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:}?{8¿:�� J 2&@G2Ù81?�(µF J 678¿49670¿298µC�812KNm?A:}:*�)012H� J � J 8�: 2 J @M-)CDFâC�@76/-j�t:}?{8 -)CDFâCZEt?{810#F L 2)8_CDFA@ ��B5@7F
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Pdiff

B#81? J :�F7�A?{81:à01?{814H.a29:}?A678r012
4ZFA@G4 J @G29E

ak

B]@P�/F L N1@G6GC J 012KNm? J E Nm2 J N1@G29E J 8 -�C FâC
ψk

0 J 4)?{8µCD678 J�JL � J 6�2): C&01?A818�-92 N1FAE
@72àE}2)49? J �BE 2 L 298µCe298µC}E}2Ù@7F0Et?{814�CD6G?{8 0�� ?{810¿2�012Ù0¿6/= J :}6G?{8

ψscat

2)C J 8:-)CDFâC
0 J 49?{8µCD6G8 J�J�L +
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Y�FqEt?{814)C}67?{8�0D�-?{8¿012&012 016/= J : 67?{8
ψscat

2): Cà@ FÓ0¿6/=�-9E}2)81492&2)8_C}E}2&@ F0Et?{814)C}67?{8�0D�-?{8¿012$r#8#FA@G2
ψf = SnScφ0

2)Cà@ FqEt?{8¿4)CD6G?{8�0�� ?{81012&81?{82Na29E C J E*.A-92FB#:}?{6 C
ψscat = (SnSc − 1)ψ0

@��-F L N1@76 C J 012
ak
29: C FA@G?{E}:e0¿?{818�-)2 N1FAE�@ FqEt?{E LCJ @72

ak = 〈ψk|SnSc − 1|ψ0〉
@ F'N¿E}?C.#FF.167@G6GC�-L012e016 =]E}FA4)C}67?{8�CD?ACDFA@72!29: CLFâ@7?{E :�?C.¿C}298 J 2 N#FAE�:}? L L FíCD67?A8Ó: J E(CD? J :�@729:�-�C FâC}:
0 J 49?{8µCD6G8 J�J�L

Pdiff(b) =
∑

k

|ak|2 = 〈ψ0| |SnSc − 1|2 |ψ0〉 − |〈ψ0|SnSc − 1|ψ0〉|2

YnFy: 294�CD67?A8x2 3c4ZFA4)2c0D�/F .¿:}?{E N¿CD6G?{8v0 J 812 J CDE}?A8�B´? J 2)8149?{E 2 c): C}E}6+NN1678�8 cFB�29: C�49FA@74 J @�-)2
� J FA8µC:"v2)@7@72R" N#FAEJCD6GE¸012�@ F N1E}? .#F .16G@76GC*-]Na? J Ej� J 2r@72�4 � J E : J E1�B6/�A2 � |Sc|2

�¸2�Ci� J 2�@G2
812 J CDE}?A8�: ?{6GCàF .¿:}?{E1.�-i�

1 − |Sn|2
�@B¿:}?{6 C

Pabs(b) = 〈φ0| |Sc|2(1 − |Sn|2) |φ0〉
n ? J : Nm? J �{?{81:>8¿?ACD2)E(674)6p� J 2e@P�-? NA-9E}FâCD2 J E�0D�/F .¿:}?{E N¿CD6G?{8j8{@7? .#FA@72 Na2 J Cgb)CDE 2e0�-94)? L Nm?{:1-

49? L L 2Ù: J 6 C09

1 − |Sc|2|Sn|2 = |Sc|2(1 − |Sn|2) + |Sn|2(1 − |Sc|2) + (1 − |Sn|2)(1 − |Sc|2)
�"=¿+ 9 UC�

Y2 N1E}2 L 6G29ELCD29E L 2�49?{E E}29: Nm?A810 "�@��-F .1:}?AE<N¿C}67?{8T0 J 812 J C}E}?{8DB1@72 :}294)?{810 "�@��-F .1: ?{E<N5CD67?A8y0 J
4 � J E�2)C�@G2ÙCDE ?{67: 6�� L 2$"¸@��-F .1: ?{E<N5CD67?A8�:}6 L J @GCDFA8�-92 0 J 4�� J Eà2�C�0 J 812 J C}E}?{8]+
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012Ù4)29:
? NA-9E}FâCD2 J E}:!012�CDE}FA81: 6GCD6G?{8´+LY2Ù:1(B:JC�� L 2Ù012�49?B?{E}01?A818�-92): J CD6G@76G:*- Nm? J E!@G2�4ZFâ@74 J @m2): C
E}2 N1E*-):}298µC*-T: J E @ F<r�8 J E}2 =¿+ < +]HÝ@(29:JC$EpFA496G@72Ó0¿2��{?{6GEÙ: J E&4)2)C}C}2�r 8 J E 2j� J 2 @729:'N#FAEDF L ��CDE}2):
0�� 6 L N#FA4)C�Nm? J Eà@G2Ù812 J CDE ?{8�2�CBNm? J Eà@G2Ù4 � J E�: ?{8µC 0¿?{818�-):4N#FâE$9

~bn = ~b+
Ac

Ac + 1
~s

��=1+ 9�9 �

~bc = ~b− 1

Ac + 1
~s

��=1+ 9 SC�
35681? J :�8�-%8{@76/8{29?A81:e@72):e2%=m2)CD:�012�E}2)4 J @_�

Ac � 1
�

~bn = ~b+ ~s+O
(

1

Ac

) �"=¿+ 9�: �

~bc = ~b +O
(

1

Ac

) �"=¿+ 9 =��
�!? L�L 2Ó@G29:s-�C FâC}:Ù2@?54)6GC�-): 0 J 4 � J E�812�:}?A8_CKN1FA:Ù49? J N1@�-): N#FAE�@�� 678µCD2)EDFA4�CD67?A8�B�@72Ó4�� J E

! ? J 2 J 8�E*&{@G2�012Ù: Nm2)4)CDFâCD2 J Ee0#FA81:!@�� 2981: 2 L .1@G2Ù0 J 49FA@74 J @ +Ln ? J :e8��-F��A?{81:�FA@G?{E}:].m2):}?{6G8:� J 2
012 4)?{81: 670�-)E}29E�@72):�012%8{E*-):Ó012T@76/.m2)E C�- 0 J 812 J C}E}?{8¶2)C�8¿? J : Na? J �A?{81:�01?{814TE}2 L N1@7FA492)E�@7F
Et?{814�CD67?A8r0D�-?{8¿012KN1E*-)4'-90¿298µCD2

ψ0

N1FAEe@ F�Et?{814�CD6G?{8�0��-?A81012 J 816 ;�N#FAEJCD6G4 J @G2Ù0 J 812 J C}E}?{8DB#:}?{6 C
ψjm

+(35?{6G298µC
Sc, Sn

@72): L FâCDE 67492):¸3 �t0�-%r#8¿6729: N1@ J :q�#F J C��@B�01FA81: J 8¿2yE}2 N1E*-):}298µCDFâCD6G?{8º298
N#FAE}F L ��CDE 2�0D�-6 L N#Fâ4)C7B¿012�@P�-6G8µCD29E}FA4)C}67?{8�0 J 4 � J Eà2)C 0 J 812 J C}E}?{8rE}2):<Na294�CD6/�A2 L 298µC F7�A294Ó@7F
496/.1@72â+ Y�F : 294�CD67?A8r2 3c4ZFA4)2�0��-F .1: ?{E<N5CD67?A8r2): C 01?{818,-92KN#FAE

σabs =
1

ĵ2

∫
d~b
∑

k

∑

m

|〈φk|Ωabs|ψjm〉|2
�"=¿+ 9 T �

? �
φk

:}?A8_C�@72):
-)CDFâCD:�012
016 = J : 67?{8�2)C
Ωabs = (1−|Sn|2)|Sc|2

29:JC>@�� ? NA-9EDFíCD2 J Ek012=CDEDFâ81:}6 CD67?A8
Nm? J E=@P�/FF.1:}?{E N¿CD6G?{8 ��F .1: ?{E<N5CD67?A8T0 J 812 J C}E}?{8 ��+pY�2à812 J CDE ?{8:-)CDFA8µCeF .¿:}?{E1.�-FB5: 2 J @G:!@72):]-�C FâC}:
012&016/= J : 67?{8�E 29: C}298µC�FA494)29:}: 6�.1@G29: F J 4 � J E � @7F¸E}29@7FâCD6G?{8y012$Et2)E L 2)C J E}2&0#FA81:�4)2�49FA:�29:JC#9

∑

k

|φk〉〈φk| = 1
��=1+ 9CJ �

[�FAE�4)? L .16G8#FA67: ?{8�012<�"=¿+ 9 T �=2)Cq�"=¿+ 9�J �!81? J :�?C.¿C}2981?A81:

σabs =
1

ĵ2

∑

m

∫
d~b
∫
d~r (1 − |Sn(~b + ~s)|2)|Sc(b)|2ρj

mm(~r)
��=1+ 9�; �

? ��81? J :àF7�{?A81: 6G8µCDE}?B0 J 6 Ce@ F L FâC}E}674)2Ù012)81:}6 C�-

ρj
m′m(~r) = 〈ψjm′|ψjm〉spin

�"=¿+ 9�K �
〈 | 〉spin

6G81016�� J 2 J 8¿2 L ?�({298¿812 : J E�@G29:�49?B?{E}0¿?{818�-)29:Ó0¿2T: N1678´+n<>8 J CD67@G67:}FA8µC&@��-FA@�8C�%.1E}2
0129: L ? L 298µCD:�FA8,8 J @ Fâ67E}2):'B18¿? J :àF7�{?{81:

ρj
m′m(~r) = R2

l (r)
l̂2ĵ√
4π

∑

λµ

C llλ
000 W

(
jljl,

1

2
λ
)

(−)j− 1

2 Cj λ j
m′µm Yλµ(r̂)

��=1+ 9C< �
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F7�{294�@ FCN¿E}? N1E 6�-�C�-

Tr (ρ) =
1

ĵ2

∑

m

ρj
m′mδm′m = R2

l (r)/4π ≡ ρval(r)
��=1+ SFU��

F7�{294
Rl(r)

B_@7FKN1FAE C}672�EDFA0¿6 FA@G2e012 @7FsEt?{814)C}67?{8c0�� ?{81012â+5HÝ@�2): C]-'8µFA@G2 L 298µC J CD6G@72e0�� 678µC}E}?B0 J 67E 2
@ FCN1E ? ! 294�CD6G?{8�0#FA81:à@72�N1@7FA86Na29E<Na298¿01674 J @ FA6GE}2$"

z
012&492)C CD2 L FâCDE 67492 0¿2981: 6GC�-

ρ̃j
m′m(~s) =

∫ ∞

−∞
dzρj

m′m(~r)
��=1+ S 9 �

ρ̃val(s) =
∑

m

ρ̃j
mm(s)

��=1+ S SC�

492H� J 649?A810 J 6 C�"¸@7FqEt?{E LCJ @72�r#81FA@72�Na? J E�@ F�: 294�CD67?A8�2 3T49FA492�0��-F .1: ?{E<N¿C}67?{8 9

σabs =
∫
d~b d~s (1 − |Sn(~b+ ~s)|2)|Sc(b)|2ρ̃val(s) ≡

∫
d~sDabs(s)ρ̃val(s)

��=1+ S : �
F7�{294L@ F
0,-%r#816 CD6G?{8H� J 6_F#N�N#FAE}FFu7C�-%�B67012)8µCD2L0#FA81:�492�C}C}2_Et?{E LCJ @G2(012 @ FQEt?{814�CD6G?{8 012 0167:JCD?{E :}6G?{8
Dabs
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CD? J : @G29:�2%=m2)C}:�012�0¿67: C}?{E}: 67?{8�49F J :*-):4N1FAE
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Ωdiff = ScSn − 1

+
n ? J :e012%�A?{81:à29814)?{E}2 J 812$Et?{6G:
: J N�Nm?A:}29E J 8�4)?{8µCD678 J�JL :DFA8¿:à:JCDE J 4)C J E}2&2)C�@G2�CDE}FA6GC}29E�N1FAE
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Nm?A:}:*�)012 J 8ê: 2 J @s-�C FâC @76/-A+e�!? L�L 2r@���-)C FíCy012�0¿6/= J :}6G?{8¦01?{6 C:b�CDE}2K?{E C*�1?C8{?{81FA@�"¢@���-)C FíC
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∑

m

|ψjm〉〈ψjm| +
∑

k

|φk〉〈φk| = 1
��=1+ S$=z�

d�2'N1@ J :'BB492�C}C}2�49?A81016GC}67?{8c0�� ?{E C*�1?C8{?A8#FA@76 C�-e81? J :�Na29E L 2�C!012 E}2 L N1@7FA492)E=@G2 −1
0#FA81:=@ F

0�-%r1816GC}67?{8x012 @P�-?#N�-)EDFâC}2 J E&012cCDEDFâ81:}6 CD67?A8x0¿2 016 =]E}FA4)C}67?{8>N#FAE�8�� 6 L Nm?{EJCD2j� J 2)@7@72aEt?{814�CD6G?{8
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Et?{E L 2
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Ωdiff = ScSn−Sc
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σdiff =
1

ĵ2

∫
d~b

{
∑

m

〈ψjm||Ωdiff |2|ψjm〉 −
∑

m′m

|〈ψjm|Ωdiff |ψjm′〉|2
} �"=¿+ SCT �
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σdiff =
∫
d~b d~s |Sc(b)|2|1 − Sn(~b + ~s)|2 ρ̃val(s)

− 1

ĵ2

∑

m′m

∫
d~b

∣∣∣∣
∫
d~s Ωdiff (~b, ~s)ρ̃

j
m′m(~s)

∣∣∣∣
2 �"=¿+ S J �
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I =
∫
d~sdz Ωdiff

(
~b, ~s

)
ρj

m′m(~r)
��=1+ S ; �

2)Cà0�-@�{29@G? N�Na?{81:�@ F�0¿2981: 6GC�-�298 LCJ @ CD6@N�&{@G29:

ρj
m′m(~r) =

∑

λµ

ρλµ(r)Pλµ(θ)e
iµφ �"=¿+ S K �

F7�{294
cos θ = z/r

2)C
φ = φ(x, y)

+�IKFA6G8µCD2981FA8µC7B#: J N�Nm?A:}?{81:I� J 2�@ F�0�- Nm2)810#FA8¿492�012
Ωdiff: J E�@G29:�FA8�8A@729:e0¿2

~s
29:JC�EpFâ6�.1@G2Ù2)CBNa2 J C�b)C}E}2&8�-%8{@76/8C-92FB¿67@]812&E}29:JCD2�FA@G?{E}:Z� J 2

I =
∑

λµ

∫
s ds dφ Ωdiff (b, s)fλµ e

iµφ ∼ δµ0

�"=¿+ S < �
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m′ = m
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14 K T U T J +�T ± U¿+ T ; T ± S 9 T : ± 9 T 9�K T S −K-J T ; ± S a = K ± T a

T < TCT ± S b 9�;�J ± 9�J b

15 K = : ;�: ± S5+�T K U ± < 9 U K ± 9�: K�< ����� − c

14 � ;�9 9�K U ± T S S U ± : J T ± = K�< U +

15 � J S J-: +�T ± U¿+ ; K-J ± 9 9 T < ± 9 T 9�J�K 9 � S +K T JG; ± : a :�: ± : a

16 � TCT 9 U K ± S 9 =�U ± : J T ± J ; T U +

17 � = < 9-9�9 ± : 9CJ-J ± < K = ± < ;'9 ��� � + c,aK = 9 =zT ± T a S J ± : a<-J + K < = ± 9�< d = 9 ± = d< U�= 9 = 9 ± J e 9 S < ± S S f

18 � = : 9 S J ± T 9 T J ± 9�J 9-9 T ± 9�K 9-9C< U +K-J + S 9�9 U ± 9 S d : T ± S d

17 n J T 9 = 9 ± = S 9 = ± = TCT ± T J-; 9 � S −
18 n T < 9�J�K ± : S 9�J ± : 9 U < ± 9-9 <�9 9 −
19 n T : 9�;�; ± : S S J ± T K-J ± < K�: � ��� − c,g

20 n = K 9�J S ± = S 9�; ± 9�J <-K ± 9�: 9 U 9 � − c

21 n = : 9 = < ± ; S :�J ± 9�;-; 9 =�U ± =-= 9 T 9 � ��� − c

19 o J-K 9�< U ± K SCTFU ± 9�: 9 U�= ± 9 S K U T � S +

20 o J S S 9C< ± T S T 9 ± ; 9-9 S ± 9-9 <�J U +

21 o T J S 9 U ± J S$= : ± ; 9�: = ± 9 = 9 S : ����� + c,g

22 o T 9 S U J ± = S :-; ± 9�J 9 S U ± 9 = 9 =CU U +

23 o = ; 9-9 = ± < 9 T ; ± S K + T ; k 9 SCS � ��� + c

22 , J = 9�K T ± 9 = S ; = ± S K 9 S 9 ± 9�J J�9 = +
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24 , T!= 9 S < ± = 9�<�K ± 9�K 9 S!= ± 9�J 9 U < � + c B � + c,j

25 , T U 9 U J ± K 9�J�K ± =zT 9�;�: ± = J 9 T$= ����� + c
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δψ(~r) =

{
ψ0(x, y, z)
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(x, y, z) ∈ w
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ψ0 = ψ̄ + δψ
��=1+ T 9 �

∫
d~rψ̄∗δψ =

∫
d~rψ̄δψ∗ = 0
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Pa(b) =
∫
d~r|δψ|2 �"=¿+ T : �
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∫
d~r|ψ̄|2 = 1 − Pa
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ψ(~r) = ei~q~r(ψ0 − δψ) = ei~q~rψ̄
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∫
d~rψ∗(~r)ψ(~r) =

∫
d~rψ̄∗(~r)ψ̄(~r) = 1 − Pa
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γel =
∫
d~rψψ∗

0(~r)
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ψ1(~r) = ψ(~r) − γelψ0(~r)
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ψd(~r) = ψ0(~r) − δψ(~r) − γele
−i~q~rψ0(~r) ≡ ψ̄ − γele

−i~q~rψ0 ≡ e−i~q~rψ1(~r)
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∫
d~r|ψd(~r)|2 =

∫
d~r|ψ1(~r)|2 = 1 − Pa − |γel|2
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ψ̃d(~k) =
1

(2π)3/2

∫
d~re−i~k~rψd(~r)
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dσ

d~k
=
∫

2πb db |ψ̃d(~k)|2
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σ =
∫

2πb db
∫
d~k|ψ̃d(~k)|2 =

∫
2πb db (1 − Pa(b) − |γel(b)|2)
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Pel(b) = 1 − Pa(b) − |γel(b)|2
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w : (x, y, z) ∈ R3, x ≥ b1 = b−Rt
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w : (x, y, z) ∈ R3, (x− b)2 + y2 ≤ Rt

? �
Rt
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m

ρval(r) =
1

l̂2

∑

m

|ψ0|2 =
1

4π
R2

l (r)
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ρ̃(x) =
∫
dydzρval = 2π

∫ ∞

x
rdrρval(r)

��=1+ J�J �

ρ̂(s) =
∫
dzρval(r) = 2

∫ ∞

s

rdr√
r2 − s2

ρval(r)
��=1+ J-; �
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ρval(−r) = ρval(r)
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x → ρ̃(x)
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ρ̃(−x) = ρ̃(x)
2�C

2
∫∞
0 dxρ̃(x) = 1

+gd�2?N¿@ J :%B(@ Fv012)81:}6 C�-
ρ̂
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d~sρ̂(s) = 1
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γel =
∫
d~rψ∗

0(~r)e
i~q~r(ψ0 − δψ) ≡ γC − γC+N
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γC = 2
∫ ∞

0
dx cos qxρ̃(x)
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γC+N = 2π
∫ ∞

b1
dxeiqxρ̃(x)
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γC+N =
∫ Rt

0
sds

∫ 2π

0
dφ eiq(b+s cos φ)ρ̂(

√
b2 + s2 + 2bs cosφ)

�"=1+ ;�9 �
n ?AC}?{81:a� J 2

γC+N

2): CT49? L N1@72�?52�2)Cc0�-0Na298¿0012r@ F Et?{E L 2�: N�-)496/r�� J 2�4��1?A67:}6G26Nm? J E
@ F .1@G29:}: J E}2FBàFA@7?{E :h� J 2¢@P�/F L N1@G6GC J 012K4)? J @G? L .16G2981812v2): C�E*-)29@7@G2v2)C�67810,-0Na29810#Fâ8_C}2¢0¿2x@7F
.1@72):}: J E}2â+�d�2�N1@ J :'B

limq→0 γC = 1
L ?{8µCDE}2W� J 2 B12)8�@��-F .1: 29814)2Ù012Ù4��#F L Ny4)? J @G? L .16G298�B_? J

"�C}E*�):#8{E}FA810 N#FAE}F L �)CDE 2 0��-6 L N1FA4)C'B´@��-F L N1@76 C J 012�49? J @7? L .¿67298¿812 29: C0-%8µFA@72i" 9 +MdÙFA8¿:�@G2
4ZFA: 0D� J 8 �#Fâ@7?yCDE1�9:$.16G298v0�-@�{2)@7? N�NA- B@7F<Et?{814�CD6G?{8v0�� ?{81012��âFAE 672ÓC}E*�9:�Na2 J 0#Fâ81:&@ F E1-'8{6G?{8
012&@ F�.1@G29: : J E 2�2�C 8¿? J : Nm? J �{?{8¿:àE 2 L N1@ Fâ4929Ee01FA81:#�"=1+ ;�9 �

ρ̂
N#FAE J 8120�âFA@G2 J E L ?�({2)81812

ρ̂0

+
�!2)C CD2&:}6 L N1@G6/r#49FâCD6G?{8yF L �)8120"



� ��� ��� �� �
��� �  ��� 	���������� � 	�� 	
� ����	 � � � � � � �

|γC+N |2 = ρ̂2
0

4π2R2
t

q2
J2

1 (qRt)
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/ X 2Y@3;C�1+<58B�- � 5875�"+(	3�H/<594P#e/$�<+158B�@.;�-
γ
@.;C;A/(	346;8�>23;>B�"<58;)-6/<2.-

γ
@3; 13I '�K ; � /<-6-�+ =�5F�>- I

# ;Q�.B�+  7 <� ;O=>+<2.=>;�B62A/<2L4X7 � ;�-�465  /H4F59+12U@.;R=�;�2.+ 8 B6;|@.;�=�+�� 2.=�58@.;�2.=>;�-f@.+
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	37G/<59B6;S@ � �  58-�-659+12_@.;>-P��;.+H4F+12.- I

� # ;>-,-6;�	35878-  /<-,582.@.5 �J58@�	.;�78-P@.;?@��>=�78;>23= ;.;  ;>2L4W@.;�- = / �
2

@�	 4 ; � 4F;E/%	 I 4 ;�-S-6;�	.5879-
-6+<2]4O;�2{; B ;V4|=�+  �.B659-X;>2L4FB�; / ;�4 % K ; � ;�4O592 �:	.;�2]4 + +1B�4F;  ;�2]4^-�	.BO7 � ; ( =E/<=�594��
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2$9 � I ��+<4FB�;%-�5  	37G/H4658+12Z2.+(	.-0@3+12.2.; 	.2.;%; ( =E/H=>594��C@3;C@��V4F;�=�4F59+12�@.;Y2 1 � I �,+
	3- ��+
	3�<+12.-
@.+12.=�=�+12.-659@��>B�;>B5��	 � ;>7879;�B6;��3B6+J@�	.594  58;>2�7 � ; ( =>/<=>5M4B�:@.;�@��V4F;>=V4F59+12?@3;%=�;>- ��;.+<46+12.- @.;  /<-�-6;
�>2.;�B�"159; I

�,+
	.-�/��1+<2.-?@3+12.=\	34F597859-��f2.+H4FB6;^-�5  	.78/H4F59+12Y@.;^=>/(�34B	3B6;OBF/<@.58/H4F5 �1; ��+
	.BW@��V4F;�B  582.;�B
78;eBF/(����+1B�4 Reff = N3.5/Ncap

@�	 2.+   B6;b@3;O��;.+<46+12.-R@3; 13I ' K ; � @��V4F;>=V4B��-Q-�	.BR79;
2.+   B6;D@3;^��;.+H4F+12.-0@.;^;./(	34F;^�>2.;�B�"159;C@��V4F;�=�4B��- IL` 2f=�+12.-�58@���BF/<2L4 ��	 � 	.2
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.XK ; �80
=>+   ;T/H4�4F;�2.@�	]��+
	.BD@3;>-

γ
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α + γ(θ > 100◦) + γ(θ < 60◦)

, I / L ��2.;>B�"158;f@3	
γ
/��1;�=

θγ > 100◦
I � 7 � /HB6B65 < B�;O@3	 4 ; �H46;E/(	 L ;�4 I  L �>23;>B�"<58;O@�	

γ
/��1;�=

θγ < 60◦
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�e-�	.BP78;Z=�GK	3B I

' � /%	34FB�;]�A/<B�4 0 -�5�2.+
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0 23+
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	3BO79; 7 # 5 I = ρSPEG = 1.83
�  0 /<=>=�;��34F/<2.=>;e;>2  +  ;>2L4 ��+
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γ
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γ
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[ 5�=>;�-?B��>-6+<2A/<2.=�;>-X/��H/<58;�2L4C�V4B� + +1B  �>;�-C�./<BW=E/(�34�	.B6;OBF/H@.5G/H465 �<; 0 2.+
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	3�<+12.-0@.58B�; ��	.;�=�;>B�4N/<592.;>- +  -�;>B��H/H4658+123-z-6;   79;>2L4
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A ?0�� A

12 = + % 2 ' 1 ± 13I ' 2 % / ± 13I ' 2 .�' ± 1 2 .%1 ± 1 132 ± '
13 = '>% 2 ' 9 ± . 2 1�' ± . 2 . 1 ± / 2 . + ± / ' ? ± %
14 = ' 9 + 13I�+ ± 9 I ' ' + I ' ± 9 I ' . ? ± / .�' ± / 2 '%1 ± 2 '
15 = %�1 1 / ± / I ' .%1 ± / I ' 1 % ± ? 1
9 ± ? 2$9
1 ± 2 1
14 4 +Z. / 9
9 ± ' 2$1
9 ± ' / / / ± 1 / / 9 ± 1 +�' ± %
15 4 +�/ . 2 ± 9 I . + 1 I ' ± 9 I . 132 ± 2 1 + ± 2 2 ' ? ± 2 '
16 4 '�' 2 / 2 ± / 2$9
1 ± / 2 %�1 ± 1 2 % 9 ± 1 +�' ± +
17 4 % ? 2 /�' ± 1 2
2
2 ± 1 2 + ? ± ? 2 +�+ ± ? 1 % ± ?
18 4 %�1 2 %�1 ± ' 2 / + ± ' 2 ' ? ± 2 + 2 ' + ± 2 + 2
2 ' ± 2$1
17 � +�' 2 ' 1 ± % 2 % 2 ± % / 2 . ± % / 2 % ± % '�' ± '
18 � ' ? 2$1
1 ± 1 2 + 1 ± 1 / 2$? ± 1 / 2 + ± 1 2$9
? ± 2
2
19 � '%1 2$?
? ± 1 2 .
. ± 1 / / ? ± ' / / + ± ' 1 + ± ?
20 � % 1 2$1 % ± % 2 +�/ ± % / / 9 ± 2 + / 2 . ± 2 + ?
1 ± 2 1
21 � %�1 2 .%13I ± . 2 % ? ± . /21 1 ± 2 .
. /%1 + ± 2 .
. 2 % 9 ± %�%
19 � + 1 / 2 % ± 1 2$?
9 ± 1 /�'%1 ± 2 1 / ' 9 ± 2 1 2$9 % ± 2 /
20 � +�/ />%�. ± ' / 2$? ± ' /�'>% ± . /�' 2 ± . 2
2 / ± 2
2
21 � ' + /%1Z. ± + / 2$9 ± + />%�+ ± . />%�1 ± . 2 1 % ± 2 %
22 � ' 2 /%1�' ± % / 9 + ± % />% 9 ± 2 + /21Z. ± 2 + 2 / 9 ± 2 %
23 � %�. 2 1�' ± ? 2
2 % ± ? 2 + / ± / 1 I ' 2 '
. ± / 1 I '
22
� + % / 2 / ± 2 % 2$1 ' ± 2 % /
. 1 ± / 1 /(.>% ± / 1 2 / 2 ± 2 +

23
� ' ? / +Z. ± % /%1�' ± % /%1�+ ± 2$9 /21�/ ± 2$9 2
2 % ± 2 /

24
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25
� ' 9 2 / 1 ± 1 2$9 + ± 1 2 .%1 ± % ' 2 + 1 ± % ' 2 .%1 ± %�+
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