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◦

τ
∗

τ88

*1. )

!

F3 ( G iδ) '1,&%): H 0$6$7.&%M $( ( '1,&+*%0( 1-'PN,+2:

 !"!#$%& %'%()%& *+ SH ,'*(!-( '+%".'/0*1 '/0*12 3%#4!05$6(7*8

9* SH '/0*18 *::!0 (5δ8 3 Q 59:4:;: -1AA(8:

*+,+-+

.

/00.1(.23+

"

#

')

!

3 H−HSH
8 *9!- *+ HSH

;90%'"*&&<

:!&&%=.$! *+ SH '+%".'/0*1)>!- '+$*0"*+.: 5-*(.L 5R88:

OD%K1'21&A*1,?2*1,' (L*%L+2 59:;:;:M 9:;:9:8M $%>? %#1 H

;90%'"*&&<:!&&%=.$!( (%:.&(7% *+ *-$*)). 9$*0!" 4%-($%(%-

%:7.7*-%&'? @.A H %0>!' (!0+.$!B* %-(>C&.:2 @..A H 3 HSH
2 @...A ( 3 Q



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

.

+*

./0  " #!

$%&'()*'+ ,-.-/- '0'123'( (&4564789 '

!"#"$" %&'()*+),-.)/0 : !"#"$%&'($%)$)* ;- "12 "34/05677)

8977/:;.9< /12./4</=5>?/7 5/136<.649@@6 6@ /4>90 <94@;.9A6 ./0 6@

.6=<6=6 ;7B?8.6=< 0@/5;0C462!

123 <=4((&>?4( H @654*='((A+9((4B>39 M CD90D977 34*

ϕ ∈ E>F:M;G 3H%& ϕ H I" ϕ−!
∗∗ ◦ H ◦ :ϕ∗ × ϕ∗; *J>(734(

@654*='((A+9((4B>39G H ϕ 3'07'0> +"'',&-%.,/$$0&- K' ϕ H " HG

34* 3L%& ϕ∗∗ ◦H " H◦ :ϕ∗×ϕ∗;G '++95 ϕA7 H &.$/1/23,1.'3'('+

(4M4JJDH+- <H7:H; 240D90> H 'H79=95NJ=H*'>('+ )*9195723'7- '

8D9E/<8/@>9 .6==.F<.6098 /8E;E6=/70/8G

H;I ϕ ∈ <H7:H;, H;;I :ϕ∗ × ϕ∗; ◦ V " V ◦ ϕ∗∗,

H;;;I ϕ∗∗ ◦ 4 " 4 ◦ ϕ∗∗, H;EI ϕ∗∗ ◦ ( " ( ◦ ϕ∗∗,

HEI :ϕ∗; X 

" :ϕ
 

X;

 , 5;7B/7 X ∈ X:M;)4/

:,-O-/- 3'003L73'*;- #6 H;I)HEI E6=65/=2;8/J ./0 /@./4< K.645/=2;8/ </=)

A/0D?=J 68894 *J  ./0  

 

/=/1/< </0@ 6

ϕ
 

◦ * " * ◦ ϕ
 

, ϕ
 

◦ "  ◦ :ϕ
 

× ϕ
 

;, ϕ
 

◦  

"  

 ◦ ϕ
 

L/=M0/4./=./0; 4/=.6M;.98768 :,-O-.- 3'003L73'*;-

!"$"!" .)5 !"$"$"

.

677.8*.95'+" N/12/7 H /12 M 09860.61 LD9=D9<<;

"34/05677)8977/:;.9J ./0 =/12/7 ∇ 6 H .6=<6= ;7B?8.6=< O/4P6=B)

B/4;E.6=.60! "8894

<H7:H; ⊂ <H7:∇; ∩<H7:SH;.

&/1L94B.F<E6J 36 S 0@/5;0C462 M LD9=D9<<J 68894

<H7:S; ⊂ <H7:HS;.



 !

 !"!#! $%&'&(!  ! M "#$%"&%' (') ϕ *+,(#-#./!-0"% %$$#.

&(" 1"%$ %$$#. %02#-#./!-0"% (') 3M 45#65#22+7 H 89.("-%::;

$#::(<+&#:%$= 9% %02#-#./!-0"% SH;:%$ &(" (6('(2 2("! %

ϕ
 

◦$ 

" $

 ◦ ϕ
 

.(6&%1+&#:%$>

)&* #$% γ & I −→ M '($)*+,'-. $/0'1(  !"#!$%&'(, , H

#2'(.3,4456044(7-+04,68 2, V ◦ /γ " 98 :,$% ; (6:-:,*(4.

3+0<04 ; + ◦ /γ " /γ= H '(#*(2+$0"%+ (')?((":($ % 1"%2#62 SH

"!(-+"@.%) '(#*(2+$0"%+A%6 >?=?=@= +,**+AB+,.C= H 9#-#'(:+2&%"%

("(2&(: H;:%$ &(" %! &%62%6 +:*0$&%62 B(.C%6*;*(.+A&%6&%":%$ 0')%:%;

!#$ % '(#*(2+$0"%+ >?=?=?= *(33,C= 8! % 206%D*#:"&%' @#:2#"%:

%$$#. 2(6D("506= 9% SH "@.%) >?=?=D= +,**+AB+,.C=

),* #$% ϕ ∈ E-F>MC *(6+(G(H+(. )*+%$,)(, ($% >M .06,.+,$

I/0*/0BB-C H #2'(.3,4456044(7-+04,68 2, 3($J0'H- , $(0<(B-6).05

6,B 3-4B G,',3(B'-H+,*B $/0'1+(6(B >:=/0= K=L>MCC= N H /0..H(. ,I5

O4-B+,., +,*B,* ,*60B0BB M.0G0'B0B NF>HC5:,* P(*/0*P/)6= Q$%,4+A$%

<(O4-+,*2,BP)6 ($% τ∗τ 54 +('B(*3(H(BB D +(. ($% M 5(4 ,<0BB

◦

D

60:,'-+,4. <('-:+,*+,. NF>DC +(. NF>

◦

DC ,R4-B+,.M.0G0'BP+,B= NH >(C

G04B1,4 B(BB +(.H'(:+(B(*(61J0* ,H044,* ,<+0<-68 20$%

NF>HC " NF>SHC >?=?=K= 6/0:(B6(H3+(4%CS

&(" 9#')

NF>HC " NF>∇C, 9% H 9#-#'&(: >?=?=T= 6/0:(B6(H3+(4%C=

U-:(* N)B>SHC " NF>SHC >*+,.< K=@=T=C8 , ?=T=D= B+(B(* , 6/0:(B5

6(HJ0 I04B0. ('(<3+(4%2(H :(H(B&



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

-

%.#,

 !"!#! $%&'()*(+,-(./! ϕ /0120341 45506 47208069:8734

4 H ';6<38411*5011<=>-0145? ;4 4@1>2-434 H*145 -<3 ϕ
 

◦0 

"

0

 ◦ ϕ
 

!

#$%&'()* +%,-.+/% %&0

◦

D ,1/23-$2.4 5%3-/$2)$24+ 26 M 41,24$2&1.* $(7

7%))%86$%4$%+ 257(, 2

◦

D92(+1813:68(41,.2,;

 !"!1! 0-()(2! ϕ ∈ <(+=

◦

D> /0120341 45506 2<AB<3C7A? ;4

ϕ ∈ <?=

◦

D> -<3 ϕ
 

◦ iδ0 " iδ0 ◦ ϕ
 

? 4;0A 0=X̂, Ŷ > "
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Ỹ − D
HỸ
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Ỹ − D
HỸ
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