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2t+HmbBQMb #QmM/b 7Q` i?2 ai�M/�`/ JQ/2H >B;;b b2i #v G1S �M/ i?2 h2p�i`QM- �b � 7mM+iBQM
Q7 i?2 >B;;b K�bb (ke)X

r�b �`QmM/ Rky :2oX >2`2-

��2 = �2(mh)�min
mh

�2(mh),

Bb i?2 /Bz2`2M+2 BM i?2 �2 7`QK i?2 #2bi }i TQBMi �b � 7mM+iBQM Q7 i?2 >B;;b K�bb- r?B+? ?�b
� bi�M/�`/ BMi2`T`2i�iBQM BM i2`Kb Q7 �b Q7 bB;MB}+�M+2 7Q` � QM2 /BK2MbBQM�H }iX

6B;m`2 dXRN b?Qrb � bBKBH�` THQi 7Q` Kal:_�X �i i?�i iBK2 i?2 �#bQHmi2 KBMBKmK Q7
i?2 }i- 2p2M i�FBM; BMiQ �++QmMi i?2 /Bz2`2Mi MmK#2` Q7 T�`�K2i2`b- ;�p2 � #2ii2` }i 7Q`
Kal:_�- min�2

mSUGRA
< min�2

SM
- #mi i?Bb +?�M;2/ [mB+FHv r?2M i?2 >B;;b r�b 7QmM/

#2+�mb2 Q7 i?2 TQbBiBQM Q7 i?2 irQ KBMBK�X
LQr �HH i?2 T�`�K2i2`b Q7 i?2 ai�M/�`/ JQ/2H Ĝ M2mi`BMQb 2t+2Ti2/ Ĝ ?�p2 #22M /2i2`@

KBM2/ iQ bQK2 T`2+BbBQMX h?mb i?2 ai�M/�`/ JQ/2H Bb � +QKTH2i2Hv +QMbi`�BM2/ bvbi2KX A7 r2
MQr /Q � 2H2+i`Qr2�F }i i?2 bBim�iBQM HQQFb HBF2 i?�i BM 6B;X dXky- r?2`2 r2 b?Qr i?2 ;HQ#�H
}i iQ �HH K2�bm`2K2Mib 2t+2Ti i?2 iQT �M/ W K�bb2b- +QKT�`2/ iQ i?2 K2�bm`2/ p�Hm2b Q7 i?2
W �M/ iQT K�bb2bX *H2�`Hv r?�i r2 �`2 b22BM; ?2`2 Bb UbiBHH\V +QMbBbi2Mi rBi? i?2 ai�M/�`/
JQ/2HX
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dX8Xk (g � 2)µ

h?2 �MQK�HQmb K�;M2iB+ KQK2Mi Q7 i?2 KmQM- gµ- BM 2z2+i i?2 BMi2`�+iBQM Q7 � KmQM
rBi? �M 2ti2`M�H 2H2+i`QK�;M2iB+ }2H/ b?QrM BM 6B;X dXkR �V- r�b +�H+mH�i2/ #v .B`�+ BM
`2H�iBpBbiB+ [m�MimK K2+?�MB+b �b gµ = 2X >Qr2p2`- BM [m�MimK }2H/ i?2Q`v r2 ?�p2 ?B;?2`
Q`/2` +Q``2+iBQMb 7`QK HQQT@T`Q+2bb bm+? �b b?QrM BM 6B;X dXkR #V- i?�i K�F2b gµ /2pB�i2 7`QK
irQX

Ai r�b p2`v T`2+Bb2Hv K2�bm`2/ #v i?2 13kR 2tT2`BK2Mi �i "LG (k3) iQ #2,

g2tT
µ = 2.00116592089(63),

Q`- BM i2`Kb Q7 i?2 /2pB�iBQM aµ = gµ � 2-

a2tT
µ = 11659208.9(6.3) · 10�10,

r?2`2 i?2 T�`2Mi?2bBb BM/B+�i2b i?2 mM+2`i�BMiv QM i?2 H�bi /B;BibX
AM i?2 ai�M/�`/ JQ/2H r2 }M/ i?2 T`2/B+iBQM

aaJ
µ = 11659183.0(5.1) · 10�10,

;BpBM; � /Bz2`2M+2 rBi? `2bT2+i iQ i?2 2tT2`BK2Mi�H p�Hm2 Q7

�aµ ⌘ aexpµ � aSMµ = (25.9± 8.1) · 10�10,

� p�Hm2 r?B+? Bb jXk� �r�v 7`QK x2`QX _2+2MiHv- i?2 JmQM ;@k *QHH�#Q`�iBQM �i 62`KBH�#
K�/2 � M2r K2�bm`2K2Mi (kN) +QM}`KBM; i?Bb /Bb+`2T�M+v rBi? i?2 p�Hm2

�aµ = 25.1± 5.9 · 10�10,

+Q``2bTQM/BM; iQ 4.2�X h?2 JmQM ;@k *QHH�#Q`�iBQM Bb b2i iQ K�F2 7m`i?2` BKT`Qp2K2Mib QM
i?Bb MmK#2`- 2tT2+iBM; iQ `2/m+2 i?2 mM+2`i�BMiv #v � 7�+iQ` Q7 2� 4X

>Qr2p2`- r2 b?QmH/ #2 �r�`2 i?�i bQK2 Q7 i?2 ai�M/�`/ JQ/2H +QMi`B#miBQMb BMpQHp2
?�/`QMB+ HQQTb- 2X;X i?2 bQ@+�HH2/ ?�/`QMB+ p�+mmK TQH�`Bb�iBQM b?QrM BM 6B;m`2 dXkR #V-
r?2`2 QM2 ?�b iQ `2Hv QM 2tT2`BK2Mi�H BM7Q`K�iBQM 7`QK HQr 2M2`;v e+e� ! �⇤ ! hadrons
BM Q`/2` iQ 2biBK�i2 � +QMi`B#miBQM Q7 aHVP

µ = 10.5(2.6) · 10�10- r?B+? Bb Q7 i?2 b�K2 Q`/2` Q7
K�;MBim/2 �b i?2 /Bb+`2T�M+v- �M/ K�v #2 T`QM2 iQ 2``Q`b BM i?2 BMi2`T`2i�iBQMX

AM i?2 JaaJ r2 +�M ?�p2 +QMi`B#miBQMb iQ aµ �i i?2 QM2@HQQT H2p2H- 2Bi?2` #v i?2 2t+?�M;2
Q7 QM2 Q7 i?2 M2r >B;;b #QbQMb �+`Qbb i?2 KmQM HBM2- Q` #v HQQTb +QMi�BMBM; � bKmQM µ̃ Q`
KmQM@bM2mi`BMQ ⌫̃µ- iQ;2i?2` rBi? � M2mi`�HBMQ Q` +?�`;BMQX h?2 /B�;`�Kb 7Q` i?2 H�ii2` irQ
T`Q+2bb2b �`2 b?QrM BM 6B;m`2 dXkR +V �M/ /VX h?2b2 +QMi`B#mi2 QTTQbBi2 bB;M i2`Kb aµ(�̃0)
�M/ aµ(�̃�)X � i?Q`Qm;? �M�HvbBb b?Qrb i?�i r2 M22/ µ > 0 BM Q`/2` iQ ;Bp2 � TQbBiBp2
+QMi`B#miBQM i?�i rBHH +HQb2 i?2 ;�T #2ir22M i?2 2tT2`BKM2i�H p�Hm2 �M/ i?2 T`2/B+iBQMX AM
Q`/2` iQ ;2i � bm{+B2MiHv H�`;2 +QMi`B#miBQM i?2 HQQT K�bb2b Kmbi #2 H2bb i?�M 500� 600:2o
7Q` tan� = 40� 50 �M/ 200� 300:2o 7Q` tan� ' 10X >Qr2p2`- �b r2 b�r BM a2+X dX9 i?Bb Bb
MQi BKTH�mbB#H2X

dX8Xj b ! s�

h?2 [m�`F H2p2H T`Q+2bb b ! s� Bb � 6H�pQm` *?�M;BM; L2mi`�H *m``2Mi U6*L*V T`Q+2bb
r?B+? Kmbi T`Q+22/ i?`Qm;? HQQTb BM i?2 ai�M/�`/ JQ/2H bBM+2 i?2`2 �`2 MQ i`22@H2p2H 6*L*
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6B;m`2 dXkR, .B�;`�Kb 7Q` KmQM BMi2`�+iBQM rBi? �M 2H2+i`QK�;M2iB+ }2H/X GQQT +Q``2+iBQMb iQ
i?2 i`22 H2p2H /B�;`�K �V ;Bp2 i?2 p�Hm2 Q7 aµX .B�;`�K #V b?Qrb ?�/`QMB+ p�+mmK TQH�`Bx�iBQM
r?2`2 i?2 #HQ# +QMi�BMb Z*. }2H/bX .B�;`�Kb +V �M/ /V b?Qr i?2 HQr2bi Q`/2` JaaJ
+QMi`B#miBQMb iQ aµX

BMi2`�+iBQMb i?2`2X �i K2bQM H2p2H Bi H2�/b iQ K2�bm`�#H2 /2+�vb Q7 i?2 ivT2 B ! Xs�- r?2`2
Xs Bb bQK2 K2bQM rBi? � bi`�M;2 [m�`F- 2X;X i?2 /2+�v B ! K�X 6B;m`2 dXkk �V b?Qrb i?2 QM2@
HQQT ai�M/�`/ JQ/2H +QMi`B#miBQM rBi? � pB`im�H W �M/ mT@ivT2 [m�`FbX h?Bb +QMi`B#miBQM
Bb bmTT`2bb2/ #v i?2 bK�HHM2bb Q7 i?2 *EJ 2Mi`B2b BM i?2 W @p2`iB+2b r?B+? 7�pQm`b /B�;`�Kb
rBi? � iQT [m�`F BM i?2 HQQT- �M/ i?2 H�`;2 K�bb2b- MW �M/ mt- BM i?2 HQQTX

h?2 T`Q+2bb ?�b #22M +�H+mH�i2/ �i M2ti@iQ@M2ti@iQ@H2�/BM; Q`/2` ULLGPV BM i?2 ai�M/�`/
JQ/2H iQ #2 Br(B ! Xs�)SM = (3.36 ± 0.23) · 10�4 7Q` E� � 1.6:2o (jy- jR)- BM+HmbBp2Hv
bmKKBM; Qp2` �HH K2bQM }M�H bi�i2bXRR

amT2`bvKK2i`B+ T�`iB+H2b K�v +QMi`B#mi2 iQ i?Bb T`Q+2bb- 7Q` 2t�KTH2 rBi? Qz /B�;QM�H
bQ7i K�bb i2`Kb BM /B�;`�Kb bm+? �b 6B;X dXkk #V �M/ /V- r?2`2 BM #V � m2

bs
b̃⇤s̃ bQ7i@#`2�FBM;

Qz@/B�;QM�H G�;`�M;B�M K�bb i2`K +?�M;2b � b̃1 b[m�`F iQ � s̃ b[m�`F- �M/ BM /V r?2`2 �
m2

tct̃
⇤c̃ i2`K +?�M;2b � t̃1 iQ � c̃X *?�`;2/ >B;;b #QbQMb rBi? ~�pQm` MQM@/B�;QM�H +QmTHBM;b

+�M �HbQ ;Bp2 BKTQ`i�Mi +QMi`B#miBQMb BM /B�;`�Kb bm+? �b 6B;X dXkk +VX
h?2 K�BM JaaJ +QMi`B#miBQMb �`2 2tT2+i2/ iQ +QK2 7`QK i?2 +?�`;BMQĜbiQTRk �M/ +?�`;2/

>B;;bĜiQT HQQTb- �b b?QrM BM 6B;bX dXkk +V �M/ /V- `2bT2+iBp2HvX >Qr2p2`- i?2`2 Bb HBiiH2 `QQK
RR6Q` i?2 T`Q+2bb b ! d� i?2 ai�M/�`/ JQ/2H +�H+mH�iBQM vB2H/b BR(B ! Xd�) = 1.73+0.12

�0.22 · 10�5X
Rkq2 mbm�HHv 2tT2+i ?B;?2` ;2M2`�iBQM Qz@/B�;QM�H bQ7i i2`Kb iQ #2 H�`;2` /m2 iQ _:1 `mMMBM; +QMi`QHH2/

#v umF�r� +QmTHBM;bX
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6B;m`2 dXkk, .B�;`�Kb 7Q` i?2 T`Q+2bb b ! s�X �V b?Qrb i?2 aJ /B�;`�K r?BH2 #V- +V �M/ /V
b?Qr JaaJ +QMi`B#miBQMbX

7Q` 2z2+ib 7`QK bmT2`bvKK2i`v bBM+2 i?2 +m``2Mi 2tT2`BK2Mi�H rQ`H/ �p2`�;2 Bb Br(B !

Xs�) = (3.32 ± 0.15) · 10�4 (jk)X h?Bb K2�Mb i?�i 2Bi?2` i?2 +?�`;2/ >B;;b Bb ?2�pv 2MQm;?
�M/ i?2 biQT@b+?�`K bQ7i K�bb i2`K bK�HH 2MQm;? MQi iQ +QMi`B#mi2 bB;MB}+�MiHv- Q` i?�i i?2`2
�`2 +�M+2HH�iBQMb #2ir22M i?2 irQ +QMi`B#miBQMbX h?Bb Bb #Qi? �M 2t�KTH2 Q7 � T`Q+2bb i?�i
Tmib bB;MB}+�Mi +QMbi`�BMib QM Qz@/B�;QM�H bQ7i i2`Kb- �M/ � T`Q+2bb i?�i Bb BKTQ`i�Mi BM
+QMbi`�BMBM; i?2 TQbbB#H2 p�Hm2b Q7 i?2 +?�`;2/ >B;;b K�bbX

dX8X9 Bs ! µ+µ�

h?2 T`Q+2bb Bs ! µ+µ� Bb �MQi?2` 6*L* T`Q+2bb �b 2Bi?2` i?2 #QiiQK Q` i?2 bi`�M;2 [m�`F
Kmbi +?�M;2 ~�pQm` BM Q`/2` iQ ;2i � +QmTHBM; iQ i?2 KmQMbX h?2 ai�M/�`/ JQ/2H T`Q+2bb
Bb b?QrM BM 6B;X dXkj �V- r?2`2 i?2 *EJ 7�+iQ` BM i?2 W p2`i2t �HHQrb QM2 Q7 i?2 [m�`Fb iQ
+?�M;2 ~�pQm`- #mi �HbQ bmTT`2bb2b i?2 /2+�v `�i2X 6Q` bi`�M;2 ?BbiQ`B+�H `2�bQMb BMpQHpBM;
/�`ib �M/ BHH2;�H bm#bi�M+2b i?Bb T`Q+2bb Bb FMQrM �b � T2M;mBM /B�;`�K (jj)X

PM iQT Q7 i?2 bK�HH *EJ 7�+iQ`- i?2 T`Q+2bb �HbQ bmz2`b 7`QK r?�i Bb +�HH2/ ?2HB+Biv
bmTT`2bbBQM BM i?2 ai�M/�`/ JQ/2HX h?2 Z@#QbQM Bb bTBM@R- r?BH2 i?2 bi�`iBM; TQBMi K2bQM
Bs Bb bTBM@y UTb2m/Qb+�H�`V- K2�MBM; i?�i i?2 bTBMb Q7 i?2 [m�`Fb BM i?2 K2bQM �`2 QTTQbBi2X
�i bQK2 TQBMi BM i?2 /B�;`�K i?2 ?2HB+Biv U+?B`�HBivV Kmbi ǳ~BTǴX h?Bb BMi`Q/m+2b �M 2ti`�
bmTT`2bbBQM T`QTQ`iBQM�H iQ m2

µ/M
2

Bs
- K�FBM; i?2 2tT2+i2/ `�i2 2ti`2K2Hv bK�HH �M/ b2MbBiBp2

iQ bmT2`bvKK2i`v +QMi`B#miBQMbX q2 ;2i � bBKBH�`Hv bmTT`2bb2/ T`Q+2bb 7Q` Bd rBi? � d̄@[m�`F
BMbi2�/ Q7 i?2 s̄ BM i?2 BMBiB�H bi�i2X
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6B;m`2 dXkj, .B�;`�Kb 7Q` i?2 T`Q+2bb Bs ! µ+µ�X .B�;`�K �V b?Qrb QM2 Q7 i?2 H2�/BM; aJ
+QMi`B#miBQMb- r?BH2 #V b?Qrb QM2 +QMi`B#miBQM 7`QK i?2 JaaJ i�F2M 7`QK (j9)X

h?2 T`2/B+i2/ aJ #`�M+?BM; `�iBQb 7Q` i?2b2 T`Q+2bb2b �`2 (j8),

Br(Bs ! µ+µ�) = (3.65± 0.23) · 10�9, UdXR9V
Br(Bd ! µ+µ�) = (1.06± 0.09) · 10�10. UdXR8V

6B`bi 2pB/2M+2 7Q` i?2 Bs ! µ+µ� /2+�v r�b b?QrM #v i?2 G>*# *QHH�#Q`�iBQM BM kyRkX h?2
+m``2Mi p�Hm2 7Q` i?2 #`�M+?BM; `�iBQ 7`QK +QK#BM2/ K2�bm`2K2Mib �i G>*#- �hG�a �M/
*Ja Bb (jd)

Br(Bs ! µ+µ�) = 2.69+0.37

�0.35
· 10�9, UdXReV

Br(Bd ! µ+µ�) < 1.6 · 10�10, UdXRdV

r?2`2 i?2 p�Hm2 7Q` Bd Bb �M mTT2` HBKBi �i i?2 NyW +QM}/2M+2 H2p2HX Ai Bb BMi2`2biBM; iQ
Q#b2`p2 i?�i i?2 K2�bm`2/ p�Hm2 Bb HQr2` i?�M i?2 ai�M/�`/ JQ/2H T`2/B+iBQM �i �`QmM/ i?2
2� H2p2H- i?Bb ?�b H2�/ iQ bT2+mH�iBQMb Q7 /2bi`m+iBp2 BMi2`72`2M+2 7`QK M2r T?vbB+bX

A7 r2 HBKBi Qm`b2Hp2b iQ b+2M�`BQb rBi? QMHv /B�;QM�H bQ7i i2`Kb i?2 /QKBM�Mi +QMi`B#miBQM
BM i?2 JaaJ Bb 7`QK T`Q+2bb bm+? �b b?QrM BM 6B;X dXkj #V- rBi? � +?�`;BMQ �M/ mT@ivT2 b[m�`F
HQQTX h?2b2 +QMi`B#miBQMb �`2 T`QTQ`iBQM�H iQ tan6 �- r?B+? K�F2b i?2 /2+�v T`Q+2bb ?B;?Hv
b2MbBiBp2 iQ b+2M�`BQb rBi? H�`;2 tan�X hQ b22 i?Bb /2T2M/2M+2- MQiB+2 i?�i µ +QmTH2b iQ i?2
K2/B�iBM; ?2�pv ?B;;b2b H/A0 i?`Qm;? i?2 umF�r� i2`K yl

22
L2HdE2 BM i?2 bmT2`TQi2MiB�H-

�M/ i?2 umF�r� +QMbi�Mi BM i?Bb i2`K- yl
22

= yµ- Bb +QMM2+i2/ iQ i?2 72`KBQM K�bb i?`Qm;?
mµ = yµv cos�X h?mb i?Bb p2`i2t Bb T`QTQ`iBQM�H iQ 1/ cos� Q` tan�- ;BpBM; � 7�+iQ` tan2 �
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BM i?2 �KTHBim/2 b[m�`2/XRj

6m`i?2`KQ`2- � +?�`;BMQU?B;;bBMQVĜbiQT HQQT +�M +QmTH2 i?2 bi`�M;2 �M/ #QiiQK [m�`Fb
iQ i?2 >B;;bX h?2b2 +QmTHBM;b �`2 T`QTQ`iBQM�H iQ i?2 #QiiQK umF�r� +QmTHBM; yb- 7`QK i?2
bmT2`TQi2MiB�H i2`Kb yd

33
Q3HdD̄3- r?B+? �TT2�`b BM i?2 biQTĜ+?�`;BMQĜ#QiiQK p2`i2t- �M/

i?2 yd
32
Q3HdD̄2- r?B+? �TT2�`b BM i?2 bi`�M;2Ĝ+?�`;BMQĜbiQT p2`i2tX "Qi? i?2b2 umF�r�

+QmTHBM;b �`2 T`QTQ`iBQM�H iQ yb �M/ i?mb iQ 1/ cos�- ;BpBM; � 7m`i?2` 7�+iQ` Q7 tan4 � BM
i?2 �KTHBim/2 b[m�`2/X h?Bb tan� /2T2M/2M+2 K�F2b Bs ! µ+µ� �M 2t+2HH2Mi +?�MM2H 7Q`
/Bb+Qp2`BM; bmT2`bvKK2i`v- �M/ Tmib p2`v bi`BM;2Mi #QmM/b QM i?2 bT�`iB+H2 K�bb2b BM H�`;2
tan� b+2M�`BQbX

dXe 1t+2`+Bb2b

1t2`+Bb2 dXR
6`QK `2H�iBpBbiB+ FBM2K�iB+b- b?Qr 1[X UdXRjVX >BMi, i?2 +?QB+2 Q7 `2bi 7`�K2 Bb p2`v BKTQ`i�Mi
BM Q`/2` iQ bBKTHB7v i?2 +�H+mH�iBQMX

1t2`+Bb2 dXk
6BM/ i?2 iQi�H +`Qbb b2+iBQM 7Q` i?2 T`Q+2bb qq̄ ! q̃q̃⇤ pB� �M b@+?�MM2H ;HmQM b?QrM BM

6B;X dXk9X

g

q̄s
j
, p

qr
i
, k

q̃⇤n, p
0

q̃m, k0

µ ⌫

6B;m`2 dXk9, ai`QM; T`Q/m+iBQM Q7 � b[m�`FĜ�MiB@b[m�`F T�B` i?`Qm;? � ;HmQMX

Rj_2K2K#2` i?�i BM i?2 HBKBi Q7 H�`;2 tan�

cos� = ± 1p
1 + tan2 �

= ± 1

tan�
q

1 + 1
tan2 �

' ± 1
tan�

. UdXR3V
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