
LLNL-TR-427446

Fission-Fusion Neutron Source
Progress Report July 31, 2009

G. Chapline, F. Daffin, R. Clarke

April 8, 2010



Disclaimer 
 

This document was prepared as an account of work sponsored by an agency of the United States 
government. Neither the United States government nor Lawrence Livermore National Security, LLC, 
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein 
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States government or Lawrence Livermore National Security, LLC. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United States government or 
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product 
endorsement purposes. 

 
 

 

This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore 
National Laboratory under Contract DE-AC52-07NA27344. 
 



!! ! !!!!!"#$$#%&'"($#%&!)*(+,%&!-%(,.*!
!

!!!!!!!!!!!!!!!!/,%0,*$$!1*2%,+!3(45!678!9::;!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!<*%,0*!=>?24#&*78!",?&@!A?BB#&78!?&C!1%C&*5!=4?,@*9!

!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! !!!!!!!!!!!7DD)D8!9<,?$$E*,*!A5&?E#.$8!F(&+$G#44*8!HD!

!

! ! ! ! I&+,%C(.+#%&!

!
I&! +>#$! ,*2%,+!J*!C*$.,#K*!2,%0,*$$! #&!*G?4(?+#&0! +>*! B*?$#K#4#+5!%B!?!&%G*4!.%&.*2+!

B%,!2,%C(.#&0!#&+*&$*!2(4$*$!%B! !7L!M*N!&*(+,%&$!($#&0!+>*!AO!B($#%&!,*?.+#%&P! I&!+>#$!

&*J!$.>*E*!+>*!>*?+#&0!%B!+>*!AO!#$!?..%E24#$>*C!($#&0!B#$$#%&!B,?0E*&+$!,?+>*,!+>?&!

#%&!K*?E$!?$!#&!.%&G*&+#%&?4!E?0&*+!B($#%&!$.>*E*$!%,!4?$*,$!#&!I="!$.>*E*$P!O>#$!>?$!

+>*! 0,*?+! ?CG?&+?0*! +>?+! +>*,*! #$! &%! &**C! B%,! ?&5! 4?,0*! ?(Q#4#?,5! 2%J*,! $%(,.*P! R(,!

$.>*E*! C%*$! ,*S(#,*! 4?,0*! E?0&*+#.! B#*4C$8! K(+! 0*&*,?+#&0! +>*$*! B#*4C$8! *P0P! J#+>!

$(2*,.%&C(.+#&0!E?0&*+$8!,*S(#,*$!%&45!?!E%C*$+!2%J*,!$%(,.*P!H$!?!$%(,.*!%B!B#$$#%&!

B,?0E*&+$!J*!2,%2%$*!($#&0!?!C($+5!,*?.+%,!.%&.*2+!#&+,%C(.*C!$%E*!+#E*!?0%!K5!%&*!

%B!($!T1=U!V7WP!O>*!G*,$#%&!%B!+>*!C($+5!,*?.+%,!+>?+!J*!2,%2%$*!($#&0!B%,!%(,!&*(+,%&!

$%(,.*!J%(4C!%2*,?+*!?$!?!+>*,E?4!&*(+,%&!,*?.+%,!?&C!($*!>#0>45!*&,#.>*C!(,?&#(E!#&!

+>*!B%,E!%B!E#.,%&!$#X*C!2*44*+$!%B!Y=P!!

R(,! $.>*E*! B%,! ($#&0! +>*! B#$$#%&! B,?0E*&+$! +%! 2,%C(.*! #&+*&$*! 2(4$*$! %B! 7L!M*N!

&*(+,%&$!#$!K?$*C!%&!+>*!B#$$#%&!B,?0E*&+!,%.@*+!#C*?!V9WP!I&!+>*!B#$$#%&!B,?0E*&+!,%.@*+!

$.>*E*! #+! J?$! .%&+*E24?+*C! +>?+! +>*! B#$$#%&! B,?0E*&+$! 2,%C(.*C! #&! ?! 4%J! C*&$#+5!

,*?.+%,!.%,*!J%(4C!+>*&!K*!0(#C*C!%(+!%B!+>*!,*?.+%,!K5!4?,0*!E?0&*+#.!B#*4C$P!H!$#E24*!

G*,$#%&!%B! +>#$! #C*?!J%(4C!K*! +%!($*! +>*! B#$$#%&! B,?0E*&+$!*$.?2#&0! B,%E!%&*!$#C*!%B!?!

+?&C*E!E?0&*+!E#,,%,!+%!>*?+!AO!0?$!.%&B#&*C!#&!+>*!?CZ?.*&+!E?0&*+#.!+,?2!T$**!"#0!7UP!!

!

!

!

!
!

!

!

! !!!!!!!!!!!!"#0P!7!-.>*E*!B%,!($#&0!B#$$#%&!B,?0E*&+$!+%!2,%C(.*!B($#%&!&*(+,%&$!!

!

!



H&!?CG?&+?0*!%B!%(,!.%&.*2+! #$! +>?+!+>*!2%$$#K#4#+#*$!?&C! 4#E#+?+#%&$! B%,!0*&*,?+#&0!

$*4B'$($+?#&#&0! B#$$#%&! #&!?! B#$$#%&!,*?.+%,!?,*!J*44!(&C*,$+%%CP! !"%,!*Q?E24*8!?!,*?.+%,!

2%J*,!%B!7::!M[!#$!J*44!J#+>#&!+>*!+*E2*,?+(,*!4#E#+$!+>?+!J%(4C!?44%J!2?$$#G*!$+*?C5!

$+?+*!,?C#?+#G*!.%%4#&0!%B!?!,*?.+%,!.%,*!?&C!E%C*,?+%,P!O(,&#&0!+>*!,*?.+%,!%&!?&C!%BB!#&!

?!,*?.+%,!.%&+,%4!2*,#%C!T?!B*J!$*.%&C$U!E#0>+!2%$$#K45!?44%J!+,?&$#*&+!2%J*,$!?$!>#0>!

?$!\7!<[P! !H+!?!,*?.+%,!2%J*,!%B!7::!M[!%&*!.%(4C!#&!2,#&.#24*!>*?+!7!0E!%B!AO!+%!?!

+*E2*,?+(,*! ]! 7! @*N! #&! 4*$$! +>?&! ?! $*.%&C! #B! E%$+! %B! +>*! B#$$#%&! B,?0E*&+! *&*,05! #$!

C*2%$#+*C! #&! +>*!AO8!?+!J>#.>!2%#&+! +>*! +*E2*,?+(,*!%B! +>*!AO!J#44! ^,(&!?J?5_!C(*! +%!

K%%$+#&0! %B! +>*! B#$$#%&! ,?+*! K5! +>*! AO! B($#%&! &*(+,%&$! ?&C! $*4B'>*?+#&0! %B! +>*! AO! K5!

?42>?!2?,+#.4*$P!!I&!+>*!B%44%J#&0!J*!C*$.,#K*!%(,!2,%0,*$$!#&!(&C*,$+?&C#&0!+>*!>*?+#&0!

K5!B#$$#%&!B,?0E*&+$!%B!?!AO!K4?&@*+!$(,,%(&C#&0!?!4%J!C*&$#+5!,*?.+%,!.%,*P!!

RB! .%(,$*8! #B! +>*! AO! 0?$! C#C! ,*?.>! @#4%G%4+! +*E2*,?+(,*$8! #+! .%(4C! &%! 4%&0*,! K*!

.%&B#&*C! #&! +>*!E?0&*+! +,?2! B%,! E%,*! +>?&! ?! $>%,+! +#E*`! 2*,>?2$! B%,! %&45! +>*! a%>E!

C#BB($#%&! +#E*8! J>#.>! #$! ?K%(+! ?!E#44#$*.%&CP! bG*&! $%!J*! *Q2*.+! +>?+! %(,! $.>*E*! .?&!

2,%C(.*! K(,$+$! %B! (2! +%! 7:99! B#$$#%&$! #&! +>*! ,*?.+%,! .%,*P! =%&.*2+(?445! +>*! B#$$#%&!

B,?0E*&+$!B,%E!+>*$*!B#$$#%&$!.?&!K*!($*C!+%!>*?+!AO!0?$!#&!+>*!?CZ?.*&+!E?0&*+#.!+,?2!

%B! +>*! +?&C*E!E#,,%,!?$! #&C#.?+*C! #&!"#0!78! 4*?C#&0! +%!?! 4?,0*!K(,$+!%B! B($#%&!&*(+,%&$!

B,%E! +>*!?CZ?.*&+! +,?2P! -#&.*! +>*,*! #$!&%!E%C*,?+%,! $(,,%(&C#&0! +>*!?CZ?.*&+! +?&C*E!

E#,,%,! +,?28!?44! +>*!7L!M*N!&*(+,%&$!2,%C(.*C! #&! +>*!$*.%&C! +,?2!.?&!*$.?2*! #&+%! +>*!

$(,,%(&C#&0! $2?.*P! -#E(4?+#&0! +>*! +,?&$2%,+! %B! +>*! B#$$#%&! B,?0E*&+$! K*+J**&! +>*!

E?0&*+#.!+,?2$!#$!K*5%&C!%(,!.(,,*&+!.?2?K#4#+#*$P!F%J*G*,!J*!>%2*!K5!+>*!*&C!%B!+>#$!

#&#+#?4! $+(C5! +%!G*,#B5! +>*!K%%$+#&0!*BB*.+!J#+>!&(E*,#.?4!$#E(4?+#%&$8!?&C!*$+#E?+*! +>*!

&(EK*,$!%B!B#$$#%&!?&C!B($#%&!&*(+,%&$!+>?+!.%(4C!K*!2,%C(.*CP!!

!

! ! ! !!!!!!!!!!=,#+#.?4#+5!=?4.(4?+#%&$!
!H4+>%(0>!J*!>?G*!?4,*?C5!7:!5*?,$!?0%!*$+#E?+*C!+>*!.,#+#.?4!E?$$*$!%B!/(96;!?&C!

Y96c!,*S(#,*C!B%,!+>*!B#$$#%&!B,?0E*&+!,%.@*+8!J*!$>%J!#&!O?K4*!7!$%E*!,*.*&+!,*$(4+$!

B%,! .,#+#.?4!E?$$*$! .?4.(4?+*C! ($#&0! +>*! 4?+*$+! G*,$#%&! %B! +>*! D%$! H4?E%$!M%&+*! =?,4%!

&*(+,%&!+,?&$2%,+!.%C*!M=)/P!O>*! B(*4!J?$!?$$(E*C!+%!K*!>%E%0*&*%($!Y96c! #&! +>*!

.>*E#.?4! B%,E! YA! %,! Y=! ?&C! +>*! E%C*,?+%,! J?$! .>%$*&! +%! K*! *#+>*,! C*(+*,?+*C!

2%45*+>54*&*!($#&0!=76!%,!>*?G5!J?+*,P!H!.,%$$'$*.+#%&!+>,%(0>!+>*!.*&+,?4!?Q#$!%B!+>*!

.54#&C,#.?4!0*%E*+,5!($*C!#&!+>*$*!.?4.(4?+#%&$!#$!$>%J&!#&!"#0P!9!

!

O?K4*!7!

!!!!! !!"(*4!!!! !!!M%C*,?+%,!!!"(*4!C#E*&$#%&$!!!HG*,?0*!B(*4!C*&$#+5!!!=,#+#.?4!E?$$!

! !!!YA! !!!!c:.E!=A9! !!!L!E!Q!7:E! !!!!!!!!!!!!:P9!E0d.E6! !!!!!!!!9L!@0!

! !!!YA! !!!77:!.E!=A9! !!!L!E!Q!c!E!! !!!!!!!!!!!!:P9!E0d.E6! !!!!!!!!79!@0!

! !!!YA! !!!9c:!.E!=A9! !!!e!E!Q!c!E!! !!!!!!!!!!!!:P7!E0d.E6! !!!!!!!!7L!@0!

! !!!Y=!!!!!!!!!9::!.E!A9R!!!!!!!e!E!Q!c!E!! !!!!!!!!!!!!:P7!E0d!.E6!!!!!!!!!!!!!!!!!7L!@0!

!

O>*!.%,*!2?,?E*+*,$!J*,*!.>%$*&!@**2#&0! #&!E#&C!+>?+!%&45!?G*,?0*!B(*4!C*&$#+#*$!%&!+>*!

%,C*,!%B!%,! 4*$$! +>?&!?K%(+!:P7!E0d..!?,*!?..*2+?K4*! B,%E!+>*!2%#&+!%B!G#*J!%B!?44%J#&0!?!

$#0&#B#.?&+! B,?.+#%&!T\!7:fU!%B! +>*! B#$$#%&! B,?0E*&+$! +%!*$.?2*! B,%E!+>*!,*?.+%,!.%,*P!R&*!

.%(4C! #&.,*?$*! +>*! B,?.+#%&! %B! B#$$#%&! B,?0E*&+$! +>?+! ?,*! ($*B(4! B%,! >*?+#&0! +>*! AO! K5!

4%J*,#&0!+>*!C*&$#+58!K(+!+>#$!J%(4C!#&.,*?$*!+>*!$#X*!%B!+>*!,*?.+%,!.%,*P!O>*!.?$*!$>%J&!#&!

+>*! +%2! 4#&*! %B! O?K4*! 7! >?C!K**&!2,*G#%($45! .?4.(4?+*C!($#&0! +>*!M%&+*!=?,4%! .%C*!OH1OP!!

O>*!2,*G#%($!,*$(4+! B%,!@*BB!J?$!7P:Le±P:698!J>#4*!($#&0!+>*!.(,,*&+!M=)/!.%C*!J*!%K+?#&!

@*BB!g!7P:7c±P::9P!O>*!4?$+!4#&*!#&!O?K4*!7!#$!J>?+!J*!&%J!($*!?$!%(,!^K?$*4#&*_!,*?.+%,!.%,*P!

!



! ! !
!

!

!!"#0P!9!=,%$$'$*.+#%&!%B!.54#&C,#.?4!0*%E*+,5!($*C!#&!&(E*,#.?4!.?4.(4?+#%&$!

!

"%,!+>*!,*?.+%,!.,#+#.?4#+5!.?4.(4?+#%&$!$>%J&!#&!O?K4*!7!#+!J?$!?$$(E*C!+>?+!+>*!B(*4!J?$!

(&#B%,E45! C#$+,#K(+*C! +>,%(0>%(+! +>*! .%,*P! H&! %KG#%($! S(*$+#%&! +>%(0>! #$! J>?+! J%(4C!

>?22*&!+%!+>*!,*?.+%,!.,#+#.?4#+5!#B!+>*!C($+!$($2*&$#%&!$5$+*E!$>%(4C!B?#48!?&C!+>*!C($+!B(*4!

B*44!+%!+>*!K%++%E!%B!+>*!,*?.+%,!.%,*P![*!$>%J!#&!"#0h$P!6!i!L!!>%J!@*BB!G?,#*$!J>*&!+>*!B(*4!

#&!%(,!K?$*4#&*!.?$*!#$!?44%J*C!+%!$?0*!+%J?,C$!+>*!K%++%E!%B!+>*!.%,*8!@**2#&0!+>*!E?$$!%B!

+>*!B(*4!.%&$+?&+P!O>*!^",**!-(,B?.*!F*#0>+_!#&!"#0!6!#$!+>*!C#$+?&.*!B,%E!+>*!.*&+,?4!?Q#$!%B!

+>*!.%,*!+%!+>*!+%2!$(,B?.*!%B!+>*!B(*4P!!

!

!!!!!!!!!!!! !
!!!!!!!"#0P!6!N?,#?+#%&!#&!@*BB!J>*&!+>*!B(*4!B?44$!+%!+>*!K%++%E!%B!+>*!,*?.+%,!.%,*!

!



!!!!!!!!!!!!!!!!!!! !!
!!"#0P!L!-?E*!?$!B#0(,*!68!K(+!?$!?!B(&.+#%&!%B!+>*!G%4(E*!%..(2#*C!K5!+>*!B(*4!!

!

[*!$>%J!#&!"#0P!L!>%J!@*BB!G?,#*$!J>*&!+>*!B(*4!#$!.%E2,*$$*C!2?,?44*4!+%!+>*!?Q#$!%B!+>*!

.%,*P!IB!%&*!($*C!?!+?&C*E!E#,,%,!?$!$>%J&!#&!"#0P!7!%&*!J%(4C!&**C!+%!?44%J!,%%E!J#+>#&!

+>*!,*?.+%,!.%,*!B%,!+>*!.%&G*,0#&0!E?0&*+#.!B#*4C$!($*C!+%!0(#C*!+>*!B#$$#%&!B,?0E*&+$P!

!

!

!
! ! !

! !!!!!!!!"#0!c!N?,#?+#%&!#&!@*BB!#B!!+>*!B(*4!C%*$&h+!*Q+*&C!+>*!B(44!4*&0+>!%B!+>*!.%,*! ! !

!

!



!

!!!!!!!!!!!!!AO!F*?+#&0!!
"#$$#%&!B,?0E*&+$!>?G*!?!&*+!.>?,0*!%&!+>*!%,C*,!\!9:!J>*&!+>*5!?,*!K%,&`!J>#.>!0#G*$!

+>*E!?!,?&0*!#&!E?++*,!!\!7!E0d.E6!V6WP!O>*!AO!>*?+#&0!,?+*!#$!C*+*,E#&*C!K5!+>*!&(EK*,!

%B! Y! ?+%E$! J#+>#&! ?! B#$$#%&! B,?0E*&+! E*?&! B,**! 2?+>! ?&C! +>*! ,*?.+%,! 2%J*,P! [>*&! +>*!

B#$$#%&!B,?0E*&+!EB2!#$!$E?44!.%E2?,*C!+%!+>*!B(*4!,?C#($8!+>*!&(EK*,!%B!Y!?+%E$!2*,!.E9!

.%&+,#K(+#&0!+%!+>*!>*?+#&0!%B!+>*!AO!4?5*,!#&!"#0P!9!#$!!!

!!

!! ! ! j!Y!?+%E$d.E9!!!EB2!Q!T"B(*4!dEYU!!!6P!7:7kd.E9!8!

!

J>*,*!EY!#$!+>*!E?$$!%B!?!(,?&#(E!?+%EP!I&!%(,!K?$*4#&*!,*?.+%,!.%&B#0(,?+#%&!%&45!?K%(+!

lf!%B!+>*!B(*4!.%&+,#K(+*$!+%!>*?+#&0!+>*!AO!*Q+*,&?4!+%!+>*!B(*4P!O>#$!E*?&$!+>?+!#&!%,C*,!+%!

>*?+!7!0,?E!%B!AO!+%!?!m*N! #&! 4*$$! +>?&!?!$*.%&C!?! +,?&$#*&+!,*?.+%,!2%J*,!%B!\!e::!M[!

J%(4C!K*!&**C*CP!R&*!.%(4C!?.>#*G*!>#0>*,!*BB#.#*&.#*$!B%,!($#&0!+>*!,*?.+%,!2%J*,!+%!>*?+!

AO! K5! 4%J*,#&0! +>*! B(*4! C*&$#+58! K(+! +>#$!J%(4C! ,*S(#,*! #&.,*?$#&0! +>*! ,*?.+%,! G%4(E*! #&!

%,C*,! +%!@**2! +>*!.,#+#.?4!E?$$!.%&$+?&+P! !"%,!*Q?E24*!%&*!.%(4C! #&!2,#&.#24*! #&.,*?$*! +>*!

>*?+#&0! ,?+*!K5!?! B?.+%,!\!7:!K5! #&.,*?$#&0! +>*! ,?C#($!%B! +>*! B(*4!K5!?! B?.+%,!%B!9!?&C! +>*!

4*&0+>!K5!?! B?.+%,!%B!6P!F%J*G*,8! $(.>!?! 4?,0*! ,*?.+%,!J%(4C! .*,+?#&45!K*!E%,*!*Q2*&$#G*!

?&C!2*,>?2$!#E2,?.+#.?4P!!

R&*!S(*$+#%&!+>?+!?4J?5$!&**C$!+%!K*!@*2+!#&!E#&C!J>*&!.%&$#C*,#&0!J>*+>*,!AO!.?&!K*!

>*?+*C!+%!+>*!2%#&+!J>*,*!$*4B'$($+?#&#&0!B($#%&!,*?.+#%&$!?,*!2%$$#K4*!#$!J>*+>*,!,?C#?+#%&!

B,%E! #E2(,#+#*$! #&! +>*! 24?$E?! 2,*G*&+$! #+$! >*?+#&0P! I&! %(,! .?$*! #E2(,#+#*$! #&! +>*! B%,E! %B!

B#$$#%&! B,?0E*&+$!?,*!?4J?5$!2,*$*&+8! ?&C!$%!?&!%KG#%($!S(*$+#%&!J>*+>*,! ,?C#?+#%&! B,%E!

+>*$*!B#$$#%&!B,?0E*&+$!.?&!2,*G*&+!>*?+#&0!%B!+>*!AOP!"%,+(&?+*45!+>#$!C%*$!&%+!?22*?,!+%!

K*!?!2,%K4*EP!bG*&!?B+*,!4%$#&0!;;f!%B!+>*#,!*&*,05!B#$$#%&!B,?0E*&+$!?,*!$+#44!E%G#&0!J#+>!?!

G*4%.#+5! %B! 7:k! .Ed$*.`! +>*,*B%,*! *G*&!J#+>!\7:7k! B#$$#%&! B,?0E*&+$! 2*,! $*.%&C! *$.?2#&0!

B,%E!+>*!,*?.+%,!.%,*!T.%,,*$2%&C#&0!+%!?!,*?.+%,!2%J*,!%B!!\!7!<[U8!+>*#,!C*&$#+5!#$!G*,5!

4%J!\!n:e!.E'6P!O>*!K%(&C'B,**!,?C#?+#%&!B,%E!$(.>!?!4%J!C*&$#+5!%B!#E2(,#+#*$!#$!&*04#0#K4*P!!

[>?+!#$!&%+!&*04#0#K4*!+>%(0>!#$!+>*!K,*E$$+,?>4(&0!,?C#?+#%&!B,%E!?!>%+!AO!24?$E?P!H+!

?!+*E2*,?+(,*!%B!!7!@*N!+>*!K,*E$$+,?>4(&0!*&*,05!4%$$!#$!!!T&AOd7:7l!.E'6U9!M[dE6!P!O>#$!

4#E#+$!+>*!C*&$#+5!%B!+>*!AO!0?$P!I&!AO!J#+>!?&!?+%E#.!C*&$#+5!%B!7:7l!2*,!..!+>#$!.%,,*$2%&C$!

+%!E*?&!B,**!2?+>!TEB2U!%B!\!7:!E8!!J>#.>!E*?&$!+>?+!+>*!+>#.@&*$$!%B!+>*!AO!4?5*,!J%(4C!

>?G*! +%! K*! 7:$! %B! E*+*,$! +>#.@! #&! %,C*,! +%! .?2+(,*! +>*! B#$$#%&! B,?0E*&+$P! O>*! J?5! J*!

2,%2%$*!0*++#&0!?,%(&C!+>#$!2,%K4*E!#$!+%!.5.4*!+>*!B#$$#%&!B,?0E*&+$!#&!?!$+,%&0!E?0&*+#.!

B#*4CP!O>*!E?0&*+#.!,#0#C#+58!!"# 8!%B!B#$$#%&!B,?0E*&+$!#$!?K%(+!:Pc!O*$4?'E*+*,$P!O>#$!E*?&$!

+>?+!?!!9!O*$4?!E?0&*+#.!B#*4C!J%(4C!.%&B#&*!E%$+!%B!+>*!B#$$#%&!B,?0E*&+$!#&!?!9:!.E!+>#.@!

4?5*,P![*!>?G*!.?,,#*C!%(+!$%E*!2,*4#E#&?,5!&(E*,#.?4!.?4.(4?+#%&$!%B!+>*!AO!>*?+#&0!#&!?!

9:!.E! 4?5*,!J#+>%(+!?!E?0&*+#.! B#*4C8!J>*,*!J*!$#E(4?+*C! +>*! #&.,*?$*!%B!E*?&! B,**!2?+>!

C(*!+%!+>*!E?0&*+#.!B#*4C!K5!#&.,*?$#&0!+>*!AO!C*&$#+5P!F%J*G*,8!+>#$!J?5!%B!$#E(4?+#&0!+>*!

E?0&*+#.!B#*4C!,*S(#,*$!+(,&#&0!%BB!+>*!K,*E$$+,?>4(&0!,?C#?+#%&P![*!>%2*!#&!+>*!,*E?#&C*,!

%B!+>#$!B#$.?4!5*?,!+%!C%!?!,*?4#$+#.!&(E*,#.?4!.?4.(4?+#%&!%B!+>*!AO!>*?+#&0!#&!+>*!2,*$*&.*!%B!

?!E?0&*+#.!B#*4C!?&C!K,*E$$+,?>4(&0!,?C#?+#%&P!!

!!

! ! !!!!!!!!!!/,%%B!%B!!/,#&.#24*!bQ2*,#E*&+$!!
A($+5! 24?$E?$! ?,*! %B! 0,*?+! #&+*,*$+! #&! ?$+,%2>5$#.?4! .%&+*Q+$! ?&C! B%,! $*E#.%&C(.+%,!

2,%.*$$#&0P!I&!B?.+!+>*!C($+5!24?$E?$!J*!,*S(#,*!B%,!%(,!,*?.+%,!.%,*!?,*!&%+!G*,5!C#BB*,*&+!

B,%E! +>*! C($+5! 24?$E?$! .%EE%&45! ($*C! B%,! 24?$E?! *+.>#&0! #&! +>*! $*E#.%&C(.+%,! .>#2!

#&C($+,5P!O>*$*!24?$E?!*+.>#&0!E?.>#&*$!+52#.?445!($*!9!µE!C#?E*+*,!-#R9!2?,+#.4*$!J#+>!?!

C*&$#+5!%B!7:k!2?,+#.4*$!2*,! ..P!1*E?,@?K458! +>#$! #$! *$$*&+#?445! #C*&+#.?4!J#+>!%(,! $+?&C?,C!



E%C*4! B%,! +>*! ,*?.+%,! .%,*8!J>#.>!J%(4C!($*!\7!µE!C#?E*+*,!Y=!2?,+#.4*$!J#+>!?!C*&$#+5!

\7:k!2?,+#.4*$!2*,!.E'6P!

[*!.%&+*E24?+*! +>?+! +>*! B(*4!2?,+#.4*$! #&!%(,! ,*?.+%,! .%,*! .?&!K*!@*2+! 4*G#+?+*C!($#&0!

*4*.+,%$+?+#.! B#*4C$P! bQ2*,#E*&+$! C*E%&$+,?+#&0! +>#$! 2%$$#K#4#+5! ($#&0! E#.,%&! $#X*C! =*R9!

2?,+#.4*$!>?G*!K**&!.?,,#*C!%(+!?+!+>*!F#0>!b&*,05!A*&$#+5!1*$*?,.>!=*&+*,!#&!1($$#?!VL8cW!

I&!"#0P!l!J*!?!2#.+(,*!%B!+>*!$($2*&C*C!=*R9!2?,+#.4*$!#&!%&*!+>*!1($$#?&!*Q2*,#E*&+$!J>*,*!

+>*!=*R9!2?,+#.4*$!K*.%E*!.>?,0*C!?$!?! ,*$(4+!%B!*Q2%$(,*! +%!?!=B9c9!$2%&+?&*%($! B#$$#%&!

$%(,.*P!O>*!2?,+#.4*$!?,*!@*2+!?2?,+!K5!+>*#,!E(+(?4!*4*.+,%$+?+#.!,*2(4$#%&P!!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !
!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#0P!l!-($2*&C*C!E#.,%&!$#X*!=*R9!2?,+#.4*$!

!

!

H$!?!B#,$+!$+*2!+%J?,C$!*G?4(?+#&0!+>*!B*?$#K#4#+5!%B!$($2*&C#&0!?!.,#+#.?4!E?$$!%B!E#.,%&!

$#X*C! Y=! 2?,+#.4*$! #&! ?! G?.((E8! #+! J#44! K*! &*.*$$?,5! +%! (&C*,$+?&C! >%J! +>*! *E#$$#%&! %B!

B#$$#%&! B,?0E*&+$! B,%E! +>*$*! 2?,+#.4*$! ?&C! *Q2%$(,*! +%! B#$$#%&! 0?EE?! ,?5$! ?BB*.+$! +>*#,!

.>?,0*! $+?+*! #&! +>*! 2,*$*&.*! %B! ?! >5C,%0*&! 24?$E?P! H$! ?! B#,$+! *Q2*,#E*&+! J*! 2,%2%$*!

E*?$(,#&0!+>*!*S(#4#K,#(E!.>?,0*!%B!?&!?E*,#.#(E!%,!.?4#B%,&#(E!0,?#&!$($2*&C*C!#&!?!/?(4!

O,?2!#&!+>*!2,*$*&.*!%B!?!0?EE?!$%(,.*P!R&.*!J*!>?G*!+>#$!K?$#.!#&B%,E?+#%&!J*!.%(4C!+>*&!

2,%.**C!+%!C*$#0&!?!2,%+%+52*!C($+5!,*?.+%,!+%!.%(4C!K*!($*C!>*?+!AOP!

!

1*B*,*&.*$!! !!

!

7P! 1P! =4?,@! ?&C! 1P! ->*4C%&8! ^A($+5! /4?$E?! a?$*C! "#$$#%&! ",?0E*&+! )(.4*?,! 1*?.+%,_8!

HIHH!/?2*,!9::c'LLe:!T9::cUP!

9P! <P! =>?24#&*8! [P! F%J?,C8! ?&C! aP! -.>&#+X4*,8! ^"#$$#%&! ",?0E*&+! 1%.@*+$! o! ?! )*J!

",%&+#*,_! #&! $%# &'(")# *+,-# ./01'("# 2+))+34! *CP! 3P! a*>,*&$! ?&C! HP! =?,4$%&8! HE*,#.?&!

)(.4*?,!-%.#*+5!T7;k;UP!

6P!HP!=>(&0!?&C!MP!/,*4?$8! ^!O>*!O,?&$2%,+!%B!F*?G5!=>?,0*C!/?,+#.4*$! #&!?!=54#&C,#.?4!

)(.4*?,!/(E2*C!/4?$E?_8!)(.4P!-.#P!?&C!b&0P!ke8!9el!T7;kLUP!!

LP!NP! "%,+%G!*+P! ?4P! ^A($+!/?,+#.4*$! #&! ?!)(.4*?,'I&C(.*C!/4?$E?_8!/>5$P! D*++P!H9ck8!6:c!

T7;;;UP!

cP!NP!"%,+%G!*+P!?4P!^A($+!<,?#&!=>?,0#&0!#&!?!)(.4*?,'I&C(.*C!/4?$E?_8!/>5$P!D*++P!H9kL8!

77k!T9::7UP!

! ! ! ! ! !!


