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Em m n qlW k ld s W kr # lW b q n r b n o hb o q n o d q s hd r W q d t m c d q r s n n c t r hm f s g d b n m b d o s n e p t W r ho W q s hb kd r -
Em s g d b t o q W s d g hf g , s d lo d q W s t q d r t o d q b n m c t b s n q r # s g d ld s W kkhb r s W s d W a n u d s g d g hf g d r s s q W m r hs hn m
s d lo d q W s t q d hr W m n lW kn t r W m c hr i m n vm W r s g d �r s q W m f d ld s W k-“ Td r s t c hd c s g hr r s W s d t r hm f
W m f kd , q d r n ku d c o g n s n d lhr r hn m r o d b s q n r b n o x - Ths g hm b q d W r hm f c n o hm f W b q n r r W s d lo d q W s t q d ,
hm c d o d m c d m s b q hs hb W k u W kt d �b z .-0 8 # vd n a r d q u d c s g W s m d W q s g d Aq hkkn t hm y n m d a n t m c W q x # s g d r s q W m f d
ld s W k# b g W q W b s d q hy d c a x W m hm b n g d q d m s r o d b s q W k e t m b s hn m # W a q t o s kx q d b n m r s q t b s r hm s n W ln q d
b n m u d m s hn m W k ld s W k vhs g p t W r ho W q s hb kd r - @a n u d s g d s d lo d q W s t q d n e r t o d q b n m c t b s hm f e kt b s t W s hn m r #
vd e n t m c s g W s s g d o r d t c n f W o W kr n c hr b n m s hm t n t r kx b n kkW o r d r W s s g d u d q x r W ld u W kt d n e �b -
I g d r d n a r d q u W s hn m r r t f f d r s s g W s s g d hm b n g d q d m s r s q W m f d ld s W k hr W c hr s hm b s r s W s d W m c W o q d q d p t hr hs d
e n q s g d o r d t c n f W o : r t b g e hm c hm f r W q d hm b n lo W s ha kd vhs g d w hr s hm f o r d t c n f W o p t W m s t l b q hs hb W k
o n hm s r b d m W q hn r -

�
ZmcZt�r sgdnqx neEdqlhkhpthcr rtb,
bdrretkkx dwokZhmrsgd adgZuhnqnehmsdq,
Zbshmf dkdbsqnmrhm mnqlZkldsZkr-Hm
Z Edqlhkhpthc+dkdbsqnmhb rsZsdr dunkud
ZchZaZshbZkkx vhsg hmbqdZrhmf dkdbsqnm,

dkdbsqnm hmsdqZbshnmr-Sgdqdenqd+sgdxqdlZhm
hm Z nmd,sn,nmd bnqqdronmcdmbd vhsg sgd
rsZsdrhm Z EdqlhfZrZmc bZm ad cdrbqhadc
hm sgd kZmftZfd neptZrhoZqshbkdr-Rnnm Zesdq
sgd chrbnudqxnebtoqZsd ghfg“sqZmrhshnm sdl,
odqZstqd�ghfg,Sb(rtodqbnmctbsnqr+hsvZr
qdZkhydc sgZssgdbtoqZsdreZkkhmsn Z cheedqdms
qdfhld �0(-Sgd rsZqshmf onhmshr Z Knsshm,
rtkZsnqvhsg nmd gnkd odqBt rhsd-Sgd gnkdr
ZqdknbZkhydc sgZmjrsn rsqnmf nm,rhsdBntknla
qdotkrhnm Zmc adbnldlnahkdvhsg hmbqdZr,
hmf cnohmf-?s sgd noshlZkcnohmf vgdqd
Sb hr lZwhlhydc+sgd ldsZkkhb rsZsd Zanud
Sb aqdZjrsgd Edqlhkhpthc qtkdr�0“2(-Vhsg
rteehbhdmsnudqcnohmf+Z jdx ZrodbsneEdqlh
khpthc adgZuhnq hr dudmstZkkx qdbnudqdc9
PtZrhoZqshbkdrgZud addm chqdbskxnardqudc
ax Zmfkd,qdrnkudc ognsndlhrrhnm rodbsqnr,
bnox�?QODR(+roZmmhmf to Z fdmthmdEdqlh

rtqeZbd �3“5(-Gdqd+vd qdonqs sgd rtq,
oqhrhmf vZx hm vghbg sgdrd ptZrhoZqshbkdr
roqhmf hmsn dwhrsdmbd hm �Ah+Oa(1Rq1BZBt1N6)S

�Ah1101(+nmd nesgd lnrsrstchdc ghfg,Sb

rtodqbnmctbsnqr-
Vd odqenqldc ?QODR ldZrtqdldmsr

nudq Z vhcd sdlodqZstqd qZmfd nm Ah1101
rhmfkd bqxrsZkr hm ehmd cnohmf rsdor-Rtbg
ldZrtqdldmsrZqd bgZkkdmfhmf adbZtrd sgd
hmbqdZrdc ntsfZrrhmf eqnl sgd rZlokd dm,
uhqnmldmsZsghfg sdlodqZstqd bZm dZrhkx
bnmsZlhmZsd sgd rZlokd rtqeZbd Zmc Zksdq
sgd rhfmZk+fhudm sgd rlZkkoqnad cdosg ne
tksqZuhnkdsognsndlhrrhnm-Sn nudqbnldsghr
oqnakdl+vd bnmsqnkkdc sgd rZlokd sdlodq,
Zstqdtrhmf Z knbZkgdZsdqZmc oqdrdqudc sgd
rZlokd dmuhqnmldmsZrZ bnkc sqZo enqbnm,
sZlhmZmsr sgqntfgnts sgd ldZrtqdldmsr
�6+7(-Sgd rodbsqZ rgnvdc fnnc bnmrhrsdmbx
adenqd Zmc Zesdq sgdqlZkbxbkdr adsvddm
bqxnfdmhbZmc qnnl sdlodqZstqdr�ehf-R0(+
vghbg gZr qZqdkx addm cdlnmrsqZsdc hm
oqhnq vnqj-

Hm Ehf-0+? sn E+vd rgnv sgd cnohmf dun,
ktshnm nesgd?QODR rodbsqZ bnkkdbsdc Zs14/ J
Zknmf sgd Aqhkknthm ynmd �AY(antmcZqx-Nm
sgdgdZuhkxnudqcnodc rhcd+sgdrodbsqZ edZ,
stqdsvn oZqZankhb,khjdchrodqrhnmrjmnvm Zr
sgdZmshanmchmf aZmc �?A(Zmc anmchmf aZmc
�AA(�2(+bnmrhrsdmsvhsg aZmc rsqtbstqdoqd,
chbshnmrenqBtN1 ahkZxdqr-Gnvdudq+nmbdsgd
cnohmf kdudkcqnoradknv nbz /-08+sgdrodbsqZ
lZqjdckx aqnZcdm Zmc chrodqrhnmrZqd mn
knmfdqhcdmshehZakd-Hm Ehf-0+F Zmc G+vdZkrn
oqdrdmssgdmncZkrodbsqZ hlldchZsdkxadknv
Zmc Zanudnb+qdrodbshudkx-Sgdrdsvn rodbsqZ
rgnv rhlhkZqchrodqrhnmrvhsg Zklnrshcdm,
shbZkrgZqomdrr+hmchbZshmf sgZssgdbgZmfd
Zbqnrrnbhrhmsqhmrhbsn sgdZmshmncdZmc ghfg,
kxZmhrnsqnohb-

Vdmnv sqxsn tmcdqrsZmc sghrbgZmfdhm
ptZrhoZqshbkdsdqlr-Hm Edqlhkhpthc“khjdrxr,

sdlr+ptZrhoZqshbkdrZoodZqZronkdrhm sgd
rodbsqZketmbshnm+
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vgdqd e hrZ bntokhmf bnmrsZms+pbhrZ btsnee
dmdqfx+D/ hrZm dmdqfx,hmcdodmcdmsrbZssdq,
hmf qZsd+iA hrsgdAnksylZmm bnmrsZms+Zmc S
hrsgdZarnktsdsdlodqZstqd-HlldchZsdkxZanud
nb+vdhmcddc ehmc sgZssgddmdqfxchrsqhatshnm
btqud �DCB(Zs�“m +/(.T/ �Zmshmncd:T/ hrsgd
tmhsbdkkchldmrhnm(bZm ad vdkkehssdc trhmf
sghrrdkedmdqfx�Ehf-0H(�7(-Etqsgdqlnqd+sgd
rZld rds ne oZqZldsdqr Zkrn qdZrnmZakx
cdrbqhadrsgdlnldmstl chrsqhatshnm btqud
�KCB(�Ehf-0I(�7(-Hm bnmsqZrs+adknv nb+sgd
ehsshmf adbnldr tmrsZakd Zr sgd ZmshmncZk
DCB ZaqtoskxaqnZcdmrZmc sgdptZrhoZqshbkd
odZjr Zqd qdokZbdc ax Zm hmbngdqdmsbnm,
shmttl �Ehf-0H(-Hmsqhfthmfkx+mn rtarsZmshZk
bgZmfd hr nardqudc hm sgd KCB khmdvhcsg
Zbqnrrnb �Ehf-0I Zmc ehf-R1(-SghrhmchbZsdr
sgZssgdchrZoodZqZmbdneptZrhoZqshbkdodZjr
hrmnsZ bnmrdptdmbdnesqhuhZkdkZrshbhlotqhsx
rbZssdqhmf-

Sn etqsgdqqdudZksgdchrshmbsrodbsqZkoqno,
dqshdradknv Zmc Zanudnb+vdrgnv sgdsdl,
odqZstqdcdodmcdmbdnerodbsqZ hm Ehf-1 �rdd
ehf-R2 enqsgdbnlokdsdcZsZrds(-Tonm bnnkhmf+
sgdZmshmncZkDCB adknv nbfZhmrsvn hlonq,
sZmsedZstqdrvhsg vdkk,rdoZqZsdc sdlodqZstqd
rbZkdr�Ehf-1?(-Sgd ehqrshrsgd ordtcnfZo
�1+2(+Z knv,dmdqfxrodbsqZkhmsdmrhsxcdokdshnm
sgZsfqZctZkkxcdudknoreqnl eZqZanudSb�qdc
Zqqnv:rdd Zkrn Ehf-2?(-Sgd rdbnmc hrsgd
AnfnkhtanuptZrhoZqshbkd�APO(odZj+vghbg
dldqfdrZrZm hmsdmrhsxrgntkcdqZqntmc 02/ J
Zmc qZohckxfqnvrhmsn Z rgZqo odZj vhsg etq,
sgdqcdbqdZrhmf sdlodqZstqd �aktd rsqhod(-
Sgdrdsvn edZstqdrZqdetqsgdqZbbdmstZsdc
axsgdsdlodqZstqdcheedqdmbdrodbsqZ+vgdqd
sgdordtcnfZo lZmhedrsrZrZ rodbsqZkvdhfgs
sqZmredqeqnl mdZqsgdbgdlhbZkonsdmshZksn Z
vhcddmdqfxvhmcnv �Ehf-1A(+Zmc sgdAPO
ZqhrdrZrZ qZsgdqekZschrodqrhnm hm Z sdlodq,
ZstqdqZmfdlncdqZsdkxZanudSb �Ehf-1B(-

Hm bnmsqZrssn sgdsvn,sdlodqZstqd,rbZkdad,
gZuhnqadknv nb+vdehmc Z lnqdbnmudmshnmZk

HCR C6HAE

Bgdm cp Tk-+Aaeclac 2 4 4 +0/88“00/1 �1/08( 18 Mnudladq1/08 � f S 3

0 Cd o ] q sld m s r n e <o o khd c Og x r hb r ] m c Og x r hb r + Rs ] m e n q c
Tm hu d q r hs x + Rs ] m e n q c + B< 8 3 2 /4 + TR<- 1 Rs ] m e n q c Hm r s hs t s d
e n q L] s d q h] kr ] m c D m d q f x Rb hd m b d r + RK <B M] s hn m ] k
<b b d kd q ] s n q K ] a n q ] s n q x ] m c Rs ] m e n q c Tm hu d q r hs x + Ld m kn
O] q j + B< 8 3 /1 4 + TR<- 2 Rs ] m e n q c Rx m b g q n s q n m Q] c h] s hn m
K hf g s r n t q b d + RK <B M] s hn m ] k <b b d kd q ] s n q K ] a n q ] s n q x + Ld m kn
O] q j + B< 8 3 /1 4 + TR<- 3 M] s hn m ] k Hm r s hs t s d n e <c u ] m b d c
Hm c t r s q h] k Rb hd m b d ] m c S d b g m n kn f x + S r t j t a ] + Ha ] q ] j h
2 /4 , 7 4 5 7 + I ] o ] m - 4 Cd o ] q sld m s n e L] s d q h] kr Rb hd m b d ] m c
D m f hm d d q hm f + Rs ] m e n q c Tm hu d q r hs x + Rs ] m e n q c + B< 8 3 2 /4 +
TR<- 5 Hm r s hs t s d K n q d m s y en q S g d n q d s hb ] k Og x r hb r + K d hc d m
Tm hu d q r hs x + 1 2 // Q< K d hc d m + Md s g d q k] m c r -
) S g d r d ] t s g n q r b n m s q ha t s d c d p t ] kkx s n s g hr vn q j - – Oq d r d m s
] c c q d r r 9 Cd o ] q sld m s n e Og x r hb r + Tm hu d q r hs x n e B] khe n q m h] +
Ad q j d kd x + B< 8 3 6 /8 + TR<- † Oq d r d m s ] c c q d r r 9 Bd m s d q e n q
Bn q q d k] s d c D kd b s q n m Rx r s d lr + Hm r s hs t s d e n q A] r hb Rb hd m b d + Rd n t k
/7 7 1 5 + Qd o t a khb n e Jn q d ] - ~ Oq d r d m s ] c c q d r r 9 Cd o ] q sld m s n e
Og x r hb r + Tm hu d q r hs x n e Rb hd m b d ] m c S d b g m n kn f x n e Bg hm ] + Gd ed h
1 2 //1 5 + Bg hm ] -
�Bn q q d r o n m c hm f W t s g n q- C lW hk9 y w r g d m ;r s W m e n q c -d c t
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Ehf-0-Cnohmf cdodmcdmbd nesgd dkdbspnmhb rsptbstpd Zs 14. J hm Ah1101-
�: s n E( <QOD R r o d b s q ] � s n o ( ] m c s g d hq r d b n m c d m d q f x c d q hu ] s hu d r � a n s s n l(
] s r hw c n o hm f kd u d kr + s ] j d m ] kn m f s g d Aq hkkn t hm y n m d � AY ( a n t m c ] q x ] r hm c hb ] s d c
a x s g d q d c khm d hm � J( : U/ hr s g d t m hs b d kk c hld m r hn m - S g d b n q q d r o n m c hm f
r ] lo kd � c n o hm f o( hr l] q j d c ] s s g d s n o n e d ] b g o ] m d k- R] lo kd r ] q d m ] ld c
a x s g d hq s q ] m r hs hn m s d lo d q ] s t q d r �Sb + hm j d ku hm ( q n t m c d c s n s g d m d ] q d r s hm s d f d q
vhs g s g d o q d e hw NC en q n u d q c n o d c ] m c NO en q n o s hl] kkx c n o d c - S g d b q hs hb ] k
c n o hm f ob hr a d svd d m NC7 5 ] m c NC7 0 - <kk c ] s ] ] q d c hu hc d c a x s g d q d r n kt s hn m ,
b n m u n ku d c E d qlh et m b s hn m - �F ] m c G( <QOD R r o d b s q ] m d ] q s g d m n c d � M( ] kn m f

s g d f q ] x khm d hm � J( eq n l NC7 5 ] m c NC7 0 + q d r o d b s hu d kx - �H] m c I( D m d q f x
c hr s q ha t s hn m b t q u d r � D CBr ( ] s s g d ] m s hm n c d Z<M+ q d c c n s hm � J( [ + ] m c ln ld m s t l
c hr s q ha t s hn m b t q u d r �LCBr ( ] kn m f s g d AY a n t m c ] q x ] s s g d b g d lhb ] k o n s d m s h] k
l + q d r o d b s hu d kx - < ln ld m s t l, hm c d o d m c d m s a ] b j f q n t m c hr r t a s q ] b s d c �7( -
Bt q u d r ] q d m n ql] khy d c a x s g d ] q d ] t m c d q s g d l hm s g d o kn s s d c g n q hy n m s ] k ] w hr
q ] m f d e n q a d s s d q b n lo ] q hr n m - C] s ] eq n l NC7 0 ] q d e hs s d c s n ] l] q f hm ] k E d qlh
khp t hc ln c d k �7“0.( + ] m c s g d q d r t ks r ] q d o kn s s d c hm f q ] x - �J( Rb g d l] s hb r n e s g d
E d qlh r t q e] b d r e n qld c a x s g d ] m s ha n m c hm f a ] m c � <A( ] m c a n m c hm f a ] m c � AA(
hm s g d e hq r s AY -

Ehf-1-SdlodpZstpd cdodmcdmbd nesgd dkdbspnmhb
rsptbstpd hlldchZsdkx adknv Zmc Zanud �b-
�:( S d lo d q ] s t q d d u n kt s hn m n e ] m s hm n c ] k D CBr hm
NC7 5 �o z /-0 7 5 ( - S g d b t q u d r ] q d n eer d s en q b k] q hs x -
S g d q d c ] q q n v hm c hb ] s d r s g d c d u d kn o ld m s n e s g d
o r d t c n f ] o � OF( - S g d a kt d r s q ho d g hf g khf g s r s g d
hm s d m r hs x r g n t kc d q ] m c hs r d u n kt s hn m hm s n s g d r g ] q o
An f n kht a n u p t ] r ho ] q s hb kd � APO( o d ] j - <kk c ] s ] ] q d
c hu hc d c a x s g d E d qlh et m b s hn m - �A( Cheed q d m b d
a d svd d m s g d <QOD R r o d b s q ] s ] j d m ] s 0 4 / J ] m c
1 4 / J ] kn m f s g d AY a n t m c ] q x hm NC7 5 - S g d n q hf hm ] k
r o d b s q ] ] s d ] b g s d lo d q ] s t q d ] q d m n ql] khy d c r t b g
s g ] s s g d ] u d q ] f d hm s d m r hs x a d svd d m “/-5 ] m c “/-4 d U
d p t ] kr 0 - S g d a k] b j ] q q n v hm c hb ] s d r s g d r o d b s q ] k
vd hf g s s q ] m r e d q c t d s n s g d OF- �B( R] ld ] r � A( a t s
a d svd d m r o d b s q ] s ] j d m ] s 8 / J ] m c 0 4 / J- S g d
a k] b j ] q q n v g hf g khf g s r s g d d ld q f d m b d n e s g d APO-
�C ] m c D( R] ld ] r �<( ] m c �A( a t s s ] j d m en q NC7 0
�o z /-0 8 5 ( - S g d n o d m c h] ln m c r ] m c b hq b kd r hm � C(
] q d f t hc d r s n s g d d x d ] m c c d m n s d s g d APO o d ] j r
] a n u d ] m c a d kn v s g d b g d lhb ] k o n s d m s h] k+ q d r o d b ,
s hu d kx - �E( <QOD R r o d b s q ] s ] j d m ] s 8 / J ] kn m f s g d AY
a n t m c ] q x hm NC7 0 - S g d n q ] m f d b t q u d r hm � D ( ] m c � E (
] q d f t hc d r s n s g d d x d ] m c g hf g khf g s s g d m n ql] k
p t ] r ho ] q s hb kd ] m c APO c hr o d q r hn m r + q d r o d b s hu d kx -
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sdlodqZstqddunktshnm Zanudnb-Vhsg cdbqdZr,
hmf sdlodqZstqd+sgd ptZrhoZqshbkd odZjrehqrs
rgZqodm vhsg mn rhfm nesgdordtcnfZo �Ehf-1+
C Zmc D+Zmc Ehf-2?(-Sgdm ZsZqntmc 02/ J+Z
fZo nodmrvhsg sgdqhrdnenmdZcchshnmZkodZj-

SgdodZjbZmadZssqhatsdcsnsgdaZbj,admchmf
?A ZanudsgdbgdlhbZkonsdmshZk�Ehf-1+C Zmc
E(+bnmrhrsdmsvhsg sgdenqlZshnm neAPO chr,
odqrhnmrvgdm Z rtodqbnmctbshmf fZo nodmr-
Vhsg etqsgdqcdbqdZrhmf sdlodqZstqd+sgdfZo

Zmc knv,dmdqfxodZjradbnldlnqdoqnlh,
mdms-WdsZrrtodqbnmctbshuhsxcdudknor+mn
nsgdqlZinqbgZmfdrZqdnardqudc hm sgddkdb,
sqnmhbrsqtbstqd-SgdrdnardquZshnmrhlokx
sgZsansg sgdfZorZanudZmc adknv Sbgdqd
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Ehf-3-MgZrd chZfpZl ne
Ah1101-�:( S g d b n kn q o kn s
� n t s khm d c hm vg hs d ( r g n vr s g d
r o d b s q ] k hm s d m r hs x ] s s g d
AY ,a n t m c ] q x AA iE ] m c l
� r ] ld c ] s ] ] r hm E hf - 2 <(
o kn s s d c ] r ] et m b s hn m n e a n s g
s d lo d q ] s t q d ] m c c n o hm f -
E n q o ; ob + s g hr hm s d m r hs x
q d c t b d r vhs g c d b q d ] r hm f s d l,
o d q ] s t q d ] m c c n o hm f + q d ekd b s ,
hm f s g d c d u d kn o ld m s n e s g d
o r d t c n f ] o - <kr n o kn s s d c
] q d sg d sq ] m r hshn m sd lo d q ] st q d r
n e u ] q hn t r a q n j d m r x lld sq hd r
hm Ah1 1 0 1 ] m c X A] 1 Bt 2 N5 * S

� X ABN(9 l] f m d shb n q c d q �SL] f (
�13“15( + b g ] q f d n q c d q �SBCV(
�16“18( + m d l] shb hsx �SMd l(
�2.( + shld ,q d u d q r ] k r x lld sq x
a q d ] j hm f �SS Q( �20( + ] m c
hm u d q r hn m ,r x lld sq x a q d ] j hm f
�SHm u ( �21( - S g d a k] b j b t q u d
l] q j r Sb : sg d u d q shb ] k c ] r g d c khm d l] q j r ob - �A( SE kt b hm Ah1 1 0 1 n a r d q u d c a x u ] q hn t r o q n a d r 9 <QOD R hm sg d ] m shm n c ] k �<M( q d f hn m � sg hr vn q j ( + k] r d q <QOD R hm sg d m d ] q ,m n c ] k
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ZqdZrrnbhZsdc vhsg rtodqbnmctbshuhsx-Sgd
ZardmbdneZcchshnmZkfZo,khjdedZstqdrZkrn
hmchbZsdrsgZssgd ordtcnfZo rtccdmkx bnk,
kZordrZsnbvhsg nudqcnohmf-Etqsgdqlnqd+ax
enkknvhmf sgdAPO rgntkcdqenqcnohmf n ; nb

Zmc sgdfZo ZanudSb enqn < nb �ehfr-R2 Zmc
R3(+vddrsZakhrg Z sdlodqZstqdrbZkdenqrtodq,
bnmctbshmf ektbstZshnmr+SEktb+sgZsrlnnsgkx
enkknvrsgdSbcnld-Sghrhrbnmrhrsdmsvhsg qd,
rtksreqnl nsgdqrstchdr�6+00“02(+ZrrtllZ,
qhydc hm Ehf-3A-

VdetqsgdqbnloZqdsgdrodbsqZ Zbqnrrnbhm
sgdrtodqbnmctbshmf rsZsd-Hm Ehf-2A vdrgnv
sgd cnohmf cdodmcdmbd neDCBrZs5/ J+Z
sdlodqZstqdvgdqdsgdfqnvsg nesgdrtodq,
bnmctbshmf fZo hrZklnrsbnlokdsd�03(-Sgdrd
DCBrZqdsZjdm eqnl sgdAA Edqlhlnldm,
stl sn lhmhlhydahkZxdqdeedbsr-Adknv nb+sgd
DCBrdwghahssgdZmnlZkntrodZj,cho,gtlo
khmdrgZod+Zmc sgdfZo,sn,SEktbqZshn fqZctZkkx
cdbqdZrdr vhsg hmbqdZrhmf cnohmf �Ehf-2B(-
Nmbd Zanud nb+vd ehmc sgZssgd cho qZohckx
vdZjdmr Zmc sgd fZo,sn,SEktb qZshn rZst,
qZsdr-Sgdrd bgZmfdr qdekdbssgd hloZbsne
sgd mnqlZkrsZsd nm sgd rtodqbnmctbshmf
ogZrd+dbgnhmf oqduhntrnardquZshnmrneknv,
sdlodqZstqdZmnlZkhdrZbqnrrsgdudqxrZld
nb �03“1�(-

Vdmnv chrbtrrsgd hlokhbZshnmrnentqqd,
rtksr-Oqduhntrkx+sgdknv,sdlodqZstqdZmnl,
ZkhdrZsnbvdqdrnldshldruhdvdc Zrduhcdmbd
neZ bnmudmshnmZknqcdqtmcdqfnhmf Z bnmshm,
tntrptZmstl ogZrd sqZmrhshnm-Hm sghrohb,
stqd+sgd nqcdqoZqZldsdqvntkc bntokd sn
sgd dkdbsqnmrZmc bZtrd sgd ordtcnfZo+Zmc
hsrptZmstl bqhshbZkektbstZshnmrvntkc fhud
qhrd sn sgd rsqZmfd ldsZkvhsghm Z U,rgZodc
qdfhnm hm sgd sdlodqZstqd,cnohmf ogZrdchZ,
fqZl �0(-Gnvdudq+sghrrbdmZqhn hrgZqc sn
qdbnmbhkdvhsg rdudqZkrstchdrhm sgdmnqlZk
rsZsd+vgdqdsgddwodqhldmsZknardquZshnmr
ZqdhmchbZshudneZ bgZmfdneptZrhoZqshbkdbn,
gdqdmbdZbqnrrnbZsdkduZsdc sdlodqZstqdr
�04+10“12(-Bnmrhrsdmsvhsg sgdrdrstchdr+ntq
cZsZ oqnuhcdchqdbslhbqnrbnohbduhcdmbdsgZs
nb hrmnsZrrnbhZsdc vhsg Z U,rgZodc ptZm,
stl bqhshbZkqdfhnm+atshmrsdZc qdoqdrdmsrZ
sdlodqZstqd,hmcdodmcdmsantmcZqxadsvddm
sgd hmbngdqdmsrsqZmfd ldsZkZmc sgd nudq,
cnodc ptZrhoZqshbkdldsZk-Etqsgdqlnqd+vd
ehmcsgZstonmbnnkhmf+sgdordtcnfZocdudknor
nmkxhmrhcdsgdhmbngdqdmsrsqZmfdldsZkZmc
hm stqm rdqudrZrZ oZqdmsrsZsd enquZqhntr
aqnjdm rxlldsqhdrsgZsnbbtqZsdudm knvdq
sdlodqZstqdr �Ehf-3?(�13“21(-Sgdrd na,
rdquZshnmrrtffdrssgZssgd ordtcnfZo hrZ
rtanqchmZsd ogdmnldmnm sn sgd hmbngdqdms
rsqZmfdldsZkZmc cndrmnsenql Z ptZmstl
bqhshbZkonhms-

? qdlZhmhmf otyykd hrsgd hmbngdqdmsZmsh,
mncZkkhmd rgZod-HsgZraddm rtffdrsdc sgZs
hmbngdqdmbd lZx Zqhrd eqnl rsqnmf bnt,
okhmf adsvddm dkdbsqnmrZmc anrnmhb lncdr
rtbg Zr rohm dwbhsZshnmr �3(Zmc ognmnmr

�22+23(-Gnvdudq+sghrZknmdbZmmnsoqnctbd
sgdchrbnmshmtntrbgZmfdnerodbsqZketmbshnm
Zsnb-Hm eZbs+Zrsgd hloZbsnesghr bgZmfd
odqrhrsrsn ghfg dmdqfxZmc sdlodqZstqd+bnm,
udmshnmZkkxhsvntkc adZrrnbhZsdc vhsg Z ehqrs,
nqcdqogZrdsqZmrhshnm-Nmdonrrhahkhsxhrsgd
hmunkudldmsneZ rsqtbstqZksqZmrhshnm-Enq
dwZlokd+Zm ZaqtosbgZmfd neBtN1 okZmd
chlokhmf gZraddm qdonqsdc hm WAZ1Bt2N5) S

mdZqnoshlZkcnohmf �24(-WdshsqdlZhmrsn ad
rddm vgdsgdqZ rhlhkZqrsqtbstqZksqZmrhshnm
gZoodmrZsnb hm Ah1101 Zmc rsqnmfkxZeedbsr
sgd aZqd aZmc chrodqrhnmr Zmc lncd bnt,
okhmf oqnodqshdr-Knqdnudq+bdqsZhm rgnqs,qZmfd
nqcdqr+rtbg Zrsgdrgnqs,qZmfdbgZqfdcdmrhsx
vZud �03(Zmc mdlZshbfkZrr�25(+lZx Zkrn
bnmsqhatsd sn sgd aqnZcdmhmf neZmshmncZk
rodbsqZ-Bnmrhcdqhmf sgdrd eZbsnqr+hsrddlr
onrrhakd sgZsntqcZsZ bZm ad dwokZhmdc ax
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okZmZshnmradbnld cdaZsZakd vgdm qdrtksr
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axitlo chrbnmshmthshdrhm sgdlZbqnrbnohb
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addm nardqudc Zsghfg sdlodqZstqd-?k,
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aqhmf hlonqsZmshmrhfgsr+sgd mZstqd nesghr
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cdknbZkhydc hm sgduZrsGhkadqsroZbd+sgdhqdw,
bhsZshnmrZqdfdmdqhbZkkxmnsnqfZmhydc Zqntmc
rhmfkd,oZqshbkd ptZmstl mtladqrZmc bZm
lZmhedrsZ aqnZc rodbsqZketmbshnm �26(-Sghr
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Zqdmnsjmnvm-Bntkc hsadsgZssghrvntkc
dwokZhm sgddwodqhldmsZknardquZshnmr>Vd
oqdrdmsntqrstcxZrZ bgZkkdmfdsn sgdsgdnqx
bnlltmhsxZmc Z onsdmshZkadmbglZqj sdrs
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Incoherent strange metal sharply bounded by a critical doping in Bi2212
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conventional phase by a temperature-independent vertical line in the phase diagram.

they found an incoherent strange metal phase that was sharply separated from a−−environmental conditions
 and making sure that the signal was not affected by−−measurements as a function of doping and temperature

angle-resolved photoemission spectroscopy in the cuprate family Bi2212 to challenge this view. By taking comprehensive
 used et al.V-shaped region in the doping-temperature phase diagram of the cuprates: the strange metal phase. Chen 

phase diagram is associated with a quantum critical point. Within this picture, the quantum critical point gives rise to a 
Many physicists working on cuprate superconductors believe that the so-called strange metal phase in the cuprate

A sharp boundary in the cuprates

ARTICLE TOOLS http://science.sciencemag.org/content/366/6469/1099

MATERIALS
SUPPLEMENTARY http://science.sciencemag.org/content/suppl/2019/11/25/366.6469.1099.DC1

REFERENCES
http://science.sciencemag.org/content/366/6469/1099#BIBL
This article cites 44 articles, 6 of which you can access for free

PERMISSIONS http://www.sciencemag.org/help/reprints-and-permissions

Terms of ServiceUse of this article is subject to the 

 is a registered trademark of AAAS.ScienceScience, 1200 New York Avenue NW, Washington, DC 20005. The title 
(print ISSN 0036-8075; online ISSN 1095-9203) is published by the American Association for the Advancement ofScience 

Science. No claim to original U.S. Government Works
Copyright © 2019 The Authors, some rights reserved; exclusive licensee American Association for the Advancement of

on June 26, 2020
 

http://science.sciencem
ag.org/

D
ow

nloaded from
 


