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�
'HVFULSWLRQ�RI�3URMHFW����
:H�VHHN�WR�GHYHORS�D�QHZ�PHWKRG�RI��'�ODVHU�FRROLQJ�RI�ORZ�HQHUJ\�LRQV��6XFK�EHDPV�FDQ�EH�XVHG�DV�
SUREHV�WR�EHWWHU�XQGHUVWDQG�VSDFH�FKDUJH�SKHQRPHQD�>�@��UHVLGXDO�JDV�LQWHUDFWLRQV��HPLWWDQFH�JURZWK�
WKURXJK�WKH�DFFHOHUDWLRQ�SURFHVV��LQWUD�EHDP�VFDWWHULQJ�SKHQRPHQD��DQG�WKH�FUHDWLRQ�RI�FU\VWDOOLQH�EHDPV��
&U\VWDOOLQH�EHDPV��ZKHQ�FRROHG�VXIILFLHQWO\�XVLQJ�ODVHU�FRROLQJ�WHFKQLTXHV��ZLOO�IRUP�LRQ�&RXORPE�
FU\VWDOV��,Q�WKLV�UHJLPH��WKHUPDO�YLEUDWLRQV�DUH�VPDOO�HQRXJK�WR�GLVWLQJXLVK�WKH�H[WHUQDO�TXDQWXP�PRGHV�RI�
WKH�FU\VWDOOLQH�VWUXFWXUH�DQG�WR�PLQLPL]H�DQ\�PLFURPRWLRQ�IURP�WKH�UI�FRQILQLQJ�WKH�LRQV��7KHVH�H[WHUQDO�
TXDQWXP�PRGHV�DUH�NH\�WR�HVWDEOLVKLQJ�HQWDQJOHPHQW�EHWZHHQ�LRQV�DQG�IRUPLQJ�TXDQWXP�JDWHV�XVHG�IRU�
TXDQWXP�DOJRULWKPV��6LPXOWDQHRXVO\�FRQILQLQJ�DQG��'�ODVHU�FRROLQJ�XVLQJ�DQ�HOHFWURVWDWLF�ZLJJOHU�LV�D�
QRYHO�DSSURDFK�WKDW�FRXOG�EH�GHYHORSHG�ILUVW�DW�%1/��

7KLV�SURSRVDO�DOLJQV�ZLWK�WKH�%1/�DQG�133�VWUDWHJLF�ORQJ�WHUP�SODQV�DQG�'2(�PLVVLRQ�E\�DLPLQJ�WR�
GHYHORS�KLJKHU�TXDOLW\�EHDPV�DQG�LPSURYLQJ�RXU�XQGHUVWDQGLQJ�RI�FRPSOH[�EHDP�G\QDPLFV�LQ�GHYHORSLQJ�
ORZ�HPLWWDQFH��KLJK�EULJKWQHVV�EHDPV��7KLV�ZRUN�SRWHQWLDOO\�EHQHILWV�(,&��1$6$�6SDFH�5DGLDWLRQ�
/DERUDWRU\��165/���DQG�LV�D�NH\�WHFKQRORJLFDO�FRPSRQHQW�WR�VWRUDJH�ULQJ�EDVHG�TXDQWXP�FRPSXWHU�
�654&���

([SHFWHG�5HVXOWV�����
7KH�HQG�SURGXFW�RI�WKLV�SURMHFW�LV�D�SURWRW\SH�IRU�D�QHZ�GHYLFH��LQFOXGLQJ�WKH�H[SHFWHG�UDQJHV�RI�NH\�
SHUIRUPDQFH�SDUDPHWHUV��D�SURMHFWHG�FRVW�HVWLPDWH�DQG�VFKHGXOH�WR�EXLOG�DQG�LQVWDOO�VXFK�D�GHYLFH��DQG�DQ�
DQDO\VLV�RI�KRZ�VPDOO�HPLWWDQFH�SUREHV�FDQ�KHOS�LPSURYH�RXU�XQGHUVWDQGLQJ�RI�WKH�EHDP�G\QDPLFV�LQ�WKH�
FKDLQ�RI�DFFHOHUDWRUV�WKDW�SUH�DFFHOHUDWH�EHDPV�IRU�5+,&�DQG�HYHQWXDOO\�WKH�(,&��7KH�SURWRW\SH�ZLOO�DOVR�
H[SORUH�SRWHQWLDO�PHWKRGV�IRU�PHDVXULQJ�WKH��'�HPLWWDQFH�WHPSHUDWXUH�UHGXFWLRQ�RI�WKH�EHDP��9DULRXV�
PHWKRGV�FDQ�EH�HPSOR\HG�WR�PHDVXUH�WKH�PRPHQWXP�VSUHDG��WUDQVYHUVH�EHDP�VL]HV��GLIIHUHQW�SODVPD�
SDUDPHWHUV��H�J���FRPSDULQJ�PHDQ�NLQHWLF�HQHUJ\�WR�PHDQ�SDUWLFOH�GLVWDQFHV���DQG�ORZ�LQWHQVLWLHV�XVLQJ�
VHQVLWLYH�LPDJLQJ�WHFKQLTXHV��7KHVH�VWXGLHV�ZLOO�KHOS�LQ�RXU�XQGHUVWDQGLQJ�RI�KRZ�WR�PDNH�EULJKWHU�ORZ�
HQHUJ\�EHDPV��

7KHVH�VWXGLHV�ZLOO�EHQHILW�GHYHORSPHQW�RI�LRQ�&RXORPE�FU\VWDOV��L�H���FU\VWDOOLQH�EHDPV��IRU�TXDQWXP�
LQIRUPDWLRQ�V\VWHPV��7KH�WHFKQLTXHV�GHYHORSHG�LQ�WKLV�SURMHFW�ZLOO�GLUHFWO\�EH�DSSOLFDEOH�LQ�WKH�654&�
V\VWHP�>�@��
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352326$/�
&UHDWLQJ�EULJKWHU�SDUWLFOH�EHDPV�LV�D�QHYHU�HQGLQJ�HQGHDYRU�LQ�WKH�VWXG\�RI�SDUWLFOH�EHDP�G\QDPLFV��7KH�
EHQHILWV�DUH�PXOWLIROG��LQFUHDVLQJ�OXPLQRVLW\�IURP�FROOLGLQJ�EHDPV��UHGXFLQJ�ORVVHV�LQ�WKH�EHDP�WUDQVSRUW��
DQG�HYHQ�PDNLQJ�DFFHOHUDWRUV�OHVV�H[SHQVLYH�E\�UHGXFLQJ�WKH�DSHUWXUH�RI�WKH�EHDP�SLSH�DQG�PDJQHW�JDSV��
JLYHQ�VPDOOHU�EHDPV�FDQ�EH�FUHDWHG��6LQFH�WKH�EHDPV�DUH�JHQHUDWHG�LQ�LRQ�VRXUFHV�WKDW�H[SORLW�VRPH�KLJK�
WHPSHUDWXUH�SURFHVV��KRW�FDWKRGHV�RU�DEODWLRQ�SODVPDV���WKH�EHDP�VL]HV�DUH�FRUUHVSRQGLQJO\�ODUJH�ZLWK�
ORZ�GHQVLWLHV��7KH�RQO\�ZD\�WR�PDNH�WKH�EHDPV�VPDOOHU�DQG�GHQVHU�LV�WR�UHGXFH�WKH�WHPSHUDWXUH�RI�WKH�
EHDPV��7KLV�LV�D�SULPDU\�PRWLYDWLRQ�RI�WKLV�ZRUN��8QGHUVWDQGLQJ�KRZ�WR�FRRO�LRQV�DW�ORZ�HQHUJLHV�DQG�
VWXG\LQJ�WKH�VSDFH�FKDUJH�IRUFHV��UHVLGXDO�JDV�LQWHUDFWLRQV��DQG�RWKHU�GLIIXVLRQ�SURFHVVHV�WKDW�WHQG�WR�
SUHYHQW�WKH�FUHDWLRQ�RI�EULJKWHU�EHDPV�DW�ORZ�HQHUJLHV�ZLOO�LQIRUP�IXWXUH�HIIRUWV�WR�LPSURYH�WKH�TXDOLW\�
DQG�EULJKWQHVV�RI�SDUWLFOH�EHDPV��7KLV�XOWLPDWHO\�FRXOG�EHQHILW�WKH�(,&�DQG�RWKHU�SURJUDPV��VXFK�DV�WKH�
165/�E\�SURGXFLQJ�KLJKHU�TXDOLW\��FOHDQHU��DQG�PRUH�GHQVH�EHDPV��7KLV�ZRUN�LV�RI�JHQHUDO�LQWHUHVW�LQ�
SDUWLFOH�EHDP�G\QDPLFV�ZKHUH��'�FRROLQJ�LV�DQ�DFWLYH�DUHD�RI�UHVHDUFK��,W�LV�DOVR�RI�JUHDW�LQWHUHVW�LQ�
OHDUQLQJ�KRZ�WR�FUHDWH�XOWUD�ORZ�WHPSHUDWXUH�EHDPV�WR�FUHDWH�LRQ�&RXORPE�FU\VWDOV��RU�FU\VWDOOLQH�EHDPV��
WKDW�FDQ�EH�XVHG�LQ�TXDQWXP�FRPSXWLQJ���$Q�5)4�HOHFWURVWDWLF�ZLJJOHU�FRXOG�SURYLGH��'�FRROLQJ�WKDW�
ZRXOG�HQDEOH�H[SORUDWLRQ�RI�KLJK�GHQVLW\�EHDPV�DQG�EH�DQ�LPSRUWDQW�LQQRYDWLRQ�WR�WKH�654&��
�
0LQLPL]LQJ�WKH�JURZWK�RI�WKH�EHDP�HPLWWDQFH�WKURXJK�WKH�LQMHFWRU�FKDLQ�RI�DFFHOHUDWRUV�LV�D�FKDOOHQJLQJ�
DQG�SRRUO\�XQGHUVWRRG�VHW�RI�SURFHVVHV��$W�ORZ�HQHUJ\�WKH�HPLWWDQFH�JURZWK�FDQ�EH�FDXVHG�E\�VSDFH�
FKDUJH��UHVLGXDO�JDV�LQWHUDFWLRQV��DQG�KHDWLQJ�IURP�QRQ�DGLDEDWLF�SURFHVVHV��H�J���5)�QRLVH���6SDFH�FKDUJH�
FRPSHQVDWLRQ�V\VWHPV�DUH�FRPSOH[�DQG�FDQ�RQO\�UHGXFH�WKH�JURZWK��7R�UHGXFH�WKH�HPLWWDQFH�WKH�
WHPSHUDWXUH�RI�WKH�EHDP�QHHGV�WR�EH�UHGXFHG��(PLWWDQFH�DW�WKH�LRQ�VRXUFH�LV�OLPLWHG�E\�WKH�SODVPD�
WHPSHUDWXUH�DQG��LQ�(%,6��WKH�ILHOG�LQ�WKH�VROHQRLGDO�WUDS��*LYHQ�WKDW�WKH�SODVPD�LV�FUHDWHG�E\�GLUHFW�
KHDWLQJ�RI�VRPH�PDWHULDO��H�J���ODVHU�DEODWLRQ���WKH�WHPSHUDWXUHV�FDQ�EH�TXLWH�KLJK��7R�H[SHULPHQWDOO\�
VWXG\�SURFHVVHV�ZLWK�XOWUD�ORZ�HPLWWDQFH�EHDPV�WKH�WHPSHUDWXUH�RI�WKH�EHDPV�QHHGV�WR�EH�UHGXFHG��
&ROOLPDWLRQ�RI�WKH�LRQ�EHDPV�ZLOO�UHGXFH�WKH�EHDP�VL]H�EXW�QRW�LQFUHDVH�WKH�GHQVLW\��
�
6SDFH�FKDUJH�JURZWK�LV�YHU\�VWURQJ�DW�ORZ�HQHUJLHV��

�

�
�
2QH�SURFHVV��IRU�H[DPSOH��WKDW�FRXOG�EH�VWXGLHG�ZLWK�XOWUD�ORZ�HPLWWDQFH�EHDPV�LV�WKH�UHVLGXDO�JDV�
LQWHUDFWLRQ�FURVV�VHFWLRQ��$V�WKH�WHPSHUDWXUH�RI�WKH�EHDP�EHFRPHV�VPDOOHU��WKH�EHDP�VL]H�DQG�DQJXODU�
VSUHDG�RI�WKH�LRQV�EHFRPHV�VPDOOHU��+RZ�GR�WKH�HODVWLF�DQG�LQHODVWLF�LQWHUDFWLRQV�FKDQJH"�,I�WKH�LRQV�
EHFRPH�RUGHUHG�DQG�IRUP�D�FU\VWDO��WKH\�QR�ORQJHU�LQWHUDFW�ZLWK�RWKHU�LRQV�H[FHSW�WKHLU�QHDUHVW�QHLJKERUV�
LQ�WKH�FU\VWDO�VWUXFWXUH��+RZ�GRHV�WKLV�HIIHFW�WKH�VLQJOH�DQG�PXOWLSOH�&RXORPE�LQWHUDFWLRQ�FURVV�VHFWLRQV"�
$QRWKHU�LQWHUHVWLQJ�SURFHVV�WKDW�FRXOG�EH�VWXGLHG��LI�LRQV�DUH�FRROHG�EHIRUH�LQMHFWLRQ�LQWR�WKH�(%,6�WUDS�
VROHQRLG��LV�WKH�HOHFWURQ�LPSDFW�LRQL]DWLRQ�UDWHV��&DQ�ZH�ILQG�ZD\V�WR�SUHVHUYH�WKH�VPDOO�HPLWWDQFH�XQWLO�J�
LV�ODUJH�HQRXJK�WR�UHGXFH�WKH�VSDFH�FKDUJH�JURZWK"�:LWKRXW�D�ZD\�RI�FRROLQJ�WKH�ORZ�HQHUJ\�LRQV�ZH�
KDYH�QR�ZD\�WR�H[SHULPHQWDOO\�H[SORUH�WKHVH�TXHVWLRQV���
�
'RSSOHU�ODVHU�FRROLQJ�XVHV�WKH�UHVRQDQW�IRUFH�FRKHUHQW�OLJKW�H[HUWV�RQ�DWRPLF�WZR�OHYHO�V\VWHPV�LQ�
UHSHDWHG�DEVRUSWLRQ�DQG�VSRQWDQHRXV�HPLVVLRQ��7KH�DEVRUSWLRQ�FKDQJHV�WKH�PRPHQWXP�RI�WKH�DWRPLF�
V\VWHP�E\�WKH�SKRWRQ�PRPHQWXP�԰ሬ݇Ԧ��IRU�ZDYHQXPEHU�k��ZKLOH�WKH�UHFRLO�PRPHQWXP�IURP�WKH�
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VSRQWDQHRXV�HPLVVLRQ�DYHUDJHV�RXW�LQ�PDQ\�F\FOHV��7KH�UDQGRP�FKDUDFWHU�RI�WKH�UHFRLO�SKRWRQ�HPLVVLRQ�
OLPLWV�WKH�DWWDLQDEOH�WHPSHUDWXUHV��TD.�*HQHUDOO\��݇஻ ஽ܶ ൌ ԰ȞȀʹ��ZKHUH�*�LV�QDWXUDO�OLQH�ZLGWK��RU�LQYHUVH�
RI�WKH�GHFD\�UDWH��)RU�LRQV�WUDYHOLQJ�ZLWK�VRPH�QRQ�]HUR�YHORFLW\��WKH�ORQJLWXGLQDO�YHORFLW\�FRPSRQHQWV�
DUH�UHDGLO\�DFFHVVLEOH�XVLQJ�ODVHUV�WKDW�SURYLGH�EHDPV�WKDW�DUH�SDUDOOHO�ZLWK�WKH�YHORFLW\�RI�WKH�LRQV��
/RQJLWXGLQDO�FRROLQJ�LV�WKHUHIRUH�UHODWLYHO\�VWUDLJKW�IRUZDUG��
�
,QWHQVLW\�HIIHFWV�RQ�WKH�HIIHFWLYHQHVV�RI�'RSSOHU�FRROLQJ�RI�ORZ�HQHUJ\�EHDPV�KDYH�EHHQ�VWXGLHG�
WKHRUHWLFDOO\�>�@��EXW�H[SHULPHQWDO�VWXGLHV�DUH�OLPLWHG��/DVHU�FRROLQJ�RI�EXQFKHG�EHDPV�GLG�H[SORUH�OLPLWV�
LQ�EXQFK�OHQJWK�YHUVXV�LQWHQVLW\�>�@��/DVHU�GHWXQLQJ�QHHGV�WR�EH�VFDQQHG��HYHQ�EH\RQG�WKH�RSWLPXP�
GHWXQLQJ��7KLV�LV�D�WRSLF�WR�H[SORUH�IXUWKHU��)RU�WKH�ORZ�HQHUJ\�EHDPV��VSDFH�FKDUJH�GRHV�QRW�KHDW�WKH�
EHDPV�EXW�LQIOXHQFHV�WKH�SDUWLFOH�WUDMHFWRULHV��,QWUDEHDP�VFDWWHULQJ��,%6��LV�D�GLIIXVLRQ�SURFHVV�DQG�FDXVHV�
KHDWLQJ�RI�WKH�EHDP��,W�ZLOO�WKHUHIRUH�VHW�D�OLPLW�WR�WKH�FRROLQJ��ZLOO�FRXQWHUDFW�WKH�FRROLQJ�SURFHVV�DV�
WHPSHUDWXUH�GHFUHDVHV��DV�D�IXQFWLRQ�RI�LQWHQVLW\�DQG�UPV�PRPHQWXP�VSUHDG���
�
7KH�PDLQ�GLIILFXOW\�ZLWK�WUDQVYHUVH�FRROLQJ�IRU�D�QRQ�VWDWLRQDU\�EHDP�LV�WKH�WUDQVYHUVH�YHORFLW\�
FRPSRQHQWV�DUH�QRW�HDVLO\�DFFHVVLEOH��7R�H[SRVH�WKHP�UHTXLUHV�DGGLQJ�VRPH�PHWKRG�RI�NLFNLQJ�WKH�LRQV�
WDQJHQWLDOO\��DV�LQ�V\PSDWKHWLF�FRROLQJ��HOHFWURQ�FRROLQJ��RU�HYHQ�VWRFKDVWLF�FRROLQJ��RU�ILQGLQJ�D�ZD\�WR�
H[SRVH�WKH�WUDQVYHUVH�FRPSRQHQWV�WR�D�ORQJLWXGLQDO�ODVHU�SXOVH��$SSO\LQJ�D�ODVHU�SXOVH�WDQJHQWLDOO\��DV�LQ�
�'�VLGHEDQG�FRROLQJ��LV�GLIILFXOW�EHFDXVH�WKH�LRQV�DUH�IO\LQJ�SDVW�WKH�ODVHU�SXOVH�DQG�RQO\�JHW�H[SRVHG�IRU�D�
YHU\�VKRUW�WLPH��:H�ZRXOG�HPSOR\�WKH�ZHOO�HVWDEOLVKHG�WHFKQLTXH�RI�'RSSOHU�ODVHU�FRROLQJ�IRU�IUHH�LRQV�
XVLQJ�WZR�FRXQWHU�SURSDJDWLQJ�ODVHU�EHDPV�WKDW�DUH�SDUDOOHO�WR�WKH�IRUZDUG�PRWLRQ�RI�WKH�LRQV��,Q�WKLV�
SURFHVV�SKRWRQV�H[FLWH�WUDQVLWLRQV�WKDW�EULQJ�WKH�LRQ¶V�LQWHUQDO�VWDWH�EDFN�WR�WKH�JURXQG�VWDWH��:LWK�
FRQWLQXHG�H[FLWDWLRQV��RQ�DYHUDJH�WKH�VSUHDG�LQ�YHORFLW\�GLVWULEXWLRQV�DUH�UHGXFHG��$Q�H[DPSOH�RI�
H[SRVLQJ�WKH�WUDQVYHUVH�YHORFLW\�FRPSRQHQWV�WR�WKH�D[LDO�ODVHU�EHDP�LV�VKRZQ�LQ�)LJ�����+HUH�WKH�LRQV�DUH�
SODFHG�RQWR�D�KHOLFDO�SDWK��H[SRVLQJ�WKH�WUDQVYHUVH�FRPSRQHQWV�E\�DQ�DQJOH�Į��

�
)LJXUH����([SRVLQJ�WUDQVYHUVH�YHORFLW\�FRPSRQHQWV�WR�WKH�ORQJLWXGLQDO�FRROLQJ�ODVHUV���IURP�UHI��>�@��

7KHUH�DUH�D�FRXSOH�RI�ZD\V�WR�GR�WKLV��$�VROHQRLG�ZLOO�SXW�WKH�EHDPV�LQWR�VXFK�D�WUDMHFWRU\�EXW�PD\�RQO\�
EH�DEOH�WR�DFKLHYH�VPDOO�DQJOHV��$�KHOLFDO�ZLJJOHU�FDQ�DFKLHYH�ODUJHU�DQJOHV��6XFK�D�GHYLFH�EHQGV�WKH�LRQ�
EHDP�RQWR�D�KHOLFDO�SDWK�ZLWK�FRQVWDQW�WLOW�DQJOH�DV�VNHWFKHG�LQ�)LJ�����,W�XVXDOO\�FRQVLVWV�RI�D�VHULHV�RI�
VWURQJ�GLSROH�PDJQHWV��ILHOG�%����SHUSHQGLFXODU�WR�WKH�EHDP�D[LV�ZKLFK�URWDWH�DURXQG�WKLV�D[LV�ZLWK�D�
�PHFKDQLFDOO\��JLYHQ�SLWFK�ȜZ��7KH�UDGLXV�RI�WKH�KHOL[�5Z�LV�JLYHQ�DV�D�IXQFWLRQ�RI�WKH�GLSROH�EHQGLQJ�
UDGLXV�5%

�
ZKHUH�RB =Ȗmv|| / eqB0��VHH�GLDJUDP�IRU�PHDQLQJ�RI�V\PEROV���+HUH��eq�LV�WKH�FKDUJH�DQG�J�WKH�
UHODWLYLVWLF�IDFWRU���

$V�DQ�H[DPSOH��FRQVLGHU�WKH�SURSHUWLHV�RI�D�KHOLFDO�ZLJJOHU�VXLWDEOH�IRU�WUDQVYHUVH�ODVHU�FRROLQJ�RI�D��%H��
EHDP�DW�D�YHORFLW\�RI�ȕ = 0.041��)RU�D�PDJQHWLF�ILHOG�VWUHQJWK�RI�B0 = 0.5T��DQG�D�PHFKDQLFDOO\�GHILQHG�
SLWFK�RI�Ȝw § 0.25 m��WKH�UDGLXV�RI�WKH�KHOLFDO�WUDMHFWRU\�DPRXQWV�WR�Rw § 0.7 mm��7KH�DQJOH�Į�EHWZHHQ�WKH�
LQLWLDO�GLUHFWLRQ�RI�WKH�LRQ�PRWLRQ�DQG�WKH�DFWXDO�GLUHFWLRQ�LQVLGH�WKH�ZLJJOHU�DPRXQWV�WR�WDQ�Į�= v٣/v|| ׽ 
v٣/v0 § 2ʌRw/Ȝw § 0.018��7KH�GLUHFWLRQ�RI�WKH�LQLWLDOO\�WUDQVYHUVH�WKHUPDO�PRWLRQ��v٣0 § 1500 m/s��ZKLFK�
FRUUHVSRQGV�WR�DQ�LQLWLDO�WUDQVYHUVH�WHPSHUDWXUH�RI�T٣ = 1200 K��LV�FRQVHTXHQWO\�WLOWHG�ZLWK�WKH�VDPH�
FRQVWDQW�DQJOH�Į��,QVLGH�WKH�ZLJJOHU��WKH�IUDFWLRQ�(v٣0)|| = v٣0�VLQ�Į�§�30 m/s�RI�WKH�UDQGRP�WUDQVYHUVH�
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PRWLRQ�LV�SURMHFWHG�LQWR�WKH�ORQJLWXGLQDO�GLUHFWLRQ�DQG�FDQ�EH�UHGXFHG�E\�WKH�ORQJLWXGLQDO�ODVHU�IRUFH�
DFFRUGLQJ�WR�/٣�§ D�/c��ZKHUH�/c�LV�WKH�ORQJLWXGLQDO�FRROLQJ�UDWH��DQG�T٣ § Tmin/Į2��ZKHUH�Tmin GHQRWHV�WKH�
PLQLPXP�WHPSHUDWXUH�DFKLHYDEOH�ZLWK�ODVHU�FRROLQJ��2SWLPLVWLFDOO\�DVVXPLQJ�WKH�HIILFLHQW�UHGXFWLRQ�RI�
(v٣0)|_�WR���P�V��WKH�RYHUDOO�WUDQVYHUVH�WKHUPDO�YHORFLW\�FDQ�EH�UHGXFHG�WR�v٣0 § 30m/s��ZKLFK�FRUUHVSRQGV�
WR�D�WUDQVYHUVH�WHPSHUDWXUH�RI�WKH�RUGHU�RI�����.��7KH�ORQJLWXGLQDO�YHORFLW\�LV�UHGXFHG�E\�v0(1-cos Į) § 
2000 m/s�LQVLGH�WKH�ZLJJOHU��7KXV��WKH�IUHTXHQF\�RI�WKH�DGGLWLRQDO�FRROLQJ�ODVHU�EHDP�KDV�WR�EH�WXQHG�LQWR�
UHVRQDQFH�ZLWK�WKLV�VKLIWHG�YHORFLW\��ZKLOH�WKH�IUHTXHQF\�RI�WKH�RULJLQDO�ODVHU�EHDP�DGGUHVVHV�WKH�
UHVRQDQFH�RXWVLGH�WKH�ZLJJOHU���

,Q�WKH�HOHFWURVWDWLF�ZLJJOHU��SRVVLEO\�DV�SDUW�RI�D�&LUFXODU�5DGLR�)UHTXHQF\�4XDGUXSROH��&5)4���ZH�ZLOO�
LQYHVWLJDWH�XVLQJ�WKH�GULIW�WXEHV�WR�DFW�DV�D�ZLJJOHU�LQ�D�VWUDLJKW�VHFWLRQ��7KLV�ZRXOG�DYRLG�KDYLQJ�WR�DGG�
PDJQHWLF�HOHPHQWV�WR�WKH�VWUXFWXUH��7KLV�PHDQV�ZH�QHHG�WR�VWXG\�WKH�GHVLJQ�RI�WKH�GULIW�WXEHV�
V\VWHPDWLFDOO\�DQG�ZLWK�SUHFLVLRQ��$�SUHOLPLQDU\�ORRN�DW�WKLV�VXJJHVWV�ZH�FDQ�DFKLHYH�D�Ȝw § 0.02 m�ZLWK�
IDLUO\�ODUJH�D��$�VLPSOH�OD\RXW�LV�VKRZQ�LQ�ILJXUH����ZLWK�D�FURVV�VHFWLRQ�RI�WKH�5)4�VKRZQ�LQ�ILJXUH����
DQG�D�VLPSOLILHG�FDOFXODWLRQ�RI�WKH�HTXLOLEULXP�RUELW�DQG�LRQ�D[LV�URWDWLRQ�DQJOH�DUH�VKRZQ�LQ�ILJXUH����
7KHVH�DUH�QDwYH�FDOFXODWLRQV�WKDW�DUH�MXVW�PHDQW�WR�GHPRQVWUDWH�KRZ�VXFK�D�GHYLFH�PLJKW�SHUIRUP���

�
)LJXUH�����&DUWRRQ�OD\RXW�RI�D�VLPSOH�HOHFWURVWDWLF�ZLJJOHU��7KLV�GHYLFH�LV�FRQWDLQHG�LQ�DQ�5)4�IRU�EHDP�FRQILQHPHQW��

�

�
)LJXUH�����&URVV�VHFWLRQ�RI�WKH�5)4�RQ�WKH�OHIW��7KH�GLDPHWHU�ZLOO�EH�RQ�WKH�RUGHU�RI����PP��7KH�\HOORZ�VWUXFWXUHV�RQ�WKH�
JUD\�FHUDPLF�KROGHUV�DUH�HOHFWURGHV�IRU�H[FLWLQJ�WUDQVYHUVH�RU�ORQJLWXGLQDO�PRWLRQ�RI�WKH�LRQV��2Q�WKH�ULJKW�LV�DQ�H[DPSOH�
RI�XVLQJ�96LP��WR�PRGHO�WKH�,%(;�3DXO�7UDS�DW�2[IRUG��VKRZLQJ�DGGLWLRQ�RI�RFWXSROH�ILHOG�FRPSRQHQWV��IURP�,3$&�
�����3RVWHU��783$%�����³([SORULQJ�$FFHOHUDWRUV�IRU�,QWHQVH�%HDPV�ZLWK�WKH�,%(;�3DXO�7UDS´��-DNH�)ORZHUGHZ���

�
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�
)LJXUH�����6LPSOH�H[DPSOH�WR�GHPRQVWUDWH�WKH�FRQFHSW��

7R�PHDVXUH�WKH�HIIHFWLYHQHVV�RI�WKH�FRROLQJ��VLPSOH�PHDVXUHV�RI�FKDQJHV�LQ�WKH�EHDP�VL]HV�FDQ�EH�PDGH��
$�ORQJLWXGLQDO�GLVWULEXWLRQ�FDQ�EH�GHULYHG�XVLQJ�)DUDGD\�&XSV��7UDQVYHUVH�EHDP�VL]HV�FDQ�EH�PHDVXUHG�
XVLQJ�VOLWV�RU�VFUDSLQJ�RU�HYHQ�XVLQJ�SHSSHU�SRWV��SHUKDSV��0HDVXULQJ�LRQ�IOXRUHVFHQFH�ZRXOG�UHTXLUH�
ODVHUV�WR�H[FLWH�DQG�VFDWWHU�OLJKW�DQG�FDPHUD�V\VWHPV�WR�LPDJH�WKH�LRQV��7KLV�ZLOO�EH�LQYHVWLJDWHG��
�
:H�IHHO�LW�LV�LPSRUWDQW�WR�SRLQW�RXW�WKDW�ODVHU�FRROLQJ�FDQ�EH�DSSOLHG�WR�KLJKHU�HQHUJ\�EHDPV��ZKHUH�WKH�
FRXQWHU�IRUFH�WR�WKH�ODVHU�FDQ�FRPH�IURP�DQ�5)�SRWHQWLDO��6XFK�D�WHFKQLTXH�ZDV�H[SORUHG�DW�*6,�>�@��7KH�
WHFKQLTXHV�GHYHORSHG�LQ�WKLV�SURSRVDO�FRXOG�EH�WUDQVODWHG�DQG�GHYHORSHG�IXUWKHU�WR�FRRO�EHDPV�LQ�WKH�$*6�
%RRVWHU�DQG�SRVVLEO\�LQ�WKH�$*6��SRWHQWLDOO\�SURYLGLQJ�EULJKWHU�EHDPV�IRU�WKH�(,&���
�
+LJK�/HYHO�'HOLYHUDEOHV��

��� GHVLJQ�IRU�D�QHZ�GHYLFH��LQFOXGLQJ�WKH�H[SHFWHG�UDQJHV�RI�NH\�SHUIRUPDQFH�SDUDPHWHUV��
��� EXLOG�D�SURWRW\SH�RI�VXFK�D�GHYLFH�IRU�SXUSRVH�RI�SURRI�RI�SULQFLSOH�
��� DQDO\VLV�RI�KRZ�VPDOO�HPLWWDQFH�SUREHV�FDQ�KHOS�LPSURYH�RXU�XQGHUVWDQGLQJ�RI�WKH�EHDP�G\QDPLFV�
��� DQDO\VLV�RI�SRWHQWLDO�PHWKRGV�IRU�PHDVXULQJ�WKH��'�HPLWWDQFH�WHPSHUDWXUH�UHGXFWLRQ�RI�WKH�EHDP�

0DWHULDOV�/LVW��
��� VLPSOH�UDGLR�IUHTXHQF\�TXDGUXSROH��5)4��

D�� DOXPLQXP�UDLOV�HOHFWURGHV�
E�� FHUDPLF�KROGHUV�
F�� VXSSRUWV�DQG�LQWHUFRQQHFWV�
G�� HOHFWURGH�SODWLQJ�RQ�FHUDPLF�KROGHUV���������PP�ORQJ�SHU�VHFWLRQ��VHFWLRQV�VHSDUDWHG�E\�

�����PP���WKH�HOHFWURGHV�ZLOO�DFW�WR�FUHDWH�ZLJJHU�KHOLFDO�WUDMHFWRU\�>ILJXUHV�������	��@�
H�� YDFXXP�YHVVHO��IHHGWKURXJKV��DQG�ZLQGRZV�
I�� SRWHQWLDOO\�LQFOXGH�WZR�HQG�HOHFWURGHV�WR�FRQWDLQ�LRQV�IRU�ORQJHU�WKDQ�VLQJOH�SDVV�

��� YDFXXP�SXPSV�DQG�PRQLWRULQJ�
��� UHVRQDQW�5)�SRZHU�VXSSO\�IRU�5)4�
��� '&�+9�SRZHU�VXSSOLHV������±�����YROW��IRU�HOHFWURGHV��/LNHO\�QHHG�DW�OHDVW���36V�
��� ����&:�WXQDEOH�GLRGH�ODVHUV��ZDYHOHQJWK�7%'��VXSSRUWV�DQG�DQ\�RSWLFV�
��� 6RXUFH�RI�LRQV��WHVW�(%,6"��
��� )DUDGD\�FXS�WR�PHDVXUH��LRQV�DQG�ORQJLWXGLQDO�SURILOH�
��� 6FDQQLQJ�VOLW��SHSSHU�SRW��RU�RWKHU�PHWKRG�WR�PHDVXUH�WUDQVYHUVH�SURILOH�
��� &DPHUD�V\VWHP�WR�PHDVXUH�LRQ�IOXRUHVFHQFH��RSWLRQ��

3URMHFW�3ODQ��

7KH�EDVLF�SURMHFW�SODQ�IROORZV�WKH�VFKHGXOH�VKRZ�EHORZ�WR�PHHW�WKH�KLJK�OHYHO�GHOLYHUDEOHV��6LQFH�WKLV�LV�D�
QHZ�FRQFHSW��PDQ\�GHWDLOV�QHHG�WR�EH�VWXGLHG��7KH�ILQDO�JRDO�LV�WR�GHYHORS�D�SURWRW\SH�GHYLFH�WKDW�FDQ�EH�
WHVWHG�DQG�ILQH�WXQHG�DQG�WKHQ�GHSOR\HG�IRU�EHDP�H[SHULPHQWV���
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�
)LJXUH�����2XWOLQH�RI�GUDIW�VFKHGXOH��'HWDLOV�FDQ�FKDQJH�EDVHG�RQ�SURJUHVV��
�
�
�
�
�

�ƵƌĂƚŝŽŶΎ zĞĂƌ�ϭ zĞĂƌ�Ϯ zĞĂƌ�ϯ
�ĐƚŝǀŝƚǇ ΀DŽŶƚŚƐ΁ ϭ Ϯ ϯ ϰ ϭ Ϯ ϯ ϰ ϭ Ϯ ϯ ϰ
dŚĞŽƌĞƚŝĐĂů�ǁŽƌŬ�ĂŶĚ��ĂůĐƵůĂƚŝŽŶƐ ϭϴ
WƌĞůŝŵŝŶĂƌǇ�ƉĂƌĂŵĞƚĞƌƐ�Θ�ŐŽĂůƐ�ĚĞĨŝŶĞĚ ϭ
WƌĞůŝŵŝŶĂƌǇ�WŚǇƐŝĐƐ��ĞƐŝŐŶ ϭ
;�ͿZ&Y�ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ ϭ
&ŝƌƐƚ�Z&�ĨŝĞůĚ�ƐŝŵƵůĂƚŝŽŶƐ ϯ
&ŝƌƐƚ�ƉĂƌƚŝĐůĞ�ƚƌĂĐŬŝŶŐ�ƐŝŵƵůĂƚŝŽŶƐ ϯ
WƌĞůŝŵŝŶĂƌǇ�ĐŽŽůŝŶŐ�ƐŝŵƵůĂƚŝŽŶ ϯ
�ĞĂŵ�ŝŶũĞĐƚŝŽŶ�ĚĞƐŝŐŶ�ĂŶĚ�ƐŝŵƵůĂƚŝŽŶ ϭ
�ĞĂŵ�ĞũĞĐƚŝŽŶ�ĚĞƐŝŐŶ�ĂŶĚ�ƐŝŵƵůĂƚŝŽŶ ϭ
ĂĐĐĞƉƚĂŶĐĞ�ŵŽĚĞů ϭ
ŝŵƉƌŽǀĞĚ�ϯ��ƌĨ�ĨŝĞůĚƐ�ƐŝŵƵůĂƚŝŽŶ ϰ
ĚƌŝĨƚ�ƚƵďĞ�ĚĞƐŝŐŶ ϯ
ǁŝŐŐůĞƌ�ĐŽŶĨŝŐƵƌĂƚŝŽŶƐ ϯ
ƵƐĞ�ϯ��ƌĨ�ĨŝĞůĚƐ�ĨŽƌ�ƉĂƌƚŝĐůĞ�ƚƌĂĐŬŝŶŐ�ŵŽĚĞů ϰ
ůĂƐĞƌ�ĐŽŽůŝŶŐ�ŝŶ�sƐŝŵ ϰ
ŝŵƉƌŽǀĞ�ƌĨ�ŵŽĚĞů�ƚŽ�ŝŶĐůƵĚĞ�ĚƌŝĨƚ�ƚƵďĞƐ ϰ
ƌĞǀŝĞǁͬĐƌŝƚŝƋƵĞ�ĚĞƐŝŐŶ�ĐŽŶĐĞƉƚ ϭ
ĚŽĐƵŵĞŶƚͬƉƵďůŝƐŚ�ĚĞƐŝŐŶͬƐŝŵƵůĂƚŝŽŶƐ ϭ

�ŶŐŝŶĞĞƌŝŶŐ��ĞƐŝŐŶ Ϯϭ
WŚǇƐŝĐƐ��ĞƐŝŐŶ�ƉĂƌĂŵĞƚĞƌƐ�ĨŝŶĂůŝǌĞĚ ϭ
sĂĐƵƵŵ�ǀĞƐƐĞů�ĚĞƐŝŐŶ�ƌĞƋƵŝƌĞŵĞŶƚƐ ϭ
ǀĂĐƵƵŵ��ĚĞƐŝŐŶ Ϯ
ƉƵƌĐŚĂƐĞ�ǀĂĐƵƵŵ�ĐŽŵƉŽŶĞŶƚƐ ϭ
�ĞǀĞůŽƉ�ĐĞƌĂŵŝĐ�ŚŽůĚĞƌƐ�ĂŶĚ�;�ͿZ&Y�ĚĞƐŝŐŶ Ϯ
�ĞǀĞůŽƉ�ĚƌŝĨƚ�ƚƵďĞ�ĚĞƐŝŐŶƐ Ϯ
ƉƵƌĐŚĂƐĞ�ůŽŶŐ�ůĞĂĚ�ŝƚĞŵƐ�;ŵĂƚĞƌŝĂůƐ�ĨŽƌ�Z&YͿ ϭ
ƉƌĞůŝŵŝŶĂƌǇ�ŝŶƐƚƌƵŵĞŶƚĂƚŝŽŶ�ƌĞƋƵŝƌĞŵĞŶƚƐ ϭ
�ĞǀĞůŽƉ�ƐƉĞĐŝĨŝĐĂƚŝŽŶƐ�ĨŽƌ�ŝŶƐƚƌƵŵĞŶƚĂƚŝŽŶ Ϯ
Kƌďŝƚ�ĐŽƌƌĞĐƚŝŽŶ�ĂůŐŽƌŝƚŚŵƐ�;ǁŝŐŐůĞƌͿ Ϯ
�ĞǀĞůŽƉ�ƐƉĞĐŝĨŝŝĐĂƚŝŽŶƐ�ĨŽƌ�ƌĨ�ƉŽǁĞƌ�ƐƵƉƉůǇ ϭ
ƉƵƌĐŚĂƐĞ�ƌĨ�ƉŽǁĞƌ�ƐƵƉƉůŝĞƐ ϭ
�ĞǀĞůŽƉ�ƐƉĞĐŝĨŝĐĂƚŝŽŶƐ�ĨŽƌ�ůĂƐĞƌ�ĐŽŽůŝŶŐ Ϯ
>ĂƐĞƌ��ŽŽůŝŶŐ�ƐǇƐƚĞŵƐ��ĞƐŝŐŶ Ϯ
ƉƵƌĐŚĂƐĞ�ůĂƐĞƌ�ƐǇƐƚĞŵ�ƉĂƌƚƐ ϭ
�ĞǀĞůŽƉ�ĚĞƐŝŐŶ�ŽĨ�ĐĂŵĞƌĂͬĨůŽƌĞƐĞŶĐĞ�ĚĞƚĞĐƚŽƌ Ϯ
ZĞǀŝĞǁ�ĐŽƐƚ�ĞƐƚŝŵĂƚĞ�ƚŽ�ďƵŝůĚ ϭ
ĚŽĐƵŵĞŶƚͬƉƵďůŝƐŚ�ĚĞƐŝŐŶ ϭ

�ƵŝůĚ�ĚĞǀŝĐĞ͕�ƚĞƐƚ͕�ŵĞĂƐƵƌĞ͕�ĞǆƉĞƌŝŵĞŶƚƐ Ϯϭ
�ĞǀĞůŽƉ�ŵĞĂƐƵƌĞŵĞŶƚ�ƉƌŽŐƌĂŵ ϭ
WƵƌĐŚĂƐĞ�ĨŝŶĂů�ŵĂƚĞƌŝĂůƐ ϭ
&ĂďƌŝĐĂƚŝŽŶ�Θ��ƐƐĞŵďůǇ ϰ
sĂĐƵƵŵ�ǀĞƐƐĞů�ŵĂƚĞƌŝĂů�ĂŶĚ�ĨĂďƌŝĐĂƚŝŽŶ Ϯ
W^�ĂĐĐĞƉƚĂŶĐĞ�Θ�ŝŶƚĞŐƌĂƚŝŽŶ Ϯ
&ĂƌĂĚĂǇ�ĐƵƉ�Θ�/ŶƐƚƌƵŵĞŶƚĂƚŝŽŶ ϯ
�ĂďůĞƐ͕�ĞŶĐůŽƐƵƌĞƐ͕�ĞƚĐ͘� ϯ
/ŶƚĞŐƌĂƚŝŽŶ�ĂŶĚ�ƚĞƐƚŝŶŐ�ǁŝƚŚ��Z&Y ϭ
&ŝĞůĚ�ŵĞĂƐƵƌĞŵĞŶƚƐ Ϯ
ƉƵƌĐŚĂƐĞ�ĨŝŶĂů�ůĂƐĞƌ�ƐǇƐƚĞŵ�ƉĂƌƚƐ ϭ
ƉƵƌĐŚĂƐĞ�ĐĂŵĞƌĂ�ƐǇƐƚĞŵƐ ϭ
ďƵŝůĚ�ĞŶĐůŽƐƵƌĞƐ�ĨŽƌ�ůĂƐĞƌƐ Ϯ
ďƵŝůĚ�ŝŽŶ�ŝŶũĞĐƚŝŽŶ�ƐǇƐƚĞŵƐ Ϯ
sĂĐƵƵŵ�ƚĞƐƚƐ ϭ
,s�&ĞĞĚƚŚƌŽƵŐŚ�ƚĞƐƚƐ ϭ
W^�ƚĞƐƚ�ŽŶ�ĂĐƚƵĂů�ůŽĂĚ�Θ�ĂŶǇ�Z&��ŽŶĚŝƚŝŽŶŝŶŐ ϭ
�ĞĂŵ��ǆƉĞƌŝŵĞŶƚƐ�ƉůĂŶ ϭ
ŽďƚĂŝŶ�ĂƉƉƌŽǀĂů�ƚŽ�ƌƵŶ�ǁŝƚŚ�ďĞĂŵƐ�;^ĂĨĞƚǇ�ƌĞǀŝĞǁͿ Ϯ
ďĞŐŝŶ�ďĞĂŵ�ƚĞƐƚƐ ϭ
ĚĞŵŽŶƐƚƌĂƚĞ�ďĂƐŝĐ�ĐŽŽůŝŶŐ ϲ
ĚŽĐƵŵĞŶƚͬƉƵďůŝƐŚ Ϯ

Ύ�EŽƚĞ͗�EŽƚ�ĨƵůů�ƚŝŵĞ�ĞĨĨŽƌƚ
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>�@� ,&)$� %HDP� '\QDPLFV� 3DQHO� 1HZVOHWWHU�� ����� -,167� ���� KWWSV���LRSVFLHQFH�LRS�RUJ�MRXUQDO������
�����SDJH�,&)$B%HDPB'\QDPLFVB3DQHOB1HZVOHWWHUVB6SHFLDOBLVVXH�

>�@�.�$��%URZQ�DQG�7��5RVHU��Towards storage rings as quantum computers��3K\V��5HY��$FFHO��%HDPV�����
������� �������3XEOLVKHG����0D\�������.�$��%URZQ�DQG�7��5RVHU��8�6��3DWHQW�$SSOLFDWLRQ�6HULDO�1R��
������������

>�@�/HZLQ�(LGDP��2OLYHU�%RLQH�)UDQNHQKHLP��'DQ\DO�:LQWHUV��Cooling rates and intensity limitations for 
laser-cooled ions at relativistic energies��1XFOHDU�,QVW��DQG�0HWKRGV�LQ�3K\VLFV�5HVHDUFK��$������������
���±����

>�@�-�6�+DQJVW��-�6�1LHOVHQ��2��3RXOVHQ��3��6KL��DQG�-�3��6FKLIIHU��Laser Cooling of a Bunched Beam in a 
Synchrotron Storage Ring��3K\V��5HY��/HWWHUV������������������������0D\�������

>�@�8��6FKUDPP�DQG�'��+DEV��Crystalline ion beams��3URJUHVV�LQ�3DUWLFOH�DQG�1XFOHDU�3K\VLFV��9���������
�����������

>�@�'��:LQWHUV��HW�DO���Laser cooling of relativistic heavy-ion beams for FAIR��3K\V��6FU��7�����������
��������KWWSV���GRL�RUJ������������������������7������������
�

�
�

�
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21(�3$*(�9,7$�)25�($&+�,19(67,*$725�
.HYLQ�$��%URZQ��3K\VLFLVW�

(GXFDWLRQ�DQG�7UDLQLQJ�� 
%�6��� 3K\VLFV��-XQH������
(DUWK�DQG�6SDFH�6FLHQFH��GRXEOH�PDMRU����
681<�DW�6WRQ\�%URRN��1<�
�
0�6�� &RPSXWHU�6FLHQFH��'HFHPEHU������
681<�DW�6WRQ\�%URRN��1<�
5HVHDUFK�$GYLVRU���3URI��7]L�FNHU�&KLXHK�
�
5HVHDUFK�DQG�3URIHVVLRQDO�([SHULHQFH� 

%URRNKDYHQ�1DWLRQDO�/DERUDWRU\���&ROOLGHU�$FFHOHUDWRU�'HSDUWPHQW��

� � 0DQDJHU�,,,���3K\VLFLVW�� � � � � �������SUHVHQW�

� � 3K\VLFLVW� � � � � � ������������

� � 3K\VLFV�$VVRFLDWH�,� � � � � ������������

� � 3URMHFW�(QJLQHHU�,,� � � � � �����±�����

� � 6WDII�(QJLQHHU� � � � � � ������������

� � *XHVW�5HVHDUFK�$VVLVWDQW��8QLY��RI�0LFKLJDQ�� � ������������

6XSHUYLVRU\�([SHULHQFH��
� +HDG�RI�&�$'�&RQWUROV�6\VWHPV�*URXSV��������������SUHVHQW�
�
3URIHVVLRQDO�2XWUHDFK�DQG�3URIHVVLRQDO�6RFLHW\�6HUYLFH��
&RQIHUHQFH�&KDLU��,&$/(3&6������ �����
� 1HZ�<RUN��1<�
,QWHUQDWLRQDO�2UJDQL]LQJ�&RPPLWWHH��
� ,&)$�:RUNVKRS�RQ�6ORZ�([WUDFWLRQ��)1$/��-XO\�� �����
,QWHUQDWLRQDO�2UJDQL]LQJ�&RPPLWWHH���
� ,&)$�:RUNVKRS�RQ�0DFKLQH�/HDUQLQJ��3DXO�6FKHUUHU�,QVWLWXWH���������������� �����
,QWHUQDWLRQDO�2UJDQL]LQJ�&RPPLWWHH��
� ,&)$�:RUNVKRS�RQ�6ORZ�([WUDFWLRQ��&(51��1RYHPEHU�� �����
,QWHUQDWLRQDO�([HFXWLYH�&RPPLWWHH�0HPEHU��,&$/(3&6������
� %DUFHORQD��6SDLQ�
,QWHUQDWLRQDO�6FLHQWLILF�&RPPLWWHH�0HPEHU��,&$/(3&6������ �����
� 0HOERXUQH��$XVWUDOLD�
&R�(GLWRU�3$&������ ������
� 1HZ�<RUN��1<�
2UJDQL]LQJ�	�6FLHQWLILF�&KDLU� �����
��WK�,&)$�PLQL�ZRUNVKRS�RQ�6HSWD�'HYLFHV�LQ�$FFHOHUDWRUV�
� %1/��8SWRQ��1<�
2UJDQL]LQJ�	�6FLHQWLILF�&KDLU� �����
��WK�,&)$�PLQL�ZRUNVKRS�RQ�6ORZ�([WUDFWLRQ�
� %1/��8SWRQ��1<�
� �
&RPPLWWHH�6HUYLFH�
&RPPLWWHH�PHPEHU��//1/�&RPSXWDWLRQDO�'LUHFWRUDWH�UHYLHZ��$XJXVW�������������
&KDLU�RI�)HUPLODE�0X�H�$FFHOHUDWRU�2YHUVLJKW�&RPPLWWHH��6HSWHPEHU�������������
&KDLU�RI�)HUPLODE�0X�H�([SHULPHQW�'LUHFWRUV�5HYLHZ�&RPPLWWHH��)1$/��$XJXVW������
0HPEHU�RI�)HUPLODE�0X�H�([SHULPHQW�'LUHFWRUV�5HYLHZ�&RPPLWWHH��)1$/��0D\������DQG�$SULO������
� �
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'U��6WHSKHQ�-��%URRNV�
%URRNKDYHQ�1DWLRQDO�/DERUDWRU\��&ROOLGHU�$FFHOHUDWRU�'HSDUWPHQW��%XLOGLQJ�����%��
8SWRQ��1<������������� ������������� VEURRNV#EQO�JRY�
�
(GXFDWLRQ�
� '�3KLO�� 3DUWLFOH�3K\VLFV��������8QLYHUVLW\�RI�2[IRUG��
� 0�0DWK�� 0DWKHPDWLFV��������8QLYHUVLW\�RI�2[IRUG��
� %�6F�� 0RVWO\�$SSOLHG�0DWKHPDWLFV��������7KH�2SHQ�8QLYHUVLW\��
�
(PSOR\PHQW�+LVWRU\�
 Physicist (C-AD, BNL)� ����������±�SUHVHQW�
0DJQHWLF�FDOFXODWLRQV�DQG�WXQLQJ�IRU�WKH�SURGXFWLRQ�UXQ�RI�SHUPDQHQW�PDJQHWV�IRU�WKH�&%(7$�DFFHOHUDWRU�
GXULQJ��������)XWXUH��GHVLJQ�RI�SHUPDQHQW�PDJQHW�DFFHOHUDWRUV�IRU�RWKHU�DSSOLFDWLRQV��
 Associate Physicist (C-AD, BNL)� ��������±���������
0DJQHW�FHOO�GHVLJQ�DQG�ILHOG�PDS�WUDFNLQJ�VLPXODWLRQ�IRU�WKH�&%(7$�PXOWL�SDVV�HQHUJ\�UHFRYHU\�OLQDF�
EHLQJ�EXLOW�DW�&RUQHOO���&RQVWUXFWLRQ�RI�D�VHULHV�RI����QRYHO�+DOEDFK�GHULYHG�PDJQHWV�XVLQJ��'�SULQWHG�
PRXOGV�DQG�D�QHZ�VKLPPLQJ�WHFKQLTXH�WR�DFKLHYH�DFFHOHUDWRU�OHYHO�ILHOG�TXDOLW\�DW�ORZ�FRVW���$SSOLFDWLRQ�
RI�WKHVH�PDJQHW�W\SHV�WR�WKH�&%(7$�PDFKLQH�DQG�FRQVWUXFWLRQ�RI�D�VPDOO�SURWRW\SH�))$*�DUF�WHVW�DW�WKH�
%1/�$FFHOHUDWRU�7HVW�)DFLOLW\��
 Assistant Physicist (C-AD, BNL) ��������±�������� 
'HVLJQ�DQG�VLPXODWLRQ�RI�%1/¶V�SURSRVHG�H5+,&�SDUWLFOH�DFFHOHUDWRU�DQG�UHODWHG�SURWRW\SH�DFFHOHUDWRUV�
DQG�PDJQHWV���)LUVW�HYHU�EHDP�G\QDPLFV�VWXGLHV�IRU�D�QHZ�VRUW�RI�³�'´�F\FORWURQ��
 Accelerator Physicist (Rutherford Appleton Laboratory)� ��������±���������
5HVHDUFK�WRSLFV�LQFOXGHG��EHDP�G\QDPLFV�DQG�PDJQHWLF�ILHOG�VLPXODWLRQV�LQ�))$*��IL[HG�ILHOG��SDUWLFOH�
DFFHOHUDWRUV��KHDW�GHSRVLWLRQ�DQG�\LHOG�RI�SDUWLFOH�EHDP�WDUJHWV���3UHYLRXVO\�ZRUNHG�RQ�WKH�1HXWULQR�
)DFWRU\��PXRQ�IURQW�HQG��GHVLJQ��LQFOXGLQJ�VHWWLQJ�XS�D�SXEOLF�GLVWULEXWHG�FRPSXWLQJ�SURMHFW�WR�UXQ�WKH�
VLPXODWLRQV�DQG�RSWLPLVH�WKH�GHVLJQ�DXWRPDWLFDOO\��
 Associate Lecturer in Physics (The Open University)� ������������
7XWRUHG�WKH�FRXUVH��6�����6SDFH�7LPH�DQG�&RVPRORJ\��IRU�WZR�\HDUV�DW�GLVWDQFH�OHDUQLQJ�XQLYHUVLW\��ZLWK�
a���VWXGHQWV���6\OODEXV�LQFOXGHG�FODVVLFDO�PHFKDQLFV��VSHFLDO�DQG�JHQHUDO�UHODWLYLW\�DQG�FRVPRORJ\��
 Vacation Studentships (Rutherford Appleton Laboratory)� 6XPPHU������±�(DVWHU������
'HYHORSHG�JUDSKLFV�IRU�LQWHUDFWLYH�SDUWLFOH�EHDP�WUDQVSRUW�VLPXODWLRQV��
�
5HVHDUFK�DQG�3URIHVVLRQDO�$FFRPSOLVKPHQWV�
)URP������������SHUIRUPHG�WKH�ILUVW�FRPSXWHU�VLPXODWLRQV�RI�IL[HG�ILHOG�DFFHOHUDWRUV�ZLWK�YHUWLFDO�RUELW�
H[FXUVLRQ��LQFOXGLQJ�DQ�LQYLWHG�WDON�DW�WKH�,3$&¶���FRQIHUHQFH���$QRWKHU�LQYLWHG�WDON�ZDV�DW�WKH�,3$&¶���
FRQIHUHQFH���'XULQJ�WKH�VXPPHU�RI�������EXLOW�DQG�GHPRQVWUDWHG�WKH�KLJKHVW�HYHU�HQHUJ\�UDQJH�LQ�D�³QRQ�
VFDOLQJ´�IL[HG�ILHOG�DFFHOHUDWRU��D�IDFWRU�RI�������XVLQJ�EHDP�IURP�$7)���DQG�PDJQHWV�IURP�&%(7$�
5	'���5HYLHZHU�RI���SDSHUV�IRU�3K\VLFDO�5HYLHZ�$FFHOHUDWRUV�DQG�%HDPV��DQG���SDSHU�LQ�3K\VLFDO�
5HYLHZ�$SSOLHG��
�
2WKHU�6NLOOV�
3K\VLFV��UHVHDUFK�WRSLFV�DERYH��SOXV�H[SHULHQFH�ZLWK�WKH�0$56�WDUJHW�VLPXODWLRQ�FRGH�DQG�
3RLVVRQ�6XSHUILVK�PDJQHW�GHVLJQ�FRGH��
&RPSXWLQJ��&�&����VFLHQWLILF�DQG�QXPHULFDO�FRPSXWLQJ��:LQGRZV�DQG�/LQX[�SODWIRUPV��2SHQ*/�
FRPSXWHU�JUDSKLFV��3+3��ZHEVLWH�GHVLJQ��GLVWULEXWHG�FRPSXWLQJ��VRIWZDUH�*8,��LQWHUDFWLYH�DQLPDWLRQ��
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*HRUJH�0DKOHU��0HFKDQLFDO�(QJLQHHU�

(GXFDWLRQ�DQG�7UDLQLQJ� 

*HRUJH�-��0DKOHU�HDUQHG�D�%DFKHORU�RI�(QJLQHHULQJ�LQ�0HFKDQLFDO�(QJLQHHULQJ�IURP�681<�6WRQ\�%URRN�
LQ�������D�0DVWHU�RI�6FLHQFH�LQ�1XFOHDU�(QJLQHHULQJ�IURP�0DQKDWWDQ�&ROOHJH�LQ������DQG�KDV�EHHQ�D�
1HZ�<RUN�6WDWH�/LFHQVHG�3URIHVVLRQDO�(QJLQHHU�VLQFH�������*HRUJH�-��0DKOHU�LV�D�PHFKDQLFDO�HQJLQHHU�
SURYLGLQJ�VXSSRUW�WR�D�YDULHW\�RI�SDUWLFOH�DFFHOHUDWRU�UHODWHG�SURMHFWV�DV�ZHOO�DV�LQGHSHQGHQW�%URRNKDYHQ�
1DWLRQDO�/DERUDWRU\�UHVHDUFK�SURMHFWV��)ROORZLQJ�DUH�VRPH�ZRUN�UHODWHG�OLQNV��
5HVHDUFK�DQG�3URIHVVLRQDO�([SHULHQFH�� 

x� 3RUWDEOH�*DPPD�5D\�6SHFWURPHWHU��8VLQJ�&RPSUHVVHG�;HQRQ���'HVLJQHG�DQG�GHYHORSHG�DOO�
PHFKDQLFDO�FRPSRQHQWV��7KLV�KLJK�SUHVVXUH�LRQL]DWLRQ�FKDPEHU�ZDV�EXLOW�WR�$60(�VWDQGDUGV��DV�ZDV�
WKH�XOWUD�SXUH�JDV�ILOOLQJ�V\VWHP��KWWSV���LHHH[SORUH�LHHH�RUJ�GRFXPHQW��������

x� /RV�$ODPRV�+LJK�3UHFLVLRQ�1HXWURQ�'HWHFWRU���&RQWULEXWHG�DOO�PHFKDQLFDO�HQJLQHHULQJ�VXSSRUW�IRU�
WKH�GHYHORSPHQW��FRQVWUXFWLRQ��DVVHPEO\��DQG�LQVWDOODWLRQ�RI�WKLV�GHWHFWRU��
KWWSV���ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�DUWLFOH�SLL�6����������������"YLD��'LKXE�

x� 5+,&�3RODUL]HG�$WRPLF�+\GURJHQ�-HW���/HDG�PHFKDQLFDO�HQJLQHHU�LQ�WKH�GHVLJQ��FRQVWUXFWLRQ��
LQVWDOODWLRQ�DQG�PDLQWHQDQFH���7KLV�5+,&�EHDP�OLQH�GLDJQRVWLF�FRPSRQHQW�KDV�EHHQ�RSHUDWLRQDO�VLQFH�
������KWWS���FHUQFRXULHU�FRP�FZV�DUWLFOH�FHUQ�������

x� 616�5LQJ�0DJQHWV�DQG�6WDQGV���'HVLJQ��GHYHORSPHQW��DQG�DVVHPEO\�RI�PHFKDQLFDO�FRPSRQHQWV�DQG�
PDJQHWLF�HOHPHQWV���7KHVH�ZDUP�ERUH�PDJQHWV�KDG�EHHQ�VXFFHVVIXOO\�GHOLYHUHG��LQVWDOOHG�DQG�DUH�LQ�
RSHUDWLRQ�DW�WKH�2DN�5LGJH�1DWLRQDO�/DERUDWRU\�6SDOODWLRQ�1HXWURQ�6RXUFH��

x� 3UR[LVFDQ�&RPSDFW�*DPPD�&DPHUD�IRU�3URVWDWH�&DQFHU�'HWHFWLRQ��(QJLQHHULQJ�VXSSRUW�IRU�WKLV�
GHYLFH�IURP�FRQFHSW�WR�FRPSOHWLRQ��'HYLFH�UHFHLYHG�)'$�DSSURYDO�DQG�ZDV�DZDUGHG�WKH������5	'�
����DZDUG��KWWS���ZZZ�\RXWXEH�FRP�ZDWFK"Y %�3�H.(�F�<�

x� (QHUJ\�5HFRYHU\�/LQDF�PDJQHWV�DQG�WUDQVSRUW�OLQH���3URYLGHG�HQJLQHHULQJ�VXSSRUW�DQG�GHVLJQ�RI�
PDJQHWV��VWDQGV��DQG�WUDQVSRUW�OLQHV�IRU�(5/��7KLV�IDFLOLW\�LV�WR�EH�D�FRKHUHQW�HOHFWURQ�FRROLQJ�SURRI�RI�
SULQFLSOH��KWWS���ZZZ�F�DG�EQO�JRY�DUGG�HFRROLQJ�(5/BKRPH�KWP�

x� 0LFUR%RRQH�7LPH�3URMHFWLRQ�&KDPEHU��0HFKDQLFDO�HQJLQHHU��GUDIWVPDQ��DQG�FRQVWUXFWLRQ�WHFKQLFLDQ�
RI�DOO�PHFKDQLFDO�FRPSRQHQWV�IRU�GHWHFWRU�LQVWDOOHG�DW�)HUPL�1DWLRQDO�/DERUDWRU\�KWWSV���ZZZ�
PLFURERRQH�IQDO�JRY�SXEOLF�DERXWGHWHFWRU�KWPO�

x� $1672�1HXWURQ�'HWHFWRU��0HFKDQLFDO�HQJLQHHULQJ�DQG�GHVLJQ�RI�GHWHFWRU�DVVHPEO\�WR�EH�LQVWDOOHG�DW�
$XVWUDOLDQ�1XFOHDU�6FLHQFH�DQG�7HFKQRORJ\�2UJDQL]DWLRQ��
KWWSV���WHDPVLWHV�EQO�JRY�VLWHV�$1672�6LWH3DJHV�+RPH�DVS[�

x� &RKHUHQW�(OHFWURQ�&RROLQJ�PDJQHWV�DQG�EHDPOLQH��3URYLGHG�HQJLQHHULQJ�VXSSRUW�DQG�GHVLJQ�RI�
PDJQHWV��VWDQGV��DQG�WUDQVSRUW�OLQHV�IRU�WKH�&RKHUHQW�(OHFWURQ�&RROLQJ�SURMHFW�LQVWDOOHG�DW�WKH�
5HODWLYLVWLF�+HDY\�,RQ�&ROOLGHU�DW�%URRNKDYHQ�1DWLRQDO�/DERUDWRU\��

x� /RZ�(QHUJ\�(OHFWURQ�&RROLQJ�PDJQHWV�DQG�EHDPOLQH��3URYLGHG�HQJLQHHULQJ�VXSSRUW�DQG�GHVLJQ�RI�
PDJQHWV��VWDQGV��DQG�WUDQVSRUW�OLQHV�IRU�WKH�/RZ�(QHUJ\�HOHFWURQ�&RROLQJ�SURMHFW�LQVWDOOHG�DW�WKH�
5HODWLYLVWLF�+HDY\�,RQ�&ROOLGHU�DW�%URRNKDYHQ�1DWLRQDO�/DERUDWRU\��

x� &EHWD�PDJQHWV��3URYLGHG�HQJLQHHULQJ�DQG�FRQVWUXFWLRQ�VXSSRUW�IRU�WKH�+DOEDFK�PDJQHW�DVVHPEOLHV�
XVHG�LQ�D�))$*�ULQJ�LQVWDOOHG�DW�&RUQHOO�8QLYHUVLW\��
KWWSV���ZZZ�FODVVH�FRUQHOO�HGX�5HVHDUFK�(5/�&%(7$�KWPO�

x� $7)�PDJQHWV��3URYLGHG�HQJLQHHULQJ�DQG�FRQVWUXFWLRQ�VXSSRUW�IRU�WKH�+DOEDFK�PDJQHW�DVVHPEOLHV�
XVHG�LQ�D�))$*�WUDQVSRUW�OLQH�LQVWDOOHG�DW�%URRNKDYHQ�1DWLRQDO�/DERUDWRU\��
�

� �
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)UDQoRLV�0pRW��3K\VLFLVW�
(GXFDWLRQ�DQG�7UDLQLQJ�� 

3K'�LQ�DFFHOHUDWRU�SK\VLFV��&(51������������
³+DELOLWDWLRQ�D�GLULJHU�GHV�UHFKHUFKHV´��*UHQREOH�3RO\WHFKQLF�,QVWLWXWH�������
³4XDOLILHG�3URIHVVRUVKLS�RI�WKH�)UHQFK�8QLYHUVLWLHV´��D�1DWLRQDO�GHJUHH���������
)RUPHU�DFFHOHUDWRU�SK\VLFLVW�DW�&($�6DFOD\�������������QRZ�RQ�ORQJ�WHUP�OHDYH�
)RUPHU�GLUHFWRU�RI�WKH�(XURSHDQ�³-RLQW�8QLYHUVLWLHV�$FFHOHUDWRU�6FKRRO´��*HQHYD�&RXQW\��)UDQFH�������
�����
�
5HVHDUFK�DQG�3URIHVVLRQDO�([SHULHQFH� 

��������±�SUHVHQW� $FFHOHUDWRU�3K\VLFLVW��%URRNKDYHQ�1DWLRQDO�/DERUDWRU\�

� � � $GMXQFW�3URIHVVRU��3K\VLFV�	�$VWURQRP\��6WRQ\�%URRN��1<8�
��������±��������� $FFHOHUDWRU�3K\VLFLVW��&RPPLVVDULDW�j�O
eQHUJLH�$WRPLTXH��6DFOD\�
3XEOLFDWLRQV� �

2YHU�����SXEOLFDWLRQV��DV�D�PDLQ�DXWKRU�IRU�WKH�HVVHQWLDO��LQ�SHHU�UHYLHZHG�MRXUQDOV��������&(51�\HOORZ�
UHSRUWV��FRQIHUHQFH�SURFHHGLQJV��ODE�UHSRUWV��
/DWHO\��KWWS���ZZZ�LFID�EG�RUJ�1HZVOHWWHU���SGI����SS�����������SS�����������SS�����������

6\QHUJLVWLF�$FWLYLWLHV�� 

5+,&��(,&��H5+,&�DQG�-/(,&���&%(7$��L5&06��GLYHUVH�ZRUNVKRS�DQG�FRQIHUHQFH�FRPPLWWHHV�

3DUWLFLSDWH�G��LQ�VHYHUDO�LQWHUQDWLRQDO�FRQIHUHQFH�DQG�ZRUNVKRS�RUJDQL]LQJ�FRPPLWWHHV�

6FLHQWLILF�UHVHDUFK�UHVSRQVLELOLWLHV�LQ�VHYHUDO�)UHQFK�DQG�(XURSHDQ�SURJUDP�IXQGHG�SURMHFWV�������������
LQFOXGLQJ�WKH�$15�5$&&$0�SURWRQ�WKHUDS\�SURMHFW��������������WKH�(72,/(�FROODERUDWLRQ��������������
WKH�(8�FROODERUDWLRQ�LQ�WKH�1HXWULQR�)DFWRU\��������������

5HIHUHH�IRU�YDULRXV�MRXUQDOV�DQG�HGLWLRQV��3K\VLFDO�5HYLHZ��35$%��5$67��1,0�$��6SULQJHU��HWF���

)LIWHHQ�\HDUV�RI�WHDFKLQJ�LQ�)UHQFK�XQLYHUVLWLHV��PDWK�DQG�SK\VLFV�������������

6XSHUYLVHG�DERXW����VWXGHQWV�RYHU������SUHVHQW��IURP�XQGHUJUDGXDWH�WR�SRVW�GRFWRUDWH�

0HPEHU�RI�WKH�$36�

,GHQWLILFDWLRQ�RI�3RWHQWLDO�&RQIOLFWV�RI�,QWHUHVW�RU�%LDV�LQ�6HOHFWLRQ�RI�5HYLHZHUV� 

1RQH�

&ROODERUDWRUV�DQG�&R�HGLWRUV�� 

%LQSLQJ�;LDR��6��%HORPHVWQ\NK��-�ௗ0��%UHQQDQ��-�ௗ&��%UXWXV��*��0F,QW\UH��.��0HUQLFN��&��3DL��.��6PLWK��
7��;LQ��$��=DOWVPDQ��DQG�9��9HVKFKHUHYLFK�

�

*UDGXDWH�DQG�3RVWGRFWRUDO�$GYLVRUV�DQG�$GYLVHHV�� 

*UDGXDWH��3URI��*HUPDLQ�&KDUWLHU�
� �
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0DUN�3DOPHU��$7)�'LUHFWRU��$67,�'LUHFWRU�
3URIHVVLRQDO�3UHSDUDWLRQ��
3ULQFHWRQ�8QLYHUVLW\� 3K\VLFV� $�%���summa cum laude)� � �����
3ULQFHWRQ�8QLYHUVLW\� 3K\VLFV� 0�$�� � � �����
3ULQFHWRQ�8QLYHUVLW\� 3K\VLFV� 3K�'���$GYLVRU��9DO�)LWFK�� � �����
8QLYHUVLW\�RI�,OOLQRLV��8,8&�� 3DUWLFOH�3K\VLFV� 3RVW�'RFWRUDO�5HVHDUFK�$VVRFLDWH� � ����������
$SSRLQWPHQWV��
%URRNKDYHQ�1DWLRQDO�/DERUDWRU\� 6HQLRU�6FLHQWLVW� � ������
)HUPL�1DWLRQDO�$FFHOHUDWRU�/DERUDWRU\� 6FLHQWLVW�,,� � � ����������
&RUQHOO�8QLYHUVLW\�±�/DE��IRU�(OHPHQWDU\�3DUWLFOH�3K\VLFV� 6HQLRU�5HVHDUFK�$VVRFLDWH� � �����������
� � � � 5HVHDUFK�$VVRFLDWH�� � ����������
8QLYHUVLW\�RI�,OOLQRLV�DW�8UEDQD�&KDPSDLJQ��&/(2�([S��� 5HVHDUFK�$VVW��3URIHVVRU� � ����������
� � � � 9LVLWLQJ�5HVHDUFK�$VVW��3URI��� ����������
� � � � 5HVHDUFK�$VVRFLDWH� � ����������
&RUQHOO�8QLYHUVLW\� � � :LOVRQ�)HOORZ� � ����������
3ULQFHWRQ�8QLYHUVLW\� � � 16)�)HOORZ� � � ����������
5LMNVXQLYHUVLWHLW�*URQLQJHQ��1HWKHUODQGV� )XOEULJKW�)HOORZ� � ����������
3URIHVVLRQDO�$FWLYLWLHV��&ROODERUDWLRQV�DQG�$IILOLDWLRQV��
$VVLVWDQW�'HSXW\�'LUHFWRU�IRU�$FFHOHUDWRU�6FLHQFH�	�7HFKQRORJ\��%1/� � � ������
'LUHFWRU��%1/�$FFHOHUDWRU�7HVW�)DFLOLW\� � � � ������
'LUHFWRU��8�6��0XRQ�$FFHOHUDWRU�3URJUDP� � � � ����������
)HUPLODE�0XRQ�$FFHOHUDWRU�5	'�'HSDUWPHQW�+HDG� � � � ����������
&(65�7HVW�$FFHOHUDWRU��&(657$��3URMHFW�'LUHFWRU� � � � ����������
0HPEHU�DQG�FR�OHDGHU��7'5�SKDVH��RI�WKH�,/&�'DPSLQJ�5LQJV�$UHD�*URXS� � � ����������
&RUQHOO�(OHFWURQ�6WRUDJH�5LQJ��&(65��2SHUDWLRQV�*URXS� � � � ����������
&/(2�5XQ�0DQDJHU�� � � � � � ����������
&/(2�&ROODERUDWLRQ� � � � � � ����������
(XURSHDQ�$FFHOHUDWRU�5	'�5RDGPDS�±�'HSXW\�+HDG��0XRQ�%HDPV�3DQHO� � � �����
6&�8VHU�)DFLOLWLHV�5RXQGWDEOH�3DQHOLVW� � � � �����
0HPEHU�RI�/DVHU1HW86�6FLHQWLILF�$GYLVRU\�%RDUG� � � � �����SUHVHQW�
0HPEHU������&RKRUW�RI�WKH�'2(�3URMHFW�/HDGHUVKLS�,QVWLWXWH� � � �����
0HPEHU�RI�WKH�8�6��0DJQHW�'HYHORSPHQW�3URJUDP�7HFKQLFDO�$GYLVRU\�&RPPLWWHH� � �����SUHVHQW�
0HPEHU�RI�WKH�H5+,&�3URJUDP�6WHHULQJ�*URXS� � � � ����������
/DERUDWRU\�2SHUDWLRQV�6XSHUYLVRU�$FDGHP\��%DWWHOOH�0HPRULDO�,QVWLWXWH� � � �����
9LFH�&KDLU�DQG�&KDLU�$36�5REHUW�5��:LOVRQ�3UL]H�&RPPLWWHH� � � ����������
6WUDWHJLF�%XVLQHVV�/HDGHUVKLS�3URJUDP��8QLYHUVLW\�RI�&KLFDJR�%RRWK�6FKRRO�RI�%XVLQHVV� � ����� �
6WUDWHJLF�/DERUDWRU\�/HDGHUVKLS�3URJUDP��8QLYHUVLW\�RI�&KLFDJR�%RRWK�6FKRRO�RI�%XVLQHVV�� � �����
0HPEHU�1$�3$&C���6FLHQWLILF�3URJUDP�&RPPLWWHH��,3$&C���C���C���6FLHQWLILF�$GYLVRU\�� � ����������

%RDUGV�DQG�1$�3$&C���3URJUDP�&RRUGLQDWLQJ�&RPPLWWHH�
5HYLHZHU�IRU�'2(�23$�DQG�3URJUDPPDWLF�5HYLHZV� � � � �����SUHVHQW�
0HPEHU�RI�WKH�,/&�3URMHFW�$GYLVRU\�&RPPLWWHH� � � � ��������
&R�FRQYHQHU�RI�WKH�&DSDELOLWLHV�)URQWLHU��/HSWRQ�&ROOLGHU�6XE�*URXS�IRU�&66����� � ����������
0HPEHU�RI�WKH�$36�'LYLVLRQ�RI�3K\VLFV�RI�%HDPV�1RPLQDWLQJ�&RPPLWWHH� � � �����������
0HPEHU�RI�WKH�,&)$�%HDP�'\QDPLFV�3DQHO� � � � �����SUHVHQW�
/HFWXUHU�DW�WKH��UG���WK�DQG��WK�,QWHUQDWLRQDO�6FKRROV�IRU�/LQHDU�&ROOLGHUV� � � �����������
,QWHUQDWLRQDO�/LQHDU�&ROOLGHU�'HVLJQ�7HDP��0DQDJHPHQW�DQG�&RPPLWWHH�'XWLHV�� � ����������
&(65�2SHUDWLRQV�*URXS�8SJUDGH�$FWLYLWLHV����PDMRU�SURMHFWV�� � � ����������
:LOVRQ�/DE�16)�5(8�3URJUDP�0HQWRU�DQG�2XWUHDFK�&RQWULEXWRU� � � ����������
0HPEHU�RI�WKH�&/(2�,,�9�6LOLFRQ�9HUWH[�'HWHFWRU�DQG�7UDFNLQJ�*URXSV� � � ����������
0HPEHU�RI�WKH�$PHULFDQ�3K\VLFDO�6RFLHW\��'3%��'3)��'33��
0HPEHU�RI�,(((��1366��
5HFHQW�$UWLFOHV�5HOHYDQW�WR�WKLV�3URSRVDO��
0��%RVFROR��-�3��'HODKD\H��DQG�0��3DOPHU��³7KH�)XWXUH�3URVSHFWV�RI�0XRQ�&ROOLGHUV�DQG�1HXWULQR�)DFWRULHV�´�
Reviews of Accelerator Science and Technology��9RO���������������������
/RQJ��.�5���/XFFKHVL��'���3DOPHU��0�$��et al.�0XRQ�FROOLGHUV�WR�H[SDQG�IURQWLHUV�RI�SDUWLFOH�SK\VLFV��Nat. 
Phys.���������KWWSV���GRL�RUJ���������V����������������[��
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'HHSDN�5DSDULD�
%URRNKDYHQ�1DWLRQDO�/DERUDWRU\�
8SWRQ��1<�������
�
'U��'HHSDN�5DSDULD�LV�+HDG�RI�%1/�3UHLQMHFWRU�ZKLFK�LQFOXGH�����0H9�+�OLQDF���0H9�X�LRQ�LQMHFWRU�
EDVHG�RQ�(%,6�DQG�7DQGHP�DFFHOHUDWRUV���
�
'U��5DSDULD�UHFHLYHG�D�3K'�LQ�DFFHOHUDWRU�SK\VLFV�LQ�������
�
3ULRU�WR�WKH�SUHVHQW�SRVLWLRQ��'U��5DSDULD�VHUYHG�DV�JURXS�OHDGHU�IRU�%1/�/LQDF�DQG�WKH�616�%1/�
DFFHOHUDWRU�SK\VLFV�JURXS�DQG�DV�WKH�GHSXW\�JURXS�OHDGHU�IRU�WKH�616�251/�DFFHOHUDWRU�JURXS���
�
'U��5DSDULD�KDV����\HDUV�RI�H[SHULHQFH�LQ�DFFHOHUDWRU�DQG�KLV�SULRU�ZRUN�LQFOXGH�SK\VLFV�GHVLJQ�RI�
IROORZLQJ��(%,6�SUHLQMHFWRU�VXSHUFRQGXFWLQJ�OLQDF�LQMHFWRU�IRU�WKH�9/%12�SURMHFW�DW�%1/��WKH�323�+�
PLQXV�ODVHU�VWULSSLQJ�H[SHULPHQW�DW�����0H9�%1/�/LQDF��WKH�616�WUDQVIHU�OLQHV��DQG�LQMHFWLRQ�V\VWHP��
WKH�323�H[SHULPHQW�IRU�%1&7��7KH�����0H9�OLQDF�IRU�WKH���0:�6SDOODWLRQ�1HXWURQ�VRXUFH�DW�%1/��7KH�
66&�����0H9�OLQDF�DV�ZHOO�DV�SLRQHHULQJ�ZRUN�RQ�KHOLFDO�HOHFWURVWDWLF�TXDGUXSROHV�IRU�ORZ�HQHUJ\�EHDP�
WUDQVSRUW��5)4�SK\VLFV�GHVLJQ�IRU�WKH�LRQ�LPSODQWDWLRQ��DQG�WKH�FKDUJH�H[FKDQJH�LQMHFWLRQV�RI���������
WXUQV�LQWR�WKH�75,80)�.DRQ�IDFWRU\��
�
� �
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=KL�=KDR�
(GXFDWLRQ�

x� 3K��'��&KLQHVH�$FDGHP\�RI�6FLHQFHV��:XKDQ�,QVWLWXWH�RI�3K\V��DQG�0DWK���3K\VLFV�������
x� 06��&HQWUDO�&KLQD�1RUPDO�8QLYHUVLW\��&KLQD��3K\VLFV�������
x� %6��&HQWUDO�&KLQD�1RUPDO�8QLYHUVLW\��&KLQD��3K\VLFV�������

5HVHDUFK�DQG�SURIHVVLRQDO�H[SHULHQFH�
x� 3K\VLFLVW��6���6���6�����������SUHVHQW�
x� /DVHU�6FLHQWLVW�5HVHDUFK�$VVRFLDWH�,,,�DQG�,9��&RUQHOO�8QLYHUVLW\��������������
x� 3RVWGRFWRUDO�5HVHDUFK�$VVRFLDWH��2DN�5LGJH�1DWLRQDO�/DERUDWRU\��������������
x� 0DULH�&XULH�DQG�+XPEROGW�)HOORZ��8QLYHUVLW\�RI�+HLGHOEHUJ��*HUPDQ\��������������
x� $GMXQFW�$VVRFLDWH�3URIHVVRU��8QLYHUVLW\�RI�6FL��	�7HFK��RI�&KLQD��&KLQD��������������
x� 3RVWGRFWRUDO�5HVHDUFK�$VVRFLDWH��5R\DO�,QVWLWXWH�RI�7HFKQRORJ\��6ZHGHQ��������������
x� 3RVWGRFWRUDO�5HVHDUFK�$VVRFLDWH��8QLYHUVLW\�RI�6FL��	�7HFK��RI�&KLQD��&KLQD��������������

6HOHFWHG�SXEOLFDWLRQV�
��� &RDXWKRU�ZLWK�$��9��)HGRWRY�HW�DO��

([SHULPHQWDO�GHPRQVWUDWLRQ�RI�KDGURQ�EHDP�FRROLQJ�XVLQJ�UDGLR�IUHTXHQF\�DFFHOHUDWHG�HOHFWURQ�EXQFKHV�
3K\V��5HY��/HWW����������������������

��� =��=KDR��.��0HUQLFN��0��&RVWDQ]R��DQG�0��0LQW\�
$Q�XOWUDIDVW�ODVHU�SXOVH�SLFNHU�WHFKQLTXH�IRU�KLJK�DYHUDJH�FXUUHQW�KLJK�EULJKWQHVV�SKRWRLQMHFWRUV�
1XFO��,QVWUXP��0HWKRGV�3K\V��5HV��6HFW��$���������������������

��� =��=KDR��%��6KHHK\��DQG�0��0LQW\�
*HQHUDWLRQ�RI�����:�DYHUDJH�JUHHQ�SRZHU�IURP�D�IUHTXHQF\�GRXEOHG�SLFRVHFRQG�ILEHU�DPSOLILHU�
2SWLFV�([SUHVV������������������

��� =��=KDR��$��%DUWQLN��)��:��:LVH��,��%D]DURY�DQG�%��0��'XQKDP�
+LJK�SRZHU�ILEHU�ODVHUV�IRU�SKRWRFDWKRGH�HOHFWURQ�LQMHFWRU�
3K\V��5HY��67�±�$FFHO��%HDPV�������������������

��� =��=KDR��%��0��'XQKDP��,��9��%D]DURY��DQG�)��:��:LVH�
*HQHUDWLRQ�RI�����:�LQIUDUHG�DQG����:�JUHHQ�SRZHU�IURP�D�����*+]�VXE�SLFRVHFRQG�ILEHU�DPSOLILHU�
2SWLFV�([SUHVV������������������

��� =��=KDR��.��$��0H\HU��:�%��:KLWWHQ��DQG�5��:��6KDZ�
2SWLFDO�DEVRUSWLRQ�PHDVXUHPHQWV�ZLWK�SDUDPHWULF�GRZQ�FRQYHUWHG�SKRWRQV�
$QDO��&KHP�������������������

��� =��=KDR��.��$��0H\HU��:�%��:KLWWHQ��5��:��6KDZ��5��6��%HQQLQN��DQG�:��3��*ULFH�
2EVHUYDWLRQ�RI�VSHFWUDO�DV\PPHWU\�LQ�D�FZ�SXPSHG�7\SH�,,�VSRQWDQHRXV�SDUDPHWULF�GRZQ�FRQYHUVLRQ�
3K\V��5HY��$��������������������

��� =��=KDR��$�1��=KDQJ��;��=KRX��<�$��&KHQ��$��.DUOVVRQ��DQG�-�:��3DQ�
([SHULPHQWDO�UHDOL]DWLRQ�RI�RSWLPDO�DV\PPHWULFDO�FORQLQJ�DQG�WHOHFORQLQJ�YLD�SDUWLDO�WHOHSRUWDWLRQ�
3K\V��5HY��/HWW���������������������

��� =��=KDR��$�1��=KDQJ��<�$��&KHQ��+��=KDQJ��-��'X��7��<DQJ��DQG�-�:��3DQ�
([SHULPHQWDO�GHPRQVWUDWLRQ�RI�QRQGHVWUXFWLYH�FRQWUROOHG�127�JDWH�IRU�WZR�LQGHSHQGHQW�SKRWRQ�TXELWV�
3K\V��5HY��/HWW���������������������

����=��=KDR��<�$��&KHQ��$�1��=KDQJ��7��<DQJ��+��-��%ULHJHO��DQG�-�:��3DQ�
([SHULPHQWDO�GHPRQVWUDWLRQ�RI�ILYH�SKRWRQ�HQWDQJOHPHQW�DQG�RSHQ�GHVWLQDWLRQ�WHOHSRUWDWLRQ�
1DWXUH�����������������
6\QHUJLVWLF�$FWLYLWLHV�
3URJUDP�FRPPLWWHH�IRU�4XDQWXP�&RPPXQLFDWLRQ�DQG�4XDQWXP�,PDJLQJ��63,(�2SWLFV�	�3KRWRQLFV�
&RQIHUHQFH�������±������
5HIHUHH�IRU�3K\VLFDO�5HYLHZ�/HWWHUV��3K\VLFDO�5HYLHZ�$��2SWLFV�/HWWHUV��2SWLFV�([SUHVV��$SSOLHG�2SWLFV��
$SSOLHG�3K\VLFV�%��/DVHUV�DQG�2SWLFV��DQG�2SWLFV�	�/DVHU�7HFKQRORJ\�
�
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6DQGUD�*DLO�%LHGURQ��3K�'���
'HSDUWPHQWV�RI�(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ�DQG�0HFKDQLFDO�(QJLQHHULQJ�

8QLYHUVLW\�RI�1HZ�0H[LFR�
���������������P���ELHGURQ#XQP�HGX�

(a) Professional Preparation 
7ULQLW\�&KULVWLDQ�&ROOHJH��,OOLQRLV�&KHPLVWU\�DQG�%LRORJ\��0LQRU�0DWK����������������%�$��� �������
/XQG�8QLYHUVLW\��6ZHGHQ�$FFHOHUDWRU�3K\VLFV������������� �������������������������������������3K�'�������������

(b) Professional Appointments 
�����3UHVHQW�����5HVHDUFK�3URIHVVRU�RI�(&(�DQG�0HFKDQLFDO�(QJLQHHULQJ��8QLYHUVLW\�RI�1HZ�0H[LFR�
IEEE Nuclear and Plasma Sciences Society (NPSS) Particle Accelerator Science and Technology Award, 
Citation: “For broad impact in accelerator science and technology.” Awarded May 2018. 
�����3UHVHQW����$IILOLDWH�3URIHVVRU�RI�(OHFWULFDO�	�&RPSXWHU�(QJLQHHULQJ��&RORUDGR�6WDWH�8QLYHUVLW\�
�����3UHVHQW�����$IILOLDWH�3URIHVVRU��'HSDUWPHQW�RI�(QYLURQPHQWDO�DQG�5DGLRORJLFDO�+HDOWK�6FLHQFHV��&ROOHJH�
RI�9HWHULQDU\�0HGLFLQH��&RORUDGR�6WDWH�8QLYHUVLW\�
�����3UHVHQW�����7HFKQRORJ\�DQG�0DQDJHPHQW�&RQVXOWDQW���&OLHQWV�LQFOXGH�'2(�ODEV��'2'��6LQFWURWURQH�
7ULHVWH��DQG�((,�3RZHU�(OHFWURQLFV��
����������������$VVRFLDWH�3URIHVVRU�RI�(OHFWULFDO�	�&RPSXWHU�(QJLQHHULQJ��&RORUDGR�6WDWH�8QLYHUVLW\�
2011-2014 Served as Deputy Integrated Project Team Lead for Integration and Test for the Boeing 
management team (under contract) for a weapons demonstrator for the Office of Naval Research 
2013 - Fellow, American Physical Society (APS) For her fundamental advancement of light sources, 
including the control of light and harmonic light generated from coherent electron beams and the 
development of high-power long wavelength sources. 
2013 - George T. Abell Outstanding Mid-Career Faculty Award, College of Engineering, Colorado State 
University. 
2012 - Fellow, SPIE (The International Society for Optics and Photonics) For achievements in detection 
systems and sensors, and nonlinear harmonic emission in high-gain harmonic generation free-electron 
lasers. 
�������������$VVRFLDWH�3URIHVVRU��'HSDUWPHQW�RI�(QYLURQPHQWDO�DQG�5DGLRORJLFDO�+HDOWK�6FLHQFHV��&ROOHJH�
RI�9HWHULQDU\�0HGLFLQH��&RORUDGR�6WDWH�8QLYHUVLW\�
���������� 'LUHFWRU� DQG� 3K\VLFLVW�� 'HSDUWPHQW� RI� 'HIHQVH� 3URMHFW� 2IILFH�� $UJRQQH� 1DWLRQDO�
/DERUDWRU\��$1/��DQG�$VVRFLDWH�'LUHFWRU��$UJRQQH�$FFHOHUDWRU�,QVWLWXWH�
� � � �����±�/HWWHU�RI�&RPPHQGDWLRQ�IURP�WKH�&KLHI�RI�1DYDO�5HVHDUFK�
���������� 7HFKQRORJ\�DQG�0DQDJHPHQW�&RQVXOWDQW��)(50,#(OHWWUD�3URMHFW��7ULHVWH��,WDO\� �
���������� +RQRUDU\�6HQLRU�5HVHDUFK�)HOORZ��)DFXOW\�RI�3K\VLFV��0RQDVK�8QLYHUVLW\��
���������� 9LVLWLQJ�5HVHDUFKHU��(OHFWULFDO�	�&RPSXWHU�(QJLQHHULQJ��8QLYHUVLW\�RI�0DU\ODQG�
���������� $SSOLHG�3K\VLFLVW�DQG�3URMHFW�0DQDJHU��0HPEHU�RI�WKH�$SSOLHG�6FLHQFH�DQG�7HFKQRORJ\�
DQG�1DWLRQDO�6HFXULW\�$VVRFLDWH�/DERUDWRU\�'LUHFWRUVKLS��$1/�
���������� 3K\VLFLVW��0HPEHU� RI� WKH�$GPLQLVWUDWLRQ� RI� WKH�;)'� DW� WKH�$GYDQFHG� 3KRWRQ� 6RXUFH��
$1/�����������&KLHI�RI�2SHUDWLRQV�RI�$FFHOHUDWRU�5HVHDUFK�DQG�'HYHORSPHQW�DQG�0HPEHU�RI�WKH�0DLQ�
&RQWURO�5RRP�2SHUDWLRQV�*URXS�DW�WKH�$GYDQFHG�3KRWRQ�6RXUFH��$FFHOHUDWRU�2SHUDWLRQV�'LYLVLRQ��$1/��
�����������0HPEHU�RI�WKH�$FFHOHUDWRU�3K\VLFV�*URXS��0$;�/DERUDWRU\��6ZHGHQ�������������0HPEHU�RI�
WKH� $FFHOHUDWRU� 3K\VLFV� *URXS�� $GYDQFHG� 3KRWRQ� 6RXUFH�� $1/�� ���������� 'DWDEDVH� DVVLVWDQFH� IRU�
H[SHULPHQWDO�GDWD���������GDWD�WDSHV��DQG�D�UXQ�WLPH�ORJERRN�XVLQJ�2UDFOH��([SHULPHQW������)HUPL�1DWLRQDO�
$FFHOHUDWRU�/DERUDWRU\������������$QDO\WLFDO�&KHPLVW�6FLHQWLILF�$VVRFLDWH��(QHUJ\�6\VWHPV��$1/�
� �
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�
6DOYDGRU�6RVD�*XLWURQ��3K�'��±���������������P���VDOYDGRUVJ#XQP�HGX�
3RVWGRFWRUDO�)HOORZ�DW�(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ�DQG�0HFKDQLFDO�(QJLQHHULQJ��810�
�(OHYDWLRQ�WR�5HVHDUFK�6FKRODU�SODQQHG�-XO\�������

Education and Training�
%HQHPHULWD�8QLYHUVLGDG�$XWRQRPD�GH�3XHEOD��3K\VLFV�������� � �%�6�������������
2OG�'RPLQLRQ�8QLYHUVLW\��3K\VLFV��������������������������������������� � �0�6�� ������
2OG�'RPLQLRQ�8QLYHUVLW\��$FFHOHUDWRU�3K\VLFV���������������������� � �3K�'����������
86�3DUWLFOH�$FFHOHUDWRU�6FKRRO��8QLYHUVLW\�RI�1HZ�0H[LFR� � � � �����
86�3DUWLFOH�$FFHOHUDWRU�6FKRRO��5XWJHUV�8QLYHUVLW\� � � � � ������������
86�3DUWLFOH�$FFHOHUDWRU�6FKRRO��2OG�'RPLQLRQ�8QLYHUVLW\� � � � �����
86�3DUWLFOH�$FFHOHUDWRU�6FKRRO��8QLYHUVLW\�RI�7H[DV��$XVWLQ� � � � �����
Research and Professional Experience 
�����3UHVHQW�������3RVWGRFWRUDO�)HOORZ�DW�(&(��WKH�8QLYHUVLW\�RI�1HZ�0H[LFR�
���������� *UDGXDWH�5HVHDUFK�$VVLVWDQW��2OG�'RPLQLRQ�8QLYHUVLW\�
5HODWHG�SDSHUV����6��6PLWK��6��%LHGURQ��7��%ROLQ��6��6RVD�HW�DO��³3D Electromagnetic/PIC Simulations for 
a Novel RFQ/RFI Linac Design´��LQ�3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�3DUWLFOH�$FFHOHUDWRU�&RQIHUHQFH�
������02376�����0HOERXUQH��$XVWUDOLD�����6��6PLWK��6��%LHGURQ��7��%ROLQ��6��6RVD�HW�DO��³Exploration of 
high-gradient structures for 4th generation light sources´��LQ�3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�3DUWLFOH�
$FFHOHUDWRU�&RQIHUHQFH�������02376�����0HOERXUQH��$XVWUDOLD�����6��6RVD��5��/L��+��3DUN��6��'H�6LOYD��
9��0RUR]RY�DQG�-��'HOD\HQ��³Coupled Bunch Instability from JLEIC Crab Cavity Higher Order Modes´��
LQ�3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�3DUWLFOH�$FFHOHUDWRU�&RQIHUHQFH�������7+3$.�����9DQFRXYHU��%&��
&DQDGD�����6��6RVD��9��0RUR]RY�DQG�-��'HOD\HQ��³Modeling local crabbing dynamics in the JLEIC ion 
collider ring´��LQ�3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�3DUWLFOH�$FFHOHUDWRU�&RQIHUHQFH�������:(3,.�����
&RSHQKDJHQ��'HQPDUN�����6��6RVD��9��0RUR]RY��6��'H�6LOYD�DQG�-��'HOD\HQ��³Effects of crab cavity 
multipoles on JLEIC ion ring dynamic aperture´��LQ�3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�3DUWLFOH�$FFHOHUDWRU�
&RQIHUHQFH�������:(3,.�����&RSHQKDJHQ��'HQPDUN�����6��6RVD��*��(UHPHHY��-�'HOD\HQ�HW��DO��
³Measurements of RF properties of thin film Nb3Sn superconducting multilayers using a calorimetric 
technique´��LQ�3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5)�6XSHUFRQGXFWLYLW\�������783%�����
:KLVWOHU��%&��&DQDGD��
�
Synergistic Activities�±����3URIHVVLRQDO�6RFLHWLHV�$36�0HPEHU��,(((�0HPEHU��IRXQGLQJ�PHPEHU�RI�WKH�
0H[LFDQ�&RPPXQLW\�IRU�3DUWLFOH�$FFHOHUDWRUV�����&RQWULEXWRU�$,�IRU�6FLHQFH�5HSRUW�������
KWWSV���ZZZ�DQO�JRY�DL�IRU�VFLHQFH�UHSRUW������(GXFDWLRQ��2UJDQL]HU�RI�WKH��QG�0H[LFDQ�$FFHOHUDWRU�
6FKRRO��0H3$6��LQ�*XDQDMXDWR��0H[LFR�������
�
3RWHQWLDO�&RQIOLFWV�RI�,QWHUHVW�RU�%LDV��&ROODERUDWRUV�DQG�&R�(GLWRUV�±$��$VODP��8QLYHUVLW\�RI�1HZ�
0H[LFR���6��*��%LHGURQ��8QLYHUVLW\�RI�1HZ�0H[LFR���7��%ROLQ��8QLYHUVLW\�RI�1HZ�0H[LFR���-��&DU\�
�7HFK�;���0��&XUWLQ��,RQ�/LQDF�6\VWHPV���-��'��&UX]��8QLYHUVLW\�RI�1HZ�0H[LFR���6��8��'H�6LOYD��2OG�
'RPLQLRQ�8QLYHUVLW\���-��'HOD\HQ��2OG�'RPLQLRQ�8QLYHUVLW\���+��3DUN��2OG�'RPLQLRQ�8QLYHUVLW\���5��
3LUD\HVK��8QLYHUVLW\�RI�1HZ�0H[LFR���5��/L��-HIIHUVRQ�/DE��)��/LQ��-HIIHUVRQ�/DE���9��0RUR]RY�
�-HIIHUVRQ�/DE���(GO�6FKDPLORJOX��8QLYHUVLW\�RI�1HZ�0H[LFR���*UDGXDWH�$GYLVRUV�DQG�3RVWGRFWRUDO�
6SRQVRUV���$GYLVRU�±�-��'HOD\HQ��2OG�'RPLQLRQ�8QLYHUVLW\��86$��3RVW�GRF�3,�±�6��%LHGURQ��8QLYHUVLW\�
RI�1HZ�0H[LFR��
� �



�

������F��H����GRF� ��� ���������

���(48,30(17��5HIHUHQFH��'2(�2UGHU������&�IRU�JXLGDQFH�RQ�HTXLSPHQW�UHVWULFWLRQV��
:LOO�/'5'�IXQGLQJ�EH�XVHG�WR�SXUFKDVH�HTXLSPHQW"�

��
,I�³<HV�´�SURYLGH�FRVW�DQG�GHVFULSWLRQ�RI�HTXLSPHQW�
<HDU������ �
�
<HDU�����������
�
<HDU������ ������
�
'HVFULSWLRQ���������
0DWHULDOV�IRU�EXLOGLQJ�GHYLFH��FHUDPLFV��UDLOV��VXSSRUWV��
HOHFWURGHV��HWF����YDFXXP�FRPSRQHQWV��5)�SRZHU�VXSSOLHV��ODVHU�
V\VWHPV�DQG�SDUWV��GLDJQRVWLFV�������

�
���+80$1�68%-(&76��5HIHUHQFH��'2(�2UGHU��������

$UH�KXPDQ�VXEMHFWV�LQYROYHG�IURP�%1/�RU�D�FROODERUDWLQJ�LQVWLWXWLRQ"�
������������+XPDQ�6XEMHFWV�LV�GHILQHG�DV�³$�OLYLQJ�LQGLYLGXDO�IURP�ZKRP�DQ�

LQYHVWLJDWRU�REWDLQV�HLWKHU�����GDWD�DERXW�WKDW�LQGLYLGXDO�WKURXJK�
LQWHUYHQWLRQ�RU�LQWHUDFWLRQ�ZLWK�WKH�LQGLYLGXDO��RU�����LGHQWLILDEOH��
SULYDWH�LQIRUPDWLRQ�DERXW�WKDW�LQGLYLGXDO´��

,I�\HV��DWWDFK�FRS\�RI�WKH�FXUUHQW�,QVWLWXWLRQDO�5HYLHZ�%RDUG�
$SSURYDO�DQG�,QIRUPHG�&RQVHQW�)RUP�IURP�%1/�DQG�RU�
FROODERUDWLQJ�LQVWLWXWLRQ��
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�����1�

�
���9(57(%5$7(�$1,0$/6�

$UH�OLYH��YHUWHEUDWH�DQLPDOV�LQYROYHG"� � � �
� � <�1�

�
�
�
�����1�

,I�\HV��DWWDFK�FRS\�RI�DSSURYDO�IURP�%1/¶V�,QVWLWXWLRQDO�$QLPDO�
&DUH�DQG�8VH�&RPPLWWHH�� � <�1�

�
�

�
���1(3$�5(9,(:�

$UH�WKH�DFWLYLWLHV�SURSRVHG�VLPLODU�WR�WKRVH�QRZ�FDUULHG�RXW�LQ�WKH��
'HSDUWPHQW�'LYLVLRQ�ZKLFK�KDYH�EHHQ�SUHYLRXVO\�UHYLHZHG�IRU�
SRWHQWLDO�HQYLURQPHQWDO�LPSDFWV�DQG�FRPSOLDQFH�ZLWK�IHGHUDO��VWDWH��
ORFDO�UXOHV�DQG�UHJXODWLRQV��DQG�%1/¶V�(QYLURQPHQW��6DIHW\��DQG�
+HDOWK�6WDQGDUGV"���7KHUHIRUH��LI�IXQGHG��SURSRVHG�DFWLYLWLHV�ZRXOG�
UHTXLUH�QR�DGGLWLRQDO�HQYLURQPHQWDO�HYDOXDWLRQ��� <�1�

�
�
�
�
�
�
�
������<�

,I�QR��KDV�D�1(3$�UHYLHZ�EHHQ�FRPSOHWHG�LQ�DFFRUGDQFH�ZLWK��
WKH�1DWLRQDO�(QYLURQPHQWDO�3ROLF\�$FW��1(3$��DQG�&XOWXUDO�
5HVRXUFHV�(YDOXDWLRQV�6XEMHFW�$UHD�DQG�WKH�UHVXOWV�
GRFXPHQWHG"� <�1�

�
�
�

�
�1RWH��,I�D�1(3$�UHYLHZ�KDV�QRW�EHHQ�FRPSOHWHG��VXEPLW�D�
FRS\�RI�WKH�ZRUN�SURSRVDO�WR�WKH�%1/�1(3$�&RRUGLQDWRU�IRU�
UHYLHZ��1R�ZRUN�PD\�FRPPHQFH�XQWLO�WKH�UHYLHZ�LV�FRPSOHWHG�
DQG�GRFXPHQWHG���

� �

�
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���(6	+�&216,'(5$7,216�
'RHV�WKH�SURSRVDO�SURYLGH�VXIILFLHQW�IXQGLQJ�IRU�DSSURSULDWH�
GHFRPPLVVLRQLQJ�RI�WKH�UHVHDUFK�VSDFH�ZKHQ�WKH�H[SHULPHQW�LV�
FRPSOHWH"� <�1�

�
�
�
�������<�

�
,V�WKHUH�DQ�DYDLODEOH�ZDVWH�GLVSRVDO�SDWK�IRU�SURMHFW�ZDVWHV�WKURXJKRXW�
WKH�FRXUVH�RI�WKH�H[SHULPHQW"� <�1�

�
�
�������<�

�
,V�IXQGLQJ�DYDLODEOH�WR�SURSHUO\�GLVSRVH�RI�SURMHFW�ZDVWHV�WKURXJKRXW�
WKH�FRXUVH�RI�WKH�H[SHULPHQW"� <�1�

�
�
�������<�

�
$UH�ELRKD]DUGV�LQYROYHG�LQ�WKH�SURSRVHG�ZRUN"��,I�\HV��DWWDFK�D�FXUUHQW�
FRS\�RI�DSSURYDO�IURP�WKH�,QVWLWXWLRQDO�%LRVDIHW\�&RPPLWWHH�� <�1�

�
�
�������1�

�
&DQ�WKH�SURSRVHG�ZRUN�EH�FDUULHG�RXW�ZLWKLQ�WKH�H[LVWLQJ�VDIHW\�
HQYHORSH�RI�WKH�IDFLOLW\��)DFLOLW\�8VH�$JUHHPHQW��1XFOHDU�)DFLOLW\�
$XWKRUL]DWLRQ�$JUHHPHQW��$FFHOHUDWRU�6DIHW\�(QYHORSH��HWF���LQ�ZKLFK�
LW�ZLOO�EH�SHUIRUPHG"� <�1�

�
�
�
�
�������<�

,I�QR��DWWDFK�D�VWDWHPHQW�LQGLFDWLQJ�ZKDW�KDV�WR�EH�GRQH�DQG�KRZ�
PRGLILFDWLRQV�ZLOO�EH�IXQGHG�WR�SUHSDUH�WKH�IDFLOLW\�WR�DFFHSW�WKH�
ZRUN�� � �

�
�
�

�
���7<3(�2)�:25.� 6HOHFW�%DVLF��$SSOLHG�RU�'HYHORSPHQW�� �%DVLF�
�
�
���$/,*10(17�:,7+�7+(�/$%25$725<�35,25,7,(6��

�
7KLV�SURSRVDO�DOLJQV�ZLWK�WKH�$FFHOHUDWRU�6FLHQFH�DQG�7HFKQRORJ\�%1/�SULRULW\��ZLWK�
LQLWLDWLYHV�WKDW�IRFXV�RQ�1XFOHDU�3K\VLFV�DQG�4XDQWXP�,QIRUPDWLRQ�6FLHQFH�DQG�
7HFKQRORJ\���
�
�
�
�
�
�
�
�
�
�
�

�
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���327(17,$/�)8785(�)81',1*�
7KLV�SURSRVDO�FDQ�KDYH�VLJQLILFDQW�UHWXUQ�RQ�WKH�LQYHVWPHQW�E\�GHYHORSLQJ�PHWKRGV�WR�FRRO�
ORZ�HQHUJ\�LRQ�EHDPV�XVLQJ�ODVHUV��7KH�PRVW�GLUHFW�EHQHILW�DSSOLHV�WR�WKH�VWRUDJH�ULQJ�
TXDQWXP�FRPSXWHU�FRQFHSW��ZKHUH��'�FRROLQJ�LV�QHFHVVDU\�WR�H[SRVH�DOO�TXDQWXP�
HLJHQVWDWHV�LQ�WKH�V\VWHP��)XQGLQJ�SRWHQWLDOO\�FRXOG�FRPH�IURP�'2(�2IILFH�RI�6FLHQFH�
�13�DQG�SRWHQWLDO�4,6�)2$�IURP�RWKHU�RIILFHV���$V�WKLV�LV�D�QHZ�WHFKQRORJ\�LW�RIIHUV��
6%,5�6775�RSSRUWXQLWLHV�VLQFH�LW�FRXOG�EH�FRPPHUFLDOL]HG�IRU�XVH�DW�RWKHU�ODERUDWRULHV��
�
'2(�)2$V�IRU�LQQRYDWLYH�TXDQWXP�LQIRUPDWLRQ�VFLHQFH��4,6��WHFKQRORJLHV�KDYH�EHHQ�
LQFUHDVLQJ�LQ�UHFHQW�\HDUV��)RU�H[DPSOH��'2(�)2$�/$%���������DQWLFLSDWHG�����0�PD\�
EH�DYDLODEOH�IRU�JUDQWV��ZLWK�XS�WR���0�SHU�DZDUG��'2(�)2$�/$%���������DQWLFLSDWHG�
���0�PD\�EH�DYDLODEOH�IRU�JUDQWV�ZLWK�XS�WR�����0�SHU�\HDU��2XU�DSSOLFDWLRQV�WR�PXOWLSOH�
)2$V�KDYH�UHFHLYHG�KLJK�JUDGHV�DQG�IDYRUDEOH�UHYLHZV�EXW�KDYH�\HW�WR�EH�IXQGHG��$�
VLJQLILFDQW�IDFWRU�LV�WKH�ODFN�RI�PDWXULW\�LQ�WKH�FRQFHSW��7KLV�/'5'��VKRZLQJ�ZH�FDQ�FRRO�
LRQV�GRZQ�WR�VXIILFLHQWO\�ORZ�WHPSHUDWXUHV�LV�D�NH\�KXUGOH�LQ�VKRZLQJ�D�PRUH�PDWXUH�
FRQFHSW�ZLWK�VXSSRUWLQJ�H[SHULPHQWDO�GDWD��
�
:H�KDYH�DOVR�VSRNHQ�ZLWK�WZR�VHSDUDWH�RIILFHV�LQ�WKH�RIILFH�RI�1DYDO�5HVHDUFK��215���
7KH\�ERWK�H[SUHVVHG�LQWHUHVW�EXW�ZDQWHG�WR�VHH�D�PRUH�ZHOO�GHYHORSHG�FRQFHSW��7KH�$LU�
)RUFH�2IILFH�RI�6FLHQWLILF�5HVHDUFK��$)265��DOVR�KDV�IXQGLQJ�DQQRXQFHPHQWV�ZLWK�
VLJQLILFDQW�IXQGLQJ�OHYHOV���

�
*LYHQ�VXFFHVV�LQ�UHDFKLQJ�RXU�JRDOV��IXQGLQJ�WR�GHYHORS�V\VWHPV�IRU�RSHUDWLRQDO�XVH�ZRXOG�
EH�SXUVXHG�LQ�WKH�QH[W�IHZ�\HDUV��7HFKQLTXHV�WKDW�VWHP�IURP�WKLV�UHVHDUFK�ZRXOG�DSSO\�WR�
KLJKHU�HQHUJ\�EHDPV�DQG�D�KLJKHU�HQHUJ\�V\VWHP�FRXOG�EH�GHYHORSHG�LQ�WKH�$*6�%RRVWHU�
DQG�SHUKDSV�HYHQ�LQ�WKH�$*6��WR�VXSSRUW�WKH�FUHDWLRQ�RI�EULJKWHU�EHDPV�IRU�(,&��*LYHQ�WKH�
SRWHQWLDO�WR�FUHDWH�KLJK�TXDOLW\�EHDPV�IRU�WKH�(,&��IXQGV�FRXOG�EHFRPH�DYDLODEOH�IURP�'2(�
6&�LQ�VXSSRUW�RI�FUHDWLQJ�RSHUDWLRQDO�V\VWHPV��6XFK�IXQGLQJ�ZRXOG�OLNHO\�EH�DW�WKH�OHYHO�RI�
D�IHZ�PLOOLRQ�GROODUV��EXW�DOVR�FRXOG�KDYH�LPSDFW�E\�FRQWULEXWLQJ�WR�UHDFKLQJ�(,&�SK\VLFV�
JRDOV���

�
���%8'*(7�-867,),&$7,21�

&RVWV�LQFOXGH�HQJLQHHULQJ�WR�ZRUN�RXW�GHVLJQ�GHWDLOV��D�ODVHU�HQJLQHHU�WR�GHVLJQ�WR�WKH�ODVHU�
UHTXLUHPHQWV�IRU�FRROLQJ��SK\VLFLVW�WLPH�IRU�VLPXODWLRQV�DQG�FDOFXODWLRQV��SRVW�GRFWRUDO�
UHVHDUFKHU��DQG�VXEFRQWUDFW�FRVWV�WR�VXSSRUW�8QLYHUVLW\�RI�1HZ�0H[LFR�HDUO\�FDUHHU�
VFLHQWLVW�IRU�5)�VLPXODWLRQV��
0DWHULDOV�FRVWV�LQFOXGH�DOO�SDUWV�DQG�PDWHULDOV�IRU�EXLOGLQJ�D�SURWRW\SH�GHYLFH��OLVWHG�RQ�
S����DQG�WLPH�IRU�WHVWLQJ�DQG�SURRI�RI�SULQFLSOH���
%XGJHW�LV�VKRZQ�RQ�S������
�

����1$0(�2)�68**(67('�%1/�5(9,(:(56�

2NDPXUD��0DVDKLUR�RNDPXUD#EQO�JRY�
%HHEH��(GZDUG�1�EHHEH#EQO�JRY�

�
�
�
� �
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