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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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Muon g-2 Collaboration (BNL), 
Phys. Rev. D 73 (2006) 072003
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1. Muon Anomalous Magnetic Moment

• State of affairs
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If new physics is confirmed, 
what comes next?

1. Muon Anomalous Magnetic Moment

• What if?
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1. Muon Anomalous Magnetic Moment


2. Singlet scenarios for (g-2)μ 

• Low-energy probes


• High-energy probes


3. Summary
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2. Singlet scenarios for (g-2)μ

Only couple to muons

EW breaking insertion 
given by the Higgs

Chiral flip insertion

given by muon mass

Dipole operator
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Perturbative Unitarity

Scalar Vector

Contours for g-2

2. Singlet explanations of (g-2)μ
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Altmannshofer, Gori, Pospelov, Yavin Phys. Rev Lett 113, 091801 (14)

• Singlet scenarios

2. Singlet explanations of (g-2)μ: Low-E

Neutrino trident

Lmu - Ltau model
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• Singlet scenarios

BaBar Collaboration, Phys. Rev. D 94 (2016) 1, 011102 Holst, Hooper, Krnjaic, ArXiv: 2107.09067

2. Singlet explanations of (g-2)μ: Low-E
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Chen, Pospelov, Zhong, Phys Rev D 95, 115005 (2017)

• Singlet scenarios

Kahn, Krnjaic, Tran, Whitbeck, JHEP 09 (2018) 153

2. Singlet explanations of (g-2)μ: Low-E
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1. Muon Anomalous Magnetic Moment


2. Singlet scenarios for (g-2)μ


• Low-energy probes


• High-energy probes 

3. Summary
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How about LHC?
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Chen, Wang, Yao, ArXiv:2102.05619

2. Singlet explanations of (g-2)μ: High-E
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How about LHC?
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2. Singlet explanations of (g-2)μ: High-E
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How about LHC?
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2. Singlet explanations of (g-2)μ: High-E
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Optimistic scenario
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2. Singlet explanations of (g-2)μ: High-E
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Pessimistic scenario
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2. Singlet explanations of (g-2)μ: High-E
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How about EW 
Precision?

Rodolfo Capdevilla, Perimeter Institute and University of Toronto

Batell, Freitas, Ismail, ArXiv:2107.08059

2. Singlet explanations of (g-2)μ: High-E
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<latexit sha1_base64="m7bBwxgxr4SMVO2+vMnm1uR6870="></latexit>

L � �y1L 
c
S � y2µ

c
H

† 
<latexit sha1_base64="sgCTRkCzE7yZJwZP+R6waOGag2Y="></latexit>

L � �yL�†
µ
c � SH

†�

<latexit sha1_base64="TJyGmEiHhqSsnCdZ1+J4Gwu7DFU=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIifeyKbly4qGBtoTMMmTRtQzOZIckUytA/ceNCEbf+iTv/xkxbQUUPBA7n3Ms9OWEiuDYIfTiFtfWNza3idmlnd2//wD08utdxqijr0FjEqhcSzQSXrGO4EayXKEaiULBuOLnK/e6UKc1jeWdmCfMjMpJ8yCkxVgpc14uIGVMispt54NExD9wyqiCEMMYwJ7heQ5Y0m40qbkCcWxZlsEI7cN+9QUzTiElDBdG6j1Fi/Iwow6lg85KXapYQOiEj1rdUkohpP1skn8MzqwzgMFb2SQMX6veNjERaz6LQTuY59W8vF//y+qkZNvyMyyQ1TNLloWEqoIlhXgMccMWoETNLCFXcZoV0TBShxpZVsiV8/RT+T+6rFVyroNuLcutyVUcRnIBTcA4wqIMWuAZt0AEUTMEDeALPTuY8Oi/O63K04Kx2jsEPOG+fCQiT7w==</latexit>

L�

Want this mass

to be high!

<latexit sha1_base64="UjikuGzUVU6fOZ98a7rAkg7esJY="></latexit>

O ⇠
y

M2
H

†
Lµ

c
S

<latexit sha1_base64="5qiojXwsk/SUp/Ad1z0CAGeUwWU="></latexit>

O ⇠
y1y2

M
H

†
Lµ

c
S

<latexit sha1_base64="p2tmexqMQ3n/jSjEZXpDK6J7zs0=">AAACBXicbVDLSsNAFL2pr1pfUZe6GCyCq5IUUTdC0Y0boaJ9QFvCZDpph04ezEwKIWTjxl9x40IRt/6DO//GaZuFth64cDjnXu69x404k8qyvo3C0vLK6lpxvbSxubW9Y+7uNWUYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHV1P/NaYCsnC4EElEe35eBAwjxGstOSYhwPnHl2iricwSRPHRolTRWNnmKW3GXLMslWxpkCLxM5JGXLUHfOr2w9J7NNAEY6l7NhWpHopFooRTrNSN5Y0wmSEB7SjaYB9Knvp9IsMHWulj7xQ6AoUmqq/J1LsS5n4ru70sRrKeW8i/ud1YuVd9FIWRLGiAZkt8mKOVIgmkaA+E5QonmiCiWD6VkSGWAeidHAlHYI9//IiaVYr9lnFujst167yOIpwAEdwAjacQw1uoA4NIPAIz/AKb8aT8WK8Gx+z1oKRz+zDHxifP25rl0M=</latexit>

gS =
y1y2vh
M

<latexit sha1_base64="7xiFRLb+A332geZf+R8P47bmV2U=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyUpol6EohcvQkXbCk0Mm+2mXbrZhN1NIYQcvfhXvHhQxKs/wZv/xm2bg7Y+GHi8N8PMPD9mVCrL+jZKC4tLyyvl1cra+sbmlrm905ZRIjBp4YhF4t5HkjDKSUtRxch9LAgKfUY6/vBy7HdGREga8TuVxsQNUZ/TgGKktOSZ+33vFp5DJxAIZyl0hiiOERx5gzy7fqjn0DOrVs2aAM4TuyBVUKDpmV9OL8JJSLjCDEnZta1YuRkSimJG8oqTSBIjPER90tWUo5BIN5s8ksNDrfRgEAldXMGJ+nsiQ6GUaejrzhCpgZz1xuJ/XjdRwZmbUR4ninA8XRQkDKoIjlOBPSoIVizVBGFB9a0QD5DOROnsKjoEe/bledKu1+yTmnVzXG1cFHGUwR44AEfABqegAa5AE7QABo/gGbyCN+PJeDHejY9pa8koZnbBHxifPxVBmMA=</latexit>

gS =
yvh
M2

2. Singlet explanations of (g-2)μ: High-E
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<latexit sha1_base64="+MmzsNgv+haD1kRI9O7BLtgKB7w="></latexit>

gV (µ
†
L�̄

⌫µL + µc�⌫µc†)V⌫

Vector Singlets

<latexit sha1_base64="rMqM17d1Ahw2u2Intcu+5jZM0rk=">AAAB+nicbVC7TsMwFL3hWcorhZHFokJiqhKEgLGChYGhqPQhtSFyXKe1aieR7YCq0k9hYQAhVr6Ejb/BaTNAy5Hu1dE598rXJ0g4U9pxvq2l5ZXVtfXCRnFza3tn1y7tNVWcSkIbJOaxbAdYUc4i2tBMc9pOJMUi4LQVDK8yv/VApWJxdKdHCfUE7kcsZARrI/l2qe/XUR11RerfZP2e+HbZqThToEXi5qQMOWq+/dXtxSQVNNKEY6U6rpNob4ylZoTTSbGbKppgMsR92jE0woIqbzw9fYKOjNJDYSxNRRpN1d8bYyyUGonATAqsB2rey8T/vE6qwwtvzKIk1TQis4fClCMdoywH1GOSEs1HhmAimbkVkQGWmGiTVtGE4M5/eZE0TyruWcW5PS1XL/M4CnAAh3AMLpxDFa6hBg0g8AjP8Apv1pP1Yr1bH7PRJSvf2Yc/sD5/AMobkw4=</latexit>

gSSµLµ
c

Scalar Singlets

Mixing!

<latexit sha1_base64="i9v+/BN9y8pBwsPuhrj6WxKi/04=">AAACIHicbVDLSgMxFM34rPVVdekmWIR2U2ZErBuh6EKXVewDO6Vk0jttaDIzJBmhDPMpbvwVNy4U0Z1+jeljUVsPCRzOuZfkHC/iTGnb/raWlldW19YzG9nNre2d3dzefl2FsaRQoyEPZdMjCjgLoKaZ5tCMJBDhcWh4g6uR33gEqVgY3OthBG1BegHzGSXaSJ1cOXvXSVwRY0jxBXZ9SWjiXhMhSOHB1aFxzCmmsxoGKKadXN4u2WPgReJMSR5NUe3kvtxuSGMBgaacKNVy7Ei3EyI1oxzSrBsriAgdkB60DA2IANVOxgFTfGyULvZDaW6g8Vid3UiIUGooPDMpiO6reW8k/ue1Yu2ftxMWRLGGgE4e8mOOTcpRW7jLJFDNh4YQKpn5K6Z9YkrSptOsKcGZj7xI6icl56xk357mK5fTOjLoEB2hAnJQGVXQDaqiGqLoCb2gN/RuPVuv1of1ORldsqY7B+gPrJ9fNS6iaQ==</latexit>

Rµe =
�(Z ! µµ)

�(Z ! ee)

<latexit sha1_base64="Eo30V6wUMKn9EnTWxxCgV9mZM4I=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1GPRi8cq9gOaEDabSbt0Nwm7m0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZemHGmtON8W5W19Y3Nrep2bWd3b//APjzqqDSXFNo05anshUQBZwm0NdMcepkEIkIO3XB0N/O7Y5CKpcmTnmTgCzJIWMwo0UYKbNuLgGuCH4PCEzmGaWDXnYYzB14lbknqqEQrsL+8KKW5gERTTpTqu06m/YJIzSiHac3LFWSEjsgA+oYmRIDyi/nlU3xmlAjHqTSVaDxXf08URCg1EaHpFEQP1bI3E//z+rmOb/yCJVmuIaGLRXHOsU7xLAYcMQlU84khhEpmbsV0SCSh2oRVMyG4yy+vks5Fw71qOA+X9eZtGUcVnaBTdI5cdI2a6B61UBtRNEbP6BW9WYX1Yr1bH4vWilXOHKM/sD5/AAP/k0I=</latexit>

�Rµe

<latexit sha1_base64="QXSo1sgKIOzfBDiAe7uqjVF/Vj4=">AAACGXicbVDLSgMxFM3UV62vUZdugkVwVWaKqMuiGzdCFfuATjtk0jttaOZBkimUYX7Djb/ixoUiLnXl35i2s9DWAwmHc+4lOceLOZPKsr6Nwsrq2vpGcbO0tb2zu2fuHzRllAgKDRrxSLQ9IoGzEBqKKQ7tWAAJPA4tb3Q99VtjEJJF4YOaxNANyCBkPqNEack1LacPXBF876ZOkGDIsBOLKFYRdnxBaDpx7V4Vj91hr5qlt/pyzbJVsWbAy8TOSRnlqLvmp9OPaBJAqCgnUnZsK1bdlAjFKIes5CQSYkJHZAAdTUMSgOyms2QZPtFKH/uR0CdUeKb+3khJIOUk8PRkQNRQLnpT8T+vkyj/spuyME4UhHT+kJ9wrINPa8J9JoAqPtGEUMH0XzEdEt2I0mWWdAn2YuRl0qxW7POKdXdWrl3ldRTRETpGp8hGF6iGblAdNRBFj+gZvaI348l4Md6Nj/lowch3DtEfGF8/nregDQ==</latexit>

�Rµe /
y21v

2
h

M2

<latexit sha1_base64="NCJRxm9jd7mEMkW/lqygy8Dem8Q="></latexit>

�Rµe /
g2V
16⇡2

m2
Z

m2
V

Cloop

<latexit sha1_base64="GbDYOwiDluh33/CCKK9bwzFMYDI="></latexit>

L � �y1LH
†
�
c � y2µ

c
�S

<latexit sha1_base64="TJyGmEiHhqSsnCdZ1+J4Gwu7DFU=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIifeyKbly4qGBtoTMMmTRtQzOZIckUytA/ceNCEbf+iTv/xkxbQUUPBA7n3Ms9OWEiuDYIfTiFtfWNza3idmlnd2//wD08utdxqijr0FjEqhcSzQSXrGO4EayXKEaiULBuOLnK/e6UKc1jeWdmCfMjMpJ8yCkxVgpc14uIGVMispt54NExD9wyqiCEMMYwJ7heQ5Y0m40qbkCcWxZlsEI7cN+9QUzTiElDBdG6j1Fi/Iwow6lg85KXapYQOiEj1rdUkohpP1skn8MzqwzgMFb2SQMX6veNjERaz6LQTuY59W8vF//y+qkZNvyMyyQ1TNLloWEqoIlhXgMccMWoETNLCFXcZoV0TBShxpZVsiV8/RT+T+6rFVyroNuLcutyVUcRnIBTcA4wqIMWuAZt0AEUTMEDeALPTuY8Oi/O63K04Kx2jsEPOG+fCQiT7w==</latexit>

L�

2. Singlet explanations of (g-2)μ: High-E
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Mixing!

Loops!

SM@LO (solid)

LEP (dashed)δRμe = 0.3%
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R
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δR
μe

[%
]

<latexit sha1_base64="+MmzsNgv+haD1kRI9O7BLtgKB7w="></latexit>

gV (µ
†
L�̄

⌫µL + µc�⌫µc†)V⌫

Vector Singlets

<latexit sha1_base64="rMqM17d1Ahw2u2Intcu+5jZM0rk=">AAAB+nicbVC7TsMwFL3hWcorhZHFokJiqhKEgLGChYGhqPQhtSFyXKe1aieR7YCq0k9hYQAhVr6Ejb/BaTNAy5Hu1dE598rXJ0g4U9pxvq2l5ZXVtfXCRnFza3tn1y7tNVWcSkIbJOaxbAdYUc4i2tBMc9pOJMUi4LQVDK8yv/VApWJxdKdHCfUE7kcsZARrI/l2qe/XUR11RerfZP2e+HbZqThToEXi5qQMOWq+/dXtxSQVNNKEY6U6rpNob4ylZoTTSbGbKppgMsR92jE0woIqbzw9fYKOjNJDYSxNRRpN1d8bYyyUGonATAqsB2rey8T/vE6qwwtvzKIk1TQis4fClCMdoywH1GOSEs1HhmAimbkVkQGWmGiTVtGE4M5/eZE0TyruWcW5PS1XL/M4CnAAh3AMLpxDFa6hBg0g8AjP8Apv1pP1Yr1bH7PRJSvf2Yc/sD5/AMobkw4=</latexit>

gSSµLµ
c

Scalar Singlets

2. Singlet explanations of (g-2)μ: High-E
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Improved measurement 
of Z decay modes at 
FCC-ee will move the 

vertical lines to the left!

Top-left exclusion regions 
will increase at higher 

energy hadron colliders 
like FCC-hh

Preliminary!

LHC

HL-LHC

3+4μ (LHC) Z→
μμ

(L
E
P
)

Scalar
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10-1
100
101
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ℒ
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M [TeV]

<latexit sha1_base64="rMqM17d1Ahw2u2Intcu+5jZM0rk=">AAAB+nicbVC7TsMwFL3hWcorhZHFokJiqhKEgLGChYGhqPQhtSFyXKe1aieR7YCq0k9hYQAhVr6Ejb/BaTNAy5Hu1dE598rXJ0g4U9pxvq2l5ZXVtfXCRnFza3tn1y7tNVWcSkIbJOaxbAdYUc4i2tBMc9pOJMUi4LQVDK8yv/VApWJxdKdHCfUE7kcsZARrI/l2qe/XUR11RerfZP2e+HbZqThToEXi5qQMOWq+/dXtxSQVNNKEY6U6rpNob4ylZoTTSbGbKppgMsR92jE0woIqbzw9fYKOjNJDYSxNRRpN1d8bYyyUGonATAqsB2rey8T/vE6qwwtvzKIk1TQis4fClCMdoywH1GOSEs1HhmAimbkVkQGWmGiTVtGE4M5/eZE0TyruWcW5PS1XL/M4CnAAh3AMLpxDFa6hBg0g8AjP8Apv1pP1Yr1bH7PRJSvf2Yc/sD5/AMobkw4=</latexit>

gSSµLµ
c

Scalar Singlets

<latexit sha1_base64="GbDYOwiDluh33/CCKK9bwzFMYDI="></latexit>

L � �y1LH
†
�
c � y2µ

c
�S

<latexit sha1_base64="TJyGmEiHhqSsnCdZ1+J4Gwu7DFU=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIifeyKbly4qGBtoTMMmTRtQzOZIckUytA/ceNCEbf+iTv/xkxbQUUPBA7n3Ms9OWEiuDYIfTiFtfWNza3idmlnd2//wD08utdxqijr0FjEqhcSzQSXrGO4EayXKEaiULBuOLnK/e6UKc1jeWdmCfMjMpJ8yCkxVgpc14uIGVMispt54NExD9wyqiCEMMYwJ7heQ5Y0m40qbkCcWxZlsEI7cN+9QUzTiElDBdG6j1Fi/Iwow6lg85KXapYQOiEj1rdUkohpP1skn8MzqwzgMFb2SQMX6veNjERaz6LQTuY59W8vF//y+qkZNvyMyyQ1TNLloWEqoIlhXgMccMWoETNLCFXcZoV0TBShxpZVsiV8/RT+T+6rFVyroNuLcutyVUcRnIBTcA4wqIMWuAZt0AEUTMEDeALPTuY8Oi/O63K04Kx2jsEPOG+fCQiT7w==</latexit>

L�

2. Singlet explanations of (g-2)μ: High-E
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Preliminary!
<latexit sha1_base64="+MmzsNgv+haD1kRI9O7BLtgKB7w="></latexit>

gV (µ
†
L�̄

⌫µL + µc�⌫µc†)V⌫

Vector Singlets

LHC

HL-LHC

3+4μ
(LHC

)
Z→

μμ
(L
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)
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Direct production of the singlet

Reasonable to assume ?

µ+

Rodolfo Capdevilla, Perimeter Institute and University of Toronto

Dominant decay mode

• Singlet scenarios

2. Singlet explanations of (g-2)μ: High-E
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Low E Experiments

A 3 TeV Muon Collider 
can probe all Singlet 
explanations for g-2

Rodolfo Capdevilla, Perimeter Institute and University of Toronto

“Singlet scenarios”

Capdevilla, Curtin, Kahn, Krnjaic, 
ArXiv:2006.16277 
ArXiv:2101.10334

<latexit sha1_base64="rMqM17d1Ahw2u2Intcu+5jZM0rk=">AAAB+nicbVC7TsMwFL3hWcorhZHFokJiqhKEgLGChYGhqPQhtSFyXKe1aieR7YCq0k9hYQAhVr6Ejb/BaTNAy5Hu1dE598rXJ0g4U9pxvq2l5ZXVtfXCRnFza3tn1y7tNVWcSkIbJOaxbAdYUc4i2tBMc9pOJMUi4LQVDK8yv/VApWJxdKdHCfUE7kcsZARrI/l2qe/XUR11RerfZP2e+HbZqThToEXi5qQMOWq+/dXtxSQVNNKEY6U6rpNob4ylZoTTSbGbKppgMsR92jE0woIqbzw9fYKOjNJDYSxNRRpN1d8bYyyUGonATAqsB2rey8T/vE6qwwtvzKIk1TQis4fClCMdoywH1GOSEs1HhmAimbkVkQGWmGiTVtGE4M5/eZE0TyruWcW5PS1XL/M4CnAAh3AMLpxDFa6hBg0g8AjP8Apv1pP1Yr1bH7PRJSvf2Yc/sD5/AMobkw4=</latexit>

gSSµLµ
c <latexit sha1_base64="+MmzsNgv+haD1kRI9O7BLtgKB7w="></latexit>

gV (µ
†
L�̄

⌫µL + µc�⌫µc†)V⌫

Scalar Singlets Vector Singlets

Luminosity goal 
for a 3 TeV MuC

2. Singlet explanations of (g-2)μ: High-E
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Preliminary!



Thanks!

Rodolfo Capdevilla, Perimeter Institute and University of Toronto


