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�• Anomalous Magnetic Moment

• Magnetic moment (macroscopic)

• Possible to define for a fundamental particle

• Relativistic quantum mechanics prediction
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• Tree-level result • QED (1st order) correction
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• More recent experiments

D. Hanneke, S. Fogwell, G. Gabrielse,

Phys. Rev. A 83, 052122 (2011)

Single-electron Penning Trap

Cyclotron and spin energy levels
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• Theoretical prediction

10th order calculation (as of 2017)

10th order 
term

Hadronic

terms

Fine-structure

constant

T. Aoyama et al, Phys. Rev. Lett. 109 (2012) 111807 

T. Aoyama et al, Phys. Rev. D 85 (2012) 033007

T. Aoyama et al, Phys. Rev. D 91 (2015) 3, 033006

T. Aoyama et al, Phys. Rev. D 96 (2017) 1, 019901
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⇠ 106s�1

- 24 GeV beam

- 10^12 protons per bunch

~ 10^4 mu+ stored per fill

1. Experiment Status

• Good old BNL E821

F. Jegerlehner, A. Nyffeler,

e-Print: 0902.3360
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Number of electrons above the 
energy threshold    

<latexit sha1_base64="ElXkkd3PyfhcMOR6ULdIFWyA2v8=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQkIiot0IRRFdVrAPaEKYTCft0MkkzEyEErJy46+4caGIW7/BnX/jNO1CWw9cOJxzL/feEySMSmXb30ZpYXFpeaW8Wllb39jcMrd3WjJOBSZNHLNYdAIkCaOcNBVVjHQSQVAUMNIOhldjv/1AhKQxv1ejhHgR6nMaUoyUlnxz/9rPMldEUA3yHF5Ax6q5x4VwQ1q5b1Ztyy4A54kzJVUwRcM3v9xejNOIcIUZkrLr2InyMiQUxYzkFTeVJEF4iPqkqylHEZFeVryRw0Ot9GAYC11cwUL9PZGhSMpRFOjOCKmBnPXG4n9eN1VhzcsoT1JFOJ4sClMGVQzHmcAeFQQrNtIEYUH1rRAPkEBY6eQqOgRn9uV50jqxnDPLvjut1i+ncZTBHjgAR8AB56AObkEDNAEGj+AZvII348l4Md6Nj0lryZjO7II/MD5/AAVVl44=</latexit>

Eth = 1.8GeV

<latexit sha1_base64="32xkX1fhwI+vLBzjggN191skkKg=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjMiPnZFN66kgn1AZzpk0kwbmmSGJCOUYcCNv+LGhSJu/Ql3/o1pOwttPRA4nHMvN+eECaNKO863tbC4tLyyWlorr29sbm3bO7tNFacSkwaOWSzbIVKEUUEammpG2okkiIeMtMLh9dhvPRCpaCzu9SghPkd9QSOKkTZSYO/fBqSbZZ7kUMc6z6GnKIeu070sB3bFqToTwHniFqQCCtQD+8vrxTjlRGjMkFId10m0nyGpKWYkL3upIgnCQ9QnHUMF4kT52SRDDo+M0oNRLM0TGk7U3xsZ4kqNeGgmOdIDNeuNxf+8TqqjCz+jIkk1EXh6KEqZiQvHhcAelQRrNjIEYUnNXyEeIImwNrWNS3BnI8+T5knVPas6d6eV2lVRRwkcgENwDFxwDmrgBtRBA2DwCJ7BK3iznqwX6936mI4uWMXOHvgD6/MHXfOWrQ==</latexit>

N tot
e ⇠ 109

F. Jegerlehner, A. Nyffeler, e-Print: 0902.3360

1. Experiment Status

• Good old BNL E821
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1) E-field correction

• Systematic effects

<latexit sha1_base64="hNHNmEt5E3aOgwNMlFQu5kL7Ziw="></latexit>

~!a = � q

mµ

h
aµ ~B

<latexit sha1_base64="Qu2790CAzKW0V9noAqEzKSHo/Oo="></latexit>

�
✓
aµ � 1

�2 � 1

◆ ~� ⇥ ~E

c

<latexit sha1_base64="FS06J3/bJosfVM7SGqdkXsjU63I="></latexit>

�aµ

✓
�

� + 1

◆
(~� · ~B)~�

<latexit sha1_base64="emo0ORy5sPiNpQLgwOcdO7tCXas=">AAAB9XicbVBNS8NAEJ3Urxq/qh69BIvgKSQi6rHoxWMF+wFtLJvtpl262YTdiVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXpoJr9Lxvq7Syura+Ud60t7Z3dvcq+wdNnWSKsgZNRKLaIdFMcMkayFGwdqoYiUPBWuHoZuq3HpnSPJH3OE5ZEJOB5BGnBI30YHcFi9DtKj4YYtCrVD3Xm8FZJn5BqlCg3qt8dfsJzWImkQqidcf3UgxyopBTwSZ2N9MsJXREBqxjqCQx00E+u3rinBil70SJMiXRmam/J3ISaz2OQ9MZExzqRW8q/ud1MoyugpzLNEMm6XxRlAkHE2cagdPnilEUY0MIVdzc6tAhUYSiCco2IfiLLy+T5pnrX7je3Xm1dl3EUYYjOIZT8OESanALdWgABQXP8Apv1pP1Yr1bH/PWklXMHMIfWJ8/5m2SIQ==</latexit>

]
2) Pitch correction

1) The presence of E-field contributes to the precession

2) Not a perfect trajectory

- Run the experiment at the “magic momentum” 
- This cancels the E-field correction to first order

- Need to understand B field to a high precision

1. Experiment Status
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- Effects from e/m


- Systematics due to phase(t)


- B measurements


- E measurements

• Other systematic effects

<latexit sha1_base64="5RgtFpPluKRkvGo72fpboJIKoq8=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVYIQMFawMBaJPqQmihzXaa3asbEdpCrKysKvsDCAECt/wMbf4LYZoOVIlo7OuVfX58SSUW0879tZWl5ZXVuvbFQ3t7Z3dt29/bYWmcKkhQUTqhsjTRhNSctQw0hXKoJ4zEgnHl1P/M4DUZqK9M6MJQk5GqQ0oRgZK0UuDAQnAxQhGEglpBEwSBTC+X2R8yjgWRG5Na/uTQEXiV+SGijRjNyvoC9wxklqMENa93xPmjBHylDMSFENMk0kwiM0ID1LU8SJDvNpkgIeW6UPE6HsSw2cqr83csS1HvPYTnJkhnrem4j/eb3MJJdhTlOZGZLi2aEkY9AGntQC+1QRbNjYEoQVtX+FeIhsE8aWV7Ul+PORF0n7tO6f173bs1rjqqyjAg7BETgBPrgADXADmqAFMHgEz+AVvDlPzovz7nzMRpeccucA/IHz+QNHeZq4</latexit>

!a / q

mµ

<latexit sha1_base64="g0H2Y0bMrHVUdEpo7YHJK47ZNqI=">AAACKnicbVDLSgMxFM34tr6qLt0Ei1BRyoyIuvSB4EoUrC10hiGTZtrQZDIkd4QyzPe48VfcdKEUt36Iae1CqwcCh3PO5eaeKBXcgOsOnZnZufmFxaXl0srq2vpGeXPr0ahMU1anSijdjIhhgiesDhwEa6aaERkJ1oh6VyO/8cS04Sp5gH7KAkk6CY85JWClsHxxW4XD6zDPfS0xdItiH/upViko7FNlqr6SrENCggEfWKfLp+P7Ybni1twx8F/iTUgFTXAXlgd+W9FMsgSoIMa0PDeFICcaOBWsKPmZYSmhPdJhLUsTIpkJ8vGpBd6zShvHStuXAB6rPydyIo3py8gmJYGumfZG4n9eK4P4LMh5kmbAEvq9KM4EtkWMesNtrhkF0beEUM3tXzHtEk0o2HZLtgRv+uS/5PGo5p3U3PvjyvnlpI4ltIN2URV56BSdoxt0h+qIomf0it7Qu/PiDJyh8/EdnXEmM9voF5zPL0g4pfM=</latexit>

N(t, Eth) / cos(!at+ �(t, Eth))

Muon g-2 Collaboration, e-Print: 1501.06858
Muon g-2 Collaboration, e-Print: 2104.03240

1. Experiment Status

BNL FNAL
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Three runs

completed


so far!

April’s

Announcement 
based on Run 1


(Data set comparable

to BNL)

1. Experiment Status

• FNAL E989



Outline
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1. Muon Anomalous Magnetic Moment


• Experiment Status


• Theory Status 

2. New Physics Explanations


• Singlet Models


3. Summary
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• Perturbative

T. Aoyama, T. Kinoshita, M. Nio, Atoms 7, 28 (2019)

Five loops

Two loops

A. Czarnecki at al., Phys. Rev. D 67, 073006 (2003)
A. Czarnecki at al., Phys. Rev. D 73, 119901 (2006)
C. Gnendiger et al., Phys. Rev. D 88, 053005 (2013)

T. Aoyama et al., Phys. Rept. 887 (2020) 1-166
Muon g − 2 Theory Initiative

<latexit sha1_base64="IY1YODUs/EP1p1CyjPuyLResrUc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEUKkhJRKzHohePFWwtNKFstpt26W4SdjdCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2+/bB8cdlScSkLbJOax7AZYUc4i2tZMc9pNJMUi4PQhGN/M/IdHKhWLo3s9Sagv8DBiISNYG6lvl2ueYgI59Qbyzrzqad+uOHVnDrRK3JxUIEerb395g5ikgkaacKxUz3US7WdYakY4nZa8VNEEkzEe0p6hERZU+dn88CmqGmWAwliaijSaq78nMiyUmojAdAqsR2rZm4n/eb1Uh1d+xqIk1TQii0VhypGO0SwFNGCSEs0nhmAimbkVkRGWmGiTVcmE4C6/vEo653X3su7cXVSa13kcRTiGE6iBCw1owi20oA0EUniGV3iznqwX6936WLQWrHzmCP7A+vwBmkyRGg==</latexit>

(⇠ 0.7%)

1. Theory Status

<latexit sha1_base64="TTAypjhfngDNY6iQE6WqPuenEOg="></latexit>

aQED
µ = 116584718.931(104)⇥ 10�11

<latexit sha1_base64="OfbfeBi/bRdsjKU3wCKO9bcBoSI=">AAACEXicbVDLSgMxFM3UV62vqks3wSLUhcPER3UjFEVwWcE+oDMdMmnahiYzQ5IRytBfcOOvuHGhiFt37vwb08dCWw9cOJxzL/feE8ScKe0431ZmYXFpeSW7mltb39jcym/v1FSUSEKrJOKRbARYUc5CWtVMc9qIJcUi4LQe9K9Hfv2BSsWi8F4PYuoJ3A1ZhxGsjeTni9h3RdJKXSngTX14ic5O7FIR2c6hq5mgCiKnlR4hNPTzBcd2xoDzBE1JAUxR8fNfbjsiiaChJhwr1UROrL0US80Ip8OcmygaY9LHXdo0NMRmm5eOPxrCA6O0YSeSpkINx+rviRQLpQYiMJ0C656a9Ubif14z0Z0LL2VhnGgaksmiTsKhjuAoHthmkhLNB4ZgIpm5FZIelphoE2LOhIBmX54ntWMblWzn7rRQvprGkQV7YB8UAQLnoAxuQQVUAQGP4Bm8gjfryXqx3q2PSWvGms7sgj+wPn8A7biaiQ==</latexit>

aEW
µ = 153.6(1.0)⇥ 10�11
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NLO

V. Pauk, M. Vanderhaeghen, Eur. Phys. J. C 74 (2014) 8, 3008
T. Blum et al., Phys. Rev. Lett. 124 (2020) 13, 132002

1. Theory Status

• Non-perturbative

NNLO

M. Davier et al., Eur. Phys. J. C 77 (2017) 12, 827
M. Hoferichter et al., JHEP 08 (2019) 137
A. Kurz et al., Phys. Lett. B 734 (2014) 144-147

<latexit sha1_base64="c6XhJ02y91Z0h5aiq1tRiOQj40s=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEUKkhJRKrHohePFWwtNKFstpt26W4SdjdCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2+/bB8cdlScSkLbJOax7AZYUc4i2tZMc9pNJMUi4PQhGN/M/IdHKhWLo3s9Sagv8DBiISNYG6lvl2ueYgI59Qbyzrzqad+uOHVnDrRK3JxUIEerb395g5ikgkaacKxUz3US7WdYakY4nZa8VNEEkzEe0p6hERZU+dn88CmqGmWAwliaijSaq78nMiyUmojAdAqsR2rZm4n/eb1Uh1d+xqIk1TQii0VhypGO0SwFNGCSEs0nhmAimbkVkRGWmGiTVcmE4C6/vEo653W3UXfuLirN6zyOIhzDCdTAhUtowi20oA0EUniGV3iznqwX6936WLQWrHzmCP7A+vwBmMKRGQ==</latexit>

(⇠ 0.6%)

<latexit sha1_base64="Az6pLDpRzPymA1PpplwXrNg/zCo=">AAACFHicbVC7SgNBFJ2NrxhfUUubwSBExGVHQpJGCNqkSBHBPCCbhNnJJBkys7vMzAphyUfY+Cs2ForYWtj5N04ehSYeuHA4517uvccLOVPacb6txNr6xuZWcju1s7u3f5A+PKqrIJKE1kjAA9n0sKKc+bSmmea0GUqKhcdpwxvdTv3GA5WKBf69Hoe0LfDAZ31GsDZSN32Bu66IOrErBSxXvMrkGjl5u5hFObtw7momqILI6cSXCE266YxjOzPAVYIWJAMWqHbTX24vIJGgviYcK9VCTqjbMZaaEU4nKTdSNMRkhAe0ZaiPzbZ2PHtqAs+M0oP9QJryNZypvydiLJQaC890CqyHatmbiv95rUj3i+2Y+WGkqU/mi/oRhzqA04Rgj0lKNB8bgolk5lZIhlhiok2OKRMCWn55ldSvbJS3nbtcpnSziCMJTsApyAIECqAEyqAKaoCAR/AMXsGb9WS9WO/Wx7w1YS1mjsEfWJ8/2dmbiA==</latexit>

aHLbL

µ = 106.8(14.7)⇥ 10�11
<latexit sha1_base64="p9hFREn2wx2tgXG0FslpozeBm4s=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CZZCvZRdKeqx6MVjBfsBu0vJptk2NNksSVYopT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMi1LOtHHdb6ewsbm1vVPcLe3tHxwelY9POlpmitA2kVyqXoQ15SyhbcMMp71UUSwiTrvR+G7ud5+o0kwmj2aS0lDgYcJiRrCxkl8LNBPIawTVi3654tbdBdA68XJSgRytfvkrGEiSCZoYwrHWvuemJpxiZRjhdFYKMk1TTMZ4SH1LEyyoDqeLk2eoapUBiqWylRi0UH9PTLHQeiIi2ymwGelVby7+5/mZiW/CKUvSzNCELBfFGUdGovn/aMAUJYZPLMFEMXsrIiOsMDE2pZINwVt9eZ10LuveVd19aFSat3kcRTiDc6iBB9fQhHtoQRsISHiGV3hzjPPivDsfy9aCk8+cwh84nz86OY/p</latexit>

(⇠ 14%)
En-Hung Chao et al., e-Print: 2104.02632

<latexit sha1_base64="1KjddEcI0oZqgjo990nz77WRMlg=">AAACEHicbVDLSsNAFJ3UV62vqks3g0WsC0sitXYjFN10WcE+oGnDZDpph84kYWYilJBPcOOvuHGhiFuX7vwbp20W2nrgwuGce7n3HjdkVCrT/DYyK6tr6xvZzdzW9s7uXn7/oCWDSGDSxAELRMdFkjDqk6aiipFOKAjiLiNtd3w79dsPREga+PdqEpIeR0OfehQjpSUnf4ocm0f92BYc1luN5LpSLV8Wy+aZrSgnElpmPz63rMTJF8ySOQNcJlZKCiBFw8l/2YMAR5z4CjMkZdcyQ9WLkVAUM5Lk7EiSEOExGpKupj7S23rx7KEEnmhlAL1A6PIVnKm/J2LEpZxwV3dypEZy0ZuK/3ndSHnVXkz9MFLEx/NFXsSgCuA0HTiggmDFJpogLKi+FeIREggrnWFOh2AtvrxMWhclq1Iy78qF2k0aRxYcgWNQBBa4AjVQBw3QBBg8gmfwCt6MJ+PFeDc+5q0ZI505BH9gfP4Aw/6agA==</latexit>

aHVP

µ = 6845(40)⇥ 10�11
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• Non-perturbative

Unitarity

NNLO

M. Davier et al., Eur. Phys. J. C 77 (2017) 12, 827
M. Hoferichter et al., JHEP 08 (2019) 137
A. Kurz et al., Phys. Lett. B 734 (2014) 144-147

<latexit sha1_base64="c6XhJ02y91Z0h5aiq1tRiOQj40s=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEUKkhJRKrHohePFWwtNKFstpt26W4SdjdCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2+/bB8cdlScSkLbJOax7AZYUc4i2tZMc9pNJMUi4PQhGN/M/IdHKhWLo3s9Sagv8DBiISNYG6lvl2ueYgI59Qbyzrzqad+uOHVnDrRK3JxUIEerb395g5ikgkaacKxUz3US7WdYakY4nZa8VNEEkzEe0p6hERZU+dn88CmqGmWAwliaijSaq78nMiyUmojAdAqsR2rZm4n/eb1Uh1d+xqIk1TQii0VhypGO0SwFNGCSEs0nhmAimbkVkRGWmGiTVcmE4C6/vEo653W3UXfuLirN6zyOIhzDCdTAhUtowi20oA0EUniGV3iznqwX6936WLQWrHzmCP7A+vwBmMKRGQ==</latexit>

(⇠ 0.6%)

Include:

- All modes

- ISR

- FSR

<latexit sha1_base64="CRUvzWE+3tX4Cv47CgAQGbrBaq8="></latexit>

Im(HVP) / �(�⇤ ! hadrons)

F. Farley, Y. Semertzidis, Prog. Part. Nucl. Phys. 52 (2004) 1-83

1. Theory Status

<latexit sha1_base64="1KjddEcI0oZqgjo990nz77WRMlg=">AAACEHicbVDLSsNAFJ3UV62vqks3g0WsC0sitXYjFN10WcE+oGnDZDpph84kYWYilJBPcOOvuHGhiFuX7vwbp20W2nrgwuGce7n3HjdkVCrT/DYyK6tr6xvZzdzW9s7uXn7/oCWDSGDSxAELRMdFkjDqk6aiipFOKAjiLiNtd3w79dsPREga+PdqEpIeR0OfehQjpSUnf4ocm0f92BYc1luN5LpSLV8Wy+aZrSgnElpmPz63rMTJF8ySOQNcJlZKCiBFw8l/2YMAR5z4CjMkZdcyQ9WLkVAUM5Lk7EiSEOExGpKupj7S23rx7KEEnmhlAL1A6PIVnKm/J2LEpZxwV3dypEZy0ZuK/3ndSHnVXkz9MFLEx/NFXsSgCuA0HTiggmDFJpogLKi+FeIREggrnWFOh2AtvrxMWhclq1Iy78qF2k0aRxYcgWNQBBa4AjVQBw3QBBg8gmfwCt6MJ+PFeDc+5q0ZI505BH9gfP4Aw/6agA==</latexit>

aHVP

µ = 6845(40)⇥ 10�11
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<latexit sha1_base64="5KxsI2pOHjgul42GHWRz3WFeqM8="></latexit>

aHVP

µ [LO] =
1

3

⇣↵
⇡

⌘2
Z 1

m2
⇡

K(s)

s
R(s)ds

Extract from data

<latexit sha1_base64="cDPB6Kfh7lKa0XO2C0Hbl0Z06oY="></latexit>

R(s) =
�0(e+e� ! hadrons(+�))

�pt

<latexit sha1_base64="8DX1E6sA6bP+FY6PAD0BUTlbFyk=">AAACFnicbVBNS8NAEN3U7/oV9ehlsQheLEkt6kUQvXisYFVoYplsN+3ibrLsboQS8iu8+Fe8eFDEq3jz37htc/DrwcDjvRlm5kWSM20879OpTE3PzM7NL1QXl5ZXVt219UudZorQNkl5qq4j0JSzhLYNM5xeS0VBRJxeRbenI//qjirN0uTCDCUNBfQTFjMCxkpdd7caaNYX0M3zQAksTVHgIxzECkjeDCQLgMsB3DSKfE8X1a5b8+reGPgv8UtSQyVaXfcj6KUkEzQxhIPWHd+TJsxBGUY4LapBpqkEcgt92rE0AUF1mI/fKvC2VXo4TpWtxOCx+n0iB6H1UES2U4AZ6N/eSPzP62QmPgxzlsjM0IRMFsUZxybFo4xwjylKDB9aAkQxeysmA7CRGJvkKAT/98t/yWWj7u/XvfNm7fikjGMebaIttIN8dICO0RlqoTYi6B49omf04jw4T86r8zZprTjlzAb6Aef9C2sxnuc=</latexit>

�pt =
4⇡↵2

3s
Hadronic R-ratio

• Non-perturbative

NNLO

M. Davier et al., Eur. Phys. J. C 77 (2017) 12, 827
M. Hoferichter et al., JHEP 08 (2019) 137
A. Kurz et al., Phys. Lett. B 734 (2014) 144-147

<latexit sha1_base64="c6XhJ02y91Z0h5aiq1tRiOQj40s=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEUKkhJRKrHohePFWwtNKFstpt26W4SdjdCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2+/bB8cdlScSkLbJOax7AZYUc4i2tZMc9pNJMUi4PQhGN/M/IdHKhWLo3s9Sagv8DBiISNYG6lvl2ueYgI59Qbyzrzqad+uOHVnDrRK3JxUIEerb395g5ikgkaacKxUz3US7WdYakY4nZa8VNEEkzEe0p6hERZU+dn88CmqGmWAwliaijSaq78nMiyUmojAdAqsR2rZm4n/eb1Uh1d+xqIk1TQii0VhypGO0SwFNGCSEs0nhmAimbkVkRGWmGiTVcmE4C6/vEo653W3UXfuLirN6zyOIhzDCdTAhUtowi20oA0EUniGV3iznqwX6936WLQWrHzmCP7A+vwBmMKRGQ==</latexit>

(⇠ 0.6%)

1. Theory Status

<latexit sha1_base64="1KjddEcI0oZqgjo990nz77WRMlg=">AAACEHicbVDLSsNAFJ3UV62vqks3g0WsC0sitXYjFN10WcE+oGnDZDpph84kYWYilJBPcOOvuHGhiFuX7vwbp20W2nrgwuGce7n3HjdkVCrT/DYyK6tr6xvZzdzW9s7uXn7/oCWDSGDSxAELRMdFkjDqk6aiipFOKAjiLiNtd3w79dsPREga+PdqEpIeR0OfehQjpSUnf4ocm0f92BYc1luN5LpSLV8Wy+aZrSgnElpmPz63rMTJF8ySOQNcJlZKCiBFw8l/2YMAR5z4CjMkZdcyQ9WLkVAUM5Lk7EiSEOExGpKupj7S23rx7KEEnmhlAL1A6PIVnKm/J2LEpZxwV3dypEZy0ZuK/3ndSHnVXkz9MFLEx/NFXsSgCuA0HTiggmDFJpogLKi+FeIREggrnWFOh2AtvrxMWhclq1Iy78qF2k0aRxYcgWNQBBa4AjVQBw3QBBg8gmfwCt6MJ+PFeDc+5q0ZI505BH9gfP4Aw/6agA==</latexit>

aHVP

µ = 6845(40)⇥ 10�11
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Contributes to                        by ~73%


M. Davier, Ann. Rev. Nucl. Part. Sci. 63, 407 (2013)

• Non-perturbative

M. Davier et al., Eur. Phys. J. C80 (2020) 3, 241

<latexit sha1_base64="bn4GHXGJeY3RApKjUlOzgCm157M=">AAACBnicbZDLSsNAFIYnXmu8RV2KMFgEVyURUZdFN10IVrAXSGKYTCft0JkkzEyEErJy46u4caGIW5/BnW9jkmahrT8MfPznHM6c348Zlco0v7WFxaXlldXamr6+sbm1bezsdmWUCEw6OGKR6PtIEkZD0lFUMdKPBUHcZ6Tnj6+Keu+BCEmj8E5NYuJyNAxpQDFSueUZBzryHJ7cp6kjOGx121lml3h9k7m6Z9TNhlkKzoNVQR1UanvGlzOIcMJJqDBDUtqWGSs3RUJRzEimO4kkMcJjNCR2jiHiRLppeUYGj3JnAINI5C9UsHR/T6SISznhft7JkRrJ2Vph/lezExVcuCkN40SREE8XBQmDKoJFJnBABcGKTXJAWND8rxCPkEBY5ckVIVizJ89D96RhnTXM29N687KKowb2wSE4BhY4B03QAm3QARg8gmfwCt60J+1Fe9c+pq0LWjWzB/5I+/wB63aYIQ==</latexit>

aHVP

µ [LO]

ISR
 

T. Xiao et al., Phys. Rev. D 97, 032012 (2018)

1. Theory Status
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Contributes to                        by ~ 3%


M. Davier, Ann. Rev. Nucl. Part. Sci. 63, 407 (2013)

• Non-perturbative

<latexit sha1_base64="bn4GHXGJeY3RApKjUlOzgCm157M=">AAACBnicbZDLSsNAFIYnXmu8RV2KMFgEVyURUZdFN10IVrAXSGKYTCft0JkkzEyEErJy46u4caGIW5/BnW9jkmahrT8MfPznHM6c348Zlco0v7WFxaXlldXamr6+sbm1bezsdmWUCEw6OGKR6PtIEkZD0lFUMdKPBUHcZ6Tnj6+Keu+BCEmj8E5NYuJyNAxpQDFSueUZBzryHJ7cp6kjOGx121lml3h9k7m6Z9TNhlkKzoNVQR1UanvGlzOIcMJJqDBDUtqWGSs3RUJRzEimO4kkMcJjNCR2jiHiRLppeUYGj3JnAINI5C9UsHR/T6SISznhft7JkRrJ2Vph/lezExVcuCkN40SREE8XBQmDKoJFJnBABcGKTXJAWND8rxCPkEBY5ckVIVizJ89D96RhnTXM29N687KKowb2wSE4BhY4B03QAm3QARg8gmfwCt60J+1Fe9c+pq0LWjWzB/5I+/wB63aYIQ==</latexit>

aHVP

µ [LO]

ISR

 

T. Aoyama et al., Phys. Rept. 887 (2020) 1-166

1. Theory Status
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• Non-perturbative

Inclusive

Exclusive

M. Davier et al., Eur. Phys. J. C80 (2020) 3, 241

<latexit sha1_base64="5KxsI2pOHjgul42GHWRz3WFeqM8="></latexit>

aHVP

µ [LO] =
1

3

⇣↵
⇡

⌘2
Z 1

m2
⇡

K(s)

s
R(s)ds

1. Theory Status
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• Combined

Muon g − 2 Theory Initiative

 

T. Aoyama et al., Phys. Rept. 887 (2020) 1-166

1. Theory Status
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• Combined

<latexit sha1_base64="McKgEdL15oSIyYuACq06n5lGkPw=">AAACCnicbZDLSsNAFIYnXmu8VV26GS2CCymJinVZ1IXLCvYCTQgn02k7dGYSZiZCKV278VXcuFDErU/gzrcxabPQ1h8GPv5zDmfOH8acaeM439bC4tLyymphzV7f2NzaLu7sNnSUKELrJOKRaoWgKWeS1g0znLZiRUGEnDbDwXVWbz5QpVkk780wpr6AnmRdRsCkVlA8sL0byg1gCDyRYE8zgc/KFeydZNwTYAfFklN2JsLz4OZQQrlqQfHL60QkEVQawkHrtuvExh+BMoxwOra9RNMYyAB6tJ2iBEG1P5qcMsZHqdPB3UilTxo8cX9PjEBoPRRh2inA9PVsLTP/q7UT0730R0zGiaGSTBd1E45NhLNccIcpSgwfpgBEsfSvmPRBATFpelkI7uzJ89A4LbsXZefuvFS9yuMooH10iI6Riyqoim5RDdURQY/oGb2iN+vJerHerY9p64KVz+yhP7I+fwBbF5gk</latexit>

�aµ ⇠ 3.7�

Muon g − 2 Theory Initiative

 

T. Aoyama et al., Phys. Rept. 887 (2020) 1-166

<latexit sha1_base64="p9hFREn2wx2tgXG0FslpozeBm4s=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CZZCvZRdKeqx6MVjBfsBu0vJptk2NNksSVYopT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMi1LOtHHdb6ewsbm1vVPcLe3tHxwelY9POlpmitA2kVyqXoQ15SyhbcMMp71UUSwiTrvR+G7ud5+o0kwmj2aS0lDgYcJiRrCxkl8LNBPIawTVi3654tbdBdA68XJSgRytfvkrGEiSCZoYwrHWvuemJpxiZRjhdFYKMk1TTMZ4SH1LEyyoDqeLk2eoapUBiqWylRi0UH9PTLHQeiIi2ymwGelVby7+5/mZiW/CKUvSzNCELBfFGUdGovn/aMAUJYZPLMFEMXsrIiOsMDE2pZINwVt9eZ10LuveVd19aFSat3kcRTiDc6iBB9fQhHtoQRsISHiGV3hzjPPivDsfy9aCk8+cwh84nz86OY/p</latexit>

(⇠ 14%)

En-Hung Chao et al., 
e-Print: 2104.02632

“It now appears conclusive 
that the HLbL contribution 
cannot explain the current 
tension between theory and 
experiment for the muon g-2”

1. Theory Status
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<latexit sha1_base64="wt9GcUosaOTh9ap7bC7IQhIxYRo="></latexit>

aµ(exp) = 116 592 061(41)⇥ 10�11

Muon g-2 Collaboration (BNL),

Phys. Rev. D 73 (2006) 072003

Muon g-2 Collaboration (FNAL), Phys. Rev. 
Lett. 126 (2021) 14, 141801

<latexit sha1_base64="Kw1Nu6bO54R5rTxrzRnEzAyBRZc="></latexit>

aµ(the) = 116 591 810(43)⇥ 10�11

Muon g-2 Theory Initiative, Phys. Rept. 887 
(2020) 1-166

• State of affairs

1. Theory Status
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• Challenges 1:
Tension in Hadronic Data

<latexit sha1_base64="vnEml4H7H0gDtdjk11vJR6wWO3A=">AAAB9XicbVDLTgIxFL2DL8QX6tJNIzHBDZkxBF0S3bjERB4JjKRTOtDQdiZtR0Mm/IcbFxrj1n9x599YYBYKnuTenJxzb3p7gpgzbVz328mtrW9sbuW3Czu7e/sHxcOjlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmtx+p0iyS92YSU1/goWQhI9hY6aHc00ygqu1Dgc/7xZJbcedAq8TLSAkyNPrFr94gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nV89RWdWGaAwUrakQXP190aKhdYTEdhJgc1IL3sz8T+vm5jwyk+ZjBNDJVk8FCYcmQjNIkADpigxfGIJJorZWxEZYYWJsUEVbAje8pdXSeui4tUq7l21VL/O4sjDCZxCGTy4hDrcQgOaQEDBM7zCm/PkvDjvzsdiNOdkO8fwB87nD1YxkcI=</latexit>

(⇠ 4�)

1. Theory Status

DiLuzio, Masiero, Paradisi, Passera,

arXiv:2112.08312

Darme, Grilli, Nardi, 
arXiv:2112.09139

NO!

YES!

Can g-2 be ok,
and NP is here?
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• Challenges 2:

T. Aoyama et al., Phys. Rept. 887 (2020) 1-166

 

1. Theory Status

Lattice Calculations
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The one evaluation

with small uncertainties 

comparable to the

R-ratio method

1. Theory Status

• Challenges 2:
Lattice Calculations
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<latexit sha1_base64="wt9GcUosaOTh9ap7bC7IQhIxYRo="></latexit>

aµ(exp) = 116 592 061(41)⇥ 10�11

Muon g-2 Collaboration (BNL),

Phys. Rev. D 73 (2006) 072003

Muon g-2 Collaboration (FNAL), Phys. Rev. 
Lett. 126 (2021) 14, 141801

<latexit sha1_base64="Kw1Nu6bO54R5rTxrzRnEzAyBRZc="></latexit>

aµ(the) = 116 591 810(43)⇥ 10�11

Muon g-2 Theory Initiative, Phys. Rept. 887 
(2020) 1-166

• State of affairs

1. Theory Status
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1. Theory Status

However, issues with EW 
data fits:

A. Keshavarzi et al., Phys.Rev.D 102 (2020) 3, 033002

<latexit sha1_base64="5KxsI2pOHjgul42GHWRz3WFeqM8="></latexit>

aHVP

µ [LO] =
1

3

⇣↵
⇡

⌘2
Z 1

m2
⇡

K(s)

s
R(s)ds

<latexit sha1_base64="cDPB6Kfh7lKa0XO2C0Hbl0Z06oY="></latexit>

R(s) =
�0(e+e� ! hadrons(+�))

�pt

<latexit sha1_base64="OL9hd3HA3fd9CAoZrJ2v6fdjos8=">AAACBXicbZDLSgMxFIYz9VbrrepSF8EiuBpmSlGXRV24rGAv0CnlTJppQ5PMkGSEMnTjxldx40IRt76DO9/G9LLQ1h8CH/85h5Pzhwln2njet5NbWV1b38hvFra2d3b3ivsHDR2nitA6iXmsWiFoypmkdcMMp61EURAhp81weD2pNx+o0iyW92aU0I6AvmQRI2Cs1S0eBzeUG8DQDUSKA80ErrjlCfQFdIslz/Wmwsvgz6GE5qp1i19BLyapoNIQDlq3fS8xnQyUYYTTcSFINU2ADKFP2xYlCKo72fSKMT61Tg9HsbJPGjx1f09kILQeidB2CjADvVibmP/V2qmJLjsZk0lqqCSzRVHKsYnxJBLcY4oSw0cWgChm/4rJABQQY4Mr2BD8xZOXoVF2/XPXu6uUqlfzOPLoCJ2gM+SjC1RFt6iG6oigR/SMXtGb8+S8OO/Ox6w158xnDtEfOZ8/WIGXMg==</latexit>

�aµ ⇠ 4.2�

• Challenges 3:
EW Precision fit
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However, issues with EW 
data fits:

<latexit sha1_base64="5KxsI2pOHjgul42GHWRz3WFeqM8="></latexit>

aHVP

µ [LO] =
1

3

⇣↵
⇡

⌘2
Z 1

m2
⇡

K(s)

s
R(s)ds

<latexit sha1_base64="cDPB6Kfh7lKa0XO2C0Hbl0Z06oY="></latexit>

R(s) =
�0(e+e� ! hadrons(+�))

�pt
EW fit

<latexit sha1_base64="tHeFcrntwGyBMCjMsbyxVVBLADo=">AAACB3icbVDLSgMxFM3UV62vqktBBovgopQZEXVZdNNNoYJ9QKcMmfS2Dc1khuSOUEp3bvwVNy4UcesvuPNvTNtZaOuBhJNz7uXmniAWXKPjfFuZldW19Y3sZm5re2d3L79/0NBRohjUWSQi1QqoBsEl1JGjgFasgIaBgGYwvJ36zQdQmkfyHkcxdELal7zHGUUj+fnjqt8sekVPc+nhAJDOnlW/Ym7qg58vOCVnBnuZuCkpkBQ1P//ldSOWhCCRCap123Vi7IypQs4ETHJeoiGmbEj70DZU0hB0ZzzbY2KfGqVr9yJljkR7pv7uGNNQ61EYmMqQ4kAvelPxP6+dYO+6M+YyThAkmw/qJcLGyJ6GYne5AoZiZAhlipu/2mxAFWVoosuZENzFlZdJ47zkXpacu4tC+SaNI0uOyAk5Iy65ImVSITVSJ4w8kmfySt6sJ+vFerc+5qUZK+05JH9gff4AouGX4g==</latexit>

MW , sin ✓W , MH , ae

Dispersion

approach

<latexit sha1_base64="RGffS/RASYq2C50kOOb0o+SvXu0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIerPoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUv+mVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxW3flGu3uZxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPkXuMyA==</latexit>

?
A. Keshavarzi et al., Phys.Rev.D 102 (2020) 3, 033002

1. Theory Status

<latexit sha1_base64="kExPaGXqYK1HsmiomY0TI6Ww+q4=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9VjUg8cK9gOaEDbbSbt0Nwm7GyGE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8MOVMacf5tlZW19Y3Nitb1e2d3b19++Cwo5JMUmjThCeyFxIFnMXQ1kxz6KUSiAg5dMPxzdTvPoJULIkfdJ6CL8gwZhGjRBspsGveLXBNMAk8kWFPMYGdwK47DWcGvEzcktRRiVZgf3mDhGYCYk05UarvOqn2CyI1oxwmVS9TkBI6JkPoGxoTAcovZsdP8IlRBjhKpKlY45n6e6IgQqlchKZTED1Si95U/M/rZzq68gsWp5mGmM4XRRnHOsHTJPCASaCa54YQKpm5FdMRkYRqk1fVhOAuvrxMOmcN96Lh3J/Xm9dlHBV0hI7RKXLRJWqiO9RCbURRjp7RK3qznqwX6936mLeuWOVMDf2B9fkDUDuT5w==</latexit>

�aµ ⇠ 0

• Challenges 3:
EW Precision fit
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Momentum

transfer

Fine-structure 
constantC. Calame et al., Phys. Lett. B 746 (2015) 325

<latexit sha1_base64="5KxsI2pOHjgul42GHWRz3WFeqM8="></latexit>

aHVP

µ [LO] =
1

3

⇣↵
⇡

⌘2
Z 1

m2
⇡

K(s)

s
R(s)ds

1. Theory Status

• Prospects:
MUonE Experiment Carloni, Passera, Trentadue, Venanzoni, 

Phys. Lett. B 746 (2015) 325
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150 GeV

Muon beam!

10^7 mu/s

Stat. uncertainty 
~0.3%

2y of data taking!

1. Theory Status

(calculated in perturbation theory!)

- Measure the running of alpha

- Subtract purely leptonic contribution 
- Get 

Abbiendi, Ballerini, Banerjee, Bernhard, Bonanomi,

JINST 16 (2021) 06, P06005

• Prospects:
MUonE Experiment Carloni, Passera, Trentadue, Venanzoni, 

Phys. Lett. B 746 (2015) 325
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If new physics is confirmed, 
what comes next?

• What if?

1. Theory Status

BNL FNAL



Outline
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1. Muon Anomalous Magnetic Moment


• Experiment Status


• Theory Status


2. New Physics Explanations 

• Singlet Models


3. Summary
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2. New Physics Explanations

• Ingredients for (g-2)μ

Dipole Operator

<latexit sha1_base64="RbuzAEaz5k0F00/jnDBdROOnWME=">AAACH3icbVBNS8NAEN34WetX1aOXxSJ4KolI9VgUpAcPVawKTRsm22m6dDcJuxuhhP4TL/4VLx4UEW/9N25rD349GHi8N8PMvDAVXBvXHTtz8wuLS8uFleLq2vrGZmlr+0YnmWLYZIlI1F0IGgWPsWm4EXiXKgQZCrwNB2cT//YeleZJfG2GKbYlRDHvcQbGSkGpWu/4XYgiVPSC+ppHEoLcB5H2wQ/RwIj6Mguu6HnnhxqUym7FnYL+Jd6MlMkMjaD04XcTlkmMDROgdctzU9POQRnOBI6KfqYxBTaACFuWxiBRt/PpfyO6b5Uu7SXKVmzoVP0+kYPUeihD2ynB9PVvbyL+57Uy0ztp5zxOM4Mx+1rUywQ1CZ2ERbtcITNiaAkwxe2tlPVBATM20qINwfv98l9yc1jxqhX38qhcO53FUSC7ZI8cEI8ckxqpkwZpEkYeyBN5Ia/Oo/PsvDnvX61zzmxmh/yAM/4EFXejBw==</latexit>

H
†
L�↵�µRF

↵�

(Chiral flip - LR operator)

(Higgs insertion) (Photon field strength tensor)

<latexit sha1_base64="UD0zqrn256RR3QuXxywn+gfuMJI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiJGPGg==</latexit>�

<latexit sha1_base64="z13O3Ooo5UL/u5FKfeCHoGe6gsY=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ERwTOB5Ah7m71kye7esR9COPIbbCwUsfUH2flv3CRXaOKDgcd7M8zMizPOtPH9b6+0srq2vlHerGxt7+zuVfcPHnVqFaEhSXmq2jHWlDNJQ8MMp+1MUSxiTlvx6Gbqt56o0iyVD2ac0UjggWQJI9g4KewK27vrVWt+3Z8BLZOgIDUo0OxVv7r9lFhBpSEca90J/MxEOVaGEU4nla7VNMNkhAe046jEguoonx07QSdO6aMkVa6kQTP190SOhdZjEbtOgc1QL3pT8T+vY01yFeVMZtZQSeaLEsuRSdH0c9RnihLDx45gopi7FZEhVpgYl0/FhRAsvrxMHs/qwUXdvz+vNa6LOMpwBMdwCgFcQgNuoQkhEGDwDK/w5knvxXv3PuatJa+YOYQ/8D5/AK7sjpo=</latexit>µL

<latexit sha1_base64="PF89dfaguz/BYRLo254Cbka7E34=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF49RXBNIljA7mU2GzMwu8xDCkm/w4kERr36QN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w8edWoVoSFJearaMdaUM0lDwwyn7UxRLGJOW/HoZuq3nqjSLJUPZpzRSOCBZAkj2Dgp7Arbu+9Va37dnwEtk6AgNSjQ7FW/uv2UWEGlIRxr3Qn8zEQ5VoYRTieVrtU0w2SEB7TjqMSC6iifHTtBJ07poyRVrqRBM/X3RI6F1mMRu06BzVAvelPxP69jTXIV5Uxm1lBJ5osSy5FJ0fRz1GeKEsPHjmCimLsVkSFWmBiXT8WFECy+vEwez+rBRd2/O681ros4ynAEx3AKAVxCA26hCSEQYPAMr/DmSe/Fe/c+5q0lr5g5hD/wPn8AuASOoA==</latexit>µR
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Singlet Models

Electroweak Models

2. New Physics Explanations

• Theory Space

ALPs

Leptoquarks

MSSM

Vector-Like Leptons

2HDM + VLL

B-L

Lmu - Ltau

SM+S Bridge Topologies

Two-loops

Heavy Neutral Leptons

2HDM+S

Light

Heavy



Outline
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1. Muon Anomalous Magnetic Moment


• Experiment Status


• Theory Status


2. New Physics Explanations


• Singlet Models 

3. Summary
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• What range of masses makes sense?

2. Singlet Models

We would like:
<latexit sha1_base64="nN3ptDM53MokuLqhnZ1QHV9QU2M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJIiVg9CUQ8eK9gPaELYbDft0t0k7G7EUvpXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29ffug1FJJJgltkoQnshNiRTmLaVMzzWknlRSLkNN2OLyZ+u1HKhVL4gc9SqkvcD9mESNYGymwS94t5RojHHgiQ1eoWrsM7LJTcWZAy8TNSRlyNAL7y+slJBM01oRjpbquk2p/jKVmhNNJ0csUTTEZ4j7tGhpjQZU/nt0+QSdG6aEokaZijWbq74kxFkqNRGg6BdYDtehNxf+8bqajC3/M4jTTNCbzRVHGkU7QNAjUY5ISzUeGYCKZuRWRAZaYaBNX0YTgLr68TFrVintece7PyvXrPI4CHMExnIILNajDHTSgCQSe4Ble4c2aWC/Wu/Uxb12x8plD+APr8wetvpLn</latexit>

�aµ = 279
To explain the anomaly!

NP masses

upper bound!

<latexit sha1_base64="hh2c//0Rky1eUvFzojSgz6JSRrI="></latexit>

�aµ ⇠ NBSM
m2

µ

4⇡2

g2S,V
m2

S,V

Cloop
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• Probes?

2. Singlet Models

? ?

<latexit sha1_base64="3cwRSipsPqe9NMjV7+6+lSyhNL8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWME84BkCbOT2WTIzOwy0yuEkI/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bNskM4w2WyMS0I2q5FJo3UKDk7dRwqiLJW9Hobua3nrixItGPOE55qOhAi1gwik5qVYnqdVXWK5X9ij8HWSVBTsqQo94rfXX7CcsU18gktbYT+CmGE2pQMMmnxW5meUrZiA54x1FNFbfhZH7ulJw7pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4JpwInWbINVssijNJMCGz30lfGM5Qjh2hzAh3K2FDaihDl1DRhRAsv7xKmtVKcFXxHy7Ltds8jgKcwhlcQADXUIN7qEMDGIzgGV7hzUu9F+/d+1i0rnn5zAn8gff5A6jjjyE=</latexit> 2m
µ

<latexit sha1_base64="3cwRSipsPqe9NMjV7+6+lSyhNL8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWME84BkCbOT2WTIzOwy0yuEkI/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bNskM4w2WyMS0I2q5FJo3UKDk7dRwqiLJW9Hobua3nrixItGPOE55qOhAi1gwik5qVYnqdVXWK5X9ij8HWSVBTsqQo94rfXX7CcsU18gktbYT+CmGE2pQMMmnxW5meUrZiA54x1FNFbfhZH7ulJw7pU/ixLjSSObq74kJVdaOVeQ6FcWhXfZm4n9eJ8P4JpwInWbINVssijNJMCGz30lfGM5Qjh2hzAh3K2FDaihDl1DRhRAsv7xKmtVKcFXxHy7Ltds8jgKcwhlcQADXUIN7qEMDGIzgGV7hzUu9F+/d+1i0rnn5zAn8gff5A6jjjyE=</latexit> 2m
µ
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2. Singlet Models

• Probes?

?

Nightmare

zone!
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2. Singlet Models

• Probes?

Nightmare zo
ne!

Nightmare

zone!



Rodolfo Capdevilla, Perimeter Institute and University of Toronto

2. Singlet Models

• Probes?
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ARIEL?

Rodolfo Capdevilla, Perimeter Institute and University of Toronto
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<latexit sha1_base64="MFHR5AuxYx5WfSSHGsjsGKJtxtE=">AAACG3icbZDLSgMxFIYzXut4q7p0EyxCBVtmirdl0Y3LCvYCnaFk0tM2NJkZkoxYhr6HG1/FjQtFXAkufBvTC6KtPwR+vnMOJ+cPYs6Udpwva2FxaXllNbNmr29sbm1nd3ZrKkokhSqNeCQbAVHAWQhVzTSHRiyBiIBDPehfjer1O5CKReGtHsTgC9INWYdRog1qZUs2aUE+9aTAcB8Pj3AB/wDdAwM8xQQulIqn3rGxXUFa2ZxTdMbC88admhyaqtLKfnjtiCYCQk05UarpOrH2UyI1oxyGtpcoiAntky40jQ2JAOWn49uG+NCQNu5E0rxQ4zH9PZESodRABKZTEN1Ts7UR/K/WTHTnwk9ZGCcaQjpZ1Ek41hEeBYXbTALVfGAMoZKZv2LaI5JQbeK0TQju7MnzplYqumdF5+YkV76cxpFB++gA5ZGLzlEZXaMKqiKKHtATekGv1qP1bL1Z75PWBWs6s4f+yPr8BuEKntc=</latexit>

ae(exp)� ae(the) ⇠ �2.5�
<latexit sha1_base64="HLZpm42NE+YPor2OaY083Y1H1bI=">AAACGnicbZDLSsNAFIYnXmu9RV26GSxCBS2JSHVZdOOygr1AU8JketIOnUnCzEQsoc/hxldx40IRd+LGt3F6QbT1h4Gf75zDmfMHCWdKO86XtbC4tLyymlvLr29sbm3bO7t1FaeSQo3GPJbNgCjgLIKaZppDM5FARMChEfSvRvXGHUjF4uhWDxJoC9KNWMgo0Qb5tpsnPhQzTwoM98nwCJ/gH6B7YICnmMBuqewdG9cVxLcLTskZC88bd2oKaKqqb394nZimAiJNOVGq5TqJbmdEakY5DPNeqiAhtE+60DI2IgJUOxufNsSHhnRwGEvzIo3H9PdERoRSAxGYTkF0T83WRvC/WivV4UU7Y1GSaojoZFGYcqxjPMoJd5gEqvnAGEIlM3/FtEckodqkmTchuLMnz5v6acktl5ybs0LlchpHDu2jA1RELjpHFXSNqqiGKHpAT+gFvVqP1rP1Zr1PWhes6cwe+iPr8xtpBp6g</latexit>

ae(exp)� ae(the) ⇠ 1.6�

Singlet

mass

<latexit sha1_base64="RGffS/RASYq2C50kOOb0o+SvXu0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIerPoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUv+mVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxW3flGu3uZxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPkXuMyA==</latexit>

?

<latexit sha1_base64="wWkNC0UF0fLmJFSZF3VX2nAg6fQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/YA2lM120i7dTcLuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5y/3OEyrN4+jRTBP0JR1FPOSMmlyqywEOKlW35s5BVolXkCoUaA4qX/1hzFKJkWGCat3z3MT4GVWGM4Gzcj/VmFA2oSPsWRpRidrP5rfOyLlVhiSMla3IkLn6eyKjUuupDGynpGasl71c/M/rpSa88TMeJanBiC0WhakgJib542TIFTIjppZQpri9lbAxVZQZG0/ZhuAtv7xK2vWad1VzHy6rjdsijhKcwhlcgAfX0IB7aEILGIzhGV7hzZHOi/PufCxa15xi5gT+wPn8Abyqjgo=</latexit>

2me

Motivation from electron g-2 (?) Issues with Cosmology (?)

<latexit sha1_base64="ESmmljPCdqsWkNBQQfnFPPOKXXc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWNF+wFtLJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVa6x8fTbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTUMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPIzLpPUoGSzRWEqiInJ5G/S4wqZESNLKFPc3krYgCrKjE2naEPw5l9eJI2zindRce/Oy9XrPI4CHMIRnIAHl1CFW6hBHRj04Rle4c0Rzovz7nzMWpecfOYA/sD5/AHowI2N</latexit>

e�
<latexit sha1_base64="ESmmljPCdqsWkNBQQfnFPPOKXXc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWNF+wFtLJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVa6x8fTbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTUMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPIzLpPUoGSzRWEqiInJ5G/S4wqZESNLKFPc3krYgCrKjE2naEPw5l9eJI2zindRce/Oy9XrPI4CHMIRnIAHl1CFW6hBHRj04Rle4c0Rzovz7nzMWpecfOYA/sD5/AHowI2N</latexit>

e�

<latexit sha1_base64="Rq3NeHQT4Vi2fktPmZP8VLLj9eo=">AAAB+3icbVBNS8NAEN3Ur1q/aj16WSyCp5KIqMeiHjxJBfsBTQib7aRdutmE3Y1YQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZFyScKW3b31ZpZXVtfaO8Wdna3tndq+7XOipOJYU2jXksewFRwJmAtmaaQy+RQKKAQzcYX0/97iNIxWLxoCcJeBEZChYySrSR/GrNvQGuCb7zM1dGGMIw96t1u2HPgJeJU5A6KtDyq1/uIKZpBEJTTpTqO3aivYxIzSiHvOKmChJCx2QIfUMFiUB52ez2HB8bZYDDWJoSGs/U3xMZiZSaRIHpjIgeqUVvKv7n9VMdXnoZE0mqQdD5ojDlWMd4GgQeMAlU84khhEpmbsV0RCSh2sRVMSE4iy8vk85pwzlv2Pdn9eZVEUcZHaIjdIIcdIGa6Ba1UBtR9ISe0St6s3LrxXq3PuatJauYOUB/YH3+AFJQk/s=</latexit>

�Ne↵

<latexit sha1_base64="RGffS/RASYq2C50kOOb0o+SvXu0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIerPoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUv+mVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxW3flGu3uZxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPkXuMyA==</latexit>

?

ARIEL?

<latexit sha1_base64="ydZdUXEm295ZXWKwNC1tkr8IMfU=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE1GPRiwcPFewHNKFstpt26e4m7G6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvCjlTBvP+3ZWVtfWNzZLW+Xtnd29irt/0NJJpghtkoQnqhNhTTmTtGmY4bSTKopFxGk7Gt1M/fYjVZol8sGMUxoKPJAsZgQbK/Xcyh0KNBMoD5RAIzHpuVWv5s2AlolfkCoUaPTcr6CfkExQaQjHWnd9LzVhjpVhhNNJOcg0TTEZ4QHtWiqxoDrMZ4dP0IlV+ihOlC1p0Ez9PZFjofVYRLZTYDPUi95U/M/rZia+CnMm08xQSeaL4owjk6BpCqjPFCWGjy3BRDF7KyJDrDAxNquyDcFffHmZtM5q/kXNuz+v1q+LOEpwBMdwCj5cQh1uoQFNIJDBM7zCm/PkvDjvzse8dcUpZg7hD5zPH/H2kqI=</latexit>

L ⇠ km

Electron missing 
momentum



Summary

1. Measurements of the anomalous magnetic moment of fundamental particles are 

important laboratories for high precision tests of the SM. In the incoming years, 

progress in theory as well as in current and new experiments will shed light to the 

muon (g-2)μ anomaly.


2. Simple new physics models aiming to explain the anomaly predict new states in the 

range MeV-TeV (Singlet Models).


3. A combination of Low Energy Experiments and High Energy Colliders can probe 

the parameter space of new physics for (g-2)μ in the context of Singlet Models.
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Thanks!

Rodolfo Capdevilla, Perimeter Institute and University of Toronto
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Year

Fermilab g-2:   Starts 2018

JPARC runs 2025-2026 Tsutomu Mibe, 2020

<latexit sha1_base64="2xA2kC7NL7NGqB+zWrwa1o3aNLk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rWFtoQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY30799hPXRsTqAbOE+xEdKhEKRtFK7bOeUCFm/WrNrbszkGXiFaQGBZr96ldvELM04gqZpMZ0PTdBP6 caBZN8UumlhieUjemQdy1VNOLGz2fnTsiJVQYkjLUthWSm/p7IaWRMFgW2M6I4MoveVPzP66YYXvu5UEmKXLH5ojCVBGMy/Z0MhOYMZWYJZVrYWwkbUU0Z2oQqNgRv8eVl8nhe9y7r7v1FrXFTxFGGIziGU/DgChpwB01oAYMxPMMrvDmJ8+K8Ox/z1pJTzBzCHzifPy4Uj3g=</latexit>�1

Fermilab g-2 Final Results

?

2022 2025 2026

MUonE test beam 2017 G. Abbiendi, 2020MUonE runs 2022-2024

Fermilab g-2:   Runs 2018-2022

Muon g-2 Theory Initiative - Phenomenological vs Lattice Calculations

MUonE test run 2021

JPARC stage 2 approval 2019

2019

covid
?

1. Experiment Status

• Timeline

?
?



2. Muon Colliders?

• Circular colliders: Multi-pass!         Bad for ee, ok for pp

• Linear colliders: Only one pass        high lumi = high Power 

• Circular muon colliders?

Electrons

Protons

High energy!

Energy frontier

High luminosity!

Clean?

47



MICE Collaboration, PoS EPS-HEP2019 (2020) 025

MICE Collaboration, Nature 578 (2020) 7793, 53-59

MAP and MICE Collaborations, EPJ Web Conf. 95 (2015) 03019

Cooling - Proof of concept!

K. Long et al., e-Print: 2007.15684 [physics.acc-ph]

J. P. Delahaye et al., e-Print: 1901.06150 [physics.acc-ph]

2. Muon Colliders?



2. Muon Colliders?


