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)(,!>&!)+,-%+1!)*/%(1!9(--&%!(,.!-*&!*(,.&.,&''!+8!)*/3
%(1!9+1&)$1&'!(,.!'+1/.'M!N'!/-!:+''/=1&!-+!-%(,'8&%!)*/3
%(1/-2!=&->&&,!./88&%&,-! '2'-&9';! '$)*!('! 8%+9!)*/%(1!
&1&)-%+,'!+%!)*/%(1!)*(%0&!.&,'/-2!>(7&'! -+!'-%$)-$%(1!
)*/%(1/-2M!#%! )(,!>&! &7&,! $,.&%'-(,.! -*&! %+1&! )*/%(1!
8/&1.!+,!*+9+)*/%(1/-2;!)+,,&)-/,0!)*/%(1/-2!('!(!?$(,3
-$9!,$9=&%!-+!+-*&%!)*/%(1!:*&,+9&,(!()%+''!./88&%&,-!
(%&('! +8! ')/&,)&;! /,)1$./,0! -*&! ('299&-%2! +8! 9(--&%!
(,.!(,-/9(--&%!(,.!-*&!*+9+)*/%(1/-2!+8!1/8&!O@PM!

D!)&,-%(1!)*(11&,0&!/,!)*/%(1!)*&9/'-%2!/'!-*(-!&,(,-/+3
9&%'!+8-&,!*(7&!/,./'-/,0$/'*(=1&!:*2'/)(1!:%+:&%-/&'C!
Q$-!)$%%&,-!(::%+()*&'!1()E!'$88/)/&,-!-$,(=/1/-2;!1/93
/-/,0!+$%!$,.&%'-(,./,0!+8!-*&!$,.&%12/,0!9&)*(,/'9'!
8+%!*+9+)*/%(1/-2!(,.!)*/%(1!9+1&)$1&39(--&%!/,-&%()3
-/+,'C!N,!'+1/.3'-(-&!'2'-&9';!-*&!-%(,'1(-/+,!'299&-%2!
(,.!)+%%&':+,./,0!E3':()&!+88&%!,&>!+::+%-$,/-/&'!=&3
2+,.!>*(-!/'!E,+>,!8%+9!9+1&)$1(%!'2'-&9'C!R+:+1+03
/)(1!9(-&%/(1';!8+%!/,'-(,)&;!:%&'&,-!,+-!+,12!'-%$)-$%(1!
)*/%(1/-2!(,.!)*/%(1! ':/,!(%%(,0&9&,-'!=$-!(1'+!)*/%(1!
'$%8()&!'-(-&';!)*/%(1!)*(%0&!.&,'/-2!>(7&';!)*/%(1!&1&)3
-%+,'!(,.!:*+,+,';!(,.!0&+9&-%/)!:*('&'!'$)*!('!-*&!
Q&%%2!:*('&!!'&&!I/0$%&!B6C!D'!(!%&'&(%)*!0%+$:!+:&%3
(-/,0!(-!-*&!/,-&%'&)-/+,!+8!)*&9/'-%2!(,.!:*2'/)';!>&!
*(7&!-*&!(.7(,-(0&!+8!(!>/.&!(%%(2!+8!-++1';!=+-*!)*&93
/)(1!(,.!:*2'/)(1;!-+!8/,&3-$,&!(,.!/,7&'-/0(-&!-*&!:%+:3
&%-/&'!+8!-*&'&!9(-&%/(1'!!'&&!I/0$%&!J6C!!

R*&!8+$,.(-/+,!+8!+$%!%&'&(%)*!/,!)*/%(1/-2!(,.!-+:+13
+02! 1/&'! /,! -*&! '2,-*&'/'! +8! */0*3?$(1/-2! *+9+)*/%(1!
)%2'-(1'C!L+>&7&%;!()*/&7/,0!-*/';!&':&)/(112!8+%!/,+%3
0(,/)! )%2'-(1'! '2,-*&'/H&.! (-! */0*! -&9:&%(-$%&';! %&3
9(/,'! (,! $,%&'+17&.! )*(11&,0&C! #7&%! -*&! :('-! -*%&&!
2&(%';!>&!*(7&!'$))&''8$112!0%+>,!)*/%(1!)%2'-(1'!&<3
*/=/-/,0!*+9+)*/%(1/-2!$'/,0!9&-*+.'!'$)*!('!-*&!1('&%!
81+(-/,0! H+,&! 8$%,()&! (,.! SH+)*%(1'E/! -&)*,/?$&';!
>*/)*! %&12!+,! (! '&&.! )%2'-(1! +8! -*&!.&'/%&.! )*/%(1/-2C!
T+,&-*&1&'';! /-! >+$1.! =&! (.7(,-(0&+$'! -+! &<:1+%&!
>*&-*&%!)*/%(1/-2!)(,!=&!)+,-%+11&.!+%!&7&,!(1-&%&.!.$%3
/,0!-*&!0%+>-*!:%+)&''C!

#,&!:%+9/'/,0!(::%+()*! /'! -*&!$'&!+8!)*/%(1! 1/0*-;!('!
-*&!'&,'/-/7/-2!+8!)*/%(1!)%2'-(1'!-+!'$)*!%(./(-/+,!'$03
0&'-'!/-!)+$1.!&88&)-/7&12!)+,-%+1!+%!9+./82!*(,.&.,&''C!
D!E&2!&<:&%/9&,-!>&!:1(,!-+!)+,.$)-;!/,!)+11(=+%(-/+,!
>/-*! US! V(,-(! Q(%=(%(;! /,7+17&'! $-/1/H/,0! )/%)$1(%12!
:+1(%/H&.!1('&%!1/0*-!-+!(1-&%!-*&!*(,.&.,&''!+8!(!*+9+3
)*/%(1!)%2'-(1!.$%/,0!0%+>-*C!
N,! )+,-%('-;! -*&! )*&9/)(1! 7(:+%! -%(,':+%-! 5SWR6! (,.!
81$<! 0%+>-*! -&)*,/?$&'! *(7&! :%+.$)&.! )%2'-(1'! >/-*!
9/<&.!*(,.&.,&''!>/-*/,!-*&!'(9&!=(-)*!+%!&7&,!/,!+,&!
)%2'-(1C! R+! +7&%)+9&! -*/'! 1/9/-(-/+,;! >&! (%&! &<:&%/3
9&,-/,0!>/-*!(1-&%,(-/7&!9&-*+.';!'$)*!('! -*&!$'&!+8!
)*/%(1!-%(,':+%-!(0&,-';!9(0,&-/)!8/&1.'!+%!+-*&%!)*/%(1!
8/&1.'!(,.!8+%)&';!(,.!)*/%(1!81$<&';!-+!/9:%+7&!)+,-%+1!
+7&%!-*&!)*/%(1/-2!+8!-*&!)%2'-(1'!8+%9&.!5'&&!I/0$%&!J6C

!
/#:=!L)!K4%!$(+%!(A!&4#$,+!A#%+.0!(6!4(5(&4#$,+#'?7!&4#$,+!0'$-&'-$%!,6.!&4#$,+!02#60!,6.!'4%!$%+,'#(6!'(!'4%!0?5M
5%'$?!(A!'4%!%+%&'$(607!24(6(607!N%$$?!24,0%7!0-$A,&%!0','%!,6.!%+%&'$(6#&!#60',D#+#'?=!

!
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X!

!+%+2+3'.)2$7"'&)2$7&*8/)28$

G&! *(7&! 9(.&! '/0,/8/)(,-! :%+0%&''! /,! /.&,-/82/,0! -*&!
$,/?$&!:%+:&%-/&'!+8!)*/%(1! -+:+1+0/)(1!)%2'-(1';!>*/)*!
)(,!*+'-!*/0*&%3':/,!0&,&%(1/H(-/+,'!+8!G&21!?$('/:(%-/3
)1&';!E,+>,!('!9$1-/8+1.!8&%9/+,'C!R*&'&!8&%9/+,'!*(7&!
,+!*/0*3&,&%02!)+$,-&%:(%-'C!N,!&()*!*+9+)*/%(1!)%2'3
-(1;!->+!9$1-/8+1.!G&21!:+/,-'!(::&(%!(-!./88&%&,-!&,&%3
0/&';!&()*!)*(%()-&%/H&.!=2!./'-/,)-!'/0,'!+8!1(%0&!S*&%,!
,$9=&%'C! R*&'&! (%&! ())+9:(,/&.! =2! &<-&,'/7&! )*/%(1!
'$%8()&!'-(-&';!+%!I&%9/!(%)';! -*(-!':(,!-*&!&,-/%&!Q%/13
1+$/,!H+,&C!R*&+%&-/)(112!:%&./)-&.!:%+:&%-/&'!+8! -*&'&!
)%2'-(1'!*(7&!=&&,!)+,8/%9&.!/,!9(-&%/(1'!1/E&!Y.Z(!(,.!
Y-D1!O[;!"PC!N.&(112;!-*&!?$(,-/H&.!:*+-+0(17(,/)!&88&)-!
)+$1.! (1'+! =&! +='&%7&.;! (,.! :%&1/9/,(%2! &7/.&,)&! 8+%!
-*/'!*('!&9&%0&.!8%+9!(!)+11(=+%(-/+,!>/-*!US!Q&%E&3
1&2C!S*/%(1!-+:+1+0/)(1!)%2'-(1'!(%&!(1'+!:%&./)-&.!-+!*+'-!
+%=/-(1! (,0$1(%! 9+9&,-$9! 9+,+:+1&';! >/-*! ':/,39+3
9&,-$9! 1+)E/,0! (%+$,.!G&21! :+/,-'! O[;! "PC!D11! -*&'&!
:*&,+9&,(! >&%&! %&)&,-12! )+,8/%9&.! /,! )+11(=+%(-/+,!
>/-*!T/&1'!V)*%\-&%]'!-&(9C!

A&':/-&!-*&!*/0*!)+,.$)-/7/-2!+8!-*&'&!)%2'-(1';!9(E/,0!
/-!)*(11&,0/,0!-+!9&('$%&!/,-%/,'/)!-+:+1+0/)(1!-%(,':+%-!
:%+:&%-/&';!>&!*(7&!'$))&&.&.!/,!+='&%7/,0!-*&!)*/%(1!
(,+9(12! +8! 9$1-/8+1.! 8&%9/+,'! /,! S+V/C! R*/'! >('!
()*/&7&.!=2!>+%E/,0!>/-*!Z+-'9(,,]'!-&(9;!>*&%&!(!
9$1-/3-&%9/,(1!L(11!=(%!>('!8(=%/)(-&.!8%+9!(!=$1E!'/,3
01&!)%2'-(1!$'/,0!8+)$'&.! /+,!=&(9!5INQ6! -&)*,/?$&'C!
T+>! -*(-! >&! *(7&! (,! INQ! (7(/1(=1&! >/-*/,! +$%! +>,!
-&(9;!>&!*(7&!,&>!+::+%-$,/-/&'!-+!8$%-*&%!/,7&'-/0(-&!
,+,31/,&(%!-%(,':+%-!:%+:&%-/&'!(,.!?$(,-$9!&88&)-'!/,!
-*&!8$-$%&C!
I+%!8$%-*&%!%&(./,0!'&&!%&:+%-!!47UVQUJ"#O")&C!

!+%+2+3'.)2$45)6/5($G)/#&')28$1+&$P#/#&+3#6#C
+58$7)/)2*8'8$

R+:+1+0/)(1!)(-(12'/'!1&7&%(0&'!-*&!$,/?$&!/,-&%:1(2!+8!
':/,;!+%=/-(1;!(,.!-+:+1+0/)(1!:%+:&%-/&'!/,!-+:+1+0/)(1!
?$(,-$9! 9(-&%/(1'! -+! &,*(,)&! )(-(12-/)! %&()-/+,'!
-*%+$0*!$,)+,7&,-/+,(1!?$(,-$9!:*&,+9&,(C!R*&!-+:3
+1+0/)(1!'$%8()&!'-(-&'!+8!-*&'&!9(-&%/(1';!:%+-&)-&.!=2!
-/9&3%&7&%'(1!'299&-%2;!(%&!*/0*12!%&'/1/&,-!-+!.&8&)-'!
(,.!/9:$%/-/&';!>*/1&!'-%+,0!':/,3+%=/-!)+$:1/,0!1+)E'!
&1&)-%+,!':/,!-+!9+9&,-$9C!R*/'!:%&)/'&!)+,-%+1!&,(3
=1&'! &,*(,)&.! )(-(12-/)! %&()-/+,'! '$)*! ('! *2.%+0&,!
&7+1$-/+,! 5L^_6;!+<20&,!&7+1$-/+,! 5#^_6;!(,.!+<23
0&,!%&.$)-/+,!%&()-/+,!5#__6C!D../-/+,(112;!-*&!Q&%%2!
:*('&!(9:1/8/&'!)*(%0&!)(%%/&%!9+=/1/-2!(,.!%&()-/7/-2;!
>*/1&!+%=/-(1!(,0$1(%!9+9&,-$9!)(,!=&!*(%,&''&.!-+!
0&,&%(-&!)*/%(1!)$%%&,-';!+88&%/,0!:+-&,-/(1!(::1/)(-/+,'!
/,!('299&-%/)!'2,-*&'/'C!R*/'!.2,(9/)!%&':+,'/7&,&''!

&,(=1&'!%&(13-/9&!)+,-%+1!+7&%!)(-(12-/)!:%+)&''&';!:(73
/,0!-*&!>(2!8+%!-*&!.&'/0,!+8!'9(%-;!(.(:-(=1&!)(-(12'-'!
-*(-!)(,!+:-/9/H&!%&()-/+,!:(-*>(2'!(,.!9(/,-(/,!*/0*!
&88/)/&,)2!()%+''!7(%2/,0!)+,./-/+,'C!U1-/9(-&12;!-+:+3
1+0/)(1!)(-(12'/'!:%&'&,-'!(!:%+9/'/,0!8%+,-/&%! 8+%! -*&!
.&7&1+:9&,-!+8!,&<-30&,&%(-/+,!)(-(12-/)!'2'-&9'C!

R+0&-*&%!>/-*!Q&%,&7/0]'! -&(9!>&!*(7&!.&7&1+:&.!(!
,+7&1!(::%+()*!-+!/.&,-/82!&88/)/&,-!)(-(12'-'!=2!1+)(-3
/,0!()-/7&!'/-&'!/,!)%2'-(11/,&!9(-&%/(1'!>/-*!+='-%$)-&.!
(-+9/)! /,'$1(-+%'! 5#DN'6! -*(-! ./':1(2! 9&-(11/)! +=3
'-%$)-&.!'$%8()&!'-(-&'!5#VV'6C!U,1/E&!-%(./-/+,(1!9&-*3
+.'!-*(-!9+./82!'$%8()&'!8+%!)(-(12-/)!()-/7/-2;!-*/'!(:3
:%+()*! $-/1/H&'! '299&-%23:%+-&)-&.! #VV';! /,*&%&,-12!
:%&'&,-! /,!)&%-(/,!9(-&%/(1';!('!()-/7&!'/-&'C!D::12/,0!
-*/'!9&-*+.;![K"!:+-&,-/(1!*/0*3:&%8+%9(,)&!)(-(12'-'!
>&%&!/.&,-/8/&.;!+88&%/,0!(!'-%&(91/,&.!>(2!-+!.&'/0,!
)(-(12'-'!8+%!7(%/+$'!)*&9/)(1!%&()-/+,';!'$)*!('!>(-&%!
':1/--/,0!(,.!8$&1!)&11'C!OKP!

_&)&,-12!G(,0]'!-&(9!*('!8+)$'&.!+,!/9:%+7/,0!-*&!
&88/)/&,)2!+8!>(-&%!':1/--/,0;!(!:%+)&''!)%$)/(1!8+%!)1&(,!
&,&%02!:%+.$)-/+,;!=2!(..%&''/,0!(!)*(11&,0&!E,+>,!('!
-*&!+<20&,!&7+1$-/+,!%&()-/+,C!R*&!'1+>!#^_!/'!)($'&.!
=2!./88/)$1-/&'!/,!-*&!&1&)-%+,!-%(,'8&%!:%+)&'';!>*/)*!/'!
/,81$&,)&.!=2!-*&!':/,!+8!&1&)-%+,'C!R*&!-&(9!&<:1+%&.!
9(-&%/(1'! )(11&.! -+:+1+0/)(1! )*/%(1! '&9/9&-(1'! 5_*V/;!
_*V,;!(,.!_*Q/V6!-*(-!*(7&!$,/?$&!&1&)-%+,/)!:%+:&%3
-/&';! ':&)/8/)(112! ':/,3:+1(%/H&.! '$%8()&';! -+! &,*(,)&!
-*/'!:%+)&''C!Q2!$'/,0!-*&'&!)*/%(1!'&9/9&-(1';!-*&!%&3
'&(%)*&%'!9(,(0&.! -+!=++'-! -*&! ':/,3.&:&,.&,-! &1&)3
-%+,!-%(,'8&%!(,.!+7&%)+9&!-*&!:&%8+%9(,)&!1/9/-(-/+,'!
+8!)+,7&,-/+,(1!)(-(12'-'C!R*&2!8+$,.!-*(-!-*&!'-%&,0-*!
+8!':/,3+%=/-!)+$:1/,0!5V#S6;!(!E&2!:%+:&%-2!1/,E&.!-+!
-*&!9(-&%/(1]'!(=/1/-2!-+!)+,-%+1!&1&)-%+,!':/,;!/,)%&('&'!
/,!-*&!+%.&%!+8!_*V/!`!_*V,!`!_*Q/V;!>*/)*!./%&)-12!
)+%%&1(-&'! >/-*! /9:%+7&.! #^_! :&%8+%9(,)&C! D9+,0!
-*&!9(-&%/(1'!'-$./&.;!_*Q/V!'*+>&.!&<)&:-/+,(1!:&%3
8+%9(,)&;!+$-:&%8+%9/,0!-*&!>/.&12!$'&.!_$#"!)(-(3
12'-!=2!+7&%!Jaa!-/9&'!5'&&!I/0$%&!@6!OXPC!

Q2!(::12/,0!&1&)-%/)!+%!9(0,&-/)!8/&1.'!-+!RbF';!-*&!
&,&%02!1&7&1'!+8!-+:+1+0/)(1!'$%8()&!'-(-&'!)(,!=&!9+.3
$1(-&.;!/,.$)/,0!':/,!-&<-$%&'!-*(-!8$%-*&%!&,*(,)&!)(-3
(12-/)!()-/7/-2;!:(%-/)$1(%12!/,!%(./)(13.%/7&,!%&()-/+,'!
1/E&!S#"!%&.$)-/+,C!

R*&!'2,-*&'/'!(,.!'&:(%(-/+,!+8!*+9+)*/%(1!9+1&)$1&'!
:%&'&,-! (! '/0,/8/)(,-! )*(11&,0&;! ('! ./'-/,0$/'*/,0! =&3
->&&,!&,(,-/+9&%'!%&?$/%&'!(!)*/%(1!)(-(12'-!+%!)*/%(1!
1/0*-C!L+>&7&%;!.$&!-+!-*&!./'-/,)-!Q&%%2!)$%7(-$%&!(,.!
9+9&,-$93':()&!5E3':()&6!)*(%()-&%/'-/)'!+8! -*&!./83
8&%&,-!&,(,-/+9&%'!/,!+$%!)%2'-(1';!>&!9(2!,+-!+,12!+=3
'&%7&!,&>!-%(,':+%-!(,.!+:-/)(1!:*&,+9&,(!=$-!(1'+!(.3
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c!

.%&''!-*&'&!)*(11&,0&'!=2!:%+7/./,0!(!%+=$'-!:1(-8+%9!
8+%!('299&-%/)!)(-(12'/'!(,.!9+1&)$1(%!%&)+0,/-/+,C!

#$%! 8/%'-! /,7&'-/0(-/+,! +,! &,(,-/+'&1&)-/7&! :%+)&''&'!
*('!8+)$'&.!+,!Y.Z(!*+9+)*/%(1!'/,01&!)%2'-(1';!>*&%&!
./'-/,)-!)*/%(1!1(--/)&!'-%$)-$%&'!&,(=1&!'&1&)-/7&!%&)+03
,/-/+,!+8!A#YD!&,(,-/+9&%'!7/(!+%=/-(1! (,0$1(%!9+3
9&,-$9! 5#DF6! :+1(%/H(-/+,C! R*&! #DF! /'! :%+:+%3
-/+,(1! -+! -*&! Q&%%2! :*('&! (,.! -*&%&8+%&! (,! /,./%&)-!
9&('$%&!+8!-*&!-+:+1+02C!Y.Z(!)%2'-(1'!&<*/=/-!'/0,/83
/)(,-! #DF! :+1(%/H(-/+,! ,&(%! -*&! I&%9/! 1&7&1;! >*/)*!
./88&%'!=('&.!+,!)%2'-(1!)*/%(1/-2;!(88&)-/,0!-*&!(.'+%:3
-/+,! &,&%0/&'! (,.! =+,./,0! >/-*! A#YD! &,(,-/+9&%'C!
R*/'! '-$.2! '$00&'-'! -*(-! #DF! :+1(%/H(-/+,! /,! /,+%3
0(,/)!)%2'-(1'!)+$1.!=&!(!E&2!8()-+%!/,!-*&!,(-$%(1!.&3
7&1+:9&,-!+8!*+9+)*/%(1/-2!(,.!)+$1.!+:&,!:(-*>(2'!
8+%!)%&(-/,0!9+%&!&88/)/&,-!&,(,-/+9&%/)!%&()-/+,'!OcPC!

#$%!8$-$%&!+=d&)-/7&!/'!-+!'2'-&9(-/)(112!&<:1+%&!-*&!/,3
-&%()-/+,'!=&->&&,!)*/%(1!)%2'-(1'!(,.!)*/%(1!9+1&)$1&';!
&1$)/.(-/,0!-*&!$,.&%12/,0!:*2'/)'!-*(-!0+7&%,!-*&'&!/,3
-&%()-/+,'C!R+!()*/&7&!-*/';!>&!>/11!9(,/:$1(-&!':&)/8/)!
)*&9/)(1!(,.!:*2'/)(1!)+,-%+1!:(%(9&-&%'!e!'$)*!('!&1&)3
-%+,/)!=(,.!'-%$)-$%&';!Q&%%2!)$%7(-$%&;!':/,!.2,(9/)';!
(,.!&1&)-%+,/)!/,-&%()-/+,'!5'&&!I/0$%&!J6!e!(,.!)+%%&1(-&!
-*&9!>/-*!&,(,-/+'&1&)-/7&!9+1&)$1&39(--&%!/,-&%()-/+,';!

/,)1$./,0! (.*&'/+,;! )*(%0&! -%(,'8&%;! (,.! ':/,! -%(,'8&%C!
I+%!8$%-*&%!%&(./,0!'&&!%&:+%-!!47UVWUB)63C!

!+%+2+3*$)69$7&*8/)22'6#$J*((#/&*$

R*&+%2!%&9(/,'!(!)%$)/(1!'-(%-/,0!:+/,-!8+%!/.&,-/82/,0!
9(-&%/(1'!>/-*! -*&!.&'/%&.!?$(,-$9!:%+:&%-/&'C!L+>3
&7&%;!+,12!(!8&>!+</.&'!(%&!)$%%&,-12!E,+>,!-+!=&!-+:3
+1+0/)(1;!1(%0&12!.$&!-+!-*&!1/9/-(-/+,'!+8!.&,'/-2!8$,)3
-/+,(1! -*&+%2C! R+! (..%&''! -*/'! )*(11&,0&;! W&%0,/+%2f'!
-&(9!*('! -(E&,! ->+!(::%+()*&'C!I/%'-;! -*&2!=&0(,! /,3
)+%:+%(-/,0!)+%%&1(-/+,'!/,-+!-*&!RSb!8%(9&>+%EC!V&)3
+,.;! %&)+0,/H/,0! -*&! '-%$)-$%(1! '/9/1(%/-/&'! =&->&&,!
L&$'1&%!(,.!.+$=1&!:&%+7'E/-&';!-*&2!'2'-&9(-/)(112!/,3
7&'-/0(-&.!-*&'&!9(-&%/(1';!1&(./,0!-+!S*(,.%(]'!-&(9!
'2,-*&'/H/,0! '&7&%(1! :%+9/'/,0! )(,./.(-&'C! D,+-*&%!
,&>! ./%&)-/+,! &<:1+%&.! >('! -*&! '-$.2! +8! -+:+1+0/)(1!
:%+:&%-/&'! +8! :*+,+,'! /,! )+,.&,'&.! 9(--&%! '2'-&9'C!
R*/'!(::%+()*!:%+7&.!:(%-/)$1(%12!7(1$(=1&!>*&,!&<3
(9/,/,0! '-%$)-$%(1! /,'-(=/1/-/&'! /,! -*&!g(0+9&! 1(--/)&!
(,.!+-*&%!'2'-&9'C!!
h++E/,0! (*&(.;! >&! >/11! )+,-/,$&! )+11(=+%(-/,0! >/-*!
W&%0,/+%2!(,.!Q&%,&7/0;!>/-*!(!,&>!8+)$'!+,!BA!9(-&3
%/(1'!(,.!-*&!.&'/0,!+8!,+7&1!:%+:&%-/&'!-*%+$0*!->/'-/,0C!
I+%!8$%-*&%!%&(./,0!'&&!%&:+%-!!47UVNUX#&36'+&*C!

!
/#:=!O)!P,Q!*,',+?'#&!,&'#C#'?!(A!'4%!'(2(+(:#&,+!&4#$,+!0%5#5%',+0!E43#7!E436!,6.!E4N#3=!PDQ!K4%!R"S"!2$(.-&'#(6!
#0!$%.-&%.!,6.!P&Q!32#6M2(+,$#T,'#(6!5%&4,6#05!(A!'4%!S8E!P.Q!K4%!&,+&-+,'%.!02#6!2(+,$#T,'#(60!P+%A'!,U#0Q!,6.!
&($$%02(6.#6:!02%&#A#&!,&'#C#'#%0!P$#:4'!,U#0Q!#6!'4%!&4#$,+!&$?0',+0=!

!

https://www.cpfs.mpg.de/2024_SR_TQC_04
https://www.cpfs.mpg.de/2024_SR_TQC_02


!

i!

T)3+(#$7+(%+5698$

G/-*!F,#Z&!(,.!S+#V,"V"!>&!*(7&!'-(%-&.!-*&!8/&1.!+8!
9&-(11/)! (,.! '&9/39&-(11/)! g(0+9&! )+9:+$,.'C! R*&!
g(0+9&! 1(--/)&! /'! +8! ':&)/(1! /,-&%&'-;! '/,)&! /-! *+'-'!!
7(,!L+7&! '/,0$1(%/-/&';!A/%()!+%!G&21! :+/,-'! (,.! 81(-!
=(,.'!/,!-*&/%!&1&)-%+,/)!'-%$)-$%&!(,.!/-!/'!+='&%7&.!/,!(!
7&%'(-/1&!8(9/12!+8!)%2'-(1!'-%$)-$%&'!+:&,!,&(%12!/,8/,/3
-/7&! -$,/,0! :+''/=/1/-/&'! 5'&&!I/0$%&! [6C! I1(-=(,.! 5IQ6!
%&:%&'&,-'!(!*/0*12!.&0&,&%(-&!./':&%'/+,1&''!&1&)-%+,/)!
'-(-&;!(,.!/8!1+)(-&.!)1+'&!-+!-*&!I&%9/!&,&%02;!&,(=1&'!
7(%/+$'! &9&%0/,0! ?$(,-$9! :*&,+9&,(;! '$)*! ('! -*&!
*/0*3-&9:&%(-$%&! ?$(,-$9! L(11! &88&)-;! 8%()-/+,(1! L(11!
&88&)-;!?$(,-$9!(,+9(1+$'!L(11!&88&)-;!$,)+,7&,-/+,(1!
'$:&%)+,.$)-/7/-2;! $,)+,7&,-/+,(1! 9(0,&-/'9! '$)*! ('!
,+,3)+11/,&(%!9(0,&-/'9;!)*(%0&!.&,'/-2!>(7&!5SAG6!
/,'-(=/1/-/&';!(,.!+-*&%!)+%%&1(-&.!&88&)-'!9/0*-!+))$%!OiPC!
N,! ->/'-&.! 0%(:*&,&! (,.! /,! g(0+9&! 1(--/)&'! '$)*! 81(-!
=(,.'!>&%&!%&(1/H&.!(,.!'&7&%(1!+8!-*&!:%&./)-&.!:*2'/3
)(1!&88&)-'!>&%&!(1%&(.2!+='&%7&.C!Q2!1&7&%(0/,0!'+1/.3
'-(-&! )*&9/'-%2;!,&>!g(0+9&!9(-&%/(1';! /,)1$./,0! '$3
:&%)+,.$)-+%';! )(,! =&! /.&,-/8/&.C!D! %&)&,-! '-$.2! $'&.!
*/0*3-*%+$0*:$-!AIR!)(1)$1(-/+,'!+,!Bi@!g(0+9&!)+93
:+$,.';!%&7&(1/,0!-*(-!JKK!(%&!'-(=1&;!>*/1&!+-*&%'!'*+>!
:*+,+,!/,'-(=/1/-/&'!*/,-/,0!(-!:+-&,-/(1!'-%$)-$%(1!-%(,'/3
-/+,'C!R*&!/,-%+.$)-/+,!+8!9(0,&-/)!+%.&%!)(,!&1/9/,(-&!
'+9&!+8!-*&'&!/,'-(=/1/-/&'C!N,!'+9&!)('&';!':/,3:*+,+,!
)+$:1/,0! /'! '$00&'-&.! ('! (! )($'&! 8+%! :*&,+9&,(! 1/E&!
SAG!-%(,'/-/+,';!('!'&&,!/,!I&Z&C!R*&!h,R/#Q/$!8(9/12!

(1'+!.%(>'!(--&,-/+,!8+%!/-'!9(0,&-/)!:%+:&%-/&'!(,.!)+$3
:1/,0!=&->&&,!9(0,&-/'9!(,.!SAG!=&*(7/+%;!:(%-/)$3
1(%12! /,! R=R/#Q/$C! R*/'! )+9:+$,.! .&9+,'-%(-&'! 9(03
,&-/)!:1(-&($'!(,.!'-%+,0!':/,3)*(%0&!)+$:1/,0;!(1-*+$0*!
-*&!$,.&%12/,0!9&)*(,/'9'!'-/11!%&?$/%&!/,7&'-/0(-/+,C!
I+%!8$%-*&%!%&(./,0!'&&!%&:+%-!!47UVYUZ#63A!

F+-/7(-&.!=2! -*&! )(')(.&!+8! &1&)-%+,/)! /,'-(=/1/-/&'! /,!
-*&!g(0+9&!1(--/)&;!-*&!-&(9!0%&>!'/,01&!)%2'-(1'!+8!-*&!
'$:&%)+,.$)-+%!S'W#V=%!(,.!d+/,&.!8+%)&'!>/-*!:*2'/3
)/'-'!-+!&<:1+%&!>*&-*&%!-*&!)*(%0&!.&,'/-2!>(7&!/,'-(3
=/1/-2! /,! (! )*(%0&! .&,'/-2!>(7&! '2'-&9! )+$1.! =&! )+,3
-%+11&.!=2!&<-&%,(1!8/&1.'!OJaPC!R2:/)(112;!)*/%(1!-%(,':+%-!
e!/,!>*/)*!-*&!&1&)-%/)(1!:%+:&%-/&'!)*(,0&!.&:&,./,0!+,!
-*&!j*(,.&.,&''k!+8!-*&!9(-&%/(1!e!+,12!+))$%'!/,!9(-&3
%/(1'!>*+'&!(-+9/)! '-%$)-$%&!*('!,+!9/%%+%! '299&-%2C!
L+>&7&%;!-*&!-&(9!./')+7&%&.!(!,&>!>(2!-+!)+,-%+1!)*/3
%(1!-%(,':+%-!/,!-*&!g(0+9&!9&-(1!S'W#V=%;!>*/)*!*('!(!
'299&-%/)(1!'-%$)-$%&C!D-!7&%2!1+>!-&9:&%(-$%&'!5=&1+>!
@"!g6;! -*&2!+='&%7&.!(! '-%+,0!)*/%(1! %&':+,'&!>*&,!(!
9(0,&-/)!8/&1.!>('!(::1/&.!/,!-*&!:1(,&C!R*&!*(,.&.,&''!
+8! -*&! 9(-&%/(1f'! -%(,':+%-! :%+:&%-/&'! >('! '/9:12!
)*(,0&.!=2!%&7&%'/,0!-*&!9(0,&-/)!8/&1.C!_&)&,-12;!+-*&%!
9(-&%/(1'!>/-*! )*/%(1! )*(%0&3.&,'/-2!>(7&! /,'-(=/1/-/&'!
*(7&! =&&,! /.&,-/8/&.;! &7&,! (-! %++9! -&9:&%(-$%&C! R*&!
:+''/=/1/-2!+8!'>/-)*/,0!)*/%(1/-2!/,!9(-&%/(1'!=2!&<-&%,(1!
8+%)&'!/'!(,!&<)/-/,0!/.&(;!('!/-!)+$1.!1&(.!-+!,&>!:+''/3
=/1/-/&'!/,!('299&-%/)!)*&9/'-%2!(,.!&1&)-%+,/)!.&7/)&'C!
I+%!8$%-*&%!%&(./,0!'&&!%&:+%-!!47UVNUX#&36'+&*C!

!
/#:=!V)!/,5#+#%0!(A!W,:(5%!+,''#&%07!X#'4!'$,60#'#(6!5%',+0!,0!W,:(5%!D-#+.#6:!D+(&I0=!
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K&#885&#CM695.#9$J5%#&.+695./'0'/*$'6$!+%+2+3'.)2$
G)/#&')28!

Y%&''$%&! )(,! '/0,/8/)(,-12! (1-&%! -*&! &1&)-%+,/)! =(,.!
'-%$)-$%&'!+8! -*&!g(0+9&!9(-&%/(1';! /,81$&,)/,0! -*&/%!
=&*(7/+%;!('!+='&%7&.!/,!DW#V=%!(,.!V)W&V,&C!G*/1&!
/,! -*&! :('-! 2&(%'! +$%! '$:&%)+,.$)-/7/-2! %&'&(%)*!>('!
9+'-12!)&,-&%&.!(%+$,.!-%(,'/-/+,39&-(1!)*(1)+0&,/.&'!
$,.&%! */0*! :%&''$%&;! ,+>! 9(-&%/(1'! >/-*! 1(2&%&.! =$-!
(1'+! )1&(%12! -*%&&3./9&,'/+,(1! '-%$)-$%&'! >/-*! 81(-!
=(,.'!*(7&!)+9&!/,-+!8+)$'C!V&7&%(1!)+9:+$,.'!>/-*!
g(0+9&! '-%$)-$%&! 1(2&%'! (,.! %(%&3&(%-*!>&%&! (1%&(.2!
/,7&'-/0(-&.!=2!9&9=&%'!+8!+$%!0%+$:!/,!-*/'!%&':&)-!
(,.!>&!:1(,!-+!&<-&,.!%&'&(%)*!-+!'+9&!,&>!T/3!(,.!
S%3=('&.!'2'-&9'!(,.!-*&/%!*/0*3:%&''$%&!:*('&'C!N-!/'!
>&11!E,+>,!-*(-!81(-!=(,.'!(,.!7(,!L+7&!'/,0$1(%/-/&'!
1&(.! '&?$&,)&'! +8! 7(%/+$'! +%.&%&.! &1&)-%+,/)! '-(-&';!
*+>&7&%! -*&!%+1&!+8!./':&%'/+,!%&9(/,'!-+!=&!/,7&'-/3
0(-&.!/,!9+%&!.&-(/1!
G&! :(%-/)/:(-&! /,! -*&! ,&>! )+,'+%-/$9! -+0&-*&%! >/-*!
Q&%,&7/0;!F/11/'!&-)C!5V$:&%S6!.&7+-&.!-+!-*&!8/,./,0!
+8!,&>!)(,./.(-&'!8+%!'$:&%)+,.$)-+%'!>/-*!*/0*!)%/-/3
)(1!-&9:&%(-$%&!=2!*/0*3-*%+$0*:$-!AIR!(,.!:*+,+,!
)(1)$1(-/+,'! )+9=/,&.! >/-*! 9()*/,&! 1&(%,/,0C! #$%!
0%+$:;! =&'/.&'! -*&!g(0+9&!9(-&%/(1';! -(%0&-'! 8+%! -*&!
'2,-*&'/'! (,.! /,7&'-/0(-/+,! +8! h(7&';! D1Q"3! (,.!

R*S%"V/"3-2:&!'-%$)-$%&!'$:&%)+,.$)-+%';!>*/)*!(%&!+8!
9+%&! -*%&&3./9&,'/+,(1! )*(%()-&%C! N,! -*&! 1('-! .&)(.&!
'$:&%)+,.$)-/7/-2!*('!=&&,!./')+7&%&.!/,!)+9:+$,.'!
>/-*!1(%0&!(9+$,-'!+8!9(0,&-/)!&1&9&,-'!1/E&!S%;!F,!
(,.! I&! (,.! >&! -*/,E! -*&%&! /'! :+-&,-/(1! -+! 8/,.! 9+%&!
)+9:+$,.!'$:&%)+,.$)-+%'!>/-*!'$)*!$'$(112!(7+/.&.!
&1&9&,-'! (-! */0*! :%&''$%&C! F+%&+7&%;! 1/0*-3&1&9&,-!
)+9:+$,.'!(,.!-*&/%!:+''/=12!'$:&%)+,.$)-/,0!:*('&'!
(-!*/0*!:%&''$%&!$:!-+!Jaa!ZY(!(%&!+8!/,-&%&'-C!
I+%!8$%-*&%!%&(./,0!'&&!%&:+%-!!47UV[UJ."6#22#C!

!+%+2+3'.)2$G)/#&')28$1+&$!"#&(+#2#./&'.8$

R+:+1+0/)(1!'&9/9&-(1'!(,.!/,'$1(-+%'!:1(2!(!7/-(1!%+1&!
/,! -*&%9+&1&)-%/)'C! R*&! /,-&%()-/+,! =&->&&,! 9(0,&-/)!
:%+:&%-/&'!(,.!,+,3-%/7/(1!=(,.!'-%$)-$%&'!0/7&'!%/'&! -+!
&<+-/)!&88&)-'! 1/E&!'$='-(,-/(1!(,+9(1+$'!L(11!)+,.$)3
-/7/-2!5DLS6;!-*&!-+:+1+0/)(1!L(11!&88&)-!5RL^6;!(!1(%0&!
(,+9(1+$'!T&%,'-!&88&)-!5DT^6;!(,.!&,*(,)&.!V&&=&)E!
&88&)-!/,!9(0,&-/)!8/&1.'C!V:/,3+%=/-!)+$:1/,0!(,.!)%2'-(1!
'299&-%2! (%&! E&2! -+! -*&'&! :*&,+9&,(C! #$%! %&'&(%)*!
'*+>'!'/0,/8/)(,-!DLS!/,!9(-&%/(1'!>/-*!9$1-/:1&!9/%%+%!
:1(,&';! '$)*! ('! L&$'1&%! )+9:+$,.';! >*/)*! (1'+! *(7&!
'-%+,0!':/,3+%=/-!)+$:1/,0C!N,!'/,01&!)%2'-(1';!Q&%%2!)$%3
7(-$%&!&88&)-'!(1/0,!>&11!>/-*!&<:&%/9&,-(1!.(-(C!

!
/#:=!Y)!R#:4M2%$A($5,6&%!0#6:+%M&$?0',++#6%!N###3D$"!,++(?!,0!'4%$5(%+%&'$#&!5,'%$#,+!X#'4!#52$(C%.!2$(2%$'#%0!
-6.%$!,!5,:6%'#&!A#%+.!ZJL[!
!
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U,1/E&!-%(./-/+,(1!-*&%9+&1&)-%/)!.&7/)&'!%&12/,0!+,!-*&!
V&&=&)E!&88&)-;!T&%,'-!.&7/)&'!+:&%(-&!>/-*!(!'/9:1&%!
-%(,'7&%'&! 0&+9&-%2C! D,-/8&%%+9(0,&-';! :%&7/+$'12!
-*+$0*-!-+!1()E!DT^!.$&!-+!-*&/%!H&%+!,&-!9(0,&-/)!9+3
9&,-;!>&%&! %&)&,-12! 8+$,.! -+!&<*/=/-!DT^!7/(!Q&%%2!
:*('&!&88&)-'C!R*/'!./')+7&%2!>('!9(.&!/,!-*&!(,-/8&%3
%+9(0,&-! l=F,Q/";! >*&%&! DT^! 7(1$&'! '$%:(''&.!
-*+'&!/,!8&%%+9(0,&-'!OJJP;!%&7&(1/,0!,&>!:+-&,-/(1!8+%!
)+,7&%-/,0!>('-&!*&(-!-+!&,&%02C!N,!-*&!g(0+9&!(,-/3
8&%%+9(0,&-! lF,&V,&;! (! 1(%0&! (,+9(1+$'! -%(,'7&%'&!
-*&%9+&1&)-%/)! &88&)-! 5m!B!nW!g'(6! (-! %++9! -&9:&%(3
-$%&;! )+9:(%(=1&! -+! 8&%%+9(0,&-';! >('! +='&%7&.;! (-3
-%/=$-&.! -+! Q&%%2! )$%7(-$%&! ,&(%! -*&! I&%9/! 1&7&1C! N,!
9$1-/=(,.! -+:+1+0/)(1! '&9/9&-(1';! (! 1(%0&! +%./,(%2!
T&%,'-!'/0,(1!/'!&<:&)-&.;!('!'&&,!/,!GR&"!(,.!R(D'"C!
R*&!9+'-!&<)/-/,0!%&'$1-'!)+9&!8%+9!-*&!G&21!'&9/3
9&-(1!Q/ooV=pq;!>*/)*!'*+>'!1/,&(%!=(,.!./':&%'/+,!(,.!
(!'-%+,0!9(0,&-+3V&&=&)E!&88&)-;!>/-*!(!./9&,'/+,1&''!
8/0$%&!+8!9&%/-!5TK6!&<)&&./,0!B!/,!(!9(0,&-/)!8/&1.!5'&&!
I/0$%&!"6C!Y(,]'!-&(9!./')+7&%&.!-*(-!(::12/,0!(!'9(11!
9(0,&-/)! 8/&1.! 51&''! -*(,! J!R&'1(6! -+! Q/))V=("! '/,01&!
)%2'-(1'! '/0,/8/)(,-12! &,*(,)&.! -*&/%! -*&%9+&1&)-%/)!
:&%8+%9(,)&! OJBPC!V:&)/8/)(112;! -*&2!+='&%7&.! (!*/0*!
-*&%9+&1&)-%/)!8/0$%&!+8!9&%/-!5TK6!e!(!9&('$%&!+8!&88/3
)/&,)2!e!>/-*!7(1$&'!+8!aCX!(-!J"a!g!5>/-*!,+!9(0,&-/)!
8/&1.6;!JCi!(-!Jca!g!5>/-*!aCX!R&'1(6;!(,.!(::%+</9(-&12!
J!(-!%++9!-&9:&%(-$%&!5@aa!g;!>/-*!J!R&'1(6C!R*/'!/93
:%+7&9&,-!>('!.$&! -+! -*&!*/0*!9+=/1/-2!+8!&1&)-%+,'!
(,.! (! ?$(,-$9! &88&)-! )(11&.! >&(E! (,-/1+)(1/H(-/+,;!
>*/)*!*&1:'!%&.$)&!*&(-!-%(,'8&%!>*/1&!=++'-/,0!&1&)3
-%/)/-2!0&,&%(-/+,C!#$%!8/,./,0!'*+>'!-*(-!1+>!9(0,&-/)!
8/&1.'!)(,!&,*(,)&!-*&%9+&1&)-%/)!:&%8+%9(,)&!/,!-+:3
+1+0/)(1!9(-&%/(1';!9(E/,0!-*&9!9+%&!&88/)/&,-!(-!0&,3
&%(-/,0!&1&)-%/)/-2!8%+9!*&(-C!#$%!(::%+()*!)(,!(1'+!=&!
(::1/&.!-+!+-*&%!-+:+1+0/)(1!9(-&%/(1'!>/-*!'/9/1(%!&1&)3
-%+,/)!:%+:&%-/&';!+:&,/,0!,&>!(7&,$&'!8+%!-*&%9+&1&)3
-%/)!-&)*,+1+02!.&7&1+:9&,-C!
I$%-*&%!%&(./,04!!47UV\UP#;!!47UV]UJ"#O")&C!

45)6/5($G)/#&')28$'6$^#95.#9$_'(#68'+68$

Q&2+,.! -*&! '2,-*&'/'! +8! */0*3?$(1/-2! '/,01&! )%2'-(1'!
(,.!$'/,0!)*&9/)(1!(,.!:*2'/)(1!9&-*+.'!-+!./')+7&%!
,&>!:%+:&%-/&';!%&.$)&.!./9&,'/+,'!(,.!.&'/0,&.!/,3
-&%8()&'!+88&%!$,/?$&!+::+%-$,/-/&'!-+!&<:1+%&!?$(,-$9!
(,.!-+:+1+0/)(1!:*&,+9&,(;!%&12/,0!+,!'$%8()&!(,.!/,3
-&%8()&! '-(-&';! ('!>&11! ('! ?$(,-$9! )+,8/,&9&,-C! R*&!
-*/,!8/19!1(=;!>/-*!&<:&%-/'&! /,!9(0,&-%+,!':$--&%/,0!
+8!L&$'1&%!)+9:+$,.';!*('!&<:(,.&.!/,-+!9+1&)$1(%!
=&(9! &:/-(<2;! >+%E/,0! +,! L(183L&$'1&%! (,.! Q/"V&$!
8/19'!.+:&.!>/-*!9(0,&-/)!/+,'!-+!/,7&'-/0(-&!?$(,-$9!
&88&)-'!1/E&!-*&!?$(,-$9!':/,!(,.!(,+9(1+$'!L(11!&83

8&)-'C!I$-$%&!:%+d&)-'!/,)1$.&!r+'&:*'+,!.&7/)&'!>/-*!
-+:+1+0/)(1! '$:&%)+,.$)-+%';! 1&7&%(0/,0! ,&>! -++1'!
1/E&! -*&! 8+)$'&.! /+,! =&(9! 5INQ6! 8+%! 8(=%/)(-/,0!
9&'+')+:/)!.&7/)&'C!
^<8+1/(-/+,!+8!7(,!.&%!G((1'!9(-&%/(1'!+88&%'!(!:%+93
/'/,0!(7&,$&!8+%!'-$.2/,0!-*&!-%(,'/-/+,!8%+9!@A!-+!BA!
?$(,-$9!L(11!&88&)-'!(,.!)%&(-/,0!(%-/8/)/(1!)*/%(1!9(3
-&%/(1'!8+%!)(-(12'/'C!F/'8/-!1(2&%!)+9:+$,.'!5FhS'6;!
'/9/1(%!-+!->/'-&.!=/1(2&%!0%(:*&,&;!8&(-$%&!1(--/)&!9/'3
9(-)*&'!-*(-!1&(.!-+!F+/%s!:(--&%,';!(,.!-*&/%!:+-&,-/(1!
(::1/)(-/+,'! ':(,! +:-+&1&)-%+,/)';! )(-(12'/';! (,.! &,3
&%02! '-+%(0&C!L+>&7&%;! ,(,+.&7/)&! 8(=%/)(-/+,! $'/,0!
-*&'&!)%2'-(1'!%&9(/,'!)*(11&,0/,0C!R+:+1+0/)(1!'&9/3
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1.3 Physics of Correlated Matter

Director: Liu Hao Tjeng#

Group Leaders: Simone Altendorf, Chun-Fu Chang, Zhiwei Hu, Alexander Komarek, Oliver Stockert, Steffen Wirth

Our aim is to understand how electrons in transition-metal, rare-earth and actinide based materials interact
to produce the extraordinary and often unexpected quantum phenomena observed in these systems. Due
to the limitations of ab-initio calculations and the inaccessibility of exact many-body solutions, we seek to
develop approximations that capture the essential physics governing these phenomena � speci�cally, to �nd
routes from a generic high-energy Hamiltonian to the appropriate low-energy one. To achieve this, we are
advancing state-of-the-art x-ray spectroscopic techniques combined with material-speci�c many-body model
calculations. This may lead to, for example, the identi�cation of coherent spectral weights and various forms
of satellites, which can be associated with quasi-particles and their dressing, respectively. Our experimental
efforts also focus on materials development, synthesizing new materials in both bulk and thin �lm forms
to tune the relevant interactions and potentially uncover novel phenomena. Our department’s research is
driven by a collaborative team of researchers, each bringing their own expertise, working together to explore
the complex behaviour of correlated materials.

Members of our Department coauthored 293 publica-
tions in the census period of May 2021 � June 2024 (for
comparison, we have 224 publications in 2018�2021,
187 in 2015�2018, and 161 in 2012�2015).

CaCu3Ru4O12: A high Kondo-temperature oxide

Transition metal oxides exhibit a wide range of remark-
able physical properties, including superconductivity,
metal-insulator transitions, spin-state transitions, unusu-
ally large magnetoresistance, orbital ordering phenom-
ena, and multiferroicity. Notably, heavy-fermion or
Kondo behavior is rarely observed in oxides. While com-
mon in rare-earth and actinide intermetallics, evidence
for heavy-fermion physics in oxides is limited, with
perhaps only LiV2O4 showing such indications. The
discovery of the transition metal oxide CaCu3Ru4O12
(CCRO), which displays Kondo-like properties, there-
fore generated signi�cant excitement. However, this
Kondo interpretation has been met with strong skepti-
cism. For instance, it has been argued that the speci�c
heat coef�cientWdoes not deviate signi�cantly from the
band structure value, suggesting that electronic correla-
tions play only a minor role.
Here, we address the CCRO problem from a different
perspective. Figure 1 shows the magnetic susceptibility
of CCRO together with that of CaCu3Ti4O12 (CCTO),
as reproduced from literature. One can observe that
CCTO follows, far above its 25 K NØel temperature,
almost a textbook Curie-Weiss law for paramagnetic
( = 1�2 Cu2‚ ions. In contrast, CCRO shows a com-
pletely different behavior with a magnetic susceptibility
that is an order of magnitude smaller. There are also no
indications at all for magnetic order in CCRO.

In our combined x-ray spectroscopy and LDA + DMFT
study [1], we �rst established, through x-ray absorption
spectroscopy (XAS) and resonant photoelectron spec-
troscopy (PES), that the Cu in CCRO is divalent, rather
than monovalent or low-spin trivalent. This con�rms
that the Cu ions are paramagnetic. Additionally, the Cu
2? core-level PES spectra revealed a double main-peak
structure, indicating the presence of a screening process
by conduction electrons.
By utilizing the strong energy dependence of photoion-
ization cross-sections in hard and soft x-ray PES, we
successfully identi�ed the Cu33, Ru43, and O2? con-
tributions to the valence band. These �ndings were

Fig. 1: Magnetic susceptibility of CaCu3Ru4O12 and of
CaCu3Ti4O12, as well as of a( = 1�2 Cu2‚ ion scaled by
a factor of 3. Inset: Crystal structure of CaCu3Ru4O12
with the blue, red, gray, and indigo blue spheres repre-
senting Cu, O, Ru, and Ca, respectively.
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used to re�ne the double-counting correction and other
parameters in the LDA+DMFT calculations. The calcu-
lated spin and charge susceptibilities then con�rmed that
CCRO is a Kondo system, with a Kondo temperature
in the range of 500�1000 K. This high Kondo tempera-
ture implies that the contribution of the Kondo screening
process to the low-temperature speci�c heat is modest.
This explains why band structure calculations appear to
reproduce the experimentally observedWvalue of the
speci�c heat, as the main contribution originates from
the uncorrelated Ru-O-derived bands.

Paramagnetic LaCoO3: A highly inhomogeneous
mixed spin-state system

LaCoO3 has been the focus of intense and continuous
research for more than 50 years. It exhibits a fascinating
gradual transformation from a nonmagnetic insulator
at low temperatures to a paramagnetic semiconductor
at approximately 50�100 K, followed by an insulator-
to-metal transition around 450�550 K. The interest in
LaCoO3 stems from the long-standing and ongoing de-
bate about the nature of these transitions, as well as the
considerable potential of Co-oxide-based materials for
applications in battery technology and catalysis.
It has long been speculated that LaCoO3 in the param-
agnetic phase is an inhomogeneous spin-state system,
where nonmagnetic low-spin (LS) Co3‚ ions and mag-
netic high-spin (HS) Co3‚ may even form an ordered
state, possibly on a short-range dynamical scale. This
speculation arises from the fact that the effective ionic ra-
dius of LS Co3‚ is smaller than that of HS Co3‚ , as illus-
trated in Figure 2, which shows the ionic33 charge den-
sity for both cases. In the CoO6 octahedra of LaCoO3,
the steric repulsion between Co and O along the bond
axes is greater when the46 orbitals are occupied, com-
pared to when no46 electrons are present. Consequently,

Fig. 2: Local ionic Co3‚ 33 charge density in the CoO6
octahedron: low-spinC6

26 (left) and high-spinC4
2642

6
(right). TheC26 electron density is shown in blue and the
46 in yellow. Red dots mark the oxygen positions (faint
dots in the right denote the low-spin positions).

the Co�O bond lengths are strongly dependent on the
spin state of the Co ions.
Structural studies, however, have not detected any evi-
dence of such ordering or of Co sites with different bond
lengths in the paramagnetic state. Consequently, most
experimental and theoretical investigations of the elec-
tronic structure of LaCoO3 assume either equivalent Co
atoms or spin-state inequivalent Co atoms based solely
on electronic considerations. Although there is no direct
proof of structurally distinct Co sites to date, this issue
cannot be ignored. For instance, the temperature depen-
dence of the spin-state transition remains an unresolved
problem, and it is unclear how well LaCoO3 functions
as a metal at high temperatures. These challenges are, in
fact, common to many transition metal compounds that
exhibit phase transitions.
We investigated LaCoO3 using bulk-sensitive hard
x-ray PES (HAXPES) and XAS at the O- edge,
combined with con�guration-interaction calculations
that incorporate full atomic-multiplet theory [2]. The
enhanced bulk sensitivity allowed us to observe a
pronounced temperature dependence and obtain spectra
with unprecedented detail. We found that the energy gap
decreases by approximately 0.6 eV across the spin-state
transition, from 80 to 650 K. However, the intensity
near the Fermi level remains low, classifying LaCoO3
as a bad metal even in its metallic phase. Our analysis
interprets the spectra as incoherent sums of LS and
HS Co3‚ contributions. Furthermore, we discovered
signi�cant differences in the energy parameters for the
two Co sites, indicating that paramagnetic LaCoO3 is a
highly inhomogeneous system with spin-state-speci�c
local lattice relaxations. This �nding provides insight
into the long-debated temperature dependence of
activation energies and the observed bad metal behavior.

SeePCM_01_Tjeng for our spectroscopic studies on
other transition metal compounds.

Direct imaging of valence orbitals using hard x-ray
photoelectron spectroscopy

PES is one of the most powerful experimental methods
for studying the electronic structure of crystalline mate-
rials. The capability to detect band dispersions through
angle-resolved PES (ARPES) has �rmly established its
signi�cance in �elds such as high-Tc superconductivity
and topological insulators. More recently, the devel-
opment of HAXPES has opened new research avenues
due to its greatly increased probing depth. In the fol-
lowing we describe how we utilize HAXPES to bring
to application a long-sought complementary aspect of
photoelectron spectroscopy: the ability to image the key
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Fig. 3: Left panels: Crystal structure of ReO3 and experimental geometry; Middle panels: Orientation dependent
HAXPES spectra and LDA calculations; Right panels: Polar plots of the HAXPES intensities in regions A, B, and C
from middle panel (b) together with the 3D plots of theC26 (in blue) and46 (in yellow) charge densities.

orbitals that contribute to the valence band structure of
crystalline solid-state materials.
In the early 1980s, Goldberg, Fadley, and Kono [Solid
State Commun. 28, (1978) 459; J. Electron Spectrosc.
Relat. Phenom. 21, (1981) 285] calculated the pho-
toionization cross-sections for atomic orbitals with �xed
spatial orientation. They found that these cross-sections
are directly proportional to the probability distribution of
the initial state orbital when the experiment is conducted
in a speci�c geometry where the polarization of the light
and the direction of the measured photoelectrons are
parallel. Figure 3 illustrates this geometry. By rotating
the sample and measuring the orientation dependence,
the experiment could potentially create a direct spatial
image of the occupied orbital. This method represents a
real-space type of imaging that is calculation-free. How-
ever, what holds true for freestanding atoms may not be
applicable to solids. In solids, electron scattering is sig-
ni�cantly stronger, leading to well-known phenomena
such as photoelectron diffraction effects, which disturb
the measurements.
In Ref. [3], we present our experimental as well as the-
oretical efforts to implement the Goldberg, Fadley, and
Kono idea for crystalline solids. As a model system we
investigated ReO3, an oxide with a simple but remark-
able crystal structure, namely, a simple cubic arrange-
ment of interconnected ReO6 octahedra; see Figure 3. In
terms of properties, ReO3 is an atypical and fascinating
oxide: It is one of the best conducting oxides, with a
conductivity comparable to that of Cu or Ag metal.

The middle panel of Figure 3 shows a selection of spectra
obtained with different crystal orientations while keep-
ing the measurement geometry �xed. A key innovation
in our approach is normalizing the spectra to the shal-
low Re 45 core level. This normalization effectively
removes intensity variations caused by sample and beam
spot inconsistencies. More importantly, it signi�cantly
mitigates the pronounced angular dependence arising
from x-ray photoelectron diffraction (XPD) processes.
The shallow Re core levels and the Re valence band
states exhibit similar XPD effects due to their nearly
identical kinetic energies, while the fully �lled core lev-
els possess spherical symmetry, resulting in no initial-
state orientation dependence. By normalizing the spec-
tra to the shallow core levels, we can isolate the desired
initial-state orientation dependence of the partially �lled
valence band orbitals.
The right panel of Figure 3 displays polar plots show-
ing the orientational dependence of the photoemission
intensities from regions A, B, and C of the valence band.
These intensity variations clearly indicate that regions A
and B exhibitC26 character, while region C is46-like, a
�nding supported by LDA band structure calculations.
We note that our analysis assumes the ability to subtract
an isotropic angular background from the polar plots,
an assumption validated byab initio one-step photoe-
mission calculations. This approach allows us to create
direct images of the orbitals contributing to the band
structure of the material. The images are energy-speci�c
and reveal the role of each orbital in chemical bond-
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Fig. 4: (a) RIXS process at U" 4�5 edges for a55= ground state. (b) Scattering geometry of RIXS experiment with
scattering angle2� = 90� . (c) Fluorescence-yield" 5 XAS spectrum of UGa2, dots marking the incident photon
energies for RIXS (�a 1, �a 2, �a 3). (d) " 5 RIXS data of UGa2 acquired with�a 2 and a sample angle\ = 45� .

ing and Fermi surface topology. This orbital imaging
information complements data obtained from ARPES,
thereby enhancing our understanding of the electronic
structure. This new method is applicable to a wide range
of crystalline materials.

Multiplets and singlet magnetism in intermetallic
UGa2 unveiled by inelastic x-ray scattering

Actinide intermetallics exhibit a wealth of fascinating
phenomena, including heavy-fermion behavior, hidden
order, unconventional magnetism, and unconventional
superconductivity, as well as orbital multicomponent or
spin-triplet superconductivity with potential topological
properties. It is generally understood that these complex
emergent properties arise from the intricate interplay of
band formation and correlations involving the55 elec-
trons. However, it remains unclear how to quantitatively
describe the electronic structure of these systems. For in-
stance, it is debated whether an itinerant approach or an
embedded impurity model that explicitly incorporates lo-
cal degrees of freedom serves as the better starting point.
A major challenge is that many intermetallic uranium
compounds, with the possible exception of UPd3, do not
exhibit local excitations in their inelastic neutron scatter-
ing data. In fact, there is a lack of spectroscopic data to
con�rm the presence of remnants of atomic-like states,
let alone to identify which multiplet and/or crystal-�eld
state is actually occupied.
Not long ago, we discovered that atomic-like multiplet
states exist in the core-level spectra of U" 2Si2 (" =
Ru, Pd, Ni, Fe) [4, 5]. This �nding was based on non-
resonant inelastic x-ray scattering (NIXS or x-ray Raman
scattering) measurements that utilized beyond-dipole
transitions. This approach enabled us to access atomic-

like �nal states with high quantum numbers and, conse-
quently, low energies, making them highly excitonic and
resistant to broadening from continuum states. These dis-
coveries motivated us to search for multiplet excitations
without the presence of a core hole, speci�cally low-
energy intra-valence-band excitations that fall within the
energy range covered by Raman, optical, or neutron scat-
tering experiments. To this end, we have invested in the
development of a new instrument at PETRA III to con-
duct high-resolution resonant inelastic x-ray scattering
(RIXS) measurements in the tender x-ray range, target-
ing the strong U" 4�5 edges (ca. 3730 eV and 3552 eV,
respectively). Figure 4 shows the experimental setup
and the principles of the spectroscopic method [6]. The
energy resolution at the U" 5 edge has recently been
improved from 150 meV to 70 meV.
We investigated UGa2 as a representative case of metal-
lic U compounds where the balance between itinerancy
and localization is a key issue. UGa2 crystallizes in the
hexagonal AlB2 structure (space group P6/mmm), with
U�U distances signi�cantly exceeding the Hill limit. It
exhibits ferromagnetic ordering below the Curie tem-
perature () � ) of 125 K, with moments of approximately
3 ‘ � aligned in the01 plane. Previous attempts to ex-
plain the magnetism have been based on local52 or 53

charge con�gurations, as well as itinerant models.
Figure 4 shows a representative RIXS spectrum that dis-
plays sharp peaks below 2 eV, superimposed on a broad
feature likely arising from charge-transfer excitations.
The sharp peaks are characteristic of local atomic-like
excitations. By comparing the spectra to full atomic-
multiplet calculations, we �nd that the multiplet exci-
tations in RIXS exhibit the characteristic �ngerprint of
the 552 con�guration. Thus, the 552 con�guration is
crucial for understanding the correlated nature of this fer-
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Fig. 5: Top panels: Experimental hard and soft x-ray valence band spectra of UGa2 and UB2. Middle bottom
panels: DFT + DMFT calculations for* ff = 3 eV, � = 0.59 eV, and‘ 32 = 4.25 eV, weighed with photoionization
cross-sections. Left and right bottom panels: Atomic U55= con�guration histograms of UGa2 and UB2, respectively.
The red ticks indicate the uncorrelated statistical distribution.

romagnet. The orientation and directional dependence
of the spectra indicate that the ground state consists of a
� 1 singlet and/or a� 6 doublet symmetry. Given that the
ordered moment lies in the01-plane, we infer that the
magnetism originates from the higher-lying� 6 doublet,
which mixes with the� 1 singlet due to intersite exchange.
This quali�es UGa2 as a true quantum magnet [6].
Here we note that induced quantum magnetism in singlet
ground state systems has been well explored in434/534

transition metal or452 Pr materials. In these cases the
presence of multiplets is clear. Singlet magnetism is
however rarely recognized so far in U compounds, but
with the ability to establish that the U552 con�guration
might be quite common, we may �nd many more U
compounds to belong to this class of singlet magnets, all
requiring theories beyond mean-�eld.

Quantifying the U 5f covalence and degree of local-
ization in U intermetallics

As mentioned earlier, uranium intermetallic compounds
exhibit a wide range of fascinating physical phenomena
arising from the intricate interplay between atomic-like
correlations and the band formation of U55 electrons.
Describing these materials requires approaches that go
beyond mean-�eld theory. Recent developments com-
bining DFT with DMFT offer an exciting opportunity
to capture certain aspects of both low- and high-energy
properties. While these calculations yield promising re-
sults, they often encounter challenges, such as how to ap-
propriately subtract correlation effects already included
in both the DFT and DMFT components, as well as how
to determine the actual magnitude of these correlations.
Consequently, accurately reproducing experimentally
observed quantities, such as spectra in electron spec-
troscopy, can be dif�cult when aiming for trulyab initio
calculations. As a result, the community faces con�ict-
ing �ndings from different spectroscopic techniques re-

garding the extent of correlations and the occupancy of
the U55 shell.
In this study, we aim to establish a procedure to em-
pirically reduce or even eliminate the uncertainties in
DFT + DMFT. Material speci�c parameters can be ob-
tained by tuning the calculations to accurately reproduce
the valence band spectra measured with various pho-
ton energies [7]. The changes in the spectra, originat-
ing from the energy dependence of the photoionization
cross-sections of the atomic subshells involved, enable
DFT + DMFT to be more speci�c about the various sub-
shell spectral line shapes and energy positions.
We consider isostructural UGa2 and UB2 as model mate-
rials [7] that are at the opposite sides of the localization
spectrum. UGa2 is expected to exhibit more atomic-like
behavior, while UB2 is anticipated to be more delocal-
ized. This distinction arises because the shortest U�U
distance in UGa2 is well above the Hill limit, whereas in
UB2, it is signi�cantly below it.
The top panels of Figure 5 display the experimental va-
lence band spectra of UGa2 and UB2 measured with soft
x-rays (�a = 1200 eV and 1486.7 eV) and hard x-rays
(�a = 6000 eV). Using soft x-rays, the U55 spectral
weight is enhanced relative to the non-U55, while with
hard x-rays the contribution of the U55 is more com-
parable to those of the non-U55. The bottom middle
panels of Figure 5 show the DFT + DMFT spectra cal-
culated with parameters that are tuned to match best
the experiment: Hubbard* ff = 3 eV, Hund’s� = 0.59 eV,
and double counting correction‘ 32 = 4.25 eV.
Based on the excellent agreement, we can now reliably
address the issue of covalence and localization. The left
and right panels of Figure 5 depict the atomic U55= con-
�guration histograms for UGa2 and UB2, respectively.
The mean U55 �lling was calculated to be 2.24 for
UGa2 and 2.20 for UB2, indicating almost the same �ll-
ing despite their vastly different properties. However, the
distribution of con�gurations differs signi�cantly: it is
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Fig. 6: (a) Temperature dependence of the linear dichroism of CeRh2As2, (b) simulated with thermal occupation of
crystal-�eld states, (c) with occupations from an Anderson impurity calculation with a Kondo temperature of 30 K,
and (d) Ce charge density of the Kondo-mixed ground state with its nearest neighbors.

narrow for the "localized" UGa2 and nearly statistically
broad for the "itinerant" UB2. This variation is primar-
ily due to the very different U55� 55 hopping integrals,
rather than a difference in the* ff value, which remains
constant at 3 eV. With these parameters, we can also
quantitatively reproduce the satellites in the U55 core-
level spectra and explain the presence and absence of
intra-55multiplet excitations in the RIXS spectra. These
�ndings allow us to address the longstanding question of
why different spectroscopic techniques yield seemingly
divergent values for the U55 valence in intermetallic U
compounds.

Spectroscopic evidence of Kondo-induced quasiquar-
tet in CeRh2As2

CeRh2As2 is a new multiphase superconductor, with
indications of an additional itinerant multipolar ordered
phase. Modeling the low-temperature properties of this
heavy-fermion compound requires a quartet Ce3‚ crystal-
�eld ground state. However, the Ce ions are locally
coordinated in a tetragonal structure without inversion
symmetry, and the admixture of53 states is negligible.
Therefore, one would typically expect three Kramer’s
doublets for the45 electrons. The goal of our study [8]
is to identify a mechanism via spectroscopy that allows
for the formation and existence of a quasiquartet state
arising from two doublets.
We �rst performed bulk-sensitive HAXPES on the Ce
33 core level and XAS at the Ce" 4�5 edges (33 ! 4f).
This allowed us to observe satellites in the spectra, indi-
cating the presence of Kondo hybridization in CeRh2As2.
Next, we conducted polarization-dependent XAS mea-
surements to determine the orbital occupation. While
the linear dichroism (LD) is small, it exhibits a distinct
temperature dependence, as shown in Figure 6(a). A
full multiplet analysis simulation, based on a crystal-
�eld model that reproduces the macroscopic data, un-
ambiguously reveals the in�uence of Kondo physics in
coupling the Kramers doublets into an effective quasi-

quartet. Notably, assuming thermal occupation of states
alone cannot account for the temperature dependence of
the LD, see Figure 6(b). In contrast, the state occupation
derived from an Anderson impurity model calculation
using the non-crossing approximation (SIAM/NCA) suc-
cessfully reproduces this dependence, see Figure 6(c).
Our �ndings also align with the entropy of’ ln„4” ob-
served in speci�c heat measurements, con�rming that an
essential ingredient for multiorbital ordering � a fourfold
degenerate ground state � is present in CeRh2As2.
Additionally, we determined the in-plane orientation
of the quasi-quartet state utilizing the beyond-dipole
transitions in non-resonant inelastic x-ray scattering
spectroscopy at the Ce# 4�5(43 ! 45) edges. The �nal
result is shown in Figure 6(d), where the ground state
45 charge density of the Ce ion is plotted in relation to
the nearest neighbor Rh and As ions.

SeePCM_02_Severingfor our spectroscopic studies on
other45 and55 electron systems.

X-ray spectroscopic study on transition metal oxide
based catalysts and battery materials

Over the past three years, we have intensi�ed our ef-
forts to study transition metal oxide-based catalysts and
battery materials using synchrotron-radiation based spec-
troscopies. Our goal is to determine the electronic states
of the transition metal ions during various operational
processes. We leveraged our long-standing expertise in
soft-XAS, which emcompasses not only the experimen-
tally acquisition of reliable and accurate data but also
the nuanced analysis of the spectra. This is further sup-
ported by our extensive database of energy-calibrated
reference spectra, collected over the last 30 years.
We collaborated closely with partners who specialize in
catalyst and battery research. We selected systems for
study that align with our speci�c expertise in soft-XAS
and transition metal compounds. In most cases, we were
able to extract detailed information about the charge,
orbital, and spin state of the ions.
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We analyzed the spectra using con�guration-interaction
(CI) calculations that include the full atomic-multiplet
theory. CI is essential for accurately describing cova-
lency in these strongly correlated systems, as covalency
re�ects the presence of ligand hole states that play a dom-
inant role during catalytic processes and the charging-
discharging cycles of batteries. Including full atomic
multiplet theory is necessary not only to accurately rep-
resent the energy structure of the soft-XAS �nal states
but also to derive the correct total energy level diagram
for the ground/initial state problem. Relying solely on
the diagonal terms of the Coulomb matrix could lead to
signi�cant errors.
Another invaluable aspect of CI is that the spectra can
be reproduced using well-de�ned values of the Racah
parameters or Slater integrals. This allows the tunable
parameters in the calculation to directly �x the ligand-to-
transition metal charge transfer energy and transfer inte-
grals, providing valuable information about the ligand
hole states. These calculations treat the ground/initial
state and the soft-XAS �nal state problems on equal
footing by employing atomic-like basis functions that
appropriately include local Coulomb and exchange in-
teractions. This approach ensures optimal accuracy for
the simulations, resulting in a reliable and detailed de-
scription of the ground/initial state.
Our activities in this �eld have resulted in over 130 pub-
lications during the 2021�2024 census period, a signi�-
cant increase from the 40 publications in the 2018�2021
period. This surge re�ects the growing interest within
the community to utilize our expertise. It’s worth not-
ing that, while catalysis and battery research is a highly
popular �eld with a large community, 30 of these 130
publications appeared in journals with an impact factor
greater than 20, plus 14 in Nature Communations.
A project that exempli�es our contribution to this �eld
is titled �Unusual double ligand holes as catalytic active
sites in LiNiO2� [ 9]. Traditionally, theoretical descrip-

Fig. 7: O�  edge x-ray absorption spectrum of LiNiO2
and the NiO reference.

tions of the oxygen evolution reaction (OER) focus on
charge-transfer steps at the metal sites. However, recent
evidence suggests that lattice-oxygen-vacancy sites play
a signi�cant role, particularly in late33 transition-metal
oxides with high oxidation states. To investigate this
hypothesis, we utilized LiNiO2 as a pre-catalyst, given
its edge-shared Ni-O-Ni network, which is more sta-
ble than the corner-shared networks found in’ NiO3 or
’ SrNiO4 (’ = rare earth). Our goal was to determine
the valence of the metal ions and the presence of O2?
ligand hole states. The LiNiO2 material was prepared in
our Dresden laboratory.
While divalent Ni oxides are known to have large posi-
tive charge transfer energies, making them rather ionic,
the situation is quite different for formally trivalent Ni
compounds. In these compounds, the charge transfer en-
ergy can become small (though still positive), resulting
in signi�cant hybridization between the Ni337 con�g-
uration and the338! state. In cases where the charge
transfer energy becomes negative, we use the notation
NiIII instead of Ni3‚ to indicate that the dominant elec-
tronic con�guration is338! , where! represents a hole
in the O2? ligand. Figure 7 shows that the pre-edge
peak in the O- XAS spectrum of LiNiO2 is very strong
and located at a much lower energy than that of NiO,
providing clear evidence for the strong presence of O2?
ligand hole states.
Figure 8 displays the Ni-! 2�3 XAS spectrum of the
catalyst material before and after the oxygen evolution
reaction (OER). These spectra differ signi�cantly
from that of the Ni2‚ reference, NiO. The LiNiO2
spectrum prior to the OER can be explained using a
Ni 338! Ansatz, corroborating the �ndings from the

Fig. 8: Ni-! 2�3 edge x-ray absorption spectrum of
LiNiO2 before and after the oxygen evolution reaction
(OER) together with the NiO reference and simulations.
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O- XAS. After the OER, the Ni-! 2�3 XAS spectrum
changes substantially. The excellent simulation, which
begins with the338! 2 con�guration and includes
some338! contributions, provides strong evidence for
the formation of double ligand hole states during the
catalytic process. Our XAS data and analysis indicate
that a signi�cant fraction of the Ni ions undergoes a
voltage-dependent valence state transition from NiIII to
NiIV , which drives the OER activity.

SeePCM_03_Hu for an overview of our spectroscopic
studies on catalysts and battery materials.

Other activities

Our group continues to search for new transition metal
compounds that could host unconventional magnetic
states. One notable discovery is the observation of
1/3 magnetization steps in the non-triangular lattice
pyroxene CoGeO3 [10], which is described and
explained inPCM_04_Komarek.

We have started a new project focused on the synthesis
and structural characterization of correlated rare-earth
nitride thin �lms. Our objective is to achieve high-
quality materials through epitaxial growth, enabling
us to identify and understand potentially interesting
properties through careful spectroscopic studies. The
initial results on HoN [11] and SmN [12] are detailed in
PCM_05_Altendorf.

Electronic inhomogeneities are of signi�cant interest,
both from a fundamental perspective and for practical
applications, such as in sensors and spintronics. We
highlight our research on two types of electronic
inhomogeneity: the formation of topologically non-
trivial surface states in the Kondo insulator SmB6,
achieved through systematic manipulation of its surface
conductivity [13], and nanoscale phase separation due
to the formation of magnetic polarons in Eu5In2Sb6
[14], a material that exhibits colossal magnetoresistance.
Further details can be found inPCM_06_Wirth.

We continued our research on heavy-fermion systems
near magnetic quantum criticality, focusing on the
effects of geometrical frustration on quantum-critical
behavior. Additionally, we initiated detailed investiga-
tions of compounds near structural quantum criticality,
monitoring the relevant phonon softening [15]. For
more information, seePCM_07_Stockert.

External Cooperation Partners

Andrea Severing (University of Cologne); Atsushi
Hariki (Osaka Metropolitan University); Jan Kune�
(Technical University Vienna); Arata Tanaka (Hiroshima
University); Takashi Mizokawa (University of Tokyo);
Jan Minar (University of West Bohemia); Hlynur Gre-
tarsson, Andrei Gloskovskii (DESY); Bernhard Keimer
(Max Planck Institute for Solid State Research); Maurits
W. Haverkort (Heidelberg University); Eric D. Bauer
(Los Alamos National Laboratory).
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