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i?2b2 bmT2`}2H/b rBHH MQr #2 M�K2/ 7Q` 2t�KTH2 liL 7Q` i?2 bTBMQ` BM i?2 bmT2`}2H/ li- �M/
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Bi rQmH/ KBt H27i@ �M/ `B;?i@?�M/2/ bmT2`}2H/bX h?2 KBMBK�H >B;;b +QMi2Mi r2 +�M ;2i �r�v
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e�M/ i?2`2 r2 ?�p2 �MQi?2` qX
dAM bQK2 7m`i?2` BMb�MBiv bQK2 �mi?Q`b T`272` H1 �M/ H2 bQ i?�i vQm ?�p2 MQ B/2� r?B+? Bb r?B+?X
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Q7 i?2 i?2Q`vX h?Bb `�i?2` KB`�+mHQmbHv /Q2b MQi ?�TT2M BM i?2 aJ #2+�mb2 Bi ?�b i?2 2t�+iHv
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>vT2`+?�`;2 �1 �2 1

3

4

3
�

2

3
1 2 �

1

3
�

4

3

2

3

h�#H2 eXR, h?2 JaaJ bmT2`}2H/b rBi? ai�M/�`/ JQ/2H 72`KBQM +QMi2Mi �M/ i?2B` ?vT2`@
+?�`;2b Y X

r?2`2 µ Bb i?2 bmT2`TQi2MiB�H K�bb T�`�K2i2`X h?Bb Bb BMp�`B�Mi mM/2` SU(2)L #2+�mb2- rBi?
i?2 bmT2`;�m;2 i`�Mb7Q`K�iBQMb Hd ! e�ig

1
2�kW

k

Hd �M/ HT
u ! HT

u e
�ig

1
2�

T

k
W

k - r2 ;2i

HT

u i�2Hd ! HT

u e
ig

1
2�

T

k
W

k

i�2e
ig

1
2�kW

k

Hd

= HT

u i�2e
i
1
2g�kW

k

e�i
1
2g�kW

k

Hd = HT

u i�2Hd,

bBM+2 �T
k
�2 = ��2�kX lbm�HHv r2 B;MQ`2 i?2 SU(2)L bT2+B}+ bi`m+im`2 �M/ r`Bi2 i2`Kb HBF2

i?Bb �b µHuHd- +QM7mbBM; i?2 ?2HH Qmi Q7 �MvQM2 i?�i Bb MQi mb2/ iQ i?Bb +QMp2MiBQM bBM+2 r2
`2�HHv /Q K2�M 1[X UeXdVX LQiB+2 i?�i B7 r2 r`Bi2 UeXdV BM i2`Kb Q7 +QKTQM2Mi }2H/b r2 ;2i

WK�bb = HT

u i�2Hd = H+

u H�
d
�H0

uH
0

d
,

r?B+? r2 b?QmH/ ?�p2 #22M �#H2 iQ ;m2bb #2+�mb2 i?2 G�;`�M;B�M Kmbi �HbQ +QMb2`p2 2H2+i`B+
+?�`;2X

A7 vQm ?�p2 T�B/ p2`v +HQb2 �ii2MiBQM iQ i?2 �`;mK2Mi �#Qp2 vQm K�v ?�p2 MQiB+2/ i?�i
i?2`2 Bb QM2 KQ`2 TQbbB#BHBiv- M�K2Hv

WK�bb = µ0
iLiHu ⌘ µ0

iL
T

i i�2Hu = µ0
i(⌫iH

0

u � liH
+

u ),

r?2`2 µ0 Bb bQK2 Qi?2` K�bb T�`�K2i2` BM i?2 bmT2`TQi2MiB�HX h?Bb Bb +H2�`Hv �M �HHQr�#H2
i2`K U�M/ r2 rBHH `2im`M iQ Bi #2HQrV- ?Qr2p2`- Bi �HbQ `�Bb2b � p2`v BMi2`2biBM; [m2biBQM,
*QmH/ r2 ?�p2 Li ⌘ Hd\ *QmH/ i?2 H2TiQM bmT2`}2H/b Li TH�v i?2 `ƬH2 Q7 >B;;b bmT2`}2H/b-
i?mb `2/m+BM; i?2 }2H/ +QMi2Mi M22/2/ iQ /2b+`B#2 i?2 aJ T�`iB+H2b BM � bmT2`bvKK2i`B+
i?2Q`v\ q?BH2 MQi BKK2/B�i2Hv 7Q`#B//2M- i?Bb bm;;2biBQMb mM7Q`imM�i2Hv H2�/b iQ T`Q#H2Kb
rBi? �MQK�Hv +�M+2H�iBQM- T`Q+2bb2b rBi? H�`;2 H2TiQM ~�pQ` pBQH�iBQM UG6oV �M/ Km+? iQQ
K�bbBp2 M2mi`BMQb- �M/ ?�b #22M �#�M/QM2/X

q2 ?�p2 MQr 7QmM/ �HH TQbbB#H2 K�bb i2`Kb BM i?2 bmT2`TQi2MiB�HX q?�i �#Qmi i?2 umF�r�
i2`Kb\ h?2 ?vT2`+?�`;2 `2[mB`2K2Mi ?2`2 Bb Yi+Yj+Yk = 0X 6`QK Qm` i�#H2 Q7 ?vT2`+?�`;2b
QMHv i?2 7QHHQrBM; i2`Kb �`2 7QmM/ iQ #2 pB�#H2,

WumF�r� = yeijLiHdEj + yuijQiHuŪj + ydijQiHdD̄j + �ijkLiLjĒk + �0
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BM/B+2b, ŪiD̄jD̄k ⌘ ✏abcŪa
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