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Magnetic interaction with spin

Magnetic moment     spin

Tree-level prediction

Radiative correction  —  “anomalous” magnetic moment,  g-2

What is magnetic moment (g-factor)?
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g != 2 ⇒ a! =
g! − 2
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flavor, CP conserved
super-precise



History of measurement (after 60’s)

Long-standing target for >50 years!

Authors Lab Muon Anomaly

Garwin et al. ’60 CERN 0.001 13(14)
Charpak et al. ’61 CERN 0.001 145(22)
Charpak et al. ’62 CERN 0.001 162(5)
Farley et al. ’66 CERN 0.001 165(3)
Bailey et al. ’68 CERN 0.001 166 16(31)
Bailey et al. ’79 CERN 0.001 165 923 0(84)
Brown et al. ’00 BNL 0.001 165 919 1(59) (µ+)
Brown et al. ’01 BNL 0.001 165 920 2(14)(6) (µ+)
Bennett et al. ’02 BNL 0.001 165 920 4(7)(5) (µ+)
Bennett et al. ’04 BNL 0.001 165 921 4(8)(3) (µ−)

<latexit sha1_base64="EgRGqCSU+H4O30vvLsP5JHCGkPo=">AAAC63ichVFNT9RQFD0URRwVRtiYuHlxgsEFzS0QIEYSgolxoQYYBkgYmLTlAS/0K+2bScZm/oBbFybqRhIWxp/hhoUbTVzwE4xLTNi48LbTBIGIt2nfuefdc3veu07kqUQTHfUYvVeu9l3rv166 cfPWwGD59tBKEjZjV9bc0AvjNcdOpKcCWdNKe3ItiqXtO55cdfYeZ/urLRknKgyWdTuSG769E6ht5dqaqUb5kd2o+83NtB77Yv7Fs44YE38x1ecdMSvGp8yZ0Wlz4oGoa+XLRFi0mY5Z1GmUK2RSHuIisApQQRELYfkL6thCCBdN+JAIoBl7sJHwsw4LhIi5DaTMxYxU vi/RQYm1Ta6SXGEzu8ffHc7WCzbgPOuZ5GqX/+LxG7NSYIS+00c6pkP6RD/o9z97pXmPzEubV6erlVFj8NWd6sl/VT6vGrunqks9a2xjJveq2HuUM9kp3K6+9fLNcfXh0kh6n/bpJ/v/QEf0mU8QtH65B4ty6d0lfpLiTnc52+r2wxPGbe6fuQyYOa0pocSjtM4P7iJY GTetKXNycbIyN18MtR93cQ+jPLlpzOEpFlBjJ/s4xFd8M3zjtfHWeN8tNXoKzTDOhHHwB24BrNE=</latexit>

a
BNL

µ
− a

SM

µ
= 26.8(7.3)× 10−10 —  3.5Ã deviation



Fermilab (Run-1, ~ BNL E821)  [2104.03281]

Confirmed BNL result:

4.2Ã deviation
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µ

= (11 659 206.1± 4.1)× 10−10
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µ

− a
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µ

= (25.1± 5.9)× 10−10
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a
FNAL
µ

= (11 659 204.0± 5.1stat ± 1.9sys)× 10−10
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Today’s talk

• Overview of measurement

• Recent progress and issue on SM prediction

• New physics interpretation

New Physics?



Lamor (spin) precession

Polarized muon from 
pion decay

Muons in storage ring with 
well-calibrated magnet

Energetic electron/positron 
emission parallel to muon spin

# of e+/- events increases when 
muon spin points to detector

Experiment: principle

π
+
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µ
+

<latexit sha1_base64="iRruCCKSn6DcF1QX7FStp3sSfPU=">AAACwXichVHLSiNRED22j9GMo1E3A26CQREGQl2RSeIqIAyz9DFRwWjo7lzjxX7R3QnGxh/wB1wMDIwgKn6GGxduZ+EnyCwdmI0Lqzst4kKtpruqTtWpPveW4VkqCIlue7Tevv6BD4NDmY/Dn0ZG s2Pja4Hb8k1ZNV3L9TcMPZCWcmQ1VKElNzxf6rZhyXVjbzGur7elHyjX+RF2PLll601H7ShTDxmqZ8drhms1go7NLqrZre0vh/VsngpEJITIxYEofiUOyuXSnCjlRFxiyyO1JTd7gxoacGGiBRsSDkKOLegI+NmEAMFjbAsRYz5HKqlLHCLD3BZ3Se7QGd3jb5OzzRR1 OI9nBgnb5L9Y/PrMzGGa/tAF3dM1XdIdPbw6K0pmxFo67I0uV3r10aPPq//fZdnsQ+w+s97UHGIHpUSrYu1egsSnMLv89sHx/erCynQ0Qyf0l/X/plu64hM47X/m6bJc+fmGniC9013OGt15+MZxh+fHKh1GnnsyyPAqn/aVez1YmysIKojl+Xylki51EJOYwixvrogK vmMJVVayj184w7m2qCnN0/xuq9aTcibwwrToEQpXoCw=</latexit><latexit sha1_base64="iRruCCKSn6DcF1QX7FStp3sSfPU=">AAACwXichVHLSiNRED22j9GMo1E3A26CQREGQl2RSeIqIAyz9DFRwWjo7lzjxX7R3QnGxh/wB1wMDIwgKn6GGxduZ+EnyCwdmI0Lqzst4kKtpruqTtWpPveW4VkqCIlue7Tevv6BD4NDmY/Dn0ZG s2Pja4Hb8k1ZNV3L9TcMPZCWcmQ1VKElNzxf6rZhyXVjbzGur7elHyjX+RF2PLll601H7ShTDxmqZ8drhms1go7NLqrZre0vh/VsngpEJITIxYEofiUOyuXSnCjlRFxiyyO1JTd7gxoacGGiBRsSDkKOLegI+NmEAMFjbAsRYz5HKqlLHCLD3BZ3Se7QGd3jb5OzzRR1 OI9nBgnb5L9Y/PrMzGGa/tAF3dM1XdIdPbw6K0pmxFo67I0uV3r10aPPq//fZdnsQ+w+s97UHGIHpUSrYu1egsSnMLv89sHx/erCynQ0Qyf0l/X/plu64hM47X/m6bJc+fmGniC9013OGt15+MZxh+fHKh1GnnsyyPAqn/aVez1YmysIKojl+Xylki51EJOYwixvrogK vmMJVVayj184w7m2qCnN0/xuq9aTcibwwrToEQpXoCw=</latexit><latexit sha1_base64="iRruCCKSn6DcF1QX7FStp3sSfPU=">AAACwXichVHLSiNRED22j9GMo1E3A26CQREGQl2RSeIqIAyz9DFRwWjo7lzjxX7R3QnGxh/wB1wMDIwgKn6GGxduZ+EnyCwdmI0Lqzst4kKtpruqTtWpPveW4VkqCIlue7Tevv6BD4NDmY/Dn0ZG s2Pja4Hb8k1ZNV3L9TcMPZCWcmQ1VKElNzxf6rZhyXVjbzGur7elHyjX+RF2PLll601H7ShTDxmqZ8drhms1go7NLqrZre0vh/VsngpEJITIxYEofiUOyuXSnCjlRFxiyyO1JTd7gxoacGGiBRsSDkKOLegI+NmEAMFjbAsRYz5HKqlLHCLD3BZ3Se7QGd3jb5OzzRR1 OI9nBgnb5L9Y/PrMzGGa/tAF3dM1XdIdPbw6K0pmxFo67I0uV3r10aPPq//fZdnsQ+w+s97UHGIHpUSrYu1egsSnMLv89sHx/erCynQ0Qyf0l/X/plu64hM47X/m6bJc+fmGniC9013OGt15+MZxh+fHKh1GnnsyyPAqn/aVez1YmysIKojl+Xylki51EJOYwixvrogK vmMJVVayj184w7m2qCnN0/xuq9aTcibwwrToEQpXoCw=</latexit> <latexit sha1_base64="iRruCCKSn6DcF1QX7FStp3sSfPU=">AAACwXichVHLSiNRED22j9GMo1E3A26CQREGQl2RSeIqIAyz9DFRwWjo7lzjxX7R3QnGxh/wB1wMDIwgKn6GGxduZ+EnyCwdmI0Lqzst4kKtpruqTtWpPveW4VkqCIlue7Tevv6BD4NDmY/Dn0ZG s2Pja4Hb8k1ZNV3L9TcMPZCWcmQ1VKElNzxf6rZhyXVjbzGur7elHyjX+RF2PLll601H7ShTDxmqZ8drhms1go7NLqrZre0vh/VsngpEJITIxYEofiUOyuXSnCjlRFxiyyO1JTd7gxoacGGiBRsSDkKOLegI+NmEAMFjbAsRYz5HKqlLHCLD3BZ3Se7QGd3jb5OzzRR1 OI9nBgnb5L9Y/PrMzGGa/tAF3dM1XdIdPbw6K0pmxFo67I0uV3r10aPPq//fZdnsQ+w+s97UHGIHpUSrYu1egsSnMLv89sHx/erCynQ0Qyf0l/X/plu64hM47X/m6bJc+fmGniC9013OGt15+MZxh+fHKh1GnnsyyPAqn/aVez1YmysIKojl+Xylki51EJOYwixvrogK vmMJVVayj184w7m2qCnN0/xuq9aTcibwwrToEQpXoCw=</latexit>

νµ
<latexit sha1_base64="CWMiY6Z573gVyMqRUm/e2NYrd/k=">AAACw3ichVFNT9tAEH24UGigJS09VOISNQL1FI35UOKeIqFWPQJpAIlEke1sghV/yV5HClb+AH+gh15opR5of0YvHLj2wE+oOAaplx4YO0aIQ2Cs9cy8nTf7dsfwbSuURJdTypPpmaezc89y8wvP XyzmX77aC70oMEXd9GwvODD0UNiWK+rSkrY48AOhO4Yt9o3eVrK/3xdBaHnuZznwRdPRu67VsUxdMtTKv24Ynt0OBw67uOFGrYYTDVv5IpW0yubmeqVAJSJtTStzoGmaWlYLKiOJFZHZtpe/QANteDARwYGAC8mxDR0hf4dQQfAZayJmLODISvcFhsgxN+IqwRU6oz3+ dzk7zFCX86RnmLJNPsXmFTCzgBX6Q2c0onP6RX/p/8Recdoj0TJgb4y5wm8tnryp/XuU5bCXOLpjPahZooNKqtVi7X6KJLcwx/z+8ZdR7f3uSrxK3+mK9X+jS/rNN3D71+aPHbH79QE9YfamR5y1x/3wkeMB909Uuozc1eSQ41HezqswOdhbK6lUUnc2itVqNtQ5LOMt 3vHkyqjiE7ZRZyXHOMUZfioflJ4SKHJcqkxlnCXcM2V4A0mwoYQ=</latexit><latexit sha1_base64="CWMiY6Z573gVyMqRUm/e2NYrd/k=">AAACw3ichVFNT9tAEH24UGigJS09VOISNQL1FI35UOKeIqFWPQJpAIlEke1sghV/yV5HClb+AH+gh15opR5of0YvHLj2wE+oOAaplx4YO0aIQ2Cs9cy8nTf7dsfwbSuURJdTypPpmaezc89y8wvP XyzmX77aC70oMEXd9GwvODD0UNiWK+rSkrY48AOhO4Yt9o3eVrK/3xdBaHnuZznwRdPRu67VsUxdMtTKv24Ynt0OBw67uOFGrYYTDVv5IpW0yubmeqVAJSJtTStzoGmaWlYLKiOJFZHZtpe/QANteDARwYGAC8mxDR0hf4dQQfAZayJmLODISvcFhsgxN+IqwRU6oz3+ dzk7zFCX86RnmLJNPsXmFTCzgBX6Q2c0onP6RX/p/8Recdoj0TJgb4y5wm8tnryp/XuU5bCXOLpjPahZooNKqtVi7X6KJLcwx/z+8ZdR7f3uSrxK3+mK9X+jS/rNN3D71+aPHbH79QE9YfamR5y1x/3wkeMB909Uuozc1eSQ41HezqswOdhbK6lUUnc2itVqNtQ5LOMt 3vHkyqjiE7ZRZyXHOMUZfioflJ4SKHJcqkxlnCXcM2V4A0mwoYQ=</latexit><latexit sha1_base64="CWMiY6Z573gVyMqRUm/e2NYrd/k=">AAACw3ichVFNT9tAEH24UGigJS09VOISNQL1FI35UOKeIqFWPQJpAIlEke1sghV/yV5HClb+AH+gh15opR5of0YvHLj2wE+oOAaplx4YO0aIQ2Cs9cy8nTf7dsfwbSuURJdTypPpmaezc89y8wvP XyzmX77aC70oMEXd9GwvODD0UNiWK+rSkrY48AOhO4Yt9o3eVrK/3xdBaHnuZznwRdPRu67VsUxdMtTKv24Ynt0OBw67uOFGrYYTDVv5IpW0yubmeqVAJSJtTStzoGmaWlYLKiOJFZHZtpe/QANteDARwYGAC8mxDR0hf4dQQfAZayJmLODISvcFhsgxN+IqwRU6oz3+ dzk7zFCX86RnmLJNPsXmFTCzgBX6Q2c0onP6RX/p/8Recdoj0TJgb4y5wm8tnryp/XuU5bCXOLpjPahZooNKqtVi7X6KJLcwx/z+8ZdR7f3uSrxK3+mK9X+jS/rNN3D71+aPHbH79QE9YfamR5y1x/3wkeMB909Uuozc1eSQ41HezqswOdhbK6lUUnc2itVqNtQ5LOMt 3vHkyqjiE7ZRZyXHOMUZfioflJ4SKHJcqkxlnCXcM2V4A0mwoYQ=</latexit><latexit sha1_base64="CWMiY6Z573gVyMqRUm/e2NYrd/k=">AAACw3ichVFNT9tAEH24UGigJS09VOISNQL1FI35UOKeIqFWPQJpAIlEke1sghV/yV5HClb+AH+gh15opR5of0YvHLj2wE+oOAaplx4YO0aIQ2Cs9cy8nTf7dsfwbSuURJdTypPpmaezc89y8wvP XyzmX77aC70oMEXd9GwvODD0UNiWK+rSkrY48AOhO4Yt9o3eVrK/3xdBaHnuZznwRdPRu67VsUxdMtTKv24Ynt0OBw67uOFGrYYTDVv5IpW0yubmeqVAJSJtTStzoGmaWlYLKiOJFZHZtpe/QANteDARwYGAC8mxDR0hf4dQQfAZayJmLODISvcFhsgxN+IqwRU6oz3+ dzk7zFCX86RnmLJNPsXmFTCzgBX6Q2c0onP6RX/p/8Recdoj0TJgb4y5wm8tnryp/XuU5bCXOLpjPahZooNKqtVi7X6KJLcwx/z+8ZdR7f3uSrxK3+mK9X+jS/rNN3D71+aPHbH79QE9YfamR5y1x/3wkeMB909Uuozc1eSQ41HezqswOdhbK6lUUnc2itVqNtQ5LOMt 3vHkyqjiE7ZRZyXHOMUZfioflJ4SKHJcqkxlnCXcM2V4A0mwoYQ=</latexit>

µ
+

<latexit sha1_base64="iRruCCKSn6DcF1QX7FStp3sSfPU=">AAACwXichVHLSiNRED22j9GMo1E3A26CQREGQl2RSeIqIAyz9DFRwWjo7lzjxX7R3QnGxh/wB1wMDIwgKn6GGxduZ+EnyCwdmI0Lqzst4kKtpruqTtWpPveW4VkqCIlue7Tevv6BD4NDmY/Dn0ZG s2Pja4Hb8k1ZNV3L9TcMPZCWcmQ1VKElNzxf6rZhyXVjbzGur7elHyjX+RF2PLll601H7ShTDxmqZ8drhms1go7NLqrZre0vh/VsngpEJITIxYEofiUOyuXSnCjlRFxiyyO1JTd7gxoacGGiBRsSDkKOLegI+NmEAMFjbAsRYz5HKqlLHCLD3BZ3Se7QGd3jb5OzzRR1 OI9nBgnb5L9Y/PrMzGGa/tAF3dM1XdIdPbw6K0pmxFo67I0uV3r10aPPq//fZdnsQ+w+s97UHGIHpUSrYu1egsSnMLv89sHx/erCynQ0Qyf0l/X/plu64hM47X/m6bJc+fmGniC9013OGt15+MZxh+fHKh1GnnsyyPAqn/aVez1YmysIKojl+Xylki51EJOYwixvrogK vmMJVVayj184w7m2qCnN0/xuq9aTcibwwrToEQpXoCw=</latexit><latexit sha1_base64="iRruCCKSn6DcF1QX7FStp3sSfPU=">AAACwXichVHLSiNRED22j9GMo1E3A26CQREGQl2RSeIqIAyz9DFRwWjo7lzjxX7R3QnGxh/wB1wMDIwgKn6GGxduZ+EnyCwdmI0Lqzst4kKtpruqTtWpPveW4VkqCIlue7Tevv6BD4NDmY/Dn0ZG s2Pja4Hb8k1ZNV3L9TcMPZCWcmQ1VKElNzxf6rZhyXVjbzGur7elHyjX+RF2PLll601H7ShTDxmqZ8drhms1go7NLqrZre0vh/VsngpEJITIxYEofiUOyuXSnCjlRFxiyyO1JTd7gxoacGGiBRsSDkKOLegI+NmEAMFjbAsRYz5HKqlLHCLD3BZ3Se7QGd3jb5OzzRR1 OI9nBgnb5L9Y/PrMzGGa/tAF3dM1XdIdPbw6K0pmxFo67I0uV3r10aPPq//fZdnsQ+w+s97UHGIHpUSrYu1egsSnMLv89sHx/erCynQ0Qyf0l/X/plu64hM47X/m6bJc+fmGniC9013OGt15+MZxh+fHKh1GnnsyyPAqn/aVez1YmysIKojl+Xylki51EJOYwixvrogK vmMJVVayj184w7m2qCnN0/xuq9aTcibwwrToEQpXoCw=</latexit><latexit sha1_base64="iRruCCKSn6DcF1QX7FStp3sSfPU=">AAACwXichVHLSiNRED22j9GMo1E3A26CQREGQl2RSeIqIAyz9DFRwWjo7lzjxX7R3QnGxh/wB1wMDIwgKn6GGxduZ+EnyCwdmI0Lqzst4kKtpruqTtWpPveW4VkqCIlue7Tevv6BD4NDmY/Dn0ZG s2Pja4Hb8k1ZNV3L9TcMPZCWcmQ1VKElNzxf6rZhyXVjbzGur7elHyjX+RF2PLll601H7ShTDxmqZ8drhms1go7NLqrZre0vh/VsngpEJITIxYEofiUOyuXSnCjlRFxiyyO1JTd7gxoacGGiBRsSDkKOLegI+NmEAMFjbAsRYz5HKqlLHCLD3BZ3Se7QGd3jb5OzzRR1 OI9nBgnb5L9Y/PrMzGGa/tAF3dM1XdIdPbw6K0pmxFo67I0uV3r10aPPq//fZdnsQ+w+s97UHGIHpUSrYu1egsSnMLv89sHx/erCynQ0Qyf0l/X/plu64hM47X/m6bJc+fmGniC9013OGt15+MZxh+fHKh1GnnsyyPAqn/aVez1YmysIKojl+Xylki51EJOYwixvrogK vmMJVVayj184w7m2qCnN0/xuq9aTcibwwrToEQpXoCw=</latexit> <latexit sha1_base64="iRruCCKSn6DcF1QX7FStp3sSfPU=">AAACwXichVHLSiNRED22j9GMo1E3A26CQREGQl2RSeIqIAyz9DFRwWjo7lzjxX7R3QnGxh/wB1wMDIwgKn6GGxduZ+EnyCwdmI0Lqzst4kKtpruqTtWpPveW4VkqCIlue7Tevv6BD4NDmY/Dn0ZG s2Pja4Hb8k1ZNV3L9TcMPZCWcmQ1VKElNzxf6rZhyXVjbzGur7elHyjX+RF2PLll601H7ShTDxmqZ8drhms1go7NLqrZre0vh/VsngpEJITIxYEofiUOyuXSnCjlRFxiyyO1JTd7gxoacGGiBRsSDkKOLegI+NmEAMFjbAsRYz5HKqlLHCLD3BZ3Se7QGd3jb5OzzRR1 OI9nBgnb5L9Y/PrMzGGa/tAF3dM1XdIdPbw6K0pmxFo67I0uV3r10aPPq//fZdnsQ+w+s97UHGIHpUSrYu1egsSnMLv89sHx/erCynQ0Qyf0l/X/plu64hM47X/m6bJc+fmGniC9013OGt15+MZxh+fHKh1GnnsyyPAqn/aVez1YmysIKojl+Xylki51EJOYwixvrogK vmMJVVayj184w7m2qCnN0/xuq9aTcibwwrToEQpXoCw=</latexit>

e
+

<latexit sha1_base64="UtAP1RdEZXegj4d/s+PG672kO8o=">AAACv3ichVFNS+NQFD1GZ9SOTqNuBDfFUhGEclM/2rqqCDJLv6pCdUqSvrbBfJGkhVj8A/MHZuFsRnBgmJ/hxoVbF/4EcakwGxfepBnEhc4NL/fe8+6577x3Ndc0/IDodkAaHPrwcXhkNPVpbPxz Wp6Y3POdjqeLqu6Yjnegqb4wDVtUAyMwxYHrCdXSTLGvHa9H+/td4fmGY+8GoSuOLLVlG01DVwOG6rJ8qDlmww8tdj3xdeG0LmcprxSKxWUlQ/mVQmmpXOCgXC7TYimj5Cm2LBLbdORrHKIBBzo6sCBgI+DYhAqfvxoUEFzGjtBjzOPIiPcFTpFiboerBFeojB7zv8VZ LUFtzqOefszW+RSTl8fMDHJ0Q7/pga7oD93R05u9enGPSEvIXutzhVtPf5ve+ftflsU+QPuF9a7mAE2UYq0Ga3djJLqF3ud3T74/7Kxu53pzdE73rP8n3dIl38DuPuoXW2L77B09fvKmbc4a/X7Y4Djk/pFKm5GXmhRSPMp/88q8HewV8gpPfGspW6kkQx3BDGYxz5Mr ooIv2ESVlXTxAxf4Ja1JLcmW3H6pNJBwpvDKpPAZFP2fZQ==</latexit><latexit sha1_base64="UtAP1RdEZXegj4d/s+PG672kO8o=">AAACv3ichVFNS+NQFD1GZ9SOTqNuBDfFUhGEclM/2rqqCDJLv6pCdUqSvrbBfJGkhVj8A/MHZuFsRnBgmJ/hxoVbF/4EcakwGxfepBnEhc4NL/fe8+6577x3Ndc0/IDodkAaHPrwcXhkNPVpbPxz Wp6Y3POdjqeLqu6Yjnegqb4wDVtUAyMwxYHrCdXSTLGvHa9H+/td4fmGY+8GoSuOLLVlG01DVwOG6rJ8qDlmww8tdj3xdeG0LmcprxSKxWUlQ/mVQmmpXOCgXC7TYimj5Cm2LBLbdORrHKIBBzo6sCBgI+DYhAqfvxoUEFzGjtBjzOPIiPcFTpFiboerBFeojB7zv8VZ LUFtzqOefszW+RSTl8fMDHJ0Q7/pga7oD93R05u9enGPSEvIXutzhVtPf5ve+ftflsU+QPuF9a7mAE2UYq0Ga3djJLqF3ud3T74/7Kxu53pzdE73rP8n3dIl38DuPuoXW2L77B09fvKmbc4a/X7Y4Djk/pFKm5GXmhRSPMp/88q8HewV8gpPfGspW6kkQx3BDGYxz5Mr ooIv2ESVlXTxAxf4Ja1JLcmW3H6pNJBwpvDKpPAZFP2fZQ==</latexit><latexit sha1_base64="UtAP1RdEZXegj4d/s+PG672kO8o=">AAACv3ichVFNS+NQFD1GZ9SOTqNuBDfFUhGEclM/2rqqCDJLv6pCdUqSvrbBfJGkhVj8A/MHZuFsRnBgmJ/hxoVbF/4EcakwGxfepBnEhc4NL/fe8+6577x3Ndc0/IDodkAaHPrwcXhkNPVpbPxz Wp6Y3POdjqeLqu6Yjnegqb4wDVtUAyMwxYHrCdXSTLGvHa9H+/td4fmGY+8GoSuOLLVlG01DVwOG6rJ8qDlmww8tdj3xdeG0LmcprxSKxWUlQ/mVQmmpXOCgXC7TYimj5Cm2LBLbdORrHKIBBzo6sCBgI+DYhAqfvxoUEFzGjtBjzOPIiPcFTpFiboerBFeojB7zv8VZ LUFtzqOefszW+RSTl8fMDHJ0Q7/pga7oD93R05u9enGPSEvIXutzhVtPf5ve+ftflsU+QPuF9a7mAE2UYq0Ga3djJLqF3ud3T74/7Kxu53pzdE73rP8n3dIl38DuPuoXW2L77B09fvKmbc4a/X7Y4Djk/pFKm5GXmhRSPMp/88q8HewV8gpPfGspW6kkQx3BDGYxz5Mr ooIv2ESVlXTxAxf4Ja1JLcmW3H6pNJBwpvDKpPAZFP2fZQ==</latexit> <latexit sha1_base64="UtAP1RdEZXegj4d/s+PG672kO8o=">AAACv3ichVFNS+NQFD1GZ9SOTqNuBDfFUhGEclM/2rqqCDJLv6pCdUqSvrbBfJGkhVj8A/MHZuFsRnBgmJ/hxoVbF/4EcakwGxfepBnEhc4NL/fe8+6577x3Ndc0/IDodkAaHPrwcXhkNPVpbPxz Wp6Y3POdjqeLqu6Yjnegqb4wDVtUAyMwxYHrCdXSTLGvHa9H+/td4fmGY+8GoSuOLLVlG01DVwOG6rJ8qDlmww8tdj3xdeG0LmcprxSKxWUlQ/mVQmmpXOCgXC7TYimj5Cm2LBLbdORrHKIBBzo6sCBgI+DYhAqfvxoUEFzGjtBjzOPIiPcFTpFiboerBFeojB7zv8VZ LUFtzqOefszW+RSTl8fMDHJ0Q7/pga7oD93R05u9enGPSEvIXutzhVtPf5ve+ftflsU+QPuF9a7mAE2UYq0Ga3djJLqF3ud3T74/7Kxu53pzdE73rP8n3dIl38DuPuoXW2L77B09fvKmbc4a/X7Y4Djk/pFKm5GXmhRSPMp/88q8HewV8gpPfGspW6kkQx3BDGYxz5Mr ooIv2ESVlXTxAxf4Ja1JLcmW3H6pNJBwpvDKpPAZFP2fZQ==</latexit>

νe
<latexit sha1_base64="4CJSNZSKvTStZFM15lI8QJvuGvk=">AAACwXichVHLSsNQED3Gd31V3QhuikVxVSZaUFwVBHHpqypYKUl61Yt5kaTFGvwBf8CFICiIip/hxoVbF36CuFRw48JJGhQVdcLNzJw7Z+65d3TXlH5A9NCkNLe0trV3dKa6unt6+9L9A6u+U/UM UTQc0/HWdc0XprRFMZCBKdZdT2iWboo1fXc22l+rCc+Xjr0S1F2xaWnbttyShhYwVE4PlHTHrPh1i11YsqtlcVBOZylHsWUoNzWdn1TzmQ9ETYIsEltw0ncooQIHBqqwIGAj4NiEBp+/DagguIxtImTM40jG+wIHSDG3ylWCKzRGd/m/zdlGgtqcRz39mG3wKSYvj5kZ jNI9XdEz3dI1PdLbr73CuEekpc5eb3CFW+47HFp+/ZdlsQ+w88n6U3OALUzHWiVrd2MkuoXR4Nf2j56XZ5ZGwzE6oyfWf0oPdMM3sGsvxvmiWDr+Q4+fvOkOZ5VGP8xxXOf+kUqbkc+aFFI8SvX74H4GqxM5lXLqYj5bKCRD7cAwRjDOk5tCAfNYQJGV7OEEF7hUZhWp uIrXKFWaEs4gvpgSvgNZPaBN</latexit><latexit sha1_base64="4CJSNZSKvTStZFM15lI8QJvuGvk=">AAACwXichVHLSsNQED3Gd31V3QhuikVxVSZaUFwVBHHpqypYKUl61Yt5kaTFGvwBf8CFICiIip/hxoVbF36CuFRw48JJGhQVdcLNzJw7Z+65d3TXlH5A9NCkNLe0trV3dKa6unt6+9L9A6u+U/UM UTQc0/HWdc0XprRFMZCBKdZdT2iWboo1fXc22l+rCc+Xjr0S1F2xaWnbttyShhYwVE4PlHTHrPh1i11YsqtlcVBOZylHsWUoNzWdn1TzmQ9ETYIsEltw0ncooQIHBqqwIGAj4NiEBp+/DagguIxtImTM40jG+wIHSDG3ylWCKzRGd/m/zdlGgtqcRz39mG3wKSYvj5kZ jNI9XdEz3dI1PdLbr73CuEekpc5eb3CFW+47HFp+/ZdlsQ+w88n6U3OALUzHWiVrd2MkuoXR4Nf2j56XZ5ZGwzE6oyfWf0oPdMM3sGsvxvmiWDr+Q4+fvOkOZ5VGP8xxXOf+kUqbkc+aFFI8SvX74H4GqxM5lXLqYj5bKCRD7cAwRjDOk5tCAfNYQJGV7OEEF7hUZhWp uIrXKFWaEs4gvpgSvgNZPaBN</latexit> <latexit sha1_base64="4CJSNZSKvTStZFM15lI8QJvuGvk=">AAACwXichVHLSsNQED3Gd31V3QhuikVxVSZaUFwVBHHpqypYKUl61Yt5kaTFGvwBf8CFICiIip/hxoVbF36CuFRw48JJGhQVdcLNzJw7Z+65d3TXlH5A9NCkNLe0trV3dKa6unt6+9L9A6u+U/UM UTQc0/HWdc0XprRFMZCBKdZdT2iWboo1fXc22l+rCc+Xjr0S1F2xaWnbttyShhYwVE4PlHTHrPh1i11YsqtlcVBOZylHsWUoNzWdn1TzmQ9ETYIsEltw0ncooQIHBqqwIGAj4NiEBp+/DagguIxtImTM40jG+wIHSDG3ylWCKzRGd/m/zdlGgtqcRz39mG3wKSYvj5kZ jNI9XdEz3dI1PdLbr73CuEekpc5eb3CFW+47HFp+/ZdlsQ+w88n6U3OALUzHWiVrd2MkuoXR4Nf2j56XZ5ZGwzE6oyfWf0oPdMM3sGsvxvmiWDr+Q4+fvOkOZ5VGP8xxXOf+kUqbkc+aFFI8SvX74H4GqxM5lXLqYj5bKCRD7cAwRjDOk5tCAfNYQJGV7OEEF7hUZhWp uIrXKFWaEs4gvpgSvgNZPaBN</latexit><latexit sha1_base64="4CJSNZSKvTStZFM15lI8QJvuGvk=">AAACwXichVHLSsNQED3Gd31V3QhuikVxVSZaUFwVBHHpqypYKUl61Yt5kaTFGvwBf8CFICiIip/hxoVbF36CuFRw48JJGhQVdcLNzJw7Z+65d3TXlH5A9NCkNLe0trV3dKa6unt6+9L9A6u+U/UM UTQc0/HWdc0XprRFMZCBKdZdT2iWboo1fXc22l+rCc+Xjr0S1F2xaWnbttyShhYwVE4PlHTHrPh1i11YsqtlcVBOZylHsWUoNzWdn1TzmQ9ETYIsEltw0ncooQIHBqqwIGAj4NiEBp+/DagguIxtImTM40jG+wIHSDG3ylWCKzRGd/m/zdlGgtqcRz39mG3wKSYvj5kZ jNI9XdEz3dI1PdLbr73CuEekpc5eb3CFW+47HFp+/ZdlsQ+w88n6U3OALUzHWiVrd2MkuoXR4Nf2j56XZ5ZGwzE6oyfWf0oPdMM3sGsvxvmiWDr+Q4+fvOkOZ5VGP8xxXOf+kUqbkc+aFFI8SvX74H4GqxM5lXLqYj5bKCRD7cAwRjDOk5tCAfNYQJGV7OEEF7hUZhWp uIrXKFWaEs4gvpgSvgNZPaBN</latexit>

ν̄µ
<latexit sha1_base64="PrLZ9ec5HiXNEjXHF8u0ajI8rto=">AAACx3ichVE9T9tQFD24fIavtCxIXSIiEFN03UJTOkVCQrCRQAAJo8h2XhILf8kfUdMIJFb+AAMTiA4IwZ9gYWBl4CcgRip1YeDasYSgKlzLvuedd8/1ee9qrmn4AdFtl/Shu6e3r38gNTg0PDKa /vhpzXdCTxdl3TEdb0NTfWEatigHRmCKDdcTqqWZYl3bno/215vC8w3HXg1artiy1Lpt1AxdDZiqpMcVzTGrfsvi1FY01VPssKJY4U4lnaXcHMlz3+QM5fIzs18pz4DiyMgJyCKJZSd9DQVVONARwoKAjYCxCRU+P5uQQXCZ20KbOY+REe8L7CDF2pCrBFeozG7zt86r zYS1eR319GO1zn8x+fVYmcEk3dApPdAVndEdPf63VzvuEXlpcdY6WuFWRvfHV/6+q7I4B2g8q970HKCG77FXg727MROdQu/om78OHlZ+lCbbU3RM9+z/iG7pkk9gN//ov4uidPiGHz+50wavqp1+WGDc4v6RS5uZ55oUUjxK+fXg/gVrX3Iy5eTiTLZQSIbaj8+YwDRP Lo8CFrGMMjvZxQnOcSEtSY7UlH52SqWuRDOGFyHtPQEuo6MM</latexit><latexit sha1_base64="PrLZ9ec5HiXNEjXHF8u0ajI8rto=">AAACx3ichVE9T9tQFD24fIavtCxIXSIiEFN03UJTOkVCQrCRQAAJo8h2XhILf8kfUdMIJFb+AAMTiA4IwZ9gYWBl4CcgRip1YeDasYSgKlzLvuedd8/1ee9qrmn4AdFtl/Shu6e3r38gNTg0PDKa /vhpzXdCTxdl3TEdb0NTfWEatigHRmCKDdcTqqWZYl3bno/215vC8w3HXg1artiy1Lpt1AxdDZiqpMcVzTGrfsvi1FY01VPssKJY4U4lnaXcHMlz3+QM5fIzs18pz4DiyMgJyCKJZSd9DQVVONARwoKAjYCxCRU+P5uQQXCZ20KbOY+REe8L7CDF2pCrBFeozG7zt86r zYS1eR319GO1zn8x+fVYmcEk3dApPdAVndEdPf63VzvuEXlpcdY6WuFWRvfHV/6+q7I4B2g8q970HKCG77FXg727MROdQu/om78OHlZ+lCbbU3RM9+z/iG7pkk9gN//ov4uidPiGHz+50wavqp1+WGDc4v6RS5uZ55oUUjxK+fXg/gVrX3Iy5eTiTLZQSIbaj8+YwDRP Lo8CFrGMMjvZxQnOcSEtSY7UlH52SqWuRDOGFyHtPQEuo6MM</latexit><latexit sha1_base64="PrLZ9ec5HiXNEjXHF8u0ajI8rto=">AAACx3ichVE9T9tQFD24fIavtCxIXSIiEFN03UJTOkVCQrCRQAAJo8h2XhILf8kfUdMIJFb+AAMTiA4IwZ9gYWBl4CcgRip1YeDasYSgKlzLvuedd8/1ee9qrmn4AdFtl/Shu6e3r38gNTg0PDKa /vhpzXdCTxdl3TEdb0NTfWEatigHRmCKDdcTqqWZYl3bno/215vC8w3HXg1artiy1Lpt1AxdDZiqpMcVzTGrfsvi1FY01VPssKJY4U4lnaXcHMlz3+QM5fIzs18pz4DiyMgJyCKJZSd9DQVVONARwoKAjYCxCRU+P5uQQXCZ20KbOY+REe8L7CDF2pCrBFeozG7zt86r zYS1eR319GO1zn8x+fVYmcEk3dApPdAVndEdPf63VzvuEXlpcdY6WuFWRvfHV/6+q7I4B2g8q970HKCG77FXg727MROdQu/om78OHlZ+lCbbU3RM9+z/iG7pkk9gN//ov4uidPiGHz+50wavqp1+WGDc4v6RS5uZ55oUUjxK+fXg/gVrX3Iy5eTiTLZQSIbaj8+YwDRP Lo8CFrGMMjvZxQnOcSEtSY7UlH52SqWuRDOGFyHtPQEuo6MM</latexit> <latexit sha1_base64="PrLZ9ec5HiXNEjXHF8u0ajI8rto=">AAACx3ichVE9T9tQFD24fIavtCxIXSIiEFN03UJTOkVCQrCRQAAJo8h2XhILf8kfUdMIJFb+AAMTiA4IwZ9gYWBl4CcgRip1YeDasYSgKlzLvuedd8/1ee9qrmn4AdFtl/Shu6e3r38gNTg0PDKa /vhpzXdCTxdl3TEdb0NTfWEatigHRmCKDdcTqqWZYl3bno/215vC8w3HXg1artiy1Lpt1AxdDZiqpMcVzTGrfsvi1FY01VPssKJY4U4lnaXcHMlz3+QM5fIzs18pz4DiyMgJyCKJZSd9DQVVONARwoKAjYCxCRU+P5uQQXCZ20KbOY+REe8L7CDF2pCrBFeozG7zt86r zYS1eR319GO1zn8x+fVYmcEk3dApPdAVndEdPf63VzvuEXlpcdY6WuFWRvfHV/6+q7I4B2g8q970HKCG77FXg727MROdQu/om78OHlZ+lCbbU3RM9+z/iG7pkk9gN//ov4uidPiGHz+50wavqp1+WGDc4v6RS5uZ55oUUjxK+fXg/gVrX3Iy5eTiTLZQSIbaj8+YwDRP Lo8CFrGMMjvZxQnOcSEtSY7UlH52SqWuRDOGFyHtPQEuo6MM</latexit>

<latexit sha1_base64="SzgaBC0BuVjql++uy6I8elpKt4s=">AAACvXichVHLSsNAFD3Gd31F3QhuikVxVSZtfW4UBXHpqypYKUk6aujkQZJWavEH/AEXulFQED/DjeDahZ8gLhXcuPDmIUVEvSG5Z87cc3NmruYIw/MZe2qSmlta29o7OhNd3T29fXL/wKZnV1yd 53Vb2O62pnpcGBbP+4Yv+LbjctXUBN/SyovB/laVu55hWxt+zeG7prpvGXuGrvpEFWW5oNmi5NVMSvWCWTkuyimWnskpmWwmSSA7k8lONICSZmGkEMeKLT+ggBJs6KjABIcFn7CACo+eHShgcIjbRZ04l5AR7nMcI0HaClVxqlCJLdN3n1Y7MWvROujphWqd/iLodUmZ xCh7ZDfsld2zW/bMPn7tVQ97BF5qlLVIy51i38nQ+vu/KpOyj4OG6k/PPvYwHXo1yLsTMsEp9EhfPTp9XZ9dG62PsUv2Qv4v2BO7oxNY1Tf9apWvnf3hx4vv9IBWpagflgjXqH/g0iKmUZMIBxlNK/kTfA1yM5NWJtPKai41vxCPtAPDGME4zW0K81jGCvLko4pzXOFa mpO4JCQrKpWaYs0gvoV0+AmTUZ+c</latexit>

µ

<latexit sha1_base64="mnWNYTh3dhC2fpbFJKx4vrX7zEI=">AAACuXichVFNSxtRFD2Z2qqxrWndCN2EhpSuhjvmw1Q3YqF0GY0xglqZmbwko/PFvEkgBv+Af0DBlUIXpT+jG6HrLvITikuFbrronQ8RKbV3eHPvPe+e+8571/BtS4ZE44zyaOLxk8mp6ezM02fP Z3MvXm5Krx+Yoml6thdsGboUtuWKZmiFttjyA6E7hi1axsH7aL81EIG0PHcjHPpi19G7rtWxTD1k6NOO4dltOXTYjVaP9nIFUqulilau5UktUalcqXJQqyy+q2l5TaXYCkit7uW+YwdteDDRhwMBFyHHNnRI/rahgeAztosRYwFHVrwvcIQsc/tcJbhCZ/SA/13OtlPU 5TzqKWO2yafYvAJm5lGkH/SFrumSvtJP+v3PXqO4R6RlyN5IuMLfmz2eb/z6L8thH6J3x3pQc4gOarFWi7X7MRLdwkz4g8OT68bSenH0hi7oivWf05i+8Q3cwY35eU2snz2gR6Zv2uOsnfTDB46H3D9S6TJyV5ONB5lMK/93cDvIzQVVq6raWrmwspqOdAqv8BpveW6L WMFH1NFkHQFOcY4LZVnRlZ6yn5QqmZQzh3umyD9zVp5e</latexit>
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[
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Spin precession is faster than cyclotron precession for g>2

Precise measurement of Ëa and B (NMR)

drop at p=3.094GeV 

!B
<latexit sha1_base64="Dn7NPMdjRFp+DJ/mR5RA/R2fzVU=">AAAC2HichVE9S8NQFD2N3/Wr6iK4FIviVF6roDiJgjjW1railpK8vtrQNAlJWqil4Ca66SLYScFB/Bku/gGHLu7iqODi4E0aEBX1huSde949952Xq5iaajuMtQNSV3dPb1//QHBwaHhkNDQ2nrGN qsVFmhuaYW0rsi00VRdpR3U0sW1aQq4omsgq5TV3P1sTlq0a+pZTN0WuIu/ralHlskNUdq8meGO1mQ9FWJR5Ef4JYj6IwI+EEXrEHgowwFFFBQI6HMIaZNj07CIGBpO4HBrEWYRUb1+giSBpq1QlqEImtkzffcp2fVan3O1pe2pOp2j0WqQMY4Y9sBv2wu7ZLXti77/2 ang9XC91WpWOVpj50ZPJ1Nu/qgqtDkqfqj89OyhiyfOqknfTY9xb8I6+dnD+klpOzjRm2RV7Jv+XrM3u6AZ67ZVfb4pk6w8/tv9PS5QVOv2wTrhO/V2XOjGfNb/34V4tJ6zBHXfs+3B/gkw8GpuPxjcXIiur/uD7MYVpzNF0F7GCDSSQ9k45xQVa0o50KB1Jx51SKeBr JvAlpLMPEHajbg==</latexit>

Measurement

spin rotates 372°
per each cycle

1cycle
2
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/n.d.f. = 4167/41322χ

<latexit sha1_base64="JJ5juY5mr8gZxVubmExGper8N0Q=">AAADEXichVFNaxRBEK1M/IhrNGu8BLw0LgkR4lAdNtEIwYgQPIjkw00CmWSYme3dbTJfTPcurMP8Aa8ePHhS8CD+Am+iFzFnD/kJ4kWIIIoHa2YHggZjDTP96nW9mtddbuxLpREPhozhU6fPnB05 Vzk/euHiWPXS+IaKuoknGl7kR8mW6yjhy1A0tNS+2IoT4QSuLzbdvbv5/mZPJEpG4UPdj8VO4LRD2ZKeo4myq03m2FbQ3U2tJGDLD+7cz9hixfJFS09zbs3Mzy1YM7NYN5FZcTBncrsoVNrRGRGMmwsl01cZsxLZ7uhrzNIyEIpx3E2vc8wqdrWGJhbBjgNeghqUsRJV 98GCJkTgQRcCEBCCJuyDA4qebeCAEBO3AylxCSFZ7AvIoELaLlUJqnCI3aNvm7Ltkg0pz3uqQu3RX3x6E1IymMRP+AoP8QO+xs/465+90qJH7qVPqzvQitgeezyx/v2/qoBWDZ0j1YmeNbTgZuFVkve4YPJTeAN979HTw/Vba5PpFL7AL+T/OR7gezpB2PvmvVwVa89O 8KPKO+1Q1hz0g2XCfeqfuwyJOarJB8n/HttxsDFr8nmzvlqvLd0uRzoCV+AqTNPcbsAS3IMVaJCPj/AVfsBP44nxxnhrvBuUGkOl5jL8Ecb+bzjEu4g=</latexit>

a
FNAL
µ

= (11 659 204.0± 5.1stat ± 1.9sys)× 10−10



Fermilab (Run-1, ~ BNL E821)  [2104.03281]

Confirmed BNL result:

4.2Ã deviation

<latexit sha1_base64="CvGEvHje8RWTnYuomf/sshyT1RM=">AAAC/HichVJLa9RQFP4aX3V8dKwbwU1wqFSsw7mlrQ8QaoXiotQ+nLbQtEOS3pm5NC+SO4NjGH+Af8CFK0UXUlzqH3AjuHZR3OpCXFZw48KTTKBosZ6QnO9+93wn382JE3kq0US7A8aRo8eOnxg8 WTp1+szZofK54ZUkbMeurLmhF8Zrjp1ITwWyppX25FoUS9t3PLnqbN/N9lc7Mk5UGDzQ3Uhu+HYzUA3l2pqpevm+Xbf89mZqaflQpzPzc1dn5+/M9Xrm7ZLlyYYeFcIam5q8aY2N01RVmFbkmxNZjlWzpa+Ylla+TExBm+k1Qb1SvVyhKuVhHgSiABUUsRCWP8LCFkK4 aMOHRADN2IONhK91CBAi5jaQMhczUvm+RA8l1ra5SnKFzew2P5u8Wi/YgNdZzyRXu/wWj++YlSZG6BO9pj36QDv0jX79s1ea98i8dDk7fa2M6kNPLiz//K/K56zR2lcd6lmjgRu5V8Xeo5zJTuH29Z1HT/eWby2NpJfpBX1n/89pl97zCYLOD/fVolx6doifpPimLV5t 9fthlnGX+2cuA2b2a7JBir/HdhCsjFcF/xaLE5XpmWKkg7iISxjluV3HNO5hATX28Raf8QVfjcfGS2PHeNMvNQYKzXn8Eca732Gvsw0=</latexit>

a
BNL+FNAL
µ

= (11 659 206.1± 4.1)× 10−10

<latexit sha1_base64="YLI89DuRY7qUklDyNiEe+jvjUys=">AAADFHichVHLahRBFL3p+EjGR0bdCG4ah0iE2NzKO4IQIogLkTycJJBKmu5OzUyRftFVMzhp+gf8AF24UnAh/oK7IAiiOxf5hJDlCG4ieLunIWgw3qa7zj11z+1Tdd3Yl0ojHgwYg+fOX7g4NFy5 dPnK1ZHqtetrKmonnqh7kR8lG66jhC9DUddS+2IjToQTuL5Yd3cf5vvrHZEoGYXPdDcWW4HTDGVDeo4myq42HZsH7e2Ua/Fcp4tPn2SZ+aDCfdHQY4zx8ZnpeT4+gXPWvMnjwJy2puyUJ4GptKOzgpq0Jkuqq4hJZLOl75pcy0Aok+F2eo9hVrGrNbSwCPM0YCWoQRlL UfULcNiBCDxoQwACQtCEfXBA0bMJDBBi4rYgJS4hJIt9ARlUSNumKkEVDrG79G1StlmyIeV5T1WoPfqLT29CShNG8Tu+xx5+xg94iMf/7JUWPXIvXVrdvlbE9siLm6s//6sKaNXQOlGd6VlDA+YKr5K8xwWTn8Lr6zt7r3qr91dG0zv4Fo/I/xs8wH06Qdj54b1bFiuv z/CjyjttUbbT7wePCHepf+4yJOakJh8k+3tsp8HahMVmLLY8VVtYLEc6BLfgNozR3GZhAR7DEtTJx1fowTH8Ml4aH41941O/1BgoNTfgjzC+/QYcEr1L</latexit>

a
BNL
µ

= (11 659 208.9± 5.4stat ± 3.3sys)× 10−10

<latexit sha1_base64="F74HQaShxUmCnkgaHB36TgkFMEc=">AAADA3ichVG/TxRBFH6singonNqY2Ey8QDCEzVsioCYmiAmhAAKcd5CwcNld5u4m7K/szl08N1va+A9YWElCQeiMpVY2JNQUtHQEO0xsKHi7t4QAAd9md7753vvefjPP9G0RSsT9DuXW7Tudd7vu 5brvP+jpzT98VA69RmDxkuXZXrBkGiG3hctLUkibL/kBNxzT5ovm+rskv9jkQSg8971s+XzFMWquqArLkERV8mWjojuN1UiX/IOMJmanBydn307HMWND7CwVOKw4E+feMN3mVTnAhkdUTfcdNqK+0gNRq8vnTJfC4SHTcDUa0jDOVfIFVDENdhVoGShAFnNefhd0WAMP LGiAAxxckIRtMCCkZxk0QPCJW4GIuICQSPMcYsiRtkFVnCoMYtfpW6Pdcsa6tE96hqnaor/Y9AakZNCHe7iFx7iD23iIJ9f2itIeiZcWrWZby/1K7+cnxX//VTm0Sqifq270LKEKL1Ovgrz7KZOcwmrrmx+/HBdfL/RF/biBR+T/G+7jbzqB2/xrbc7zha83+AmzO63T bq3dDyYJt6h/4tIl5rwmGaR2eWxXQXlY1UZVbf5FYXwiG2kXPIVnMEBzG4NxmII5KJGPn3AAR/BH+aRsK9+VH+1SpSPTPIYLofw6BVXjttE=</latexit>

a
BNL+FNAL
µ

− a
SM
µ

= (25.1± 5.9)× 10−10
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a
FNAL
µ

= (11 659 204.0± 5.1stat ± 1.9sys)× 10−10

Latest result



Fermilab E989 on going:  same storage ring as BNL E821

Goal: 1/4 x BNL uncertainty

Statistics ~ 21.5 x BNL, Improve systematics

Run-4 finished: ~13 x BNL ³ Run-5 on-going

Run-2+3: expected stat. uncertainty ~ 200ppb (still > syst.)

³ this year (?)

J-PARC in progress

Independent method

start in 2027 (?)

Experimental prospect



[2104.03281]

New Physics?

Today’s talk

• Overview of measurement

• Recent progress and issue on SM prediction

• New physics interpretation



White paper (WP):  current consensus of SM value  [2006.04822]

Recent issue:
discrepancy between WP and new lattice result of HVP

SM prediction
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Contribution Value ×1010

QED 11 658 471.8931± 0.0104

EW 15.36 ± 0.10

HVP 684.5 ± 4.0

HLbL 9.2 ± 1.8

Total 11 659 181.0 ± 4.3
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Hadronic vacuum polarization

White paper: traditionally determined by hadronic cross section

e
+

e
−

γ

had

had

Ã(e+e-³had)

Gauge sym.
Analyticity
Unitarity

“R-ratio” approach:

experimental dataknown
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a
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=

α
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3π2

∫
∞

m2
π

ds

s
K(s)R(s)



Status

LO Hadronic Vacuum Polarization Contribution
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contribution to a¿

Ã/Ë

Ã+Ã- channel (around Ã/Ë region)

~70% of total HVP

Dominant source of uncertainty

³ long-standing issue

R-ratio: hadronic cross section



Old issue: KLOE/BaBar discrepancy

DHMZ19

w/o KLOE (³ BaBar)

w/o BaBar (³ KLOE)

Precision is degraded by ~30% [³ WP]

Check by Belle-II, BES-III, CMD-3

Independent test: MUonE

differential cross section of ¿+e-³¿+e-

space-like approach

exp QCD KLOE/BaBar discrepancy
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696.8± 3.1
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694.0± 1.0 ± 2.5 ± 2.8



R
-r

at
io

La
tt

ic
e

BMW

Lattice evaluation of HVP  (                             :  quark current)

BMW collaboration  [2002.12347]

No tension w/. experimental result

However, ~2.1Ã away from WP (e+e-)

HVP tension has not been resolved

Independent lattice computations 
w/. comparable precisions are crucial

cf. A calculation of “window” observable is consistent w/ BMW, and deviated by 3.8Ã 
   from data-driven value [2206.06582]

New issue: BMW lattice result
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Jµ = i
∑

f Qf ψ̄fγµψf
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a
HVPLO

µ =

∞∑

t=0

wtC(t)
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!x
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j=0,1,2

〈Jj(!x, t)Jj(0)〉w/. ± lattice



Exp

H
ig

gs
 m

as
s 

 [
G

eV
]

·b0

:s0 [GeV]

·=0

Consistency with EW precision test

EW observables are also sensitive to R-ratio data (via �³had(5))

Hypothetical cross section:

Shift above ~1GeV is excluded.

Shift below ~1GeV is allowed,

but larger than Ã(e+e-³had) accuracy

³ Tested in near future, e.g., Belle-II, etc
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σhad(s) = (1 + ε)σ0
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s ∈

√
s0 ± δ/2
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ε > 0 in

chosen to account for �a¿

R-ratio data [2006.12666]



Hadronic light-by-light

Main issue in ~10 years ago

Based on hadronic model before 2014

Dispersive (data-driven) approach

relation with exp. data (cf. e+e- for HVP)

Lattice calculation [Mainz’21]

Modern evaluation of l-by-l contribution
(Melnikov & Vainshtein)

1. First, use the large expansion to ünd that the leading
contribution is the pion pole contribution.

2. Choose the momentum-dependence of the coupling (form
factor) in such a way that it is consistent with a constraint
from QCD (OPE) at the momentum region .
Integrate over the loop momenta.

3. Repeat the above for . Basically that9s all for the
LO in .

4. As for NLO in , it depends on authors which diagram is
numerically important.

For example,

lbyl
9Glasgow consensus9, arXiv:0901.0306
9G.c.9 w/ correction by Nyûeler, PRD94(2016)053006
Nyûeler, arXiv:1710.09742
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<latexit sha1_base64="PEf4/WpULCqEWFy164nRlbU8ubo=">AAACwXichVHLSsNQED3GV62vqhvBjVgUV2UiguJKLIhLX1XBaknSq16aF0larMEf8AdcCIKCqPgZbly4deEniEsFNy6cpAFRUSckc+65cybn3tFdU/oB0WOT0tzS2tae6kh3dnX39Gb6+td8p+oZ omA4puNt6JovTGmLQiADU2y4ntAs3RTreiUf7a/XhOdLx14N6q7YsrRdW+5IQwuYKmX6i7pjlv26xSksunKbDkuZLOUojuGfQE1AFkksOpl7FFGGAwNVWBCwETA2ocHnZxMqCC5zWwiZ8xjJeF/gEGnWVrlKcIXGbIW/u7zaTFib11FPP1Yb/BeTX4+VwxilB7qmF7qj G3qi9197hXGPyEuds97QCrfUezS48vavyuIcYO9T9afnADuYjr1K9u7GTHQKo6GvHRy/rMwsj4ZjdE7P7P+MHumWT2DXXo2LJbF88ocfP7nTPV6VG/0wz7jO/SOXNjOfNWmkeZTq98H9BGsTOZVy6tJkdnYuGWoKQxjBOE9uCrNYwCIK7GQfp7jElZJXpOIqXqNUaUo0 A/gSSvgBiu2f9A==</latexit><latexit sha1_base64="PEf4/WpULCqEWFy164nRlbU8ubo=">AAACwXichVHLSsNQED3GV62vqhvBjVgUV2UiguJKLIhLX1XBaknSq16aF0larMEf8AdcCIKCqPgZbly4deEniEsFNy6cpAFRUSckc+65cybn3tFdU/oB0WOT0tzS2tae6kh3dnX39Gb6+td8p+oZ omA4puNt6JovTGmLQiADU2y4ntAs3RTreiUf7a/XhOdLx14N6q7YsrRdW+5IQwuYKmX6i7pjlv26xSksunKbDkuZLOUojuGfQE1AFkksOpl7FFGGAwNVWBCwETA2ocHnZxMqCC5zWwiZ8xjJeF/gEGnWVrlKcIXGbIW/u7zaTFib11FPP1Yb/BeTX4+VwxilB7qmF7qj G3qi9197hXGPyEuds97QCrfUezS48vavyuIcYO9T9afnADuYjr1K9u7GTHQKo6GvHRy/rMwsj4ZjdE7P7P+MHumWT2DXXo2LJbF88ocfP7nTPV6VG/0wz7jO/SOXNjOfNWmkeZTq98H9BGsTOZVy6tJkdnYuGWoKQxjBOE9uCrNYwCIK7GQfp7jElZJXpOIqXqNUaUo0 A/gSSvgBiu2f9A==</latexit> <latexit sha1_base64="PEf4/WpULCqEWFy164nRlbU8ubo=">AAACwXichVHLSsNQED3GV62vqhvBjVgUV2UiguJKLIhLX1XBaknSq16aF0larMEf8AdcCIKCqPgZbly4deEniEsFNy6cpAFRUSckc+65cybn3tFdU/oB0WOT0tzS2tae6kh3dnX39Gb6+td8p+oZ omA4puNt6JovTGmLQiADU2y4ntAs3RTreiUf7a/XhOdLx14N6q7YsrRdW+5IQwuYKmX6i7pjlv26xSksunKbDkuZLOUojuGfQE1AFkksOpl7FFGGAwNVWBCwETA2ocHnZxMqCC5zWwiZ8xjJeF/gEGnWVrlKcIXGbIW/u7zaTFib11FPP1Yb/BeTX4+VwxilB7qmF7qj G3qi9197hXGPyEuds97QCrfUezS48vavyuIcYO9T9afnADuYjr1K9u7GTHQKo6GvHRy/rMwsj4ZjdE7P7P+MHumWT2DXXo2LJbF88ocfP7nTPV6VG/0wz7jO/SOXNjOfNWmkeZTq98H9BGsTOZVy6tJkdnYuGWoKQxjBOE9uCrNYwCIK7GQfp7jElZJXpOIqXqNUaUo0 A/gSSvgBiu2f9A==</latexit><latexit sha1_base64="PEf4/WpULCqEWFy164nRlbU8ubo=">AAACwXichVHLSsNQED3GV62vqhvBjVgUV2UiguJKLIhLX1XBaknSq16aF0larMEf8AdcCIKCqPgZbly4deEniEsFNy6cpAFRUSckc+65cybn3tFdU/oB0WOT0tzS2tae6kh3dnX39Gb6+td8p+oZ omA4puNt6JovTGmLQiADU2y4ntAs3RTreiUf7a/XhOdLx14N6q7YsrRdW+5IQwuYKmX6i7pjlv26xSksunKbDkuZLOUojuGfQE1AFkksOpl7FFGGAwNVWBCwETA2ocHnZxMqCC5zWwiZ8xjJeF/gEGnWVrlKcIXGbIW/u7zaTFib11FPP1Yb/BeTX4+VwxilB7qmF7qj G3qi9197hXGPyEuds97QCrfUezS48vavyuIcYO9T9afnADuYjr1K9u7GTHQKo6GvHRy/rMwsj4ZjdE7P7P+MHumWT2DXXo2LJbF88ocfP7nTPV6VG/0wz7jO/SOXNjOfNWmkeZTq98H9BGsTOZVy6tJkdnYuGWoKQxjBOE9uCrNYwCIK7GQfp7jElZJXpOIqXqNUaUo0 A/gSSvgBiu2f9A==</latexit>

had

had

+ …

hadron model

<latexit sha1_base64="CjvSlicJuU3r1kHolUs9fZCBYNw=">AAAC13ichVE9SxxRFD1OTNRNjGtsAjZLFsOmcLgjkmhAWAgECws/smpwdZkZn/pwvph5u7AZlnRBUghWFlYKKULatLGxSZHWwp8gKQ2ksfDO7ICoqHeYeeeed8+d8961AkdGiuikQ3vQ+fBRV3dP 7vGT3qd9+f5n85FfD21RsX3HDxctMxKO9ERFSeWIxSAUpms5YsHafJfsLzREGEnf+6CagVh2zXVPrknbVEzV8iWzVnXrK3E1dAuTU9ZUa2JcHykZ+tirqpKuiAoGrcTDBrVq+SLplEbhJjAyUEQW037+D6pYhQ8bdbgQ8KAYOzAR8bMEA4SAuWXEzIWMZLov0EKOtXWu ElxhMrvJ33XOljLW4zzpGaVqm//i8BuysoAhOqbvdEa/6Qed0vmtveK0R+KlyavV1oqg1vf1+dz/e1Uurwobl6o7PSusYSz1Ktl7kDLJKey2vvFp92zu7exQ/JIO6C/736cTOuITeI1/9rcZMbt3h58ou9MNzlbb/fCecZP7Jy49Zi5rcsjxKI3rg7sJ5kd047U+OjNa LJezoXZjEC9Q4sm9QRmTmEaFnWzjJ37hUPuofda+aFvtUq0j0wzgSmg7F6Ofphs=</latexit>

a
HLbL

µ
= 9.2(1.8)× 10−10

<latexit sha1_base64="inN5DIzd8TSAE7w5ypkpjTXLYZg=">AAAC2nichVE9SxxRFD1OYmJWjas2gTRLFkWRDHdkiRKICEKwsPAjq4Kjy8z41Ifzxczbhc2wTboklRBIYWUgRfAH2CaksUibwp8QLBVsUuTO7ICoaO4w88497547571rh66MFdFJh3bvfueDh12P Ct09vY/7iv0Dy3FQjxxRdQI3iFZtKxau9EVVSeWK1TASlme7YsXenUn3VxoiimXgv1HNUKx71rYvt6RjKaZqxTGrZnr1jcSMvNLsnD3XemWQXpkcMfTKxKippCfikkEbyXODWrVimXTKonQTGDkoI4/5oPgLJjYRwEEdHgR8KMYuLMT8rMEAIWRuHQlzESOZ7Qu0UGBt nasEV1jM7vJ3m7O1nPU5T3vGmdrhv7j8RqwsYYh+0zc6o2M6pD/099ZeSdYj9dLk1W5rRVjr+/Bk6eK/Ko9XhZ1L1Z2eFbYwmXmV7D3MmPQUTlvfePv5bOnl4lAyTF/olP0f0An95BP4jXPn64JY3L/DT5zf6Q5nm+1+eM24yf1Tlz4zlzUFFHiUxvXB3QTL47rxQq8s VMrTU/lQu/AUzzDCk5vANGYxjyo72cMRvuOHZmrvtPfax3ap1pFrBnEltE//AIrcpsw=</latexit>

a
HLbL

µ
= 10.48(1.47)× 10−10

… good agreement with above



Status of tensions

Fermilab Muon g-2

SM w/. R-ratio (WP)

e
+

e
−

γ

SM w/. BMW lattice

4.2Ã no tension

~2.1Ã

³ Belle II, BES-III, CMD-3, MUonE, … ³ Independent analysis

Fermilab
J-PARC

Prospect

³
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New Physics?

Today’s talk

• Overview of measurement

• Recent progress and issue on SM prediction

• New physics interpretation



SM based on white paper

Deviation is larger than electroweak contribution

No new particles have been discovered in EW scale

Need mechanism to enhance contribution to muon g-2

4.2Ã deviation

New physics interpretation

a
EW

µ
! 15.4× 10

−10

<latexit sha1_base64="c9PnlF1gOzAJtpE/Z8Dooyh1GRk=">AAAC13ichVG/TxRBFP5YRPFEObUxodl4wRgTLm/JGZGKaCSWwHkchoXL7jLAhP3Fztwl5+ZiZ4yVVBRWmlgQeltNbEysLfgTCCUmNha+3dtohIhvszvf++Z9b7+Z58a+VJroYMAYPDd0/sLwxdKl kctXRstXry2qqJ14ouFFfpQsuY4SvgxFQ0vti6U4EU7g+qLpbj3M9psdkSgZhU90NxYrgbMRynXpOZqpVvmO07KD9mpqJ4H5qNkzbSUDsW1ad6s109aMlWnRajphUa9VrlCV8jBPA6sAFRQxF5W/wsYaInhoI4BACM3YhwPFzzIsEGLmVpAylzCS+b5ADyXWtrlKcIXD 7BZ/NzhbLtiQ86ynytUe/8XnN2GliXH6Rnt0TF9onw7p5z97pXmPzEuXV7evFXFr9NWN+o//qgJeNTb/qM70rLGOqdyrZO9xzmSn8Pr6zrPd4/r0wnh6i97REft/Swf0mU8Qdr577+fFwpsz/KjiTjc5W+v3wyzjLvfPXIbM1H/XlHiQ1smxnQaLk1WrVr0/X6vMPChG Oowx3MRtnts9zOAx5tBgH6/xAR/xyXhqPDdeGC/7pcZAobmOv8LY+QWvhac+</latexit>

<latexit sha1_base64="F74HQaShxUmCnkgaHB36TgkFMEc=">AAADA3ichVG/TxRBFH6singonNqY2Ey8QDCEzVsioCYmiAmhAAKcd5CwcNld5u4m7K/szl08N1va+A9YWElCQeiMpVY2JNQUtHQEO0xsKHi7t4QAAd9md7753vvefjPP9G0RSsT9DuXW7Tudd7vu 5brvP+jpzT98VA69RmDxkuXZXrBkGiG3hctLUkibL/kBNxzT5ovm+rskv9jkQSg8971s+XzFMWquqArLkERV8mWjojuN1UiX/IOMJmanBydn307HMWND7CwVOKw4E+feMN3mVTnAhkdUTfcdNqK+0gNRq8vnTJfC4SHTcDUa0jDOVfIFVDENdhVoGShAFnNefhd0WAMP LGiAAxxckIRtMCCkZxk0QPCJW4GIuICQSPMcYsiRtkFVnCoMYtfpW6Pdcsa6tE96hqnaor/Y9AakZNCHe7iFx7iD23iIJ9f2itIeiZcWrWZby/1K7+cnxX//VTm0Sqifq270LKEKL1Ovgrz7KZOcwmrrmx+/HBdfL/RF/biBR+T/G+7jbzqB2/xrbc7zha83+AmzO63T bq3dDyYJt6h/4tIl5rwmGaR2eWxXQXlY1UZVbf5FYXwiG2kXPIVnMEBzG4NxmII5KJGPn3AAR/BH+aRsK9+VH+1SpSPTPIYLofw6BVXjttE=</latexit>

a
BNL+FNAL
µ

− a
SM
µ

= (25.1± 5.9)× 10−10

Light particle  or  enhancement



Many models have been proposed

Light particle = tiny interactions 
scalar extension, vector extension, axion-like particle, …

Heavy particle = enhancement mechanism 
SUSY, Leptoquark, vectorlike fermion, …

Relation with B-anomalies, dark matter, MW, etc, …

<latexit sha1_base64="o2i9MwgqWw5le/vF+hgqlOWTOm0=">AAADdHiclVHLbtNAFL2OeRTzaIANEiwsoqAiFWts3CRlFQkJsWwb0kbKpJbtTpJRPbZlO0HB8g/wAyxYgcQC8RksQGLNop+AWBbBhgXXD1GViiLGsufcc+85c8fXCT0eJ4QcSDX5zNlz55cuKBcv Xb6yXL96bTsOZpHL+m7gBdHAsWPmcZ/1E554bBBGzBaOx3ac/Yd5fmfOopgH/pNkEbKRsCc+H3PXTpCy6h9si4rZbkojofrsaabSmAuFjiPbTVNa+A+jiTNKibZurJnrxFgl2v2W2SZrnU4OTV1vY5hNrN8eu0aWpXqLhhxR5SWKY4zs/0zFcVOFrq7QhAsWq4Myw/yp 7bssu2vVG0QjxVJPAr0CDajWRlD/BBT2IAAXZiCAgQ8JYg9siPEZgg4EQuRGkCIXIeJFnkEGCmpnWMWwwkZ2H78TjIYV62Oce8aF2sVTPHwjVKrQJJ/JW3JIPpJ35Av5+VevtPDIe1ng7pRaFlrLz2/0fvxTJXBPYHqkOrXnBMbQKXrl2HtYMPkt3FI/f/bisPdgq5ne Ia/JV+z/FTkg7/EG/vyb+2aTbb08pZ+4+qdTjPZKP3iEeIH+eZc+Mkc1Cg5S/3NsJ8G2oektzdw0G91uNdIluAm3YQXn1oYuPIYN6IMr3ZN6EpVGte/yLbkhN8vSmlRprsOxJWu/ALcZ2HU=</latexit>

anew
µ

∼

g2
new

16π2

m2
µ

m2
new

(×Xenhance)

mnew

gnew



Supersymmetry

fermions ↔ bosons



a(SUSY)
µ

∼

g2EW

16π2

m2
µ

m2
SUSY

tanβ
<latexit sha1_base64="3/IwI5u5qC+82YHM8PCZNw+uOlU=">AAADMHichVG7btRAFD0xr7ABskCDRGOxCgrNahyeShWBQJRJNpsNijfWeDK7GcUv2bMrbSz/AD9AQQUSBaLjF9LwA0ikIUoZ6FgkGgquH1IEUcJY9pw595zrY1838lSiGdubMM6cPXf+wuTF2tSl y1em61evrSbhIBayLUIvjNdcnkhPBbKtlfbkWhRL7rue7LjbT/J6ZyjjRIXBih5FsuvzfqB6SnBNlFPvcsf2BxupHfvmbKvdenEnM+1E+abdi7lI+05RedrJNuay1HpgR4pArSz6hZV4v1Tl9lxn2poHtis1d+oN1mTFMo8DqwINVGsxrH+FjU2EEBjAh0QATdgDR0LX OiwwRMR1kRIXE1JFXSJDjbwDUklScGK36dmn03rFBnTOeyaFW9BbPLpjcpqYYZ/ZezZmn9gHdsh+n9grLXrkWUa0u6VXRs70yxutX/91+bRrbB25Ts2s0cOjIqui7FHB5F8hSv9w59W4Nb88k95mb9l3yv+G7bFd+oJg+FO8W5LLr0/Jk1T/dItOm2U/PCM8ov55yoCY I83JfUShFYQ9ZDRu69/hHgerc03rbvP+0r3GwuNq8JO4iVuYpek+xAKeYxFt6rmLQ/zA2PhofDH2jYNSakxUnuv4axnf/gDeusYC</latexit>

Essence

Smuon  (SUSY partner of muon)

Neutralino, Chargino 

(SUSY partner of B, W, H bosons)

Y (SUSY)
µ

! Y (SM)
µ

tanβ

µ̃ µ̃

H

large

enhancement of chirality flip

<latexit sha1_base64="h85aJMLrVndCk62zfMqiSQrgiK4=">AAACt3ichVG7SgNBFD1Z3/EVtRFsgkGxChMRX5UoSMo8jApGw+5mYgb35e4kEIM/4AdoYeEDLMTPsBGsLfwEsVSwsfDuZkFU1Lvszrln7rl7Zq7mGMKTjD1GlLb2js6u7p5ob1//wGBsaHjds2uu zgu6bdjupqZ63BAWL0ghDb7puFw1NYNvaHsr/v5GnbuesK012XD4tqnuWqIidFUSVSxKYZR5PL1TdMxSLMGSLIj4T5AKQQJhZOzYPYoow4aOGkxwWJCEDajw6NlCCgwOcdtoEucSEsE+xyGipK1RFacKldg9+u5SthWyFuV+Ty9Q6/QXg16XlHFMsAd2zV7YHbthT+z9 117NoIfvpUGr1tJypzR4NJp/+1dl0ipR/VT96VmigvnAqyDvTsD4p9Bb+vrByUt+MTfRnGSX7Jn8X7BHdksnsOqv+lWW507/8OOFd1qlrNzqh1XCDervu7SI+ayJ0iBT38f2E6xPJ1OzyZnsTGJpORxpN8Ywjima2xyWkEYGBfLh4BhnOFcWlJJSUaqtUiUSakbwJZT9DzxRnJo=</latexit>

H̃
±



3. Pure Bino

µ̃
<latexit sha1_base64="FlKVYKXBinMVPV5ejuTqJ/8ubaw=">AAACtnichVG7SsRAFD3G9/patRFsxEWxWm5EUCxEEMTS1/rAVUmy4+5gXiSzC+viD9haWKiFgoX4GTYWthZ+glgq2Fh4kw2IinpDMueeuefmzFzTt2WoiB4btMam5pbWtvZUR2dXd0+6t28t9MqB JXKWZ3vBhmmEwpauyCmpbLHhB8JwTFusm/tz0f56RQSh9NxVVfXFtmMUXbknLUMxtZlX0i6IvFPeTWcoS3EM/QR6AjJIYtFL3yOPAjxYKMOBgAvF2IaBkJ8t6CD4zG2jxlzASMb7AodIsbbMVYIrDGb3+VvkbCthXc6jnmGstvgvNr8BK4cwQg90TS90Rzf0RO+/9qrF PSIvVV7Nulb4uz1HAytv/6ocXhVKn6o/PSvsYSr2Ktm7HzPRKay6vnJw8rIyvTxSG6VLemb/F/RIt3wCt/JqXS2J5dM//ITJnZY4K9T7YZ5xlftHLl1mPmtSSPEo9e+D+wnWxrM6ZfWliczsTDLUNgxiGGM8uUnMYgGLyLETB8c4w7k2pe1oQivWS7WGRNOPL6H5HyPu m8M=</latexit><latexit sha1_base64="FlKVYKXBinMVPV5ejuTqJ/8ubaw=">AAACtnichVG7SsRAFD3G9/patRFsxEWxWm5EUCxEEMTS1/rAVUmy4+5gXiSzC+viD9haWKiFgoX4GTYWthZ+glgq2Fh4kw2IinpDMueeuefmzFzTt2WoiB4btMam5pbWtvZUR2dXd0+6t28t9MqB JXKWZ3vBhmmEwpauyCmpbLHhB8JwTFusm/tz0f56RQSh9NxVVfXFtmMUXbknLUMxtZlX0i6IvFPeTWcoS3EM/QR6AjJIYtFL3yOPAjxYKMOBgAvF2IaBkJ8t6CD4zG2jxlzASMb7AodIsbbMVYIrDGb3+VvkbCthXc6jnmGstvgvNr8BK4cwQg90TS90Rzf0RO+/9qrF PSIvVV7Nulb4uz1HAytv/6ocXhVKn6o/PSvsYSr2Ktm7HzPRKay6vnJw8rIyvTxSG6VLemb/F/RIt3wCt/JqXS2J5dM//ITJnZY4K9T7YZ5xlftHLl1mPmtSSPEo9e+D+wnWxrM6ZfWliczsTDLUNgxiGGM8uUnMYgGLyLETB8c4w7k2pe1oQivWS7WGRNOPL6H5HyPu m8M=</latexit><latexit sha1_base64="FlKVYKXBinMVPV5ejuTqJ/8ubaw=">AAACtnichVG7SsRAFD3G9/patRFsxEWxWm5EUCxEEMTS1/rAVUmy4+5gXiSzC+viD9haWKiFgoX4GTYWthZ+glgq2Fh4kw2IinpDMueeuefmzFzTt2WoiB4btMam5pbWtvZUR2dXd0+6t28t9MqB JXKWZ3vBhmmEwpauyCmpbLHhB8JwTFusm/tz0f56RQSh9NxVVfXFtmMUXbknLUMxtZlX0i6IvFPeTWcoS3EM/QR6AjJIYtFL3yOPAjxYKMOBgAvF2IaBkJ8t6CD4zG2jxlzASMb7AodIsbbMVYIrDGb3+VvkbCthXc6jnmGstvgvNr8BK4cwQg90TS90Rzf0RO+/9qrF PSIvVV7Nulb4uz1HAytv/6ocXhVKn6o/PSvsYSr2Ktm7HzPRKay6vnJw8rIyvTxSG6VLemb/F/RIt3wCt/JqXS2J5dM//ITJnZY4K9T7YZ5xlftHLl1mPmtSSPEo9e+D+wnWxrM6ZfWliczsTDLUNgxiGGM8uUnMYgGLyLETB8c4w7k2pe1oQivWS7WGRNOPL6H5HyPu m8M=</latexit><latexit sha1_base64="FlKVYKXBinMVPV5ejuTqJ/8ubaw=">AAACtnichVG7SsRAFD3G9/patRFsxEWxWm5EUCxEEMTS1/rAVUmy4+5gXiSzC+viD9haWKiFgoX4GTYWthZ+glgq2Fh4kw2IinpDMueeuefmzFzTt2WoiB4btMam5pbWtvZUR2dXd0+6t28t9MqB JXKWZ3vBhmmEwpauyCmpbLHhB8JwTFusm/tz0f56RQSh9NxVVfXFtmMUXbknLUMxtZlX0i6IvFPeTWcoS3EM/QR6AjJIYtFL3yOPAjxYKMOBgAvF2IaBkJ8t6CD4zG2jxlzASMb7AodIsbbMVYIrDGb3+VvkbCthXc6jnmGstvgvNr8BK4cwQg90TS90Rzf0RO+/9qrF PSIvVV7Nulb4uz1HAytv/6ocXhVKn6o/PSvsYSr2Ktm7HzPRKay6vnJw8rIyvTxSG6VLemb/F/RIt3wCt/JqXS2J5dM//ITJnZY4K9T7YZ5xlftHLl1mPmtSSPEo9e+D+wnWxrM6ZfWliczsTDLUNgxiGGM8uUnMYgGLyLETB8c4w7k2pe1oQivWS7WGRNOPL6H5HyPu m8M=</latexit>

H̃
0

<latexit sha1_base64="Z9atVo9lvuiPiXiit33B+A1hwcQ=">AAACt3ichVFNS+NQFD1GHbXOTKtuBDfF4jCrciOCHwsRBHHpV6uMHyVJX9tH0yQmr4Va/AOuBReioOBC/BluXLidRX/C4FLBjYu5SQOiMs4NyTv3vHtuznvX9GwZKKJ2l9bd0/ulr38gMfj12/dk amg4H7h13xI5y7Vdf8s0AmFLR+SUVLbY8nxh1ExbbJrVxXB/syH8QLrOhmp6YrdmlB1ZkpahmPq1o6RdFOnlPSqkMpSlKNIfgR6DDOJYcVP32EERLizUUYOAA8XYhoGAn23oIHjM7aLFnM9IRvsCh0iwts5VgisMZqv8LXO2HbMO52HPIFJb/BebX5+VaUzQb7qmR7qj G/pDL//s1Yp6hF6avJodrfAKyaPR9ef/qmq8KlReVZ96VihhJvIq2bsXMeEprI6+cXDyuD63NtH6QZf0wP4vqE23fAKn8WRdrYq100/8BPGdVjgrdvphiXGT+4cuHWZeaxJI8Cj194P7CPKTWZ2y+upUZmE+Hmo/xjCOnzy5aSxgGSvIsRMHxzjDuTarFbSSVumUal2x ZgRvQtv/C6dgm4U=</latexit><latexit sha1_base64="Z9atVo9lvuiPiXiit33B+A1hwcQ=">AAACt3ichVFNS+NQFD1GHbXOTKtuBDfF4jCrciOCHwsRBHHpV6uMHyVJX9tH0yQmr4Va/AOuBReioOBC/BluXLidRX/C4FLBjYu5SQOiMs4NyTv3vHtuznvX9GwZKKJ2l9bd0/ulr38gMfj12/dk amg4H7h13xI5y7Vdf8s0AmFLR+SUVLbY8nxh1ExbbJrVxXB/syH8QLrOhmp6YrdmlB1ZkpahmPq1o6RdFOnlPSqkMpSlKNIfgR6DDOJYcVP32EERLizUUYOAA8XYhoGAn23oIHjM7aLFnM9IRvsCh0iwts5VgisMZqv8LXO2HbMO52HPIFJb/BebX5+VaUzQb7qmR7qj G/pDL//s1Yp6hF6avJodrfAKyaPR9ef/qmq8KlReVZ96VihhJvIq2bsXMeEprI6+cXDyuD63NtH6QZf0wP4vqE23fAKn8WRdrYq100/8BPGdVjgrdvphiXGT+4cuHWZeaxJI8Cj194P7CPKTWZ2y+upUZmE+Hmo/xjCOnzy5aSxgGSvIsRMHxzjDuTarFbSSVumUal2x ZgRvQtv/C6dgm4U=</latexit> <latexit sha1_base64="Z9atVo9lvuiPiXiit33B+A1hwcQ=">AAACt3ichVFNS+NQFD1GHbXOTKtuBDfF4jCrciOCHwsRBHHpV6uMHyVJX9tH0yQmr4Va/AOuBReioOBC/BluXLidRX/C4FLBjYu5SQOiMs4NyTv3vHtuznvX9GwZKKJ2l9bd0/ulr38gMfj12/dk amg4H7h13xI5y7Vdf8s0AmFLR+SUVLbY8nxh1ExbbJrVxXB/syH8QLrOhmp6YrdmlB1ZkpahmPq1o6RdFOnlPSqkMpSlKNIfgR6DDOJYcVP32EERLizUUYOAA8XYhoGAn23oIHjM7aLFnM9IRvsCh0iwts5VgisMZqv8LXO2HbMO52HPIFJb/BebX5+VaUzQb7qmR7qj G/pDL//s1Yp6hF6avJodrfAKyaPR9ef/qmq8KlReVZ96VihhJvIq2bsXMeEprI6+cXDyuD63NtH6QZf0wP4vqE23fAKn8WRdrYq100/8BPGdVjgrdvphiXGT+4cuHWZeaxJI8Cj194P7CPKTWZ2y+upUZmE+Hmo/xjCOnzy5aSxgGSvIsRMHxzjDuTarFbSSVumUal2x ZgRvQtv/C6dgm4U=</latexit><latexit sha1_base64="Z9atVo9lvuiPiXiit33B+A1hwcQ=">AAACt3ichVFNS+NQFD1GHbXOTKtuBDfF4jCrciOCHwsRBHHpV6uMHyVJX9tH0yQmr4Va/AOuBReioOBC/BluXLidRX/C4FLBjYu5SQOiMs4NyTv3vHtuznvX9GwZKKJ2l9bd0/ulr38gMfj12/dk amg4H7h13xI5y7Vdf8s0AmFLR+SUVLbY8nxh1ExbbJrVxXB/syH8QLrOhmp6YrdmlB1ZkpahmPq1o6RdFOnlPSqkMpSlKNIfgR6DDOJYcVP32EERLizUUYOAA8XYhoGAn23oIHjM7aLFnM9IRvsCh0iwts5VgisMZqv8LXO2HbMO52HPIFJb/BebX5+VaUzQb7qmR7qj G/pDL//s1Yp6hF6avJodrfAKyaPR9ef/qmq8KlReVZ96VihhJvIq2bsXMeEprI6+cXDyuD63NtH6QZf0wP4vqE23fAKn8WRdrYq100/8BPGdVjgrdvphiXGT+4cuHWZeaxJI8Cj194P7CPKTWZ2y+upUZmE+Hmo/xjCOnzy5aSxgGSvIsRMHxzjDuTarFbSSVumUal2x ZgRvQtv/C6dgm4U=</latexit>

B̃
<latexit sha1_base64="f7pWXc56ni66a2LHOX//sfXbdkc=">AAACtXichVE9S8NQFD3Gr1q/qi6CS7EoTuVGBMVBioI4+lUtaJEkfdVH0yQkr4Va/AOOLg66KDiIP8PFwdXBnyCOCi4O3qQBUVFvSN65591zc967pmfLQBE9tmntHZ1d3YmeZG9f/8Bgamh4K3Br viXylmu7fsE0AmFLR+SVVLYoeL4wqqYtts3KUri/XRd+IF1nUzU8Uawa+44sS8tQTBV2lbRLIr24l8pQlqJI/wR6DDKIY9VN3WMXJbiwUEMVAg4UYxsGAn52oIPgMVdEkzmfkYz2BY6QZG2NqwRXGMxW+LvP2U7MOpyHPYNIbfFfbH59VqYxQQ90TS90Rzf0RO+/9mpG PUIvDV7NllZ4e4PHoxtv/6qqvCocfKr+9KxQxlzkVbJ3L2LCU1gtff3w9GVjfn2iOUmX9Mz+L+iRbvkETv3VuloT62d/+AniOz3grNTqh2XGDe4funSY+axJIsmj1L8P7ifYms7qlNXXZjK5hXioCYxhHFM8uVnksIJV5KOJneAM59qsVtRKWrlVqrXFmhF8Cc39AAMN mt0=</latexit><latexit sha1_base64="f7pWXc56ni66a2LHOX//sfXbdkc=">AAACtXichVE9S8NQFD3Gr1q/qi6CS7EoTuVGBMVBioI4+lUtaJEkfdVH0yQkr4Va/AOOLg66KDiIP8PFwdXBnyCOCi4O3qQBUVFvSN65591zc967pmfLQBE9tmntHZ1d3YmeZG9f/8Bgamh4K3Br viXylmu7fsE0AmFLR+SVVLYoeL4wqqYtts3KUri/XRd+IF1nUzU8Uawa+44sS8tQTBV2lbRLIr24l8pQlqJI/wR6DDKIY9VN3WMXJbiwUEMVAg4UYxsGAn52oIPgMVdEkzmfkYz2BY6QZG2NqwRXGMxW+LvP2U7MOpyHPYNIbfFfbH59VqYxQQ90TS90Rzf0RO+/9mpG PUIvDV7NllZ4e4PHoxtv/6qqvCocfKr+9KxQxlzkVbJ3L2LCU1gtff3w9GVjfn2iOUmX9Mz+L+iRbvkETv3VuloT62d/+AniOz3grNTqh2XGDe4funSY+axJIsmj1L8P7ifYms7qlNXXZjK5hXioCYxhHFM8uVnksIJV5KOJneAM59qsVtRKWrlVqrXFmhF8Cc39AAMN mt0=</latexit><latexit sha1_base64="f7pWXc56ni66a2LHOX//sfXbdkc=">AAACtXichVE9S8NQFD3Gr1q/qi6CS7EoTuVGBMVBioI4+lUtaJEkfdVH0yQkr4Va/AOOLg66KDiIP8PFwdXBnyCOCi4O3qQBUVFvSN65591zc967pmfLQBE9tmntHZ1d3YmeZG9f/8Bgamh4K3Br viXylmu7fsE0AmFLR+SVVLYoeL4wqqYtts3KUri/XRd+IF1nUzU8Uawa+44sS8tQTBV2lbRLIr24l8pQlqJI/wR6DDKIY9VN3WMXJbiwUEMVAg4UYxsGAn52oIPgMVdEkzmfkYz2BY6QZG2NqwRXGMxW+LvP2U7MOpyHPYNIbfFfbH59VqYxQQ90TS90Rzf0RO+/9mpG PUIvDV7NllZ4e4PHoxtv/6qqvCocfKr+9KxQxlzkVbJ3L2LCU1gtff3w9GVjfn2iOUmX9Mz+L+iRbvkETv3VuloT62d/+AniOz3grNTqh2XGDe4funSY+axJIsmj1L8P7ifYms7qlNXXZjK5hXioCYxhHFM8uVnksIJV5KOJneAM59qsVtRKWrlVqrXFmhF8Cc39AAMN mt0=</latexit><latexit sha1_base64="f7pWXc56ni66a2LHOX//sfXbdkc=">AAACtXichVE9S8NQFD3Gr1q/qi6CS7EoTuVGBMVBioI4+lUtaJEkfdVH0yQkr4Va/AOOLg66KDiIP8PFwdXBnyCOCi4O3qQBUVFvSN65591zc967pmfLQBE9tmntHZ1d3YmeZG9f/8Bgamh4K3Br viXylmu7fsE0AmFLR+SVVLYoeL4wqqYtts3KUri/XRd+IF1nUzU8Uawa+44sS8tQTBV2lbRLIr24l8pQlqJI/wR6DDKIY9VN3WMXJbiwUEMVAg4UYxsGAn52oIPgMVdEkzmfkYz2BY6QZG2NqwRXGMxW+LvP2U7MOpyHPYNIbfFfbH59VqYxQQ90TS90Rzf0RO+/9mpG PUIvDV7NllZ4e4PHoxtv/6qqvCocfKr+9KxQxlzkVbJ3L2LCU1gtff3w9GVjfn2iOUmX9Mz+L+iRbvkETv3VuloT62d/+AniOz3grNTqh2XGDe4funSY+axJIsmj1L8P7ifYms7qlNXXZjK5hXioCYxhHFM8uVnksIJV5KOJneAM59qsVtRKWrlVqrXFmhF8Cc39AAMN mt0=</latexit>

µ
<latexit sha1_base64="4Soo/+VszSavg1FfXCWFCNOlKEo=">AAACsHichVE9S8NQFD3Grxq/qi6Ci1gqTuWmCIqDCII4qrW1oKUk6WuNzRdJWqjFPyC46uCk4CD+DBcHVwd/gjgquDh4kwZERb0heeeed8/Nee9qrmn4AdFjl9Td09vXnxiQB4eGR0aTY+MF32l4 usjrjul4RU31hWnYIh8YgSmKridUSzPFjlZfDfd3msLzDcfeDlquKFlqzTaqhq4GTOX2rEY5maIMRTH9EygxSCGODSd5jz1U4EBHAxYEbASMTajw+dmFAoLLXAlt5jxGRrQvcASZtQ2uElyhMlvnb42z3Zi1OQ97+pFa57+Y/HqsnEaaHuiaXuiObuiJ3n/t1Y56hF5a vGodrXDLo8eTubd/VRavAfY/VX96DlDFYuTVYO9uxISn0Dv65uHZS25pK92epUt6Zv8X9Ei3fAK7+apfbYqt8z/8+PGd7nNW6fTDGuMW9w9d2sx81siQeZTK98H9BIVsRqGMsjmfWlmOh5rAFGYwx5NbwArWsYE8O6nhBKc4k7JSUSpLaqdU6oo1E/gS0sEHpCqZGQ== </latexit><latexit sha1_base64="4Soo/+VszSavg1FfXCWFCNOlKEo=">AAACsHichVE9S8NQFD3Grxq/qi6Ci1gqTuWmCIqDCII4qrW1oKUk6WuNzRdJWqjFPyC46uCk4CD+DBcHVwd/gjgquDh4kwZERb0heeeed8/Nee9qrmn4AdFjl9Td09vXnxiQB4eGR0aTY+MF32l4 usjrjul4RU31hWnYIh8YgSmKridUSzPFjlZfDfd3msLzDcfeDlquKFlqzTaqhq4GTOX2rEY5maIMRTH9EygxSCGODSd5jz1U4EBHAxYEbASMTajw+dmFAoLLXAlt5jxGRrQvcASZtQ2uElyhMlvnb42z3Zi1OQ97+pFa57+Y/HqsnEaaHuiaXuiObuiJ3n/t1Y56hF5a vGodrXDLo8eTubd/VRavAfY/VX96DlDFYuTVYO9uxISn0Dv65uHZS25pK92epUt6Zv8X9Ei3fAK7+apfbYqt8z/8+PGd7nNW6fTDGuMW9w9d2sx81siQeZTK98H9BIVsRqGMsjmfWlmOh5rAFGYwx5NbwArWsYE8O6nhBKc4k7JSUSpLaqdU6oo1E/gS0sEHpCqZGQ== </latexit><latexit sha1_base64="4Soo/+VszSavg1FfXCWFCNOlKEo=">AAACsHichVE9S8NQFD3Grxq/qi6Ci1gqTuWmCIqDCII4qrW1oKUk6WuNzRdJWqjFPyC46uCk4CD+DBcHVwd/gjgquDh4kwZERb0heeeed8/Nee9qrmn4AdFjl9Td09vXnxiQB4eGR0aTY+MF32l4 usjrjul4RU31hWnYIh8YgSmKridUSzPFjlZfDfd3msLzDcfeDlquKFlqzTaqhq4GTOX2rEY5maIMRTH9EygxSCGODSd5jz1U4EBHAxYEbASMTajw+dmFAoLLXAlt5jxGRrQvcASZtQ2uElyhMlvnb42z3Zi1OQ97+pFa57+Y/HqsnEaaHuiaXuiObuiJ3n/t1Y56hF5a vGodrXDLo8eTubd/VRavAfY/VX96DlDFYuTVYO9uxISn0Dv65uHZS25pK92epUt6Zv8X9Ei3fAK7+apfbYqt8z/8+PGd7nNW6fTDGuMW9w9d2sx81siQeZTK98H9BIVsRqGMsjmfWlmOh5rAFGYwx5NbwArWsYE8O6nhBKc4k7JSUSpLaqdU6oo1E/gS0sEHpCqZGQ== </latexit><latexit sha1_base64="4Soo/+VszSavg1FfXCWFCNOlKEo=">AAACsHichVE9S8NQFD3Grxq/qi6Ci1gqTuWmCIqDCII4qrW1oKUk6WuNzRdJWqjFPyC46uCk4CD+DBcHVwd/gjgquDh4kwZERb0heeeed8/Nee9qrmn4AdFjl9Td09vXnxiQB4eGR0aTY+MF32l4 usjrjul4RU31hWnYIh8YgSmKridUSzPFjlZfDfd3msLzDcfeDlquKFlqzTaqhq4GTOX2rEY5maIMRTH9EygxSCGODSd5jz1U4EBHAxYEbASMTajw+dmFAoLLXAlt5jxGRrQvcASZtQ2uElyhMlvnb42z3Zi1OQ97+pFa57+Y/HqsnEaaHuiaXuiObuiJ3n/t1Y56hF5a vGodrXDLo8eTubd/VRavAfY/VX96DlDFYuTVYO9uxISn0Dv65uHZS25pK92epUt6Zv8X9Ei3fAK7+apfbYqt8z/8+PGd7nNW6fTDGuMW9w9d2sx81siQeZTK98H9BIVsRqGMsjmfWlmOh5rAFGYwx5NbwArWsYE8O6nhBKc4k7JSUSpLaqdU6oo1E/gS0sEHpCqZGQ== </latexit>

µ
<latexit sha1_base64="4Soo/+VszSavg1FfXCWFCNOlKEo=">AAACsHichVE9S8NQFD3Grxq/qi6Ci1gqTuWmCIqDCII4qrW1oKUk6WuNzRdJWqjFPyC46uCk4CD+DBcHVwd/gjgquDh4kwZERb0heeeed8/Nee9qrmn4AdFjl9Td09vXnxiQB4eGR0aTY+MF32l4 usjrjul4RU31hWnYIh8YgSmKridUSzPFjlZfDfd3msLzDcfeDlquKFlqzTaqhq4GTOX2rEY5maIMRTH9EygxSCGODSd5jz1U4EBHAxYEbASMTajw+dmFAoLLXAlt5jxGRrQvcASZtQ2uElyhMlvnb42z3Zi1OQ97+pFa57+Y/HqsnEaaHuiaXuiObuiJ3n/t1Y56hF5a vGodrXDLo8eTubd/VRavAfY/VX96DlDFYuTVYO9uxISn0Dv65uHZS25pK92epUt6Zv8X9Ei3fAK7+apfbYqt8z/8+PGd7nNW6fTDGuMW9w9d2sx81siQeZTK98H9BIVsRqGMsjmfWlmOh5rAFGYwx5NbwArWsYE8O6nhBKc4k7JSUSpLaqdU6oo1E/gS0sEHpCqZGQ== </latexit><latexit sha1_base64="4Soo/+VszSavg1FfXCWFCNOlKEo=">AAACsHichVE9S8NQFD3Grxq/qi6Ci1gqTuWmCIqDCII4qrW1oKUk6WuNzRdJWqjFPyC46uCk4CD+DBcHVwd/gjgquDh4kwZERb0heeeed8/Nee9qrmn4AdFjl9Td09vXnxiQB4eGR0aTY+MF32l4 usjrjul4RU31hWnYIh8YgSmKridUSzPFjlZfDfd3msLzDcfeDlquKFlqzTaqhq4GTOX2rEY5maIMRTH9EygxSCGODSd5jz1U4EBHAxYEbASMTajw+dmFAoLLXAlt5jxGRrQvcASZtQ2uElyhMlvnb42z3Zi1OQ97+pFa57+Y/HqsnEaaHuiaXuiObuiJ3n/t1Y56hF5a vGodrXDLo8eTubd/VRavAfY/VX96DlDFYuTVYO9uxISn0Dv65uHZS25pK92epUt6Zv8X9Ei3fAK7+apfbYqt8z/8+PGd7nNW6fTDGuMW9w9d2sx81siQeZTK98H9BIVsRqGMsjmfWlmOh5rAFGYwx5NbwArWsYE8O6nhBKc4k7JSUSpLaqdU6oo1E/gS0sEHpCqZGQ== </latexit><latexit sha1_base64="4Soo/+VszSavg1FfXCWFCNOlKEo=">AAACsHichVE9S8NQFD3Grxq/qi6Ci1gqTuWmCIqDCII4qrW1oKUk6WuNzRdJWqjFPyC46uCk4CD+DBcHVwd/gjgquDh4kwZERb0heeeed8/Nee9qrmn4AdFjl9Td09vXnxiQB4eGR0aTY+MF32l4 usjrjul4RU31hWnYIh8YgSmKridUSzPFjlZfDfd3msLzDcfeDlquKFlqzTaqhq4GTOX2rEY5maIMRTH9EygxSCGODSd5jz1U4EBHAxYEbASMTajw+dmFAoLLXAlt5jxGRrQvcASZtQ2uElyhMlvnb42z3Zi1OQ97+pFa57+Y/HqsnEaaHuiaXuiObuiJ3n/t1Y56hF5a vGodrXDLo8eTubd/VRavAfY/VX96DlDFYuTVYO9uxISn0Dv65uHZS25pK92epUt6Zv8X9Ei3fAK7+apfbYqt8z/8+PGd7nNW6fTDGuMW9w9d2sx81siQeZTK98H9BIVsRqGMsjmfWlmOh5rAFGYwx5NbwArWsYE8O6nhBKc4k7JSUSpLaqdU6oo1E/gS0sEHpCqZGQ== </latexit><latexit sha1_base64="4Soo/+VszSavg1FfXCWFCNOlKEo=">AAACsHichVE9S8NQFD3Grxq/qi6Ci1gqTuWmCIqDCII4qrW1oKUk6WuNzRdJWqjFPyC46uCk4CD+DBcHVwd/gjgquDh4kwZERb0heeeed8/Nee9qrmn4AdFjl9Td09vXnxiQB4eGR0aTY+MF32l4 usjrjul4RU31hWnYIh8YgSmKridUSzPFjlZfDfd3msLzDcfeDlquKFlqzTaqhq4GTOX2rEY5maIMRTH9EygxSCGODSd5jz1U4EBHAxYEbASMTajw+dmFAoLLXAlt5jxGRrQvcASZtQ2uElyhMlvnb42z3Zi1OQ97+pFa57+Y/HqsnEaaHuiaXuiObuiJ3n/t1Y56hF5a vGodrXDLo8eTubd/VRavAfY/VX96DlDFYuTVYO9uxISn0Dv65uHZS25pK92epUt6Zv8X9Ei3fAK7+apfbYqt8z/8+PGd7nNW6fTDGuMW9w9d2sx81siQeZTK98H9BIVsRqGMsjmfWlmOh5rAFGYwx5NbwArWsYE8O6nhBKc4k7JSUSpLaqdU6oo1E/gS0sEHpCqZGQ== </latexit>

2. Light Bino/Higgsino

1. Light Wino/Higgsino
At least 3 light particles

smuon (“L” and “R”)

neutralino, chargino (B, W, H)

³ 3 scenarios

Three SUSY scenarios

<latexit sha1_base64="h85aJMLrVndCk62zfMqiSQrgiK4=">AAACt3ichVG7SgNBFD1Z3/EVtRFsgkGxChMRX5UoSMo8jApGw+5mYgb35e4kEIM/4AdoYeEDLMTPsBGsLfwEsVSwsfDuZkFU1Lvszrln7rl7Zq7mGMKTjD1GlLb2js6u7p5ob1//wGBsaHjds2uu zgu6bdjupqZ63BAWL0ghDb7puFw1NYNvaHsr/v5GnbuesK012XD4tqnuWqIidFUSVSxKYZR5PL1TdMxSLMGSLIj4T5AKQQJhZOzYPYoow4aOGkxwWJCEDajw6NlCCgwOcdtoEucSEsE+xyGipK1RFacKldg9+u5SthWyFuV+Ty9Q6/QXg16XlHFMsAd2zV7YHbthT+z9 117NoIfvpUGr1tJypzR4NJp/+1dl0ipR/VT96VmigvnAqyDvTsD4p9Bb+vrByUt+MTfRnGSX7Jn8X7BHdksnsOqv+lWW507/8OOFd1qlrNzqh1XCDervu7SI+ayJ0iBT38f2E6xPJ1OzyZnsTGJpORxpN8Ywjima2xyWkEYGBfLh4BhnOFcWlJJSUaqtUiUSakbwJZT9 DzxRnJo=</latexit>

H̃
±

Largest
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Light Wino/Higgsino scenario

Light left-handed smuon, Wino, Higgsino + Bino (LSP)

Large tan´

g-2 favors ~100-1000GeV

³ LHC experiment

1Ã
2Ã

tanβ = 40
<latexit sha1_base64="eX70OARxXT47kIYe6oa+Z4xOCf0=">AAACt3ichVHLSsNQED3Gd3206kZwIxbFVZlKwQcIoiAu1VoVrJQk3trQNInJbaEWf8AP0IULH+BC/Aw3gmsXfoK4VHDjwkkaFC3WCck9c+6cybl3NMc0PEn01KK0trV3dHZ1R3p6+/qjsYHBTc8u u7rI6LZpu9ua6gnTsERGGtIU244r1JJmii2tuOTvb1WE6xm2tSGrjtgtqfuWkTd0VTKVzUrVympCqvMpysXilKAgRhtBMgRxhLFqxx6QxR5s6CijBAELkrEJFR4/O0iC4DC3ixpzLiMj2Bc4QoS1Za4SXKEyW+TvPmc7IWtx7vf0ArXOfzH5dVk5inF6pBt6pXu6pWf6 +LNXLejhe6nyqtW1wslFj4fT7/+qSrxKFL5VTT1L5DETeDXYuxMw/in0ur5yePqanlsfr03QFb2w/0t6ojs+gVV506/XxPpZEz9eeKcFzvbq/bDMuMr9fZcWM+mvmggPMvl7bI1gcyqRTCVm11LxhcVwpF0YwRgmeW7TWMAKVpFhHw5OcI4LZVbJKXmlUC9VWkLNEH6EcvAJtEKcSA==</latexit>

sneutrin
o LSP

Muon g-2

<latexit sha1_base64="h85aJMLrVndCk62zfMqiSQrgiK4=">AAACt3ichVG7SgNBFD1Z3/EVtRFsgkGxChMRX5UoSMo8jApGw+5mYgb35e4kEIM/4AdoYeEDLMTPsBGsLfwEsVSwsfDuZkFU1Lvszrln7rl7Zq7mGMKTjD1GlLb2js6u7p5ob1//wGBsaHjds2uu zgu6bdjupqZ63BAWL0ghDb7puFw1NYNvaHsr/v5GnbuesK012XD4tqnuWqIidFUSVSxKYZR5PL1TdMxSLMGSLIj4T5AKQQJhZOzYPYoow4aOGkxwWJCEDajw6NlCCgwOcdtoEucSEsE+xyGipK1RFacKldg9+u5SthWyFuV+Ty9Q6/QXg16XlHFMsAd2zV7YHbthT+z9117NoIfvpUGr1tJypzR4NJp/+1dl0ipR/VT96VmigvnAqyDvTsD4p9Bb+vrByUt+MTfRnGSX7Jn8X7BHdksnsOqv+lWW507/8OOFd1qlrNzqh1XCDervu7SI+ayJ0iBT38f2E6xPJ1OzyZnsTGJpORxpN8Ywjima2xyWkEYGBfLh4BhnOFcWlJJSUaqtUiUSakbwJZT9 DzxRnJo=</latexit>
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3. Pure Bino

µ̃
<latexit sha1_base64="FlKVYKXBinMVPV5ejuTqJ/8ubaw=">AAACtnichVG7SsRAFD3G9/patRFsxEWxWm5EUCxEEMTS1/rAVUmy4+5gXiSzC+viD9haWKiFgoX4GTYWthZ+glgq2Fh4kw2IinpDMueeuefmzFzTt2WoiB4btMam5pbWtvZUR2dXd0+6t28t9MqB JXKWZ3vBhmmEwpauyCmpbLHhB8JwTFusm/tz0f56RQSh9NxVVfXFtmMUXbknLUMxtZlX0i6IvFPeTWcoS3EM/QR6AjJIYtFL3yOPAjxYKMOBgAvF2IaBkJ8t6CD4zG2jxlzASMb7AodIsbbMVYIrDGb3+VvkbCthXc6jnmGstvgvNr8BK4cwQg90TS90Rzf0RO+/9qrF PSIvVV7Nulb4uz1HAytv/6ocXhVKn6o/PSvsYSr2Ktm7HzPRKay6vnJw8rIyvTxSG6VLemb/F/RIt3wCt/JqXS2J5dM//ITJnZY4K9T7YZ5xlftHLl1mPmtSSPEo9e+D+wnWxrM6ZfWliczsTDLUNgxiGGM8uUnMYgGLyLETB8c4w7k2pe1oQivWS7WGRNOPL6H5HyPu m8M=</latexit><latexit sha1_base64="FlKVYKXBinMVPV5ejuTqJ/8ubaw=">AAACtnichVG7SsRAFD3G9/patRFsxEWxWm5EUCxEEMTS1/rAVUmy4+5gXiSzC+viD9haWKiFgoX4GTYWthZ+glgq2Fh4kw2IinpDMueeuefmzFzTt2WoiB4btMam5pbWtvZUR2dXd0+6t28t9MqB JXKWZ3vBhmmEwpauyCmpbLHhB8JwTFusm/tz0f56RQSh9NxVVfXFtmMUXbknLUMxtZlX0i6IvFPeTWcoS3EM/QR6AjJIYtFL3yOPAjxYKMOBgAvF2IaBkJ8t6CD4zG2jxlzASMb7AodIsbbMVYIrDGb3+VvkbCthXc6jnmGstvgvNr8BK4cwQg90TS90Rzf0RO+/9qrF PSIvVV7Nulb4uz1HAytv/6ocXhVKn6o/PSvsYSr2Ktm7HzPRKay6vnJw8rIyvTxSG6VLemb/F/RIt3wCt/JqXS2J5dM//ITJnZY4K9T7YZ5xlftHLl1mPmtSSPEo9e+D+wnWxrM6ZfWliczsTDLUNgxiGGM8uUnMYgGLyLETB8c4w7k2pe1oQivWS7WGRNOPL6H5HyPu m8M=</latexit><latexit sha1_base64="FlKVYKXBinMVPV5ejuTqJ/8ubaw=">AAACtnichVG7SsRAFD3G9/patRFsxEWxWm5EUCxEEMTS1/rAVUmy4+5gXiSzC+viD9haWKiFgoX4GTYWthZ+glgq2Fh4kw2IinpDMueeuefmzFzTt2WoiB4btMam5pbWtvZUR2dXd0+6t28t9MqB JXKWZ3vBhmmEwpauyCmpbLHhB8JwTFusm/tz0f56RQSh9NxVVfXFtmMUXbknLUMxtZlX0i6IvFPeTWcoS3EM/QR6AjJIYtFL3yOPAjxYKMOBgAvF2IaBkJ8t6CD4zG2jxlzASMb7AodIsbbMVYIrDGb3+VvkbCthXc6jnmGstvgvNr8BK4cwQg90TS90Rzf0RO+/9qrF PSIvVV7Nulb4uz1HAytv/6ocXhVKn6o/PSvsYSr2Ktm7HzPRKay6vnJw8rIyvTxSG6VLemb/F/RIt3wCt/JqXS2J5dM//ITJnZY4K9T7YZ5xlftHLl1mPmtSSPEo9e+D+wnWxrM6ZfWliczsTDLUNgxiGGM8uUnMYgGLyLETB8c4w7k2pe1oQivWS7WGRNOPL6H5HyPu m8M=</latexit><latexit sha1_base64="FlKVYKXBinMVPV5ejuTqJ/8ubaw=">AAACtnichVG7SsRAFD3G9/patRFsxEWxWm5EUCxEEMTS1/rAVUmy4+5gXiSzC+viD9haWKiFgoX4GTYWthZ+glgq2Fh4kw2IinpDMueeuefmzFzTt2WoiB4btMam5pbWtvZUR2dXd0+6t28t9MqB JXKWZ3vBhmmEwpauyCmpbLHhB8JwTFusm/tz0f56RQSh9NxVVfXFtmMUXbknLUMxtZlX0i6IvFPeTWcoS3EM/QR6AjJIYtFL3yOPAjxYKMOBgAvF2IaBkJ8t6CD4zG2jxlzASMb7AodIsbbMVYIrDGb3+VvkbCthXc6jnmGstvgvNr8BK4cwQg90TS90Rzf0RO+/9qrF PSIvVV7Nulb4uz1HAytv/6ocXhVKn6o/PSvsYSr2Ktm7HzPRKay6vnJw8rIyvTxSG6VLemb/F/RIt3wCt/JqXS2J5dM//ITJnZY4K9T7YZ5xlftHLl1mPmtSSPEo9e+D+wnWxrM6ZfWliczsTDLUNgxiGGM8uUnMYgGLyLETB8c4w7k2pe1oQivWS7WGRNOPL6H5HyPu m8M=</latexit>

H̃
0

<latexit sha1_base64="Z9atVo9lvuiPiXiit33B+A1hwcQ=">AAACt3ichVFNS+NQFD1GHbXOTKtuBDfF4jCrciOCHwsRBHHpV6uMHyVJX9tH0yQmr4Va/AOuBReioOBC/BluXLidRX/C4FLBjYu5SQOiMs4NyTv3vHtuznvX9GwZKKJ2l9bd0/ulr38gMfj12/dk amg4H7h13xI5y7Vdf8s0AmFLR+SUVLbY8nxh1ExbbJrVxXB/syH8QLrOhmp6YrdmlB1ZkpahmPq1o6RdFOnlPSqkMpSlKNIfgR6DDOJYcVP32EERLizUUYOAA8XYhoGAn23oIHjM7aLFnM9IRvsCh0iwts5VgisMZqv8LXO2HbMO52HPIFJb/BebX5+VaUzQb7qmR7qj G/pDL//s1Yp6hF6avJodrfAKyaPR9ef/qmq8KlReVZ96VihhJvIq2bsXMeEprI6+cXDyuD63NtH6QZf0wP4vqE23fAKn8WRdrYq100/8BPGdVjgrdvphiXGT+4cuHWZeaxJI8Cj194P7CPKTWZ2y+upUZmE+Hmo/xjCOnzy5aSxgGSvIsRMHxzjDuTarFbSSVumUal2x ZgRvQtv/C6dgm4U=</latexit><latexit sha1_base64="Z9atVo9lvuiPiXiit33B+A1hwcQ=">AAACt3ichVFNS+NQFD1GHbXOTKtuBDfF4jCrciOCHwsRBHHpV6uMHyVJX9tH0yQmr4Va/AOuBReioOBC/BluXLidRX/C4FLBjYu5SQOiMs4NyTv3vHtuznvX9GwZKKJ2l9bd0/ulr38gMfj12/dk amg4H7h13xI5y7Vdf8s0AmFLR+SUVLbY8nxh1ExbbJrVxXB/syH8QLrOhmp6YrdmlB1ZkpahmPq1o6RdFOnlPSqkMpSlKNIfgR6DDOJYcVP32EERLizUUYOAA8XYhoGAn23oIHjM7aLFnM9IRvsCh0iwts5VgisMZqv8LXO2HbMO52HPIFJb/BebX5+VaUzQb7qmR7qj G/pDL//s1Yp6hF6avJodrfAKyaPR9ef/qmq8KlReVZ96VihhJvIq2bsXMeEprI6+cXDyuD63NtH6QZf0wP4vqE23fAKn8WRdrYq100/8BPGdVjgrdvphiXGT+4cuHWZeaxJI8Cj194P7CPKTWZ2y+upUZmE+Hmo/xjCOnzy5aSxgGSvIsRMHxzjDuTarFbSSVumUal2x ZgRvQtv/C6dgm4U=</latexit> <latexit sha1_base64="Z9atVo9lvuiPiXiit33B+A1hwcQ=">AAACt3ichVFNS+NQFD1GHbXOTKtuBDfF4jCrciOCHwsRBHHpV6uMHyVJX9tH0yQmr4Va/AOuBReioOBC/BluXLidRX/C4FLBjYu5SQOiMs4NyTv3vHtuznvX9GwZKKJ2l9bd0/ulr38gMfj12/dk amg4H7h13xI5y7Vdf8s0AmFLR+SUVLbY8nxh1ExbbJrVxXB/syH8QLrOhmp6YrdmlB1ZkpahmPq1o6RdFOnlPSqkMpSlKNIfgR6DDOJYcVP32EERLizUUYOAA8XYhoGAn23oIHjM7aLFnM9IRvsCh0iwts5VgisMZqv8LXO2HbMO52HPIFJb/BebX5+VaUzQb7qmR7qj G/pDL//s1Yp6hF6avJodrfAKyaPR9ef/qmq8KlReVZ96VihhJvIq2bsXMeEprI6+cXDyuD63NtH6QZf0wP4vqE23fAKn8WRdrYq100/8BPGdVjgrdvphiXGT+4cuHWZeaxJI8Cj194P7CPKTWZ2y+upUZmE+Hmo/xjCOnzy5aSxgGSvIsRMHxzjDuTarFbSSVumUal2x ZgRvQtv/C6dgm4U=</latexit><latexit sha1_base64="Z9atVo9lvuiPiXiit33B+A1hwcQ=">AAACt3ichVFNS+NQFD1GHbXOTKtuBDfF4jCrciOCHwsRBHHpV6uMHyVJX9tH0yQmr4Va/AOuBReioOBC/BluXLidRX/C4FLBjYu5SQOiMs4NyTv3vHtuznvX9GwZKKJ2l9bd0/ulr38gMfj12/dk amg4H7h13xI5y7Vdf8s0AmFLR+SUVLbY8nxh1ExbbJrVxXB/syH8QLrOhmp6YrdmlB1ZkpahmPq1o6RdFOnlPSqkMpSlKNIfgR6DDOJYcVP32EERLizUUYOAA8XYhoGAn23oIHjM7aLFnM9IRvsCh0iwts5VgisMZqv8LXO2HbMO52HPIFJb/BebX5+VaUzQb7qmR7qj G/pDL//s1Yp6hF6avJodrfAKyaPR9ef/qmq8KlReVZ96VihhJvIq2bsXMeEprI6+cXDyuD63NtH6QZf0wP4vqE23fAKn8WRdrYq100/8BPGdVjgrdvphiXGT+4cuHWZeaxJI8Cj194P7CPKTWZ2y+upUZmE+Hmo/xjCOnzy5aSxgGSvIsRMHxzjDuTarFbSSVumUal2x ZgRvQtv/C6dgm4U=</latexit>

B̃
<latexit sha1_base64="f7pWXc56ni66a2LHOX//sfXbdkc=">AAACtXichVE9S8NQFD3Gr1q/qi6CS7EoTuVGBMVBioI4+lUtaJEkfdVH0yQkr4Va/AOOLg66KDiIP8PFwdXBnyCOCi4O3qQBUVFvSN65591zc967pmfLQBE9tmntHZ1d3YmeZG9f/8Bgamh4K3Br viXylmu7fsE0AmFLR+SVVLYoeL4wqqYtts3KUri/XRd+IF1nUzU8Uawa+44sS8tQTBV2lbRLIr24l8pQlqJI/wR6DDKIY9VN3WMXJbiwUEMVAg4UYxsGAn52oIPgMVdEkzmfkYz2BY6QZG2NqwRXGMxW+LvP2U7MOpyHPYNIbfFfbH59VqYxQQ90TS90Rzf0RO+/9mpG PUIvDV7NllZ4e4PHoxtv/6qqvCocfKr+9KxQxlzkVbJ3L2LCU1gtff3w9GVjfn2iOUmX9Mz+L+iRbvkETv3VuloT62d/+AniOz3grNTqh2XGDe4funSY+axJIsmj1L8P7ifYms7qlNXXZjK5hXioCYxhHFM8uVnksIJV5KOJneAM59qsVtRKWrlVqrXFmhF8Cc39AAMN mt0=</latexit><latexit sha1_base64="f7pWXc56ni66a2LHOX//sfXbdkc=">AAACtXichVE9S8NQFD3Gr1q/qi6CS7EoTuVGBMVBioI4+lUtaJEkfdVH0yQkr4Va/AOOLg66KDiIP8PFwdXBnyCOCi4O3qQBUVFvSN65591zc967pmfLQBE9tmntHZ1d3YmeZG9f/8Bgamh4K3Br viXylmu7fsE0AmFLR+SVVLYoeL4wqqYtts3KUri/XRd+IF1nUzU8Uawa+44sS8tQTBV2lbRLIr24l8pQlqJI/wR6DDKIY9VN3WMXJbiwUEMVAg4UYxsGAn52oIPgMVdEkzmfkYz2BY6QZG2NqwRXGMxW+LvP2U7MOpyHPYNIbfFfbH59VqYxQQ90TS90Rzf0RO+/9mpG PUIvDV7NllZ4e4PHoxtv/6qqvCocfKr+9KxQxlzkVbJ3L2LCU1gtff3w9GVjfn2iOUmX9Mz+L+iRbvkETv3VuloT62d/+AniOz3grNTqh2XGDe4funSY+axJIsmj1L8P7ifYms7qlNXXZjK5hXioCYxhHFM8uVnksIJV5KOJneAM59qsVtRKWrlVqrXFmhF8Cc39AAMN mt0=</latexit><latexit sha1_base64="f7pWXc56ni66a2LHOX//sfXbdkc=">AAACtXichVE9S8NQFD3Gr1q/qi6CS7EoTuVGBMVBioI4+lUtaJEkfdVH0yQkr4Va/AOOLg66KDiIP8PFwdXBnyCOCi4O3qQBUVFvSN65591zc967pmfLQBE9tmntHZ1d3YmeZG9f/8Bgamh4K3Br viXylmu7fsE0AmFLR+SVVLYoeL4wqqYtts3KUri/XRd+IF1nUzU8Uawa+44sS8tQTBV2lbRLIr24l8pQlqJI/wR6DDKIY9VN3WMXJbiwUEMVAg4UYxsGAn52oIPgMVdEkzmfkYz2BY6QZG2NqwRXGMxW+LvP2U7MOpyHPYNIbfFfbH59VqYxQQ90TS90Rzf0RO+/9mpG PUIvDV7NllZ4e4PHoxtv/6qqvCocfKr+9KxQxlzkVbJ3L2LCU1gtff3w9GVjfn2iOUmX9Mz+L+iRbvkETv3VuloT62d/+AniOz3grNTqh2XGDe4funSY+axJIsmj1L8P7ifYms7qlNXXZjK5hXioCYxhHFM8uVnksIJV5KOJneAM59qsVtRKWrlVqrXFmhF8Cc39AAMN mt0=</latexit><latexit sha1_base64="f7pWXc56ni66a2LHOX//sfXbdkc=">AAACtXichVE9S8NQFD3Gr1q/qi6CS7EoTuVGBMVBioI4+lUtaJEkfdVH0yQkr4Va/AOOLg66KDiIP8PFwdXBnyCOCi4O3qQBUVFvSN65591zc967pmfLQBE9tmntHZ1d3YmeZG9f/8Bgamh4K3Br viXylmu7fsE0AmFLR+SVVLYoeL4wqqYtts3KUri/XRd+IF1nUzU8Uawa+44sS8tQTBV2lbRLIr24l8pQlqJI/wR6DDKIY9VN3WMXJbiwUEMVAg4UYxsGAn52oIPgMVdEkzmfkYz2BY6QZG2NqwRXGMxW+LvP2U7MOpyHPYNIbfFfbH59VqYxQQ90TS90Rzf0RO+/9mpG PUIvDV7NllZ4e4PHoxtv/6qqvCocfKr+9KxQxlzkVbJ3L2LCU1gtff3w9GVjfn2iOUmX9Mz+L+iRbvkETv3VuloT62d/+AniOz3grNTqh2XGDe4funSY+axJIsmj1L8P7ifYms7qlNXXZjK5hXioCYxhHFM8uVnksIJV5KOJneAM59qsVtRKWrlVqrXFmhF8Cc39AAMN mt0=</latexit>

µ
<latexit sha1_base64="4Soo/+VszSavg1FfXCWFCNOlKEo=">AAACsHichVE9S8NQFD3Grxq/qi6Ci1gqTuWmCIqDCII4qrW1oKUk6WuNzRdJWqjFPyC46uCk4CD+DBcHVwd/gjgquDh4kwZERb0heeeed8/Nee9qrmn4AdFjl9Td09vXnxiQB4eGR0aTY+MF32l4 usjrjul4RU31hWnYIh8YgSmKridUSzPFjlZfDfd3msLzDcfeDlquKFlqzTaqhq4GTOX2rEY5maIMRTH9EygxSCGODSd5jz1U4EBHAxYEbASMTajw+dmFAoLLXAlt5jxGRrQvcASZtQ2uElyhMlvnb42z3Zi1OQ97+pFa57+Y/HqsnEaaHuiaXuiObuiJ3n/t1Y56hF5a vGodrXDLo8eTubd/VRavAfY/VX96DlDFYuTVYO9uxISn0Dv65uHZS25pK92epUt6Zv8X9Ei3fAK7+apfbYqt8z/8+PGd7nNW6fTDGuMW9w9d2sx81siQeZTK98H9BIVsRqGMsjmfWlmOh5rAFGYwx5NbwArWsYE8O6nhBKc4k7JSUSpLaqdU6oo1E/gS0sEHpCqZGQ== </latexit><latexit sha1_base64="4Soo/+VszSavg1FfXCWFCNOlKEo=">AAACsHichVE9S8NQFD3Grxq/qi6Ci1gqTuWmCIqDCII4qrW1oKUk6WuNzRdJWqjFPyC46uCk4CD+DBcHVwd/gjgquDh4kwZERb0heeeed8/Nee9qrmn4AdFjl9Td09vXnxiQB4eGR0aTY+MF32l4 usjrjul4RU31hWnYIh8YgSmKridUSzPFjlZfDfd3msLzDcfeDlquKFlqzTaqhq4GTOX2rEY5maIMRTH9EygxSCGODSd5jz1U4EBHAxYEbASMTajw+dmFAoLLXAlt5jxGRrQvcASZtQ2uElyhMlvnb42z3Zi1OQ97+pFa57+Y/HqsnEaaHuiaXuiObuiJ3n/t1Y56hF5a vGodrXDLo8eTubd/VRavAfY/VX96DlDFYuTVYO9uxISn0Dv65uHZS25pK92epUt6Zv8X9Ei3fAK7+apfbYqt8z/8+PGd7nNW6fTDGuMW9w9d2sx81siQeZTK98H9BIVsRqGMsjmfWlmOh5rAFGYwx5NbwArWsYE8O6nhBKc4k7JSUSpLaqdU6oo1E/gS0sEHpCqZGQ== </latexit><latexit sha1_base64="4Soo/+VszSavg1FfXCWFCNOlKEo=">AAACsHichVE9S8NQFD3Grxq/qi6Ci1gqTuWmCIqDCII4qrW1oKUk6WuNzRdJWqjFPyC46uCk4CD+DBcHVwd/gjgquDh4kwZERb0heeeed8/Nee9qrmn4AdFjl9Td09vXnxiQB4eGR0aTY+MF32l4 usjrjul4RU31hWnYIh8YgSmKridUSzPFjlZfDfd3msLzDcfeDlquKFlqzTaqhq4GTOX2rEY5maIMRTH9EygxSCGODSd5jz1U4EBHAxYEbASMTajw+dmFAoLLXAlt5jxGRrQvcASZtQ2uElyhMlvnb42z3Zi1OQ97+pFa57+Y/HqsnEaaHuiaXuiObuiJ3n/t1Y56hF5a vGodrXDLo8eTubd/VRavAfY/VX96DlDFYuTVYO9uxISn0Dv65uHZS25pK92epUt6Zv8X9Ei3fAK7+apfbYqt8z/8+PGd7nNW6fTDGuMW9w9d2sx81siQeZTK98H9BIVsRqGMsjmfWlmOh5rAFGYwx5NbwArWsYE8O6nhBKc4k7JSUSpLaqdU6oo1E/gS0sEHpCqZGQ== </latexit><latexit sha1_base64="4Soo/+VszSavg1FfXCWFCNOlKEo=">AAACsHichVE9S8NQFD3Grxq/qi6Ci1gqTuWmCIqDCII4qrW1oKUk6WuNzRdJWqjFPyC46uCk4CD+DBcHVwd/gjgquDh4kwZERb0heeeed8/Nee9qrmn4AdFjl9Td09vXnxiQB4eGR0aTY+MF32l4 usjrjul4RU31hWnYIh8YgSmKridUSzPFjlZfDfd3msLzDcfeDlquKFlqzTaqhq4GTOX2rEY5maIMRTH9EygxSCGODSd5jz1U4EBHAxYEbASMTajw+dmFAoLLXAlt5jxGRrQvcASZtQ2uElyhMlvnb42z3Zi1OQ97+pFa57+Y/HqsnEaaHuiaXuiObuiJ3n/t1Y56hF5a vGodrXDLo8eTubd/VRavAfY/VX96DlDFYuTVYO9uxISn0Dv65uHZS25pK92epUt6Zv8X9Ei3fAK7+apfbYqt8z/8+PGd7nNW6fTDGuMW9w9d2sx81siQeZTK98H9BIVsRqGMsjmfWlmOh5rAFGYwx5NbwArWsYE8O6nhBKc4k7JSUSpLaqdU6oo1E/gS0sEHpCqZGQ== </latexit>

µ
<latexit sha1_base64="4Soo/+VszSavg1FfXCWFCNOlKEo=">AAACsHichVE9S8NQFD3Grxq/qi6Ci1gqTuWmCIqDCII4qrW1oKUk6WuNzRdJWqjFPyC46uCk4CD+DBcHVwd/gjgquDh4kwZERb0heeeed8/Nee9qrmn4AdFjl9Td09vXnxiQB4eGR0aTY+MF32l4 usjrjul4RU31hWnYIh8YgSmKridUSzPFjlZfDfd3msLzDcfeDlquKFlqzTaqhq4GTOX2rEY5maIMRTH9EygxSCGODSd5jz1U4EBHAxYEbASMTajw+dmFAoLLXAlt5jxGRrQvcASZtQ2uElyhMlvnb42z3Zi1OQ97+pFa57+Y/HqsnEaaHuiaXuiObuiJ3n/t1Y56hF5a vGodrXDLo8eTubd/VRavAfY/VX96DlDFYuTVYO9uxISn0Dv65uHZS25pK92epUt6Zv8X9Ei3fAK7+apfbYqt8z/8+PGd7nNW6fTDGuMW9w9d2sx81siQeZTK98H9BIVsRqGMsjmfWlmOh5rAFGYwx5NbwArWsYE8O6nhBKc4k7JSUSpLaqdU6oo1E/gS0sEHpCqZGQ== </latexit><latexit sha1_base64="4Soo/+VszSavg1FfXCWFCNOlKEo=">AAACsHichVE9S8NQFD3Grxq/qi6Ci1gqTuWmCIqDCII4qrW1oKUk6WuNzRdJWqjFPyC46uCk4CD+DBcHVwd/gjgquDh4kwZERb0heeeed8/Nee9qrmn4AdFjl9Td09vXnxiQB4eGR0aTY+MF32l4 usjrjul4RU31hWnYIh8YgSmKridUSzPFjlZfDfd3msLzDcfeDlquKFlqzTaqhq4GTOX2rEY5maIMRTH9EygxSCGODSd5jz1U4EBHAxYEbASMTajw+dmFAoLLXAlt5jxGRrQvcASZtQ2uElyhMlvnb42z3Zi1OQ97+pFa57+Y/HqsnEaaHuiaXuiObuiJ3n/t1Y56hF5a vGodrXDLo8eTubd/VRavAfY/VX96DlDFYuTVYO9uxISn0Dv65uHZS25pK92epUt6Zv8X9Ei3fAK7+apfbYqt8z/8+PGd7nNW6fTDGuMW9w9d2sx81siQeZTK98H9BIVsRqGMsjmfWlmOh5rAFGYwx5NbwArWsYE8O6nhBKc4k7JSUSpLaqdU6oo1E/gS0sEHpCqZGQ== </latexit><latexit sha1_base64="4Soo/+VszSavg1FfXCWFCNOlKEo=">AAACsHichVE9S8NQFD3Grxq/qi6Ci1gqTuWmCIqDCII4qrW1oKUk6WuNzRdJWqjFPyC46uCk4CD+DBcHVwd/gjgquDh4kwZERb0heeeed8/Nee9qrmn4AdFjl9Td09vXnxiQB4eGR0aTY+MF32l4 usjrjul4RU31hWnYIh8YgSmKridUSzPFjlZfDfd3msLzDcfeDlquKFlqzTaqhq4GTOX2rEY5maIMRTH9EygxSCGODSd5jz1U4EBHAxYEbASMTajw+dmFAoLLXAlt5jxGRrQvcASZtQ2uElyhMlvnb42z3Zi1OQ97+pFa57+Y/HqsnEaaHuiaXuiObuiJ3n/t1Y56hF5a vGodrXDLo8eTubd/VRavAfY/VX96DlDFYuTVYO9uxISn0Dv65uHZS25pK92epUt6Zv8X9Ei3fAK7+apfbYqt8z/8+PGd7nNW6fTDGuMW9w9d2sx81siQeZTK98H9BIVsRqGMsjmfWlmOh5rAFGYwx5NbwArWsYE8O6nhBKc4k7JSUSpLaqdU6oo1E/gS0sEHpCqZGQ== </latexit><latexit sha1_base64="4Soo/+VszSavg1FfXCWFCNOlKEo=">AAACsHichVE9S8NQFD3Grxq/qi6Ci1gqTuWmCIqDCII4qrW1oKUk6WuNzRdJWqjFPyC46uCk4CD+DBcHVwd/gjgquDh4kwZERb0heeeed8/Nee9qrmn4AdFjl9Td09vXnxiQB4eGR0aTY+MF32l4 usjrjul4RU31hWnYIh8YgSmKridUSzPFjlZfDfd3msLzDcfeDlquKFlqzTaqhq4GTOX2rEY5maIMRTH9EygxSCGODSd5jz1U4EBHAxYEbASMTajw+dmFAoLLXAlt5jxGRrQvcASZtQ2uElyhMlvnb42z3Zi1OQ97+pFa57+Y/HqsnEaaHuiaXuiObuiJ3n/t1Y56hF5a vGodrXDLo8eTubd/VRavAfY/VX96DlDFYuTVYO9uxISn0Dv65uHZS25pK92epUt6Zv8X9Ei3fAK7+apfbYqt8z/8+PGd7nNW6fTDGuMW9w9d2sx81siQeZTK98H9BIVsRqGMsjmfWlmOh5rAFGYwx5NbwArWsYE8O6nhBKc4k7JSUSpLaqdU6oo1E/gS0sEHpCqZGQ== </latexit>

2. Light Bino/Higgsino

1. Light Wino/Higgsino

Three SUSY scenarios
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H̃
±

Special

At least 3 light particles

smuon (“L” and “R”)

neutralino, chargino (B, W, H)

³ 3 scenarios



Pure Bino scenario

Light Bino (neutralino), light left- and right-handed smuons

Enhanced by smuon “chirality” flip — large ¿ tan´

¿: Higgsino mass, smuon LR mixing

No Higgsinos in loop

¿ tan´
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Status

¿ is maximized under constraints

Smaller tan´ (~5-10) is favored
* larger tan´ predicts smaller ¿, 
enhancing “light Bino/Higgsino”
(destructive) contribution to muon g-2

Still allowed by LHC constraints:

SLSL (-soft) : lepton pair

p

p
#̃L

#̃L

#

χ̃0
1

χ̃0
1

#

Muo
n g

-2

tan´=5

tan´=50

(+jet)

ME,Hamaguchi,Iwamoto,Kitahara



Is mass degeneracy accidental?

SUSY motivations

• naturalness

• dark matter candidate

• grand unified theory

• muon g-2, …

(snapshot observed by CMB)



DM thermal relic abundance

Bino is a well-known WIMP DM candidate

Thermal relic abundance :

2
2

+

χ̃
0

χ̃
0

τ̃

τ

τ

χ̃
0

τ̃

τ

τ

γ

e
−∆/kT

ΩDM ∝ 〈σannv〉
−1

∆ = mτ̃ −mχ̃

“stau coannihilation”

thermal
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Ωχ > ΩDM

pure Bino
Degeneracy is favored



Muon g-2 and dark matter
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¿ is determined by DM relic abundance

Wide g-2 regions can be covered by DM direct detection exp.
                                                      e.g., XENONnT, PandaX-4T, …

ME,Hamaguchi,Iwamoto,Kitahara



Direct test of NP contribution to muon g-2 by reconstructing it

Precise measurement of mass and determination of LR mixing

ILC test

ME,Hamaguchi,Iwamoto,Kawada,Kitahara,Moroi,Suehara
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mµ̃1
, mµ̃2

, mχ̃0

1

, m
2

µ̃LR

cf. Bino coupling can also be determined by measuring cross section



Endpoint method

Lepton energy distribution for

Smuon, neutralino mass determination
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Smuon LR mixing is proportional to muon mass and thus small

(Much) easier to determine stau LR mixing because mÇ > m¿

Stau LR mixing

³ Measure stau mass and mixing angle

Smuon LR mixing determination
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ILC at :s = 500GeV,  +L = 1.6ab-1 for each polarization

Global fit of endpoints and xsecs:

Stau LR mixing

Stau endpoint and cross section

−m2
τ̃LR = (1.17± 0.01)× 104GeV2
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mẽ1 mẽ2 mµ̃1
mµ̃2

mτ̃1 mτ̃2 mχ̃0
1

cos θµ̃ cos θτ̃

155.8 156.7 154.0 158.5 113.2 189.8 99.3 0.631 0.703

mL mR M1 µ tanβ ΩDMh2 aSUSY
µ a

(B̃)
µ

150.0 150.0 100.0 1323 4.94 0.120 27.1×10−10 27.5×10−10
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true



Smuon mixing angle

Muon g-2

Result:  reconstruction at 1% accuracy

Muon g-2 reconstruction
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LR mixing
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a
(B̃)
µ = (27.5± 0.4)× 10−10

<latexit sha1_base64="F2rNLLnqloz9X8bIV3FDNBRTyaA=">AAADCnichVHPa9RAFH6Nv+r6o6teBC+DS2V7MLxsSyuiUBTEg4d267aFZjck2dndoZMfJLML65h/QLx78KTgQbx5E4/1IHj20D+heHMFLx58yQaKFusLyXzvm/e9fDPPi6VIFeL+jHHi5KnTZ2bP Vs6dv3Bxrnrp8mYaDROft/xIRsm256ZcipC3lFCSb8cJdwNP8i1v936+vzXiSSqi8LEax7wduP1Q9ITvKqKcapvZkveUyVzHDoYdXbeVkF2u72ULGbMT0R+op44OHF3yVJTpR80s6zQydrfCWL2xYi4zOw4YmosLjMoCnlrY0TctzJxqDU0sgh0FVglqUMZaVP0CNnQh Ah+GEACHEBRhCS6k9OyABQgxcW3QxCWERLHPIYMKaYdUxanCJXaXvn3Kdko2pDzvmRZqn/4i6U1IyWAev+JbnOBnfIcH+OufvXTRI/cyptWbannszD27uvHzv6qAVgWDQ9WxnhX04FbhVZD3uGDyU/hT/ejJi8nG7ea8voGv8Rv5f4X7uEcnCEc//DfrvPnyGD9peacD yrrTfvCA8Jj65y5DYg5rKjRI6++xHQWbDdNaNpfWl2qrd8qRzsI1uA51mtsKrMJDWIMW+diDA/gOE+O58d74YHyclhozpeYK/BHGp99fT7rx</latexit>

a
(B̃)
µ

∣

∣

∣

m2

µ̃LR

= (27.6± 0.3)× 10−10 [Error: LR mixing]

[Error: All]

<latexit sha1_base64="IaQflIHEt8j2npJAKbvGVY3fhqE=">AAADcnichVFNa9RAGH6z8aOuH13rRfQyulQE6zIJxYooFATx4KG7ddvipobJ7Gx3aL5IJgtryB/wD3jwpOBB/BkiCJ499CeIxxa8ePCdbGBbu9YJybzzvO/zvM/k9WJfporSPaNmnjp95uzcufr5 CxcvzTcuL2ykUZZw0eWRHyVbHkuFL0PRVVL5YitOBAs8X2x6u491fnMkklRG4XM1jsV2wHZCOZCcKYTcxhdCnFSGxCaOGgrF3NxR0u8LJ8gK8qiO2UHCeG6T4FAmf9Ypipd2kR8GXQshcvdIoWvrMlSZKgWultabYlkxswEmZnewZ3TQXQu30aQtWi5yPLCqoAnVWosa 38CBPkTAIYMABISgMPaBQYpPDyygECO2DTliCUayzAsooI7cDKsEVjBEd/G7g6dehYZ41pppyebYxcc3QSaBRfqdfqT79Cv9RH/Q3//UyksN7WWMuzfhitidf311/dd/WQHuCoZT1omeFQzgfulVove4RPQt+IQ/evVmf/1BZzG/Rd/Tn+j/Hd2jn/EG4eiAf2iLztsT /KTVPx3iqT/RgycYj1FfuwwRmdbUcZDW32M7HmzYLetea7m93Fx9WI10Dq7DTbiNc1uBVXgKa9AFbtwx2sYLo1c7MK+ZN8xq/jWj4lyBI8tc+gNvo96x</latexit>

sin 2θµ̃ =
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µ̃1
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=
mµ

mτ

2m
2

τ̃LR

m2

µ̃2
−m2

µ̃1

(+ leading 2-loop)



Summary

Fermilab confirmed muon g-2 result.

Current discrepancy is 4.2Ã, which will be checked soon.

White paper has been published, but there are issues on HVP.

Many new physics models have been proposed.

SUSY is a major target and expected to be checked in near future.

In particular, ILC will be able to reconstruct a¿ at 1% accuracy.
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Fig. 13. The π
+
π

− cross section from the KLOE combination compared to the BABAR, CMD-2, SND, and BESIII data points in the 0.6–0.9GeV

range [82]. The KLOE combination is represented by the yellow band. The uncertainties shown are the diagonal statistical and systematic uncertainties

summed in quadrature.

Source: Reprinted from Ref. [82].


