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local QFT for fundamental interactions
strong nuclear force
weak force
electromagnetic force

degrees of freedom
spin 0, spin 1/2, spin 1 

perturbatively renormalisable & predictive

standard model



standard model

local QFT for fundamental interactions
strong nuclear force
weak force
electromagnetic force

open challenges

what comes beyond the SM?
(how does gravity fit in?) 
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thinking UV

interacting UV fixed points Wilson ’71
Bailin, Love ’74, Weinberg ’79

offers new directions for BSM physics

idea:

improved UV behaviour - stability, predictivity



asymptotic near freedom conjecture

David Bailin

“running couplings achieve 
interacting RG fixed point”

(1974)

thinking UV



asymptotic near freedom guaranteed (2014)

requires:
gauge,

fermion,
& scalar

fields

thinking UV



Lagrangean

gauge fields
fermions

scalar fields
Yukawas 

quartics 

gauge coupling 

thinking UV

no asymptotic freedom, yet, stable and predictive 
“UV complete” 

scalars are “meson-like”, H_ij



what do we know?

works for simple gauge theories with matter

works with supersymmetry

works for  semi-simple gauge theories with matter 

thinking UV

works for strongly coupled theories



 i(R3, R2, Y )

Sij

flavors of BSM fermions
BSM singlet scalars

NF

SU(3)C ⇥ SU(2)L ⇥ U(1)YSM gauge symmetry

features: vector-like fermions
U(NF )⇥ U(NF )global flavor symmetry

minimal framework:

single BSM Yukawa coupling

AD Bond, G Hiller, K Kowalska, DF Litim, 1702.01727 (JHEP)

meson-like scalar

thinking BSM



anomalous 
magnetic moments

A Bond, G Hiller, K Kowalska, DF Litim, 
Directions for model building from asymptotic safety, JHEP1708 (2017) 004

G Hiller, C Hermigos-Feliu, DF Litim, T Steudtner, 
Asymptotically safe extensions  of the Standard Model and their flavour phenomenology 1905.11020 
Anomalous magnetic moments from asymptotic safety  1910.14062 
Model building from asymptotic safety with Higgs and flavour portals  2008.08606

thinking BSM



anomalous  
magnetic moments
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<latexit sha1_base64="3mZw1G/XIAu6AE/op6vON79fE1o=">AAACFXicbVA9SwNBEN3zM8avqKUWi0GwCndB0DKohWUE8wG5GPY2k2TJ7t2xOyeEI41/wr9gq72d2Frb+kvcJFdo4oOBx3szzMwLYikMuu6Xs7S8srq2ntvIb25t7+wW9vbrJko0hxqPZKSbATMgRQg1FCihGWtgKpDQCIZXE7/xANqIKLzDUQxtxfqh6AnO0EqdwpEfqNS/BomMsg74vBsh9dz71CuPx51C0S25U9BF4mWkSDJUO4VvvxvxREGIXDJjWp4bYztlGgWXMM77iYGY8SHrQ8vSkCkw7XT6xZieWKVLe5G2FSKdqr8nUqaMGanAdiqGAzPvTcR/vUDNbcbeRTsVYZwghHy2uJdIihGdRES7QgNHObKEcS3s7ZQPmGYcbZB5G4o3H8EiqZdLnlvybs+Klcssnhw5JMfklHjknFTIDamSGuHkkTyTF/LqPDlvzrvzMWtdcrKZA/IHzucP+4meVw==</latexit><latexit sha1_base64="3mZw1G/XIAu6AE/op6vON79fE1o=">AAACFXicbVA9SwNBEN3zM8avqKUWi0GwCndB0DKohWUE8wG5GPY2k2TJ7t2xOyeEI41/wr9gq72d2Frb+kvcJFdo4oOBx3szzMwLYikMuu6Xs7S8srq2ntvIb25t7+wW9vbrJko0hxqPZKSbATMgRQg1FCihGWtgKpDQCIZXE7/xANqIKLzDUQxtxfqh6AnO0EqdwpEfqNS/BomMsg74vBsh9dz71CuPx51C0S25U9BF4mWkSDJUO4VvvxvxREGIXDJjWp4bYztlGgWXMM77iYGY8SHrQ8vSkCkw7XT6xZieWKVLe5G2FSKdqr8nUqaMGanAdiqGAzPvTcR/vUDNbcbeRTsVYZwghHy2uJdIihGdRES7QgNHObKEcS3s7ZQPmGYcbZB5G4o3H8EiqZdLnlvybs+Klcssnhw5JMfklHjknFTIDamSGuHkkTyTF/LqPDlvzrvzMWtdcrKZA/IHzucP+4meVw==</latexit><latexit sha1_base64="3mZw1G/XIAu6AE/op6vON79fE1o=">AAACFXicbVA9SwNBEN3zM8avqKUWi0GwCndB0DKohWUE8wG5GPY2k2TJ7t2xOyeEI41/wr9gq72d2Frb+kvcJFdo4oOBx3szzMwLYikMuu6Xs7S8srq2ntvIb25t7+wW9vbrJko0hxqPZKSbATMgRQg1FCihGWtgKpDQCIZXE7/xANqIKLzDUQxtxfqh6AnO0EqdwpEfqNS/BomMsg74vBsh9dz71CuPx51C0S25U9BF4mWkSDJUO4VvvxvxREGIXDJjWp4bYztlGgWXMM77iYGY8SHrQ8vSkCkw7XT6xZieWKVLe5G2FSKdqr8nUqaMGanAdiqGAzPvTcR/vUDNbcbeRTsVYZwghHy2uJdIihGdRES7QgNHObKEcS3s7ZQPmGYcbZB5G4o3H8EiqZdLnlvybs+Klcssnhw5JMfklHjknFTIDamSGuHkkTyTF/LqPDlvzrvzMWtdcrKZA/IHzucP+4meVw==</latexit><latexit sha1_base64="3mZw1G/XIAu6AE/op6vON79fE1o=">AAACFXicbVA9SwNBEN3zM8avqKUWi0GwCndB0DKohWUE8wG5GPY2k2TJ7t2xOyeEI41/wr9gq72d2Frb+kvcJFdo4oOBx3szzMwLYikMuu6Xs7S8srq2ntvIb25t7+wW9vbrJko0hxqPZKSbATMgRQg1FCihGWtgKpDQCIZXE7/xANqIKLzDUQxtxfqh6AnO0EqdwpEfqNS/BomMsg74vBsh9dz71CuPx51C0S25U9BF4mWkSDJUO4VvvxvxREGIXDJjWp4bYztlGgWXMM77iYGY8SHrQ8vSkCkw7XT6xZieWKVLe5G2FSKdqr8nUqaMGanAdiqGAzPvTcR/vUDNbcbeRTsVYZwghHy2uJdIihGdRES7QgNHObKEcS3s7ZQPmGYcbZB5G4o3H8EiqZdLnlvybs+Klcssnhw5JMfklHjknFTIDamSGuHkkTyTF/LqPDlvzrvzMWtdcrKZA/IHzucP+4meVw==</latexit>

2
<latexit sha1_base64="k+fIVsWIG2/B8cOx6B5XgHrY4yI=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWaKoMuiG5cV7APaoWTSTBubZIYkI5Sh+Atude9O3Potbv0S03YW2nrgwuGcezmXEyaCG+t5X6iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45uZ335k2vBY3dtJwgJJhopHnBLrpFYvlFlt2i9XvKo3B14lfk4qkKPRL3/3BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn82yk+c8oAR7F2oyyeq78vMiKNmcjQbUpiR2bZm4n/eqFcSrbRVZBxlaSWKboIjlKBbYxnVeAB14xaMXGEUM3d75iOiCbUusJKrhR/uYJV0qpVfa/q311U6td5PUU4gVM4Bx8uoQ630IAmUHiAZ3iBV/SE3tA7+lisFlB+cwx/gD5/AM38lbE=</latexit><latexit sha1_base64="k+fIVsWIG2/B8cOx6B5XgHrY4yI=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWaKoMuiG5cV7APaoWTSTBubZIYkI5Sh+Atude9O3Potbv0S03YW2nrgwuGcezmXEyaCG+t5X6iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45uZ335k2vBY3dtJwgJJhopHnBLrpFYvlFlt2i9XvKo3B14lfk4qkKPRL3/3BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn82yk+c8oAR7F2oyyeq78vMiKNmcjQbUpiR2bZm4n/eqFcSrbRVZBxlaSWKboIjlKBbYxnVeAB14xaMXGEUM3d75iOiCbUusJKrhR/uYJV0qpVfa/q311U6td5PUU4gVM4Bx8uoQ630IAmUHiAZ3iBV/SE3tA7+lisFlB+cwx/gD5/AM38lbE=</latexit><latexit sha1_base64="k+fIVsWIG2/B8cOx6B5XgHrY4yI=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWaKoMuiG5cV7APaoWTSTBubZIYkI5Sh+Atude9O3Potbv0S03YW2nrgwuGcezmXEyaCG+t5X6iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45uZ335k2vBY3dtJwgJJhopHnBLrpFYvlFlt2i9XvKo3B14lfk4qkKPRL3/3BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn82yk+c8oAR7F2oyyeq78vMiKNmcjQbUpiR2bZm4n/eqFcSrbRVZBxlaSWKboIjlKBbYxnVeAB14xaMXGEUM3d75iOiCbUusJKrhR/uYJV0qpVfa/q311U6td5PUU4gVM4Bx8uoQ630IAmUHiAZ3iBV/SE3tA7+lisFlB+cwx/gD5/AM38lbE=</latexit><latexit sha1_base64="k+fIVsWIG2/B8cOx6B5XgHrY4yI=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWaKoMuiG5cV7APaoWTSTBubZIYkI5Sh+Atude9O3Potbv0S03YW2nrgwuGcezmXEyaCG+t5X6iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45uZ335k2vBY3dtJwgJJhopHnBLrpFYvlFlt2i9XvKo3B14lfk4qkKPRL3/3BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn82yk+c8oAR7F2oyyeq78vMiKNmcjQbUpiR2bZm4n/eqFcSrbRVZBxlaSWKboIjlKBbYxnVeAB14xaMXGEUM3d75iOiCbUusJKrhR/uYJV0qpVfa/q311U6td5PUU4gVM4Bx8uoQ630IAmUHiAZ3iBV/SE3tA7+lisFlB+cwx/gD5/AM38lbE=</latexit> 4

<latexit sha1_base64="AoH35AbNjFI3i4KteIVAWdh/eHM=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWakoMuiG5cV7APaoWTSTBubZIYkI5Sh+Atude9O3Potbv0S03YW2nrgwuGcezmXEyaCG+t5X6iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45uZ335k2vBY3dtJwgJJhopHnBLrpFYvlFlt2i9XvKo3B14lfk4qkKPRL3/3BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn82yk+c8oAR7F2oyyeq78vMiKNmcjQbUpiR2bZm4n/eqFcSrbRVZBxlaSWKboIjlKBbYxnVeAB14xaMXGEUM3d75iOiCbUusJKrhR/uYJV0rqo+l7Vv6tV6td5PUU4gVM4Bx8uoQ630IAmUHiAZ3iBV/SE3tA7+lisFlB+cwx/gD5/ANEmlbM=</latexit><latexit sha1_base64="AoH35AbNjFI3i4KteIVAWdh/eHM=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWakoMuiG5cV7APaoWTSTBubZIYkI5Sh+Atude9O3Potbv0S03YW2nrgwuGcezmXEyaCG+t5X6iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45uZ335k2vBY3dtJwgJJhopHnBLrpFYvlFlt2i9XvKo3B14lfk4qkKPRL3/3BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn82yk+c8oAR7F2oyyeq78vMiKNmcjQbUpiR2bZm4n/eqFcSrbRVZBxlaSWKboIjlKBbYxnVeAB14xaMXGEUM3d75iOiCbUusJKrhR/uYJV0rqo+l7Vv6tV6td5PUU4gVM4Bx8uoQ630IAmUHiAZ3iBV/SE3tA7+lisFlB+cwx/gD5/ANEmlbM=</latexit><latexit sha1_base64="AoH35AbNjFI3i4KteIVAWdh/eHM=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWakoMuiG5cV7APaoWTSTBubZIYkI5Sh+Atude9O3Potbv0S03YW2nrgwuGcezmXEyaCG+t5X6iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45uZ335k2vBY3dtJwgJJhopHnBLrpFYvlFlt2i9XvKo3B14lfk4qkKPRL3/3BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn82yk+c8oAR7F2oyyeq78vMiKNmcjQbUpiR2bZm4n/eqFcSrbRVZBxlaSWKboIjlKBbYxnVeAB14xaMXGEUM3d75iOiCbUusJKrhR/uYJV0rqo+l7Vv6tV6td5PUU4gVM4Bx8uoQ630IAmUHiAZ3iBV/SE3tA7+lisFlB+cwx/gD5/ANEmlbM=</latexit><latexit sha1_base64="AoH35AbNjFI3i4KteIVAWdh/eHM=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWakoMuiG5cV7APaoWTSTBubZIYkI5Sh+Atude9O3Potbv0S03YW2nrgwuGcezmXEyaCG+t5X6iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45uZ335k2vBY3dtJwgJJhopHnBLrpFYvlFlt2i9XvKo3B14lfk4qkKPRL3/3BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn82yk+c8oAR7F2oyyeq78vMiKNmcjQbUpiR2bZm4n/eqFcSrbRVZBxlaSWKboIjlKBbYxnVeAB14xaMXGEUM3d75iOiCbUusJKrhR/uYJV0rqo+l7Vv6tV6td5PUU4gVM4Bx8uoQ630IAmUHiAZ3iBV/SE3tA7+lisFlB+cwx/gD5/ANEmlbM=</latexit>

-2
<latexit sha1_base64="1f1bivXBwi6iay3gqub3vjMcfnc=">AAACA3icbVC7SgNBFL3rM8ZX1NJmMQg2ht0gaBm0sYxgHpANYXYymwyZmV1m7ophSekv2GpvJ7Z+iK1f4iTZQhMPXDiccy/ncsJEcIOe9+WsrK6tb2wWtorbO7t7+6WDw6aJU01Zg8Yi1u2QGCa4Yg3kKFg70YzIULBWOLqZ+q0Hpg2P1T2OE9aVZKB4xClBKwUBskfMgjA6r056pbJX8WZwl4mfkzLkqPdK30E/pqlkCqkgxnR8L8FuRjRyKtikGKSGJYSOyIB1LFVEMtPNZj9P3FOr9N0o1nYUujP190VGpDFjGdpNSXBoFr2p+K8XyoVkjK66GVdJikzReXCUChdjd1qI2+eaURRjSwjV3P7u0iHRhKKtrWhL8RcrWCbNasX3Kv7dRbl2nddTgGM4gTPw4RJqcAt1aACFBJ7hBV6dJ+fNeXc+5qsrTn5zBH/gfP4AWYuYNA==</latexit><latexit sha1_base64="1f1bivXBwi6iay3gqub3vjMcfnc=">AAACA3icbVC7SgNBFL3rM8ZX1NJmMQg2ht0gaBm0sYxgHpANYXYymwyZmV1m7ophSekv2GpvJ7Z+iK1f4iTZQhMPXDiccy/ncsJEcIOe9+WsrK6tb2wWtorbO7t7+6WDw6aJU01Zg8Yi1u2QGCa4Yg3kKFg70YzIULBWOLqZ+q0Hpg2P1T2OE9aVZKB4xClBKwUBskfMgjA6r056pbJX8WZwl4mfkzLkqPdK30E/pqlkCqkgxnR8L8FuRjRyKtikGKSGJYSOyIB1LFVEMtPNZj9P3FOr9N0o1nYUujP190VGpDFjGdpNSXBoFr2p+K8XyoVkjK66GVdJikzReXCUChdjd1qI2+eaURRjSwjV3P7u0iHRhKKtrWhL8RcrWCbNasX3Kv7dRbl2nddTgGM4gTPw4RJqcAt1aACFBJ7hBV6dJ+fNeXc+5qsrTn5zBH/gfP4AWYuYNA==</latexit><latexit sha1_base64="1f1bivXBwi6iay3gqub3vjMcfnc=">AAACA3icbVC7SgNBFL3rM8ZX1NJmMQg2ht0gaBm0sYxgHpANYXYymwyZmV1m7ophSekv2GpvJ7Z+iK1f4iTZQhMPXDiccy/ncsJEcIOe9+WsrK6tb2wWtorbO7t7+6WDw6aJU01Zg8Yi1u2QGCa4Yg3kKFg70YzIULBWOLqZ+q0Hpg2P1T2OE9aVZKB4xClBKwUBskfMgjA6r056pbJX8WZwl4mfkzLkqPdK30E/pqlkCqkgxnR8L8FuRjRyKtikGKSGJYSOyIB1LFVEMtPNZj9P3FOr9N0o1nYUujP190VGpDFjGdpNSXBoFr2p+K8XyoVkjK66GVdJikzReXCUChdjd1qI2+eaURRjSwjV3P7u0iHRhKKtrWhL8RcrWCbNasX3Kv7dRbl2nddTgGM4gTPw4RJqcAt1aACFBJ7hBV6dJ+fNeXc+5qsrTn5zBH/gfP4AWYuYNA==</latexit><latexit sha1_base64="1f1bivXBwi6iay3gqub3vjMcfnc=">AAACA3icbVC7SgNBFL3rM8ZX1NJmMQg2ht0gaBm0sYxgHpANYXYymwyZmV1m7ophSekv2GpvJ7Z+iK1f4iTZQhMPXDiccy/ncsJEcIOe9+WsrK6tb2wWtorbO7t7+6WDw6aJU01Zg8Yi1u2QGCa4Yg3kKFg70YzIULBWOLqZ+q0Hpg2P1T2OE9aVZKB4xClBKwUBskfMgjA6r056pbJX8WZwl4mfkzLkqPdK30E/pqlkCqkgxnR8L8FuRjRyKtikGKSGJYSOyIB1LFVEMtPNZj9P3FOr9N0o1nYUujP190VGpDFjGdpNSXBoFr2p+K8XyoVkjK66GVdJikzReXCUChdjd1qI2+eaURRjSwjV3P7u0iHRhKKtrWhL8RcrWCbNasX3Kv7dRbl2nddTgGM4gTPw4RJqcAt1aACFBJ7hBV6dJ+fNeXc+5qsrTn5zBH/gfP4AWYuYNA==</latexit>

0
<latexit sha1_base64="D+W4ZE0Bq5YzWmdf0EQrwDBH97U=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwiZBdwuxkNhkyj2XmrhiWdP6CrfZ2YuuP2PolTpItNPHAhcM593IuJ04Ft+D7X15pZXVtfaO8Wdna3tndq+4ftK3ODGUtqoU29zGxTHDFWsBBsPvUMCJjwTrx6Hrqdx6YsVyrOxinLJJkoHjCKQEndUNgj5CHceJPetWaX/dnwMskKEgNFWj2qt9hX9NMMgVUEGu7gZ9ClBMDnAo2qYSZZSmhIzJgXUcVkcxG+ezlCT5xSh8n2rhRgGfq74ucSGvHMnabksDQLnpT8V8vlgvJkFxGOVdpBkzReXCSCQwaT/vAfW4YBTF2hFDD3e+YDokhFFxrFVdKsFjBMmmf1QO/Htye1xpXRT1ldISO0SkK0AVqoBvURC1EkUbP6AW9ek/em/fufcxXS15xc4j+wPv8AeYsl/s=</latexit><latexit sha1_base64="D+W4ZE0Bq5YzWmdf0EQrwDBH97U=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwiZBdwuxkNhkyj2XmrhiWdP6CrfZ2YuuP2PolTpItNPHAhcM593IuJ04Ft+D7X15pZXVtfaO8Wdna3tndq+4ftK3ODGUtqoU29zGxTHDFWsBBsPvUMCJjwTrx6Hrqdx6YsVyrOxinLJJkoHjCKQEndUNgj5CHceJPetWaX/dnwMskKEgNFWj2qt9hX9NMMgVUEGu7gZ9ClBMDnAo2qYSZZSmhIzJgXUcVkcxG+ezlCT5xSh8n2rhRgGfq74ucSGvHMnabksDQLnpT8V8vlgvJkFxGOVdpBkzReXCSCQwaT/vAfW4YBTF2hFDD3e+YDokhFFxrFVdKsFjBMmmf1QO/Htye1xpXRT1ldISO0SkK0AVqoBvURC1EkUbP6AW9ek/em/fufcxXS15xc4j+wPv8AeYsl/s=</latexit><latexit sha1_base64="D+W4ZE0Bq5YzWmdf0EQrwDBH97U=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwiZBdwuxkNhkyj2XmrhiWdP6CrfZ2YuuP2PolTpItNPHAhcM593IuJ04Ft+D7X15pZXVtfaO8Wdna3tndq+4ftK3ODGUtqoU29zGxTHDFWsBBsPvUMCJjwTrx6Hrqdx6YsVyrOxinLJJkoHjCKQEndUNgj5CHceJPetWaX/dnwMskKEgNFWj2qt9hX9NMMgVUEGu7gZ9ClBMDnAo2qYSZZSmhIzJgXUcVkcxG+ezlCT5xSh8n2rhRgGfq74ucSGvHMnabksDQLnpT8V8vlgvJkFxGOVdpBkzReXCSCQwaT/vAfW4YBTF2hFDD3e+YDokhFFxrFVdKsFjBMmmf1QO/Htye1xpXRT1ldISO0SkK0AVqoBvURC1EkUbP6AW9ek/em/fufcxXS15xc4j+wPv8AeYsl/s=</latexit><latexit sha1_base64="D+W4ZE0Bq5YzWmdf0EQrwDBH97U=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwiZBdwuxkNhkyj2XmrhiWdP6CrfZ2YuuP2PolTpItNPHAhcM593IuJ04Ft+D7X15pZXVtfaO8Wdna3tndq+4ftK3ODGUtqoU29zGxTHDFWsBBsPvUMCJjwTrx6Hrqdx6YsVyrOxinLJJkoHjCKQEndUNgj5CHceJPetWaX/dnwMskKEgNFWj2qt9hX9NMMgVUEGu7gZ9ClBMDnAo2qYSZZSmhIzJgXUcVkcxG+ezlCT5xSh8n2rhRgGfq74ucSGvHMnabksDQLnpT8V8vlgvJkFxGOVdpBkzReXCSCQwaT/vAfW4YBTF2hFDD3e+YDokhFFxrFVdKsFjBMmmf1QO/Htye1xpXRT1ldISO0SkK0AVqoBvURC1EkUbP6AW9ek/em/fufcxXS15xc4j+wPv8AeYsl/s=</latexit>
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a puzzle …



anomalous  
magnetic moments

to date: about 60 BSM models can explain the data

All but two treat electrons and muons differently
i.e. lepton universality manifestly broken

what’s the new physics?



    universality class of any weakly coupled 4D 
critical point contains non-abelian gauge fields

“any QFT under pert. control in the deep UV or IR 
asymptotes to a conformal field theory”    

    any weakly-coupled 4D conformal field theory 
contains gauge degrees of freedom

Polchinski ’88
Luty, Polchinski, Rattazzi, ‘12

new vector-like BSM fermions + scalars
new Yukawas + portal interactions

BSM matter SM matter

lepton universality intact

Yukawas explain AMMs

thinking BSM



    universality class of any weakly coupled 4D 
critical point contains non-abelian gauge fields

“any QFT under pert. control in the deep UV or IR 
asymptotes to a conformal field theory”    

    any weakly-coupled 4D conformal field theory 
contains gauge degrees of freedom

Polchinski ’88
Luty, Polchinski, Rattazzi, ‘12

BSM Yukawas can explain
anomalous magnetic moments

feature: 

new vector-like BSM fermions + scalars
new Yukawas + portal interactions

thinking BSM



    universality class of any weakly coupled 4D 
critical point contains non-abelian gauge fields

“any QFT under pert. control in the deep UV or IR 
asymptotes to a conformal field theory”    

    any weakly-coupled 4D conformal field theory 
contains gauge degrees of freedom

Polchinski ’88
Luty, Polchinski, Rattazzi, ‘12

“chirally 
   enhanced”“minimal”

new vector-like BSM fermions + scalars
new Yukawas + portal interactions

``

�

 i i

S`i
0 0

``

�

 ` `

h s``
 0

�

⇠ (me/mµ)
<latexit sha1_base64="aDv9OzuszLU0dc85DdMkf3vAPAA=">AAACCXicbVDLSsNAFL2pr1pfUZduBotQNzURQZdFNy4r2Ac0IUymk3boTBJmJoUS+gX+glvduxO3foVbv8Rpm4W2HrhwOOdezuWEKWdKO86XVVpb39jcKm9Xdnb39g/sw6O2SjJJaIskPJHdECvKWUxbmmlOu6mkWIScdsLR3czvjKlULIkf9SSlvsCDmEWMYG2kwLY9xQSqiYBeiMAT2XlgV526MwdaJW5BqlCgGdjfXj8hmaCxJhwr1XOdVPs5lpoRTqcVL1M0xWSEB7RnaIwFVX4+/3yKzozSR1EizcQazdXfFzkWSk1EaDYF1kO17M3Ef71QLCXr6MbPWZxmmsZkERxlHOkEzWpBfSYp0XxiCCaSmd8RGWKJiTblVUwp7nIFq6R9WXeduvtwVW3cFvWU4QROoQYuXEMD7qEJLSAwhmd4gVfryXqz3q2PxWrJKm6O4Q+szx/eQZlx</latexit><latexit sha1_base64="aDv9OzuszLU0dc85DdMkf3vAPAA=">AAACCXicbVDLSsNAFL2pr1pfUZduBotQNzURQZdFNy4r2Ac0IUymk3boTBJmJoUS+gX+glvduxO3foVbv8Rpm4W2HrhwOOdezuWEKWdKO86XVVpb39jcKm9Xdnb39g/sw6O2SjJJaIskPJHdECvKWUxbmmlOu6mkWIScdsLR3czvjKlULIkf9SSlvsCDmEWMYG2kwLY9xQSqiYBeiMAT2XlgV526MwdaJW5BqlCgGdjfXj8hmaCxJhwr1XOdVPs5lpoRTqcVL1M0xWSEB7RnaIwFVX4+/3yKzozSR1EizcQazdXfFzkWSk1EaDYF1kO17M3Ef71QLCXr6MbPWZxmmsZkERxlHOkEzWpBfSYp0XxiCCaSmd8RGWKJiTblVUwp7nIFq6R9WXeduvtwVW3cFvWU4QROoQYuXEMD7qEJLSAwhmd4gVfryXqz3q2PxWrJKm6O4Q+szx/eQZlx</latexit><latexit sha1_base64="aDv9OzuszLU0dc85DdMkf3vAPAA=">AAACCXicbVDLSsNAFL2pr1pfUZduBotQNzURQZdFNy4r2Ac0IUymk3boTBJmJoUS+gX+glvduxO3foVbv8Rpm4W2HrhwOOdezuWEKWdKO86XVVpb39jcKm9Xdnb39g/sw6O2SjJJaIskPJHdECvKWUxbmmlOu6mkWIScdsLR3czvjKlULIkf9SSlvsCDmEWMYG2kwLY9xQSqiYBeiMAT2XlgV526MwdaJW5BqlCgGdjfXj8hmaCxJhwr1XOdVPs5lpoRTqcVL1M0xWSEB7RnaIwFVX4+/3yKzozSR1EizcQazdXfFzkWSk1EaDYF1kO17M3Ef71QLCXr6MbPWZxmmsZkERxlHOkEzWpBfSYp0XxiCCaSmd8RGWKJiTblVUwp7nIFq6R9WXeduvtwVW3cFvWU4QROoQYuXEMD7qEJLSAwhmd4gVfryXqz3q2PxWrJKm6O4Q+szx/eQZlx</latexit><latexit sha1_base64="aDv9OzuszLU0dc85DdMkf3vAPAA=">AAACCXicbVDLSsNAFL2pr1pfUZduBotQNzURQZdFNy4r2Ac0IUymk3boTBJmJoUS+gX+glvduxO3foVbv8Rpm4W2HrhwOOdezuWEKWdKO86XVVpb39jcKm9Xdnb39g/sw6O2SjJJaIskPJHdECvKWUxbmmlOu6mkWIScdsLR3czvjKlULIkf9SSlvsCDmEWMYG2kwLY9xQSqiYBeiMAT2XlgV526MwdaJW5BqlCgGdjfXj8hmaCxJhwr1XOdVPs5lpoRTqcVL1M0xWSEB7RnaIwFVX4+/3yKzozSR1EizcQazdXfFzkWSk1EaDYF1kO17M3Ef71QLCXr6MbPWZxmmsZkERxlHOkEzWpBfSYp0XxiCCaSmd8RGWKJiTblVUwp7nIFq6R9WXeduvtwVW3cFvWU4QROoQYuXEMD7qEJLSAwhmd4gVfryXqz3q2PxWrJKm6O4Q+szx/eQZlx</latexit>

⇠ (me/mµ)
2

<latexit sha1_base64="ce5oEXLkOs6pIYuBHDppFCQ3Qnc=">AAACC3icbVDLSsNAFL3xWesr1qWbwSLUTU2KoMuiG5cV7AOaGCbTSTt0JgkzE7GUfoK/4Fb37sStH+HWL3HaZqGtBy4czrmXczlhypnSjvNlrayurW9sFraK2zu7e/v2QamlkkwS2iQJT2QnxIpyFtOmZprTTiopFiGn7XB4PfXbD1QqlsR3epRSX+B+zCJGsDZSYJc8xQSqiICeicAT2el9LbDLTtWZAS0TNydlyNEI7G+vl5BM0FgTjpXquk6q/TGWmhFOJ0UvUzTFZIj7tGtojAVV/nj2+wSdGKWHokSaiTWaqb8vxlgoNRKh2RRYD9SiNxX/9UKxkKyjS3/M4jTTNCbz4CjjSCdoWgzqMUmJ5iNDMJHM/I7IAEtMtKmvaEpxFytYJq1a1XWq7u15uX6V11OAIziGCrhwAXW4gQY0gcAjPMMLvFpP1pv1bn3MV1es/OYQ/sD6/AEXYZoV</latexit><latexit sha1_base64="ce5oEXLkOs6pIYuBHDppFCQ3Qnc=">AAACC3icbVDLSsNAFL3xWesr1qWbwSLUTU2KoMuiG5cV7AOaGCbTSTt0JgkzE7GUfoK/4Fb37sStH+HWL3HaZqGtBy4czrmXczlhypnSjvNlrayurW9sFraK2zu7e/v2QamlkkwS2iQJT2QnxIpyFtOmZprTTiopFiGn7XB4PfXbD1QqlsR3epRSX+B+zCJGsDZSYJc8xQSqiICeicAT2el9LbDLTtWZAS0TNydlyNEI7G+vl5BM0FgTjpXquk6q/TGWmhFOJ0UvUzTFZIj7tGtojAVV/nj2+wSdGKWHokSaiTWaqb8vxlgoNRKh2RRYD9SiNxX/9UKxkKyjS3/M4jTTNCbz4CjjSCdoWgzqMUmJ5iNDMJHM/I7IAEtMtKmvaEpxFytYJq1a1XWq7u15uX6V11OAIziGCrhwAXW4gQY0gcAjPMMLvFpP1pv1bn3MV1es/OYQ/sD6/AEXYZoV</latexit><latexit sha1_base64="ce5oEXLkOs6pIYuBHDppFCQ3Qnc=">AAACC3icbVDLSsNAFL3xWesr1qWbwSLUTU2KoMuiG5cV7AOaGCbTSTt0JgkzE7GUfoK/4Fb37sStH+HWL3HaZqGtBy4czrmXczlhypnSjvNlrayurW9sFraK2zu7e/v2QamlkkwS2iQJT2QnxIpyFtOmZprTTiopFiGn7XB4PfXbD1QqlsR3epRSX+B+zCJGsDZSYJc8xQSqiICeicAT2el9LbDLTtWZAS0TNydlyNEI7G+vl5BM0FgTjpXquk6q/TGWmhFOJ0UvUzTFZIj7tGtojAVV/nj2+wSdGKWHokSaiTWaqb8vxlgoNRKh2RRYD9SiNxX/9UKxkKyjS3/M4jTTNCbz4CjjSCdoWgzqMUmJ5iNDMJHM/I7IAEtMtKmvaEpxFytYJq1a1XWq7u15uX6V11OAIziGCrhwAXW4gQY0gcAjPMMLvFpP1pv1bn3MV1es/OYQ/sD6/AEXYZoV</latexit><latexit sha1_base64="ce5oEXLkOs6pIYuBHDppFCQ3Qnc=">AAACC3icbVDLSsNAFL3xWesr1qWbwSLUTU2KoMuiG5cV7AOaGCbTSTt0JgkzE7GUfoK/4Fb37sStH+HWL3HaZqGtBy4czrmXczlhypnSjvNlrayurW9sFraK2zu7e/v2QamlkkwS2iQJT2QnxIpyFtOmZprTTiopFiGn7XB4PfXbD1QqlsR3epRSX+B+zCJGsDZSYJc8xQSqiICeicAT2el9LbDLTtWZAS0TNydlyNEI7G+vl5BM0FgTjpXquk6q/TGWmhFOJ0UvUzTFZIj7tGtojAVV/nj2+wSdGKWHokSaiTWaqb8vxlgoNRKh2RRYD9SiNxX/9UKxkKyjS3/M4jTTNCbz4CjjSCdoWgzqMUmJ5iNDMJHM/I7IAEtMtKmvaEpxFytYJq1a1XWq7u15uX6V11OAIziGCrhwAXW4gQY0gcAjPMMLvFpP1pv1bn3MV1es/OYQ/sD6/AEXYZoV</latexit>

thinking BSM



�6 �4 �2 0 2 4 6
�aµ · 109

�2

�1

0

1

2

�
a e

·1
012 (me/mµ)2

me/mµ

of
fs

et

minimal

chiral enhancement 

not accessible

natural explanation for both AMMs

thinking BSM



constraints

thinking BSM



AMMs
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thinking BSM

vacuum stability
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new multilepton signatures



pair production



new multilepton signatures

”unusual” decay patterns

allows SM null tests



Multi leptons



multilepton signatures

Run2



phase space



LT distribution



multilepton signatures

Run2



multilepton signatures

HL-LHC



m_3L



new model building ideas

stability
predictivity

interesting signatures at colliders

SM null tests, and more!

Conclusions




