵƉƚĂ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ

Keynote Speaker:��ƌ͘ �>ŝŶĚĂ�,ŽƌƚŽŶ

WƌŝŽƌ�ƚŽ�ũŽŝŶŝŶŐ�ƚŚĞ��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŶĞƌŐǇ͕ ��ƌ͘ �>ŝŶĚĂ�,ŽƌƚŽŶ�
ǁĂƐ�ƚŚĞ��ŝƌĞĐƚŽƌ�ĨŽƌ�ƚŚĞ��ĞŶƚĞƌ�ĨŽƌ�EĂŶŽƉŚĂƐĞ�DĂƚĞƌŝĂůƐ�
^ĐŝĞŶĐĞƐ�;�ED^Ϳ�Ăƚ�KĂŬ�ZŝĚŐĞ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ�;KZE>Ϳ͕�
ŽŶĞ�ŽĨ�ƚŚĞ�ĮǀĞ���^�ŶĂƟŽŶĂů�ƵƐĞƌ�ĨĂĐŝůŝƟĞƐ�ĨŽƌ�ŶĂŶŽƐĐĂůĞ�ƐĐŝ-
ĞŶĐĞ�ƌĞƐĞĂƌĐŚ͘�hŶĚĞƌ�ŚĞƌ�ůĞĂĚĞƌƐŚŝƉ͕�ƚŚĞ��ED^�ŐƌĞǁ�ĨƌŽŵ�
ŝƚƐ�ŽƉĞŶŝŶŐ�ŝŶ�&zϮϬϬϲ�ƚŽ�ŚĂǀĞ�Ă�ƐƚƌŽŶŐ͕�ŝŶƚĞƌĚŝƐĐŝƉůŝŶĂƌǇ�ƐĐŝ-
ĞŶƟĮĐ�ƉƌŽŐƌĂŵ͕�ǁŚŝĐŚ�ŚŽƐƚƐ�Ă�ǀŝďƌĂŶƚ�ƵƐĞƌ�ĐŽŵŵƵŶŝƚǇ�ƚŚĂƚ�
ƌĞĂĐŚĞĚ�ŽǀĞƌ�ϰϬϬ�ƵƐĞƌƐ�ŝŶ�&zϮϬϬϴ͘�^ŚĞ�ĂůƐŽ�ǁĂƐ�ƚŚĞ�ƉƌŽũĞĐƚ�
ĚŝƌĞĐƚŽƌ�ĨŽƌ�ƚŚĞ��ED^�ĨĂĐŝůŝƚǇ�ĐŽŶƐƚƌƵĐƟŽŶ͘�

WƌŝŽƌ�ƚŽ�ůĞĂĚŝŶŐ�ƚŚĞ��ED^͕��ƌ͘ �,ŽƌƚŽŶ�ǁĂƐ�ƚŚĞ�ƉƌŽŐƌĂŵ�
ĚŝƌĞĐƚŽƌ�ĨŽƌ�ƚŚĞ�KZE>���^�DĂƚĞƌŝĂůƐ�ĂŶĚ��ŶŐŝŶĞĞƌŝŶŐ�WŚǇƐŝĐƐ�
ƉƌŽŐƌĂŵ͘��ƵƌŝŶŐ�ŚĞƌ�ĐĂƌĞĞƌ�Ăƚ�KZE>͕�ƐŚĞ�ŚĞůĚ�ŵĂŶǇ�ŵĂŶ-
ĂŐĞŵĞŶƚ�ƌŽůĞƐ͕�ŝŶĐůƵĚŝŶŐ��ĞƉƵƚǇ��ŝǀŝƐŝŽŶ��ŝƌĞĐƚŽƌ�ĨŽƌ�ƚŚĞ�
DĞƚĂůƐ�ĂŶĚ��ĞƌĂŵŝĐƐ��ŝǀŝƐŝŽŶ͕�'ƌŽƵƉ�>ĞĂĚĞƌ�ĨŽƌ�^ƵƌĨĂĐĞƐ�
ĂŶĚ�/ŶƚĞƌĨĂĐĞƐ͕�ĂŶĚ�'ƌŽƵƉ�>ĞĂĚĞƌ�ĨŽƌ��ůĞĐƚƌŽŶ�DŝĐƌŽƐĐŽƉǇ͘ �
,Ğƌ�ƉĞƌƐŽŶĂů�ƌĞƐĞĂƌĐŚ�ĞŵƉŚĂƐŝǌĞĚ�ĂƉƉůŝĐĂƟŽŶƐ�ŽĨ�ĞůĞĐ-
ƚƌŽŶ�ŵŝĐƌŽƐĐŽƉǇ�ƚŽ�ŵĂƚĞƌŝĂůƐ�ƐĐŝĞŶĐĞ�ƉƌŽďůĞŵƐ͕�ŝŶĐůƵĚŝŶŐ�
ŝŶǀĞƐƟŐĂƟŽŶƐ�ŽĨ�ƚŚĞ�ĞīĞĐƚƐ�ŽĨ�ŝŽŶ�ŝŵƉůĂŶƚĂƟŽŶ�ĂŶĚ�ŶĞƵƚƌŽŶ�
ŝƌƌĂĚŝĂƟŽŶ�ŽŶ�ƚŚĞ�ƐƚƌƵĐƚƵƌĞ�ĂŶĚ�ƉƌŽƉĞƌƟĞƐ�ŽĨ�ĨĞƌƌŝƟĐ�ĂůůŽǇƐ�
ĂŶĚ�ĐĞƌĂŵŝĐ�ŵĂƚĞƌŝĂůƐ�ĂŶĚ�ƐƚƵĚŝĞƐ�ŽĨ�ƚŚĞ�ŐƌŽǁƚŚ�ĂŶĚ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�ĚŝĂŵŽŶĚ�ƚŚŝŶ�ĮůŵƐ͘��ƚ�
KZE>͕�ƐŚĞ�ǁĂƐ�ŝŶǀŽůǀĞĚ�ŝŶ�ƚŚĞ�ŝŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ�ƌĞƐĞĂƌĐŚ�ƉƌŽŐƌĂŵƐ�ƚŚĂƚ�ŝŶƚĞŐƌĂƚĞĚ�ďĂƐŝĐ�ĂŶĚ�
ĂƉƉůŝĞĚ�ƌĞƐĞĂƌĐŚ͘�

�ƌ͘ �,ŽƌƚŽŶ�ƌĞĐĞŝǀĞĚ�ŚĞƌ�WŚ͘�͘�ĨƌŽŵ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�sŝƌŐŝŶŝĂ�ŝŶ�DĂƚĞƌŝĂůƐ�^ĐŝĞŶĐĞ͘�^ŚĞ�ŚĂƐ�ďĞĞŶ�
ĂĐƟǀĞ�ŝŶ�ƉƌŽĨĞƐƐŝŽŶĂů�ƐĞƌǀŝĐĞ�ĂŶĚ�ŚĂƐ�ƐĞƌǀĞĚ�ŽŶ�ƚŚĞ��ŽĂƌĚ�ŽĨ��ŝƌĞĐƚŽƌƐ�ĨŽƌ�ƚŚĞ�DĂƚĞƌŝĂůƐ�ZĞƐĞĂƌĐŚ�
^ŽĐŝĞƚǇ͕ ��^D�/ŶƚĞƌŶĂƟŽŶĂů͕�ĂŶĚ�ƚŚĞ�DŝĐƌŽƐĐŽƉǇ�^ŽĐŝĞƚǇ�ŽĨ��ŵĞƌŝĐĂ͘�^ŚĞ�ŚĂƐ�ĂůƐŽ�ƐĞƌǀĞĚ�ŽŶ�ďŽƚŚ�
ƵŶŝǀĞƌƐŝƚǇ�ĂŶĚ�ŝŶƚĞƌŶĂƟŽŶĂů�ĂĚǀŝƐŽƌǇ�ĐŽŵŵŝƩĞĞƐ͕�ŝŶĐůƵĚŝŶŐ�ĨŽƌ�EĂŶŽƚĞĐŚŶŽůŽŐǇ�ĂŶĚ��ŶĞƌŐǇ�
ĨŽƌ�ƚŚĞ�hŶŝƚĞĚ�<ŝŶŐĚŽŵ Ɛ͛��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�WŚǇƐŝĐĂů�^ĐŝĞŶĐĞƐ�ZĞƐĞĂƌĐŚ��ŽƵŶĐŝů�;�W^Z�Ϳ͘�^ŚĞ�ŝƐ�Ă�
ĨƌĞƋƵĞŶƚ�ƌĞǀŝĞǁĞƌ�ĨŽƌ�ƚŚĞ��K��ĂŶĚ�ŽƚŚĞƌ�ĂŐĞŶĐŝĞƐ͕�ŝŶĐůƵĚŝŶŐ�ƌĞǀŝĞǁƐ�ŽĨ�KĸĐĞ�ŽĨ�^ĐŝĞŶĐĞ�ĐŽŶƐƚƌƵĐ-
ƟŽŶ�ƉƌŽũĞĐƚƐ�ĂŶĚ�ƵƐĞƌ�ĨĂĐŝůŝƚǇ�ŽƉĞƌĂƟŽŶƐ͘�^ŚĞ�ĂůƐŽ�ƐĞƌǀĞĚ�ĂƐ�Ă�ƉĂƐƚ�sŝĐĞͲ�ŚĂŝƌ�ŽĨ�ƚŚĞ���^��ĚǀŝƐŽƌǇ�
�ŽŵŵŝƩĞĞ�;��^��Ϳ͘�^ŚĞ�ǁĂƐ�ŝŶǀŽůǀĞĚ�ŝŶ�Ă�ŶƵŵďĞƌ�ŽĨ�ĂƐƐĞƐƐŵĞŶƚƐ�ĂŶĚ�ǁŽƌŬƐŚŽƉƐ�ĨŽƌ���^͕�ŽƚŚĞƌ�
ƉĂƌƚƐ�ŽĨ��K�͕�ĂŶĚ�ĨŽƌ�ŽƚŚĞƌ�ĨĞĚĞƌĂů�ĂŐĞŶĐŝĞƐ͘�EŽƚĂďůǇ͕ �ƐŚĞ�ƐĞƌǀĞĚ�ĂƐ�ĐŽͲĐŚĂŝƌ�ŽĨ�ƚŚĞ�ϮϬϬϮ���^���
ǁŽƌŬƐŚŽƉ��ĂƐŝĐ�ZĞƐĞĂƌĐŚ�EĞĞĚƐ�ƚŽ��ƐƐƵƌĞ�Ă�^ĞĐƵƌĞ��ŶĞƌŐǇ�&ƵƚƵƌĞ͕�ƚŚĞ�ĮƌƐƚ�ŽĨ�ƚŚĞ���^�͞�ĂƐŝĐ�
ZĞƐĞĂƌĐŚ�EĞĞĚƐ͟�ǁŽƌŬƐŚŽƉƐ͘�
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Conference Venue

tĂƐŚŝŶŐƚŽŶ�DĂƌƌŝŽƩ�tĂƌĚŵĂŶ�WĂƌŬ 
ϮϲϲϬ�tŽŽĚůĞǇ�ZŽĂĚ�Et 
tĂƐŚŝŶŐƚŽŶ͕���͕�ϮϬϬϬϴ�h^�

WŚŽŶĞ͗� нϭ�ϮϬϮ�ϯϮϴ�ϮϬϬϬ 
dŽůů�&ƌĞĞ͗�н�ϭ�ϴϬϬ�ϮϮϴ�ϵϮϵϬ

�ǆƉĞƌŝĞŶĐĞ�tĂƐŚŝŶŐƚŽŶ͕����ůŝŬĞ�Ă�ůŽĐĂů�ǁŝƚŚ�ƚŚĞ�
DĂƌƌŝŽƩ�tĂƌĚŵĂŶ�WĂƌŬ Ɛ͛�ĐŽŶǀĞŶŝĞŶƚ�ůŽĐĂƟŽŶ�ŝŶ�
ƚŚĞ�ŚĞĂƌƚ�ŽĨ�ǀŝďƌĂŶƚ��ůĞǀĞůĂŶĚ�WĂƌŬ͘�^ŝƚƵĂƚĞĚ�ŽŶ�
ϭϲ�ŐĂƌĚĞŶ�ĂĐƌĞƐ͕�ƚŚŝƐ�ŚŽƚĞů�ŝŶ�Et�tĂƐŚŝŶŐƚŽŶ͕�
���ŚĂƐ�ŚŽƐƚĞĚ�Ă�ůŽŶŐ�ůŝƐƚ�ŽĨ�h͘^͘�WƌĞƐŝĚĞŶƚƐ͕�
ĚŝŐŶŝƚĂƌŝĞƐ�ĂŶĚ�s/WƐ͘

�ĐĐŽŵŵŽĚĂƟŽŶƐ
/�KW^ͬ���D^�ϮϬϭϰ�ǁĞůĐŽŵĞƐ�ǇŽƵ�ƚŽ�ƚŚĞ�
DĂƌƌŝŽƩ�tĂƌĚŵĂŶ�WĂƌŬ͕�tĂƐŚŝŶŐƚŽŶ͕����ǁŚŝĐŚ�
ŝƐ�ůŽĐĂƚĞĚ�ŝŶ�ƚŚĞ�ŚĞĂƌƚ�ŽĨ�ǀŝďƌĂŶƚ��ůĞǀĞůĂŶĚ�WĂƌŬ͘�
dŚĞ�ŚŽƚĞů�ŝƐ�ƐƚĞƉƐ�ĨƌŽŵ�ĚŝŶŝŶŐ͕�ƐŚŽƉƐ͕�ZŽĐŬ�
�ƌĞĞŬ�WĂƌŬ�ƚƌĂŝůƐ͕�ƚŚĞ�EĂƟŽŶĂů��ŽŽ�ĂŶĚ�Ă�ŵĞƚƌŽ�
ƐƚĂƟŽŶ͘

Parking

KŶͲƐŝƚĞ�ƉĂƌŬŝŶŐ͗�h^Ψϯϲ�ĚĂŝůǇ 
sĂůĞƚ�ƉĂƌŬŝŶŐ͗�h^Ψϰϭ�ĚĂŝůǇ

dƌĂŶƐƉŽƌƚĂƟŽŶ�ŝŶĨŽƌŵĂƟŽŶ
tĂƐŚŝŶŐƚŽŶ͕����ŝƐ�ƐĞƌǀĞĚ�ďǇ�ƌĂŝů͕�ďƵƐ͕�ƚĂǆŝ�ĂƐ�
ǁĞůů�ĂƐ�ĐĂƌ�ĂŶĚ�ďŝŬĞ�ƐŚĂƌĞ�ƐǇƐƚĞŵƐ�ůŝƐƚĞĚ�ďĞůŽǁ͘���
/Ŷ�ĂĚĚŝƟŽŶ͕�ƌĞŶƚĂů�ĐĂƌƐ�ĂƌĞ�ĂǀĂŝůĂďůĞ�Ăƚ�ǀĂƌŝŽƵƐ�
ůŽĐĂƟŽŶƐ�ŝŶĐůƵĚŝŶŐ�ƚŚĞ�ĂŝƌƉŽƌƚƐ͕�ƚƌĂŝŶ�ƐƚĂƟŽŶ͕�
ĂŶĚ�Ăƚ�ƚŚĞ�ĐŽŶĨĞƌĞŶĐĞ�ŚŽƚĞů͘

Metro Rail and Bus

DĞƚƌŽ�ƌĂŝů�ĂŶĚ�ďƵƐ�ƐĞƌǀŝĐĞ�ŝƐ�ƉƌŽǀŝĚĞĚ�ďǇ�
ƚŚĞ�tĂƐŚŝŶŐƚŽŶ�DĞƚƌŽƉŽůŝƚĂŶ��ƌĞĂ�dƌĂŶƐŝƚ�
�ƵƚŚŽƌŝƚǇ͘ ��dŚĞ��ŽŶĨĞƌĞŶĐĞ�ƐŝƚĞ�ŝƐ�ƐĞƌǀĞĚ�ďǇ�
ƚŚĞ�tŽŽĚůĞǇ�WĂƌŬʹ�ŽŽ�ƐƚĂƟŽŶ�ŽŶ�ƚŚĞ�ZĞĚ�>ŝŶĞ�
;ϱ�ŵŝŶƐ�ǁĂůŬͿ͘��&Žƌ�ŵŽƌĞ�ŝŶĨŽ�ƉůĞĂƐĞ�ǀŝƐŝƚ�ƚŚĞŝƌ�
ǁĞďƐŝƚĞ͘���ƚƌŝƉ�ƉůĂŶŶĞƌ�ǁĞďƐŝƚĞ�ŝƐ�ĂůƐŽ�ĂǀĂŝůĂďůĞ�
ĨŽƌ�ŵŽďŝůĞ�ĚĞǀŝĐĞƐ͘

�ƵƐ�^ƚĂƟŽŶ
hŶŝŽŶ�^ƚĂƟŽŶ͗�ϯ͘ϱ�ŵŝůĞƐ�Et

^ƵďǁĂǇ�^ƚĂƟŽŶ
tŽŽĚůĞǇ�WĂƌŬͲ�ŽŽͬ�ĚĂŵƐ�DŽƌŐĂŶ�DĞƚƌŽ�ZĞĚ�
ůŝŶĞ͗�Ϭ͘ϭ�ŵŝůĞƐ�^�

dƌĂŝŶ�^ƚĂƟŽŶ
hŶŝŽŶ�^ƚĂƟŽŶ͗�ϯ͘ϱ�ŵŝůĞƐ�^�
^ĞƌǀĞĚ�ďǇ��DdZ�<͕�D�Z��ĂŶĚ�sZ��ƐǇƐƚĞŵƐ͘��
&ƌŽŵ�ƚŚĞ�hŶŝŽŶ�^ƚĂƟŽŶ͕�ƚĂŬĞ�ƚŚĞ�ZĞĚ�>ŝŶĞ�DĞƚ-
ƌŽ�ƚŽ�ƚŚĞ�tŽŽĚůĞǇ�WĂƌŬͲ�ŽŽ�ƐƚĂƟŽŶ�ƚŽ�DĂƌƌŝŽƩ�
tĂƌĚŵĂŶ�WĂƌŬ͘

Taxi Services

tĂƐŚŝŶŐƚŽŶ����ŝƐ�ƐĞƌǀĞĚ�ďǇ�ŶƵŵĞƌŽƵƐ�dĂǆŝ�
ƐĞƌǀŝĐĞƐ͘��dĂǆŝƐ�ĂƌĞ�ŽŶ�ƐƚĂŶĚďǇ�Ăƚ�ƚŚĞ�ŚŽƚĞů�ďƵƚ�
ĐĂŶ�ďĞ�ďŽŽŬĞĚ�ďǇ�ƉŚŽŶĞ�Žƌ�ŽŶůŝŶĞ�ĂƐ�ǁĞůů�ĂƐ�ǀŝĂ�
ƚŚĞ�ůŝŶŬƐ�ůŝƐƚĞĚ�ďĞůŽǁ͘
�ŝĂů�ϭͲϴϬϬͲd�y/Ͳ���

Car Rentals

�ŶƚĞƌƉƌŝƐĞ�;ůŽĐĂƚĞĚ�ŽŶ�ƉƌŽƉĞƌƚǇ�Ăƚ�ƚŚĞ�DĂƌƌŝŽƩ�
tĂƌĚŵĂŶ�WĂƌŬͿ 
ϮϲϲϬ�tŽŽĚůĞǇ�ZŽĂĚ͕�Et 
tĂƐŚŝŶŐƚŽŶ͕��ŝƐƚƌŝĐƚ�KĨ��ŽůƵŵďŝĂ�ϮϬϬϬϴ 
WŚŽŶĞ͗�нϭ�ϮϬϮ�ϮϯϮ�ϰϰϰϯ
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Neighborhood Restaurants

;tŝƚŚŝŶ�ĮǀĞ�ŵŝŶƵƚĞƐ�ǁĂůŬŝŶŐ�ĚŝƐƚĂŶĐĞ�ĨƌŽŵ�ƚŚĞ�DĂƌƌŝŽƩ�tĂƌĚŵĂŶ�WĂƌŬ�,ŽƚĞůͿ

Afgan Grill

ϮϯϬϵ���ĂůǀĞƌƚ�^ƚ�Et
;ϮϬϮͿϮϯϰͲϱϬϵϱ
dŚĞ�ĮŶĞƐƚ��ĨŐĂŶ�ĐƵŝƐŝŶĞ�ŝŶ�Ăůů�ŽĨ�tĂƐŚŝŶŐƚŽŶ͘��
>Ăŵď�;ƚŚĂƚ�ŵĞůƚƐ�ŝŶ�ǇŽƵƌ�ŵŽƵƚŚͿ͕�ĐŚŝĐŬĞŶ͕�
ƐƚĞĂŬ�ĂŶĚ�ƐĞĂĨŽŽĚ�ŬĂďŽďƐ͘�EŝĐĞ�ǀĞŐĞƚĂƌŝĂŶ�
ĚŝƐŚĞƐͲƐĞƌǀŝŶŐ�ůƵŶĐŚ�ĂŶĚ�ĚŝŶŶĞƌ�ĚĂŝůǇ͕�/ŶĚŽŽƌ�
ĂŶĚ�ŶŝĐĞ�ŽƵƚƐŝĚĞ�ĚŝŶŶŝŶŐ͘��WƌŝǀĂƚĞ�ƉĂƌƟĞƐ�ĂƌĞ�
ǁĞůĐŽŵĞ

Café Paradiso

Ϯϲϰϵ��ŽŶŶĞĐƟĐƵƚ��ǀĞ
;ϮϬϮͿ�ϮϲϱͲϴϵϱϱ
/ŶƟŵĂƚĞ�ĚŝŶŝŶŐ�ǁŝƚŚ�Ă�ƋƵĂŝŶƚ�ĮƌĞƉůĂĐĞ͘��KīĞƌƐ�
EŽƌƚŚĞƌŶ�ĂŶĚ�^ŽƵƚŚĞƌŶ�/ƚĂůŝĂŶ�ĐƵŝƐŝŶĞ�ĨĞĂƚƵƌ-
ŝŶŐ�ŚŽŵĞŵĂĚĞ�ƉĂƐƚĂ͕�ĨƌĞƐŚ��ďƌĞĂĚƐ͕�ĚĞƐƐĞƌƚƐ�
ĂŶĚ��ĂƉƉƵĐĐŝŶŽ͘��KƉĞŶ�ĨŽƌ�ůƵŶĐŚ�ĂŶĚ�ĚŝŶŶĞƌ͘ ��
WĂƟŽ�ƐĞĂƚƐ�;ƐĞĂƐŽŶĂůͿ�ĂŶĚ�ƉƌŝǀĂƚĞ�ƌŽŽŵƐ�ĂƌĞ�
ĂǀĂŝůĂďůĞ͘

,Žƚ�ĂŶĚ�:ƵŝĐǇ��ƌĂǁĮƐŚ
Ϯϲϱϭ��ŽŶŶĞĐƟĐƵƚ��ǀĞ
;ϮϬϮͿ�ϮϵϵͲϵϰϰϴ
'Ğƚ�ĚŽǁŶ�ĂŶĚ�ĚŝƌƚǇ�ǁŝƚŚ�>ŽƵŝƐŝĂŶĂ�ƐƚǇůĞ�ĐĂũƵŶ�
ƐĞĂĨŽŽĚ͊�^ƉĞĐŝĂůŝǌŝŶŐ�ŝŶ�ĐƌĂǁĮƐŚ͕�ƐŚƌŝŵƉ͕�ĂŶĚ�
Ă�ǀĂƌŝĞƚǇ�ŽĨ�ƐĞĂĨŽŽĚ͕�ŝŶĐůƵĚŝŶŐ�ŬŝŶŐ�ĂŶĚ�ƐŶŽǁ�
ĐƌĂďƐ͘�dŚĞǇ�ďƌŝŶŐ�ƚŚĞ�ƐŽƵƚŚ�ƌŝŐŚƚ�ŚĞƌĞ�ƚŽ���͘�

Italian Pizza Kitchen

ϮϲϬϴ��ŽŶŶĞĐƟĐƵƚ��ǀĞ
;ϮϬϮͿ�ϵϯϵͲϮϵϳϵ
tŝƚŚ�Ă�ŵĞŶƵ�ƐŚĂƉĞĚ�ďǇ�ƚŚĞ�ĚŝǀĞƌƐŝƚǇ�ŽĨ����
ĂŶĚ�ƚŚĞ�ƵŶŝƋƵĞŶĞƐƐ�ŽĨ�ƚŚĞ�ĂƌĞĂ�ƚĂƐƚĞƐ͘�WŝǌǌĂ�ŝƐ�
ŽŶĞ�ŽĨ�ĞǀĞƌǇŽŶĞ Ɛ͛�ĨĂǀŽƌŝƚĞ�ĨŽŽĚƐ͕�ĂŶĚ�ƚŚĞǇ�ƚĂŬĞ�
ƉƌŝĚĞ�ŝŶ�ƐĞƌǀŝŶŐ�ŝƚ�ʹ�ƵƐŝŶŐ�ƚŚĞ�ĨƌĞƐŚĞƐƚ�ŝŶŐƌĞĚŝ-
ĞŶƚƐ�ĂŶĚ�ďĞƐƚ�ĐŚĞĞƐĞƐ�ĂǀĂŝůĂďůĞ͘

Lebanese Taverna

Ϯϲϰϭ��ŽŶŶĞĐƟĐƵƚ��ǀĞ
;ϮϬϮͿ�ϮϲϱͲϴϲϴϭ
<ŶŽǁŶ�ĨŽƌ�ĂƵƚŚĞŶƟĐ�DŝĚĚůĞ��ĂƐƚĞƌŶ�ĨĂƌĞ͕�ĂŶĚ�Ă�
͞ƉĞƌĞŶŶŝĂů�ŐŽŽĚ�ďƵǌǌ͕͟ �ǁŚĞƌĞ�ŐƌŽƵƉƐ�ĐĂŶ�ĞŶũŽǇ�
DĞǌǌĂ�ƐƉĞĐŝĂůƟĞƐ͘��ŽŵƉůŝŵĞŶƚĂƌǇ�ƉĂƌŬŝŶŐ�ĨŽƌ�
ůƵŶĐŚ�ĂŶĚ�ĚŝŶŶĞƌ�ŐƵĞƐƚƐ

Medaterra

Ϯϲϭϰ��ŽŶŶĞĐƟĐƵƚ��ǀĞ
;ϮϬϮͿ�ϳϵϳͲϬϰϬϬ
KīĞƌŝŶŐ�DĞĚŝƚĞƌƌĂŶĞĂŶ�ĐƵŝƐŝŶĞ�ŝŶĐůƵĚŝŶŐ�
ǀĂƌŝĞƚǇ�ŽĨ�ĂƉƉĞƟǌĞƌƐ͕�ĞŶƚƌĞĞƐ͕�ĂŶĚ�ĚĞƐƐĞƌƚƐ�ŝŶ�Ă�
ŵŽĚĞƌŶ͕�Ăƌƚ�ĚĞĐŽ�ƐĞƫŶŐ͘��ĂƌƌǇŽƵƚ�ĂŶĚ�ĚĞůŝǀĞƌǇ�
ĂǀĂŝůĂďůĞ�ƚŚƌŽƵŐŚ�dĂŬĞŽƵƚ�ƚĂǆŝ͘

Murphy’s Irish Pub

ϮϲϬϵ�Ϯϰth
 Street

;ϮϬϮͿ�ϰϲϮͲϳϭϳϭ
DƵƌƉŚǇ Ɛ͛�ŽīĞƌƐ�ůŝǀĞ�/ƌŝƐŚ�ŵƵƐŝĐ͘��^ĞƌǀĞƐ�ƐĂŶĚ-
ǁŝĐŚĞƐ͕�ƐƚĞǁ͕�ƐƚĞĂŬƐ͕�ĂŶĚ�ƐĞĂĨŽŽĚ�ĨŽƌ�ůƵŶĐŚ͕�
ĚŝŶŶĞƌ�ĂŶĚ�ůĂƚĞ�ŝŶƚŽ�ƚŚĞ�ĞǀĞŶŝŶŐƐ͘����ƐŝĚĞǁĂůŬ�
ĐĂĨĠ�ĂŶĚ�Ă�ǁŽŽĚ�ďƵƌŶŝŶŐ�ĮƌĞƉůĂĐĞ�ĂƌĞ�ƐĞĂƐŽŶĂů�
ĂƩƌĂĐƟŽŶƐ͘

EĞǁ�,ĞŝŐŚƚƐ
2317 Calvert Street

;ϮϬϮͿ�ϮϯϰͲϰϭϭϬ
/ŶŶŽǀĂƟǀĞ�EĞǁ��ŵĞƌŝĐĂŶ�ĐƵŝƐŝŶĞ�ƚŚĂƚ�ĐŽŵďŝŶĞƐ�
ƚŚĞ�ďĞƐƚ�ŽĨ�ĨƌĞƐŚ�ƌĞŐŝŽŶĂů�ŝŶƚĞƌŶĂƟŽŶĂů�ŇĂǀŽƌƐ͘�
�ǁĂƌĚͲǁŝŶŶŝŶŐ�ĂƌĐŚŝƚĞĐƚƵƌĞ�ŽīĞƌƐ�ĞǆĐĞƉƟŽŶĂů�
ǀŝĞǁƐ�ŽĨ�ZŽĐŬ��ƌĞĞŬ�WĂƌŬ�ĂŶĚ�ƐŚŽǁĐĂƐĞƐ�ůŽĐĂů�
ĂƌƟƐƚƐ�ĨŽƌ�ƐĂůĞ͘



I C O P S / B E A M S  2 0 1 4      Washington, DC

24

Open City

2331 Calvert Street

;ϮϬϮͿ�ϯϯϮͲϮϯϯϭ
��ůŽĐĂů�ĨĂǀŽƌŝƚĞ͘�dŚŝƐ�ŝŶĚŽŽƌͬŽƵƚĚŽŽƌ�ĐĂĨĠ�ŚĂƐ�
Ă�ĨĞĂƚƵƌĞƐ�ĂŶ�ĞƐƉƌĞƐƐŽ�ďĂƌ�ĂƐ�ǁĞůů�ĂƐ�Ă�ĨƵůů�
ǁŝŶĞ�ĂŶĚ�ůŝƋƵŽƌ�ƐĞůĞĐƟŽŶ͘��ŵĞƌŝĐĂŶ�ĨŽŽĚ�ƚŚĂƚ�
ŝŶĐůƵĚĞƐ�Ă�ĨƵůů�ďƌĞĂŬĨĂƐƚ�ŵĞŶƵ�Ăůů�ĚĂǇ͘�dŚŝƐ�ŝƐ�Ă�
ŐƌĞĂƚ�ƉůĂĐĞ�ƚŽ�ŚĂǀĞ�Ă�ůŝŐŚƚ�ůƵŶĐŚ͘�
 

WĞƟƚ�WůĂƚƐ
Ϯϲϱϯ��ŽŶŶĞĐƟĐƵƚ��ǀĞ
;ϮϬϮͿ�ϱϭϴͲϬϬϭϴ
/ŶƟŵĂƚĞ�&ƌĞŶĐŚͬ�ŵĞƌŝĐĂŶ�ďŝƐƚƌŽ�ƐĞƌǀŝŶŐ�ƐƚĞĂŬ͕�
ĨƌĞƐŚ�ƐĞĂĨŽŽĚ͕�ĂŶĚ�ƐĂůĂĚƐ͘�WƌŝǀĂƚĞ�ƌŽŽŵƐ�ĂǀĂŝů-
ĂďůĞ�ĨŽƌ�ƐŵĂůů�ĂŶĚ�ůĂƌŐĞ�ŐƌŽƵƉƐ͘�tŽŽĚ�ďƵƌŶŝŶŐ�
ĮƌĞƉůĂĐĞ͘�KƉĞŶ�ϳĚĂǇƐ�ǁŝƚŚ�^ĂƚƵƌĚĂǇ�ĂŶĚ�^ƵŶĚĂǇ�
ďƌƵŶĐŚ͘�

Pizze

Ϯϲϱϯ��ŽŶŶĞĐƟĐƵƚ��ǀĞ�;ůŽǁĞƌ�ůĞǀĞůͿ
;ϮϬϮͿ�ϱϭϴͲϭϭϲϬ
^ŵĂůů�ĐŽǌǇ�/ƚĂůŝĂŶ�ƚƌĂƩŽƌŝĂ�ƐĞƌǀŝŶŐ�ĂƵƚŚĞŶƟĐ�
ƚŚŝŶ�ĐƌƵƐƚ�EĞĂƉŽůŝƚĂŶ�ƉŝǌǌĂ͕�ŚŽŵĞŵĂĚĞ�ĨƌĞƐŚ�
ƉĂƐƚĂ͕�ƐĂŶĚǁŝĐŚĞƐ͕�ĚĞƐƐĞƌƚƐ�ĂŶĚ�ĐĂƉƉƵĐĐŝŶŽ͘�
KƉĞŶ�ϳ�ĚĂǇƐ�Ă�ǁĞĞŬ͘

Taste of India

ϮϲϮϭ��ŽŶŶĞĐƟĐƵƚ��ǀĞ
;ϮϬϮͿ�ϰϴϯͲϭϭϭϱ
�ƵƚŚĞŶƟĐ�/ŶĚŝĂŶ�ĐƵŝƐŝŶĞ͕�ƐƉĞĐŝĂůŝǌŝŶŐ�ŝŶ�dĂŶ-
ĚŽŽƌŝ͕��ƵƌƌǇ͕ �<ĂďŽďƐ�ĂŶĚ�Ă�ǀĂƌŝĞƚǇ�ŽĨ�ǀĞŐĞƚĂƌŝĂŶ�
ĚŝƐŚĞƐ�ŽīĞƌĞĚ�Ăƚ�ƌĞĂƐŽŶĂďůĞ�ƉƌŝĐĞƐ͘���ĂƌƌǇŽƵƚ�
ĂŶĚ�ĚĞůŝǀĞƌǇ�ĂƌĞ�ĂǀĂŝůĂďůĞ͘�KƉĞŶ�ϳ�ĚĂǇƐ�Ă�ǁĞĞŬ�
ĨŽƌ�ůƵŶĐŚ�ĂŶĚ�ĚŝŶŶĞƌ͘

Tono Sushi 

ϮϲϬϱ��ŽŶŶĞĐƟĐƵƚ��ǀĞ
;ϮϬϮͿ�ϯϯϮͲϳϯϬϬ
�ǆĐĞůůĞŶƚ�:ĂƉĂŶĞƐĞ�ĐƵŝƐŝŶĞ�ŽīĞƌŝŶŐ�ƐƵƐŚŝ͕�
ƚĞƌŝǇĂŬŝ�ĂŶĚ�ƚĞŵƉƵƌĂ͘���ůƐŽ�ŽīĞƌƐ�Ă�ǀĂƌŝĞƚǇ�ŽĨ�
ĂƉƉĞƟǌĞƌƐ͕�ƐĂůĂĚƐ�ĂŶĚ�ŶŽŽĚůĞ�ĚŝƐŚĞƐ͘��KƉĞŶ�ĨŽƌ�
ůƵŶĐŚ�ĂŶĚ�ĚŝŶŶĞƌ͘ ��

hŵŝ�^ƵƐŚŝ�;Ϯnd�&ůŽŽƌͿ
ϮϲϮϱ��ŽŶŶĞĐƟĐƵƚ��ǀĞ
;ϮϬϮͿ�ϯϯϮͲϯϲϯϲ
��ĨƵƐŝŽŶ�:ĂƉĂŶĞƐĞ�ƌĞƐƚĂƵƌĂŶƚ�ǁŝƚŚ�Ă�DĂŶŚĂƩĂŶ�
ĨĞĞů�ďǇ�ƚƌĂŶƐĨŽƌŵŝŶŐ�:ĂƉĂŶĞƐĞ�ĚŝƐŚ�ƚŽ�ŵŽĚĞƌŶ�
ĐƵŝƐŝŶĞ͘

Woodley Café

Ϯϲϭϵ��ŽŶŶĞĐƟĐƵƚ�
;ϮϬϮͿ�ϯϯϮͲϱϳϳϯ
WƌŽƵĚůǇ�ƐĞƌǀŝŶŐ��ŵĞƌŝĐĂŶ�ĐƵŝƐŝŶĞ�ŝŶ�Ă�ƌĞůĂǆĞĚ�
ĚŝŶŶĞƌͲŚŽƵƐĞ�ĞŶǀŝƌŽŶŵĞŶƚ͘�^ŽŵĞƚŚŝŶŐ�ĨŽƌ�Ğǀ-
ĞƌǇŽŶĞ͗�ŝŶĐůƵĚŝŶŐ�ƐƵƉĞƌď�ƐƚĞĂŬƐ͕�ƐĂůĂĚ͕�ƐĞĂĨŽŽĚ�
ĂŶĚ�ƚŚĞ�ďĞƐƚ�ƌŝďƐ�ŝŶ�ƚŚĞ�ĂƌĞĂ͘��>ƵŶĐŚ�ĂŶĚ�ĚŝŶŶĞƌ͘ �
�ůƐŽ�ŽƉĞŶ�ĨŽƌ�ďƌĞĂŬĨĂƐƚ�ŽŶ�ǁĞĞŬĚĂǇƐ�ĂŶĚ�
ďƌƵŶĐŚ�ŽŶ�ǁĞĞŬĞŶĚƐ͘
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dĞĐŚŶŝĐĂů��ŽŵŵŝƩĞĞ
dĞĐŚŶŝĐĂů��ŽŵŵŝƩĞĞ��ŚĂŝƌƐ�
ICOPS 2014 Technical Chair: �͘�^ŚŝŋĞƌ͕ �EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
Beams 2014 Technical Chair: �͘�tĞďĞƌ͕ �EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
 
Technical Area Coordinators 

TAC1 �ĂƐŝĐ�WƌŽĐĞƐƐĞƐ�ŝŶ�&ƵůůǇ�ĂŶĚ�WĂƌƟĂůůǇ�/ŽŶŝǌĞĚ�WůĂƐŵĂƐ͗��� �ŶĚƌĞǁ��ŚƌŝƐƚůŝĞď͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ

TAC2 DŝĐƌŽǁĂǀĞ�'ĞŶĞƌĂƟŽŶ�ĂŶĚ�WůĂƐŵĂ�/ŶƚĞƌĂĐƟŽŶƐ͗��� tŝůůŝĂŵ�tŚŝƚĞ 
� � �ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ

TAC3 �ŚĂƌŐĞĚ�WĂƌƟĐůĞ��ĞĂŵƐ�ĂŶĚ�^ŽƵƌĐĞƐ͗��� �ĂǀĞ�,ŝŶƐŚĞůǁŽŽĚ͕ 
� � EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ

TAC4 ,ŝŐŚ��ŶĞƌŐǇ��ĞŶƐŝƚǇ�WůĂƐŵĂƐ�ĂŶĚ��ƉƉůŝĐĂƟŽŶƐ͗��� &ĂƌŚĂƚ��ĞŐ͕�h�^�

TAC5 /ŶĚƵƐƚƌŝĂů͕��ŽŵŵĞƌĐŝĂů�ĂŶĚ�DĞĚŝĐĂů�WůĂƐŵĂ��ƉƉůŝĐĂƟŽŶ͗� �ŚƵŶƋŝ�:ŝĂŶŐ͕�h^�

TAC6 WůĂƐŵĂ��ŝĂŐŶŽƐƚŝĐƐ͗� ^ŝŵŽŶ��ůĂŶĚ͕�/ŵƉĞƌŝĂů��ŽůůĞŐĞ͕�h<

TAC7 WƵůƐĞĚ�WŽǁĞƌ�ĂŶĚ�KƚŚĞƌ�WůĂƐŵĂ��ƉƉůŝĐĂƚŝŽŶƐ͗� ,ŝĚĞŶŽƌŝ��ŬŝǇĂŵĂ͕ 
� � <ƵŵĂŵŽƚŽ�hŶŝǀĞƌƐŝƚǇ

Technical Advisors

�ŚƌŝƐƟŶĞ��ŶŶ��ŽǀĞƌĚĂůĞ͕�^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ
^ƚĞǀĞŶ�,͘�'ŽůĚ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
�Ěů�^ĐŚĂŵŝůŽŐůƵ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǁ�DĞǆŝĐŽ
�ƌǇĂŶ�KůŝǀĞƌ͕ �^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ
:ŽŚŶ�sĞƌďŽŶĐŽĞƵƌ͕ �DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ
:ŽŚŶ�>ƵŐŝŶƐůĂŶĚ͕��&K^Z
dŚŽŵĂƐ�DĞŚůŚŽƌŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
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Plenary 1͗�͞hůƚƌĂĐŽůĚ�EĞƵƚƌĂů�WůĂƐŵĂƐ͟
WƌŽĨ͘ �^ƚĞǀĞŶ�ZŽůƐƚŽŶ 
University of Maryland

�ƌ͘ �^ƚĞǀĞŶ�>͘�ZŽůƐƚŽŶ�ŝƐ�Ă�WƌŽĨĞƐƐŽƌ�ŽĨ�WŚǇƐŝĐƐ�Ăƚ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂƌǇůĂŶĚ͕��ŽůůĞŐĞ�
WĂƌŬ͕�ĂŶĚ�ŝƐ�ƚŚĞ�ĐŽͲĚŝƌĞĐƚŽƌ�ŽĨ�ƚŚĞ�:ŽŝŶƚ�YƵĂŶƚƵŵ�/ŶƐƟƚƵƚĞ͕�ĂŶĚ�ŝƐ�Ă�DĂƌƋƵĞĞ�WƌŽĨĞƐ-
ƐŽƌ�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͘ ��,Ğ�ŚĂƐ�ďĞĞŶ�Ă�ƉƌŽĨĞƐƐŽƌ�Ăƚ�DĂƌǇůĂŶĚ�ƐŝŶĐĞ�ϮϬϬϯ͕�ĂŶĚ�
ďĞĨŽƌĞ�ƚŚĂƚ�ǁĂƐ�Ă�ƐƚĂī�ƐĐŝĞŶƟƐƚ�Ăƚ�ƚŚĞ�EĂƟŽŶĂů�/ŶƐƟƚƵƚĞ�ŽĨ�^ƚĂŶĚĂƌĚƐ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ�
ŝŶ�'ĂŝƚŚĞƌƐďƵƌŐ͕�DĂƌǇůĂŶĚ�ĨŽƌ�ϭϱ�ǇĞĂƌƐ͘��,Ğ�ƌĞĐĞŝǀĞĚ�Ă��͘^͘�ŝŶ�ƉŚǇƐŝĐƐ�ĨƌŽŵ�tĞƐůĞǇĂŶ�
hŶŝǀĞƌƐŝƚǇ�ŝŶ��ŽŶŶĞĐƟĐƵƚ͕�Ă�WŚ��ĨƌŽŵ�^hEz�^ƚŽŶǇ��ƌŽŽŬ͕�ĂŶĚ�ǁĂƐ�Ă�ƉŽƐƚĚŽĐƚŽƌĂů�
ƌĞƐĞĂƌĐŚĞƌ�Ăƚ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�tĂƐŚŝŶŐƚŽŶ�ŝŶ�^ĞĂƩůĞ�ĂŶĚ�,ĂƌǀĂƌĚ�hŶŝǀĞƌƐŝƚǇ�ďĞĨŽƌĞ�
ũŽŝŶŝŶŐ�E/^d�ŝŶ�ϭϵϴϴ͘��^ƚĞǀĞ Ɛ͛�ƌĞƐĞĂƌĐŚ�ŝŶƚĞƌĞƐƚƐ�ŚĂǀĞ�ƐƉĂŶŶĞĚ�Ă�ǁŝĚĞ�ƌĂŶŐĞ�ŽĨ�ŵŽĚĞƌŶ�
ĂƚŽŵŝĐ�ƉŚǇƐŝĐƐ͕�ŝŶĐůƵĚŝŶŐ�ĂŶƟƉƌŽƚŽŶ�ƚƌĂƉƉŝŶŐ�ĂŶĚ�ĂŶƟŚǇĚƌŽŐĞŶ�ƉƌŽĚƵĐƟŽŶ͕�ůĂƐĞƌ�ĐŽŽů-
ŝŶŐ�ĂŶĚ�ƚƌĂƉƉŝŶŐ͕�ƵůƚƌĂĐŽůĚ�ĐŽůůŝƐŝŽŶƐ͕�ƉƌĞĐŝƐŝŽŶ�ƐƉĞĐƚƌŽƐĐŽƉǇ͕ ��ŽƐĞ��ŝŶƐƚĞŝŶ�ĐŽŶĚĞŶ-

ƐĂƟŽŶ͕�ŽƉƟĐĂů�ůĂƫĐĞƐ͕�ĂŶĚ�ƋƵĂŶƚƵŵ�ŝŶĨŽƌŵĂƟŽŶ͘��/Ŷ�ϭϵϵϵ�ŚĞ�ĞƐƚĂďůŝƐŚĞĚ�ƚŚĞ�ŶĞǁ�ĮĞůĚ�ŽĨ�ƵůƚƌĂĐŽůĚ�ŶĞƵƚƌĂů�
ƉůĂƐŵĂƐ͕�ƵƐŝŶŐ�ƚŚĞ�ĂƚŽŵŝĐ�ƉŚǇƐŝĐƐ�ƚĞĐŚŶŝƋƵĞƐ�ĚĞǀĞůŽƉĞĚ�ƚŽ�ŵĂŬĞ�ĐŽůĚ�ƐĂŵƉůĞƐ�ŽĨ�ĂƚŽŵƐ�ĐŽŵďŝŶĞĚ�ǁŝƚŚ�ůĂƐĞƌ�
ƉŚŽƚŽͲŝŽŶŝǌĂƟŽŶ͘��,ŝƐ�ƌĞƐĞĂƌĐŚ�ŝŶ�ƚŚŝƐ�ĂƌĞĂ�ƐƚĂƌƚĞĚ�ǁŝƚŚ�ƚŚĞ�ĮƌƐƚ�ĚĞŵŽŶƐƚƌĂƟŽŶ�ŽĨ�ƚŚĞ�ĐƌĞĂƟŽŶ�ŽĨ�ƐƵĐŚ�ƉůĂƐ-
ŵĂƐ�ǁŝƚŚ�ƚĞŵƉĞƌĂƚƵƌĞƐ�ŝŶ�ƚŚĞ�ĨĞǁ�<ĞůǀŝŶ�ƌĂŶŐĞ͕�ĂŶĚ�ŚĂƐ�ĐŽŶƟŶƵĞĚ�ƐƚƵĚǇŝŶŐ�ƚŚĞ�ƉŚǇƐŝĐƐ�ŽĨ�ƐƵĐŚ�ĨƵŶĚĂŵĞŶƚĂů�
ƉůĂƐŵĂ�ƐǇƐƚĞŵƐ͘��dŚŝƐ�ŝŶĐůƵĚĞĚ�ŵĞĂƐƵƌĞŵĞŶƚƐ�ŽĨ�ƉůĂƐŵĂ�ĞǆƉĂŶƐŝŽŶ͕�ĚŝīƵƐŝŽŶ͕�ĐŽůůĞĐƟǀĞ�ŵŽĚĞƐ͕�ĐŽůůŝƐŝŽŶƐ�Ăƚ�
ůŽǁ�ƚĞŵƉĞƌĂƚƵƌĞƐ͕�ĨŽƌŵĂƟŽŶ�ŽĨ�ZǇĚďĞƌŐ�ĂƚŽŵƐ�ƚŚƌŽƵŐŚ�ƌĞĐŽŵďŝŶĂƟŽŶ͕�ƉůĂƐŵĂ�ŝŶƐƚĂďŝůŝƟĞƐ͘

,Ğ�ŝƐ�ƚŚĞ�ĂƵƚŚŽƌ�ŽĨ�ŽǀĞƌ�ϭϮϱ�ũŽƵƌŶĂů�ƉƵďůŝĐĂƟŽŶƐ͕�ĂŶĚ�ŝƐ�Ă�&ĞůůŽǁ�ŽĨ�ƚŚĞ��ŵĞƌŝĐĂŶ�WŚǇƐŝĐĂů�^ŽĐŝĞƚǇ͕ �ƚŚĞ�KƉƟĐĂů�
^ŽĐŝĞƚǇ�ŽĨ��ŵĞƌŝĐĂ͕�ĂŶĚ�ƚŚĞ��ŵĞƌŝĐĂŶ��ƐƐŽĐŝĂƟŽŶ�ĨŽƌ�ƚŚĞ��ĚǀĂŶĐĞŵĞŶƚ�ŽĨ�^ĐŝĞŶĐĞ͘�,Ğ�ŚĂƐ�ƐĞƌǀĞĚ�ŽŶ�ŶƵŵĞƌ-
ŽƵƐ�ĐŽŵŵŝƩĞĞƐ�ĂŶĚ�ƉĂŶĞůƐ�ĨŽƌ�ƚŚĞ��ŵĞƌŝĐĂŶ�WŚǇƐŝĐĂů�^ŽĐŝĞƚǇ�ĂŶĚ�ƚŚĞ�KƉƟĐĂů�^ŽĐŝĞƚǇ͘

Plenary 2:�͞,ŝŐŚ�WŽǁĞƌ�DŝĐƌŽǁĂǀĞ�'ĞŶĞƌĂƟŽŶ�ĂŶĚ�DŝƟŐĂƟŽŶ͟
WƌŽĨ͘ �ZŽŶ�'ŝůŐĞŶďĂĐŚ 
University of Michigan

ZŽŶĂůĚ�D͘�'ŝůŐĞŶďĂĐŚ�ŝƐ��ŚĂŝƌ�ĂŶĚ��ŚŝŚŝƌŽ�<ŝŬƵĐŚŝ��ŽůůĞŐŝĂƚĞ�WƌŽĨĞƐƐŽƌ�ŝŶ�ƚŚĞ�EƵĐůĞĂƌ�
�ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�ZĂĚŝŽůŽŐŝĐĂů�^ĐŝĞŶĐĞƐ��ĞƉĂƌƚŵĞŶƚ�Ăƚ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ�;hDͿ͘�
,Ğ�ĞĂƌŶĞĚ�ŚŝƐ�WŚ͘�͘�ŝŶ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�ĨƌŽŵ��ŽůƵŵďŝĂ�hŶŝǀĞƌƐŝƚǇ�ŝŶ�ϭϵϳϴ͘�,ŝƐ��͘^͘�
;ϭϵϳϮͿ�ĂŶĚ�D͘^͘�;ϭϵϳϯͿ�ĚĞŐƌĞĞƐ�ǁĞƌĞ�ƌĞĐĞŝǀĞĚ�Ăƚ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�tŝƐĐŽŶƐŝŶ͘�/Ŷ�ƚŚĞ�ĞĂƌůǇ�
ϭϵϳϬ Ɛ͛�ŚĞ�ƐƉĞŶƚ�ƐĞǀĞƌĂů�ǇĞĂƌƐ�ĂƐ�Ă�DĞŵďĞƌ�ŽĨ�ƚŚĞ�dĞĐŚŶŝĐĂů�^ƚĂī�Ăƚ��Ğůů�>ĂďƐ͘�&ƌŽŵ�ϭϵϳϴͲ
ϭϵϴϬ͕�ŚĞ�ƉĞƌĨŽƌŵĞĚ�ŐǇƌŽƚƌŽŶ�ƌĞƐĞĂƌĐŚ�Ăƚ�ƚŚĞ�EĂǀĂů�ZĞƐĞĂƌĐŚ�>Ăď�;EZ>Ϳ�ĂŶĚ�ƉĞƌĨŽƌŵĞĚ�
ƚŚĞ�ĮƌƐƚ�ĞůĞĐƚƌŽŶ�ĐǇĐůŽƚƌŽŶ�ŚĞĂƟŶŐ�ĞǆƉĞƌŝŵĞŶƚƐ�ŽŶ�Ă�ƚŽŬĂŵĂŬ�ƉůĂƐŵĂ�ŝŶ�ƚŚĞ�h^��Ăƚ�KĂŬ�
ZŝĚŐĞ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͘ ��ƌ͘ �'ŝůŐĞŶďĂĐŚ�ũŽŝŶĞĚ�ƚŚĞ�ĨĂĐƵůƚǇ�ŽĨ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ�
ŝŶ�ϭϵϴϬ�ĂŶĚ�ďĞĐĂŵĞ��ŝƌĞĐƚŽƌ�ŽĨ�ƚŚĞ�WůĂƐŵĂ͕�WƵůƐĞĚ�WŽǁĞƌ�ĂŶĚ�DŝĐƌŽǁĂǀĞ�>ĂďŽƌĂƚŽƌǇ͘

�ƚ�hD͕��ƌ͘ �'ŝůŐĞŶďĂĐŚ�ŚĂƐ�ƐƵƉĞƌǀŝƐĞĚ�ϰϱ�ŐƌĂĚƵĂƚĞĚ�WŚ͘�͘�ƐƚƵĚĞŶƚƐ͕�ŚĂƐ�ƉƵďůŝƐŚĞĚ�ŽǀĞƌ�ϭϲϬ�ĂƌƟĐůĞƐ�ŝŶ�ƌĞĨĞƌĞĞĚ�
ũŽƵƌŶĂůƐ͕�ĂŶĚ�ŚĂƐ�ϰ�ƉĂƚĞŶƚƐ�ŐƌĂŶƚĞĚ�ĂŶĚ�Ă�ĮŌŚ�ĂƉƉůŝĐĂƟŽŶ�ĮůĞĚ͘�,Ğ�ŽƌŝŐŝŶĂƚĞĚ�Ă�ŶĞǁ�ĐŽƵƌƐĞ�ŽŶ�ƉĂƌƟĐůĞ�ĂĐĐĞů-
ĞƌĂƚŽƌƐ�ĂŶĚ�ƵƉĚĂƚĞĚ�ƚŚĞ�ƉůĂƐŵĂ�ĐƵƌƌŝĐƵůƵŵ͘�,ŝƐ�ƌĞƐĞĂƌĐŚ�Ăƚ�DŝĐŚŝŐĂŶ�ŚĂƐ�ĐŽŶĐĞŶƚƌĂƚĞĚ�ŽŶ�ĂĚǀĂŶĐĞĚ�ƉĂƌƟĐůĞ�
ĂĐĐĞůĞƌĂƚŽƌƐ͕�ĞůĞĐƚƌŽŶ�ďĞĂŵƐ͕�ƉůĂƐŵĂ�ƉŚǇƐŝĐƐ͕�ŚŝŐŚ�ƉŽǁĞƌ�ŵŝĐƌŽǁĂǀĞ�ŐĞŶĞƌĂƟŽŶ͕�ĂƐ�ǁĞůů�ĂƐ�ďŝŽůŽŐŝĐĂů�ŝŶƚĞƌĂĐ-
ƟŽŶƐ�ŽĨ�ƌĂĚŝŽͲĨƌĞƋƵĞŶĐǇ�ĂŶĚ�ƵůƚƌĂǁŝĚĞďĂŶĚ�ƌĂĚŝĂƟŽŶ͕�ƉĂƌƟĐƵůĂƌůǇ�ĨŽƌ�ŬŝůůŝŶŐ�ĐĂŶĐĞƌ�ĐĞůůƐ͘�,Ğ�ŚĂƐ�ĐŽůůĂďŽƌĂƚĞĚ�
ŝŶ�ƌĞƐĞĂƌĐŚ�ǁŝƚŚ�ƐĐŝĞŶƟƐƚƐ�Ăƚ��ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>Ăď͕�^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďƐ͕�E�^��'ůĞŶŶ͕�EŽƌƚŚƌŽƉͲ'ƌƵŵŵĂŶ͕�
>Ͳϯ��ŽŵŵƵŶŝĐĂƟŽŶƐ͕�'ĞŶĞƌĂů�DŽƚŽƌƐ�ZĞƐĞĂƌĐŚ�>ĂďƐ͕�>ŽƐ��ůĂŵŽƐ�EĂƟŽŶĂů�>Ăď͕�&ĞƌŵŝůĂď͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>Ăď�
ĂŶĚ�/ŶƐƟƚƵƚĞ�ŽĨ�,ŝŐŚ��ƵƌƌĞŶƚ��ůĞĐƚƌŽŶŝĐƐ�;ZƵƐƐŝĂͿ͘�,Ğ�ƌĞĐĞŝǀĞĚ�ƚŚĞ�hD��ŽůůĞŐĞ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ�ZĞƐĞĂƌĐŚ��ǁĂƌĚ�
ŝŶ�ϭϵϵϯ͕�ƚŚĞ�E^&�WƌĞƐŝĚĞŶƟĂů�zŽƵŶŐ�/ŶǀĞƐƟŐĂƚŽƌ��ǁĂƌĚ�;ϭϵϴϰͿ�ĂŶĚ�ƚŚĞ�ϭϵϵϳ�WůĂƐŵĂ�^ĐŝĞŶĐĞƐ�ĂŶĚ��ƉƉůŝĐĂƟŽŶƐ�
�ŽŵŵŝƩĞĞ�;W^��Ϳ��ǁĂƌĚ�ĨƌŽŵ�ƚŚĞ�/���͕�ƐĞƌǀĞĚ�ĂƐ�W^����ŚĂŝƌ�ŝŶ�ϮϬϬϳͲϮϬϬϴ�ĂŶĚ�ƌĞĐĞŝǀĞĚ�ĂŶ�KƵƚƐƚĂŶĚŝŶŐ�zŽƵŶŐ�
�ŶŐŝŶĞĞƌ��ǁĂƌĚ�ĨƌŽŵ�ƚŚĞ��ŵĞƌŝĐĂŶ�EƵĐůĞĂƌ�^ŽĐŝĞƚǇ͘ �,Ğ�ŝƐ�Ă�&ĞůůŽǁ�ŽĨ�ƚŚĞ�/����ĂŶĚ�ƚŚĞ��ŵĞƌŝĐĂŶ�WŚǇƐŝĐĂů�^ŽĐŝĞƚǇ�
�ŝǀŝƐŝŽŶ�ŽĨ�WůĂƐŵĂ�WŚǇƐŝĐƐ͘�,Ğ�ŝƐ�Ă�ƉĂƐƚ��ƐƐŽĐŝĂƚĞ��ĚŝƚŽƌ�ŽĨ�ƚŚĞ�ũŽƵƌŶĂů͕�WŚǇƐŝĐƐ�ŽĨ�WůĂƐŵĂƐ͘
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Plenary 3: ͞KǀĞƌǀŝĞǁ�ŽĨ�WƵůƐĞĚ�WŽǁĞƌ�ZĞƐĞĂƌĐŚĞƐ�Ăƚ����W͟
WƌŽĨ͘ �:ŝĂŶũƵŶ��ĞŶŐ 
�ŝƌĞĐƚŽƌ͕ �/ŶƐƟƚƵƚĞ�ŽĨ�&ůƵŝĚ�WŚǇƐŝĐƐ͕����W

�ƌ͘ �:ŝĂŶũƵŶ��ĞŶŐ�ŝƐ��ŝƌĞĐƚŽƌ�ĂŶĚ�WƌŽĨĞƐƐŽƌ�ŝŶ�ƚŚĞ�/ŶƐƟƚƵƚĞ�ŽĨ�&ůƵŝĚ�WŚǇƐŝĐƐ͕��ŚŝŶĂ��ĐĂĚ-
ĞŵǇ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ�WŚǇƐŝĐƐ�;���WͿ͘�,ŝƐ�ŵĂŝŶ�ƌĞƐĞĂƌĐŚ�ŝŶƚĞƌĞƐƚƐ�ŝŶĐůƵĚĞ�ƉƵůƐĞĚ�ƉŽǁĞƌ�
ƚĞĐŚŶŽůŽŐŝĞƐ͕�ŚŝŐŚ�ĐƵƌƌĞŶƚ�ĂĐĐĞůĞƌĂƚŽƌƐ͕�ŝŶƚĞŶƐĞ�ĞůĞĐƚƌŽŶ�ďĞĂŵƐ͕��ͲƉŝŶĐŚĞƐ͕�ŇĂƐŚ�yͲƌĂǇ�
ƌĂĚŝŽŐƌĂƉŚǇ͘ �,Ğ�ŝƐ�ƚŚĞ�ƉƌŽũĞĐƚ�ůĞĂĚĞƌ�ŽĨ�ƚŚĞ��ƌĂŐŽŶͲ/͕��ƌĂŐŽŶͲ//�ůŝŶĞĂƌ�ŝŶĚƵĐƟŽŶ�ĂĐĐĞů-
ĞƌĂƚŽƌƐ�ĂŶĚ�ƚŚĞ�WƌŝŵĂƌǇ�dĞƐƚ�^ƚĂŶĚ�;Wd^Ϳ͘�

�ƌ͘ ��ĞŶŐ�ŚĂƐ�ƉƵďůŝƐŚĞĚ�ŽǀĞƌ�ϭϬϬ�ĂƌƟĐůĞƐ�ŝŶ�ƌĞĨĞƌĞĞĚ�ũŽƵƌŶĂůƐ͘�,Ğ�ƌĞĐĞŝǀĞĚ�ŵĂŶǇ�ĂǁĂƌĚƐ�
ĂŶĚ�ŚŽŶŽƌƐ�ŝŶĐůƵĚŝŶŐ�ƚŚĞ�͞YŝƵƐŚŝ͟�KƵƚƐƚĂŶĚŝŶŐ�zŽƵŶŐ�^Θd��ǁĂƌĚ�;ϭϵϵϵͿ͕�^ƉĞĐŝĂů�
�ǁĂƌĚ�ŽĨ�^ƚĂƚĞ��ŽƵŶĐŝů�;ϭϵϵϴͿ�ŽĨ��ŚŝŶĂ�ĂŶĚ�ƚǁŽ�EĂƟŽŶĂů�^ĐŝĞŶƟĮĐ�WƌŽŐƌĞƐƐ��ǁĂƌĚƐ�
;ϭϵϵϳ�ĂŶĚ�ϮϬϬϱͿ͘�,Ğ�ƐĞƌǀĞĚ�ĂƐ��ŚĂŝƌ�ŽĨ��ŚŝŶĞƐĞ�WƵůƐĞĚ�WŽǁĞƌ�^ŽĐŝĞƚǇ�ĂŶĚ�ŽƌŝŐŝŶĂƚĞĚ�Ă�

ŶĞǁ�ƐƵŵŵĞƌ�ƐĐŚŽŽů�ŽŶ�ƉƵůƐĞĚ�ƉŽǁĞƌ�ŝŶ��ŚŝŶĂ͘�,Ğ�ĐŚĂŝƌĞĚ�ƚŚĞ�ϯƌĚ�/ŶƚĞƌŶĂƟŽŶĂů�^ǇŵƉŽƐŝƵŵ�ŽŶ�WƵůƐĞĚ�WŽǁĞƌ�
Θ�WůĂƐŵĂ�;/^WWϮϬϬϮͿ͕�ƚŚĞ�&ŝƌƐƚ��ƵƌŽͲ�ƐŝĂŶ�WƵůƐĞĚ�WŽǁĞƌ��ŽŶĨĞƌĞŶĐĞ�;��WW�ϮϬϬϲͿ͕�ƚŚĞ�ϭϳƚŚ�/ŶƚĞƌŶĂƟŽŶĂů�
�ŽŶĨĞƌĞŶĐĞ�ŽŶ�,ŝŐŚ�WŽǁĞƌ�WĂƌƟĐůĞ��ĞĂŵƐ�;���D^ϮϬϬϴͿ͕�ĂŶĚ�ƚŚĞ�ϯƌĚ�/ŶƚĞƌŶĂƟŽŶĂů�tŽƌŬƐŚŽƉ�ŽŶ�/ŶĚƵĐƟŽŶ�
>/E��Ɛ͘�,Ğ�ŝƐ�ĂůƐŽ�Ă�ŵĞŵďĞƌ�ŽĨ�ƚŚĞ����D^�/ŶƚĞƌŶĂƟŽŶĂů��ĚǀŝƐŽƌǇ��ŽŵŵŝƩĞĞ͕���WW��/ŶƚĞƌŶĂƟŽŶĂů�KƌŐĂŶŝǌŝŶŐ�
�ŽŵŵŝƩĞĞ͕���W�/ŶƚĞƌŶĂƟŽŶĂů�KƌŐĂŶŝǌŝŶŐ��ŽŵŵŝƩĞĞ�ĂŶĚ�/ŶƚĞƌŶĂƟŽŶĂů�WĂƌƟĐůĞ��ĐĐĞůĞƌĂƚŽƌ��ŽŶĨĞƌĞŶĐĞ�;/W��Ϳ�
^ĐŝĞŶƟĮĐ��ĚǀŝƐŽƌǇ��ŽĂƌĚ͘

Plenary 4:�dŚĞ�,ŝŐŚͲ&ŽŽƚ�/ŵƉůŽƐŝŽŶ��ĂŵƉĂŝŐŶ�ŽŶ�ƚŚĞ�E/&
�ƌ͘ �KŵĂƌ�,ƵƌƌŝĐĂŶĞ 
>ĂǁƌĞŶĐĞ�>ŝǀĞƌŵŽƌĞ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ

�ƌ͘ �KŵĂƌ�,ƵƌƌŝĐĂŶĞ�ŝƐ�Ă��ŝƐƟŶŐƵŝƐŚĞĚ�DĞŵďĞƌ�ŽĨ�ƚŚĞ�dĞĐŚŶŝĐĂů�^ƚĂī�Ăƚ�>ĂǁƌĞŶĐĞ�>ŝǀ-
ĞƌŵŽƌĞ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ�ĂŶĚ�ůĞĂĚ�ƐĐŝĞŶƟƐƚ�ĨŽƌ�ƚŚĞ�,ŝŐŚͲĨŽŽƚ�/ŵƉůŽƐŝŽŶ��ĂŵƉĂŝŐŶ�
ŽŶ�ƚŚĞ�E/&͘ ��,ŝƐ�ƌĞƐĞĂƌĐŚ�ĨŽĐƵƐĞƐ�ŽŶ�ǁĞĂƉŽŶƐ�ƉŚǇƐŝĐƐ͕�ŚŝŐŚ�ĞŶĞƌŐǇ�ĚĞŶƐŝƚǇ�ƉŚǇƐŝĐƐ�
ƐĐŝĞŶĐĞ͕�ĂŶĚ�ƉůĂƐŵĂ�ŝŶƐƚĂďŝůŝƚǇ͘ ���ƌ͘ �,ƵƌƌŝĐĂŶĞ�ŚĂƐ�ĂƵƚŚŽƌĞĚ�ϲϬ�ũŽƵƌŶĂů�ƉƵďůŝĐĂƟŽŶƐ�ĂŶĚ�
ϲϬ�ĐŽŶĨĞƌĞŶĐĞ�ƉĂƉĞƌƐ͕�ůĂƌŐĞůǇ�ŝŶ�ƚŚĞ�ĂƌĞĂ�ŽĨ�ƉůĂƐŵĂ�ƉŚǇƐŝĐƐ�ĂŶĚ�,��W͘ �,Ğ�ŚĂƐ�ƌĞĐĞŝǀĞĚ�
ƐĞǀĞƌĂů�ĂǁĂƌĚƐ�ĂŶĚ�ŚŽŶŽƌƐ͕�ŝŶĐůƵĚŝŶŐ�ƚŚĞ�h͘^͘��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŶĞƌŐǇ��ƌŶĞƐƚ�KƌůĂŶĚŽ�
>ĂǁƌĞŶĐĞ��ǁĂƌĚ�ĨŽƌ�EĂƟŽŶĂů�^ĞĐƵƌŝƚǇ�ĂŶĚ�EŽŶƉƌŽůŝĨĞƌĂƟŽŶ�;ϮϬϬϵͿ͕�ĮǀĞ�h͘^͘��ĞƉĂƌƚ-
ŵĞŶƚ�ŽĨ��ŶĞƌŐǇ��ĞĨĞŶƐĞ�WƌŽŐƌĂŵƐ�ZĞĐŽŐŶŝƟŽŶ�ŽĨ��ǆĐĞůůĞŶĐĞ��ǁĂƌĚƐ�;ϮϬϬϮ͕�ϮϬϬϰ͕�
ϮϬϬϵ�ǆ�Ϯ͕�ϮϬϭϬͿ͕�ĂŶĚ�ƚŚƌĞĞ�>>E>��ŝƌĞĐƚŽƌƐ�^ĐŝĞŶĐĞ�Θ�dĞĐŚŶŽůŽŐǇ�ĂǁĂƌĚƐ�;ϮϬϭϬ͕�ϮϬϭϭ͕�
ĂŶĚ�ϮϬϭϯͿ͘���ƌ͘ �,ƵƌƌŝĐĂŶĞ�ƌĞĐĞŝǀĞĚ�ŚŝƐ��͘^͘�ŝŶ�WŚǇƐŝĐƐ�ĂŶĚ��ƉƉůŝĞĚ�DĂƚŚĞŵĂƟĐƐ�ĨƌŽŵ�

DĞƚƌŽƉŽůŝƚĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĞŶǀĞƌ͕ �ĂŶĚ�ŚŝƐ�D͘^͘�ĂŶĚ�WŚ͘�͘�ŝŶ�WŚǇƐŝĐƐ�ĨƌŽŵ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ͕�
>ŽƐ��ŶŐĞůĞƐ�;h�>�Ϳ�ǁŚĞƌĞ�ŚĞ�ǁĂƐ�ĂůƐŽ�Ă�ƉŽƐƚͲĚŽĐ�ĨŽƌ�ĨŽƵƌ�ǇĞĂƌƐ͘���ƌ͘ �,ƵƌƌŝĐĂŶĞ�ŚĂƐ�ĂůƐŽ�ďĞĞŶ�Ă�sŝƐŝƟŶŐ�^ĐŚŽůĂƌ�
Ăƚ�^ƚĂŶĨŽƌĚ�hŶŝǀĞƌƐŝƚǇ�;�/^��Ϳ͘�
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Plenary 5:�͞�ĞŶƐŝƚǇ�&ƵŶĐƟŽŶĂů�DĞƚŚŽĚƐ�ĨŽƌ�,ŝŐŚ��ŶĞƌŐǇ��ĞŶƐŝƚǇ�WůĂƐŵĂƐ�ĂŶĚ�
tĂƌŵ��ĞŶƐĞ�DĂƩĞƌ͟
�ƌ͘ �DŝĐŚĂĞů��ĞƐũĂƌůĂŝƐ 
^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ 

�ƌ͘ �DŝŬĞ��ĞƐũĂƌůĂŝƐ�ŝƐ�Ă�ƌĞƐĞĂƌĐŚ�ƐĐŝĞŶƟƐƚ�Ăƚ�ƚŚĞ�^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵ-
ƋƵĞƌƋƵĞ͕�ED���^ĞŶŝŽƌ�^ĐŝĞŶƟƐƚ�Ăƚ�^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�DŝŬĞ�
ƌĞĐĞŝǀĞĚ�ŚŝƐ��͘^͘�ŝŶ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�ĨƌŽŵ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂƐƐĂĐŚƵƐĞƩƐ�ŝŶ�ϭϵϴϬ�
ĂŶĚ�ƌĞĐĞŝǀĞĚ�ŚŝƐ�WŚ͘�͘�ĨƌŽŵ��ŽƌŶĞůů�hŶŝǀĞƌƐŝƚǇ�ƚŚƌŽƵŐŚ�ƚŚĞ�>ĂďŽƌĂƚŽƌǇ�ŽĨ�WůĂƐŵĂ�^ƚƵĚ-
ŝĞƐ�ŝŶ�ϭϵϴϲ͕�ƵƉŽŶ�ǁŚŝĐŚ�ŚĞ�ũŽŝŶĞĚ�^ĂŶĚŝĂ Ɛ͛�WƵůƐĞĚ�WŽǁĞƌ�^ĐŝĞŶĐĞƐ��ŝƌĞĐƚŽƌĂƚĞ͘�&ƌŽŵ�
ϭϵϴϲ�ƚŽ�ϭϵϵϲ͕�ŚĞ�ǁŽƌŬĞĚ�ŽŶ�ƚŚĞ�ƚŚĞŽƌǇ�ŽĨ�ŵĂŐŶĞƟĐĂůůǇ�ŝŶƐƵůĂƚĞĚ�ŝŽŶ�ĚŝŽĚĞƐ�ŝŶ�ƐƵƉƉŽƌƚ�
ŽĨ�^ĂŶĚŝĂ Ɛ͛�ŝŽŶ�ďĞĂŵ�ĨƵƐŝŽŶ�ƉƌŽŐƌĂŵ͘��&ŽůůŽǁŝŶŐ�Ă�ďƌŝĞĨ�ƉĞƌŝŽĚ�ŽĨ�ƌĞƐĞĂƌĐŚ�ŽŶ�ƚŚĞ�
ƉŚǇƐŝĐƐ�ŽĨ�ǁŝƌĞ�ĂƌƌĂǇ���ƉŝŶĐŚĞƐ͕�ŚĞ�ďĞŐĂŶ�ĂĚĚƌĞƐƐŝŶŐ�ƚŚĞ�ŶĞĞĚ�ĨŽƌ�ŵŽƌĞ�ĂĐĐƵƌĂƚĞ�ǁŝĚĞͲ
ƌĂŶŐĞ�ĞůĞĐƚƌŝĐĂů�ĂŶĚ�ƚŚĞƌŵĂů�ƚƌĂŶƐƉŽƌƚ�ŵŽĚĞůƐ�ŝŶ�ƐŝŵƵůĂƟŽŶ�ĐŽĚĞƐ͕�ĂŶĚ�ƚƵƌŶĞĚ�ƚŽ�ĚĞŶ-
ƐŝƚǇ�ĨƵŶĐƟŽŶĂů�ƚŚĞŽƌǇ�ĨŽƌ�ƚŚĞ�ĚŝĸĐƵůƚ�ƉƌŽďůĞŵ�ŽĨ�ĐĂůĐƵůĂƟŶŐ�ĐŽŶĚƵĐƟǀŝƟĞƐ�ĨŽƌ�ǁĂƌŵ�

ĚĞŶƐĞ�ŵĂƩĞƌ͘ �dŚĞ�ŵŽĚĞůƐ�ĚĞǀĞůŽƉĞĚ�ǁŝƚŚ�ƚŚĞƐĞ�ŵĞƚŚŽĚƐ�ĂƌĞ�ŶŽǁ�ǁŝĚĞůǇ�ƵƐĞĚ�ƚŚƌŽƵŐŚŽƵƚ�ƚŚĞ�EE^��ůĂďƐ�
ĂŶĚ�ŝŶƚĞƌŶĂƟŽŶĂůůǇ͘ �,ŝƐ�ǁŽƌŬ�ǁŝƚŚ�ĚĞŶƐŝƚǇ�ĨƵŶĐƟŽŶĂů�ŵŽůĞĐƵůĂƌ�ĚǇŶĂŵŝĐƐ�ƐŽŽŶ�ůĞĚ�ƚŽ�ĐŽůůĂďŽƌĂƟŽŶƐ�ǁŝƚŚ�^ĂŶ-
ĚŝĂ Ɛ͛�ƐŚŽĐŬ�ƉŚǇƐŝĐƐ�ŐƌŽƵƉ͕�ƐƚĂƌƟŶŐ�ǁŝƚŚ�ŚŝƐ�ĐĂůĐƵůĂƟŽŶ�ŽĨ�ƚŚĞ�ƐŚŽĐŬ�ƉƌŽƉĞƌƟĞƐ�ŽĨ�ůŝƋƵŝĚ�ĚĞƵƚĞƌŝƵŵ�ŝŶ�ϮϬϬϯ͕�ƚŚĞ�
ƐƵďũĞĐƚ�ŽĨ�ĐŽŶƐŝĚĞƌĂďůĞ�ĐŽŶƚƌŽǀĞƌƐǇ�Ăƚ�ƚŚĞ�ƟŵĞ͘�dŚĞ�ƐƵĐĐĞƐƐ�ŽĨ�ƚŚŝƐ�ĞĂƌůǇ�ĞīŽƌƚ�ƉƌĞĐŝƉŝƚĂƚĞĚ�Ă�ƌĂƉŝĚ�ŐƌŽǁƚŚ�
ŽĨ�ũŽŝŶƚ�ĞǆƉĞƌŝŵĞŶƚĂůͲƚŚĞŽƌĞƟĐĂů�ĚǇŶĂŵŝĐ�ŵĂƚĞƌŝĂůƐ�ƌĞƐĞĂƌĐŚ�ŽŶ��͕�ŝŶĐůƵĚŝŶŐ�ĞƋƵĂƟŽŶ�ŽĨ�ƐƚĂƚĞ�ƌĞƐĞĂƌĐŚ�ŽŶ�
ďĞƌǇůůŝƵŵ�ĂŶĚ�ĚŝĂŵŽŶĚ�ĨŽƌ�ƚŚĞ�EĂƟŽŶĂů�/ŐŶŝƟŽŶ��ĂŵƉĂŝŐŶ͕�ƋƵĂƌƚǌ�ĂƐ�Ă�ǀĞƌǇ�ĂĐĐƵƌĂƚĞ�ƐŚŽĐŬ�ŝŵƉĞĚĂŶĐĞ�ƐƚĂŶ-
ĚĂƌĚ͕�ĂŶĚ�ǁĂƚĞƌ�ĂŶĚ�ŚǇĚƌŽŐĞŶ�ĨŽƌ�ƉůĂŶĞƚĂƌǇ�ƐĐŝĞŶĐĞ͘�/Ŷ�ĂĚĚŝƟŽŶ�ƚŽ�ƐĞǀĞƌĂů�EE^���ĞĨĞŶƐĞ�WƌŽŐƌĂŵƐ��ǁĂƌĚƐ�ŽĨ�
�ǆĐĞůůĞŶĐĞ͕�ŚĞ�ƌĞĐĞŝǀĞĚ�ƚŚĞ�ϮϬϬϮ�^ĂŶĚŝĂ��ŵƉůŽǇĞĞ�ZĞĐŽŐŶŝƟŽŶ��ǁĂƌĚ�ĨŽƌ�/ŶĚŝǀŝĚƵĂů�dĞĐŚŶŝĐĂů��ǆĐĞůůĞŶĐĞ�ĨŽƌ�
ŚŝƐ�ǁŝĚĞͲƌĂŶŐĞ�ĐŽŶĚƵĐƟǀŝƚǇ�ŵŽĚĞů�ĨŽƌ�ĂůƵŵŝŶƵŵ�ƵƐŝŶŐ�Ăď�ŝŶŝƟŽ�ŵĞƚŚŽĚƐ�ĂŶĚ�ƚŚĞ�ϮϬϬϲ�^ĂŶĚŝĂ�>�Z���ǁĂƌĚ�
ĨŽƌ��ǆĐĞůůĞŶĐĞ�ĨŽƌ�ŚŝƐ�ƚĞĂŵ Ɛ͛�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĞǆĂĐƚͲĞǆĐŚĂŶŐĞ�ĚĞŶƐŝƚǇ�ĨƵŶĐƟŽŶĂů�ŵĞƚŚŽĚƐ͘��ƌ͘ ��ĞƐũĂƌůĂŝƐ�ŝƐ�Ă�
&ĞůůŽǁ�ŽĨ�ƚŚĞ��ŵĞƌŝĐĂŶ�WŚǇƐŝĐĂů�^ŽĐŝĞƚǇ�ĂŶĚ�ĂŶ��ƐƐŽĐŝĂƚĞ��ĚŝƚŽƌ�ĨŽƌ�WŚǇƐŝĐƐ�ŽĨ�WůĂƐŵĂƐ. 

W^���ŝƐ�ƉůĞĂƐĞĚ�ƚŽ�ĂŶŶŽƵŶĐĞ�ƚŚĞ�ϮϬϭϰ�ƌĞĐŝƉ-
ŝĞŶƚ�ŽĨ�ŝƚƐ�WůĂƐŵĂ�^ĐŝĞŶĐĞ�ĂŶĚ��ƉƉůŝĐĂƟŽŶƐ�
Award͕��ƌ�DŝĐŚĂĞů��ĞƐũĂƌůĂŝƐ͕�͞&Žƌ�ƉŝŽŶĞĞƌ-
ŝŶŐ� ĐŽŶƚƌŝďƵƟŽŶƐ� ƚŽ� ƚŚĞ� ƵŶĚĞƌƐƚĂŶĚŝŶŐ� ŽĨ�
ĞůĞĐƚƌŝĐĂů� ĂŶĚ� ƚŚĞƌŵĂů� ƚƌĂŶƐƉŽƌƚ� ƉƌŽƉĞƌ-
ƟĞƐ͕� ĂŶĚ� ĞƋƵĂƟŽŶƐ� ŽĨ� ƐƚĂƚĞ� ĨŽƌ� ŵĂƚĞƌŝĂůƐ�
Ăƚ� ĞǆƚƌĞŵĞ� ĐŽŶĚŝƟŽŶƐ� ƚŚƌŽƵŐŚ� ƚŚĞ� ƵƐĞ� ŽĨ�
ĮƌƐƚͲƉƌŝŶĐŝƉůĞƐ� ĚĞŶƐŝƚǇ� ĨƵŶĐƟŽŶĂů� ĐĂůĐƵůĂ-
ƟŽŶƐ͕�ĂŶĚ�ŐĞŶĞƌĂƟŶŐ�ŶƵŵĞƌŽƵƐ�ƐƚĂƚĞͲŽĨͲƚŚĞͲ
Ăƌƚ�ǁŝĚĞͲƌĂŶŐĞ� ĐŽŶĚƵĐƟǀŝƚǇ�ŵŽĚĞůƐ� ĨŽƌ�ƵƐĞ�
ŝŶ�Ă�ďƌŽĂĚ�ƐƉĞĐƚƌƵŵ�ŽĨ�ƐŝŵƵůĂƟŽŶ�ĐŽĚĞƐ͘͟ � 
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Plenary 6:� �͞ƉƉůŝĐĂƟŽŶ�ŽĨ�dtͲ>ĞǀĞů�WƵůƐĞĚ�WŽǁĞƌ�ƚŽ�ƚŚĞ�WƌŽďůĞŵ�ŽĨ�&ŝŶĚŝŶŐ�
&ŝƐƐŝůĞ�DĂƚĞƌŝĂů͟
�ƌ͘ �ZŽďĞƌƚ�:͘��ŽŵŵŝƐƐŽ 
EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ

�ƌ͘ �ZŽďĞƌƚ�:͘�;�ŽďͿ��ŽŵŵŝƐƐŽ�ŝƐ�ŝŶ�ƚŚĞ�WƵůƐĞĚͲWŽǁĞƌ�WŚǇƐŝĐƐ��ƌĂŶĐŚ�ŽĨ�ƚŚĞ�WůĂƐŵĂ�
WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ�Ăƚ�ƚŚĞ�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ�;EZ>Ϳ͘�,Ğ�ŚĂƐ�ďĞĞŶ�ĂŶ�EZ>�Ğŵ-
ƉůŽǇĞĞ�ƐŝŶĐĞ��ĞĐĞŵďĞƌ�ϭϵϴϯ�ĂŶĚ�Ă�ĐŽŶƚƌĂĐƚŽƌ�ŝŶ�ƚŚĞ�ƐĂŵĞ�ŐƌŽƵƉ�ĨƌŽŵ�ϭϵϴϬ�Ͳ�ϭϵϴϯ͘�
�Žď Ɛ͛�ŝŶƚĞƌĞƐƚƐ�ŝŶĐůƵĚĞ�ƚŚĞ�ƉŚǇƐŝĐƐ�ŽĨ�ƉƵůƐĞĚ͕�ŚŝŐŚͲƚĞŵƉĞƌĂƚƵƌĞ͕�ŚŝŐŚͲĚĞŶƐŝƚǇ�ƉůĂƐŵĂƐ͕�
ǆͲƌĂǇ�ƉƌŽĚƵĐƟŽŶ͕�ŝŶƚĞŶƐĞ�ĞůĞĐƚƌŽŶ�ĂŶĚ�ŝŽŶ�ďĞĂŵƐ͕�ƚŚĞ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�ŚŝŐŚͲƉŽǁĞƌ�
ĞůĞĐƚƌŝĐĂů�ƉƵůƐĞƐ͕�ƚŚĞƌŵŽŶƵĐůĞĂƌ�ĨƵƐŝŽŶ͕�ĂŶĚ�ƉůĂƐŵĂ�ĚŝĂŐŶŽƐƟĐƐ͘��ƉƉůŝĐĂƟŽŶƐ�ŝŶĐůƵĚĞ�
ƉƵůƐĞĚͲƉŽǁĞƌ�ĚĞǀĞůŽƉŵĞŶƚ�ĂŶĚ�ǆͲƌĂǇ�ƉƌŽĚƵĐƟŽŶ�ĨŽƌ�ƚŚĞ�ůĂďŽƌĂƚŽƌǇ�ƐŝŵƵůĂƟŽŶ�ŽĨ�
ŶƵĐůĞĂƌ�ǁĞĂƉŽŶ�ĞīĞĐƚƐ͕�ŚŝŐŚͲƌĞƐŽůƵƟŽŶ͕�ŚŝŐŚͲƉŽǁĞƌ͕ �ŇĂƐŚ�ƌĂĚŝŽŐƌĂƉŚǇ͕ �ĂŶĚ�ƚŚĞ�
ĚĞƚĞĐƟŽŶ�ŽĨ�ĮƐƐŝůĞ�ŵĂƚĞƌŝĂů͘�,Ğ�ŝƐ�ĂŶ�ĂĚǀŝƐŽƌ�ƚŽ�ƚŚĞ��ĞĨĞŶƐĞ�dŚƌĞĂƚ�ZĞĚƵĐƟŽŶ��ŐĞŶĐǇ�
ŽŶ�ŝƐƐƵĞƐ�ƌĞŐĂƌĚŝŶŐ�ǆͲƌĂǇ�ƉƌŽĚƵĐƟŽŶ�ĨŽƌ�ŶƵĐůĞĂƌ�ǁĞĂƉŽŶƐ�ĞīĞĐƚƐ�ƐŝŵƵůĂƟŽŶ�ĂŶĚ�Ă�

ĐŽͲƉƌŝŶĐŝƉĂů�ŝŶǀĞƐƟŐĂƚŽƌ�ŽŶ�ƐĞǀĞƌĂů��ƌĂŶĐŚ�ƉƌŽŐƌĂŵƐ͘

&ƌŽŵ�ϭϵϳϲ�ƚŽ�ϭϵϴϬ͕��Žď�ǁĂƐ�ǁŝƚŚ�ƚŚĞ��ŽŶƚƌŽůůĞĚ�dŚĞƌŵŽŶƵĐůĞĂƌ�ZĞƐĞĂƌĐŚ��ŝǀŝƐŝŽŶ�Ăƚ�>ŽƐ��ůĂŵŽƐ�EĂƟŽŶĂů�
>ĂďŽƌĂƚŽƌǇ�;ƚŚĞŶ�ĐĂůůĞĚ�>ŽƐ��ůĂŵŽƐ�^ĐŝĞŶƟĮĐ�>ĂďŽƌĂƚŽƌǇͿ͘�,Ğ�ůĞĚ�ĞǆƉĞƌŝŵĞŶƚƐ�ƚŽ�ƐƚŽƉ�ĞŶĚ�ůŽƐƐ�ŽĨ�Ă�ĨƵ-
ƐŝŽŶͲŐƌĂĚĞ�ƉůĂƐŵĂ�ĨƌŽŵ�Ă�ϱͲŵ�ůŝŶĞĂƌ�ƚŚĞƚĂ�ƉŝŶĐŚ�ĂŶĚ�ǁŽƌŬĞĚ�ŽŶ�ƚŚĞƚĂͲƉŝŶĐŚͲĨŽƌŵĞĚ͕�ĮĞůĚͲƌĞǀĞƌƐĞĚ�ĐŽŶĮŐƵ-
ƌĂƟŽŶƐ͘��ƵƌŝŶŐ�ŚŝƐ�ƚĞŶƵƌĞ�Ăƚ�>�E>�;ƐƉƌŝŶŐ�ĂŶĚ�ƐƵŵŵĞƌ�ŽĨ�ϭϵϳϵͿ͕�ŚĞ�ǁĂƐ�ŽŶ�ĂƐƐŝŐŶŵĞŶƚ�Ăƚ�ƚŚĞ�KĸĐĞ�ŽĨ�&ƵƐŝŽŶ�
�ŶĞƌŐǇ͕ ��ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŶĞƌŐǇ͕ �ŝŶ�'ĞƌŵĂŶƚŽǁŶ͕�DĂƌǇůĂŶĚ�ǁŚĞƌĞ�ŚĞ�ĚĞǀĞůŽƉĞĚ�ůŽŶŐͲƌĂŶŐĞ�ƉůĂŶƐ�ĨŽƌ�ƚŚĞ�
ŵĂŐŶĞƟĐ�ĨƵƐŝŽŶ�ƉƌŽŐƌĂŵ�ƚŚĂƚ�ǁĞƌĞ�ŚĞůƉĨƵů�ŝŶ�ƚŚĞ�ƉĂƐƐĂŐĞ�ŽĨ�ƚŚĞ�DĂŐŶĞƟĐ�&ƵƐŝŽŶ��ŶĞƌŐǇ��ŶŐŝŶĞĞƌŝŶŐ��Đƚ�ŽĨ�
ϭϵϴϬ͘��Žď�ĐŽŵƉůĞƚĞĚ�ŚŝƐ�WŚ͘�͘�Ăƚ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂƌǇůĂŶĚ�ŝŶ�ϭϵϳϲ�ǁŚĞƌĞ�ŚĞ�ŝŶǀĞƐƟŐĂƚĞĚ�ƚŚĞ�ŚĞĂƟŶŐ�ĂŶĚ�
ĚǇŶĂŵŝĐƐ�ŽĨ�Ă�ƚŚĞƚĂͲƉŝŶĐŚ�ƉůĂƐŵĂ�ǁŝƚŚ�ĂƉƉůŝĐĂƟŽŶ�ƚŽ�ĨƵƐŝŽŶ͘

�Žď�ŚĂƐ�ƐĞƌǀĞĚ�ŽŶ�ŵĂŶǇ��Ž��ĂŶĚ��K��ƌĞǀŝĞǁ�ƉĂŶĞůƐ͘�,Ğ�ǁĂƐ�Ă�^ĞŶŝŽƌ��ĚŝƚŽƌ�ĨŽƌ�ƚŚĞ�/����dƌĂŶƐĂĐƟŽŶƐ�ŽŶ�
WůĂƐŵĂ�^ĐŝĞŶĐĞ�ĨŽƌ�ƚŚĞ��ŚĂƌŐĞĚ�WĂƌƟĐůĞ��ĞĂŵƐ�ĂŶĚ�^ŽƵƌĐĞƐ�ƚĞĐŚŶŝĐĂů�ĂƌĞĂ�ĨƌŽŵ�ϮϬϬϲ�ʹ�ϮϬϭϭ�ĂŶĚ�ĂŶ��ƐƐŽĐŝĂƚĞ�
�ĚŝƚŽƌ�ĨƌŽŵ�ϮϬϬϬ�ʹ�ϮϬϬϲ͘�,Ğ�ǁĂƐ�ƚŚĞ��ŚĂŝƌ�ŽĨ�ƚŚĞ�ϯϭƐƚ�/����/ŶƚĞƌŶĂƟŽŶĂů��ŽŶĨĞƌĞŶĐĞ�ŽŶ�WůĂƐŵĂ�^ĐŝĞŶĐĞ�
;ϮϬϬϰͿ�ĂŶĚ�ŝƐ�Ă�&ĞůůŽǁ�ŽĨ�ƚŚĞ�/���͘
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Plenary 7͗�͞WůĂƐŵĂ�^ƵƌĨĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ�ŽĨ��ŝŽŵĂƚĞƌŝĂůƐ͟
WƌŽĨ͘ �WĂƵů��ŚƵ 
�ŝƚǇ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�,ŽŶŐ�<ŽŶŐ

WƌŽĨ͘ �WĂƵů�<��ŚƵ�ƌĞĐĞŝǀĞĚ�ŚŝƐ��^�ŝŶ�ŵĂƚŚĞŵĂƟĐƐ�ĨƌŽŵ�dŚĞ�KŚŝŽ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ�ŝŶ�
ϭϵϳϳ�ĂŶĚ�D^�ĂŶĚ�WŚ��ŝŶ�ĐŚĞŵŝƐƚƌǇ�ĨƌŽŵ��ŽƌŶĞůů�hŶŝǀĞƌƐŝƚǇ�ŝŶ�ϭϵϳϵ�ĂŶĚ�ϭϵϴϮ͕�ƌĞƐƉĞĐ-
ƟǀĞůǇ͘ ��,Ğ�ũŽŝŶĞĚ��ŚĂƌůĞƐ��ǀĂŶƐ�Θ��ƐƐŽĐŝĂƚĞƐ�ŝŶ��ĂůŝĨŽƌŶŝĂ�ĂŌĞƌ�ŐƌĂĚƵĂƟŽŶ�ĂŶĚ�ĨŽƵŶĚĞĚ�
ŚŝƐ�ĮƌƐƚ�ĐŽŵƉĂŶǇ͕ ��ǀĂŶƐ��ƐŝĂ͕�ŝŶ�ϭϵϵϬ͘��,Ğ�ũŽŝŶĞĚ��ŝƚǇ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�,ŽŶŐ�<ŽŶŐ�ŝŶ�ϭϵϵϲ�
ĂŶĚ�ĞƐƚĂďůŝƐŚĞĚ�ƚŚĞ�WůĂƐŵĂ�>ĂďŽƌĂƚŽƌǇ͘ ��,Ğ�ŝƐ�ĐƵƌƌĞŶƚůǇ��ŚĂŝƌ�WƌŽĨĞƐƐŽƌ�ŽĨ�DĂƚĞƌŝĂůƐ�
�ŶŐŝŶĞĞƌŝŶŐ�ŝŶ�ƚŚĞ��ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ�ĂŶĚ�DĂƚĞƌŝĂůƐ�^ĐŝĞŶĐĞ�ŝŶ��ŝƚǇ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�
,ŽŶŐ�<ŽŶŐ�ĂŶĚ�ŚŽůĚƐ�ϭϰ�ŚŽŶŽƌĂƌǇ�ƉƌŽĨĞƐƐŽƌƐŚŝƉƐ�ŝŶ��ŚŝŶĂ�ŝŶĐůƵĚŝŶŐ�WĞŬŝŶŐ�hŶŝǀĞƌ-
ƐŝƚǇ͕ �&ƵĚĂŶ�hŶŝǀĞƌƐŝƚǇ͕ �^ŚĂŶŐŚĂŝ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �EĂŶũŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �ĂŶĚ��ŚŝŶĞƐĞ�
�ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͘

,Ğ�ŝƐ��ŚĂŝƌŵĂŶ�ŽĨ�ƚŚĞ�/ŶƚĞƌŶĂƟŽŶĂů�WůĂƐŵĂͲ�ĂƐĞĚ�/ŽŶ�/ŵƉůĂŶƚĂƟŽŶ�ĂŶĚ��ĞƉŽƐŝƟŽŶ�;W�//Θ�Ϳ�/ŶƚĞƌŶĂƟŽŶĂů�
�ŽŵŵŝƩĞĞ�ĂŶĚ�Ă�ŵĞŵďĞƌ�ŽĨ�ƚŚĞ�/����EW^^�&ĞůůŽǁ��ǀĂůƵĂƟŽŶ��ŽŵŵŝƩĞĞ�ĂŶĚ�/ŽŶ�/ŵƉůĂŶƚĂƟŽŶ�dĞĐŚŶŽůŽŐǇ�
;//dͿ�/ŶƚĞƌŶĂƟŽŶĂů��ŽŵŵŝƩĞĞ͘��,Ğ�ŝƐ�ŐƵŝĚŝŶŐ�ƐĞŶŝŽƌ�ĞĚŝƚŽƌ�ŽĨ�/����dƌĂŶƐĂĐƟŽŶƐ�ŽŶ�WůĂƐŵĂ�^ĐŝĞŶĐĞ�;ĂŌĞƌ�ƐĞƌǀ-
ŝŶŐ�ĂƐ�ƐĞŶŝŽƌ�ĞĚŝƚŽƌ�ĨƌŽŵ�ϮϬϬϲ�ƚŽ�ϮϬϭϯͿ͕�ĂƐƐŽĐŝĂƚĞ�ĞĚŝƚŽƌ�ŽĨ�DĂƚĞƌŝĂůƐ�^ĐŝĞŶĐĞ�ĂŶĚ��ŶŐŝŶĞĞƌŝŶŐ�ZĞƉŽƌƚƐ͕�ĂŶĚ�ĂŶ�
ĞĚŝƚŽƌŝĂů�ďŽĂƌĚ�ŵĞŵďĞƌ�ŽĨ�ϴ�ŝŶƚĞƌŶĂƟŽŶĂů�ũŽƵƌŶĂůƐ�ŝŶĐůƵĚŝŶŐ��ŝŽŵĂƚĞƌŝĂůƐ͕��ĚǀĂŶĐĞĚ�DĂƚĞƌŝĂůƐ�/ŶƚĞƌĨĂĐĞƐ͕�ĂŶĚ�
^ƵƌĨĂĐĞ�Θ��ŽĂƟŶŐƐ�dĞĐŚŶŽůŽŐǇ͘

,ŝƐ�ƌĞƐĞĂƌĐŚ�ĂĐƟǀŝƟĞƐ�ĂƌĞ�ƋƵŝƚĞ�ĚŝǀĞƌƐĞ�ƐƉĂŶŶŝŶŐ�ƉůĂƐŵĂ�ƐĐŝĞŶĐĞ�ĂŶĚ�ĞŶŐŝŶĞĞƌŝŶŐ͕�ƐƵƌĨĂĐĞ�ƐĐŝĞŶĐĞ�ĂŶĚ�
ĞŶŐŝŶĞĞƌŝŶŐ͕�ĂƐ�ǁĞůů�ĂƐ�ĨƵŶĐƟŽŶĂů�ŵĂƚĞƌŝĂůƐ͘��,ŝƐ�ǁŽƌŬƐ�ŚĂǀĞ�ďĞĞŶ�ĐŝƚĞĚ�ϮϬ͕ϬϬϬ�ƟŵĞƐ�ĂŶĚ�ŚĞ�ŝƐ�ŽŶĞ�ŽĨ�ƚŚĞ�ƚŽƉ�
ϭϬϬ�ŵĂƚĞƌŝĂůƐ�ƐĐŝĞŶƟƐƚƐ�ŝŶ�ƚŚĞ�ǁŽƌůĚ�ĂĐĐŽƌĚŝŶŐ�ƚŽ�dŚŽŵƐŽŶ�ZĞƵƚĞƌƐ��ƐƐĞŶƟĂů�^ĐŝĞŶĐĞ�/ŶĚŝĐĂƚŽƌƐ͘��,Ğ�ŚĂƐ�ǁŽŶ�
ŵĂŶǇ�ƌĞƐĞĂƌĐŚ�ĂǁĂƌĚƐ͕�ĨŽƌ�ĞǆĂŵƉůĞ͕�ƚŚĞ�/����EW^^�DĞƌŝƚ��ǁĂƌĚ�;ϮϬϬϳͿ͕�DZ^�:t�DĂǇĞƌ�>ĞĐƚƵƌĞƐŚŝƉ�;ϮϬϬϴͿ͕�
ĂŶĚ�^ŚĂŶŐŚĂŝ�EĂƚƵƌĂů�^ĐŝĞŶĐĞ�ϭƐƚ��ůĂƐƐ��ǁĂƌĚ�;ϮϬϭϭͿ͘��,Ğ�ŝƐ�&ĞůůŽǁ�ŽĨ�ƚŚĞ��W^͕��s^͕�/���͕�DZ^͕�ĂŶĚ�,</�͘

,Ğ�ŝƐ�ĂůƐŽ�ĂĐƟǀĞ�ŝŶ�ŝŶĚƵƐƚƌŝĂů�ĂƉƉůŝĐĂƟŽŶƐ�ŚĂǀŝŶŐ�ĨŽƵŶĚĞĚ�ƚǁŽ�ŽƚŚĞƌ�ĐŽŵƉĂŶŝĞƐ͕�WůĂƐŵĂ�dĞĐŚŶŽůŽŐǇ�>ƚĚ͘�ŝŶ�
,ŽŶŐ�<ŽŶŐ�ŝŶ�ϭϵϵϴ�ĂŶĚ��ŚĞŶŐĚƵ�WƵůƐĞdĞĐŚ��ůĞĐƚƌŝĐĂů��Ž͘�>ƚĚ͘�ŝŶ��ŚŝŶĂ�ŝŶ�ϮϬϬϭ͘��dŚĞ�ĨŽƌŵĞƌ�ĐŽŵƉĂŶǇ�ƐƉĞ-
ĐŝĂůŝǌĞƐ�ŝŶ�ƚŚĞ�ĚĞƐŝŐŶ�ĂŶĚ�ŵĂŶƵĨĂĐƚƵƌŝŶŐ�ŽĨ�ůŽǁͲƉƌĞƐƐƵƌĞ�ƉůĂƐŵĂ�ĂŶĚ�ĐŽĂƟŶŐƐ�ĞƋƵŝƉŵĞŶƚ͕�ǁŚĞƌĞĂƐ�ƚŚĞ�ůĂƩĞƌ�
ƉƌŽĚƵĐĞƐ�ǀĂƌŝŽƵƐ�ƚǇƉĞƐ�ŽĨ�ƉŽǁĞƌ�ƐƵƉƉůŝĞƐ�ĨŽƌ�ŝŶĚƵƐƚƌŝĂů�ĞƋƵŝƉŵĞŶƚ͘��WůĂƐŵĂ�dĞĐŚŶŽůŽŐǇ�>ƚĚ͘�ǁŽŶ�ƚŚĞ�,ŽŶŐ�
<ŽŶŐ��ǁĂƌĚƐ�ĨŽƌ�/ŶĚƵƐƚƌǇ�ŝŶ�ϮϬϬϰ�ĂŶĚ�ĂŐĂŝŶ�ŝŶ�ϮϬϭϭ͘
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DŽŶĚĂǇ͕�DĂǇ�Ϯϲ

Session PL1:  Plenary 1

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ� Ϭϴ͗ϬϬͲϬϵ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů��ĂƐƚͲ^ŽƵƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�:ŽƐĞƉŚ�t�^ĐŚƵŵĞƌ͕ �EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
ϴ͗ϬϬ��W>ϭͲϭ��;ŝŶǀŝƚĞĚͿ�h>dZ��K>��E�hdZ�>�W>�^D�^
^͘�>͘�ZŽůƐƚŽŶ
WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂƌǇůĂŶĚ͕��ŽůůĞŐĞ�WĂƌŬ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�ϭ�͗�EŽŶĞƋƵŝůŝďƌŝƵŵ�WůĂƐŵĂ��ƉƉůŝĐĂƟŽŶƐ�/
DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�EŽƌƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�yŝŶƉĞŝ�>Ƶ͕�,ƵĂǌŚŽŶŐ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ ��ŚŝŶĂ
ϵ͗ϯϬ��ϭ�Ͳϭ��KEdZK>�K&�/KE��E�Z'z��/^dZ/�hd/KE^�h^/E'�W,�^��^,/&d/E'�/E�Dh>d/Ͳ&Z�Yh�E�z�
��W��/d/s�>z��KhW>���W>�^D�^
z͘ ��ŚĂŶŐ1͕�D͘�:͘�<ƵƐŚŶĞƌ1͕�^͘��͘�^ŚĂŶŶŽŶ2

1�ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ��ŽŵƉƵƚĞƌ�^ĐŝĞŶĐĞ��ĞƉĂƌƚŵĞŶƚ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�
States2�ĞƉĂƌƚŵĞŶƚ�ŽĨ�EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�EŽƌƚŚ��ĂƌŽůŝŶĂ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �ZĂůĞŝŐŚ͕�E�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϵ͗ϰϱ��ϭ�ͲϮ��yW�Z/D�Ed�>��E��EhD�Z/��>�^dh�/�^�KE�EKE>/E��Z�W>�^D��^�Z/�^�
Z�^KE�E����&&��d�/E���W��/d/s�>z��KhW>���Z��/K�&Z�Yh�E�z�'>Kt��/^�,�Z'��W>�^D���z�
,KDK'�E�Kh^��/^�,�Z'��DK��>
�͘��ŽƌĂ͕�>͘�^ŽƚŽ
�ĞƉĂƌƚĂŵĞŶƚŽ�ĚĞ�WůĂƐŵĂ�dĞƌŵŽŶƵĐůĞĂƌ͕ ��ŽŵŝƐŝŽŶ��ŚŝůĞŶĂ�ĚĞ��ŶĞƌŐŝĂ�EƵĐůĞĂƌ͕ �^ĂŶƟĂŐŽ͕�ZD͕��ŚŝůĞ
ϭϬ͗ϬϬ��ϭ�Ͳϯ�/KE�&>hy�hE/&KZD/dz��KEdZK>�/E�>�Z'���Z�����W��/d/s�>z��KhW>����h�>Ͳ
&Z�Yh�E�z��/^�,�Z'�^
�͘�^ĐŚƵĞŶŐĞů1͕�:͘�^ĐŚƵůǌĞ1͕�^͘�DŽŚƌ2͕�h͘��ǌĂƌŶĞƚǌŬŝ2
1WŚǇƐŝĐƐ͕�tĞƐƚ�sŝƌŐŝŶŝĂ�hŶŝǀĞƌƐŝƚǇ͕ �DŽƌŐĂŶƚŽǁŶ͕�ts͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ2/ŶƐƟƚƵƚĞ�ĨŽƌ�WůĂƐŵĂ�ĂŶĚ��ƚŽŵŝĐ�
WŚǇƐŝĐƐ͕�ZƵŚƌ�hŶŝǀĞƌƐŝƚǇ��ŽĐŚƵŵ͕��ŽĐŚƵŵ͕�'ĞƌŵĂŶǇ
ϭϬ͗ϭϱ��ϭ�Ͳϰ�d,���&&��d�K&�^dZh�dhZ����>��dZK��^�KE�,��d/E'��E��W>�^D��hE/&KZD/dz�/E�
��W��/d/s���/^�,�Z'�^
E͘�^ĐŚŵŝĚƚ1͕�h͘��ǌĂƌŶĞƚǌŬŝ1͕��͘�^ĐŚƵĞŶŐĞů2͕�:͘�^ĐŚƵůǌĞ2

1WŚǇƐŝĐƐ͕�ZƵŚƌͲhŶŝǀĞƌƐŝƚǇ��ŽĐŚƵŵ͕��ŽĐŚƵŵ͕�EZt͕�'ĞƌŵĂŶǇ2WŚǇƐŝĐƐ͕�tĞƐƚ�sŝƌŐŝŶŝĂ�hŶŝǀĞƌƐŝƚǇ͕ �
DŽƌŐĂŶƚŽǁŶ͕�ts͕ �h^�
ϭϬ͗ϯϬ��ϭ�Ͳϱ�,z�ZK'�E��E��D�d,�E��W>�^D���^^/^d���/'E/d/KE��z�E^��/^�,�Z'����,/E��
Z�&>��d���^,K�<�t�s�
�͘�^ƚĂƌŝŬŽǀƐŬŝǇ
D��͕�WƌŝŶĐĞƚŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �WƌŝŶĐĞƚŽŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϰϱ��ϭ�Ͳϲ��KDW�Z�d/s��^dh�z�KE�D/�ZKt�s��W>�^D�Ͳ�^^/^d����KD�h^d/KE�K&�WZ�D/y���
�E��EKEWZ�D/y���D�d,�E�Ͳ�/Z�&>Kt^
t͘�tƵ͕��͘��͘�&ƵŚ͕��͘�tĂŶŐ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ�ĂŶĚ��ƐƚƌŽŶŽŵǇ͕ �DŝƐƐŝƐƐŝƉƉŝ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ƚĂƌŬǀŝůůĞ͕�D^͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϭϭ͗ϬϬ��ϭ�Ͳϳ�D/�ZKW>�^D���^^/^d���^zEd,�^/^�K&�'K>��E�EKW�Zd/�>�^�D��/�d����z�
h>dZ�^KhE�
^͘��ƵŽ1͕�Z͘�tĂŶŐ1͕�:͘��ŚĂŶŐϭ͕Ϯ͕�:͘�&ĂŶŐϭ͕Ϯ͕�t͘��ŚƵ3

1�ĐĂĚĞŵǇ�ĨŽƌ��ĚǀĂŶĐĞĚ�/ŶƚĞƌĚŝƐĐŝƉůŝŶĂƌǇ�^ƚƵĚŝĞƐ͕�WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ2�ŽůůĞŐĞ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�
WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ3�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ƉƉůŝĞĚ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ�ĂŶĚ��ĞŶƚĞƌ�ĨŽƌ�
DŝĐƌŽƉůĂƐŵĂ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �^ĂŝŶƚ�WĞƚĞƌƐ��ŽůůĞŐĞ͕�EĞǁ�:ĞƌƐĞǇ͕ �h^�
ϭϭ͗ϭϱ��ϭ�Ͳϴ��KϮ��/^^K�/�d/KE�h^/E'�d,��s�Z^�d/>���dDK^W,�Z/���/�>��dZ/����ZZ/�Z��/^�,�Z'��
�yW�Z/D�Ed�;s���ZͿ
M. A. Lindon͕��͘�^ĐŝŵĞ
WŚǇƐŝĐƐ͕�tĞƐƚ�sŝƌŐŝŶŝĂ�hŶŝǀĞƌƐŝƚǇ͕ �DŽƌŐĂŶƚŽǁŶ͕�ts͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϯϬ��ϭ�Ͳϵ��KDW�Z/^KE�K&�W>�^D��^KhZ��^�&KZ�^hZ&����dZ��dD�Ed��WW>/��d/KE^͗�
Z��/K&Z�Yh�E�z�/E�h�d/s�>z��KhW>����E��^hZ&���Ͳt�s��D/�ZKt�s��W>�^D��^KhZ��^
�͘�>ĂƵƌĞŶƚ͕�:͘�>Ž͕��͘��ĂŝůůŝĞƌ͕ �>͘�dŚĞƌĞƐĞ͕�W͘ �'ƵŝůůŽƚ
�W,�͕�hŶŝǀĞƌƐŝƚĞ�ĚĞ�dŽƵůŽƵƐĞ͕��h&Z�:͘�&͘ ��ŚĂŵƉŽůůŝŽŶ͕�Ăůďŝ͕�&ƌĂŶĐĞ
11:45  1A-10 SPECIES GENERATION AND DENSITIES IN ELECTRON BEAM-GENERATED PLASMAS

�͘�,͘�>ŽĐŬ1͕�Z͘�&͘ �&ĞƌŶƐůĞƌ1͕�^͘�W͘ �^ůŝŶŬĞƌ2͕�/͘�>͘�^ŝŶŐĞƌ2͕�^͘�'͘�tĂůƚŽŶ1

1WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2EŽǁ�ZĞƟƌĞĚ͕�
tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

Session 1B: Slow-Wave Devices I

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�^ŽƵƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�:ŽŚŶ�WĂƐŽƵƌ͕ �EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
ϵ͗ϯϬ��ϭ�Ͳϭ���^dh�z�K&���^K>hd��/E^d��/>/dz�/E�dtd^
�͘�D͘�,͘�,ƵŶŐ1͕�/͘�D͘�ZŝƩĞƌƐĚŽƌĨ1͕�z͘ �z͘ �>ĂƵ1͕��͘�,͘�^ŝŵŽŶ1͕�W͘ ��ŚĂŶŐ1͕�Z͘�D͘�'ŝůŐĞŶďĂĐŚ1͕��͘��ŚĞƌŶŝŶ2͕�d͘ �D͘�
�ŶƚŽŶƐĞŶ͕�:ƌ3

1EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�ZĂĚŝŽůŽŐŝĐĂů�^ĐŝĞŶĐĞƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�
States2>ĞŝĚŽƐ��ŽƌƉ͕͘�ZĞƐƚŽŶ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂƌǇůĂŶĚ͕��ŽůůĞŐĞ�WĂƌŬ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϵ͗ϰϱ��ϭ�ͲϮ���^/'E�K&��ZK����E��</>KͲt�dd��>�^^�tͲ��E��^�ZW�Ed/E��dtd^
<͘�d͘ �EŐƵǇĞŶ1͕��͘��ŽŽŬ2͕�:͘�W͘ ��ĂůĂŵĞ2͕��͘�:ŽǇĞ2͕�:͘��͘�WĂƐŽƵƌ2͕��͘�WĞƌƐŚŝŶŐ1͕��͘�tƌŝŐŚƚ1͕�^͘��ŽŽŬĞ2͕��͘�>ĞǀƵƐŚ2͕�
�͘�<͘��ďĞ2

1�ĞĂŵͲtĂǀĞ�ZĞƐĞĂƌĐŚ͕�/ŶĐ͕͘��ĞƚŚĞƐĚĂ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2h͘^͘�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕�
��͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϬϬ��ϭ�Ͳϯ�ϵϰ�',��Ks�ZDK����dtd��yW�Z/D�Ed
�͘�:͘�<ŽǁĂůƐŬŝ͕�t͘��͘�'ƵƐƐ͕�D͘��͘�^ŚĂƉŝƌŽ͕�Z͘�:͘�dĞŵŬŝŶ
WůĂƐŵĂ�^ĐŝĞŶĐĞ�ĂŶĚ�&ƵƐŝŽŶ��ĞŶƚĞƌ͕ �DĂƐƐĂĐŚƵƐĞƩƐ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ ��ĂŵďƌŝĚŐĞ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϭϱ��ϭ�Ͳϰ��/�>��dZ/���E���>d�ZE�d/s�Ͳ�KE&/'hZ�d/KEͲD�d�>�^>Kt�t�s��^dZh�dhZ�^�&KZ�
W-BAND TRAVELING WAVE AMPLIFIERS

J. P. Calame1͕��͘�D͘��ŽŽŬ1͕��͘��͘�:ŽǇĞ1͕��͘�^͘��ůďƌŝŐŚƚ�:ƌ1͕�<͘�d͘ �EŐƵǇĞŶ2͕��͘�>͘�tƌŝŐŚƚ2͕�Z͘��͘�DǇĞƌƐ2͕�>͘�
>ƵĚĞŬŝŶŐ3

1EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ĞĂŵͲtĂǀĞ�ZĞƐĞĂƌĐŚ͕�/ŶĐ͕͘��ĞƚŚĞƐĚĂ͕�D�͕�
United States3�d<�DŝƐƐŝŽŶ�ZĞƐĞĂƌĐŚ͕�EĞǁŝŶŐƚŽŶ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϭϬ͗ϯϬ��ϭ�Ͳϱ��;ŝŶǀŝƚĞĚͿ���DKE^dZ�d/KE�K&���t/����E��ϭϬͲ<t�<�Ͳ��E��^,��d����D�dtd�
AMPLIFIER

�͘�WĞƌƐŚŝŶŐ1͕�<͘�EŐƵǇĞŶ1͕��͘�<͘��ďĞ2͕��͘�tƌŝŐŚƚ2͕�W͘ �>ĂƌƐĞŶ3͕�:͘�WĂƐŽƵƌ2͕�^͘��ŽŽŬĞ2͕��͘��ĂůŬĐƵŵ4͕�&͘ �tŽŽĚƐ2͕�Z͘�
DǇĞƌƐ1͕��͘�>ĞǀƵƐŚ2

1�ĞĂŵͲtĂǀĞ�ZĞƐĞĂƌĐŚ͕�/ŶĐ͕͘��ĞƚŚĞƐĚĂ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�
United States3�E^z^�/ŶĐ͕͘��ǀĂŶƐƚŽŶ͕�/>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ4�W/͕�/ŶĐ͕�WĂůŽ��ůƚŽ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϬϬ��ϭ�Ͳϲ�W>�E�Z�^>KtͲt�s��^dZh�dhZ��t/d,�W�Z�^/d/��DK����KEdZK>
>͘��͘�EŐƵǇĞŶ͕�d͘ �D͘��ŶƚŽŶƐĞŶ͕�'͘�^͘�EƵƐŝŶŽǀŝĐŚ
/ŶƐƟƚƵƚĞ�ĨŽƌ�ZĞƐĞĂƌĐŚ�ŝŶ��ůĞĐƚƌŽŶŝĐƐ�ĂŶĚ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂƌǇůĂŶĚ͕��ŽůůĞŐĞ�WĂƌŬ͕��ŽůůĞŐĞ�
WĂƌŬ͕�DĂƌǇůĂŶĚ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϭϱ��ϭ�Ͳϳ��KDW��d͕ �Dh>d/Ͳ<t�^,��d����D�K^�/>>�dKZ��d�ϵϰ�',�
:͘�WĂƐŽƵƌ1͕��͘�tƌŝŐŚƚ2͕�<͘�EŐƵǇĞŶ2͕��͘�>ĞǀƵƐŚ1

1EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ĞĂŵ�tĂǀĞ�ZĞƐĞĂƌĐŚ͕�/ŶĐ͕͘��ĞƚŚĞƐĚĂ͕�D�͕�
United States
ϭϭ͗ϯϬ��ϭ�Ͳϴ�Dh>d/W��dKZ��K�d/E'^�&KZ�^�WW,/Z��t/E�Kt^�h^/E'�Z�DKd��W>�^D���^^/^d���
DEPOSITION

>͘�/ǀĞƐ1͕��͘�DĂƌƐĚĞŶ1͕�'͘��ŽůůŝŶƐ1͕��͘��ĞůůĞƌ2͕�'͘�>ƵĐŽǀƐŬǇ2͕��͘�^ĐŚĂŵŝůŽŐůƵ3

1�ĂůĂďĂǌĂƐ��ƌĞĞŬ�ZĞƐĞĂƌĐŚ͕�/ŶĐ͕͘�^ĂŶ�DĂƚĞŽ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ 2WŚǇƐŝĐƐ��ĞƉĂƌƚŵĞŶƚ͕�EŽƌƚŚ��ĂƌŽůŝŶĂ�^ƚĂƚĞ�
hŶŝǀĞƌƐŝƚǇ͕ �ZĂůĞŝŐŚ͕�E�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǁ�DĞǆŝĐŽ͕�
�ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϰϱ��ϭ�Ͳϵ�^W��dZ�>��zE�D/�^�K&�DDͲt�s��Z��/�d/KE�&ZKD�dtKͲ�,�EE�>�W>�E�Z�&�D�
t/d,�dtK��/D�E^/KE�>��/^dZ/�hd���&������<
�͘�s͘ ��ƌǌŚĂŶŶŝŬŽǀ1͕�E͘�^͘�'ŝŶǌďƵƌŐ2͕�s͘ �z͘ ��ĂƐůĂǀƐŬǇ2͕�W͘ �s͘ �<ĂůŝŶŝŶ3͕�E͘�z͘ �WĞƐŬŽǀ2͕��͘�^͘�^ĞƌŐĞĞǀ2͕�^͘�>͘�^ŝŶ-
ŝƚƐŬǇ1͕�s͘ ��͘�^ƚĞƉĂŶŽǀ1͕�D͘�<͘��͘�dŚƵŵŵ4

1/ŶƐƟƚƵƚĞ�ŽĨ�EƵĐůĞĂƌ�WŚǇƐŝĐƐ͕�^ŝďĞƌŝĂŶ��ƌĂŶĐŚ�ŽĨ�Z�^͕�EŽǀŽƐŝďŝƌƐŬ͕�ZƵƐƐŝĂ2/ŶƐƚƵƚƵƚĞ�ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ͕�
Z�^͕�EŝǌŚŶǇ�EŽǀŐŽƌŽĚ͕�ZƵƐƐŝĂ3EŽǀŽƐŝďŝƌƐŬ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �EŽǀŽƐŝďƐŝƌŬ͕�ZƵƐƐŝĂ4<ĂƌůƐƌƵŚĞ�/ŶƐƟƚƵƚĞ�ŽĨ�
dĞĐŚŶŽůŽŐǇ͕ �/,D͕�<ĂƌůƐƌƵŚĞ͕�'ĞƌŵĂŶǇ

^ĞƐƐŝŽŶ�ϭ�͗�WůĂƐŵĂ͕�/ŽŶ͕�ĂŶĚ��ůĞĐƚƌŽŶ�^ŽƵƌĐĞƐ�/
DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů��ĂƐƚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ǀŐĞŶŝǇĂ�,�>ŽĐŬ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
ϵ͗ϯϬ��ϭ�Ͳϭ�WK>�Z͕�EKEͲ��EdZK^zDD�dZ/���Zz^d�>^�&KZ�d,��'�E�Z�d/KE�K&��dDK^W,�Z/��
WZ�^^hZ��'�^��/^�,�Z'�^
M. J. Johnson͕��͘��͘�'Ž
�ĞƌŽƐƉĂĐĞ�ĂŶĚ�DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�EŽƚƌĞ��ĂŵĞ͕�EŽƚƌĞ��ĂŵĞ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϵ͗ϰϱ��ϭ�ͲϮ�d,��'>�^^Ͳ^/>/�KEͲ'>�^^�^�E�t/�,�^dZh�dhZ���D/�ZKW>�^D���,/W��^�d,��
�>��dZKE�^KhZ���K&���D/�ZK�D�^^�^W��dZKD�d�Z
:͘�dĂŶŐ͕�y͘�zƵ͕�z͘ ��ŚĞŶ͕�^͘�Ͳd͘ �dƵ͕��͘�tĂŶŐ
<ĞǇ�>ĂďŽƌĂƚŽƌǇ�ŽĨ�WƌĞƐƐƵƌĞ�^ǇƐƚĞŵƐ�ĂŶĚ�^ĂĨĞƚǇ͕ �DŝŶŝƐƚƌǇ�ŽĨ��ĚƵĐĂƟŽŶ͕��ĂƐƚ��ŚŝŶĂ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ĐŝĞŶĐĞ�
ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �^ŚĂŶŐŚĂŝ͕��ŚŝŶĂ
ϭϬ͗ϬϬ��ϭ�Ͳϯ���s�>KWD�Ed��E��D��^hZ�D�Ed�K&���D/�ZKt�s��D/�ZKW>�^D��^KhZ���&KZ�
D/�ZKWZKWh>^/KE
Z͘��͘��ĞǆƚƌĞ͕�<͘�'͘�yƵ
DĞĐŚĂŶŝĐĂů�ĂŶĚ��ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ůĂďĂŵĂ�ŝŶ�,ƵŶƚƐǀŝůůĞ͕�,ƵŶƚƐǀŝůůĞ͕��>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϭϬ͗ϭϱ��ϭ�Ͳϰ��;ŝŶǀŝƚĞĚͿ�dKD^<�WK>zd��,E/��hE/s�Z^/dz�Z�^��Z�,�/E���^/'E/E'�E�EK^��KE��
�>��dZKE�^KhZ��^��E��d,�/Z��WW>/��d/KE
'͘��͘�ZĞŵŶĞǀ͕ �Z͘�s͘ �^ĂǌŽŶŽǀ͕ �/͘�^͘��ŐŽƌŽǀ͕ �s͘ �s͘ ��ǌŚŽǀ͕ �s͘ �^͘��ƐŝƉŽǀ͕ �D͘�/͘�<ĂŝŬĂŶŽǀ͕ ��͘�z͘ �<ŽůŽŬŽůŽǀ͕ ��͘�/͘�>ƵŬŽ-
ŶŝŶ͕�>͘�Z͘�DĞƌŝŶŽǀĂ͕��͘�s͘ �EĂƐŚŝůĞǀƐŬŝǇ͕ ��͘�s͘ �WŽůŽƐŬŽǀ͕ ��͘�s͘ �WŽŶŽŵĂƌĞǀ͕ ��͘�s͘ �^ƚĞƉĂŶŽǀ͕ �'͘��͘�<ŚŽůŽĚŶĂǇĂ
dŽŵƐŬ�WŽůǇƚĞĐŚŶŝĐ�hŶŝǀĞƌƐŝƚǇ͕ �dŽŵƐŬ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϭϬ͗ϰϱ��ϭ�Ͳϱ���'>K��>�DK��>�K&�,/',��hZZ�Ed�E�'�d/s��,z�ZK'�E�/KE�^KhZ��
^͘�E͘��ǀĞƌŬŝŶ1͕�E͘��͘�'ĂƚƐŽŶŝƐ1͕�>͘�KůƐŽŶ2

1tŽƌĐĞƐƚĞƌ�WŽůǇƚĞĐŚŶŝĐ�/ŶƐƟƚƵƚĞ͕�tŽƌĐĞƐƚĞƌ͕ �D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ƵƐĞŬ��Ž͘�/ŶĐ͕͘�EĂƟĐŬ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϬϬ��ϭ�Ͳϲ�/E&>h�E���K&�d,���y�/d�d/KE�&Z�Yh�E�z�/E�Z��^��KE���&>h/��DK��>�K&�d,��
��W��/d/s�>z��KhW>����Z'KE�W>�^D�
^͘�>ĞƐǌĐǌǇŶƐŬŝ1͕��͘�^ƚƌŽďĞů1͕�D͘��ůďĞƌƚ1͕�:͘�t͘��ĂƌƚŚĂ1͕�h͘�^ƚĞƉŚĂŶ2

1^ĞŵŝĐŽŶĚƵĐƚŽƌ�ĂŶĚ�DŝĐƌŽƐǇƐƚĞŵƐ�dĞĐŚŶŽůŽŐǇ�>ĂďŽƌĂƚŽƌǇ͕ ��ƌĞƐĚĞŶ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ ��ƌĞƐĚĞŶ͕�
'ĞƌŵĂŶǇ2&ŽƌƐĐŚƵŶŐƐͲ�ƵŶĚ��ƉƉůŝŬĂƟŽŶƐůĂďŽƌ�WůĂƐŵĂƚĞĐŚŶŝŬ�'ŵď,͕��ƌĞƐĚĞŶ͕�'ĞƌŵĂŶǇ
ϭϭ͗ϭϱ��ϭ�Ͳϳ��s�>h�d/E'�d,��W�Z&KZD�E���K&�����Z�KEͲ�WKyz���W/>>�Zz���d,K����E��
��Z�KE�&/��Z���d,K���/E���^��>��Ͳdh���s/Z��dKZ�hE��Z�h,s��KE�/d/KE^
�͘�ZŽĐŚĂ͕�W͘ �<ĞůůǇ͕ �:͘�DĂŶŬŽǁƐŬŝ͕��͘��͘�EĞƵďĞƌ͕ �:͘��͘��ŝĐŬĞŶƐ͕�:͘�D͘�WĂƌƐŽŶ͕��͘�>ǇŶŶ
dĞǆĂƐ�dĞĐŚ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŶƚĞƌ�ĨŽƌ�WƵůƐĞĚ�WŽǁĞƌ�ĂŶĚ�WŽǁĞƌ��ůĞĐƚƌŽŶŝĐƐ͕�>ƵďďŽĐŬ͕�dĞǆĂƐ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϯϬ��ϭ�Ͳϴ���Z�KE�E�EKdh���&/��Z�&/�>���D/^^/KE���d,K��^
^͘��͘�&ĂŝƌĐŚŝůĚ1͕�D͘��͘�>ĂŶŐĞ1͕�'͘�:͘�'ƌƵĞŶ1͕�W͘ �d͘ �DƵƌƌĂǇ1͕�d͘ ��͘��ĂĐŬ1͕�E͘�W͘ �>ŽĐŬǁŽŽĚ2͕�D͘�WĂƐƋƵĂůŝ3
1DĂƚĞƌŝĂůƐ�ĂŶĚ�DĂŶƵĨĂĐƚƵƌŝŶŐ��ŝƌĞĐƚŽƌĂƚĞ͕��ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tƌŝŐŚƚͲWĂƩĞƌƐŽŶ��&�͕�K,͕�
United States2�ŝƌĞĐƚĞĚ��ŶĞƌŐǇ��ŝƌĞĐŽƌĂƚĞ͕��ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �<ŝƌƚůĂŶĚ��&�͕�ED͕�hŶŝƚĞĚ�
States3�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝĐĂů�ĂŶĚ��ŝŽŵŽůĞĐƵůĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�ZŝĐĞ�hŶŝǀĞƌƐŝƚǇ͕ �,ŽƵƐƚŽŶ͕�dy͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�ϭ�͗�yͲ�ĂŶĚ��ͲƉŝŶĐŚĞƐ�/
DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�tĞƐƚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ƌĞŶƚ�:ŽŶĞƐ͕�^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ
ϵ͗ϯϬ��ϭ�Ͳϭ��;ŝŶǀŝƚĞĚͿ�&h>>z�</E�d/��DK��>/E'��E��/KE�WZK������D��yW�Z/�DEd^�/E�����E^��
W>�^D��&K�h^��ͲW/E�,
�͘�>ŝŶŬ1͕�:͘��ůůƐǁŽƌƚŚ1͕�^͘�&ĂůĂďĞůůĂ1͕��͘�ZƵƐŶĂŬ1͕��͘�^ĐŚŵŝĚƚ1͕�:͘�^ĞĂƌƐ1͕�s͘ �dĂŶŐ1͕��͘�tĞůĐŚ2

1>ĂǁƌĞŶĐĞ�>ŝǀĞƌŵŽƌĞ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �>ŝǀĞƌŵŽƌĞ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2sŽƐƐ�^ĐŝĞŶƟĮĐ͕��ůďƵƋƵĞƌƋƵĞ͕�
NM, United States
ϭϬ͗ϬϬ��ϭ�ͲϮ�D��^hZ�D�Ed^�K&���E^��W>�^D��&K�h^�W�Z&KZD�E���t/d,��Kd,���hd�Z/hD�
�E����hd�Z/hDͲdZ/d/hD�'�^^�^
�͘��͘�,ĂŐĞŶ1͕��͘�>ŽǁĞ2͕�^͘�DŽůŶĂƌ3͕�Z͘�ZƵŶĚďĞƌŐ4

1�ĞĨĞŶƐĞ��ǆƉĞƌŝŵĞŶƚĂƟŽŶ͕�EĂƟŽŶĂů�^ĞĐƵƌŝƟĞƐ�dĞĐŚŶŽůŽŐŝĞƐ�;E^dĞĐͿ͕�>ĂƐ�sĞŐĂƐ͕�Es͕ �h^��2<ĞǇƐƚŽŶĞ�
/ŶƚĞƌŶĂƟŽŶĂů͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�h^�3WŽǁĚĞƌ�ZŝǀĞƌ�'ĞŽƉŚǇƐŝĐĂů͕�>ĂƐ�sĞŐĂƐ͕�Es͕ �h^�4>ŽƐ��ůĂŵŽƐ�
EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �>ŽƐ��ůĂŵŽƐ͕�ED͕�h^�
ϭϬ͗ϭϱ��ϭ�Ͳϯ��KDWZ�^^/KE�K&�Wh&&/E'���hd�Z/hD��z�E�KE�W>�^D��^,��d,�KE�W>�^D��&K�h^�
DEVICE

W͘ �<ƵďĞƐ1͕�D͘�WĂĚƵĐŚ2͕��͘�<ůŝƌ1͕�:͘�<ƌĂǀĂƌŝŬ1͕�<͘�ZĞǌĂĐ1͕�:͘��ŝŬŚĂƌĚƚ1͕�:͘�<ŽƌƚĂŶĞŬ1͕��͘��ĂƚŽďŽůŽƚŽǀĂ1͕��͘��ŝĞůŝŶƐ-
ŬĂ2

1�ǌĞĐŚ�dĞĐŚŶŝĐĂů�hŶŝǀĞƌƐŝƚǇ�ŝŶ�WƌĂŐƵĞ͕�&��͕��ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ͕�WƌĂŐƵĞ͕��ǌĞĐŚ�ZĞƉƵďůŝĐ2/WW>D�
tĂƌƐĂǁ͕�WŽůĂŶĚ͕�tĂƌƐĂǁ͕�WŽůĂŶĚ
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ϭϬ͗ϯϬ��ϭ�Ͳϰ��ͲKEͲ���E���ZͲKEͲ��'�^�Wh&&��ͲW/E�,�^/Dh>�d/KE^�KE��Z�&KZ�E�hdZKE�^KhZ��
z͘ �<͘��ŚŽŶŐ1͕��͘�>͘�sĞůŝŬŽǀŝĐŚ1͕�:͘�t͘�dŚŽƌŶŚŝůů1͕�:͘�'ŝƵůŝĂŶŝ1͕�W͘ �<ŶĂƉƉ2͕��͘�:ĞŶŶŝŶŐƐ2

1WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2^ĂŶĚŝĂ�EĂƟŽŶĂů�
>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϰϱ��ϭ�Ͳϱ�dZ/W>��EK��>��'�^ͲWh&&��ͲW/E�,�/DW>K^/KE^�KE��K�Z�
W͘ �t͘�ĚĞ�'ƌŽƵĐŚǇ1͕�E͘�Yŝ1͕��͘�Z͘�<ƵƐƐĞ1͕�>͘��ƚŽǇĂŶ1͕��͘��ĂŚŝůů1͕�W͘ ��͘�'ŽƵƌĚĂŝŶ1͕�:͘��͘�'ƌĞĞŶůǇ1͕��͘�,ŽǇƚ1͕�t͘�
WŽƩĞƌ1͕�W͘ �^ĐŚƌĂĨĞů1͕��͘��͘�,ĂŵŵĞƌ1͕�^͘��͘�WŝŬƵǌ2͕�d͘ ��͘�^ŚĞůŬŽǀĞŶŬŽ2

1>ĂďŽƌĂƚŽƌǇ�ŽĨ�WůĂƐŵĂ�^ƚƵĚŝĞƐ͕��ŽƌŶĞůů�hŶŝǀĞƌƐŝƚǇ͕ �/ƚŚĂĐĂ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2>ĞďĞĚĞǀ�WŚǇƐŝĐĂů�/ŶƐƟƚƵƚĞ͕�
DŽƐĐŽǁ͕�ZƵƐƐŝĂ
ϭϭ͗ϬϬ��ϭ�Ͳϲ�^zEd,�d/��d/D���E��^W����Z�^K>s���^W��dZ��/E�>h�/E'��KWW>�Z�^W>/dd/E'�&ZKD�
^/Dh>�d/KE^�K&�^d�/E>�^^�^d��>��E���Z'KE�W/E�,�^�KE��
J. Thornhill1͕�:͘�'ŝƵůŝĂŶŝ1͕�:͘��ƉƌƵǌĞƐĞ1͕��͘��ĂƐŐƵƉƚĂ1͕�z͘ ��ŚŽŶŐ1͕��͘�:ŽŶĞƐ2͕��͘��ŵƉůĞĨŽƌĚ2͕��͘�,ĂƌǀĞǇͲdŚŽŵƉ-
son2͕�^͘�,ĂŶƐĞŶ2͕��͘��ŽǀĞƌĚĂůĞ2͕��͘�:ĞŶŶŝŶŐƐ2͕�'͘�ZŽĐŚĂƵ2͕�D͘��ƵŶĞŽ2

1E�s�>�Z�^��Z�,�>��KZ�dKZz͕ �tĂƐŚŝŶŐƚŽŶ���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕�
�ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϭϱ��ϭ�Ͳϳ��s�Eh�^��E���,�>>�E'�^�/E�D�d�Z/�>�WZK��^^^/E'��E��^zEd,�^/^�hE��Z��ydZ�D��
�KE�/d/KE^�/E�Wh>^���,/',��E�Z'z���E^/dz�W>�^D��&K�h^���s/��
Z͘�^͘�ZĂǁĂƚ
EĂƚƵƌĂů�^ĐŝĞŶĐĞƐ�ĂŶĚ�^ĐŝĞŶĐĞ��ĚƵĐĂƟŽŶ͕�EĂƟŽŶĂů�/ŶƐƟƚƵƚĞ�ŽĨ��ĚƵĐĂƟŽŶ͕�EĂŶǇĂŶŐ�dĞĐŚŶŽůŽŐŝĐĂů�
University, Singapore, Singapore
ϭϭ͗ϯϬ��ϭ�Ͳϴ���EKEhE/&KZD�dZ�E^D/^^/KE�>/E���K���&KZ�Wh>^���WKt�Z��ͲW/E�,��Z/s�Z^
C. Mao͕�y͘��ŽƵ͕�y͘�tĂŶŐ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�dƐŝŶŐŚƵĂ�hŶŝǀĞƌƐŝƚǇ͕ ���/:/E'͕��ŚŝŶĂ
ϭϭ͗ϰϱ��ϭ�Ͳϵ�D��^hZ�D�Ed^�K&�d,��d/D�Ͳ��W�E��Ed�^W�d/�>�D�'E�d/��&/�>���/^dZ/�hd/KE��E��
^dZh�dhZ��K&����ͲW/E�,�W>�^D��d,ZKh',Khd�d,��^d�'E�d/KE�WZK��^^
'͘�ZŽƐĞŶǌǁĞŝŐ͕��͘�<ƌŽƵƉƉ͕��͘�^ƚĂƌŽďŝŶĞƚƐ͕��͘�&ŝƐŚĞƌ͕ �z͘ �DĂƌŽŶ
tĞŝǌŵĂŶŶ�/ŶƐƟƚƵƚĞ�ŽĨ�^ĐŝĞŶĐĞ͕�ZĞŚŽǀŽƚ͕�/ƐƌĂĞů

Session 1E: Plasma Thrusters I

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� ,ŽŽǀĞƌ
^ĞƐƐŝŽŶ��ŚĂŝƌƐ͗�zĞǀŐĞŶǇ�ZĂŝƚƐĞƐ͕�WƌŝŶĐĞƚŽŶ�WůĂƐŵĂ�WŚǇƐŝĐƐ�>ĂďŽƌĂƚŽƌǇ͕ �^ĞĚŝŶĂ�dƐŝŬĂƚĂ͕��EZ^
ϵ͗ϯϬ��ϭ�Ͳϭ��;ŝŶǀŝƚĞĚͿ�Z���Ed���s�E��^�/E�,�>>�d,Zh^d�Z�D�'E�d/��^,/�>�/E'�d��,EK>K'z
Z͘�Z͘�,ŽĨĞƌ
:Ğƚ�WƌŽƉƵůƐŝŽŶ�>ĂďŽƌĂƚŽƌǇ͕ �WĂƐĂĚĞŶĂ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϬϬ��ϭ�ͲϮ��;ŝŶǀŝƚĞĚͿ�/E&>h�E���K&�^/���^��>/E'��E��W>�^D�Ͳt�>>�/Ed�Z��d/KE�KE�&��dhZ�^�K&�
,�>>�d,Zh^d�Z�D/�ZKdhZ�h>�E��
^͘�dƐŝŬĂƚĂ1͕��͘�,ĞƌŽŶ2͕��͘�,ŽŶŽƌĞ3͕�^͘�DĂǌŽƵīƌĞ1

1/��Z�͕��EZ^͕�hWZ�ϯϬϮϭ͕�KƌůĞĂŶƐ͕�&ƌĂŶĐĞ2�W,d͕ ��ĐŽůĞ�WŽůǇƚĞĐŚŶŝƋƵĞ͕��EZ^͕�hDZ�ϳϲϰϰ͕�WĂůĂŝƐĞĂƵ͕�
&ƌĂŶĐĞ3>WW͕ ��ĐŽůĞ�WŽůǇƚĞĐŚŶŝƋƵĞ͕��EZ^͕�hDZ�ϳϲϰϴ͕�WĂůĂŝƐĞĂƵ͕�&ƌĂŶĐĞ
10:30  1E-3 PLASMA-WALL INTERACTION IN PRESENCE OF INTENSE ELECTRON EMISSION FROM WALLS

/͘��͘�<ĂŐĂŶŽǀŝĐŚ1͕��͘�s͘ �<ŚƌĂďƌŽǀ1͕�D͘��͘��ĂŵƉĂŶĞůů1͕�,͘�tĂŶŐ1͕�z͘ �ZĂŝƚƐĞƐ1͕��͘�^ǇĚŽƌĞŶŬŽ2

1WWW>͕�WƌŝŶĐĞƚŽŶ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ůďĞƌƚĂ͕��ĚŵƵŶĚƚŽŶ͕��ĂŶĂĚĂ
ϭϬ͗ϰϱ��ϭ�Ͳϰ��&&��d^�K&�t�>>�D�d�Z/�>͕�t�>>�d�DW�Z�dhZ�͕��E��^hZ&����ZKh',E�^^�KE�d,��
W>�^D��^,��d,
^͘�:͘�>ĂŶŐĞŶĚŽƌĨ͕ �D͘�>͘�Z͘�tĂůŬĞƌ
^ĐŚŽŽů�ŽĨ��ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�'ĞŽƌŐŝĂ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ ��ƚůĂŶƚĂ͕�'�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϭϭ͗ϬϬ��ϭ�Ͳϱ��dKD/���KZKE�^W�����/^dZ/�hd/KE�D��^hZ�D�Ed^�/E�d,��W>hD��K&���,�>>�
d,Zh^d�Z�h^/E'�>�^�ZͲ/E�h����&>hKZ�^��E��
�͘��͘�>ĞĞ1͕��͘�W͘ �zĂůŝŶ2

1WŚǇƐŝĐƐ͕��ŽůŽƌĂĚŽ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �&Žƌƚ��ŽůůŝŶƐ͕��K͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕��ŽůŽƌĂĚŽ�
^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �&Žƌƚ��ŽůůŝŶƐ͕��K͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϭϱ��ϭ�Ͳϲ��>��dZKE��D/^^/KE�&ZKD�D/�ZKͲ�Z�,/d��dhZ���D�d�Z/�>^�&KZ�W>�^D��
APPLICATIONS

z͘ �ZĂŝƚƐĞƐ͕��͘�:ŝŶ
WƌŝŶĐĞƚŽŶ�WůĂƐŵĂ�WŚǇƐŝĐƐ�>ĂďŽƌĂƚŽƌǇ͕ �WƌŝŶĐĞƚŽŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϯϬ��ϭ�Ͳϳ�/E/d/�>��yW�Z/D�Ed^�K&���E�t�W�ZD�E�Ed�D�'E�d�,�>/�KE�d,Zh^d�Z
:͘�W͘ �^ŚĞĞŚĂŶ͕��͘�t͘�>ŽŶŐŵŝĞƌ͕ �/͘�D͘�ZĞĞƐĞ͕�d͘ ��͘��ŽůůĂƌĚ͕�&͘ �,͘��ďĞƌƐŽŚŶ͕��͘�d͘ ��ĂůĞ͕��͘�E͘�tĂĐŚƐ͕�D͘��͘�
KƐƚĞƌŵĂŶŶ
�ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϰϱ��ϭ�Ͳϴ��KhW>���DK>��h>�Z��zE�D/�^ͲWK/^^KE�^/Dh>�d/KE^�K&�/KE/��>/Yh/��
�>��dZK^WZ�z�d,Zh^d�Z^
�͘�W͘ ��ŽƌŶĞƌ͕ ��͘��͘�>ĞǀŝŶ
�ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�WĞŶŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �hŶŝǀĞƌƐŝƚǇ�WĂƌŬ͕�W�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϮ͗ϬϬ��ϭ�Ͳϵ�D/�ZKͲ��d,K����Z��d,Zh^d�Z�&KZ�^D�>>�^�dd�>/d�^��dd/dh����KEdZK>
�͘�^ŚĂƐŚƵƌŝŶ͕�d͘ ��ŚƵĂŶŐ͕�:͘�>ƵŬĂƐ͕�'͘�dĞĞů͕�^͘�,ĂƋƵĞ͕��͘��ŚŝƵ͕�D͘�<ĞŝĚĂƌ
DĞĐŚĂŶŝĐĂů�ĂŶĚ��ĞƌŽƐƉĂĐĞ��ĞƉĂƌƚŵĞŶƚ͕�'ĞŽƌŐĞ�tĂƐŚŝŶŐƚŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

Session 1F: Basic Plasma Phenomena I

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� �ŽŽůŝĚŐĞ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ŚƌŝƐ�,�DŽŽƌĞ͕�^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďƐ
ϵ͗ϯϬ��ϭ&Ͳϭ�d,���&&��d^�K&�/EͲ�>�^d/��WZK��^^�^�KE��>��dZKE�d�DW�Z�dhZ��/E��>��dZKE����D�
GENERATED PLASMAS

�͘�Z͘��ŽƌŝƐ͕�'͘�D͘�WĞƚƌŽǀ͕ ��͘�,͘�>ŽĐŬ͕�d͘ ��͘�WĞƚƌŽǀĂ͕�Z͘�&͘ �&ĞƌŶƐůĞƌ͕ �^͘�'͘�tĂůƚŽŶ
WůĂƐŵĂ�WŚǇƐŝĐƐ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϵ͗ϰϱ��ϭ&ͲϮ�W�Zd/�>�Ͳ/EͲ��>>�^/Dh>�d/KE^�K&�>Kt�ZͲ,z�Z/��t�s�^�'�E�Z�d����z��E�/KEͲZ/E'�
s�>K�/dz��/^dZ/�hd/KE
^͘��͘�^ǁĂŶĞŬĂŵƉ͕��͘�^͘�ZŝĐŚĂƌĚƐŽŶ͕�D͘�DŝƚŚĂŝǁĂůĂ͕��͘��ƌĂďƚƌĞĞ
WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
10:00  1F-3 PARTICLE-IN-CELL MODELING OF SPECIES SEPARATION IN TWO-SPECIES PLASMAS

�͘�^͘�ZŝĐŚĂƌĚƐŽŶ1͕�^͘��͘�^ǁĂŶĞŬĂŵƉ1͕�^͘�>͘�:ĂĐŬƐŽŶ1͕��͘�'͘�WŚŝƉƉƐ1͕�:͘�t͘�^ĐŚƵŵĞƌ1͕�W͘ �&͘ �KƫŶŐĞƌ2

1WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ŶŐŝůŝƚǇ͕ ��ŚĂŶƟůůǇ͕ �
s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϭϱ��ϭ&Ͳϰ��y��d�^K>hd/KE�K&�&>h/��DKD�EdhD��Yh�d/KE^�/E�d,���dDK^W,�Z/��W>�^D�Ͳ:�d^
:͘�Ͳ�͘�,ĞŽ͕�z͘ �<ŝŵ͕�^͘�:ŝŶ͕�'͘�Ͳ,͘�,ĂŶ͕�'͘�Ͳ�͘�<ǁŽŶ͕��͘�Ͳ,͘��ŚŽŝ͕�,͘�^͘�hŚŵ͕�'͘��ŚŽ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŽƉŚǇƐŝĐƐ͕�<ǁĂŶŐǁŽŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �^ĞŽƵů͕�^ŽƵƚŚ�<ŽƌĞĂ
ϭϬ͗ϯϬ��ϭ&Ͳϱ��;ŝŶǀŝƚĞĚͿ��D�Z'�E���K&�^�>&ͲKZ'�E/����W�dd�ZE^�/E��Z���/^�,�Z'�^��z��EK���
COOLING

J. P. Trelles
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂƐƐĂĐŚƵƐĞƩƐ�>ŽǁĞůů͕�>ŽǁĞůů͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϭϭ͗ϬϬ��ϭ&Ͳϲ�d,��s�>/�/dz�K&�^/D/>�Z/dz�>�t�K&�'>Kt��/^�,�Z'���d�>Kt�WZ�^^hZ��/E��Z'KE��z�
EhD�Z/��>�^/Dh>�d/KE
z͘ �&Ƶ͕�,͘�>ƵŽ͕�y͘��ŽƵ͕�y͘�tĂŶŐ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�dƐŝŶŐŚƵĂ�hŶŝǀĞƌƐŝƚǇ͕ ���/:/E'͕��ŚŝŶĂ
ϭϭ͗ϭϱ��ϭ&Ͳϳ��KDWZ�,�E^/s��Z�^��Z�,�^�KE��zE�D/�^�K&�E�EK^��KE��>�^�Z�WZK�h����
PLASMAS

y͘�>ŝ͕�:͘�tƵ͕�t͘�tĞŝ͕�^͘�:ŝĂ͕��͘�YŝƵ
^ƚĂƚĞ�<ĞǇ�>ĂďŽƌĂƚŽƌǇ�ŽĨ��ůĞĐƚƌŝĐĂů�/ŶƐƵůĂƟŽŶ�ĂŶĚ�WŽǁĞƌ��ƋƵŝƉŵĞŶƚ͕�yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �yŝ Ă͛Ŷ͕�
^ŚĂĂŶǆŝ͕��ŚŝŶĂ
ϭϭ͗ϯϬ��ϭ&Ͳϴ��Z��<�KtE�sK>d�'���KZZ�>�d/KE^�/E���>�Z'������/^�,�Z'��dh���&KZ�Dh>d/W>��
GASES

d͘ ��͘�'ĞďŚĂƌƚ1͕�D͘��͘��ŽƵƌŚĂŵ2͕��͘�>͘�tŝŶĨƌĞǇ1

1DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�sŝƌŐŝŶŝĂ�dĞĐŚ͕��ůĂĐŬƐďƵƌŐ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�EŽƌƚŚ�
�ĂƌŽůŝŶĂ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �ZĂůĞŝŐŚ͕�E�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

Session PL2: Plenary 2

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϯ͗ϬϬͲϭϰ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů��ĂƐƚͲ^ŽƵƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ĂǀŝĚ�&ƌĞŶĐŚ͕��ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
ϭϯ͗ϬϬ��W>ϮͲϭ��;ŝŶǀŝƚĞĚͿ�,/',�WKt�Z�D/�ZKt�s��'�E�Z�d/KE��E��D/d/'�d/KE
Z͘�D͘�'ŝůŐĞŶďĂĐŚ
EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ�Θ�ZĂĚŝŽůŽŐŝĐĂů�^ĐŝĞŶĐĞƐ��ĞƉĂƌƚŵĞŶƚ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�
States

^ĞƐƐŝŽŶ�ϭW͗�ϰ͘ϭ�&ƵƐŝŽŶ�;/ŶĞƌƟĂů͕�DĂŐŶĞƟĐ͕�Θ��ůƚĞƌŶĂƟǀĞ��ŽŶĐĞƉƚƐͿ�WŽƐƚĞƌƐ
Poster Session

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�^ĐŽƩ�tŝůŬƐ͕�>ĂǁƌĞŶĐĞ�>ŝǀĞƌŵŽƌĞ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ
ϭWͲϭ����Wh>^��&KZD/E'�E�dtKZ<�&KZ�dKZK/��>�&/�>��^z^d�D�&KZ�dWDͲϭh�dK<�D�<
�͘�,͘��ƌƌŝĂŐĂ͕�D͘�E͘�WĞƌĞǌ
�ůƚĞƌŶĂƟǀĞ��ŶĞƌŐǇ͕ ��/��d��/WE�YƵĞƌĞƚĂƌŽ͕�YƵĞƌĞƚĂƌŽ͕�DĞǆŝĐŽ
ϭWͲϮ���&&��d^�K&�>/d,/hD�t�>>Ͳ�K�d/E'^�KE�/DWhZ/dz�/KE^�/E�d,��>/d,/hD�dK<�D�<�
�yW�Z/D�Ed�;>dyͿ
�͘�W͘ ��ŽǇůĞ1͕�Z͘��͘��Ğůů1͕�Z͘�<ĂŝƚĂ1͕�Z͘�DĂũĞƐŬŝ1͕�d͘ �D͘��ŝĞǁĞƌ2͕�d͘ �<͘�'ƌĂǇ2

1WƌŝŶĐĞƚŽŶ�WůĂƐŵĂ�WŚǇƐŝĐƐ�>Ăď͕�WƌŝŶĐĞƚŽŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2KĂŬ�ZŝĚŐĞ�EĂƟŽŶĂů�>Ăď͕�KĂŬ�ZŝĚŐĞ͕�dE͕�
United States
ϭWͲϯ��EhD�Z/��>��E�>z^/^�K&�d�DW�Z�dhZ���/^dZ/�hd/KE�&KZ�/^K�,KZ/��,��d/E'�t/d,�/Ed�E^��
Wh>^���WKt�Z��/^�,�Z'��h^/E'��>��dZKE����D��/K�����^���/DW���E����KEdZK>>�Z
Z͘�,ĂǇĂƐŚŝ1͕�&͘ �dĂŵƵƌĂ1͕�d͘ �<ƵĚŽ1͕�<͘�dĂŬĂŚĂƐŚŝ1͕�d͘ �^ĂƐĂŬŝ1͕�d͘ �<ŝŬƵĐŚŝ1͕�d͘ ��ƐŽ1͕�E͘�,ĂƌĂĚĂ1͕�t͘�:ŝĂŶŐ1͕�<͘�
<ĂƐŚŝŶĞ2͕��͘�dŽŬƵĐŚŝϭ͕ϯ
1EĂŐĂŽŬĂ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �EĂŐĂŽŬĂ͕�EŝŝŐĂƚĂ͕�:ĂƉĂŶ2zƵŐĞ�EĂƟŽŶĂů��ŽůůĞŐĞ�ŽĨ�DĂƌŝƟŵĞ�
dĞĐŚŶŽůŽŐǇ͕ �<ĂŵŝũŝŵĂ͕��ŚŝŵĞ͕�:ĂƉĂŶ3WƵůƐĞĚ�WŽǁĞƌ�:ĂƉĂŶ�>ĂďŽƌĂƚŽƌǇ�>ƚĚ͕͘�<ƵƐĂƚƐƵ͕�^ŚŝŐĂ͕�:ĂƉĂŶ
ϭWͲϰ��KWd/D/��d/KE�K&���W/>>�Zz�^KhZ���'�KD�dZz�&KZ�D�y/DhD�W�>>�d��y/d�s�>K�/dz�/E�
�>��dZKd,�ZD�>�W>�^D��>�hE�,�Z^
D͘�:͘��ƐŵŽŶĚ͕�^͘�^͘�DŽƐƚĂŐŚŝŵ͕�d͘ ��͘�'ĞďŚĂƌƚ͕��͘�>͘�tŝŶĨƌĞǇ
EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ�WƌŽŐƌĂŵ͕�sŝƌŐŝŶŝĂ�WŽůǇƚĞĐŚŶŝĐ�/ŶƐƟƚƵƚĞ�ĂŶĚ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ůĂĐŬƐďƵƌŐ͕�s�͕�hŶŝƚĞĚ�
States
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ϭWͲϱ��/Es�^d/'�d/KE�K&�/'E/dKZ�d/D����,�s/KZ�KE�d,��^,K�<�/'E/d/KE�W�Z&KZD�E��
M. J. Jafari͕�^͘�ZĞǌĂĞŝ͕��͘�,͘�&ĂƌĂŚďŽĚ
>ĂƐĞƌ�ĂŶĚ�KƉƟĐƐ�ZĞƐĞĂƌĐŚ�^ĐŚŽŽů͕�dĞŚƌĂŶ͕�/ƌĂŶ

^ĞƐƐŝŽŶ�ϭW͗�ϰ͘Ϯ�WĂƌƟĐůĞ��ĐĐĞůĞƌĂƟŽŶ�ǁŝƚŚ�>ĂƐĞƌƐ�ĂŶĚ��ĞĂŵƐ�WŽƐƚĞƌƐ
Poster Session

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�'ĞŽƌŐĞ�D�WĞƚƌŽǀ͕ �EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
ϭWͲϲ��dZ�E^s�Z^���zE�D/�^�K&�����>�Z�d����hE�,�^�/E���W>�^D�Ͳ�/�>��dZ/��t�<�&/�>�^
Z͘�Z͘�<ŶŝĂǌŝĞǀ1͕�'͘�s͘ �^ŽƚŶŝŬŽǀ2

1s͘ �E͘�<ĂƌĂǌŝŶ�<ŚĂƌŬŝǀ�EĂƟŽŶĂů�hŶŝǀĞƌƐŝƚǇ͕ �<ŚĂƌŬŽǀ͕ �hŬƌĂŝŶĞ2EĂƟŽŶĂů�^ĐŝĞŶĐĞ��ĞŶƚĞƌ�<ŚĂƌŬŽǀ�/ŶƐƟƚƵƚĞ�ŽĨ�
WŚǇƐŝĐƐ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �<ŚĂƌŬŽǀ͕ �hŬƌĂŝŶĞ
ϭWͲϳ��^�>&ͲDK�h>�d/KE�K&�h>dZ�ͲZ�>�d/s/^d/��^>����>��dZKE��E��WK^/dZKE��hE�,�^
W͘ �DƵŐŐůŝ1͕�K͘�ZĞŝŵĂŶŶ1͕�E͘�>ŽƉĞƐ2͕�>͘�^ŝůǀĂ2͕�:͘�sŝĞŝƌĂ2͕�>͘��͘��ŵŽƌŝŵ2͕�E͘�sĂĨĂĞŝͲEĂũĂĨĂďĂĚŝ3͕��͘�:ŽƐŚŝ3͕�t͘�
Mori3͕�<͘�DĂƌƐŚ3͕�s͘ �<͘��ĞƌŐůǇĚ�KůƐĞŶ4͕��͘��Ěůŝϱ͕ϰ͕�^͘�'ĞƐƐŶĞƌ5͕�D͘�:͘�,ŽŐĂŶ5͕�^͘�>ŝ5͕�D͘�>ŝƚŽƐ5͕�z͘ �&ĂŶŐ6

1DĂǆ�WůĂŶĐŬ�/ŶƐƟƚƵƚĞ�ĨŽƌ�WŚǇƐŝĐƐ͕�DƵŶŝĐŚ͕�'ĞƌŵĂŶǇ2/ŶƐƟƚƵƚŽ�^ƵƉĞƌŝŽƌ�dĞĐŶŝĐŽ͕�>ŝƐďŽŶ͕�WŽƌƚƵŐĂů3University 
ŽĨ��ĂůŝĨŽƌŶŝĂ͕�>ŽƐ��ŶŐĞůĞƐ͕�h^�4hŶŝǀĞƌƐŝƚǇ�ŽĨ�KƐůŽ͕�KƐůŽ͕�EŽƌǁĂǇ5^>��͕�DĞŶůŽ�WĂƌŬ͕�h^�ϲUniversity of 
^ŽƵƚŚĞƌŶ��ĂůŝĨŽƌŶŝĂ͕�>ŽƐ��ŶŐĞůĞƐ͕�h^�
ϭWͲϴ��/Es�^d/'�d/KE�K&�,/',Ͳ/Ed�E^/dz�>�^�ZͲW>�^D��/Ed�Z��d/KE�/E�Dh>d/ͲW/�K^��KE��>�^�Z�
Wh>^��>�E'd,�Z�'/D�
�͘�^ŽƌŽŬŽǀŝŬŽǀĂ1͕��͘�YŝĂŽ1͕�D͘�^͘�tĞŝ2͕�Z͘��͘�^ƚĞƉŚĞŶƐ2͕�^͘�<ƌĂƐŚĞŶŝŶŶŝŬŽǀ1͕�W͘ �WĂƚĞů3͕�,͘�^͘�DĐ>ĞĂŶ3͕��͘�W͘ �>͘�
ZŽďŝŶƐŽŶ4͕�&͘ �E͘��ĞŐ1

1hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ͕�^ĂŶ��ŝĞŐŽ͕�^ĂŶ��ŝĞŐŽ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2'ĞŶĞƌĂů��ƚŽŵŝĐƐ͕�^ĂŶ��ŝĞŐŽ͕���͕�hŶŝƚĞĚ�
States3>ĂǁƌĞŶĐĞ�>ŝǀĞƌŵŽƌĞ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �>ŝǀĞƌŵŽƌĞ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ4�ĞŶƚƌĂů�>ĂƐĞƌ�&ĂĐŝůŝƚǇ͕ �
KǆĨŽƌĚƐŚŝƌĞ͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ
ϭWͲϵ��dZ�E^s�Z^��&K�h^/E'�K&��E��>��dZKE����D��z�Z�>�d/s/^d/��W>�^D��t�s�^��E��>�^�Z�
BEAMS

Z͘�>͘�tŝůůŝĂŵƐ͕��͘�>͘��ŽǁŵĂŶ
WŚǇƐŝĐƐ��ĞƉĂƌƚŵĞŶƚ͕�&ůŽƌŝĚĂ��͘�ĂŶĚ�D͘�hŶŝǀĞƌƐŝƚǇ͕ �dĂůůĂŚĂƐƐĞĞ͕�&>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϭϬ��ϯͲ��W/��^/Dh>�d/KE�K&�Yh�^/ͲW,�^��D�d�,����/Z��d�>�^�Z��>��dZKE�����>�Z�d/KE�
t/d,�/EdZK�h�d/KE�K&���WZ��hZ^KZ��>��dZKE��hE�,
M. -W. Lin1͕�/͘�:ŽǀĂŶŽǀŝĐ1͕�^͘�Ͳ,͘��ŚĞŶ2

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĞĐŚĂŶŝĐĂů�ĂŶĚ�EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�dŚĞ�WĞŶŶƐǇůǀĂŶŝĂ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �hŶŝǀĞƌƐŝƚǇ�WĂƌŬ͕�
WĞŶŶƐǇůǀĂŶŝĂ͕�h^�2�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ͕�EĂƟŽŶĂů��ĞŶƚƌĂů�hŶŝǀĞƌƐŝƚǇ͕ �:ŚŽŶŐůŝ͕�dĂŝǁĂŶ
ϭWͲϭϭ��/KE�����>�Z�d/KE�&ZKD�>�^�ZͲ/ZZ��/�d���d,/E�d�Z'�d^
�͘��͘�'ŽǀƌĂƐϭ͕Ϯ͕�s͘ �z͘ ��ǇĐŚĞŶŬŽǀϭ͕Ϯ͕��͘�s͘ ��ƌĂŶƚŽǀϭ͕Ϯ
1>ĞďĞĚĞǀ�WŚǇƐŝĐƐ�/ŶƐƟƚƵƚĞ͕�DŽƐĐŽǁ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ2�ĞŶƚĞƌ�ĨŽƌ�&ƵŶĚĂŵĞŶƚĂů�ĂŶĚ��ƉƉůŝĞĚ�ZĞƐĞĂƌĐŚ͕�
sE//�͕�DŽƐĐŽǁ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϭWͲϭϮ���>��dZKE�^�>&Ͳ/E:��d/KE�/E�d,��WZKdKEͲ�Z/s�EͲW>�^D�Ͳt�<�&/�>������>�Z�d/KE
�͘�Ͳ,͘�,Ƶ͕�z͘ �ͲE͘�tĂŶŐ
�ĂůŝĂŶ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ ��ĂůŝĂŶ͕��ŚŝŶĂ
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^ĞƐƐŝŽŶ�ϭW͗�ϰ͘ϰ�,ŝŐŚ��ŶĞƌŐǇ��ĞŶƐŝƚǇ�DĂƩĞƌ͕ �WŽƐƚĞƌƐ
Poster Session

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�sŝĐƚŽƌ�>�<ĂŶƚƐǇƌĞǀ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǀĂĚĂ͕�ZĞŶŽ
ϭWͲϭϯ��s/^Z��͕�ϯͲ��d�Z'�d���^/'E��E��Z��/�d/KE�^/Dh>�d/KE��K��
/͘��͘�'ŽůŽǀŬŝŶ͕�:͘�:͘�DĂĐ&ĂƌůĂŶĞ͕�^͘�<ƵůŬĂƌŶŝ
WƌŝƐŵ��ŽŵƉƵƚĂƟŽŶĂů�^ĐŝĞŶĐĞƐ͕�/ŶĐ͕͘�DĂĚŝƐŽŶ͕�t/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϭϰ��^W��dZK^�KW/��EKEͲ>d��DK��>/E'�K&�,/',>z��,�Z'���'K>��W>�^D�
�͘��ĂƐŐƵƉƚĂ1͕�E͘��͘�KƵĂƌƚ1͕�Z͘�t͘��ůĂƌŬ2͕�z͘ ��ŐůŝƚƐŬŝǇ3͕�:͘�>͘�'ŝƵůŝĂŶŝ1͕�^͘�W͘ �KďĞŶƐĐŚĂŝŶ1

1WůĂƐŵĂ�WŚǇƐŝĐƐ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ĞƌŬĞůĞǇ�ZĞƐĞĂƌĐŚ�
�ƐƐŽĐŝĂƚĞƐ͕��ĞůƚƐǀŝůůĞ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3^ĐŝĞŶĐĞ��ƉƉůŝĐĂƟŽŶƐ�/ŶƚĞƌŶĂƟŽŶĂů��ŽƌƉŽƌĂƟŽŶ͕�DĐ>ĞĂŶ͕�s�͕�
United States
ϭWͲϭϱ��,z�Z/��DK��>�K&��,�D/��>��Yh/>/�Z/hD��Yh�d/KE�K&�^d�d��&KZ�EKE/���>�W>�^D�^�/E�
hE��Zt�d�Z�t/Z���yW>K^/KE�^/Dh>�d/KE
�͘�Ͳ<͘�<ŝŵ͕�:͘�:ƵŶŐ
ZΘ��/ŶƐƟƚƵƚĞ�Ͳ��ŝǀŝƐŝŽŶ�ϰ͕��ŐĞŶĐǇ�ĨŽƌ��ĞĨĞŶƐĞ��ĞǀĞůŽƉŵĞŶƚ͕��ĂĞũĞŽŶ͕�^ŽƵƚŚ�<ŽƌĞĂ
ϭWͲϭϲ��^,K�<�^dh�z�t/d,��yd�E���ͲD,��DK��>�h^/E'����/^�KEd/EhKh^�'�>�Z</E�^�,�D�
y͘��ŚĂŽ͕��͘��͘�^ĞǇůĞƌ͕ �:͘��͘�'ƌĞĞŶůǇ
�ŽƌŶĞůů�hŶŝǀĞƌƐŝƚǇ͕ �/ƚŚĂĐĂ͕�Ez͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϭϳ������KE�h�d/s/dz��E���>��dZKE�dZ�E^WKZd�^dh�/�^�/E�EKEͲ�Yh/>/�Z/hD�t�ZD���E^��
GOLD

z͘ �dƐƵŝ1͕��͘��ŚĞŶ1͕��͘�,ŽůƐƚ2͕�s͘ �ZĞĐŽƵůĞƐ2͕��͘�EŐ3

1�ůĞĐƚƌŝĐĂů�Θ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ůďĞƌƚĂ͕��ĚŵŽŶƚŽŶ͕��ůďĞƌƚĂ͕��ĂŶĂĚĂ2���͕��ĞĚĞǆ͕�
&ƌĂŶĐĞ3WŚǇƐŝĐƐ�Θ��ƐƚƌŽŶŽŵǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ��ƌŝƟƐŚ��ŽůƵŵďŝĂ͕�sĂŶĐŽƵǀĞƌ͕ ��ƌŝƟƐŚ��ŽůƵŵďŝĂ͕��ĂŶĂĚĂ
ϭWͲϭϴ��/Es�^d/'�d/KE�K&�D�'E�d/���͕�Z��/�d/s���KtͲ^,K�<^�/E�D�'E�d/��>>z�����>�Z�d���
PLASMA FLOWS

^͘��͘��ŽƩͲ^ƵǌƵŬŝ1͕�^͘��ŽƌĚĂƌŽ1͕�>͘�^͘��ĂďĂůůĞƌŽ��ĞŶĚŝǆƐĞŶ1͕�:͘��ŚŝƩĞŶĚĞŶ2͕�E͘�EŝĂƐƐĞ2͕�/͘��ůĞƐĞŶĞƌ3͕��͘�,ŽǇƚ3͕�
A. Cahill3͕��͘�<ƵƐƐĞ3͕��͘�,ĂŵŵĞƌ3͕�:͘�'ƌĞĞŶůǇ3͕�W͘ �'ŽƵƌĚĂŝŶ3͕��͘�^ĞǇůĞƌ3͕�<͘��ůĞƐĞŶĞƌ3

1hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�^ĂŶ��ŝĞŐŽ͕�>Ă�:ŽůůĂ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2/ŵƉĞƌŝĂů��ŽůůĞŐĞ�>ŽŶĚŽŶ͕�>ŽŶĚŽŶ͕�h<͕�
hŶŝƚĞĚ�<ŝŶŐĚŽŵ3�ŽƌŶĞůů�hŶŝǀĞƌƐŝƚǇ͕ �/ƚŚĂĐĂ͕�Ez͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϭϵ�����D�E�^W>/dd/E'�D��^hZ�D�Ed^�K&�>K��>�D�'E�d/��&/�>�^�/E�t/Z���ͲW/E�,�W>�^D�^
^͘�'͘�WĂƚĞů͕��͘��͘�zĂŐĞƌͲ�ůŽƌƌŝĂŐĂ͕��͘�D͘�^ƚĞŝŶĞƌ͕ �E͘�D͘�:ŽƌĚĂŶ͕�z͘ �z͘ �>ĂƵ͕�Z͘�D͘�'ŝůŐĞŶďĂĐŚ
EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϮϬ��'�E�Z�d/E'�D�'E�d/��&/�>�^�^dZKE'�Z�d,�E�ϭϬϬ�d�^>�^�h^/E'�^K>�EK/�^�KE��K�Z�
,͘�&͘ �DŽŽƌĞ͕�Z͘��ƵŐŐĂŶ͕�'͘�E͘�dĂďĂŬ͕�>͘�ZĂŶƐŽŚŽī͕�>͘�DĞŚƌ͕ ��͘��Ğůů͕��͘�>ŝĂŶŐ͕�t͘�WŽƩĞƌ͕ �W͘ �Ͳ�͘�'ŽƵƌĚĂŝŶ͕�:͘�
'ƌĞĞŶůǇ͕ ��͘�EŽǀŝĐŬ
>ĂďŽƌĂƚŽƌǇ�ŽĨ�WůĂƐŵĂ�^ƚƵĚŝĞƐ͕��ŽƌŶĞůů�hŶŝǀĞƌƐŝƚǇ͕ �/ƚŚĂĐĂ͕�Ez͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϮϭ��D��^hZ/E'�D�'E�d/��&/�>�^�^dZKE'�Z�d,�E�ϭϬϬ�d�^>�^�h^/E'�D/E/�dhZ���Ͳ�Kd�
PROBES ON COBRA

'͘�E͘�dĂďĂŬ͕��͘��Ğůů͕�Z͘��ƵŐŐĂŶ͕��͘�>ŝĂŶŐ͕�>͘�DĞŚƌ͕ �,͘�&͘ �DŽŽƌĞ͕��͘�EŽǀŝĐŬ͕�>͘�ZĂŶƐŽŚŽī͕�W͘ �Ͳ�͘�'ŽƵƌĚĂŝŶ͕�t͘�
WŽƩĞƌ͕ �:͘�'ƌĞĞŶůǇ
>ĂďŽƌĂƚŽƌǇ�ŽĨ�WůĂƐŵĂ�^ƚƵĚŝĞƐ͕��ŽƌŶĞůů�hŶŝǀĞƌƐŝƚǇ͕ �/ƚŚĂĐĂ͕�Ez͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϭWͲϮϮ��^W��dZK^�KW/��^dh�/�^�K&�yͲZ�z�>/E��WK>�Z/��d/KE�/E�,���W>�^D�^�/>>h^dZ�d���h^/E'�
�ͲW/E�,�^
�͘�^͘�^ĂĨƌŽŶŽǀĂ͕�s͘ �>͘�<ĂŶƚƐǇƌĞǀ͕ �h͘�/͘�^ĂĨƌŽŶŽǀĂ͕�/͘�^ŚƌĞƐƚŚĂ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǀĂĚĂ͕�ZĞŶŽ͕�ZĞŶŽ͕�Es͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϮϯ��E�KE�^K&d�yͲZ�z�>/d,K'Z�W,z�^KhZ�����^���KE�>Kt��E�Z'z�&�^d�D/E/�dhZ��W>�^D��
&K�h^���s/��
<͘�^ŚĞŶďĂŐĂ�DĂŶŽŐĂƌĂ�WĂŶĚŝĂŶ
E/�͕�EĂŶǇĂŶŐ�dĞĐŚŶŽůŽŐŝĐĂů�hŶŝǀĞƌƐŝƚǇ͕ �^ŝŶŐĂƉŽƌĞ͕�^ŝŶŐĂƉŽƌĞ

^ĞƐƐŝŽŶ�ϭW͗�ϰ͘ϱ�>ĂƐĞƌ�WƌŽĚƵĐĞĚ�WůĂƐŵĂƐ�WŽƐƚĞƌƐ
Poster Session

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ƵůĮŬĂƌ�EĂũŵƵĚŝŶ͕�/ŵƉĞƌŝĂů��ŽůůĞŐĞ�>ŽŶĚŽŶ
ϭWͲϮϰ��s/^�Kh^��&&��d^�/E�/�&�d�Z'�d�/DW>K^/KE^
Z͘�:͘�DĂƐŽŶ͕�Z͘�:͘�&ĂĞŚů͕�Z͘��͘�<ŝƌŬƉĂƚƌŝĐŬ
ZĞƐĞĂƌĐŚ��ƉƉůŝĐĂƟŽŶƐ��ŽƌƉŽƌĂƟŽŶ͕�>ŽƐ��ůĂŵŽƐ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϮϱ���/�'EK^d/�^�K&�>�^�Z�/E�h����W>�^D�^�/E��/&&�Z�Ed�W,�^�^��E���d�W,�^���KhE��Z/�^�
h^/E'�>�^�Z�^,��Kt'Z�W,z͕ �dtKͲt�s�>�E'd,�>�^�Z�/Ed�Z&�ZKD�dZz͕ �^�,>/�Z�E�/D�'/E'�
�E��KWd/��>��D/^^/KE�^W��dZK^�KWzΎ
D͘�dŚŝǇĂŐĂƌĂũĂŶ
WůĂƐŵĂ��ŶŐŝŶĞĞƌŝŶŐ�ZĞƐĞĂƌĐŚ�>Ăď�;W�Z>Ϳ͕�dĞǆĂƐ��ΘD�hŶŝǀĞƌƐŝƚǇ�Ͳ��ŽƌƉƵƐ��ŚƌŝƐƟ͕��ŽƌƉƵƐ��ŚƌŝƐƟ͕�dĞǆĂƐ͕�
United States
ϭWͲϮϲ��&�DdK^��KE��>�^�Z���>�d/KE�W>�^D��&>Kt^��zE�D/�^��yW�Z/D�Ed�>�/Es�^d/'�d/KE
�͘�z͘ �>ŽŬƟŽŶŽǀ1͕��͘�s͘ �KǀĐŚŝŶŶŝŬŽǀ2͕�z͘ �^͘�WƌŽƚĂƐŽǀ1͕�z͘ �z͘ �WƌŽƚĂƐŽǀ1͕��͘�^͘�^ŝƚŶŝŬŽǀ2

1�ĂƵŵĂŶ�DŽƐĐŽǁ�^ƚĂƚĞ�dĞĐŚŶŝĐĂů�hŶŝǀĞƌƐŝƚǇ͕ �DŽƐĐŽǁ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ2:ŽŝŶƚ�/ŶƐƟƚƵƚĞ�ĨŽƌ�,ŝŐŚ�
dĞŵƉĞƌĂƚƵƌĞƐ�ŽĨ�Z�^͕�DŽƐĐŽǁ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϭWͲϮϳ��D�'E�d/��&/�>��D��^hZ�D�Ed�/E�D�'E�d/����>�^�Z�W>�^D�^�h^/E'����D�E�
BROADENING DIAGNOSTICS

^͘�,ĂƋƵĞ͕�Z͘�WƌĞƐƵƌĂ͕�D͘�^͘�tĂůůĂĐĞ͕��͘��ƌŝĂƐ
hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǀĂĚĂ͕�ZĞŶŽ͕�ZĞŶŽ͕�Es͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϮϴ��>/',d�^��dd�Z/E'�D��^hZ�D�Ed^�K&��E�Z'z�W�Zd/d/KE/E'�/E�>�^�Z��/Z�^W�Z<^
�͘�D͘�>ŝŵďĂĐŚ͕�Z͘��͘�DŝůĞƐ
DĞĐŚĂŶŝĐĂů�ĂŶĚ��ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�WƌŝŶĐĞƚŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �WƌŝŶĐĞƚŽŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�ϭW͗�ϰ͘ϲ�&ĂƐƚ��ͲWŝŶĐŚĞƐ�WŽƐƚĞƌ
Poster Session

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ƌĞŶƚ�:ŽŶĞƐ͕�^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ
ϭWͲϮϵ��EhD�Z/��>�^/Dh>�d/KE�K&�Z��/�d/E'���W/E�,�KE�'�DD�
<͘�s͘ �^ƚƌĂďǇŬŝŶ͕�s͘ �^͘�'ŽƌĚĞĞǀ͕ ��͘�s͘ �'ƌŝƐŚŝŶ͕��͘�W͘ �KƌůŽǀ͕ ��͘�>͘�DŽǌŐŽǀŽǇ͕ ��͘�'͘�ZĞƉŝŶ͕�^͘�z͘ �WƵĐŚĂŐŝŶ͕�^͘�>͘�
'ůƵƐŚŬŽǀ
Z&E�ͲsE//�&͕ �^ĂƌŽǀ͕ �EŝǌŚŶǇ�EŽǀŐŽƌŽĚ�ƌĞŐŝŽŶ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϭWͲϯϬ��d,��D�'E�d/����EK,�WZK�>�D�t/d,��Kd,��y/�>��E����/Dhd,�>�D�'E�d/��&/�>�^
:͘�>͘�'ŝƵůŝĂŶŝ1͕��͘�>͘�sĞŬŝŬŽǀŝĐŚ1͕�z͘ �<͘��ŚŽŶŐ1͕�t͘�dŚŽƌŶŚŝůů1͕�^͘�d͘ ��ĂůĞƐĂŬ2͕�W͘ �dǌĞĨĞƌĂĐŽƐ3͕��͘�>Ăŵď3

1WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�h^�2�ĞƌŬĞůĞǇ�ZĞƐĞĂƌĐŚ��ƐƐŽĐŝĂƚĞƐ͕�
�ĞůƚƐǀŝůůĞ͕�D�͕�h^�3&ůĂƐŚ��ĞŶƚĞƌ�ĨŽƌ��ŽŵƉƵƚĂƟŽŶĂů�^ĐŝĞŶĐĞ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ŚŝĐĂŐŽ͕��ŚŝĐĂŐŽ͕�/>͕�h^�
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ϭWͲϯϭ��'�E�Z�d/KE�K&��hDh>�d/s��:�d^��hZ/E'�hE��Zt�d�Z��yW>K^/KE�K&��KWW�Z�t/Z�^�/E�
d,��yͲW/E�,��KE&/'hZ�d/KE
�͘�^ŚĂĨĞƌ͕ �'͘�Z͘�dŽŬĞƌ͕ �s͘ �d͘ �'ƵƌŽǀŝĐŚ͕�z͘ ��͘�<ƌĂƐŝŬ
WŚǇƐŝĐƐ��ĞƉĂƌƚŵĞŶƚ͕�dĞĐŚŶŝŽŶ�/ƐƌĂĞů�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂŝĨĂ͕�/ƐƌĂĞů
ϭWͲϯϮ��Wh>^���WKt�Z�WZK�h�����KhEd�ZͲWZKW�'�d/E'�W>�^D��&>Kt^��E��d,��^dh�z�K&�
^,K�<�t�s��&KZD�d/KE�&KZ�>��KZ�dKZz��^dZKW,z^/��>�W,�EKD�E�
:͘��͘�sĂůĞŶǌƵĞůĂ͕�'͘�t͘��ŽůůŝŶƐ�/s͕ �d͘ ��ŝĐŬ͕�:͘�EĂƌŬŝƐ͕�/͘�<ƌĂƐŚĞŶŝŶŶŝŬŽǀ͕ �&͘ �E͘��ĞŐ
�ĞŶƚĞƌ�ĨŽƌ��ŶĞƌŐǇ�ZĞƐĞĂƌĐŚ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�^ĂŶ��ŝĞŐŽ͕�>Ă�:ŽůůĂ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϯϯ���E'h>�Z��/^dZ/�hd/KE�D��^hZ�D�Ed^�K&��E�Z'z�^W��dZ��K&�WZKdKE^��D/dd���&ZKD�
,z�ZK'�E�W>�^D��&K�h^
,͘�/ƚŽ͕�Z͘�<ŝƐŚŝŵŽƚŽ͕�,͘�KŚĂƐŚŝ
hŶŝǀĞƌƐŝƚǇ�ŽĨ�dŽǇĂŵĂ͕�dŽǇĂŵĂ͕�:ĂƉĂŶ
ϭWͲϯϰ��W,KdKͲ/KE/^�d/KE�K&�'�^��z�yͲZ�z^�&ZKD���t/Z���ZZ�z��ͲW/E�,
:͘��͘�,ĂƌĞ͕�^͘�s͘ �>ĞďĞĚĞǀ͕ �D͘��ĞŶŶĞƩ͕�^͘�E͘��ůĂŶĚ͕�'͘��͘��ƵƌĚŝĂŬ͕�>͘�^ƵƩůĞ͕�&͘ �^ƵǌƵŬŝͲsŝĚĂů͕�'͘�&͘ �^ǁĂĚůŝŶŐ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ͕�/ŵƉĞƌŝĂů��ŽůůĞŐĞ͕�>ŽŶĚŽŶ͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ
ϭWͲϯϱ��^d��/>/��d/KE�K&�'�^�Wh&&��ͲW/E�,�/DW>K^/KE^��z�h^/E'��yd�ZE�>����&/�>��KE��K�Z�
E͘�Yŝϭ͕Ϯ͕�W͘ ��Ğ'ƌŽƵĐŚǇ1͕�W͘ ��͘�^ŚƌĂĨĞů1͕�>͘��ƚŽǇĂŶ1͕�t͘�D͘�WŽƩĞƌ1͕��͘��͘��ĂŚŝůů1͕�W͘ ��͘�'ŽƵƌĚĂŝŶ1͕�:͘��͘�'ƌĞĞŶůǇ1͕�
�͘��͘�,ĂŵŵĞƌ1͕��͘�>͘�,ŽǇƚ1͕��͘�Z͘�<ƵƐƐĞ1͕�^͘��͘�WŝŬƵǌ1͕�d͘ ��͘�^ŚĞůŬŽǀĞŶŬŽ1

1>ĂďŽƌĂƚŽƌǇ�ŽĨ�WůĂƐŵĂ�^ƚƵĚŝĞƐ͕��ŽƌŶĞůů�hŶŝǀĞƌƐŝƚǇ͕ �/ƚŚĂĐĂ͕�Ez͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ2�ƉƉůŝĞĚ�dĞĐŚŶŽůŽŐŝĞƐ͕�>Ͳϯ�
�ŽŵŵƵŶŝĐĂƟŽŶƐ͕�^ĂŶ�>ĞĂŶĚƌŽ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϯϲ��'�^Ͳ&/>>���>/E�Z��ͲW/E�,��yW�Z/D�Ed^�KE�d,��D�'W/��&��/>/dz
'͘��͘��ƵƌĚŝĂŬ͕�^͘�s͘ �>ĞďĞĚĞǀ͕ �^͘��ůĂŶĚ͕�&͘ �^ƵǌƵŬŝͲsŝĚĂů͕�>͘�^ƵƩůĞ͕�D͘��ĞŶŶĞƚ͕�:͘�,ĂƌĞ͕�'͘�&͘ �^ǁĂĚůŝŶŐ
WůĂƐŵĂ�WŚǇƐŝĐƐ�'ƌŽƵƉ͕�/ŵƉĞƌŝĂů��ŽůůĞŐĞ�>ŽŶĚŽŶ͕�>ŽŶĚŽŶ͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ
ϭWͲϯϳ����Z>z�d/D��^dh�/�^�K&��z>/E�Z/��>�>/E�Z�/DW>K^/KE^�KE��K�Z�
>͘��ƚŽǇĂŶ͕�t͘�D͘�WŽƩĞƌ͕ �d͘ ��ǇǀĂŶŬ͕�W͘ ��Ğ�'ƌŽƵĐŚǇ͕ �W͘ ��͘�'ŽƵƌĚĂŝŶ͕�:͘��͘�'ƌĞĞŶůǇ͕ ��͘�Z͘�<ƵƐƐĞ͕��͘��͘�,ĂŵŵĞƌ
>ĂďŽƌĂƚŽƌǇ�ŽĨ�WůĂƐŵĂ�^ƚƵĚŝĞƐ͕��ŽƌŶĞůů�hŶŝǀĞƌƐŝƚǇ͕ �/ƚŚĂĐĂ͕�Ez͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϯϴ���K�y/�>�s��hhD�'�W��Z��<�KtE�&KZ�Wh>^���WKt�Z�>/E�Z^
^͘�t͘��ŽƌĚĂƌŽ͕�^͘��͘��ŽƩͲ^ƵǌƵŬŝ͕�>͘�^͘��ĂďĂůůĞƌŽ��ĞŶĚŝǆƐĞŶ
hŶŝǀĞƌƐŝƚǇ��ĂůŝĨŽƌŶŝĂ�^ĂŶ��ŝĞŐŽ͕�>Ă�:ŽůůĂ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϯϵ��d,��/E&>h�E���K&�/E^h>�d/E'��K�d/E'^�hWKE�^/E'>��t/Z���yW>K^/KE^
Z͘�WƌĞƐƵƌĂ͕�>͘�K͛�ƌŝĞŶ͕�^͘�,ĂƋƵĞ
hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǀĂĚĂ͕�ZĞŶŽ͕�ZĞŶŽ͕�Es͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϰϬ��W�Z�D�d�Z��&&��d^�K&�/E^h>�d/E'��K�d/E'�KE�d,���>��dZ/��>��yW>K�/E'�t/Z�^
:͘�tƵ1͕�y͘�>ŝ1͕�z͘ �>ŝϭ͕Ϯ͕�>͘�^ŚĞŶŐ2

1^ƚĂƚĞ�<ĞǇ�>ĂďŽƌĂƚŽƌǇ�ŽĨ��ůĞĐƚƌŝĐĂů�/ŶƐƵůĂƟŽŶ�ĂŶĚ�WŽǁĞƌ��ƋƵŝƉŵĞŶƚ͕�yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �yŝ Ă͛Ŷ͕�
�ŚŝŶĂ2^ƚĂƚĞ�<ĞǇ�>ĂďŽƌĂƚŽƌǇ�ŽĨ�/ŶƚĞŶƐĞ�WƵůƐĞĚ�ZĂĚŝĂƟŽŶ�^ŝŵƵůĂƟŽŶ�ĂŶĚ��īĞĐƚ͕�EŽƌƚŚǁĞƐƚ�/ŶƐƟƚƵƚĞ�ŽĨ�
EƵĐůĞĂƌ�dĞĐŚŶŽůŽŐǇ͕ �yŝ Ă͛Ŷ͕��ŚŝŶĂ
ϭWͲϰϭ��ϯͲ���>��dZKD�'E�d/��^/Dh>�d/KE�K&�DKEK>/d,/��Z��/�>�dZ�E^D/^^/KE�>/E�^�&KZ�
�ͲW/E�,
C. Mao͕�y͘��ŽƵ͕�y͘�tĂŶŐ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�dƐŝŶŐŚƵĂ�hŶŝǀĞƌƐŝƚǇ͕ ���/:/E'͕��ŚŝŶĂ
ϭWͲϰϮ��d,���&&��d^�K&�d/E��ZKW>�d^�KE�d,���hs��D/^^/KE��&d�Z�>�^�ZͲdZ/''�Z����/^�,�Z'��
&KZ��hs>
^͘�>ŝŵ͕�^͘�<ŝƚĂũŝŵĂ͕�d͘ �^ĂŬƵŐĂǁĂ͕�,͘��ŬŝǇĂŵĂ͕�^͘�<ĂƚƐƵŬŝ
'ƌĂĚƵĂƚĞ�^ĐŚŽŽů�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �<ƵŵĂŵŽƚŽ�hŶŝǀĞƌƐŝƚǇ͕ �<ƵŵĂŵŽƚŽ͕�:ĂƉĂŶ
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^ĞƐƐŝŽŶ�ϭW͗�ϰ͘ϳ�WůĂƐŵĂ�DĂƚĞƌŝĂů�/ŶƚĞƌĂĐƟŽŶƐ�WŽƐƚĞƌƐ
Poster Session

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ŚŵĞĚ�,ĂƐƐĂŶĞŝŶ͕�WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ
ϭWͲϰϯ��K��'��DK��>/E'�K&�Khd�Z�t�>>��ZK^/KE�/E�E^dy��E��d,���&&��d�K&��,�E'�^�/E�
E�hdZ�>�WZ�^^hZ�
:͘�,͘�EŝĐŚŽůƐ͕�D͘��͘�:ĂǁŽƌƐŬŝ͕�Z͘�<ĂŝƚĂ͕�d͘ ��ďƌĂŵƐ͕��͘�,͘�^ŬŝŶŶĞƌ͕ ��͘�W͘ �^ƚŽƚůĞƌ
WƌŝŶĐĞƚŽŶ�WůĂƐŵĂ�WŚǇƐŝĐƐ�>ĂďŽƌĂƚŽƌǇ͕ �WƌŝŶĐĞƚŽŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϰϰ��Z�Ͳ��WK^/d/KE�K&�>/d,/hD��E���KZKE��K�d/E'^�hE��Z�,/',Ͳ&>hy�W>�^D��
�KD��Z�D�Ed��d�EKZD�>��E��'Z��/E'�D�'E�d/��/E�/��E��
d͘ ��ďƌĂŵƐ1͕�D͘��͘�:ĂǁŽƌƐŬŝ1͕�Z͘�<ĂŝƚĂ1͕�:͘�,͘�EŝĐŚŽůƐ1͕��͘�W͘ �^ƚŽƚůĞƌ1͕�'͘��Ğ�dĞŵŵĞƌŵĂŶ2͕�D͘��͘�ǀĂŶ�ĚĞŶ�
�ĞƌŐ2͕�,͘�:͘�ǀĂŶ�ĚĞƌ�DĞŝĚĞŶ2͕�d͘ �t͘�DŽƌŐĂŶ2

1WƌŝŶĐĞƚŽŶ�WůĂƐŵĂ�WŚǇƐŝĐƐ�>ĂďŽƌĂƚŽƌǇ͕ �WƌŝŶĐĞƚŽŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2&KD�/ŶƐƟƚƵƚĞ��/&&�Z͕�EŝĞƵǁĞŐĞŝŶ͕�
dŚĞ�EĞƚŚĞƌůĂŶĚƐ
ϭWͲϰϱ��dhE'^d�E�Z�^WKE^��dK�dZ�E^/�Ed�,��d�>K��^�'�E�Z�d����z�>�^�Z�Wh>^�^
^͘�,ĂƌŝůĂů͕��͘�^ƵƐůŽǀĂ͕�K͘��ƚͲĂƚǁĂŶŝ͕�E͘�&ĂƌŝĚ͕��͘�,ĂƐƐĂŶĞŝŶ
�ĞŶƚĞƌ�ĨŽƌ�DĂƚĞƌŝĂůƐ�hŶĚĞƌ��ǆƚƌĞŵĞ��ŶǀŝƌŽŶŵĞŶƚ͕�^ĐŚŽŽů�ŽĨ�EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ͕ �tĞƐƚ�
>ĂĨĂǇĞƩĞ͕�/E͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϰϲ��>KtͲ�E�Z'z��н�Z�d�Ed/KE�/E����E��K��KEd�/E/E'�>/�&/>D^�KE�DK;ϭϭϬͿ
:͘�W͘ �ZŽƐǌĞůů1͕��͘�D͘��ĂƉĞĐĞ2͕��͘�,͘�^ŬŝŶŶĞƌ2͕��͘��͘�<ŽĞů1
1�ŚĞŵŝĐĂů�ĂŶĚ��ŝŽůŽŐŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�WƌŝŶĐĞƚŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �WƌŝŶĐĞƚŽŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ�2WƌŝŶĐĞƚŽŶ�
WůĂƐŵĂ�WŚǇƐŝĐƐ�>Ăď͕�WƌŝŶĐĞƚŽŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϰϳ��&/>D��KE��E^�d/KE�^dh�z�K&�>/Yh/��>/d,/hD�KE�D�d�Z/�>^�Z�>�s�Ed�dK�&h^/KE�
REACTORS

�͘�^ĂŶĚŽǀĂů�ZŝŽƐ͕�D͘�:͘�EŝĞƚŽ�WĞƌĞǌ͕�:͘��͘�,ƵĞƌƚĂ�ZƵĞůĂƐ
dĞĐŶŽůŽŐĂ��ǀĂŶǌĂĚĂ͕��/��d�͕�YƵĞƌĞƚĂƌŽ͕�DĞǆŝĐŽ
ϭWͲϰϴ���,�Z��d�Z/��d/KE�K&��dDK^W,�Z/��WZ�^^hZ��Z&��/^�,�Z'�^�t/d,��Yh�Kh^�W>�^D��
&��/E'�^hZ&���^
�͘�>ŝŶĚƐĂǇ͕ ��͘��ǇƌŶƐ͕��͘�<ŶĂƉƉĞ͕�^͘�^ŚĂŶŶŽŶ
EŽƌƚŚ��ĂƌŽůŝŶĂ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �ZĂůĞŝŐŚ͕�E�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϰϵ���dDK^W,�Z/��WZ�^^hZ��W>�^D��:�d^�K&�&/E�ͲWK/Ed��KW/E'�&KZ�d,��^�>��d/s���D/dd�Z�
OF SOLAR CELL

^͘�:ŝŶ͕�,͘�<ŝŵ͕�^͘�<ŝŵ͕�D͘�zƵŶ͕�'͘�Ͳ�͘�<ǁŽŶ͕�'͘��ŚŽ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŽƉŚǇƐŝĐƐ͕�<ǁĂŶŐǁŽŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �^ĞŽƵů͕�^ŽƵƚŚ�<ŽƌĞĂ
ϭWͲϱϬ��>�^�ZͲ/E�h����&>hKZ�^��E���D��^hZ�D�Ed^�K&�y�EKE�/KE�s�>K�/dz��/^dZ/�hd/KE^�
E��Z���Z�D/��^hZ&���^
^͘�W͘ �tĂůƐŚ͕�:͘�>͘�ZĂƚŚ͕��͘�W͘ �zĂůŝŶ
DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕��ŽůŽƌĂĚŽ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �&Žƌƚ��ŽůůŝŶƐ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϱϭ��t�d�Z�s�WKZ�W>�^D��dKZ�,�&KZ�^zEd,�^/^�'�^�WZK�h�d/KE�&ZKD�KZ'�E/��t�^d�
s͘ �'ƌŝŐĂŝƟĞŶĦ͕��͘�dĂŵŽŝƻŶĂƐ͕�s͘ �sĂůŝŶēŝƵƐ͕�W͘ �sĂůĂƚŬĞǀŝēŝƵƐ
WůĂƐŵĂ�WƌŽĐĞƐƐŝŶŐ�>ĂďŽƌĂƚŽƌǇ͕ �>ŝƚŚƵĂŶŝĂŶ��ŶĞƌŐǇ�/ŶƐƟƚƵƚĞ͕�<ĂƵŶĂƐ͕�>ŝƚŚƵĂŶŝĂ
ϭWͲϱϮ��W>�^D��WZK��^^/E'�K&�W�d�/E��E�Kyz'�E����KhW>���W>�^D��^KhZ��
D͘�>͘��ƌĂŬĞ͕�Z͘�>͘�ZŚŽƚŽŶ
^ĐŚŽŽů�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ�dĞĐŚŶŽůŽŐǇ͕ ��ĂƐƚĞƌŶ�DŝĐŚŝŐĂŶ�hŶŝǀĞƌƐŝƚǇ͕ �zƉƐŝůĂŶƟ͕�D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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^ĞƐƐŝŽŶ�ϭW͗�ϲ͘ϭ�DŝĐƌŽǁĂǀĞ͕�&/Z͕�KƉƟĐĂů�ĂŶĚ�yͲƌĂǇ��ŝĂŐŶŽƐƟĐƐ�WŽƐƚĞƌƐ
Poster Session

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌƐ͗�^ŝŵŽŶ��ŽƩͲ^ƵǌƵŬŝ͕�h͘��͘�^ĂŶ��ŝĞŐŽ͕�^ŝŵŽŶ��ůĂŶĚ͕�/ŵƉĞƌŝĂů��ŽůůĞŐĞ
ϭWͲϱϯ��^dh�z�KE��Z'KE�D�d�^d��>���E��ϰW�^d�d��E�hdZ�>��dKD^�/E�D�'E�d/����/�W��E��
,�>/�KE�W>�^D�^�D��^hZ����z�>�^�Z�/E�h����&>hKZ�^��E����E��W>�^D���D/^^/KE
:͘�Ͳ,͘�<ŝŵ1͕��͘�Ͳ,͘�^ĞŽ2͕�^͘�Ͳ:͘�zŽƵ1͕��͘�Ͳ:͘�^ĞŽŶŐ1͕�z͘ �Ͳ,͘�^ŚŝŶ1

1/ŶĚƵƐƚƌŝĂů�DĞƚƌŽůŽŐǇ͕ �<ŽƌĞĂ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ�ŽĨ�^ƚĂŶĚĂƌĚƐ�ĂŶĚ�^ĐŝĞŶĐĞ͕��ĂĞũĞŽŶ͕�^ŽƵƚŚ�<ŽƌĞĂ�2WŚǇƐŝĐƐ�
�ĞƉĂƌƚŵĞŶƚ͕�<ŽƌĞĂ��ĚǀĂŶĐĞĚ�/ŶƐƟƚƵƚĞ�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ ��ĂĞũĞŽŶ͕�^ŽƵƚŚ�<ŽƌĞĂ
ϭWͲϱϰ��^W�d/�>��KZZ�>�d/KE���dt��E��D/dd/E'�^W��/�^��E��W>�^D���h>>�d�WZKW�'�d/KE�/E�
>Kt�d�DW�Z�dhZ��W>�^D��:�d^
,͘�ZĂǌĂǀŝ͕�^͘�DŽŚĂĚĞƐ͕�D͘�>ĂƌŽƵƐƐŝ
KůĚ��ŽŵŝŶŝŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �EŽƌĨŽůŬ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϱϱ���KZZ�>�d/E'�D�d�^d��>�Ͳ�dKD���E^/dz͕ �Z��h�����>��dZ/��&/�>�͕��E���>��dZKE��E�Z'z�
�/^dZ/�hd/KE�/E���ϭͲdKZZ��Z'KE��/^�,�Z'�
:͘��͘�&ƌĂŶĞŬ1͕�^͘�,͘�EŽŐĂŵŝ1͕�D͘��͘�<ŽĞƉŬĞ1͕�s͘ �/͘��ĞŵŝĚŽǀ1͕��͘�s͘ ��ĂƌŶĂƚ2

1WŚǇƐŝĐƐ͕�tĞƐƚ�sŝƌŐŝŶŝĂ�hŶŝǀĞƌƐŝƚǇ͕ �DŽƌŐĂŶƚŽǁŶ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2>ĂƐĞƌƐ͕�WůĂƐŵĂƐ�ĂŶĚ�ZĞŵŽƚĞ�^ĞŶƐŝŶŐ͕�
^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďƐ͕��ůďƵƋƵĞƌƋƵĞ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϱϲ��>�^�Z�/E�h����&>KZ�^��E����E���KEd/EhKh^�t�s��Z/E'��KtE�^W��dZK^�KWz͗ �
D��^hZ�D�Ed^�K&��Z'KE�/KE�s�>K�/dz��/^dZ/�hd/KE�&hE�d/KE^�/E���,�>/�KE�W>�^D�
D. W. McCarren͕�'͘�>ƵƐŬ͕��͘��͘�^ĐŝŵĞ͕�D͘�^ŽĚĞƌŚŽůŵ͕�Z͘�sĂŶĚĞƌǀŽƌƚ
WŚǇƐŝĐƐ��ĞƉƚ͕͘�tĞƐƚ�sŝƌŐŝŶŝĂ�hŶŝǀĞƌƐŝƚǇ͕ �DŽƌŐĂŶƚŽǁŶ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϱϳ��>�Z'��sK>hD��W�EE/E'�W>�^D���/^�,�Z'��^KhZ��͗��E��&&/�/�Ed�>/',d��D/dd/E'�
^KhZ���&KZ�d,��s/^/�>���E��shs�Z��/�d/KE^�^/Dh>d�E�Kh^>z
'͘�>͘�sǇĂƐ
�ĞŶƚƌĂů��ůĞĐƚƌŽŶŝĐƐ��ŶŐŝŶĞĞƌŝŶŐ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕�ƌĂũĂƐƚŚĂŶ͕�/ŶĚŝĂ
ϭWͲϱϴ��yͲZ�z���^KZWd/KE�^W��dZK^�KWz�hd/>/�/E'��E��>>/W^K/��>��Zz^d�>
A. D. Cahill͕��͘�>͘�,ŽǇƚ͕�^͘��͘�WŝŬƵǌ͕�d͘ ��͘�^ŚĞůŬŽǀĞŶŬŽ͕��͘��͘�,ĂŵŵĞƌ
���͕��ŽƌŶĞůů�hŶŝǀĞƌƐŝƚǇ͕ �/ƚŚĂĐĂ͕�Ez͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϱϵ���,�Z��d�Z/�/E'���WK>�Z/��d/KE�^W>/dd/E'�Yh�Zd���Zz^d�>
D͘�^͘�tĂůůĂĐĞ1͕�E͘�Z͘�WĞƌĞŝƌĂ2͕��͘�>͘�<ĂƐƚĞŶŐƌĞŶ3͕�Z͘�WƌĞƐƵƌĂ1

1WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǀĂĚĂ͕�ZĞŶŽ͕�ZĞŶŽ͕�Es͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ2�ĐŽƉƵůƐĞ�/ŶĐ͕͘�^ƉƌŝŶŐĮĞůĚ͕�s�͕�hŶŝƚĞĚ�
States3�ĚǀĂŶĐĞĚ�WŚŽƚŽŶ�^ŽƵƌĐĞ͕��ƌŐŽŶŶĞ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ ��ƌŐŽŶŶĞ͕�/>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϲϬ��KWd/��>��/�'EK^d/�^�&KZ�Yh�Ed/d�d/s���E�>z^�^�K&�W>�^D��W�Z�D�d�Z^�/E�,/',Ͳ
�E�Z'z��>��dZKEͲ���D��/K��^
D͘��͘�:ŽŚŶƐƚŽŶ1͕�D͘�>͘�<ŝĞĨĞƌ1͕�W͘ �t͘�>ĂŬĞ1͕�E͘��ĞŶŶĞƩ2͕��͘�t͘��ƌŽĞŵĞƌ2͕�z͘ �DĂƌŽŶ3

1^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2EĂƟŽŶĂů�^ĞĐƵƌŝƚǇ�dĞĐŚŶŽůŽŐŝĞƐ͕�>>�͕�>ĂƐ�
sĞŐĂƐ͕�Es͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ3tĞŝǌŵĂŶŶ�/ŶƐƟƚƵƚĞ�ŽŶ�^ĐŝĞŶĐĞ͕�ZĞŚŽǀŽƚ͕�/ƐƌĂĞů
ϭWͲϲϭ����d��d/KE�K&�WKt�Z&h>�d�Z�,�Zd��Wh>^�^�t/d,�h^��K&�d�ZDK��Kh^d/��WZK��
s͘ ��͘�sĚŽǀŝŶ1͕�s͘ �'͘��ŶĚƌĞĞǀ2͕�z͘ �<͘�<ĂůǇŶŽǀ3

1<ŽƚĞůŶŝŬŽǀ�/ŶƐƟƚƵƚĞ�ŽĨ�ZĂĚŝŽĞŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ��ůĞĐƚƌŽŶŝĐƐ�ŽĨ�Z�^͕�DŽƐĐŽǁ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ�2&ĂĐƵůƚǇ�
ŽĨ�WŚǇƐŝĐƐ͕�D͘s͘ �>ŽŵŽŶŽƐŽǀ�DŽƐĐŽǁ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �DŽƐĐŽǁ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ�3/ŶƐƟƚƵƚĞ�ŽĨ��ƉƉůŝĞĚ�
WŚǇƐŝĐƐ�ŽĨ�Z�^͕�EŝǌŚŶǇ�EŽǀŐŽƌŽĚ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
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ϭWͲϲϮ��t�ZD��E��,�Z��yͲZ�z��/�'EK^d/�^�&KZ�d,����&��/>/dzΎ
�͘��͘��ŽǀĞƌĚĂůĞ͕�>͘��͘�DĐWŚĞƌƐŽŶ͕�<͘�^͘��ůĞƐĞŶĞƌ͕ �'͘��͘�ZŽĐŚĂƵ͕�D͘�<ĞƌŶĂŐŚĂŶ͕�s͘ �,ĂƌƉĞƌͲ^ůĂďŽƐǌĞǁŝĐǌ͕�d͘ �
&ůĂŶĂŐĂŶ͕�^͘�,ĂŶƐĞŶ͕�'͘��ƵŶŚĂŵ͕��͘�:͘��ŵƉůĞĨŽƌĚ͕��͘�:ŽŶĞƐ͕�D͘��͘��ƵŶĞŽ
^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�ϭW͗�ϲ͘Ϯ�WĂƌƟĐůĞ��ŝĂŐŶŽƐƟĐƐ�WŽƐƚĞƌƐ
Poster Session

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌƐ͗�^ŝŵŽŶ��ŽƩͲ^ƵǌƵŬŝ͕�h͘��͘�^ĂŶ��ŝĞŐŽ͕�^ŝŵŽŶ��ůĂŶĚ͕�/ŵƉĞƌŝĂů��ŽůůĞŐĞ
ϭWͲϲϯ��>�E'Dh/Z�WZK��^�&KZ�W>�^D��W>hD���/�'EK^d/�^
A. A. Arias͕�E͘�YƵŝƌŽƐ͕�Z͘�WƌĞƐƵƌĂ
WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǀĂĚĂ�ZĞŶŽ͕�ZĞŶŽ͕�Es͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϲϰ���/^d�Ed��/�'EK^d/�^�K&�EKE�Yh/>/�Z/hD�W>�^D�^
�͘�DƵƐƚĂĨĂĞǀ1͕��͘�'ƌĂďŽǀƐŬŝǇ1͕�/͘�<ĂŐĂŶŽǀŝĐŚ2͕�s͘ ��ĞŵŝĚŽǀ3͕��͘�^ƚƌĂŬŚŽǀĂ1

1EĂƟŽŶĂů�DŝŶĞƌĂů�Ͳ�ZĞƐŽƵƌĐĞ�hŶŝǀĞƌƐŝƚǇ�;DŝŶŝŶŐ�hŶŝǀĞƌƐŝƚǇͿ͕�^ĂŝŶƚͲWĞƚĞƌƐďƵƌŐ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ2WůĂƐŵĂ�
WŚǇƐŝĐƐ�>ĂďŽƌĂƚŽƌǇ͕ �WƌŝŶĐĞƚŽŶ͕�h^�3tĞƐƚ�sŝƌŐŝŶŝĂ�hŶŝǀĞƌƐŝƚǇ͕ �DŽƌŐĂŶƚŽǁŶ͕�h^�
ϭWͲϲϱ��y�EKE�dtKͲW,KdKE�>�^�Z�/E�h����&>hKZ�^��E��͗���E�hdZ�>���E^/dz�D��^hZ�D�Ed�
AND CALIBRATION TOOL

�͘��͘��ůůŝŽƩ1͕��͘�^ĐŝŵĞ1͕�Z͘�sĂŶĚĞƌǀŽƌƚ1͕�D͘�^ŽĚĞƌŚŽůŵ1͕�D͘�'ĂůĂŶƚĞ2

1WŚǇƐŝĐƐ͕�tĞƐƚ�sŝƌŐŝŶŝĂ�hŶŝǀĞƌƐŝƚǇ͕ �DŽƌŐĂŶƚŽǁŶ͕�tĞƐƚ�sŝƌŐŝŶŝĂ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�
Wisconsin Madison, Madison, Wisconsin, United States
ϭWͲϲϲ��D�'E�d/���/�'EK^d/�^�K&�W>�^D��Ͳ�^hZ&����/Ed�Z��d/KE^
�͘�DƵƐƚĂĨĂĞǀ1͕�/͘�<ĂŐĂŶŽǀŝĐŚ2͕�z͘ �ZĂŝƚƐĞƐ2͕�s͘ ��ĞŵŝĚŽǀ3͕�D͘��ŝŶŽǀ1͕��͘�'ƌĂďŽǀƐŬŝǇ1

1EĂƟŽŶĂů�DŝŶĞƌĂů�Ͳ�ZĞƐŽƵƌĐĞ�hŶŝǀĞƌƐŝƚǇ�;DŝŶŝŶŐ�hŶŝǀĞƌƐŝƚǇͿ͕�^ĂŝŶƚͲWĞƚĞƌƐďƵƌŐ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ2WůĂƐŵĂ�
WŚǇƐŝĐƐ�>ĂďŽƌĂƚŽƌǇ͕ �WƌŝŶĐĞƚŽŶ͕�h^�3tĞƐƚ�sŝƌŐŝŶŝĂ�hŶŝǀĞƌƐŝƚǇ͕ �DŽƌŐĂŶƚŽǁŶ͕�h^�

^ĞƐƐŝŽŶ�ϭW͗�ϲ͘ϯ�WƵůƐĞĚ�WŽǁĞƌ��ŝĂŐŶŽƐƟĐƐ�WŽƐƚĞƌ
Poster Session

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌƐ͗�^ŝŵŽŶ��ŽƩͲ^ƵǌƵŬŝ͕�h͘��͘�^ĂŶ��ŝĞŐŽ͕�^ŝŵŽŶ��ůĂŶĚ͕�/ŵƉĞƌŝĂů��ŽůůĞŐĞ
ϭWͲϲϳ��d,��Z�^��Z�,�K&�Wh>^���W>�^D������>�Z�dKZ�KW�Z�d/KE��d��KEd/EhKh^>z�&/>>���DK��
�͘��ŚƵŬĞƐŚŽǀ͕ ��͘��ŵƌĞŶŽǀĂ͕��͘�'ĂďĚƵůůŝŶĂ͕��͘�/ďƌĂĞǀ
WůĂƐŵĂ�ƉŚǇƐŝĐƐ�ĚŝǀŝƐŝŽŶ͕�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�ĂŶĚ�dŚĞŽƌĞƟĐĂů�WŚǇƐŝĐƐ͕��ůŵĂƚǇ͕ �<ĂǌĂŬƐƚĂŶ

^ĞƐƐŝŽŶ�ϭW͗�ϳ͘ϭ�/E^h>�d/KE��E���/�>��dZ/���Z��<�KtE�WK^d�Z^
Poster Session

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�>ƵŝƐ�ZĞĚŽŶĚŽ͕�>ŝƐďŽŶ�^ƵƉĞƌŝŽƌ��ŶŐŝŶĞĞƌŝŶŐ�/ŶƐƟƚƵƚĞ�;/^�>Ϳ
ϭWͲϲϴ����^dh�z�K&��K�y/�>�Wh>^����W��/dKZ^��'/E'
,͘�ZƵŽǇƵ1͕�t͘�:ŝĂǁĞŝ1͕��͘�,ĂŝďŝŶ1͕�>͘�YŝĂŽũƵĞ1͕�:͘�zĂŶ1͕��͘�zŽŶŐŵŝŶ1͕��͘�zŽƵǌŚŝ2͕�>͘�DĞŝũƵĂŶ2

1�ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �yŝ Ă͛Ŷ͕��ŚŝŶĂ2yŝĂŶ�'ƵĂŶdŽŶŐ��ŶĞƌŐǇdĞĐŚŶŽůŽŐǇ�
�ŽŵƉĂŶǇ͕ �yŝ Ă͛Ŷ͕��ŚŝŶĂ
ϭWͲϲϵ��DK��>/E'�s��hhD��E��'�^�Kh^��Z��<�KtE�/E��/�>��dZ/�Ͳ>K�����^z^d�D^
M. T. P. Aldan1͕�:͘�W͘ �sĞƌďŽŶĐŽĞƵƌ2

1EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�h���ĞƌŬĞůĞǇ͕ ��ĞƌŬĞůĞǇ͕ ���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�
DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϭWͲϳϬ������Z�D/��/E^h>�d��͕�,/',Ͳ�>��dZ/��&/�>��Wh>^���WKt�Z�/Ed�Z&���
d͘ �yƵŶ͕�,͘�Ͳt͘�zĂŶŐ͕�:͘�Ͳ�͘��ŚĂŶŐ͕��͘�Ͳ�͘��ŚĂŶŐ
�ŽůůĞŐĞ�ŽĨ�KƉƚŽͲĞůĞĐƚƌŝĐ�^ĐŝĞŶĐĞ�ĂŶĚ��ŶŐŝŶĞĞƌŝŶŐ͕�EĂƟŽŶĂů�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĞĨĞŶƐĞ�dĞĐŚŶŽůŽŐǇ͕ �ĐŚĂŶŐƐŚĂ͕�
�ŚŝŶĂ

^ĞƐƐŝŽŶ�ϭW͗�ϳ͘Ϯ�KƉĞŶŝŶŐ�Θ��ůŽƐŝŶŐ�^ǁŝƚĐŚĞƐ�WŽƐƚĞƌƐ
Poster Session

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��>ƵŝƐ�ZĞĚŽŶĚŽ͕�>ŝƐďŽŶ�^ƵƉĞƌŝŽƌ��ŶŐŝŶĞĞƌŝŶŐ�/ŶƐƟƚƵƚĞ�;/^�>Ϳ
ϭWͲϳϭ��Z�^��Z�,�K&�,/',ͲWKt�Z�Z�W�d/d/s��^W�Z<Ͳ'�W�^t/d�,�hE��Z���s�Z^���KE�/d/KE^
:͘�tƵ
^ƚĂƚĞ�<ĞǇ�>ĂďŽƌĂƚŽƌǇ�ŽĨ��ůĞĐƚƌŝĐĂů�/ŶƐƵůĂƟŽŶ�ĂŶĚ�WŽǁĞƌ��ƋƵŝƉŵĞŶƚ͕�yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ŚŝŶĂ͕�yŝ Ă͛Ŷ͕�
^ŚĂĂŶǆŝ͕��ŚŝŶĂ
ϭWͲϳϮ���>��dZK����ZK^/KE��,�Z��d�Z/^d/�^��E��&�/>hZ��WZ��/�d/KE�K&�,/',ͲWKt�Z�
Z�W�d/d/s��dtKͲ�>��dZK���^W�Z<Ͳ'�W�^t/d�,�hE��Z���s�Z^���KE�/d/KE^
:͘�tƵ
^ƚĂƚĞ�<ĞǇ�>ĂďŽƌĂƚŽƌǇ�ŽĨ��ůĞĐƚƌŝĐĂů�/ŶƐƵůĂƟŽŶ�ĂŶĚ�WŽǁĞƌ��ƋƵŝƉŵĞŶƚ͕�yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ŚŝŶĂ͕�yŝ Ă͛Ŷ͕�
^ŚĂĂŶǆŝ͕��ŚŝŶĂ
ϭWͲϳϯ��^dh�z�KE�d,���Z��<�KtE��,�Z��d�Z/^d/�^�K&�hs�/>>hD/E�d/KE�^t/d�,�hE��Z�
D/�ZK^��KE��Wh>^�
z͘ �&͘ �>ŝƵ͕�D͘�t͘�zĂŶ͕�:͘�t͘�tƵ͕�,͘��͘��ŚŽƵ͕��͘�&ĂŶ͕�t͘��͘��ŝŶŐ
^ƚĂƚĞ�<ĞǇ�>ĂďŽƌĂƚŽƌǇ�ŽĨ��ůĞĐƚƌŝĐĂů�/ŶƐƵůĂƟŽŶ�ĨŽƌ�WŽǁĞƌ��ƋƵŝƉŵĞŶƚ͕�yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �yŝ Ă͛Ŷ͕�
^ŚĂĂŶǆŝ͕��ŚŝŶĂ
ϭWͲϳϰ���&&��d�K&��>��dZK���'�KD�dZz�KE�d,��Z/^��d/D��K&�^W�Z<�'�W�W��</E'�^t/d�,
D͘�'͘�WĂƌĞŬŚ͕�^͘�hŵďĂƌĂŬĂƌ͕ �,͘��͘�DĂŶŐĂůǀĞĚĞŬĂƌ
�ůĞĐƚƌŝĐĂů�ĞŶŐŝŶĞĞƌŝŶŐ͕�sĞĞƌŵĂƚĂ�ũŝũĂďĂŝ�ƚĞĐŚŶŽůŽŐŝĐĂů�ŝŶƐƟƚƵƚĞ͕�DƵŵďĂŝ͕�/ŶĚŝĂ
ϭWͲϳϱ���yW�Z/D�Ed�>�^dh�z�KE�Dh>d/�,�EE�>��/^�,�Z'���,�Z��d�Z/^d/�^�K&���W>�^D�Ͳ:�d�
dZ/''�Z���'�^�^t/d�,
W. Tie͕�y͘�>ŝƵ͕�^͘�>ŝƵ͕�Y͘��ŚĂŶŐ
yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �^ŚĂĂŶǆŝ͕��ŚŝŶĂ
ϭWͲϳϲ��dZ/''�Z����/^�,�Z'���,�Z��d�Z/^d/�^�K&���W>�^D�Ͳ:�d�dZ/''�Z���'�^�^t/d�,�
OPERATED AT LOW WORKING COEFFICIENTS

Y͘��ŚĂŶŐ
yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �yŝ Ă͛Ŷ�^ŚĂĂŶǆŝ͕��ŚŝŶĂ

^ĞƐƐŝŽŶ�ϭW͗�ϳ͘ϯ�'ĞŶĞƌĂƚŽƌƐ�Θ�EĞƚǁŽƌŬƐ�WŽƐƚĞƌƐ
Poster Session

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��>ƵŝƐ�ZĞĚŽŶĚŽ͕�>ŝƐďŽŶ�^ƵƉĞƌŝŽƌ��ŶŐŝŶĞĞƌŝŶŐ�/ŶƐƟƚƵƚĞ�;/^�>Ϳ
1P-77  INVESTIGATION OF RF GENERATOR RESPONSE TO PLASMA INSTABILITIES

�͘��ƌŽŐůƵ1͕�,͘�<ŝƌŬŝĐŝ2
1WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ͕ �&Žƌƚ�tĂǇŶĞ͕�/E͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ƵďƵƌŶ�hŶŝǀĞƌƐŝƚǇ͕ ��ƵďƵƌŶ͕��ůĂďĂŵĂ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϳϴ��Wh>^��'�E�Z�dKZ���s�>KWD�Ed�&KZ�>Kt�/DW���E���>K��^
D͘��͘�tĂůůƐ͕�:͘��ŝĐŬĞŶƐ͕�:͘�DĂŶŬŽǁƐŬŝ͕��͘�EĞƵďĞƌ
�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�dĞǆĂƐ�dĞĐŚ�hŶŝǀĞƌƐŝƚǇ͕ �>ƵďďŽĐŬ͕�dy͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϭWͲϳϵ����^/'E�K&�^zE�,ZKE/��d/KE�^z^d�D�K&��>��dZKW,z^/��>�&��/>/dz
^͘�>͘�'ůƵƐŚŬŽǀ͕ ��͘�s͘ �'ƌŝƐŚŝŶ͕�^͘�d͘ �EĂǌĂƌĞŶŬŽ͕��͘�s͘ �<ŽǌĂĐŚĞŬ͕��͘��͘�<ĂůĂƐŚŶŝŬŽǀ͕ ��͘�W͘ �DŝƌŽŶǇĐŚĞǀ͕ �s͘ �D͘�
DĂƌƚǇŶŽǀ͕ �s͘ �s͘ �dƵƌƵƟŶ͕��͘��͘�<ƵůĚǇƵƐŚŽǀ͕ �s͘ �^͘�WĂǀůŽǀ͕ �s͘ ��͘��ĞŵĂŶŽǀ͕ �d͘ �&͘ �^ŚŝŬŚĂŶŽǀĂ͕�z͘ ��͘�zĞƐĂŝĞǀĂ
/ŶƐƟƚƵƚĞ�ŽĨ�EƵĐůĞĂƌ�ĂŶĚ�ZĂĚŝĂƟŽŶ�WŚǇƐŝĐƐ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂů�EƵĐůĞĂƌ��ĞŶƚĞƌ�Ͳ�dŚĞ��ůůͲZƵƐƐŝĂŶ�ZĞƐĞĂƌĐŚ�
/ŶƐƟƚƵƚĞ�ŽĨ��ǆƉĞƌŝŵĞŶƚĂů�WŚǇƐŝĐƐ͕�^ĂƌŽǀ͕ �ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϭWͲϴϬ��WZ�>/D/E�Zz�d�^d�K&�d,����/Dhd,�>�hE/&KZD/dz�K&�&�����hZZ�Ed^�K&���ϭͲDs�
WZKdKdzW��/E�h�d/KE�sK>d�'����s/dz
,͘�tĞŝ
^ƚĂƚĞ�<ĞǇ�>ĂďŽƌĂƚŽƌǇ�ŽĨ��ůĞĐƚƌŝĐĂů�/ŶƐƵůĂƟŽŶ�ĂŶĚ�WŽǁĞƌ��ƋƵŝƉŵĞŶƚ͕�yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �yŝ Ă͛Ŷ͕��ŚŝŶĂ

^ĞƐƐŝŽŶ�ϭW͗�ϳ͘ϰ��ŽŵƉĂĐƚƐ�ĂŶĚ�ZĞƉͲZĂƚĞĚ�WƵůƐĞĚ�WŽǁĞƌ�WŽƐƚĞƌƐ
Poster Session

DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��>ƵŝƐ�ZĞĚŽŶĚŽ͕�>ŝƐďŽŶ�^ƵƉĞƌŝŽƌ��ŶŐŝŶĞĞƌŝŶŐ�/ŶƐƟƚƵƚĞ�;/^�>Ϳ
ϭWͲϴϭ��E�EK^��KE��Wh>^����>��dZ/��&/�>�^��E,�E���/E,/�/d/KE��E��Z�s�Z^��Z�^/^d�E���K&�
DK>��h>�Z�d�Z'�d/E'��Zh'�/E�,hD�E�D�>�EKD����>>�>/E�^
^͘�tƵ1͕�:͘��Ăŝ2͕�z͘ �<ŽŶŐ2͕�:͘�'ƵŽ2͕�:͘��ŚĂŶŐ3͕�:͘�&ĂŶŐ3

1�ŽůůĞŐĞ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ2WĞŬŝŶŐ��ĂŶĐĞƌ�,ŽƐƉŝƚĂů�ĂŶĚ�/ŶƐƟƚƵƚĞ͕��ĞŝũŝŶŐ͕�
�ŚŝŶĂ3�ĐĂĚĞŵǇ�ĨŽƌ��ĚǀĂŶĐĞĚ�/ŶƚĞƌĚŝƐĐŝƉůŝŶĂƌǇ�^ƚƵĚŝĞƐ͕�WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ
ϭWͲϴϮ��d,��,/',�sK>d�'��WKt�Z�^hWW>z���^���KE�Wh>^��^d�W�DK�h>�d/KE�&KZ��hy/>/�Zz�
,��d/E'�^z^d�D�KE�&h^/KE���s/��
t͘�yƵ
�ŽůůĞŐĞ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ�WŽǁĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�dĂŝǇƵĂŶ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �dĂŝǇƵĂŶ͕�^ŚĂŶǆŝ�ƉƌŽǀŝŶĐĞ͕�
�ŚŝŶĂ
ϭWͲϴϯ��^dh�z�K&�D��,�E/^D�K&�W>�^D��,K>>Kt���d,K����/^�,�Z'��&KZ�/Ed�E^���>��dZKE�
���D�^KhZ���/E�d,��&/�>��K&�Wh>^���WKt�Z�d��,EK>K'z
y͘�'Ƶ
�ŚĞũŝĂŶŐ�^ĐŝͲdĞĐŚ�hŶŝǀĞƌƐŝƚǇ͕ �,ĂŶŐǌŚŽƵ͕��ŚŝŶĂ
ϭWͲϴϰ����s�>KWD�Ed�K&�^K>/�Ͳ^d�d��D�Zy�Wh>^��'�E�Z�dKZ�&KZ�dZ/'�dZKE�'�^�^t/d�,�
APPLICATION

t͘��ŝŶŐ͕��͘�&ĂŶ͕�z͘ �tĂŶŐ͕�z͘ �>ŝƵ
^ƚĂƚĞ�<ĞǇ�>Ăď͘�ŽĨ��ůĞĐƚƌ͘ �/ŶƐƵůĂƟŽŶ�Θ�WŽǁĞƌ��ƋƵŝƉ͕͘�yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀ͘ ͕�yŝ Ă͛Ŷ͕��ŚŝŶĂ
ϭWͲϴϱ��d,��,s�t/d,^d�E�^�d�^d��E��>��<�'���hZZ�Ed�/E�h�����z�^dZ�t���W��/d�E���/E�d,��
Wh>^���D�'E�d�^z^d�D
z͘ �Ͳ,͘�>ŝƵ͕��͘�Ͳ^͘��ŚĞŶ
hƟůŝƚǇ͕ �EĂƟŽŶĂů�^ǇŶĐŚƌŽƚƌŽŶ�ZĂĚŝĂƟŽŶ�ZĞƐĞĂƌĐŚ��ĞŶƚĞƌ͕ �,ƐŝŶĐŚƵ͕�dĂŝǁĂŶ

ϭWͲϴϲ��s�Z/��>��,/',�sK>d�'�͕�,/',�&Z�Yh�E�z�E�EK^��KE��Wh>^�Z�&KZ�W>�^D���KD�h^d/KE
A. Vadlamani͕��͘�:͘�&ĂŝƌďĂŶŬƐ͕�^͘�W͘ �D͘��ĂŶĞ͕��͘�>͘�'ĂƌŶĞƌ
EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ͕ �tĞƐƚ�>ĂĨĂǇĞƩĞ͕�/E͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭWͲϴϳ��dZ/�K>hD/E�^��E���yͲZ�z�^KhZ���&KZ�ZK�Ed'�E��/�'EK^/^
^͘�&ƵƌƵǇĂ
^ĂŝƚĂŵĂ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �&ƵŬĂǇĂ͕�:ĂƉĂŶ
ϭWͲϴϴ����^/'E��E��WZK:��d���W�Z&KZD�E���K&����KDW��d͕ �WKZd��>��W>�^D�ͲZ��/�d/KEͲ
^KhZ���'�E�Z�dKZ��d�d,��/��,K�����>�Z�dKZ���Ed�Z
Z͘�s͘ �^ŚĂƉŽǀĂůŽǀ͕ �Z͘��͘�^ƉŝĞůŵĂŶ͕�t͘��ĞĞǌŚŽůĚ
WŚǇƐŝĐƐ͕�/ĚĂŚŽ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �WŽĐĂƚĞůůŽ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϭWͲϴϵ��^/Dh>d�E�Kh^�dtKͲ&Z�Yh�E�z��y�/d�d/KE�K&���d�^>���K/>
:͘�<͘�ZĞĞĚ͕�:͘�:ĞǀƟĐ
DŝůǁĂƵŬĞĞ�^ĐŚŽŽů�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�DŝůǁĂƵŬĞĞ͕�t/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�Ϯ�͗��ŽŵƉƵƚĂƟŽŶĂů�WŚǇƐŝĐƐ�ĂŶĚ�dĞĐŚŶŝƋƵĞƐ�/
DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϱ͗ϯϬͲϭϳ͗ϯϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�EŽƌƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��WĞƚĞƌ�^ƚŽůƚǌ͕�dĞĐŚy��ŽƌƉŽƌĂƟŽŶ
ϭϱ͗ϯϬ��Ϯ�Ͳϭ��;ŝŶǀŝƚĞĚͿ�EhD�Z/��>�d,�ZD�>/��d/KE�K&�dtKͲ�/D�E^/KE�>�W>�^D�^�/E�d,��
WZ�^�E���K&��/E�Zz��K>>/^/KE^�t/d,�d,��W�Zd/�>�Ͳ/EͲ��>>�D�d,K�
t͘�^͘�<ŽŚ1͕�t͘�:͘��ŝŶŐ1͕�W͘ �Ͳz͘ �>Ăŝ2͕�^͘�Ͳ,͘��ŚĞŶ2͕�z͘ �ͲZ͘�>ŝŶͲ>ŝƵ2

1/ŶƐƟƚƵƚĞ�ŽĨ�,ŝŐŚ�WĞƌĨŽƌŵĂŶĐĞ��ŽŵƉƵƟŶŐ͕�^ŝŶŐĂƉŽƌĞ͕�^ŝŶŐĂƉŽƌĞ͕�^ŝŶŐĂƉŽƌĞ2�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ͕�
EĂƟŽŶĂů��ĞŶƚƌĂů�hŶŝǀĞƌƐŝƚǇ͕ �:ƵŶŐͲ>ŝ͕�dĂŝǁĂŶ
ϭϲ͗ϬϬ��Ϯ�ͲϮ�&ZKEd�dZ��</E'�^�,�D��&KZ��/Z��d�</E�d/��^/Dh>�d/KE^
<͘�,ĂƌĂ͕�/͘��͘��ŽǇĚ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϭϱ��Ϯ�Ͳϯ���,z�Z/��&/E/d���>�D�EdͲ&/E/d���/&&�Z�E����>��dZKD�'E�d/��W�Zd/�>�Ͳ/EͲ��>>�
^/Dh>�d/KE�&Z�D�tKZ<
�͘�^͘�DĞŝĞƌďĂĐŚƚŽů1͕��͘��͘�'ƌĞĞŶǁŽŽĚ1͕�:͘�W͘ �sĞƌďŽŶĐŽĞƵƌ2͕��͘�^ŚĂŶŬĞƌ2͕��͘�:͘��ŚƌŝƐƚůŝĞď3

1�ŝƌĞĐƚĞĚ��ŶĞƌŐǇ��ŝƌĞĐƚŽƌĂƚĞ͕��ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �<ŝƌƚůĂŶĚ��&�͕�ED͕�hŶŝƚĞĚ�
States 2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�
United States 3�ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĂƚŚĞŵĂƟĐƐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϯϬ��Ϯ�Ͳϰ�&h>>z�/DW>/�/d�^K>hd/KE�D�d,K�^�&KZ�&>h/��W>�^D���Yh�d/KE^�t/d,�W,z^/�^Ͳ
BASED PRE-CONDITIONING

<͘��ĞĐŬǁŝƚŚ1͕�:͘�<ŝŶŐ1͕��͘�,ĂůůŵĂŶ1͕�^͘�&͘ �DĐ�ŽƌŵŝĐŬ2͕�:͘�t͘�ZƵŐĞ2

1dĞĐŚͲy��ŽƌƉ͕͘��ŽƵůĚĞƌ͕ ��K͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2&ƌŽŶƚ�ZĂŶŐĞ�^ĐŝĞŶƟĮĐ��ŽŵƉƵƚĂƟŽŶƐ͕�/ŶĐ͕͘�>ĂŬĞ��ŝƚǇ͕ ��K͕�hŶŝƚĞĚ�
States
ϭϲ͗ϰϱ��Ϯ�Ͳϱ�^hWWZ�^^/E'�EhD�Z/��>��,�Z�E<Ks�/E^d��/>/d/�^�/E�&�d��W/���K��^
�͘��͘�'ŽĚĨƌĞǇϭ͕Ϯ͕�:͘�Ͳ>͘�sĂǇ2

1/Z��W͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂƌǇůĂŶĚ͕��ŽůůĞŐĞ�WĂƌŬ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ĐĐĞůĞƌĂƚŽƌ�ĂŶĚ�&ƵƐŝŽŶ�ZĞƐĞĂƌĐŚ͕�
>ĂǁƌĞŶĐĞ��ĞƌŬĞůĞǇ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ ��ĞƌŬĞůĞǇ͕ ���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϳ͗ϬϬ��Ϯ�Ͳϲ���,/',ͲKZ��Z�WK^/d/s/dz�WZ�^�Zs/E'�D�d,K��&KZ�d,��s>�^KsͲWK/^^KE��Yh�d/KE�
KE�hE^dZh�dhZ���'Z/�^
:͘��͘�ZŽƐƐŵĂŶŝƚŚ1͕��͘��͘�^ĞĂů2͕��͘�:͘��ŚƌŝƐƚůŝĞď2

1DĂƚŚĞŵĂƟĐƐ͕�/ŽǁĂ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ŵĞƐ͕�/�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2DĂƚŚĞŵĂƟĐƐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �
�ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϳ͗ϭϱ��Ϯ�Ͳϳ�,/',�KZ��Z�W�Z�D�dZ/����D�y/DhDͲWZ/E�/W>�ͲWZ�^�Zs/E'��E��WK^/d/s/dzͲ
WZ�^�Zs/E'�t�EK�^�,�D�^�KE�hE^dZh�dhZ���D�^,�^
z͘ �>ŝƵ1͕��͘��ŚƌŝƐƚůŝĞď1͕�Y͘�dĂŶŐ1͕��͘�yƵ2

1DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2DŝĐŚŝŐĂŶ�dĞĐŚŶŽůŽŐŝĐĂů�hŶŝǀĞƌƐŝƚǇ͕ �,ŽƵŐŚƚŽŶ͕�
United States
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DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϱ͗ϯϬͲϭϳ͗ϯϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�^ŽƵƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�:ĞīƌĞǇ�W��ĂůĂŵĞ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
ϭϱ͗ϯϬ��Ϯ�Ͳϭ��;ŝŶǀŝƚĞĚͿ�WZK'Z�^^�KE�d,����s�>KWD�Ed�K&�d,���hͲϭDt�'zZKdZKE�&KZ�/d�Z
^͘�/ůůǇ1͕�<͘��ǀƌĂŵŝĚŝƐ1͕�'͘�'ĂŶƚĞŶďĞŝŶ1͕�<͘�,ĞƐĐŚ1͕�:͘�:ĞůŽŶŶĞŬ1͕�:͘�:ŝŶ1͕�/͘�WĂŐŽŶĂŬŝƐ1͕��͘�WŝŽƐĐǌǇŬ1͕�d͘ �ZǌĞƐŶŝĐ-
Ŭŝ1͕�D͘�dŚƵŵŵ1͕�^͘��ůďĞƌƟ2͕�:͘�ͲW͘ �,ŽŐŐĞ2͕�D͘�Y͘�dƌĂŶ2͕�s͘ �,ĞƌŵĂŶŶ3͕�&͘ �>ĞŐƌĂŶĚ3͕�z͘ �ZŽǌŝĞƌ3͕�:͘�>͘�sŽŵǀŽ-
ridis4͕�:͘��ŚĞůŝƐ4͕��͘��͘�/ŽĂŶŶŝĚŝƐ5͕�'͘�W͘ �>ĂƚƐĂƐ5͕�/͘�'͘�dŝŐĞůŝƐ5͕�&͘ ��ůďĂũĂƌ6͕�d͘ ��ŽŶŝĐĞůůŝ6͕�&͘ ��ŝƐŵŽŶĚŝ6
1/,D͕�<ĂƌůƐƌƵŚĞ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ�;</dͿ͕�<ĂƌůƐƌƵŚĞ͕�'ĞƌŵĂŶǇ2�W&>Ͳ�ZWW͕ �>ĂƵƐĂŶŶĞ͕�
^ǁŝƚǌĞƌůĂŶĚ3dŚĂůĞƐ��ůĞĐƚƌŽŶ��ĞǀŝĐĞƐ͕�sĞůŝǌǇͲsŝůůĂĐŽƵďůĂǇ͕ �&ƌĂŶĐĞ4^���͕�EĂƚ͘�dĞĐŚŶŝĐĂů�hŶŝǀ͘ �ŽĨ��ƚŚĞŶƐ͕�
�ƚŚĞŶƐ͕�'ƌĞĞĐĞ5&ĂĐƵůƚǇ�ŽĨ�WŚǇƐŝĐƐ͕�EĂƚ͘�ĂŶĚ�<ĂƉŽĚŝƐƚƌŝĂŶ�hŶŝǀ͘ �ŽĨ��ƚŚĞŶƐ͕��ƚŚĞŶƐ͕�'ƌĞĞĐĞϲ&ϰ�͕��ĂƌĐĞůŽŶĂ͕�
Spain
ϭϲ͗ϬϬ��Ϯ�ͲϮ�d�^d/E'�K&�D�'�t�ddͲ�>�^^�'zZKdZKE^
^͘��ĂƵīŵĂŶ͕�D͘��ůĂŶŬ͕�W͘ ��ŽƌĐŚĂƌĚ͕�<͘�&ĞůĐŚ
�W/͕�WĂůŽ��ůƚŽ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϭϱ��Ϯ�Ͳϯ�KhdWhd��KhW>�Z^��E��t/E�Kt^�&KZ�,/',�WKt�Z͕��ZK����E��'zZKdZKE^
>͘�/ǀĞƐ1͕�D͘�ZĞĂĚ1͕��͘�DĂƌƐĚĞŶ1͕�:͘�EĞŝůƐŽŶ2͕�Z͘�dĞŵŬŝŶ3͕��͘�'ƵƐƐ3

1�ĂůĂďĂǌĂƐ��ƌĞĞŬ�ZĞƐĞĂƌĐŚ͕�/ŶĐ͕͘�^ĂŶ�DĂƚĞŽ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2>ĞǆĂŵ�ZĞƐĞĂƌĐŚ͕�ZĞĚǁŽŽĚ��ŝƚǇ͕ ���͕�hŶŝƚĞĚ�
States3DĂƐƐĂĐŚƵƐĞƩƐ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ ��ĂŵďƌŝĚŐĞ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϯϬ��Ϯ�Ͳϰ�^�W�Z�d/KE�K&�d,�ZD�>��yW�E^/KE��E�����D��,�Z'��E�hdZ�>/��d/KE��&&��d^�/E�
,/',�WKt�Z�ϭϰϬ�',���t�'zZKdZKE^
�͘�^ĐŚůĂŝĐŚϭ͕Ϯ͕��͘�tƵ1͕�/͘�WĂŐŽŶĂŬŝƐ1͕�<͘��͘��ǀƌĂŵŝĚŝƐ1͕�^͘�/ůůǇ1͕�'͘�'ĂŶƚĞŶďĞŝŶ1͕�:͘�:ĞůŽŶŶĞŬϭ͕Ϯ͕�D͘�dŚƵŵŵϭ͕Ϯ

1/ŶƐƟƚƵƚĞ�ĨŽƌ�WƵůƐĞĚ�WŽǁĞƌ�ĂŶĚ�DŝĐƌŽǁĂǀĞ��ůĞĐƚƌŽŶŝĐƐ�;/,DͿ͕�<ĂƌůƐƌƵŚĞ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ�;</dͿ͕�
<ĂƌůƐƌƵŚĞ͕�'ĞƌŵĂŶǇ2/ŶƐƟƚƵƚ�ĨƵĞƌ�,ŽĐŚĨƌĞƋƵĞŶǌƚĞĐŚŶŝŬ�ƵŶĚ��ůĞŬƚƌŽŶŝŬ�;/,�Ϳ͕�<ĂƌůƐƌƵŚĞ�/ŶƐƟƚƵƚĞ�ŽĨ�
dĞĐŚŶŽůŽŐǇ�;</dͿ͕�<ĂƌůƐƌƵŚĞ͕�'ĞƌŵĂŶǇ
ϭϲ͗ϰϱ��Ϯ�Ͳϱ�^��KE��,�ZDKE/��d�ϭϱ͕Ϯ�ϱϱϬ�',��'zZKdZKE��yW�Z/D�Ed��d�EZ>
�͘�z͘ �ZŽĐŬ͕��͘�t͘�&ůŝŇĞƚ
WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�dŚĞ�h͘^͘�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϳ͗ϬϬ��Ϯ�Ͳϲ��K>>��dKZ�>/&�d/D���^d/D�d/KE^�&KZ�d,���hͲϭDt͕�ϭϳϬ',���t�'zZKdZKE�&KZ�/d�Z
^͘�/ůůǇ͕ �&͘ �<ĂŚů͕�:͘�:ĞůŽŶŶĞŬ
/,D͕�<ĂƌůƐƌƵŚĞ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ�;</dͿ͕�<ĂƌůƐƌƵŚĞ͕�'ĞƌŵĂŶǇ
ϭϳ͗ϭϱ��Ϯ�Ͳϳ��KEdZK>�K&�WZK&/>��K&�,��d��/^^/W�d/KE���E^/dz�/E���,/',�WKt�Z�'zZKdKE
�͘�^ŝŶŐŚ1͕�>͘�Z͘�/ǀĞƐ2͕�t͘��͘�,ĞƌƌŵĂŶŶƐĨĞůĚƚ3͕�,͘�:͘�^ŝŶŐŚ4

1/Z��W�;ZĞƟƌĞĚͿ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂƌǇůĂŶĚ͕��ŽůůĞŐĞ�WĂƌŬ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ŽƌƉŽƌĂƚĞ͕��ĂůĂďĂǌĂƐ��ƌĞĞŬ�
ZĞƐĞĂƌĐŚ͕�^ĂŶ�DĂƚĞŽ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3ZĞƟƌĞĚ͕�^ƚĂŶĨŽƌĚ�>ŝŶĞĂƌ��ĐĐĞůĞƌĂƚŽƌ��ĞŶƚĞƌ͕ �^ƚĂŶĨŽƌĚ�͕���͕�hŶŝƚĞĚ�
States4�ŽƌƉŽƌĂƚĞ��ĞǀĞůŽƉŵĞŶƚ͕�hƚŽƉŝĂ�'ůŽďĂů͕�/ŶĐ͕͘�DŽƌŐĂŶ�,ŝůů͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�Ϯ�͗�WůĂƐŵĂ͕�/ŽŶ͕�ĂŶĚ��ůĞĐƚƌŽŶ�^ŽƵƌĐĞƐ�//
DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϱ͗ϯϬͲϭϳ͗ϯϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů��ĂƐƚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�^ƚƵĂƌƚ�>�:ĂĐŬƐŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
ϭϱ͗ϯϬ��Ϯ�Ͳϭ��/�>��dZ/��Z�^KE�dKZ��Ed�EE��&KZ�,/',ͲWKt�Z�Z&�W>�^D���WW>/��d/KE^
:͘�:ĞǀƟĐ1͕��͘�DĞŶŽŶ2͕�s͘ �WŝŬĞůũĂ2

1���^��ĞƉĂƌƚŵĞŶƚ͕�DŝůǁĂƵŬĞĞ�^ĐŚŽŽů�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�DŝůǁĂƵŬĞĞ͕�t/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ�2ZĂĚŽŵ��ŽƌƉŽƌĂƟŽŶ͕�
DŝůǁĂƵŬĞĞ͕�t/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϱ͗ϰϱ��Ϯ�ͲϮ�/KE��E�Z'/�^�&ZKD���W�ZD�E�EdͲD�'E�d�,�>/�KE�d,Zh^d�Z
&͘ �&͘ ��ŚĞŶ
��͕�h�>�͕�>ŽƐ��ŶŐĞůĞƐ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϭϲ͗ϬϬ��Ϯ�Ͳϯ���D�'�sK>d�d�^d�^d�E��&KZ�D��^hZ/E'���d,K����E���EK����D/^^/KE^�t/d,�
E�EK^��KE��Wh>^�^
Z͘�:͘��ůůĞŶ͕��͘��͘�,ŝŶƐŚĞůǁŽŽĚ͕�:͘�t͘�^ĐŚƵŵĞƌ͕ �/͘�D͘�ZŝƩĞƌƐĚŽƌĨ
WůĂƐŵĂ�WŚǇƐŝĐƐ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϭϱ��Ϯ�Ͳϰ��;ŝŶǀŝƚĞĚͿ�ZK�h^d͕ �>KE'Ͳ>/&��W,KdK��d,K��^
>͘�/ǀĞƐ1͕��͘�DŽŶƚŐŽŵĞƌǇ2͕��͘�ZŝĚĚŝĐŬ2͕��͘�DĂƌƐĚĞŶ1͕�'͘��ŽůůŝŶƐ1͕�>͘�&ĂůĐĞ3

1�ĂůĂďĂǌĂƐ��ƌĞĞŬ�ZĞƐĞĂƌĐŚ͕�/ŶĐ͕͘�^ĂŶ�DĂƚĞŽ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2/ŶƐƟƚƵƚĞ�ĨŽƌ�ZĞƐĞĂƌĐŚ�ŝŶ��ůĞĐƚƌŽŶŝĐƐ�ĂŶĚ�
�ƉƉůŝĞĚ�WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂƌǇůĂŶĚ͕��ŽůůĞŐĞ�WĂƌŬ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3�ŽŶƐƵůƚĂŶƚ͕�^ƵƌƉƌŝƐĞ͕���͕�hŶŝƚĞĚ�
States
ϭϲ͗ϰϱ��Ϯ�Ͳϱ�d/D�ͲZ�^K>s����Z'KE�d,�d�ͲW/E�,�W>�^D��WZKW�Zd/�^��z�>/E��Z�d/K�D�d,K��t/d,�
COLLISIONAL-RADIATIVE MODEL

t͘��͘�DĞĞŬƐ͕�:͘�>͘�ZŽǀĞǇ
DĞĐŚĂŶŝĐĂů�ĂŶĚ��ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�DŝƐƐŽƵƌŝ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �ZŽůůĂ͕�DŝƐƐŽƵƌŝ͕�
United States
ϭϳ͗ϬϬ��Ϯ�Ͳϲ��KDW�Z/^KE�K&�dZ�E^/�Ed�W>�^D��W�Z�D�d�Z^�/E�Dh>d/Ͳ^KhZ���Wh>^���Z&���W�
�KE&/'hZ�d/KE^
d͘ �<ƵŵŵĞƌĞƌ1͕�^͘�^ŚĂŶŶŽŶ1͕��͘��ŽƵŵŽƵ2

1EŽƌƚŚ��ĂƌŽůŝŶĂ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �ZĂůĞŝŐŚ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2D<^�/ŶƐƚƌƵŵĞŶƚƐ͕�ZŽĐŚĞƐƚĞƌ͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϳ͗ϭϱ��Ϯ�Ͳϳ�hE/&KZD/dz��KEdZK>�t/d,�W,�^�Ͳ>K�<���Z&�^KhZ���KE���,/',���E^/dz�W>�^D��
^z^d�D
�͘�:͘��ŽƵŵŽƵ1͕��͘�D͘��ƌŽǁŶ1͕�^͘�^ŚĂŶŶŽŶ2

1D<^͕��E/�WƌŽĚƵĐƚƐ͕�ZŽĐŚĞƐƚĞƌ͕ �Ez͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ2D<^͕��E/�WƌŽĚƵĐƚƐ͕�ZŽĐŚĞƐƚĞƌ͕ �Ez͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�Ϯ�͗�&ƵƐŝŽŶ�;/ŶĞƌƟĂů͕�DĂŐŶĞƟĐ͕�ĂŶĚ��ůƚĞƌŶĂƟǀĞ��ŽŶĐĞƉƚƐͿ
DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϱ͗ϯϬͲϭϳ͗ϯϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�tĞƐƚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ĚǁĂƌĚ�D��ĂŵƉďĞůů͕�^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ
ϭϱ͗ϯϬ��Ϯ�Ͳϭ��;ŝŶǀŝƚĞĚͿ��yW�Z/D�Ed�>�s�Z/&/��d/KE�K&�d,��D�'E�d/����>/E�Z�/E�Zd/�>�&h^/KE�
;D�'>/&Ϳ��KE��WdΎ
D͘�Z͘�'ŽŵĞǌ͕�^͘��͘�^ůƵƚǌ͕��͘��͘�^ĞŅŽǁ͕�d͘ �:͘��ǁĞ͕�'͘��͘��ŚĂŶĚůĞƌ͕ �D͘��͘��ƵŶĞŽ͕�D͘�'ĞŝƐƐĞů͕�<͘��͘�,ĂŚŶ͕�^͘��͘�
,ĂŶƐĞŶ͕��͘��͘�,ĂƌĚŝŶŐ͕��͘�:͘�,ĂƌǀĞǇͲdŚŽŵƉƐŽŶ͕�D͘��͘�,ĞƌƌŵĂŶŶ͕��͘��͘�:ĞŶŶŝŶŐƐ͕�W͘ �&͘ �<ŶĂƉƉ͕��͘��͘�>ĂŵƉƉĂ͕�
D͘�Z͘�DĂƌƟŶ͕�Z͘��͘�DĐ�ƌŝĚĞ͕�<͘�:͘�WĞƚĞƌƐŽŶ͕�:͘�>͘�WŽƌƚĞƌ͕ �'͘��͘�ZŽĐŚĂƵ͕��͘��͘�ZŽǀĂŶŐ͕��͘�>͘�ZƵŝǌ͕�W͘ �&͘ �^ĐŚŵŝƚ͕�
�͘��͘�^ŝŶĂƌƐ͕�/͘��͘�^ŵŝƚŚ
^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϬϬ��Ϯ�ͲϮ��>d�ZE�d/s��WZ�,��d/E'�D��,�E/^D^�&KZ�D�'>/&͘
:͘��ŚŝƩĞŶĚĞŶ͕�^͘�>ĞďĞĚĞǀ͕ �:͘�WĞĐŽǀĞƌ͕ �E͘�EŝĂƐƐĞ
�ĞŶƚƌĞ�ĨŽƌ�/ŶĞƌƟĂů�&ƵƐŝŽŶ�^ƚƵĚŝĞƐ͕�/ŵƉĞƌŝĂů��ŽůůĞŐĞ͕�>ŽŶĚŽŶ͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ
ϭϲ͗ϭϱ��Ϯ�Ͳϯ�D�'E�d/��&>hy��E��,��d�>K^^�^��z��/&&h^/s�͕��KEs��d/s�͕��E��E�ZE^d��&&��d^�/E�
MAGLIF-LIKE PLASMA

�͘�>͘�sĞůŝŬŽǀŝĐŚ1͕�:͘�>͘�'ŝƵůŝĂŶŝ1͕�^͘�d͘ ��ĂůĞƐĂŬ2

1WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ĞƌŬĞůĞǇ�ZĞƐĞĂƌĐŚ�
�ƐƐŽĐŝĂƚĞƐ͕��ĞůƚƐǀŝůůĞ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϯϬ��Ϯ�Ͳϰ���Z>z�d/D��/E^d��/>/dz�'ZKtd,�&KZ�D�'>/&�^�������z��>��dZKͲd,�ZD�>��E��
D�d�Z/�>�^dZ�E'd,��&&��d^
:͘�WĞĐŽǀĞƌ͕ �D͘�tĞŝŶǁƵƌŵ͕�:͘��ŚŝƩĞŶĚĞŶ
�ůĂĐŬĞƩ�>ĂďŽƌĂƚŽƌǇ͕ �/ŵƉĞƌŝĂů��ŽůůĞŐĞ͕�>ŽŶĚŽŶ͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ
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ϭϲ͗ϰϱ��Ϯ�Ͳϱ���d/s��&������<�^d��/>/��d/KE�K&�&>hd��/E^d��/>/dz�/E���D/ZZKZ�dZ�W
/͘��Ğ Ğ͛ƌǇ͕ �K͘�^ĞĞŵĂŶŶ͕��͘�&ŝƐŚĞƌ
WŚǇƐŝĐƐ�ĚĞƉĂƌƚŵĞŶƚ͕�dĞĐŚŶŝŽŶ�Ͳ�/ƐƌĂĞů�ŝŶƐƟƚƵƚĞ�ŽĨ�ƚĞĐŚŶŽůŽŐǇ͕ �,ĂŝĨĂ͕�/ƐƌĂĞů
ϭϳ͗ϬϬ��Ϯ�Ͳϲ�^W��dZK^�KW/��D��^hZ�D�Ed^�K&�/KE�d�DW�Z�dhZ���E��ZKd�d/KE�K&�dtK�/KE�
�KDWKE�Ed^�/E��ͲϮ�&Z��W>�^D�͘
�͘�KƐŝŶ͕��͘�'ƵƉƚĂ͕�^͘�<ŽƌĞƉĂŶŽǀ͕ �d͘ ��͘�͘�dĞĂŵ
dƌŝ��ůƉŚĂ��ŶĞƌŐǇ�/ŶĐ͕͘�ZĂŶĐŚ�^ĂŶƚĂ�DĂƌŐĂƌŝƚĂ͕��Ă͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϳ͗ϭϱ��Ϯ�Ͳϳ�,/',�,��d�&>hy�Z�DKs�>�D��^hZ�D�Ed^�/E���^/E'>�Ͳ^/���,��d���DKEK�>K�<�
&>Kt��,�EE�>�t/d,���,�>/��>�t/Z��/E^�Zd
Z͘��͘��ŽǇĚ͕��͘�D͘�DĂǇ͕ �Z͘�:͘�DĂƌƟŶ͕�W͘ �^͘��ŽĮĞ
WĞƌƌǇ��ŽůůĞŐĞ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�WƌĂŝƌŝĞ�sŝĞǁ��ΘD�hŶŝǀĞƌƐŝƚǇ͕ �WƌĂŝƌŝĞ�sŝĞǁ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�Ϯ�͗�DŝĐƌŽǁĂǀĞ͕�WĂƌƟĐůĞ�ĂŶĚ�WƵůƐĞĚ�WŽǁĞƌ��ŝĂŐŶŽƐƟĐƐ
DŽŶĚĂǇ͕ �DĂǇ�Ϯϲ�� ϭϱ͗ϯϬͲϭϳ͗ϯϬ� ,ŽŽǀĞƌ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�^ŝŵŽŶ��ůĂŶĚ͕�/ŵƉĞƌŝĂů��ŽůůĞŐĞ
ϭϱ͗ϯϬ��Ϯ�Ͳϭ�D�'E�d/��DKD�EdhD�WZK���&KZ�W>�^D��^dh�/�^�t/d,��WW>/��d/KE�dK�,/',�
WZ�^^hZ��W>�^D�^
&͘ �&͘ ��ǇĞƌ͕ �/͘��ůĞǆĞī
�ŝŽdĞĐŚ��ŶŐŝŶĞĞƌŝŶŐ͕�dĂǌĞǁĞůů͕�dE͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϱ͗ϰϱ��Ϯ�ͲϮ��/�'EK^/^�K&��/^�,�Z'��W>�^D�^�d�DW�Z�dhZ���z�>/&��^��h^/E'��dDK^W,�Z/��
WZ�^^hZ��Wh>^����/^�,�Z'��/E��/Z
D͘�^ƵŶ
/ŶƐƟƚƵƚĞ�ŽĨ��ůĞĐƚƌŽƐƚĂƟĐƐ͕�^ŚĂŶŐŚĂŝ�DĂƌŝƟŵĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ŚĂŶŐŚĂŝ͕��ŚŝŶĂ
ϭϲ͗ϬϬ��Ϯ�Ͳϯ�W>�^D��WZKW�'�d/KE�^W�����E���>��dZKE�d�DW�Z�dhZ��K&��Z�/E��dDK^W,�Z/��
WZ�^^hZ��EKEͲd,�ZD�>�/E�/Z��d��/KW>�^D��:�d
W͘ �^ƵĂŶƉŽŽƚϭ͕Ϯ͕�'͘�Ͳ,͘�,ĂŶ2͕�,͘�^͘�hŚŵ2͕�'͘��ŚŽ2͕��͘�,͘��ŚŽŝ2
1'ĞŶĞƌĂů��ĚƵĐĂƟŽŶ͕�DĂĞũŽ�hŶŝǀĞƌƐŝƚǇ�WŚƌĂĞ��ĂŵƉƵƐ͕�WŚƌĂĞ͕�dŚĂŝůĂŶĚ2�ůĞĐƚƌŽ��ŝŽůŽŐŝĐĂů�WŚǇƐŝĐƐ͕�
<ǁĂŶŐǁŽŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �^ĞŽƵů͕�<ŽƌĞĂ
16:15  2E-4 MICROWAVE PLASMA DIAGNOSTICS

�͘�Z͘�^ĐŽƩ͕��͘�^ŚĂƐŚƵƌŝŶ͕�D͘�<ĞŝĚĂƌ
DĞĐŚĂŶŝĐĂů�ĂŶĚ��ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�dŚĞ�'ĞŽƌŐĞ�tĂƐŚŝŶŐƚŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �tĂƐŚŝŶŐƚŽŶ���͕�hŶŝƚĞĚ�
States
ϭϲ͗ϯϬ��Ϯ�Ͳϱ��KDWhd�d/KE�>�^dh�z�K&����KDW��d�EKEͲ/Es�^/s���hE�,�>�E'd,�DKE/dKZ��E��
^,�W�Z
C. Leach1͕��͘�ZŽďĞƌƚƐ2͕��͘�^ĐŚĂŵŝůŽŐůƵ1

1�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ��ĞƉƚ͕͘�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǁ�DĞǆŝĐŽ͕��ůďƵƋƵĞƌƋƵĞ͕�hŶŝƚĞĚ�
States2�ůĞĐƚƌŽĚǇŶĂŵŝĐ͕��ůďƵƋƵĞƌƋƵĞ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϰϱ��Ϯ�Ͳϲ��/'/d�>�Wh>^���E�>z��Z�&KZ�/d�Z�s�Zd/��>�E�hdZKE���D�Z�
�͘��͘�/ǀĂŶŽǀĂϭ͕Ϯ͕�s͘ �E͘��ŵŽƐŽǀ3͕��͘��͘�^ŬŽƉŝŶƚƐĞǀ3͕��͘��͘�<ŚŝůĐŚĞŶŬŽϭ͕Ϯ͕��͘�E͘�<ǀĂƐŚŶŝŶ1͕�W͘ �s͘ ��ƵďĂƌĞǀϭ͕Ϯ͕�^͘�s͘ �
/ǀĂŶĞŶŬŽ1͕��͘�/͘�<ŽƚĞůŶŝŬŽǀ1͕��͘��͘�WƵƌǇŐĂϭ͕Ϯ
1�ƵĚŬĞƌ�/ŶƐƟƚƵƚĞ�ŽĨ�EƵĐůĞĂƌ�WŚǇƐŝĐƐ͕�EŽǀŽƐŝďŝƌƐŬ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ2EŽǀŽƐŝďŝƌƐŬ�^ƚĂƚĞ�dĞĐŚŶŝĐĂů�
hŶŝǀĞƌƐŝƚǇ͕ �EŽǀŽƐŝďŝƌƐŬ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ3dƌŽŝƚƐŬ�/ŶƐƟƚƵƚĞ�ĨŽƌ�/ŶŶŽǀĂƟŽŶ�ĂŶĚ�&ƵƐŝŽŶ�ZĞƐĞĂƌĐŚ͕�dƌŽŝƚƐŬ͕�
ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
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ϭϳ͗ϬϬ��Ϯ�Ͳϳ�/KE����D�WZK&/>���/�'EK^/^�D�d,K��&KZ�s��hhD��Z��/KE�^KhZ���/E�^��>���dh���
E�hdZKE�'�E�Z�dKZ
z͘ ��ŚĞŶ
�ŚŝŶĂ��ĐĂĚĞŵǇ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ�WŚǇƐŝĐƐ�;���WͿ͕�/ŶƐƟƚƵƚĞ�ŽĨ�&ůƵŝĚ�WŚǇƐŝĐƐ͕�DŝĂŶǇĂŶŐ͕��ŚŝŶĂ
ϭϳ͗ϭϱ��Ϯ�Ͳϴ��hdKD�d���,��>d,�DKE/dKZ/E'�K&���Wh>^���WKt�Z�^z^d�D
�͘�D͘�,ƵŚŵĂŶ1͕��͘�t͘�WĞƚĞƌƐ2͕��͘��ƌĞƵŶŝŶŐĞƌ2͕�:͘��ĂƌƚŽ2͕��͘��ŚŝůĚ2͕��͘�'ƌĞĞŶ2͕�:͘�^ƚĂŶůĞǇ2͕�>͘�Dŝůŝ3
1WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�h^�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ůĞĐƚƌŝĐĂů�
�ŶŐŝŶĞĞƌŝŶŐ��ĞƉƚ͕͘��ƌĞǆĞů�hŶŝǀĞƌƐŝƚǇ͕ �WŚŝůĂĚĞůƉŚŝĂ͕�W�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3�ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ��ŽŵƉƵƚĞƌ�
�ŶŐŝŶĞĞƌŝŶŐ��ĞƉƚ͕͘�sŝƌŐŝŶŝĂ�WŽůǇƚĞĐŚŶŝĐ�/ŶƐƟƚƵƚĞ�ĂŶĚ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ůĂĐŬƐďƵƌŐ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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dƵĞƐĚĂǇ͕�DĂǇ�Ϯϳ

Session PL3: Plenary 3

dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� Ϭϴ͗ϬϬͲϬϵ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů��ĂƐƚͲ^ŽƵƚŚ

ϴ͗ϬϬ��W>ϯͲϭ��;ŝŶǀŝƚĞĚͿ�Ks�Zs/�t�K&�Wh>^���WKt�Z�Z�^��Z�,�^��d����W
:͘��ĞŶŐ
/ŶƐƟƚƵƚĞ�ŽĨ�&ůƵŝĚ�WŚǇƐŝĐƐ͕����W͕ �DŝĂŶǇĂŶŐ͕�^ŝĐŚƵĂŶ͕��ŚŝŶĂ

^ĞƐƐŝŽŶ�ϯ�͗�WůĂƐŵĂ�ĨŽƌ�>ŝŐŚƟŶŐ͕��ŝƐƉůĂǇƐ͕�Θ�DŝĐƌŽĚŝƐĐŚĂƌŐĞƐ
dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�EŽƌƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌƐ͗�tĞŝĚŽŶŐ��ŚƵ͕�^ĂŝŶƚ�WĞƚĞƌƐ�hŶŝǀĞƌƐŝƚǇ͕ ��ŚƵŶƋŝ�:ŝĂŶŐ͕�KůĚ��ŽŵŝŶŝŽŶ�hŶŝǀĞƌƐŝƚǇ
ϵ͗ϯϬ��ϯ�Ͳϭ��;ŝŶǀŝƚĞĚͿ�D�Z�hZzͲ&Z��͕�&>�d�D/�ZK��s/dz�W>�^D��>/',d/E'�d/>�^͗��&&/�/�Ed�shsͲhs��
GENERATION FOR ENVIRONMENTAL APPLICATIONS

^͘�Ͳ:͘�WĂƌŬϭ͕Ϯ͕��͘�D͘�,ĞƌƌŝŶŐ1͕�:͘�'͘��ĚĞŶϭ͕Ϯ

1�ĚĞŶ�WĂƌŬ�/ůůƵŵŝŶĂƟŽŶ͕��ŚĂŵƉĂŝŐŶ͕�/>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ�
�ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�/ůůŝŶŽŝƐ͕�hƌďĂŶĂ͕�/>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϬϬ��ϯ�ͲϮ�Wh>^���D/�ZK�/^�,�Z'�͕�ϭϮϭ͘ϲ�ED�shs�^KhZ���t/d,�ϰϬ�t�dd�W��<�WKt�Z
:͘��͘�^ƚĞƉŚĞŶƐ͕��͘�^͘�&ŝĞƌƌŽ͕�:͘��͘��ŝĐŬĞŶƐ͕��͘��͘�EĞƵďĞƌ
�ĞŶƚĞƌ�&Žƌ�WƵůƐĞĚ�WŽǁĞƌ�ĂŶĚ�WŽǁĞƌ��ůĞĐƚƌŽŶŝĐƐ͕�dĞǆĂƐ�dĞĐŚ��ĞŶƚĞƌ�ĨŽƌ�WƵůƐĞĚ�WŽǁĞƌ�ĂŶĚ�WŽǁĞƌ�
�ůĞĐƚƌŽŶŝĐƐ͕�>ƵďďŽĐŬ͕�dy͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϭϱ��ϯ�Ͳϯ��Z��<�KtE�>�t��E��WK^dͲ�Z��<�KtE��hZZ�EdͲsK>d�'���,�Z��d�Z/^d/�^�K&�
EMISSION-DRIVEN MICROPLASMAS

�͘�sĞŶŬĂƩƌĂŵĂŶ
^ĐŚŽŽů�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�DĞƌĐĞĚ͕�DĞƌĐĞĚ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϯϬ��ϯ�Ͳϰ�W>�^D���zE�D/�^�K&�D/�ZKt�s���y�/d���D/�ZKW>�^D�^�/E���^h�ͲD/>>/D�d�Z�
��s/dz
P. Tian1͕�D͘�:͘�<ƵƐŚŶĞƌ1͕�D͘��ĞŶŶŝŶŐ2͕�D͘�sĂŚŝŝĚƉŽƵƌ2͕�Z͘�hƌĚĂŚů2
1�ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ��ŽŵƉƵƚĞƌ�^ĐŝĞŶĐĞ��ĞƉƚ͕͘�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�
States2�ŐŝůĞŶƚ�dĞĐŚŶŽůŽŐŝĞƐ͕�^ĂŶƚĂ��ůĂƌĂ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϰϱ��ϯ�Ͳϱ�E�t�^�>&ͲKZ'�E/��d/KE�W�dd�ZE^�K�^�Zs���/E���d,K����KhE��Zz�>�z�Z�
�/^�,�Z'�^�/E�,/',�WhZ/dz�y��'�^
t͘��ŚƵ1͕�W͘ �EŝƌĂƵůĂ1͕�<͘�,͘��ĞĐŬĞƌ2

1�ƉƉůŝĞĚ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �^ĂŝŶƚ�WĞƚĞƌƐ�hŶŝǀĞƌƐŝƚǇ͕ �:ĞƌƐĞǇ��ŝƚǇ͕ �E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ƉƉůŝĞĚ�WŚǇƐŝĐƐ͕�
Ezh�WŽůǇƚĞĐŚŶŝĐ�^ĐŚŽŽů�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕��ƌŽŽŬůǇŶ͕�Ez͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϬϬ��ϯ�Ͳϲ�^W�d/�>>z�Z�^K>s���KWd/��>��D/^^/KE�^W��dZK^�KWz�K&���E�EK^��KE��Wh>^���
MICROPLASMA JET

J. Lane1͕��͘�:ŝĂŶŐ1͕�:͘�^ĂŶĚĞƌƐ2͕��͘�<ƵƚŚŝ2͕�D͘�'ƵŶĚĞƌƐĞŶ2

1&ƌĂŶŬ�ZĞŝĚǇ�ZĞƐĞĂƌĐŚ��ĞŶƚĞƌ�ĨŽƌ��ŝŽĞůĞĐƚƌŝĐƐ͕�KůĚ��ŽŵŝŶŝŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �EŽƌĨŽůŬ͕�s�͕�hŶŝƚĞĚ�
States2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐͲ�ůĞĐƚƌŽƉŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ŽƵƚŚĞƌŶ��ĂůŝĨŽƌŶŝĂ͕�>ŽƐ�
�ŶŐĞůĞƐ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϭϱ��ϯ�Ͳϳ�EKs�>�Z���d/s��^W��/�^��Es/ZKED�Ed��Z��d����z�D/�ZKW>�^D��:�d��ZZ�z^�/E�
�KD�/E�d/KE�t/d,����KEdZK>>���'�^�&����^z^d�
W͘ �W͘ �^ƵŶϭ͕Ϯ͕�:͘�ZŝǀĞƌĂ1͕�,͘��ŚĞŶ2͕�D͘�'͘�<ŽŶŐ2͕�^͘�Ͳ:͘�WĂƌŬ1͕�:͘�'͘��ĚĞŶ1

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�/ůůŝŶŽŝƐ͕�hƌďĂŶĂ͕�/>͕�hŶŝƚĞĚ�
States2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�KůĚ��ŽŵŝŶŝŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �EŽƌĨŽůŬ͕�sŝƌŐŝŶŝĂ͕�
United States
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ϭϭ͗ϯϬ��ϯ�Ͳϴ�&KZD�d/KE�K&�&hE�d/KE�>�D�d�>>/��W�dd�ZE^�/E��KtE&>Kt�K&��Z'KEͲ�/>hd���
�DDKE/��D/�ZKW>�^D�^��d��dDK^W,�Z/��WZ�^^hZ�
K͘�^ĂŬĂŝ͕�E͘�<ŝŚĂƌĂ͕�z͘ �EŝƐŚŝŽ͕�z͘ �,ŝƌĂŽŬĂ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŽŶŝĐ�^ĐŝĞŶĐĞ�ĂŶĚ��ŶŐŝŶĞĞƌŝŶŐ͕�<ǇŽƚŽ�hŶŝǀĞƌƐŝƚǇ͕ �<ǇŽƚŽ͕�:ĂƉĂŶ
ϭϭ͗ϰϱ��ϯ�Ͳϵ�W>�^D��WZKW�Zd/�^�K&��E�/E�h�d/s�>zͲ�KhW>����dDK^W,�Z/��D/�ZKW>�^D�
t͘�t͘�,ĂƌůŽǁ͕�<͘�<ŽůĂƐŝŶƐŬŝ͕�<͘�'͘�yƵ
hŶŝǀĞƌƐŝƚǇ�ŽĨ��ůĂďĂŵĂͲ�,ƵŶƚƐǀŝůůĞ͕�,ƵŶƚƐǀŝůůĞ͕��>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�ϯ�͗�/ŶƚĞŶƐĞ��ĞĂŵ�DŝĐƌŽǁĂǀĞ�'ĞŶĞƌĂƟŽŶ
dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�^ŽƵƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�tŝůŬŝŶ�dĂŶŐ͕��ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
ϵ͗ϯϬ��ϯ�Ͳϭ��;ŝŶǀŝƚĞĚͿ��D/dd�E��͕�^hZ&����^dZh�dhZ�͕��E���>��dZKE��D/^^/KE�&KZ�d,�ZD�>͕�
W,KdK͕��E��&/�>���D/^^/KE�WZK��^^�^
<͘�>͘�:ĞŶƐĞŶ1͕��͘��͘�^ŚŝŋĞƌ2͕�:͘�:͘�WĞƟůůŽ3͕��͘�WĂŶ4͕�:͘�t͘�>ƵŐŝŶƐůĂŶĚ5

1�ŽĚĞ�ϲϴϰϯ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>Ăď͕͘�<ŝƌƚůĂŶĚ�
�&�͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3>ĞŝĚŽƐ͕��ŝůůĞƌŝĐĂ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ4/Z��W͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂƌǇůĂŶĚ͕��ŽůůĞŐĞ�WĂƌŬ͕�
MD, United States5�ŝƌ�&ŽƌĐĞ�KĸĐĞ�ŽĨ�^ĐŝĞŶƟĮĐ�ZĞƐĞĂƌĐŚ͕��ƌůŝŶŐƚŽŶ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϬϬ��ϯ�ͲϮ��;ŝŶǀŝƚĞĚͿ��>��dZKE����D��y/�d�d/KE�KE��KW���'Z�W,�E��W>�^DKE�&KZ�
'�E�Z�d/KE��K,�Z�Ed�Z��/�d/KE
<͘�:͘��͘�KŽŝ͕�>͘�<͘��ŶŐ
�ŶŐŝŶĞĞƌŝŶŐ�WƌŽĚƵĐƚ��ĞǀĞůŽƉŵĞŶƚ͕�^ŝŶŐĂƉŽƌĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ�ĂŶĚ��ĞƐŝŐŶ͕�^ŝŶŐĂƉŽƌĞ͕�^ŝŶŐĂƉŽƌĞ
ϭϬ͗ϯϬ��ϯ�Ͳϯ���^/'E�K&���WZKdKdzW��Dh>d/Ͳ&Z�Yh�E�z�Z��/Z�h>�d/E'�W>�E�Z�D�'E�dZKE
'͘�'ƌĞĞŶŝŶŐ͕�D͘�&ƌĂŶǌŝ͕�z͘ �z͘ �>ĂƵ͕�E͘�:ŽƌĚĂŶ͕�Z͘�'ŝůŐĞŶďĂĐŚ
EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�ZĂĚŝŽůŽŐŝĐĂů�^ĐŝĞŶĐĞƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϰϱ��ϯ�Ͳϰ�D/�ZKt�s���ydZ��d/KE�/E�d,��Z��/Z�h>�d/E'�W>�E�Z�D�'E�dZKE
D͘��͘�&ƌĂŶǌŝ1͕�Z͘�D͘�'ŝůŐĞŶďĂĐŚ1͕�'͘�'ƌĞĞŶŝŶŐ1͕�E͘�D͘�:ŽƌĚĂŶ1͕��͘�t͘�,Žī2͕��͘�,͘�^ŝŵŽŶ1͕�z͘ �z͘ �>ĂƵ1͕�:͘�
>ƵŐŝŶƐůĂŶĚ3

1hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>Ăď͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�
States3�ŝƌ�&ŽƌĐĞ�KĸĐĞ�ŽĨ�^ĐŝĞŶƟĮĐ�ZĞƐĞĂƌĐŚ͕��ƌůŝŶŐƚŽŶ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϬϬ��ϯ�Ͳϱ���,/�s�D�Ed�K&�'tͲ�>�^^�^/E'>��DK���KhdWhd�/E��E�yͲ��E��>KE'ͲWh>^��
OVERMODED RELATIVISTIC BACKWARD WAVE OSCILLATOR

:͘��ŚĂŶŐ͕��͘��ŚĂŶŐ͕�,͘��ŚŽŶŐ͕��͘�:ŝŶ
EĂƟŽŶĂů�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĞĨĞŶƐĞ�dĞĐŚŶŽůŽŐǇ͕ ��ŚĂŶŐƐŚĂ͕��ŚŝŶĂ
ϭϭ͗ϭϱ��ϯ�Ͳϲ��zE�D/�^�K&�dZ�E^/�Ed�WZK��^^�^�/E�Z�>�d/s/^d/�����<t�Z��t�s��dh����Z/s�E�
t/d,��E��yd�ZE�>��>��dZKD�'E�d/��^/'E�>
�͘�<ŽŶǇƵƐŚŬŽǀ͕ ��͘��ďƵďĂŬŝƌŽǀ͕ ��͘��ĞŶŝƐĞŶŬŽ͕��͘�'ƌŽŵŽǀ͕ ��͘�WĂůŝƚƐŝŶ͕��͘�^ŽůƵǇĂŶŽǀ͕ �s͘ �zĂƐƚƌĞďŽǀ
/ŶƐƟƚƵƚĞ�ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ�Z�^͕�EŝǌŚŶǇ�EŽǀŐŽƌŽĚ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϭϭ͗ϯϬ��ϯ�Ͳϳ�<�z�/^^h�^�/E���^/'E�K&�EKE>/E��Z�dZ�E^D/^^/KE�>/E�^Ύ
:͘�K͘�ZŽƐƐŝ͕�>͘�W͘ �^ŝůǀĂ͕�&͘ �^͘�zĂŵĂƐĂŬŝ
WůĂƐŵĂ�>ĂďŽƌĂƚŽƌǇ͕ �EĂƟŽŶĂů�/ŶƐƟƚƵƚĞ�ĨŽƌ�^ƉĂĐĞ�ZĞƐĞĂƌĐŚ͕�^ĂŽ�:ŽƐĞ�ĚŽƐ��ĂŵƉŽƐ͕��ƌĂǌŝů
ϭϭ͗ϰϱ��ϯ�Ͳϴ�/Ed�E^/s��Dh>d/W>�Ͳs�>K�/dz��>��dZKE����D^�;&KZD�d/KE�D�d,K�^͕�h^/E'�&KZ�
�ZK����E��'�E�Z�d/KEͿ
�͘�s͘ �^ƚĂƌŽĚƵďŽǀ͕ �z͘ ��͘�<ĂůŝŶŝŶ͕��͘�^͘�&ŽŬŝŶ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ�ŽĨ�ŶŽŶůŝŶĞĂƌ�ƐǇƐƚĞŵƐ͕�^ĂƌĂƚŽǀ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ĂƌĂƚŽǀ͕ �ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
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^ĞƐƐŝŽŶ�ϯ�͗�WĂƌƟĐůĞ��ĐĐĞůĞƌĂƟŽŶ�ǁŝƚŚ�>ĂƐĞƌƐ�ĂŶĚ��ĞĂŵƐ
dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů��ĂƐƚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�'ĞŽƌŐĞ�D�WĞƚƌŽǀ͕ �EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
ϵ͗ϯϬ��ϯ�Ͳϭ��;ŝŶǀŝƚĞĚͿ�>�^�Z�t�<�&/�>����d�dZKE�yͲZ�z�WZK���&KZ�&�DdK^��KE��d/D�ͲZ�^K>s���
D��^hZ�D�Ed^�K&�t�ZD���E^��D�dd�Z
M. Mo1͕��͘��ŚĞŶ1͕�z͘ �Ͳz͘ �dƐƵŝ1͕�Z͘�&ĞĚŽƐĞũĞǀƐ1͕�^͘�&ŽƵƌŵĂƵǆ2͕��͘�^ĂƌĂĨ2͕�:͘�Ͳ�͘�<ŝĞīĞƌ2͕��͘�EŐ3

1�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ůďĞƌƚĂ͕��ĚŵŽŶƚŽŶ͕���͕��ĂŶĂĚĂ2/EZ^Ͳ�Dd͕ �hŶŝǀĞƌƐŝƚǇ�
ŽĨ�YƵĞďĞĐ͕�sĂƌĞŶŶĞƐ͕�Y�͕��ĂŶĂĚĂ3�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ�Θ��ƐƚƌŽŶŽŵǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ��ƌŝƟƐŚ��ŽůƵŵďŝĂ͕�
sĂŶĐŽƵǀĞƌ͕ ���͕��ĂŶĂĚĂ
ϭϬ͗ϬϬ��ϯ�ͲϮ�Z�'/D�^�K&�/Ed�Z��d/KE���dt��E��,�Z'�^�W�Zd/�>���hE�,�^��E��W>�^D�^
W͘ �DƵŐŐůŝ
DĂǆ�WůĂŶĐŬ�/ŶƐƟƚƵƚĞ�ĨŽƌ�WŚǇƐŝĐƐ͕�DƵŶŝĐŚ͕�'ĞƌŵĂŶǇ
ϭϬ͗ϭϱ��ϯ�Ͳϯ�>�^�ZͲt�<�&/�>���>��dZKE�����>�Z�dKZ�t/d,�/E��W�E��Ed����DͲW�Z�D�d�Z�
CONTROL

'͘�'ŽůŽǀŝŶ1͕�^͘��ŚĞŶ1͕�E͘�WŽǁĞƌƐ1͕��͘�>ŝƵ1͕�^͘��ĂŶĞƌũĞĞ1͕�:͘��ŚĂŶŐ1͕�D͘��ĞŶŐ2͕��͘�ͲD͘�^ŚĞŶŐ2͕��͘�hŵƐƚĂĚƚĞƌ1

1hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞďƌĂƐŬĂͲ>ŝŶĐŽůŶ͕�>ŝŶĐŽůŶ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2^ŚĂŶŐŚĂŝ�:ŝĂŽ�dŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �^ŚĂŶŐŚĂŝ͕��ŚŝŶĂ
ϭϬ͗ϯϬ��ϯ�Ͳϰ�KWd/��>��KEdZK>�K&��>��dZKE�dZ�WW/E'��E������>�Z�d/KE�/E�W>�^D���,�EE�>^͗�
�WW>/��d/KE�dK�dhE��>�͕�Wh>^���^KhZ��^�K&�Dh>d/Ͳ�K>KZ�d,KD^KE�'�DD�ͲZ�z^
^͘�z͘ �<ĂůŵǇŬŽǀ1͕�/͘�'ŚĞďƌĞŐǌŝĂďŚĞƌ1͕�y͘��ĂǀŽŝŶĞ2͕��͘��͘�^ŚĂĚǁŝĐŬ1

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ�ĂŶĚ��ƐƚƌŽŶŽŵǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞďƌĂƐŬĂ�Ͳ�>ŝŶĐŽůŶ͕�>ŝŶĐŽůŶ͕�E�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2���͕�
��D͕��/&͕ ��ƌƉĂũŽŶ͕�&ƌĂŶĐĞ
ϭϬ͗ϰϱ��ϯ�Ͳϱ�>�^�ZͲt�<�&/�>������>�Z�dKZ^��^�yͲZ�z�^KhZ��^�&KZ�D��/��>�/D�'/E'
�͘�EĂũŵƵĚŝŶ1͕�:͘�D͘��ŽůĞ1͕�E͘�D͘��͘�>ŽƉĞƐ1͕�:͘�tŽŽĚ1͕�<͘�WŽĚĞƌ1͕�:͘��ƌǇĂŶƚ1͕�^͘��ůĂƚĂďŝ1͕�D͘�<ĂƚĂůŝŶ1͕�D͘�W͘ ��͘�
^ƚƵĂƌƚ1͕��͘��ƵĐŬĞƌ1͕�W͘ ��͘��ďĞů2͕�Z͘�>͘��ďĞů2͕�D͘�tŝŶŬůĞƌ3͕�E͘�EŐŽ3͕��͘�^ǇŵĞƐ4

1dŚĞ�:ŽŚŶ��ĚĂŵƐ�/ŶƐƟƚƵƚĞ�ĨŽƌ��ĐĐĞůĞƌĂƚŽƌ�^ĐŝĞŶĐĞ͕�/ŵƉĞƌŝĂů��ŽůůĞŐĞ�>ŽŶĚŽŶ͕�>ŽŶĚŽŶ͕�hŶŝƚĞĚ�
<ŝŶŐĚŽŵ2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ĂŶĐĞƌ�ĂŶĚ�^ƵƌŐĞƌǇ͕ �/ŵƉĞƌŝĂů��ŽůůĞŐĞ�>ŽŶĚŽŶ͕�>ŽŶĚŽŶ͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ3Imperial 
�ŽůůĞŐĞ�,ĞĂůƚŚĐĂƌĞ�E,^�dƌƵƐƚ͕�/ŵƉĞƌŝĂů��ŽůůĞŐĞ�>ŽŶĚŽŶ͕�>ŽŶĚŽŶ͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ4�ĞŶƚƌĂů�>ĂƐĞƌ�&ĂĐŝůŝƚǇ͕ �
^d&��ZƵƚŚĞƌĨŽƌĚͲ�ƉƉůĞƚŽŶ�>Ăď͕͘��ŝĚĐŽƚ͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ
ϭϭ͗ϬϬ��ϯ�Ͳϲ�Yh�^/ͲDKEK�E�Z'�d/���>��dZKE��hE�,�'�E�Z�d/KE�&ZKD�>�^�Z��Z/s�E��Kh�>�Ͳ
>�z�Z�h>dZ�d,/E�&/>D^
�͘�tĂŶŐ͕��͘�DĐĐĂƌǇ͕ ��͘�Z͘�DĞĂĚŽǁƐ͕�:͘��ůĂŬĞŶĞǇ͕ �<͘�^ĞƌƌĂƩŽ͕��͘�<ƵŬ͕��͘��ŚĞƐƚĞƌ͕ �Z͘�ZŽǇĐƌŽŌ͕�>͘�'ĂŽ͕�/͘�
WŽŵĞƌĂŶƚǌ͕��͘��ĞƌŶƐƚĞŝŶ͕�,͘�YƵĞǀĞĚŽ͕�'͘��ǇĞƌ͕ ��͘�'ĂƵů͕�d͘ ��ŝƚŵŝƌĞ͕��͘�D͘�,ĞŐĞůŝĐŚ
WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞǆĂƐ�Ăƚ��ƵƐƟŶ͕��ƵƐƟŶ͕�dy͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϭϱ��ϯ�Ͳϳ�>�^�ZͲ�Z/s�E�/KE����>�Z�d/KE���zKE��ϭϬϬD�sͬ�Dh
�͘�:ƵŶŐϭ͕Ϯ͕��͘��͘�'ĂƵƟĞƌ1͕�^͘�>ĞƚǌƌŝŶŐ1͕�^͘�WĂůĂŶŝǇĂƉƉĂŶ1͕�>͘�zŝŶ1͕��͘��ůďƌŝŐŚƚ1͕��͘��ƌŽŵĞǇ2͕�:͘��͘�&ĞƌŶĂŶĚĞǌ1͕��͘�
D͘�,ĞŐĞůŝĐŚ1

1WůĂƐŵĂ�WŚǇƐŝĐƐ͕�>ŽƐ��ůĂŵŽƐ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �>ŽƐ��ůĂŵŽƐ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2WůĂƐŵĂ�WŚǇƐŝĐƐ͕�
YƵĞĞŶ Ɛ͛�hŶŝǀĞƌƐŝƚǇ��ĞůĨĂƐƚ͕��ĞůĨĂƐƚ͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ
ϭϭ͗ϯϬ��ϯ�Ͳϴ�&K�h^/E'��E��^�>&ͲDK�/&/���dZ�E^WKZd�K&�,/',�/Ed�E^/dz�WZKdKE����D^
�͘�DĐ'ƵīĞǇ1͕�:͘�<ŝŵ1͕��͘�YŝĂŽ1͕�&͘ �E͘��ĞŐ1͕�D͘�tĞŝ2͕�Z͘��͘�^ƚĞƉŚĞŶƐ2͕�:͘�&ƵĐŚƐ3͕�^͘�E͘��ŚĞŶ3͕�W͘ �EŝůƐŽŶ4͕�D͘��͘�
&ŽŽƌĚ5͕�,͘�^͘�DĐ>ĞĂŶ5

1�ĞŶƚĞƌ�ĨŽƌ��ŶĞƌŐǇ�ZĞƐĞĂƌĐŚ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�^ĂŶ��ŝĞŐŽ͕�>Ă�:ŽůůĂ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2'ĞŶĞƌĂů�
�ƚŽŵŝĐƐ͕�^ĂŶ��ŝĞŐŽ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3�ĐŽůĞ�WŽůǇƚĞĐŚŶŝƋƵĞ͕�WĂƌŝƐ͕�&ƌĂŶĐĞ�4>ĂďŽƌĂƚŽƌǇ�ĨŽƌ�>ĂƐĞƌ��ŶĞƌŐĞƟĐƐ͕�
ZŽĐŚĞƐƚĞƌ͕ �Ez͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ5>ĂǁƌĞŶĐĞ�>ŝǀĞƌŵŽƌĞ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �>ŝǀĞƌŵŽƌĞ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϭϭ͗ϰϱ��ϯ�Ͳϵ��t�<�͗�W>�^D��t�<�&/�>������>�Z�d/KE��yW�Z/D�Ed^�t/d,���ZE�WZKdKE�
�hE�,�^
W͘ �DƵŐŐůŝ͕��͘��ǁĂŬĞ
DĂǆ�WůĂŶĐŬ�/ŶƐƟƚƵƚĞ�ĨŽƌ�WŚǇƐŝĐƐ͕�DƵŶŝĐŚ͕�'ĞƌŵĂŶǇ

^ĞƐƐŝŽŶ�ϯ�͗�/ŶƐƵůĂƟŽŶ�ĂŶĚ��ŝĞůĞĐƚƌŝĐ��ƌĞĂŬĚŽǁŶ͕�KƉĞŶŝŶŐ�ĂŶĚ��ůŽƐŝŶŐ�^ǁŝƚĐŚĞƐ�;ĐŽŵďŝŶĞĚͿ
dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�tĞƐƚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�>ƵŝƐ�ZĞĚŽŶĚŽ͕�>ŝƐďŽŶ�^ƵƉĞƌŝŽƌ��ŶŐŝŶĞĞƌŝŶŐ�/ŶƐƟƚƵƚĞ�;/^�>Ϳ
ϵ͗ϯϬ��ϯ�Ͳϭ��;ŝŶǀŝƚĞĚͿ��zE�D/�^��E��W,z^/�^��KE^/��Z�d/KE^�K&��yd�E�����hZ�d/KE�Z�WͲZ�d��
KW�Z�d/KE�K&�>�^�Z�dZ/''�Z���'�^�^t/d�,�^
D͘�&͘ �tŽůĨŽƌĚ1͕�D͘��͘�DǇĞƌƐ1͕�:͘��͘�^ĞƚŚŝĂŶ1͕�&͘ �,ĞŐĞůĞƌ2

1WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕��ŽĚĞ�ϲϳϯϯ͕�h͘^͘�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�
States 2�ŽŵŵŽŶǁĞĂůƚŚ�dĞĐŚŶŽůŽŐǇ͕ �/ŶĐ͕͘��ůĞǆĂŶĚƌŝĂ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϬϬ��ϯ�ͲϮ���^hZs�z�K&�>�^�Z�/E/d/�d���'�^�Kh^��/^�,�Z'��^dh�/�^�&KZ�Wh>^���WKt�Z
D͘��ŽŵŽŶŬŽƐ
�ŝƌĞĐƚĞĚ��ŶĞƌŐǇ��ŝƌĞĐƚŽƌĂƚĞ͕��&Z>͕�<ŝƌƚůĂŶĚ��&�͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϭϱ��ϯ�Ͳϯ�D�'E�d/��&/�>��W�E�dZ�d/KE��E��D�'E�dK,z�ZK�zE�D/������>�Z�d/KE�/E�
KW�E/E'�^t/d�,�W>�^D�^
^͘�>͘�:ĂĐŬƐŽŶ1͕��͘�'͘�WŚŝƉƉƐ1͕��͘�^͘�ZŝĐŚĂƌĚƐŽŶ1͕�:͘�Z͘��ŶŐƵƐ1͕�^͘��͘�^ǁĂŶĞŬĂŵƉ1͕�:͘�t͘�^ĐŚƵŵĞƌ1͕��͘�W͘ �DƵƌ-
ƉŚǇ1͕��͘�s͘ �tĞďĞƌ1͕��͘��͘�,ŝŶƐŚĞůǁŽŽĚ1͕�Z͘�:͘��ŽŵŵŝƐƐŽ1͕��͘�E͘��ŽǇĞƌ2

1WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ�2�ŶŐŝůŝƚǇ�
�ŽƌƉŽƌĂƟŽŶ͕��ŚĂŶƟůůǇ͕ �s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϯϬ��ϯ�Ͳϰ�W>�^D��/E:��d/KE�d��,E/Yh��&KZ�^W��/�^�^�W�Z�d/KE��E��D�'E�d/��&/�>��
W�E�dZ�d/KE��yW�Z/D�Ed^
�͘�WŚŝƉƉƐ1͕��͘�^͘�ZŝĐŚĂƌĚƐŽŶ1͕�^͘�>͘�:ĂĐŬƐŽŶ1͕�^͘��͘�^ǁĂŶĞŬĂŵƉ1͕��͘�s͘ �tĞďĞƌ1͕��͘��͘�,ŝŶƐŚĞůǁŽŽĚ1͕�Z͘�:͘�
Commisso1͕��͘�E͘��ŽǇĞƌ2

1WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀ͕ �h^�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ŶŐŝůŝƚǇ��ŽƌƉŽƌĂƟŽŶ͕�
�ŚĂŶƟůůǇ͕ �s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϰϱ��ϯ�Ͳϱ�Wh>^���,/',ͲsK>d�'��/E^h>�d/KE��yW�Z/D�Ed^
:͘��͘�'ůĞŝǌĞƌ1͕�h͘��Ăŝ2͕�:͘�'͘�>ĞŽƉŽůĚ3͕�z͘ ��͘�<ƌĂƐŝŬ3

1�ƉƉůŝĞĚ�WŚǇƐŝĐƐ͕�Z�&��>�>ĂďƐ͕�,ĂŝĨĂ͕�/ƐƌĂĞů2DŽ�ͬ��ZΘ�͕�dĞůͲ�ǀŝǀ͕ �/ƐƌĂĞů3WŚǇƐŝĐƐ��ĞƉƚ͕͘�d��,E/KE͕�/ƐƌĂĞů�
/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂŝĨĂ͕�/ƐƌĂĞů
ϭϭ͗ϬϬ��ϯ�Ͳϲ�/E&>h�E���K&�^&ϲ���D/ydhZ�^�dK�E/dZK'�E�KE��Z/d/��>�W�Z�D�d�Z^�K&�^hZ&����
STREAMER INCEPTION

�͘��ŚǀǇƌĞǀĂ͕��͘�:͘�D͘�WĞŵĞŶ
�ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕��ŝŶĚŚŽǀĞŶ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ ��ŝŶĚŚŽǀĞŶ͕�EĞƚŚĞƌůĂŶĚƐ
ϭϭ͗ϭϱ��ϯ�Ͳϳ�D��,�E/^D^�&KZ�d,���&&��d�K&�Z�^/�h�>�WZ�^^hZ��KE�&/�>���D/^^/KE�/E�s��hhD
D͘�:͘�<ŝƌŬƉĂƚƌŝĐŬ1͕�<͘��ůŵĂŬƐŽƵƌ2͕��͘�KĚŝĐ1͕�W͘ ��ĞƐƐĂŶƚĞ1͕�W͘ �dĞƐƚĞ2

1WŽǁĞƌ�ĂŶĚ��ŶĞƌŐǇ�^ǇƐƚĞŵƐ͕�^hW�>��͕�'ŝĨͲƐƵƌͲzǀĞƩĞ͕�&ƌĂŶĐĞ2>'�W͕ �'ŝĨͲƐƵƌͲzǀĞƩĞ͕�&ƌĂŶĐĞ
ϭϭ͗ϯϬ��ϯ�Ͳϴ�EKE�>��dZK����E��WK^d�Z��<�KtE�/KE/��d/KE�WZK��^^�^�/E�t�d�Z�t/d,�
SCREENED ELECTRODES

^͘�D͘�<ŽƌŽďĞǇŶŝŬŽǀ1͕��͘�s͘ �DĞůĞŬŚŽǀ2

1WŽǁĞƌ��ŶŐ͘�&ĂĐƵůƚǇ͕ �EŽǀŽƐŝďŝƌƐŬ�^ƚĂƚĞ�dĞĐŚŶŝĐĂů�hŶŝǀĞƌƐŝƚǇ͕ �EŽǀŽƐŝďŝƌƐŬ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ�2Laser 
WůĂƐŵĂ��ĞƉƚ͕͘�/ŶƐƟƚƵƚĞ�ŽĨ�>ĂƐĞƌ�WŚǇƐŝĐƐ͕�EŽǀŽƐŝďŝƌƐŬ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
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ϭϭ͗ϰϱ��ϯ�Ͳϵ��>��dZ/���yW>K�/E'�t/Z��dZ/''�Z/E'�K&�d,��D�'�sK>d�'�^�^W�Z<�'�W�^t/d�,
�͘��ŚĂŶŐ͕�,͘�zĂŶŐ͕��͘��ŚĞŶ͕�:͘��ŚĂŶŐ͕�:͘�yƵ
�ŽůůĞŐĞ�ϳ͕�EĂƟŽŶĂů�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĞĨĞŶƐĞ�dĞĐŚŶŽůŽŐǇ͕ ��ŚĂŶŐƐŚĂ͕�,ƵŶĂŶ�WƌŽǀŝŶĐĞ͕��ŚŝŶĂ

^ĞƐƐŝŽŶ�ϯ�͗�WůĂƐŵĂ�DĂƚĞƌŝĂů�/ŶƚĞƌĂĐƟŽŶƐ
dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� ,ŽŽǀĞƌ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ŚŵĞĚ�,ĂƐƐĂŶĞŝŶ͕�WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ
ϵ͗ϯϬ��ϯ�Ͳϭ��;ŝŶǀŝƚĞĚͿ����Z�^^/E'�d,���,�>>�E'�^�K&�W>�^D�Ͳ^hZ&����/Ed�Z��d/KE^�/E�E^dyͲh
Z͘�<ĂŝƚĂ1͕�d͘ ��ďƌĂŵƐ1͕�D͘�>ƵĐŝĂ1͕�D͘�:ĂǁŽƌƐŬŝ1͕�:͘�EŝĐŚŽůƐ1͕��͘�,͘�^ŬŝŶŶĞƌ1͕��͘�^ƚŽƚůĞƌ1͕�:͘�ͲW͘ ��ůůĂŝŶ2͕�&͘ ��ĞĚŽǇĂ2

1WƌŝŶĐĞƚŽŶ�WůĂƐŵĂ�WŚǇƐŝĐƐ�>ĂďŽƌĂƚŽƌǇ͕ �WƌŝŶĐĞƚŽŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ĞƉƚ͘�ŽĨ�EƵĐůĞĂƌ͕ �WůĂƐŵĂ͕�ĂŶĚ�
ZĂĚŝŽůŽŐŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�/ůůŝŶŽŝƐ�Ăƚ�hƌďĂŶĂͲ�ŚĂŵƉĂŝŐŶ͕�hƌďĂŶĂ͕�/>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϬϬ��ϯ�ͲϮ��;ŝŶǀŝƚĞĚͿ�W>�^D��^Whdd�Z/E'��ZK^/KEͬZ���WK^/d/KE�/E�&h^/KE�dK<�D�<^Ͳ
DK��>/E'�^d�dh^��E���,�>>�E'�^
:͘�E͘��ƌŽŽŬƐ
WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ͕ �tĞƐƚ�>ĂĨĂǇĞƩĞ͕�/E͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϯϬ��ϯ�Ͳϯ�>/d,/hD�t�dd/E'�K&�^d�/E>�^^�^d��>�^dh�/���s/��^��EE/E'��h'�Z�D/�ZK^�KWz
�͘�,͘�^ŬŝŶŶĞƌ1͕��͘�D͘��ĂƉĞĐĞ1͕��͘��͘�<ŽĞů2͕�:͘�W͘ �ZŽƐǌĞůů2
1WƌŝŶĐĞƚŽŶ�WůĂƐŵĂ�WŚǇƐŝĐƐ�>ĂďŽƌĂƚŽƌǇ͕ �WƌŝŶĐĞƚŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �WƌŝŶĐĞƚŽŶ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2Department of 
�ŚĞŵŝĐĂů�ĂŶĚ��ŝŽůŽŐŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�WƌŝŶĐĞƚŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �WƌŝŶĐĞƚŽŶ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϰϱ��ϯ�Ͳϰ���s�>KWD�Ed��Ed/Ͳ��/Zz�&Kh>/E'�^hZ&����K&�ϯϭϲ>�Ϯ��^d�/E>�^^�^d��>��z�
�dDK^W,�Z/��WZ�^^hZ��W>�^D��dZ��dD�Ed
'͘�^͘��͘��ůͲŽŐĂŝůŝ
�E^�>͕�hD/d͕ �>ŝůůĞ͕�&ƌĂŶĐĞ
ϭϭ͗ϬϬ��ϯ�Ͳϱ�/Es�^d/'�d/KE�KE�E�EKW�Zd/�>�^�&KZD�d/KE�/E�t/Z���yW>K^/KE�WZK��^^��z�&�^d�
/D�'/E'��E��KWd/��>��DD/^^/KE�^W��dZK^�KWz
�͘��ŽƌĂ1͕�^͘�^͘�<ĂƵƐŝŬ2͕��͘�^͘�tŽŶŐ2͕�^͘�>͘�zĂƉ2͕�>͘�^ŽƚŽ1

1�ĞƉĂƌƚĂŵĞŶƚŽ�ĚĞ�WůĂƐŵĂ�dĞƌŵŽŶƵĐůĞĂƌ͕ ��ŽŵŝƐŝŽŶ��ŚŝůĞŶĂ�ĚĞ��ŶĞƌŐŝĂ�EƵĐůĞĂƌ͕ �^ĂŶƟĂŐŽ͘�ZD͕�
�ŚŝůĞ2WůĂƐŵĂ�dĞĐŚŶŽůŽŐǇ�ZĞƐĞĂƌĐŚ��ĞŶƚƌĞ͕�WŚǇƐŝĐƐ��ĞƉĂƌƚŵĞŶƚ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DĂůĂǇĂ͕�<ƵĂůĂ�>ƵŵƉƵƌ͕ �
Malaysia
ϭϭ͗ϭϱ��ϯ�Ͳϲ���,�s/KhZ�K&��/^W�Z^�����Z�D/��W�Zd/�>�^�/E�����Z��W>�^D��:�d��hZ/E'�d,��
^WZ�z���WK^/d/KE�K&��K�d/E'^
s͘ �sĂůŝŶēŝƵƐ͕�s͘ �'ƌŝŐĂŝƟĞŶĦ͕�Z͘�<ĦǌĞůŝƐ
WůĂƐŵĂ�WƌŽĐĞƐƐŝŶŐ�>ĂďŽƌĂƚŽƌǇ͕ �>ŝƚŚƵĂŶŝĂŶ��ŶĞƌŐǇ�/ŶƐƟƚƵƚĞ͕�<ĂƵŶĂƐ͕�>ŝƚŚƵĂŶŝĂ
11:30  3E-7 EFFECT OF EDGE PLASMA RADIATION ON EROSION AND DAMAGE TO ITER PLASMA 

&��/E'��E��E��Z�z��KDWKE�Ed^
s͘ �^ŝǌǇƵŬ͕��͘�,ĂƐƐĂŶĞŝŶ
WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ͕ �tĞƐƚ�>ĂĨĂǇĞƩĞ͕�/E͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϰϱ��ϯ�Ͳϴ�EKs�>��WWZK��,�&KZ��/E��Ky/���E�EKD�d�Z/�>^�&hE�d/KE�>/��d/KE���^���KE�
�Zz�W>�^D��WZK��^^/E'
M. A. Ciolanϭ͕Ϯ͕�/͘�DŽƚƌĞƐĐƵ3͕��͘�>ƵĐĂ2͕�D͘�EĂŐĂƚƐƵ1

1EĂŶŽǀŝƐŝŽŶ��ĞƉĂƌƚŵĞŶƚ͕�^ŚŝǌƵŽŬĂ�hŶŝǀĞƌƐŝƚǇ͕ �,ĂŵĂŵĂƚƐƵ͕�:ĂƉĂŶ2�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ͕��ůĞǆĂŶĚƌƵ�/ŽĂŶ�
�ƵǌĂ�hŶŝǀĞƌƐŝƚǇ͕ �/ĂƐŝ͕�ZŽŵĂŶŝĂ3�ĞƉĂƌƚŵĞŶƚ�ŽĨ�^ĐŝĞŶĐĞ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ŐƌŝĐƵůƚƵƌĂů�^ĐŝĞŶĐĞ�ĂŶĚ�sĞƚĞƌŝŶĂƌǇ�
Medicine, Iasi, Romania
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^ĞƐƐŝŽŶ�ϯ&͗�EŽŶĞƋƵŝůŝďƌŝƵŵ�WůĂƐŵĂ��ƉƉůŝĐĂƟŽŶƐ�//
dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� �ŽŽůŝĚŐĞ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ůĂŶ�Z�,ŽƐŬŝŶƐŽŶ͕�dƵŌƐ�hŶŝǀĞƌƐŝƚǇ
ϵ͗ϯϬ��ϯ&Ͳϭ��;ŝŶǀŝƚĞĚͿ�/EdZK�h�d/KE�dK�d,��WZKdKͲdzW��W>�^D��:�d^�K&���͕�Z&͕ ��E��DtͲ
�/^�,�Z'�^�/E�<KZ���W>�^D�Ͳ�/K�Z�^��Z�,���Ed�Z
z͘ �<ŝŵ͕�'͘��ŚŽ͕�'͘�Ͳ,͘�,ĂŶ͕�'͘�Ͳ'͘�<ǁŽŶ͕�:͘�Ͳ:͘��ŚŽŝ͕�z͘ �Ͳ,͘�EĂ͕�,͘�^͘�hŚŵ͕��͘�Ͳ,͘��ŚŽŝ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŽƉŚǇƐŝĐƐ͕�<ǁĂŶŐǁŽŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �^ĞŽƵů͕�^ŽƵƚŚ�<ŽƌĞĂ
ϭϬ͗ϬϬ��ϯ&ͲϮ�W>�^D��WK>zD�Z/����d,/KW,�E��h^/E'�/Ed�E^���E��,/',>z��E�Z'�d/��
�dDK^W,�Z/��WZ�^^hZ��D/�ZK�W>�D^��:�d�&KZ�WK>zD�Z/����dd�Z/�^
�͘�Ͳ^͘�WĂƌŬ͕�^͘�ͲK͘�<ŝŵ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕��ůĞŵƐŽŶ�hŶŝǀĞƌƐŝƚǇ͕ ��ůĞŵƐŽŶ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϭϱ��ϯ&Ͳϯ���WK^/d/KE�K&��Ed/���d�Z/�>�E�EK�KDWK^/d��&/>D^�h^/E'��E��dDK^W,�Z/��
WZ�^^hZ��EKE�Yh/>/�Z/hD�W>�^D��:�d
y͘��ĞŶŐ͕��͘�EŝŬŝĨŽƌŽǀ͕ ��͘�>ĞǇƐ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ͕�'ŚĞŶƚ�hŶŝǀĞƌƐŝƚǇ͕ �'ĞŶƚ͕��ĞůŐŝƵŵ
ϭϬ͗ϯϬ��ϯ&Ͳϰ��KDW�Z/^KE�K&�^W�d/�>��E��d�DWKZ�>��,�Z��d�Z/^d/�^���dt��E�D/�ZKW>�^D��
:�d��ZZ�z^��E����^/E'>��D��ZKW>�^D��:�d
W͘ �W͘ �^ƵŶ͕�:͘�,͘��ŚŽ͕�^͘�Ͳ:͘�WĂƌŬ͕�:͘�'͘��ĚĞŶ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�/ůůŝŶŽŝƐ͕�hƌďĂŶĂ͕�/>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϰϱ��ϯ&Ͳϱ�W>�^D���/�'EK^d/�^�K&�EKEͲ�Yh/>/�Z/hD��dDK^W,�Z/��W>�^D��:�d^
�͘�^ŚĂƐŚƵƌŝŶ1͕��͘�^ĐŽƩ1͕�D͘�<ĞŝĚĂƌ1͕�D͘�E͘�^ŚŶĞŝĚĞƌ2

1DĞĐŚĂŶŝĐĂů�ĂŶĚ��ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�'ĞŽƌŐĞ�tĂƐŚŝŶŐƚŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�
States2DĞĐŚĂŶŝĐĂů�ĂŶĚ��ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�WƌŝŶĐĞƚŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �WƌŝŶĐĞƚŽŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϬϬ��ϯ&Ͳϲ��&&��d�K&�'ZKhE���>��dZK��^�KE�^d��/>/dz�K&�W>�^D��:�d
:͘�&͘ �dĂŶŐ1͕��͘�^͘��ŚŽƵ2͕�z͘ �y͘�,ƵŽ3͕��͘�,͘��ŚĂŶŐ4

1,ĂƌďŝŶ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂƌďŝŶ͕��ŚŝŶĂ2,ĂƌďŝŶ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂƌďŝŶ͕��ŚŝŶĂ3,ĂƌďŝŶ�
/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂƌďŝŶ͕��ŚŝŶĂ4,ĂƌďŝŶ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂƌďŝŶ͕��ŚŝŶĂ
ϭϭ͗ϭϱ��ϯ&Ͳϳ��E��dDK^W,�Z/��E�KE�W>�^D��:�d�/E��/Z��Z/s�E��z�Wh>^�Ͳt�s�ͲDK�h>�d���
^/Eh^K/��>�,/',�sK>d�'�
>͘�zĂŶŐ͕�z͘ �dƵ͕�z͘ �zƵ͕�:͘��ŚĂŶ͕��͘�,Ƶ͕�Y͘�>ŝ
^ĐŚŽŽů�ŽĨ��ůĞĐƚƌŽŶŝĐ�^ĐŝĞŶĐĞ�ĂŶĚ��ŶŐŝŶĞĞƌŝŶŐ͕�^ŽƵƚŚĞĂƐƚ�hŶŝǀĞƌƐŝƚǇ͕ �EĂŶũŝŶŐ͕�:ŝĂŶŐƐƵ͕��ŚŝŶĂ
ϭϭ͗ϯϬ��ϯ&Ͳϴ�d,Z�^,K>�^�&KZ�D/�ZK�h��>���E��D/�ZKW>�^D��'�E�Z�d/KE�/E�>/Yh/�
W͘ �yŝĂŽ͕��͘�^ƚĂĂĐŬ
DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ��ĞƉĂƌƚŵĞŶƚ͕�dĞǆĂƐ��ΘD�hŶŝǀĞƌƐŝƚǇ͕ ��ŽůůĞŐĞ�^ƚĂƟŽŶ͕�dy͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϰϱ��ϯ&Ͳϵ�^W�d/�>>z�Ͳ��E��d�DWKZ�>>zͲ�Z�^K>s���/Es�^d/'�d/KE�K&��/^�,�Z'��/E�t�d�Z�/E�
W/EͲdKͲW/E�'�KD�dZz
^͘�zĂƚŽŵ͕��͘�<ĞĚůĂǇĂ͕�W͘ ��ƌƵŐŐĞŵĂŶ
DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝŶŶĞƐŽƚĂ͕�DŝŶŶĞĂƉŽůŝƐ͕�DE͕�h^�

Session PL4: Plenary 4 

dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϭϯ͗ϬϬͲϭϰ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů��ĂƐƚͲ^ŽƵƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�&ĂƌŚĂƚ��ĞŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂͲ^ĂŶ��ŝĞŐŽ
ϭϯ͗ϬϬ��W>ϰͲϭ��;ŝŶǀŝƚĞĚͿ�d,��,/',Ͳ&KKd�/DW>K^/KE���DW�/'E�KE�d,��E/&
K͘��͘�,ƵƌƌŝĐĂŶĞ
>ĂǁƌĞŶĐĞ�>ŝǀĞƌŵŽƌĞ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �>ŝǀĞƌŵŽƌĞ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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^ĞƐƐŝŽŶ�ϮW͗�ϭ͘ϭ��ĂƐŝĐ�WůĂƐŵĂ�WŚĞŶŽŵĞŶĂ�WŽƐƚĞƌƐ
Poster Session

dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ� ǭϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�<ĞŝƚŚ��ĂƌƚǁƌŝŐŚƚ͕�^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ
ϮWͲϭ��EhD�Z/��>�^dh�z�KE�Wh>^��Ͳ����dDK^W,�Z/�ͲWZ�^^hZ��W>�^D��:�d
y͘�>ŝƵ͕��͘�>ŝƵ
EĂƟŽŶĂů�^ƚĂƚĞ�<ĞǇ�>Ăď�ŽĨ��ĚǀĂŶĐĞĚ��ůĞĐƚƌŽŵĂŐŶĞƟĐ��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �,ƵĂǌŚŽŶŐ�hŶŝǀĞƌƐŝƚǇ�
ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �tƵŚĂŶ͕��ŚŝŶĂ
ϮWͲϮ��/Es�^d/'�d/KE�KE��dDK^W,�Z/���/Z��/�>��dZ/����ZZ/�Z��/^�,�Z'��hE/&KZD/dz
�͘�>ŝƵϭ͕Ϯ͕��͘�&ƌŝĚŵĂŶϭ͕ϯ͕��͘��ŽďƌǇŶŝŶ1

1�͘�:͘��ƌĞǆĞů�WůĂƐŵĂ�/ŶƐƟƚƵƚĞ͕��ƌĞǆĞů�hŶŝǀĞƌƐŝƚǇ͕ ��ĂŵĚĞŶ�E:�ϬϴϭϬϯ͕��ĂŵĚĞŶ͕�EĞǁ�:ĞƌƐĞǇ͕ �hŶŝƚĞĚ�
States2�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ��ĞƉĂƌƚŵĞŶƚ͕͕��ƌĞǆĞů�hŶŝǀĞƌƐŝƚǇ͕ �WŚŝůĂĚĞůƉŚŝĂ͕�W�͕�hŶŝƚĞĚ�
States3DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�DĞĐŚĂŶŝĐƐ��ĞƉĂƌƚŵĞŶƚ͕��ƌĞǆĞů�hŶŝǀĞƌƐŝƚǇ͕ �WŚŝůĂĚĞůƉŚŝĂ͕�W�͕�hŶŝƚĞĚ�
States
ϮWͲϯ��dZ�E^/d/KE�K&��Z�E�,���WK^/d/s��^dZ��D�Z�dK�EKEͲ�Z�E�,���WK^/d/s��^dZ��D�Z�
t/d,�/E�Z��^��K&��/^�,�Z'�ͲZ�W�d/d/KE�Z�d�
Y. Inada1͕��͘�^ŚŝŵŝǌƵ1͕�d͘ �KŵŽƌŝ2͕�d͘ �DĂƚƐƵŵŽƚŽ2͕�z͘ �/ǌĂǁĂ2͕�<͘�EŝƐŚŝũŝŵĂ2

1'ƌĂĚƵĂƚĞ�ƐĐŚŽŽů�ŽĨ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�&ƵŬƵŽŬĂ�hŶŝǀĞƌƐŝƚǇ͕ �&ƵŬƵŽŬĂ͕�:ĂƉĂŶ2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�
�ŶŐŝŶĞĞƌŝŶŐ͕�&ƵŬƵŽŬĂ�hŶŝǀĞƌƐŝƚǇ͕ �&ƵŬƵŽŬĂ͕�:ĂƉĂŶ
ϮWͲϰ��^dK�,�^d/��W,�EKD�EKE�K&�^dZ��D�Z��Z�E�,/E'�/E�/E^h>�d/E'�K/>
Y. Li͕�,͘�Ͳ�͘�DƵ͕��͘�Ͳ^͘��ŚĂŶŐ͕�:͘�Ͳ�͘��ĞŶŐ͕�'͘�Ͳ:͘��ŚĂŶŐ
yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �yŝ Ă͛Ŷ͕��ŚŝŶĂ
ϮWͲϱ����d�ZD/E�d/KE�K&��>��dZKEͲW>�^D��d�DW�Z�dhZ���z�D��^hZ/E'�d,��WZKW�'�d/KE�
s�>K�/dz�K&�W>�^D�Ͳ�/&&h^/KE�t�s�^�t/d,�d,��D/ydhZ��'�^�^�K&��ZͲEϮ�/E�d,���dDK^W,�Z/��
WZ�^^hZ��W>�^D��:�d^
'͘�Ͳ,͘�,ĂŶ1͕�W͘ �^ƵĂŶƉŽŽƚ2͕�'͘��ŚŽ1

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŽƉŚǇƐŝĐƐ͕�<ǁĂŶŐǁŽŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �^ĞŽƵů͕�^ŽƵƚŚ�<ŽƌĞĂ2ϮDĂĞũŽ�hŶŝǀĞƌƐŝƚǇ�WŚƌĂĞ�
�ĂŵƉƵƐ͕�WŚƌĂĞ�WƌŽǀŝŶĐĞ͕�dŚĂŝůĂŶĚ
ϮWͲϲ��s�Z/��/>/dz�K&�>Ͳ��E��'W^�^�/Ed/>>�d/KE�Ks�Z��hZKZ�>�Z�'/KE͕�D�/dZ/͕��Ed�Z�d/��
W͘ �<͘�WƵƌŽŚŝƚ1͕�W͘ �<ŚĂƚĂƌŬĂƌ2͕�W͘ ��͘�<ŚĂŶ2͕�Z͘��ƚƵůŬĂƌ1

1^ƉĂĐĞ�^ĐŝĞŶĐĞ�>ĂďŽƌĂƚŽƌǇ͕ ��ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ�Θ��ůĞĐƚƌŽŶŝĐƐ͕��ĂƌŬĂƚƵůůĂŚ͕��ŚŽƉĂů͕�/ŶĚŝĂ�2EĂƟŽŶĂů�
/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŝĐĂů�dĞĂĐŚĞƌƐΡ�dƌĂŝŶŝŶŐ�ĂŶĚ�ZĞƐĞĂƌĐŚ͕�^ŚĂŵůĂ�,ŝůůƐ͕��ŚŽƉĂů͕�ϰϲϮϬϬϮ�/ŶĚŝĂ͕��ŚŽƉĂů͕�/ŶĚŝĂ
ϮWͲϳ����s�E��^�/E�/DW���E���WZK����WW>/��d/KE^��E����^/'E�/E�d,��EZ>�^W����W,z^/�^�
^/Dh>�d/KE��,�D��Z
�͘��ůĂĐŬǁĞůů1͕��͘��ŽƚŚƌĂŶ2͕��͘�tĂůŬĞƌ2͕�'͘�'ĂƚůŝŶŐ1͕�t͘��ŵĂƚƵĐĐŝ1
1h͘^͘�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2^ŽƚĞƌĂ��ĞĨĞŶƐĞ�^ŽůƵƟŽŶƐ͕�/ŶĐ͕͘�,ĞƌŶĚŽŶ�
s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϴ��KWd/D/��d/KE�K&�^,K�<�/Ed�E^/d/�^�'�E�Z�d����z�,/',��hZZ�Ed��yW>K�/E'�t/Z�^
:͘��͘�^ƚĞƉŚĞŶƐ͕��͘�ZǇďĞƌŐ͕�:͘��͘��ŝĐŬĞŶƐ͕��͘��͘�EĞƵďĞƌ
�ĞŶƚĞƌ�&Žƌ�WƵůƐĞĚ�WŽǁĞƌ�ĂŶĚ�WŽǁĞƌ��ůĞĐƚƌŽŶŝĐƐ͕�dĞǆĂƐ�dĞĐŚ��ĞŶƚĞƌ�ĨŽƌ�WƵůƐĞĚ�WŽǁĞƌ�ĂŶĚ�WŽǁĞƌ�
�ůĞĐƚƌŽŶŝĐƐ͕�>ƵďďŽĐŬ͕�dy͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϮWͲϵ��D/�ZK^dZh�dhZ���E���KZZK^/KE���,�s/KZ^�K&�y�ϰϴ�dZ��d����z�Z&�D�'E�dZKE�
^Whdd�Z/E'�d/�>E��>>Kz/E'
E͘�DĂĚĂŽƵŝϭ͕Ϯ͕�E͘�^ĂŽƵůĂ1͕��͘��͘��ŝƚ��ũĂĨĞƌ3͕��͘��ĞƌŝǌĞƌ3

1�ŝǀŝƐŝŽŶ�DŝůŝĞƵǆ�/ŽŶŝƐĞƐ͕��ĞŶƚƌĞ�ĚĞ��Ğ�ĚĞǀĞůŽƉƉĞŵĞŶƚ�ĚĞƐ�dĞĐŚŶŽůŽŐŝĞƐ��ǀĂŶĐĞƐ͕��ŝƚ�ĚƵ�ϮϬ�ĂŽƚ�ϭϵϱϲ͕�
�ĂďĂ�,ĂƐƐĞŶ͕��W�Ŷϭϳ͕͕��ůŐĞƌŝĂ2&ĂĐƵůƚĞ�ĚĞ��ŚŝŵŝĞ͘�hŶŝǀĞƌƐŝƚ��ĞƐ�^ĐŝĞŶĐĞƐ�Ğƚ�ĚĞ�ůĂ�dĞĐŚŶŽůŽŐŝĞ�,ŽƵĂƌŝ�
�ŽƵŵĞĚŝĞŶĞ͕͘�>ĂďŽƌĂƚŽŝƌĞ�Ě͛�ůĞĐƚƌŽĐŚŝŵŝĞͲ�ŽƌƌŽƐŝŽŶ͕�DƚĂůůƵƌŐŝĞ�Ğƚ��ŚŝŵŝĞ�DŝŶƌĂůĞ͕͘��͘W�ϯϮ͕��ů��ůŝĂ͕��Ăď�
�ǌǌŽƵĂƌ͕ ��ůŐĞƌ�ϭϲϭϭϭ͕�ĂůŐĞƌŝĂ3&ĂĐƵůƚĞ�ĚĞƐ�ƐĐŝĞŶĐĞƐ�Ě͛ŝŶŐĞŶŝĞƵƌ͕ �ƵŶŝǀĞƌƐŝƚ�DŚĂŵĞĚ�ďŽƵŐĂƌĂ͕�>ĂďŽƌĂƚŽŝƌĞ�
ĚĞƐ�ŵĂƚƌŝĂƵǆ�ŵŝŶƌĂƵǆ�Ğƚ�ĐŽŵƉŽƐŝƚĞ͕��ǀĞŶƵĞ�ĚĞ�ů͛/ŶĚƉĞŶĚĂŶĐĞ͕�ϯϱϬϬϬ͕�ĂůŐĞƌŝĂ
ϮWͲϭϬ��</E�d/��^/Dh>�d/KE^�K&�W>�^D���E,�E����W,KdKE/���Zz^d�>^
:͘�dƌŝĞƐĐŚŵĂŶŶ͕�d͘ �DƵƐƐĞŶďƌŽĐŬ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�/ŶĨŽƌŵĂƟŽŶ�^ĐŝĞŶĐĞ͕�ZƵŚƌ�hŶŝǀĞƌƐŝƚǇ��ŽĐŚƵŵ͕��ŽĐŚƵŵ͕�
'ĞƌŵĂŶǇ
2P-11  MAGNETOSONIC WAVES IN PLASMA

<͘��ŶŶŽƵ
��d�͕�ďĂďĂ�ŚĂƐƐĞŶ͕��ůŐĞƌŝĂ
ϮWͲϭϮ���&&��d�K&�'Z��/E'��E'>��t/d,�d,��D�'E�d/��&/�>��KE�/KE�^Whdd�Z/E'��d�d,��
dhE'^d�E�^hZ&����K&��/s�ZdKZ�W>�d�
<͘�^͘�'ŽƐǁĂŵŝ1͕�^͘��ĚŚŝŬĂƌŝ2
1�ĞŶƚƌĞ�ŽĨ�WůĂƐŵĂ�WŚǇƐŝĐƐͲ/ŶƐƟƚƵƚĞ�ĨŽƌ�WůĂƐŵĂ�ZĞƐĞĂƌĐŚ͕��ƐƐĂŵ͕�/ŶĚŝĂ2�ĞŶƚƌĞ�ŽĨ�WůĂƐŵĂ�WŚǇƐŝĐƐͲ/ŶƐƟƚƵƚĞ�
ĨŽƌ�WůĂƐŵĂ�ZĞƐĞĂƌĐŚ͕��ƐƐĂŵ͕�/ŶĚŝĂ
ϮWͲϭϯ���y�D/E�d/KE�K&��>��dZKE�d�DW�Z�dhZ���E��/KE�s�>K�/dz��/^dZ/�hd/KE�/E�W>�^D��
'�E�Z�d���/E�d,��D��,�y�,�>/�KE�^KhZ��
z͘ �Ͳd͘ �^ƵŶŐ͕�z͘ �>ŝ͕�:͘�^ĐŚĂƌĞƌ͕ �D͘��ĞsŝŶŶĞǇ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�tŝƐĐŽŶƐŝŶͲDĂĚŝƐŽŶ͕�DĂĚŝƐŽŶ͕�t/͕�
United States
ϮWͲϭϰ���E,�E����KWd/��>��D/^^/KE�K&�>�^�Z�WZK�h����W>�^D���z���Wh>^���WKt�Z��/^�,�Z'�
W. Wei1͕�:͘�tƵ1͕�Y͘�tĂŶŐ2

1^ƚĂƚĞ�<ĞǇ�>ĂďŽƌĂƚŽƌǇ�ŽĨ��ůĞĐƚƌŝĐĂů�/ŶƐƵůĂƟŽŶ�ĂŶĚ�WŽǁĞƌ��ƋƵŝƉŵĞŶƚ͕�yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �yŝ Ă͛Ŷ͕�
^ŚĂĂŶǆŝ͕��ŚŝŶĂ�2^ĐŚŽŽů�ŽĨ�^ĐŝĞŶĐĞƐ͕�yŝ Ă͛Ŷ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �yŝ Ă͛Ŷ͕�^ŚĂĂŶǆŝ͕��ŚŝŶĂ
ϮWͲϭϱ���>��dZKEͲ��Kh^d/��^K>/dKE^�/E��E��>��dZKEͲ���D�W>�^D��^z^d�D�t/d,�<�WW�Ͳ
�/^dZ/�hd����>��dZKE^
�͘��ĂŶĞŚŬĂƌ1͕�/͘�<ŽƵƌĂŬŝƐ2͕�D͘��͘�,ĞůůďĞƌŐ3

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ�ĂŶĚ��ƐƚƌŽŶŽŵǇ͕ �DĂĐƋƵĂƌŝĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ǇĚŶĞǇ͕ �E^t�ϮϭϬϵ͕��ƵƐƚƌĂůŝĂ2Department 
ŽĨ�WŚǇƐŝĐƐ�ĂŶĚ��ƐƚƌŽŶŽŵǇ͕ �YƵĞĞŶ Ɛ͛�hŶŝǀĞƌƐŝƚǇ��ĞůĨĂƐƚ͕��ĞůĨĂƐƚ͕��dϳ�ϭEE͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ3Department of 
WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�<ǁĂ�ƵůƵͲEĂƚĂů͕��ƵƌďĂŶ�ϰϬϬϬ͕�^ŽƵƚŚ��ĨƌŝĐĂ
ϮWͲϭϲ���&&��d^�K&��/&&�Z�Ed��>��dZKE�WZ�^^hZ��KE�W>�^D���yW�E^/KE
�͘�Z͘�>ĞĞ1͕�^͘��͘��ůĂƌŬ2͕��͘�,͘�,͘�,ŽīŵĂŶŶ1͕��͘�EŝĞŵĂŶŶ2

1/ŶƐƟƚƵƚ�ĨƵĞƌ�<ĞƌŶƉŚǇƐŝŬ͕�dĞĐŚŶŝƐĐŚĞ�hŶŝǀĞƌƐŝƚĂĞƚ��ĂƌŵƐƚĂĚƚ͕��ĂƌŵƐƚĂĚƚ͕�'ĞƌŵĂŶǇ2WŚǇƐŝĐƐ�ĂŶĚ�
�ƐƚƌŽŶŽŵǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ͕�>ŽƐ��ŶŐĞůĞƐ͕�>ŽƐ��ŶŐĞůĞƐ͕�h^�
ϮWͲϭϳ��/KE���Kh^d/��^K>/dKE^�/E�D�'E�d/������E^��W>�^D�^�t/d,�EKEͲZ�>�d/s/^/d/���E��
h>dZ�ͲZ�>�d/s/^/d/����'�E�Z�d���>��dZKE^
^͘�DĂŚŵŽŽĚ͕�^͘�^ĂĚŝƋ͕�Y͘�ƵůͲ,ĂƋƵĞ
dŚĞŽƌĞƟĐĂů�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�W/E^d��,͕�/ƐůĂŵĂďĂĚ͕�WĂŬŝƐƚĂŶ
ϮWͲϭϴ���K,�Z�Ed�^dZh�dhZ��/E��KE&/E���D�'E�dK&>h/�^
:͘�s͘ �^ŚĞďĂůŝŶ
�ƐƚƌŽŵĂƚĞƌŝĂůƐ�ZĞƐĞĂƌĐŚ�KĸĐĞ͕�E�^��:ŽŚŶƐŽŶ�^ƉĂĐĞ��ĞŶƚĞƌ͕ �,ŽƵƐƚŽŶ͕�dĞǆĂƐ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϮWͲϭϵ��^W�d/�>>zͲZ�^K>s���^W��dZ�>��E�>z^/^�K&��ZͲE,ϯ�W>�^D��:�d
�͘��ŚĂŶŐ͕�'͘��ŚĂŶŐ͕��͘�zĂŽ
^ĐŚŽŽů�ŽĨ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �yŝ Ă͛Ŷ͕�^ŚĂĂŶǆŝ͕��ŚŝŶĂ

^ĞƐƐŝŽŶ�ϮW͗�ϭ͘Ϯ��ŽŵƉƵƚĂƟŽŶĂů�WŚǇƐŝĐƐ�ĂŶĚ�dĞĐŚŶŝƋƵĞƐ�WŽƐƚĞƌƐ
Poster Session

dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��<ĞŝƚŚ��ĂƌƚǁƌŝŐŚƚ͕�^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ
2P-20  VERIFICATION OF EMISSION MODELS FOR FINITE ELEMENT AND FINITE DIFFERENCE TIME 

DOMAIN PARTICLE-IN-CELL CODES

<͘�>͘��ĂƌƚǁƌŝŐŚƚ͕�D͘�d͘ ��ĞƩĞŶĐŽƵƌƚ͕�D͘�D͘�,ŽƉŬŝŶƐ͕�>͘��͘�DƵƐƐŽŶ͕�'͘��͘�ZĂĚƚŬĞ
^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϮϭ�����hZ�d����d�ZD/E�d/KE�K&�^hZ&�����>��dZ/��&/�>�^�&KZ��KE&KZD�>�&/E/d��
�/&&�Z�E���d/D���KD�/E�^/Dh>�d/KE^
M. C. Lin͕��͘��ŚŽƵ
dĞĐŚͲy��ŽƌƉŽƌĂƟŽŶ͕��ŽƵůĚĞƌ͕ ��K͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϮϮ���Z/&d�</E�d/��&>h/��W�Zd/�>��D�d,K�^�&KZ�D�'E�d/����s>�^Ks��D/^^/KE��Yh/>/�Z/�Ύ
Z͘��͘�dĞƌƌǇ
�ŶŝŐ��ƐƐŽĐŝĂƚĞƐ͕�/ŶĐ͕͘��ĞƚŚĞƐĚĂ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϮϯ����,/',�KZ��Z�hE�KE�/d/KE�>>z�^d��>��D�yt�>>�^K>s�Z�&KZ�W>�^D��^/Dh>�d/KE^�/E�
�KDW>�y�'�KD�dZ/�^
z͘ �'ƺĕůƺ͕�D͘�&͘ ��ĂƵƐůĞǇ͕ ��͘�:͘��ŚƌŝƐƚůŝĞď
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĂƚŚĞŵĂƟĐƐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϮϰ��WK^/d/s/dzͲWZ�^�Zs/E'�t�EK�^�,�D�^�t/d,��KE^dZ�/E���dZ�E^WKZd�&KZ�/���>�D,�
Y͘�dĂŶŐ1͕��͘��ŚƌŝƐƚůŝĞďϭ͕Ϯ͕�z͘ �>ŝƵ1͕��͘�yƵ3

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĂƚŚĞŵĂƟĐƐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2Department 
ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�hŶŝƚĞĚ�
States3�ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĂƚŚĞŵĂƟĐĂů�^ĐŝĞŶĐĞ͕�DŝĐŚŝŐĂŶ�dĞĐŚŶŽůŽŐŝĐĂů�hŶŝǀĞƌƐŝƚǇ͕ �,ŽƵŐŚƚŽŶ͕�D/͕�hŶŝƚĞĚ�
States
ϮWͲϮϱ����W�Zd/�>��/E���>>�D�d,K��t/d,��E�hE�KE�/d/KE�>>z�^d��>��&/�>��^K>s�Z
�͘�tŽůĨ͕ �D͘��ĂƵƐůĞǇ͕ ��͘��ŚƌŝƐƚůŝĞď
DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϮϲ���&&/�/�E�z�K&�DKEd����Z>K��K>>/^/KE�>��zE�D/�^�KE�'Wh^
�͘��ĂƌĚĞů1͕�:͘�sĞƌďŽŶĐŽĞƵƌ1͕�D͘�z͘ �,Ƶƌ2͕�,͘�:͘�>ĞĞ2

1�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ�2�ůĞĐƚƌŝĐĂů�
�ŶŐŝŶĞĞƌŝŶŐ͕�WƵƐĂŶ�EĂƟŽŶĂů�hŶŝǀĞƌƐŝƚǇ͕ ��ƵƐĂŶ͕�<ŽƌĞĂ
ϮWͲϮϳ����,/',�Z�KZ��Z��Ͳ^d��>��D�yt�>>�^K>s�Z�h^/E'�^h���^^/s���KEsK>hd/KE
D͘�&͘ ��ĂƵƐůĞǇ͕ ��͘�:͘��ŚƌŝƐƚůŝĞď͕�z͘ �'ƵĐůƵ
DĂƚŚĞŵĂƟĐƐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϮϴ���KDW��d͕ �,/',ͲWKt�Z�d�Z�,�Zd��^KhZ���h^/E'��z>/E�Z/��>�'Z�d/E'^
J. Gardelle1͕�W͘ �DŽĚŝŶ1͕�:͘�d͘ ��ŽŶŽŚƵĞ2͕�,͘��ůƵĞŵ3͕�:͘�:ĂƌǀŝƐ3͕��͘�D͘�D͘�dŽĚĚ3͕�Z͘�,͘�:ĂĐŬƐŽŶ3

1���ͬ��^d�͕�>Ğ��ĂƌƉ͕�&ƌĂŶĐĞ2�ĞŶƚƌĞ�Ě͛��ƚƵĚĞƐ�EƵĐůĞĂŝƌĞƐ�ĚĞ��ŽƌĚĞĂƵǆ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ŽƌĚĞĂƵǆ͕�
'ƌĂĚŝŐŶĂŶ͕�&ƌĂŶĐĞ3�ĚǀĂŶĐĞĚ��ŶĞƌŐǇ�^ǇƐƚĞŵƐ͕�WƌŝŶĐĞƚŽŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϮWͲϮϵ���KDW�Z/^KE�K&�^/Dh>�d/KE��E���yW�Z/D�Ed�&KZ��KE��EdZ�d/KE^�K&�Z��/��>^�/E���
PLASMA TREATED AIR STREAM

W͘ �^ƚŽůƚǌ1͕�D͘�'ŽůŬŽǁƐŬŝ2
1dĞĐŚy��ŽƌƉŽƌĂƟŽŶ͕��ŽƵůĚĞƌ͕ ��K͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ŽůŽƌĂĚŽ͕��ĞŶǀĞƌ͕ �
�ĞŶǀĞƌ͕ ��K͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϯϬ��d,���WW>/��d/KE�K&�</hddh^�&KZDh>�d/KE�dK�^dh�z��K�y/�>�&>hy��KDWZ�^^/KE�
GENERATORS

:͘��͘�:ĂǀĞĚĂŶŝ͕�d͘ �>͘�,ŽƵĐŬ͕��͘�Z͘�WŽŽůĞ
�ŶŐŝŶĞĞƌŝŶŐͬE^��͕�>ĂǁƌĞŶĐĞ�>ŝǀĞƌŵŽƌĞ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �>ŝǀĞƌŵŽƌĞ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϯϭ��E�hdZKE�z/�>����d��dKZ^��,�Z��d�Z/����t/d,�D�EW
�͘�^͘�DĐ<ĞĞ͕�d͘ ��ĂƌůŝŶŐ
WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǀĂĚĂ͕�ZĞŶŽ͕�ZĞŶŽ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϯϮ��Dh>d/W��dKZ��hZZ�Ed�DK��>>/E'�h^/E'��E��s�Z�'���s�Z^/KE�K&�&hZD�E͛^�^�z�DK��>
^͘�ZŝĐĞ͕�:͘�sĞƌďŽŶĐŽĞƵƌ
�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϯϯ���y�D/E�d/KE�K&�dtKͲ^dZ��D�/E^d��/>/dz�&KZ�,/',�WKt�Z��ZK����E��Z&��DW>/&/�Z^
P. Mardahl͕�D͘�,ĂǁŽƌƚŚ͕�D͘�>ĂŵďƌĞĐŚƚ
�ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �<ŝƌƚůĂŶĚ��&�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϯϰ��^/Dh>�d/KE�K&���&���d���D�'E�dZKE�h^/E'��/^�Z�d��DK�h>�d����hZZ�Ed�^KhZ��^
^͘��͘�&ĞƌŶĂŶĚĞǌͲ'ƵƟĞƌƌĞǌ1͕�:͘��ƌŽǁŶŝŶŐ1͕��͘�^ŵŝƚŚĞ2͕�D͘�Ͳ�͘�>ŝŶ2͕�:͘�tĂƚƌŽƵƐ3

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕��ŽŝƐĞ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ŽŝƐĞ͕�/�͕�hŶŝƚĞĚ�
States2dĞĐŚͲy��ŽƌƉŽƌĂƟŽŶ͕��ŽƵůĚĞƌ͕ ��K͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3dĞĐŚ&ůŽǁ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϯϱ����s�>KWD�Ed�K&�W/�Ͳ&�d���K���&KZ����DͲt�s��/Ed�Z��d/KE�^dh�z�/E�͚W�^KdZKE͛
E͘�WĂƌĞĞŬ1͕�E͘�^ĂƌŬĂƌ2͕�D͘��ŚŵĂĚ1͕�h͘�E͘�WĂů1͕�E͘�<ƵŵĂƌ1͕�Z͘�W͘ �>ĂǀĂŶŝǇĂ1

1D͘td͘͘ ͕��ĞĞƌŝ�ƉŝůĂŶŝ͕�ƉŝůĂŶŝ͕ZĂũĂƐƚŚĂŶ͕�/ŶĚŝĂ2WŚǇƐŝĐƐ��ĞƉĂƌƚŵĞŶƚ͕��ŝƚƐ�W/>�E/͕�ƉŝůĂŶŝ͕ZĂũĂƐƚŚĂŶ͕�/ŶĚŝĂ
ϮWͲϯϲ��DK��>/E'�&�/>hZ�^�K&�d,��^E^�,Ͳ�/KE�^KhZ����Ed�EE�
^͘��͘�sĞŝƚǌĞƌ͕ �<͘�Z͘��͘��ĞĐŬǁŝƚŚ͕�:͘�>ŽǀĞƌŝĐŚ
dĞĐŚͲy��ŽƌƉŽƌĂƟŽŶ͕��ŽƵůĚĞƌ͕ ��K͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϯϳ��'�E�Z�>ͲWhZWK^��</E�d/��'>K��>�DK��>/E'�&Z�D�tKZ<�&KZ�Dh>d/ͲW,�^���,�D/^dZz
'͘�WĂƌƐĞǇ͕ �z͘ �'ƺĕůƺ͕�:͘�sĞƌďŽŶĐŽĞƵƌ͕ ��͘��ŚƌŝƐƚůŝĞď
DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�ϮW͗�ϭ͘ϯ�^ƉĂĐĞ�WůĂƐŵĂƐ�WŽƐƚĞƌƐ
Poster Session

dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�:ŽŚŶ���&ŽƐƚĞƌ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ
ϮWͲϯϴ��dtKͲ�/D�E^/KE�>�^/Dh>�d/KE^�&KZ��D�t�s��WZKW�'�d/E'�/E�^W���
'͘�tĂŶŐ1͕�W͘ ��Ğ2͕�z͘ �ZĞŶ3

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ͕��ĂůŝĂŶ�DĂƌŝƟŵĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂůŝĂŶ͕�>ŝĂŽŶŝŶŐ͕��ŚŝŶĂ2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�
�ŶŐŝŶĞĞƌŝŶŐ͕�,ĂƌďŝŶ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂƌďŝŶ͕�,ĞŝůŽŶŐũŝĂŶŐ͕��ŚŝŶĂ3WƌŝŶĐĞƚŽŶ�WůĂƐŵĂ�WŚǇƐŝĐƐ�
>ĂďŽƌĂƚŽƌǇ͕ �WƌŝŶĐĞƚŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �WƌŝŶĐĞƚŽŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϮWͲϯϵ���&&��d^�K&�/E�h����^��dd�Z/E'�K&�>Kt�ZͲ,z�Z/��t�s�^��z�W>�^D��W�Zd/�>�^�KE�d,��
>/&�d/D��K&�W>�^D�Ͳ^,��d�dhZ�h>�E��
D͘�DŝƚŚĂŝǁĂůĂ1͕�>͘�ZƵĚĂŬŽǀ2͕�'͘�'ĂŶŐƵůŝ1͕��͘��ƌĂďƚƌĞĞ1

1WůĂƐŵĂ�WŚǇƐŝĐƐ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2/ĐĂƌƵƐ�ZĞƐĞĂƌĐŚ�/ŶĐ͕͘�
�ĞƚŚĞƐĚĂ͕�D�͕�ϮϬϴϮϰ
ϮWͲϰϬ��/Es�^d/'�d/KE�K&��&&��d^�K&�'�KD�'E�d/��^dKZD^�WZK�h�����z��/&&�Z�Ed�^K>�Z�
^KhZ��^�KE�d,��dKd�>��>��dZKE��KEd�Ed�;d��Ϳ
W͘ �<͘�WƵƌŽŚŝƚ1͕��͘��͘�DĂŶƐŽŽƌŝ2͕�W͘ ��͘�<ŚĂŶ3͕�W͘ ��ŚĂǁƌĞ2͕�^͘��͘�dƌŝƉĂƚŚŝ2͕��͘�D͘��ƐůĂŵ2͕�D͘��͘�tĂŚĞĞĚ2͕��͘�<͘�
'ǁĂů2
1WŚǇƐŝĐƐ͕�EĂƟŽŶĂů�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŝĐĂů�dĞĂĐŚĞƌƐΡ�dƌĂŝŶŝŶŐ�ĂŶĚ�ZĞƐĞĂƌĐŚ͕�^ŚĂŵůĂ�,ŝůůƐ͕��ŚŽƉĂů͕ϰϲϮϬϬϮ�
/ŶĚŝĂ͕��ŚŽƉĂů͕�/ŶĚŝĂ2WŚǇƐŝĐƐ͕��ĂƌŬĂƚƵůůĂŚ�hŶŝǀĞƌƐŝƚǇ͕ ��ŚŽƉĂů͕��ŚŽƉĂů͕�/ŶĚŝĂ3WŚǇƐŝĐƐ͕�ZĂũŝǀ�'ĂŶĚŚŝ�dĞĐŚŶŝĐĂů�
hŶŝǀĞƌƐŝƚǇ͕ ��ŚŽƉĂů͕�/ŶĚŝĂ
ϮWͲϰϭ���yd�E�����E�Z'z���WK^/d/KE�^��E�Z/K�/E��K>>/^/KE>�^^�^K>�Z�WK>�Z��KZKE�>�,K>�
D͘��ŽƐĞ1͕��͘��ŚĂŬƌĂǀĂƌƚǇ2͕�Z͘��ŽŶĚǇŽƉĂĚŚĂǇĂ2

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ͕�:ĂĚĂǀƉƵƌ�hŶŝǀĞƌƐŝƚǇ͕ �<ŽůŬĂƚĂ͕�<ŽůŬĂƚĂ͕�/ŶĚŝĂ2�ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĂƚŚĞŵĂƟĐƐ͕�
:ĂĚĂǀƉƵƌ�hŶŝǀĞƌƐŝƚǇ͕ �<ŽůŬĂƚĂ͕�<ŽůŬĂƚĂ͕�/ŶĚŝĂ
ϮWͲϰϮ��^W�d/�>>z�Z�^K>s���K�^�Zs�d/KE^�K&�/KE/����'�^�/E�W>�E�d�Zz�E��h>��
�͘��ĂŶĞŚŬĂƌ1͕�Y͘��͘�WĂƌŬĞƌϭ͕Ϯ
1�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ�ĂŶĚ��ƐƚƌŽŶŽŵǇ͕ �DĂĐƋƵĂƌŝĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ǇĚŶĞǇ͕ �E^t�ϮϭϬϵ͕��ƵƐƚƌĂůŝĂ2�ƵƐƚƌĂůŝĂŶ�
�ƐƚƌŽŶŽŵŝĐĂů�KďƐĞƌǀĂƚŽƌǇ͕ ��ƉƉŝŶŐ͕�E^t�ϭϳϭϬ͕��ƵƐƚƌĂůŝĂ

^ĞƐƐŝŽŶ�ϮW͗�ϭ͘ϰ�WĂƌƟĂůůǇ�/ŽŶŝǌĞĚ�WůĂƐŵĂƐ�WŽƐƚĞƌƐ
Poster Session

dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�:ŽŚŶ���&ŽƐƚĞƌ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ
ϮWͲϰϯ��KE�d,��/Ͳs��,�Z��d�Z/^d/�^�/E���Z���d/s��,/',�WKt�Z�/DWh>^��D�'E�dZKE�
^Whdd�Z/E'�;,/W/D^Ϳ
:͘�d͘ �'ƵĚŵƵŶĚƐƐŽŶ1͕�&͘ �DĂŐŶƵƐϭ͕Ϯ͕�d͘ �<͘�dƌǇŐŐǀĂƐŽŶ1͕�^͘�^ŚĂǇĞƐƚĞŚĂŵŝŶǌĂĚĞ1͕�K͘��͘�^ǀĞŝŶƐƐŽŶ1͕�^͘�KůĂĨƐƐŽŶ1

1^ĐŝĞŶĐĞ�/ŶƐƟƚƵƚĞ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�/ĐĞůĂŶĚ͕�ZĞǇŬũĂǀŝŬ͕�/ĐĞůĂŶĚ2�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ�ĂŶĚ��ƐƚƌŽŶŽŵǇ͕ �
Uppsala University, Uppsala, Sweden
ϮWͲϰϰ��</E�d/��^/Dh>�d/KE�K&�DK���dZ�E^/d/KE^��E��,z^d�Z�^/^��&&��d^�/E�>Kt�WZ�^^hZ��
��W��/d/s���/^�,�Z'�^
^͘�tŝůĐǌĞŬ1͕�:͘�dƌŝĞƐĐŚŵĂŶŶ1͕�Z͘�W͘ ��ƌŝŶŬŵĂŶŶ1͕�d͘ �DƵƐƐĞŶďƌŽĐŬ1͕��͘��ĞƌǌƐŝ2͕�/͘�<ŽƌŽůŽǀ2͕��͘��ŽŶŬŽ2͕��͘�
^ĐŚƵĞŶŐĞů3͕�:͘�^ĐŚƵůǌĞ3

1ZƵŚƌ�hŶŝǀĞƌƐŝƚǇ��ŽĐŚƵŵ͕��ŽĐŚƵŵ͕�'ĞƌŵĂŶǇ2tŝŐŶĞƌ�ZĞƐĞĂƌĐŚ��ĞŶƚĞƌ�ĨŽƌ�WŚǇƐŝĐƐ͕��ƵĚĂƉĞƐƚ͕�
,ƵŶŐĂƌǇ3tĞƐƚ�sŝƌŐŝŶŝĂ�hŶŝǀĞƌƐŝƚǇ͕ �DŽƌŐĂŶƚŽǁŶ͕�h^�
ϮWͲϰϱ��d,��/E&>h�E���K&�d,��^��KE��Zz��>��dZKE�/E�h�����^zDD�dZz�KE�d,���>��dZ/��>�
�^zDD�dZz��&&��d�/E���W��/d/s�>z��KhW>���W>�^D�^
:͘�^ĐŚƵůǌĞ1͕��͘�^ĐŚƵĞŶŐĞů1͕�/͘�<ŽƌŽůŽǀ2͕��͘��ĞƌǌƐŝ2͕��͘��ŽŶŬŽ2

1WŚǇƐŝĐƐ͕�tĞƐƚ�sŝƌŐŝŶŝĂ�hŶŝǀĞƌƐŝƚǇ͕ �DŽƌŐĂŶƚŽǁŶ͕�ts͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ2^ŽůŝĚ�^ƚĂƚĞ�WŚǇƐŝĐƐ�ĂŶĚ�KƉƟĐƐ͕�
,ƵŶŐĂƌŝĂŶ��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͕��ƵĚĂƉĞƐƚ͕�,ƵŶŐĂƌǇ
ϮWͲϰϲ��>KtͲ&Z�Yh�E�z�t�s��WZKWK'�d/KE�/E�W�Zd/�>>z�/KE/����W>�^D�^��E����^dZKE'�
��E^/dz�'Z��/�Ed�/E�d,��,Kd�,�>/�KE��yW�Z/D�Ed�;,�>/yͿ
^͘�,͘�^ĞĂƌƐ1͕�:͘��Ăƌƌ�:ƌ͘ 2͕�Z͘�t͘�sĂŶ�ĞƌǀŽƌƚ1͕�'͘�>ƵƐŬ1͕��͘��͘�^ĐŝŵĞ1

1WŚǇƐĐŝƐ͕�tĞƐƚ�sŝƌŐŝŶŝĂ�hŶŝǀĞƌƐŝƚǇ͕ �DŽƌŐĂŶƚŽǁŶ͕�ts͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ2WŚǇƐŝĐƐ͕�dĞǆĂƐ�>ƵƚŚĞƌĂŶ�hŶŝǀĞƌƐŝƚǇ͕ �
^ĞŐƵŝŶ͕�dy͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϮWͲϰϳ���>��dZKE��E�Z'z��/^dZ/�hd/KE�&hE�d/KE�K&���W��/d/s���KhW>����>��dZKE�'�d/s��
W>�^D�͗�d,��ZK>��K&�&>Kt�Z�d��K&��>��dZKE�'�d/s��'�^�/E��Z
z͘ �yŝŶ
^ĐŚŽŽů�ŽĨ�WŚǇƐŝĐĂů�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �^ŽŽĐŚŽǁ�hŶŝǀĞƌƐŝƚǇ͕ �^ƵǌŚŽƵ��ŝƚǇ͕ ��ŚŝŶĂ
ϮWͲϰϴ��D��^hZ�D�Ed�K&��&&��d/s��^,��d,�t/�d,��ZKhE���hdK&&�WZK���/E�>KtͲWZ�^^hZ��
PLASMAS

^͘�zŽƵ1͕��͘�<ŝŵ2͕�:͘�,͘�<ŝŵ1͕�t͘�z͘ �KŚ2

1sĂĐƵƵŵ��ĞŶƚĞƌ͕ �<ƌŝƐƐ͕��ĂĞũĞŽŶ͕�^ŽƵƚŚ�<ŽƌĞĂ�2DĞĐŚĂŶŝĐĂů��ŶŐ͕�<ĂŝƐƚ͕��ĂĞũĞŽŶ͕�^ŽƵƚŚ�<ŽƌĞĂ

^ĞƐƐŝŽŶ�ϮW͗�ϭ͘ϱ��ƵƐƚǇ�Θ�^ƚƌŽŶŐůǇͲ�ŽƵƉůĞĚ�WůĂƐŵĂƐ�WŽƐƚĞƌƐ
Poster Session

dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��<ĞŝƚŚ��ĂƌƚǁƌŝŐŚƚ͕�^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ
ϮWͲϰϵ����^dh�z�KE��h^d�/KE���Kh^d/��t�s�^͗�&ZKD�d,�KZz�dK�>��KZ�dKZz��yW�Z/D�Ed
E͘��͘��ĚŚŝŬĂƌǇ͕ �,͘��ĂŝůƵŶŐ
WŚǇƐŝĐĂů�^ĐŝĞŶĐĞƐ��ŝǀŝƐŝŽŶ͕�/ŶƐƟƚƵƚĞ�ŽĨ��ĚǀĂŶĐĞĚ�^ƚƵĚǇ�ŝŶ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �'ƵǁĂŚĂƟ͕�/ŶĚŝĂ
ϮWͲϱϬ��D�'E�d/��^,��Z��Z/s�E���y���/E^d��/>/dz
D͘��ŽƐĞ1͕�Z͘��ŚĂƩĂĐŚĂƌǇǇĂ1͕�^͘�<͘��ĂƐ2

1WŚǇƐŝĐƐ͕�:ĂĚĂǀƉƵƌ�hŶŝǀĞƌƐŝƚǇ͕ �͕�<ŽůŬĂƚĂͲϳϬϬϬϯϮ͕�/ŶĚŝĂ2DĂƚŚĞŵĂƟĐƐ͕�WƌŝŶĐĞ�'ĞŽƌŐĞƐ��ŽŵŵƵŶŝƚǇ��ŽůůĞŐĞ͕�
>ĂƌŐŽ͕�DĂƌǇůĂŶĚ�ϮϬϳϳϰ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϱϭ���&&��d^�K&��Kh�>��d�DW�Z�dhZ��/KE^�KE��z>/E�Z/��>��E��^W,�Z/��>��h^dͲ��Kh^d/��
^,K�<�t�s�^�/E��KDW>�y�W>�^D�^
<͘�Ͳ�͘�,ĂƐŝŶϭ͕Ϯ͕�/͘�dĂƐŶŝŵ2͕�D͘�D͘�DĂƐƵĚ1͕��͘��͘�DĂŵƵŶ2

1WŚǇƐŝĐƐ͕��ĂŶŐůĂĚĞƐŚ�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ�;�h�dͿ͕��ŚĂŬĂ͕��ĂŶŐůĂĚĞƐŚ�2WŚǇƐŝĐƐ͕�
:ĂŚĂŶŐŝƌŶĂŐĂƌ�hŶŝǀĞƌƐŝƚǇ͕ ��ŚĂŬĂ͕��ĂŶŐůĂĚĞƐŚ
ϮWͲϱϮ���yd�ZE�>>z��KEdZK>>����,�Z'���W�Zd/�>�^��E��D��^hZ�D�Ed�d,�/Z��K>>��d/s��
RESPONSE

Y. Nishio͕�K͘�^ĂŬĂŝ
�ůĞĐƚƌŽŶŝĐ�^ĐŝĞŶĐĞ�ĂŶĚ��ŶŐŝŶĞĞƌŝŶŐ͕�<ǇŽƚŽ�hŶŝǀĞƌƐŝƚǇ͕ �<ǇŽƚŽ͕�:ĂƉĂŶ
ϮWͲϱϯ���h^d�W�Zd/�>�^��,�Z'���yW�Z/D�Ed�>��s�>h�d/KE�/E�>�^�Z�/E�h����,/',�WZ�^^hZ��
COLLOID PLASMA FLOWS

�͘�z͘ �>ŽŬƟŽŶŽǀ͕ �z͘ �^͘�WƌŽƚĂƐŽǀ͕ �z͘ �z͘ �WƌŽƚĂƐŽǀ
�ĂƵŵĂŶ�DŽƐĐŽǁ�^ƚĂƚĞ�dĞĐŚŶŝĐĂů�hŶŝǀĞƌƐŝƚǇ͕ �DŽƐĐŽǁ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϮWͲϱϰ��^��dd�Z/E'��E���KhE�Ͳ^d�d��dZ�:��dKZ/�^�t/d,��&&��d/s��Yh�EdhD�WKd�Ed/�>^
'͘��ŚĂƌƵŵĂŶ1͕�:͘�sĞƌďŽŶĐŽĞƵƌ1͕��͘��ŚƌŝƐƚůŝĞď2͕�D͘�^͘�DƵƌŝůůŽ3

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�
United States 2�ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĂƚŚĞŵĂƟĐƐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�hŶŝƚĞĚ�
States 3�ŽŵƉƵƚĂƟŽŶĂů�WŚǇƐŝĐƐ�ĂŶĚ�DĞƚŚŽĚƐ�'ƌŽƵƉ͕�>ŽƐ��ůĂŵŽƐ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�
United States
ϮWͲϱϱ��d,���&&��d�K&�,��d�Z�>��^��KE�Z��/�>�^h^d�E�E���K&��h^d�W�Zd/�>�^�/E�'>Kt�
�/^�,�Z'�
�͘�E͘�WŽůǇĂŬŽǀ͕ �s͘ �s͘ �^ŚƵŵŽǀĂ͕�>͘�D͘�sĂƐŝůǇĂŬ
:ŽŝŶƚ�/ŶƐƟƚƵƚĞ�ĨŽƌ�,ŝŐŚ�dĞŵƉĞƌĂƚƵƌĞƐ�Z�^͕�DŽƐĐŽǁ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
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ϮWͲϱϲ��&KZD�d/KE�K&�^dZh�dhZ�^�&ZKD��h^dz��>h^d�Z^�/E��ZzK'�E/��W>�^D��K&�'>Kt�
�/^�,�Z'�
�͘�E͘�WŽůǇĂŬŽǀ͕ �s͘ �s͘ �^ŚƵŵŽǀĂ͕�>͘�D͘�sĂƐŝůǇĂŬ
:ŽŝŶƚ�/ŶƐƟƚƵƚĞ�ĨŽƌ�,ŝŐŚ�dĞŵƉĞƌĂƚƵƌĞƐ�Z�^͕�DŽƐĐŽǁ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϮWͲϱϳ���Z��d,/E'�DK���K&��h^d��>Kh��/E����K'�E�Z�d����h^dz�W>�^D�
D͘��ŽƐĞ1͕�^͘�^ĂƌŬĂƌ1͕�:͘�<͘��ƚƵů1͕�D͘�DŽŶĚĂů1͕�^͘�DƵŬŚĞƌũĞĞ2

1�ƐƐŽĐŝĂƚĞ�WƌŽĨĞƐƐŽƌ͕ ��ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ͕�:ĂĚĂǀƉƵƌ�hŶŝǀĞƌƐŝƚǇ͕ �<ŽůŬĂƚĂ͕�<ŽůŬĂƚĂ͕�/ŶĚŝĂ2&�/Wd͕ �/ŶƐƟƚƵƚĞ�
ĨŽƌ�WůĂƐŵĂ�ZĞƐĞĂƌĐŚ͕�'ĂŶĚŚŝŶĂŐĂƌ͕ �ϯϴϮϰϮϴ͕�'ĂŶĚŚŝŶĂŐĂƌ͕ �/ŶĚŝĂ

^ĞƐƐŝŽŶ�ϮW͗�ϯ͘ϭ�WůĂƐŵĂ͕�/ŽŶ͕�ĂŶĚ��ůĞĐƚƌŽŶ�^ŽƵƌĐĞƐ�WŽƐƚĞƌƐ
Poster Session

dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ǀŐĞŶŝǇĂ�,�>ŽĐŬ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
ϮWͲϱϴ���,�Z��d�Z/��d/KE�K&�EKEͲd,�ZD�>��dDK^W,�Z/��WZ�^^hZ��W>�^D��:�d�/E�,�>/hD͕�
�Z'KE��E��Kyz'�E�'�^�D/ydhZ�^Ύ
D͘�dŚŝǇĂŐĂƌĂũĂŶ͕��͘�EŝĐƵůĂ͕��͘�^ĂƌĂŶŝ
WůĂƐŵĂ��ŶŐŝŶĞĞƌŝŶŐ�ZĞƐĞĂƌĐŚ�>Ăď�;W�Z>Ϳ͕�dĞǆĂƐ��ΘD�hŶŝǀĞƌƐŝƚǇ�Ͳ��ŽƌƉƵƐ��ŚƌŝƐƟ͕��ŽƌƉƵƐ��ŚƌŝƐƟ͕�dĞǆĂƐ͕�
United States
ϮWͲϱϵ��W/��K�>��dZ/��^z^d�D�&KZ�d,��'�E�Z�d/KE�K&��E�Z'�d/��W�Zd/�>�^
�͘��͘�'Ăůů1͕�^͘��͘�<ŽǀĂůĞƐŬŝ1͕�W͘ �EŽƌŐĂƌĚ1͕�:͘��͘�sĂŶ'ŽƌĚŽŶ1͕�:͘�t͘�<ǁŽŶ1͕�'͘��͘��ĂůĞ2

1�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝƐƐŽƵƌŝ͕��ŽůƵŵďŝĂ͕�DK͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2,ŝŐŚ�WŽǁĞƌ�
�ůĞĐƚƌŽĚǇŶĂŵŝĐƐ�'ƌŽƵƉ͕�>ŽƐ��ůĂŵŽƐ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �>ŽƐ��ůĂŵŽƐ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϲϬ���DW>/dh��Ͳ��E��&Z�Yh�E�zͲDK�h>�d���W/��K�>��dZ/��dZ�E^&KZD�Z�&KZ��,�Z'���
PARTICLE BEAM ACCELERATION

�͘��͘�'Ăůů1͕�^͘��͘�<ŽǀĂůĞƐŬŝ1͕�W͘ �EŽƌŐĂƌĚ1͕�:͘��͘�sĂŶ'ŽƌĚŽŶ1͕�:͘�t͘�<ǁŽŶ1͕�'͘��͘��ĂůĞ2

1�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝƐƐŽƵƌŝ͕��ŽůƵŵďĂ͕�DK͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2,ŝŐŚ�WŽǁĞƌ�
�ůĞĐƚƌŽĚǇŶĂŵŝĐƐ�'ƌŽƵƉ͕�>ŽƐ��ůĂŵŽƐ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �>ŽƐ��ůĂŵŽƐ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϲϭ��>KtͲZ�^/^d�E���,/',Ͳ�hZZ�Ed��/^�,�Z'��/E/d/�d/KE�/E���s��hhD��/K��
�͘��ŚĞƌůŝƚĐǇŶ͕��͘�<ŽǀĂůĐŚƵŬ͕�E͘�WĞĚŝŶ
/ŶƐƟƚƵƚĞ�ŽĨ�,ŝŐŚ��ƵƌƌĞŶƚ��ůĞĐƚƌŽŶŝĐƐ͕�dŽŵƐŬ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϮWͲϲϮ��W>�^D�Ͳ&/>>����/K���WKt�Z�/E�Z��^���h��dK�d,��'ZKtd,�K&�d,���hZZ�Ed�Z/^��Z�d�
�͘��ŚĞƌůŝƚĐǇŶ͕��͘�<ŽǀĂůĐŚƵŬ͕�E͘�WĞĚŝŶ
/ŶƐƟƚƵƚĞ�ŽĨ�,ŝŐŚ��ƵƌƌĞŶƚ��ůĞĐƚƌŽŶŝĐƐ͕�dŽŵƐŬ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϮWͲϲϯ���s�>h�d/KE�K&�Z��/�d/KE��K^��W�Z�D�d�Z^�K&��>��dZKW,z^/��>�&��/>/dz�'�DD�Ͳϰ
<͘�s͘ �^ƚƌĂďǇŬŝŶ͕�E͘�s͘ ��ĂǀǇĂůŽǀ͕ �s͘ �^͘�'ŽƌĚĞĞǀ͕ ��͘�s͘ �'ƌŝƐŚŝŶ͕�^͘�z͘ �WƵĐŚĂŐŝŶ͕��͘�>͘�DŽǌŐŽǀŽǇ͕ �z͘ �^͘��ĞƌĚŶŝŬŽǀ͕ �
�͘�K͘�DĂŶƐƵƌŽǀ͕ �D͘��͘�DŽŝƐĞũĞǀƐŬŝŬŚ
Z&E�ͲsE//�&͕ �^ĂƌŽǀ͕ �EŝǌŚŶǇ�EŽǀŐŽƌŽĚ�ƌĞŐŝŽŶ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϮWͲϲϰ��s�WKZ�^,/�>��DK��>^�/E��>��dZKd,�ZD�>���W/>>�Zz��/^�,�Z'�^��E���KDW�Z/^KE�
t/d,��yW�Z/D�Ed^
E͘�D͘��ůŵŽƵƐĂ͕�D͘��͘��ŽƵƌŚĂŵ
EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�EŽƌƚŚ��ĂƌŽůŝŶĂ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �ZĂůĞŝŐŚ͕�E�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϲϱ���,�Z��d�Z/��d/KE�K&���^/hD�s�WKZ���>/s�Zz�^z^d�D�&KZ�E�'�d/s��/KE�^KhZ��^
'͘��ĂŶƐĂů͕�<͘�WĂŶĚǇĂ͕�:͘�^ŽŶŝ͕��͘�'ĂŚůĂƵƚ͕�D͘��ĂŶĚǇŽƉĂĚŚǇĂǇ͕ ��͘��ŚĂŬƌĂďŽƌƚǇ
/ŶƐƟƚƵƚĞ�ĨŽƌ�WůĂƐŵĂ�ZĞƐĞĂƌĐŚ͕�'ĂŶĚŚŝŶĂŐĂƌ͕ �'ƵũĂƌĂƚ͕�/ŶĚŝĂ



I C O P S / B E A M S  2 0 1 4      Washington, DC

66

ϮWͲϲϲ��^dh�z�KE�d,��W,z^/��>�D��,�E/^D�K&���W>�^D��d,Zh^d�Z�t/d,�t/���Z�E'��K&�d,Zh^d
,͘�>ŝƵ͕�,͘�tƵ͕�,͘�>ŝ͕�y͘�>ŝ͕�^͘�yŝĞ͕�d͘ �,ƵĂŶŐ͕��͘�zƵ
,ĂƌďŝŶ�ŝŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂƌďŝŶ͕��ŚŝŶĂ
ϮWͲϲϳ��d,���dDK^W,�Z/��W>�^D��K&�d,��'ZKhE���hZ/E'�d,���KW/E'�WZK��^^�dZ�E���E�>z^/^�
^dh�z�KE�d,���hZZ�Ed�W�^^
^͘�<ŝŵ͕�D͘�^͘�zƵŶ͕�d͘ �,͘�:Ž͕�:͘�/͘�WĂƌŬ͕�,͘�:͘�WĂƌŬ͕�'͘��ŚŽ͕��͘��ŚŽŝ͕�'͘�Ͳ�͘�<ǁŽŶ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŝŽůŽŐŝĐĂů�WŚǇƐŝĐƐ͕�^ĞŽƵů͕�^ŽƵƚŚ�<ŽƌĞĂ
ϮWͲϲϴ��/E�/Z��d�KE>/E��W>�^D���,�Z��d�Z/��d/KE�d,ZKh',��>��dZ/��>�W�Z�D�d�Z^�&KZ�
/E�h�d/s�>z��KhW>���W>�^D��^KhZ��^
�͘�^ƵĚŚŝƌ͕ �D͘��ĂŶĚǇŽƉĂĚŚǇĂǇ͕ ��͘��ŚĂŬƌĂďŽƌƚǇ
/d�ZͲ/ŶĚŝĂ͕�/ŶƐƟƚƵƚĞ�ĨŽƌ�WůĂƐŵĂ�ZĞƐĞĂƌĐŚ͕�'ĂŶĚŚŝŶĂŐĞƌ͕ �/ŶĚŝĂ
ϮWͲϲϵ����^/'E�K&��>��dZKW,z^/��>�&��/>/dz�'�DD�Ͳϰ
<͘�s͘ �^ƚƌĂďǇŬŝŶ͕�E͘�s͘ ��ĂǀǇĂůŽǀ͕ �s͘ �^͘�'ŽƌĚĞĞǀ͕ �s͘ �d͘ �WƵŶŝŶ͕��͘�s͘ �'ƌŝƐŚŝŶ͕�^͘�d͘ �EĂǌĂƌĞŶŬŽ͕�s͘ �^͘�WĂǀůŽǀ͕ �s͘ ��͘�
�ĞŵĂŶŽǀ͕ �d͘ �&͘ �^ŚŝŚĂŶŽǀĂ͕��͘�s͘ �<ŽǌĂĐŚĞŬ͕��͘��͘�<ĂůĂƐŚŶŝŬŽǀ͕ �^͘�>͘�'ůƵƐŚŬŽǀ͕ �^͘�z͘ �WƵĐŚĂŐŝŶ͕��͘�K͘�DĂŶƐƵƌŽǀ͕ �
Z͘��͘�DĂǇŽƌŽǀ͕ �s͘ �>͘�DĂǇŽƌŶŝŬŽǀĂ͕��͘�W͘ �DŝƌŽŶǇĐŚĞǀ
Z&E�ͲsE//�&͕ �^ĂƌŽǀ͕ �EŝǌŚŶǇ�EŽǀŐŽƌŽĚ�ƌĞŐŝŽŶ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϮWͲϳϬ��Z�WͲZ�d��KW�Z�d/KE�K&���ΕϮϬϬ�<s�^��>��Ͳdh���Z�&>�yͲdZ/K���s/Z��dKZ��d�ΕϮϬϬ��ͬ�DϮ
J. M. Parson͕�:͘�Ͳt͘��͘��ƌĂŐŐ͕�D͘�dĂǇůŽƌ͕ ��͘��ĂƌŶĞƩ͕�W͘ �<ĞůůǇ͕ ��͘�&͘ �>ǇŶŶ͕�^͘�,Žůƚ͕�:͘��͘��ŝĐŬĞŶƐ͕��͘��͘�EĞƵďĞƌ͕ �:͘�
:͘�DĂŶŬŽǁƐŬŝ
�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�dĞǆĂƐ�dĞĐŚ�hŶŝǀĞƌƐŝƚǇ͕ �>ƵďďŽĐŬ͕�dy͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϳϭ��D/�ZKt�s��W>�^D��^KhZ��^��z�h^/E'�Wh>^��DK���^^W�
,͘�^͘�>ĞĞ1͕�J. J. Choi1͕�'͘�^͘��ŚŽ2͕��͘�,͘��ŚŽŝ2
1�ĞƉĂƌƚŵĞŶƚ�ŽĨ�ǁŝƌĞůĞƐƐ��ŽŵŵƵŶŝĐĂƟŽŶƐ��ŶŐŝŶĞĞƌŝŶŐ͕�<ǁĂŶŐǁŽŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �^ĞŽƵů͕�^ŽƵƚŚ�
<ŽƌĞĂ2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŽƉŚǇƐŝĐƐ͕�<ǁĂŶŐǁŽŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �^ĞŽƵů͕�^ŽƵƚŚ�<ŽƌĞĂ
ϮWͲϳϮ��d,���/^�,�Z'��DK���dZ�E^/d/KE�K&�s��hhD��Z��/E�h�����z���dZ/''�Z�Z�^/^d�E��
C. Lan͕�>͘��ŚĞŶŐ͕�:͘�>ŽŶŐ͕�z͘ �WĞŶŐ͕�:͘�>ŝ͕��͘�zĂŶŐ͕�W͘ ��ŽŶŐ
/ŶƐƟƚƵƚĞ�ŽĨ�&ůƵŝĚ�WŚǇƐŝĐƐ͕��ŚŝŶĂ��ĐĂĚĞŵǇ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ�WŚǇƐŝĐƐ͕�DŝĂŶǇĂŶŐ͕�^ŝĐŚƵĂŶ͕��ŚŝŶĂ
ϮWͲϳϯ��ZK>��K&�WK^/d/s��/KE^�KE�d,��^hZ&����WZK�h�d/KE�K&�E�'�d/s��/KE^�/E���&h^/KE�
W>�^D��Z���dKZ�dzW��E�'�d/s��/KE�^KhZ���Ͳ�/E^/',d^�&ZKD���ϯ��W�Zd/�>�Ͳ/EͲ��>>�DKEd�Ͳ
CARLO COLLISIONS MODEL

'͘�&ƵďŝĂŶŝ͕�:͘�ͲW͘ ��ŽĞƵĨ
'Z�W,�͕��EZ^ͬ>�W>����hŶŝǀĞƌƐŝƚǇ�ŽĨ�dŽƵůŽƵƐĞ�ϯ͕�dŽƵůŽƵƐĞ͕�&ƌĂŶĐĞ
ϮWͲϳϰ���&&��d�K&������WZ�/KE/��d/KE�^KhZ���KE��E�Z'z���WK^/d/KE�/E���Wh>^���/E�h�d/s��
PLASMA

Z͘��͘�WĂŚů͕�:͘�>͘�ZŽǀĞǇ
�ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�DŝƐƐŽƵƌŝ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �ZŽůůĂ͕�DK͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϳϱ����D/�ZKt�s��D/�ZK'�W�W>�^D��^KhZ���&KZ�h^��/E���W>�^D��>/E��^z^d�D
d͘ �Z͘��ƌƵďĂŬĞƌ1͕�^͘�'͘��ŝůĞŶ1͕�^͘��͘�<ŶĞĐŚƚ2

1�ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�dŚĞ�WĞŶŶƐǇůǀĂŶŝĂ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ƚĂƚĞ��ŽůůĞŐĞ͕�W�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ�2�ƉƉůŝĞĚ�
ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �dŚĞ�WĞŶŶƐǇůǀĂŶŝĂ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ƚĂƚĞ��ŽůůĞŐĞ͕�W�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϳϲ��W�Zs��E���K&���,/',Ͳ/DW���E����/K���t/d,��>�����yW>K^/s���D/^^/KE���d,K��^
'͘��͘�ZĞŵŶĞǀ͕ �D͘�/͘�<ĂŝŬĂŶŽǀ
dŽŵƐŬ�WŽůǇƚĞĐŚŶŝĐ�hŶŝǀĞƌƐŝƚǇ͕ �dŽŵƐŬ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
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^ĞƐƐŝŽŶ�ϮW͗�ϯ͘Ϯ�/ŶƚĞŶƐĞ��ůĞĐƚƌŽŶ�ĂŶĚ�/ŽŶ��ĞĂŵƐ�WŽƐƚĞƌƐ
Poster Session

dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��DĂƌŬ�^ŝŶĐůĂŝƌ͕ ��ƚŽŵŝĐ�tĞĂƉŽŶƐ��ƐƚĂďůŝƐŚŵĞŶƚ
ϮWͲϳϳ��^�>&ͲD�'E�d/��W/E�,��/K����yW�Z/D�Ed^��d�Ϯ͘Ϭ�Ds
:͘�:͘�>ĞĐŬďĞĞ͕�D͘��͘�:ŽŚŶƐƚŽŶ͕�D͘�>͘�<ŝĞĨĞƌ͕ ��͘�s͘ �KůŝǀĞƌ͕ �d͘ �:͘�tĞďď
^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϳϴ��^W��dZ�>��,�Z��d�Z/^d/�^�K&�d,��^DW��/K���&KZ�Z��/K'Z�W,/���WW>/��d/KE^
d͘ �:͘�tĞďď1͕�:͘�:͘�>ĞĐŬďĞĞ1͕�D͘�>͘�<ŝĞĨĞƌ1͕�D͘��͘�:ŽŚŶƐƚŽŶ1͕��͘�Z͘�tĞůĐŚ2

1^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2sŽƐƐ�^ĐŝĞŶƟĮĐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�
States
ϮWͲϳϵ���&&��d�K&�ZK��D�d�Z/�>�KE�d,��/DW���E�����,�s/KZ�K&�^D�>>��^W��d�Z�d/K�ZK��
W/E�,�^
s͘ �:͘�,ĂƌƉĞƌͲ^ůĂďŽƐǌĞǁŝĐǌ͕�:͘�>ĞĐŬďĞĞ͕�W͘ �t͘�>ĂŬĞ͕��͘�>͘�DĐ�ŽƵƌƚ
^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϴϬ��Z���^/'E�K&�d,��D/E/���>�Z'���Z����/K��
�͘�t͘�'ŽƵĚĞ
,d�͕��ƚŽŵŝĐ�tĞĂƉŽŶƐ��ƐƚĂďůŝƐŚŵĞŶƚ͕�ZĞĂĚŝŶŐ͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ
ϮWͲϴϭ���yW�Z/D�Ed�>��E��^/Dh>�d/KE�^dh�z�K&��>��dZ/��&/�>��^�Z��E/E'^�K&���Z�KE�&/��Z�
FIELD EMITTERS

t͘�dĂŶŐ1͕��͘�^ŚŝŋĞƌ1͕�D͘�>Ă�ŽƵƌ2͕�<͘�'ŽůďǇ2͕�d͘ �<ŶŽǁůĞƐ3

1�ŝƌĞĐƚĞĚ��ŶĞƌŐǇ��ŝƌĞĐƚŽƌĂƚĞ͕��ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ ��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2^�/�͕�/ŶĐ͕͘�
�ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3�ŶĞƌŐǇ�^ĐŝĞŶĐĞ�>ĂďŽƌĂƚŽƌŝĞƐ͕�/ŶĐ͕͘�^ĂŶ��ŝĞŐŽ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϴϮ��^�>&Ͳ&K�h^���dZ�E^WKZd�K&���,/',�Ehͬ'�DD���>��dZKE����D�&KZ�D�d�Z/�>^�
^hZ&����DK�/&/��d/KE
D͘��͘�DǇĞƌƐ1͕��͘�s͘ �ZŽƐĞ2͕�&͘ �,ĞŐĞůĞƌ3͕�D͘�&͘ �tŽůĨŽƌĚ1͕�:͘��͘�^ĞƚŚĂŝŶ1

1WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2sŽƐƐ�^ĐŝĞŶƟĮĐ͕�
�ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3�ŽŵŵŽŶǁĞĂůƚŚ�dĞĐŚŶŽůŽŐǇ͕ �/ŶĐ͕͘��ůĞǆĂŶĚƌŝĂ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϮWͲϴϯ��/Es�^d/'�d/KE�K&�Z��/�>>z��KEs�Z'/E'��>��dZKE����D^�'�E�Z�d����z�'�^��/s
W. An1͕��͘�tĞŝƐĞŶďƵƌŐĞƌ1͕�Z͘�&ĞƚǌĞƌ1͕�s͘ ��ŶŐĞůŬŽ2͕��͘�^ŚůĂƉĂŬŽǀƐŬŝ3
1<ĂƌůƐƌƵŚĞ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ ��ŐŐĞŶƐƚĞŝŶͲ>ĞŽƉŽůĚƐŚĂĨĞŶ͕�'ĞƌŵĂŶǇ2�ĨƌĞŵŽǀ�/ŶƐƟƚƵƚĞ�ŽĨ�
�ůĞĐƚƌŽƉŚǇƐŝĐĂů��ƉƉĂƌĂƚƵƐ͕�^ƚ͘�WĞƚĞƌƐďƵƌŐ͕�ZƵƐƐŝĂ�3WŚǇƐŝĐƐ��ĞƉĂƌƚŵĞŶƚ͕�dĞĐŚŶŝŽŶ͕�,ĂŝĨĂ͕�/ƐƌĂĞů
ϮWͲϴϰ��d,�ZD�>��&&��d�K&�>KtͲ�E�Z'z�,/',Ͳ�hZZ�Ed�Wh>^����>��dZKE����D�KE�d/d�E/hD�
�>>Kz�^dZh�dhZ�
K͘�D͘�^ƚĞƉĂŶŽǀĂϭ͕Ϯ͕��͘�s͘ �WĂŶŝŶ3͕�D͘�^͘�<ĂǌĂĐŚĞŶŽŬ3͕�K͘�D͘�<ƌĞƚŽǀĂ3

1EĂƟŽŶĂů�ZĞƐĞĂƌĐŚ�dŽŵƐŬ�WŽůǇƚĞĐŚŶŝĐ�hŶŝǀĞƌƐŝƚǇ͕ �dŽŵƐŬ͕�ZƵƐƐŝĂ2^ĂŝŶƚͲWĞƚĞƌƐďƵƌŐ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ĂŝŶƚͲ
WĞƚĞƌƐďƵƌŐ͕�ZƵƐƐŝĂ3/ŶƐƟƚƵƚĞ�ŽĨ�^ƚƌĞŶŐƚŚ�WŚǇƐŝĐƐ�ĂŶĚ�DĂƚĞƌŝĂůƐ�^ĐŝĞŶĐĞ�^��Z�^͕�dŽŵƐŬ͕�ZƵƐƐŝĂ
ϮWͲϴϱ���s�>h�d/KE�K&��>��dZKE����D�&KZ�&>z�Z�����>�Z�d/KE��z�/Ed�E^��Wh>^���WKt�Z�
^hWW>z
&͘ �dĂŵƵƌĂ͕�E͘�dĂŬĂŬƵƌĂ͕�d͘ �/ƚŽŚ͕�d͘ �<ƵĚŽ͕�Z͘�,ĂǇĂƐŚŝ͕�<͘�dĂŬĂŚĂƐŚŝ͕�d͘ �^ĂƐĂŬŝ͕�d͘ ��ƐŽ͕�d͘ �<ŝŬƵĐŚŝ͕�E͘�,ĂƌĂĚĂ͕�t͘�
:ŝĂŶŐ͕�<͘�<ĂƐŚŝŶĞ͕��͘�dŽŬƵĐŚŝ
�ůĞĐƚƌŝĐĂů͕��ůĞĐƚƌŽŶŝĐƐ�ĂŶĚ�/ŶĨŽƌŵĂƟŽŶ��ŶŐŝŶĞĞƌŝŶŐ͕�EĂŐĂŽŬĂ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �EĂŐĂŽŬĂ͕�EŝŝŐĂƚĂ͕�
Japan
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ϮWͲϴϲ��/DWZKs�D�Ed�/E�d,��W�Z&KZD�E���^d�d/^d/�^�K&����>hD>�/E�/E��Kh�>��Wh>^��DK��
z͘ �/͘�/ƐĂŬŽǀĂ͕��͘�/͘�WƵƐŚŬĂƌĞǀ͕ �/͘�W͘ �<ŚĂǇůŽǀ
,ŝŐŚ�dĞĐŚŶŽůŽŐǇ�WŚǇƐŝĐƐ�/ŶƐƟƚƵƚĞ͕�dŽŵƐŬ�WŽůǇƚĞĐŚŶŝĐ�hŶŝǀĞƌƐŝƚǇ͕ �dŽŵƐŬ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϮWͲϴϳ��^��d/KE���s��hhD�/E^h>�dKZ�K&�'�DD�Ͳϰ�&��/>/dz�DK�h>�
<͘�s͘ �^ƚƌĂďǇŬŝŶ͕�E͘�s͘ ��ĂǀǇĂůŽǀ͕ �s͘ �^͘�'ŽƌĚĞĞǀ͕ ��͘�s͘ �'ƌŝƐŚŝŶ͕�^͘�z͘ �WƵĐŚĂŐŝŶ͕�z͘ �^͘��ĞƌĚŶŝŬŽǀ͕ �^͘�d͘ �EĂǌĂƌĞŶŬŽ͕�
s͘ �^͘�WĂǀůŽǀ͕ �s͘ ��͘��ĞŵĂŶŽǀ
Z&E�ͲsE//�&͕ �^ĂƌŽǀ͕ �EŝǌŚŶǇ�EŽǀŐŽƌŽĚ�ƌĞŐŝŽŶ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϮWͲϴϴ��d,����>�d/KE��&&��d^�K&�E/�d�Z'�d�/ZZ��/�d����z�/Ed�E^�ͲWh>^���/KE����D
�͘�tƵ͕�:͘�z͘ ��Ƶ͕�:͘�tĂŶŐ͕��͘��͘��Ƶ͕�Y͘��͘�:ŝ͕�t͘�tĂŶŐ
�ŽůůĞŐĞ�ŽĨ�WŚǇƐŝĐĂů�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ ��ĂůŝĂŶ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂůŝĂŶ͕��ŚŝŶĂ
ϮWͲϴϵ��KWd/D/��d/KE�K&�dtKͲ�/D�E^/KE�>�'Z/���>��dZK���'�KD�dZz�&KZ���>>/^d/�ͲDK���
PLASMA IMMERSION ION IMPLANTATION

C. Yi1͕�t͘�EĂŵŬƵŶŐ2͕�D͘��ŚŽ3

1�ĞƉƚ͘�ƉŚǇƐŝĐƐ͕�WŽŚĂŶŐ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �WŽŚĂŶŐ͕�'ǇƵŶŐďƵŬ͕�^ŽƵƚŚ�<ŽƌĞĂ�2WŽŚĂŶŐ�
�ĐĐĞůĞƌĂƚŽƌ�>ĂďŽƌĂƚŽƌǇ͕ �WŽŚĂŶŐ͕�'ǇƵŶŐďƵŬ͕�^ŽƵƚŚ�<ŽƌĞĂ3�ĞƉƚ͘�ŽĨ�ƉŚǇƐŝĐƐ�ĂŶĚ��ŝǀŝƐŝŽŶ�ŽĨ��ĚǀĂŶĐĞĚ�
EƵĐůĞĂƌ͕ �WŽŚĂŶŐ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �WŽŚĂŶŐ͕�'ǇƵŶŐďƵŬ͕�^ŽƵƚŚ�<ŽƌĞĂ
ϮWͲϵϬ���E�Z'z��/^^/W�d/KE�KE�>KE'/dh�/E�>ͲdZ�E^s�Z^���/Z��d/KE^�/E��>��dZKE����D�
�KDW��d�^/Dh>�dKZ�&KZ��E�Z'z��Z/s�Z�Z�^��Z�,�^�/E�,��sz�/KE�/E�Zd/�>�&h^/KE
d͘ �<ŝŬƵĐŚŝ1͕�z͘ �^ĂŬĂŝ2͕�<͘�,ŽƌŝŽŬĂ2͕�<͘�dĂŬĂŚĂƐŚŝ1͕�d͘ �^ĂƐĂŬŝ1͕�E͘�,ĂƌĂĚĂ1

1EĂŐĂŽŬĂ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �EĂŐĂŽŬĂ͕�EŝŝŐĂƚĂ͕�:ĂƉĂŶ2dŽŬǇŽ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �zŽŬŽŚĂŵĂ͕�
<ĂŶĂŐĂǁĂ͕�:ĂƉĂŶ
ϮWͲϵϭ���,�Z��d�Z/^d/�^�K&�/Ed�E^��Wh>^���,��sz�/KE����D��z��/WK>�Z�Wh>^������>�Z�dKZ
<͘�KŬĂũŝŵĂ͕�,͘�KŚĂƐŚŝ͕�,͘�/ƚŽ
hŶŝǀĞƌƐŝƚǇ�ŽĨ�dŽǇĂŵĂ͕�dŽǇĂŵĂ͕�:ĂƉĂŶ
ϮWͲϵϮ���yW�Z/D�Ed�>�/Es�^d/'�d/KE�K&�^dZh�dhZ�͕�^W��dZ�>��E���E�Z'z��,�Z��d�Z/^d/�^�K&�
/Ed�E^��Dh>d/W>�Ͳs�>K�/dz��>��dZKE����D^
z͘ ��͘�<ĂůŝŶŝŶ͕��͘�s͘ �^ƚĂƌŽĚƵďŽǀ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ�ŽĨ�ŶŽŶůŝŶĞĂƌ�ƐǇƐƚĞŵƐ͕�^ĂƌĂƚŽǀ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ĂƌĂƚŽǀ͕ �ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϮWͲϵϯ�t�<�&/�>���y�/d�d/KE�/E��/�>��dZ/��t�s'h/��^��z���^�Yh�E���K&�Z�>�d/s/^d/���>��dZKE�
�hE��,�^
/͘�E͘�KŶŝƐŚĐŚĞŶŬŽ͕�s͘ ��͘�<ŝƐĞůĞǀ͕ �'͘�s͘ �^ŽƚŶŝŬŽǀ
E^�ͬ</Wd͕ �<ŚĂƌŬŽǀ͕ �hŬƌĂŝŶĞ
ϮWͲϵϰ��'�E�Z�d/KE͕�dZ�E^&KZD�d/KE��E��dZ�E^WKZd�K&�^h�ͲD/�ZK^��KE��>Kt��E�Z'z�,/',�
POWER ION BEAMS

�͘�s͘ �WĞƚƌŽǀ1͕�W͘ �^͘��ŶĂŶ͛ŝŶ1͕��͘��͘�^ŝŶĞďƌƵŬŚŽǀ1͕�z͘ �W͘ �hƐŽǀ1͕�/͘�&͘ �/ƐĂŬŽǀ2͕�s͘ �D͘�DĂƚǀŝĞŶŬŽ2͕�D͘��ŶĚĞƌƐŽŶ2͕�W͘ �
&ĞŶŐ2͕�s͘ �D͘��ǇƐƚƌŝƐŬŝŝ3͕�:͘�zĂŵƉŽůƐŬǇ3͕�:͘�<͘�tĂůƚĞƌƐ3

1dŽŵƐŬ�WŽůǇƚĞĐŚŶŝĐ�hŶŝǀĞƌƐŝƚǇ͕ �dŽŵƐŬ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ2hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ͕�/ƌǀŝŶĞ͕���͕�
h^�3dƌŝ�ůƉŚĂ��ŶĞƌŐǇ�/ŶĐ͕͘�&ŽŽƚŚŝůů�ZĂŶĐŚ͕���͕�h^�



69

I C O P S / B E A M S  2 0 1 4      Washington, DC

^ĞƐƐŝŽŶ�ϰ�͗�,ŝŐŚ��ŶĞƌŐǇ��ĞŶƐŝƚǇ�DĂƩĞƌ
dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ� ϭϱ͗ϯϬͲϭϳ͗ϯϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�EŽƌƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ůůĂ�^ĂĨƌŽŶŽǀĂ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǀĂĚĂ͕�ZĞŶŽ
ϭϱ͗ϯϬ��ϰ�Ͳϭ��;ŝŶǀŝƚĞĚͿ�>��KZ�dKZz�DK��>/E'�K&�ZKd�d/KE�/E����Z�d/E'��^dZKW,z^/��>�K�:��d^�
h^/E'�Wh>^���WKt�Z�W>�^D������>�Z�dKZ^
�͘�^͘��ŚƵǀĂƟŶ1͕��͘�^͘�^ĂĨƌŽŶŽǀĂ2͕�s͘ �>͘�<ĂŶƚƐǇƌĞǀ2͕��͘��͘��ƐĂƵůŽǀ2͕�/͘�^ŚƌĞƐƚŚĂ2͕�s͘ �s͘ �^ŚůǇĂƉƚƐĞǀĂ2͕�D͘��͘�
Weller2͕��͘�^ƚĂīŽƌĚ2͕�s͘ ��͘�'ĂƐŝůŽǀ3͕��͘�^͘��ŽůĚĂƌĞǀ3͕�K͘�'͘�KůŬŚŽǀƐŬĂǇĂ3͕�'͘��͘��ĂŐĚĂƐĂƌŽǀ3͕�/͘�s͘ �'ĂƐŝůŽǀĂ3͕�
�͘�z͘ ��ŽƌŽĨĞĞǀĂ3͕�&͘ ��ƵĐĐŚŝŶŝ4͕�:͘�'ƌƵŶĞŶǁĂůĚ4͕�d͘ �DĂŝůůĂƌĚ4

1>ĂďŽƌĂƚŽŝƌĞ�ĚĞ�WŚǇƐŝƋƵĞ�ĚĞƐ�WůĂƐŵĂƐ͕��ĐŽůĞ�WŽůǇƚĞĐŚŶŝƋƵĞ͕�ϵϭϭϮϴ�WĂůĂŝƐĞĂƵ͕�&ƌĂŶĐĞ2University of 
EĞǀĂĚĂ�ZĞŶŽ͕�Es�ϴϵϱϱϳ͕�h^�3<ĞůĚǇƐŚ�/ŶƐƟƚƵƚĞ�ŽĨ��ƉƉůŝĞĚ�DĂƚŚĞŵĂƟĐƐ͕�ϭϮϱϬϰϳ�DŽƐĐŽǁ͕�ZƵƐƐŝĂ4���͕�
��D͕�ϰϲϱϬϬ�'ƌĂŵĂƚ͕�&ƌĂŶĐĞ
ϭϲ͗ϬϬ��ϰ�ͲϮ��/�'EK^d/�^�K&����KEs�Z'/E'�^dZKE'�^,K�<�t�s��'�E�Z�d����z�hE��Zt�d�Z�
�yW>K^/KE�K&�^W,�Z/��>�t/Z���ZZ�z
K͘��ŶƚŽŶŽǀ͕ �^͘��ĮŵŽǀ͕ �s͘ �d͘ �'ƵƌŽǀŝĐŚ͕�z͘ ��͘�<ƌĂƐŝŬ
WŚǇƐŝĐƐ͕�dĞĐŚŶŝŽŶͲ�/ƐƌĂĞů�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂŝĨĂ͕�/ƐƌĂĞů
ϭϲ͗ϭϱ��ϰ�Ͳϯ�d,���zE�D/�^�K&�^dZKE'>z�D�'E�d/����W>�^D��:�d^�KE��K�Z�
W͘ ��͘�'ŽƵƌĚĂŝŶ͕�>͘��ƚŽǇĂŶ͕�d͘ ��ǇǀĂŶŬ͕�W͘ ��Ğ'ƌŽƵĐŚǇ͕ �:͘��͘�'ƌĞĞŶůǇ͕ ��͘��͘�,ĂŵŵĞƌ͕ ��͘�Z͘�<ƵƐƐĞ͕�t͘�WŽƩĞƌ͕ �^͘��͘�
WŝŬƵǌ͕�W͘ ��͘�^ĐŚƌĂĨĞů͕��͘��͘�^ĞǇůĞƌ͕ �d͘ ��͘�^ŚĞůŬŽǀĞŶŬŽ
>ĂďŽƌĂƚŽƌǇ�ŽĨ�WůĂƐŵĂ�^ƚƵĚŝĞƐ͕��ŽƌŶĞůů�hŶŝǀĞƌƐŝƚǇ͕ �/ƚŚĂĐĂ͕�Ez͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
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'͘�DŝůŽƐŚĞǀƐŬǇ͕ ��͘�,ĂƐƐĂŶĞŝŶ
WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ͕ �tĞƐƚ�>ĂĨĂǇĞƩĞ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϰϱ��ϰ�Ͳϱ�yͲZ�z�^W��dZK^�KWz�K&�,/',Ͳ���>�D�Ed^�KE�E/<�
z͘ ��ŐůŝƚƐŬŝǇ1͕�:͘�tĞĂǀĞƌ2͕�D͘�<ĂƌĂƐŝŬ2͕�s͘ �^ĞƌůŝŶ2͕�^͘�KďĞŶƐĐŚĂŝŶ2͕�z͘ �ZĂůĐŚĞŶŬŽ3

1>ĞŝĚŽƐ�Λ�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �ZĞƐƚŽŶ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�
>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3EĂƟŽŶĂů�/ŶƐƟƚƵƚĞ�ŽĨ�^ƚĂŶĚĂƌĚƐ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �'ĂŝƚŚĞƌƐďĞƌŐ͕�
MD, United States
ϭϳ͗ϬϬ��ϰ�Ͳϲ��E�>z^/^��E���KDW�Z/^KE�K&�yͲZ�z�/D�'���E��yͲZ�z��hZ^d�&��dhZ�^�K&�,/',�
/Ed�E^/dz�>�^�Z����D�:�d^�/Ed�Z��d/KE��yW�Z/D�Ed^�KE�d,��>�KW�Z��>�^�Z��d�hEZ
<͘��͘�^ĐŚƵůƚǌ͕�s͘ �>͘�<ĂŶƚƐǇƌĞǀ͕ ��͘�^͘�^ĂĨƌŽŶŽǀĂ͕�:͘�:͘�DŽƐĐŚĞůůĂ͕�s͘ �s͘ �^ŚůǇĂƉƚƐĞǀĂ͕�D͘��͘�tĞůůĞƌ͕ ��͘��͘�WĞƚŬŽǀ͕ �/͘�
<͘�^ŚƌĞƐƚŚĂ͕��͘�^ƚĂīŽƌĚ͕�D͘��͘��ŽŽƉĞƌ
hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǀĂĚĂ͕�ZĞŶŽ͕�Es͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϳ͗ϭϱ��ϰ�Ͳϳ��KDWhd�d/KE�>�^dh�z�K&�>�^�ZͲ����>�Z�d���WZKdKE����D�dZ�E^WKZd�/E�^K>/��
��E^/dz�D�dd�Z^
:͘�<ŝŵ1͕��͘�YŝĂŽ1͕��͘�DĐ'ƵīĞǇ1͕�&͘ ��ĞŐ1͕�D͘�tĞŝ2͕�D͘�&ŽŽƌĚ3

1hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ͕�^ĂŶ��ŝĞŐŽ͕�>Ă�:ŽůůĂ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2'ĞŶĞƌĂů��ƚŽŵŝĐƐ͕�^ĂŶ��ŝĞŐŽ͕���͕�hŶŝƚĞĚ�
States 3>ĂǁƌĞŶĐĞ�>ŝǀĞƌŵŽƌĞ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �>ŝǀĞƌŵŽƌĞ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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^ĞƐƐŝŽŶ�ϰ�͗�&/Z͕�KƉƟĐĂů�ĂŶĚ�yͲƌĂǇ��ŝĂŐŶŽƐƟĐƐ
dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϭϱ͗ϯϬͲϭϳ͗ϯϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�^ŽƵƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�^ŝŵŽŶ��ŽƩͲ^ƵǌƵŬŝ͕�h͘��͘�^ĂŶ��ŝĞŐŽ
ϭϱ͗ϯϬ��ϰ�Ͳϭ��;ŝŶǀŝƚĞĚͿ�D��^hZ�D�Ed^�K&��>��dZKE���E^/dz��E���>��dZ/��&/�>��/E�W>�^D��
WZK�h����/E�E�EK^��KE���/^�,�Z'��/E�WZ�^^hZ/����'�^�^
^͘�zĂƚŽŵ1͕��͘�^ƚĂŵďƵůĐŚŝŬ2͕�^͘�dƐŬŚĂŝ3͕�z͘ ��͘�<ƌĂƐŝŬ1

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ͕�dĞĐŚŶŝŽŶͲ�/ƐƌĂĞů�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂŝĨĂ͕�/ƐƌĂĞů2&ĂĐƵůƚǇ�ŽĨ�WŚǇƐŝĐƐ͕�
tĞŝǌŵĂŶŶ�/ŶƐƟƚƵƚĞ�ŽĨ�^ĐŝĞŶĐĞ͕�ZĞŚŽǀŽƚ͕�/ƐƌĂĞů3>ĞďĞĚĞǀ�WŚǇƐŝĐƐ�/ŶƐƟƚƵƚĞ͕�ZƵƐƐŝĂŶ��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͕�
DŽƐĐŽǁ͕�ZƵƐƐŝĂ
ϭϲ͗ϬϬ��ϰ�ͲϮ���d/s��^W��dZK^�KW/��D�d,K�^�DKE/dKZ/E'�K&���d/s��^W��/�^�/E��dDK^W,�Z/��
Z��/K�&Z�Yh�E�z�W>�^D�
L. Li
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ͕�ZĞƐĞĂƌĐŚ�hŶŝƚ�WůĂƐŵĂ�dĞĐŚŶŽůŽŐǇ͕ �'ŚĞŶƚ�hŶŝǀĞƌƐŝƚǇ͕ �ŐĞŶƚ͕��ĞůŐŝƵŵ
ϭϲ͗ϭϱ��ϰ�Ͳϯ��,�Z��d�Z/��d/KE�K&��zE�D/���E��^dZh�dhZ���W>�^D��h^/E'�>�^�ZͲ�K>>/^/KE�
/E�h����&>hKZ�^��E��
�͘�s͘ ��ĂƌŶĂƚ1͕��͘�Z͘�tĞĂƚŚĞƌĨŽƌĚ1͕�s͘ �/͘�<ŽůŽďŽǀ2͕��͘��͘�,ƵďďůĞ3͕�:͘��͘�&ŽƐƚĞƌ3

1^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�EĞǁ�DĞǆŝĐŽ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�&��ZĞƐĞĂƌĐŚ��ŽƌƉŽƌĂƟŽŶ͕�
,ƵŶƚƐǀŝůůĞ͕��ůĂďĂŵĂ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �DŝĐŚŝŐĂŶ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϯϬ��ϰ�Ͳϰ��,�Z��d�Z/�/E'�d,��W,KdKE�^W��dZhD�'�E�Z�d���/E�d,����Z,d��y/^Ͳ/��/K��
:͘��͘��ŽůĞŵĂŶ͕��͘��͘�DŽŝƌ͕ ��͘��͘��ŬĚĂŚů͕�:͘��͘�:ŽŚŶƐŽŶ͕��͘�d͘ �DĐ�ƵŝƐƚĂŝŶ͕�D͘�d͘ ��ƌĂǁĨŽƌĚ
>ŽƐ��ůĂŵŽƐ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �>ŽƐ��ůĂŵŽƐ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϰϱ��ϰ�Ͳϱ�,�Z��yͲZ�z�^W��dZ�>��E�Z'z��/^dZ/�hd/KE^�&ZKD�Wh>^���WKt�Z�'�E�Z�dKZ^�
D��^hZ����z�dZ�E^D/^^/KE��Zz^d�>�^W��dZKD�d�Z^
:͘�&͘ �^ĞĞůǇ1͕�h͘�&ĞůĚŵĂŶ1͕��͘�tĞďĞƌ2͕�:͘�^ĐŚƵŵĞƌ2

1�ƌƚĞƉ�/ŶĐ͕͘��ůůŝĐŽƩ��ŝƚǇ͕ �D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ�2EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϳ͗ϬϬ��ϰ�Ͳϲ�d�>�KdͲ>�h�DK/Z��yͲZ�z��/�'EK^d/��&KZ�,/',��E�Z'z���E^/dz�W>�^D�^
D͘�W͘ �sĂůĚŝǀŝĂ͕��͘�^ƚƵƚŵĂŶ͕�D͘�&ŝŶŬĞŶƚŚĂů
WŚǇƐŝĐƐ�ĂŶĚ��ƐƚƌŽŶŽŵǇ͕ �dŚĞ�:ŽŚŶƐ�,ŽƉŬŝŶƐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂůƟŵŽƌĞ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϳ͗ϭϱ��ϰ�Ͳϳ�^dh�z�K&�ϭ�D��t/Z���ZZ�z���W/E�,�^�h^/E'�yͲZ�z�Z��/K'Z�W,z��E��hs�>�^�Z�
DIAGNOSTICS

A. A. Anderson͕�s͘ �s͘ �/ǀĂŶŽǀ͕ ��͘�>͘��ƐƚĂŶŽǀŝƚƐŬŝǇ͕ �W͘ �tŝĞǁŝŽƌ͕ �K͘��ŚĂůǇǇ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǀĂĚĂ�ZĞŶŽ͕�ZĞŶŽ͕�Es͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ

Session 4C: Dusty & Strongly-Coupled Plasmas

dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϭϱ͗ϯϬͲϭϳ͗ϯϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů��ĂƐƚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�DŝĐŚĂĞů�DƵƌŝůůŽ͕�>ŽƐ��ůĂŵŽƐ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ
ϭϱ͗ϯϬ��ϰ�Ͳϭ�DK�/>/dz�/E���^dZKE'>z��KhW>����h^dz�W>�^D�
J. Goree͕��͘�>ŝƵ
WŚǇƐŝĐƐ�ĂŶĚ��ƐƚƌŽŶŽŵǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ�/ŽǁĂ͕�/ŽǁĂ��ŝƚǇ͕ �/ŽǁĂ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϱ͗ϰϱ��ϰ�ͲϮ��&&��d/s��Yh�EdhD�WKd�Ed/�>^�&KZ�DK>��h>�Z��zE�D/�^�^/Dh>�d/KE�K&�EKEͲ
IDEAL PLASMAS

'͘��ŚĂƌƵŵĂŶ1͕�:͘�sĞƌďŽŶĐŽĞƵƌ1͕��͘��ŚƌŝƐƚůŝĞď2͕�D͘�^͘�DƵƌŝůůŽ3

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�
United States2�ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĂƚŚĞŵĂƟĐƐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�hŶŝƚĞĚ�
States3�ŽŵƉƵƚĂƟŽŶĂů�WŚǇƐŝĐƐ�ĂŶĚ�DĞƚŚŽĚƐ�'ƌŽƵƉ͕�>ŽƐ��ůĂŵŽƐ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �>ŽƐ��ůĂŵŽƐ͕�ED͕�
United States
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ϭϲ͗ϬϬ��ϰ�Ͳϯ�DK>��h>�Z��zE�D/�^�/Es�^d/'�d/KE^�K&�d,����>�dKZͬ&h�>�/Ed�Z&�����hZ/E'�
��Z>z�^d�'�^�K&�/E�Zd/�>��KE&/E�D�Ed�&h^/KE
>͘�'͘�^ƚĂŶƚŽŶ1͕�D͘�^͘�DƵƌŝůůŽ2͕�:͘�E͘�'ůŽƐůŝ1
1>ĂǁƌĞŶĐĞ�>ŝǀĞƌŵŽƌĞ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �>ŝǀĞƌŵŽƌĞ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2>ŽƐ��ůĂŵŽƐ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �
>ŽƐ��ůĂŵŽƐ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϭϱ��ϰ�Ͳϰ��yW�Z/D�Ed�>�D��^hZ�D�Ed�K&�s�>K�/dz��KZZ�>�d/KE^�&KZ�dtK�D/�ZKW�Zd/�>�^�
t/d,�/KE�t�<�^
�͘�<͘�DƵŬŚŽƉĂĚŚǇĂǇ͕ �:͘�'ŽƌĞĞ
WŚǇƐŝĐƐ�Θ��ƐƚƌŽŶŽŵǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ�/ŽǁĂ͕�/ŽǁĂ��ŝƚǇ͕ �/�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϯϬ��ϰ�Ͳϱ�D/�ZKW�Zd/�>��/E:��d/KE��&&��d^�KE�D/�ZKt�s��dZ�E^D/^^/KE�d,ZKh',��E�
Ks�Z>z���E^��W>�^D��>�z�Z
�͘��͘�'ŝůůŵĂŶ͕��͘��ŵĂƚƵĐĐŝ
h͘^͘�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϰϱ��ϰ�Ͳϲ�d/D����W�E��Ed�EKEW>�E�Z��/��^,K�<�t�s�^�/E�Dh>d/Ͳ�KDWKE�Ed��h^dz�
W>�^D�^�t/d,��/^d/E�d�d�DW�Z�dhZ��^hW�Zd,�ZD�>��>��dZKE^
D͘�D͘�DĂƐƵĚ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ͕��ĂŶŐůĂĚĞƐŚ�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ�Θ�dĞĐŚŶŽůŽŐǇ�;�h�dͿ͕��ŚĂŬĂ͕��ĂŶŐůĂĚĞƐŚ
ϭϳ͗ϬϬ��ϰ�Ͳϳ�D�d�,/E'���dt��E��/Z&>Kt��E���>��dZ/��&/�>���/^dZ/�hd/KE�/E��>��dZK^d�d/��
PRECIPITATORS

�͘�<ĞǆŝŶ͕��͘��ŚĂŽŚĂŝ͕�d͘ �:ŝŶŐĨĞŶŐ
^ĐŚŽŽů�ŽĨ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ��ƵƚŽŵĂƟŽŶ͕�,ĂƌďŝŶ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĞŝůŽŶŐũŝĂŶŐ͕��ŚŝŶĂ

^ĞƐƐŝŽŶ�ϰ�͗�>ĂƐĞƌ�WƌŽĚƵĐĞĚ�WůĂƐŵĂƐ�ĂŶĚ�&ƵƐŝŽŶ��ŽŶĐĞƉƚƐ�;ĐŽŵďŝŶĞĚͿ
dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϭϱ͗ϯϬͲϭϳ͗ϯϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�tĞƐƚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ƵůĮŬĂƌ�EĂũŵƵĚŝŶ͕�/ŵƉĞƌŝĂů��ŽůůĞŐĞ�>ŽŶĚŽŶ
ϭϱ͗ϯϬ��ϰ�Ͳϭ�DK��>/E'�K&�EKEͲ>d���dKD/��W,z^/�^�WZK��^^�^��hZ/E'�d,��/Ed�Z��d/KE�K&�d,/E�
&K/>^�t/d,�^,KZd�Wh>^��>�^�Z
'͘�D͘�WĞƚƌŽǀ͕ �:͘��ĂǀŝƐ
WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϱ͗ϰϱ��ϰ�ͲϮ�d/D�ͲZ�^K>s���^W��dZK^�KWz��E��DK��>/E'�K&�hE��Zt�d�Z�>�^�Z�/KE/��d/KE�
�E��&/>�D�Ed�d/KE�&KZ��>��dZ/��>��/^�,�Z'��'h/�/E'
T. G. Jones͕�D͘�,͘�,ĞůůĞ͕��͘�<ĂŐĂŶŽǀŝĐŚ͕�:͘�WĞŶĂŶŽ͕�d͘ �dŝŶŐ
WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀ͘ ͕�h͘^͘�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϬϬ��ϰ�Ͳϯ�W>�^D��</E�d/�^�/E�h>dZ�^,KZd�Wh>^��>�^�Z�&/>�D�Ed͗�d/D��Z�^K>s���^W��dZ�>�
D��^hZ�D�Ed
�͘�^ĐŚŵŝƩͲ^ŽĚǇ1͕��͘�>ƵĐĞƌŽ2͕�t͘�tŚŝƚĞ1͕��͘�^ŚŝŋĞƌ1

1�ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �<ŝƌƚůĂŶĚ��&�͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ŽĞŝŶŐ͕�<ŝƌƚůĂŶĚ��&�͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϭϱ��ϰ�Ͳϰ���d�dZKE�yͲZ�z�^W��dZ��Z��KZ�����z���dZ�E^D/^^/KE��Zz^d�>�^W��dZKD�d�Z�/E�
d,��ϭϬ�<�s�dK�ϳϬ�<�s�W,KdKE��E�Z'z�Z�E'�
:͘�&͘ �^ĞĞůǇ1͕�h͘�&ĞůĚŵĂŶ1͕�>͘�,ƵĚƐŽŶ2͕�:͘�'ůŽǀĞƌ2͕��͘�,ĞŶŝŶƐ2͕��͘�EĞĞůǇ3͕��͘�ZƵƐďǇ3͕��͘�EĂũŵƵĚŝŶ4͕�E͘�>ŽƉĞƐ4͕�:͘�
Woods4

1�ƌƚĞƉ�/ŶĐ͕͘��ůůŝĐŽƩ��ŝƚǇ͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ2EĂƟŽŶĂů�/ŶƐƟƚƵƚĞ�ŽĨ�^ƚĂŶĚĂƌĚƐ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �'ĂŝƚŚĞƌƐďƵƌŐ͕�
United States3ZƵƚŚĞƌĨŽƌĚ��ƉƉůĞƚŽŶ�>ĂďŽƌĂƚŽƌǇ͕ ��ŚŝůƚŽŶ͕�h<4/ŵƉĞƌŝĂů��ŽůůĞŐĞ�>ŽŶĚŽŶ͕�>ŽŶĚŽŶ͕�h<
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ϭϲ͗ϯϬ��ϰ�Ͳϱ��KDWZ�,�E^/s��ϯ��^/Dh>�d/KE�K&�>�^�Zͬd�Z'�d�/Ed�Z��d/KE^�&KZ�s�Z/Kh^�
APPLICATIONS

d͘ �^ŝǌǇƵŬ͕��͘�,ĂƐƐĂŶĞŝŶ
E�͕�WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ͕ �tĞƐƚ�>ĂĨĂǇĞƩĞ͕�/E͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϰϱ��ϰ�Ͳϲ�h^/E'�d,��^dZKE'�D�'E�d/��&/�>��dK�WZKDKd��d,��/'E/d/KE�WZK��^^�/E�D�'E�dKͲ
/E�Zd/�>�&h^/KE
y͘�Ͳ:͘�zĂŶŐ͕�^͘�Ͳ�͘�tĂŶŐ
ϭ��ĞƉĂƌƚŵĞŶƚ͕�/ŶƐƟƚƵƚĞ�ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ�Θ��ŽŵƉƵƚĂƟŽŶĂů�DĂƚŚĞŵĂƟĐƐ͕��ĞŝũŝŶŐ͕��ŚŝŶĂ
ϭϳ͗ϬϬ��ϰ�Ͳϳ�^/Dh>�d/KE�K&�^���>���K/>��E��,�>/��>�t/E�/E'�D�'E�d/��&/�>��W�ZdhZ��d/KE�/E�
d,��/ZͲdϭ�dK<�D�<
z͘ ��ĚůƚĂůĂď͕�W͘ �<ŚŽƌƐŚŝĚ͕��͘��ďŝǌŝ�DŽŐŚĂĚĚĂŵ
�ĞƉĂƌƚŵĞŶƩ�ŽĨ�WŚǇƐŝĐƐ͕�DĂƐŚŚĂĚ��ƌĂŶĐŚ͕�/ƐůĂŵŝĐ��ǌĂĚ�hŶŝǀĞƌƐŝƚǇ͕ �DĂƐŚŚĂĚ͕�/ƌĂŶ
ϭϳ͗ϭϱ��ϰ�Ͳϴ�s>�^KsͲ&K<<�ZͲW>�E�<�DK��>/E'�K&�W>�^D��E��Z�,K,>Z�hD�t�>>^�,��d���t/d,�
E�EK^��KE��>�^�Z�Wh>^�^���>�h>�d���h^/E'�d,��Z�z�dZ��/E'��Yh�d/KE^
�͘�^͘�:ŽŐůĞŬĂƌ͕ ��͘�'͘�Z͘�dŚŽŵĂƐ
�ĞƉƚ͘�ŽĨ�EƵĐůĞĂƌ��ŶŐ͘�Θ�ZĂĚ͘�^ĐŝĞŶĐĞƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�ϰ�͗�'ĞŶĞƌĂƚŽƌƐ�ĂŶĚ�EĞƚǁŽƌŬƐ͕��ŽŵƉĂĐƚ�ĂŶĚ�ZĞƉͲZĂƚĞĚ�WƵůƐĞĚ�WŽǁĞƌ
dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϭϱ͗ϯϬͲϭϳ͗ϯϬ� ,ŽŽǀĞƌ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�:ƵĞƌŐĞŶ�<Žůď͕�/EW�'ƌĞŝĨƐǁĂůĚ
ϭϱ͗ϯϬ��ϰ�Ͳϭ��;ŝŶǀŝƚĞĚͿ���s�>KWD�Ed�K&��E��/Z�/E^h>�d���>d��Wh>^�Z�&KZ�Z��/K'Z�W,z�
APPLICATION

&͘ ��ĂǇŽů1͕��͘�'ĂƐƚŽŶ1͕�W͘ �DŽƵůǇ1͕�s͘ ��ĂĐŚĂƌĞǁŝĐǌ1͕�<͘�sĂŶ�ĚĞ�tŝĞů1͕�D͘�^ŝŶĐůĂŝƌ2͕�^͘��ƌŝƐĐĂůů2͕�^͘�,ŝůů2͕��͘�:ŽŶĞƐ2͕�
>͘�ZŝĐŬĂƌĚ2͕�D͘�tĞĞŬƐ2

1/d,WW͕ �dŚĞŐƌĂ͕�&ƌĂŶĐĞ2�t�͕�ZĞĂĚŝŶŐ͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ
ϭϲ͗ϬϬ��ϰ�ͲϮ�/E�h�d/s��^dKZ�'��D��,/E�^͗�d,�KZ�d/��>�WZ��/�d/KE^��E���yW�Z/D�Ed�>�
Z��>/dz
�͘�D͘�EŽǀĂĐ1͕��͘�EĞƵďĞƌ2͕�:͘�,͘�'ŽĨŽƌƚŚ3

1^ĐŚŽŽů�ŽĨ��ůĞĐƚƌŽŶŝĐƐ͕��ůĞĐƚƌŝĐĂů�ĂŶĚ�^ǇƐƚĞŵƐ��ŶŐŝŶĞĞƌŝŶŐ͕�>ŽƵŐŚďŽƌŽƵŐŚ�hŶŝǀĞƌƐŝƚǇ͕ �>ŽƵŐŚďŽƌŽƵŐŚ͕�
hŶŝƚĞĚ�<ŝŶŐĚŽŵ2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�Θ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�dĞǆĂƐ�dĞĐŚ�hŶŝǀĞƌƐŝƚǇ͕ �>ƵďďŽĐŬ͕�dy͕�
h^�3>ŽƐ��ůĂŵŽƐ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ �>ŽƐ��ůĂŵŽƐ͕�ED͕�h^�
ϭϲ͗ϭϱ��ϰ�Ͳϯ��,�Z��d�Z/��d/KE��E���E�>z^/^�K&���Wh>^��&KZD/E'�E�dtKZ<���^���ϭϭ�^d�'��
D�Zy�^z^d�D�&KZ���,/',�WKt�Z�D/�ZKt�s�͕�W>�^D���E�����D�W,z^/�^�d�^d�^d�E�
�͘�<ƵƐŬŽǀ͕ �^͘�,ŽƌŶĞ͕��͘�^ĐŚĂŵŝůŽŐůƵ͕�:͘�>ĞŚƌ͕ �^͘�WŽƌƟůůŽ
hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǁ�DĞǆŝĐŽ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϯϬ��ϰ�Ͳϰ�^K>/�Ͳ^d�d��>d���E��/d^��WW>/��d/KE�dK�'�^��/^�,�Z'�
t͘�:ŝĂŶŐ͕�d͘ �^ƵŐĂŝ͕�,͘�^ƵŐŝǇĂŵĂ͕��͘�dŽŬƵĐŚŝ
�ǆƚƌĞŵĞ��ŶĞƌŐǇͲ�ĞŶƐŝƚǇ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕�EĂŐĂŽŬĂ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �EĂŐĂŽŬĂ͕�:ĂƉĂŶ
ϭϲ͗ϰϱ��ϰ�Ͳϱ���^/'E�&��dhZ�^��E��KW�Z�d/KE��yW�Z/�E���K&���,/',�Z�W�d/d/KE�Z�d��Wh>^���
ELECTRON ACCELERATOR

/͘��ŐŽƌŽǀ͕ ��͘�WŽůŽƐŬŽǀ͕ �s͘ ��ƐŝƉŽǀ
/ŶƐƟƚƵƚĞ�ŽĨ�ŚŝŐŚ�ƚĞĐŚŶŽůŽŐǇ�ƉŚǇƐŝĐƐ͕�dŽŵƐŬ�ƉŽůǇƚĞĐŚŶŝĐ�ƵŶŝǀĞƌƐŝƚǇ͕ �dŽŵƐŬ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
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ϭϳ͗ϬϬ��ϰ�Ͳϲ��KDW��d�,/',ͲsK>d�'�͕�>KtͲ/DW���E���E�EK^��KE��Wh>^��'�E�Z�dKZ^�&KZ�
BIOMEDICAL APPLICATIONS

z͘ �>ŝĂŶŐ1͕�<͘��ŽĐŚĞƌ2͕�&͘ �<ŽĐŚ2͕�:͘��ŚƵĂŶŐ2͕�:͘��ŚĂŶŐ1͕�:͘�&ĂŶŐ1͕�:͘�<Žůď2

1�ŝŽͲDĞĚͲy��ĞŶƚĞƌ͕ �WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ2>ĞŝďŶŝǌ�/ŶƐƟƚƵƚĞ�ĨŽƌ�WůĂƐŵĂ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �
'ƌĞŝĨƐǁĂůĚ͕�'ĞƌŵĂŶǇ
ϭϳ͗ϭϱ��ϰ�Ͳϳ�E�EK^��KE��Wh>^����>��dZ/��&/�>�^�/E�h���/EdZ���>>h>�Z�Ky/��d/KE
^͘�tƵ1͕��͘�^Ƶ2͕�:͘��ŚĂŶŐ2͕�:͘�&ĂŶŐ2

1�ŽůůĞŐĞ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ2�ĐĂĚĞŵǇ�ĨŽƌ��ĚǀĂŶĐĞĚ�/ŶƚĞƌĚŝƐĐŝƉůŝŶĂƌǇ�^ƚƵĚŝĞƐ͕�
WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ

Session 4F: Robert Barker Memorial Session

dƵĞƐĚĂǇ͕ �DĂǇ�Ϯϳ�� ϭϱ͗ϯϬͲϭϳ͗ϯϬ� �ŽŽůŝĚŐĞ
^ĞƐƐŝŽŶ��ŚĂŝƌƐ͗�:ŽŚŶ�t�>ƵŐŝŶƐůĂŶĚ͕��ŝƌ�&ŽƌĐĞ�KĸĐĞ�ŽĨ�^ĐŝĞŶƟĮĐ�ZĞƐĞĂƌĐŚ͕��ƌĞŶĚĂŶ��͘�'ŽĚĨƌĞǇ͕ �hŶŝǀĞƌƐŝƚǇ�
of Maryland
ϭϱ͗ϯϬ��ϰ&Ͳϭ��;ŝŶǀŝƚĞĚͿ�ZK��Zd���Z<�Z�D�DKZ/�>�^�^^/KE
:͘�>ƵŐŝŶƐůĂŶĚ͕��͘�'ŽĚĨƌĞǇ
�&K^ZͬZd�͕��ŝƌ�&ŽƌĐĞ�KĸĐĞ�ŽĨ�^ĐŝĞŶƟĮĐ�ZĞƐĞĂƌĐŚ͕��ƌůŝŶŐƚŽŶ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϬϬ��ϰ&ͲϮ��;ŝŶǀŝƚĞĚͿ�W>�^D��D��/�/E�͗�d,����s�Ed�K&�d,��W>�^D��</>>�Ͳ�W>�^D��,��>�
PARADIGM

D͘�>ĂƌŽƵƐƐŝ
�����ĞƉĂƌƚŵĞŶƚ͕�KůĚ��ŽŵŝŶŝŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �EŽƌĨŽůŬ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϮϬ��ϰ&Ͳϯ��;ŝŶǀŝƚĞĚͿ��dDK^W,�Z/�ͲWZ�^^hZ��W>�^D���E��W>�^D��Z�DW�Zd^
<͘��ĞĐŬĞƌ1͕��͘�<ƵŶŚĂƌĚƚ2

1�ƉƉůŝĞĚ�WŚǇƐŝĐƐ�ĂŶĚ�DĞĐŚĂŶŝĐĂů�ĂŶĚ��ĞƌŽƐŽƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�Ezh�WŽůǇƚĞĐŚŶŝĐ�^ĐŚŽŽů�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�
�ƌŽŽŬůǇŶ͕�Ez͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ�2�ƉƉůŝĞĚ�WŚǇƐŝĐƐ͕�Ezh�WŽůǇƚĞĐŚŶŝĐ�^ĐŚŽŽů�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕��ƌŽŽŬůǇŶ͕�Ez͕ �hŶŝƚĞĚ�
States
ϭϲ͗ϱϬ��ϰ&Ͳϰ��;ŝŶǀŝƚĞĚͿ�,/',�WKt�Z�D/�ZKt�s��^�/�E��
�͘�^ĐŚĂŵŝůŽŐůƵ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǁ�DĞǆŝĐŽ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�
States
ϭϳ͗ϮϬ��ϰ&Ͳϱ��;ŝŶǀŝƚĞĚͿ�^�>��d���Wh>^���WKt�Z��&&KZd^�/E�h^������D/��Ks�Z�d,��W�^d�dtK�
DECADES

�͘��͘�EĞƵďĞƌ͕ �:͘��͘��ŝĐŬĞŶƐ͕�:͘�:͘�DĂŶŬŽǁƐŬŝ͕�>͘�,ĂƞŝĞůĚ͕�,͘�<ƌŽŵƉŚŽůǌ͕�D͘�<ƌŝƐƟĂŶƐĞŶ
�ĞŶƚĞƌ�ĨŽƌ�WƵůƐĞĚ�WŽǁĞƌ�Θ�WŽǁĞƌ��ůĞĐƚƌŽŶŝĐƐ͕�dĞǆĂƐ�dĞĐŚ�hŶŝǀĞƌƐŝƚǇ͕ �>ƵďďŽĐŬ͕�dy͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϳ͗ϰϬ��ϰ&Ͳϲ��;ŝŶǀŝƚĞĚͿ���^,KZd�Z�dZK^W��d/s��KE�d,��/DW��d�K&��Z�ZK��Zd���Z<�Z�KE�W>�^D��
^�/�E���d,��D�'/��h^�Z^�'ZKhW��E��W>�^D��^/Dh>�d/KE
>͘��͘�>ƵĚĞŬŝŶŐ͕��͘�:͘�tŽŽĚƐ
�ůůŝĂŶƚ�dĞĐŚƐǇƐƚĞŵ͕�>>�͕�EĞǁŝŶŐƚŽŶ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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tĞĚŶĞƐĚĂǇ͕�DĂǇ�Ϯϴ�

Session PL5: Plenary 5: PSAC Award

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ� Ϭϴ͗ϬϬͲϬϵ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů��ĂƐƚͲ^ŽƵƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ƌǇĂŶ�s͘ �KůŝǀĞƌ͕ �^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ
ϴ͗ϬϬ��W>ϱͲϭ��;ŝŶǀŝƚĞĚͿ���E^/dz�&hE�d/KE�>�D�d,K�^�&KZ�,/',��E�Z'z���E^/dz�W>�^D�^��E��
WARM DENSE MATTER

D͘�W͘ ��ĞƐũĂƌůĂŝƐ
^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�ϱ�͗�WĂƌƟĂůůǇ�/ŽŶŝǌĞĚ�WůĂƐŵĂƐ
tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�EŽƌƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��EĂƚŚĂŶŝĞů�>ŽĐŬǁŽŽĚ
ϵ͗ϯϬ��ϱ�Ͳϭ���W�Zd/�>�Ͳ/EͲ��>>ͬDKEd����Z>K�^/Dh>�d/KE�K&�����W��/d/s�>z��KhW>����,>KZ/E��
�/^�,�Z'�
^͘�,ƵĂŶŐ1͕�:͘�d͘ �'ƵĚŵƵŶĚƐƐŽŶϭ͕Ϯ

1hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ�Ͳ�^ŚĂŶŐŚĂŝ�:ŝĂŽ�dŽŶŐ�hŶŝǀĞƌƐŝƚǇ�:ŽŝŶƚ�/ŶƐƟƚƵƚĞ͕�^ŚĂŶŐŚĂŝ�:ŝĂŽ�dŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �
^ŚĂŶŐŚĂŝ͕��ŚŝŶĂ2^ĐŝĞŶĐĞ�/ŶƐƟƚƵƚĞ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�/ĐĞůĂŶĚ͕�ZĞǇŬũĂǀŝŬ͕�/ĐĞůĂŶĚ
ϵ͗ϰϱ��ϱ�ͲϮ��>��dZKE�,��d/E'��E���KEdZK>�K&�/KE�WZKW�Zd/�^�/E���W��/d/s���/^�,�Z'�^�
�Z/s�E��z��h^dKD/����sK>d�'��t�s�&KZD^
:͘�^ĐŚƵůǌĞ1͕��͘�^ĐŚƵĞŶŐĞů1͕��͘��ĞƌǌƐŝ2͕�/͘�<ŽƌŽůŽǀ2͕��͘��ŽŶŬŽ2

1WŚǇƐŝĐƐ͕�tĞƐƚ�sŝƌŐŝŶŝĂ�hŶŝǀĞƌƐŝƚǇ͕ �DŽƌŐĂŶƚŽǁŶ͕�ts͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ2^ŽůŝĚ�^ƚĂƚĞ�WŚǇƐŝĐƐ�ĂŶĚ�KƉƟĐƐ͕�
,ƵŶŐĂƌŝĂŶ��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͕��ƵĚĂƉĞƐƚ͕�,ƵŶŐĂƌǇ
ϭϬ͗ϬϬ��ϱ�Ͳϯ��;ŝŶǀŝƚĞĚͿ�EŽŶůŽĐĂů�<ŝŶĞƟĐ�dŚĞŽƌǇ�KĨ�WůĂƐŵĂ��ŝƐĐŚĂƌŐĞƐ
/͘��͘�<ĂŐĂŶŽǀŝĐŚ1͕��͘�s͘ �<ŚƌĂďƌŽǀ1͕�z͘ �ZĂŝƚƐĞƐ1͕��͘�^ǇĚŽƌĞŶŬŽ2͕�s͘ �/͘��ĞŵŝĚŽǀ3͕�/͘�^ĐŚǁĞŝŐĞƌƚ4͕��͘�^͘�DƵƐƚĂ-
ĨĂĞǀ5

1WWW>͕�WƌŝŶĐĞƚŽŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2hŶŝǀĞƌƐŝƚǇ�ŽĨ��ůďĞƌƚĂ͕��ĚŵŽŶƚŽŶ͕��ůďĞƌƚĂ͕��ĂŶĂĚĂ3tĞƐƚ�sŝƌŐŝŶŝĂ�
hŶŝǀĞƌƐŝƚǇ͕ �DŽƌŐĂŶƚŽǁŶ͕�ts͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ4/ŶƐƟƚƵƚĞ�ŽĨ�dŚĞŽƌĞƟĐĂů�ĂŶĚ��ƉƉůŝĞĚ�DĞĐŚĂŶŝĐƐ͕�EŽǀŽƐŝďŝƌƐŬ͕�
ZƵƐƐŝĂ5EĂƟŽŶĂů�DŝŶĞƌĂů�ZĞƐŽƵƌĐĞƐ�hŶŝǀĞƌƐŝƚǇ͕ �^ĂŝŶƚͲWĞƚĞƌƐďƵƌŐ͕�ZƵƐƐŝĂ
ϭϬ͗ϯϬ��ϱ�Ͳϰ�'>K��>�DK��>/E'�K&�,/W/D^�^z^d�D^͗�dZ�E^/d/KE�&ZKD�,KDK'�E�Kh^�dK�^�>&�
KZ'�E/�����/^�,�Z'�^
^͘�'ĂůůŝĂŶ1͕�:͘�dƌŝĞƐĐŚŵĂŶŶ1͕�d͘ �DƵƐƐĞŶďƌŽĐŬ1͕�t͘�E͘�'͘�,ŝƚĐŚŽŶ2͕�Z͘�W͘ ��ƌŝŶŬŵĂŶŶ1

1dŚĞŽƌĞƟĐĂů��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�ZƵŚƌ�hŶŝǀĞƌƐŝƚǇ��ŽĐŚƵŵ͕��ŽĐŚƵŵ͕�'ĞƌŵĂŶǇ2�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ�
�ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�tŝƐĐŽŶƐŝŶͲDĂĚŝƐŽŶ͕�DĂĚŝƐŽŶ͕�h^�
ϭϬ͗ϰϱ��ϱ�Ͳϱ�Ϯ��W/�Ͳ�^D��^/Dh>�d/KE�K&�D/�ZK^��>���Z��<�KtE��&d�Z�s��hhD�^��>�&�/>hZ�
�͘�,͘�DŽŽƌĞ͕�D͘�D͘�,ŽƉŬŝŶƐ͕�:͘�:͘��ŽĞƌŶĞƌ͕ �^͘�'͘�DŽŽƌĞ͕�W͘ �^͘��ƌŽǌŝĞƌ͕ �>͘��͘�DƵƐƐŽŶ
^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϬϬ��ϱ�Ͳϲ�EK�>��'�^�D�d�Ͳ^d��>��^d�d���y�/d�d/KE�h^/E'���Z�KE�E�EKͲdh���&/��Z�
��d,K��^
E͘�W͘ �>ŽĐŬǁŽŽĚ1͕�'͘��͘�Wŝƚǌ1͕�^͘��͘�&ĂŝƌĐŚŝůĚ1͕�D͘��͘�>ĂŶŐĞ2

1�ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �<ŝƌƚůĂŶĚ��&�͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2dĞĐŚ&ůŽǁ�^ĐŝĞŶƟĮĐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�
United States
ϭϭ͗ϭϱ��ϱ�Ͳϳ��KEdZK>�K&�W>�^D��hE/&KZD/dz�t/d,��h�>�W,�^��s�Zz�,/',�&Z�Yh�E�z�
��W��/d/s�>z��KhW>���W>^�D�^
:͘�^͘�<ŝŵ͕�,͘�Ͳ:͘�>ĞĞ͕�,͘�:͘�>ĞĞ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�WƵƐĂŶ�EĂƟŽŶĂů�hŶŝǀĞƌƐŝƚǇ͕ ��ƵƐĂŶ͕�^ŽƵƚŚ�<ŽƌĞĂ
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ϭϭ͗ϯϬ��ϱ�Ͳϴ��KDW�Z/^KE�K&�/KE�s�>K�/dz�^W��dZ��K&�W>�^D���hE�,�^��:��d/E'�&ZKD�d,��
�,�EE�>^�K&�E�EK^��KE���Z��<�KtE��E��s��hhD�^hZ&����&>�^,Ks�Z�/E�<�>�^/E'>��
�Zz^d�>^
/͘�&͘ �WƵŶĂŶŽǀ1͕�Z͘�s͘ ��ŵůŝŶ1͕�W͘ ��͘�DŽƌŽǌŽǀ1͕�^͘�K͘��ŚŽůĂŬŚ2

1�ŝĞůĞĐƚƌŝĐƐ�WŚǇƐŝĐƐ�'ƌŽƵƉ͕�/ŶƐƟƚƵƚĞ�ŽĨ��ůĞĐƚƌŽƉŚǇƐŝĐƐ�ŽĨ�ƚŚĞ�hƌĂů��ŝǀŝƐŝŽŶ�ŽĨ�ƚŚĞ�ZƵƐƐŝĂŶ��ĐĂĚĞŵǇ�ŽĨ�
^ĐŝĞŶĐĞƐ͕�zĞŬĂƚĞƌŝŶďƵƌŐ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ͕2/ŶƐƟƚƵƚĞ�ŽĨ�WŚǇƐŝĐƐ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �hƌĂů�&ĞĚĞƌĂů�hŶŝǀĞƌƐŝƚǇ͕ �
zĞŬĂƚĞƌŝŶďƵƌŐ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϭϭ͗ϰϱ��ϱ�Ͳϵ��KEd/EhhD�Z��/�d/KE��^��E��>��dZKE���E^/dz��/�'EK^d/��/E�D/�ZKt�s�Ͳ
GENERATED MICROPLASMAS

�͘�Z͘�,ŽƐŬŝŶƐŽŶ
�ůĞĐƚƌŝĐĂů�Θ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�dƵŌƐ�hŶŝǀĞƌƐŝƚǇ͕ �DĞĚĨŽƌĚ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�ϱ�͗�ZĂĚŝĂƟŽŶ�WŚǇƐŝĐƐ͕�yͲƌĂǇ�ůĂƐĞƌƐ
tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�^ŽƵƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ƌĂƟ��ĂƐŐƵƉƚĂ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
ϵ͗ϯϬ��ϱ�Ͳϭ��;ŝŶǀŝƚĞĚͿ�d,���&&��d�K&����/E'�����Ed�Z�:�d�dK��Z'KE�'�^�Wh&&�/DW>K^/KE^��d�d,����
&��/>/dz
�͘�:͘�,ĂƌǀĞǇͲdŚŽŵƉƐŽŶ1͕��͘�:ŽŶĞƐ1͕��͘��͘�:ĞŶŶŝŶŐƐ1͕��͘�:͘��ŵƉůĞĨŽƌĚ1͕��͘��͘�>ĂŵƉƉĂ1͕�^͘��͘�,ĂŶƐĞŶ1͕��͘��͘�
�ŽǀĞƌĚĂůĞ1͕�D͘�Z͘�'ŽŵĞǌ1͕�'͘��͘�ZŽĐŚĂƵ1͕��͘�t͘�:ŽŚŶƐŽŶ1͕�D͘��͘�:ŽŶĞƐ1͕�E͘�t͘�DŽŽƌĞ1͕�d͘ �&ůĂŶĂŐĂŶ1͕�:͘�
ZĞŶĞŬĞƌ1͕�D͘�Z͘�:ŽďĞƌ1͕�>͘�>ƵĐĞƌŽ1͕�D͘��͘��ƵŶĞŽ1͕�:͘�t͘�dŚŽƌŶŚŝůů2͕�:͘�>͘�'ŝƵůŝĂŶŝ2͕��͘��ĂƐŐƵƉƚĂ2

1^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕�
��͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϬϬ��ϱ�ͲϮ�yͲZ�z�'�E�Z�d/KE�&ZKD�'�^ͲWh&&�:�d^�/ZZ��/�d����z�hEZ�>�KW�Z��>�^�Z
s͘ �>͘�<ĂŶƚƐǇƌĞǀ͕ ��͘�^͘�^ĂĨƌŽŶŽǀĂ͕�/͘�^ŚƌĞƐƚŚĂ͕�:͘�:͘�DŽƐĐŚĞůůĂ͕�s͘ �s͘ �^ŚůǇĂƉƚƐĞǀĂ͕�<͘��͘�^ĐŚƵůƚǌ͕�t͘��ůŝŶĞ͕�W͘ �
tŝĞǁŝŽƌ͕ �D͘��͘�tĞůůĞƌ͕ ��͘��͘�WĞƚŬŽǀ͕ ��͘�^ƚĂīŽƌĚ͕�D͘��͘��ŽŽƉĞƌ͕ �K͘��ŚĂůǇǇ͕ �s͘ �EĂůĂũĂůĂ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǀĂĚĂ͕�ZĞŶŽ͕�ZĞŶŽ͕�Es͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϭϱ��ϱ�Ͳϯ�^��>/E'��E���E,�E��D�Ed�K&�EKEͲd,�ZD�>�>/E���D/^^/KE�KE���dK�Śʆ�Ε�ϮϮ�<�sΎ
�͘�:͘��ŵƉůĞĨŽƌĚ1͕�^͘��͘�,ĂŶƐĞŶ1͕��͘��͘�:ĞŶŶŝŶŐƐ1͕��͘�:ŽŶĞƐ1͕�d͘ ��͘�tĞďď1͕�s͘ �,ĂƌƉĞƌͲ^ůĂďŽƐǌĞǁŝĐǌ1͕�D͘��͘�
�ƵŶĞŽ1͕�'͘��͘�ZŽĐŚĂƵ1͕��͘��͘��ŽǀĞƌĚĂůĞ1͕��͘�:͘�,ĂƌǀĞǇͲdŚŽŵƉŽŶ1͕��͘��͘�^ŝŶĂƌƐ1͕�:͘�<͘�DŽŽƌĞ1͕�d͘ �D͘�&ůĂŶĂ-
ŐĂŶ1͕�E͘�KƵĂƌƚ2͕��͘��ĂƐŐƵƉƚĂ2͕�:͘�'ŝƵůŝĂŶŝ2͕��͘�>͘�sĞůŝŬŽǀŝĐŚ2͕�:͘�W͘ ��ƉƌƵǌĞƐĞ2͕�:͘�W͘ ��ŚŝƩĞŶĚĞŶ3͕�E͘�EŝĂƐƐĞ3͕��͘�
�ƉƉĞůďĞ3

1^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕�
��͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3/ŵƉĞƌŝĂů��ŽůůĞŐĞ�>ŽŶĚŽŶ͕�>ŽŶĚŽŶ͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ
ϭϬ͗ϯϬ��ϱ�Ͳϰ��,�Z��d�Z/^d/�^�K&�d,���>��dZKE����D��Z/s�E�<Ͳ^,�>>��D/^^/KE�&ZKD��Z�^^�t/Z��
�ZZ�z�/DW>K^/KE^�KE�d,�����Z��'�E�Z�dKZ
E͘�KƵĂƌƚ1͕�:͘�'ŝƵůŝĂŶŝ1͕��͘��ĂƐŐƵƉƚĂ1͕�'͘�WĞƚƌŽǀ1͕��͘�^ĂĨƌŽŶŽǀĂ2͕�s͘ �<ĂŶƚƐǇƌĞǀ2͕��͘��ƐĂƵůŽǀ2͕�/͘�^ŚƌĞƐƚŚĂ2͕�D͘�
Weller2͕�s͘ �^ŚůǇĂƉƚƐĞǀĂ2͕�<͘�^ĐŚƵůƚǌ2͕��͘�^ƚĂīŽƌĚ2͕�D͘��ŽŽƉĞƌ2͕��͘��ŵƉůĞĨŽƌĚ3͕�^͘�,ĂŶƐĞŶ3͕�:͘��ƉƌƵǌĞƐĞ4͕�Z͘�
�ůĂƌŬ5

1EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǀĂĚĂ͕�ZĞŶŽ͕�ZĞŶŽ͕�Es͕ �hŶŝƚĞĚ�
States3^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ4�ŶŐŝůŝƚǇ��ŽƌƉ͕͘��ŚĂŶƟůůǇ͕ �s�͕�hŶŝƚĞĚ�
States5�ĞƌŬĞůĞǇ�ZĞƐĞĂƌĐŚ��ƐƐŽĐŝĂƚĞƐ͕��ĞůƚƐǀŝůůĞ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϰϱ��ϱ�Ͳϱ��>hD/EhD�<Ͳ�>W,���D/^^/KE�&ZKD��E�/Ed�E^��h,&�>�^�ZͲ'�E�Z�d���W>�^D�
d͘ ��͘�WĞƚƌŽǀĂ1͕�:͘��ĂǀŝƐ1͕�'͘�D͘�WĞƚƌŽǀ1͕�E͘�KƵĂƌƚ1͕�:͘�>͘�'ŝƵůŝĂŶŝ1͕��͘�>͘�sĞůŝŬŽǀŝĐŚ1͕�<͘�'͘�tŚŝƚŶĞǇ2͕��͘�DĂŬ-
ƐŝŵĐŚƵŬ3͕��͘�'͘�Z͘�dŚŽŵĂƐ3͕�<͘�<ƌƵƐŚĞůŶŝŬ3

1WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ĞƌŬĞůĞǇ�ZĞƐĞĂƌĐŚ�
^ĐŚŽůĂƌƐ͕��ĞůƚƐǀŝůůĞ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3�ĞŶƚĞƌ�ĨŽƌ�hůƚƌĂĨĂƐƚ�KƉƟĐĂů�^ĐŝĞŶĐĞ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ�
�ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ



I C O P S / B E A M S  2 0 1 4      Washington, DC

76

ϭϭ͗ϬϬ��ϱ�Ͳϲ�Z��/�d/s��WZ��hZ^KZ^��Z/s�E��z��KEs�Z'/E'��>�^d�t�s�^�/E�EK�>��'�^�^
'͘��͘��ƵƌĚŝĂŬ1͕�^͘�s͘ �>ĞďĞĚĞǀ1͕�^͘��ůĂŶĚ1͕�&͘ �^ƵǌƵŬŝͲsŝĚĂů1͕�'͘�&͘ �^ǁĂĚůŝŶŐ1͕�>͘�^ƵƩůĞ1͕�D͘��ĞŶŶĞƚ1͕�Z͘�:͘�Z͘�
Williams2͕�<͘��ůĞƐĞŶĞƌ3

1WůĂƐŵĂ�WŚǇƐŝĐƐ�'ƌŽƵƉ͕�/ŵƉĞƌŝĂů��ŽůůĞŐĞ�>ŽŶĚŽŶ͕�>ŽŶĚŽŶ͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ2�ƚŽŵŝĐ�tĞĂƉŽŶƐ�
�ƐƚĂďůŝƐŚŵĞŶƚ͕��ůĚĞƌŵĂƐƚŽŶ͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ3>ĂďŽƌĂƚŽƌǇ�ŽĨ�WůĂƐŵĂ�^ƚƵĚŝĞƐ͕��ŽƌŶĞůů�hŶŝǀĞƌƐŝƚǇ͕ �EĞǁ�zŽƌŬ͕�
h^�
ϭϭ͗ϭϱ��ϱ�Ͳϳ��E�>z^/^�K&�<Ͳ^,�>>�,���W>�^D�^�/E�yͲW/E�,��E��>�^�Z��yW�Z/D�Ed^��d�hEZ
�͘�^ƚĂīŽƌĚ1͕��͘�^͘�^ĂĨƌŽŶŽǀĂ1͕�s͘ �>͘�<ĂŶƚƐǇƌĞǀ1͕�D͘��͘�tĞůůĞƌ1͕�s͘ �s͘ �^ŚůǇĂƉƚƐĞǀĂ1͕�W͘ �tŝĞǁŝŽƌ1͕�/͘�^ŚƌĞƐƚŚĂ1͕�'͘�
�͘�KƐďŽƌŶĞ1͕�^͘�&͘ �<Ğŝŵ1͕��͘�^͘��ŚƵǀĂƟŶ2

1hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǀĂĚĂ͕�ZĞŶŽ͕�ZĞŶŽ͕�Es͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ2>ĂďŽƌĂƚŽŝƌĞ�ĚĞ�WŚǇƐŝƋƵĞ�ĚĞƐ�WůĂƐŵĂƐ͕��ĐŽůĞ�
WŽůǇƚĞĐŚŶŝƋƵĞ͕�WĂůĂŝƐĞĂƵ͕�&ƌĂŶĐĞ
ϭϭ͗ϯϬ��ϱ�Ͳϴ�'�E�Z�d/KE��E���KEdZK>�K&�^dZKE'�,�>&��z�>��d,��Z��/�/dKE�t/d,�h>dZ�^,KZd�
LASER

t͘�:͘��ŝŶŐ͕�t͘�^͘�<ŽŚ
�Ύ^d�Z͕�/ŶƐƟƚƵƚĞ�ŽĨ�,ŝŐŚ�WĞƌĨŽƌŵĂŶĐĞ��ŽŵƉƵƟŶŐ͕�^ŝŶŐĂƉŽƌĞ͕�^ŝŶŐĂƉŽƌĞ

^ĞƐƐŝŽŶ�ϱ�͗�,ŝŐŚ�WƌĞƐƐƵƌĞ�ĂŶĚ�dŚĞƌŵĂů�WůĂƐŵĂ�WƌŽĐĞƐƐŝŶŐ
tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů��ĂƐƚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��dŝŵ�'ƌŽƚũŽŚŶ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ
ϵ͗ϯϬ��ϱ�Ͳϭ�^/DW>��DK��>�&KZ��dDK^W,�Z/��D/�ZKW>�^D��^,��d,
<͘�'͘�yƵ1͕�L. T. Williams2

1DĞĐŚĂŶŝĐĂů�Θ��ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ůĂďĂŵĂ�ŝŶ�,ƵŶƚƐǀŝůůĞ͕�,ƵŶƚƐǀŝůůĞ͕��>͕�hŶŝƚĞĚ�
States,2^ĞůĨ͕ ��ůĞǆĂŶĚƌŝĂ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϵ͗ϰϱ��ϱ�ͲϮ��zE�D/�^�K&�Z�W�d/d/s��W>�^D���h>>�d^�/E�,Ğ�W>�^D��:�d^�/EdK��/Z
E͘�z͘ ��ĂďĂĞǀĂ1͕�^͘�EŽƌďĞƌŐ2͕�D͘�:͘�<ƵƐŚŶĞƌ1

1�ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ��ŽŵƉƵƚĞƌ�^ĐŝĞŶĐĞ��ĞƉĂƌƚŵĞŶƚ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�
States2DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ��ĞƉĂƌƚŵĞŶƚ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�^ĂƚĞƐ
ϭϬ͗ϬϬ��ϱ�Ͳϯ��yW�Z/D�Ed�>�D�d,K�^��E��>/E'�d,���&&/�/�Ed��KEdZK>�K&�,/',�WZ�^^hZ��
D/�ZKt�s���/^�,�Z'�^
:͘��ƐŵƵƐƐĞŶ1͕�^͘�EĂĚϭ͕Ϯ

1�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ�DŝĐŚŝŐĂŶ͕�hŶŝƚĞĚ�
States2WŚǇƐŝĐƐ�ĂŶĚ��ƐƚƌŽŶŽŵǇ͕ �DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ�DŝĐŚŝŐĂŶ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϭϱ��ϱ�Ͳϰ��KEdZK>�K&�^W��dZhD�&KZ�/DWZKs�D�Ed�K&��K>KZ�Z�E��Z/E'��&&��d����z�D�d�>�
s�WKZ�D/y���t/d,�t�>>Ͳ^d��>/�����Z'KE��Z�
d͘ �/ǁĂŽ͕��͘�DŝƚƐƵǇĂƐƵ͕�^͘�zĂŵĂŵŽƚŽ͕�D͘�zƵŵŽƚŽ
dŽŬǇŽ��ŝƚǇ�hŶŝǀĞƌƐŝƚǇ͕ �dŽŬǇŽ͕�:ĂƉĂŶ
ϭϬ͗ϯϬ��ϱ�Ͳϱ�Z��dd��,D�Ed�DK��>�K&�d,���EK���^WKd�K&���EKEͲdZ�E^&�ZZ�������Z�
s͘ �EĞŵĐŚŝŶƐŬǇ
<ĞŝƐĞƌ�hŶŝǀĞƌƐŝƚǇ͕ �&Žƌƚ�>ĂƵĚĞƌĚĂůĞ͕�&>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϰϱ��ϱ�Ͳϲ�W�E�dZ�d/KE���Wd,�/E�t�>�/E'�WKK>��&&��d����z��hZZ�Ed�/E�Z�D�Ed�Z�d/K�/E�
Wh>^����Z�
^͘�zĂŵĂŵŽƚŽ͕�d͘ �DŽŵŝŝ͕�d͘ �/ǁĂŽ͕�D͘�zƵŵŽƚŽ
dŽŬǇŽ��ŝƚǇ�hŶŝǀĞƌƐŝƚǇ͕ �dŽŬǇŽ͕�:ĂƉĂŶ
ϭϭ͗ϬϬ��ϱ�Ͳϳ�DK��^�K&�K^�/>>�d/KE�/E�����Z/s�E�,/',�WZ�^^hZ��D/�ZKW>�^D���/^�,�Z'�
Z͘�DĂŚĂŵƵĚ͕�d͘ �&ĂƌŽƵŬ
DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ŽƵƚŚ��ĂƌŽůŝŶĂ͕��ŽůƵŵďŝĂ͕�^�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�tĞƐƚ
^ĞƐƐŝŽŶ��ŚĂŝƌƐ͗�:ŽŚŶ���&ŽƐƚĞƌ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕�<ŽŶƐƚĂŶƟŶ�DĂƚǇĂƐŚ͕�'ƌĞŝĨƐǁĂůĚ�hŶŝǀĞƌƐŝƚǇ
ϵ͗ϯϬ��ϱ�Ͳϭ��;ŝŶǀŝƚĞĚͿ�Ks�Zs/�t�K&�s�Z/Kh^�D��,�E/^D^�>���/E'�dK�K^�/>>�d/KE^��E��
/E^d��/>/d/�^�/E�,�>>�W>�^D�^͗��WW>/��d/KE^�dK�,�>>�d,Zh^d�Z^
�͘�^ŵŽůǇĂŬŽǀ
hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ĂƐŬĂƚĐŚĞǁĂŶ͕�^ĂƐŬĂƚŽŽŶ͕�^ĂƐŬĂƚŽŽŶ͕��ĂŶĂĚĂ
ϭϬ͗ϬϬ��ϱ�ͲϮ��;ŝŶǀŝƚĞĚͿ�DK���dZ�E^/d/KE��,�Z��d�Z/^d/�^��E��K^�/>>�d/KE�&Z�Yh�E�/�^�/E�,�>>�
�&&��d�d,Zh^d�Z^
D͘�:͘�^ĞŬĞƌĂŬ͕��͘�t͘�>ŽŶŐŵŝĞƌ͕ ��͘��͘�'ĂůůŝŵŽƌĞ
�ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϯϬ��ϱ�Ͳϯ��/^�,�Z'��K^�/>>�d/KE�DK���dZ�E^/d/KE�K&���,�>>�d,Zh^d�Z
<͘�,ĂƌĂ͕�/͘��͘��ŽǇĚ͕�D͘�:͘�^ĞŬĞƌĂŬ͕��͘��͘�'ĂůůŝŵŽƌĞ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϰϱ��ϱ�Ͳϰ��Z/s/E'�>Kt�&Z�Yh�E�z���/Dhd,�>�K^�/>>�d/KE^�/E���,�>>�d,Zh^d�Z
^͘�<ĞůůĞƌ͕ �z͘ �ZĂŝƚƐĞƐ͕��͘��ŝĂůůŽ͕�z͘ �^Śŝ
WƌŝŶĐĞƚŽŶ�WůĂƐŵĂ�WŚǇƐŝĐƐ�>ĂďŽƌĂƚŽƌǇ͕ �WƌŝŶĐĞƚŽŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϬϬ��ϱ�Ͳϱ�ϯ��W/��ƐŝŵƵůĂƟŽŶ�ŽĨ�ƚŚĞ�ƌŽƚĂƟŶŐ�ƐƉŽŬĞ�ŝŶ�Ă�,Ăůů�ƚŚƌƵƐƚĞƌ
<͘�DĂƚǇĂƐŚ͕�Z͘�^ĐŚŶĞŝĚĞƌ͕ �K͘�<ĂůĞŶƚĞǀ
'ƌĞŝĨƐǁĂůĚ�hŶŝǀĞƌƐŝƚǇ͕ �'ƌĞŝĨƐǁĂůĚ͕�ϭϳϰϴϳ͕�'ĞƌŵĂŶǇ
ϭϭ͗ϭϱ��ϱ�Ͳϲ�d/D�ͲZ�^K>s���>�^�ZͲ/E�h����&>hKZ�^��E���D��^hZ�D�Ed^�/E�d,��W>hD��K&���ϲ�
<t�,�>>�d,Zh^d�Z�t/d,�hEW�ZdhZ����K^�/>>�d/KE^
�͘�:͘��ƵƌŽƚ͕��͘��͘�'ĂůůŝŵŽƌĞ
hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϯϬ��ϱ�Ͳϳ�d,�KZ�d/��>�DK��>�K&�^hWWZ�^^/KE�K&��>��dZKE�/E^d��/>/dz�/E�,�>>�d,Zh^d�Z^��z�
�KhE��Zz�&������<�^z^d�D
�͘�<ĂƉƵůŬŝŶ1͕��͘��ĞŚĂƌ2

1�ƐŚĞƌ�^ƉĂĐĞ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŝŽŶͲ/ƐƌĂĞů�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŶŽůŽŐǇ͕ �,ĂŝĨĂ͕�/ƐƌĂĞů2�ƐŚĞƌ�^ƉĂĐĞ�
ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŝŽŶͲ/ƐƌĂĞů�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂŝĨĂ͕�/ƐƌĂĞů
ϭϭ͗ϰϱ��ϱ�Ͳϴ�W�Zd/�>�Ͳ/EͲ��>>�DK��>/E'�K&�d,��,��d�Z>�^^�,K>>Kt���d,K���KW�Z�d/KE͗�<��W�Z�
REGION

s͘ �sĞŬƐĞůŵĂŶ1͕��͘�>ĞǀŬŽ2͕�/͘�,ĂďĞƌ3͕�z͘ ��͘�<ƌĂƐŝŬ4

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĂƚĞƌŝĂů�^ĐŝĞŶĐĞ�Θ��ŶŐ͕͘��ůĞŵƐŽŶ�hŶŝǀĞƌƐŝƚǇ͕ ��ůĞŵƐŽŶ͕�^�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2>ĂďŽƌĂƚŽŝƌĞ�
WůĂƐŵĂ�Ğƚ��ŽŶǀĞƌƐŝŽŶ�Ě͛�ŶĞƌŐŝĞ͕�hŶŝǀĞƌƐŝƚʩ�WĂƵů�^ĂďĂƟĞƌ͕ �dŽƵůŽƵƐĞ͕�&ƌĂŶĐĞ3�ŽůůĞŐĞ�WĂƌŬ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�
Maryland, Maryland, United States4�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ͕�dĞĐŚŶŝŽŶ͕�,ĂŝĨĂ͕�/ƐƌĂĞů
ϭϮ͗ϬϬ��ϱ�Ͳϵ�hE��Z^d�E�/E'�d,���/^�,�Z'���hZZ�Ed��/^dZ/�hd/KE��E��hWW�Z�KW�Z�d/KE�>�
>/D/d�K&���,/',�WKt�Z͕�'Z/�����/KE�d,Zh^d�Z
:͘��͘�&ŽƐƚĞƌ1͕��͘�sŝŐĞƐ2͕��͘��ĂǀŝƐ2͕�E͘��ƌƚŚƵƌ1

1EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �Dŝ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ůĞĐƚƌŽĚǇŶĂŵŝĐƐ��ƉƉůŝĐĂƟŽŶƐ�
/ŶĐ͕͘��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

Session 5E: Intense Electron and Ion Beams I

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� ,ŽŽǀĞƌ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ůĞĚ�:ŽŶĞƐ͕��ƚŽŵŝĐ�tĞĂƉŽŶƐ��ƐƚĂďůŝƐŚŵĞŶƚ



I C O P S / B E A M S  2 0 1 4      Washington, DC

78

ϵ͗ϯϬ��ϱ�Ͳϭ�WKt�Z�WK^/dZKE����D^��^���E�t��Z�E�,�K&����D/E'
s͘ �s͘ �'ŽƌĞǀ
<ƵƌĐŚĂƚŽǀ�/ŶƐƟƚƵƚĞ͕�DŽƐĐŽǁ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϵ͗ϰϱ��ϱ�ͲϮ��Z��<�KtE��,�Z��d�Z/^d/�^�K&�W^�h�K^W�Z<�hE��Z�E�EK^��KE��Wh>^���
VOLTAGES

�͘�:ŝĂ
yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �yŝ Ă͛Ŷ͕�^ŚĂĂŶǆŝ͕��ŚŝŶĂ
ϭϬ͗ϬϬ��ϱ�Ͳϯ��;ŝŶǀŝƚĞĚͿ�/Es�^d/'�d/KE�K&�d,���E'h>�Z�^��dd�Z/E'�DK��>�KE�d,���>��dZKE�
ZhE�t�z��KE�/d/KE
^͘��͘�^ǁĂŶĞŬĂŵƉ1͕��͘�^͘�ZŝĐŚĂƌĚƐŽŶ1͕�:͘��ŶŐƵƐ1͕�<͘�>͘��ĂƌƚǁƌŝŐŚƚ2͕�d͘ ��͘�WŽŝŶƚŽŶ2͕��͘�s͘ �KůŝǀĞƌ2͕��͘�DŽƐŚĞƌ3

1WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2^ĂŶĚŝĂ�EĂƟŽŶĂů�
>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3�ŶŐŝůŝƚǇ��ŽƌƉ͕��ŚĂŶƟůůǇ͕ �s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϯϬ��ϱ�Ͳϰ���^/'E�K&��>��dZKE�'hE��E��EKs�>�WWD�&K�h^/E'�^z^d�D�&KZ�tͲ��E��^,��d�
BEAM TWT

P. C. Pandaϭ͕Ϯ͕�s͘ �^ƌŝǀĂƐƚĂǀĂ1͕��͘�sŽŚƌĂ2

1DŝĐƌŽǁĂǀĞ�dƵďĞƐ��ŝǀŝƐŝŽŶ͕��^/ZͲ�ĞŶƚƌĂů��ůĞĐƚƌŽŶŝĐƐ��ŶŐŝŶĞĞƌŝŶŐ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕�WŝůĂŶŝ͕�ZĂũĂƐƚŚĂŶ͕�
WŝůĂŶŝ͕�ZĂũĂƐƚŚĂŶ͕�/ŶĚŝĂ2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŽŶŝĐ�^ĐŝĞŶĐĞ͕�<ƵƌƵŬƐŚĞƚƌĂ�hŶŝǀĞƌƐŝƚǇ͕ �<ƵƌƵŬƐŚĞƚƌĂ͕�,ĂƌǇĂŶĂ͕�
India
ϭϬ͗ϰϱ��ϱ�Ͳϱ�WKt�Z�K&�D/�ZKt�s��Z��/�d/KE�K&�d,��Z�>�d/s/^d/���>��dZKE����D�t/d,�s/Zdh�>�
��d,K���/E�d,���yd�ZE�>�D�'E�d/��&/�>�
^͘��͘�<ƵƌŬŝŶ1͕��͘��͘�,ƌĂŵŽǀ2͕��͘��͘�<ŽƌŽŶŽǀƐŬŝŝ1
1&ĂĐƵůƚǇ�ŽĨ�EŽŶůŝŶĞĂƌ�WƌŽĐĞƐƐĞƐ͕�^ĂƌĂƚŽǀ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ĂƌĂƚŽǀ͕ �ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ2Saratov State 
dĞĐŚŶŝĐĂů�hŶŝǀĞƌƐŝƚǇ͕ �^ĂƌĂƚŽǀ͕ �ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϭϭ͗ϬϬ��ϱ�Ͳϲ��Yh/>/�Z/hD�K&�,/',Ͳ�hZZ�Ed��>��dZKE����D�/E�,z�Z/���K�y/�>�D�'E�dK^d�d/��
hE�h>�dKZ
d͘ �zĂƚƐĞŶŬŽ1͕�<͘�/ůǇĞŶŬŽ2

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ�sĂĐƵƵŵ��ůĞĐƚƌŽŶŝĐƐ͕�/ŶƐƟƚƵƚĞ�ĨŽƌ�ZĂĚŝŽƉŚǇƐŝĐƐ�ĂŶĚ��ůĞĐƚƌŽŶŝĐƐ͕�E�^�ŽĨ�hŬƌĂŝŶĞ͕�<ŚĂƌŬŝǀ͕ �
hŬƌĂŝŶĞ2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǁ�DĞǆŝĐŽ͕��ůďƵƋƵĞƌƋƵĞ͕�
NM, United States
ϭϭ͗ϭϱ��ϱ�Ͳϳ�D/y/E'�/E�W,�^�ͲͲ^W�����h��dK�d,��dtKͲ^dZ��D�/E^d��/>/dz�K&�/KE��E���>��dZKE�
���D^�WZKW�'�d/E'�/E����<'ZKhE��W>�^D�
/͘��͘�<ĂŐĂŶŽǀŝĐŚ1͕��͘�^ǇĚŽƌĞŶŬŽ2͕��͘�dŽŬůƵŽŐůƵ1͕��͘��͘�^ƚĂƌƚƐĞǀ1

1WƌŝŶĐĞƚŽŶ�WůĂƐŵĂ�WŚǇƐŝĐƐ�>ĂďŽƌĂƚŽƌǇ͕ �WƌŝŶĐĞƚŽŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2hŶŝǀĞƌƐŝƚǇ�ŽĨ��ůďĞƌƚĂ͕��ĚŵŽŶƚŽŶ͕�
�ůďĞƌƚĂ͕��ĂŶĂĚĂ
ϭϭ͗ϯϬ��ϱ�Ͳϴ��D/dd�E���'ZKtd,�/E�>/E��Z�/E�h�d/KE�����>�Z�dKZ^
�͘��ŬĚĂŚů͕�D͘�^ĐŚƵůǌĞ
>ŽƐ��ůĂŵŽƐ�EĂƟŽŶĂů�ůĂďŽƌĂƚŽƌǇ͕ �>ŽƐ��ůĂŵŽƐ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϰϱ��ϱ�Ͳϵ���s�E����'�^��,�D/^dZz�DK��>�&KZ�'�^^�^��/^dhZ�����z��E�/Ed�E^���>��dZKE�
BEAM

:͘�Z͘��ŶŐƵƐ1͕�^͘��͘�ZŝĐŚĂƌĚƐŽŶ1͕�:͘�t͘�^ĐŚƵŵĞƌ1͕�^͘��͘�^ǁĂŶĞŬĂŵƉ1͕��͘�DŽƐŚĞƌ2͕�W͘ �&͘ �KƫŶŐĞƌ2

1WůĂƐŵĂ�WŚǇƐŝĐƐ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ŶŐŝůŝƚǇ��ŽƌƉŽƌĂƟŽŶ͕�
�ŚĂŶƟůůǇ͕ �s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

Session 5F: Codes & Modeling I

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� �ŽŽůŝĚŐĞ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�:ŽŚŶ�:�WĞƟůůŽ͕�>ĞŝĚŽƐ
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ϵ͗ϯϬ��ϱ&Ͳϭ�EKEhE&/ZKD�^W�����,�Z'��>/D/d����hZZ�Ed�&ZKD���WZKdZh^/s����d,K��
z͘ �Ͳ�͘��ŚƵ͕�>͘�<͘�Z͘��ŶŐ
�ŶŐŝŶĞĞƌŝŶŐ�WƌŽĚƵĐƚ��ĞǀĞůŽƉŵĞŶƚ͕�^ŝŶŐĂƉŽƌĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ�ĂŶĚ��ĞƐŝŐŶ͕�^ŝŶŐĂƉŽƌĞ͕�^ŝŶŐĂƉŽƌĞ
ϵ͗ϰϱ��ϱ&ͲϮ�DK��>/E'�,/',��s�Z�'���hZZ�Ed��E��,/',��hE�,��,�Z'�����D^�/E�D/�,�>>�Ͳ
EBEAM

^͘�KǀƚĐŚŝŶŶŝŬŽǀ1͕�:͘�WĞƟůůŽ1͕��͘�<ŽůƚĞŶďĂŚ2

1>ĞŝĚŽƐ��ŽƌƉŽƌĂƟŽŶ͕��ŝůůĞƌŝĐĂ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2dŚĞ��ŽĞŝŶŐ��ŽŵƉĂŶǇ͕ �^ĞĂƩůĞ͕�t�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϬϬ��ϱ&Ͳϯ�EKE>/E��Z�,��d�dZ�E^&�Z�/E����D�KWd/�^��E�>z��Z
d͘ ��Ƶŝ͕�Z͘�>͘�/ǀĞƐ͕�D͘�ZĞĂĚ͕��͘�DĂƌƐĚĞŶ͕�W͘ �&ĞƌŐƵƐŽŶ
�ĂůĂďĂǌĂƐ��ƌĞĞŬ�ZĞƐĞĂƌĐŚ͕�/ŶĐ͕͘�DŽƵŶƚĂŝŶ�sŝĞǁ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϭϱ��ϱ&Ͳϰ�DK��>/E'�&/�>���D/^^/KE��ZZ�z�d/W^�h^/E'�d,��D/�,�>>��'hE��K����>'KZ/d,D
:͘�:͘�WĞƟůůŽ1͕��͘�E͘�WĂŶĂŐŽƐ1͕�<͘�>͘�:ĞŶƐĞŶ2

1�ĞŶƚĞƌ�ĨŽƌ��ůĞĐƚƌŽŵĂŐŶĞƟĐƐ͕�>ĞŝĚŽƐ��ŽƌƉ͕��ŝůůĞƌŝĐĂ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ůĞĐƚƌŽŵĂŐŶĞƟĐƐ�dĞĐŚŶŽůŽŐǇ�
�ƌĂŶĐŚ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϯϬ��ϱ&Ͳϱ����<^��dd�Z����>��dZKE^�&ZKD�yͲZ�z�d�Z'�d
d͘ ��Ƶŝ1͕�Z͘�>͘�/ǀĞƐ1͕��͘�,Ăƌƚ2

1�ĂůĂďĂǌĂƐ��ƌĞĞŬ�ZĞƐĞĂƌĐŚ͕�/ŶĐ͕͘�DŽƵŶƚĂŝŶ�sŝĞǁ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2<ŝŶŐ Ɛ͛��ŽůůĞŐĞ͕�>ŽŶĚŽŶ͕��ŶŐůĂŶĚ
ϭϬ͗ϰϱ��ϱ&Ͳϲ�KE�d,��/DWKZd�E���K&�Eϰн�/KE^�/E�d,���,�D/^dZz�K&���,�ͲE�D/�ZK:�d��/^�,�Z'�͘
�͘��ƌĞŵŝŶ͕�d͘ �,ĞŵŬĞ͕�Z͘�W͘ ��ƌŝŶŬŵĂŶŶ͕�d͘ �DƵƐƐĞŶďƌŽĐŬ
ZƵŚƌͲhŶŝǀĞƌƐŝƚǇ��ŽĐŚƵŵ͕��ŽĐŚƵŵ͕�'ĞƌŵĂŶǇ
ϭϭ͗ϬϬ��ϱ&Ͳϳ�K�^�Zs�d/KE�K&��>��dZKD�'E�d/���&&��d�/E�>�Z'�Ͳ�Z�����W��/d/s�>z��KhW>���
�/^�,�Z'�^
,͘��ĂĞ͕�,͘�Ͳ:͘�>ĞĞ͕�,͘�:͘�>ĞĞ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�WƵƐĂŶ�EĂƟŽŶĂů�hŶŝǀĞƌƐŝƚǇ͕ ��ƵƐĂŶ͕�^ŽƵƚŚ�<ŽƌĞĂ
ϭϭ͗ϭϱ��ϱ&Ͳϴ�EhD�Z/��>�^dh�z�K&�d,��DK���WZKW�'�d/KE�/E���D/�ZKt�s���Z/s�E�W>�^D��
�/^�,�Z'�
�͘�^ǌĞƌĞŵůĞǇ͕ �d͘ �DƵƐƐĞŶďƌŽĐŬ͕�Z͘�W͘ ��ƌŝŶŬŵĂŶŶ͕��͘��ƌĞŵŝŶ
ZƵŚƌ�hŶŝǀĞƌƐŝƩ��ŽĐŚƵŵ�>ĞŚƌƐƚƵŚů�dŚĞŽƌĞƟƐĐŚĞ��ůĞŬƚƌŽƚĞĐŚŶŝŬ͕��ŽĐŚƵŵ͕�'ĞƌŵĂŶǇ
ϭϭ͗ϯϬ��ϱ&Ͳϵ��>��dZK�D�'E�d/��t�s��WZKW�'�d/KE�/E�d,��W>�^D��>�z�Z�K&���Z��EdZz�s�,/�>�
D͘�<ƵŶĚƌĂƉƵ1͕�:͘�>ŽǀĞƌŝĐŚ1͕�<͘��ĞĐŬǁŝƚŚ1͕�W͘ �^ƚŽůƚǌ1͕��͘�^ŚĂƐŚƵƌŝŶ2͕�D͘�<ĞŝĚĂƌ2

1dĞĐŚͲy��ŽƌƉŽƌĂƟŽŶ͕��ŽƵůĚĞƌ͕ ��K͕�h^�2�ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĞĐŚĂŶŝĐĂů�ĂŶĚ��ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�dŚĞ�
'ĞŽƌŐĞ�tĂƐŚŝŶŐƚŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�h^�
ϭϭ͗ϰϱ��ϱ&ͲϭϬ�D�d,K��K&�d,����>�h>�d/KE�K&�^W��dZhD�K&�>z�WhEKs��yWKE�Ed^�&KZ�d,��
�E�>z^/^�K&��zE�D/�^�K&����DͲW>�^D��^z^d�D^
^͘��͘�<ƵƌŬŝŶ1͕�E͘�^͘�&ƌŽůŽǀ1͕�s͘ ��͘�DĂǆŝŵĞŶŬŽ1͕��͘��͘�,ƌĂŵŽǀ2͕��͘��͘�<ŽƌŽŶŽǀƐŬŝŝ1
1&ĂĐƵůƚǇ�ŽĨ�EŽŶůŝŶĞĂƌ�WƌŽĐĞƐƐĞƐ͕�^ĂƌĂƚŽǀ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ĂƌĂƚŽǀ͕ �ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ�2Saratov State 
dĞĐŚŶŝĐĂů�hŶŝǀĞƌƐŝƚǇ͕ �^ĂƌĂƚŽǀ͕ �ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ

Session PL6: Plenary 6

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϭϯ͗ϬϬͲϭϰ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů��ĂƐƚͲ^ŽƵƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗���ƌƵĐĞ�s�tĞďĞƌ͕ �EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
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ϭϯ͗ϬϬ��W>ϲͲϭ��;ŝŶǀŝƚĞĚͿ��WW>/��d/KE�K&�dtͲ>�s�>�Wh>^���WKt�Z�dK�d,��WZK�>�D�K&�&/E�/E'�
FISSILE MATERIAL

Z͘�:͘��ŽŵŵŝƐƐŽ
WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�ϯW͗�Ϯ͘ϭ�/ŶƚĞŶƐĞ��ĞĂŵ�DŝĐƌŽǁĂǀĞ�'ĞŶĞƌĂƟŽŶ�WŽƐƚĞƌƐ
Poster Session

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�tŝůŬŝŶ�dĂŶŐ͕��ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
ϯWͲϭ��/Es�^/'�d/KE��E��KWd/D/��d/KE�K&�d,���Kh�>�Ͳ'�W�s/Z��dKZ�/E��^d�W�Zd/�>��^dh�/K
^͘��͘�<ƵƌŬŝŶ1͕��͘��͘�,ƌĂŵŽǀ2͕��͘��͘�<ŽƌŽŶŽǀƐŬŝŝ1͕��͘�K͘�ZĂŬ3

1&ĂĐƵůƚǇ�ŽĨ�EŽŶůŝŶĞĂƌ�WƌŽĐĞƐƐĞƐ͕�^ĂƌĂƚŽǀ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ĂƌĂƚŽǀ͕ �ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ�2Saratov State 
dĞĐŚŶŝĐĂů�hŶŝǀĞƌƐŝƚǇ͕ �^ĂƌĂƚŽǀ͕ �ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ�3�ĞůĂƌƵƐŝĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�/ŶĨŽƌŵĂƟĐƐ�ĂŶĚ�
ZĂĚŝŽĞůĞĐƚƌŽŶŝĐƐ͕�DŝŶƐŬ͕��ĞůĂƌƵƐ
ϯWͲϮ��Z��/�d/KE�K&���t�<�&/�>���y�/d����z��E��>��dZKE��hE�,�dZ�/E�/E���^��d/KE�K&���
�/�>��dZ/��t�s�'h/��
'͘�s͘ �^ŽƚŶŝŬŽǀ͕ �<͘�s͘ �'ĂůĂǇĚǇĐŚ͕�Z͘�Z͘�<ŶŝĂǌŝĞǀ͕ �W͘ �/͘�DĂƌŬŽǀ͕ �/͘�E͘�KŶŝƐŚĐŚĞŶŬŽ
E^��<ŚĂƌŬŽǀ�/ŶƐƟƚƵƚĞ�ŽĨ�WŚǇƐŝĐƐ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �<ŚĂƌŬŽǀ͕ �hŬƌĂŝŶĞ
ϯWͲϯ��,KDK'�E/��d/KE�K&��E��>��dZKE����D��z�^��dd�Z/E'�/E��E��>hD/EhD�&K/>
<͘�WĞƉŝƚŽŶĞ͕�:͘�'ĂƌĚĞůůĞ͕�W͘ �DŽĚŝŶ
���ͬ��^d�͕�>Ğ��ĂƌƉ͕�&ƌĂŶĐĞ
ϯWͲϰ���Z/>>Kh/E�&>Kt�/E�Z��/Z�h>�d/E'�W>�E�Z�D�'E�dZKE
�͘�,͘�^ŝŵŽŶ͕�z͘ �z͘ �>ĂƵ͕�D͘�&ƌĂŶǌŝ͕�'͘�'ƌĞĞŶŝŶŐ͕�Z͘�D͘�'ŝůŐĞŶďĂĐŚ
EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�ZĂĚŝŽůŽŐŝĐĂů�^ĐŝĞŶĐĞƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�ϯW͗�Ϯ͘Ϯ�&ĂƐƚ�tĂǀĞ��ĞǀŝĐĞƐ�WŽƐƚĞƌƐ
Poster Session

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�:ĞīƌĞǇ�W��ĂůĂŵĞ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
ϯWͲϱ�����KDWhd�d/KE�>��&&/�/�Ed�^/Dh>�d/KE�dKK>�&KZ�'zZKdZKE^
y͘�>ŝ1͕�z͘ ��ůĨĂĚŚů1͕�y͘��ŚĞŶ1͕�^͘�zƵ2͕�Y͘��ŚĂŽ2͕�z͘ ��ŚĂŶŐ2

1^ĐŚŽŽů�ŽĨ��ůĞĐƚƌŽŶŝĐ��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ��ŽŵƉƵƚĞƌ�^ĐŝĞŶĐĞ͕�YƵĞĞŶ�DĂƌǇ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�>ŽŶĚŽŶ͕�>ŽŶĚŽŶ͕�
hŶŝƚĞĚ�<ŝŶŐĚŽŵ2^ĐŚŽŽů�ŽĨ�WŚǇƐŝĐĂů��ůĞĐƚƌŽŶŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ůĞĐƚƌŽŶŝĐ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ�ŽĨ��ŚŝŶĂ͕�
�ŚĞŶŐĚƵ͕��ŚŝŶĂ
ϯWͲϲ��^dh�/�^�KE��KhE��Zz��KE�/d/KE^�&KZ�'zZKdZKE�/Ed�Z��d/KE�DK��>/E'
<͘��͘��ǀƌĂŵŝĚŝƐ1͕�d͘ �ͲD͘�dƌĂŶ2͕�^͘��ƌƵŶŶĞƌ2͕��͘�tƵ1͕�^͘��ůďĞƌƟ2͕�:͘�:ĞůŽŶŶĞŬ1

1/,D͕�<ĂƌůƐƌƵŚĞ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �<ĂƌůƐƌƵŚĞ͕�'ĞƌŵĂŶǇ�2�ZWW͕ ��ĐŽůĞ�WŽůǇƚĞĐŚŶŝƋƵĞ�&ĞĚĞƌĂůĞ�ĚĞ�
>ĂƵƐĂŶŶĞ͕�>ĂƵƐĂŶŶĞ͕�^ǁŝƚǌĞƌůĂŶĚ

^ĞƐƐŝŽŶ�ϯW͗�Ϯ͘ϯ�^ůŽǁͲtĂǀĞ��ĞǀŝĐĞƐ�WŽƐƚĞƌƐ
Poster Session

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�:ŽŚŶ�WĂƐŽƵƌ͕ �EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
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ϯWͲϳ��'/'�t�ddͲ�>�^^�Z��/�d/KE�K&�dDϬϭ�DK���&ZKD���<hͲ��E��Ks�ZDK������Z�E<KsͲdzW��
,/',�WKt�Z�D/�ZKt�s��'�E�Z�dKZ
,͘��ŚĂŶŐ͕�d͘ �^ŚƵ͕�:͘�:Ƶ
�ŽůůĞŐĞ�ŽĨ�KƉƚŽĞůĞĐƚƌŽŶŝĐ�^ĐŝĞŶĐĞ�ĂŶĚ��ŶŐŝŶĞĞƌŝŶŐ͕�EĂƟŽŶĂů�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĞĨĞŶƐĞ�dĞĐŚŶŽůŽŐǇ͕ ��ŚĂŶŐƐŚĂ͕�
�ŚŝŶĂ
ϯWͲϴ���yW�Z/D�Ed�>�s�Z/&/��d/KE�W>�E�&KZ���ϳϬй��&&/�/�Ed�Z�>�d/s/^d/��D�'E�dZKE�t/d,�
�/&&Z��d/KE�KhdWhd�;D�KͿ
C. Leach͕�^͘�WƌĂƐĂĚ͕�D͘�&ƵŬƐ͕�:͘��ƵĐŚĞŶĂƵĞƌ͕ �:͘�DĐ�ŽŶĂŚĂ͕��͘�^ĐŚĂŵŝůŽŐůƵ
�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ��ĞƉƚ͕͘�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǁ�DĞǆŝĐŽ͕��ůďƵƋƵĞƌƋƵĞ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϵ���yW�Z/D�Ed�>�^dh�z�K&�dZ�E^W�Z�Ed�dtd�t/d,�d,��DK�h>�d/KE�K&��E��>��dZKE����D�
E��Z�d,����d,K��
z͘ ��͘�<ĂůŝŶŝŶ͕��͘�s͘ �^ƚĂƌŽĚƵďŽǀ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ�ŽĨ�ŶŽŶůŝŶĞĂƌ�ƐǇƐƚĞŵƐ͕�^ĂƌĂƚŽǀ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ĂƌĂƚŽǀ͕ �ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϯWͲϭϬ�����h�>Ͳ&Z�Yh�E�z�^>Kt�t�s���DW>/&/�Z
W͘ ��ŚĂŶŐ1͕��͘�^ŝŵŽŶ1͕�z͘ �z͘ �>ĂƵ1͕�'͘�'ƌĞĞŶŝŶŐ1͕�D͘�&ƌĂŶǌŝ1͕�Z͘�D͘�'ŝůŐĞŶďĂĐŚ1͕��͘�,Žī2

1EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�ZĂĚŝŽůŽŐŝĐĂů�^ĐŝĞŶĐĞƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ�Ͳ��ŶŶ��ƌďŽƌ͕ ��ŶŶ��ƌďŽƌ͕ �D/͕�
United States 2�ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ ��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϭϭ���E,�E��D�Ed�K&�^D/d,ͲWhZ��>�Z��/�d/KE^��z�^�>&Ͳ�hE�,����>��dZKE����D^�/E�
Ks�Z^/�������<t�Z��t�s��K^�/>>�dKZ^
<͘�KŐƵƌĂ͕�<͘�zĂŵďĞ͕�d͘ �/ǁĂƐĂŬŝ͕�^͘�DĂŐŽƌŝ͕�:͘�<ŽũŝŵĂ
'ƌĂĚƵĂƚĞ�^ĐŚŽŽů�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �EŝŝŐĂƚĂ�hŶŝǀĞƌƐŝƚǇ͕ �EŝŝŐĂƚĂ͕�:ĂƉĂŶ
ϯWͲϭϮ����^/'E�K&�W,�^��s�>K�/dz�d�W�Z/E'�K&�tͲ��E��&K>����t�s�'h/���dZ�s�>>/E'�t�s��
dh��^�&KZ��&&/�/�E�z��E,�E��D�Ed
z͘ �,Ƶ͕�:͘�&ĞŶŐ͕�:͘�>ŝƵ͕�d͘ �>ŝ͕�:͘��Ăŝ͕�y͘�tƵ
�ĞŝũŝŶŐ�sĂĐƵƵŵ��ůĞĐƚƌŽŶŝĐƐ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕��ĞŝũŝŶŐ͕��ŚŝŶĂ

^ĞƐƐŝŽŶ�ϯW͗�Ϯ͘ϰ�sĂĐƵƵŵ�DŝĐƌŽĞůĞĐƚƌŽŶŝĐƐ�Θ�d,ǌ��ĞǀŝĐĞƐ�WŽƐƚĞƌƐ
Poster Session

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��tŝůŬŝŶ�dĂŶŐ͕��ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
ϯWͲϭϯ��^zE�,ZKE/��d/KE�K&�d,��^W���Ͳ�,�Z'��K^�/>>�d/KE�/E��ZZ�z^�K&�s��hhD�D/�ZK�/K��^
<͘�dŽƌĨĂƐŽŶ͕�D͘�/ůŬŽǀ͕ ��͘�DĂŶŽůĞƐĐƵ͕�A. Valfells
^ĐŚŽŽů�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ��ŶŐŝŶĞĞƌŝŶŐ͕�ZĞǇŬũĂǀŝŬ�hŶŝǀĞƌƐŝƚǇ͕ �ZĞǇŬũĂǀŝŬ͕�/ĐĞůĂŶĚ
ϯWͲϭϰ�Z���,/E'�,/',�&Z�Yh�E�/�^�/E���^D/d,ͲWhZ��>>�&�>�t/d,���Dh>d/Ͳ�,�EE�>�'Z�d/E'
J. Gardelle1͕�W͘ �DŽĚŝŶ1͕�:͘�d͘ ��ŽŶŽŚƵĞ2

1���ͬ��^d�͕�>Ğ��ĂƌƉ͕�&ƌĂŶĐĞ2�EZ^ͬ/EϮWϯ͕�'ƌĂĚŝŐŶĂŶ͕�&ƌĂŶĐĞ
ϯWͲϭϱ��DK>��h>�Z��zE�D/�^�^/Dh>�d/KE^�K&�&/�>���D/^^/KE�&ZKD���W>�E�Z�E�EK�/K����E��
WZK>�d��^W,�ZK/��>�d/W
<͘�dŽƌĨĂƐŽŶ͕��͘�DĂŶŽůĞƐĐƵ͕�A. Valfells
^ĐŚŽŽů�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ��ŶŐŝŶĞĞƌŝŶŐ͕�ZĞǇŬũĂǀŝŬ�hŶŝǀĞƌƐŝƚǇ͕ �ZĞǇŬũĂǀŝŬ͕�/ĐĞůĂŶĚ
ϯWͲϭϲ�&��dhZ�^�K&�t�s��WZK��^^�^�/E�WZ�DK�h>�d����>��dZKE����D��E��/d^�/Ed�Z��d/KE�
t/d,��>��dZKD�'E�d/��&/�>�
'͘�D͘�<ƌĂƐŶŽǀĂ
^ĂƌĂƚŽǀ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ĂƌĂƚŽǀ͕ �ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
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^ĞƐƐŝŽŶ�ϯW͗�Ϯ͘ϱ��ŽĚĞƐ�Θ�DŽĚĞůŝŶŐ�WŽƐƚĞƌƐ
Poster Session

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��tŝůŬŝŶ�dĂŶŐ͕��ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
ϯWͲϭϳ��EhD�Z/��>�/Es�^d/'�d/KE^�KE�d,��E�EK^��KE���>��dZ/��>��yW>K^/KE�K&�^/E'>��
�>hD/EhD�t/Z��/E�s��hhD
<͘�tĂŶŐ͕��͘�^Śŝ͕�z͘ �^Śŝ͕�:͘�tƵ͕�^͘�:ŝĂ
�ĞƉƚ͘�ŽĨ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �yŝ Ă͛Ŷ͕��ŚŝŶĂ
ϯWͲϭϴ���K>>/^/KE�>ͲZ��/�d/s��DK��>�&KZ�d,���/�'EK^d/�^�K&�>Kt�WZ�^^hZ��/E�h�d/s�>z�
�KhW>���<ZzWdKE�W>�^D�
Z͘�^ƌŝǀĂƐƚĂǀĂ1͕��͘�'ŽǇĂů1͕�Z͘�<͘�'ĂŶŐǁĂƌ2͕�>͘�^ƚĂīŽƌĚ2

1WŚǇƐŝĐƐ��ĞƉĂƌƚŵĞŶƚ͕�/ŶĚŝĂŶ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ�ZŽŽƌŬĞĞ͕�ZŽŽƌŬĞĞͲϮϰϳϲϲϳ͕�/ŶĚŝĂ�2Dpartement de 
WŚǇƐŝƋƵĞ͕�hŶŝǀĞƌƐŝƚ�ĚĞ�DŽŶƚƌĠĂů͕�DŽŶƚƌĠĂů�;YƵĠďĞĐͿͲ,ϯ��ϯ:ϳ͕��ĂŶĂĚĂ
ϯWͲϭϵ��W�Z&KZD�E����E��^��>��/>/dz�K&�W�Z�>>�>�W/���E��&>h/���K��^�KE�y�KE�W,/���^���
^hW�Z�KDWhd�Z^
�͘�,ĂůůŵĂŶ͕�<͘��ĞĐŬǁŝƚŚ͕�W͘ �^ƚŽůƚǌ
dĞĐŚͲy��ŽƌƉŽƌĂƟŽŶ͕��ŽƵůĚĞƌ͕ ��K͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϮϬ��Z&�DK��>^�&KZ�W>�^D�Ͳ^hZ&����/Ed�Z��d/KE^͗�^,��d,��KhE��Zz��KE�/d/KE^�t/d,�
DIELECTRICS

d͘ �'͘�:ĞŶŬŝŶƐ͕��͘�E͘�^ŵŝƚŚĞ
dĞĐŚͲy��ŽƌƉŽƌĂƟŽŶ͕��ŽƵůĚĞƌ͕ ��K͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϮϭ��&/�>���D/^^/KE��hZZ�Ed�&ZKD�^/E'>��t�>>�����Z�KE�E�EKdh��^�t/d,���^KZ��d�^�
�E����&��d^�&KZ�^�s�Z�>��,/Z�>/d/�^͗�����E^/dz�&hE�d/KE�>�^dh�z
d͘ �W͘ �&ůĞŵŝŶŐ
�ŝƌĞĐƚĞĚ��ŶĞƌŐǇ��ŝƌĞĐƚŽƌĂƚĞ͕��ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>Ăď͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
3P-22  APPLICATION OF VORPAL SOFTWARE TO CARRIER MODELING IN SOLID STATE DEVICES

�͘�^ŵŝƚŚĞ͕��͘��ŝŵŝƚƌŽǀ͕ ��͘�DĞŝƐĞƌ
dĞĐŚͲy��ŽƌƉŽƌĂƟŽŶ͕��ŽƵůĚĞƌ͕ ��K͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϮϯ��EhD�Z/��>�^dh�/�^�K&��>��dZK���W>�^D��&KZD�d/KE��E���yW�E^/KE�/E�,/',�WKt�Z�
�,�Z'���W�Zd/�>�����D��/K��^
/͘�D͘�ZŝƩĞƌƐĚŽƌĨ͕ �^͘��͘�^ǁĂŶĞŬĂŵƉ͕�Z͘�:͘��ůůĞŶ͕�:͘�t͘�^ĐŚƵŵĞƌ
WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�ϯW͗�Ϯ͘ϳ�DŝĐƌŽǁĂǀĞ�WůĂƐŵĂ�/ŶƚĞƌĂĐƟŽŶ�WŽƐƚĞƌƐ
Poster Session

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��tŝůŬŝŶ�dĂŶŐ͕��ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ
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ϯWͲϮϰ��KW�Z�d/KE��,�Z��d�Z/^d/�^�K&���ϭϮͲ��s/dz�Z�>�d/s/^d/��D�'E�dZKE�t/d,��/&&Z��d/KE�
KhdWhd�t,�E��KE^/��Z/E'�^��KE��Zz��E�����<^��dd�Z����>��dZKE^��D/^^/KE
D͘�>ŝƵ1͕��͘�^ĐŚĂŵŝůŽŐůƵ2͕�D͘�&ƵŬƐ2͕��͘�>ŝ1͕��͘�>ŝƵ1

1<ĞǇ�>ĂďŽƌĂƚŽƌǇ�ŽĨ�WŚǇƐŝĐĂů��ůĞĐƚƌŽŶŝĐƐ�ĂŶĚ��ĞǀŝĐĞƐ�ŽĨ�ƚŚĞ�DŝŶŝƐƚƌǇ�ŽĨ��ĚƵĐĂƟŽŶ͕�ǆŝ Ă͛Ŷ�ũŝĂŽƚŽŶŐ�
ƵŶŝǀĞƌƐŝƚǇ͕ �ǆŝ Ă͛Ŷ͕��ŚŝŶĂ�2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǁ�DĞǆŝĐŽ͕�
�ůďƵƋƵĞƌƋƵĞ͕�h^�
ϯWͲϮϱ���y/�>�>��<�'���hZZ�Ed�Z��h�d/KE�/E���ϭϮͲ��s/dz�Z/^/E'Ͳ^hE�Z�>�d/s/^d/��D�'E�dZKE�
t/d,���͞&͟�dZ�E^W�Z�Ed���d,K��
D͘�>ŝƵ1͕��͘�^ĐŚĂŵŝůŽŐůƵ2͕�&͘ �DŝŬŚĂŝů2͕��͘�>ŝ1͕��͘�>ŝƵ1

1<ĞǇ�>ĂďŽƌĂƚŽƌǇ�ŽĨ�WŚǇƐŝĐĂů��ůĞĐƚƌŽŶŝĐƐ�ĂŶĚ��ĞǀŝĐĞƐ�ŽĨ�ƚŚĞ�DŝŶŝƐƚƌǇ�ŽĨ��ĚƵĐĂƟŽŶ͕�ǆŝ Ă͛Ŷ�ũŝĂŽƚŽŶŐ�ƵŶŝǀĞƌƐŝƚǇ͕ �
ǆŝ Ă͛Ŷ͕��ŚŝŶĂ2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǁ�DĞǆŝĐŽ͕��ůďƵƋƵĞƌƋƵĞ͕�
h^�
ϯWͲϮϲ��Z�W/��&KZD�d/KE�K&��/^dZ/�hd���W>�^D���/^�,�Z'�^�h^/E'�yͲ��E��D/�ZKt�s�^
y͘�yŝĂŶŐ͕�W͘ ��ĂƌƌŝŐĂŶ͕�:͘��ŽŽƐŬĞ͕�:͘�^ĐŚĂƌĞƌ
�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�tŝƐĐŽŶƐŝŶͲDĂĚŝƐŽŶ͕�DĂĚŝƐŽŶ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϮϳ���>��dZKE��y�hZ^/KE�s�Z^h^�^��dd�Z/E'�D��,�E/^D�/E����ZK^^Ͳ&/�>���/K��
�͘�^͘�^ƚƵƚǌŵĂŶ1͕�:͘�W͘ �sĞƌďŽŶĐŽĞƵƌ2

1^ĐŝĞŶĐĞ͕�h^��ŽĂƐƚ�'ƵĂƌĚ��ĐĂĚĞŵǇ͕ �EĞǁ�>ŽŶĚŽŶ͕��d͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ2�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�
DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϮϴ��/Ed�Z��d/KE�K&�D/�ZKt�s�^�'�E�Z�d���/E��/Z
D͘�D͘�<ĞŬĞǌ
ϮϭϬϰ͕��ůƚĂ�sŝƐƚĂ��ƌŝǀĞ͕�,�&d/�Ͳ�,ŝŐŚͲ�ŶĞƌŐǇ�&ƌĞƋƵĞŶĐǇ�dĞƐůĂ�/ŶĐ͕͘�KƩĂǁĂ͕��ĂŶĂĚĂ
ϯWͲϮϵ��D/�ZKt�s���Z��<�KtE�K&��/Z��d�>Kt�WZ�^^hZ��t/d,���ϱ�E^͕�ϯϱ�',��Wh>^�
^͘�WƌĂƐĂĚ͕�:͘�DĐ�ŽŶĂŚĂ͕��͘�>ĞĂĐŚ͕��͘�^ĐŚĂŵŝůŽŐůƵ
�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǁ�DĞǆŝĐŽ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�ϯW͗�ϱ͘ϭ�EŽŶĞƋƵŝůŝďƌŝƵŵ�WůĂƐŵĂ��ƉƉůŝĐĂƟŽŶƐ�WŽƐƚĞƌƐ
Poster Session

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌƐ͗�yŝŶƉĞŝ�>Ƶ͕�,ƵĂǌŚŽŶŐ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ ��ŚŝŶĂ͕�WĂƵů��ŚƵ͕��ŝƚǇ�
hŶŝǀĞƌƐŝƚǇ�ŽĨ�,ŽŶŐ�<ŽŶŐ
3P-30  EFFECT OF AIRFLOWS ON A REPETIVE

:͘�dĂŶŐ1͕�z͘ �,ƵŽ2͕�E͘�>ŝ3
1,ĂƌďŝŶ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂƌďŝŶ͕��ŚŝŶĂ2,ĂƌďŝŶ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂƌďŝŶ͕��ŚŝŶĂ3,ĂƌďŝŶ�
/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂƌďŝŶ͕��ŚŝŶĂ
ϯWͲϯϭ���>��dZKW,z^/��>�D�d,K�^�K&����d�Z/K>K'/��>��/^/E&��d/KE�K&�t�d�Z�D��/hD
�͘�:͘�'ƵƌďĂŶŽǀ
^ĐŝĞŶĐĞ�ĂŶĚ�ƚĞĐŚŶŝƋƵĞƐ͕��ǌĞƌƐƵ�K:^�͕��ĂŬƵ͕��ǌĞƌďĂŝũĂŶ
3P-32  MODELING OF AN ELECTRON BEAM GENERATED AR-N2 PLASMA FOR PLASMA PROCESSING

'͘�D͘�WĞƚƌŽǀ͕ ��͘�Z͘��ŽƌŝƐ͕�d͘ ��͘�WĞƚƌŽǀĂ͕��͘�,͘�>ŽĐŬ͕�Z͘�&͘ �&ĞƌŶƐůĞƌ͕ �^͘�'͘�tĂůƚŽŶ
WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϯϯ������dd�ZzͲKW�Z�d����dDK^W,�Z/�ͲWZ�^^hZ��W>�^D��t�E��&KZ��/KD��/��>�
APPLICATIONS

y͘�>Ƶ͕�y͘�WĞŝ
����͕�,ƵĂ�ŚŽŶŐ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ĐŝĞŶĐĞ�Θ�dĞĐŚŶŽůŽŐǇ͕ �tƵ,ĂŶ͕��ŚŝŶĂ
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ϯWͲϯϰ����WK^/d/KE�K&�d,��^/>/�KE�&/>DW^�&ZKD�W>�^D����>�d/KE�&KZD����z���,/',�WKt�Z�
ION BEAM

'͘�ZĞŵŶĞǀ͕ �'͘�<ŚŽůŽĚŶĂǇĂ͕�Z͘�^ĂǌŽŶŽǀ͕ ��͘�WŽŶŽŵĂƌĞǀ
dŽŵƐŬ�WŽůǇƚĞĐŚŶŝĐ�hŶŝǀĞƌƐŝƚǇ͕ �dŽŵƐŬ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϯWͲϯϱ���>��dZ/��>��E��KWd/��>��,�Z��d�Z/��d/KE�K&�������^���y��>�hs��y�/D�Z�^KhZ��
W͘ �'ƵůĂƟ1͕�h͘�E͘�WĂů1͕�D͘�<ƵŵĂƌ1͕�Z͘�WƌĂŬĂƐŚ1͕�s͘ �sǇĂƐ2

1WůĂƐŵĂ��ĞǀŝĐĞƐ͕��ĞŶƚƌĂů��ůĞĐƚƌŽŶŝĐ��ŶŐŝŶĞĞƌŝŶŐ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕�ZĂũĂƐƚŚĂŶ͕�/ŶĚŝĂ2WŚǇƐŝĐƐ��ĞƉĂƌƚŵĞŶƚ͕�
�ĂŶĂƐƚŚĂůŝ�hŶŝǀĞƌƐŝƚǇ͕ �ZĂũĂƐƚŚĂŶ͕�/ŶĚŝĂ
ϯWͲϯϲ���>��dZKE�,��d/E'͕�DK���dZ�E^/d/KE^͕��E���^zDD�dZz��&&��d^�/E��h^dz�^/E'>�Ͳ��E��
�h�>Ͳ&Z�Yh�E�z���W��/d/s���/^�,�Z'�^
�͘�^ĐŚƵĞŶŐĞů1͕�^͘�DŽŚƌ2͕�^͘�/ǁĂƐŚŝƚĂ2͕�:͘�^ĐŚƵůǌĞ1͕�h͘��ǌĂƌŶĞƚǌŬŝ2
1WŚǇƐŝĐƐ͕�tĞƐƚ�sŝƌŐŝŶŝĂ�hŶŝǀĞƌƐŝƚǇ͕ �DŽƌŐĂŶƚŽǁŶ͕�ts͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ2/ŶƐƟƚƵƚĞ�ĨŽƌ�WůĂƐŵĂ�ĂŶĚ��ƚŽŵŝĐ�
WŚǇƐŝĐƐ͕�ZƵŚƌ�hŶŝǀĞƌƐŝƚǇ��ŽĐŚƵŵ͕��ŽĐŚƵŵ͕�'ĞƌŵĂŶǇ
ϯWͲϯϳ��sK>hD��WZK��^^/E'�K&�'�^�h^/E'�dtKͲ�/D�E^/KE�>�D/�ZKW>�^D���ZZ�z^
z͘ �tƵ͕��͘�Z͘�,ŽƐŬŝŶƐŽŶ͕�:͘�,ŽƉǁŽŽĚ
�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�dƵŌƐ�hŶŝǀĞƌƐŝƚǇ͕ �DĞĚĨŽƌĚ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϯϴ����,/',�sK>d�'��E�EK^��KE��Wh>^�Z�t/d,�s�Z/��>��Wh>^��t/�d,��E��Wh>^��Z�W�d/d/KE�
&Z�Yh�E�z��KEdZK>�&KZ�EKE�Yh/>/�Z/hD�W>�^D���WW>/��dKE^
d͘ �D͘��ŝĞŵďĂ͕�<͘��͘�DŝůůĞƌ͕ �:͘�Z͘�WƌĂŐĞƌ͕ �:͘�'͘��ĂƌƐĐĂĚĚĞŶ͕�/͘�^ůŽďŽĚŽǀ
�ĂŐůĞ�,ĂƌďŽƌ�dĞĐŚŶŽůŽŐŝĞƐ͕�/ŶĐ͕�^ĞĂƩůĞ͕�t�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�ϯW͗�ϱ͘Ϯ�,ŝŐŚ�WƌĞƐƐƵƌĞ�ĂŶĚ�dŚĞƌŵĂů�WůĂƐŵĂ�WƌŽĐĞƐƐŝŶŐ�WŽƐƚĞƌƐ
Poster Session

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌƐ͗�yŝŶƉĞŝ�>Ƶ͕�,ƵĂǌŚŽŶŐ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ ��ŚŝŶĂ͕�WĂƵů��ŚƵ͕��ŝƚǇ�
hŶŝǀĞƌƐŝƚǇ�ŽĨ�,ŽŶŐ�<ŽŶŐ
ϯWͲϯϵ��^W��dZhD��E��EhD��Z�&KZ���d,K���^WKd�t/d,��,�E'/E'��hZZ�Ed
<͘�KŐƵƌĂ͕�^͘�zĂŵĂŵŽƚŽ͕�d͘ �/ǁĂŽ͕�D͘�zƵŵŽƚŽ
dŽŬǇŽ��ŝƚǇ�hŶŝǀĞƌƐŝƚǇ͕ �dŽŬǇŽ͕�:ĂƉĂŶ
ϯWͲϰϬ���>��dZ/��>�&/�>���&&��d����z��hZZ�Ed����Z�D�Ed�Z�d/K��d���^���hZZ�Ed
�͘�^ƵǌƵŬŝ͕�d͘ �/ǁĂŽ͕�D͘�zƵŵŽƚŽ
dŽŬǇŽ��ŝƚǇ�hŶŝǀĞƌƐŝƚǇ͕ �dŽŬǇŽ͕�:ĂƉĂŶ
ϯWͲϰϭ��,��d�&>hy��&&��d����z��hZZ�Ed�/E�Z�D�Ed�Z�d/K�/E�Wh>^����Z��D/y���Kyz'�E
<͘�^ŽŶĞ͕�z͘ �'ŽƚŽ͕�d͘ �/ǁĂŽ͕�D͘�zƵŵŽƚŽ
dŽŬǇŽ��ŝƚǇ�hŶŝǀĞƌƐŝƚǇ͕ �dŽŬǇŽ͕�:ĂƉĂŶ
ϯWͲϰϮ��d�DW�Z�dhZ���/&&�Z�E�����dt��E��KE^d�Ed��E��Wh>^����Z���&&��d����z��hZZ�Ed�
/E�Z�D�Ed�Z�d/K��d�W��<��hZZ�Ed�E��Z��EK��
,͘�DŝƚƐƵďŽƌŝ͕�z͘ �^ĂŝƚŽ͕�d͘ �/ǁĂŽ͕�D͘�zƵŵŽƚŽ
dŽŬǇŽ��ŝƚǇ�hŶŝǀĞƌƐŝƚǇ͕ �dŽŬǇŽ͕�:ĂƉĂŶ

^ĞƐƐŝŽŶ�ϯW͗�ϱ͘ϯ�WůĂƐŵĂ�dŚƌƵƐƚĞƌƐ�WŽƐƚĞƌƐ
Poster Session

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌƐ͗�:W�^ŚĞĞŚĂŶ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ůĞǆĂŶĚĞƌ�<ĂƉƵůŬŝŶ͕��ƐŚĞƌ�^ƉĂĐĞ�ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ�
ŽĨ�dĞĐŚŶŝŽŶͲ/ƐƌĂĞů�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ
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ϯWͲϰϯ���yW�Z/D�Ed�>�/Es�^d/'�d/KE�K&�Z��K/>�DKD�EdhD�'�E�Z�d/KE��&&/�/�E�z�hE��Z�E/Z�
&�DdK^��KE��>�^�Z���>�d/KE�K&�Z�&Z��dKZz�D�d�>^�/E�s��hhD
�͘�z͘ �>ŽŬƟŽŶŽǀ1͕��͘�s͘ �KǀĐŚŝŶŶŝŬŽǀ2͕�z͘ �^͘�WƌŽƚĂƐŽǀ1͕�z͘ �z͘ �WƌŽƚĂƐŽǀ1͕��͘�^͘�^ŝƚŶŝŬŽǀ2

1�ĂƵŵĂŶ�DŽƐĐŽǁ�^ƚĂƚĞ�dĞĐŚŶŝĐĂů�hŶŝǀĞƌƐŝƚǇ͕ �DŽƐĐŽǁ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ2:ŽŝŶƚ�/ŶƐƟƚƵƚĞ�ĨŽƌ�,ŝŐŚ�
dĞŵƉĞƌĂƚƵƌĞƐ�ŽĨ�Z�^͕�DŽƐĐŽǁ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϯWͲϰϰ��W>�^D��D��^hZ�D�Ed^�K&�d,��W>hD��K&���E�t�D/E/�dhZ��,�>/�KE�d,Zh^d�Z
/͘�ZĞĞƐĞ1͕�:͘�W͘ �^ŚĞĞŚĂŶ2͕��͘�>ŽŶŐŵŝĞƌ2

1�ƉƉůŝĞĚ�WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�
ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϰϱ��Yh�^/ͲKE�Ͳ�/D�E^/KE�>�^/Dh>�d/KE^�K&�D�'E�d/��EK��>�^�&KZ�W>�^D��d,Zh^d�Z�
APPLICATIONS

&͘ �,͘��ďĞƌƐŽŚŶ1͕�:͘�W͘ �^ŚĞĞŚĂŶ1͕��͘�t͘�>ŽŶŐŵŝĞƌ1͕�:͘�s͘ �^ŚĞďĂůŝŶ2

1�ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ƐƚƌŽŵĂƚĞƌŝĂůƐ�ZĞƐĞĂƌĐŚ�
KĸĐĞ͕�E�^��:ŽŚŶƐŽŶ�^ƉĂĐĞ��ĞŶƚĞƌ͕ �,ŽƵƐƚŽŶ͕�dy͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϰϲ��W>�^D�Ͳ��^���d,Zh^d�Z͗��>��dZK^d�d/���E���>��dZKD�'E�d/���KhW>/E'
D͘�:ƵŐƌŽŽƚ͕��͘��ŚƌŝƐƚŽƵ
DĞĐŚĂŶŝĐĂů�ĂŶĚ��ĞƌŽƐƉĂĐĞ��ŶŐ͕͘�ZŽǇĂů�DŝůŝƚĂƌǇ��ŽůůĞŐĞ�ŽĨ��ĂŶĂĚĂ͕�<ŝŶŐƐƚŽŶ͕�KE͕��ĂŶĂĚĂ
ϯWͲϰϳ��W>hD���KEdZK>�K&���W>�^D��d,Zh^d�Z
,͘�>ŝƵ͕�,͘�tƵ͕�,͘�>ŝ͕�y͘�>ŝ͕�^͘�yŝĞ͕�d͘ �,ƵĂŶŐ͕��͘�zƵ
,ĂƌďŝŶ�ŝŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂƌďŝŶ͕��ŚŝŶĂ
ϯWͲϰϴ��^dh�z�KE��/^�,�Z'��K^�/>>�d/KE�/E����h^W���&/�>��d,Zh^d�Z
^͘�yƵ͕�,͘�>ŝƵ͕�,͘�tƵ͕�,͘�>ŝ͕�^͘�yŝĞ
,ĂƌďŝŶ�ŝŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂƌďŝŶ͕��ŚŝŶĂ
ϯWͲϰϵ��D�'E�d/��&/�>���E'>���&&��d^�KE�^,��d,�&KZD�d/KE�E��Z���&>�d�W>�d��^hZ&����t/d,�
�WW>/��d/KE^�dK�,�>>�d,Zh^d�Z^
:͘�E͘�>ƵŬĂƐ͕�D͘�<ĞŝĚĂƌ
dŚĞ�'ĞŽƌŐĞ�tĂƐŚŝŶŐƚŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϱϬ��W>�^D����/���d/�/dz�/E����/s�Z'/E'�D�'E�d/��EK��>�
:͘�W͘ �^ŚĞĞŚĂŶ1͕��͘�t͘�>ŽŶŐŵŝĞƌ1͕��͘��͘��ĞƌŝŶŐ2͕��͘�^͘�KůƐĞŶ3͕�:͘�W͘ �^ƋƵŝƌĞ3͕�D͘��͘��ĂƌƚĞƌ3͕�>͘��͘��ĂƐƐĂĚǇ3͕�&͘ �Z͘�
�ŚĂŶŐ��ŝĂǌ3͕�d͘ �t͘�'ůŽǀĞƌ3͕��͘�s͘ �/ůŝŶ3͕�D͘�'͘��ĂůůĞŶŐĞƌ4

1�ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�
,ŽƵƐƚŽŶ͕�,ŽƵƐƚŽŶ͕�dy͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3�Ě��ƐƚƌĂ�ZŽĐŬĞƚ��ŽŵƉĂŶǇ͕ �tĞďƐƚĞƌ͕ �dy͕�hŶŝƚĞĚ�^ƚĂƚĞƐ4Space 
�ǆƉůŽƌĂƟŽŶ�dĞĐŚŶŽůŽŐŝĞƐ͕�DĐ'ƌĞŐŽƌ͕ �dy͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�ϯW͗�ϱ͘ϰ�WůĂƐŵĂ�ĨŽƌ�>ŝŐŚƟŶŐ͕��ŝƐƉůĂǇƐ͕�Θ�DŝĐƌŽĚŝƐĐŚĂƌŐĞƐ�WŽƐƚĞƌƐ
Poster Session

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌƐ͗�yŝŶƉĞŝ�>Ƶ͕�,ƵĂǌŚŽŶŐ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ ��ŚŝŶĂ͕�WĂƵů��ŚƵ͕��ŝƚǇ�
hŶŝǀĞƌƐŝƚǇ�ŽĨ�,ŽŶŐ�<ŽŶŐ
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ϯWͲϱϭ��/'E/d/KE��zE�D/�^�/E�D/�ZKt�s�Ͳ'�E�Z�d���D/�ZKW>�^D�^
�͘�Z͘�,ŽƐŬŝŶƐŽŶ͕��͘�zĂƌĞĚ͕�:͘�,ŽƉǁŽŽĚ
�ůĞĐƚƌŝĐĂů�Θ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�dƵŌƐ�hŶŝǀĞƌƐŝƚǇ͕ �DĞĚĨŽƌĚ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
3P-52  FREE CONVECTION IN A ELECRODELESS MICROWAVE LAMP

d͘ �/͘�&ƌŽůŽǀĂ͕�'͘�/͘��ŚƵƌǇƵŵŽǀ
�ĞƉĂƌƚŵĞŶƚ�WŚǇƐŝĐĂů�&ŽƵŶĚĂƟŽŶƐ�ŽĨ��ůĞĐƚƌŽŶŝĐ��ŶŐŝŶĞĞƌŝŶŐ͕�<ŚĂƌŬŝǀ�EĂƟŽŶĂů�hŶŝǀĞƌƐŝƚǇ�ŽĨ�ZĂĚŝŽ�
�ůĞĐƚƌŽŶŝĐƐ͕�<ŚĂƌŬŝǀ͕ �hŬƌĂŝŶĞ
ϯWͲϱϯ��DK��>/E'��E���,�Z��d�Z/��d/KE�K&��E�/E�/hD;/Ϳ/K�/��Ͳ�Z'KE�>Kt�WZ�^^hZ��>�DW
�͘�D͘�KĞŐƵĞŶ͕�<͘�,ĂĞŚƌĞ͕�Z͘�<ůŝŶŐ
>ŝŐŚƚ�dĞĐŚŶŽůŽŐǇ�/ŶƐƟƚƵƚĞ͕�<ĂƌůƐƌƵŚĞ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �<ĂƌůƐƌƵŚĞ͕�'ĞƌŵĂŶǇ
ϯWͲϱϰ��hs��D/^^/KE��E��WZK����/�'EK^d/�^��E���KDWhd�d/KE�>�DK��>/E'�K&���>Kt�
WZ�^^hZ��D/�ZKt�s���y�/d���D/�ZKW>�^D��^KhZ��
D͘��ĞŶŶŝŶŐ1͕�D͘�sĂŚŝĚƉŽƵƌ1͕�Z͘�hƌĚĂŚů1͕�W͘ �dŝĂŶ2͕�D͘�<ƵƐŚŶĞƌ2

1�ŐŝůĞŶƚ�dĞĐŚŶŽůŽŐŝĞƐ͕�^ĂŶƚĂ��ůĂƌĂ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ��ŽŵƉƵƚĞƌ�^ĐŝĞŶĐĞ��ĞƉƚ͕͘�
hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϱϱ���KEdZK>>/E'�^hZ&�����/^�,�Z'��W�dd�ZE^��E��W>�^D���,�D/^dZz�t/d,���,�y�'KE�>�
�>��dZK���^dZh�dhZ���E��'�^��KDWK^//dKE
L. Gao1͕�,͘��ŝŶŐ1͕�D͘�<ŽŶŐ2

1^ĐŚŽŽů�ŽĨ�WŚǇƐŝĐƐ�ĂŶĚ�KƉƚŽĞůĞĐƚƌŽŶŝĐ��ŶŐŝŶĞĞƌŝŶŐ͕�<ĞǇ�>ĂďŽƌĂƚŽƌǇ�ŽĨ�DĂƚĞƌŝĂůƐ�DŽĚŝĮĐĂƟŽŶ�ďǇ�>ĂƐĞƌ͕ �/ŽŶ�
ĂŶĚ��ůĞĐƚƌŽŶ��ĞĂŵƐ͕��ŚŝŶĞƐĞ�DŝŶŝƐƚƌǇ�ŽĨ��ĚƵĐĂƟŽŶ͕��ĂůŝĂŶ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ ��ĂůŝĂŶ͕��ŚŝŶĂ2&ƌĂŶŬ�
ZĞŝĚǇ�ZĞƐĞĂƌĐŚ��ĞŶƚĞƌ�ĨŽƌ��ŝŽĞůĞĐƚƌŝĐƐ͕�KůĚ��ŽŵŝŶŝŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �EŽƌĨŽůŬ͕�s�͕�h^�
ϯWͲϱϲ��W>�^D��W��<�d�WZKW�'�d/KE�/E�D/�ZK�,�EE�>^
,͘�:͘�zĂŶŐ͕�:͘�,͘��ŚŽ͕�^͘�Ͳ:͘�WĂƌŬ͕�:͘�'͘��ĚĞŶ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�/ůůŝŶŽŝƐ͕�hƌďĂŶĂ͕�/>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϱϳ���/�'EK^d/�^�K&��dDK^W,�Z/��WZ�^^hZ��D/�ZKt�s��'�E�Z�d���D/�ZKͲW>�^D���z�
h^/E'�KWd/��>��D/^^/KE�^W��dZK^�KWz
W͘ �>ŝƵ͕�d͘ ��͘�'ƌŽƚũŽŚŶ
�ůĞĐƚƌŝĐĂů�Θ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϱϴ��/Es�^d/'�d/KE�K&�WKt�Z���>�E���/E�D/�ZK��/�>��dZ/����ZZ/�Z�'>Kt��/^�,�Z'��t/d,�
h>dZ�Ͳ,/',��Z/s/E'�&Z�Yh�E�z
J. Y. Lee1͕�,͘��ĂĞ1͕�:͘�W͘ �sĞƌďŽŶĐŽĞƵƌ2͕�,͘�:͘�>ĞĞϭ͕Ϯ

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�WƵƐĂŶ�EĂƟŽŶĂů�hŶŝǀĞƌƐŝƚǇ͕ ��ƵƐĂŶ͕�^ŽƵƚŚ�<ŽƌĞĂ2Department of 
�ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�h^�

^ĞƐƐŝŽŶ�ϯW͗�ϱ͘ϱ��ŶǀŝƌŽŶŵĞŶƚĂů�ĂŶĚ�/ŶĚƵƐƚƌŝĂů��ƉƉůŝĐĂƟŽŶƐ�WŽƐƚĞƌƐ
Poster Session

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌƐ͗�yŝŶƉĞŝ�>Ƶ͕�,ƵĂǌŚŽŶŐ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ ��ŚŝŶĂ͕�WĂƵů��ŚƵ͕��ŝƚǇ�
hŶŝǀĞƌƐŝƚǇ�ŽĨ�,ŽŶŐ�<ŽŶŐ
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ϯWͲϱϵ��^,K�<t�s��'�E�Z�d/KE��z���^�D/�KE�h�dKZ��Z/�'��KW�Z�d/KE�/E�t�d�Z
�͘��ǀƵůƵŶ͕�'͘�Z͘�dŽŬĞƌ͕ �s͘ �d͘ �'ƵƌŽǀŝĐŚ͕�z͘ ��͘�<ƌĂƐŝŬ
WŚǇƐŝĐƐ͕�dĞĐŚŶŝŽŶ�Ͳ�/ƐƌĂĞů�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂŝĨĂ͕�/ƐƌĂĞů
ϯWͲϲϬ���>�^dͲ,K>���>��dZKͲ&Z��dhZ��K&��KE�Z�d��>hDW^
E͘�^͘�<ƵǌŶĞƚƐŽǀĂ͕��͘�^͘�zƵĚŝŶ͕�s͘ �s͘ �>ŽƉĂƟŶ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�,ŝŐŚ�sŽůƚĂŐĞ��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ��ůĞĐƚƌŽƉŚǇƐŝĐƐ͕�EĂƟŽŶĂů�ZĞƐĞĂƌĐŚ�dŽŵƐŬ�WŽůǇƚĞĐŚŶŝĐ�
hŶŝǀĞƌƐŝƚǇ͕ �dŽŵƐŬ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϯWͲϲϭ��KE�Z�d��DKEK>/d,�^W>/dd/E'�K&&��z�Dh>d/Ͳ�KZ�,K>���>��dZKͲ�>�^d
�͘�zƵĚŝŶ͕�E͘�<ƵǌŶĞƚƐŽǀĂ͕�s͘ �>ŽƉĂƟŶ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�,ŝŐŚ�sŽůƚĂŐĞ��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ��ůĞĐƚƌŽƉŚǇƐŝĐƐ͕�EĂƟŽŶĂů�ZĞƐĞĂƌĐŚ�dŽŵƐŬ�WŽůǇƚĞĐŚŶŝĐ�
hŶŝǀĞƌƐŝƚǇ͕ �dŽŵƐŬ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϯWͲϲϮ���WW>/��d/KE�K&�^,K�<�t�s��'�E�Z�d���t/d,�hE��Zt�d�Z��/^�,�Z'��/E�D/E��'�^�
DRAINAGE

z͘ ��͘��ŚĂŽ1͕�,͘�,͘��ŚŽƵ2͕�D͘�:͘�>ŝƵ1͕�z͘ �D͘��ŚĂŶŐ2

1yŝĂŶ�'ƵĂŶdŽŶŐ��ŶĞƌŐǇ�ƚĞĐŚŶŽůŽŐǇ�ĐŽ͕͘�>d�͕�yŝ Ă͛Ŷ͕�^ŚĂĂŶǆŝ͕��ŚŝŶĂ2^ƚĂƚĞ�<ĞǇ�>ĂďŽƌĂƚŽƌǇ�ŽĨ��ůĞĐƚƌŝĐĂů�
/ŶƐƵůĂƟŽŶ�ĨŽƌ�WŽǁĞƌ��ƋƵŝƉŵĞŶƚ͕�yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �yŝ Ă͛Ŷ͕�^ŚĂĂŶǆŝ͕��ŚŝŶĂ
ϯWͲϲϯ���D�>/KZ�d/KE�K&�W�dZKW,z^/��>�WZKW�Zdz�t/d,�^,K�<�t�s�^�'�E�Z�d����z�
hE��Zt�d�Z��>��dZ/��>�t/Z���yW>K^/KE
,͘��͘��ŚŽƵ1͕�z͘ ��͘��ŚĂŽ2͕�:͘�t͘�tƵ1͕�Y͘�:͘�>ŝƵ2͕�z͘ �D͘��ŚĂŶŐ1

1^ƚĂƚĞ�<ĞǇ�>ĂďŽƌĂƚŽƌǇ�ŽĨ��ůĞĐƚƌŝĐĂů�/ŶƐƵůĂƟŽŶ�ĨŽƌ�WŽǁĞƌ��ƋƵŝƉŵĞŶƚ͕�yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �yŝ Ă͛Ŷ�
^ŚĂĂŶǆŝ͕��ŚŝŶĂ2yŝĂŶ�'ƵĂŶdŽŶŐ��ŶĞƌŐǇ�ƚĞĐŚŶŽůŽŐǇ�ĐŽ͕͘�>d�͕�yŝ Ă͛Ŷ�^ŚĂĂŶǆŝ͕��ŚŝŶĂ
ϯWͲϲϰ���Z��<�KtE�sK>d�'��^��>/E'�Z�>�d/KE�K&�/^K>�d���'�^��h��>�^�/E�>/Yh/��t�d�Z
^͘�E͘�'ƵĐŬĞƌ͕ �:͘��͘�&ŽƐƚĞƌ
hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϲϱ��EhD�Z/��>�^/Dh>�d/KE�K&��E�Z'z���WK^/d/KE�/DWZKsD�Ed^�/E��yW>K�/E'�t/Z���z�
h^/E'�W�Z�>>�>�t/Z�
,͘�d͘ �^Śŝ͕�y͘��͘��ŽƵ͕�^͘��ŚĂŽ͕�y͘�>͘��ŚƵ͕�y͘�y͘�tĂŶŐ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�dƐŝŶŐŚƵĂ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ
ϯWͲϲϲ����WK^/d/KE�K&��Zz^d�>>/E��^/>/�KE�d,/E�&/>D^�/E��>��dZ/��>>z��^zDD�dZ/����W��/d/s�>z�
�KhW>���W>�^D�^
�͘�^ĐŚƵĞŶŐĞů1͕�Z͘�,ŽĨŵĂŶŶ2͕�^͘�DŽŚƌ2͕�:͘�^ĐŚƵůǌĞ1͕�h͘��ǌĂƌŶĞƚǌŬŝ2
1WŚǇƐŝĐƐ͕�tĞƐƚ�sŝƌŐŝŶŝĂ�hŶŝǀĞƌƐŝƚǇ͕ �DŽƌŐĂŶƚŽǁŶ͕�ts͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ2/ŶƐƟƚƵƚĞ�ĨŽƌ�WůĂƐŵĂ�ĂŶĚ��ƚŽŵŝĐ�
WŚǇƐŝĐƐ͕�ZƵŚƌ�hŶŝǀĞƌƐŝƚǇ��ŽĐŚƵŵ͕��ŽĐŚƵŵ͕�'ĞƌŵĂŶǇ
ϯWͲϲϳ���Zz^d�>>/�/E'��KDWKhE��&/>D�KE�W>�^d/�^��z�/KE�/ZZ��/�d/KE�/E�W>�^D�
E͘�^ĂŬƵĚŽ͕�E͘�/ŬĞŶĂŐĂ͕�<͘�DĂƚƐƵŝ͕�E͘�^ĂŬƵŵŽƚŽ͕�z͘ �<ŝƐŚŝ͕��͘�zĂũŝŵĂ
<ĂŶĂǌĂǁĂ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂŬƵƐĂŶ͕�/ƐŚŝŬĂǁĂ͕�:ĂƉĂŶ
ϯWͲϲϴ��KWd/D/��d/KE�K&��/�>��dZ/����ZZ/�Z��/^�,�Z'��Z���dKZ^�&KZ�,/',Ͳ^W����^hZ&����
dZ��dD�Ed�K&�WK>zD�Z�^h�^dZ�d�
D͘�,Ƶƌ͕ ��͘�:͘�<ŝŵ͕�t͘�^͘�<ĂŶŐ͕�z͘ �Ͳ,͘�^ŽŶŐ
<ŽƌĞĂ�/ŶƐƟƚƵƚĞ�ŽĨ�DĂĐŚŝŶĞƌǇ�Θ�DĂƚĞƌŝĂůƐ͕��ĂĞũĞŽŶ͕�^ŽƵƚŚ�<ŽƌĞĂ
ϯWͲϲϵ���KDW�Z�d/s�>z�W>�^D����WK^/d/KE�K&�W��Kd�d,/E�&/>D^
D͘�<ŝƌŝƐƟ1͕�&͘ ��ŽǌĚƵŵĂŶ2͕��͘�dĞŬĞ2͕��͘�hǇŐƵŶ�KŬƐƵǌ1͕�>͘�KŬƐƵǌ2

1�ŚĞŵŝƐƚƌǇ��ĞƉĂƌƚŵĞŶƚ͕�^ƵůĞǇŵĂŶ��ĞŵŝƌĞů�hŶŝǀĞƌƐŝƚǇ͕ �/ƐƉĂƌƚĂ͕�dƵƌŬĞǇ2WŚǇƐŝĐƐ��ĞƉĂƌƚŵĞŶƚ͕�^ƵůĞǇŵĂŶ�
�ĞŵŝƌĞů�hŶŝǀĞƌƐŝƚǇ͕ �/ƐƉĂƌƚĂ͕�dƵƌŬĞǇ
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ϯWͲϳϬ��/Es�^d/'�d/KE�KE��E�hZ�E���K&�,z�ZKW,/>/��WZKW�Zdz�K&���Z�KE�&/��Z^�dZ��d����z�
�/Z��/�>��dZ/����ZZ/�Z��/^�,�Z'�
d͘ �<ŝƚĂŐĂǁĂ͕�d͘ �<ĂŬĂŵŝ͕�E͘�KƐĂǁĂ͕�D͘�dĂŶĂŬĂ͕�,͘�^ĂŝƚŽ͕�z͘ �zŽƐŚŝŽŬĂ
<ĂŶĂǌĂǁĂ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �EŽŶŽŝĐŚŝ͕�/ƐŚŝŬĂǁĂ͕�:ĂƉĂŶ
ϯWͲϳϭ��hE/&KZD���WK^/d/KE�K&��/Z�KE/hD��/Ky/���>�z�Z^��z��dDK^W,�Z/�ͲWZ�^^hZ��W>�^D�Ͳ
�E,�E�����,�D/��>�s�WKZ���WK^/d/KE
:͘�ͲK͘�>ĞĞ͕�t͘�^͘�<ĂŶŐ͕�D͘�,Ƶƌ͕ �z͘ �Ͳ,͘�^ŽŶŐ
<ŽƌĞĂ�/ŶƐƟƚƵƚĞ�ŽĨ�DĂĐŚŝŶĞƌǇ�ĂŶĚ�DĂƚĞƌŝĂůƐ͕��ĂĞũĞŽŶ͕�^ŽƵƚŚ�<ŽƌĞĂ
ϯWͲϳϮ���&&��d�K&�Wh>^��Z�W�d/d/KE�KE�Wh>^���W>�^D��E/dZ/�/E'�K&��/^/�ϰϯϰϬ�^d��>��E��/d^�
&�d/'h���Z��<�'ZKtd,�;&�'Ϳ��E��WK>�Z/��d/KE�^dh�/�^
:͘�W͘ ��ƌƵů�DŽǌŚŝ Varman1͕�D͘��ĂůĂƐƵďƌĂŵĂŶŝĂŶ1͕�h͘�,ƵĐŚĞů2
1DD�͕�/ŶĚŝĂŶ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ�Ͳ�DĂĚƌĂƐ͕��ŚĞŶŶĂŝ͕�dĂŵŝůŶĂĚƵ͕�/ŶĚŝĂ2�ĞƐŝŐŶ͕��ůƚƌŽƉƵůƐ͕�'ŵď,͕�
'ĞƌŵĂŶǇ
ϯWͲϳϯ��Z��/KD�dZ/���E���>��dZ/��>��,�Z��d�Z/��d/KE�K&�D��/hDͲWKt�Z�/E�h�d/s�>z�
�KhW>���hsͲZ��/�d/KE�^KhZ��
<͘�,ĂĞŚƌĞ͕��͘�D͘�KĞŐƵĞŶ͕�Z͘�<ůŝŶŐ
>ŝŐŚƚ�dĞĐŚŶŽůŽŐǇ�/ŶƐƟƚƵƚĞ͕�<ĂƌůƐƌƵŚĞ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �<ĂƌůƐƌƵŚĞ͕��ĂĚĞŶͲtƵĞƌƩĞŵďĞƌŐ͕�'ĞƌŵĂŶǇ
ϯWͲϳϰ��E�t�^�D/�KE�h�dKZ���^����>hD>�/E�DK�h>�dKZ�&KZ�EKEͲd,�ZD�>�W>�^D��
�/^�,�Z'�^�/E�t�d�Z
J. Mendesϭ͕Ϯ͕�>͘�ZĞĚŽŶĚŽϭ͕Ϯ͕�D͘�WĞƌĞŝƌĂ3

1>ŝƐďŽŶ��ŶŐŝŶĞĞƌŝŶŐ�^ƵƉĞƌŝŽƌ�/ŶƐƟƚƵƚĞ͕�/^�>͕�>ŝƐďŽŶ͕�WŽƌƚƵŐĂů2WƵůƐĞĚ�WŽǁĞƌ��ĚǀĂŶĐĞĚ��ƉƉůŝĐĂƟŽŶƐ�
ZĞƐĞĂƌĐŚ�'ƌŽƵƉ͕�>ŝƐďŽŶ͕�WŽƌƚƵŐĂů3�ŶĞƌŐǇWƵůƐĞ�^ǇƐƚĞŵƐ͕�>ŝƐďŽŶ͕�WŽƌƚƵŐĂů
ϯWͲϳϱ��,��szͲ/KE�D/�ZKͲ���D�h^��&KZ�dZ�E^/�Ed�&�h>d�/E:��d/KE�/E�s>^/��/Z�h/d^
^͘�D͘�^ŽŶĚŽŶ
'/^��͕�hŶŝǀĞƌƐŝĚĂĚ�EĂĐŝŽŶĂů�ĚĞů�^Ƶƌ͕ ��ĂŚŝĂ��ůĂŶĐĂ͕��ƌŐĞŶƟŶĂ
ϯWͲϳϲ��Z�DKs�>�K&���Z�KE�DKEKy/����z�>Kt�d�DW�Z�dhZ��W>�^D�Ͳ��d�>z^/^
<͘�Ͳd͘ �<ŝŵ͕�^͘�:Ž͕�:͘�K͘�>ĞĞ͕��͘�,͘�>ĞĞ͕�z͘ �,͘�^ŽŶŐ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WůĂƐŵĂ��ŶŐŝŶĞĞƌŝŶŐ͕�<ŽƌĞĂ�/ŶƐƟƚƵƚĞ�ŽĨ�DĂĐŚŝŶĞƌǇ�Θ�DĂƚĞƌŝĂůƐ͕��ĂĞũĞŽŶ͕�^ŽƵƚŚ�<ŽƌĞĂ
ϯWͲϳϳ��Z�DKs�>�K&��/>hd��,z�ZK'�E�^h>&/���'�^�/E��/Z�KE���>�Z'��^��>��h^/E'�t�dͲ
�>��dZK^d�d/��WZ��/W/d�dKZ�^z^d�D
,͘�t͘�WĂƌŬ1͕�^͘��ŚŽŝ2͕��͘�t͘�WĂƌŬ1

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝƐƚƌǇ�ĂŶĚ��ŚĞŵŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�/E,��hŶŝǀĞƌƐŝƚǇ͕ �/ŶĐŚĞŽŶ͕�^ŽƵƚŚ�<ŽƌĞĂ�2Regional 
/ŶŶŽǀĂƟŽŶ��ĞŶƚĞƌ�ĨŽƌ��ŶǀŝƌŽŶŵĞŶƚĂů�dĞĐŚŶŽůŽŐǇ�ŽĨ�dŚĞƌŵĂů�WůĂƐŵĂ͕�/ŶĐŚĞŽŶ͕�^ŽƵƚŚ�<ŽƌĞĂ
ϯWͲϳϴ�����Z��^��/E��/E/dZK'�E�DKEKy/���;E

2
KͿ�'�E�Z�d/KE�K&��/ZͲ&���K�KE��'�E�Z�dKZ�

h^/E'��dDK^W,�Z/��WZ�^^hZ��dKtE^�E���/^�,�Z'�
d͘ �dƐƵũŝ͕�z͘ �DŽƌŝŵŽƚŽ͕��͘�&ƵŶĂŬŝ͕�E͘�KƐĂǁĂ͕�z͘ �zŽƐŚŝŽŬĂ
<ĂŶĂǌĂǁĂ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �EŽŶŽŝĐŚŝ͕�/ƐŚŝŬĂǁĂ͕�:ĂƉĂŶ
ϯWͲϳϵ���dDK^W,�Z/��WZ�^^hZ��Z�^/^d/s����ZZ/�Z�>Kt�d�DW�Z�dhZ��W>�^D��dZ��dD�Ed�&KZ�
&KK��/E�h^dZzΎ
D͘�dŚŝǇĂŐĂƌĂũĂŶ͕�y͘�'ŽŶǌĂůĞƐ
WůĂƐŵĂ��ŶŐŝŶĞĞƌŝŶŐ�ZĞƐĞĂƌĐŚ�>Ăď�;W�Z>Ϳ͕�dĞǆĂƐ��ΘD�hŶŝǀĞƌƐŝƚǇ�Ͳ��ŽƌƉƵƐ��ŚƌŝƐƟ͕��ŽƌƉƵƐ��ŚƌŝƐƟ͕�dĞǆĂƐ͕�
United States
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^ĞƐƐŝŽŶ�ϯW͗�ϱ͘ϲ�WůĂƐŵĂ�DĞĚŝĐŝŶĞ�Θ��ŝŽůŽŐŝĐĂů��īĞĐƚƐ�WŽƐƚĞƌƐ
Poster Session

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϭϰ͗ϬϬͲϭϱ͗ϯϬ� �ǆŚŝďŝƚ���;ůŽǁĞƌ�ůĞǀĞůͿ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�DĂŐĞƐŚ�dŚŝǇĂŐĂƌĂũĂŶ͕�dĞǆĂƐ��ΘD�hŶŝǀĞƌƐŝƚǇ�Ͳ��ŽƌƉƵƐ��ŚƌŝƐƟ
ϯWͲϴϬ��^dKZ�'���d�>Kt�d�DW�Z�dhZ��K&�t�d�Z���d/s�d����z��>d�ZE�d/E'��hZZ�Ed��K>��
PLASMA

Y. Tian1͕�Z͘�DĂ1͕�Y͘��ŚĂŶŐ1͕�:͘��ŚĂŶŐϭ͕Ϯ͕�:͘�&ĂŶŐϭ͕Ϯ
1�ĐĂĚĞŵǇ�ĨŽƌ��ĚǀĂŶĐĞĚ�/ŶƚĞƌĚŝƐĐŝƉůŝŶĂƌǇ�^ƚƵĚŝĞƐ͕�WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ2�ŽůůĞŐĞ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�
WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ
ϯWͲϴϭ��/E�s/dZK��Ed/��E��Z���d/s/dz�K&���EKs�>��KDWKhE��&ZKD�d,��W,z^/��>>z��E'/E��Z���
��E�/����>�/��E^�t/d,�E�EK^��KE��Wh>^����>��dZ/��&/�>�^�;E^W�&^Ϳ
:͘�'ƵŽ1͕�y͘�zĂŶŐ1͕�z͘ �,ĂŶ1͕�:͘�>ŝ1͕�:͘��ŚĂŶŐϭ͕Ϯ͕�:͘�&ĂŶŐϭ͕Ϯ
1�ĐĂĚĞŵǇ�ĨŽƌ��ĚǀĂŶĐĞĚ�/ŶƚĞƌĚŝƐĐŝƉůŝŶĂƌǇ�^ƚƵĚŝĞƐ͕�WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ2�ŽůůĞŐĞ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�
WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ
ϯWͲϴϮ����>>��WKWdK^/^�/E�h�����z��dDK^W,�Z/��WZ�^^hZ��W>�^D�
z͘ �zĂŶŐ͕��͘�yŝŽŶŐ͕�&͘ ��ŽƵ͕�y͘�>Ƶ
^ĐŚŽŽů�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ůĞĐƚƌŽŶŝĐƐ��ŶŐŝŶĞĞƌŝŶŐ͕�,ƵĂǌŚŽŶŐ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �tƵŚĂŶ͕�
�ŚŝŶĂ
ϯWͲϴϯ��/E�h�d/KE�K&��WKWdK^/^�/E�,hD�E�Dz�>K/��>�h<�D/����>>^��z�Z�DKd���yWK^hZ��K&�
Z�^/^d/s����ZZ/�Z��K>��W>�^D�Ύ
D͘�dŚŝǇĂŐĂƌĂũĂŶ͕�,͘��ŶĚĞƌƐŽŶ͕�y͘�'ŽŶǌĂůĞƐ
WůĂƐŵĂ��ŶŐŝŶĞĞƌŝŶŐ�ZĞƐĞĂƌĐŚ�>Ăď�;W�Z>Ϳ͕�dĞǆĂƐ��ΘD�hŶŝǀĞƌƐŝƚǇ�Ͳ��ŽƌƉƵƐ��ŚƌŝƐƟ͕��ŽƌƉƵƐ��ŚƌŝƐƟ͕�dĞǆĂƐ͕�
United States
ϯWͲϴϰ����'�EKD�Ͳt/���WZK&/>/E'�K&���>>�Z�^WKE^��D��,�E/^D^�dK�EKEͲd,�ZD�>�W>�^D��
TREATMENT

,͘�&ĞŶŐ1͕�&͘ �>ŝ1͕�Z͘�DĂ1͕�z͘ �dŝĂŶ1͕�&͘ �^ƵŽ2͕�t͘��ŚƵ3͕�:͘�&ĂŶŐ1͕�>͘�Ͳ>͘��Ƶ2͕�:͘��ŚĂŶŐ1

1WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ2EĂƟŽŶĂů�/ŶƐƟƚƵƚĞ�ŽĨ��ŝŽůŽŐŝĐĂů�^ĐŝĞŶĐĞƐ͕��ĞŝũŝŶŐ͕��ŚŝŶĂ3^ĂŝŶƚWĞƚĞƌ Ɛ͛�
hŶŝǀĞƌƐŝƚǇ͕ �E:͕�h^�
ϯWͲϴϱ���&&��d^�K&�'ZKtd,�D��/hD�dZ��d����z�W>�^D��W�E�/>�KE�d,��s/��/>/dz�K&�^����Z�
CANCER CELLS

^͘�DŽŚĂĚĞƐ͕�E͘��ĂƌĞŬǌŝ͕�,͘�ZĂǌĂǀŝ͕�D͘�>ĂƌŽƵƐƐŝ
>ĂƐĞƌ�ĂŶĚ�WůĂƐŵĂ��ŶŐŝŶĞĞƌŝŶŐ�/ŶƐƟƚƵƚĞ͕�KůĚ��ŽŵŝŶŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �EŽƌĨŽůŬ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϯWͲϴϲ��^d�Z/>/��d/KE�K&�D/�ZKͲKZ'�E/^D�^WK�Z^�h^/E'��dDK^W,�Z/�ͲWZ�^^hZ��W>�^D��
t/d,Khd�,�ZDh&h>��zͲWZK�h�d^
<͘�DĂƚƐƵŝ͕�E͘�/ŬĞŶĂŐĂ͕�E͘�^ĂŬƵĚŽ
ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ�ĨŽƌ�/ŶƚĞŐƌĂƚĞĚ�dĞĐŚŶŽůŽŐŝĐĂů�^ǇƐƚĞŵƐ͕�<ĂŶĂǌĂǁĂ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ �,ĂŬƵƐĂŶ͕�
/ƐŚŝŬĂǁĂ͕�:ĂƉĂŶ
ϯWͲϴϳ��DK>��h>�Z��zE�D/�^�^/Dh>�d/KE^�K&��K>���dDK^W,�Z/��W>�^D��/Ed�Z��d/KE^�t/d,�
>/W/���/>�z�Z^
Z͘�^͘��ƌĂǇĮĞůĚ II1͕�W͘ �KƌŽƐŬĂƌ2͕�<͘�,ŝŶŬůĞ2͕�^͘�DƵƌĂĚ2͕��͘�z͘ �'ƌĂŵĂ3͕��͘�>͘�'ĂƌŶĞƌ1

1^ĐŚŽŽů�ŽĨ�EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ͕�WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ͕ �tĞƐƚ�>ĂĨĂǇĞƩĞ͕�/E͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2Department of 
�ŚĞŵŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�/ůůŝŶŽŝƐ͕��ŚŝĐĂŐŽ͕�/>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŽŵƉƵƚĞƌ�^ĐŝĞŶĐĞƐ͕�
WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ͕ �tĞƐƚ�>ĂĨĂǇĞƩĞ͕�/E͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϯWͲϴϴ��^/Dh>�d/KE�K&�����W��/d/s�>z��KhW>����dDK^W,�Z/��WZ�^^hZ��t�d�Z�s�WKZ�W>�^D�
�͘�<ĞĐŚŝĚŝ1͕�t͘�'͘��͘�'ƌĂŚĂŵ2͕��͘�,͘��ĞůďĂĐŚŝƌĞ3

1&ĂĐƵůƚǇ�ŽĨ�^ĐŝĞŶĐĞƐ�ĂŶĚ�ƚĞĐŚŶŽůŽŐǇ͕ �>Z���ůĂďŽƌĂƚŽƌǇ�ƵŶŝǀĞƌƐŝƚǇ�ŽĨ�DĞĚĞĂ͕��ůŐĞƌŝĂ͕�DĞĚĞĂ͕��ůŐĞƌŝĂ2�ĞŶƚƌĞ�
ĨŽƌ�WůĂƐŵĂ�WŚǇƐŝĐƐ͕�YƵĞĞŶ Ɛ͛�hŶŝǀĞƌƐŝƚǇ��ĞůĨĂƐƚ͕��ĞůĨĂƐƚ͕�EŽƌƚŚĞƌŶ�/ƌĞůĂŶĚ͕�h<3Dpartement de 
WŚǇƐŝƋƵĞ͕h^dK͕�>ĂďŽƌĂƚŽŝƌĞ�Ě�͛ŶĂůǇƐĞ�Ğƚ�Ě �͛ƉƉůŝĐĂƟŽŶ�ĚĞƐ�ZĂǇŽŶŶĞŵĞŶƚƐ;>��ZͿ͕�KƌĂŶ͕��ůŐĞƌŝĂ
ϯWͲϴϵ��Z&�W>�^D��E�EK�K�d/E'�K&�W��Kd�KEdK��,/dK^�E�WKt��Z^�&KZ�E�EK&/��Z�
APPLICATIONS

D͘�<ŝƌŝƐƟ1͕�&͘ ��ŽǌĚƵŵĂŶ2͕��͘�dĞŬĞ2͕��͘�hǇŐƵŶ�KŬƐƵǌ1͕�>͘�KŬƐƵǌ2

1�ŚĞŵŝƐƚƌǇ��ĞƉĂƌƚŵĞŶƚ͕�^ƵůĞǇŵĂŶ��ĞŵŝƌĞů�hŶŝǀĞƌƐŝƚǇ͕ �/ƐƉĂƌƚĂ͕�dƵƌŬĞǇ2WŚǇƐŝĐƐ��ĞƉĂƌƚŵĞŶƚ͕�^ƵůĞǇŵĂŶ�
�ĞŵŝƌĞů�hŶŝǀĞƌƐŝƚǇ͕ �/ƐƉĂƌƚĂ͕�dƵƌŬĞǇ

Session 6A: Basic Plasma Phenomena II

tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϭϱ͗ϯϬͲϭϳ͗ϯϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�EŽƌƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�<ĞŝƚŚ��ĂƌƚǁƌŝŐŚƚ͕�^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ
ϭϱ͗ϯϬ��ϲ�Ͳϭ�^W�d/�>��/^dZ/�hd/KE�D��^hZ�D�Ed�K&�W>�^D��W�Z�D�d�Z^�h^/E'�^W��dZ�>�
IMAGE PROCESSING

d͘ �DĂƚƐƵŵŽƚŽ͕�z͘ �/ǌĂǁĂ͕�<͘�EŝƐŚŝũŝŵĂ
&ĂĐƵůƚǇ�ŽĨ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�&ƵŬƵŽŬĂ�hŶŝǀĞƌƐŝƚǇ͕ �&ƵŬƵŽŬĂ͕�:ĂƉĂŶ
ϭϱ͗ϰϱ��ϲ�ͲϮ�^dZK�K^�KW/��/D�'/E'�K&�^dZ��D�Z^�WZKW�'�d/E'��>KE'��/�>��dZ/��^hZ&���^
�͘�:͘�D͘�dƌŝĞŶĞŬĞŶƐ1͕�^͘�EŝũĚĂŵ1͕�d͘ ��ŚƌŝƐƚĞŶ2͕�'͘�D͘�t͘�<ƌŽĞƐĞŶ1͕�h͘�D͘��ďĞƌƚ3

1�ůĞŵĞŶƚĂƌǇ�WƌŽĐĞƐƐĞƐ�ŝŶ�'ĂƐ��ŝƐĐŚĂƌŐĞƐ͕��ŝŶĚŚŽǀĞŶ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ ��ŝŶĚŚŽǀĞŶ͕�
Netherlands2����^ǁŝƚǌĞƌůĂŶĚ�>ƚĚ͕͘��ĂĚĞŶͲ�Ăƚǁŝůů͕�^ǁŝƚǌĞƌůĂŶĚ3DƵůƟƐĐĂůĞ��ǇŶĂŵŝĐƐ͕��t/͕��ŵƐƚĞƌĚĂŵ͕�
Netherlands
ϭϲ͗ϬϬ��ϲ�Ͳϯ��;ŝŶǀŝƚĞĚͿ��zE�D/�^�K&�&KZD�d/KE�K&�d,���>h���KZ��DK���/E��Z'KE�,�>/�KE�
PLASMAS

^͘��͘�dŚĂŬƵƌ͕ ��͘��ƌĂŶĚƚ͕�>͘��Ƶŝ͕�:͘�'ŽƐƐĞůŝŶ͕�'͘�Z͘�dǇŶĂŶ
�ĞŶƚĞƌ�ĨŽƌ��ŶĞƌŐǇ�ZĞƐĞĂƌĐŚ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ�Ăƚ�^ĂŶ��ŝĞŐŽ͕�>Ă�:ŽůůĂ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϯϬ��ϲ�Ͳϰ�E�EK^��KE��Wh>^����/^�,�Z'��/E�>/Yh/�͗�/E/d/�d/KE�D��,�E/^D��E��
DIAGNOSTICS

z͘ �^ĞĞƉĞƌƐĂĚ͕��͘��ŽďƌǇŶŝŶ͕��͘�&ƌŝĚŵĂŶ͕�D͘�WĞŬŬĞƌ
�ƌĞǆĞů�WůĂƐŵĂ�/ŶƐƟƚƵƚĞ͕��ĂŵĚĞŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϰϱ��ϲ�Ͳϱ�WZ�^,��d,��E���Kh�>��>�z�ZͲ>/<��^dZh�dhZ�^�/E�d,���KZ��K&��E��Z'KE�,�>/�KE�
W>�^D��^KhZ���t/d,�hE/&KZD�D�'E�d/��&/�>�^
D͘�h͘�^ŝĚĚŝƋƵŝ͕�E͘�,ĞƌƐŚŬŽǁŝƚǌ
�ŶŐŝŶĞĞƌŝŶŐ�WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�tŝƐĐŽŶƐŝŶ�Ͳ�DĂĚŝƐŽŶ͕�DĂĚŝƐŽŶ͕�t/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϳ͗ϬϬ��ϲ�Ͳϲ��yW�Z/D�Ed�>�K�^�Zs�d/KE�K&�^d�E�/E'�t�s���&&��d�/E�>KtͲWZ�^^hZ��ϮϬϬ�D,��
��W��/d/s���/^�,�Z'�^
z͘ �>ŝƵ͕�&͘ �'ĂŽ͕�:͘�>ŝƵ͕�z͘ �tĂŶŐ
^ĐŚŽŽů�ŽĨ�WŚǇƐŝĐƐ�ĂŶĚ�KƉƚŽĞůĞĐƚƌŽŶŝĐ�dĞĐŚŶŽůŽŐǇ͕ ��ĂůŝĂŶ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ ��ĂůŝĂŶ͕��ŚŝŶĂ
ϭϳ͗ϭϱ��ϲ�Ͳϳ�/Es�^d/'�d/KE�K&�WK^^/�>��^,��d,��/^�WW��Z�E���E��Z��E��>��dZK����/�^����d�
d,��W>�^D��WKd�Ed/�>
�͘�Ͳ^͘�zŝƉ1͕�E͘�,ĞƌƐŚŬŽǁŝƚǌ1͕�'͘�^ĞǀĞƌŶ2

1�ŶŐŝŶĞĞƌŝŶŐ�WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�tŝƐĐŽŶƐŝŶ�Ͳ�DĂĚŝƐŽŶ͕�DĂĚŝƐŽŶ͕�t/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�
ŽĨ�^ĂŶ��ŝĞŐŽ͕�^ĂŶ��ŝĞŐŽ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϭϱ͗ϯϬͲϭϳ͗ϯϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�^ŽƵƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�<ŚĂŶŚ�d�EŐƵǇĞŶ͕��ĞĂŵͲtĂǀĞ�ZĞƐĞĂƌĐŚ͕�/ŶĐ͘
ϭϱ͗ϯϬ��ϲ�Ͳϭ��;ŝŶǀŝƚĞĚͿ�ϭ͘ϳ�<t�WKt�Z��KK^d�Z�dtd��d�ϯϱ�',�
�͘�>ĞǀƵƐŚ1͕��͘��ďĞ1͕��͘�sůĂƐŽǀ1͕�/͘��ŚĞƌŶǇĂǀƐŬŝǇ1͕�^͘��ŽŽŬĞ1͕�:͘�WĂƐŽƵƌ1͕�:͘�>ĞŐĂƌƌĂ2͕�<͘�EŐƵǇĞŶ2͕��͘�WĞƌƐŚŝŶŐ2͕�
�͘�tƌŝŐŚƚ2͕�:͘�,ĂŶŶĂ2͕��͘�'ĂƌĐŝĂ3͕�d͘ �<ŝŵƵƌĂ3͕�W͘ �>ƵŐŽƐ3͕��͘�DĞǇĞƌ3͕�:͘�ZĂŵŝƌĞǌͲ�ůĚĂŶĂ3͕�Z͘�^ƚŽĐŬǁĞůů3͕�Z͘�
�ĞŐƵŵ3͕��͘��ŚĞƌŶŝŶ4

1�ůĞĐƚƌŽŶŝĐƐ�^ĐŝŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�
States2�ĞĂŵͲtĂǀĞ�ZĞƐĞĂƌĐŚ͕��ĞƚŚĞƐĚĂ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3�ŽŵŵƵŶŝĐĂƟŽŶƐ�ĂŶĚ�WŽǁĞƌ�/ŶĚƵƐƚƌŝĞƐ͕�WĂůŽ�
�ůƚŽ͕���͕�hŶŝƚĞƐ�^ƚĂƚĞƐ4>ĞŝĚŽƐ͕�ZĞƐƚŽŶ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϬϬ��ϲ�ͲϮ���^/'E�K&���,/',�WKt�Z�^Ͳ��E�����<t�Z�Ͳt�s��K^�/>>�dKZ�t/d,���
D�d�D�d�Z/�>�/Ed�Z��d/KE��/Z�h/d
:͘�^͘�,ƵŵŵĞůƚ͕�^͘�D͘�>ĞǁŝƐ͕�t͘��͘�'ƵƐƐ͕�D͘��͘�^ŚĂƉŝƌŽ͕�Z͘�:͘�dĞŵŬŝŶ
D/d͕ ��ĂŵďƌŝĚŐĞ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϭϱ��ϲ�Ͳϯ�Z�>�d/s/^d/���tK�t/d,�'�h^^/�E����D��ydZ��d���Z��/�>>z�h^/E'��E�
�>��dZKD�'E�d/����E�'�W�D��/hD
�͘��ůĨƌŐĂŶŝ͕��͘�^ĐŚĂŵŝůŽŐůƵ
�ĞƉĂƌƚŵĞŶƚ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǁ�DĞǆŝĐŽ͕��ůďƵƋƵĞƌƋƵĞ͕�ED�ϴϳϭϯϭ͕�
United States
ϭϲ͗ϯϬ��ϲ�Ͳϰ�/E/d/�>��,�Z��d�Z/��d/KE�K&���DK�h>�Z�D�'E�d/��>>z�/E^h>�d���>/E��K^�/>>�dKZ�
TEST BED

^͘�WŽƌƟůůŽ͕��͘�<ƵƐŬŽǀ͕ �^͘�,ŽƌŶĞ͕�:͘�>ĞŚƌ͕ ��͘�^ĐŚĂŵŝůŽŐůƵ
�ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǁ�DĞǆŝĐŽ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϰϱ��ϲ�Ͳϱ�EKs�>��^zDD�dZ/��,/',��&&/�/�Ed�Dh>d/Ͳ^d�'����WZ�^^����K>>��dKZ�&KZ�^W����
dZ�s�>/E'�t�s��dh��^
�͘�D͘�>ĂƚŚĂϭ͕Ϯ͕�^͘�<͘�'ŚŽƐŚϭ͕Ϯ

1�ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶƟĮĐ�ĂŶĚ�/ŶŶŽǀĂƟǀĞ�ZĞƐĞĂƌĐŚ͕�EĞǁ��ĞůŚŝ͕�/ŶĚŝĂ2�^/ZͲ�ĞŶƚƌĂů��ůĞĐƚƌŽŶŝĐƐ��ŶŐŝŶĞĞƌŝŶŐ�
ZĞƐĞĂƌĐŚ�/ŶƐƟƚƵƚĞ͕�WŝůĂŶŝ͕�/ŶĚŝĂ
ϭϳ͗ϬϬ��ϲ�Ͳϲ���^/'E��E��^/Dh>�d/KE�K&��>Ks�Z>��&�dtd�^>Kt�t�s��^dZh�dhZ�
P. D. Gensheimer1͕�Z͘�t͘��ŝŽůŬŽǁƐŬŝ2͕��͘��͘�^ŚŝŋĞƌ1

1Z�,͕��&Z>͕�<ŝƌƚůĂŶĚ��&�͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2���͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ƌŝǌŽŶĂ͕�dƵĐƐŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ

^ĞƐƐŝŽŶ�ϲ�͗�yͲ�ĂŶĚ��ͲWŝŶĐŚĞƐ�//
tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϭϱ͗ϯϬͲϭϳ͗ϯϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů��ĂƐƚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ĚĂŵ�:�,ĂƌǀĞǇͲdŚŽŵƉƐŽŶ͕�^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ
ϭϱ͗ϯϬ��ϲ�Ͳϭ��&&��d^�K&��y/�>�D�'E�d/��&/�>��KE�D,��/E^d��/>/d/�^�/E��z>/E�Z/��>�>/E�Z^
z͘ �z͘ �>ĂƵ1͕�D͘�Z͘�tĞŝƐ1͕�W͘ ��ŚĂŶŐ1͕�Z͘�D͘�'ŝůŐĞŶďĂĐŚ1͕�D͘�,ĞƐƐ2͕�<͘�:͘�WĞƚĞƌƐŽŶ2

1EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�ZĂĚŝŽůŽŐŝĐĂů�^ĐŝĞŶĐĞƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�
States2^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϱ͗ϰϱ��ϲ�ͲϮ�&���d,ZKh',�K&�d,��D�'E�dKͲZ�z>�/',Ͳd�z>KZ�/E^d��/>/dz�/E�d,��WZ�^�E���K&���
^,K�<
D͘�Z͘�tĞŝƐ1͕�z͘ �z͘ �>ĂƵ1͕�Z͘�D͘�'ŝůŐĞŶďĂĐŚ1͕�D͘�,ĞƐƐ2͕�<͘�:͘�WĞƚĞƌƐŽŶ2

1EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�ZĂĚŝŽůŽŐŝĐĂů�^ĐŝĞŶĐĞƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�
States2^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϭϲ͗ϬϬ��ϲ�Ͳϯ�^dh�z�K&�D�'E�d/��&/�>�^�/E�d,����E^����W/E�,�h^/E'�hs�&�Z���z�ZKd�d/KE�
DIAGNOSTICS

s͘ �s͘ �/ǀĂŶŽǀ1͕��͘��͘��ŶĚĞƌƐŽŶ1͕��͘�WĂƉƉ1͕��͘�Z͘�dĂůďŽƚ1͕�:͘�W͘ ��ŚŝƩĞŶĚĞŶ2͕�E͘�EŝĂƐƐĞ2

1University of Nevada, Reno, Reno, United States2/ŵƉĞƌŝĂů��ŽůůĞŐĞ͕�>ŽŶĚŽŶ͕�>ŽŶĚŽŶ͕�'ƌĞĂƚ��ƌŝƚĂŝŶ
ϭϲ͗ϭϱ��ϲ�Ͳϰ��Kh�>��W>�E�Z�t/Z���ZZ�z^��d��E,�E�����hZZ�Ed�KE����Z�
�͘�^͘�^ĂĨƌŽŶŽǀĂ1͕�s͘ �>͘�<ĂŶƚƐǇƌĞǀ1͕�/͘�^ŚƌĞƐƚŚĂ1͕�D͘��͘�tĞůůĞƌ1͕�s͘ �s͘ �^ŚůǇĂƉƚƐĞǀĂ1͕��͘�^ƚĂīŽƌĚ1͕�D͘�>ŽƌĂŶĐĞ1͕�
�͘��͘��ƐĂƵůŽǀ1͕��͘�^͘��ŚƵǀĂƟŶ2͕��͘��͘��ŽǀĞƌĚĂůĞ3͕��͘�:ŽŶĞƐ3͕��͘�:͘��ŵƉůĞĨŽƌĚ3

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǀĂĚĂ͕�ZĞŶŽ͕�ZĞŶŽ͕�Es͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ�2>ĂďŽƌĂƚŽŝƌĞ�ĚĞ�WŚǇƐŝƋƵĞ�
ĚĞƐ�WůĂƐŵĂƐ͕��ĐŽůĞ�WŽůǇƚĞĐŚŶŝƋƵĞ͕�WĂůĂŝƐĞĂƵ͕�&ƌĂŶĐĞ�3^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�
United States
ϭϲ͗ϯϬ��ϲ�Ͳϱ�d,KD^KE�^��dd�Z/E'�D��^hZ�D�Ed^�K&�^hW�Z^KE/��dhE'^d�E�W>�^D��&>Kt�
/Ed�ZW�E�dZ�d/KE�/E�t/Z���ZZ�z��ͲW/E�,�^
'͘�&͘ �^ǁĂĚůŝŶŐ1͕�^͘�s͘ �>ĞďĞĚĞǀ1͕�'͘��ƵƌĚŝĂŬ1͕�>͘�^ƵƩůĞ1͕�^͘�WĂƚĂŶŬĂƌ1͕�Z͘��͘�^ŵŝƚŚ1͕�D͘��ĞŶŶĞƩ1͕�'͘�E͘�,Ăůů1͕�&͘ �
^ƵǌƵŬŝͲsŝĚĂů1͕�:͘�zƵĂŶ1͕��͘�:͘�,ĂƌǀĞǇͲdŚŽŵƉƐŽŶ2͕�t͘�ZŽǌŵƵƐ3

1/ŵƉĞƌŝĂů��ŽůůĞŐĞ�>ŽŶĚŽŶ͕�>ŽŶĚŽŶ͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ�2^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�
h^�3hŶŝǀĞƌƐŝƚǇ�ŽĨ��ůďĞƌƚĂ͕��ĚŵŽŶƚŽŶ͕��ůďĞƌƚĂ͕��ĂŶĂĚĂ
ϭϲ͗ϰϱ��ϲ�Ͳϲ�EhD�Z/��>��E���yW�Z/D�Ed�>�/Es�^d/'�d/KE^�KE�d,��/Ed�Z��d/KE�K&�>/',d�t/Z�Ͳ
�ZZ�z��ͲW/E�,�^�t/d,��D�������,��sz�&K�D��KEs�Zd�Z^
�͘�yŝĂŽ1͕�E͘��ŝŶŐ1͕�&͘ �zĞ2͕�:͘�EŝŶŐ2͕�Y͘�,Ƶ2͕�&͘ ��ŚĞŶ2͕�z͘ �YŝŶ2͕�Z͘�yƵ2͕��͘�>ŝ2͕�^͘�^ƵŶ1

1/ŶƐƟƚƵƚĞ�ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ�ĂŶĚ��ŽŵƉƵƚĂƟŽŶĂů�DĂƚŚĞŵĂƟĐƐ͕��ĞŝũŝŶŐ͕��ŚŝŶĂ2/ŶƐƟƚƵƚĞ�ŽĨ�EƵĐůĞĂƌ�WŚǇƐŝĐƐ�
ĂŶĚ��ŚĞŵŝƐƚƌǇ͕ ��ŚŝŶĂ��ĐĂĚĞŵǇ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ�WŚǇƐŝĐƐ͕�DŝĂŶǇĂŶŐ͕��ŚŝŶĂ

^ĞƐƐŝŽŶ�ϲ�͗�WůĂƐŵĂ�DĞĚŝĐŝŶĞ�Θ��ŝŽůŽŐŝĐĂů��īĞĐƚƐ�/
tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϭϱ͗ϯϬͲϭϳ͗ϯϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�tĞƐƚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ůůĞŶ�>�'ĂƌŶĞƌ͕ �WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ
ϭϱ͗ϯϬ��ϲ�Ͳϭ��/�>��dZ/����ZZ/�Z��/^�,�Z'��>�DW�&KZ����KEd�D/E�d/KE�WhZWK^�
�͘��ĂŝůůŝĞƌ1͕��͘�DƵũĂ1͕��͘�^͘�<ŽŶĞ1͕�W͘ �'ƵŝůůŽƚ1͕�:͘��ĞǆƉĞƌƚͲ'ŚǇƐ2͕�:͘�D͘��͘��ĂŝƵƚ3

1�W,�͕�hŶŝǀĞƌƐŝƚ�ĚĞ�dŽƵůŽƵƐĞ͕��h&Z�: Ͳ͘&͘ ��ŚĂŵƉŽůůŝŽŶ͕��ůďŝ͕�&ƌĂŶĐĞ�2��D�^͕�hŶŝǀĞƌƐŝƚ�ĚĞ�dŽƵůŽƵƐĞ͕�
dŽƵůŽƵƐĞ͕�&ƌĂŶĐĞ3�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝƐƚƌǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ�^Ž�WĂƵůŽ͕�ZŝďĞŝƌŽ�WƌĞƚŽͲ^W͕ ��ƌĂǌŝů
ϭϱ͗ϰϱ��ϲ�ͲϮ��KEdZK>>/E'�&/>�D�Ed�W�dd�Z/E'��z�D/�ZK^��KE�ͲWh>^����/�>��dZ/����ZZ/�Z�
�/^�,�Z'��W>�^D��&KZ��/KD��/��>��WW>/��d/KE^
E͘��ŚĞƌŶĞƚƐ1͕��͘�^ŝůĂŐŝ2͕�'͘�&ƌŝĚŵĂŶ1͕�'͘�&ƌŝĞĚŵĂŶ1͕��͘�&ƌŝĚŵĂŶ1͕�d͘ ��͘�&ƌĞĞŵĂŶ2

1�͘:͘��ƌĞǆĞů�WůĂƐŵĂ�/ŶƐƟƚƵƚĞ͕��͘:͘��ƌĞǆĞů�WůĂƐŵĂ�/ŶƐƟƚƵƚĞ͕�WŚŝůĂĚĞůƉŚŝĂ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ�2KƌƚŚŽƉĂĞĚŝĐ�
^ƵƌŐĞƌǇ͕ �dŚŽŵĂƐ�:ĞīĞƌƐŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �WŚŝůĂĚĞůƉŚŝĂ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϬϬ��ϲ�Ͳϯ�>KE'�d�ZD��yWK^hZ��K&��dDK^W,�Z/���/�>��dZ/����ZZ/�Z��/^�,�Z'�^�KEdK�t�d�
d/^^h�
W. Tian1͕�D͘�:͘�<ƵƐŚŶĞƌ2

1EƵĐůĞĂƌ��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�ZĂĚŝŽůŽŐŝĐĂů�^ĐŝĞŶĐĞƐ��ĞƉĂƌƚŵĞŶƚ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ��ƌďŽƌ͕ �D/͕�
United States2�ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ��ŽŵƉƵƚĞƌ�^ĐŝĞŶĐĞ��ĞƉĂƌƚŵĞŶƚ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�DŝĐŚŝŐĂŶ͕��ŶŶ�
�ƌďŽƌ͕ �D/͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϲ͗ϭϱ��ϲ�Ͳϰ��y�D/E�d/KE�K&�W>�^D�Ͳd/^^h��/Ed�Z��d/KE^�h^/E'�EhD�Z/��>�DK��>/E'��E��
>��KZ�dKZz��/�'EK^d/�^
�͘�/͘��͘�DĂĐŶĂď͕�d͘ ��ŝĞŵďĂ͕�:͘�WƌĂŐĞƌ͕ ��͘�,ĂƐŚŝŵ͕�:͘��ĂƌƐĐĂĚĚĞŶ
�ĂŐůĞ�,ĂƌďŽƌ�dĞĐŚŶŽůŽŐŝĞƐ͕�/ŶĐ͕�^ĞĂƩůĞ͕�t�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϭϲ͗ϯϬ��ϲ�Ͳϱ��KEdZ/�hd/KE�K&��>��dZ/��&/�>�^��E����d/s��^W��/�^�/E�E�EK^��KE��Wh>^�������
W>�^D��dZ��dD�Ed�&KZ�^d/Dh>�d/KE�K&�DhZ/E��D�^�E�,zD�>��ϯ,ϭϬdϭͬϮ���>>^
A. Lin1͕�E͘��ŚĞƌŶĞƚƐ2͕��͘��ŽďƌǇŶŝŶ1͕�'͘�&ƌŝĚŵĂŶ1͕�d͘ �&ƌĞĞŵĂŶ2͕��͘�&ƌŝĚŵĂŶ1͕�s͘ �DŝůůĞƌ1

1�ƌĞǆĞů�WůĂƐŵĂ�/ŶƐƟƚƵƚĞ͕��ĂŵĚĞŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2dŚŽŵĂƐ�:ĞīĞƌƐŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �WŚŝůĂĚĞůƉŚŝĂ͕�W�͕�hŶŝƚĞĚ�
States
ϭϲ͗ϰϱ��ϲ�Ͳϲ�^zE�Z'/^d/���Ed/���d�Z/�>��&&��d^�K&�>Kt�d�DW�Z�dhZ��W>�^D���KD�/E���t/d,�
Wh>^����>��dZ/��&/�>�^
Y͘��ŚĂŶŐ1͕�:͘��ŚƵĂŶŐ1͕�d͘ �s͘ �tŽĞĚƚŬĞ1͕�:͘��ŚĂŶŐ2͕�:͘�&ĂŶŐ2͕�<͘�Ͳ�͘�tĞůƚŵĂŶŶ1͕�:͘�&͘ �<Žůď1

1>ĞŝďŶŝǌͲ/ŶƐƟƚƵƚĞ�ĨŽƌ�WůĂƐŵĂ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �'ƌĞŝĨƐǁĂůĚ͕�'ĞƌŵĂŶǇ2�ĐĂĚĞŵǇ�ĨŽƌ��ĚǀĂŶĐĞĚ�
/ŶƚĞƌĚŝƐĐŝƉůŝŶĂƌǇ�^ƚƵĚŝĞƐ͕�WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ
ϭϳ͗ϬϬ��ϲ�Ͳϳ�E�EK^��KE��Wh>^����>��dZ/��&/�>�^�;E^W�&^Ϳ��^���EKs�>�d��,EK>K'z�&KZ�
/DWZKs/E'��s�ZD��d/E^�WZK�h�d/KE�/E�^dZ�WdKDz��^��s�ZD/d/>/^
:͘�'ƵŽ1͕�Z͘�DĂ1͕�^͘�tƵ2͕�:͘��ŚĂŶŐϭ͕Ϯ
1�ĐĂĚĞŵǇ�ĨŽƌ��ĚǀĂŶĐĞĚ�/ŶƚĞƌĚŝƐĐŝƉůŝŶĂƌǇ�^ƚƵĚŝĞƐ͕�WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ2�ŽůůĞŐĞ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�
WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ
ϭϳ͗ϭϱ��ϲ�Ͳϴ�d,���>��dZKW,z^/K>K'/��>��&&��d�K&�E�EK^��KE��Wh>^����>��dZ/��&/�>�^�KE�
D�'E�d/��&>h/��,zW�Zd,�ZD/��dK�dZ��d�,�>����>>^
^͘��ƵŽ1͕�Z͘��ŚĂŶŐ2͕�Z͘�tĂŶŐ1͕�:͘��ŚĂŶŐϭ͕Ϯ͕�:͘�&ĂŶŐϭ͕Ϯ
1�ĐĂĚĞŵǇ�ĨŽƌ��ĚǀĂŶĐĞĚ�/ŶƚĞƌĚŝƐĐŝƉůŝŶĂƌǇ�^ƚƵĚŝĞƐ͕�WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ2�ŽůůĞŐĞ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�
WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ

^ĞƐƐŝŽŶ�ϲ�͗�sĂĐƵƵŵ�DŝĐƌŽĞůĞĐƚƌŽŶŝĐƐ�ĂŶĚ�d,ǌ��ĞǀŝĐĞƐ�ĂŶĚ�EŽŶͲ&ƵƐŝŽŶ�DŝĐƌŽǁĂǀĞ�^ŽƵƌĐĞƐ�
;ĐŽŵďŝŶĞĚͿ
tĞĚŶĞƐĚĂǇ͕ �DĂǇ�Ϯϴ�� ϭϱ͗ϯϬͲϭϳ͗ϯϬ� ,ŽŽǀĞƌ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�Nicholas M Jordan, University of Michigan
ϭϱ͗ϯϬ��ϲ�Ͳϭ�E�t�^��>/E'�K&��>��dZKE�d,�ZD/KE/���D/^^/KE�&ZKD�'Z�',�E�
^͘�:͘�>ŝĂŶŐ͕�>͘�<͘��ŶŐ
�ŶŐŝŶĞĞƌŝŶŐ�WƌŽĚƵĐƚ��ĞǀĞůŽƉŵĞŶƚ͕�^ŝŶŐĂƉŽƌĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�dĞĐŚŶŽůŽŐǇ�ĂŶĚ��ĞƐŝŐŶ͕�^ŝŶŐĂƉŽƌĞ͕�^ŝŶŐĂƉŽƌĞ
ϭϱ͗ϰϱ��ϲ�ͲϮ�K�^�Zs�d/KE�K&��K,�Z�Ed�^D/d,ͲWhZ��>>��D/^^/KE��d�ϯϮ�',��&ZKD���Dh>d/Ͳ
�,�EE�>Ͳ'Z�d/E'�t/d,�^/��t�>>^
J. Gardelle1͕�W͘ �DŽĚŝŶ1͕�:͘��ŽŶŽŚƵĞ2

1���ͬ��^d�͕�>Ğ��ĂƌƉ͕�&ƌĂŶĐĞ2�EZ^ͬ/EϮWϯ͕�'ƌĂĚŝŐŶĂŶ͕�&ƌĂŶĐĞ
ϭϲ͗ϬϬ��ϲ�Ͳϯ��yW�Z/D�Ed�>���DKE^dZ�d/KE�K&���,/',�WKt�Z�^D/d,ͲWhZ��>>�^KhZ���h^/E'���
�z>/E�Z/��>�'Z�d/E'
,͘��ůƵĞŵ1͕�:͘�:ĂƌǀŝƐ1͕��͘�D͘�D͘�dŽĚĚ1͕�Z͘�,͘�:ĂĐŬƐŽŶ1͕�:͘�'ĂƌĚĞůůĞ2͕�W͘ �DŽĚŝŶ2͕�:͘�d͘ ��ŽŶŽŚƵĞ3

1�ĚǀĂŶĐĞĚ��ŶĞƌŐǇ�^ǇƐƚĞŵƐ͕�WƌŝŶĐĞƚŽŶ͕�E:͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2���ͬ��^d�͕�>Ğ��ĂƌƉ͕�&ƌĂŶĐĞ3�ĞŶƚƌĞ�Ě͛��ƚƵĚĞƐ�
EƵĐůĞĂŝƌĞƐ�ĚĞ��ŽƌĚĞĂƵǆ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ŽƌĚĞĂƵǆ͕�'ƌĂĚŝŐŶĂŶ͕�&ƌĂŶĐĞ
ϭϲ͗ϭϱ��ϲ�Ͳϰ�d,��d,�KZz�K&��>��dZKEͲt�s����s/��^�&KZ�^,KZdͲt�s�>�E'd,�W�Zd�K&�d,��
MICROWAVE RANGE

�͘�/͘�dƌƵďĞƚƐŬŽǀ͕ ��͘�s͘ �dŝƚŽǀ
^ĂƌĂƚŽǀ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ĂƌĂƚŽǀ͕ �ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
ϭϲ͗ϯϬ��ϲ�Ͳϱ�W�Z&KZD�E���K&�^dϳϬϳ�'�dd�Z�D�d�Z/�>�/E���Z�WͲZ�d���,/',�WKt�Z�D/�ZKt�s��
^��>��Ͳdh���s/Z��dKZ�hE��Z�h,s��KE�/d/KE^
W͘ �<ĞůůǇ͕ �:͘�D͘�WĂƌƐŽŶ͕��͘�>ǇŶŶ͕�D͘�dĂǇůŽƌ͕ �:͘��͘��ŝĐŬĞŶƐ͕��͘�EĞƵďĞƌ͕ �:͘�DĂŶŬŽǁƐŬŝ
�ĞŶƚĞƌ�ĨŽƌ�WƵůƐĞĚ�WŽǁĞƌ�ĂŶĚ�WŽǁĞƌ��ůĞĐƚƌŽŶŝĐƐ͕�dĞǆĂƐ�dĞĐŚ�hŶŝǀĞƌƐŝƚǇ͕ �>ƵďďŽĐŬ͕�dy͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϭϲ͗ϰϱ��ϲ�Ͳϲ�D/>>/D�d�ZͲt�s��^/Ed�Z/E'�K&���Z�D/�^�t/d,��WW>/���WZ�^^hZ�
�͘�t͘�&ůŝŇĞƚ͕��͘�z͘ �ZŽĐŬ͕�D͘��͘�/ŵĂŵ
DĂƚĞƌŝĂůƐ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ��ŝƌĞĐƚŽƌĂƚĞ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�
States
ϭϳ͗ϬϬ��ϲ�Ͳϳ�^dh�z�K&�Dh>d/W��dKZ�>K��/E'�/E�yͲ��E���/�>��dZ/�Ͳ>K���������>�Z�d/E'�
^dZh�dhZ�^
^͘�,͘�'ŽůĚ1͕��͘�:ŝŶŐϮ͕ϯ͕�t͘�'Ăŝ3͕��͘�<ĂŶĂƌĞǇŬŝŶ2͕��͘�<͘�<ŝŶŬĞĂĚ4

1WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ƵĐůŝĚ�dĞĐŚůĂďƐ�>>�͕�
ZŽĐŬǀŝůůĞ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3�ƌŐŽŶŶĞ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ͕ ��ƌŐŽŶŶĞ͕�/>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ4/ĐĂƌƵƐ�ZĞƐĞĂƌĐŚ͕�
/ŶĐ͕͘��ĞƚŚĞƐĚĂ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϳ͗ϭϱ��ϲ�Ͳϴ���Ϯϴ�',��ϮϬϬ�<t�'�E�Z�d/KE��E��>�hE�,/E'�^z^d�D�&KZ���,ͬ��t�KE�WZKdKͲDW�y�
AT ORNL

d͘ �^͘��ŝŐĞůŽǁ͕�:͘��͘��ĂƵŐŚŵĂŶ͕��͘�>͘��ƵŬĞƐ͕�Z͘�,͘�'ŽƵůĚŝŶŐ͕�:͘�ZĂƉƉ͕�^͘�:͘��ŝĞŵ͕�d͘ �D͘��ŝĞǁĞƌ
&ƵƐŝŽŶ��ŶĞƌŐǇ͕ �KZE>͕�KĂŬ�ZŝĚŐĞ͕�dE͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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dŚƵƌƐĚĂǇ͕�DĂǇ�Ϯϵ

Session PL7: Plenary 7

dŚƵƌƐĚĂǇ͕ �DĂǇ�Ϯϵ�� Ϭϴ͗ϬϬͲϬϵ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů��ĂƐƚͲ^ŽƵƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ŚƵŶƋŝ�:ŝĂŶŐ͕�KůĚ��ŽŵŝŶŝŽŶ�hŶŝǀĞƌƐŝƚǇ
ϴ͗ϬϬ��W>ϳͲϭ��;ŝŶǀŝƚĞĚͿ�W>�^D��^hZ&�����E'/E��Z/E'�K&��/KD�d�Z/�>^
W͘ �<͘��ŚƵ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ�ĂŶĚ�DĂƚĞƌŝĂůƐ�^ĐŝĞŶĐĞ͕��ŝƚǇ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�,ŽŶŐ�<ŽŶŐ͕�<ŽǁůŽŽŶ͕�,ŽŶŐ�<ŽŶŐ

^ĞƐƐŝŽŶ�ϳ�͗��ŶǀŝƌŽŶŵĞŶƚĂů�ĂŶĚ�/ŶĚƵƐƚƌŝĂů��ƉƉůŝĐĂƟŽŶƐ
dŚƵƌƐĚĂǇ͕ �DĂǇ�Ϯϵ� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�EŽƌƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�WĂƵů��ŚƵ͕��ŝƚǇ�hŶŝǀĞƌƐŝƚǇ�ŽĨ�,ŽŶŐ�<ŽŶŐ
ϵ͗ϯϬ��ϳ�Ͳϭ��;ŝŶǀŝƚĞĚͿ���'Z���d/KE�K&�^�>��d���W,�ZD���hd/��>^�t/d,�Wh>^����KZKE��
�/^�,�Z'�^�'�E�Z�d���/E�t�d�Z
Z͘��ĂŶĂƐĐŚŝŬ1͕�W͘ �>ƵŬĞƐ2͕�<͘�Ͳ�͘�tĞůƚŵĂŶŶ1͕�:͘�&͘ �<Žůď1

1>ĞŝďŶŝǌ�/ŶƐƟƚƵƚĞ�ĨŽƌ�WůĂƐŵĂ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �'ƌĞŝĨƐǁĂůĚ͕�'ĞƌŵĂŶǇ�2�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WƵůƐĞ�WůĂƐŵĂ�
^ǇƐƚĞŵƐ͕�/ŶƐƟƚƵƚĞ�ŽĨ�WůĂƐŵĂ�WŚǇƐŝĐƐ͕�WƌĂŐƵĞ͕��ǌĞĐŚ�ZĞƉƵďůŝĐ
ϭϬ͗ϬϬ��ϳ�ͲϮ�Z�DKs�>�K&��z�^�&ZKD�^zEd,�d/��t�^d�t�d�Z��z�W>�^D��,�D/��>��K�'h>�d/KE
^͘�EǌĂůŝ1͕�^͘�>ĂŵŝŶƐŝ2͕��͘�EũŽƉŽƵǁŽ2

1^ĐŚŽŽů�ŽĨ�tŽŽĚ͕�tĂƚĞƌ�ĂŶĚ�EĂƚƵƌĂů�ZĞƐŽƵƌĐĞƐ͕�&ĂĐƵůƚǇ�ŽĨ��ŐƌŽŶŽŵǇ�ĂŶĚ��ŐƌŝĐƵůƚƵƌĂů�^ĐŝĞŶĐĞƐ͕�
hŶŝǀĞƌƐŝƚǇ�ŽĨ��ƐĐŚĂŶŐͬ�ďŽůŽǁĂ��ĂŵƉƵƐ͕��ďŽůŽǁĂ͕��ĂŵĞƌŽŽŶ2/ŶŽƌŐĂŶŝĐ��ŚĞŵŝƐƚƌǇ͕ �hŶŝǀĞƌƐŝƚǇ�ŽĨ�zĂŽƵŶĚĞ�
/͕�zĂŽƵŶĚĞ͕��ĂŵĞƌŽŽŶ
ϭϬ͗ϭϱ��ϳ�Ͳϯ�KZ'�E/��^zEd,�^/^�t/d,��KEd/EhKh^�&>Kt�t�d�Z�&/>D�Wh>^���W>�^D���/^�,�Z'�
Z͘�:͘�tĂŶĚĞůů1͕�^͘��ƌĞƐĐŚ2͕�/͘�s͘ ��ůĂďƵŐŝŶ2͕��͘�Z͘�>ŽĐŬĞ1

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝĐĂů�ĂŶĚ��ŝŽŵĞĚŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�&ůŽƌŝĚĂ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �dĂůůĂŚĂƐƐĞĞ͕�&>͕�hŶŝƚĞĚ�
States2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŚĞŵŝƐƚƌǇ�ĂŶĚ��ŝŽĐŚĞŵŝƐƚƌǇ͕ �&ůŽƌŝĚĂ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �dĂůůĂŚĂƐƐĞĞ͕�&>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϯϬ��ϳ�Ͳϰ�^dh�z�K&�t�d�Z�dZ��dD�Ed��z�h^/E'�hE��Zt�d�Z�Wh>^����/^�,�Z'��W>�^D�
d͘ �^ĂŬƵŐĂǁĂ͕�,͘��ŬŝǇĂŵĂ
/ŶƐƟƚƵƚĞ�ŽĨ�WƵůƐĞĚ�WŽǁĞƌ�^ĐŝĞŶĐĞ͕�<ƵŵĂŵŽƚŽ�hŶŝǀĞƌƐŝƚǇ͕ �<ƵŵĂŵŽƚŽ͕�:ĂƉĂŶ
ϭϬ͗ϰϱ��ϳ�Ͳϱ�^,K�<�t�s�^�'�E�Z�d����z�hE��Zt�d�Z�Wh>^���/^�,�Z'��t/d,��h�t/Z��K&�
DIFFERENT PARAMETER

,͘��͘��ŚŽƵ1͕�Z͘�z͘ �,ĂŶ1͕�Y͘�:͘�>ŝƵ1͕�z͘ �D͘��ŚĂŶŐ1͕�z͘ ��͘��ŚĂŽ2͕�D͘�:͘�>ŝƵ2

1^ƚĂƚĞ�<ĞǇ�>ĂďŽƌĂƚŽƌǇ�ŽĨ��ůĞĐƚƌŝĐĂů�/ŶƐƵůĂƟŽŶ�ĨŽƌ�WŽǁĞƌ��ƋƵŝƉŵĞŶƚ͕�yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �yŝ Ă͛Ŷ͕�
^ŚĂĂŶǆŝ͕��ŚŝŶĂ2yŝĂŶ�'ƵĂŶdŽŶŐ��ŶĞƌŐǇ�ƚĞĐŚŶŽůŽŐǇ�ĐŽ͕͘�>d�͕�yŝ Ă͛Ŷ͕�^ŚĂĂŶǆŝ͕��ŚŝŶĂ
ϭϭ͗ϬϬ��ϳ�Ͳϲ�DK�h>�Z�D/�ZKW>�^D��K�KE��'�E�Z�dKZ^�&KZ�t�d�Z�dZ��dD�Ed�^z^d�D
:͘�,͘��ŚŽϭ͕Ϯ͕�D͘�,͘�<ŝŵ2͕��͘�D͘�,ĞƌƌŝŶŐ2͕�^͘�Ͳ:͘�WĂƌŬϭ͕Ϯ͕�:͘�'͘��ĚĞŶϭ͕Ϯ

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�/ůůŝŶŽŝƐ͕�hƌďĂŶĂ͕�/>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�W�
WƵƌŝĮĐĂƟŽŶ͕�/ŶĐ͕͘��ŚĂŵƉĂŝŐŶ͕�/>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϭϱ��ϳ�Ͳϳ�/EͲ^/dh��D/^^/KE�^W��dZK^�KWz��E��W>�^D��,�D/��>��E�>z^/^�K&���Z�KE��/Ky/���
�/^^K�/�d/KE�/E��dDK^W,�Z/��WZ�^^hZ��D/�ZK�,�EE�>�W>�^D�
�͘�^ŚŝŶ͕��͘��Ăŝ͕�^͘�Ͳ:͘�WĂƌŬ͕�:͘�'͘��ĚĞŶ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�/ůůŝŶŽŝƐ͕�hƌďĂŶĂ͕�/>͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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ϭϭ͗ϯϬ��ϳ�Ͳϴ�Z�W/���>>�Z'�E�/E��d/s�d/KE�h^/E'��dDK^W,�Z/��WZ�^^hZ���K>��W>�^D�
z͘ �>ŝĂŶŐ1͕�z͘ �tƵ2͕�<͘�tĞŝ2͕�t͘�>ŝ1͕�D͘�zĂŽ2͕�:͘��ŚĂŶŐ1

1�ŽůůĞŐĞ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ2�ŽůůĞŐĞ�ŽĨ��ŶǀŝƌŽŶŵĞŶƚĂů�^ĐŝĞŶĐĞƐ�ĂŶĚ�
�ŶŐŝŶĞĞƌŝŶŐ͕�WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ
ϭϭ͗ϰϱ��ϳ�Ͳϵ�/E��d/s�d/KE�K&�E�t��^d>���/^��^��s/Zh^��z��K>��W>�^D�
'͘�tĂŶŐ1͕�Y͘��ŚĂŶŐ1͕�:͘��ŚĂŶŐ1͕�Z͘��ŚƵ2͕�>͘�zĂŶŐ2͕��͘�zĂŶŐ2͕�:͘�&ĂŶŐ3

1�ĐĂĚĞŵǇ�ĨŽƌ��ĚǀĂŶĐĞĚ�/ŶƚĞƌĚŝƐĐŝƉůŝŶĂƌǇ�^ƚƵĚŝĞƐ͕�WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ2/ŶƐƟƚƵƚĞ�ŽĨ��ŶŝŵĂů�
^ĐŝĞŶĐĞƐ�ŽĨ����^͕��ĞŝũŝŶŐ͕��ŚŝŶĂ3�ŽůůĞŐĞ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ

^ĞƐƐŝŽŶ�ϳ�͗�DŝĐƌŽǁĂǀĞ�WůĂƐŵĂ�/ŶƚĞƌĂĐƟŽŶ
dŚƵƌƐĚĂǇ͕ �DĂǇ�Ϯϵ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�^ŽƵƚŚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�^ĂƌŝƚĂ�WƌĂƐĂĚ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǁ�DĞǆŝĐŽ
ϵ͗ϯϬ��ϳ�Ͳϭ�dhE��>��W>�^D�Ͳ��^���D/�ZKt�s��t�s�'h/���d/D����>�z
N. Lei͕�:͘�sĞƌďŽŶĐŽĞƵƌ͕ �:͘��ůďƌĞĐŚƚ͕�>͘�,ĂƌůĞ
�ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�DŝĐŚŝŐĂŶ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ĂƐƚ�>ĂŶƐŝŶŐ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϵ͗ϰϱ��ϳ�ͲϮ�Z��h�d/KE�K&�,/',�WKt�Z�D/�ZKt�s���Z��<�KtE���>�z�d/D�^�h^/E'�Dh>d/W>��
W�^^�^�d,ZKh',���d�ϭϭϭ�Z�^KE�dKZ
^͘��ĞĞƐŽŶ1͕�^͘�>ŝŶ2͕�:͘��ŝĐŬĞŶƐ1͕��͘�EĞƵďĞƌ1

1dĞǆĂƐ�dĞĐŚ�hŶŝǀĞƌŝƐƚǇ͕ �>ƵďďŽĐŬ͕�dy͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �yŝ Ă͛Ŷ͕��ŚŝŶĂ
ϭϬ͗ϬϬ��ϳ�Ͳϯ��;ŝŶǀŝƚĞĚͿ�EKEͲ�Yh/>/�Z/hD�W>�^D�^�/E�&h�>Ͳ�/Z�D/ydhZ�^�'�E�Z�d����z�,�>&�K&���
MICROWAVE

D͘�'ƵŶĚĞƌƐĞŶ͕�z͘ �,͘�>ŝŶ͕��͘�<ƵƚŚŝ͕�t͘�^ĐŚƌŽĞĚĞƌ͕ ��͘�^ŝŶŐůĞƚŽŶ͕�:͘�^ĂŶĚĞƌƐ
�ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�^ŽƵƚŚĞƌŶ��ĂůŝĨŽƌŶŝĂ͕�>ŽƐ��ŶŐĞůĞƐ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϯϬ��ϳ�Ͳϰ�^W�d/�>>z��E��d�DWKZ�>>z�Z�^K>s����,�Z��d�Z/��d/KE�K&��E��/Z��Z��<�KtE�
W>�^D��h^/E'���ϭϭϬ�',�͕�ϭ͘ϰ�Dt�'zZKdZKEΎ
^͘��͘�^ĐŚĂƵď͕�:͘�^͘�,ƵŵŵĞůƚ͕�t͘��͘�'ƵƐƐ͕�D͘��͘�^ŚĂƉŝƌŽ͕�Z͘�:͘�dĞŵŬŝŶ
WůĂƐŵĂ�^ĐŝĞŶĐĞ�ĂŶĚ�&ƵƐŝŽŶ��ĞŶƚĞƌ͕ �D/d͕ ��ĂŵďƌŝĚŐĞ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϰϱ��ϳ�Ͳϱ�/Es�^d/'�d/E'�d,��/DW��d�D�d�D�d�Z/�>^�,�s��KE��Z��<�KtE���>�z�/E�W>�^D��
&KZD�d/KE�/E�,/',�WKt�Z�D/�ZKt�s���yW�Z/D�Ed^
�͘�<ƵƉĐǌǇŬ͕�y͘�yŝĂŶŐ͕�W͘ ��ĂƌƌŝŐĂŶ͕�:͘�^ĐŚĂƌĞƌ͕ �:͘��ŽŽƐŬĞ
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ��ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�tŝƐĐŽŶƐŝŶͲDĂĚŝƐŽŶ͕�DĂĚŝƐŽŶ͕�t/͕�
United States
ϭϭ͗ϬϬ��ϳ�Ͳϲ�EhD�Z/��>�^/Dh>�d/KE^�K&�D/�ZKt�s���E�Z'z��ydZ��d/KE�&ZKD���,/',Ͳ'�/E͕�
,/',ͲWKt�Z�Wh>^���KDWZ�^^KZ�t/d,���W>�^D��^t/d�,
�͘�^͘�^ŚůĂƉĂŬŽǀƐŬŝ1͕�>͘��ĞŝůŝŶ1͕�z͘ �W͘ ��ůŝŽŬŚ1͕�D͘��ŽŶƐŬŽǇ1͕�z͘ �,ĂĚĂƐ2͕��͘�^ĐŚĂŵŝůŽŐůƵ3͕�z͘ ��͘�<ƌĂƐŝŬ1

1WŚǇƐŝĐƐ��ĞƉƚ͕͘�dĞĐŚŶŝŽŶ͕�,ĂŝĨĂ͕�/ƐƌĂĞů2�ƉƉůŝĞĚ�WŚǇƐŝĐƐ��ĞƉƚ͕͘�ZĂĨĂĞů͕�,ĂŝĨĂ͕�/ƐƌĂĞů3�����ĞƉƚ͕͘�hŶŝǀĞƌƐŝƚǇ�ŽĨ�
EĞǁ�DĞǆŝĐŽ͕��ůďƵƋƵĞƌƋƵĞ�ED͕�h^�
ϭϭ͗ϭϱ��ϳ�Ͳϳ�E�EK^��KE�Ͳ&Z�D��/D�'/E'�K&�W>�^D���/^�,�Z'��/E���D/�ZKt�s��Wh>^��
�KDWZ�^^KZ�/Ed�Z&�Z�E���^t/d�,
>͘��ĞŝůŝŶ1͕��͘�^ŚůĂƉĂŬŽǀƐŬŝ1͕�D͘��ŽŶƐŬŽǇ1͕�z͘ ��͘�<ƌĂƐŝŬ1͕�z͘ �,ĂĚĂƐ2

1WŚǇƐŝĐƐ��ĞƉĂƌƚŵĞŶƚ͕�dĞĐŚŶŝŽŶ͕�,ĂŝĨĂ͕�/ƐƌĂĞů�2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ͕�ZĂĨĂĞů͕�,ĂŝĨĂ͕�/ƐƌĂĞů
ϭϭ͗ϯϬ��ϳ�Ͳϴ�W�Zd/�>�Ͳ/EͲ��>>�^/Dh>�d/KE�KE�,/',ͲWKt�Z�D/�ZKt�s��&>�^,Ks�Z��E��
�Z��<�KtE�t/d,�t/E�Kt�Khd'�^^/E'
z͘ ��ŽŶŐ͕��͘��ŽŶŐ͕�Y͘��ŚŽƵ͕�t͘�zĂŶŐ͕�,͘��ŚŽƵ
/ŶƐŝƚƵƚĞ�ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ�ĂŶĚ��ŽŵƉƵƚĂƟŽŶĂů�DĂƚŚĞŵĂƟĐƐ͕��ĞŝũŝŶŐ͕��ŚŝŶĂ
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ϭϭ͗ϰϱ��ϳ�Ͳϵ���EKs�>��E�����hZ�d��d�&/dͲW/���K���&KZ�d,��Dh>d/W��dKZ�^/Dh>�d/KE^
:͘�t͘�zŽƵ1͕�:͘�&͘ ��ŚĂŶŐ1͕�d͘ �:͘��Ƶŝ1͕�,͘�'͘�tĂŶŐ2

1^ĐŚŽŽů�ŽĨ�/ŶĨŽƌŵĂƟŽŶ�ĂŶĚ��ŶŐŝŶĞĞƌŝŶŐ͕�^ŽƵƚŚĞĂƐƚ�hŶŝǀĞƌƐŝƚǇ͕ �EĂŶũŝŶŐ͕��ŚŝŶĂ2yŝ Ă͛Ŷ�:ŝĂŽƚŽŶŐ�hŶŝǀĞƌƐŝƚǇ͕ �
yŝ Ă͛Ŷ͕��ŚŝŶĂ

Session 7C: Codes & Modeling II

dŚƵƌƐĚĂǇ͕ �DĂǇ�Ϯϵ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů��ĂƐƚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�dŽŵ��ŶƚŽŶƐĞŶ͕�hŶŝǀĞƌƐŝƚǇ�KĨ�DĂƌǇůĂŶĚ
ϵ͗ϯϬ��ϳ�Ͳϭ�D�'/�ϯ��&�d���DͲW/���K���EKEͲ�KE&KZD�>�'�KD�dZz�;�hd���>>Ϳ�/DW>�D�Ed�d/KE
A. J. Woods͕�>͘��͘�>ƵĚĞŬŝŶŐ
�ůůŝĂŶƚ�dĞĐŚƐǇƐƚĞŵƐ�KƉĞƌĂƟŽŶƐ͕�>>��;�d<Ϳ͕�EĞǁŝŶŐƚŽŶ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϵ͗ϰϱ��ϳ�ͲϮ�W�Z�>>�>�W�Z�D�dZ/����^/'E�KWd/D/��d/KE�&KZ�Z&��DW>/&/�Z^�t/d,�ϯ���DͲW/�
'͘�D͘�^ƚĂŶƚĐŚĞǀ1͕�^͘�:͘��ŽŽŬĞ1͕�d͘ �D͘��ŶƚŽŶƐĞŶ͕�:ƌ͘ 2

1EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2>ĞŝĚŽƐ��ŽƌƉ͕͘�ZĞƐƚŽŶ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϬϬ��ϳ�Ͳϯ�DK��>/E'�K&��Z/s��/E�h����K^�/>>�d/KE^͗���W��/>/d/�^��E��>/D/d�d/KE^
�͘�E͘�sůĂƐŽǀ1͕�/͘��͘��ŚĞƌŶǇĂǀƐŬŝǇ1͕�:͘�W͘ ��ĂůĂŵĞ1͕��͘�>ĞǀƵƐŚ1͕�d͘ �D͘��ŶƚŽŶƐĞŶ͕�:ƌ͘ 2

1EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2>ĞŝĚŽƐ�/ŶĐ͕͘�ZĞƐƚŽŶ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϭϱ��ϳ�Ͳϰ�h^/E'�t,K>��^dZh�dhZ��DK��^�/E�d,��>�Z'�Ͳ^/'E�>�DK��>/E'�K&�dtd^�t/d,�
�Z�/dZ�Zz�^>KtͲt�s��^dZh�dhZ�^
/͘��͘��ŚĞƌŶǇĂǀƐŬŝǇ1͕��͘�E͘�sůĂƐŽǀ1͕�^͘�:͘��ŽŽŬĞ1͕��͘�>ĞǀƵƐŚ1͕�d͘ �D͘��ŶƚŽŶƐĞŶ2

1h͘^͘�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ�2>ĞŝĚŽƐ͕�ZĞƐƚŽŶ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϯϬ��ϳ�Ͳϱ�Z&��DW>/&/�Z���^/'E�h^/E'�ϯ���DͲW/�
^͘�:͘��ŽŽŬĞ1͕�'͘�D͘�^ƚĂŶƚĐŚĞǀ1͕�d͘ �D͘��ŶƚŽŶƐĞŶ�:ƌ͘ 2͕�:͘�:͘�WĞƟůůŽ3͕�^͘�'͘�KǀƚĐŚŝŶŶŝŬŽǀ3͕��͘�<ŽƐƚĂƐ3͕��͘�E͘�WĂŶĂ-
ŐŽƐ3

1EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ�2>ĞŝĚŽƐ͕�ZĞƐƚŽŶ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ�3Leidos, 
�ŝůůĞƌŝĐĂ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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>͘�/ǀĞƐ͕�D͘�ZĞĂĚ͕�d͘ ��Ƶŝ
�ĂůĂďĂǌĂƐ��ƌĞĞŬ�ZĞƐĞĂƌĐŚ͕�/ŶĐ͕͘�^ĂŶ�DĂƚĞŽ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϬϬ��ϳ�Ͳϳ�,Kd�d�^d�K&�'zZKdZKE���s/dz�/Ed�Z��d/KE�h^/E'���ϯ���&�d��W/��D�d,K�
M. C. Lin1͕��͘�E͘�^ŵŝƚŚĞ1͕�t͘��͘�'ƵƐƐ2͕�Z͘�:͘�dĞŵŬŝŶ2

1�ĞĂŵƐ�/ŶƚĞƌĂĐƟŽŶ�'ƌŽƵƉ͕�dĞĐŚͲy��ŽƌƉŽƌĂƟŽŶ͕��ŽƵůĚĞƌ͕ ��K͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ�ĂŶĚ�ƚŚĞ�
WůĂƐŵĂ�^ĐŝĞŶĐĞ�ĂŶĚ�&ƵƐŝŽŶ��ĞŶƚĞƌ͕ �DĂƐƐĂĐŚƵƐĞƩƐ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ͕ ��ĂŵďƌŝĚŐĞ͕�D�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϭϱ��ϳ�Ͳϴ�s/Zdh�>�WZKdKdzW/E'�K&���ϱ�Dt��KEs�Ed/KE�>�D�'E�dZKE
D͘�>ĂŵďƌĞĐŚƚ͕�W͘ �DĂƌĚĂŚů͕�E͘�>ŽĐŬǁŽŽĚ
�ŝƌ�&ŽƌĐĞ�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �<ŝƌƚůĂŶĚ��&�͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϯϬ��ϳ�Ͳϵ�W�Zd/�>��t�s��/Ed�Z��d/KE�h^/E'���s/dz�DK��>��yW�E^/KE�t/d,��E��WW>/��d/KE�
KE�^/Dh>�d/KE^�K&�s/Zdh�>���d,K���K^�/>>�dKZ
�͘�&͘ ��ďĚĞůͲZĂŚŵĂŶ͕�d͘ �D͘��ďƵĞůĨĂĚů
�ůĞĐƚƌŽŶŝĐƐ�ĂŶĚ��ůĞĐƚƌŝĐĂů��ŽŵŵƵŶŝĐĂƟŽŶƐ��ĞƉĂƌƚŵĞŶƚ͕�&ĂĐƵůƚǇ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕��ĂŝƌŽ�hŶŝǀĞƌƐŝƚǇ͕ �'ŝǌĂ͕�
�ŐǇƉƚ
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^ĞƐƐŝŽŶ�ϳ�͗�WůĂƐŵĂ�DĞĚŝĐŝŶĞ�Θ��ŝŽůŽŐŝĐĂů��īĞĐƚƐ�//
dŚƵƌƐĚĂǇ͕ �DĂǇ�Ϯϵ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� dŚƵƌŐŽŽĚ�DĂƌƐŚĂůů�tĞƐƚ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ŚƵŶƋŝ�:ŝĂŶŐ͕�KůĚ��ŽŵŝŶŝŽŶ�hŶŝǀĞƌƐŝƚǇ
ϵ͗ϯϬ��ϳ�Ͳϭ��Ed/D/�ZK�/�>��KWW�Z��K�d/E'^�KE�d�DW�Z�dhZ��>��/>��^hZ&���^���WK^/d���t/d,�
�����W>�^D��:�d�KW�Z�d���t/d,��/Z
:͘�<ƌĞĚů1͕��͘�YƵĂĚĞ1͕�^͘�DƵĞůůĞƌ1͕�^͘�WĞŐůŽǁ1͕�D͘�WŽůĂŬ1͕�:͘�&͘ �<Žůď1͕�<͘�Ͳ�͘�tĞůƚŵĂŶŶ1͕�^͘��ƌĂĐŚĞ2͕�Z͘�,ŝƉƉůĞƌ2

1>ĞŝďŶŝǌ�/ŶƐƟƚƵƚĞ�ĨŽƌ�WůĂƐŵĂ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �'ƌĞŝĨƐǁĂůĚ͕�'ĞƌŵĂŶǇ2/ŶƐƟƚƵƚĞ�ŽĨ�WŚǇƐŝĐƐ͕��ƌŶƐƚͲ
DŽƌŝƚǌͲ�ƌŶĚƚ�hŶŝǀĞƌƐŝƚǇ͕ �'ƌĞŝĨƐǁĂůĚ͕�'ĞƌŵĂŶǇ
ϵ͗ϰϱ��ϳ�ͲϮ��Kh�>��:�d��dDK^W,�Z/��WZ�^^hZ��W>�^D���^������KEd�D/E�d/E'��'�Ed
�͘�Ͳ�͘�,͘�DŽŚĂŵĞĚϭ͕Ϯ͕�D͘�^͘��ĞŶŐŚĂŶĞŵ1͕�^͘�D͘��ů�^ŚĂƌŝī3͕�^͘��͘�KƵĨϰ͕ϱ
1WŚǇƐŝĐƐ��ĞƉĂƌƚŵĞŶƚͬ�&ĂĐƵůƚǇ�ŽĨ�^ĐŝĞŶĐĞ͕�dĂŝďĂŚ�hŶŝǀĞƌƐŝƚǇ͕ ��ůŵĂĚŝŶĂŚ��ůŵƵŶĂǁǁĂƌĂŚ͕�^ĂƵĚŝ�
�ƌĂďŝĂ2WŚǇƐŝĐƐ��ĞƉĂƌƚŵĞŶƚͬ�&ĂĐƵůƚǇ�ŽĨ�^ĐŝĞŶĐĞ͕��ĞŶŝͲ^ƵĞĨ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŶŝͲ^ƵĞĨ͕ ��ŐǇƉƚ3�ůĞĐƚƌŝĐĂů�
�ŶŐŝŶĞĞƌŝŶŐ��ĞƉĂƌƚŵĞŶƚͬ�&ĂĐƵůƚǇ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ�ŽĨ�^ĐŝĞŶĐĞ͕�dĂŝďĂŚ�hŶŝǀĞƌƐŝƚǇ͕ ��ůŵĂĚŝŶĂŚ�
�ůŵƵŶĂǁǁĂƌĂŚ͕�^ĂƵĚŝ��ƌĂďŝĂ4�ŝŽůŽŐǇ��ĞƉĂƌƚŵĞŶƚ͕�&ĂĐƵůƚǇ�ŽĨ�^ĐŝĞŶĐĞ͕�dĂŝďĂŚ�hŶŝǀĞƌƐŝƚǇ͕ ��ůŵĂĚŝŶĂŚ�
�ůŵƵŶĂǁǁĂƌĂŚ͕�^ĂƵĚŝ��ƌĂďŝĂ5�ŝŽůŽŐǇ��ĞƉĂƌƚŵĞŶƚ͕�&ĂĐƵůƚǇ�ŽĨ�^ĐŝĞŶĐĞ͕��ĂŝƌŽ�hŶŝǀĞƌƐŝƚǇ͕ �'ŝǌĂ͕��ŐǇƉƚ
ϭϬ͗ϬϬ��ϳ�Ͳϯ���EKs�>�E�EK^��KE��Wh>^���W>�^D���Zh^,�&KZ��/KD��/��>��WW>/��d/KE^
J. Lane͕�D͘�DĂůŝŬ͕��͘��ĚĞůďůƵƚĞ͕�>͘�,ĞůůĞƌ͕ �<͘�^ĐŚŽĞŶďĂĐŚ͕��͘�:ŝĂŶŐ
&ƌĂŶŬ�ZĞŝĚǇ�ZĞƐĞĂƌĐŚ��ĞŶƚĞƌ�ĨŽƌ��ŝŽĞůĞĐƚƌŝĐƐ͕�KůĚ��ŽŵŝŶŝŽŶ�hŶŝǀĞƌƐŝƚǇ͕ �EŽƌĨŽůŬ͕�s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϭϱ��ϳ�Ͳϰ��&&��d/s�E�^^�K&�^hZ&�����/�>��dZ/����ZZ/�Z��/^�,�Z'��;^���Ϳ�t/d,�&>Kt�
CONTROL FOR BIOLOGICAL DECONTAMINATION

<͘�<͘�WĂŝ1͕��͘�d͘ �dŝŵŵŽŶƐ2͕�^͘�<ĂƌƵŵƵƌŝ1͕�:͘��͘�:ĂĐŽď1͕�'͘��ŚĂŶŐ3͕�>͘�DĂ2

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ�DĞĐŚĂŶŝĐĂů�ĂŶĚ��ĞƌŽƐƉĂĐĞ��ŶŐŝŶĞĞƌŝŶŐ͕�KŬůĂŚŽŵĂ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �^ƟůůǁĂƚĞƌ͕ �
KŬůĂŚŽŵĂ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŶƚŽŵŽůŽŐǇ�ĂŶĚ�WůĂŶƚ�WĂƚŚŽůŽŐǇ͕ �KŬůĂŚŽŵĂ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ �
^ƟůůǁĂƚĞƌ͕ �KŬůĂŚŽŵĂ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3�ĞŶƚĞƌ�ĨŽƌ�&ŽŽĚ�^ĂĨĞƚǇ�ĂŶĚ��ƉƉůŝĞĚ�EƵƚƌŝƟŽŶ͕�&ŽŽĚ�ĂŶĚ��ƌƵŐ�
�ĚŵŝŶŝƐƚƌĂƟŽŶ͕��ŽůůĞŐĞ�WĂƌŬ͕�DĂƌǇůĂŶĚ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϯϬ��ϳ�Ͳϱ�^hZ&����&hE�d/KE�>/��d/KE�K&�'Z�W,/d�Ͳ�E��W^h>�d���'K>��E�EKW�Zd/�>�^�&KZ�
Dh>d/W>���/KD��/��>��WW>/��d/KE^�h^/E'�Z&�W>�^D�
�͘�zĂŶŐ1͕�,͘��ŚŽƵ2͕�D͘�EĂŐĂƚƐƵϭ͕Ϯ

1'ƌĂĚƵĂƚĞ�^ĐŚŽŽů�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �^ŚŝǌƵŽŬĂ�hŶŝǀĞƌƐŝƚǇ͕ �,ĂŵĂŵĂƚƐƵ͕�:ĂƉĂŶ2'ƌĂĚƵĂƚĞ�^ĐŚŽŽů�ŽĨ�
�ŶŐŝŶĞĞƌŝŶŐ͕�^ŚŝǌƵŽŬĂ�hŶŝǀĞƌƐŝƚǇ͕ �,ĂŵĂŵĂƚƐƵ͕�:ĂƉĂŶ
ϭϬ͗ϰϱ��ϳ�Ͳϲ��;ŝŶǀŝƚĞĚͿ��/K>K'/��>��E���,�D/��>��&&��d^�K&�t�d�Z���d/s�d����z��K>��W>�^D��
��Ks���E����E��d,�d,��t�d�Z�^hZ&���
Y. Tian1͕�Z͘�DĂ1͕�Y͘��ŚĂŶŐ1͕�:͘��ŚĂŶŐϭ͕Ϯ͕�:͘�&ĂŶŐϭ͕Ϯ
1�ĐĂĚĞŵǇ�ĨŽƌ��ĚǀĂŶĐĞĚ�/ŶƚĞƌĚŝƐĐŝƉůŝŶĂƌǇ�^ƚƵĚŝĞƐ͕�WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ�2�ŽůůĞŐĞ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�
WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ
ϭϭ͗ϭϱ��ϳ�Ͳϳ�WZK>KE'���WZ�^�Zs�d/KE��E��/E��d/s�d/KE�K&�^hZ&���Ͳ�KZE��D/�ZKKZ'�E/^D^�
K&�&Z�^,�&Zh/d^��z�EKEͲd,�ZD�>�W>�^D����d/s�d���t�d�Z
Z͘�DĂ1͕�z͘ �dŝĂŶ1͕�:͘�'ƵŽ1͕�,͘�&ĞŶŐ2͕�:͘��ŚĂŶŐ2͕�:͘�&ĂŶŐ2

1�ĐĂĚĞŵǇ�ĨŽƌ��ĚǀĂŶĐĞĚ�/ŶƚĞƌĚŝƐĐŝƉůŝŶĂƌǇ�^ƚƵĚŝĞƐ͕�WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ2�ŽůůĞŐĞ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�
WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ
ϭϭ͗ϯϬ��ϳ�Ͳϴ��s�>h�d/KE�K&��K>��W>�^D��dZ��dD�Ed��E��^�&�dz�/E��/^/E&��d/E'�ϮϭͲ��z�ZKKd�
��E�>��Ed�ZK�K��h^�&����>/^��/K&/>D�/E�s/dZK
Y. Li1͕�'͘�tĂŶŐ1͕�:͘��ŚĂŶŐϭ͕Ϯ͕�:͘�&ĂŶŐϭ͕Ϯ͕�:͘�WĂŶ3͕�t͘��ŚƵ4

1�ĐĂĚĞŵǇ�ĨŽƌ��ĚǀĂŶĐĞĚ�/ŶƚĞƌĚŝƐĐŝƉůŝŶĂƌǇ�^ƚƵĚŝĞƐ͕�WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ2�ŽůůĞŐĞ�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ͕�
WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕��ŚŝŶĂ3^ĐŚŽŽů�ĂŶĚ�,ŽƐƉŝƚĂů�ŽĨ�^ƚŽŵĂƚŽůŽŐǇ͕ �WĞŬŝŶŐ�hŶŝǀĞƌƐŝƚǇ͕ ��ĞŝũŝŶŐ͕�
�ŚŝŶĂ4�ĞƉƚ͘�ŽĨ��ƉƉůŝĞĚ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �^ĂŝŶƚ�WĞƚĞƌƐ�hŶŝǀĞƌƐŝƚǇ͕ �:ĞƌƐĞǇ��ŝƚǇ͕ �h^�
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ϭϭ͗ϰϱ��ϳ�Ͳϵ�d,��dzW��K&��E����D�'��/E�h�����z�����W>�^D��s�Z/�^���W�E�/E'�KE�d,��
hE/&KZD/dz�K&��/^�,�Z'�
:͘��ǌŝǌŬŚĂŶͲ�ůŝīŽƌĚ1͕�s͘ �>ŝŵŽŶŶŝŬ1͕��͘��ŽďƌǇŶŝŶ2

1�ŝŽĐŚĞŵŝƐƚƌǇ�ĂŶĚ�DŽůĞĐƵůĂƌ��ŝŽůŽŐǇ͕ ��ƌĞǆĞů�hŶŝǀĞƌƐŝƚǇ��ŽůůĞŐĞ�ŽĨ�DĞĚŝĐŝŶĞ͕�WŚŝůĂĚĞůƉŚŝĂ͕�W�͕�hŶŝƚĞĚ�
States2�ƌĞǆĞů�WůĂƐŵĂ�/ŶƐƟƚƵƚĞ͕��ƌĞǆĞů�hŶŝǀĞƌƐŝƚǇ͕ �WŚŝůĂĚĞůƉŚŝĂ͕�W�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
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dŚƵƌƐĚĂǇ͕ �DĂǇ�Ϯϵ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� ,ŽŽǀĞƌ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗��ůĞĚ�:ŽŶĞƐ͕��ƚŽŵŝĐ�tĞĂƉŽŶƐ��ƐƚĂďůŝƐŚŵĞŶƚ
ϵ͗ϯϬ��ϳ�Ͳϭ��;ŝŶǀŝƚĞĚͿ�^��>/E'�K&�^DW��/K���W�Z&KZD�E���t/d,�'�KD�dZz��E��sK>d�'�
D͘�>͘�<ŝĞĨĞƌ1͕�D͘��͘�:ŽŚŶƐƚŽŶ1͕�d͘ �:͘�tĞďď1͕�:͘�:͘�>ĞĐŬďĞĞ1͕�d͘ �:͘�ZĞŶŬ1͕��͘�s͘ �KůŝǀĞƌ1͕�D͘�'͘�DĂǌĂƌĂŬŝƐ1͕��͘�^͘�
Nielsen1͕��͘��ŝƐŬĂ1͕�W͘ �t͘�>ĂŬĞ1͕�E͘�>͘��ĞŶŶĞƩ2͕�Z͘��͘�'ŝŐŶĂĐ2͕��͘��͘�^ŵŝƚŚ2͕��͘�t͘��ƌŽĞŵĞƌ2͕��͘�Z͘�tĞůĐŚ3

1^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2EĂƟŽŶĂů�^ĞĐƵƌŝƚǇ�dĞĐŚŶŽůŽŐŝĞƐ͕�>>�͕�>ĂƐ�
sĞŐĂƐ͕�Es͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ3sŽƐƐ�^ĐŝĞŶƟĮĐ͕�>>�͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϬϬ��ϳ�ͲϮ�/DW���E�����,�s/KZ�/E�d,��^�>&ͲD�'E�d/��W/E�,�;^DWͿ��/K���KE�d,��Z/d^Ͳϲ�
ACCELERATOR

d͘ �:͘�ZĞŶŬ1͕�D͘��͘�:ŽŚŶƐƚŽŶ1͕�:͘�:͘�>ĞĐŬďĞĞ1͕�d͘ �:͘�tĞďď1͕�D͘�'͘�DĂǌĂƌĂŬŝƐ1͕�D͘�>͘�<ŝĞĨĞƌ1͕�E͘�>͘��ĞŶŶĞƩ2

1^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ�2EĂƟŽŶĂů�^ĞĐƵƌŝƚǇ�dĞĐŚŶŽůŽŐŝĞƐ͕�>>�͕�>ĂƐ�
sĞŐĂƐ͕�Es͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϭϱ��ϳ�Ͳϯ�WKt�Z�&>Kt�D��^hZ�D�Ed^�/E���^D�>>��/�D�d�Z�D�'E�d/��>>zͲ/E^h>�d���
dZ�E^D/^^/KE�>/E��&KZ�&>�^,�Z��/K'Z�W,zΎ
:͘��͘��ŝĞƌ1͕��͘��͘�,ŝŶƐŚĞůǁŽŽĚ1͕��͘��ŽǇĞƌ2͕�'͘��ŽŽƉĞƌƐƚĞŝŶ3͕�:͘�t͘�^ĐŚƵŵĞƌ1͕�^͘��͘�^ǁĂŶĞŬĂŵƉ1

1WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ŶŐŝůŝƚǇ��ŽƌƉŽƌĂƟŽŶ͕�
�ŚĂŶƟůůǇ͕ �s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3/ŶĚĞƉĞŶĚĞŶƚ��ŽŶƚƌĂĐƚŽƌ͕ ��ŶŐŝůŝƚǇ��ŽƌƉŽƌĂƟŽŶ͕��ŚĂŶƟůůǇ͕ �s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϬ͗ϯϬ��ϳ�Ͳϰ�W>�^D���zE�D/�^�/E�d,��^�>&ͲD�'E�d/�ͲW/E�,��/K��
E͘�>͘��ĞŶŶĞƩ1͕�D͘��͘��ƌĂŶĞ1͕��͘��͘�^ŵŝƚŚ1͕��͘�t͘��ƌŽĞŵĞƌ1͕��͘�Z͘�tĞůĐŚ2͕�D͘��͘�:ŽŚŶƐƚŽŶ3͕�:͘�:͘�>ĞĐŬďĞĞ3͕�D͘�
'͘�DĂǌĂƌĂŬŝƐ3͕�D͘�>͘�<ĞŝĨĞƌ3͕�d͘ �:͘�ZĞŶŬ3͕�d͘ �:͘�tĞďď3

1EĂƟŽŶĂů�^ĞĐƵƌŝƚǇ�dĞĐŚŶŽůŽŐŝĞƐ͕�>>�͕�>ĂƐ�sĞŐĂƐ͕�Es͕ �hŶŝƚĞĚ�^ƚĂƚĞƐ2sŽƐƐ�^ĐŝĞŶƟĮĐ͕�>>�͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�
US3^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�h^
ϭϬ͗ϰϱ��ϳ�Ͳϱ��/Z��d�D��^hZ�D�Ed�K&�d,���/ͲWK>�Z�/KE��hZZ�Ed��E���EK��Ͳ��d,K���;�Ͳ<Ϳ�
sK>d�'��/E���^�>&ͲD�'E�d/��W/E�,�;^DWͿ��/K��͘Ύ
D͘�'͘�DĂǌĂƌĂŬŝƐ1͕�^͘�Z͘��ŽƌĚŽǀĂ1͕�D͘��͘��ƵŶĞŽ1͕�D͘��͘�:ŽŚŶƐƚŽŶ1͕�D͘�>͘�<ŝĞĨĞƌ1͕�:͘�:͘�>ĞĐŬďĞĞ1͕��͘�^͘�EŝĞůƐĞŶ1͕�
�͘�s͘ �KůŝǀĞƌ1͕�d͘ �:͘�ZĞŶŬ1͕�D͘�^ĐĞŝĨŽƌĚ1͕�d͘ �:͘�tĞďď1͕��͘��ŝƐŬĂ1͕�^͘��͘�^ŝŵƉƐŽŶ1͕�E͘��ĞŶŶĞƩ2͕�D͘��͘��ƌĂŝŶ2͕��͘�t͘�
Droemer2͕�Z͘��͘��ŝŐŶĂĐ2͕�'͘��͘�>ĂƌĞ2͕�/͘�DŽůŝŶĂ2͕��͘�Z͘�tĞůĐŚ3͕�d͘ �D͘�ZŽŵĞƌŽ2͕��͘��͘�^ŵŝƚŚ2͕�&͘ �>͘�tŝůŬŝŶƐ2

1ϭϲϱϲ͕�^ĂŶĚŝĂ�EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌŝĞƐ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2EĂƟŽŶĂů�^ĞĐƵƌŝƚǇ�dĞĐŚŶŽůŽŐŝĞƐ͕�
>>�͕�>ĂƐ�sĞŐĂƐ͕�Es�ϴϵϭϵϯ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3sŽƐƐ�^ĐŝĞŶƟĮĐ͕�>>�͕��ůďƵƋƵĞƌƋƵĞ͕�ED�ϴϳϭϬϴ͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϬϬ��ϳ�Ͳϲ��yW�Z/D�Ed^�t/d,��z>/E�Z/��>�Z�&>�y�dZ/K��^��KEE��d���/E�^�Z/�^
�͘�s͘ �tĞďĞƌ1͕��͘��͘�&ĞĂƚŚĞƌƐƚŽŶĞ2͕��͘�'͘�WŚŝƉƉƐ1͕�Z͘�:͘��ŽŵŵŝƐƐŽ1

1WůĂƐŵĂ�WŚǇƐŝĐƐ��ŝǀŝƐŝŽŶ͕�EĂǀĂů�ZĞƐĞĂƌĐŚ�>ĂďŽƌĂƚŽƌǇ͕ �tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ŶŐŝůŝƚǇ��ŽƌƉ͕�
�ŚĂŶƟůůǇ͕ �s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
ϭϭ͗ϭϱ��ϳ�Ͳϳ��>��dZ/���,�Z��d�Z/^d/�^�K&�,/',Ͳ�hZZ�Ed�^�>&ͲD�'E�d/��W/E�,��/K���K&�Wh>^���
�>��dZKE�����>�Z�dKZ�͞'�DD�Ͳϭ͟
<͘�s͘ �^ƚƌĂďǇŬŝŶ͕�E͘�s͘ ��ĂǀǇĂůŽǀ͕ �s͘ �^͘�'ŽƌĚĞĞǀ͕ �s͘ �d͘ �WƵŶŝŶ͕��͘�s͘ �'ƌŝƐŚŝŶ͕�^͘�d͘ �EĂǌĂƌĞŶŬŽ͕�s͘ �^͘�WĂǀůŽǀ͕ �s͘ ��͘�
�ĞŵĂŶŽǀ͕ ��͘��͘�<ĂůĂƐŚŶŝŬŽǀ͕ ��͘�s͘ �<ŽǌĂĐŚĞŬ͕�^͘�z͘ �WƵĐŚĂŐŝŶ͕�D͘��͘�DŽŝƐĞũĞǀƐŬŝŬŚ͕��͘�K͘�DĂŶƐƵƌŽǀ͕ ��͘�W͘ �
DŝƌŽŶǇĐŚĞǀ͕ �Z͘��͘�DĂǇŽƌŽǀ͕ �s͘ �>͘�DĂǇŽƌŶŝŬŽǀĂ
Z&E�ͲsE//�&͕ �^ĂƌŽǀ͕ �EŝǌŚŶǇ�EŽǀŐŽƌŽĚ�ƌĞŐŝŽŶ͕�ZƵƐƐŝĂŶ�&ĞĚĞƌĂƟŽŶ
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ϭϭ͗ϯϬ��ϳ�Ͳϴ�^dh�z�K&�d,��,KDK'�E�/dz�K&��E��>��dZKE����D�h^/E'���Z�E<Ks��D/^^/KE
<͘�WĞƉŝƚŽŶĞ͕�:͘�'ĂƌĚĞůůĞ͕�W͘ �DŽĚŝŶ
���ͬ��^d�͕�>Ğ��ĂƌƉ͕�&ƌĂŶĐĞ
ϭϭ͗ϰϱ��ϳ�Ͳϵ���s�>KWD�Ed�K&��E�/Ed�E^��/KEͲ���D�^KhZ���&KZ�^/Dh>�d/E'��K>�ͲyͲZ�z�
/E�h�����&&��d^�/E�D�d�Z/�>^
�͘��͘�,ŝŶƐŚĞůǁŽŽĚ1͕�'͘��ŽŽƉĞƌƐƚĞŝŶ2͕��͘�DŽƐŚĞƌ2͕��͘�'͘�WŚŝƉƉƐ1͕�^͘�:͘�^ƚĞƉŚĂŶĂŬŝƐ2͕�'͘�>͘�WĂĚĞƌĞǁƐŬŝ3͕�D͘�d͘ �
>ǇŶĐŚ3͕�'͘��͘�tŝůůŝĂŵƐ3͕�Z͘�,͘��ƵƌƌĞůů4͕��͘�>͘�^ĞǇŵŽƵƌ4

1EĂǀĂů�ZĞƐĞĂƌĐŚ�>Ăď͕�tĂƐŚŝŶŐƚŽŶ͕���͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2�ŽŶƐƵůƚĂŶƚ�ƚŽ�EZ>�ƚŚƌŽƵŐŚ��ŶŐŝůŝƚǇ͕ ��ŚĂŶƟůůǇ͕ �
s�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ3�ǆĞůŝƐ�/ŶĐ͕͘��ŽůŽƌĂĚŽ�^ƉƌŝŶŐƐ͕��K͕�hŶŝƚĞĚ�^ƚĂƚĞƐ4�ƚŽŵŝĐ�tĞĂƉŽŶƐ��ƐƚĂďůŝƐŚŵĞŶƚ͕�
�ůĚĞƌŵĂƐƚŽŶ͕�hŶŝƚĞĚ�<ŝŶŐĚŽŵ

^ĞƐƐŝŽŶ�ϳ&͗��ŽŵƉƵƚĂƟŽŶĂů�WŚǇƐŝĐƐ�ĂŶĚ�dĞĐŚŶŝƋƵĞƐ�//
dŚƵƌƐĚĂǇ͕ �DĂǇ�Ϯϵ�� ϵ͗ϯϬ�Ͳ�ϭϮ͗ϬϬ� �ŽŽůŝĚŐĞ
^ĞƐƐŝŽŶ��ŚĂŝƌ͗�<ŝŵ�EŝĐŚŽůƐ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�EĞǁ�DĞǆŝĐŽ
ϵ͗ϯϬ��ϳ&Ͳϭ��;ŝŶǀŝƚĞĚͿ�^dh�z�K&�EKEͲD�yt�>>/�E��>��dZKE��E�Z'z��/^dZ/�hd/KE�&hE�d/KE^�&KZ�
�E�Kyz'�E��/^�,�Z'�
D. A. Toneli1͕�Z͘�^͘�WĞƐƐŽĂ2͕�D͘�ZŽďĞƌƚŽ1

1WŚǇƐŝĐƐ��ĞƉĂƌƚŵĞŶƚ͕�dĞĐŚŶŽůŽŐŝĐĂů�/ŶƐƟƚƵƚĞ�ŽĨ��ĞƌŽŶĂƵƟĐƐ͕�^ĂŽ�:ŽƐĞ�ĚŽƐ��ĂŵƉŽƐ͕�^W͕ ��ƌĂǌŝů2/ŶƐƟƚƵƚĞ�ŽĨ�
ZĞƐĞĂƌĐŚ�ĂŶĚ��ĞǀĞůŽƉŵĞŶƚ͕�WĂƌĂŝďĂ�sĂůůĞǇ�hŶŝǀĞƌƐŝƚǇ͕ �^ĂŽ�:ŽƐĞ�ĚŽƐ��ĂŵƉŽƐ͕�^W͕ ��ƌĂǌŝů
ϭϬ͗ϬϬ��ϳ&ͲϮ�^/Dh>�d/KE�K&���W,�^���KEdZK>>���D�'E�dZKE�h^/E'���DK�h>�d��͕�
���Z�^^��>����d,K��
:͘��ƌŽǁŶŝŶŐ1͕�^͘�&ĞƌŶĂŶĚĞǌͲ'ƵƟĞƌƌĞǌ1͕��͘�^ŵŝƚŚĞ2͕�D͘�Ͳ�͘�>ŝŶ2͕�:͘�tĂƚƌŽƵƐ3

1�ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͕��ŽŝƐĞ�^ƚĂƚĞ�hŶŝǀĞƌƐŝƚǇ͕ ��ŽŝƐĞ͕�/�͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2dĞĐŚy͕��ŽƵůĚĞƌ͕ ��K͕�hŶŝƚĞĚ�
States3dĞĐŚ&ůŽǁ͕��ůďƵƋƵĞƌƋƵĞ͕�ED͕�hŶŝƚĞĚ�^ƚĂƚĞƐ
10:15  7F-3 A FLAT PANEL DETECTOR

W͘ ��ŚĂŶŐ1͕�z͘ �dƵ1͕�>͘�zĂŶŐ1͕�,͘�dŽůŶĞƌ1͕�t͘��ŚĂŶŐ2

1^ĐŚŽŽů�ŽĨ��ůĞĐƚƌŽŶŝĐ�^ĐŝĞŶĐĞ�ĂŶĚ��ŶŐŝŶĞĞƌŝŶŐ͕͕�^ŽƵƚŚĞĂƐƚ�hŶŝǀĞƌƐŝƚǇ͕ �EĂŶũŝŶŐ͕��ŚŝŶĂ�2�ŚŝŶĂ�^ƚĂƌ�
KƉƚŽĞůĞĐƚƌŽŶŝĐƐ�dĞĐŚŶŽůŽŐǇ��Ž͕͘�>ƚĚ͕͘�^ŚĞŶǌŚĞŶ͕��ŚŝŶĂ
ϭϬ͗ϯϬ��ϳ&Ͳϰ��K>��d�^d�K&�'zZKdZKE���s/dz�DK��^�h^/E'���ϯ���&�d��D�d,K�
M. C. Lin1͕��͘�E͘�^ŵŝƚŚĞ1͕��͘��ŚŽŝ2͕�<͘�Z͘��ŚƵ3͕�t͘��͘�'ƵƐƐ4͕�Z͘�:͘�dĞŵŬŝŶ4

1�ĞĂŵƐ�/ŶƚĞƌĂĐƟŽŶ�'ƌŽƵƉ͕�dĞĐŚͲy��ŽƌƉŽƌĂƟŽŶ͕��ŽƵůĚĞƌ͕ ��K͕�hŶŝƚĞĚ�^ƚĂƚĞƐ2^ĐŚŽŽů�ŽĨ��ůĞĐƚƌŝĐĂů�ĂŶĚ�
�ŽŵƉƵƚĞƌ��ŶŐŝŶĞĞƌŝŶŐ͕�hůƐĂŶ�EĂƟŽŶĂů�/ŶƐƟƚƵƚĞ�ŽĨ�^ĐŝĞŶĐĞ�ĂŶĚ�dĞĐŚŶŽůŽŐǇ͕ �hůƐĂŶ͕�<ŽƌĞĂ3Department of 
WŚǇƐŝĐƐ͕�EĂƟŽŶĂů�dĂŝǁĂŶ�hŶŝǀĞƌƐŝƚǇ͕ ͕�dĂŝƉĞŝ͕�dĂŝǁĂŶ4�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ�ĂŶĚ�ƚŚĞ�WůĂƐŵĂ�^ĐŝĞŶĐĞ�ĂŶĚ�
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ATK NCR Advanced Programs
011 +1 703 254 2423
magic.sales@atk.com or
lsp.sales@atk.com
www.magictoolsuite.com or 
www.lspsuite.com

For information, contact: 

www.atk.com

MAGIC AND LSP Finite Difference, Particle-in-Cell Software 
                                              for RF Wave, Beam, and Plasma Simulations

MAGIC FEATURES
- 2D and 3D Versions
- Particle and Fluid Plasma Models
- 3D Parallel Processing
- 3D Design Environment with 
  CAD Import and Export

LSP FEATURES
- 1-3D, Fully Relativistic, Massively Parallel
- Extensive Plasma Physics Packages for
  Gases, Electrons, Magnetism and Materials
- Conformal Surface Subgrid Model
- DXF Import and Display
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Simulate spacecraft re-entry at hypersonic velocities in engineering time. Study extreme plasmas with 

experimental geometries for commercial and defense applications. USim packages enable you to obtain 

tailor-made solutions to common problems.  Combine packages to create a customized software package 

IRU�\RXU�VSHFLȴF�QHHGV��8VH�86LP�IRU�%DVLF�6LPXODWLRQV�WR�OHDUQ�DERXW�VKRFN�IRUPDWLRQ�LQ�PXOWL�GLPHQVLRQV�
WKHQ�DGG�86LP�IRU�+\SHUVRQLFV�WR�XQGHUVWDQG�KRZ�VKRFNV�D΍HFW�VSDFHFUDIW�RQ�UH�HQWU\���/DWHU�\RX�FDQ�DGG�
USim for High Energy Density Plasmas to model interaction of electromagnetic waves with spacecraft.

Fluid Application Using Unstructured Meshes 

for Complex Geometries and  

Advanced Algorithms for Complex Fluids

www.txcorp.com

VSim packages make it possible to simulate electromagnetic, charged particle, and kinetic plasma phenomena 

quickly and accurately with its cutting edge algorithms and high performance.  Choose a package of features 

to get a tailor-made solution to common problems, or combine packages to obtain a customized software 

SDFNDJH�IRU�\RXU�VSHFLȴF�QHHGV��)RU�H[DPSOH��\RX�FDQ�XVH�RXU�HOHFWURPDJQHWLFV�SDFNDJH�IRU�VROYLQJ�IRU�
ȴHOGV�LQVLGH�RI�KLJK�ȴHOG�FDYLWLHV�WKHQ�ODWHU�DGG�IHDWXUHV�IURP�RXU�PLFURZDYH�GHYLFHV�WR�VWXG\�WKH�H΍HFWV�
RI�ȴHOG�HPLVVLRQV�

Electromagnetics, Particle, and Plasma High 

Performance Application

SIMULATIONS EMPOWERING  

YOUR INNOVATIONS

Tech-X  VSim and USim Workshop   
Wednesday May 28, 2014
2:00 p.m. – 5:00 p.m. Truman Room
Tech-X will be presenting our newest user-requested features for our PIC/

3Ζ&�0&&�FRGH��96LP��DV�ZHOO�DV�WKH�ODWHVW�SODVPD�ȵXLG�PRGHOLQJ�IHDWXUHV�
of USim.

)UHH� GHPRQVWUDWLRQ� YHUVLRQV� RI� WKH� VRIWZDUH� ZLOO� EH� SURYLGHG� IRU� GHPRV� DQG� RQH�RQ�RQH�
discussions.

&R΍HH�DQG�VQDFNV�ZLOO�EH�VHUYHG�
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