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Peter Eng: Senior Research Associate, University of Chicago 
Jeffrey Fitts: Assistant Geochemist, Brookhaven National Laboratory 
Chris Jacobsen: Professor, Stony Brook University 
Keith Jones: Senior Physicist, Brookhaven National Laboratory 
Antonio Lanzirotti (BAT Spokesperson): Senior Research Associate, University of Chicago 
Lisa Miller: Biophysical Chemist, Brookhaven National Laboratory 
Matt Newville: Senior Research Associate, University of Chicago 
Paul Northrup: Associate Environmental Scientist, Brookhaven National Laboratory 
Richard Reeder: Professor, Stony Brook University 
Mark Rivers: Senior Scientist, University of Chicago 
Stephen Sutton: Senior Scientist, University of Chicago 
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07?9%'-.!526&8$!%+&+)$3$&.!24!=5>5:??C!

]'$83&2*!]*$&/,! E = 3 GeV 

532&$@!Y6&&$*3! I = 500 mA 

]'$83&2*!E$+)!])(33+*8$g!  

T2&(V2*3+'! !x = 0.55 x 10-9 m rad 

M$&3(8+'!;ICUh!Y261'(*/<! !y = 8.25 x 10-12 m rad 

E$3+3&2*!\6*83(2*gi!  

T2&(V2*3+'!! "x = 1.5 m 

M$&3(8+'! "y = 0.8 m 

]'$83&2*!E$+)!5(V$gi!  

T2&(V2*3+'! #x = 28.7 !m 

M$&3(8+'! #y = 2.57 !m 

]'$83&2*!E$+)!-(B$&/$*8$gi!  

T2&(V2*3+'! #!y x = 19.2 !rad 

M$&3(8+'! #!y y = 3.21 !rad 



 
§ Low b 
straight. 
*Quantities 
evaluated for 
12.4keV x-
rays and a 
3m-long 
undulator. 
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'2*/C! \&2)! 3#$! G88$'$&+32&! 58($*8$! -(B(.(2*A! +! .3+,:8'$+&!)(*()6)! /+1! 24! U!))! +3! +!
'$*/3#!24!ICU!)!42&!3#$!3_2!6*@6'+32&.!#+.!7$$*!.$3C!!
!
<6*6$7"(G*
!
\286.(*/!2*! 3#$!HE:7&+*8#A! 3#$!213()(V$@!1$&(2@!24! 3#$!6*@6'+32&!_(''! @$1$*@!2*! 3#$!
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!
!

?*3&(*.(8!%#232*!5(V$j! #r = 1.95 !m 

?*3&(*.(8!%#232*!-(B$&/$*8$j! #!y = 4.08 !rad 

"23+'!%#232*!526&8$!5(V$gij!  

T2&(V2*3+'! $x = 28.8 !m 

M$&3(8+'! $y = 3.2 !m 

"23+'!%#232*!526&8$!
-(B$&/$*8$gij!

 

T2&(V2*3+'! $!y x = 28.8 !rad 

M$&3(8+'! $!y = 5.19 !rad 
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!

07?9%'@.'^+[()6)!8+*3$@!@$B(8$!'$*/3#.!42&!/(B$*!/+1.!(*!+!8+*3$@!@$B(8$!.$361C!
!

e+1! ^+[()6)!8+*3$@!
@$B(8$!'$*/3#C!

UCJ))! ICOU)!
UCU))! ICU)!
XCJ))! ICDU)!
XCOX))! ICRU)!
XCX))! OCJ)!
DCO))! OCOU)!

!
G.!+!&$.6'3!24!3#$.$!82*.(@$&+3(2*!3#&$$!213(2*.!#+B$!7$$*!8+'86'+3$@A!+*!6*@6'+32&!_(3#!
OJ!))!1$&(2@!+*@!ICOU!)!'$*/3#!+3!+!/+1!24!QCF!))A!+*!6*@6'+32&!_(3#!OI!))!1$&(2@!
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!
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!
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!

07?9%'AC'%+&+)$3$&.!(*:B+866)!6*@6'+32&!NOIC'

N*@6'+32&!'$*/3#! ICU!)!
%$&(2@!'$*/3#! OI!))!
^(*()6)!/+1! UCU!))!
>2_$.3!$*$&/,!(*!L&@!
#+&)2*(8!;]dLe$M<!

QCXU!Z$M!

^+[()6)!$*$&/,! OR!Z$M!
H:M+'6$! ICDF!
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*

PM*6$7"(G*
!
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!QR*J4*=(7"")":*H.S')$.8."#-*?%$*#G.*<6*6$7"(G**
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!
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! ! ! ! e!d!UCJ!))! %! ]!d!ILDJ!$M!
! ! ! ! e!d!RCJ!))! %! ]!d!OQQJ!$M!
!
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! ! ! ! &]c&eI.3!2&@$&!d!JCLUD!Z$Mc))!
!



"#$!.'21$!24!3#$!.2:@$4(*$@!'(*$!42&!3#$!*:3#!2&@$&!(.!3#$!*2_!8+'86'+3$@!6.(*/!3#$!.'21$!
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Initial conditions:
HFM length:10 cm
HFM focal length: 8 cm

(KB HFM edge / Sample) distance (KB HFM edge / Sample) distance
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$9:$8-;$2/6! <-/#! 2+27(6-T$4! :+8/-,.$6! +24! ;+/$8-+.6?! "#-6! -6! ;+24+/780! /7! *3.*-..! /#$!
2$$46!7*! /#$!6,-$2/-*-,!,7;;32-/-$6! .-6/$4!+6!;+-2!36$86?!Q!:766-@.$!67.3/-72!/7!,7;:.0!
<-/#! /#$! 6+*$/0! 6/+24+846! 6$/! *78! #+24.-25! /#$6$! ;+/$8-+.6! <73.4! @$1! /7! +66$;@.$! +2!



$2,.7638$! 72! /#$! 7:/-,+.! /+@.$6! ,+880-25! /#$! 6+;:.$! 6/+5$6?! "#-6! $2,.7638$!<-..! /#$! @$!
6$:+8+/$.0!*-./$8$4?!!
+

,6*)/%4+>*%34/"*+$*=(/$*3*"'&+

?*&*%$)@+A/'@+"%"13%'*$/%4&+%"B+"%"16%$'/)4*&+
!
)2! $2>-872;$2/+.! 6,-$2,$6! +6! <$..! +6! -2! @-7! +24! .-*$! 6,-$2,$61! 2+27;+/$8-+.6! :.+0! +2!
-;:78/+2/! 87.$?! "#$! -2/$8+,/-72! 7*! 2+27:+8/-,.$6! <-/#! 7/#$8! 63@6/+2,$6! -2! /#$!
$2>-872;$2/! +24! <-/#! ,$..6! 78! <#7.$! 785+2-6;6! -6! 6/-..! 72.0! :778.0! 324$86/774?!
"#$8$*78$1!-/!<-..!@$!2$,$66+80!*78!/#$!&LM!@$+;.-2$!/7!@$!+@.$!/7!#76/!$9:$8-;$2/6!<-/#!
2+27;+/$8-+.6?!"#-6!+6=6! *78!6:$,-*-,!:87,$438$6!<#$2!4$+.-25!<-/#!/#$6$!6+;:.$6?!Y78!
-26/+2,$1! /#$! 6+;:.$! $2>-872;$2/!<-/#-2! /#$! $24! 6/+/-72! #+6! /7! @$! 324$8! .7<$8! /#+2!
+;@-$2/!:8$6638$1!/7!@$!+@.$!/7!*-./$8!$6,+:-25!:+8/-,.$6!@$*78$!/#$0!,+36$!#+8;?!Q6!/#$!
#3/,#$6!+8$!4$6-52$4!/7!#+>$!#-5#$8!/#+2!+;@-$2/!+-8!:8$6638$1!<$!<+2/!/7!-;:.$;$2/!
+2!+44-/-72+.!,+6-251!:87@+@.0!;+4$!7*!67;$!+,80.-,!5.+66!<-/#!6.-4-25!47786!*78!+,,$66?!
"#-6!,+6-25!,73.4! /#$2!@$!=$:/!+/! .7<$8! /#+2!+;@-$2/!:8$6638$1!36-25!+2!$9/8+!#76$?! )/!
<-..!$2+@.$!_OCQ!*-./$8-25!+6!<$..?!
!
?*&*%$)@+A/'@+%)'/"/B*&+
!
&/78+5$! +24! /8+26:78/! :87,$66$6! 7*! 8+4-7+,/->$! ;+/$8-+.6! -2! /#$! $2>-872;$2/! +8$!
6,-$2/-*-,! /7:-,6! 7*! 58$+/! -;:78/+2,$?! "7!<78=!<-/#! 8+4-7+,/->$!;+/$8-+.61! 27/! 72.0! /#$!
$24!6/+/-72!#+6!/7!@$!:8$:+8$4!*78!-/1!@3/!+!6:$,-+.!.+@78+/780!6:+,$!*78!6+;:.$!/8$+/;$2/!
#+6!/7!+..7,+/$4?!Q6!/#-6!#+6!/7!#+::$2!-2!/#$!.+85$8!*8+;$!7*!%&'&())!-26/$+4!7*!72.0!/#$!
&LM!@$+;.-2$1!4-6,366-726!#+>$!@$$2!6/+8/$41!+//$2/-72!<-..!@$!:+-4!/7!/#-6!/7:-,1!@3/!27!
*-2+.!4$,-6-726!#+>$!@$$2!;+4$!0$/?!

+

,(33%$.+1#+C%.+D+6*$#1$3%")*+
!
Q/! 4+0! F! 7*! 7:$8+/-72! /#$! `a! @8+2,#! <-..! @$! +@.$! /7! #76/! $9:$8-;$2/6?! )2! /#$! *3..0!
4$>$.7:$4!6/+/$1!/#$!$24!6/+/-72!<-..!,72/+-2!/<7!6$/6!7*!`a!;-887861!*78!>$80!#-5#!6:+/-+.!
8$67.3/-72!+24!*78!;74$8+/$!8$67.3/-72!+/!#-5#!*.39?!"#$!.+//$81!+!6$/!7*!.+85$!`a!;-88786!
+6!4$6,8-@$4!-2!:8$>-736!,#+:/$861!<-..!@$!-;:.$;$2/$4!+/!4+0!F1!<-..!@$!7:$8+/-72+.!+24!
6#73.4! :87>-4$! 63@(;-,872! 6:+/-+.! 8$67.3/-72?! M(8+0! *.378$6,$2,$! -;+5-25! 7*! 6+;:.$6!
324$8! +;@-$2/! ,724-/-726!<-..! /#$2! @$! :766-@.$! 36-25! $-/#$8! +! ,7;;$8,-+..0! +>+-.+@.$!
>78/$9!6-.-,72!48-*/!4$/$,/78!78!/#$!AQ)Q!4$/$,/781!-*!/#$!.+//$8!-6!+>+-.+@.$?!Y38/#$8;78$1!
MQ%O&! 6:$,/876,7:0! 7*! 6+;:.$61! +5+-2! 324$8! +;@-$2/! ,724-/-721! 6#+..! @$! :766-@.$1!
:87>-4$41! /#+/! /#$! 8$B3-8$4! 602,#872-T+/-72! @$/<$$2! )bc! RF! 3243.+/78! +24! /#$!
;727,#87;+/78! -6! *3..0! *32,/-72+.?!"#$!$24!6/+/-72!6#73.4!@$!+@.$! /7!#76/!+!>+8-$/0!7*!
4-**$8$2/! 6+;:.$6! *87;! $+8/#! +24! $2>-872;$2/+.! 6,-$2,$6! +6! <$..! +6! *87;! ;+/$8-+.!
6,-$2,$61!+6!*78!-26/+2,$!4$6,8-@$4!/7!67;$!$9/$24!-2!"+@.$!]?!!



E('($*+(60$%B*+16'/1"&+
!
F1"*+64%'*+>$%")@+
!
"#$!T72$!:.+/$!@8+2,#!-6!6/-..!:+8/!7*!/#$!;+/38$!6,7:$!,722$,/$4!/7!/#$!&LM!@$+;.-2$?!)/!
<73.4!@$!7*!58$+/!@$2$*-/! /7!:87;:/.0!27/!72.0!,72/-23$!<-/#!4$6-52!$**78/6! 8$.+/$4! /7!
/#$!`a!@8+2,#!@3/!/7!-2/$26-*0!/#$;!/7!+!*3..!4$6-52!+24!,726/83,/-72!7*!/#-6!@8+2,#?!"#$!
dC!@8+2,#!-6!+-;-25!*78!.7<$8!M(8+0!$2$85-$61!+..7<-25!6/34-$6!+/!-;:78/+2/!+@678:/-72!
$45$6!+6!:#76:#78361!63.*381!,#.78-2$!78!,+.,-3;?!O6:$,-+..0!+6!/#$8$!+8$!72.0!>$80!.-//.$!
:766-@-.-/-$6!<78.4<-4$!*78!6/340-25!/#$6$!$.$;$2/61! /#$!dC!@8+2,#!<73.4! -;;$4-+/$.0!
@87+4$2!/#$!6,-$2/-*-,!,7;;32-/0!6#7<-25!-2/$8$6/!-2!$9:$8-;$2/6?!!
!
GH6*$/3*"'&+A/'@+)$.19)114*B+&%364*&+
!
"7! <78=! 63,,$66*3.! <-/#! 6+;:.$6! *87;! @-7.7501! ;-,87@-7.750! +24! .-*$! 6,-$2,$1! -/! -6!
-;:78/+2/! /7!@$!+@.$! /7!<78=!<-/#!,807(,77.$4!6+;:.$6?!L+4-+/-72!4+;+5$! -6!+!6$8-736!
-663$!$6:$,-+..0!<#$2!6/340-25!67*/!;+//$8!+24!/-663$?!V807(,77.-25!$2638$6!6/+@-.-/0!7*!
/#$6$!4$.-,+/$!6+;:.$6!/#8735#73/!/#$!$9:$8-;$2/6?!
!
51@*$*"'+B/##$%)'/1"+/3%0/"0+
!
Q./#735#!6/34-$6!<-/#!+!>$80!#-5#!6:+/-+.!8$67.3/-72!<-..!@$!:766-@.$!+/!/#$!&LM!@$+;.-2$1!
/#-6!-6!27/!$2735#!*78!6/340-25!6-25.$!2+27(6-T$4!:+8/-,.$6!+24!/#$-8!-;:+,/!72!,$..6!78!72!
7/#$8! 63@6/+2,$6! -2! /#$!$2>-872;$2/?!"7! -2>$6/-5+/$! 6-25.$!2+27/3@$61!2+27,806/+.6!78!
7/#$8! 2+27:+8/-,.$61! ,7#$8$2/! 4-**8+,/-72! -;+5-25!;-5#/! @$! /#$! /$,#2-B3$! 7*! ,#7-,$?! Q!
VVS!4$/$,/78!<-..!@$!2$,$66+80! /7!8$,784! /#$!4-**8+,/-72!:+//$821!+44-/-72+.!;+2:7<$8!
;-5#/! @$! 2$,$66+80! *78! /#$! $9:$8-;$2/6! +24! /#$! 4+/+! +2+.06-6?! "#$! *78;$8! -6! -2! /#$!
;+/38$!6,7:$1!/#$!.+//$8!#+6!/7!@$!+::.-$4!*78?!



I66*"B/H+IJ+,)@*B(4*+
!

&$:/$;@$8!IG! RGFG! C8$.-;-2+80!S$6-52!L$:78/!

\,/7@$8!F^(RG! RGFG! CSL!"$,#2-,+.!L$>-$<!

%7>$;@$8!FX(
F[!

RGFG! S\O!8$>-$<!

%7>$;@$8! RGFG! "$,#2-,+.!S$6-52!e!Q::87>+.!7*!'725!'$+4!"$8;!
C87,38$;$2/!!

! ! !

f+23+80! RGFF! &/+8/!'725!'$+4!"-;$!C87,38$;$2/6!!

&$:/$;@$8!IG! RGFF! V7;:.$/$!Y-2+.!S$6-52!L$:78/!

Y$@83+80!G[! RGFR! V7;:.$/$!Y-2+.!S$6-52!L$:78/!

Y$@83+80!! RGFR! &/+8/!)26/+..+/-72!

A+0!! RGFR! &/+8/!&3@(&06/$;!"$6/-25!

Q:8-.!! RGFR! &/+8/!\/#$8!C87,38$;$2/!

%7>$;@$8!! RGFR! V7;:.$/$!'725!'$+4!"-;$!C87,38$;$2/6!

Q3536/!! RGFI! O24!C87,38$;$2/!

Q3536/!! RGFI! &/+8/!)2/$58+/$4!"$6/-25!

! ! !

f+23+80!! RGFW! V7;:.$/$!)26/+..+/-72!

Y$@83+80!! RGFW! V7;:.$/$!&3@(&06/$;!"$6/-25!

Y$@83+80! RGFW! a$+;(8$+40!

A+0!! RGFW! V7;:.$/$!)2/$58+/$4!"$6/-25!e!a$+;.-2$!+>+-.+@.$!*78!
V7;;-66-72-25!

f32$! RGFX! VS(W1!Q::87>$!&/+8/!7*!\:$8+/-726!
!



I66*"B/H+2J+?*#*$*")*+C$%A/"0&+
!
K*$&1"%4+K$1'*)'/1"+,.&'*3+
!

!
!
!"#$%&'()*)+!&,#$;+/-,!.+073/!*78!C$86722$.!C87/$,/-72!&06/$;!DCC&E!*78!/#$!&LM!
a$+;.-2$!
!



!
51"'$14&+B/%0$%3&+
!
"#$!,72/87.!4-+58+;!7*!/#$!&LM!@$+;.-2$!-6!4-6:.+0$4!-2!*->$!,726$,3/->$!48+<-256!72!
/#$!2$9/!*->$!:+5$6?!"#$!4-+58+;!6/+8/6!+/!/#$!8+/,#$/!<+..!+24!*7..7<6!/#$!:+/#!7*!/#$!M(
8+06!/#8735#!/#$!Y\O1!/#$!6$,724+80!6738,$!-2/7!/#$!$24!6/+/-72?!



+









E$1"'+*"B+$%.+'$%)/"0+L6$*4/3/"%$.M+
!
!
 

 

!"#$%&' (,*)+! a8$;66/8+#.325! 8+0(/8+,-25! /#8735#! -2/$8-;! 6$/3:! 7*! *872/! $24!
,7;:72$2/6!D#78-T72/+.E? 

+



!

 

!"#$%&' (,*-+! a8$;66/8+#.325! 8+0(/8+,-25! /#8735#! -2/$8-;! 6$/3:! 7*! *872/! $24!
,7;:72$2/6!D>$8/-,+.E?!
!



 

!"#$%&' (,*,+! a8$;66/8+#.325! 8+0(/8+,-25! /#8735#! -2/$8-;! 6$/3:! 7*! *872/! $24!
,7;:72$2/6!D>$8/-,+.E? 
!



+
!"#$%&' (,*.+! a8$;66/8+#.325! 8+0(/8+,-25! /#8735#! -2/$8-;! 6$/3:! 7*! *872/! $24!
,7;:72$2/6!D>$8/-,+.E?!
!



?%.'$%)/"0+N2+>$%")@+
!

 

!"#$%&'(.*)+!L+0!/8+,-25!4-+58+;!4-6:.+0-25!/#$!8$.$>+2/!7:/-,+.!,7;:72$2/6?!



!

 

!"#$%&' (.*-+! _78-T72/+.! a8$;66/8+#.325! 8+0! /8+,-25! *78! /#$! `a! @8+2,#! 7*! /#$! &LM!
@$+;.-2$?!



!

 

!"#$%&' (.*,+! b$8/-,+.! a8$;66/8+#.325! 8+0! /8+,-25! *78! /#$! `a! @8+2,#! 7*! /#$! &LM!
@$+;.-2$? 



!

 

!"#$%&'(.*.+!_78-T72/+.!602,#87/872!8+4-+/-72!8+0!/8+,-25!*78!/#$!`a!@8+2,#!7*!/#$!&LM!
@$+;.-2$? 



!

 

!"#$%&'(.*/+! b$8/-,+.! 602,#87/872! 8+4-+/-72! 8+0! /8+,-25! *78! /#$!`a!@8+2,#!7*! /#$!&LM!
@$+;.-2$? 



I66*"B/H+5J+E*%&/>/4/'.+1#+C*&/0"+%"B+K$1)($*3*"'+K4%"+
!
E/$&'+16'/)%4+*")41&($*+
!
"#$! *-86/! 7:/-,+.! $2,.7638$! DY\OE! 6#7<6! +! 4$26$! 6$B3$2,$! 7*! 7:/-,+.! ,7;:72$2/6?! "#$!
@$+;!4$*-2-25!7:/-,6!7*!@7/#!@8+2,#$6!+8$!.-2$4!3:!<-/#73/!@-5!4-6/+2,$6!+.725!/#$!:+/#!
7*! /#$! @$+;?! S3$! /7! /#$! 6;+..! ,+2/-25! +25.$1! /#$8$! -6! +6! <$..! .+/$8+..0! 72.0! >$80! .-//.$!
6:+,$!@$/<$$2!/#$!@$+;6?!)/!-6!#7<$>$8!;+24+/7801!/#+/!;+2-:3.+/-726!7*!72$!@$+;!47!
27/!-2*.3$2,$!+20!6$//-256!7*!/#$!7/#$8!@$+;?!"#$!/+6=!<-..!@$!/7!@3-.4!;-8878!,#+;@$86!
+24!;727,#87;+/786!+..7<-25!*78!+!6$,724!@$+;!/7!:+66!<-/#73/!@.7,=+5$1!4$>-+/-72!78!
6,+//$8-25?!!
!
S3$!/7!/#-6!,7;:.$9-/0!-2!/#$!Y\O1!<$!6/8725.0!7:/!*78!+!:87,38$;$2/!7*!/#$6$!:+8/6!+6!
72$! 7:/-,+.! :+,=+5$?! g$! $2>-6-72! +! /<7(6/$:! :87,$438$1! <#$8$! -2! +! *-86/! 6/$:! /#$!
,7;:72$2/6! *78! /#$! `a(@8+2,#! <-..! @$! :87,38$4! +24! -26/+..$41! +24! -2! +! 6$,724! 6/$:1!
4$.+0$4!-2!/-;$!32/-.!*324-25!-6!+>+-.+@.$1!/#$!,7;:72$2/6!*78!/#$!6$,724!@8+2,#!<-..!@$!
+66$;@.$4?!Y78!/#$!*-86/!6/$:1!/#$!63::.-$8!#+6!/7!;+=$!+4$B3+/$!@$+;!/8+26:78/!@8-45-25!
/#$!5+:61!7:$2!@0!/#$!27<!;-66-25!dC!,7;:72$2/61!@3/!+6638-25!+/!/#$!6+;$!/-;$1!/#+/!
/#$6$!,7;:72$2/6!<-..!*-/!-/?!"#$!>$2478!<73.4!@$!+6=$4!/7!-;:.$;$2/!-2/7!#-6!4$6-52!+..!
:+8/6! 7*! @7/#!@$+;.-2$61! @3/!<73.4! 5$/! +! :38,#+6$! 784$8! 72.0! *78! /#$!`a!@8+2,#?! )2! +!
6$,724!6/$:1!/#$!@$+;!/8+26:78/!<-..!@$!8$;7>$4!+24!/#$!+,/3+.!:+8/6!<-..!@$!*-/!-2!+24!
+.-52$41!<#$2!*324-25!-6!6$,38$4?!
!
S-6,366-726!+@73/!/#$!Y\O1!/#$!6:+/-+.!,726/8+-2/6!+24!/#$!,7;:.$9-/0!7*!/<7!@$+;6!-2!+!
,+2/$4!5$7;$/80!/77=!:.+,$!6$>$8+.!/-;$6!<-/#!:766-@.$!63::.-$86!7*!@$+;!4$*-2-25!6.-/61!
;727,#87;+/7861!+24!;-8878!+66$;@.-$6?!g$!-2/8743,$4!438-25!6$>$8+.!;$$/-256!<-/#!+!
.-6/!7*!>$24786!27/!72.0!/#$!6:$,-*-,+/-726!7*!6-25.$!7:/-,+.!,7;:72$2/6!@3/!<$!+6=$4!+6!
<$..!#7<!*$+6-@.$!/#$!,7;:.$/$!4$6-52!7*!/#$!Y\O!-6?!g$!<$8$!8$+6638$41!/#+/!/#-6!4$6-52!
-6!27/!72!/#$!$+60!6-4$!7*!*+@8-,+/-721!#7<$>$81!-6!+@67.3/$.0!:766-@.$!/7!;+23*+,/38$?!!
!
"#$!,7;:+20!)S"!#+6!:+8/-,-:+/$4!-2!/#$!4$6-52!7*!/#$!&LM!@$+;.-2$!72!/#$!,72,$:/3+.!
.$>$.!+24!-6!/#$8$*78$!2+;$4!#$8$!+6!+2!$9+;:.$?!)S"!4$6-5261!;+23*+,/38$6!+24!-26/+..6!
@$+;.-2$! ,7;:72$2/6! +6! <$..! +6! ,7;:.$/$! @$+;.-2$6?! Q5+-2! +6! +2! $9+;:.$! *78! /#$!
*$+6-@-.-/0!7*!738!4$6-521!:+8+..$.6!,+2!@$!48+<2!/7!+.8$+40!-26/+..$4!@$+;.-2$6?!)S"!#+6!
@3-./!/#$!,7;:.$/$!MYA!@$+;.-2$!+/!/#$!Q36/8+.-+2!&02,#87/8721!<#-,#!-6!+!4$6-52!<-/#!
;+20!6-;-.+8-/-$6?!"#$!MYA!@$+;.-2$!#+6!+!#78-T72/+.!;727,#87;+/781!+6!2$$4$4!*78!/#$!
`a!@8+2,#1!/#+/!:$8*78;6!>$80!<$..?!Y-538$!99!6#7<6!+!:-,/38$!7*!/#+/!;727,#87;+/78!+6!
-26/+..$4! +24! +! 4$6-52! ;74$.1! /+=$2! *87;! +2! )S"! -2*78;+/-72! .$+*.$/?! Q6! <$..! -2! /#-6!
*-538$1!+!6/+@-.-/0!;$+638$;$2/!,+2!@$!6$$21!;+4$!+/!/#$!MYA!@$+;.-2$?!Q!6$8-$6!7*!7>$8!
FGG! 8$:$/-/-726! 7*! /+=-25! /#$! 6+;$! 6:$,/83;! 0-$.46! +! 8$:8743,-@-.-/0! 7*!!O! h! G?GX! $b?!
"#-6!6#7<6!/#$!$9/8$;$!6/+@-.-/0!7*!/#-6!#78-T72/+.!;727,#87;+/78?!!
!



  

 

!"#$%&'0*)+!123'4&56+'C-,/38$!7*!
/#$!#78-T72/+..0!4$*.$,/-25!SVA?!
123'%"#76+!S$6-52!;74$.!7*!/#+/!
SVA?! (26628' 4&56+! &/+@-.-/0!
;$+638$;$2/1! 6#7<-25! /#$!
8$:8743,-@-.-/0! 7*! /#$! ,$2/87-4!
$2$850! -2! ;78$! /#+2! FGG!
8$:$/-/-726?!!

!
!
G"B+&'%'/1"+
!
"#$8$!+8$!/#8$$!,7;:72$2/6!7*!/#$!$24!6/+/-72!/#+/!2$$4!+//$2/-721!/#$!`a!;-887861!/#$!
;$,#+2-,+.!;732/!+24!6,+22-25!6/+5$!*78!/#$!6+;:.$!+24!/#$!4$/$,/786?!!
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