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qd m n ql Z khyZ shn m + sg n t f g sg d a t hks,hm o n sd m shZ kr Z qd qd kZ shu d kx
rl Z kk+ Z m c sg d kZ sd qZ k kd m f sg n e sg d it m b shn m hr t m b kd Z q-0 7 − 1 / S g d
sd ql zg d sd qn it m b shn m “ v Z r t rd c hm o qhn q v n qj sn qd o qd rd m s sg d
b g Z m f d hm a Z m c f Z o + Z ksg n t f g sg d it m b shn m hr en ql d c hm sg d
rZ l d S L C l n m n kZ x d q: sg t r v d t rd sg d l n qd f d m d qZ k sd ql
zd kd b sqn m hb it m b shn m “- R hl hkZ qkx + kZ sd qZ k it m b shn m r v d qd d m f h,
m d d qd c a x t shkhyhm f rt qeZ b d Z c rn qa Z sd r Z m c ed qqn d kd b sqhb r sn
d kd b sqn rsZ shb Z kkx st m d sg d E d ql h kd u d k o n rhshn m Z m c v n qj
et m b shn m -6 +1 0 +1 1 S g d Z a n u d d w Z l o kd r hkkt rsqZ sd sg Z s d m u hqn m ,
l d m sZ k o qn w hl hsx d m f hm d d qhm f hr Z o qn l hrhm f c hqd b shn m en q
et st qd S L C kZ sd qZ k d kd b sqn m hb it m b shn m c d rhf m Z m c hm u hsd
et qsg d q d w o kn qZ shn m -

G d qd v d b qd Z sd Z m Z m n rb Z kd kZ sd qZ k it m b shn m hm Z rhm f kd L n R d 1

kZ x d q v hsg Z a t hks,hm o n sd m shZ k n e / -7 2 ° / -/ 5 d U + t shkhyhm f Z
o qn w hl hsx d m f hm d d qhm f Z o o qn Z b g sg Z s b d m sd qr n m R d hm sd qb Z kZ ,
shn m Z s sg d hm sd qeZ b d n e Z m g A M . Q t % / / / 0 ( g d sd qn rsqt b st qd
rt a rsqZ sd - S g d hm sd qZ b shn m n e g d w Z f n m Z k a n qn m m hsqhc d % g A M (
f qn v m d o hsZ w hZ kkx n m sqZ m rhshn m l d sZ k rt a rsqZ sd r rt b g Z r
Q t % / / / 0 ( o qn c t b d r Z rn ,b Z kkd c b n qqt f Z sd c zm Z m n l d rg “
rt o d qrsqt b st qd sg Z s d w g ha hsr Z o d qhn c hb l n c t kZ shn m n e sg d
v n qj et m b shn m -1 2 +1 3 Hs v Z r kZ sd q rg n v m sg Z s sg hr l n c t kZ shn m
sqZ m rkZ sd r c hqd b skx sn Z b n qqd ro n m c hm f o d qhn c hb rg hes n e ∼ / -0 4
d U n e sg d a Z m c o qn  kd n e Z L n R d 1 l n m n kZ x d q d o hsZ w hZ kkx f qn v m
n m sn o n e sg d g A M . Q t % / / / 0 ( + rhf m hex hm f Z o t qd kx d kd b sqn rsZ shb
d ö d b s-0 0 @ ksg n t f g g A M hr m n ql Z kkx Z v hc d a Z m c f Z o hm rt kZ sn q+
sg d L n R d 1 n m g A M . Q t % / / / 0 ( Z krn hm sd qd rshm f kx d w g ha hsr Z
rl Z kkd q a Z m c f Z o sg Z m n m f qZ o g hsd n q f qZ o g d m d + rt f f d rshm f Z
kZ qf d q a Z m c f Z o qd m n ql Z khyZ shn m c t d sn sg d rsqn m f hm sd qZ b shn m
a d sv d d m sg d g A M Z m c Q t -0 0 Hs hr v d kk d rsZ a khrg d c sg Z s
hm sd qb Z kZ shn m n e Z c rn qa Z sd r Z ksd qr sg d hm sd qZ b shn m a d sv d d m g A M
n m sqZ m rhshn m l d sZ k rt a rsqZ sd r a x d kd b sqn m hb Z kkx c d b n t o khm f sg d
g A M kZ x d q+ qd rt kshm f hm Z kZ qf d d m g Z m b d l d m s n e sg d v n qj
et m b shn m -1 4 − 1 8 S g d rd o qhn q rst c hd r o qn u hc d sg d eqZ l d v n qj sn
c d u d kn o Z rsqZ sd f x sn d m f hm d d q Z m Z m n rb Z kd kZ sd qZ k it m b shn m v hsg
Z kZ qf d a t hks,hm o n sd m shZ k a x t shkhyhm f R d hm sd qb Z kZ shn m n e Z m
g A M . Q t o kZ sen ql sn b qd Z sd Z m t m c d qkx hm f d kd b sqn rsZ shb
sd l o kZ sd sg Z s hr hl o qhm sd c n m n u d qkx hm f L n R d 1 - G d qd v d
d w Z l hm d sg d qd kZ shn m rg ho n e sg d v n qj et m b shn m l n c t kZ shn m +

rt a rsqZ sd c hd kd b sqhb rb qd d m hm f + Z m c L n R d 1 a Z m c o qn  kd Z s sg d
m Z m n rb Z kd -

P D R T K S R : M C C HR B T R R HN M

S g d g A M . Q t o kZ sen ql hr rx m sg d rhy d c t rhm f sg d v d kk,
c n b t l d m sd c t ksqZ ,g hf g ,u Z b t t l % T G U ( b g d l hb Z k u Z o n q
c d o n rhshn m % B U C ( sd b g m hp t d % rd d L d sg n c r en q c d sZ hkr( + Z m c
sg d qd rt kshm f g hf g p t Z khsx g A M l n m n kZ x d q % rd d E hf t qd 0 Z (
rg n v r sg d c hrshm b s b n qqt f Z sd c rt o d qrsqt b st qd Z r v Z r o qd u hn t rkx
qd o n qsd c -1 3 +2 / R d hm sd qb Z kZ shn m hr Z b g hd u d c a x d w o n rhm f sg d
b n qqt f Z sd c g A M . Q t sn R d u Z o n q hm Z l n kd b t kZ q a d Z l d o hsZ w x
rx rsd l % rd d L d sg n c r( + v g hb g b g Z m f d r sg d g A M rt qeZ b d
l n qo g n kn f x - @ r rg n v m hm E hf t qd 0 a + kZ qf d fi Z s qd f hn m r d l d qf d
v g d qd sg d R d g Z r hm sd qb Z kZ sd c hm sn sg d g A M . Q t hm sd qeZ b d -
E hf t qd 0 b Z kkn v r b kn rd q hm ro d b shn m n e Z m g A M hm sd qb Z kZ shn m
a n t m c Z qx v hsg Z b n qqd ro n m c hm f sn o n f qZ o g hb o qn  kd sg Z s rg n v r
sg d Z o o Z qd m s g d hf g s n e sg d g A M hm b qd Z rd r Z r sg d R d hm sd qb Z kZ m s
c d b n t o kd r sg d g A M eqn l sg d Q t - V d o d qen ql d c Z  qrs,
o qhm b ho kd r b Z kb t kZ shn m n e sg d R d hm sd qb Z kZ shn m a d sv d d m sg d g A M
Z m c Q t rt a rsqZ sd v hsg Z qZ m f d n e b n m b d m sqZ shn m eqn l 0 0 % 0 . 8
L K ( sn 0 / / % 0 L K ( - V d en t m c sg Z s t o n m R d hm sd qb Z kZ shn m +
qd f Z qc kd rr n e sg d R d b n m b d m sqZ shn m + sg d b n qqt f Z sd c g A M hr
c d b n t o kd c eqn l sg d Q t + v g hb g hm b qd Z rd r sg d Z u d qZ f d hm sd qkZ x d q
c hrsZ m b d Z m c sqZ m ren ql r g A M sn Z m Z kl n rs fi Z s kZ x d q % rd d
R t o o n qshm f Hm en ql Z shn m ( - V d n a sZ hm d c sg d hm sd qb Z kZ shn m d m d qf x
eqn l c d m rhsx et m b shn m Z k sg d n qx % C E S ( Z r Z et m b shn m n e sg d
Z u d qZ f d b n u d qZ f d Z m c o d qen ql d c rsZ a hkhsx Z m Z kx rhr en q u Z qhn t r
hm sd qb Z kZ sd c o g Z rd r- N t q Z m Z kx rhr rt f f d rsr sg Z s v hsg sg d
n a rd qu d c b n d w hrsd m b d n e sg d o qhrshm d Z m c R d hm sd qb Z kZ sd c
qd f hn m r+ Z R d b n m b d m sqZ shn m n e 1 4 ≤ w ≤ 2 2 hr l n rs khj d kx
% rd d R t o o n qshm f Hm en ql Z shn m ( - G n v d u d q+ v d m n sd sg Z s sg d qd hr Z
kZ qf d qZ m f d n e b n m b d m sqZ shn m v hsg rhl hkZ q rsZ a hkhsx : sg d qd en qd sg d
R d hm sd qb Z kZ shn m hr khj d kx hm g n l n f d m d n t r+ Z r rt o o n qsd c a x n t q
kn v ,d m d qf x d kd b sqn m c hö qZ b shn m % K D D C ( l d Z rt qd l d m sr % rd d
R t o o n qshm f Hm en ql Z shn m ( - N t q R S L l d Z rt qd l d m sr et qsg d q
rg n v sg Z s sg d R d hm sd qb Z kZ shn m hm b qd Z rd r sg d g A M v n qj et m b shn m
a x / -7 4 ° / -0 d U + v g hb g v d c hrb t rr a d kn v - V d m n sd sg Z s sg hr
b g Z m f d hm sg d v n qj et m b shn m Z m c rt qeZ b d l n qo g n kn f x hr Z
b n l l n m o g d m n l d m n m en q hm sd qb Z kZ sd c g A M n m n sg d q

E hf t qd 0 - % Y ( S n o n f qY o g hb R S L hl Y f d n e g A M n m P t rg n v hm f Y b n qqt f Y sd c rsqt b st qd % hm rd s( - % a ( R S L hl Y f d n e sg d g A M kY x d q Y esd q R d
hm sd qb Y kY shn m ) rg n v hm f c n l Y hm r n e Y fi Y s rsqt b st qd g Y u d d l d qf d c - % b ( R S L hl Y f d n e Y R d hm sd qb Y kY shn m hm sd qeY b d rhl hkY q sn sg d Y qd Y hm c hb Y sd c
a x sg d a n w hm % a ( - S n sg d qhf g s hr Y sn o n f qY o g hb khm d b t s b n qqd ro n m c hm f sn sg d qd c u d b sn q- % c ) d ( R hc d u hd v n e rhl t kY sd c g A M . P t % / / / 0 ( Y m c
g A M . R d . P t % / / / 0 ( v hsg Y b n m b d m sqY shn m n e 2 2 R d % 0 . 2 L K b n u d qY f d n e g b o rhsd r( hm sd qb Y kY shn m ) qd ro d b shu d kx - S g d R S L hl Y f d r hm % Y ( ) % a ( )
Y m c % b ( v d qd n a sY hm d c Y s Y rY l o kd a hY r n e − 1 T Y m c st m m d khm f b t qqd m s n e 0 / o = -
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sqZ m rhshn m l d sZ k rt a rsqZ sd r+ rt f f d rshm f sg Z s sg hr Z o o qn Z b g l Z x
a d f d m d qZ khyd c -1 4 − 1 7

S g d d o hsZ w hZ k L n R d 1 rx m sg d rhr Z m c R d hm sd qb Z kZ shn m Z qd
Z b g hd u d c v hsg Z c hqd b s n m d ,rsd o l d sg n c a x Z o o kx hm f Z g hf g R d
n u d qo qd rrt qd c t qhm f sg d L n R d 1 f qn v sg % rd d L d sg n c r( - @ m
R S L sn o n f qZ o g hb hl Z f d n e sg d g d sd qn rsqt b st qd % E hf t qd 1 Z (
rg n v r sg d b n d w hrsd m b d n e sv n rsqt b st qZ k o g Z rd r+ fi Z s Z m c
b n qqt f Z sd c + n e a n sg sg d L n R d 1 Z m c sg d t m c d qkx hm f g A M % rd d
R t o o n qshm f Hm en ql Z shn m en q Z m Z m Z kx rhr n e L n R d 1 f qn v sg ( - S g d
f qn v sg n e sg d g A M n m Q t hr rd ke,khl hsd c sn Z l n m n kZ x d q % Z r
rg n v m a x E hf t qd 0 Z ( :0 0 +1 3 sg d qd en qd hrkZ m c r n m sg d g A M rt qeZ b d
b Z m a d Z ssqha t sd c sn sg d L n R d 1 % rg n v m hm n qZ m f d hm E hf t qd 1 Z ( -
V d m n sd sg Z s sg d fi Z s g A M . R d . Q t qd f hn m r n esd m khd m d w s sn sg d
fi Z s L n R d 1 + rg n v hm f Z b n m shm t Z shn m n e sg d R d hm sd qb Z kZ shn m -
S g t r+ sg d n u d qkx hm f L n R d 1 l hqqn qr sg d rsqt b st qZ k b g Z m f d r n e
sg d g A M + Z o o d Z qhm f fi Z s hm sg d R d hm sd qb Z kZ sd c qd f hn m r+ Z r rg n v m
a x sg d Z sn l hb qd rn kt shn m R S L hl Z f d r n e sg d L n R d 1 rt qeZ b d
% E hf t qd 1 a +b ( - E qn l Z sn l hb qd rn kt shn m R S L hl Z f d r+ v d
l d Z rt qd Z L n R d 1 kZ sshb d b n m rsZ m s n e / -2 2 ° / -/ 0 m l + et qsg d q
b n m  ql hm f sg Z s sg d hrkZ m c r Z qd hm c d d c L n R d 1 % rd d R t o o n qshm f
Hm en ql Z shn m ( - S g d R d hm sd qb Z kZ shn m hr n esd m b n m b d m sqZ sd c sn sg d
Q t rsd o d c f d r+ b qd Z shm f Z kn m f Z m c rsqZ hf g s hm sd qb Z kZ shn m
a n t m c Z qx v hsg Z rg Z qo hm sd qeZ b d % rd d E hf t qd 1 Z ( - S g d Z a qt o s
sqZ m rhshn m eqn l sg d fi Z s sn b n qqt f Z sd c l n qo g n kn f x g hm sr sg Z s
sg d L n R d 1 d kd b sqn m hb rsqt b st qd d u n ku d r n u d q sg d rZ l d kd m f sg
rb Z kd + Z r c hrb t rrd c kZ sd q-

M d w s+ v d hm u d rshf Z sd g n v sg d R d hm sd qb Z kZ shn m n e sg d g A M
hm fi t d m b d r sg d d kd b sqn m hb rsqt b st qd n e sg d L n R d 1 n u d qkZ x d q-

R g n v m hm E hf t qd 1 c Z qd % ∂ W . ∂ U ( E ro d b sqZ Z b p t hqd c hm sg d
b n m rsZ m s b t qqd m s l n c d qd u d Z khm f  d kc d l hrrhn m qd rn m Z m b d r
% E D Q ( n a sZ hm d c n m g A M . Q t Z m c g A M . R d . Q t qd f hn m r+
qd ro d b shu d kx - S g d n m rd s n e sg d  qrs qd rn m Z m b d n e sg d E D Q
ro d b sqt l hr Z f n n c Z o o qn w hl Z shn m en q sg d rZ l o kd v n qj
et m b shn m 2 0 +2 1 % c hrb t rrd c hm sg d R t o o n qshm f Hm en ql Z shn m ( :
sg d qd en qd Z b g Z m f d hm sg d n m rd s a hZ r qd fi d b sr Z qd kZ shu d b g Z m f d
hm sg d v n qj et m b shn m - E hf t qd 1 c rg n v r sg Z s t o n m R d
hm sd qb Z kZ shn m n e sg d g A M . Q t + sg d v n qj et m b shn m hr hm b qd Z rd c
a x / -7 4 ° / -0 d U + qd b n u d qhm f Z u Z kt d rhl hkZ q sn sg Z s n e b kd Z m Q t -
N t q C E S b Z kb t kZ shn m r rg n v Z b n m rhrsd m s v n qj et m b shn m
hm b qd Z rd n e 0 -/ 4 ° / -/ 6 d U en q hm sd qb Z kZ m s b n m b d m sqZ shn m
qZ m f hm f eqn l 0 0 sn 2 2 % rd d R t o o n qshm f Hm en ql Z shn m ( - S g t r+
sg d qd hr Z qZ m f d n e rsZ a kd R d b n m b d m sqZ shn m r % Z r c hrb t rrd c
Z a n u d ( sg Z s f hu d Z rhl hkZ q v n qj et m b shn m b g Z m f d : v d rt f f d rs
sg Z s sg d d w Z b s R d b n l o n rhshn m hr m n s b qhshb Z k Z m c hr khj d kx
hm g n l n f d m d n t r- R hl hkZ q d w o d qhl d m sZ k rst c hd r n e hm sd qb Z kZ sd c
g A M n m sqZ m rhshn m l d sZ kr g Z u d rg n v m sg Z s sg d c d b n t o khm f
n b b t qr Z s rn l d b qhshb Z k hm sd qb Z kZ m s b n u d qZ f d Z m c et qsg d q
hm sd qb Z kZ m s d w o n rt qd c n d r m n s Z ksd q sg d g A M d kd b sqn m hb
o qn o d qshd r-1 4 +1 6 R hl hkZ q sn o qd u hn t r qd o n qsr en q n sg d q
hm sd qb Z kZ m sr n e g A M . Q t +1 5 sg hr hl o khd r sg Z s sg d hm b qd Z rd hm
v n qj et m b shn m hr f n u d qm d c a x sg d hrn kZ shn m n e sg d g A M + v g hb g
c hrqt o sr sg d rsqn m f b g Z qf d sqZ m red q v hsg sg d Q t + Z m c hr
hm rd m rhshu d sn sg d c d sZ hkd c R d rsqt b st qd - Hm sd qd rshm f kx + E D Q
l d Z rt qd l d m sr n m sg d d o hsZ w hZ kkx f qn v m L n R d 1 l n m n kZ x d qr
rg n v Z rhl hkZ q v n qj et m b shn m hm b qd Z rd % E hf t qd 1 c a n ssn l ( c t d
sn sg d R d hm sd qb Z kZ shn m + rhf m hex hm f sg Z s sg d b g Z m f d r hm

E hf t qd 1 - % Y ( R S L hl Y f d n e L n R d 1 n m R d ,hm sd qb Y kY sd c g A M % fi Y s( Y m c t m hm sd qb Y kY sd c g A M % b n qqt f Y sd c ( n m P t - % a ) b ( = sn l hb qd rn kt shn m R S L
hl Y f d r n e sg d b n qqt f Y sd c L n R d 1 n m g A M . P t Y m c fi Y s L n R d 1 n m g A M . R d . P t ) qd ro d b shu d kx - % c ( c V . c I E D P ro d b sqn rb n o x n m g A M . P t % f qd d m (
Y m c g A M . R d . P t % n qY m f d ( % sn o ( Y m c n m sg d L n R d 1 . g A M . P t % a kt d ( Y m c R d ,hm sd qb Y kY sd c L n R d 1 . g A M . R d . P t % qd c ( % a n ssn l ( - V d m n sd sg Y s
sg d l d Y rt qd l d m sr n m sg d L n R d 1 . g A M . P t Y m c g A M . P t v d qd sY j d m n m sg d z v hqd “ qd f hn m r n e sg d b n qqt f Y sd c rt o d qrsqt b st qd qd o n qsd c hm qd e 0 0 -
% d ( c . c I ro d b sqn rb n o x Y u d qY f d c eqn l c h” d qd m s kn b Y shn m r n m L n R d 1 . g A M . P t Y s z v hqd “ qd f hn m r % a kt d ( Y m c R d ,hm sd qb Y kY sd c L n R d 1 . g A M . R d .
P t % qd c ( - R S L hl Y f d r n a sY hm d c Y s Y rY l o kd a hY r Y m c b t qqd m s rd s o n hm s n e % Y ( I : − 1 -5 T ) : 4 o = ) % a ( I : − 0 -2 T ) : / -1 4 m = ) Y m c % b ( I :
− 0 -2 T ) : 1 / o = -
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d kd b sqn rsZ shb o n sd m shZ k Z qd l hqqn qd c hm sg d L n R d 1 - @ c hö d qd m b d
n e Δ ϕ % ∼ / -0 4 d U ( hr khj d kx c t d sn sg d ro Z shZ k fi t b st Z shn m n e sg d
hm sd qb Z kZ shn m + Z r sg d E D Q n e sg d L n R d 1 Z m c sg Z s n e sg d g A M Z qd
l d Z rt qd c Z s c hö d qd m s kn b Z shn m r- C t d sn sg d l n c t kZ shn m n e sg d
v n qj et m b shn m Z b qn rr sg d b n qqt f Z sd c L n R d 1 Z m c g A M
% c hrb t rrd c Z a n u d ( + hs hr hl o n qsZ m s sn m n sd sg Z s sg d E D Q u Z kt d r
qd o n qsd c g d qd b n qqd ro n m c sn sg d qd o n qsd c zv hqd “ qd f hn m r n e sg d
b n qqt f Z sd c m Z m n l d rg qd o n qsd c hm qd e 0 0 -

V d o d qen ql d c c E. c U st m m d khm f ro d b sqn rb n o x sn c d sd ql hm d
g n v sg d R d hm sd qb Z kZ shn m b g Z m f d r sg d a Z m c f Z o n e sg d L n R d 1 + Z r
rg n v m hm E hf t qd 1 d - @ u d qZ f d c b n m c t b sZ m b d ro d b sqZ n a sZ hm d c n m
c hö d qd m s kn b Z shn m r n m sg d hm sd qb Z kZ sd c L n R d 1 % qd c ( Z m c v hqd
qd f hn m r n e sg d b n qqt f Z sd c L n R d 1 % a kt d ( rg n v Z c qZ l Z shb rg hes
n e sg d L n R d 1 a Z m c f Z o - E n kkn v hm f sg d l d sg n c n e T f d c Z d s Z k-
% rd d qd e 0 3 ( v d c d sd ql hm d c sg d b n m c t b shn m a Z m c l hm hl t l
% B A L ( o n rhshn m r % a kZ b j Z qqn v r( n e sg d Z u d qZ f d c ro d b sqZ Z m c
 m c sg Z s sg d R d hm sd qb Z kZ shn m hm b qd Z rd r sg d B A L o n rhshn m a x
/ -7 2 ° / -/ 5 d U - S g hr kZ qf d t o rg hes hm d m d qf x hr b n qqd kZ sd c v hsg
sg d hm b qd Z rd hm sg d rt a rsqZ sd v n qj et m b shn m % c hrb t rrd c Z a n u d ( +
v g hb g st m d r sg d L n R d 1 a Z m c o qn  kd u hZ sg d d kd b sqn rsZ shb  d kc
d ö d b s- S Z j hm f hm sn Z b b n t m s sg Z s sg d u Z kd m b d a Z m c l Z w hl t l
% U A L ( Z s sg d Κ o n hm s hr / -3 d U Z a n u d sg d Γ o n hm s+0 3 +2 2 v d
c d sd ql hm d Z p t Z rho Z qshb kd a Z m c f Z o n e ∼ 0 -8 3 d U Z s sg d
b n qqt f Z sd c qd f hn m + v g hb g Z f qd d r v hsg sg d o qd u hn t r qd o n qsd c
u Z kt d +0 0 Z m c ∼ 1 -1 d U Z s sg d R d ,hm sd qb Z kZ sd c qd f hn m - S g hr a Z m c
f Z o hm b qd Z rd g hm sr sg Z s sg d c hd kd b sqhb rb qd d m hm f c hö d qr a d sv d d m
sg d sv n qd f hn m r+ kd Z c hm f sn Z u Z qhZ shn m hm sg d a Z m c f Z o
qd m n ql Z khyZ shn m - S g d Z a n u d Z m Z kx rhr t m c d qrb n qd r sg d o n v d q n e
R d hm sd qb Z kZ shn m Z r Z l d sg n c sn st m d sg d g A M . Q t d kd b sqn rsZ shb
o n sd m shZ k kZ m c rb Z o d + v g hb g rsqn m f kx hm fi t d m b d r sg d d kd b sqn m hb
o qn o d qshd r n e sg d n u d qkx hm f L n R d 1 l n m n kZ x d q-

V d m d w s Z m rv d q v g d sg d q sg hr kZ qf d a t hks,hm o n sd m shZ k hr
rt o o n qsd c hm sg d m Z m n rb Z kd qd f hl d a x d w Z l hm hm f sg d c d sZ hkd c
ro Z shZ k d u n kt shn m n e sg d L n R d 1 a Z m c o qn  kd - V d o d qen ql d c
rb Z m m hm f st m m d khm f ro d b sqn rb n o x % R S R ( c E. c U l d Z rt qd l d m sr
Z kn m f Z khm d Z b qn rr sg d hm sd qb Z kZ shn m a n t m c Z qx rg n v m hm E hf t qd
2 Z sn ro Z shZ kkx qd rn ku d sg d a Z m c f Z o - E hf t qd 2 a c d o hb sr Z 1 C
b n kn q qd m c d qhm f n e sg d qd Z k ro Z b d l Z o o hm f n e sg d L n R d 1 a Z m c
o qn  kd + d w o n rhm f Z m t m l hrsZ j Z a kd m Z m n l d sd q,rb Z kd kZ sd qZ k
it m b shn m - S g hr f hu d r Z p t Z khsZ shu d u hd v n e sg d a Z m c a d m c hm f

a d g Z u hn q Z r sg d b n kn q rb Z kd c n d r m n s qd fi d b s sg d a Z m c d c f d
kn b Z shn m r+ v g hb g Z qd b kZ qh d c a x sg d o kn s n e rd kd b s ro d b sqZ eqn l
sg d khm d ro d b sqn rb n o x % E hf t qd 2 b ( - V d m n sd sg Z s sg d khm d b t s
rkhf g skx n u d qkZ o r sg d b n qqt f Z shn m + qd rt kshm f hm Z l n c t kZ shn m sg Z s
rg hesr sg d a Z m c f Z o % E hf t qd 2 b ro d b sqZ 5 a kt d + 7 f qd d m ( + Z r v Z r
o qd u hn t rkx qd o n qsd c -0 0 B kn rd hm ro d b shn m n e sg d ro d b sqZ hm E hf t qd
2 b t m u d hkr sg Z s sg d a Z m c f Z o qd m n ql Z khyZ shn m a d f hm r Z a qt o skx Z s
sg d hm sd qeZ b d % 0 / + x d kkn v ( Z m c hr b n l o kd sd v hsg hm Z ed v
m Z m n l d sd qr % 0 1 + a qn v m ( + v g hkd sg d rg hes hm sg d a Z m c o qn  kd
b n m shm t d r % 0 8 qd c ( - E hf t qd 2 c rg n v r Z b n l o Z qhrn m n e sg d
L n R d 1 a Z m c f Z o + B A L o n rhshn m + Z m c R S L sn o n f qZ o g hb o qn  kd
Z kn m f sg d khm d b t s+ d kt b hc Z shm f sg d kd m f sg rb Z kd r n e sg d a Z m c f Z o
qd m n ql Z khyZ shn m Z m c sg d d kd b sqn rsZ shb rg hes n e sg d a Z m c o qn  kd -
S g hr Z m Z kx rhr rg n v r sg Z s sg d qd m n ql Z khy Z shn m n e sg d
p t Z rho Z qshb kd a Z m c f Z o hr kn b Z khy d c sn sg d hm sd qb Z kZ shn m
a n t m c Z qx Z m c hr b n l o kd sd v hsg hm ∼ 3 m l % l hc c kd o Z m d k( +
v g hkd sg d a Z m c a d m c hm f b n m shm t d r- Q d b d m s sg d n qd shb Z k
hm u d rshf Z shn m r n e b n t kn l a d m f hm d d qd c S L C kZ sd qZ k d kd b sqn m hb
it m b shn m r o qd c hb sd c sg Z s a Z m c f Z o qd m n ql Z khy Z shn m hr
b n l o kd sd c v hsg hm sv n t m hs b d kkr:2 3 +2 4 g n v d u d q+ sg d rd b Z kb t ,
kZ shn m r b n m rhc d q Z m Z sn l hb Z kkx Z a qt o s c hd kd b sqhb hm sd qeZ b d - S g hr
rt f f d rsr sg Z s sg d m Z m n l d sd q rb Z kd n e sg d L n R d 1 a Z m c f Z o
qd m n ql Z khyZ shn m qd fi d b sr sg d kd m f sg rb Z kd n u d q v g hb g sg d g A M hr
c d b n t o kd c eqn l sg d Q t -

Hm n qc d q sn b g Z qZ b sd qhyd sg d ro Z shZ k qd kZ shn m rg ho a d sv d d m sg d
kn b Z k v n qj et m b shn m Z m c sg d L n R d 1 a Z m c o qn  kd + v d b Z qqx n t s
E D Q % ∂ W . ∂ U ( E Z m c R S R c E. c U a Z m c l Z o o hm f Z kn m f sg d rZ l d
khm d Z b qn rr sg d hm sd qb Z kZ shn m hm sd qeZ b d % E hf t qd 3 Z a kZ b j u d b sn q( -
V d m n sd sg Z s sg d v n qj et m b shn m Z m c a Z m c f Z o l d Z rt qd l d m sr
c hrb t rrd c Z a n u d % E hf t qd 1 ( v d qd n a sZ hm d c rd o Z qZ sd kx + Z ka d hs
v hsg sg d rZ l d sho - S g t r+ v d l Z o sg d v n qj et m b shn m Z m c a Z m c
o qn  kd hm sZ m c d l sn Z c c qd rr o n rrha kd t m b d qsZ hm sx c t d sn ro Z shZ k
hm g n l n f d m d hsx n e sg d hm sd qb Z kZ shn m - E hf t qd 3 a c d o hb sr Z 1 C
b n kn q l Z o o hm f n e sg d ro Z shZ kkx qd rn ku d c E D Q % ∂ W . ∂ U ( E % sn o (
Z m c c E. c U ro d b sqn rb n o x % a n ssn l ( + v hsg Z ∼ / -4 m l t m b d qsZ hm sx
hm sg d Z khf m l d m s c t d sn o n rrha kd c qhes a d sv d d m l d Z rt qd l d m sr-
@ ksg n t f g sg d qd hr rn l d m n hrd hm sg d E D Q ro d b sqZ t rhm f sg d
rZ l d sho + sg d qd rt kshm f d m d qf x o qn  kd r n e sg d  qrs E D Q o d Z j
ϕ % w ( Z m c sg d B A L D B % w ( rg n v Z rsqhj hm f rhl hkZ qhsx % rd d E hf t qd
3 a sn o ( - S g hr p t Z khsZ shu d kx rg n v r sg Z s sg d L n R d 1 B A L sqZ b j r

E hf t qd 2 - % Y ( R S L hl Y f d n e Y m hm sd qb Y kY shn m hm sd qeY b d a d sv d d m sg d L n R d 1 . g A M . P t Y m c L n R d 1 . g A M . R d . P t n a sY hm d c Y s Y rY l o kd a hY r n e − 1
T Y m c b t qqd m s rd s o n hm s n e 0 / o = - % a ( P d Y k ro Y b d 1 C b n kn q qd m c d qhm f n e c . c I ro d b sqn rb n o x n a sY hm d c n m sg d o n hm sr eqn l % Y ( Y kn m f Y 0 4 -4 m l
khm d - % b ( R d kd b s ro d b sqY eqn l sg d khm d hm c hb Y sd c hm % Y ( ) rg n v hm f sg d b g Y m f d r hm sg d L n R d 1 a Y m c f Y o Y b qn rr sg d hm sd qb Y kY shn m a n t m c Y qx - % c (
F d hf g s o qn  kd % sn o ( ) o kn s n e sg d L n R d 1 a Y m c f Y o % l hc c kd ( ) Y m c o kn s n e sg d L n R d 1 B A L % a n ssn l ( d w sqY b sd c eqn l sg d ro d b sqY hm % a ( -
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sg d v n qj et m b shn m + Z f ql hm f sg Z s sg d L n R d 1 a Z m c a d m c hm f hr
d rrd m shZ kkx Z m hl o qhm s n e sg d b g Z m f hm f d kd b sqn rsZ shb kZ m c rb Z o d -
S g hr rt f f d rsr sg Z s sg d d kd b sqn m Z f m hsx ; ϕ − D B hr qn t f g kx
b n m rsZ m s % v hsg hm d w o d qhl d m sZ k d qqn q( - M n sd sg Z s sg d a Z m c
a d m c hm f n e sg d U A L rg n v r Z c hö d qd m s c hro d qrhn m + v g hb g v d
rt f f d rs b n l d r eqn l sg d hm fi t d m b d n e sg d a Z m c f Z o
qd m n ql Z khy Z shn m - S g d n qd shb Z k hm u d rshf Z shn m r g Z u d o qd c hb sd c
sg Z s a Z m c f Z o qd m n ql Z khyZ shn m rg n t kc a d rx l l d sqhb +0 7 +1 / +2 3

Z m c sg d qd en qd sg d a Z m c f Z o b g Z m f d rg n t kc a d ro khs d u d m kx
a d sv d d m sg d u Z kd m b d Z m c b n m c t b shn m a Z m c r v g d m qd ed qd m b d c
eqn l sg d u Z b t t l kd u d k- N t q l d Z rt qd l d m sr rt f f d rs sg Z s sg hr
l hf g s m n s a d sg d b Z rd + Z r rx l l d sqhb a Z m c f Z o qd m n ql Z khyZ shn m
rg n t kc qd rt ks hm Z u Z qhZ shn m hm - G n v d u d q+ v d m n sd sg Z s a d ssd q
d m d qf x qd rn kt shn m hr m d b d rrZ qx sn c d  m hshu d kx c qZ v sg hr
b n m b kt rhn m + Z m c l n qd d w o d qhl d m sZ k Z m c sg d n qd shb Z k hm u d r,
shf Z shn m r Z qd m d b d rrZ qx sn sd Z rd Z o Z qs sg d b n l o kd w hsx n e sg d
t m c d qkx hm f o g x rhb Z k o g d m n l d m Z Z s o kZ x -

B N M B K T R HN M R

Hm b n m b kt rhn m + sg hr rst c x b n m  ql r sg Z s d m u hqn m l d m sZ k
o qn w hl hsx d m f hm d d qhm f hr Z o n v d qet k l d sg n c sn m n m hm u Z rhu d kx
b qd Z sd Z m Z m n rb Z kd + o kZ m Z q+ kZ sd qZ k d kd b sqn rsZ shb it m b shn m a x
b n t o khm f Z S L C l n m n kZ x d q v hsg Z m Z m n rsqt b st qd c d kd b sqn rsZ shb
o n sd m shZ k sd l o kZ sd - V d rg n v sg Z s hm sd qb Z kZ shn m b Z m a d t rd c Z r Z
sn n k sn b qd Z sd d kd b sqn m hb it m b shn m r a x t shkhyhm f Z eZ b hkd Z o o qn Z b g
n e Z kk T G U hm rhst d o hsZ w hZ k f qn v sg Z m c hm sd qb Z kZ shn m v hsg R d
u Z o n q- V d et qsg d q l Z o o d c sg d a Z m c o qn  kd + a Z m c f Z o
qd m n ql Z khyZ shn m + Z m c v n qj et m b shn m n e sg d L n R d 1 it m b shn m Z s
sg d m Z m n rb Z kd t rhm f R S L . R + f hu hm f Z b n l o kd sd ro Z shZ k
b g Z qZ b sd qhyZ shn m n e sg d hq qd kZ shn m rg ho r- S g hr b g Z qZ b sd qhyZ shn m
qd u d Z kr sg Z s sg d it m b shn m g Z r Z a t hks,hm o n sd m shZ k n e m d Z qkx 0 d U
Z s sg d m Z m n l d sd q kd m f sg rb Z kd + kZ qf d q sg Z m o qd u hn t rkx qd o n qsd c
S L C kZ sd qZ k it m b shn m r+2 +1 / +1 0 v g hb g rt f f d rsr sg d o n rrha hkhsx n e
c d u hb d r sg Z s b Z m et m b shn m Z s qn n l sd l o d qZ st qd - Hm Z c c hshn m sn

d m Z a khm f sg d b qd Z shn m n e Z m t ksqZ m Z qqn v it m b shn m + sg hr Z o o qn Z b g
et qsg d q l hm hl hy d r sg d d ö d b s n e c n o Z m s rb Z ssd qhm f - S g hr
c d l n m rsqZ shn m n e Z m Z m n rb Z kd kZ sd qZ k it m b shn m hr rt qo qhrhm f hm
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