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Field theories
Dynamic variables

Two main ingredients:

SM fields
EW gauge bosons
QCD gauge bosons
Dirac spinors

Higgs scalar

SM symmetries

Lorentz symmetry
Gauge symmetry

Other global symmetries

CPT symmetry

Symmetries



Beyond the SM
Electrodynamics:

Standard Model:

Fundamental description: • Planck Scale

• Lorentz violation?

EW symmetry breaking

+ electroweak stuff

Deviations from 
SM observables

Not perfect, but 
our best theory 
so far!!!

• Dynamic variables and symmetries

+ LV stuff, perhaps?



Observer VS particle
The gravitational linear potential:*
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Same 
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New 
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Invariant

Non invariant

*Jay D. Tasson, What do we know about Lorentz invariance?, Rep. Prog. Phys. 77 062901 (2014).



The Lorentz-violating SME
Effective Lagrangian:

SM dynamic variables
SM symmetries

Effects from high energies
Deviations in SM observables

Renormalizable or minimal SME: mass units
Non-renormalizable SME: mass units

The SM Lagrangian

Lorentz-violating terms:

OT:

PT:

Novel phenomena

Background fields
Field content
Transformations:

Non-invariant!

Invariant!



• Antisymmetric (spacetime)

The Yukawa sector*
• Leptons LSME
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SSB + unitary gauge

• Quarks

• Biunitary transformation:

• Mass eigenspinors
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• Higgs field, H

* D. Colladay and V. A. Kostelecky, Lorentz-violating extension of the standard model, Phys. Rev. D 58, 116002 (1998).



• Two-point insertionVertices:
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eAB , bAB
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H• Three-point vertex
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• Off-shell photon

• Electromagnetic moments:
• Several more terms with Lorentz violation

Contributions to EMMs
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• Lorentz invariant contributions
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Contributing diagrams
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Three-point vertices and two-point insertions

Always a virtual Higgs-boson line



Contributing diagrams
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Only two-point insertions

• Dominant contributions from virtual-photon diagrams



The calculation
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• Full contribution:

• AMMs             and EDMs
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• UV-finite electromagnetic moments

• Ward identity

• Passarino-Veltman tensor-reduction method
• Unitary gauge No pseudo-Goldstones

• Mathematica, Feyncalc, and Package-X

• Diagonal electromagnetic form factors



The calculation

• Dominant contributions

• IR divergences remain To be canceled from cross section

A (  )q

fA fA

A A
B B

A
A

B
A

AA B
A

<latexit sha1_base64="n7jqJsErWXQvBJwTTF57KBWiJrU=">AAACH3icbVBNS8NAFNz4bfyKevQSLEJPJRFRDwpFLx4rWBWaUDbbl3Zxswm7L0II/TH6Z/Qgot76b9zWCGod9jA7M/vYN1EmuEbPG1kzs3PzC4tLy/bK6tr6hrO5da3TXDFos1Sk6jaiGgSX0EaOAm4zBTSJBNxEd+dj/+YelOapvMIigzChfcljzigaqeucnAY6T7pndiAgxrodRNDnsqRK0WJYsqEdBN8HZK/S7UDx/gAbXafmNbwJ3GniV6RGKrS6zkvQS1megEQmqNYd38swNFORMwFmbq4ho+yO9qFjqKQJ6LCcbDl09+JUuTgAd3L/mS1ponWRRCaTUBzov95Y/M/r5BgfhyWXWY4gmYkYL86Fi6k7LsvtcQUMRWEIZYqbX7psQBVlaCq1zfr+32WnyfV+wz9sHFwe1JpnVRFLZIfskjrxyRFpkgvSIm3CyCN5Ju/kw3qwnqxX6+0rOmNVb7bJL1ijT3TXofI=</latexit>

=
X

B

0

@ <latexit sha1_base64="VMtaHDB0Y1OV1vjwyVQ+3JMIOe8=">AAAB4nicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRoq6LLpx2YL9gXYomfROG5rMDElGKENfQFei7nwkX8C3Ma2z0Naz+nLPCdxzg0RwbVz3yymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrbkA1Ch5hy3AjsJsopDIQ2Akmd3O/84hK8zh6MNMEfUlHEQ85o8aOmheDcsWtuguRVfByqECuxqD82R/GLJUYGSao1j3PTYyfUWU4Ezgr9VONCWUTOsKexYhK1H62WHRGzsJYETNGsnj/zmZUaj2Vgc1IasZ62ZsP//N6qQlv/IxHSWowYjZivTAVxMRk3pcMuUJmxNQCZYrbLQkbU0WZsVcp2frectlVaF9WvatqrVmr1G/zQxThBE7hHDy4hjrcQwNawADhGd7g3Rk6T86L8/oTLTj5n2P4I+fjG2tBik0=</latexit>

+
<latexit sha1_base64="VMtaHDB0Y1OV1vjwyVQ+3JMIOe8=">AAAB4nicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRoq6LLpx2YL9gXYomfROG5rMDElGKENfQFei7nwkX8C3Ma2z0Naz+nLPCdxzg0RwbVz3yymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrbkA1Ch5hy3AjsJsopDIQ2Akmd3O/84hK8zh6MNMEfUlHEQ85o8aOmheDcsWtuguRVfByqECuxqD82R/GLJUYGSao1j3PTYyfUWU4Ezgr9VONCWUTOsKexYhK1H62WHRGzsJYETNGsnj/zmZUaj2Vgc1IasZ62ZsP//N6qQlv/IxHSWowYjZivTAVxMRk3pcMuUJmxNQCZYrbLQkbU0WZsVcp2frectlVaF9WvatqrVmr1G/zQxThBE7hHDy4hjrcQwNawADhGd7g3Rk6T86L8/oTLTj5n2P4I+fjG2tBik0=</latexit>

+

<latexit sha1_base64="Sawbm4sYa15eEj9JHz9tS82vNbE=">AAACHnicbVBNS8NAFNz4bfyKevQSLIIilESKCl5ELx4VrApNKZvNS7q42YTdF6GE/hf9M3pR1Jv+G7c1grYOe5idmX3smzAXXKPnfVoTk1PTM7Nz8/bC4tLyirO6dqWzQjFoskxk6iakGgSX0ESOAm5yBTQNBVyHt6cD//oOlOaZvMReDu2UJpLHnFE0Usc5CgTEWLeDEBIuS6oU7fVL1reD4OeAjCrdDhRPurizG7AoQ91xal7dG8IdJ35FaqTCecd5DqKMFSlIZIJq3fK9HNtmOHImwIwvNOSU3dIEWoZKmoJul8Ml++5WnCkXu+AO77+zJU217qWhyaQUu3rUG4j/ea0C48N2yWVeIEhmIsaLC+Fi5g66ciOugKHoGUKZ4uaXLutSRRmaRm2zvj+67Di52qv7+/XGRaN2fFIVMUc2yCbZJj45IMfkjJyTJmHkgTyRN/Ju3VuP1ov1+h2dsKo36+QPrI8vWwih9A==</latexit>1

A+ · · ·

The contributions:
<latexit sha1_base64="I2D+8uDN0l74VrlNt3kuTUywWzM="></latexit>

aSME
A =

X

B

⇥
ãAB

�
|Re eAB |2 + |RebAB |2

�

+ âAB

�
|Im eAB |2 + |ImbAB |2

�⇤

<latexit sha1_base64="zLgHaoU0ZuDKEbsrIWjiOEenIts="></latexit>

dSME
A =

X

B

d̃AB

�
|Re eAB ||ImbAB |+ |RebAB ||Im eAB |

�



IR divergences

<latexit sha1_base64="VjekK62b4a3WGkfmrUQUW5xew8o="></latexit>

dSME
A =

e3v2

4⇡2m3
A

⇣
�IR + log

µ2

m2
A

⌘
|Im eAA||RebAA|+ IR finite

<latexit sha1_base64="fWh3SPr/nZYuXG4dD4vIKn5gKrI="></latexit>

aSME
A =

e3v2

2⇡2m2
A

⇣
�IR + log

µ2

m2
A

⌘�
|Re eAA|2 + |RebAA|2

�
+ IR finite

• IR divergences

• Contributions are not observables

Forthcoming work: cancelation of IR divergences at cross-section level

<latexit sha1_base64="h0zWCcXKULGFEEQUB009v8AjBuc=">AAAB7HicbZC9TsMwFIWd8lfKX4GRxaJCYqoSVAFjBQtjQfRHSqPKcW8aq44d2Q6oivoWMCFg42l4Ad4Gt2SAljN9vudYuueGKWfauO6XU1pZXVvfKG9WtrZ3dveq+wcdLTNFoU0ll6oXEg2cCWgbZjj0UgUkCTl0w/H1zO8+gNJMinszSSFIyEiwiFFi7Mjv37FRbIhS8nFQrbl1dy68DF4BNVSoNah+9oeSZgkIQznR2vfc1AQ5UYZRDtNKP9OQEjomI/AtCpKADvL5ylN8EkmFTQx4/v6dzUmi9SQJbSYhJtaL3mz4n+dnJroMcibSzICgNmK9KOPYSDxrjodMATV8YoFQxeyWmMZEEWrsfSq2vrdYdhk6Z3XvvN64bdSaV8UhyugIHaNT5KEL1EQ3qIXaiCKJntEbeneE8+S8OK8/0ZJT/DlEf+R8fANwf48L</latexit>) IR finite 
cross section

Soft final-state photon

IR divergent

<latexit sha1_base64="VMtaHDB0Y1OV1vjwyVQ+3JMIOe8=">AAAB4nicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRoq6LLpx2YL9gXYomfROG5rMDElGKENfQFei7nwkX8C3Ma2z0Naz+nLPCdxzg0RwbVz3yymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrbkA1Ch5hy3AjsJsopDIQ2Akmd3O/84hK8zh6MNMEfUlHEQ85o8aOmheDcsWtuguRVfByqECuxqD82R/GLJUYGSao1j3PTYyfUWU4Ezgr9VONCWUTOsKexYhK1H62WHRGzsJYETNGsnj/zmZUaj2Vgc1IasZ62ZsP//N6qQlv/IxHSWowYjZivTAVxMRk3pcMuUJmxNQCZYrbLQkbU0WZsVcp2frectlVaF9WvatqrVmr1G/zQxThBE7hHDy4hjrcQwNawADhGd7g3Rk6T86L8/oTLTj5n2P4I+fjG2tBik0=</latexit>

+
<latexit sha1_base64="VMtaHDB0Y1OV1vjwyVQ+3JMIOe8=">AAAB4nicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRoq6LLpx2YL9gXYomfROG5rMDElGKENfQFei7nwkX8C3Ma2z0Naz+nLPCdxzg0RwbVz3yymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrbkA1Ch5hy3AjsJsopDIQ2Akmd3O/84hK8zh6MNMEfUlHEQ85o8aOmheDcsWtuguRVfByqECuxqD82R/GLJUYGSao1j3PTYyfUWU4Ezgr9VONCWUTOsKexYhK1H62WHRGzsJYETNGsnj/zmZUaj2Vgc1IasZ62ZsP//N6qQlv/IxHSWowYjZivTAVxMRk3pcMuUJmxNQCZYrbLQkbU0WZsVcp2frectlVaF9WvatqrVmr1G/zQxThBE7hHDy4hjrcQwNawADhGd7g3Rk6T86L8/oTLTj5n2P4I+fjG2tBik0=</latexit>

+
<latexit sha1_base64="VMtaHDB0Y1OV1vjwyVQ+3JMIOe8=">AAAB4nicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRoq6LLpx2YL9gXYomfROG5rMDElGKENfQFei7nwkX8C3Ma2z0Naz+nLPCdxzg0RwbVz3yymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrbkA1Ch5hy3AjsJsopDIQ2Akmd3O/84hK8zh6MNMEfUlHEQ85o8aOmheDcsWtuguRVfByqECuxqD82R/GLJUYGSao1j3PTYyfUWU4Ezgr9VONCWUTOsKexYhK1H62WHRGzsJYETNGsnj/zmZUaj2Vgc1IasZ62ZsP//N6qQlv/IxHSWowYjZivTAVxMRk3pcMuUJmxNQCZYrbLQkbU0WZsVcp2frectlVaF9WvatqrVmr1G/zQxThBE7hHDy4hjrcQwNawADhGd7g3Rk6T86L8/oTLTj5n2P4I+fjG2tBik0=</latexit>

+

• Soft final-state photon

• IR divergent



SM quarks
<latexit sha1_base64="Uoq6lXzy1sx9gGeRhtzGK+meF0U=">AAACBHicbVDLSsNAFJ34rPUVdekmWgQ3lkSLuhGKblxWsA9oS7iZ3rRDJw9mJkIJ2erP6ErUnV/gD/g3TtsstPWszrnnDMw5XsyZVLb9bSwsLi2vrBbWiusbm1vb5s5uQ0aJoFinEY9EywOJnIVYV0xxbMUCIfA4Nr3hzdhvPqCQLArv1SjGbgD9kPmMgtIn1zwAN77q+AJoWsnSswzc5GQqnansuWbJLtsTWPPEyUmJ5Ki55lenF9EkwFBRDlK2HTtW3RSEYpRjVuwkEmOgQ+hjW9MQApTddFIls478SFhqgNZE/86mEEg5CjydCUAN5Kw3Pv7ntRPlX3ZTFsaJwpDqiPb8hFsqssaLWD0mkCo+0gSoYPqXFh2AnkDp3Yq6vjNbdp40TsvOeblyVylVr/MhCmSfHJJj4pALUiW3pEbqhJIn8kLeyYfxaDwbr8bbNLpg5G/2yB8Ynz/JK5gh</latexit>

ap =
4

3
au � 1

3
ad

• Proton magnetic moment:

• Current measurement*:
<latexit sha1_base64="ISJ9Wfd+dMN0gi84WtGXSh3rNiQ=">AAAB/3icbVBLS8NAGNzUV62vqEc9BItQQUJSQ1sPQtGLJ6lgH9CEsNlu2qWbB7sboYQe9M/oSdSb/8E/4L9xU3PQ1jnNzszCN+PFlHBhGF9KYWl5ZXWtuF7a2Nza3lF39zo8ShjCbRTRiPU8yDElIW4LIijuxQzDwKO4642vMr97jxknUXgnJjF2AjgMiU8QFFJy1UM7SNz4oqrXz6sNq35mWbVK48Q+zeQbVy0bujGDtkjMnJRBjparftqDCCUBDgWikPO+acTCSSETBFE8LdkJxzFEYzjEfUlDGGDupLMWU+3Yj5gmRlibvX9nUxhwPgk8mQmgGPF5LxP/8/qJ8BtOSsI4EThEMiI9P6GaiLRsDG1AGEaCTiSBiBF5pYZGkEEk5GQlWd+cL7tIOlXdrOnWrVVuXuZDFMEBOAIVYII6aIJr0AJtgMAjeAZv4F15UJ6UF+X1J1pQ8j/74A+Uj29/AZMd</latexit>

µp = 2.7928473446(8)µN

• Error          Bounds on SME
<latexit sha1_base64="h0zWCcXKULGFEEQUB009v8AjBuc=">AAAB7HicbZC9TsMwFIWd8lfKX4GRxaJCYqoSVAFjBQtjQfRHSqPKcW8aq44d2Q6oivoWMCFg42l4Ad4Gt2SAljN9vudYuueGKWfauO6XU1pZXVvfKG9WtrZ3dveq+wcdLTNFoU0ll6oXEg2cCWgbZjj0UgUkCTl0w/H1zO8+gNJMinszSSFIyEiwiFFi7Mjv37FRbIhS8nFQrbl1dy68DF4BNVSoNah+9oeSZgkIQznR2vfc1AQ5UYZRDtNKP9OQEjomI/AtCpKADvL5ylN8EkmFTQx4/v6dzUmi9SQJbSYhJtaL3mz4n+dnJroMcibSzICgNmK9KOPYSDxrjodMATV8YoFQxeyWmMZEEWrsfSq2vrdYdhk6Z3XvvN64bdSaV8UhyugIHaNT5KEL1EQ3qIXaiCKJntEbeneE8+S8OK8/0ZJT/DlEf+R8fANwf48L</latexit>)

• Up quark AMM

• Down quark AMM

• Most restrictive bounds 
<latexit sha1_base64="a47CyUdEAYawMkr7lV4Ul4Xq6uc=">AAAB7XicbZDNTgIxFIU7+If4h7p000hM3EimhqhLohuXmMhPwiDplDvQ0E4nbceETHgMXRl158v4Ar6NBWeh4Fl9vec0ueeGieDG+v6XV1hZXVvfKG6WtrZ3dvfK+wcto1LNoMmUULoTUgOCx9C03AroJBqoDAW0w/HNzG8/gjZcxfd2kkBP0mHMI86odaMgMFwS/yE7I2TaL1f8qj8XXgaSQwXlavTLn8FAsVRCbJmgxnSJn9heRrXlTMC0FKQGEsrGdAhdhzGVYHrZfOcpPomUxnYEeP7+nc2oNGYiQ5eR1I7Mojcb/ud1Uxtd9TIeJ6mFmLmI86JUYKvwrDoecA3MiokDyjR3W2I2opoy6w5UcvXJYtllaJ1XyUW1dler1K/zQxTRETpGp4igS1RHt6iBmoihBD2jN/TuKe/Je/Fef6IFL/9ziP7I+/gGsQCOew==</latexit>

⇠ 10�11

• Access to 2nd and 3rd quark families

*G. Schneider et al., Double-trap measurement of the proton magnetic moment at 0.3 parts per billion precision, Science 
358, 1081 (2017). 



SM quarks
• Neutron EDM:

• Down quark EDM

• Up quark EDM

<latexit sha1_base64="ULo1i3FKhUN2J+qRD3972BtWSzk=">AAACBHicbVC9TsMwGHT4LeUvwMgSqJBYqBKogAWpgoWxSPRHaqPIcb60Vh0nsh2kKsoKLwMTAjaegBfgbXDbDNBy0913Z8l3fsKoVLb9bSwsLi2vrJbWyusbm1vb5s5uS8apINAkMYtFx8cSGOXQVFQx6CQCcOQzaPvDm7HffgAhaczv1SgBN8J9TkNKsNInzzwIPH7VCwUmWS3PzvLAC06m0pnK1DMrdtWewJonTkEqqEDDM796QUzSCLgiDEvZdexEuRkWihIGebmXSkgwGeI+dDXlOALpZpMquXUUxsJSA7Am+nc2w5GUo8jXmQirgZz1xsf/vG6qwks3ozxJFXCiI9oLU2ap2BovYgVUAFFspAkmgupfWmSA9QRK71bW9Z3ZsvOkdVp1zqu1u1qlfl0MUUL76BAdIwddoDq6RQ3URAQ9oRf0jj6MR+PZeDXeptEFo3izh/7A+PwB0vuYKA==</latexit>

dn =
4

3
dd �

1

3
du

• Most restrictive bound 

• Access to 2nd and 3rd quark families

Bounds on SME
<latexit sha1_base64="h0zWCcXKULGFEEQUB009v8AjBuc=">AAAB7HicbZC9TsMwFIWd8lfKX4GRxaJCYqoSVAFjBQtjQfRHSqPKcW8aq44d2Q6oivoWMCFg42l4Ad4Gt2SAljN9vudYuueGKWfauO6XU1pZXVvfKG9WtrZ3dveq+wcdLTNFoU0ll6oXEg2cCWgbZjj0UgUkCTl0w/H1zO8+gNJMinszSSFIyEiwiFFi7Mjv37FRbIhS8nFQrbl1dy68DF4BNVSoNah+9oeSZgkIQznR2vfc1AQ5UYZRDtNKP9OQEjomI/AtCpKADvL5ylN8EkmFTQx4/v6dzUmi9SQJbSYhJtaL3mz4n+dnJroMcibSzICgNmK9KOPYSDxrjodMATV8YoFQxeyWmMZEEWrsfSq2vrdYdhk6Z3XvvN64bdSaV8UhyugIHaNT5KEL1EQ3qIXaiCKJntEbeneE8+S8OK8/0ZJT/DlEf+R8fANwf48L</latexit>)

• Current bound*:
<latexit sha1_base64="8aqwEcLmOPDrLzCwk489+oUWqiU=">AAACCnicbVC7TgMxEPTxDOF1QEljESEoILqLEKSgiKChDBIJSLkQ+ZwNsWLfnew9pOiSP4CfgQoBHSU/wN/ghBS8pprdmZU9EyZSGPS8D2dqemZ2bj63kF9cWl5ZddfW6yZONYcaj2Wsr0JmQIoIaihQwlWigalQwmXYOx3pl7egjYijC+wn0FTsJhIdwRnaVcvdGbRb0eDYL5YDFAqM711n+6XDYbAHAW/HmAVaUa6GLbfgFb0x6F/iT0iBTFBtue9BO+apggi5ZMY0fC/BZsY0Ci5hmA9SAwnjPXYDDUsjZh9vZuNAQ7rdiTXFLtDx/N2bMWVMX4XWoxh2zW9ttPxPa6TYKTczESUpQsStxWqdVFKM6agX2hYaOMq+JYxrYX9JeZdpxtG2l7fx/d9h/5J6qegfFg/ODwqVk0kRObJJtsgu8ckRqZAzUiU1wsk9eSQv5NW5cx6cJ+f5yzrlTG42yA84b5/U9Jmr</latexit>

|dn| < 1.8⇥ 10�26 e · cm

<latexit sha1_base64="oS6ToiY3V95VG6lZOMBDw1+rQbU=">AAAB7XicbZDNTgIxFIXv+Iv4h7p000hM3EhmCFGXRDcuMZGfhBlJp1ygoTOdtB0TMuExdGXUnS/jC/g2FpyFgmf19Z7T5J4bJoJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdkGoUPMam4UZgJ1FIo1BgOxzfzPz2IyrNZXxvJgkGER3GfMAZNXbk+5pHnvuQnXvVaa9UdivuXGQZvBzKkKvRK336fcnSCGPDBNW667mJCTKqDGcCp0U/1ZhQNqZD7FqMaYQ6yOY7T8npQCpiRkjm79/ZjEZaT6LQZiJqRnrRmw3/87qpGVwFGY+T1GDMbMR6g1QQI8msOulzhcyIiQXKFLdbEjaiijJjD1S09b3FssvQqla8i0rtrlauX+eHKMAxnMAZeHAJdbiFBjSBQQLP8AbvjnSenBfn9Se64uR/juCPnI9vsn+OfA==</latexit>

⇠ 10�12

*P. J. Mohr, D. B. Newell, and B. N. Taylor, CODATA recommended values of the fundamental physical constants: 2014, 
Rev. Mod. Phys. 88, 035009 (2016). 



• Tau AMM

SM charged leptons
• Electron AMM*

• Most restrictive bounds 
<latexit sha1_base64="a47CyUdEAYawMkr7lV4Ul4Xq6uc=">AAAB7XicbZDNTgIxFIU7+If4h7p000hM3EimhqhLohuXmMhPwiDplDvQ0E4nbceETHgMXRl158v4Ar6NBWeh4Fl9vec0ueeGieDG+v6XV1hZXVvfKG6WtrZ3dvfK+wcto1LNoMmUULoTUgOCx9C03AroJBqoDAW0w/HNzG8/gjZcxfd2kkBP0mHMI86odaMgMFwS/yE7I2TaL1f8qj8XXgaSQwXlavTLn8FAsVRCbJmgxnSJn9heRrXlTMC0FKQGEsrGdAhdhzGVYHrZfOcpPomUxnYEeP7+nc2oNGYiQ5eR1I7Mojcb/ud1Uxtd9TIeJ6mFmLmI86JUYKvwrDoecA3MiokDyjR3W2I2opoy6w5UcvXJYtllaJ1XyUW1dler1K/zQxTRETpGp4igS1RHt6iBmoihBD2jN/TuKe/Je/Fef6IFL/9ziP7I+/gGsQCOew==</latexit>

⇠ 10�11

• Muon AMM**

Poor bounds
<latexit sha1_base64="h0zWCcXKULGFEEQUB009v8AjBuc=">AAAB7HicbZC9TsMwFIWd8lfKX4GRxaJCYqoSVAFjBQtjQfRHSqPKcW8aq44d2Q6oivoWMCFg42l4Ad4Gt2SAljN9vudYuueGKWfauO6XU1pZXVvfKG9WtrZ3dveq+wcdLTNFoU0ll6oXEg2cCWgbZjj0UgUkCTl0w/H1zO8+gNJMinszSSFIyEiwiFFi7Mjv37FRbIhS8nFQrbl1dy68DF4BNVSoNah+9oeSZgkIQznR2vfc1AQ5UYZRDtNKP9OQEjomI/AtCpKADvL5ylN8EkmFTQx4/v6dzUmi9SQJbSYhJtaL3mz4n+dnJroMcibSzICgNmK9KOPYSDxrjodMATV8YoFQxeyWmMZEEWrsfSq2vrdYdhk6Z3XvvN64bdSaV8UhyugIHaNT5KEL1EQ3qIXaiCKJntEbeneE8+S8OK8/0ZJT/DlEf+R8fANwf48L</latexit>)

<latexit sha1_base64="NZi/20tK/nyMGOc2MasKEcTeeN0=">AAACBnicbVDLTgJBEJzFF+IL9ehlIjHBA2SXEORiQtSDR0zkkQCS2aGBCbOPzPSakA13/Rk9GfXmB/gD/o0DclCwTtVd1ZmpckMpNNr2l5VYWV1b30hupra2d3b30vsHdR1EikONBzJQTZdpkMKHGgqU0AwVMM+V0HBHl1O9cQ9Ki8C/xXEIHY8NfNEXnKFZddOZ9hVIZJR14Tzn5O1S1i4XTtsoPNCOfRfnnMLEuOy8PQNdJs6cZMgc1W76s90LeOSBj1wyrVuOHWInZgoFlzBJtSMNIeMjNoCWoT4zj3XiWZgJPekHiuIQ6Gz+7Y2Zp/XYc43HYzjUi9p0+Z/WirBf7sTCDyMEnxuL0fqRpBjQaSe0JxRwlGNDGFfC/JLyIVOMo2kuZeI7i2GXSb2Qd0r54k0xU7mYF5EkR+SYZIlDzkiFXJMqqRFOHskzeSPv1oP1ZL1Yrz/WhDW/OSR/YH18A8vNlhE=</latexit>

�ae = �1.06(082)⇥ 10�12

<latexit sha1_base64="4Qb5Aaf/A9ACQWJZhFQ9pYVg+pg=">AAACBXicbVDLTgJBEJz1ifhCPXqZSEzwINklxMfBhKgHj5oImLC4mR16ZcLsIzO9JmTDWX9GT0a9+QP+gH/jgBwUrFN1V3VmqvxECo22/WXNzM7NLyzmlvLLK6tr64WNzYaOU8WhzmMZqxufaZAigjoKlHCTKGChL6Hp986GevMelBZxdI39BNohu4tEIDhDs/IKO+45SGSUeW6YnlSqx6Wjwz0XRQjasW+zfccZeIWiXbZHoNPEGZMiGePSK3y6nZinIUTIJdO65dgJtjOmUHAJg7ybakgY77E7aBkaMfNYOxtlGdDdIFYUu0BH829vxkKt+6FvPCHDrp7Uhsv/tFaKwVE7E1GSIkTcWIwWpJJiTIeV0I5QwFH2DWFcCfNLyrtMMY6muLyJ70yGnSaNStk5KFevqsXa6biIHNkmO6REHHJIauSCXJI64eSRPJM38m49WE/Wi/X6Y52xxjdb5A+sj28wl5Zh</latexit>

�aµ = 249(87)⇥ 10�11

*T. Aoyama, M. Hayakawa, T. Kinoshita, and M. Nio, Tenth-Order QED Contribution to the Electron g−2 and an Improved 
Value of the Fine Structure Constant, Phys. Rev. Lett. 109, 111807 (2012). 

**T. Aoyama, M. Hayakawa, T. Kinoshita, and M. Nio, Complete Tenth-Order QED Contribution to the Muon g−2, Phys. Rev. 
Lett. 109, 111808 (2012). 



SM charged leptons

• Tau EDM

• Electron EDM*

• Most restrictive bounds 

• Muon EDM**

Poor bounds
<latexit sha1_base64="h0zWCcXKULGFEEQUB009v8AjBuc=">AAAB7HicbZC9TsMwFIWd8lfKX4GRxaJCYqoSVAFjBQtjQfRHSqPKcW8aq44d2Q6oivoWMCFg42l4Ad4Gt2SAljN9vudYuueGKWfauO6XU1pZXVvfKG9WtrZ3dveq+wcdLTNFoU0ll6oXEg2cCWgbZjj0UgUkCTl0w/H1zO8+gNJMinszSSFIyEiwiFFi7Mjv37FRbIhS8nFQrbl1dy68DF4BNVSoNah+9oeSZgkIQznR2vfc1AQ5UYZRDtNKP9OQEjomI/AtCpKADvL5ylN8EkmFTQx4/v6dzUmi9SQJbSYhJtaL3mz4n+dnJroMcibSzICgNmK9KOPYSDxrjodMATV8YoFQxeyWmMZEEWrsfSq2vrdYdhk6Z3XvvN64bdSaV8UhyugIHaNT5KEL1EQ3qIXaiCKJntEbeneE8+S8OK8/0ZJT/DlEf+R8fANwf48L</latexit>)
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⇠ 10�14
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|de| < 8.7⇥ 10�29 e · cm
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|dµ| < 1.8⇥ 10�19 e · cm

J. Baron et al. (ACME Collaboration), Order of magnitude smaller limit on the electric dipole moment of the electron, Science 
343, 269 (2014). 
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