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1. Muon Anomalous Magnetic Moment


• Dark sectors


• Accelerator searches


2. Lepton Flavor Violation


• Searches for LFV


• Fixed-target searches?


3. Summary
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Singlet Models
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• Ingredients for (g-2)μ

Electroweak Models

• Relatively light particles
• Only new neutral particles!

• Heavy particles
• Allow new charged particles

1. Muon Anomalous Magnetic Moment

Capdevilla, Curtin, Kahn, Krnjaic, Phys. Rev. D 103 (2021) 7, 075028
Capdevilla, Curtin, Kahn, Krnjaic, Phys. Rev. D 105 (2022) 1, 015028
Capdevilla, Curtin, Kahn, Krnjaic, arXiv:2112.08377
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• EW Models

Electroweak Models

• Heavy particles
• Allow new charged particles

1. Dark Sectors

Calibbi, Ziegler, Zupan, JHEP 07 (2018) 046

Diaz Saez, Ghorbani, Phys. Lett. B 823 (2021) 136750

DM enters the 
g-2 loop
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Singlet Models

• Singlet Models

• Relatively light particles
• Only new neutral particles!

1. Dark Sectors

Capdevilla, Curtin, Kahn, Krnjaic, arXiv:2112.08377
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Singlet Models

• Relatively light particles
• Only new neutral particles!

1. Dark Sectors

Greljo, Stangl, Eller Thomsen, Zupan, arXiv:2203.13731

Greljo, Soreq, Stangl, Eller Thomsen, Zupan, arXiv:2107.07518

- Models coupling to B or e are 
highly constrained

- Models coupling to 2nd and 3rd 
generation of leptons have some 
parameter space open

• Singlet Models
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Singlet Models

• Relatively light particles
• Only new neutral particles!

1. Dark Sectors
Holst, Hooper, Krnjaic, Phys. Rev. Lett. 128 (2022) 14, 141802

- Singlets communicate 
muons with DM

- Saturate the relic density 
for specific mass ratios

• Singlet Models
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1. Accelerator Searches

• Singlet Models
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1. Accelerator Searches

• Singlet Models
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1. Accelerator Searches

• Singlet Models
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2. Lepton Flavor Violation

Rodolfo Capdevilla, Perimeter Institute and University of Toronto
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<latexit sha1_base64="JjqMnBgiI2E3Qni7SccS+rMAjRY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH18Ejds=</latexit>µ Left-Right 
operator

<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

<latexit sha1_base64="ZBMCYQCe0O5NBvBR5t9DzdbjxNU="></latexit>

L = � evCµ

(4⇡)2⇤2
µ̄L�↵�µRF

↵� + h.c.

<latexit sha1_base64="mWB0B0elDS1/NtbscO78EqKOnss="></latexit>

L = � evCij

(4⇡)2⇤2
¯̀i
L�↵�`

j
RF

↵� + h.c.

In a general flavor 
structure the same 
operator gives LFV 

decays!

<latexit sha1_base64="kJZdGFZoWNqS9efR9R+wXtJgcxs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaWDbbSbt2kw27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9oapkqhg0mhVTtgGoUPMaG4UZgO1FIo0BgKxjdTP3WEyrNZXxvxgn6ER3EPOSMGis1uyjEA++VK27VnYEsEy8nFchR75W/un3J0ghjwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixNKYRaj+bXTshJ1bpk1AqW7EhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsbjJDUYs/miMBXESDJ9nfS5QmbE2BLKFLe3EjakijJjAyrZELzFl5dJ86zqXVTdu/NK7TqPowhHcAyn4MEl1OAW6tAABo/wDK/w5kjnxXl3PuatBSefOYQ/cD5/AIodjxs=</latexit>

`i
<latexit sha1_base64="t9MhT0QjlZ1LpO6pLj+9jeKG/2w=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6CNZbOdtNtudsPuRiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2tEwVxTqVXKpWSDRyJrBumOHYShSSOOTYDEe3U7/5hEozKR7MOMEgJn3BIkaJsVKjg5w/DrulslfxZnCXiZ+TMuSodUtfnZ6kaYzCUE60bvteYoKMKMMox0mxk2pMCB2RPrYtFSRGHWSzayfuqVV6biSVLWHcmfp7IiOx1uM4tJ0xMQO96E3F/7x2aqLrIGMiSQ0KOl8Updw10p2+7vaYQmr42BJCFbO3unRAFKHGBlS0IfiLLy+TxnnFv6x49xfl6k0eRwGO4QTOwIcrqMId1KAOFIbwDK/w5kjnxXl3PuatK04+cwR/4Hz+AIuhjxw=</latexit>

`j

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

Rodolfo Capdevilla, Perimeter Institute and University of Toronto

C11 entry given by electron 
magnetic moment

<latexit sha1_base64="UD0zqrn256RR3QuXxywn+gfuMJI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiJGPGg==</latexit>�
<latexit sha1_base64="ki55A6fJkCyZhwlgwTERAloJvCc=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9IC9u1654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6p3UXXvzyu16zyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4AGVCNrQ==</latexit>eL

<latexit sha1_base64="ca+KsIepIR6Jx/J2jokkgNeZV2Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF4/xkQckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1FjpAXv3vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEiaI2z</latexit>eR

<latexit sha1_base64="MioMsX2pepNLHD8kaSmxjR6vMe8=">AAACF3icbVA9SwNBEN3zM8avU0ubxSDEwuM2ahILIWhjqWA0kEvC3maSLO59sLsnhiP/wsa/YmOhiK12/hs3MYUmPhh4vDfDzDw/Flxp1/2yZmbn5hcWM0vZ5ZXVtXV7Y/NaRYlkUGWRiGTNpwoED6GquRZQiyXQwBdw49+eDf2bO5CKR+GV7sfQCGg35B3OqDZSy3ZoC5qpJwMM9/HghJCj4+JRgZRdp3SQL5T3PM0DUJi4zXSfFAYtO+c67gh4mpAxyaExLlr2p9eOWBJAqJmgStWJG+tGSqXmTMAg6yUKYspuaRfqhobUbGuko78GeNcobdyJpKlQ45H6eyKlgVL9wDedAdU9NekNxf+8eqI75UbKwzjRELKfRZ1EYB3hYUi4zSUwLfqGUCa5uRWzHpWUaRNl1oRAJl+eJtcFhxQd9/IwVzkdx5FB22gH5RFBJVRB5+gCVRFDD+gJvaBX69F6tt6s95/WGWs8s4X+wPr4BhgInBo=</latexit>

aexpe = 1159652180.73(28)⇥ 10�12

C22 entry given by muon 
magnetic moment

<latexit sha1_base64="nhczEEC7evpk5RdKxx3YtHY/Ud4=">AAACFXicbVDLSgMxFM3UV62vqks3wSJU0DIptepCKLpxWcE+oNMOmTTThiYzQ5IRy9CfcOOvuHGhiFvBnX9j+lho9cCFwzn3cu89XsSZ0rb9ZaUWFpeWV9KrmbX1jc2t7PZOXYWxJLRGQh7KpocV5SygNc00p81IUiw8Thve4GrsN+6oVCwMbvUwom2BewHzGcHaSG72CLuOiDuJIwWk99HoAqHyyXnRLqN8CR06mgmqILI7yTFCIzebswv2BPAvQTOSAzNU3eyn0w1JLGigCcdKtZAd6XaCpWaE01HGiRWNMBngHm0ZGmCzrZ1MvhrBA6N0oR9KU4GGE/XnRIKFUkPhmU6BdV/Ne2PxP68Va/+snbAgijUNyHSRH3OoQziOCHaZpETzoSGYSGZuhaSPJSbaBJkxIaD5l/+SerGAygX7ppSrXM7iSIM9sA/yAIFTUAHXoApqgIAH8ARewKv1aD1bb9b7tDVlzWZ2wS9YH9/JWJwK</latexit>

aexpµ = 116592061(41)⇥ 10�11

<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

Poorly

constrained

<latexit sha1_base64="mWB0B0elDS1/NtbscO78EqKOnss="></latexit>

L = � evCij

(4⇡)2⇤2
¯̀i
L�↵�`

j
RF

↵� + h.c.

Real 
coefficients
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<latexit sha1_base64="kJZdGFZoWNqS9efR9R+wXtJgcxs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaWDbbSbt2kw27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9oapkqhg0mhVTtgGoUPMaG4UZgO1FIo0BgKxjdTP3WEyrNZXxvxgn6ER3EPOSMGis1uyjEA++VK27VnYEsEy8nFchR75W/un3J0ghjwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixNKYRaj+bXTshJ1bpk1AqW7EhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsbjJDUYs/miMBXESDJ9nfS5QmbE2BLKFLe3EjakijJjAyrZELzFl5dJ86zqXVTdu/NK7TqPowhHcAyn4MEl1OAW6tAABo/wDK/w5kjnxXl3PuatBSefOYQ/cD5/AIodjxs=</latexit>

`i
<latexit sha1_base64="t9MhT0QjlZ1LpO6pLj+9jeKG/2w=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6CNZbOdtNtudsPuRiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2tEwVxTqVXKpWSDRyJrBumOHYShSSOOTYDEe3U7/5hEozKR7MOMEgJn3BIkaJsVKjg5w/DrulslfxZnCXiZ+TMuSodUtfnZ6kaYzCUE60bvteYoKMKMMox0mxk2pMCB2RPrYtFSRGHWSzayfuqVV6biSVLWHcmfp7IiOx1uM4tJ0xMQO96E3F/7x2aqLrIGMiSQ0KOl8Updw10p2+7vaYQmr42BJCFbO3unRAFKHGBlS0IfiLLy+TxnnFv6x49xfl6k0eRwGO4QTOwIcrqMId1KAOFIbwDK/w5kjnxXl3PuatK04+cwR/4Hz+AIuhjxw=</latexit>

`j

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

Off-diagonal entries 
constrained by LFV 

radiative decays

(also                       ) 

<latexit sha1_base64="tdQomhHRUG3+mCIhvxUin6ebouc=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLoxmUF+4CZoWTSO21oHkOSEUrpZ7hxoYhbv8adf2PazkJbDwQO59xL7jlJxpmxvv/tldbWNza3ytuVnd29/YPq4VHbqFxTaFHFle4mxABnElqWWQ7dTAMRCYdOMrqb+Z0n0IYp+WjHGcSCDCRLGSXWSWEkchxZhQGgV635dX8OvEqCgtRQgWav+hX1Fc0FSEs5MSYM/MzGE6ItoxymlSg3kBE6IgMIHZVEgIkn85On+MwpfZwq7Z60eK7+3pgQYcxYJG5SEDs0y95M/M8Lc5vexBMms9yCpIuP0pxjF3KWH/eZBmr52BFCNXO3YjokmlDrWqq4EoLlyKukfVEPrur+w2WtcVvUUUYn6BSdowBdowa6R03UQhQp9Ixe0ZtnvRfv3ftYjJa8YucY/YH3+QOpBpDZ</latexit>

µ ! eee
<latexit sha1_base64="pKk1hD0TAinlG2kC3t1bAApvQIY=">AAAB8HicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbK00oWy2L+3S3STsboQS+iu8eFDEqz/Hm//GbZuDtg4sDDPvsW8mTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqhFSj4DG2DDcCO6lCKkOBD+HoZuo/PKHSPInvzTjFQNJBzCPOqLHSoy8z4puEYK9ac+vuDGSZeAWpQYFmr/rl9xOWSYwNE1TrruemJsipMpwJnFT8TGNK2YgOsGtpTCXqIJ8dPCEnVumTKFH2xYbM1N8bOZVaj2VoJyU1Q73oTcX/vG5moqsg53GaGYzZ/KMoE8RGnKYnfa6QGTG2hDLF7a2EDamizNiOKrYEbzHyMmmf1b2Lunt3XmtcF3WU4QiO4RQ8uIQG3EITWsBAwjO8wpujnBfn3fmYj5acYucQ/sD5/AEmPI/7</latexit>

µ ! e
<latexit sha1_base64="Bxx1NwG6FevcS1jyRYDs1zHDj00=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APasWTSTBuax5BklDL0P9y4UMSt/+LOvzFtZ6GtBwKHc87l3pwo4cxY3//2Ciura+sbxc3S1vbO7l55/6BpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaikY3U7/1SLVhSt7bcUJDgQeSxYxg66SHrhaIKJkneuWKX/VnQMskyEkFctR75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSambGppgMsID2nFUYkFNmM2unqATp/RRrLR70qKZ+nsiw8KYsYhcUmA7NIveVPzP66Q2vgozJpPUUknmi+KUI6vQtALUZ5oSy8eOYKKZuxWRIdaYWFdDyZUQLH55mTTPqsFF1b87r9Su8zqKcATHcAoBXEINbqEODSCg4Rle4c178l68d+9jHi14+cwh/IH3+QO90JKs</latexit>

conversion
<latexit sha1_base64="KIKgNJWNBenBf/5F5cOZJy+b1UM=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAbBU5gRUY9BLx4jmAUyQ+jp9CRNumeGXoQYgr/ixYMiXv0Pb/6NnWQETXxQ8Hiviqp6UcaZ0p735RSWlldW14rrpY3Nre0dd3evoVIjCa2TlKeyFWFFOUtoXTPNaSuTFIuI02Y0uJ74zXsqFUuTOz3MaChwL2ExI1hbqeMeBBobFOgUBcL8VMctexVvCrRI/JyUIUet434G3ZQYQRNNOFaq7XuZDkdYakY4HZcCo2iGyQD3aNvSBAuqwtH0+jE6tkoXxam0lWg0VX9PjLBQaigi2ymw7qt5byL+57WNji/DEUsyo2lCZotiw5F9dhIF6jJJieZDSzCRzN6KSB9LTLQNrGRD8OdfXiSN04p/XvFuz8rVqzyOIhzCEZyADxdQhRuoQR0IPMATvMCr8+g8O2/O+6y14OQz+/AHzsc3eBOUlw==</latexit>

⌧ ! µµµ
<latexit sha1_base64="iDWAlZUGeN8msw2ZUV/+w/mSAsU=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYR5iCX0V9y4UMStP+LOv3GaZqGtBy4czrmXe+8JU86Udt1vp7S2vrG5Vd6u7Ozu7R9UD2sdlRhJaJskPJG9ECvKmaBtzTSnvVRSHIecdsPJ7dzvPlKpWCIe9DSlQYxHgkWMYG2lQbXma2yQrxPkxyYvOqjW3YabA60SryB1KNAaVL/8YUJMTIUmHCvV99xUBxmWmhFOZxXfKJpiMsEj2rdU4JiqIMtvn6FTqwxRlEhbQqNc/T2R4VipaRzazhjrsVr25uJ/Xt/o6DrImEiNpoIsFkWGI/vqPAg0ZJISzaeWYCKZvRWRMZaYaBtXxYbgLb+8SjrnDe+y4d5f1Js3RRxlOIYTOAMPrqAJd9CCNhB4gmd4hTdn5rw4787HorXkFDNH8AfO5w/X3pOq</latexit>

⌧ ! µµe
<latexit sha1_base64="ngHy6u1D2LHTmi0RX6ZuL9gOgQI=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVUY9BLx4jmAdklzA76SRDZmaXeQTCkj/x4kERr/6JN//GSbIHjRY0FFXddHclGWfaBMGXV1pb39jcKm9Xdnb39g/8w6OWTq2i0KQpT1UnIRo4k9A0zHDoZAqISDi0k/Hd3G9PQGmWykczzSAWZCjZgFFinNTz/cgQiyOT4khYDBh6fjWoBQvgvyQsSBUVaPT8z6ifUitAGsqJ1t0wyEycE2UY5TCrRFZDRuiYDKHrqCQCdJwvLp/hM6f08SBVrqTBC/XnRE6E1lORuE5BzEivenPxP69rzeAmzpnMrAFJl4sGlmP36DwG3GcKqOFTRwhVzN2K6YgoQo0Lq+JCCFdf/ktaF7XwqhY8XFbrt0UcZXSCTtE5CtE1qqN71EBNRNEEPaEX9Orl3rP35r0vW0teMXOMfsH7+AY4ypK9</latexit>

⌧ ! µee
<latexit sha1_base64="lK/suKjY2pH9/8b9VWZO5Y+Ks3g=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOya5idzCZDZh/M9CphyX948aCIV//Fm3/jbLIHTaxhoKjqprvLT6TQaNvfVmlldW19o7xZ2dre2d2r7h+0dZwqxlsslrHq+lRzKSLeQoGSdxPFaehL3vHHN7nfeeRKizi6x0nCvZAOIxEIRtFIDy7SlLgYE56/frVm1+0ZyDJxClKDAs1+9csdxCwNeYRMUq17jp2gl1GFgkk+rbip5gllYzrkPUMjGnLtZbOtp+TEKAMSxMr8CMlM/d2R0VDrSeibypDiSC96ufif10sxuPIyESUp8ojNBwWpJObMPAIyEIozlBNDKFPC7ErYiCrK0ARVMSE4iycvk/ZZ3bmo23fntcZ1EUcZjuAYTsGBS2jALTShBQwUPMMrvFlP1ov1bn3MS0tW0XMIf2B9/gAjI5Gf</latexit>

⌧ ! eee

<latexit sha1_base64="mWB0B0elDS1/NtbscO78EqKOnss="></latexit>

L = � evCij

(4⇡)2⇤2
¯̀i
L�↵�`

j
RF

↵� + h.c.
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<latexit sha1_base64="lCedxjNk/DYMPs6qZXTtQUTGNXI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASLTjk0=</latexit>⌧
<latexit sha1_base64="WbEOgx/BlQtV8EXCj4x2lXJG+y0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6vFsq+xV/BrJMgpyUIUetW/rq9BTLEpSWCWpMO/BTG46ptpwJnBQ7mcGUsiHtY9tRSRM04Xh27YScOqVHYqVdSUtm6u+JMU2MGSWR60yoHZhFbyr+57UzG1+HYy7TzKJk80VxJohVZPo66XGNzIqRI5Rp7m4lbEA1ZdYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4MHuEZXuHNU96L9+59zFtXvHzmCP7A+/wBi6KPHA==</latexit>

`i

<latexit sha1_base64="FB+UHlY5qufOasTXnnBk3iOupcQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbvtJht2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC+m/mtJ1Say/jRTBL0IzqIecgZNVZqdlGI3qhXrrhVdw6ySrycVCBHvVf+6vYlSyOMDRNU647nJsbPqDKcCZyWuqnGhLIxHWDH0phGqP1sfu2UnFmlT0KpbMWGzNXfExmNtJ5Ege2MqBnqZW8m/ud1UhPe+BmPk9RgzBaLwlQQI8nsddLnCpkRE0soU9zeStiQKsqMDahkQ/CWX14lzYuqd1V1Hy4rtds8jiKcwCmcgwfXUIN7qEMDGIzgGV7hzZHOi/PufCxaC04+cwx/4Hz+AI0mjx0=</latexit>

`j

<latexit sha1_base64="amMVT+vAmiqocnb6R0pE/0znvaU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh55K++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2CJjdw=</latexit>⌫
<latexit sha1_base64="amMVT+vAmiqocnb6R0pE/0znvaU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh55K++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2CJjdw=</latexit>⌫

Fixed-target 
experiments? <latexit sha1_base64="A1AMxZLwwlvgs6pT583uRFFCN7Q=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/cA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDumeM4w==</latexit>

Z

 
<latexit sha1_base64="WbEOgx/BlQtV8EXCj4x2lXJG+y0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6vFsq+xV/BrJMgpyUIUetW/rq9BTLEpSWCWpMO/BTG46ptpwJnBQ7mcGUsiHtY9tRSRM04Xh27YScOqVHYqVdSUtm6u+JMU2MGSWR60yoHZhFbyr+57UzG1+HYy7TzKJk80VxJohVZPo66XGNzIqRI5Rp7m4lbEA1ZdYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4MHuEZXuHNU96L9+59zFtXvHzmCP7A+/wBi6KPHA==</latexit>

`i

 
<latexit sha1_base64="FB+UHlY5qufOasTXnnBk3iOupcQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbvtJht2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC+m/mtJ1Say/jRTBL0IzqIecgZNVZqdlGI3qhXrrhVdw6ySrycVCBHvVf+6vYlSyOMDRNU647nJsbPqDKcCZyWuqnGhLIxHWDH0phGqP1sfu2UnFmlT0KpbMWGzNXfExmNtJ5Ege2MqBnqZW8m/ud1UhPe+BmPk9RgzBaLwlQQI8nsddLnCpkRE0soU9zeStiQKsqMDahkQ/CWX14lzYuqd1V1Hy4rtds8jiKcwCmcgwfXUIN7qEMDGIzgGV7hzZHOi/PufCxaC04+cwx/4Hz+AI0mjx0=</latexit>

`j

 
<latexit sha1_base64="A1AMxZLwwlvgs6pT583uRFFCN7Q=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/cA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDumeM4w==</latexit>

Z

<latexit sha1_base64="mWB0B0elDS1/NtbscO78EqKOnss="></latexit>

L = � evCij

(4⇡)2⇤2
¯̀i
L�↵�`

j
RF

↵� + h.c.

Real 
coefficients
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<latexit sha1_base64="mWB0B0elDS1/NtbscO78EqKOnss="></latexit>

L = � evCij

(4⇡)2⇤2
¯̀i
L�↵�`

j
RF

↵� + h.c.

Real 
coefficients

Fixed-target 
experiments?

 
<latexit sha1_base64="WbEOgx/BlQtV8EXCj4x2lXJG+y0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6vFsq+xV/BrJMgpyUIUetW/rq9BTLEpSWCWpMO/BTG46ptpwJnBQ7mcGUsiHtY9tRSRM04Xh27YScOqVHYqVdSUtm6u+JMU2MGSWR60yoHZhFbyr+57UzG1+HYy7TzKJk80VxJohVZPo66XGNzIqRI5Rp7m4lbEA1ZdYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4MHuEZXuHNU96L9+59zFtXvHzmCP7A+/wBi6KPHA==</latexit>

`i

 
<latexit sha1_base64="FB+UHlY5qufOasTXnnBk3iOupcQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbvtJht2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC+m/mtJ1Say/jRTBL0IzqIecgZNVZqdlGI3qhXrrhVdw6ySrycVCBHvVf+6vYlSyOMDRNU647nJsbPqDKcCZyWuqnGhLIxHWDH0phGqP1sfu2UnFmlT0KpbMWGzNXfExmNtJ5Ege2MqBnqZW8m/ud1UhPe+BmPk9RgzBaLwlQQI8nsddLnCpkRE0soU9zeStiQKsqMDahkQ/CWX14lzYuqd1V1Hy4rtds8jiKcwCmcgwfXUIN7qEMDGIzgGV7hzZHOi/PufCxaC04+cwx/4Hz+AI0mjx0=</latexit>

`j

 
<latexit sha1_base64="A1AMxZLwwlvgs6pT583uRFFCN7Q=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/cA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDumeM4w==</latexit>

Z

Gninenko, Krasnikov, arXiv:2202.04410



Thanks!

Rodolfo Capdevilla, Perimeter Institute and University of Toronto


