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X9 G2TiQM LmK#2> M/ G2TiQM 6H »XmX XBX M DB @NXK X
jX9XR L2mi'BMQH2bb .Qm#EK2X 2 X2% X X X XN X X
jX9Xk G2TiQM 6H pQm{ Y BQX XBXOM X X X X X & X X

jX8 _ /B iBp2a22b r J2%XXMBEKK X X X X X X X X &kX X
jX8XR 6H pQm™ M/ g2 F" bRbX. KX X KbX X X X BKkX X >

_ /B iBp2 amT2 bvKK2i B+ a22b r J2+? MBbK 8N
I9IXR JQIBKIEQMX X X X X X X X X X X X X X X X &NX X
9Xk amT2 bvKK2i vWXEG2#X X X X X X X X X X X XeX X X
OXj] amT2 bT +2 6QX K XBHKK X X X X X X X X X X ¥9X X )
IXJXR amT2XXHXbX X X X X X X X X X X X X XK X >
OXjXk *?2B° HanKTX X2M/H X X X X X X X X X Xe¥ X X
IXjXj] 02+4iQ amMTRRR2HM X X X X X X X X X X ¥3X X .
9XjX9 #2HB M : m;2Xh X2 B XbX X X X X X X Xd¥X X X
IXjX8 LOQM@ #2HB M K2ZXQXvX X X X X X X X XdR X X
9X9 LOM@ 2MQK HBb XBRM H?XQX2K X X X X X X & X X
9X8 h?2JBMBK HamT2 bvKK2i B¥ AiXMX X XQX2K H8X X |
IXB8XR amT2 }2HXODQMIXME X X X X X X X X X deX X .
I9X8Xk aQ7iamT2 bvKKXiX X 22ZXPBM;X X X X XX X
9Xer JBMBK HamT2 bvkKK2i B+ aiXM{ X/ AQX2HX X HNX X |
9XeXR _ /B iBp2 M2mX XMQ X bBRK X X X X X Xk X X
9XeXk LmK2 B+ KM X2HKmHMKOX X X X X X X X X MyX X .
9Xd .Bb+mbEKBXOM X X X X X X X X X X X X X X X MeX X

h"B@_2bQM Mi J2+? MbBK 7Q° G2TiQ;2M2bBb N 3
8XR JQIBXiEQMX X X X X X X X X X X X X X X X MNX X
8Xk 6G_g K2KB+X X X X X X X X X X X X X X X XR¥YRK X
8Xj] _2bQM Mi G2TXQX2X XbEBbX X X X X X X X X X RKy& X >
8XjXR "QHiXK MM DnKiBQXMH X X X X X X X XR¥Y&X X
8XjXk *S pBQX XBROM X X X X X X X X X X X XR¥dX X
8X9 h'B@_2bQM Mi Z2X iR RM2KEBbD X X X X X X XRyNX X |
8X9XR a22b r 1ti2MbBQM Q7 i?2R XiXMX X XQX2R YN X X
8X9Xk L2mi'BMQ 6HXp®&nX AQ¥X2HX X X X X X RRRX X



8X9X]
8X9X9

LOM@w2 Q G2TIiQMB+ *S S? bR IXB¥W % GRR jX & -
G2TiQMB+ bVvKK2i'B2b M/ )8 & X2 KQMRI* 2X
8X9X8 "QHixK MM XX BBAMb X X X X X X X XPR& X
8X9Xe TT QtBK i2aQHmMiBQMb iQ QM iXKXNXVIRLIG® Xi BX
8X9Xd LmK2' B+ H TT QtBK iBQM Q7 i?2 *QKTH2i2 "

1[m iBQMX X X X X X X X X X X X X X X XRK8X X
8XOX3 _2BMHM X X X X X X X X X X X X X X RKX X X
BXIXN *QMHHMDBRMDX X X X X X X X X X X KjjX X »

e amKK 'v M/ PmiHQQF

Rje

hvT2@A a22b r, M HviB+ H TT QtBK iBQMb Rj3

" S°QT ; iQ°b BM 6H pQm" aT +2 R9R
"XR 62 KBQME X X X X X X X X X X X X X X X X RHKRX X

"Xk J DQ° M L2mi'BMQ ' RTX;XiX'X X X X X X X Rk X X
"Xj q2 F" bBb L2mi> HBMQXSXQX X DQX X X X X X K99 X X
"X9 g2 F" bBb IT@hvT2 >B;;IXSXQXTX XKOX X X X X K9% X »
"X8 GQQT *Q "2+iBQMK*R2¢HBXMIbX X X X X X X RHK X X

* >Bi:b a2+iQ  QkRrIBAJ i h 22 G2p2H ROd

AKT +i Q7@ /2T2MMR.MIQM "1b R8Y
1 6Q°K 6 +iQ°bh 7Q  +G60 S Q+2bb2b R8K
6 h_G"2M+?K "F a+2M BQb R8O
"B#HBQ; T?2v R8e



GBbi Q7 h #H2b

KXR S "iB+H2 +QMi2KiXQQX i2Xad XX X X X X X X X KNX X .

jiXR "2bi}i7Q i?2 M2mi'BMQ Qb+BHH iB@W 2 pKRDRK b N
iXk Pp2'H TBMi2;" Hb M/KmQM + Tim 2 i2b7Q i?2 Mm
mb2/ BM i?2 "2H2p Mi ATRMBE2K DX X X X X X RX X

O9XR amT2 }2H/ +QMi2Mi 7Xi2Z2 aa XXX X X X X X &KdX X
9Xk AMTmMI T  K2i2'b7Q Qm # b2HBM2 #2MaIK Nyb+ 21



GBbi Q7 6B:m 2b

KXR o +mmKbim+im 2 Q7 i?2 TQi2MiB H7RX X+XQBTK 2t k

jXR h 22@H2p2H /B ;> Kb i? i BM/m+2 i?2 q2BM#2 : QT2"
iVI2@AA M/ivI2@AAA b22b X B2X2XMB KKX X X998 X X
iXk .B : Kbi? i+QMi'B#mi2iQi?2K bb2b Q7 M2mi8BMQb

9XR PM2@HQQT i /TQH2 /B ;" Kb BM i?2XBXIi® X+XB®;Xq ¥
9Xk PM2@HQQT b+ H ~b2H7@2M2 ;v /B ;" KbXBM 2 BMi
9Xj] G2 /IBM:@Q /2 /B RaKbhBM+QRi B#mi2 iQ M2m3jBMQ
9X9 amT2 bvKK2i'B+ QM2@HQQT +QMi BX¥ riXi XQ¥ 18 8Q X12
9X8 62vVMK M/B ;" Kb +QMi'B#miBM;iQM2mi'BMQ K bb2k
B QF2MXX X X X X X X X X X X X X X X X X X X34 X X
9Xe LmK2 B+ H2biBK i2b Q7 i?R LB K K2H2X X MK X
9Xd h?2 /2T2M/2M+2 Q7 i?2 2t +i b¥ 2RINABMD:MpiRin2b 7Q
22 pv >B;:bMybb7i2  b2ikBM0O 2 :20 X X X X X X XN® X X
9X3 h?2 /2T2MAR2MMRIQ2 GLO T ~ K2mX X X X X X XN& X X

8XR *S bvKK2i'B2b BM iR2N2+WMK;Q7Q;:2i?2  rBi? i?2
iQi H*S bvKK2:'v - b 7TMM+iBQM Q 7Nig2@XKXIRR® 7
8Xk h?2 BM/2T2M/2Mi +QHHBbBQM iBXSW7[@2j/2}M2/ BM |
3 103 MMy, =500 GeVXX X X X X X X X X X X X XRKy X
8Xj 6HQr Q7 i?2 bQHMIBQMb iQ i?2 TT QtBK i2 ?2 pv M
2[m iBOMX X X X X X X X X X X X X X X X X XRkjX X
8X9 h?2 bQHMBXEMEMQGELW rBi? BMBiB H +QM/BjBQMb
0 M/ (z! 0)=50(3 =2k )X X X X X X X X X X X X XRX8X X



8X8 LmK2 B+ H M/ TT QtBK i2 bQEKY¥B QINBKM @87 @72 "1b U
irQ TQBMib BM i?2 T~ KRIXTHKHKRX X X X X X Rk X X
8Xe h?2 /2 BphniBp2BQ7 2bTaAnT iQAO0 GeV T 10 TeVXRkd
8Xd 1pQHMBOM/QY7 MU#H +FMY,7-@B5GeV U V My, =
45 GeV U#V- jijlj 45 10°XX X X X X X X X X X X Kk®8 X X
8X3 AKT Ri QM i?2 /vM KB+b Q7 # vQM bVvKKK2i'v ;2M2
/IBz2 2Mip XK X7X X X X X X X X X X X X XRkX X >
8XN 1pQHMIBQM THQIib 7Q  i?Z #MyQM /R2pBKEBQYM 7" QK
2[mBHB# BmK Q7 i?72 M2mi BMXQ X2KI bB KB XbX X RjyX X >
8XRy S " K2i2 bT +27Q i?2h_G KQ/2H-BM+HmM/BM; +m~
D2+i2/ b2MbBiBpBiB2b Q7 XmXmX2X2 XT X" BRKX Mi bR X X



#bi +1

S #HQ * M/B / aBHp

.2:°22 Q7 .Q+iQ Q7 S?BHQDbQT?v

L2mi'BMQb BM amT2 bvKK2i'v M/ i?2 1 "Hv IMBp2 b2
J +? k- kykj

AM i?Bb i?2bBb-r2 2tTHQ 2 i?2 b22b r K2+? MBbK 7Q" M
i2ti Q7 bmT2 bvKK2i'v M/ BM i?2 2 "Hv IMBp2 b2X AM i?2
2ti2M/ i?72 JBMBK H amT2 bvKK2i'B+ ai M/ °/ JQ/2H rBi? b
+QMi BMb "B;?2i@? M/2/ M2mi'BMQb M/ bM2mi'BMQbX q2 /2
QM2@HQQT +Q "2+iBQMb iQ M2mi'BMQ K bb2b BM i?2 ~ pQ
i? 1i?72 bK HHM2bb Q7 i?2 Q#b2 p2/ HB;?i M2mi BMQ K bb2tk
alau@b+ 22MBM; 2z2+i 7 QK M2 HvbmT2 bvkKK2i B+ bBM;
72+i BKTHB2b i? ii?2 M2mi BMQ K bb +QMbi® BMib QM H2Ti
pBQH iBQM + M #2 /" biB+ HHv "2H t2/ BM i?2 b+ 22MBM; °
T?2MQK2MQHQ;B+ H- M/ +QbKQHQ;B+ HBKTHB+ iBQMb Q°

_2:; "/BM; i?2 2 "Hv IMBp2'b2 BKTHB+ iBQMb Q7 i?2 b22b
+H bb Q7 H2TiQ;2M2bBb KQ/2Hb i? i K vM im>  HHv BM+Hm/Z
JDQ°" M M2mi'BMQb-r?B+? + M bi'QM;Hv KBt rBi? QM2 M
72°2M+2b +QKT ~ #H2 iQ i?2B  /2+ vrB/i?bX gBi?BM i?Bb [m
TQBMiQmi2z2+ibQ7i B@ 2bQM M+2-BX2X-+QMbi m+iBp2
+QKBM; 7°QK i?2i?°22 ?2 pv M2mi BMQbX aQHpBM; #Qi? i?
bvKK2i'v "QHixK MM 2[m iBQMb-r2}M/i? ii?2/vM KB+ H 2
bvKK2i'v Bb ?2 pBHv BKT +i2/ #v +Q "2+iBQMb QM i?2 i2KT
"2H iBpBbiB+ /2;°22b Q7 7°22/QK Q7 i?2 TH bK r?2M i?2 K &
M2mi BMQ Bb HQr2 i? M Ryy :20X q2 2tTHQ 2 i?2 T ~ K2i2"
bBb KQ/2H- M/ B/2MiB7v "2;:BQMb i? i +QmH/ #2 T Q#2/ BM
b2 “+?BM; 7Q  bB;M Hb Q7 H2TiQM MmK#2° M/ ~ pQm’ pBQF

b "2bmHiIi Q7 i?2b2 2b2 +? 2M/2 pQm b-irQ T T2 b ? p:
i?72 2t2+miBQM Q7 i?Bb T°QD2+i,

C_ /B iBp2M2mi BMQ Kgldbhah BM i?2
SX* M/B /| aBHp - X SBH 7ibBb
S?vbB+ H _2pBQmp.Rk- kykyV

Ch'B@ _2bQM Mi G2TiQ;2M2bBb BM a22b r 1ti2MbBQM Q°
SX* M/B / aBHp -.XE > KBi'Qb- hX J+E2Hp2v- X SBH |
COm M HQ7 >B;? 1IMULQ@BRObBykkV



2+H  1BQM

LQ TQiBQM Q7 i?2 rQ F 272 °2/ iQ BM i?2 i?2bBb ? b
#22M bm#KBii2/ BM bmTTQiQ7 M TTHB+ iBQM 7Q° MQi??2
/2;°22 Q  [m HB}+ iBQM Q7 i?Bb Q" Mv Qi?2  mMBp2 bBiv Q
Qi?2  BMbiBimi2 Q7 H2 "MBM;X

S #HQ * M/B / aBHp -
C Mm "v kyKkj



*QTv B:;?1 ail 12K2Mi

BX?2 mi?Q Q7 i?Bbi?2bBb UBM+HmM/BM; Mv TT2M/B+2b N\
QrMb +2°i BM +QTv B;?i Q  "2H i2/ "B;?ib BM Bi Ui?2 6*QTv
h?2 IMBp2 bBiv Q7 J M+?2bi2"> +2°i BM "B;?ib iQ mb2 bm+
/KBMBbi® iBp2 Tm TQb2bX

BBXQTB2b Q7 i?Bb i?2bBb- 2Bi?2° BM 7mHH Q" BM 2ti° +ib M
+QTv- Kv #2 QMEBBWM ++Q / M+2 rBi? i?2 *QTv B;?i- .2bB;N\
+i RN33 U b K2M/2/V M/ 2;mH iBQMb Bbbm2/ mM/2  Bi (
++Q°/ M+2 rBi? HB+2MbBM; ;°22K2Mib r?B+? i?2 IMBp2'b
h?Bb T ;2 Kmbi 7QKT iQ7 Mvbm+? +QTB2b K /2X

BBBX2 QrM2 b?BT Q7 +2°i BM *QTv B;?i- T i2Mib- /2bB;Mb- i’
H2+im HT QT2 iv Ui?2 6AMi2HH2+im H S°QT2'iveV M/ M
rQ'Fb BM i?2 i?2bBb- 7Q 2t KTH2 ;> T?b M/ i #H2b U6_2T
#2 /2b+ B#2/ BM i?Bb i?2bBb- K v MQi #2 QrM2/ #v i?2 mi?
i?B /T "iB2bX am+? AMi2HH2+im H S°QT2'iv M/ _2T Q/m-
#2 K /2 p BH #H2 7Q  mb2 rBi?Qmi i?2 T'BQ  r'Bii2M T2 K
i?72 "2H2p Mi AMi2HH2+im HS ' QT2'iv M/fQ> _2T Q/m+iBQI

BpBm i?2  BM7Q K iBQM QM i?2 +QM/BiBQMb mM/2  r?B+7? /Bt
K2 +B HBb iBQM Q7 i?Bb i?2bBb- i?2 *QTv B;?i M/ Mv Al
_2T°Q/m+iBQMb /2b+ B#2/BM Bi K vi F2ITH p-2 BB i\p ABSHS HH
BM Mv “2H2p Mi h?2bBb "2bi'B+iBQM /2+H ~ iBQMb /2TQb
M/ i?lMBp2 bBiv GB#  "véd "2;mH iBQMb

Ry



+FMQrH2/:2K2Mib

Ar MiiQ/2/B+ i2 72r M/ +2i BMHv BMbm{+B2Mi HBM2b i
72 K Mv T2QTH2r?Q ? p2bmTTQ i2/ K2i?2"Qm;?2Qmi Kvv2 7|

6B biHv- ArQmH/ HBF2iQi? MFKvT "2Mib- 6€iBK M/ H7
bmTTQ i M/ T iB2M+2 /m BM; Kv HB72X ArQmH/ MQi ? p2 #
#Qi? b T2'bQM M/ b T 'Q72bbBQM H- rBi?Qmi vQm" BK
h? MFb 7Q° HH i?2 iBK2r2 ? p2b? "2/ M/i?2 +QMp2'b iBQ
#'2 F7 bib M/ /BMM2'bX ArQmH/ HbQ HBF2 iQ K2MiBQM K\
++QKT MB2/ K2 KQbi Q7 Kv HB72 M/ Kv ?2+iB+ iBK2 b M ml
DQBMBM; rBi? i2M +Bivr?2M Ar Mi2/ KB/MB;?i +Qz22 #27(
bbB;MK2Mib M/ T 2T "BM; imiQ B HbX h?Bb +HQb2 ;" iBim/
BM *?BH2 M/ " xBHX LQri? iA K/QM2 r'BiBM; i?Bb i?2bB
T°QKBb2 Q7 pBbBiBM; vQm HHX

a2+QM/Hv- A r Mi iQ i? MF Kv bmT2 pBbQ - TQbiQHQb S
/Im BM; Kv S?X.X bim/B2bX >Bb p bi ?B;?7@2M2 ;v T?vbB+b
TT'Q +?2iQHQ;B+ Hi?BMFBM;r2'2 +QMbi MibQm'+2 Q7 BI
i?72 T°Q;" KK2X A Kmbi HbQ +FMQrH2/;2 ?2Qr Km+? ?22 i m;
M/ 2z2+iBp2 r'BiBM; BM i?2 +QMi2ti Q7 + /2KB+ T T2 bX h
+QM}2Mi #Qmi BM+HmM/BM; 6i2+?MB+ Hr BiBM;6 b QM2 Q"

L2ti- AM22/iQi? MFi?27 B2M/b AK /2/m BM; Kv T?vbB+
ArQmH/ HBF2iQi? MFoQ+iQ" M/ M/"0bX ArBHH M2p2° 7Q"
2KTivH2+im 2i?2 i2°biQbim/vmMiBHH i2-DmbiiQ ;2i FB+F,
r2 /2p2HQT2/ T bbBQM 7Q° FMQrH2/;2 M/ b2Mb2 Q7 7mM
iQi?Bb/ v- M/A+ MMQii? MFvQm2MQm;? 7Q  i?BbX A 2tiz
i?72 Qi?2  bim/2Mib M/ + /2KB+b A K2i ii?2 SQMiB}+ H * i?(
M/i?22 IMBp2'bBivQ7J M+?22bi2 X aT2+B HK2MiBQMb iQ Jm

RR



.B2;Q7Q #2BM; ;QQ/?Qmb2K i2/m BM; i?2T M/2KB+- M/
+QKT i'BQiX TT 2+B iBQMb HDbQ ;QiQ " TiBbi2 7Q  #2bi Tz
#2BM; M 2t+2HH2Mi +QHH2 ;m2 M/ MQ#H2 7°'B2M/-J ii2Q
7Q b? "BM; KvHQp27Q i {+K M ;2K2Mi /2pB+2bX
bT2+B H 2+Q;MBIiBQM ;Q2biQL QKBX uQmK /2i?2b2H
h? MFb 7Q° HH i?2 /p2Mim 2b HQ+ H M/ BMi2"M iBQM H
K MvrQM/2 7mH T2QTH2X g2 ? p2 bQ K Mvv2 "b Q7 7mM ?2
G biHv-A +FMQrH2/;2 7TmM/BM; 7Q Kv S?X.X bim/B2b #v
; +BIMv .2b " "QHHQU LA.Vi? Qm;?i?2 "2+ b*?BH2 a+?QH
Q7i?7262vMK M /B ;" Kb b?QrM BM i?Bbi?2bBbr2°2;2M2" i2
T +F ;BX

Rk



*?2 Ti2 R
AMI Q/m+iBQM

h?2 +QKTQbBIiBQOM Q7 K ii2° ? b #22M i?2 bm#D2+i Q7 bT2+
Q7 M+B2Mi T?BHQbQT?vX u2i- +?B2pBM; +QMbBbi2Mi /2t
BM M im'2 QMHv Q++m "2/ BM i?2 RNkyb- rBi? i?2 /p2Mi Q7
h?Bb /2b+ BTiBQM "2[mB 2/ MQi QMHvV i?2 +QM+2Ti Q7 bm#
7Q KmH iBQM Q7 M2r i?2Q 2iB+ H 7 K2rQ F-[m MimK K2
T?vbB+ Hbvbi2Kb i KB+ Qb+QTB+ b+ H2 mbBM; +QMbBbi
HQrBM; /2+ /2b rBiM2bb2/ + b+ /2 Q7 i?2Q 2iB+ H M/ 2tT2"
mM/2 bi M/BM; i?2 7TmM/ K2Mi H +QMbiBim2Mib Q7 K ii2" N
mMB}+ iBQM Q7 [m MimK K2+? MB+b M/ bT2+B H 2H iBpBi\
"2H iBpBbiB+ [m MimK }2H/i?2Q ' vUZ6hV-r?B+? 2pQHp2/i?
Q#b2 p iIBQM H TmxxH2b M/ i?2B i?2Q 2iB+ H Mbr2 bX 7
b+B2MiBbib M/ i?2B" TQr2 7mH BMbB;?i }M HHv H2/ iQ i?2
JQ/2H UaldV Q7 T "iBkHRX-Tr7aRB»b20+ B#2b i?°22 Q7 i?22 7Qm
7Q +2b Q7 M im2X KQM; Qi?2 T '2/B+iBQMb-i?2 aJVT QTC
MZ #QbQMb- + “"B2'b Q7 i?2r2 F7Q +2- M/ i?2 >B;;b }2H
K2+? MBbK i? i 2H2; MiHv 2tTH BMbja8) XI hPR+TH D K IKIK2 bB(+ ; ¢
Q7 Q#b2 ' pBM; i?2b2 T "iB+H2b BM ++2H2  iQ  2tT2 BK2Mil
IBb+Qp2'v Q7 i?2 >BiRP#QPBGM tQKTH2i2/i?2 2KTB B+ H p2°
aJT 'iB+tH2 +QMi2MiX

.2bTBi2 Bib mMK i+?22/ T 2/B+iBp2 bm++2bb- i?2 aJ Bb M
Q#b2 p2/ T "iB+H2@ 2H i2/ T?2MQK2M X h?2+QM} K iBQM (
(R8RY- r?B+? "2 #b2Mi BM i?2 aJ- Bb QM2 Q7 i?2 bi'QM;2b

Rj



*2 Ti2° RX AMi'Q/m+iBQM RO

#2vQM/ i?2 ai M/ "/ JQ/2H U"aJVX Pi?2 mMbQHPpP2/ Kvbi2 B:
Q7/ FKii2z2U.Jv M/ # vQM bvKK2i'vBMi?2IMBp2 b2 U’
KQ/B}+ iBQM Q7 i?27 K2rQ FT QpB/2/#vi?2alJ UbRBUR2 2
PMi?2i?2Q 2iB+ H7 QMi-i?2aJbmz2 b7 QK i?2 BMbi #BH
b+ H2 rBi? "2bT2+i iQ [m MimK +Q "2+iBQMb bbQ+B i2/iQ
# bBb-i?2 K bbQ7i?2>B;;b#QbQM b?QmH/ HB2 +HQb2 iQ i~
bbQ+B i2/ iQ mHi® pBQH2i UloV +QKTH2iBQMb Q7 i?2 al-
h?2Q v U:IRWQ  i?2 SH M+F b+ H2X h?Bb 2tT2+i iBQM Bb /
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(k) r?2M Bi b iBb}2b i?2ywOMIKiBNQBb i?72°27Q 2 BKFHB2b i?
M/ ?22M+2

=@ A: UkXjyV
Q BM i?2 BM/2t 722 MQi ig@){lk/BdMi‘Q/m+2/ BM U
M=@CA: UKkXjRV

h?Bb H bi Q#b2 p iBQM +QM+HmM/2b Qm” "2pB2r Q7 }MBi2@/F
GQ 2Mix ;"QmTX AM i?2 2K BMBM; b2+iBQMb Q7 i?Bb +? Ti
2M+QmMi2° "2 Bii2M BMi2 Kb Q7 i?2 Q#D2+ib /2}M2/ 22" 2-
i° Mb7Q K iBQM "mH2 Q7 i?2B  +Q "2bTQM/BM; 2T 2b2Mi il



*?2 Ti2 kX h?2ai M/ "/ JQ/2H k9
kXRXk : m:2

MBKTQ i Mi +QM+2Tim H+QMi ' B#miBQM Q7 [m MimK 2H2+
/2 bi M/IBM; Q7 i?2 2H2+i'QK ;M2iB+ U1JV 7Q +2 b M BMi2"
#QbQM i?2 T?QiQM- BM i?Bb + b2X h?Bbr b H i2 2ti2M/2
7Q +2b-r?B+? ? p2 bQK2 BKTQ i Mi[m HBi iBp2 /IBz2 2M+2I
QM2X >Qr2p2°- HH Q7 i?2K "2Hv QM i?2m;Q KBMM: B BINZB T
bvKK2iv mM/2° +QMiBMmQmb ;"QmTb Q7 i Mb7Q K iBQMb 1
T K2i2'b-r?2°2i?27Q +2+ "B2'b TT2 " b M2+2bb 'vBM;

hQ bi "i-r2 TB+F i?2 GB2 ; QmT IURV- M/ /Bb+mbb ?2Qr T
+QMb2[m2M+2 Q7 ; m;2BMp B M+2X AK ;BM2i? ir2bi "irBi
7Q° B + bIBMT Krhb;Bp2M #v

L =(x)(i @ m)(x): UkXjkV

AiBbMQi? /iQDb22i? ii?Bb G ;" M;B:M@HIRWp ~ BI b/ @M/ PB |
Q7 i?22 7T@XK=exp( ieQ )( X)-r?2e2Bb i?2 2H2+i'B+ +? ;2 Q7 i?2
Bb "2 HMmMK#2 i? i;2M2" i2bi?2 IURV iBMbI7Q K2iBXMg? N
? TT2Mb B7 MQr r2 +QMBB/R +2iBK2 /2T2M/2Mi\ h?2 T Q/m+
/2°Bp iBp2 vB2H/b M //BiBQM Hi2 K- M/i?2G ;> M;B M Bb
i2Bb FBM/ Q7 HQ+ Hi> Mb7Q K iBQMX AMT “iB+mH -i?2G

L =eQ@ (x)(x) (x): UkXjjV

AM T'BM+BTH2- iQ BKTQb2 ;: m;2 BMp "B M+2 r2 rQmH/ HBI
i?72 G ;" M;B M 7Q MUJXIM®PIBQWQ 2-r2 2 7Q +2/iQ BM-
[2;°22 Q7 7 22/QK BM i?2 G ;" M;B Mc p2+iQ AHQXQMIiP?Rr2
G ;> M;B M-r2 //i?2 M2ri2 K

L= eQ(x) A X)( x); UkXj9V
M/ /2K M/ i? ii?2 p2+iQ > #QbQM i’ Mb7Q Kb b
A(X)= A (X)+ @ (X) UkXj8V

mM/2  i?2 HQ+ HIURV i° Mb7Q K iBQMX h?Bb Bb 2MXN:? iQ
+ M+2H- ii?2 +Qbi Q7 BMi'Q/m+BM; M2r }2H/ iQ i?2 i?2Q"



*?2 Ti2 kX h?2ai M/ "1 JQ/2H k8

?2 p2i?Bb //BiBQM H}2H/-r2 M22/iQ ++QmMi 7Q  Bib/vM K
WXMBb Q#pBQmbHV "2KBMBb+2Mi Q7 i?2 7°22/QKiQ +?QQb
1J}2H/ BM J tr2HHOb i?2Q vX >2M+2-r2 + M :m2bb i? i Bib F

LA = %F (X)F  (x) UkXjeV

r?B+?- b Bi+ M #2 2 bBHv p2 B}2/-kBpNRBMIMIiBBMi @ M2V DB I
:2i?2° bi?2 bmKIQFLA-r2}M/i?2G ;> M;B M Q7 Z1.,

LEP = (x)(i D m)(x) %F (X)F  (x): UkXjdV
#Qp2-r2 BMi Q/m+a2Ri?Qp B Mi [2/BMBpb
D @+ ieQA (X): UkXj3V

bbm;;2bi2/ #v Bib M K2-i?Bb /2 'Bp iBp2 Bb +Qp "B MirBi? "~
7Q K iB@Mexp[ ieQ (X)]- BX2X-

(D ( x))°= U(X)D ( Xx) UKXjNV

h?2 +QM+HmMbBQM 7 QK i?Bb /Bb+mbbBQM Bb i? i ; m;2 I
TmM/ K2Mi HTQbimH i2X h?2 KQbi ;2M2°  HG ;" M;B M +QK
+QMi BMb p2+iQ  #QbQM M/ M BMi2' +iBQMi2 K #2ir22M i
>Qr2p2 - i?Bb +QMbi ' m+iBQM Bb MQi "2bi"B+i2/iQ i?72 #2F
;2M2° HBb2 Bi NQVi?RQalD- r?B+? Bb Q7 T "iB+mH ~ "2H2p M+:
:2M2 B+ HHv- r2 b v i? i r2 /2K M/ BMpmBOQVbWXK K272 ;) XQmT
>2°'2-r2/2MQi2SBi MBi2Q Qm T 2b2Mi Tm TQb2b Bib 2H2K 2N\

xS |
S3s=exp g qx)T? UkX9yV

a=1
[?72°2i?22° 2 HT §BRi2M;2 +Qm@BEBIN22 Z1. 2t KTM)2V2 i?2
i° Mb7Q K iBQM T ~ K2i2 b- M/i?2i +2HT%bE2P2RBIB MKbi"
Q7 i?2 GB2Q 8MT2A2 T 2pBQmb /Bb+mbbBQMWAX miQb27iQKiR:
iQ i?2 /IBK2MbBQM Q7 B22/2M;Q#2dMFX 6Q  i?2 + b2 QN V?2 al
;"QmT- i?2 /BK2MbBQM QN2i?PX H\ib#GBRb H;2# " Bb /2i2 KBNM
+QKKmi iBQM “2H iBQMb

[T2; T = if 2°T¢, UKX9RV



*?2 Ti2 kX h?2ai M/ "1 JQ/2H ke

r?2°2iB2m+im 2 +@¥bi MiQi HHv MiBbvKK2i B+X

g2+ M 2T2 ii?2bi2Th BMpBNIRA -BANi MQr ;2M2° HBIB2/ iQ |
SQmTX g2 +QMbB/2° 2T 2b2Mi iBQM-Q7 i72 +REHT 2BIN K2 N
i72 /BK2MbBQM Q7 i?Bb 2T 2b2Mi iBQM + M #2 K@RH2BTH M
Q7 }2H/bi? ii° Mb7Q Kb mM/2  bm+? 2T 2b2Mi iBQMX h?2
+iBM; QM ; m;2 KmHiBFRWARP2 7Q K

[R(s) ( X)li Uy (x) j(x); UkX9kV
r?2 2
0 1
1(X)
(x)=% X ¢ UkX9jV
r (X)

Mt /2MQi2b i?2 /BK2MbBQM Q7 i?2 2T 2b2Mi iBQM Q7 i?2 ;
2° iQ°bQ7i?2;°QmT "2>2KBiB M-i?2 2T 2b2Mi iBQMb r2
aJ-r2 KQbiHv /2 Hrgi) J2H/B Mb7Q K BM i?2 7mM/ K2Mi H 2
Q7 aNW-?22M=2N-X h?2°27Q°2-r2 +QMbB/2  i?Bb 2T 2b2Mi iB

T2X gBi? i?Bb +?2QB+2-r2 /2}M2 H;2# @p HmM2/; m;2 #QbQN

X
A (X) AR(X)T?; UKkX99V

a

M/ +Qp B Mi/2 Bp iBp2

X
D @+ig A*X)TY UkX98V

a

.B" +Q EH2BM@:Q /QM G ;" M;B Mr?2 2i?2/2 Bp iBp2b
QM2b Bb ; m;2 BMp B Mi T QpB/2/i? ii?2; m;2 }2H/b i Mb7

A°(x) = U(X)A (x)U (x)+ ié@U(x)U L(x): UkX9eV

AM Qi?2 rQ /b-iQ ; m;2i?2 bvKK2i'v Q7 }2H/i  Mb7Q KBM
2T 2b2Mi iIBQIWQi72aM22/ iQ BMi'Q/m+2 QM2 ; m;2 }2H/ T2°
M/ // KBMBK H +@RiTRBWi?2 }2H/ M/i?2; m;2#QbQMb mbB
/2 Bp i XA

Cmbi b #27Q°2-7r2 2 p2 }2H/ bi'2M;i? i2MbQ b 7Q  i?2 ; m
#2HB M + b2-i?2b2 "2 /2}M2/ b

F ()= @A (x) @A (x)*+ig[A (x);A (X)]; UkX9dV



*?2 Ti2 kX h?2ai M/ "1 JQ/2H kd

r?2°2i?22 +QKKmi iQ  +ib QM i?2bT +2 Q7 i?22 7mM/ K2MKi H
h?2i° Mb7Q K iBQM "mH?2

FO(x)= UX)F (x)U *(x) UkX93V

+ M#2 2 bBHvV +QM}KK¥XmBBEBWD; K2 Mb i? ir2+ M+ 2 i2 ; m;.
FBM2iB+ i2 'K b

LA = %TrfF (X)F (X)g; UkX9NV

r?2°2r27? p2 bbmK2/i?2 mbm HMQ K HBb iBQM

TrfTaTbg:%ab UkX8yV
CQOQBMBM; HHVIBMpIUB Mi TB2+2b i? i BMpQKHRR iIMRiR2ii2"
; m;2 }2H/b-r2 "~"Bp2 ii?2u M;@JBHHb G ;- M;B M,

LYM %TrfF (X)F (xX)g+ (x)(i D m)( x)

= %,Fa(x)':a )+ (X @ m(x) g(x) AX(x); UKX8RV

r?72°2 bmK @BD BKTHB2/ BM i?2 }'bi i2 K Q7 i?2 b2+QM/ |
i? ii° Mb7Q Kb mM/2 i?22 7mM/ K2Mi HNXF i222M K PBXQ W' Q17 bé
2QH/b #v +? M;BM; i?2 KBMBK HHv +QmTH2/ .B" + G ;" M;B |

+QMbTB+mQmb /VM KB+ H 72 im 2 Q7 MQM@ #2HB M KQ/!
#QbQM b2H7@BMi2  +iBQMbX h?2b2 Q B;BM i2 7°QK i?2 ; m
+QKKmMi iQkBWBDL MQM@x2 QX M BKTHB+ iBQM Q7 i?2 T2
i? i i?72 +QMTHBM; + M ;2i bi'QM;2" i HQr2 b+ H2b- K FBN
'QQ/ + M/B/ i2 iQ /2b+ B#2 bi'QM; BMi2" +iBQMbX /Bb+mk
i72b2 i?2Q B2b Bb mMM2+2bb "v7Q i?2 Tm TQb2b Q7 i?Bb i
2tTQbBIBQM + M #2NXQmM/ BM (

kXk h?2ai M/ "/ JQ/2H G ;" M;B M

KXKXR : m:2:°QmT M/ S iB+H2 *QMi2Mi

h?2 : m:2;°QmT Q7 i?2 aJ BOWU&AM]JURWX h?2 bm#b+2B2ib iQ
+QHQmM +P?B;2? Bb bbB;M2/iQ T iB+H2bi? i T "iB+BT i2 BM



*?2 Ti2 kX h?2ai M/ "1 JQ/2H k3

L-QMi?2 Qi?2 2 M/-BM/B+ i2bi? i QMHV H27i@? M/2/ 72 KI
K iBQMb mM/2 i?22@hIKY G bYHym#2+ BTi BM/B+ i2b 2vT2 +?
Bb ;2M2" iQ vQi7 MURAQ K iBQMb- M/ +HQb2Hv “2H i2/ iQ 2H
i?72 +iBQM Q7 ;2M2  H; m;2i Mb7Q K iBQM QM MYaBl iE

O=exp[ igs 2(X)T?exp[ igw '(x) 'Texp[ igy (X)Y=2] ; UkX8kV

r?2°@-gv- Mg, 2i?2bi QM;-r2 F- M/ ?2vT2 +? ;2 ; m;2 +Qn
iBp2HVX LQi2i? i?22M+27Q i?r2/ QT i?2bT +2iBK2 /2T2M/z
h?2 }"bi 2tTQM2MiB H7mM+iBQM +Q "2bTIOM/Q iQ i BN K2
i?72 7TQHHQrBM; /I Bb+mbbBQM-Qm K BM+QM+2 MBbi?2 7m
i?72:;2M2° iQ b Q7 iP2 ‘H;;B#D‘ZIVI""#V%ar?2‘z§2:1;:::;8 M/a2 "2
i?72 :2HH@J MM K i B+2b X3P 7mKR4iBQMEB?Bb ; m;2 i Mb7CQ
h?Bb ;"QmT +ib MQM@i BpB HHw QMM TB4HB+H 2k + GHHRmh ™ +?
h?2 b2+QM/ 2tTQM2MiB H "2T 2MBRQE K aBUXKNX AM i?2 7m
2T 2b2Mi iBQM-i?2 ;2M2° in‘t% P2rPRp 2N E8 M/ 20?2
mbm HS mHBK i'B+2bX h?Bbi’ Mb7Q K iBQMb "ZIX' K2i B
T 2pBQmbHvV K2MiBQM2/-i?Bb ;"QmT +ib MQM@i BpB HHvV G
6BM HHv- i?2 i?B / 2tTQM2MiBUA)HQ MBPEDQOM IBQM ;2M2" i
Y-r?B+? Bb bBKTHvV MmMK#2 i? i +Q "2bTQM/b iQ i?2 ?2vT2"
2 +?2 T "iB+H2X
h?2 72" KBQM }2H/b Q7 i?2 aJ "2 /BpB/2/ BMiQ [m "Fb M
? p2+QHQM +? ;2 M/i Mb7Q KBMi?27mM/ K2Mi H 2T 2
alURV r?BH2 i?72 H ii2° "2 bBM;H2ibX "Qi? +H bb2b Q7 72 KE
+?B° HBiB2bX h?2 H27i@? M/2/ }2H/b i Mb7Q K mM/2" i?2 7
alUkV M/ i?2°27Q 2 i?2v M22/iQ #2 "~ M;2/ BM /Qm#H2ibX
QM i?2 Qi?2° 2 M/-_ 2BMUKYibX h?2°27Q°2-r2 B/2MiB7vV i?:
KmHiBTH2ib,

CG27i@? M/2/Qmr?Bo+-? 2 aliUBTH2ib M/ AQUk#H2ibX .m
iQ i?2 i'BTH2i "2T 2b2Mi iBQM-r2 b v i? i [m "Fb +QK2
+QHQmM bX AM i?2 7QHHQIBM;-r2 /Q MQi K F2i?2 i'BTH
'Bi2 Bi b /Qm#H2i BMi?2 7mM/ K2Mi HCR W 2B MiHB R |

/BDiBM+iBQM #2ir22M i?2 irQ +QKTQM2Mib BM i?2 KmH



*?2 Ti2 kX h?2ai M/ "1 JQ/2H kKN

S “iB+H2b . abUPK VY
Q=(u ;d)" | k Rfj
Ur J R gfj
dr j R @ kfj
L=( ;&) R k @R
er R R @ kK
=( *; 9" R k R

B R R y

Wi R i

G? 3 R

h #H2 kXR, S "iB+H2 +QMi2Mi Q7 i?2 aJX h?2 [m “F- H2TiQN
TT2 "7 QKIiQTiQ #QiiQK b2T " i2/ #v?2Q BxQMi HHBM2bX
alUfVM/ alUKkWQHMKMb BM/B+ i2i?2 /[BK2MbBQM Q7 i?2; m::
MM/2 r?B+?2 2 +?2 }2H/i° M 7Q RDbTOBHRB iQ i?2 ?2vT2 +? ;2
7Q° 2 +?2 }2HIX

MT@/QrM@WI2FbX >2M+2-Q2(n.Bd3" X
C _B:;?2i@? M/2/ym MBERX h?2b2 “2.alBjMH2ib M/ BBM\H2ib X

CG27i@7? M/2/H2RIE#Hh "2 abBM;H2ib M//QukW2ibX hQ /I
iBM:mBb? Bib /Qm#H2i +QKTQM2Mib{ r2emb2 M2r2 @i HBQ
i72b2 +QKT QN ANIBM@B “;2/ H2Ti@BM2+iBp2HvX

C _B:2i@? M/2/ +? “:2éxM2Ti@MDP "2 bBM:H2ib mM/BI/ i?2
alUKV QmTbX LQi2 i? ii?2 alJ /Q2b MQi BM+HmM/2 “B;?i
7Q°i?2 M2mi BMQX

"v+QMi’ bi-i?2°2Bb QMHV QM2 #QbQM }2H/BM i?2 aJ T "iB+
r?B+? Bb +QHQmM H2pbBQM A HRaXUdV/r Bi2 Bp B X h?2 K2 MBM;
Q7i?2bmT2 b+ BTib QM 2 +? +QKTQM2Mi rBHH #2+QK2 +H?2
i?72 2H2+i B+ +? ;2 2K2 ;2b 7°QK i?2 KQbi 7mM/ K2Mi H bvK

BQHHQIBM; i?2 ;2M2° H T 2b+ BKXNB®NM BMI QB0 27 BMQY °
/2°Bp iBp2 Q7 MaJT 'iB+H2 b

D = @+ igsG*T?+ ig,W' '+ ig,B ;; UkX8jV



*?2 Ti2 kX h?2ai M/ "1 JQ/2H iy

r22°2i?2 2T 2b2Mi iBQM Q7 2 +? b2i Q7 ;2M2" iQ b /2T2M/]
/12°"Bp iBp2Bb +iBM;X br2H2 M2/BMi?2T 2pBQmb b2+iBC(
iBQM "2[mB 2biQ TQbimH i2i?2 2tBbi2M+2 Q7 QM2 ; m;2 #Ql
alUiW b2-i?2b2 #QbQMb +Q "2bTQMBGIR b2 2BUKVHME b
#QbQMb "2 FWQHOb@Mb- 7Q  r?B+? r2 mi2 X?R2M Qv TRQW ;!
i* Mb7Q 'K iBQMb- QM i?2 Qi?2 2 M/- “2: mB;2€ rBi? bBM;H

h?2 2vT2°+? “:2 bbB:M iBQM Q7 i?2 }2H/b-iQ;2i?2 rBi?
i Mb7Q K iBOQM "mH2b- + M #X@ QP2M/ BM #@BHQMb i° Mb7Q
/IDQBMi 2T 2b2Mi iBQM Q7 i?2 ; m:2 ;’QmTb- ?22M+2 r?v i?
2B;?2i@ M/ i?°22@/BK2MbBWYMIHK\Q2elD+VBp2H VX

b H bi 2K "F-r2 +QKK2M7 QB HR21M2" iBGBMOK i?2 TQBMi
pB2r Q7 ; m;2 bvKK2i B2b-BM M im 2r2? p2 Q#b2 p2/i? 22
HBbi2/ BMK@EKER i?2 7TQHHQIBM;- r2 mpDBMKBHQ QBbiBM;n
i?72KX 6Q  i?2 mT@ivT2 [m “Fb- /QrM@ivT2 [m “Fb- M/ +? °;

7QHHQrBM; MQK2M+H im 2b, 5
N X -
o Z s
= s 2 N O
e & c L O r & €
& *S S Q% & X
# # # # # # # # #
u 4 (U oc - d4(d s B- ed (& ; )

r?72°2 bi?2M2mi'BMQb "2 M K2/ 7i2 i?2 +? “;2/ H2Ti@Mb-
h?2b2 i?°22 ;2M2" iBQMb Q7 T "iB+H2b /Bz2  BM i?2B" K bb
#Qp2-i?2v TT2 "bQ i2/ 7 QK HB;?i2biiQ ?2 pB2biX h?2 al
Q7 7°22/QK- Q7 r?B+? k3 2 #QbQMB+ M/ Ny 2 72 KBQMB-

KXkXk : m;2 a2+iQ"

aBM+2 Qm K ii2  }2H/bi° Mb7Q K BM 2Bi?2 i?2 7TmM/ K2Mi
Q7 alUjM/ alyku2 + M +°2 i2 ; m;2 BMp "B Mi FBM2iB+ i2 Kb
b+ BTiBQM Q7 i?2 T 2pBQmb b2+iBQMX h?2 2kK®82?22MT b QP



*?2 Ti2 kX h?2ai M/ "1 JQ/2H IR

2HBKBM i2 2ti° i2 Kb T QpB/2/i? ii?2; m;2 }2H/bi Mb7Q"

(30:uc;u1+i@uul UkX89V

W= UWU '+ ~@uU U ? UkX88V
" O

BO= B +;§@u U UkX8eV

r?2'2 -Uu- MU "2 }IMBi2ylURVYKYV M/ alyjV Mb7Q K iBQMbX h?:
bi’2M;i? i2MbQ b Q7 i?2; m;2 }2H/b "2 /2}M2/ b

G =@G @G +igs[G ;G ] UkX8dV
W =@W @W +igy[W ;W] UkX83V
B = @B @B : UKX8NYV

h?2°27Q°2-i?2G ;> M;B M7Q i?2: m:2 #QbQM b2+iQ Q7 i?

1 1. i 1
Lgauge: ZB B ZWI w! Z.Ga G? UkXeyV

kXkXj) >B;;b a2+iQ° M/ aTQMi M2Qmb avkKK2i v #

"27Q°2 T"QpB/BM; /2i BHb #Qmi i?2 G ;> M;B M Q7 i?2 72K
FBM2iB+i2 Kb M/i?2 TQi2MiB H7Q i?2 >B:;b}2H/X "vi?Bb
i? ii?2 +?B° H M im 2 Q7 i?2 aJ ; m;2 bvKK2i'v T'Q?B#Bib
GQ 2Mix BMp "B Mi K bb i2°K 7Q" 72°KBQMb BM i?2 G ;- M;
T 2pBQmb b2+iBQM- i?2 bBim iBQM Bb MQ /Bz2 2Mi 7Q" ; m,
F2v "QH2 BM i?2 aJ bBM+2 i?2 72 im 2b Q7 Bib TQi2MiB H
i?Bb +QM+2Tim HT Q#H2K M/ :;2M2  i2i?2 K bb2b Q7 7mM/

h?2 KQbi ;2M2  H "2MQ K HBb #H2 G ;> M;B M i? i BMpQH
r?BH2 #2BM; +QKT iB#H2 rBi? ; m;2 bvKK2i 'B2b Bb

Lhiggs (D ) YD ) V() ; UkXeRV

r?2°2i?22 +Qp "B Mi /2 Bp iBp2 7TQHHQKIX 8] 2T, DHIR2 /HF Q+IQ B
H2bb alURYM#H2iX #Qp2-r2? p2 mb2/i?22 bi W )/ MQHK2M +1
TQi2MiB H Q7 i?2 >B;;b }2H/- r?B+? Bb 2tTHB+BiHvV ;Bp2M #\

V()= 279+ (V)73 UkXekV



*?2 Ti2 kX h?2ai M/ "1 JQ/2H ik

r?2°2i?2 +QMb4i 0BWI22/b iQ #2 bbmK2/iQ /Bb+ '/ TQi2MiB |
#QmMM/2/ 7 QK #2HQrX h? R XN¥kROMQF W BiB+4mH " BMi2 2bi bB
iQ i?72 bTQMi M2Qmb #°2 FBM; Q7 ; m;2 BMp 'B M+2X aTQN
Uaa"VQ++m br?2M i?22Q v 2t?B#Bib bvKK2i vi? i Bb # QI
iBQB8YK 1[mBp H2MiHv- Bi Bb b B/i? ii?2 p +mmK 2tT2+i iBQ
/I2MQi2h i hOQ j0i- Bb MQi BMp "B Mi mM/2  i° Mb7Q K iBQM
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BMi?2 +Q?2 2MibmT2 TQbBIBQM i? i/2b+ B#2bi?2 ~ pQm~

TT Q +?2-i?22 7Q KmH 7Q i?2 Qb+BHH iBQM T Q# #BHBiv E

2[m H2M2 ;vQ 2[m HKQK2MimK 7Q i?2 K bb2B;2Mbi i2b-

i?71 } biT BM+BTH2 /2 Bp iBQM 2[mB 2b +QMbBbi2Mii?2

M2mi BMQb b r p2 T +F2ib Ub22-MQ 2B bAMARD-i?2 2BMV X

/IQTii?2 2[m HKQK2MimK bbmKTiBQM 7Q mHi°™ @ 2H iBpB

m2
E; E+E; UjXRyV
r?2°R=jgX 6’ QK 22°2-Bi 7TQHHQrb i? i
X m? L
P( ! )= U UiUjU; exp i—2 UjXRRV

' 2E
r?2'2 tBbi?2/Bbi M+2 i  p2 b2/ #vi?2M2mi'BMQb- bbmKB
iQ i?2bT22/ Q7 HBZ?i-mM/m?X h?Bb 7Q KmH b?Qrb i? ii?2
T Q# #BHBiv Bb + m+B HHv /2T2M/2Mi QM i?2 /Bz2 2M+2 Q7
M2mi'BMQb- 22M+2 r?v i?2 Q#b2 p iBQM Q7 ~ pQm’ Qb+BHF
Q7i?2K bbBp2M im2Q7 M2mi'BMQbX LQi2i? irBi?i?2 ?2H
Bi Bb bBKTH2 iQ b?2Qri? ii?2 T Q#RABHBH27Q*Kii BMJi?2 mb

K MB72biHv "2 H7Q K

| — X P2 mﬁL
P( ! )= 4i>j <e(U; U; U; U, ) sin IE
X m3 L

+2 =m(U; U; U; U, ) sin UjXRKkV

i>
h?2 KQbimbm HT ~ K2i " Bb iBQM Q7 i?2H2TiQM KBtBM; K i
"2[mB 2bi?°22 KBtBM; M;H2b M/ QM2 &/ BB QHTBRMHPZL b2
1

2E

0
C12C13 S12C13 S13€
U :% S12C23  C12523S13€ C12Cr3  S12523S13€ S23013§
S12C23  C12C23S13€ C12S23  S12C23S13€ C23C13

diag e ' ;e ' 2721 UjXRjV
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S " Kz2i2° "2bi Ri

mé, 10 °28) 7:50"%20
j m3j €0°28) ULP®55GG
j mij €0°28) UAPA5TG

12= 343 1

3= ULPV 4926 0:79
5= UAPV 494659
13= ULPV 3%B |
13= UAPV 8:58"%12

= ULPV 194,

= UAPV 284%,

h #H2 jXR, "2bi}i 7Q  i?2 M2mi'BMQ Qb+BHH BAIM' P H KR i@l
M/ 6APS 272 iQ MQ'K H M/ BMp2'i2/ Q /2 BM;- 2bT2+iB
7 QK gX

r?2°2r2 ## 2pB i2/i?2 KBtBM; M;H2bgmb®M; 492 MIQj XBQM
h?2 T K2i2 M/, "2 FMQrM b i?2J DQ " M T? b2b- bBM+2
2HBKBM i2/ #v "2T? bBM; i?2 M2mi'BMQ }2H/b r?2M i?2b2

Ai Bb TQbbB#H2 iQ bQHp2 7Q" i?2 KBtBM; M;H2b BM i2 K
KBtBM; K i 'BtX Ai + M 2 bBHvV #2 p2 B}2/i? i

j Uer 2

.2 - . .
sin 12—m, UjXR9V
L, _jUg® .
sin 23—m, UjXR8V
sin® 13 = jUgj%: UjXReV

g2 "272°iQ i?2 KBtBM; M;H2b M/ i?2 *S pBQH iBM; T? b2 b
T K2i2 b- bBM+2 i?2v + M #2 /2i2 " KBM2/ #v bim/vBM; / i Q
T2'BK2MibX hQ +2°i BM ++m’ +v-i?2 p Hm2b Q7 i?2b2 T °
[2i2 KBM2/- rBi? i?2 2t+2TiBQM Q7 i?2 #bQHmi2 M2mi'BMQ
i?2 HB;?i2bi M2mi ' BMQ- nd/Xi h? BB Mi®7 2[mB 2b iQ /BbiBM;r
i?72 + b2, >0 M/ md<0-Q7i2M 272 MQI® M/BMp2 i2/ Q:/2 BI
"2bT2+iBp2HVX _2+2Mip Hm2b 7Q  i?2 Qb+BHH iBQMR  K:
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*QM+2 MBM; i?2 #bQHmi2 M2mi'BMQ K bb b+ H2- i?2 bi’
i72 M2mi'BMQ K bb2b +QK2 7°QK +QbKQHQ;B+ H Q#b2 p iB
b2ib i?2 N8W*)I(Dq5m,—IBBC£Qi20 7°QK SH M+F +QK#BK2Bp2M(i? |
AP BKTHB2b HQr204QumMPrP8HBE Q#b2 p iBQM 7 pQm'b MQ K
i72 M2mi'BMQ K bb bT2+i mKX

h?2bi imbQ7*S pBQH iBQMBM i?2 H2TiQM b2+iQ  Bb +m™"
i?72p Hm2 Q7 i?2 *S pBQMBLEBM;QW;OBM; 2zQ iX _2+2Mi M H
i?Bb T? b2 Bb #B b2/ iQr /b *S pBQH iBQM- ?2Qr2p22- i?2 *S
2 b MQi #22M “2D2+i HJWBR2- 2X: X - (

iXj L2mi'BMQ J bb2b

AMi?2 T 2pBQmb b2+iBQM-r2 /Bb+mbb2/i?22pB/2M+2i? i?
Q7 M2mi'BMQbX AM i?2 7TQHHQrBM;-r2 2tTH BM i?2 b22b r |
rBi? M 2KT? bBb QM aJ 2ti2MbBQMb rBi? "B;?2i@? M/2/ M2m

iXjXR h?2 q2BM#2 : PT2  iQ"

b7 br2EMQr- M2mi'BMQb 2 i?2 QMHvV 7mM/ K2Mi H 72
2H2+i"B+ +? ;2X h?Bb 7 +i-iQ;2i?2 rBi? i?2 2MB;K Q7 i?2E
i i72 TQbbB#BHBivi? ii?2b2 T iB+H2b +QmH/ #2 Q7 J DQ" A
#2?BM/i?BbB/2 Bbi? ii?2°2+QmH/#2 22 pB2 bi i2bi? i BV
'BpBM: 'BHDIQ" M K bb7Q@ KM2mi'BMQb i? i Bb bmTT 2bb2/ #
Q7 i?2 22 pB2 T "iB+H2bX h?2 Q#b2 p2/ M2mi'BMQ K bb2b
K bb Q7i?2 2?2 pvbii2bBM+"2 b2b- 7 QK r?B+?i?2 M K2 6b?2

aBM+2i?2 22z2+i Q7 i?2 K2+? MBbK Bb iQ BM/m% 2 - iR Blb i2
"2[mB 2b pBQH iBM; i?2 ;HQ# HMaB bLKK22BRIBAMQi2b H2TiQ
MmK#2 BMBb # "VQM MmIBH2 X Mb7Q K iBQM +2 iQbbBT MM b
M/ 1iQ MiBH2Ti@MBb M/HQ:Qmb 7Q  # "vQMbX h?2J DQ" |
i?2 HB;?i M2mi'BMQ BB K- Q" BM Qi?2" rQ /b- Bi "2bmHib BN
PBQH iBQM UGLOV #v irQ mMBibX Ai rQmH/ #2 BKTQbbB#H
i72aJ T "iB+H2 +QMi2Mi HQM2 bBM+2 MQM@T2 im # iBp2 [
B+L bvKK2i v- #mi biBBIHLT- 222 2ZQ 2 M2mi ' BMQb 2K BM 2t
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6B:m 2 jXR, h'22@H2p2H /B ;> Kbi? iBM/m+2i?2 q2BM#2"; (
AA M/ iVT2@AAA b22b r K2+? MBbKb U7 QK H27i iQ 'B;?iV
K bb BMb2 iBQMbX

2K “F #Hv- iR2R22z2+ib BM/m+2/ #v M2r T?vbB+b + M #2 T °
i72 QMHvV ; m;2 BMp "B Mi /BK2MbBQM@8 QT2 iQ i? i+ M #
KmHiBTH2ib- FMQrM b i?2 q28IK#R( ?2Q0TiZ?’2iDQ (K

Las 2° C%e e, +Hu: UjXRdV

r22°@0Bb +Q2{+B2Mii? i /2T2M/b QM i?2 10 2ti2MbBQM Q7 i?
JDQ M M2mi'BMQ KBthb Db QW/B i2/iQ i?2 K bb b+ H2 Q7 i?2

h?22°2 "2 2t +iHVi? 22 pB #H2r vb Q7 :2M2X FedMi ;i P22i @2
H2p2HX h?2v "2 "2H i2/iQ i22bTQrbhiBwWHE QMUKA2 T QAm+ib #
M/ X 6B bi-r2 2 p2i?22 & B/r7XMK M al bBWI;H2iX h?Bb Bb |
bi?2DVT2@A b2@Ekd- M/ i?Bb +QK#BM iBOM + M #2 +QMi > +i
72 °KBQM- Q7i2M "272°°2/iQ b 'B:?2i@? M/2/ MBI G B M kQ
b+ H "X Hi2 M iBp2Hv- i?22 T Q/m+i E24rRI2MR i+Q MQm#il22 irtB i
b+ H ~alUKBTHII *: *; 9iQ 7Q0°K MBMp "B Mii2 ' KBM i?2 (
h?Bb Bb mbm HHv 272V T2/@@ Abb2f@bjy)X G biHv- BM2A@AAA
b22b (R- 122 T Q/m+i £2iMI2M M #2 +QK#BM2/ rBi?7 M KBUDKW
BMi?2 i"BTH2i 2T 2b2Mi iBQM=mbm HHY X2WPQiLE #V KK iB+
2T 2b2Mi IBQM Q7 i?2 i 22@H2p2H M2mi'BMQ K bb2b :2M2"
BM 6BXR LQi2i? ii?2 q2BM#2°: QT2 iQ Bb MQii?2 QMHvV QT
JDQ M M2mi'BMQ K bb2bX AM 7 +i- i?Bb + M #2 E+QKTHB
QT2 iQ Q7 K bb /BKRMBBIQMWB}+ iBQM Q7 bm+? QT2  iQ b
2X;ENdRX AM i?2 2bi Q7 i?Bb i?2bBb r2 7Q+mb bQH2HvV QM
/2b+ B#2/ BM KQ 2 /2i BHBM i?2 M2ti bm#b2+iBQMX
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iXjXk hvT2@A a22b r

*QMbB/2  i?2 + b2 r?2M i?2 aJ T iB+H2 +QMi2Mi Bb 2ti2M/2
Q7 "B;?i@? M/2/ M2mBiBMQk;nk- r?B+? "2 bBM;H2ib mM/2" |
;"QmT Q7 i?2 aJX Cmbi HBF2 7Q° HH Qi?2  72°KBQMb BM i?
umF r i2°Ki? i BMpQHp2b i?2 "B;?2i@? M/2/ M2mi'BMQX A"
K bb2b "2 :2M2" i2/ #vi?2 +QMp2MiBQM H >B:;b K2+? MBbK
iQ #2 //2/iQi?2aJG ;° M;B M 2

LR i_R@ R Eh e r +tH:C UjXR3V

r?22°2i?22b2+QM/i2°KBb M HQ:Qmb iQ i?2 mEK@en#nFiumF?r

K i Bt +QmiTHBMg?3T2xX h?Bb T 2bmKTIiBQM rQmH/ "2[mB"~
THBM1®2 BM Q' /2  iQ 2tTH BM i?2 bm#@20 M2mi'BMQ K bb2
Q#b2 p iIBQMX h?Bb Bb i?2Q 2iB+ HHv mM TT2 HBM; bBM+
i?72 bK HHM2bb Q7 i?2b2 +QmTHBM:b "2H iBp2 iQ i?2 Qi?2°
TQ'i MiHv- Bb T'Q#H2K iB+ bBM+2 Bi /Q2b MQi 7TQHHQTr i?2
Q7 : m;2 BMp 'B M+2X 1p2M i?2Qm;? i?2 M2XiR3KXb T2 #i T The; 2
bvKK2i B2b-i?Bb G ;" M;B M Bb MQii?2 KQbi ;2M2  H mM/2
h?2 +Q "2+i TT'Q +? BbiQ BM+HmM/2 i?2 bQ@+ HH2/J DQ"
+QMbi'm+i2/ mbBM; 72°'KBQMb Q7 i?2 b K2 +?B" HBiv- b Bi -
i Mb7Q 'K iBOQM T QT2 iB2b T 2k XRKQR?BM a/@ b 22i TGMQ +?
iQi?2G ;" M;B M

) — 1 .
L, I"R@ =R Lh € g+ - rmy S+HIC ; UjXRNV

2

r?72°2i?2 +QKTH2t M/rxvKiKKiiBBty Bb FMQrM bi?2J DQ M
K i'Bt- r?B+? #°2 Fb H2TiQM MmK#2  #v irQ mMBib b “2[mB
K bbi2°Kb 7Qi?2 M2mi BMQbX

hQ pBbm HBb2 i?2 bmTT 2bbBQM K2+? MBbK i? irb MiB-
iBQM-r2 /Bb+mbb i?2 T°QT2iB2b Q7 i?2K bbG ;> M;B M7Q"

Q7 alUKVURVY r?B+? Bb ;Bp2M #v
0 10 1

O3 m
° TPA@"A +Hc UjXkyV
my Mu R

L mRass % —E; = @
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#Qp2-r2? p2 BMi Qmnk2./Bi?72 K bb KmpBt/2}M2/ b
\ .
mp p—zh : UjXkRV

bbmKBM; i? i i?2 2HRK2MIKRQF? #B;;2° i? M i?2 ;i 2K2Mib «
K bb K i'BtjBMyY M #2 TT QtBK i2Hv #HQ+F@/B ;QM HBb2/
2tT MbBQM T ° Kgth,' Ub22 TT2MW/MBt7i2 T2 ' 7Q KBM; i?Bb
i?72 222+iBp2 HB;?i M2mi'BMQ K bb K i'Bt Bb TT QtBK i2Hv
7Q KmH

e

me mpm,,'mp; UjXkkV

r?eB+? M2+2bb "BHv ?QH/b By PR KmbH®? b+2Hi2 " i? M i?2 1q b
h?2 /2T2M/2M+2 Q7 i?2 HB;?i M2mi BMQ K bb2b QM i?2 BM
T K2i2'b-r?B+? 2T 2b2Mi i?2 b+ H2 ir?B+? M2r T?vbB+lI
2t KTH2 Q7 i?2bmTT 2bbBQM K2+? MBbK /2b+ " B#2/ ii?2 #2
2H2; M+2 Q7 i?Bb KQ/2H HB2b BM i?2 7 +i i? i Bi Qz2 b i?2
M im Hp Hm2b 7Q MX2AW BZbhB@MmMH - B7r2 bbmK2 J DC
i?72 :lh b+ H2- bm#@ 20 HB;?i M2mi BMQ K bb2b "2 +QKT iB
+QMTHBNLXQ7

iXjXj >2 pvL2mi'BMQ *QmTHBM;b

+QMb2[m2M+2 Q7 i?2 KBtBM; #2ir22M H27i@ M/ "B;?i@?
+Q "2bTQM/BM; K bb 2B;2Mbi i2b- r7R+7422 i2MQiBBbH?i M2n
MN 7Q° ifk2?2 pv QM2b-? p2 +QKT@MIMh®Z +QMp2 b2 Bb
i*m2- M/ bbmKBM;i? iiMg 2NiKB2#?Q72 i2  i? Mi?23Mi2B2b ¢
+ M/2'Bp2 TT QtBK i22tT 2bbBQMb 7Q i?2i  Mb7Q K iBQN
# b2bX h?2b2 /2T2M/ QM i?2 HB;?2i@?2 pv M2mi BMQ KBtB\
2tT 2bbBQM

mpm,,*: UjXkjV
rBi?

kk 1 UjXk9V
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r?2°2r2 7?2 p2/2}M2/i?2 K i BtiMQ K Q7

p
kk T[] UjXk8V

ITiQb2+QM/ KX k2 7TBMHQrBM; i?72 /2" Bp iBQWMDL}IBMIiTTT2M/Bt

L=8 P + ByPLN; C= T8 P + BP.N; UjXkeV

=8 P + UyPrN; R= Y8 Pg + 8 PgN; UjXkdV

r?2°2r2/2yM2/i?2 MQM@mMBi "vK i B+2b

@

T Us: UjXk3V

NI =

13 é U ; QN 1n

h?2 mMBi “v KUi"BMRb QM i?2 Qi?2 2 M/- 2 /2}M2/ #vi?2 /B
+QM/BiBQMb

U™ m® U =diag(my; my; ms); UjXkNV
Uy my Uy =diag(my,;:::my,); UjXjyV

r?21m My /2bB;M i2i?2 K pbMbB Q72bT2+iBp2HvVvX

h?2 +QmMTHBM; Q7 i?72 K bb 2B;2Mbi i2b rBi? i?2 ; my2 #Qb
+QKTQM2Mi- b Bi + M #2 BM72°°2/ 7°QK i?2 M2mi> H M/ +
G ;> M;BjM¥ WXV X IbBM; i?2 2tT 2bBBj@METQb2+QM/ Q /2"

rz ~"Bp2 i

h

Ow _
L"® = 8Y8 ZP + UY U Z PN +H:c:
L 2COS - N - i

+NU{ T Uy Z PN UjXjRV

7Q°i?22 M2mi> H+m "2Mi G :° M:B M- M/
L = %—@y W*P_e F)O%WU,{’, T W*Pe+H:@c UjXjkV

7Q H2TiQMB+ +? *;2/ +m "2Mi BMi2  +iBQMbX hrQ BKTQ i N
G ;" M:B Mb #Qp2X 6B bi- KQ/2Hb rBi? K bbBp2 M2mi ' BMQL
2z2+ib BM i?2 BMi2  +i\WQAQOBMX iAM 7 +i- 7 QK i?[X}¥bi i2°
Bi + M #2 BM72°°2/i? ii?2 ~ pQm  M2mi'BMQb + M #2 2tT N

2B;2Mbi i2b b

X
= (8)y ‘= UjXjjV
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+QKT "BbQM Q7 i?Bb 2[MmeiBIpN2 HB1Wib iQ #2 B/2MiB}2/ r
i?72 H2TiQM KBtBM ;BRjWRGX AM i?2Q B2b r?2°2 HB;?i M2mi~
?2 pB2 T "iB+H2b-i?BbK i Bt? bbK HH/2pB iBQMb 7 QK n
BM i?2 HB;?2i@?2 pv M2mi BMQ X BatBHM MMIR 2M2i?2 b2+QM
12" K QXX b?Qr i? ii?2 K i Bt@p Hm2/BRi iRBiR?2 bi 2M;i? Q°
+QmMTHBM; #2ir22M i?2 aJ M/ i?2 ?22 pv M2mi BMQ b2+iQ - ?
BKTQ i M+2X

X9 G2TiQM LmK#2 M/ G2TiQM 6H pQm’

h?2 2tT2 ' BK2Mi H +QMb2[m2M+2b Q7 ivI2@A b22b r 2ti2\
#H2 2z2+ib Q7 GLo M/ +? “:2/ H2TiQM ~ pQ  pBQH iBQM U
bmKK "Bb2 i?2 K BM T2 iBM2Mi 2bmHib +QM+2 MBM; #Qi? -

jX9XR L2mi'BMQH2bb .Qm#H2 "2i .2+ v

AMi?2ivT2@A b22b r KQ/2H- #2bB/2bi?2 mbm H/Qm#H2 #2i
M/irQ MiBM2mi°BMQb "2 2KBii2/7 QK i?2/2+ VBM; Mm+H21
M2mi'BMQb Bb HbQAKIN Q@7 RpB2(bVX h?2°2 "2 irQ +QMi
i?72 KTHBim/2 Q7 i?Bb T°Q+2bb- r?B+? +QK2 7°QK i?2 HB;?
6QHHQrBM; i?2 MdDi- QMBQZiP2 BMp2 b2 Q7dBIb ? H7T@HB72
éngleoA + M § AyjZ UjXjov
#QpBY, Bb /2+ v T? b2bT +27 +iQ i? i/2T2M/b QM i?2 /2+
KTHBiMARb 2 Mm+H2 " K i'Bt 2612KKRIB 1R/ #WIN - "2bT2+@
iBp2HVX h?2 +QKTH2t /IBK2MbRQMEB2BEM/TQMKRA2 D "iB+H2 T
"2bTQMbB#H2 7Q  i?2 /2+ v- M/ 7Q  i?2ivT2@A b22b r-i?2b

1 X ) X 2 .
A m—e | (8)s mi; Ay mp -~ : UjXj8vVv

(22°@, M, 2i?22H2+i"QM M/i?2 T"QiQM K bb- "2bT2+iBp
i"B#miBQM iQi?2 KTHBim/2Bb Q7i2M bK HH +QKT “2/iQ i?2
M/ QM i? i ++QmMii?2 MQM@ QHP2bpMIBIOM2@Zbb "BHv “2bm
+QMbi> BMib QM i?2 HB;?i@?2 pv M2mi 'BMQ KBtBM;X >Qr2p
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iIQi?2 #bQHMiIi2 M2mi BMQ K bb b+ H2X h?Bb + M #2 b22M #
Q7 i?72 KTHBIim/2 pRj@rM?BMUH2 /b iQ i?2 mbm H7Q KmH

1 hmi 2
= GO M 0 ;2 ;
T]?:Z 01] J mtzé

UjXjeV
r?2" 2

X
i (8)2m, UjXjdvV

|
Bb i222+iBp2 M2mi BME}*R HQ /2 kX BbBMm (MR X aBM+2

i72 p Hm2b Q7 i?2 2Mi'B2b Q7 i?2 H2TiQM KBtBM; K i"Bt :
i?Bb BKTHB2b i? i im® HBMBDONOMR/ iQ +QMUEM/BMi?2 J DQ" M
M2mi'BMQ bbmKTiBQM- i?Bb “2[mB 2b iQ bbmK2 HH TQb
T? b2b-bQ 7 " mM+QMbi’ BM2/ #v 2tT2 BK2MibX E KG L.@w
bi'BM;2Mi #QmM/I@NE, > 1:07 10°° v' i NyW *M@XPB+? i MbH i
iQ MmTT2 #QmM/ QM i?22z2+iBp2M2mi'BMQ K bbBMi?2"

MMTm#HBb?2/ 2bmHib 7 QK i?2b K2 +QHH #R>ZEQMbH22K i
V' iNyW *¥@XreB+? rQmH/BKTHvY MmTT2 #QmM/ QM i?2 2z
BMi?2jeiQ R8e K20 M:2X 6Q° “2+2Mi + QKT BR®2iK DB OMi2p
Q7 i?2Q°B2b rBi? ?2 pvJ DQ° M M2mi'BMQb-r2 "23X i?2 BI

jX9Xk G2TiQM 6H pQm’  0BQH iBQM

AM i?2 b22b r 2ti2MbBQM Q7 i?2 alJ-i?2 H2 /IBM: Q /2" +QMi"
TT2 ° ii?2 QM2@ H@QBQI2iP2H (/B iBp2 /2+ vb Q7 Qm  BMi2
bBQMb 7Q  i?2 # M+?BM; " BRQb 2 :Bp2M #v (

32 m4 m 2
BR( | e)= —ww = M ge2, Ujxj3vV
( e) 256 ZMd, ; JX]
BR( ! eee):—évm—le— g lpeee  pe o2 pe e 2
' 24576 3 My, 2 B 2 z
1 .
+4st Ff F° ?+16s<e FS + SFom G° UjXjNV
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