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<latexit sha1_base64="f/iArpD6lWY5gzeAwwCbf7VeWEg="></latexit>

LY = →q̄iLY
ij
u uj

R!̃→ q̄iLY
ij
d djR!→ ω̄iLY

ij
e ejR!+ h.c.

3



Dimension-6 SMEFT

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Observational input: CKM alignment and mass hierarchies 

•  NP shouldn’t excessively violate flavor symmetries𝒪(TeV)
Physics Briefing Book [1910.11775]

Approximate flavor symmetries

• Starting point of our analysis 

<latexit sha1_base64="1CbCahYtuoWPDHB0lLVlnqVsSaE=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyURX8uiGxcuKtgHNCFMppN26GQSZiZCDf0SNy4UceunuPNvnLRZaOuBgcM593LPnCDhTGnb/rZKK6tr6xvlzcrW9s5utba331FxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuML7J/e4jlYrF4kFPEupFeChYyAjWRvJrVTfCekQwR3e+myjm1+p2w54BLROnIHUo0PJrX+4gJmlEhSYcK9V37ER7GZaaEU6nFTdVNMFkjIe0b6jAEVVeNgs+RcdGGaAwluYJjWbq740MR0pNosBM5jHVopeL/3n9VIdXXsZEkmoqyPxQmHKkY5S3gAZMUqL5xBBMJDNZERlhiYk2XVVMCc7il5dJ57ThXDTO78/qzeuijjIcwhGcgAOX0IRbaEEbCKTwDK/wZj1ZL9a79TEfLVnFzgH8gfX5A20EkvQ=</latexit>

Lω
<latexit sha1_base64="Ct1+rPdZVy3krKILeNt0p5lOuCE=">AAACLXicbVBNTwIxEO3iF+LXqkcvjcQEL2RXRb2YEPXgERMXSAA33e4ADd0P264JIfwhL/4VY+IBY7z6NywLBwQnafrem5nMzPNizqSyrJGRWVpeWV3Lruc2Nre2d8zdvaqMEkHBoRGPRN0jEjgLwVFMcajHAkjgcah5vZtxvvYMQrIofFD9GFoB6YSszShRWnLNW6dwevxYuhp/7lNTsQAkTkkTOJ/lySzxZwm4Zt4qWmngRWBPQR5No+Ka700/okkAoaKcSNmwrVi1BkQoRjkMc81EQkxoj3SgoWFI9KzWIL12iI+04uN2JPQLFU7V2Y4BCaTsB56uDIjqyvncWPwv10hU+7I1YGGcKAjpZFA74VhFeGwd9pkAqnhfA0IF07ti2iWCUKUNzmkT7PmTF0H1pGifF0v3Z/ny9dSOLDpAh6iAbHSByugOVZCDKHpBb2iEPo1X48P4Mr4npRlj2rOP/oTx8wvFqKTe</latexit>

U(3)5 = U(3)q → U(3)ω → U(3)u → U(3)d → U(3)e

<latexit sha1_base64="xYI/DoSWozP+fXVYCSxfT7KP6f8=">AAACBXicbVDLSsNAFL2pr1pfUZe6GCyCIJREfC2Lbly4qGAf0oYwmU7aoZMHMxOhhG7c+CtuXCji1n9w5984abOorQcGzpxzL/fe48WcSWVZP0ZhYXFpeaW4Wlpb39jcMrd3GjJKBKF1EvFItDwsKWchrSumOG3FguLA47TpDa4zv/lIhWRReK+GMXUC3AuZzwhWWnLN/U6AVZ9gjm7dTizZ8dT/wTXLVsUaA80TOydlyFFzze9ONyJJQENFOJaybVuxclIsFCOcjkqdRNIYkwHu0bamIQ6odNLxFSN0qJUu8iOhX6jQWJ3uSHEg5TDwdGW2o5z1MvE/r50o/9JJWRgnioZkMshPOFIRyiJBXSYoUXyoCSaC6V0R6WOBidLBlXQI9uzJ86RxUrHPK2d3p+XqVR5HEfbgAI7Ahguowg3UoA4EnuAF3uDdeDZejQ/jc1JaMPKeXfgD4+sXjzyX+w==</latexit>

Lω + LY
<latexit sha1_base64="WUv+e+r+q4FhepykaWF2pgphlec=">AAACG3icbVDLSgMxFM34rPU16tJNsAh1U2aKr2WpG5cV7APaMmTSTBuayQzJHaEM/Q83/oobF4q4Elz4N6btLPrwQOCcc+/l5h4/FlyD4/xaa+sbm1vbuZ387t7+waF9dNzQUaIoq9NIRKrlE80El6wOHARrxYqR0Bes6Q/vJvXmE1OaR/IRRjHrhqQvecApAWN5drledC+8agd4yDSeCjYvOmGyIIEknl1wSs4UeJW4GSmgDDXP/u70IpqETAIVROu268TQTYkCTgUb5zuJZjGhQ9JnbUMlMeu66fS2MT43Tg8HkTJPAp668xMpCbUehb7pDAkM9HJtYv5XaycQ3HZTLuMEmKSzRUEiMER4EhTuccUoiJEhhCpu/orpgChCwcSZNyG4yyevkka55F6Xrh4uC5VqFkcOnaIzVEQuukEVdI9qqI4oekav6B19WC/Wm/Vpfc1a16xs5gQtwPr5A+kbnuY=</latexit>

U(1)B → U(1)e → U(1)µ → U(1)ω

<latexit sha1_base64="f/iArpD6lWY5gzeAwwCbf7VeWEg="></latexit>

LY = →q̄iLY
ij
u uj

R!̃→ q̄iLY
ij
d djR!→ ω̄iLY

ij
e ejR!+ h.c.

3



Flavor structure of the SMEFT



Flavor symmetries in SMEFT

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Analysis of the  subgroupsU(3)5

4

<latexit sha1_base64="1CbCahYtuoWPDHB0lLVlnqVsSaE=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyURX8uiGxcuKtgHNCFMppN26GQSZiZCDf0SNy4UceunuPNvnLRZaOuBgcM593LPnCDhTGnb/rZKK6tr6xvlzcrW9s5utba331FxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuML7J/e4jlYrF4kFPEupFeChYyAjWRvJrVTfCekQwR3e+myjm1+p2w54BLROnIHUo0PJrX+4gJmlEhSYcK9V37ER7GZaaEU6nFTdVNMFkjIe0b6jAEVVeNgs+RcdGGaAwluYJjWbq740MR0pNosBM5jHVopeL/3n9VIdXXsZEkmoqyPxQmHKkY5S3gAZMUqL5xBBMJDNZERlhiYk2XVVMCc7il5dJ57ThXDTO78/qzeuijjIcwhGcgAOX0IRbaEEbCKTwDK/wZj1ZL9a79TEfLVnFzgH8gfX5A20EkvQ=</latexit>

Lω
<latexit sha1_base64="PVX/ctw4HdM7nquqqwQzfdjyUpc=">AAACLXicbVBNTwIxEO3iF+LXqkcvjcQEL2RXRb2YEPXgERMXSAA33e4ADd0P264JIfwhL/4VY+IBY7z6NywLBwQnafrem5nMzPNizqSyrJGRWVpeWV3Lruc2Nre2d8zdvaqMEkHBoRGPRN0jEjgLwVFMcajHAkjgcah5vZtxvvYMQrIofFD9GFoB6YSszShRWnLNW6dwevxYuhp/7lNTsQAkTkkyS/xZ0gTOZzm4Zt4qWmngRWBPQR5No+Ka700/okkAoaKcSNmwrVi1BkQoRjkMc81EQkxoj3SgoWFI9KzWIL12iI+04uN2JPQLFU7V2Y4BCaTsB56uDIjqyvncWPwv10hU+7I1YGGcKAjpZFA74VhFeGwd9pkAqnhfA0IF07ti2iWCUKUNzmkT7PmTF0H1pGifF0v3Z/ny9dSOLDpAh6iAbHSByugOVZCDKHpBb2iEPo1X48P4Mr4npRlj2rOP/oTx8wvAsqTe</latexit>

U(3)5 = U(3)q → U(3)u → U(3)d → U(3)ω → U(3)e



Flavor symmetries in SMEFT

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Analysis of the  subgroupsU(3)5

<latexit sha1_base64="1CbCahYtuoWPDHB0lLVlnqVsSaE=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyURX8uiGxcuKtgHNCFMppN26GQSZiZCDf0SNy4UceunuPNvnLRZaOuBgcM593LPnCDhTGnb/rZKK6tr6xvlzcrW9s5utba331FxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuML7J/e4jlYrF4kFPEupFeChYyAjWRvJrVTfCekQwR3e+myjm1+p2w54BLROnIHUo0PJrX+4gJmlEhSYcK9V37ER7GZaaEU6nFTdVNMFkjIe0b6jAEVVeNgs+RcdGGaAwluYJjWbq740MR0pNosBM5jHVopeL/3n9VIdXXsZEkmoqyPxQmHKkY5S3gAZMUqL5xBBMJDNZERlhiYk2XVVMCc7il5dJ57ThXDTO78/qzeuijjIcwhGcgAOX0IRbaEEbCKTwDK/wZj1ZL9a79TEfLVnFzgH8gfX5A20EkvQ=</latexit>

Lω
<latexit sha1_base64="PVX/ctw4HdM7nquqqwQzfdjyUpc=">AAACLXicbVBNTwIxEO3iF+LXqkcvjcQEL2RXRb2YEPXgERMXSAA33e4ADd0P264JIfwhL/4VY+IBY7z6NywLBwQnafrem5nMzPNizqSyrJGRWVpeWV3Lruc2Nre2d8zdvaqMEkHBoRGPRN0jEjgLwVFMcajHAkjgcah5vZtxvvYMQrIofFD9GFoB6YSszShRWnLNW6dwevxYuhp/7lNTsQAkTkkyS/xZ0gTOZzm4Zt4qWmngRWBPQR5No+Ka700/okkAoaKcSNmwrVi1BkQoRjkMc81EQkxoj3SgoWFI9KzWIL12iI+04uN2JPQLFU7V2Y4BCaTsB56uDIjqyvncWPwv10hU+7I1YGGcKAjpZFA74VhFeGwd9pkAqnhfA0IF07ti2iWCUKUNzmkT7PmTF0H1pGifF0v3Z/ny9dSOLDpAh6iAbHSByugOVZCDKHpBb2iEPo1X48P4Mr4npRlj2rOP/oTx8wvAsqTe</latexit>

U(3)5 = U(3)q → U(3)u → U(3)d → U(3)ω → U(3)e

4



Flavor symmetries in SMEFT

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Analysis of the  subgroupsU(3)5

<latexit sha1_base64="1CbCahYtuoWPDHB0lLVlnqVsSaE=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyURX8uiGxcuKtgHNCFMppN26GQSZiZCDf0SNy4UceunuPNvnLRZaOuBgcM593LPnCDhTGnb/rZKK6tr6xvlzcrW9s5utba331FxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuML7J/e4jlYrF4kFPEupFeChYyAjWRvJrVTfCekQwR3e+myjm1+p2w54BLROnIHUo0PJrX+4gJmlEhSYcK9V37ER7GZaaEU6nFTdVNMFkjIe0b6jAEVVeNgs+RcdGGaAwluYJjWbq740MR0pNosBM5jHVopeL/3n9VIdXXsZEkmoqyPxQmHKkY5S3gAZMUqL5xBBMJDNZERlhiYk2XVVMCc7il5dJ57ThXDTO78/qzeuijjIcwhGcgAOX0IRbaEEbCKTwDK/wZj1ZL9a79TEfLVnFzgH8gfX5A20EkvQ=</latexit>

Lω
<latexit sha1_base64="PVX/ctw4HdM7nquqqwQzfdjyUpc=">AAACLXicbVBNTwIxEO3iF+LXqkcvjcQEL2RXRb2YEPXgERMXSAA33e4ADd0P264JIfwhL/4VY+IBY7z6NywLBwQnafrem5nMzPNizqSyrJGRWVpeWV3Lruc2Nre2d8zdvaqMEkHBoRGPRN0jEjgLwVFMcajHAkjgcah5vZtxvvYMQrIofFD9GFoB6YSszShRWnLNW6dwevxYuhp/7lNTsQAkTkkyS/xZ0gTOZzm4Zt4qWmngRWBPQR5No+Ka700/okkAoaKcSNmwrVi1BkQoRjkMc81EQkxoj3SgoWFI9KzWIL12iI+04uN2JPQLFU7V2Y4BCaTsB56uDIjqyvncWPwv10hU+7I1YGGcKAjpZFA74VhFeGwd9pkAqnhfA0IF07ti2iWCUKUNzmkT7PmTF0H1pGifF0v3Z/ny9dSOLDpAh6iAbHSByugOVZCDKHpBb2iEPo1X48P4Mr4npRlj2rOP/oTx8wvAsqTe</latexit>

U(3)5 = U(3)q → U(3)u → U(3)d → U(3)ω → U(3)e

<latexit sha1_base64="RvR7VrocnLCGIP9JCwPX9FJo3fE=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMS8bUsunHhooJ9QBPDZDpph04ezkyEEgr+ihsXirj1O9z5N07aLrT1wMDhnHu5Z46fcCaVZX0bhYXFpeWV4mppbX1jc8vc3mnKOBWENkjMY9H2saScRbShmOK0nQiKQ5/Tlj+4yv3WIxWSxdGdGibUDXEvYgEjWGnJM/ecEKs+wRzd3GeVh6OR5ySSeWbZqlpjoHliT0kZpqh75pfTjUka0kgRjqXs2Fai3AwLxQino5KTSppgMsA92tE0wiGVbjaOP0KHWumiIBb6RQqN1d8bGQ6lHIa+nszDylkvF//zOqkKLtyMRUmqaEQmh4KUIxWjvAvUZYISxYeaYCKYzopIHwtMlG6spEuwZ788T5rHVfusenp7Uq5dTusowj4cQAVsOIcaXEMdGkAgg2d4hTfjyXgx3o2PyWjBmO7swh8Ynz+eAZVI</latexit>

L(q)
ω

<latexit sha1_base64="FoPKOV1qu4ppIVd9KYwyY1HBGoU=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYk4mtZdOPCRQX7gCaGyfSmHTp5MDMRSqgbf8WNC0Xc+hfu/BsnbRfaeuDC4Zx7ufceP+FMKsv6NgoLi0vLK8XV0tr6xuaWub3TlHEqKDRozGPR9okEziJoKKY4tBMBJPQ5tPzBVe63HkBIFkd3apiAG5JexAJGidKSZ+45IVF9Sji+uc8qDnB+NPKcRDLPLFtVaww8T+wpKaMp6p755XRjmoYQKcqJlB3bSpSbEaEY5TAqOamEhNAB6UFH04iEIN1s/MEIH2qli4NY6IoUHqu/JzISSjkMfd2Z3ytnvVz8z+ukKrhwMxYlqYKIThYFKccqxnkcuMsEUMWHmhAqmL4V0z4RhCodWkmHYM++PE+ax1X7rHp6e1KuXU7jKKJ9dIAqyEbnqIauUR01EEWP6Bm9ojfjyXgx3o2PSWvBmM7soj8wPn8A5pGWjg==</latexit>

L(ω)
ε

<latexit sha1_base64="fK9nVlPgKkN0+Y0po7KQfDJvWuQ=">AAACKHicbZBbSwJBFMdn7WZ22+qxlyEJFER2tdtbUi89WrQqeFlmx1kdnL0wMxvI4sfppa/SS0QRvvZJmlWT0g4M/Pn9z+HM+Tsho0IaxlhLrayurW+kNzNb2zu7e/r+QU0EEcfEwgELeMNBgjDqE0tSyUgj5AR5DiN1Z3CT+PVHwgUN/Ac5DEnbQz2fuhQjqZCtX1m5cr5TLrQKVq6U75RaknpEwITa3R9anlMzb8eOfT+aO7aeNYrGpOCyMGciC2ZVtfW3VjfAkUd8iRkSomkaoWzHiEuKGRllWpEgIcID1CNNJX2kFrfjyaEjeKJIF7oBV8+XcEJ/T8TIE2LoOarTQ7IvFr0E/uc1I+letmPqh5EkPp4uciMGZQCT1GCXcoIlGyqBMKfqrxD3EUdYqmwzKgRz8eRlUSsVzfPi2d1ptnI9iyMNjsAxyAETXIAKuAVVYAEMnsALeAcf2rP2qn1q42lrSpvNHII/pX19A9vwoQQ=</latexit>

U(3)3, U(2)2 → U(3)d, U(2)3 → U(1)bR , U(2)3

<latexit sha1_base64="rNM10ls3rY8bayVuAoPCD3+ZTSc=">AAACMnicbZDLSsNAFIYnXmu9RV26GSxChVKSVKvLohvdVTBtoUnDZDpph04uzEyEUvpMbnwSwYUuFHHrQzi9obb+MPDxn3OYc34/YVRIw3jRlpZXVtfWMxvZza3tnV19b78m4pRjYuOYxbzhI0EYjYgtqWSkkXCCQp+Rut+7GtXr94QLGkd3sp8QN0SdiAYUI6ksT7+x86WTllVwCiPwamOwfqBlOZKGREA7b876rBkopzyDkqfnjKIxFlwEcwo5MFXV05+cdozTkEQSMyRE0zQS6Q4QlxQzMsw6qSAJwj3UIU2FEVJruIPxyUN4rJw2DGKuXiTh2P09MUChEP3QV50hkl0xXxuZ/9WaqQwu3AGNklSSCE8+ClIGZQxH+cE25QRL1leAMKdqV4i7iCMsVcpZFYI5f/Ii1KyiWS6e3Z7mKpfTODLgEByBPDDBOaiAa1AFNsDgATyDN/CuPWqv2of2OWld0qYzB+CPtK9vpICh8w==</latexit>

U(3)2, U(3)V , U(2)V , U(2)2 → U(1)2, U(2)2, U(1)6, U(1)3

4



Flavor symmetries in SMEFT

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Analysis of the  subgroupsU(3)5

28 possible combinations
Greljo, AP, Thomsen [2203.09561]

<latexit sha1_base64="1CbCahYtuoWPDHB0lLVlnqVsSaE=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyURX8uiGxcuKtgHNCFMppN26GQSZiZCDf0SNy4UceunuPNvnLRZaOuBgcM593LPnCDhTGnb/rZKK6tr6xvlzcrW9s5utba331FxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuML7J/e4jlYrF4kFPEupFeChYyAjWRvJrVTfCekQwR3e+myjm1+p2w54BLROnIHUo0PJrX+4gJmlEhSYcK9V37ER7GZaaEU6nFTdVNMFkjIe0b6jAEVVeNgs+RcdGGaAwluYJjWbq740MR0pNosBM5jHVopeL/3n9VIdXXsZEkmoqyPxQmHKkY5S3gAZMUqL5xBBMJDNZERlhiYk2XVVMCc7il5dJ57ThXDTO78/qzeuijjIcwhGcgAOX0IRbaEEbCKTwDK/wZj1ZL9a79TEfLVnFzgH8gfX5A20EkvQ=</latexit>

Lω
<latexit sha1_base64="PVX/ctw4HdM7nquqqwQzfdjyUpc=">AAACLXicbVBNTwIxEO3iF+LXqkcvjcQEL2RXRb2YEPXgERMXSAA33e4ADd0P264JIfwhL/4VY+IBY7z6NywLBwQnafrem5nMzPNizqSyrJGRWVpeWV3Lruc2Nre2d8zdvaqMEkHBoRGPRN0jEjgLwVFMcajHAkjgcah5vZtxvvYMQrIofFD9GFoB6YSszShRWnLNW6dwevxYuhp/7lNTsQAkTkkyS/xZ0gTOZzm4Zt4qWmngRWBPQR5No+Ka700/okkAoaKcSNmwrVi1BkQoRjkMc81EQkxoj3SgoWFI9KzWIL12iI+04uN2JPQLFU7V2Y4BCaTsB56uDIjqyvncWPwv10hU+7I1YGGcKAjpZFA74VhFeGwd9pkAqnhfA0IF07ti2iWCUKUNzmkT7PmTF0H1pGifF0v3Z/ny9dSOLDpAh6iAbHSByugOVZCDKHpBb2iEPo1X48P4Mr4npRlj2rOP/oTx8wvAsqTe</latexit>

U(3)5 = U(3)q → U(3)u → U(3)d → U(3)ω → U(3)e

<latexit sha1_base64="RvR7VrocnLCGIP9JCwPX9FJo3fE=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMS8bUsunHhooJ9QBPDZDpph04ezkyEEgr+ihsXirj1O9z5N07aLrT1wMDhnHu5Z46fcCaVZX0bhYXFpeWV4mppbX1jc8vc3mnKOBWENkjMY9H2saScRbShmOK0nQiKQ5/Tlj+4yv3WIxWSxdGdGibUDXEvYgEjWGnJM/ecEKs+wRzd3GeVh6OR5ySSeWbZqlpjoHliT0kZpqh75pfTjUka0kgRjqXs2Fai3AwLxQino5KTSppgMsA92tE0wiGVbjaOP0KHWumiIBb6RQqN1d8bGQ6lHIa+nszDylkvF//zOqkKLtyMRUmqaEQmh4KUIxWjvAvUZYISxYeaYCKYzopIHwtMlG6spEuwZ788T5rHVfusenp7Uq5dTusowj4cQAVsOIcaXEMdGkAgg2d4hTfjyXgx3o2PyWjBmO7swh8Ynz+eAZVI</latexit>

L(q)
ω

<latexit sha1_base64="FoPKOV1qu4ppIVd9KYwyY1HBGoU=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYk4mtZdOPCRQX7gCaGyfSmHTp5MDMRSqgbf8WNC0Xc+hfu/BsnbRfaeuDC4Zx7ufceP+FMKsv6NgoLi0vLK8XV0tr6xuaWub3TlHEqKDRozGPR9okEziJoKKY4tBMBJPQ5tPzBVe63HkBIFkd3apiAG5JexAJGidKSZ+45IVF9Sji+uc8qDnB+NPKcRDLPLFtVaww8T+wpKaMp6p755XRjmoYQKcqJlB3bSpSbEaEY5TAqOamEhNAB6UFH04iEIN1s/MEIH2qli4NY6IoUHqu/JzISSjkMfd2Z3ytnvVz8z+ukKrhwMxYlqYKIThYFKccqxnkcuMsEUMWHmhAqmL4V0z4RhCodWkmHYM++PE+ax1X7rHp6e1KuXU7jKKJ9dIAqyEbnqIauUR01EEWP6Bm9ojfjyXgx3o2PSWvBmM7soj8wPn8A5pGWjg==</latexit>

L(ω)
ε

<latexit sha1_base64="fK9nVlPgKkN0+Y0po7KQfDJvWuQ=">AAACKHicbZBbSwJBFMdn7WZ22+qxlyEJFER2tdtbUi89WrQqeFlmx1kdnL0wMxvI4sfppa/SS0QRvvZJmlWT0g4M/Pn9z+HM+Tsho0IaxlhLrayurW+kNzNb2zu7e/r+QU0EEcfEwgELeMNBgjDqE0tSyUgj5AR5DiN1Z3CT+PVHwgUN/Ac5DEnbQz2fuhQjqZCtX1m5cr5TLrQKVq6U75RaknpEwITa3R9anlMzb8eOfT+aO7aeNYrGpOCyMGciC2ZVtfW3VjfAkUd8iRkSomkaoWzHiEuKGRllWpEgIcID1CNNJX2kFrfjyaEjeKJIF7oBV8+XcEJ/T8TIE2LoOarTQ7IvFr0E/uc1I+letmPqh5EkPp4uciMGZQCT1GCXcoIlGyqBMKfqrxD3EUdYqmwzKgRz8eRlUSsVzfPi2d1ptnI9iyMNjsAxyAETXIAKuAVVYAEMnsALeAcf2rP2qn1q42lrSpvNHII/pX19A9vwoQQ=</latexit>

U(3)3, U(2)2 → U(3)d, U(2)3 → U(1)bR , U(2)3

<latexit sha1_base64="rNM10ls3rY8bayVuAoPCD3+ZTSc=">AAACMnicbZDLSsNAFIYnXmu9RV26GSxChVKSVKvLohvdVTBtoUnDZDpph04uzEyEUvpMbnwSwYUuFHHrQzi9obb+MPDxn3OYc34/YVRIw3jRlpZXVtfWMxvZza3tnV19b78m4pRjYuOYxbzhI0EYjYgtqWSkkXCCQp+Rut+7GtXr94QLGkd3sp8QN0SdiAYUI6ksT7+x86WTllVwCiPwamOwfqBlOZKGREA7b876rBkopzyDkqfnjKIxFlwEcwo5MFXV05+cdozTkEQSMyRE0zQS6Q4QlxQzMsw6qSAJwj3UIU2FEVJruIPxyUN4rJw2DGKuXiTh2P09MUChEP3QV50hkl0xXxuZ/9WaqQwu3AGNklSSCE8+ClIGZQxH+cE25QRL1leAMKdqV4i7iCMsVcpZFYI5f/Ii1KyiWS6e3Z7mKpfTODLgEByBPDDBOaiAa1AFNsDgATyDN/CuPWqv2of2OWld0qYzB+CPtK9vpICh8w==</latexit>

U(3)2, U(3)V , U(2)V , U(2)2 → U(1)2, U(2)2, U(1)6, U(1)3

4



Flavor symmetries in SMEFT

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Analysis of the  subgroupsU(3)5

• Extraction of flavor invariants of the SMEFT operators

28 possible combinations
Greljo, AP, Thomsen [2203.09561]

<latexit sha1_base64="1CbCahYtuoWPDHB0lLVlnqVsSaE=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyURX8uiGxcuKtgHNCFMppN26GQSZiZCDf0SNy4UceunuPNvnLRZaOuBgcM593LPnCDhTGnb/rZKK6tr6xvlzcrW9s5utba331FxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuML7J/e4jlYrF4kFPEupFeChYyAjWRvJrVTfCekQwR3e+myjm1+p2w54BLROnIHUo0PJrX+4gJmlEhSYcK9V37ER7GZaaEU6nFTdVNMFkjIe0b6jAEVVeNgs+RcdGGaAwluYJjWbq740MR0pNosBM5jHVopeL/3n9VIdXXsZEkmoqyPxQmHKkY5S3gAZMUqL5xBBMJDNZERlhiYk2XVVMCc7il5dJ57ThXDTO78/qzeuijjIcwhGcgAOX0IRbaEEbCKTwDK/wZj1ZL9a79TEfLVnFzgH8gfX5A20EkvQ=</latexit>

Lω
<latexit sha1_base64="PVX/ctw4HdM7nquqqwQzfdjyUpc=">AAACLXicbVBNTwIxEO3iF+LXqkcvjcQEL2RXRb2YEPXgERMXSAA33e4ADd0P264JIfwhL/4VY+IBY7z6NywLBwQnafrem5nMzPNizqSyrJGRWVpeWV3Lruc2Nre2d8zdvaqMEkHBoRGPRN0jEjgLwVFMcajHAkjgcah5vZtxvvYMQrIofFD9GFoB6YSszShRWnLNW6dwevxYuhp/7lNTsQAkTkkyS/xZ0gTOZzm4Zt4qWmngRWBPQR5No+Ka700/okkAoaKcSNmwrVi1BkQoRjkMc81EQkxoj3SgoWFI9KzWIL12iI+04uN2JPQLFU7V2Y4BCaTsB56uDIjqyvncWPwv10hU+7I1YGGcKAjpZFA74VhFeGwd9pkAqnhfA0IF07ti2iWCUKUNzmkT7PmTF0H1pGifF0v3Z/ny9dSOLDpAh6iAbHSByugOVZCDKHpBb2iEPo1X48P4Mr4npRlj2rOP/oTx8wvAsqTe</latexit>

U(3)5 = U(3)q → U(3)u → U(3)d → U(3)ω → U(3)e

<latexit sha1_base64="RvR7VrocnLCGIP9JCwPX9FJo3fE=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMS8bUsunHhooJ9QBPDZDpph04ezkyEEgr+ihsXirj1O9z5N07aLrT1wMDhnHu5Z46fcCaVZX0bhYXFpeWV4mppbX1jc8vc3mnKOBWENkjMY9H2saScRbShmOK0nQiKQ5/Tlj+4yv3WIxWSxdGdGibUDXEvYgEjWGnJM/ecEKs+wRzd3GeVh6OR5ySSeWbZqlpjoHliT0kZpqh75pfTjUka0kgRjqXs2Fai3AwLxQino5KTSppgMsA92tE0wiGVbjaOP0KHWumiIBb6RQqN1d8bGQ6lHIa+nszDylkvF//zOqkKLtyMRUmqaEQmh4KUIxWjvAvUZYISxYeaYCKYzopIHwtMlG6spEuwZ788T5rHVfusenp7Uq5dTusowj4cQAVsOIcaXEMdGkAgg2d4hTfjyXgx3o2PyWjBmO7swh8Ynz+eAZVI</latexit>

L(q)
ω

<latexit sha1_base64="FoPKOV1qu4ppIVd9KYwyY1HBGoU=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYk4mtZdOPCRQX7gCaGyfSmHTp5MDMRSqgbf8WNC0Xc+hfu/BsnbRfaeuDC4Zx7ufceP+FMKsv6NgoLi0vLK8XV0tr6xuaWub3TlHEqKDRozGPR9okEziJoKKY4tBMBJPQ5tPzBVe63HkBIFkd3apiAG5JexAJGidKSZ+45IVF9Sji+uc8qDnB+NPKcRDLPLFtVaww8T+wpKaMp6p755XRjmoYQKcqJlB3bSpSbEaEY5TAqOamEhNAB6UFH04iEIN1s/MEIH2qli4NY6IoUHqu/JzISSjkMfd2Z3ytnvVz8z+ukKrhwMxYlqYKIThYFKccqxnkcuMsEUMWHmhAqmL4V0z4RhCodWkmHYM++PE+ax1X7rHp6e1KuXU7jKKJ9dIAqyEbnqIauUR01EEWP6Bm9ojfjyXgx3o2PSWvBmM7soj8wPn8A5pGWjg==</latexit>

L(ω)
ε

<latexit sha1_base64="fK9nVlPgKkN0+Y0po7KQfDJvWuQ=">AAACKHicbZBbSwJBFMdn7WZ22+qxlyEJFER2tdtbUi89WrQqeFlmx1kdnL0wMxvI4sfppa/SS0QRvvZJmlWT0g4M/Pn9z+HM+Tsho0IaxlhLrayurW+kNzNb2zu7e/r+QU0EEcfEwgELeMNBgjDqE0tSyUgj5AR5DiN1Z3CT+PVHwgUN/Ac5DEnbQz2fuhQjqZCtX1m5cr5TLrQKVq6U75RaknpEwITa3R9anlMzb8eOfT+aO7aeNYrGpOCyMGciC2ZVtfW3VjfAkUd8iRkSomkaoWzHiEuKGRllWpEgIcID1CNNJX2kFrfjyaEjeKJIF7oBV8+XcEJ/T8TIE2LoOarTQ7IvFr0E/uc1I+letmPqh5EkPp4uciMGZQCT1GCXcoIlGyqBMKfqrxD3EUdYqmwzKgRz8eRlUSsVzfPi2d1ptnI9iyMNjsAxyAETXIAKuAVVYAEMnsALeAcf2rP2qn1q42lrSpvNHII/pX19A9vwoQQ=</latexit>

U(3)3, U(2)2 → U(3)d, U(2)3 → U(1)bR , U(2)3

<latexit sha1_base64="rNM10ls3rY8bayVuAoPCD3+ZTSc=">AAACMnicbZDLSsNAFIYnXmu9RV26GSxChVKSVKvLohvdVTBtoUnDZDpph04uzEyEUvpMbnwSwYUuFHHrQzi9obb+MPDxn3OYc34/YVRIw3jRlpZXVtfWMxvZza3tnV19b78m4pRjYuOYxbzhI0EYjYgtqWSkkXCCQp+Rut+7GtXr94QLGkd3sp8QN0SdiAYUI6ksT7+x86WTllVwCiPwamOwfqBlOZKGREA7b876rBkopzyDkqfnjKIxFlwEcwo5MFXV05+cdozTkEQSMyRE0zQS6Q4QlxQzMsw6qSAJwj3UIU2FEVJruIPxyUN4rJw2DGKuXiTh2P09MUChEP3QV50hkl0xXxuZ/9WaqQwu3AGNklSSCE8+ClIGZQxH+cE25QRL1leAMKdqV4i7iCMsVcpZFYI5f/Ii1KyiWS6e3Z7mKpfTODLgEByBPDDBOaiAa1AFNsDgATyDN/CuPWqv2of2OWld0qYzB+CPtK9vpICh8w==</latexit>

U(3)2, U(3)V , U(2)V , U(2)2 → U(1)2, U(2)2, U(1)6, U(1)3

4



Example:  and  operators with 2q 4q U(3)3

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Flavor invariants constructed at various orders in spurion 
expansion (flavor power counting)

5



Example:  and  operators with 2q 4q U(3)3

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Flavor invariants constructed at various orders in spurion 
expansion (flavor power counting) 

<latexit sha1_base64="t2izVtaD8p/JIykI+WF2aFa/NBk=">AAACGHicbVDLTsJAFJ3iC/FVdelmIjHBDba+NyZEE3WJiQUSqM10OsCE6YOZqQlp+Aw3/oobFxrjlp1/47SwQPAkk5x77r25c44bMSqkYfxouYXFpeWV/GphbX1jc0vf3qmJMOaYWDhkIW+4SBBGA2JJKhlpRJwg32Wk7vZu0n79mXBBw+BRDiJi+6gT0DbFSCrJ0Y9aPpJdjBi8c26f+ldW6eTQ6bck9YmAWRFPF56jF42ykQHOE3NCimCCqqOPWl6IY58EEjMkRNM0ImkniEuKGRkWWrEgEcI91CFNRQOkbtlJZmwID5TiwXbI1QskzNTpjQT5Qgx8V02mNsRsLxX/6zVj2b60ExpEsSQBHh9qxwzKEKYpQY9ygiUbKIIwp+qvEHcRR1iqLAsqBHPW8jypHZfN8/LZw2mxcj2JIw/2wD4oARNcgAq4B1VgAQxewBv4AJ/aq/aufWnf49GcNtnZBX+gjX4BQUyeBw==</latexit>

Gq
F = U(3)q → U(3)u → U(3)dFlavor symmetry group
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Example:  and  operators with 2q 4q U(3)3

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Flavor invariants constructed at various orders in spurion 
expansion (flavor power counting) 

<latexit sha1_base64="t2izVtaD8p/JIykI+WF2aFa/NBk=">AAACGHicbVDLTsJAFJ3iC/FVdelmIjHBDba+NyZEE3WJiQUSqM10OsCE6YOZqQlp+Aw3/oobFxrjlp1/47SwQPAkk5x77r25c44bMSqkYfxouYXFpeWV/GphbX1jc0vf3qmJMOaYWDhkIW+4SBBGA2JJKhlpRJwg32Wk7vZu0n79mXBBw+BRDiJi+6gT0DbFSCrJ0Y9aPpJdjBi8c26f+ldW6eTQ6bck9YmAWRFPF56jF42ykQHOE3NCimCCqqOPWl6IY58EEjMkRNM0ImkniEuKGRkWWrEgEcI91CFNRQOkbtlJZmwID5TiwXbI1QskzNTpjQT5Qgx8V02mNsRsLxX/6zVj2b60ExpEsSQBHh9qxwzKEKYpQY9ygiUbKIIwp+qvEHcRR1iqLAsqBHPW8jypHZfN8/LZw2mxcj2JIw/2wD4oARNcgAq4B1VgAQxewBv4AJ/aq/aufWnf49GcNtnZBX+gjX4BQUyeBw==</latexit>

Gq
F = U(3)q → U(3)u → U(3)dFlavor symmetry group

Flavor irreps
<latexit sha1_base64="S8E7a+7eS4ARju1sjdWG9Tqj1uU=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCC0OZWG/LohuXFewFOmPJZNI2NHMxyQhl6HO48VXcuFDEnbjxbUzbQbT1h8DPd87h5PxezJlUtv1lLCwuLa+s5tby6xubW9vmzm5DRokgtE4iHomWhyXlLKR1xRSnrVhQHHicNr3B5bjevKdCsii8UcOYugHuhazLCFYadUx0d8scyYJixUIWKlmOlWQAWZUpgP4P0azUMQt22Z4IzhuUmQLIVOuYH44fkSSgoSIcS9lGdqzcFAvFCKejvJNIGmMywD3a1jbEAZVuOjltBA818WE3EvqFCk7o74kUB1IOA093Blj15WxtDP+rtRPVPXdTFsaJoiGZLuomHKoIjnOCPhOUKD7UBhPB9F8h6WOBidJp5nUIaPbkedM4KqPT8sn1caF6kcWRA/vgABQBAmegCq5ADdQBAQ/gCbyAV+PReDbejPdp64KRzeyBPzI+vwHyXJxv</latexit>

qi → (3, 1, 1), ui → (1, 3, 1), di → (1, 1, 3)
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<latexit sha1_base64="t2izVtaD8p/JIykI+WF2aFa/NBk=">AAACGHicbVDLTsJAFJ3iC/FVdelmIjHBDba+NyZEE3WJiQUSqM10OsCE6YOZqQlp+Aw3/oobFxrjlp1/47SwQPAkk5x77r25c44bMSqkYfxouYXFpeWV/GphbX1jc0vf3qmJMOaYWDhkIW+4SBBGA2JJKhlpRJwg32Wk7vZu0n79mXBBw+BRDiJi+6gT0DbFSCrJ0Y9aPpJdjBi8c26f+ldW6eTQ6bck9YmAWRFPF56jF42ykQHOE3NCimCCqqOPWl6IY58EEjMkRNM0ImkniEuKGRkWWrEgEcI91CFNRQOkbtlJZmwID5TiwXbI1QskzNTpjQT5Qgx8V02mNsRsLxX/6zVj2b60ExpEsSQBHh9qxwzKEKYpQY9ygiUbKIIwp+qvEHcRR1iqLAsqBHPW8jypHZfN8/LZw2mxcj2JIw/2wD4oARNcgAq4B1VgAQxewBv4AJ/aq/aufWnf49GcNtnZBX+gjX4BQUyeBw==</latexit>

Gq
F = U(3)q → U(3)u → U(3)dFlavor symmetry group

Flavor irreps
<latexit sha1_base64="S8E7a+7eS4ARju1sjdWG9Tqj1uU=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCC0OZWG/LohuXFewFOmPJZNI2NHMxyQhl6HO48VXcuFDEnbjxbUzbQbT1h8DPd87h5PxezJlUtv1lLCwuLa+s5tby6xubW9vmzm5DRokgtE4iHomWhyXlLKR1xRSnrVhQHHicNr3B5bjevKdCsii8UcOYugHuhazLCFYadUx0d8scyYJixUIWKlmOlWQAWZUpgP4P0azUMQt22Z4IzhuUmQLIVOuYH44fkSSgoSIcS9lGdqzcFAvFCKejvJNIGmMywD3a1jbEAZVuOjltBA818WE3EvqFCk7o74kUB1IOA093Blj15WxtDP+rtRPVPXdTFsaJoiGZLuomHKoIjnOCPhOUKD7UBhPB9F8h6WOBidJp5nUIaPbkedM4KqPT8sn1caF6kcWRA/vgABQBAmegCq5ADdQBAQ/gCbyAV+PReDbejPdp64KRzeyBPzI+vwHyXJxv</latexit>

qi → (3, 1, 1), ui → (1, 3, 1), di → (1, 1, 3)
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Example:  and  operators with 2q 4q U(3)3

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Flavor invariants constructed at various orders in spurion 
expansion (flavor power counting) 

<latexit sha1_base64="t2izVtaD8p/JIykI+WF2aFa/NBk=">AAACGHicbVDLTsJAFJ3iC/FVdelmIjHBDba+NyZEE3WJiQUSqM10OsCE6YOZqQlp+Aw3/oobFxrjlp1/47SwQPAkk5x77r25c44bMSqkYfxouYXFpeWV/GphbX1jc0vf3qmJMOaYWDhkIW+4SBBGA2JJKhlpRJwg32Wk7vZu0n79mXBBw+BRDiJi+6gT0DbFSCrJ0Y9aPpJdjBi8c26f+ldW6eTQ6bck9YmAWRFPF56jF42ykQHOE3NCimCCqqOPWl6IY58EEjMkRNM0ImkniEuKGRkWWrEgEcI91CFNRQOkbtlJZmwID5TiwXbI1QskzNTpjQT5Qgx8V02mNsRsLxX/6zVj2b60ExpEsSQBHh9qxwzKEKYpQY9ygiUbKIIwp+qvEHcRR1iqLAsqBHPW8jypHZfN8/LZw2mxcj2JIw/2wD4oARNcgAq4B1VgAQxewBv4AJ/aq/aufWnf49GcNtnZBX+gjX4BQUyeBw==</latexit>

Gq
F = U(3)q → U(3)u → U(3)dFlavor symmetry group

Flavor irreps

Flavor spurions

<latexit sha1_base64="S8E7a+7eS4ARju1sjdWG9Tqj1uU=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCC0OZWG/LohuXFewFOmPJZNI2NHMxyQhl6HO48VXcuFDEnbjxbUzbQbT1h8DPd87h5PxezJlUtv1lLCwuLa+s5tby6xubW9vmzm5DRokgtE4iHomWhyXlLKR1xRSnrVhQHHicNr3B5bjevKdCsii8UcOYugHuhazLCFYadUx0d8scyYJixUIWKlmOlWQAWZUpgP4P0azUMQt22Z4IzhuUmQLIVOuYH44fkSSgoSIcS9lGdqzcFAvFCKejvJNIGmMywD3a1jbEAZVuOjltBA818WE3EvqFCk7o74kUB1IOA093Blj15WxtDP+rtRPVPXdTFsaJoiGZLuomHKoIjnOCPhOUKD7UBhPB9F8h6WOBidJp5nUIaPbkedM4KqPT8sn1caF6kcWRA/vgABQBAmegCq5ADdQBAQ/gCbyAV+PReDbejPdp64KRzeyBPzI+vwHyXJxv</latexit>

qi → (3, 1, 1), ui → (1, 3, 1), di → (1, 1, 3)

<latexit sha1_base64="T45Srf3IDUqJxI0ymeU014uN5aI=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoIZTE+loW3bisYF80IUwm03bo5MHMRCih3+DGX3HjQhG3rtz5N07TLLT1wIXDOfdy7z1ezKiQpvmtFVZW19Y3ipulre2d3T19/6AtooRj0sIRi3jXQ4IwGpKWpJKRbswJCjxGOt74ZuZ3HggXNArv5SQmToCGIR1QjKSSXL3acxNb0KBSN2wPcVg3rKphG7Dn+rlsZUa96upls2ZmgMvEykkZ5Gi6+pftRzgJSCgxQ0L0LTOWToq4pJiRaclOBIkRHqMh6SsaooAIJ81emsITpfhwEHFVoYSZ+nsiRYEQk8BTnQGSI7HozcT/vH4iB1dOSsM4kSTE80WDhEEZwVk+0KecYMkmiiDMqboV4hHiCEuVYkmFYC2+vEzapzXronZ+d1ZuXOdxFMEROAYVYIFL0AC3oAlaAINH8AxewZv2pL1o79rHvLWg5TOH4A+0zx/kopp4</latexit>

Yu → (3, 3̄, 1), Yd → (3, 1, 3̄)

5



Example:  and  operators with 2q 4q U(3)3

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]
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<latexit sha1_base64="t2izVtaD8p/JIykI+WF2aFa/NBk=">AAACGHicbVDLTsJAFJ3iC/FVdelmIjHBDba+NyZEE3WJiQUSqM10OsCE6YOZqQlp+Aw3/oobFxrjlp1/47SwQPAkk5x77r25c44bMSqkYfxouYXFpeWV/GphbX1jc0vf3qmJMOaYWDhkIW+4SBBGA2JJKhlpRJwg32Wk7vZu0n79mXBBw+BRDiJi+6gT0DbFSCrJ0Y9aPpJdjBi8c26f+ldW6eTQ6bck9YmAWRFPF56jF42ykQHOE3NCimCCqqOPWl6IY58EEjMkRNM0ImkniEuKGRkWWrEgEcI91CFNRQOkbtlJZmwID5TiwXbI1QskzNTpjQT5Qgx8V02mNsRsLxX/6zVj2b60ExpEsSQBHh9qxwzKEKYpQY9ygiUbKIIwp+qvEHcRR1iqLAsqBHPW8jypHZfN8/LZw2mxcj2JIw/2wD4oARNcgAq4B1VgAQxewBv4AJ/aq/aufWnf49GcNtnZBX+gjX4BQUyeBw==</latexit>

Gq
F = U(3)q → U(3)u → U(3)dFlavor symmetry group

Flavor irreps

Flavor spurions

<latexit sha1_base64="S8E7a+7eS4ARju1sjdWG9Tqj1uU=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCC0OZWG/LohuXFewFOmPJZNI2NHMxyQhl6HO48VXcuFDEnbjxbUzbQbT1h8DPd87h5PxezJlUtv1lLCwuLa+s5tby6xubW9vmzm5DRokgtE4iHomWhyXlLKR1xRSnrVhQHHicNr3B5bjevKdCsii8UcOYugHuhazLCFYadUx0d8scyYJixUIWKlmOlWQAWZUpgP4P0azUMQt22Z4IzhuUmQLIVOuYH44fkSSgoSIcS9lGdqzcFAvFCKejvJNIGmMywD3a1jbEAZVuOjltBA818WE3EvqFCk7o74kUB1IOA093Blj15WxtDP+rtRPVPXdTFsaJoiGZLuomHKoIjnOCPhOUKD7UBhPB9F8h6WOBidJp5nUIaPbkedM4KqPT8sn1caF6kcWRA/vgABQBAmegCq5ADdQBAQ/gCbyAV+PReDbejPdp64KRzeyBPzI+vwHyXJxv</latexit>

qi → (3, 1, 1), ui → (1, 3, 1), di → (1, 1, 3)

<latexit sha1_base64="T45Srf3IDUqJxI0ymeU014uN5aI=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoIZTE+loW3bisYF80IUwm03bo5MHMRCih3+DGX3HjQhG3rtz5N07TLLT1wIXDOfdy7z1ezKiQpvmtFVZW19Y3ipulre2d3T19/6AtooRj0sIRi3jXQ4IwGpKWpJKRbswJCjxGOt74ZuZ3HggXNArv5SQmToCGIR1QjKSSXL3acxNb0KBSN2wPcVg3rKphG7Dn+rlsZUa96upls2ZmgMvEykkZ5Gi6+pftRzgJSCgxQ0L0LTOWToq4pJiRaclOBIkRHqMh6SsaooAIJ81emsITpfhwEHFVoYSZ+nsiRYEQk8BTnQGSI7HozcT/vH4iB1dOSsM4kSTE80WDhEEZwVk+0KecYMkmiiDMqboV4hHiCEuVYkmFYC2+vEzapzXronZ+d1ZuXOdxFMEROAYVYIFL0AC3oAlaAINH8AxewZv2pL1o79rHvLWg5TOH4A+0zx/kopp4</latexit>

Yu → (3, 3̄, 1), Yd → (3, 1, 3̄)
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Example:  and  operators with 2q 4q U(3)3

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Flavor invariants constructed at various orders in spurion 
expansion (flavor power counting) 

<latexit sha1_base64="t2izVtaD8p/JIykI+WF2aFa/NBk=">AAACGHicbVDLTsJAFJ3iC/FVdelmIjHBDba+NyZEE3WJiQUSqM10OsCE6YOZqQlp+Aw3/oobFxrjlp1/47SwQPAkk5x77r25c44bMSqkYfxouYXFpeWV/GphbX1jc0vf3qmJMOaYWDhkIW+4SBBGA2JJKhlpRJwg32Wk7vZu0n79mXBBw+BRDiJi+6gT0DbFSCrJ0Y9aPpJdjBi8c26f+ldW6eTQ6bck9YmAWRFPF56jF42ykQHOE3NCimCCqqOPWl6IY58EEjMkRNM0ImkniEuKGRkWWrEgEcI91CFNRQOkbtlJZmwID5TiwXbI1QskzNTpjQT5Qgx8V02mNsRsLxX/6zVj2b60ExpEsSQBHh9qxwzKEKYpQY9ygiUbKIIwp+qvEHcRR1iqLAsqBHPW8jypHZfN8/LZw2mxcj2JIw/2wD4oARNcgAq4B1VgAQxewBv4AJ/aq/aufWnf49GcNtnZBX+gjX4BQUyeBw==</latexit>

Gq
F = U(3)q → U(3)u → U(3)dFlavor symmetry group

Flavor irreps

Flavor spurions

<latexit sha1_base64="S8E7a+7eS4ARju1sjdWG9Tqj1uU=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCC0OZWG/LohuXFewFOmPJZNI2NHMxyQhl6HO48VXcuFDEnbjxbUzbQbT1h8DPd87h5PxezJlUtv1lLCwuLa+s5tby6xubW9vmzm5DRokgtE4iHomWhyXlLKR1xRSnrVhQHHicNr3B5bjevKdCsii8UcOYugHuhazLCFYadUx0d8scyYJixUIWKlmOlWQAWZUpgP4P0azUMQt22Z4IzhuUmQLIVOuYH44fkSSgoSIcS9lGdqzcFAvFCKejvJNIGmMywD3a1jbEAZVuOjltBA818WE3EvqFCk7o74kUB1IOA093Blj15WxtDP+rtRPVPXdTFsaJoiGZLuomHKoIjnOCPhOUKD7UBhPB9F8h6WOBidJp5nUIaPbkedM4KqPT8sn1caF6kcWRA/vgABQBAmegCq5ADdQBAQ/gCbyAV+PReDbejPdp64KRzeyBPzI+vwHyXJxv</latexit>

qi → (3, 1, 1), ui → (1, 3, 1), di → (1, 1, 3)

<latexit sha1_base64="T45Srf3IDUqJxI0ymeU014uN5aI=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoIZTE+loW3bisYF80IUwm03bo5MHMRCih3+DGX3HjQhG3rtz5N07TLLT1wIXDOfdy7z1ezKiQpvmtFVZW19Y3ipulre2d3T19/6AtooRj0sIRi3jXQ4IwGpKWpJKRbswJCjxGOt74ZuZ3HggXNArv5SQmToCGIR1QjKSSXL3acxNb0KBSN2wPcVg3rKphG7Dn+rlsZUa96upls2ZmgMvEykkZ5Gi6+pftRzgJSCgxQ0L0LTOWToq4pJiRaclOBIkRHqMh6SsaooAIJ81emsITpfhwEHFVoYSZ+nsiRYEQk8BTnQGSI7HozcT/vH4iB1dOSsM4kSTE80WDhEEZwVk+0KecYMkmiiDMqboV4hHiCEuVYkmFYC2+vEzapzXronZ+d1ZuXOdxFMEROAYVYIFL0AC3oAlaAINH8AxewZv2pL1o79rHvLWg5TOH4A+0zx/kopp4</latexit>

Yu → (3, 3̄, 1), Yd → (3, 1, 3̄)

<latexit sha1_base64="9tEjoBwedm9NKwsrDqvmysq6bvk=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqSEl8L4tu3FnBPqCJYTKdtkMnkzgzEUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48fMSqVZX0bc/MLi0vLhZXi6tr6xqa5td2UYSwwaeCQhaLtI0kY5aShqGKkHQmCAp+Rlj+8zPzWAxGShvxWjSLiBqjPaY9ipLTkmSUnQGqAEYPXXuJEAwrv07ukYh8c7aeeWbaq1hhwltg5KYMcdc/8crohjgPCFWZIyo5tRcpNkFAUM5IWnViSCOEh6pOOphwFRLrJ+IkU7mmlC3uh0MUVHKu/JxIUSDkKfN2ZnSynvUz8z+vEqnfuJpRHsSIcTxb1YgZVCLNEYJcKghUbaYKwoPpWiAdIIKx0bkUdgj398ixpHlbt0+rJzXG5dpHHUQAlsAsqwAZnoAauQB00AAaP4Bm8gjfjyXgx3o2PSeuckc/sgD8wPn8AKLCXJA==</latexit>

O
(1,3)
ωq

<latexit sha1_base64="fSqDbWKkyObl7gJbSBVYPEw7Ik0=">AAACL3icbVDLSsNAFJ3UV62vqEs3g0WoUEoivpZFQVxWsA9pYplMpunQyaMzE6GE/pEbf6UbEUXc+hdO2gi19cCFM+fcy517nIhRIQ3jTcstLa+sruXXCxubW9s7+u5eQ4Qxx6SOQxbyloMEYTQgdUklI62IE+Q7jDSd/nXqN58IFzQM7uUwIraPvIB2KUZSSR39pmQ5iMMBHByXrTL8fT104rQeLRd5HuELrpvWjNvRi0bFmAAuEjMjRZCh1tHHlhvi2CeBxAwJ0TaNSNoJ4pJiRkYFKxYkQriPPNJWNEA+EXYyuXcEj5Tiwm7IVQUSTtTZiQT5Qgx9R3X6SPbEvJeK/3ntWHYv7YQGUSxJgKeLujGDMoRpeNClnGDJhoogzKn6K8Q9xBGWKuKCCsGcP3mRNE4q5nnl7O60WL3K4siDA3AISsAEF6AKbkEN1AEGz2AM3sGH9qK9ap/a17Q1p2Uz++APtO8fCwSlfw==</latexit>

(q̄q), (q̄YuY
†
u q), (q̄YdY

†
d q)

<latexit sha1_base64="xQJmm1DHATXnE2X54tVifpRRm6M=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJryPRi0c08kiAkNmhFybMzq4zsyZkwx948aAxXv0jb/6NA+xBwUo6qVR1p7vLjwXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFq+VSj4BLrhhuBrVghDX2BTX90M/WbT6g0j+SDGcfYDelA8oAzaqx0X3nsFUtu2Z2BLBMvIyXIUOsVvzr9iCUhSsME1brtubHpplQZzgROCp1EY0zZiA6wbamkIepuOrt0Qk6s0idBpGxJQ2bq74mUhlqPQ992htQM9aI3Ff/z2okJrropl3FiULL5oiARxERk+jbpc4XMiLEllClubyVsSBVlxoZTsCF4iy8vk0al7F2Uz+/OStXrLI48HMExnIIHl1CFW6hBHRgE8Ayv8OaMnBfn3fmYt+acbOYQ/sD5/AFPyo07</latexit>

2q
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Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Flavor invariants constructed at various orders in spurion 
expansion (flavor power counting) 
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Gq
F = U(3)q → U(3)u → U(3)dFlavor symmetry group

Flavor irreps

Flavor spurions

<latexit sha1_base64="S8E7a+7eS4ARju1sjdWG9Tqj1uU=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCC0OZWG/LohuXFewFOmPJZNI2NHMxyQhl6HO48VXcuFDEnbjxbUzbQbT1h8DPd87h5PxezJlUtv1lLCwuLa+s5tby6xubW9vmzm5DRokgtE4iHomWhyXlLKR1xRSnrVhQHHicNr3B5bjevKdCsii8UcOYugHuhazLCFYadUx0d8scyYJixUIWKlmOlWQAWZUpgP4P0azUMQt22Z4IzhuUmQLIVOuYH44fkSSgoSIcS9lGdqzcFAvFCKejvJNIGmMywD3a1jbEAZVuOjltBA818WE3EvqFCk7o74kUB1IOA093Blj15WxtDP+rtRPVPXdTFsaJoiGZLuomHKoIjnOCPhOUKD7UBhPB9F8h6WOBidJp5nUIaPbkedM4KqPT8sn1caF6kcWRA/vgABQBAmegCq5ADdQBAQ/gCbyAV+PReDbejPdp64KRzeyBPzI+vwHyXJxv</latexit>

qi → (3, 1, 1), ui → (1, 3, 1), di → (1, 1, 3)

<latexit sha1_base64="T45Srf3IDUqJxI0ymeU014uN5aI=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoIZTE+loW3bisYF80IUwm03bo5MHMRCih3+DGX3HjQhG3rtz5N07TLLT1wIXDOfdy7z1ezKiQpvmtFVZW19Y3ipulre2d3T19/6AtooRj0sIRi3jXQ4IwGpKWpJKRbswJCjxGOt74ZuZ3HggXNArv5SQmToCGIR1QjKSSXL3acxNb0KBSN2wPcVg3rKphG7Dn+rlsZUa96upls2ZmgMvEykkZ5Gi6+pftRzgJSCgxQ0L0LTOWToq4pJiRaclOBIkRHqMh6SsaooAIJ81emsITpfhwEHFVoYSZ+nsiRYEQk8BTnQGSI7HozcT/vH4iB1dOSsM4kSTE80WDhEEZwVk+0KecYMkmiiDMqboV4hHiCEuVYkmFYC2+vEzapzXronZ+d1ZuXOdxFMEROAYVYIFL0AC3oAlaAINH8AxewZv2pL1o79rHvLWg5TOH4A+0zx/kopp4</latexit>

Yu → (3, 3̄, 1), Yd → (3, 1, 3̄)

<latexit sha1_base64="9tEjoBwedm9NKwsrDqvmysq6bvk=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqSEl8L4tu3FnBPqCJYTKdtkMnkzgzEUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48fMSqVZX0bc/MLi0vLhZXi6tr6xqa5td2UYSwwaeCQhaLtI0kY5aShqGKkHQmCAp+Rlj+8zPzWAxGShvxWjSLiBqjPaY9ipLTkmSUnQGqAEYPXXuJEAwrv07ukYh8c7aeeWbaq1hhwltg5KYMcdc/8crohjgPCFWZIyo5tRcpNkFAUM5IWnViSCOEh6pOOphwFRLrJ+IkU7mmlC3uh0MUVHKu/JxIUSDkKfN2ZnSynvUz8z+vEqnfuJpRHsSIcTxb1YgZVCLNEYJcKghUbaYKwoPpWiAdIIKx0bkUdgj398ixpHlbt0+rJzXG5dpHHUQAlsAsqwAZnoAauQB00AAaP4Bm8gjfjyXgx3o2PSeuckc/sgD8wPn8AKLCXJA==</latexit>

O
(1,3)
ωq

<latexit sha1_base64="fSqDbWKkyObl7gJbSBVYPEw7Ik0=">AAACL3icbVDLSsNAFJ3UV62vqEs3g0WoUEoivpZFQVxWsA9pYplMpunQyaMzE6GE/pEbf6UbEUXc+hdO2gi19cCFM+fcy517nIhRIQ3jTcstLa+sruXXCxubW9s7+u5eQ4Qxx6SOQxbyloMEYTQgdUklI62IE+Q7jDSd/nXqN58IFzQM7uUwIraPvIB2KUZSSR39pmQ5iMMBHByXrTL8fT104rQeLRd5HuELrpvWjNvRi0bFmAAuEjMjRZCh1tHHlhvi2CeBxAwJ0TaNSNoJ4pJiRkYFKxYkQriPPNJWNEA+EXYyuXcEj5Tiwm7IVQUSTtTZiQT5Qgx9R3X6SPbEvJeK/3ntWHYv7YQGUSxJgKeLujGDMoRpeNClnGDJhoogzKn6K8Q9xBGWKuKCCsGcP3mRNE4q5nnl7O60WL3K4siDA3AISsAEF6AKbkEN1AEGz2AM3sGH9qK9ap/a17Q1p2Uz++APtO8fCwSlfw==</latexit>

(q̄q), (q̄YuY
†
u q), (q̄YdY

†
d q)

<latexit sha1_base64="xQJmm1DHATXnE2X54tVifpRRm6M=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJryPRi0c08kiAkNmhFybMzq4zsyZkwx948aAxXv0jb/6NA+xBwUo6qVR1p7vLjwXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFq+VSj4BLrhhuBrVghDX2BTX90M/WbT6g0j+SDGcfYDelA8oAzaqx0X3nsFUtu2Z2BLBMvIyXIUOsVvzr9iCUhSsME1brtubHpplQZzgROCp1EY0zZiA6wbamkIepuOrt0Qk6s0idBpGxJQ2bq74mUhlqPQ992htQM9aI3Ff/z2okJrropl3FiULL5oiARxERk+jbpc4XMiLEllClubyVsSBVlxoZTsCF4iy8vk0al7F2Uz+/OStXrLI48HMExnIIHl1CFW6hBHRgE8Ayv8OaMnBfn3fmYt+acbOYQ/sD5/AFPyo07</latexit>

2q

<latexit sha1_base64="GYegh2spONotVPoCgE8mZm0zwiA=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx7RyCMBQmaHXpgwO7vOzJqQDX/gxYPGePWPvPk3DrAHBSvppFLVne4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqHSPJIPZhxjN6QDyQPOqLHSfeWxVyy5ZXcGsky8jJQgQ61X/Or0I5aEKA0TVOu258amm1JlOBM4KXQSjTFlIzrAtqWShqi76ezSCTmxSp8EkbIlDZmpvydSGmo9Dn3bGVIz1IveVPzPaycmuOqmXMaJQcnmi4JEEBOR6dukzxUyI8aWUKa4vZWwIVWUGRtOwYbgLb68TBpnZe+ifH5XKVWvszjycATHcAoeXEIVbqEGdWAQwDO8wpszcl6cd+dj3ppzsplD+APn8wdS1I09</latexit>

4q
<latexit sha1_base64="YKM5K8ypI5rT/ukjEPJVzfv4os8=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFK4ntZdOPOCvYBbQyT6aQdOpmkMxOhhGz8FTcuFHHrZ7jzb5y0WWj1wIXDOfdy7z1exKhUlvVlFObmFxaXisulldW19Q1zc6spw1hg0sAhC0XbQ5IwyklDUcVIOxIEBR4jLW94lfmtByIkDfmdGkfECVCfU59ipLTkmjvdAKkBRgzeuMlolN4nFfvw+CB1zbJVtSaAf4mdkzLIUXfNz24vxHFAuMIMSdmxrUg5CRKKYkbSUjeWJEJ4iPqkoylHAZFOMnkghfta6UE/FLq4ghP150SCAinHgac7s3PlrJeJ/3mdWPkXTkJ5FCvC8XSRHzOoQpilAXtUEKzYWBOEBdW3QjxAAmGlMyvpEOzZl/+S5lHVPque3p6Ua5d5HEWwC/ZABdjgHNTANaiDBsAgBU/gBbwaj8az8Wa8T1sLRj6zDX7B+PgGeZ6VsA==</latexit>

O
(1,3)
qq <latexit sha1_base64="QQYEzq3PkLaNNyouH/kAiUy2V7w="></latexit>

(q̄iq
j)(YuY

†
u )

i
k(q̄

kqj), (q̄YdY
†
d q), (q̄iq

j)(YdY
†
d )

i
k(q̄

kqj)

<latexit sha1_base64="VQiVaFXC8h12J/M9cR1mi0xiVi0="></latexit>

(q̄iq
i)(q̄jq

j), (q̄iq
j)(q̄jq

i), (q̄YuY
†
u q)(q̄q),
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• Flavor invariants constructed at various orders in spurion 
expansion (flavor power counting) 

<latexit sha1_base64="t2izVtaD8p/JIykI+WF2aFa/NBk=">AAACGHicbVDLTsJAFJ3iC/FVdelmIjHBDba+NyZEE3WJiQUSqM10OsCE6YOZqQlp+Aw3/oobFxrjlp1/47SwQPAkk5x77r25c44bMSqkYfxouYXFpeWV/GphbX1jc0vf3qmJMOaYWDhkIW+4SBBGA2JJKhlpRJwg32Wk7vZu0n79mXBBw+BRDiJi+6gT0DbFSCrJ0Y9aPpJdjBi8c26f+ldW6eTQ6bck9YmAWRFPF56jF42ykQHOE3NCimCCqqOPWl6IY58EEjMkRNM0ImkniEuKGRkWWrEgEcI91CFNRQOkbtlJZmwID5TiwXbI1QskzNTpjQT5Qgx8V02mNsRsLxX/6zVj2b60ExpEsSQBHh9qxwzKEKYpQY9ygiUbKIIwp+qvEHcRR1iqLAsqBHPW8jypHZfN8/LZw2mxcj2JIw/2wD4oARNcgAq4B1VgAQxewBv4AJ/aq/aufWnf49GcNtnZBX+gjX4BQUyeBw==</latexit>

Gq
F = U(3)q → U(3)u → U(3)dFlavor symmetry group

Flavor irreps

Flavor spurions

<latexit sha1_base64="S8E7a+7eS4ARju1sjdWG9Tqj1uU=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCC0OZWG/LohuXFewFOmPJZNI2NHMxyQhl6HO48VXcuFDEnbjxbUzbQbT1h8DPd87h5PxezJlUtv1lLCwuLa+s5tby6xubW9vmzm5DRokgtE4iHomWhyXlLKR1xRSnrVhQHHicNr3B5bjevKdCsii8UcOYugHuhazLCFYadUx0d8scyYJixUIWKlmOlWQAWZUpgP4P0azUMQt22Z4IzhuUmQLIVOuYH44fkSSgoSIcS9lGdqzcFAvFCKejvJNIGmMywD3a1jbEAZVuOjltBA818WE3EvqFCk7o74kUB1IOA093Blj15WxtDP+rtRPVPXdTFsaJoiGZLuomHKoIjnOCPhOUKD7UBhPB9F8h6WOBidJp5nUIaPbkedM4KqPT8sn1caF6kcWRA/vgABQBAmegCq5ADdQBAQ/gCbyAV+PReDbejPdp64KRzeyBPzI+vwHyXJxv</latexit>

qi → (3, 1, 1), ui → (1, 3, 1), di → (1, 1, 3)

<latexit sha1_base64="T45Srf3IDUqJxI0ymeU014uN5aI=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoIZTE+loW3bisYF80IUwm03bo5MHMRCih3+DGX3HjQhG3rtz5N07TLLT1wIXDOfdy7z1ezKiQpvmtFVZW19Y3ipulre2d3T19/6AtooRj0sIRi3jXQ4IwGpKWpJKRbswJCjxGOt74ZuZ3HggXNArv5SQmToCGIR1QjKSSXL3acxNb0KBSN2wPcVg3rKphG7Dn+rlsZUa96upls2ZmgMvEykkZ5Gi6+pftRzgJSCgxQ0L0LTOWToq4pJiRaclOBIkRHqMh6SsaooAIJ81emsITpfhwEHFVoYSZ+nsiRYEQk8BTnQGSI7HozcT/vH4iB1dOSsM4kSTE80WDhEEZwVk+0KecYMkmiiDMqboV4hHiCEuVYkmFYC2+vEzapzXronZ+d1ZuXOdxFMEROAYVYIFL0AC3oAlaAINH8AxewZv2pL1o79rHvLWg5TOH4A+0zx/kopp4</latexit>

Yu → (3, 3̄, 1), Yd → (3, 1, 3̄)

<latexit sha1_base64="9tEjoBwedm9NKwsrDqvmysq6bvk=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqSEl8L4tu3FnBPqCJYTKdtkMnkzgzEUrIwo2/4saFIm79CHf+jZM2C209cOFwzr3ce48fMSqVZX0bc/MLi0vLhZXi6tr6xqa5td2UYSwwaeCQhaLtI0kY5aShqGKkHQmCAp+Rlj+8zPzWAxGShvxWjSLiBqjPaY9ipLTkmSUnQGqAEYPXXuJEAwrv07ukYh8c7aeeWbaq1hhwltg5KYMcdc/8crohjgPCFWZIyo5tRcpNkFAUM5IWnViSCOEh6pOOphwFRLrJ+IkU7mmlC3uh0MUVHKu/JxIUSDkKfN2ZnSynvUz8z+vEqnfuJpRHsSIcTxb1YgZVCLNEYJcKghUbaYKwoPpWiAdIIKx0bkUdgj398ixpHlbt0+rJzXG5dpHHUQAlsAsqwAZnoAauQB00AAaP4Bm8gjfjyXgx3o2PSeuckc/sgD8wPn8AKLCXJA==</latexit>

O
(1,3)
ωq

<latexit sha1_base64="fSqDbWKkyObl7gJbSBVYPEw7Ik0=">AAACL3icbVDLSsNAFJ3UV62vqEs3g0WoUEoivpZFQVxWsA9pYplMpunQyaMzE6GE/pEbf6UbEUXc+hdO2gi19cCFM+fcy517nIhRIQ3jTcstLa+sruXXCxubW9s7+u5eQ4Qxx6SOQxbyloMEYTQgdUklI62IE+Q7jDSd/nXqN58IFzQM7uUwIraPvIB2KUZSSR39pmQ5iMMBHByXrTL8fT104rQeLRd5HuELrpvWjNvRi0bFmAAuEjMjRZCh1tHHlhvi2CeBxAwJ0TaNSNoJ4pJiRkYFKxYkQriPPNJWNEA+EXYyuXcEj5Tiwm7IVQUSTtTZiQT5Qgx9R3X6SPbEvJeK/3ntWHYv7YQGUSxJgKeLujGDMoRpeNClnGDJhoogzKn6K8Q9xBGWKuKCCsGcP3mRNE4q5nnl7O60WL3K4siDA3AISsAEF6AKbkEN1AEGz2AM3sGH9qK9ap/a17Q1p2Uz++APtO8fCwSlfw==</latexit>

(q̄q), (q̄YuY
†
u q), (q̄YdY

†
d q)

<latexit sha1_base64="xQJmm1DHATXnE2X54tVifpRRm6M=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjHxRHaJryPRi0c08kiAkNmhFybMzq4zsyZkwx948aAxXv0jb/6NA+xBwUo6qVR1p7vLjwXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFq+VSj4BLrhhuBrVghDX2BTX90M/WbT6g0j+SDGcfYDelA8oAzaqx0X3nsFUtu2Z2BLBMvIyXIUOsVvzr9iCUhSsME1brtubHpplQZzgROCp1EY0zZiA6wbamkIepuOrt0Qk6s0idBpGxJQ2bq74mUhlqPQ992htQM9aI3Ff/z2okJrropl3FiULL5oiARxERk+jbpc4XMiLEllClubyVsSBVlxoZTsCF4iy8vk0al7F2Uz+/OStXrLI48HMExnIIHl1CFW6hBHRgE8Ayv8OaMnBfn3fmYt+acbOYQ/sD5/AFPyo07</latexit>

2q

<latexit sha1_base64="GYegh2spONotVPoCgE8mZm0zwiA=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx7RyCMBQmaHXpgwO7vOzJqQDX/gxYPGePWPvPk3DrAHBSvppFLVne4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqHSPJIPZhxjN6QDyQPOqLHSfeWxVyy5ZXcGsky8jJQgQ61X/Or0I5aEKA0TVOu258amm1JlOBM4KXQSjTFlIzrAtqWShqi76ezSCTmxSp8EkbIlDZmpvydSGmo9Dn3bGVIz1IveVPzPaycmuOqmXMaJQcnmi4JEEBOR6dukzxUyI8aWUKa4vZWwIVWUGRtOwYbgLb68TBpnZe+ifH5XKVWvszjycATHcAoeXEIVbqEGdWAQwDO8wpszcl6cd+dj3ppzsplD+APn8wdS1I09</latexit>

4q
<latexit sha1_base64="YKM5K8ypI5rT/ukjEPJVzfv4os8=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFK4ntZdOPOCvYBbQyT6aQdOpmkMxOhhGz8FTcuFHHrZ7jzb5y0WWj1wIXDOfdy7z1exKhUlvVlFObmFxaXisulldW19Q1zc6spw1hg0sAhC0XbQ5IwyklDUcVIOxIEBR4jLW94lfmtByIkDfmdGkfECVCfU59ipLTkmjvdAKkBRgzeuMlolN4nFfvw+CB1zbJVtSaAf4mdkzLIUXfNz24vxHFAuMIMSdmxrUg5CRKKYkbSUjeWJEJ4iPqkoylHAZFOMnkghfta6UE/FLq4ghP150SCAinHgac7s3PlrJeJ/3mdWPkXTkJ5FCvC8XSRHzOoQpilAXtUEKzYWBOEBdW3QjxAAmGlMyvpEOzZl/+S5lHVPque3p6Ua5d5HEWwC/ZABdjgHNTANaiDBsAgBU/gBbwaj8az8Wa8T1sLRj6zDX7B+PgGeZ6VsA==</latexit>

O
(1,3)
qq <latexit sha1_base64="QQYEzq3PkLaNNyouH/kAiUy2V7w="></latexit>

(q̄iq
j)(YuY

†
u )

i
k(q̄

kqj), (q̄YdY
†
d q), (q̄iq

j)(YdY
†
d )

i
k(q̄

kqj)

<latexit sha1_base64="VQiVaFXC8h12J/M9cR1mi0xiVi0="></latexit>

(q̄iq
i)(q̄jq

j), (q̄iq
j)(q̄jq

i), (q̄YuY
†
u q)(q̄q),

• Similar procedure applied to all SMEFT operators
5



Flavor parameter counting

6Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• The number of independent parameters collected in a table



Flavor parameter counting

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• The number of independent parameters collected in a table

Dim-6 SMEFT operator class
6



Flavor parameter counting

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• The number of independent parameters collected in a table

Dim-6 SMEFT operator class

Orders in spurion expansion

6



Flavor parameter counting

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• The number of independent parameters collected in a table

Dim-6 SMEFT operator class

Orders in spurion expansion

Total # of independent parameters at 
given order in spurion expansion

6



Flavor parameter counting

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Overview of the # of  parameters𝒪(1)
Greljo, AP, Thomsen [2203.09561]
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Flavor parameter counting

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Overview of the # of  parameters𝒪(1)
Greljo, AP, Thomsen [2203.09561]

Faroughy, Isidori, Wilsch, Yamamoto [2005.05366]

147 parameters47 parameters
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Flavor parameter counting

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Overview of the # of  parameters𝒪(1)

47 parameters 147 parameters 2’499 parameters

Greljo, AP, Thomsen [2203.09561]

• Can SMEFT landscape tell us something about NP? 

• Interplay of flavor symmetries and NP mediators

7



Leading SMEFT directions



• We focus on the lowest entry in the  table𝒪(1)

47 parameters

Greljo, AP, Thomsen [2203.09561]

 SMEFT basisU(3)5
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Greljo, AP, Thomsen [2203.09561]

• Construction of the -symmetric SMEFT basis  at U(3)5 𝒪(1)

• Operators can be generated at tree-level in a 
renormalizable UV completion
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 SMEFT basisU(3)5

• We focus on the lowest entry in the  table𝒪(1)

47 parameters

Greljo, AP, Thomsen [2203.09561]

• Construction of the -symmetric SMEFT basis  at U(3)5 𝒪(1)

• Operators can be generated at tree-level in a 
renormalizable UV completion

• What are all tree-level UV completions that match to these 
operators?

Greljo, AP [2305.08898] 8



UV completions
• NP fields as SM gauge irreps

NP Spin 0

Spin 1/2

Spin 1

De Blas, Criado, Perez-Victoria, Santiago [1711.10391]

<latexit sha1_base64="ikFJDcPn9uOXIGwIh/ijStspKTg="></latexit>

S, S1,2, ω, !, !1, ”1,3, ε1,2,4, #1,7, ϑ, $1,2,4, %, &

<latexit sha1_base64="V+W8TRvPBZ0klVolAW8tAVqLck8="></latexit>

N, E, !1,3, ”, ”1, U, D, Q1,5,7, T1,2

<latexit sha1_base64="gpSQ9Ap/FKbX4Y3SM/q8F1SZF2o="></latexit>

B, B1, W, W1, G, G1, H, L1,3, U2,5, Q1,5, X , Y1,5
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• The interaction Lagrangians are examined in the presence 
of  flavor symmetryU(3)5

NP Spin 0

Spin 1/2

Spin 1

De Blas, Criado, Perez-Victoria, Santiago [1711.10391]

<latexit sha1_base64="ikFJDcPn9uOXIGwIh/ijStspKTg="></latexit>

S, S1,2, ω, !, !1, ”1,3, ε1,2,4, #1,7, ϑ, $1,2,4, %, &

<latexit sha1_base64="V+W8TRvPBZ0klVolAW8tAVqLck8="></latexit>

N, E, !1,3, ”, ”1, U, D, Q1,5,7, T1,2

<latexit sha1_base64="gpSQ9Ap/FKbX4Y3SM/q8F1SZF2o="></latexit>

B, B1, W, W1, G, G1, H, L1,3, U2,5, Q1,5, X , Y1,5

9



UV completions
• NP fields as SM gauge irreps

• The interaction Lagrangians are examined in the presence 
of  flavor symmetry 

• SMEFT matching relations are obtained

U(3)5

NP Spin 0

Spin 1/2

Spin 1

De Blas, Criado, Perez-Victoria, Santiago [1711.10391]
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Pick a mediator

Impose U(3)5

Flavor irreps of NP

Flavor tensors

SMEFT matching

Greljo, AP [2305.08898]

<latexit sha1_base64="j8lPTY3avXF92sJlqPUbvVqaDzA=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIFbQmtj6WRTcuK9gHNCFMppN26EwmzEyEEurGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niCmRyra/jdzC4tLySn61sLa+sbllbu80JU8Ewg3EKRftAEpMSYQbiiiK27HAkAUUt4LBzdhvPWAhCY/u1TDGHoO9iIQEQaUl39xzOcM96FddSVipcuwc+elJ9bQy8s2iXbYnsOaJk5EiyFD3zS+3y1HCcKQQhVJ2HDtWXgqFIojiUcFNJI4hGsAe7mgaQYall04+GFmHWulaIRe6ImVN1N8TKWRSDlmgOxlUfTnrjcX/vE6iwisvJVGcKByh6aIwoZbi1jgOq0sERooONYFIEH2rhfpQQKR0aAUdgjP78jxpnpWdi/L5XbVYu87iyIN9cABKwAGXoAZuQR00AAKP4Bm8gjfjyXgx3o2PaWvOyGZ2wR8Ynz/hT5U9</latexit>

ω4 → (3, 1)→4/3Procedure outline
<latexit sha1_base64="Rx/a/hCVFItpi8jCpbjvLTJ79QU="></latexit>

→LS ↑ [yedω4
]rijω

†
4r ē

c
idj + h.c.

<latexit sha1_base64="LXKEGLeBQjbPlqb1RnsnxnjiDcw="></latexit>

→LS ↑ [yuuω4
]rijω

ε†
4 εεϑϖ ū

ϑ
i u

ϖc
j + h.c.
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Pick a mediator

Impose U(3)5

Flavor irreps of NP

Flavor tensors

SMEFT matching

Impose U(3)5

Greljo, AP [2305.08898]
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<latexit sha1_base64="j8lPTY3avXF92sJlqPUbvVqaDzA=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIFbQmtj6WRTcuK9gHNCFMppN26EwmzEyEEurGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niCmRyra/jdzC4tLySn61sLa+sbllbu80JU8Ewg3EKRftAEpMSYQbiiiK27HAkAUUt4LBzdhvPWAhCY/u1TDGHoO9iIQEQaUl39xzOcM96FddSVipcuwc+elJ9bQy8s2iXbYnsOaJk5EiyFD3zS+3y1HCcKQQhVJ2HDtWXgqFIojiUcFNJI4hGsAe7mgaQYall04+GFmHWulaIRe6ImVN1N8TKWRSDlmgOxlUfTnrjcX/vE6iwisvJVGcKByh6aIwoZbi1jgOq0sERooONYFIEH2rhfpQQKR0aAUdgjP78jxpnpWdi/L5XbVYu87iyIN9cABKwAGXoAZuQR00AAKP4Bm8gjfjyXgx3o2PaWvOyGZ2wR8Ynz/hT5U9</latexit>
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Pick a mediator

Impose U(3)5

Flavor irreps of NP

Flavor tensors

SMEFT matching

Impose U(3)5

Greljo, AP [2305.08898]

Procedure outline
<latexit sha1_base64="j8lPTY3avXF92sJlqPUbvVqaDzA=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIFbQmtj6WRTcuK9gHNCFMppN26EwmzEyEEurGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niCmRyra/jdzC4tLySn61sLa+sbllbu80JU8Ewg3EKRftAEpMSYQbiiiK27HAkAUUt4LBzdhvPWAhCY/u1TDGHoO9iIQEQaUl39xzOcM96FddSVipcuwc+elJ9bQy8s2iXbYnsOaJk5EiyFD3zS+3y1HCcKQQhVJ2HDtWXgqFIojiUcFNJI4hGsAe7mgaQYall04+GFmHWulaIRe6ImVN1N8TKWRSDlmgOxlUfTnrjcX/vE6iwisvJVGcKByh6aIwoZbi1jgOq0sERooONYFIEH2rhfpQQKR0aAUdgjP78jxpnpWdi/L5XbVYu87iyIN9cABKwAGXoAZuQR00AAKP4Bm8gjfjyXgx3o2PaWvOyGZ2wR8Ynz/hT5U9</latexit>

ω4 → (3, 1)→4/3

<latexit sha1_base64="Rx/a/hCVFItpi8jCpbjvLTJ79QU="></latexit>

→LS ↑ [yedω4
]rijω

†
4r ē

c
idj + h.c.

<latexit sha1_base64="LXKEGLeBQjbPlqb1RnsnxnjiDcw="></latexit>

→LS ↑ [yuuω4
]rijω

ε†
4 εεϑϖ ū

ϑ
i u

ϖc
j + h.c.

<latexit sha1_base64="kjzaynnna/Y1RRuZBR5fNvskJ+s=">AAACCHicbVDJSgNBEO2JW4xb1KMHG4MQQcKMicsx6MVjBLNAEoeenkrSpntm6O4RwpCjF3/FiwdFvPoJ3vwbO8tBEx8UPN6roqqeF3GmtG1/W6mFxaXllfRqZm19Y3Mru71TU2EsKVRpyEPZ8IgCzgKoaqY5NCIJRHgc6l7/auTXH0AqFga3ehBBW5BuwDqMEm0kN7vfCgV0iVu6S5gL+N71hy3FRL7ownHR9Y/cbM4u2GPgeeJMSQ5NUXGzXy0/pLGAQFNOlGo6dqTbCZGaUQ7DTCtWEBHaJ11oGhoQAaqdjB8Z4kOj+LgTSlOBxmP190RChFID4ZlOQXRPzXoj8T+vGevORTthQRRrCOhkUSfmWId4lAr2mQSq+cAQQiUzt2LaI5JQbbLLmBCc2ZfnSe2k4JwVTm9KufLlNI402kMHKI8cdI7K6BpVUBVR9Iie0St6s56sF+vd+pi0pqzpzC76A+vzBx8OmMI=</latexit>

ωiejd
4 → (3e, 3d)

<latexit sha1_base64="drdfynssS9euRdoOtcr6JM6k4as=">AAAB/3icbVDJSgNBEO1xjXEbFbx4aQyCpzCjcTkGvXiMYBbIjENPpydp0t0z9CKEMQd/xYsHRbz6G978GzvLQRMfFDzeq6KqXpwxqrTnfTsLi0vLK6uFteL6xubWtruz21CpkZjUccpS2YqRIowKUtdUM9LKJEE8ZqQZ969HfvOBSEVTcacHGQk56gqaUIy0lSJ3P0g56aKocp/TyAwDRTk8jUzklryyNwacJ/6UlMAUtcj9CjopNpwIjRlSqu17mQ5zJDXFjAyLgVEkQ7iPuqRtqUCcqDAf3z+ER1bpwCSVtoSGY/X3RI64UgMe206OdE/NeiPxP69tdHIZ5lRkRhOBJ4sSw6BO4SgM2KGSYM0GliAsqb0V4h6SCGsbWdGG4M++PE8aJ2X/vHx2WylVr6ZxFMABOATHwAcXoApuQA3UAQaP4Bm8gjfnyXlx3p2PSeuCM53ZA3/gfP4AsuiV6A==</latexit>

ωiu
4 → 3u
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Pick a mediator

Impose U(3)5

Flavor irreps of NP

Flavor tensors

SMEFT matching

Greljo, AP [2305.08898]

Procedure outline
<latexit sha1_base64="j8lPTY3avXF92sJlqPUbvVqaDzA=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIFbQmtj6WRTcuK9gHNCFMppN26EwmzEyEEurGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niCmRyra/jdzC4tLySn61sLa+sbllbu80JU8Ewg3EKRftAEpMSYQbiiiK27HAkAUUt4LBzdhvPWAhCY/u1TDGHoO9iIQEQaUl39xzOcM96FddSVipcuwc+elJ9bQy8s2iXbYnsOaJk5EiyFD3zS+3y1HCcKQQhVJ2HDtWXgqFIojiUcFNJI4hGsAe7mgaQYall04+GFmHWulaIRe6ImVN1N8TKWRSDlmgOxlUfTnrjcX/vE6iwisvJVGcKByh6aIwoZbi1jgOq0sERooONYFIEH2rhfpQQKR0aAUdgjP78jxpnpWdi/L5XbVYu87iyIN9cABKwAGXoAZuQR00AAKP4Bm8gjfjyXgx3o2PaWvOyGZ2wR8Ynz/hT5U9</latexit>

ω4 → (3, 1)→4/3

Impose U(3)5

<latexit sha1_base64="Rx/a/hCVFItpi8jCpbjvLTJ79QU="></latexit>

→LS ↑ [yedω4
]rijω

†
4r ē

c
idj + h.c.

<latexit sha1_base64="LXKEGLeBQjbPlqb1RnsnxnjiDcw="></latexit>

→LS ↑ [yuuω4
]rijω

ε†
4 εεϑϖ ū

ϑ
i u

ϖc
j + h.c.

<latexit sha1_base64="kjzaynnna/Y1RRuZBR5fNvskJ+s=">AAACCHicbVDJSgNBEO2JW4xb1KMHG4MQQcKMicsx6MVjBLNAEoeenkrSpntm6O4RwpCjF3/FiwdFvPoJ3vwbO8tBEx8UPN6roqqeF3GmtG1/W6mFxaXllfRqZm19Y3Mru71TU2EsKVRpyEPZ8IgCzgKoaqY5NCIJRHgc6l7/auTXH0AqFga3ehBBW5BuwDqMEm0kN7vfCgV0iVu6S5gL+N71hy3FRL7ownHR9Y/cbM4u2GPgeeJMSQ5NUXGzXy0/pLGAQFNOlGo6dqTbCZGaUQ7DTCtWEBHaJ11oGhoQAaqdjB8Z4kOj+LgTSlOBxmP190RChFID4ZlOQXRPzXoj8T+vGevORTthQRRrCOhkUSfmWId4lAr2mQSq+cAQQiUzt2LaI5JQbbLLmBCc2ZfnSe2k4JwVTm9KufLlNI402kMHKI8cdI7K6BpVUBVR9Iie0St6s56sF+vd+pi0pqzpzC76A+vzBx8OmMI=</latexit>
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4 → (3e, 3d)

<latexit sha1_base64="drdfynssS9euRdoOtcr6JM6k4as=">AAAB/3icbVDJSgNBEO1xjXEbFbx4aQyCpzCjcTkGvXiMYBbIjENPpydp0t0z9CKEMQd/xYsHRbz6G978GzvLQRMfFDzeq6KqXpwxqrTnfTsLi0vLK6uFteL6xubWtruz21CpkZjUccpS2YqRIowKUtdUM9LKJEE8ZqQZ969HfvOBSEVTcacHGQk56gqaUIy0lSJ3P0g56aKocp/TyAwDRTk8jUzklryyNwacJ/6UlMAUtcj9CjopNpwIjRlSqu17mQ5zJDXFjAyLgVEkQ7iPuqRtqUCcqDAf3z+ER1bpwCSVtoSGY/X3RI64UgMe206OdE/NeiPxP69tdHIZ5lRkRhOBJ4sSw6BO4SgM2KGSYM0GliAsqb0V4h6SCGsbWdGG4M++PE8aJ2X/vHx2WylVr6ZxFMABOATHwAcXoApuQA3UAQaP4Bm8gjfnyXlx3p2PSeuCM53ZA3/gfP4AsuiV6A==</latexit>

ωiu
4 → 3u

<latexit sha1_base64="+6jVVFjfOd6gz0dfXjpapZwZqWc="></latexit>

[yedω4
]iekd
jeld

= yedω4
ωiejeω

kd
ld

<latexit sha1_base64="5M1RnyHRulyHgwUFBAl+WS33CZY=">AAACNXicbVC7SgNBFJ31GeMramkzGASrsCu+GiFoY2GhYDSQrMvs5CaOmZ1Z5hEIy/6Ujf9hpYWFIrb+gpOYwhgPXDiccy4z98QpZ9r4/os3NT0zOzdfWCguLi2vrJbW1q+1tIpCjUouVT0mGjgTUDPMcKinCkgSc7iJu6cD/6YHSjMprkw/hTAhHcHajBLjpKh03uhHWVMm0CHRXn6bWZuHtxmLLL53041sfjwRaPaIglQzLsV4NCqV/Yo/BJ4kwYiU0QgXUemp2ZLUJiAM5UTrRuCnJsyIMoxyyItNqyEltEs60HBUkAR0mA2vzvG2U1q4LZUbYfBQ/b2RkUTrfhK7ZELMnf7rDcT/vIY17aMwYyK1BgT9eahtOTYSDyrELaaAGt53hFDF3F8xvSOKUOOKLroSgr8nT5Lr3UpwUNm/3CtXT0Z1FNAm2kI7KECHqIrO0AWqIYoe0DN6Q+/eo/fqfXifP9Epb7SzgcbgfX0D6jyt8Q==</latexit>

[yuuω4
]iujuku = yuuω4

ωiujuku
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Pick a mediator

Impose U(3)5

Flavor irreps of NP

Flavor tensors

SMEFT matching

Greljo, AP [2305.08898]

Procedure outline
<latexit sha1_base64="j8lPTY3avXF92sJlqPUbvVqaDzA=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIFbQmtj6WRTcuK9gHNCFMppN26EwmzEyEEurGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0niCmRyra/jdzC4tLySn61sLa+sbllbu80JU8Ewg3EKRftAEpMSYQbiiiK27HAkAUUt4LBzdhvPWAhCY/u1TDGHoO9iIQEQaUl39xzOcM96FddSVipcuwc+elJ9bQy8s2iXbYnsOaJk5EiyFD3zS+3y1HCcKQQhVJ2HDtWXgqFIojiUcFNJI4hGsAe7mgaQYall04+GFmHWulaIRe6ImVN1N8TKWRSDlmgOxlUfTnrjcX/vE6iwisvJVGcKByh6aIwoZbi1jgOq0sERooONYFIEH2rhfpQQKR0aAUdgjP78jxpnpWdi/L5XbVYu87iyIN9cABKwAGXoAZuQR00AAKP4Bm8gjfjyXgx3o2PaWvOyGZ2wR8Ynz/hT5U9</latexit>

ω4 → (3, 1)→4/3

Impose U(3)5

<latexit sha1_base64="Rx/a/hCVFItpi8jCpbjvLTJ79QU="></latexit>

→LS ↑ [yedω4
]rijω

†
4r ē

c
idj + h.c.

<latexit sha1_base64="LXKEGLeBQjbPlqb1RnsnxnjiDcw="></latexit>

→LS ↑ [yuuω4
]rijω

ε†
4 εεϑϖ ū

ϑ
i u

ϖc
j + h.c.

<latexit sha1_base64="kjzaynnna/Y1RRuZBR5fNvskJ+s=">AAACCHicbVDJSgNBEO2JW4xb1KMHG4MQQcKMicsx6MVjBLNAEoeenkrSpntm6O4RwpCjF3/FiwdFvPoJ3vwbO8tBEx8UPN6roqqeF3GmtG1/W6mFxaXllfRqZm19Y3Mru71TU2EsKVRpyEPZ8IgCzgKoaqY5NCIJRHgc6l7/auTXH0AqFga3ehBBW5BuwDqMEm0kN7vfCgV0iVu6S5gL+N71hy3FRL7ownHR9Y/cbM4u2GPgeeJMSQ5NUXGzXy0/pLGAQFNOlGo6dqTbCZGaUQ7DTCtWEBHaJ11oGhoQAaqdjB8Z4kOj+LgTSlOBxmP190RChFID4ZlOQXRPzXoj8T+vGevORTthQRRrCOhkUSfmWId4lAr2mQSq+cAQQiUzt2LaI5JQbbLLmBCc2ZfnSe2k4JwVTm9KufLlNI402kMHKI8cdI7K6BpVUBVR9Iie0St6s56sF+vd+pi0pqzpzC76A+vzBx8OmMI=</latexit>

ωiejd
4 → (3e, 3d)

<latexit sha1_base64="drdfynssS9euRdoOtcr6JM6k4as=">AAAB/3icbVDJSgNBEO1xjXEbFbx4aQyCpzCjcTkGvXiMYBbIjENPpydp0t0z9CKEMQd/xYsHRbz6G978GzvLQRMfFDzeq6KqXpwxqrTnfTsLi0vLK6uFteL6xubWtruz21CpkZjUccpS2YqRIowKUtdUM9LKJEE8ZqQZ969HfvOBSEVTcacHGQk56gqaUIy0lSJ3P0g56aKocp/TyAwDRTk8jUzklryyNwacJ/6UlMAUtcj9CjopNpwIjRlSqu17mQ5zJDXFjAyLgVEkQ7iPuqRtqUCcqDAf3z+ER1bpwCSVtoSGY/X3RI64UgMe206OdE/NeiPxP69tdHIZ5lRkRhOBJ4sSw6BO4SgM2KGSYM0GliAsqb0V4h6SCGsbWdGG4M++PE8aJ2X/vHx2WylVr6ZxFMABOATHwAcXoApuQA3UAQaP4Bm8gjfnyXlx3p2PSeuCM53ZA3/gfP4AsuiV6A==</latexit>

ωiu
4 → 3u

<latexit sha1_base64="+6jVVFjfOd6gz0dfXjpapZwZqWc="></latexit>

[yedω4
]iekd
jeld

= yedω4
ωiejeω

kd
ld

<latexit sha1_base64="5M1RnyHRulyHgwUFBAl+WS33CZY=">AAACNXicbVC7SgNBFJ31GeMramkzGASrsCu+GiFoY2GhYDSQrMvs5CaOmZ1Z5hEIy/6Ujf9hpYWFIrb+gpOYwhgPXDiccy4z98QpZ9r4/os3NT0zOzdfWCguLi2vrJbW1q+1tIpCjUouVT0mGjgTUDPMcKinCkgSc7iJu6cD/6YHSjMprkw/hTAhHcHajBLjpKh03uhHWVMm0CHRXn6bWZuHtxmLLL53041sfjwRaPaIglQzLsV4NCqV/Yo/BJ4kwYiU0QgXUemp2ZLUJiAM5UTrRuCnJsyIMoxyyItNqyEltEs60HBUkAR0mA2vzvG2U1q4LZUbYfBQ/b2RkUTrfhK7ZELMnf7rDcT/vIY17aMwYyK1BgT9eahtOTYSDyrELaaAGt53hFDF3F8xvSOKUOOKLroSgr8nT5Lr3UpwUNm/3CtXT0Z1FNAm2kI7KECHqIrO0AWqIYoe0DN6Q+/eo/fqfXifP9Epb7SzgcbgfX0D6jyt8Q==</latexit>

[yuuω4
]iujuku = yuuω4

ωiujuku

<latexit sha1_base64="VeDDkUqfQP8D2msi1/YbbgPMCGo="></latexit>

LSMEFT →
|yuuω4

|
2

M2
ω4

(OD
uu ↑O

E
uu)

<latexit sha1_base64="UiT9SdCtjAFIgDkaIS5exVM+0KA="></latexit>

LSMEFT →
|yedω4

|
2

2M2
ω4

Oed
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Pick a mediator

Impose U(3)5

Flavor irreps of NP

Flavor tensors

SMEFT matching

Greljo, AP [2305.08898]

Procedure outline
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ω4 → (3, 1)→4/3

Impose U(3)5

<latexit sha1_base64="Rx/a/hCVFItpi8jCpbjvLTJ79QU="></latexit>

→LS ↑ [yedω4
]rijω

†
4r ē

c
idj + h.c.

<latexit sha1_base64="LXKEGLeBQjbPlqb1RnsnxnjiDcw="></latexit>

→LS ↑ [yuuω4
]rijω

ε†
4 εεϑϖ ū

ϑ
i u

ϖc
j + h.c.

<latexit sha1_base64="kjzaynnna/Y1RRuZBR5fNvskJ+s=">AAACCHicbVDJSgNBEO2JW4xb1KMHG4MQQcKMicsx6MVjBLNAEoeenkrSpntm6O4RwpCjF3/FiwdFvPoJ3vwbO8tBEx8UPN6roqqeF3GmtG1/W6mFxaXllfRqZm19Y3Mru71TU2EsKVRpyEPZ8IgCzgKoaqY5NCIJRHgc6l7/auTXH0AqFga3ehBBW5BuwDqMEm0kN7vfCgV0iVu6S5gL+N71hy3FRL7ownHR9Y/cbM4u2GPgeeJMSQ5NUXGzXy0/pLGAQFNOlGo6dqTbCZGaUQ7DTCtWEBHaJ11oGhoQAaqdjB8Z4kOj+LgTSlOBxmP190RChFID4ZlOQXRPzXoj8T+vGevORTthQRRrCOhkUSfmWId4lAr2mQSq+cAQQiUzt2LaI5JQbbLLmBCc2ZfnSe2k4JwVTm9KufLlNI402kMHKI8cdI7K6BpVUBVR9Iie0St6s56sF+vd+pi0pqzpzC76A+vzBx8OmMI=</latexit>

ωiejd
4 → (3e, 3d)

<latexit sha1_base64="drdfynssS9euRdoOtcr6JM6k4as=">AAAB/3icbVDJSgNBEO1xjXEbFbx4aQyCpzCjcTkGvXiMYBbIjENPpydp0t0z9CKEMQd/xYsHRbz6G978GzvLQRMfFDzeq6KqXpwxqrTnfTsLi0vLK6uFteL6xubWtruz21CpkZjUccpS2YqRIowKUtdUM9LKJEE8ZqQZ969HfvOBSEVTcacHGQk56gqaUIy0lSJ3P0g56aKocp/TyAwDRTk8jUzklryyNwacJ/6UlMAUtcj9CjopNpwIjRlSqu17mQ5zJDXFjAyLgVEkQ7iPuqRtqUCcqDAf3z+ER1bpwCSVtoSGY/X3RI64UgMe206OdE/NeiPxP69tdHIZ5lRkRhOBJ4sSw6BO4SgM2KGSYM0GliAsqb0V4h6SCGsbWdGG4M++PE8aJ2X/vHx2WylVr6ZxFMABOATHwAcXoApuQA3UAQaP4Bm8gjfnyXlx3p2PSeuCM53ZA3/gfP4AsuiV6A==</latexit>

ωiu
4 → 3u

<latexit sha1_base64="+6jVVFjfOd6gz0dfXjpapZwZqWc="></latexit>

[yedω4
]iekd
jeld

= yedω4
ωiejeω

kd
ld

<latexit sha1_base64="5M1RnyHRulyHgwUFBAl+WS33CZY=">AAACNXicbVC7SgNBFJ31GeMramkzGASrsCu+GiFoY2GhYDSQrMvs5CaOmZ1Z5hEIy/6Ujf9hpYWFIrb+gpOYwhgPXDiccy4z98QpZ9r4/os3NT0zOzdfWCguLi2vrJbW1q+1tIpCjUouVT0mGjgTUDPMcKinCkgSc7iJu6cD/6YHSjMprkw/hTAhHcHajBLjpKh03uhHWVMm0CHRXn6bWZuHtxmLLL53041sfjwRaPaIglQzLsV4NCqV/Yo/BJ4kwYiU0QgXUemp2ZLUJiAM5UTrRuCnJsyIMoxyyItNqyEltEs60HBUkAR0mA2vzvG2U1q4LZUbYfBQ/b2RkUTrfhK7ZELMnf7rDcT/vIY17aMwYyK1BgT9eahtOTYSDyrELaaAGt53hFDF3F8xvSOKUOOKLroSgr8nT5Lr3UpwUNm/3CtXT0Z1FNAm2kI7KECHqIrO0AWqIYoe0DN6Q+/eo/fqfXifP9Epb7SzgcbgfX0D6jyt8Q==</latexit>

[yuuω4
]iujuku = yuuω4

ωiujuku

<latexit sha1_base64="VeDDkUqfQP8D2msi1/YbbgPMCGo="></latexit>

LSMEFT →
|yuuω4

|
2

M2
ω4

(OD
uu ↑O

E
uu)

<latexit sha1_base64="UiT9SdCtjAFIgDkaIS5exVM+0KA="></latexit>

LSMEFT →
|yedω4

|
2

2M2
ω4

Oed

• Similar procedure applied for all other mediators
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Leading directions
• Classification of all NP mediators

Greljo, AP [2305.08898]

• Most flavor irreps match onto a single 
well-defined linear combination of 
dimension-6 SMEFT operators 

• These linear combinations are 
denoted as leading SMEFT directions 

• Suitable for phenomenological 
analysis  

• Main goal: estimate the lower bound 
on the mass scale for different irreps
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12



Discrete leptonic directions



Discrete flavor symmetries

13

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Analysis of the  subgroupsU(3)5

<latexit sha1_base64="1CbCahYtuoWPDHB0lLVlnqVsSaE=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyURX8uiGxcuKtgHNCFMppN26GQSZiZCDf0SNy4UceunuPNvnLRZaOuBgcM593LPnCDhTGnb/rZKK6tr6xvlzcrW9s5utba331FxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuML7J/e4jlYrF4kFPEupFeChYyAjWRvJrVTfCekQwR3e+myjm1+p2w54BLROnIHUo0PJrX+4gJmlEhSYcK9V37ER7GZaaEU6nFTdVNMFkjIe0b6jAEVVeNgs+RcdGGaAwluYJjWbq740MR0pNosBM5jHVopeL/3n9VIdXXsZEkmoqyPxQmHKkY5S3gAZMUqL5xBBMJDNZERlhiYk2XVVMCc7il5dJ57ThXDTO78/qzeuijjIcwhGcgAOX0IRbaEEbCKTwDK/wZj1ZL9a79TEfLVnFzgH8gfX5A20EkvQ=</latexit>

Lω
<latexit sha1_base64="PVX/ctw4HdM7nquqqwQzfdjyUpc=">AAACLXicbVBNTwIxEO3iF+LXqkcvjcQEL2RXRb2YEPXgERMXSAA33e4ADd0P264JIfwhL/4VY+IBY7z6NywLBwQnafrem5nMzPNizqSyrJGRWVpeWV3Lruc2Nre2d8zdvaqMEkHBoRGPRN0jEjgLwVFMcajHAkjgcah5vZtxvvYMQrIofFD9GFoB6YSszShRWnLNW6dwevxYuhp/7lNTsQAkTkkyS/xZ0gTOZzm4Zt4qWmngRWBPQR5No+Ka700/okkAoaKcSNmwrVi1BkQoRjkMc81EQkxoj3SgoWFI9KzWIL12iI+04uN2JPQLFU7V2Y4BCaTsB56uDIjqyvncWPwv10hU+7I1YGGcKAjpZFA74VhFeGwd9pkAqnhfA0IF07ti2iWCUKUNzmkT7PmTF0H1pGifF0v3Z/ny9dSOLDpAh6iAbHSByugOVZCDKHpBb2iEPo1X48P4Mr4npRlj2rOP/oTx8wvAsqTe</latexit>

U(3)5 = U(3)q → U(3)u → U(3)d → U(3)ω → U(3)e

<latexit sha1_base64="RvR7VrocnLCGIP9JCwPX9FJo3fE=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMS8bUsunHhooJ9QBPDZDpph04ezkyEEgr+ihsXirj1O9z5N07aLrT1wMDhnHu5Z46fcCaVZX0bhYXFpeWV4mppbX1jc8vc3mnKOBWENkjMY9H2saScRbShmOK0nQiKQ5/Tlj+4yv3WIxWSxdGdGibUDXEvYgEjWGnJM/ecEKs+wRzd3GeVh6OR5ySSeWbZqlpjoHliT0kZpqh75pfTjUka0kgRjqXs2Fai3AwLxQino5KTSppgMsA92tE0wiGVbjaOP0KHWumiIBb6RQqN1d8bGQ6lHIa+nszDylkvF//zOqkKLtyMRUmqaEQmh4KUIxWjvAvUZYISxYeaYCKYzopIHwtMlG6spEuwZ788T5rHVfusenp7Uq5dTusowj4cQAVsOIcaXEMdGkAgg2d4hTfjyXgx3o2PyWjBmO7swh8Ynz+eAZVI</latexit>

L(q)
ω

<latexit sha1_base64="FoPKOV1qu4ppIVd9KYwyY1HBGoU=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYk4mtZdOPCRQX7gCaGyfSmHTp5MDMRSqgbf8WNC0Xc+hfu/BsnbRfaeuDC4Zx7ufceP+FMKsv6NgoLi0vLK8XV0tr6xuaWub3TlHEqKDRozGPR9okEziJoKKY4tBMBJPQ5tPzBVe63HkBIFkd3apiAG5JexAJGidKSZ+45IVF9Sji+uc8qDnB+NPKcRDLPLFtVaww8T+wpKaMp6p755XRjmoYQKcqJlB3bSpSbEaEY5TAqOamEhNAB6UFH04iEIN1s/MEIH2qli4NY6IoUHqu/JzISSjkMfd2Z3ytnvVz8z+ukKrhwMxYlqYKIThYFKccqxnkcuMsEUMWHmhAqmL4V0z4RhCodWkmHYM++PE+ax1X7rHp6e1KuXU7jKKJ9dIAqyEbnqIauUR01EEWP6Bm9ojfjyXgx3o2PSWvBmM7soj8wPn8A5pGWjg==</latexit>

L(ω)
ε

<latexit sha1_base64="fK9nVlPgKkN0+Y0po7KQfDJvWuQ=">AAACKHicbZBbSwJBFMdn7WZ22+qxlyEJFER2tdtbUi89WrQqeFlmx1kdnL0wMxvI4sfppa/SS0QRvvZJmlWT0g4M/Pn9z+HM+Tsho0IaxlhLrayurW+kNzNb2zu7e/r+QU0EEcfEwgELeMNBgjDqE0tSyUgj5AR5DiN1Z3CT+PVHwgUN/Ac5DEnbQz2fuhQjqZCtX1m5cr5TLrQKVq6U75RaknpEwITa3R9anlMzb8eOfT+aO7aeNYrGpOCyMGciC2ZVtfW3VjfAkUd8iRkSomkaoWzHiEuKGRllWpEgIcID1CNNJX2kFrfjyaEjeKJIF7oBV8+XcEJ/T8TIE2LoOarTQ7IvFr0E/uc1I+letmPqh5EkPp4uciMGZQCT1GCXcoIlGyqBMKfqrxD3EUdYqmwzKgRz8eRlUSsVzfPi2d1ptnI9iyMNjsAxyAETXIAKuAVVYAEMnsALeAcf2rP2qn1q42lrSpvNHII/pX19A9vwoQQ=</latexit>

U(3)3, U(2)2 → U(3)d, U(2)3 → U(1)bR , U(2)3

<latexit sha1_base64="rNM10ls3rY8bayVuAoPCD3+ZTSc=">AAACMnicbZDLSsNAFIYnXmu9RV26GSxChVKSVKvLohvdVTBtoUnDZDpph04uzEyEUvpMbnwSwYUuFHHrQzi9obb+MPDxn3OYc34/YVRIw3jRlpZXVtfWMxvZza3tnV19b78m4pRjYuOYxbzhI0EYjYgtqWSkkXCCQp+Rut+7GtXr94QLGkd3sp8QN0SdiAYUI6ksT7+x86WTllVwCiPwamOwfqBlOZKGREA7b876rBkopzyDkqfnjKIxFlwEcwo5MFXV05+cdozTkEQSMyRE0zQS6Q4QlxQzMsw6qSAJwj3UIU2FEVJruIPxyUN4rJw2DGKuXiTh2P09MUChEP3QV50hkl0xXxuZ/9WaqQwu3AGNklSSCE8+ClIGZQxH+cE25QRL1leAMKdqV4i7iCMsVcpZFYI5f/Ii1KyiWS6e3Z7mKpfTODLgEByBPDDBOaiAa1AFNsDgATyDN/CuPWqv2of2OWld0qYzB+CPtK9vpICh8w==</latexit>

U(3)2, U(3)V , U(2)V , U(2)2 → U(1)2, U(2)2, U(1)6, U(1)3



Discrete flavor symmetries

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Analysis of the  subgroupsU(3)5

What about discrete flavor symmetries?

<latexit sha1_base64="1CbCahYtuoWPDHB0lLVlnqVsSaE=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyURX8uiGxcuKtgHNCFMppN26GQSZiZCDf0SNy4UceunuPNvnLRZaOuBgcM593LPnCDhTGnb/rZKK6tr6xvlzcrW9s5utba331FxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuML7J/e4jlYrF4kFPEupFeChYyAjWRvJrVTfCekQwR3e+myjm1+p2w54BLROnIHUo0PJrX+4gJmlEhSYcK9V37ER7GZaaEU6nFTdVNMFkjIe0b6jAEVVeNgs+RcdGGaAwluYJjWbq740MR0pNosBM5jHVopeL/3n9VIdXXsZEkmoqyPxQmHKkY5S3gAZMUqL5xBBMJDNZERlhiYk2XVVMCc7il5dJ57ThXDTO78/qzeuijjIcwhGcgAOX0IRbaEEbCKTwDK/wZj1ZL9a79TEfLVnFzgH8gfX5A20EkvQ=</latexit>

Lω
<latexit sha1_base64="PVX/ctw4HdM7nquqqwQzfdjyUpc=">AAACLXicbVBNTwIxEO3iF+LXqkcvjcQEL2RXRb2YEPXgERMXSAA33e4ADd0P264JIfwhL/4VY+IBY7z6NywLBwQnafrem5nMzPNizqSyrJGRWVpeWV3Lruc2Nre2d8zdvaqMEkHBoRGPRN0jEjgLwVFMcajHAkjgcah5vZtxvvYMQrIofFD9GFoB6YSszShRWnLNW6dwevxYuhp/7lNTsQAkTkkyS/xZ0gTOZzm4Zt4qWmngRWBPQR5No+Ka700/okkAoaKcSNmwrVi1BkQoRjkMc81EQkxoj3SgoWFI9KzWIL12iI+04uN2JPQLFU7V2Y4BCaTsB56uDIjqyvncWPwv10hU+7I1YGGcKAjpZFA74VhFeGwd9pkAqnhfA0IF07ti2iWCUKUNzmkT7PmTF0H1pGifF0v3Z/ny9dSOLDpAh6iAbHSByugOVZCDKHpBb2iEPo1X48P4Mr4npRlj2rOP/oTx8wvAsqTe</latexit>

U(3)5 = U(3)q → U(3)u → U(3)d → U(3)ω → U(3)e

<latexit sha1_base64="RvR7VrocnLCGIP9JCwPX9FJo3fE=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMS8bUsunHhooJ9QBPDZDpph04ezkyEEgr+ihsXirj1O9z5N07aLrT1wMDhnHu5Z46fcCaVZX0bhYXFpeWV4mppbX1jc8vc3mnKOBWENkjMY9H2saScRbShmOK0nQiKQ5/Tlj+4yv3WIxWSxdGdGibUDXEvYgEjWGnJM/ecEKs+wRzd3GeVh6OR5ySSeWbZqlpjoHliT0kZpqh75pfTjUka0kgRjqXs2Fai3AwLxQino5KTSppgMsA92tE0wiGVbjaOP0KHWumiIBb6RQqN1d8bGQ6lHIa+nszDylkvF//zOqkKLtyMRUmqaEQmh4KUIxWjvAvUZYISxYeaYCKYzopIHwtMlG6spEuwZ788T5rHVfusenp7Uq5dTusowj4cQAVsOIcaXEMdGkAgg2d4hTfjyXgx3o2PyWjBmO7swh8Ynz+eAZVI</latexit>

L(q)
ω

<latexit sha1_base64="FoPKOV1qu4ppIVd9KYwyY1HBGoU=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYk4mtZdOPCRQX7gCaGyfSmHTp5MDMRSqgbf8WNC0Xc+hfu/BsnbRfaeuDC4Zx7ufceP+FMKsv6NgoLi0vLK8XV0tr6xuaWub3TlHEqKDRozGPR9okEziJoKKY4tBMBJPQ5tPzBVe63HkBIFkd3apiAG5JexAJGidKSZ+45IVF9Sji+uc8qDnB+NPKcRDLPLFtVaww8T+wpKaMp6p755XRjmoYQKcqJlB3bSpSbEaEY5TAqOamEhNAB6UFH04iEIN1s/MEIH2qli4NY6IoUHqu/JzISSjkMfd2Z3ytnvVz8z+ukKrhwMxYlqYKIThYFKccqxnkcuMsEUMWHmhAqmL4V0z4RhCodWkmHYM++PE+ax1X7rHp6e1KuXU7jKKJ9dIAqyEbnqIauUR01EEWP6Bm9ojfjyXgx3o2PSWvBmM7soj8wPn8A5pGWjg==</latexit>

L(ω)
ε

<latexit sha1_base64="fK9nVlPgKkN0+Y0po7KQfDJvWuQ=">AAACKHicbZBbSwJBFMdn7WZ22+qxlyEJFER2tdtbUi89WrQqeFlmx1kdnL0wMxvI4sfppa/SS0QRvvZJmlWT0g4M/Pn9z+HM+Tsho0IaxlhLrayurW+kNzNb2zu7e/r+QU0EEcfEwgELeMNBgjDqE0tSyUgj5AR5DiN1Z3CT+PVHwgUN/Ac5DEnbQz2fuhQjqZCtX1m5cr5TLrQKVq6U75RaknpEwITa3R9anlMzb8eOfT+aO7aeNYrGpOCyMGciC2ZVtfW3VjfAkUd8iRkSomkaoWzHiEuKGRllWpEgIcID1CNNJX2kFrfjyaEjeKJIF7oBV8+XcEJ/T8TIE2LoOarTQ7IvFr0E/uc1I+letmPqh5EkPp4uciMGZQCT1GCXcoIlGyqBMKfqrxD3EUdYqmwzKgRz8eRlUSsVzfPi2d1ptnI9iyMNjsAxyAETXIAKuAVVYAEMnsALeAcf2rP2qn1q42lrSpvNHII/pX19A9vwoQQ=</latexit>

U(3)3, U(2)2 → U(3)d, U(2)3 → U(1)bR , U(2)3

<latexit sha1_base64="rNM10ls3rY8bayVuAoPCD3+ZTSc=">AAACMnicbZDLSsNAFIYnXmu9RV26GSxChVKSVKvLohvdVTBtoUnDZDpph04uzEyEUvpMbnwSwYUuFHHrQzi9obb+MPDxn3OYc34/YVRIw3jRlpZXVtfWMxvZza3tnV19b78m4pRjYuOYxbzhI0EYjYgtqWSkkXCCQp+Rut+7GtXr94QLGkd3sp8QN0SdiAYUI6ksT7+x86WTllVwCiPwamOwfqBlOZKGREA7b876rBkopzyDkqfnjKIxFlwEcwo5MFXV05+cdozTkEQSMyRE0zQS6Q4QlxQzMsw6qSAJwj3UIU2FEVJruIPxyUN4rJw2DGKuXiTh2P09MUChEP3QV50hkl0xXxuZ/9WaqQwu3AGNklSSCE8+ClIGZQxH+cE25QRL1leAMKdqV4i7iCMsVcpZFYI5f/Ii1KyiWS6e3Z7mKpfTODLgEByBPDDBOaiAa1AFNsDgATyDN/CuPWqv2of2OWld0qYzB+CPtK9vpICh8w==</latexit>

U(3)2, U(3)V , U(2)V , U(2)2 → U(1)2, U(2)2, U(1)6, U(1)3

13



Discrete flavor symmetries

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Analysis of the  subgroupsU(3)5

What about discrete flavor symmetries?

<latexit sha1_base64="1CbCahYtuoWPDHB0lLVlnqVsSaE=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyURX8uiGxcuKtgHNCFMppN26GQSZiZCDf0SNy4UceunuPNvnLRZaOuBgcM593LPnCDhTGnb/rZKK6tr6xvlzcrW9s5utba331FxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuML7J/e4jlYrF4kFPEupFeChYyAjWRvJrVTfCekQwR3e+myjm1+p2w54BLROnIHUo0PJrX+4gJmlEhSYcK9V37ER7GZaaEU6nFTdVNMFkjIe0b6jAEVVeNgs+RcdGGaAwluYJjWbq740MR0pNosBM5jHVopeL/3n9VIdXXsZEkmoqyPxQmHKkY5S3gAZMUqL5xBBMJDNZERlhiYk2XVVMCc7il5dJ57ThXDTO78/qzeuijjIcwhGcgAOX0IRbaEEbCKTwDK/wZj1ZL9a79TEfLVnFzgH8gfX5A20EkvQ=</latexit>

Lω
<latexit sha1_base64="PVX/ctw4HdM7nquqqwQzfdjyUpc=">AAACLXicbVBNTwIxEO3iF+LXqkcvjcQEL2RXRb2YEPXgERMXSAA33e4ADd0P264JIfwhL/4VY+IBY7z6NywLBwQnafrem5nMzPNizqSyrJGRWVpeWV3Lruc2Nre2d8zdvaqMEkHBoRGPRN0jEjgLwVFMcajHAkjgcah5vZtxvvYMQrIofFD9GFoB6YSszShRWnLNW6dwevxYuhp/7lNTsQAkTkkyS/xZ0gTOZzm4Zt4qWmngRWBPQR5No+Ka700/okkAoaKcSNmwrVi1BkQoRjkMc81EQkxoj3SgoWFI9KzWIL12iI+04uN2JPQLFU7V2Y4BCaTsB56uDIjqyvncWPwv10hU+7I1YGGcKAjpZFA74VhFeGwd9pkAqnhfA0IF07ti2iWCUKUNzmkT7PmTF0H1pGifF0v3Z/ny9dSOLDpAh6iAbHSByugOVZCDKHpBb2iEPo1X48P4Mr4npRlj2rOP/oTx8wvAsqTe</latexit>

U(3)5 = U(3)q → U(3)u → U(3)d → U(3)ω → U(3)e

<latexit sha1_base64="RvR7VrocnLCGIP9JCwPX9FJo3fE=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMS8bUsunHhooJ9QBPDZDpph04ezkyEEgr+ihsXirj1O9z5N07aLrT1wMDhnHu5Z46fcCaVZX0bhYXFpeWV4mppbX1jc8vc3mnKOBWENkjMY9H2saScRbShmOK0nQiKQ5/Tlj+4yv3WIxWSxdGdGibUDXEvYgEjWGnJM/ecEKs+wRzd3GeVh6OR5ySSeWbZqlpjoHliT0kZpqh75pfTjUka0kgRjqXs2Fai3AwLxQino5KTSppgMsA92tE0wiGVbjaOP0KHWumiIBb6RQqN1d8bGQ6lHIa+nszDylkvF//zOqkKLtyMRUmqaEQmh4KUIxWjvAvUZYISxYeaYCKYzopIHwtMlG6spEuwZ788T5rHVfusenp7Uq5dTusowj4cQAVsOIcaXEMdGkAgg2d4hTfjyXgx3o2PyWjBmO7swh8Ynz+eAZVI</latexit>

L(q)
ω

<latexit sha1_base64="FoPKOV1qu4ppIVd9KYwyY1HBGoU=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYk4mtZdOPCRQX7gCaGyfSmHTp5MDMRSqgbf8WNC0Xc+hfu/BsnbRfaeuDC4Zx7ufceP+FMKsv6NgoLi0vLK8XV0tr6xuaWub3TlHEqKDRozGPR9okEziJoKKY4tBMBJPQ5tPzBVe63HkBIFkd3apiAG5JexAJGidKSZ+45IVF9Sji+uc8qDnB+NPKcRDLPLFtVaww8T+wpKaMp6p755XRjmoYQKcqJlB3bSpSbEaEY5TAqOamEhNAB6UFH04iEIN1s/MEIH2qli4NY6IoUHqu/JzISSjkMfd2Z3ytnvVz8z+ukKrhwMxYlqYKIThYFKccqxnkcuMsEUMWHmhAqmL4V0z4RhCodWkmHYM++PE+ax1X7rHp6e1KuXU7jKKJ9dIAqyEbnqIauUR01EEWP6Bm9ojfjyXgx3o2PSWvBmM7soj8wPn8A5pGWjg==</latexit>

L(ω)
ε

<latexit sha1_base64="fK9nVlPgKkN0+Y0po7KQfDJvWuQ=">AAACKHicbZBbSwJBFMdn7WZ22+qxlyEJFER2tdtbUi89WrQqeFlmx1kdnL0wMxvI4sfppa/SS0QRvvZJmlWT0g4M/Pn9z+HM+Tsho0IaxlhLrayurW+kNzNb2zu7e/r+QU0EEcfEwgELeMNBgjDqE0tSyUgj5AR5DiN1Z3CT+PVHwgUN/Ac5DEnbQz2fuhQjqZCtX1m5cr5TLrQKVq6U75RaknpEwITa3R9anlMzb8eOfT+aO7aeNYrGpOCyMGciC2ZVtfW3VjfAkUd8iRkSomkaoWzHiEuKGRllWpEgIcID1CNNJX2kFrfjyaEjeKJIF7oBV8+XcEJ/T8TIE2LoOarTQ7IvFr0E/uc1I+letmPqh5EkPp4uciMGZQCT1GCXcoIlGyqBMKfqrxD3EUdYqmwzKgRz8eRlUSsVzfPi2d1ptnI9iyMNjsAxyAETXIAKuAVVYAEMnsALeAcf2rP2qn1q42lrSpvNHII/pX19A9vwoQQ=</latexit>

U(3)3, U(2)2 → U(3)d, U(2)3 → U(1)bR , U(2)3

<latexit sha1_base64="rNM10ls3rY8bayVuAoPCD3+ZTSc=">AAACMnicbZDLSsNAFIYnXmu9RV26GSxChVKSVKvLohvdVTBtoUnDZDpph04uzEyEUvpMbnwSwYUuFHHrQzi9obb+MPDxn3OYc34/YVRIw3jRlpZXVtfWMxvZza3tnV19b78m4pRjYuOYxbzhI0EYjYgtqWSkkXCCQp+Rut+7GtXr94QLGkd3sp8QN0SdiAYUI6ksT7+x86WTllVwCiPwamOwfqBlOZKGREA7b876rBkopzyDkqfnjKIxFlwEcwo5MFXV05+cdozTkEQSMyRE0zQS6Q4QlxQzMsw6qSAJwj3UIU2FEVJruIPxyUN4rJw2DGKuXiTh2P09MUChEP3QV50hkl0xXxuZ/9WaqQwu3AGNklSSCE8+ClIGZQxH+cE25QRL1leAMKdqV4i7iCMsVcpZFYI5f/Ii1KyiWS6e3Z7mKpfTODLgEByBPDDBOaiAa1AFNsDgATyDN/CuPWqv2of2OWld0qYzB+CPtK9vpICh8w==</latexit>

U(3)2, U(3)V , U(2)V , U(2)2 → U(1)2, U(2)2, U(1)6, U(1)3

A4 A5 S4

[0910.4389] [1306.1500] [1907.11714]

[0807.3160] [1211.5143] [1811.10619]

[1112.1959] [1004.0321] [2404.06520]

[1101.2874] [1101.2874] [1904.03937]

[1301.2963] [1301.2963] [1909.06520]

…
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Discrete flavor symmetries

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

• Analysis of the  subgroupsU(3)5

What about discrete flavor symmetries?

<latexit sha1_base64="1CbCahYtuoWPDHB0lLVlnqVsSaE=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyURX8uiGxcuKtgHNCFMppN26GQSZiZCDf0SNy4UceunuPNvnLRZaOuBgcM593LPnCDhTGnb/rZKK6tr6xvlzcrW9s5utba331FxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuML7J/e4jlYrF4kFPEupFeChYyAjWRvJrVTfCekQwR3e+myjm1+p2w54BLROnIHUo0PJrX+4gJmlEhSYcK9V37ER7GZaaEU6nFTdVNMFkjIe0b6jAEVVeNgs+RcdGGaAwluYJjWbq740MR0pNosBM5jHVopeL/3n9VIdXXsZEkmoqyPxQmHKkY5S3gAZMUqL5xBBMJDNZERlhiYk2XVVMCc7il5dJ57ThXDTO78/qzeuijjIcwhGcgAOX0IRbaEEbCKTwDK/wZj1ZL9a79TEfLVnFzgH8gfX5A20EkvQ=</latexit>

Lω
<latexit sha1_base64="PVX/ctw4HdM7nquqqwQzfdjyUpc=">AAACLXicbVBNTwIxEO3iF+LXqkcvjcQEL2RXRb2YEPXgERMXSAA33e4ADd0P264JIfwhL/4VY+IBY7z6NywLBwQnafrem5nMzPNizqSyrJGRWVpeWV3Lruc2Nre2d8zdvaqMEkHBoRGPRN0jEjgLwVFMcajHAkjgcah5vZtxvvYMQrIofFD9GFoB6YSszShRWnLNW6dwevxYuhp/7lNTsQAkTkkyS/xZ0gTOZzm4Zt4qWmngRWBPQR5No+Ka700/okkAoaKcSNmwrVi1BkQoRjkMc81EQkxoj3SgoWFI9KzWIL12iI+04uN2JPQLFU7V2Y4BCaTsB56uDIjqyvncWPwv10hU+7I1YGGcKAjpZFA74VhFeGwd9pkAqnhfA0IF07ti2iWCUKUNzmkT7PmTF0H1pGifF0v3Z/ny9dSOLDpAh6iAbHSByugOVZCDKHpBb2iEPo1X48P4Mr4npRlj2rOP/oTx8wvAsqTe</latexit>

U(3)5 = U(3)q → U(3)u → U(3)d → U(3)ω → U(3)e

<latexit sha1_base64="RvR7VrocnLCGIP9JCwPX9FJo3fE=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMS8bUsunHhooJ9QBPDZDpph04ezkyEEgr+ihsXirj1O9z5N07aLrT1wMDhnHu5Z46fcCaVZX0bhYXFpeWV4mppbX1jc8vc3mnKOBWENkjMY9H2saScRbShmOK0nQiKQ5/Tlj+4yv3WIxWSxdGdGibUDXEvYgEjWGnJM/ecEKs+wRzd3GeVh6OR5ySSeWbZqlpjoHliT0kZpqh75pfTjUka0kgRjqXs2Fai3AwLxQino5KTSppgMsA92tE0wiGVbjaOP0KHWumiIBb6RQqN1d8bGQ6lHIa+nszDylkvF//zOqkKLtyMRUmqaEQmh4KUIxWjvAvUZYISxYeaYCKYzopIHwtMlG6spEuwZ788T5rHVfusenp7Uq5dTusowj4cQAVsOIcaXEMdGkAgg2d4hTfjyXgx3o2PyWjBmO7swh8Ynz+eAZVI</latexit>

L(q)
ω

<latexit sha1_base64="FoPKOV1qu4ppIVd9KYwyY1HBGoU=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYk4mtZdOPCRQX7gCaGyfSmHTp5MDMRSqgbf8WNC0Xc+hfu/BsnbRfaeuDC4Zx7ufceP+FMKsv6NgoLi0vLK8XV0tr6xuaWub3TlHEqKDRozGPR9okEziJoKKY4tBMBJPQ5tPzBVe63HkBIFkd3apiAG5JexAJGidKSZ+45IVF9Sji+uc8qDnB+NPKcRDLPLFtVaww8T+wpKaMp6p755XRjmoYQKcqJlB3bSpSbEaEY5TAqOamEhNAB6UFH04iEIN1s/MEIH2qli4NY6IoUHqu/JzISSjkMfd2Z3ytnvVz8z+ukKrhwMxYlqYKIThYFKccqxnkcuMsEUMWHmhAqmL4V0z4RhCodWkmHYM++PE+ax1X7rHp6e1KuXU7jKKJ9dIAqyEbnqIauUR01EEWP6Bm9ojfjyXgx3o2PSWvBmM7soj8wPn8A5pGWjg==</latexit>

L(ω)
ε

<latexit sha1_base64="fK9nVlPgKkN0+Y0po7KQfDJvWuQ=">AAACKHicbZBbSwJBFMdn7WZ22+qxlyEJFER2tdtbUi89WrQqeFlmx1kdnL0wMxvI4sfppa/SS0QRvvZJmlWT0g4M/Pn9z+HM+Tsho0IaxlhLrayurW+kNzNb2zu7e/r+QU0EEcfEwgELeMNBgjDqE0tSyUgj5AR5DiN1Z3CT+PVHwgUN/Ac5DEnbQz2fuhQjqZCtX1m5cr5TLrQKVq6U75RaknpEwITa3R9anlMzb8eOfT+aO7aeNYrGpOCyMGciC2ZVtfW3VjfAkUd8iRkSomkaoWzHiEuKGRllWpEgIcID1CNNJX2kFrfjyaEjeKJIF7oBV8+XcEJ/T8TIE2LoOarTQ7IvFr0E/uc1I+letmPqh5EkPp4uciMGZQCT1GCXcoIlGyqBMKfqrxD3EUdYqmwzKgRz8eRlUSsVzfPi2d1ptnI9iyMNjsAxyAETXIAKuAVVYAEMnsALeAcf2rP2qn1q42lrSpvNHII/pX19A9vwoQQ=</latexit>

U(3)3, U(2)2 → U(3)d, U(2)3 → U(1)bR , U(2)3

<latexit sha1_base64="rNM10ls3rY8bayVuAoPCD3+ZTSc=">AAACMnicbZDLSsNAFIYnXmu9RV26GSxChVKSVKvLohvdVTBtoUnDZDpph04uzEyEUvpMbnwSwYUuFHHrQzi9obb+MPDxn3OYc34/YVRIw3jRlpZXVtfWMxvZza3tnV19b78m4pRjYuOYxbzhI0EYjYgtqWSkkXCCQp+Rut+7GtXr94QLGkd3sp8QN0SdiAYUI6ksT7+x86WTllVwCiPwamOwfqBlOZKGREA7b876rBkopzyDkqfnjKIxFlwEcwo5MFXV05+cdozTkEQSMyRE0zQS6Q4QlxQzMsw6qSAJwj3UIU2FEVJruIPxyUN4rJw2DGKuXiTh2P09MUChEP3QV50hkl0xXxuZ/9WaqQwu3AGNklSSCE8+ClIGZQxH+cE25QRL1leAMKdqV4i7iCMsVcpZFYI5f/Ii1KyiWS6e3Z7mKpfTODLgEByBPDDBOaiAa1AFNsDgATyDN/CuPWqv2of2OWld0qYzB+CPtK9vpICh8w==</latexit>

U(3)2, U(3)V , U(2)V , U(2)2 → U(1)2, U(2)2, U(1)6, U(1)3

A4 A5 S4

[0910.4389] [1306.1500] [1907.11714]

[0807.3160] [1211.5143] [1811.10619]

[1112.1959] [1004.0321] [2404.06520]

[1101.2874] [1101.2874] [1904.03937]

[1301.2963] [1301.2963] [1909.06520]

…

• Interplay of these symmetries and the UV mediators
13



Procedure and example

14AP [2408.16044]

List the UV mediators coupling to two leptons

Classification of UV irreps

Extraction of flavor tensors and computation of 
SMEFT matching 

Phenomenological analysis
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1→ 1 = 1, 1→ → 1→ = 1→→, 1→→ → 1→→ = 1, 1→ → 1→→ = 1
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3→ 3 = 1↑ 1→ ↑ 1→→ ↑ 3S ↑ 3A
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3→ 3 = 1↑ 1→ ↑ 1→→ ↑ 3S ↑ 3A

<latexit sha1_base64="7VxJJvuFWlSFy2sKvGLAlvNRiuc=">AAACK3icbVBJS8NAFJ641rpFPXoJFlEQStK6XYRSLx4r2AXSEF6m03boZGFmIpTQ/+PFv+JBDy549X84TSJo64OBb3mPN+/zIkaFNM13bWFxaXlltbBWXN/Y3NrWd3ZbIow5Jk0cspB3PBCE0YA0JZWMdCJOwPcYaXuj66nfvidc0DC4k+OIOD4MAtqnGKSSXL1ud4FFQ+h6RILjJtbR5CpT3GqqudWTnFsZr/zwSsYtVy+ZZTMtYx5YOSihvBqu/tzthTj2SSAxAyFsy4ykkwCXFDMyKXZjQSLAIxgQW8EAfCKcJL11YhwqpWf0Q65eII1U/T2RgC/E2PdUpw9yKGa9qfifZ8eyf+kkNIhiSQKcLerHzJChMQ3O6FFOsGRjBQBzqv5q4CFwwFLFW1QhWLMnz4NWpWydl89uT0u1eh5HAe2jA3SMLHSBaugGNVATYfSAntAretMetRftQ/vMWhe0fGYP/Snt6xs+iKcR</latexit>

[ωε]1→ = ω3ε3 + ω1ε2 + ω2ε1

<latexit sha1_base64="HT+iLEY+9M5Boi9Wf4nK3JGU+lY="></latexit>

[ωε]3S =
1

3




2ω1ε1 → ω2ε3 → ω3ε2

2ω3ε3 → ω1ε2 → ω2ε1

2ω2ε2 → ω1ε3 → ω3ε1





<latexit sha1_base64="rYE9Y0GCoEX7vMHjrbVZqD1Pdw0=">AAACOXicbZDLSgMxFIYz9VbrbdSlm2CRcSFlIt42haIblxXsBTpDyWTSNjRzMckIZehrufEt3AluXCji1hcwbYeibX8I/HznHE7O78WcSWXbr0ZuaXlldS2/XtjY3NreMXf36jJKBKE1EvFIND0sKWchrSmmOG3GguLA47Th9W9G9cYjFZJF4b0axNQNcDdkHUaw0qhtVpETKRZQCVEZnTgPCfYhsqbMKiPLmuI/3FrYrWnbLNoleyw4b1BmiiBTtW2+OH5EkoCGinAsZQvZsXJTLBQjnA4LTiJpjEkfd2lL2xDrVW46vnwIjzTxYScS+oUKjunfiRQHUg4CT3cGWPXkbG0EF9VaiepcuSkL40TRkEwWdRIOVQRHMUKfCUoUH2iDiWD6r5D0sMBE6bALOgQ0e/K8qZ+W0EXp/O6sWLnO4siDA3AIjgECl6ACbkEV1AABT+ANfIBP49l4N76M70lrzshm9sE/GT+/ipOn7w==</latexit>

1→ 1 = 1, 1→ → 1→ = 1→→, 1→→ → 1→→ = 1, 1→ → 1→→ = 1
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Procedure and example

AP [2408.16044]

List the UV mediators coupling to two leptons

Classification of UV irreps

Extraction of flavor tensors and computation of 
SMEFT matching 

 group theoryA4

• Irreducible representations are , ,  and 1 1′￼ 1′￼′￼ 3
• Decompositions of tensor products (singlets)

Phenomenological analysis

• Decomposition of tensor triplet product

SM leptons

<latexit sha1_base64="f+HrqD9ODQKZ41jsEBT/XLpHenw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJoaqSittYwcJYBL1ITRQ5rtNadZzIdipVUV+AhVdhYQAhVnY23gYnzQAtv2Tp03/Okc/5/ZhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U1W74yJkDTiD2oSEzdEA04DipHSlmceOyFSQ4wYvPdSu1qfVp0qdMZIxEOaY5d6tmdWrJqVCy6CXUAFFGp65pfTj3ASEq4wQ1L2bCtWboqEopiRadlJJIkRHqEB6WnkKCTSTfNrpvBEO30YREI/rmDu/p5IUSjlJPR1Z7a7nK9l5n+1XqKCKzelPE4U4Xj2UZAwqCKYRQP7VBCs2EQDwoLqXSEeIoGw0gGWdQj2/MmL0K7X7Iva+d1ZpXFdxFECh+AInAIbXIIGuAVN0AIYPIJn8ArejCfjxXg3PmatS0YxcwD+yPj8AXN+mec=</latexit>

S1,2, ω, !1
<latexit sha1_base64="kUol/WsIglL0dQzokxuQOi78ymU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoopTE97L4AFdS0T6gCWEynbZDZ5IwMxFK6C+48VfcuFDErTt3/o2TNoi2Hrhw5px7uXOPHzEqlWV9Gbm5+YXFpfxyYWV1bX3D3NxqyDAWmNRxyELR8pEkjAakrqhipBUJgrjPSNMfnKd+854IScPgTg0j4nLUC2iXYqS05Jml67JTvtTlXBCmkJfY5YNR+rylPY5+iGd7ZtGqWGPAWWJnpAgy1Dzz0+mEOOYkUJghKdu2FSk3QUJRzMio4MSSRAgPUI+0NQ0QJ9JNxheN4J5WOrAbCl2BgmP190SCuJRD7utOjlRfTnup+J/XjlX31E1oEMWKBHiyqBszqEKYxgM7VBCs2FAThAXVf4W4jwTCSodY0CHY0yfPksZ+xT6uHN0cFqtnWRx5sAN2QQnY4ARUwRWogTrA4AE8gRfwajwaz8ab8T5pzRnZzDb4A+PjG4yWmv8=</latexit>

N, E, !1,3, ”, ”1
<latexit sha1_base64="Uk0szD3ees16TqOnRLwLDkDitKw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVFXCe6zKwsBQJNoiNVHkuE5r1XEi20Gqov4BC7/CwgBCrKxs/A1OG6HSciRL555zr3zv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgk7n0kCaOcNBVVjNzHgqDQZ6TtD64yv/1AhKQRv1PDmLgh6nEaUIyUljzz0AmR6mPEYL3iVH6L9nRx4514ZtmqWmPAeWLnpAxyNDzzy+lGOAkJV5ghKTu2FSs3RUJRzMio5CSSxAgPUI90NOUoJNJNx/eM4IFWujCIhH5cwbE6PZGiUMph6OvObEc562Xif14nUcGlm1IeJ4pwPPkoSBhUEczCgV0qCFZsqAnCgupdIe4jgbDSEZZ0CPbsyfOkdVy1z6tnt6flWj2Powj2wD44Aja4ADVwDRqgCTB4BM/gFbwZT8aL8W58TFoLRj6zC/7A+PwBgrGbEg==</latexit>

B, W, L3

<latexit sha1_base64="kY6hB0CJ6FAtS9R43gQQkLfnS/c=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARXZXEeNsIVTcuK9oLNCFMptN26CQTZiZCCX0QN76KGxeKuHEh+DZO21i09YeBj/+cw5zzBzGjUlnWl5Gbm19YXMovF1ZW19Y3zM2tmuSJwKSKOeOiESBJGI1IVVHFSCMWBIUBI/WgdzWs1++JkJRHd6ofEy9EnYi2KUZKW77pOC5XNCQSOue2y2OWSGjvT+CHHP92Qhe+WbRK1khwFuwMiiBTxTc/3BbHSUgihRmSsmlbsfJSJBTFjAwKbiJJjHAPdUhTY4T0Pl46Om4A97TTgm0u9IsUHLm/J1IUStkPA90ZItWV07Wh+V+tmaj2mZfSKE4UifD4o3bCoOJwmBRsUUGwYn0NCAuqd4W4iwTCSudZ0CHY0yfPQu2wZJ+Ujm+OiuXLLI482AG74ADY4BSUwTWogCrA4AE8gRfwajwaz8ab8T5uzRnZzDb4I+PzG6YYn98=</latexit>

3→ 3 = 1↑ 1→ ↑ 1→→ ↑ 3S ↑ 3A

<latexit sha1_base64="rYE9Y0GCoEX7vMHjrbVZqD1Pdw0=">AAACOXicbZDLSgMxFIYz9VbrbdSlm2CRcSFlIt42haIblxXsBTpDyWTSNjRzMckIZehrufEt3AluXCji1hcwbYeibX8I/HznHE7O78WcSWXbr0ZuaXlldS2/XtjY3NreMXf36jJKBKE1EvFIND0sKWchrSmmOG3GguLA47Th9W9G9cYjFZJF4b0axNQNcDdkHUaw0qhtVpETKRZQCVEZnTgPCfYhsqbMKiPLmuI/3FrYrWnbLNoleyw4b1BmiiBTtW2+OH5EkoCGinAsZQvZsXJTLBQjnA4LTiJpjEkfd2lL2xDrVW46vnwIjzTxYScS+oUKjunfiRQHUg4CT3cGWPXkbG0EF9VaiepcuSkL40TRkEwWdRIOVQRHMUKfCUoUH2iDiWD6r5D0sMBE6bALOgQ0e/K8qZ+W0EXp/O6sWLnO4siDA3AIjgECl6ACbkEV1AABT+ANfIBP49l4N76M70lrzshm9sE/GT+/ipOn7w==</latexit>

1→ 1 = 1, 1→ → 1→ = 1→→, 1→→ → 1→→ = 1, 1→ → 1→→ = 1

<latexit sha1_base64="bpdoiHygS/xCNNbIIMj1Jglozvw="></latexit>

ω → (ω1, ω2, ω3) ↑ 3, (e1, e2, e3) ↑ (1, 1→, 1→→)
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Procedure and example

AP [2408.16044]

List the UV mediators coupling to two leptons

Classification of UV irreps

Extraction of flavor tensors and computation of 
SMEFT matching 

 group theoryA4

• Irreducible representations are , ,  and 1 1′￼ 1′￼′￼ 3
• Decompositions of tensor products (singlets)

Phenomenological analysis

• Decomposition of tensor triplet product

SM leptons

 invariantsA4

<latexit sha1_base64="f+HrqD9ODQKZ41jsEBT/XLpHenw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJoaqSittYwcJYBL1ITRQ5rtNadZzIdipVUV+AhVdhYQAhVnY23gYnzQAtv2Tp03/Okc/5/ZhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U1W74yJkDTiD2oSEzdEA04DipHSlmceOyFSQ4wYvPdSu1qfVp0qdMZIxEOaY5d6tmdWrJqVCy6CXUAFFGp65pfTj3ASEq4wQ1L2bCtWboqEopiRadlJJIkRHqEB6WnkKCTSTfNrpvBEO30YREI/rmDu/p5IUSjlJPR1Z7a7nK9l5n+1XqKCKzelPE4U4Xj2UZAwqCKYRQP7VBCs2EQDwoLqXSEeIoGw0gGWdQj2/MmL0K7X7Iva+d1ZpXFdxFECh+AInAIbXIIGuAVN0AIYPIJn8ArejCfjxXg3PmatS0YxcwD+yPj8AXN+mec=</latexit>

S1,2, ω, !1
<latexit sha1_base64="kUol/WsIglL0dQzokxuQOi78ymU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoopTE97L4AFdS0T6gCWEynbZDZ5IwMxFK6C+48VfcuFDErTt3/o2TNoi2Hrhw5px7uXOPHzEqlWV9Gbm5+YXFpfxyYWV1bX3D3NxqyDAWmNRxyELR8pEkjAakrqhipBUJgrjPSNMfnKd+854IScPgTg0j4nLUC2iXYqS05Jml67JTvtTlXBCmkJfY5YNR+rylPY5+iGd7ZtGqWGPAWWJnpAgy1Dzz0+mEOOYkUJghKdu2FSk3QUJRzMio4MSSRAgPUI+0NQ0QJ9JNxheN4J5WOrAbCl2BgmP190SCuJRD7utOjlRfTnup+J/XjlX31E1oEMWKBHiyqBszqEKYxgM7VBCs2FAThAXVf4W4jwTCSodY0CHY0yfPksZ+xT6uHN0cFqtnWRx5sAN2QQnY4ARUwRWogTrA4AE8gRfwajwaz8ab8T5pzRnZzDb4A+PjG4yWmv8=</latexit>

N, E, !1,3, ”, ”1
<latexit sha1_base64="Uk0szD3ees16TqOnRLwLDkDitKw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVFXCe6zKwsBQJNoiNVHkuE5r1XEi20Gqov4BC7/CwgBCrKxs/A1OG6HSciRL555zr3zv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgk7n0kCaOcNBVVjNzHgqDQZ6TtD64yv/1AhKQRv1PDmLgh6nEaUIyUljzz0AmR6mPEYL3iVH6L9nRx4514ZtmqWmPAeWLnpAxyNDzzy+lGOAkJV5ghKTu2FSs3RUJRzMio5CSSxAgPUI90NOUoJNJNx/eM4IFWujCIhH5cwbE6PZGiUMph6OvObEc562Xif14nUcGlm1IeJ4pwPPkoSBhUEczCgV0qCFZsqAnCgupdIe4jgbDSEZZ0CPbsyfOkdVy1z6tnt6flWj2Powj2wD44Aja4ADVwDRqgCTB4BM/gFbwZT8aL8W58TFoLRj6zC/7A+PwBgrGbEg==</latexit>

B, W, L3

<latexit sha1_base64="bpdoiHygS/xCNNbIIMj1Jglozvw="></latexit>

ω → (ω1, ω2, ω3) ↑ 3, (e1, e2, e3) ↑ (1, 1→, 1→→)

<latexit sha1_base64="kY6hB0CJ6FAtS9R43gQQkLfnS/c=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARXZXEeNsIVTcuK9oLNCFMptN26CQTZiZCCX0QN76KGxeKuHEh+DZO21i09YeBj/+cw5zzBzGjUlnWl5Gbm19YXMovF1ZW19Y3zM2tmuSJwKSKOeOiESBJGI1IVVHFSCMWBIUBI/WgdzWs1++JkJRHd6ofEy9EnYi2KUZKW77pOC5XNCQSOue2y2OWSGjvT+CHHP92Qhe+WbRK1khwFuwMiiBTxTc/3BbHSUgihRmSsmlbsfJSJBTFjAwKbiJJjHAPdUhTY4T0Pl46Om4A97TTgm0u9IsUHLm/J1IUStkPA90ZItWV07Wh+V+tmaj2mZfSKE4UifD4o3bCoOJwmBRsUUGwYn0NCAuqd4W4iwTCSudZ0CHY0yfPQu2wZJ+Ujm+OiuXLLI482AG74ADY4BSUwTWogCrA4AE8gRfwajwaz8ab8T5uzRnZzDb4I+PzG6YYn98=</latexit>

3→ 3 = 1↑ 1→ ↑ 1→→ ↑ 3S ↑ 3A

<latexit sha1_base64="rYE9Y0GCoEX7vMHjrbVZqD1Pdw0=">AAACOXicbZDLSgMxFIYz9VbrbdSlm2CRcSFlIt42haIblxXsBTpDyWTSNjRzMckIZehrufEt3AluXCji1hcwbYeibX8I/HznHE7O78WcSWXbr0ZuaXlldS2/XtjY3NreMXf36jJKBKE1EvFIND0sKWchrSmmOG3GguLA47Th9W9G9cYjFZJF4b0axNQNcDdkHUaw0qhtVpETKRZQCVEZnTgPCfYhsqbMKiPLmuI/3FrYrWnbLNoleyw4b1BmiiBTtW2+OH5EkoCGinAsZQvZsXJTLBQjnA4LTiJpjEkfd2lL2xDrVW46vnwIjzTxYScS+oUKjunfiRQHUg4CT3cGWPXkbG0EF9VaiepcuSkL40TRkEwWdRIOVQRHMUKfCUoUH2iDiWD6r5D0sMBE6bALOgQ0e/K8qZ+W0EXp/O6sWLnO4siDA3AIjgECl6ACbkEV1AABT+ANfIBP49l4N76M70lrzshm9sE/GT+/ipOn7w==</latexit>

1→ 1 = 1, 1→ → 1→ = 1→→, 1→→ → 1→→ = 1, 1→ → 1→→ = 1

14



Procedure and example

AP [2408.16044]

List the UV mediators coupling to two leptons

Classification of UV irreps

Extraction of flavor tensors and computation of 
SMEFT matching 

 group theoryA4

• Irreducible representations are , ,  and 1 1′￼ 1′￼′￼ 3
• Decompositions of tensor products (singlets)

Phenomenological analysis

• Decomposition of tensor triplet product

SM leptons

 invariantsA4 Ξ1

<latexit sha1_base64="f+HrqD9ODQKZ41jsEBT/XLpHenw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJoaqSittYwcJYBL1ITRQ5rtNadZzIdipVUV+AhVdhYQAhVnY23gYnzQAtv2Tp03/Okc/5/ZhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U1W74yJkDTiD2oSEzdEA04DipHSlmceOyFSQ4wYvPdSu1qfVp0qdMZIxEOaY5d6tmdWrJqVCy6CXUAFFGp65pfTj3ASEq4wQ1L2bCtWboqEopiRadlJJIkRHqEB6WnkKCTSTfNrpvBEO30YREI/rmDu/p5IUSjlJPR1Z7a7nK9l5n+1XqKCKzelPE4U4Xj2UZAwqCKYRQP7VBCs2EQDwoLqXSEeIoGw0gGWdQj2/MmL0K7X7Iva+d1ZpXFdxFECh+AInAIbXIIGuAVN0AIYPIJn8ArejCfjxXg3PmatS0YxcwD+yPj8AXN+mec=</latexit>

S1,2, ω, !1
<latexit sha1_base64="kUol/WsIglL0dQzokxuQOi78ymU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoopTE97L4AFdS0T6gCWEynbZDZ5IwMxFK6C+48VfcuFDErTt3/o2TNoi2Hrhw5px7uXOPHzEqlWV9Gbm5+YXFpfxyYWV1bX3D3NxqyDAWmNRxyELR8pEkjAakrqhipBUJgrjPSNMfnKd+854IScPgTg0j4nLUC2iXYqS05Jml67JTvtTlXBCmkJfY5YNR+rylPY5+iGd7ZtGqWGPAWWJnpAgy1Dzz0+mEOOYkUJghKdu2FSk3QUJRzMio4MSSRAgPUI+0NQ0QJ9JNxheN4J5WOrAbCl2BgmP190SCuJRD7utOjlRfTnup+J/XjlX31E1oEMWKBHiyqBszqEKYxgM7VBCs2FAThAXVf4W4jwTCSodY0CHY0yfPksZ+xT6uHN0cFqtnWRx5sAN2QQnY4ARUwRWogTrA4AE8gRfwajwaz8ab8T5pzRnZzDb4A+PjG4yWmv8=</latexit>

N, E, !1,3, ”, ”1
<latexit sha1_base64="Uk0szD3ees16TqOnRLwLDkDitKw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVFXCe6zKwsBQJNoiNVHkuE5r1XEi20Gqov4BC7/CwgBCrKxs/A1OG6HSciRL555zr3zv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgk7n0kCaOcNBVVjNzHgqDQZ6TtD64yv/1AhKQRv1PDmLgh6nEaUIyUljzz0AmR6mPEYL3iVH6L9nRx4514ZtmqWmPAeWLnpAxyNDzzy+lGOAkJV5ghKTu2FSs3RUJRzMio5CSSxAgPUI90NOUoJNJNx/eM4IFWujCIhH5cwbE6PZGiUMph6OvObEc562Xif14nUcGlm1IeJ4pwPPkoSBhUEczCgV0qCFZsqAnCgupdIe4jgbDSEZZ0CPbsyfOkdVy1z6tnt6flWj2Powj2wD44Aja4ADVwDRqgCTB4BM/gFbwZT8aL8W58TFoLRj6zC/7A+PwBgrGbEg==</latexit>

B, W, L3

<latexit sha1_base64="bpdoiHygS/xCNNbIIMj1Jglozvw="></latexit>

ω → (ω1, ω2, ω3) ↑ 3, (e1, e2, e3) ↑ (1, 1→, 1→→)

<latexit sha1_base64="kY6hB0CJ6FAtS9R43gQQkLfnS/c=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARXZXEeNsIVTcuK9oLNCFMptN26CQTZiZCCX0QN76KGxeKuHEh+DZO21i09YeBj/+cw5zzBzGjUlnWl5Gbm19YXMovF1ZW19Y3zM2tmuSJwKSKOeOiESBJGI1IVVHFSCMWBIUBI/WgdzWs1++JkJRHd6ofEy9EnYi2KUZKW77pOC5XNCQSOue2y2OWSGjvT+CHHP92Qhe+WbRK1khwFuwMiiBTxTc/3BbHSUgihRmSsmlbsfJSJBTFjAwKbiJJjHAPdUhTY4T0Pl46Om4A97TTgm0u9IsUHLm/J1IUStkPA90ZItWV07Wh+V+tmaj2mZfSKE4UifD4o3bCoOJwmBRsUUGwYn0NCAuqd4W4iwTCSudZ0CHY0yfPQu2wZJ+Ujm+OiuXLLI482AG74ADY4BSUwTWogCrA4AE8gRfwajwaz8ab8T5uzRnZzDb4I+PzG6YYn98=</latexit>

3→ 3 = 1↑ 1→ ↑ 1→→ ↑ 3S ↑ 3A

<latexit sha1_base64="rYE9Y0GCoEX7vMHjrbVZqD1Pdw0=">AAACOXicbZDLSgMxFIYz9VbrbdSlm2CRcSFlIt42haIblxXsBTpDyWTSNjRzMckIZehrufEt3AluXCji1hcwbYeibX8I/HznHE7O78WcSWXbr0ZuaXlldS2/XtjY3NreMXf36jJKBKE1EvFIND0sKWchrSmmOG3GguLA47Th9W9G9cYjFZJF4b0axNQNcDdkHUaw0qhtVpETKRZQCVEZnTgPCfYhsqbMKiPLmuI/3FrYrWnbLNoleyw4b1BmiiBTtW2+OH5EkoCGinAsZQvZsXJTLBQjnA4LTiJpjEkfd2lL2xDrVW46vnwIjzTxYScS+oUKjunfiRQHUg4CT3cGWPXkbG0EF9VaiepcuSkL40TRkEwWdRIOVQRHMUKfCUoUH2iDiWD6r5D0sMBE6bALOgQ0e/K8qZ+W0EXp/O6sWLnO4siDA3AIjgECl6ACbkEV1AABT+ANfIBP49l4N76M70lrzshm9sE/GT+/ipOn7w==</latexit>

1→ 1 = 1, 1→ → 1→ = 1→→, 1→→ → 1→→ = 1, 1→ → 1→→ = 1

<latexit sha1_base64="ImxAhyI58arjtafoTRHWQ3wOlak="></latexit>

[ω̄ωc]1[!1]1, [ω̄ωc]1→→ [!1]1→ , [ω̄ωc]1→ [!1]1→→ , [ω̄ωc]3S [!1]3
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Procedure and results

AP [2408.16044]

List the UV mediators coupling to two leptons

Extraction of flavor tensors and computation of 
SMEFT matching 

Phenomenological analysis

Classification of UV irreps

<latexit sha1_base64="f+HrqD9ODQKZ41jsEBT/XLpHenw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJoaqSittYwcJYBL1ITRQ5rtNadZzIdipVUV+AhVdhYQAhVnY23gYnzQAtv2Tp03/Okc/5/ZhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U1W74yJkDTiD2oSEzdEA04DipHSlmceOyFSQ4wYvPdSu1qfVp0qdMZIxEOaY5d6tmdWrJqVCy6CXUAFFGp65pfTj3ASEq4wQ1L2bCtWboqEopiRadlJJIkRHqEB6WnkKCTSTfNrpvBEO30YREI/rmDu/p5IUSjlJPR1Z7a7nK9l5n+1XqKCKzelPE4U4Xj2UZAwqCKYRQP7VBCs2EQDwoLqXSEeIoGw0gGWdQj2/MmL0K7X7Iva+d1ZpXFdxFECh+AInAIbXIIGuAVN0AIYPIJn8ArejCfjxXg3PmatS0YxcwD+yPj8AXN+mec=</latexit>

S1,2, ω, !1
<latexit sha1_base64="kUol/WsIglL0dQzokxuQOi78ymU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoopTE97L4AFdS0T6gCWEynbZDZ5IwMxFK6C+48VfcuFDErTt3/o2TNoi2Hrhw5px7uXOPHzEqlWV9Gbm5+YXFpfxyYWV1bX3D3NxqyDAWmNRxyELR8pEkjAakrqhipBUJgrjPSNMfnKd+854IScPgTg0j4nLUC2iXYqS05Jml67JTvtTlXBCmkJfY5YNR+rylPY5+iGd7ZtGqWGPAWWJnpAgy1Dzz0+mEOOYkUJghKdu2FSk3QUJRzMio4MSSRAgPUI+0NQ0QJ9JNxheN4J5WOrAbCl2BgmP190SCuJRD7utOjlRfTnup+J/XjlX31E1oEMWKBHiyqBszqEKYxgM7VBCs2FAThAXVf4W4jwTCSodY0CHY0yfPksZ+xT6uHN0cFqtnWRx5sAN2QQnY4ARUwRWogTrA4AE8gRfwajwaz8ab8T5pzRnZzDb4A+PjG4yWmv8=</latexit>

N, E, !1,3, ”, ”1
<latexit sha1_base64="Uk0szD3ees16TqOnRLwLDkDitKw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVFXCe6zKwsBQJNoiNVHkuE5r1XEi20Gqov4BC7/CwgBCrKxs/A1OG6HSciRL555zr3zv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgk7n0kCaOcNBVVjNzHgqDQZ6TtD64yv/1AhKQRv1PDmLgh6nEaUIyUljzz0AmR6mPEYL3iVH6L9nRx4514ZtmqWmPAeWLnpAxyNDzzy+lGOAkJV5ghKTu2FSs3RUJRzMio5CSSxAgPUI90NOUoJNJNx/eM4IFWujCIhH5cwbE6PZGiUMph6OvObEc562Xif14nUcGlm1IeJ4pwPPkoSBhUEczCgV0qCFZsqAnCgupdIe4jgbDSEZZ0CPbsyfOkdVy1z6tnt6flWj2Powj2wD44Aja4ADVwDRqgCTB4BM/gFbwZT8aL8W58TFoLRj6zC/7A+PwBgrGbEg==</latexit>

B, W, L3

14



List the UV mediators coupling to two leptons

Extraction of flavor tensors and computation of 
SMEFT matching 

Phenomenological analysis

Classification of UV irreps

AP [2408.16044]

<latexit sha1_base64="f+HrqD9ODQKZ41jsEBT/XLpHenw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJoaqSittYwcJYBL1ITRQ5rtNadZzIdipVUV+AhVdhYQAhVnY23gYnzQAtv2Tp03/Okc/5/ZhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U1W74yJkDTiD2oSEzdEA04DipHSlmceOyFSQ4wYvPdSu1qfVp0qdMZIxEOaY5d6tmdWrJqVCy6CXUAFFGp65pfTj3ASEq4wQ1L2bCtWboqEopiRadlJJIkRHqEB6WnkKCTSTfNrpvBEO30YREI/rmDu/p5IUSjlJPR1Z7a7nK9l5n+1XqKCKzelPE4U4Xj2UZAwqCKYRQP7VBCs2EQDwoLqXSEeIoGw0gGWdQj2/MmL0K7X7Iva+d1ZpXFdxFECh+AInAIbXIIGuAVN0AIYPIJn8ArejCfjxXg3PmatS0YxcwD+yPj8AXN+mec=</latexit>

S1,2, ω, !1
<latexit sha1_base64="kUol/WsIglL0dQzokxuQOi78ymU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoopTE97L4AFdS0T6gCWEynbZDZ5IwMxFK6C+48VfcuFDErTt3/o2TNoi2Hrhw5px7uXOPHzEqlWV9Gbm5+YXFpfxyYWV1bX3D3NxqyDAWmNRxyELR8pEkjAakrqhipBUJgrjPSNMfnKd+854IScPgTg0j4nLUC2iXYqS05Jml67JTvtTlXBCmkJfY5YNR+rylPY5+iGd7ZtGqWGPAWWJnpAgy1Dzz0+mEOOYkUJghKdu2FSk3QUJRzMio4MSSRAgPUI+0NQ0QJ9JNxheN4J5WOrAbCl2BgmP190SCuJRD7utOjlRfTnup+J/XjlX31E1oEMWKBHiyqBszqEKYxgM7VBCs2FAThAXVf4W4jwTCSodY0CHY0yfPksZ+xT6uHN0cFqtnWRx5sAN2QQnY4ARUwRWogTrA4AE8gRfwajwaz8ab8T5pzRnZzDb4A+PjG4yWmv8=</latexit>

N, E, !1,3, ”, ”1
<latexit sha1_base64="Uk0szD3ees16TqOnRLwLDkDitKw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVFXCe6zKwsBQJNoiNVHkuE5r1XEi20Gqov4BC7/CwgBCrKxs/A1OG6HSciRL555zr3zv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgk7n0kCaOcNBVVjNzHgqDQZ6TtD64yv/1AhKQRv1PDmLgh6nEaUIyUljzz0AmR6mPEYL3iVH6L9nRx4514ZtmqWmPAeWLnpAxyNDzzy+lGOAkJV5ghKTu2FSs3RUJRzMio5CSSxAgPUI90NOUoJNJNx/eM4IFWujCIhH5cwbE6PZGiUMph6OvObEc562Xif14nUcGlm1IeJ4pwPPkoSBhUEczCgV0qCFZsqAnCgupdIe4jgbDSEZZ0CPbsyfOkdVy1z6tnt6flWj2Powj2wD44Aja4ADVwDRqgCTB4BM/gFbwZT8aL8W58TFoLRj6zC/7A+PwBgrGbEg==</latexit>

B, W, L3

Procedure and results

14



List the UV mediators coupling to two leptons

Extraction of flavor tensors and computation of 
SMEFT matching 

Phenomenological analysis

Classification of UV irreps

AP [2408.16044]

Low-energy observables

Falkowski et al. [1706.03783]

<latexit sha1_base64="f+HrqD9ODQKZ41jsEBT/XLpHenw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJoaqSittYwcJYBL1ITRQ5rtNadZzIdipVUV+AhVdhYQAhVnY23gYnzQAtv2Tp03/Okc/5/ZhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U1W74yJkDTiD2oSEzdEA04DipHSlmceOyFSQ4wYvPdSu1qfVp0qdMZIxEOaY5d6tmdWrJqVCy6CXUAFFGp65pfTj3ASEq4wQ1L2bCtWboqEopiRadlJJIkRHqEB6WnkKCTSTfNrpvBEO30YREI/rmDu/p5IUSjlJPR1Z7a7nK9l5n+1XqKCKzelPE4U4Xj2UZAwqCKYRQP7VBCs2EQDwoLqXSEeIoGw0gGWdQj2/MmL0K7X7Iva+d1ZpXFdxFECh+AInAIbXIIGuAVN0AIYPIJn8ArejCfjxXg3PmatS0YxcwD+yPj8AXN+mec=</latexit>

S1,2, ω, !1
<latexit sha1_base64="kUol/WsIglL0dQzokxuQOi78ymU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoopTE97L4AFdS0T6gCWEynbZDZ5IwMxFK6C+48VfcuFDErTt3/o2TNoi2Hrhw5px7uXOPHzEqlWV9Gbm5+YXFpfxyYWV1bX3D3NxqyDAWmNRxyELR8pEkjAakrqhipBUJgrjPSNMfnKd+854IScPgTg0j4nLUC2iXYqS05Jml67JTvtTlXBCmkJfY5YNR+rylPY5+iGd7ZtGqWGPAWWJnpAgy1Dzz0+mEOOYkUJghKdu2FSk3QUJRzMio4MSSRAgPUI+0NQ0QJ9JNxheN4J5WOrAbCl2BgmP190SCuJRD7utOjlRfTnup+J/XjlX31E1oEMWKBHiyqBszqEKYxgM7VBCs2FAThAXVf4W4jwTCSodY0CHY0yfPksZ+xT6uHN0cFqtnWRx5sAN2QQnY4ARUwRWogTrA4AE8gRfwajwaz8ab8T5pzRnZzDb4A+PjG4yWmv8=</latexit>

N, E, !1,3, ”, ”1
<latexit sha1_base64="Uk0szD3ees16TqOnRLwLDkDitKw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVFXCe6zKwsBQJNoiNVHkuE5r1XEi20Gqov4BC7/CwgBCrKxs/A1OG6HSciRL555zr3zv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgk7n0kCaOcNBVVjNzHgqDQZ6TtD64yv/1AhKQRv1PDmLgh6nEaUIyUljzz0AmR6mPEYL3iVH6L9nRx4514ZtmqWmPAeWLnpAxyNDzzy+lGOAkJV5ghKTu2FSs3RUJRzMio5CSSxAgPUI90NOUoJNJNx/eM4IFWujCIhH5cwbE6PZGiUMph6OvObEc562Xif14nUcGlm1IeJ4pwPPkoSBhUEczCgV0qCFZsqAnCgupdIe4jgbDSEZZ0CPbsyfOkdVy1z6tnt6flWj2Powj2wD44Aja4ADVwDRqgCTB4BM/gFbwZT8aL8W58TFoLRj6zC/7A+PwBgrGbEg==</latexit>

B, W, L3

Procedure and results

14



List the UV mediators coupling to two leptons

Extraction of flavor tensors and computation of 
SMEFT matching 

Phenomenological analysis

Classification of UV irreps

AP [2408.16044]

Low-energy observables

Falkowski et al. [1706.03783]

cLFV

<latexit sha1_base64="f+HrqD9ODQKZ41jsEBT/XLpHenw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJoaqSittYwcJYBL1ITRQ5rtNadZzIdipVUV+AhVdhYQAhVnY23gYnzQAtv2Tp03/Okc/5/ZhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U1W74yJkDTiD2oSEzdEA04DipHSlmceOyFSQ4wYvPdSu1qfVp0qdMZIxEOaY5d6tmdWrJqVCy6CXUAFFGp65pfTj3ASEq4wQ1L2bCtWboqEopiRadlJJIkRHqEB6WnkKCTSTfNrpvBEO30YREI/rmDu/p5IUSjlJPR1Z7a7nK9l5n+1XqKCKzelPE4U4Xj2UZAwqCKYRQP7VBCs2EQDwoLqXSEeIoGw0gGWdQj2/MmL0K7X7Iva+d1ZpXFdxFECh+AInAIbXIIGuAVN0AIYPIJn8ArejCfjxXg3PmatS0YxcwD+yPj8AXN+mec=</latexit>

S1,2, ω, !1
<latexit sha1_base64="kUol/WsIglL0dQzokxuQOi78ymU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoopTE97L4AFdS0T6gCWEynbZDZ5IwMxFK6C+48VfcuFDErTt3/o2TNoi2Hrhw5px7uXOPHzEqlWV9Gbm5+YXFpfxyYWV1bX3D3NxqyDAWmNRxyELR8pEkjAakrqhipBUJgrjPSNMfnKd+854IScPgTg0j4nLUC2iXYqS05Jml67JTvtTlXBCmkJfY5YNR+rylPY5+iGd7ZtGqWGPAWWJnpAgy1Dzz0+mEOOYkUJghKdu2FSk3QUJRzMio4MSSRAgPUI+0NQ0QJ9JNxheN4J5WOrAbCl2BgmP190SCuJRD7utOjlRfTnup+J/XjlX31E1oEMWKBHiyqBszqEKYxgM7VBCs2FAThAXVf4W4jwTCSodY0CHY0yfPksZ+xT6uHN0cFqtnWRx5sAN2QQnY4ARUwRWogTrA4AE8gRfwajwaz8ab8T5pzRnZzDb4A+PjG4yWmv8=</latexit>

N, E, !1,3, ”, ”1
<latexit sha1_base64="Uk0szD3ees16TqOnRLwLDkDitKw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVFXCe6zKwsBQJNoiNVHkuE5r1XEi20Gqov4BC7/CwgBCrKxs/A1OG6HSciRL555zr3zv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgk7n0kCaOcNBVVjNzHgqDQZ6TtD64yv/1AhKQRv1PDmLgh6nEaUIyUljzz0AmR6mPEYL3iVH6L9nRx4514ZtmqWmPAeWLnpAxyNDzzy+lGOAkJV5ghKTu2FSs3RUJRzMio5CSSxAgPUI90NOUoJNJNx/eM4IFWujCIhH5cwbE6PZGiUMph6OvObEc562Xif14nUcGlm1IeJ4pwPPkoSBhUEczCgV0qCFZsqAnCgupdIe4jgbDSEZZ0CPbsyfOkdVy1z6tnt6flWj2Powj2wD44Aja4ADVwDRqgCTB4BM/gFbwZT8aL8W58TFoLRj6zC/7A+PwBgrGbEg==</latexit>

B, W, L3

Procedure and results

14



List the UV mediators coupling to two leptons

Extraction of flavor tensors and computation of 
SMEFT matching 

Phenomenological analysis

Classification of UV irreps

AP [2408.16044]

Low-energy observables

Falkowski et al. [1706.03783]

cLFV

Crivellin et al. 

Heeck et al. 

<latexit sha1_base64="f+HrqD9ODQKZ41jsEBT/XLpHenw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJoaqSittYwcJYBL1ITRQ5rtNadZzIdipVUV+AhVdhYQAhVnY23gYnzQAtv2Tp03/Okc/5/ZhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U1W74yJkDTiD2oSEzdEA04DipHSlmceOyFSQ4wYvPdSu1qfVp0qdMZIxEOaY5d6tmdWrJqVCy6CXUAFFGp65pfTj3ASEq4wQ1L2bCtWboqEopiRadlJJIkRHqEB6WnkKCTSTfNrpvBEO30YREI/rmDu/p5IUSjlJPR1Z7a7nK9l5n+1XqKCKzelPE4U4Xj2UZAwqCKYRQP7VBCs2EQDwoLqXSEeIoGw0gGWdQj2/MmL0K7X7Iva+d1ZpXFdxFECh+AInAIbXIIGuAVN0AIYPIJn8ArejCfjxXg3PmatS0YxcwD+yPj8AXN+mec=</latexit>

S1,2, ω, !1
<latexit sha1_base64="kUol/WsIglL0dQzokxuQOi78ymU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoopTE97L4AFdS0T6gCWEynbZDZ5IwMxFK6C+48VfcuFDErTt3/o2TNoi2Hrhw5px7uXOPHzEqlWV9Gbm5+YXFpfxyYWV1bX3D3NxqyDAWmNRxyELR8pEkjAakrqhipBUJgrjPSNMfnKd+854IScPgTg0j4nLUC2iXYqS05Jml67JTvtTlXBCmkJfY5YNR+rylPY5+iGd7ZtGqWGPAWWJnpAgy1Dzz0+mEOOYkUJghKdu2FSk3QUJRzMio4MSSRAgPUI+0NQ0QJ9JNxheN4J5WOrAbCl2BgmP190SCuJRD7utOjlRfTnup+J/XjlX31E1oEMWKBHiyqBszqEKYxgM7VBCs2FAThAXVf4W4jwTCSodY0CHY0yfPksZ+xT6uHN0cFqtnWRx5sAN2QQnY4ARUwRWogTrA4AE8gRfwajwaz8ab8T5pzRnZzDb4A+PjG4yWmv8=</latexit>

N, E, !1,3, ”, ”1
<latexit sha1_base64="Uk0szD3ees16TqOnRLwLDkDitKw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVFXCe6zKwsBQJNoiNVHkuE5r1XEi20Gqov4BC7/CwgBCrKxs/A1OG6HSciRL555zr3zv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgk7n0kCaOcNBVVjNzHgqDQZ6TtD64yv/1AhKQRv1PDmLgh6nEaUIyUljzz0AmR6mPEYL3iVH6L9nRx4514ZtmqWmPAeWLnpAxyNDzzy+lGOAkJV5ghKTu2FSs3RUJRzMio5CSSxAgPUI90NOUoJNJNx/eM4IFWujCIhH5cwbE6PZGiUMph6OvObEc562Xif14nUcGlm1IeJ4pwPPkoSBhUEczCgV0qCFZsqAnCgupdIe4jgbDSEZZ0CPbsyfOkdVy1z6tnt6flWj2Powj2wD44Aja4ADVwDRqgCTB4BM/gFbwZT8aL8W58TFoLRj6zC/7A+PwBgrGbEg==</latexit>

B, W, L3

<latexit sha1_base64="HQY+vl3PF1jYu2IV9qcXYRaxu+c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTiayMUdeHCRQX7gCaEm+mkHTp5MDMRQlt/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4/4Uwqy/o2CkvLK6trxfXSxubW9o65u9eUcSoIbZCYx6Ltg6ScRbShmOK0nQgKoc9pyx9cT/zWIxWSxdGDyhLqhtCLWMAIKC15Znnk3FCuAN95DvCkD6NL2zMrVtWaAi8SOycVlKPumV9ONyZpSCNFOEjZsa1EuUMQihFOxyUnlTQBMoAe7WgaQUilO5weP8aHWuniIBa6IoWn6u+JIYRSZqGvO0NQfTnvTcT/vE6qggt3yKIkVTQis0VByrGK8SQJ3GWCEsUzTYAIpm/FpA8CiNJ5lXQI9vzLi6R5XLXPqqf3J5XaVR5HEe2jA3SEbHSOaugW1VEDEZShZ/SK3own48V4Nz5mrQUjnymjPzA+fwDl6JRM</latexit>

|!Lω| = 1

<latexit sha1_base64="Cs0Ka4KDHescd1Qb8O1LLcEyMGs=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaT42ghFXbhwUcE+oAnhZjpth04ezEyEkNZfceNCEbd+iDv/xmmbhbYeuHA4517uvcePOZPKsr6NpeWV1bX1wkZxc2t7Z9fc22/KKBGENkjEI9H2QVLOQtpQTHHajgWFwOe05Q+vJ37rkQrJovBBpTF1A+iHrMcIKC15Zmnk3FCuAN95DvB4AKPLqmeWrYo1BV4kdk7KKEfdM7+cbkSSgIaKcJCyY1uxcjMQihFOx0UnkTQGMoQ+7WgaQkClm02PH+MjrXRxLxK6QoWn6u+JDAIp08DXnQGogZz3JuJ/XidRvQs3Y2GcKBqS2aJewrGK8CQJ3GWCEsVTTYAIpm/FZAACiNJ5FXUI9vzLi6RZrdhnldP7k3LtKo+jgA7QITpGNjpHNXSL6qiBCErRM3pFb8aT8WK8Gx+z1iUjnymhPzA+fwDnbJRN</latexit>

|!Lω| = 2

Procedure and results
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List the UV mediators coupling to two leptons

Extraction of flavor tensors and computation of 
SMEFT matching 

Classification of UV irreps

AP [2408.16044]

Low-energy observables

Falkowski et al. [1706.03783]

cLFV

Phenomenological analysis

<latexit sha1_base64="f+HrqD9ODQKZ41jsEBT/XLpHenw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJoaqSittYwcJYBL1ITRQ5rtNadZzIdipVUV+AhVdhYQAhVnY23gYnzQAtv2Tp03/Okc/5/ZhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U1W74yJkDTiD2oSEzdEA04DipHSlmceOyFSQ4wYvPdSu1qfVp0qdMZIxEOaY5d6tmdWrJqVCy6CXUAFFGp65pfTj3ASEq4wQ1L2bCtWboqEopiRadlJJIkRHqEB6WnkKCTSTfNrpvBEO30YREI/rmDu/p5IUSjlJPR1Z7a7nK9l5n+1XqKCKzelPE4U4Xj2UZAwqCKYRQP7VBCs2EQDwoLqXSEeIoGw0gGWdQj2/MmL0K7X7Iva+d1ZpXFdxFECh+AInAIbXIIGuAVN0AIYPIJn8ArejCfjxXg3PmatS0YxcwD+yPj8AXN+mec=</latexit>

S1,2, ω, !1
<latexit sha1_base64="kUol/WsIglL0dQzokxuQOi78ymU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoopTE97L4AFdS0T6gCWEynbZDZ5IwMxFK6C+48VfcuFDErTt3/o2TNoi2Hrhw5px7uXOPHzEqlWV9Gbm5+YXFpfxyYWV1bX3D3NxqyDAWmNRxyELR8pEkjAakrqhipBUJgrjPSNMfnKd+854IScPgTg0j4nLUC2iXYqS05Jml67JTvtTlXBCmkJfY5YNR+rylPY5+iGd7ZtGqWGPAWWJnpAgy1Dzz0+mEOOYkUJghKdu2FSk3QUJRzMio4MSSRAgPUI+0NQ0QJ9JNxheN4J5WOrAbCl2BgmP190SCuJRD7utOjlRfTnup+J/XjlX31E1oEMWKBHiyqBszqEKYxgM7VBCs2FAThAXVf4W4jwTCSodY0CHY0yfPksZ+xT6uHN0cFqtnWRx5sAN2QQnY4ARUwRWogTrA4AE8gRfwajwaz8ab8T5pzRnZzDb4A+PjG4yWmv8=</latexit>

N, E, !1,3, ”, ”1
<latexit sha1_base64="Uk0szD3ees16TqOnRLwLDkDitKw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVFXCe6zKwsBQJNoiNVHkuE5r1XEi20Gqov4BC7/CwgBCrKxs/A1OG6HSciRL555zr3zv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgk7n0kCaOcNBVVjNzHgqDQZ6TtD64yv/1AhKQRv1PDmLgh6nEaUIyUljzz0AmR6mPEYL3iVH6L9nRx4514ZtmqWmPAeWLnpAxyNDzzy+lGOAkJV5ghKTu2FSs3RUJRzMio5CSSxAgPUI90NOUoJNJNx/eM4IFWujCIhH5cwbE6PZGiUMph6OvObEc562Xif14nUcGlm1IeJ4pwPPkoSBhUEczCgV0qCFZsqAnCgupdIe4jgbDSEZZ0CPbsyfOkdVy1z6tnt6flWj2Powj2wD44Aja4ADVwDRqgCTB4BM/gFbwZT8aL8W58TFoLRj6zC/7A+PwBgrGbEg==</latexit>

B, W, L3

Crivellin et al. 

Heeck et al. 

<latexit sha1_base64="HQY+vl3PF1jYu2IV9qcXYRaxu+c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTiayMUdeHCRQX7gCaEm+mkHTp5MDMRQlt/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4/4Uwqy/o2CkvLK6trxfXSxubW9o65u9eUcSoIbZCYx6Ltg6ScRbShmOK0nQgKoc9pyx9cT/zWIxWSxdGDyhLqhtCLWMAIKC15Znnk3FCuAN95DvCkD6NL2zMrVtWaAi8SOycVlKPumV9ONyZpSCNFOEjZsa1EuUMQihFOxyUnlTQBMoAe7WgaQUilO5weP8aHWuniIBa6IoWn6u+JIYRSZqGvO0NQfTnvTcT/vE6qggt3yKIkVTQis0VByrGK8SQJ3GWCEsUzTYAIpm/FpA8CiNJ5lXQI9vzLi6R5XLXPqqf3J5XaVR5HEe2jA3SEbHSOaugW1VEDEZShZ/SK3own48V4Nz5mrQUjnymjPzA+fwDl6JRM</latexit>

|!Lω| = 1

<latexit sha1_base64="Cs0Ka4KDHescd1Qb8O1LLcEyMGs=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaT42ghFXbhwUcE+oAnhZjpth04ezEyEkNZfceNCEbd+iDv/xmmbhbYeuHA4517uvcePOZPKsr6NpeWV1bX1wkZxc2t7Z9fc22/KKBGENkjEI9H2QVLOQtpQTHHajgWFwOe05Q+vJ37rkQrJovBBpTF1A+iHrMcIKC15Zmnk3FCuAN95DvB4AKPLqmeWrYo1BV4kdk7KKEfdM7+cbkSSgIaKcJCyY1uxcjMQihFOx0UnkTQGMoQ+7WgaQkClm02PH+MjrXRxLxK6QoWn6u+JDAIp08DXnQGogZz3JuJ/XidRvQs3Y2GcKBqS2aJewrGK8CQJ3GWCEsVTTYAIpm/FZAACiNJ5FXUI9vzLi6RZrdhnldP7k3LtKo+jgA7QITpGNjpHNXSL6qiBCErRM3pFb8aT8WK8Gx+z1iUjnymhPzA+fwDnbJRN</latexit>

|!Lω| = 2

Procedure and results

14
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<latexit sha1_base64="f+HrqD9ODQKZ41jsEBT/XLpHenw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJoaqSittYwcJYBL1ITRQ5rtNadZzIdipVUV+AhVdhYQAhVnY23gYnzQAtv2Tp03/Okc/5/ZhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U1W74yJkDTiD2oSEzdEA04DipHSlmceOyFSQ4wYvPdSu1qfVp0qdMZIxEOaY5d6tmdWrJqVCy6CXUAFFGp65pfTj3ASEq4wQ1L2bCtWboqEopiRadlJJIkRHqEB6WnkKCTSTfNrpvBEO30YREI/rmDu/p5IUSjlJPR1Z7a7nK9l5n+1XqKCKzelPE4U4Xj2UZAwqCKYRQP7VBCs2EQDwoLqXSEeIoGw0gGWdQj2/MmL0K7X7Iva+d1ZpXFdxFECh+AInAIbXIIGuAVN0AIYPIJn8ArejCfjxXg3PmatS0YxcwD+yPj8AXN+mec=</latexit>

S1,2, ω, !1
<latexit sha1_base64="kUol/WsIglL0dQzokxuQOi78ymU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoopTE97L4AFdS0T6gCWEynbZDZ5IwMxFK6C+48VfcuFDErTt3/o2TNoi2Hrhw5px7uXOPHzEqlWV9Gbm5+YXFpfxyYWV1bX3D3NxqyDAWmNRxyELR8pEkjAakrqhipBUJgrjPSNMfnKd+854IScPgTg0j4nLUC2iXYqS05Jml67JTvtTlXBCmkJfY5YNR+rylPY5+iGd7ZtGqWGPAWWJnpAgy1Dzz0+mEOOYkUJghKdu2FSk3QUJRzMio4MSSRAgPUI+0NQ0QJ9JNxheN4J5WOrAbCl2BgmP190SCuJRD7utOjlRfTnup+J/XjlX31E1oEMWKBHiyqBszqEKYxgM7VBCs2FAThAXVf4W4jwTCSodY0CHY0yfPksZ+xT6uHN0cFqtnWRx5sAN2QQnY4ARUwRWogTrA4AE8gRfwajwaz8ab8T5pzRnZzDb4A+PjG4yWmv8=</latexit>

N, E, !1,3, ”, ”1
<latexit sha1_base64="Uk0szD3ees16TqOnRLwLDkDitKw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVFXCe6zKwsBQJNoiNVHkuE5r1XEi20Gqov4BC7/CwgBCrKxs/A1OG6HSciRL555zr3zv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgk7n0kCaOcNBVVjNzHgqDQZ6TtD64yv/1AhKQRv1PDmLgh6nEaUIyUljzz0AmR6mPEYL3iVH6L9nRx4514ZtmqWmPAeWLnpAxyNDzzy+lGOAkJV5ghKTu2FSs3RUJRzMio5CSSxAgPUI90NOUoJNJNx/eM4IFWujCIhH5cwbE6PZGiUMph6OvObEc562Xif14nUcGlm1IeJ4pwPPkoSBhUEczCgV0qCFZsqAnCgupdIe4jgbDSEZZ0CPbsyfOkdVy1z6tnt6flWj2Powj2wD44Aja4ADVwDRqgCTB4BM/gFbwZT8aL8W58TFoLRj6zC/7A+PwBgrGbEg==</latexit>

B, W, L3

Crivellin et al. 

Heeck et al. 

<latexit sha1_base64="HQY+vl3PF1jYu2IV9qcXYRaxu+c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTiayMUdeHCRQX7gCaEm+mkHTp5MDMRQlt/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4/4Uwqy/o2CkvLK6trxfXSxubW9o65u9eUcSoIbZCYx6Ltg6ScRbShmOK0nQgKoc9pyx9cT/zWIxWSxdGDyhLqhtCLWMAIKC15Znnk3FCuAN95DvCkD6NL2zMrVtWaAi8SOycVlKPumV9ONyZpSCNFOEjZsa1EuUMQihFOxyUnlTQBMoAe7WgaQUilO5weP8aHWuniIBa6IoWn6u+JIYRSZqGvO0NQfTnvTcT/vE6qggt3yKIkVTQis0VByrGK8SQJ3GWCEsUzTYAIpm/FpA8CiNJ5lXQI9vzLi6R5XLXPqqf3J5XaVR5HEe2jA3SEbHSOaugW1VEDEZShZ/SK3own48V4Nz5mrQUjnymjPzA+fwDl6JRM</latexit>

|!Lω| = 1

<latexit sha1_base64="Cs0Ka4KDHescd1Qb8O1LLcEyMGs=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaT42ghFXbhwUcE+oAnhZjpth04ezEyEkNZfceNCEbd+iDv/xmmbhbYeuHA4517uvcePOZPKsr6NpeWV1bX1wkZxc2t7Z9fc22/KKBGENkjEI9H2QVLOQtpQTHHajgWFwOe05Q+vJ37rkQrJovBBpTF1A+iHrMcIKC15Zmnk3FCuAN95DvB4AKPLqmeWrYo1BV4kdk7KKEfdM7+cbkSSgIaKcJCyY1uxcjMQihFOx0UnkTQGMoQ+7WgaQkClm02PH+MjrXRxLxK6QoWn6u+JDAIp08DXnQGogZz3JuJ/XidRvQs3Y2GcKBqS2aJewrGK8CQJ3GWCEsVTTYAIpm/FZAACiNJ5FXUI9vzLi6RZrdhnldP7k3LtKo+jgA7QITpGNjpHNXSL6qiBCErRM3pFb8aT8WK8Gx+z1iUjnymhPzA+fwDnbJRN</latexit>

|!Lω| = 2

Procedure and results

14



List the UV mediators coupling to two leptons

Extraction of flavor tensors and computation of 
SMEFT matching 
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AP [2408.16044]

Falkowski et al. [1706.03783]
Phenomenological analysis

Low-energy observables

|ΔL | = 1

• The relevant transitions are

cLFV

<latexit sha1_base64="f+HrqD9ODQKZ41jsEBT/XLpHenw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJoaqSittYwcJYBL1ITRQ5rtNadZzIdipVUV+AhVdhYQAhVnY23gYnzQAtv2Tp03/Okc/5/ZhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U1W74yJkDTiD2oSEzdEA04DipHSlmceOyFSQ4wYvPdSu1qfVp0qdMZIxEOaY5d6tmdWrJqVCy6CXUAFFGp65pfTj3ASEq4wQ1L2bCtWboqEopiRadlJJIkRHqEB6WnkKCTSTfNrpvBEO30YREI/rmDu/p5IUSjlJPR1Z7a7nK9l5n+1XqKCKzelPE4U4Xj2UZAwqCKYRQP7VBCs2EQDwoLqXSEeIoGw0gGWdQj2/MmL0K7X7Iva+d1ZpXFdxFECh+AInAIbXIIGuAVN0AIYPIJn8ArejCfjxXg3PmatS0YxcwD+yPj8AXN+mec=</latexit>

S1,2, ω, !1
<latexit sha1_base64="kUol/WsIglL0dQzokxuQOi78ymU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoopTE97L4AFdS0T6gCWEynbZDZ5IwMxFK6C+48VfcuFDErTt3/o2TNoi2Hrhw5px7uXOPHzEqlWV9Gbm5+YXFpfxyYWV1bX3D3NxqyDAWmNRxyELR8pEkjAakrqhipBUJgrjPSNMfnKd+854IScPgTg0j4nLUC2iXYqS05Jml67JTvtTlXBCmkJfY5YNR+rylPY5+iGd7ZtGqWGPAWWJnpAgy1Dzz0+mEOOYkUJghKdu2FSk3QUJRzMio4MSSRAgPUI+0NQ0QJ9JNxheN4J5WOrAbCl2BgmP190SCuJRD7utOjlRfTnup+J/XjlX31E1oEMWKBHiyqBszqEKYxgM7VBCs2FAThAXVf4W4jwTCSodY0CHY0yfPksZ+xT6uHN0cFqtnWRx5sAN2QQnY4ARUwRWogTrA4AE8gRfwajwaz8ab8T5pzRnZzDb4A+PjG4yWmv8=</latexit>

N, E, !1,3, ”, ”1
<latexit sha1_base64="Uk0szD3ees16TqOnRLwLDkDitKw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVFXCe6zKwsBQJNoiNVHkuE5r1XEi20Gqov4BC7/CwgBCrKxs/A1OG6HSciRL555zr3zv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgk7n0kCaOcNBVVjNzHgqDQZ6TtD64yv/1AhKQRv1PDmLgh6nEaUIyUljzz0AmR6mPEYL3iVH6L9nRx4514ZtmqWmPAeWLnpAxyNDzzy+lGOAkJV5ghKTu2FSs3RUJRzMio5CSSxAgPUI90NOUoJNJNx/eM4IFWujCIhH5cwbE6PZGiUMph6OvObEc562Xif14nUcGlm1IeJ4pwPPkoSBhUEczCgV0qCFZsqAnCgupdIe4jgbDSEZZ0CPbsyfOkdVy1z6tnt6flWj2Powj2wD44Aja4ADVwDRqgCTB4BM/gFbwZT8aL8W58TFoLRj6zC/7A+PwBgrGbEg==</latexit>

B, W, L3

Crivellin et al. 

Heeck et al. 

<latexit sha1_base64="HQY+vl3PF1jYu2IV9qcXYRaxu+c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTiayMUdeHCRQX7gCaEm+mkHTp5MDMRQlt/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4/4Uwqy/o2CkvLK6trxfXSxubW9o65u9eUcSoIbZCYx6Ltg6ScRbShmOK0nQgKoc9pyx9cT/zWIxWSxdGDyhLqhtCLWMAIKC15Znnk3FCuAN95DvCkD6NL2zMrVtWaAi8SOycVlKPumV9ONyZpSCNFOEjZsa1EuUMQihFOxyUnlTQBMoAe7WgaQUilO5weP8aHWuniIBa6IoWn6u+JIYRSZqGvO0NQfTnvTcT/vE6qggt3yKIkVTQis0VByrGK8SQJ3GWCEsUzTYAIpm/FpA8CiNJ5lXQI9vzLi6R5XLXPqqf3J5XaVR5HEe2jA3SEbHSOaugW1VEDEZShZ/SK3own48V4Nz5mrQUjnymjPzA+fwDl6JRM</latexit>

|!Lω| = 1

<latexit sha1_base64="Cs0Ka4KDHescd1Qb8O1LLcEyMGs=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaT42ghFXbhwUcE+oAnhZjpth04ezEyEkNZfceNCEbd+iDv/xmmbhbYeuHA4517uvcePOZPKsr6NpeWV1bX1wkZxc2t7Z9fc22/KKBGENkjEI9H2QVLOQtpQTHHajgWFwOe05Q+vJ37rkQrJovBBpTF1A+iHrMcIKC15Zmnk3FCuAN95DvB4AKPLqmeWrYo1BV4kdk7KKEfdM7+cbkSSgIaKcJCyY1uxcjMQihFOx0UnkTQGMoQ+7WgaQkClm02PH+MjrXRxLxK6QoWn6u+JDAIp08DXnQGogZz3JuJ/XidRvQs3Y2GcKBqS2aJewrGK8CQJ3GWCEsVTTYAIpm/FZAACiNJ5FXUI9vzLi6RZrdhnldP7k3LtKo+jgA7QITpGNjpHNXSL6qiBCErRM3pFb8aT8WK8Gx+z1iUjnymhPzA+fwDnbJRN</latexit>

|!Lω| = 2

<latexit sha1_base64="4vOTvLWj2miF1yo+2pgVDeiwiLQ="></latexit>

Br(ω± → e±µ+µ→) ↑ 1

!ω

m5
ω

1536ε3

∣∣∣[Cεε]1322
∣∣∣
2
< 2.7↓ 10→8

Br(ω± → µ±e+e→) ↑ 1

!ω

m5
ω

1536ε3

∣∣∣[Cεε]2311
∣∣∣
2
< 1.8↓ 10→8
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cLFV

<latexit sha1_base64="f+HrqD9ODQKZ41jsEBT/XLpHenw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJoaqSittYwcJYBL1ITRQ5rtNadZzIdipVUV+AhVdhYQAhVnY23gYnzQAtv2Tp03/Okc/5/ZhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U1W74yJkDTiD2oSEzdEA04DipHSlmceOyFSQ4wYvPdSu1qfVp0qdMZIxEOaY5d6tmdWrJqVCy6CXUAFFGp65pfTj3ASEq4wQ1L2bCtWboqEopiRadlJJIkRHqEB6WnkKCTSTfNrpvBEO30YREI/rmDu/p5IUSjlJPR1Z7a7nK9l5n+1XqKCKzelPE4U4Xj2UZAwqCKYRQP7VBCs2EQDwoLqXSEeIoGw0gGWdQj2/MmL0K7X7Iva+d1ZpXFdxFECh+AInAIbXIIGuAVN0AIYPIJn8ArejCfjxXg3PmatS0YxcwD+yPj8AXN+mec=</latexit>

S1,2, ω, !1
<latexit sha1_base64="kUol/WsIglL0dQzokxuQOi78ymU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoopTE97L4AFdS0T6gCWEynbZDZ5IwMxFK6C+48VfcuFDErTt3/o2TNoi2Hrhw5px7uXOPHzEqlWV9Gbm5+YXFpfxyYWV1bX3D3NxqyDAWmNRxyELR8pEkjAakrqhipBUJgrjPSNMfnKd+854IScPgTg0j4nLUC2iXYqS05Jml67JTvtTlXBCmkJfY5YNR+rylPY5+iGd7ZtGqWGPAWWJnpAgy1Dzz0+mEOOYkUJghKdu2FSk3QUJRzMio4MSSRAgPUI+0NQ0QJ9JNxheN4J5WOrAbCl2BgmP190SCuJRD7utOjlRfTnup+J/XjlX31E1oEMWKBHiyqBszqEKYxgM7VBCs2FAThAXVf4W4jwTCSodY0CHY0yfPksZ+xT6uHN0cFqtnWRx5sAN2QQnY4ARUwRWogTrA4AE8gRfwajwaz8ab8T5pzRnZzDb4A+PjG4yWmv8=</latexit>

N, E, !1,3, ”, ”1
<latexit sha1_base64="Uk0szD3ees16TqOnRLwLDkDitKw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVFXCe6zKwsBQJNoiNVHkuE5r1XEi20Gqov4BC7/CwgBCrKxs/A1OG6HSciRL555zr3zv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgk7n0kCaOcNBVVjNzHgqDQZ6TtD64yv/1AhKQRv1PDmLgh6nEaUIyUljzz0AmR6mPEYL3iVH6L9nRx4514ZtmqWmPAeWLnpAxyNDzzy+lGOAkJV5ghKTu2FSs3RUJRzMio5CSSxAgPUI90NOUoJNJNx/eM4IFWujCIhH5cwbE6PZGiUMph6OvObEc562Xif14nUcGlm1IeJ4pwPPkoSBhUEczCgV0qCFZsqAnCgupdIe4jgbDSEZZ0CPbsyfOkdVy1z6tnt6flWj2Powj2wD44Aja4ADVwDRqgCTB4BM/gFbwZT8aL8W58TFoLRj6zC/7A+PwBgrGbEg==</latexit>

B, W, L3

Crivellin et al. 

Heeck et al. 

<latexit sha1_base64="HQY+vl3PF1jYu2IV9qcXYRaxu+c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTiayMUdeHCRQX7gCaEm+mkHTp5MDMRQlt/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4/4Uwqy/o2CkvLK6trxfXSxubW9o65u9eUcSoIbZCYx6Ltg6ScRbShmOK0nQgKoc9pyx9cT/zWIxWSxdGDyhLqhtCLWMAIKC15Znnk3FCuAN95DvCkD6NL2zMrVtWaAi8SOycVlKPumV9ONyZpSCNFOEjZsa1EuUMQihFOxyUnlTQBMoAe7WgaQUilO5weP8aHWuniIBa6IoWn6u+JIYRSZqGvO0NQfTnvTcT/vE6qggt3yKIkVTQis0VByrGK8SQJ3GWCEsUzTYAIpm/FpA8CiNJ5lXQI9vzLi6R5XLXPqqf3J5XaVR5HEe2jA3SEbHSOaugW1VEDEZShZ/SK3own48V4Nz5mrQUjnymjPzA+fwDl6JRM</latexit>

|!Lω| = 1

<latexit sha1_base64="Cs0Ka4KDHescd1Qb8O1LLcEyMGs=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaT42ghFXbhwUcE+oAnhZjpth04ezEyEkNZfceNCEbd+iDv/xmmbhbYeuHA4517uvcePOZPKsr6NpeWV1bX1wkZxc2t7Z9fc22/KKBGENkjEI9H2QVLOQtpQTHHajgWFwOe05Q+vJ37rkQrJovBBpTF1A+iHrMcIKC15Zmnk3FCuAN95DvB4AKPLqmeWrYo1BV4kdk7KKEfdM7+cbkSSgIaKcJCyY1uxcjMQihFOx0UnkTQGMoQ+7WgaQkClm02PH+MjrXRxLxK6QoWn6u+JDAIp08DXnQGogZz3JuJ/XidRvQs3Y2GcKBqS2aJewrGK8CQJ3GWCEsVTTYAIpm/FZAACiNJ5FXUI9vzLi6RZrdhnldP7k3LtKo+jgA7QITpGNjpHNXSL6qiBCErRM3pFb8aT8WK8Gx+z1iUjnymhPzA+fwDnbJRN</latexit>

|!Lω| = 2

Procedure and results

14



List the UV mediators coupling to two leptons
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Falkowski et al. [1706.03783]
Phenomenological analysis

Low-energy observables

|ΔL | = 2

• The relevant transitions are 

•                            probing  

•                       probing   

•                       probing  

(3.2 TeV)−2

(10.0 TeV)−2

(8.8 TeV)−2

cLFV

<latexit sha1_base64="f+HrqD9ODQKZ41jsEBT/XLpHenw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJoaqSittYwcJYBL1ITRQ5rtNadZzIdipVUV+AhVdhYQAhVnY23gYnzQAtv2Tp03/Okc/5/ZhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U1W74yJkDTiD2oSEzdEA04DipHSlmceOyFSQ4wYvPdSu1qfVp0qdMZIxEOaY5d6tmdWrJqVCy6CXUAFFGp65pfTj3ASEq4wQ1L2bCtWboqEopiRadlJJIkRHqEB6WnkKCTSTfNrpvBEO30YREI/rmDu/p5IUSjlJPR1Z7a7nK9l5n+1XqKCKzelPE4U4Xj2UZAwqCKYRQP7VBCs2EQDwoLqXSEeIoGw0gGWdQj2/MmL0K7X7Iva+d1ZpXFdxFECh+AInAIbXIIGuAVN0AIYPIJn8ArejCfjxXg3PmatS0YxcwD+yPj8AXN+mec=</latexit>

S1,2, ω, !1
<latexit sha1_base64="kUol/WsIglL0dQzokxuQOi78ymU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoopTE97L4AFdS0T6gCWEynbZDZ5IwMxFK6C+48VfcuFDErTt3/o2TNoi2Hrhw5px7uXOPHzEqlWV9Gbm5+YXFpfxyYWV1bX3D3NxqyDAWmNRxyELR8pEkjAakrqhipBUJgrjPSNMfnKd+854IScPgTg0j4nLUC2iXYqS05Jml67JTvtTlXBCmkJfY5YNR+rylPY5+iGd7ZtGqWGPAWWJnpAgy1Dzz0+mEOOYkUJghKdu2FSk3QUJRzMio4MSSRAgPUI+0NQ0QJ9JNxheN4J5WOrAbCl2BgmP190SCuJRD7utOjlRfTnup+J/XjlX31E1oEMWKBHiyqBszqEKYxgM7VBCs2FAThAXVf4W4jwTCSodY0CHY0yfPksZ+xT6uHN0cFqtnWRx5sAN2QQnY4ARUwRWogTrA4AE8gRfwajwaz8ab8T5pzRnZzDb4A+PjG4yWmv8=</latexit>

N, E, !1,3, ”, ”1
<latexit sha1_base64="Uk0szD3ees16TqOnRLwLDkDitKw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVFXCe6zKwsBQJNoiNVHkuE5r1XEi20Gqov4BC7/CwgBCrKxs/A1OG6HSciRL555zr3zv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgk7n0kCaOcNBVVjNzHgqDQZ6TtD64yv/1AhKQRv1PDmLgh6nEaUIyUljzz0AmR6mPEYL3iVH6L9nRx4514ZtmqWmPAeWLnpAxyNDzzy+lGOAkJV5ghKTu2FSs3RUJRzMio5CSSxAgPUI90NOUoJNJNx/eM4IFWujCIhH5cwbE6PZGiUMph6OvObEc562Xif14nUcGlm1IeJ4pwPPkoSBhUEczCgV0qCFZsqAnCgupdIe4jgbDSEZZ0CPbsyfOkdVy1z6tnt6flWj2Powj2wD44Aja4ADVwDRqgCTB4BM/gFbwZT8aL8W58TFoLRj6zC/7A+PwBgrGbEg==</latexit>

B, W, L3

Crivellin et al. 

Heeck et al. 

<latexit sha1_base64="HQY+vl3PF1jYu2IV9qcXYRaxu+c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTiayMUdeHCRQX7gCaEm+mkHTp5MDMRQlt/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4/4Uwqy/o2CkvLK6trxfXSxubW9o65u9eUcSoIbZCYx6Ltg6ScRbShmOK0nQgKoc9pyx9cT/zWIxWSxdGDyhLqhtCLWMAIKC15Znnk3FCuAN95DvCkD6NL2zMrVtWaAi8SOycVlKPumV9ONyZpSCNFOEjZsa1EuUMQihFOxyUnlTQBMoAe7WgaQUilO5weP8aHWuniIBa6IoWn6u+JIYRSZqGvO0NQfTnvTcT/vE6qggt3yKIkVTQis0VByrGK8SQJ3GWCEsUzTYAIpm/FpA8CiNJ5lXQI9vzLi6R5XLXPqqf3J5XaVR5HEe2jA3SEbHSOaugW1VEDEZShZ/SK3own48V4Nz5mrQUjnymjPzA+fwDl6JRM</latexit>

|!Lω| = 1

<latexit sha1_base64="Cs0Ka4KDHescd1Qb8O1LLcEyMGs=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaT42ghFXbhwUcE+oAnhZjpth04ezEyEkNZfceNCEbd+iDv/xmmbhbYeuHA4517uvcePOZPKsr6NpeWV1bX1wkZxc2t7Z9fc22/KKBGENkjEI9H2QVLOQtpQTHHajgWFwOe05Q+vJ37rkQrJovBBpTF1A+iHrMcIKC15Zmnk3FCuAN95DvB4AKPLqmeWrYo1BV4kdk7KKEfdM7+cbkSSgIaKcJCyY1uxcjMQihFOx0UnkTQGMoQ+7WgaQkClm02PH+MjrXRxLxK6QoWn6u+JDAIp08DXnQGogZz3JuJ/XidRvQs3Y2GcKBqS2aJewrGK8CQJ3GWCEsVTTYAIpm/FZAACiNJ5FXUI9vzLi6RZrdhnldP7k3LtKo+jgA7QITpGNjpHNXSL6qiBCErRM3pFb8aT8WK8Gx+z1iUjnymhPzA+fwDnbJRN</latexit>

|!Lω| = 2

<latexit sha1_base64="tsV34aYMYFHONYTWggtpRx2aevk=">AAACA3icbVC7SgNBFJ31GeNr1U6bwSDYGHaDryYQ1MLCIoJ5QHZZZid3kyGzD2ZmhRACNv6KjYUitv6EnX/jJFlEEw9cOHPOvcy9x084k8qyvoy5+YXFpeXcSn51bX1j09zarss4FRRqNOaxaPpEAmcR1BRTHJqJABL6HBp+73LkN+5BSBZHd6qfgBuSTsQCRonSkmfuOlfAFcE3nhOm5aOfF5RLnlmwitYYeJbYGSmgDFXP/HTaMU1DiBTlRMqWbSXKHRChGOUwzDuphITQHulAS9OIhCDdwfiGIT7QShsHsdAVKTxWf08MSChlP/R1Z0hUV057I/E/r5Wq4NwdsChJFUR08lGQcqxiPAoEt5kAqnhfE0IF07ti2iWCUKVjy+sQ7OmTZ0m9VLRPiye3x4XKRRZHDu2hfXSIbHSGKugaVVENUfSAntALejUejWfjzXiftM4Z2cwO+gPj4xvJOZZX</latexit>

!Lµ = →!Le = 2

<latexit sha1_base64="fH3FLJ7ttSxUI+NuJ3x8Qv0G7WE=">AAACCHicbVA7T8MwGHR4lvIKMDJgUSExVQniNVawMBaJPqQmVI7rtFZtx7IdpCrqyMJfYWEAIVZ+Ahv/BqfNAC0n2TrdfZ/su0gyqo3nfTsLi0vLK6ultfL6xubWtruz29RJqjBp4IQlqh0hTRgVpGGoYaQtFUE8YqQVDa9zv/VAlKaJuDMjSUKO+oLGFCNjpa57EBiU3geSByaBAbeUS0hyYXp33YpX9SaA88QvSAUUqHfdr6CX4JQTYTBDWnd8T5owQ8pQzMi4HKSaSISHqE86lgrEiQ6zSZAxPLJKD8aJskcYOFF/b2SIaz3ikZ3kyAz0rJeL/3md1MSXYUaFTA0RePpQnDJoQ+etwB5VBBs2sgRhRe1fIR4ghbCx3ZVtCf5s5HnSPKn659Wz29NK7aqoowT2wSE4Bj64ADVwA+qgATB4BM/gFbw5T86L8+58TEcXnGJnD/yB8/kDYu+ZlA==</latexit>

ω± → µ→e±e±

<latexit sha1_base64="K2CuuRDwK074Wlg4yNqyYcfkTUc=">AAACCnicbVBLSwMxGMz6rPW16tFLtAieyq74Oha9eKxgH9DdlmyabUOTbEiyQik9e/GvePGgiFd/gTf/jel2BW0dCBlmvo9kJpKMauN5X87C4tLyymphrbi+sbm17e7s1nWSKkxqOGGJakZIE0YFqRlqGGlKRRCPGGlEg+uJ37gnStNE3JmhJCFHPUFjipGxUsc9CAxK24HkgUkgaQdcwoBnws/dcUte2csA54mfkxLIUe24n0E3wSknwmCGtG75njThCClDMSPjYpBqIhEeoB5pWSoQJzocZVHG8MgqXRgnyh5hYKb+3hghrvWQR3aSI9PXs95E/M9rpSa+DEdUyNQQgacPxSmDNvakF9ilimDDhpYgrKj9K8R9pBA2tr2iLcGfjTxP6idl/7x8dntaqlzldRTAPjgEx8AHF6ACbkAV1AAGD+AJvIBX59F5dt6c9+nogpPv7IE/cD6+AQ12moE=</latexit>

ω± → e→µ±µ±

Procedure and results
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List the UV mediators coupling to two leptons

Extraction of flavor tensors and computation of 
SMEFT matching 

Classification of UV irreps

AP [2408.16044]

Falkowski et al. [1706.03783]
Phenomenological analysis

Low-energy observables

cLFV

<latexit sha1_base64="f+HrqD9ODQKZ41jsEBT/XLpHenw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJoaqSittYwcJYBL1ITRQ5rtNadZzIdipVUV+AhVdhYQAhVnY23gYnzQAtv2Tp03/Okc/5/ZhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U1W74yJkDTiD2oSEzdEA04DipHSlmceOyFSQ4wYvPdSu1qfVp0qdMZIxEOaY5d6tmdWrJqVCy6CXUAFFGp65pfTj3ASEq4wQ1L2bCtWboqEopiRadlJJIkRHqEB6WnkKCTSTfNrpvBEO30YREI/rmDu/p5IUSjlJPR1Z7a7nK9l5n+1XqKCKzelPE4U4Xj2UZAwqCKYRQP7VBCs2EQDwoLqXSEeIoGw0gGWdQj2/MmL0K7X7Iva+d1ZpXFdxFECh+AInAIbXIIGuAVN0AIYPIJn8ArejCfjxXg3PmatS0YxcwD+yPj8AXN+mec=</latexit>

S1,2, ω, !1
<latexit sha1_base64="kUol/WsIglL0dQzokxuQOi78ymU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoopTE97L4AFdS0T6gCWEynbZDZ5IwMxFK6C+48VfcuFDErTt3/o2TNoi2Hrhw5px7uXOPHzEqlWV9Gbm5+YXFpfxyYWV1bX3D3NxqyDAWmNRxyELR8pEkjAakrqhipBUJgrjPSNMfnKd+854IScPgTg0j4nLUC2iXYqS05Jml67JTvtTlXBCmkJfY5YNR+rylPY5+iGd7ZtGqWGPAWWJnpAgy1Dzz0+mEOOYkUJghKdu2FSk3QUJRzMio4MSSRAgPUI+0NQ0QJ9JNxheN4J5WOrAbCl2BgmP190SCuJRD7utOjlRfTnup+J/XjlX31E1oEMWKBHiyqBszqEKYxgM7VBCs2FAThAXVf4W4jwTCSodY0CHY0yfPksZ+xT6uHN0cFqtnWRx5sAN2QQnY4ARUwRWogTrA4AE8gRfwajwaz8ab8T5pzRnZzDb4A+PjG4yWmv8=</latexit>

N, E, !1,3, ”, ”1
<latexit sha1_base64="Uk0szD3ees16TqOnRLwLDkDitKw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVFXCe6zKwsBQJNoiNVHkuE5r1XEi20Gqov4BC7/CwgBCrKxs/A1OG6HSciRL555zr3zv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgk7n0kCaOcNBVVjNzHgqDQZ6TtD64yv/1AhKQRv1PDmLgh6nEaUIyUljzz0AmR6mPEYL3iVH6L9nRx4514ZtmqWmPAeWLnpAxyNDzzy+lGOAkJV5ghKTu2FSs3RUJRzMio5CSSxAgPUI90NOUoJNJNx/eM4IFWujCIhH5cwbE6PZGiUMph6OvObEc562Xif14nUcGlm1IeJ4pwPPkoSBhUEczCgV0qCFZsqAnCgupdIe4jgbDSEZZ0CPbsyfOkdVy1z6tnt6flWj2Powj2wD44Aja4ADVwDRqgCTB4BM/gFbwZT8aL8W58TFoLRj6zC/7A+PwBgrGbEg==</latexit>

B, W, L3

Crivellin et al. 

Heeck et al. 

<latexit sha1_base64="HQY+vl3PF1jYu2IV9qcXYRaxu+c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTiayMUdeHCRQX7gCaEm+mkHTp5MDMRQlt/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4/4Uwqy/o2CkvLK6trxfXSxubW9o65u9eUcSoIbZCYx6Ltg6ScRbShmOK0nQgKoc9pyx9cT/zWIxWSxdGDyhLqhtCLWMAIKC15Znnk3FCuAN95DvCkD6NL2zMrVtWaAi8SOycVlKPumV9ONyZpSCNFOEjZsa1EuUMQihFOxyUnlTQBMoAe7WgaQUilO5weP8aHWuniIBa6IoWn6u+JIYRSZqGvO0NQfTnvTcT/vE6qggt3yKIkVTQis0VByrGK8SQJ3GWCEsUzTYAIpm/FpA8CiNJ5lXQI9vzLi6R5XLXPqqf3J5XaVR5HEe2jA3SEbHSOaugW1VEDEZShZ/SK3own48V4Nz5mrQUjnymjPzA+fwDl6JRM</latexit>

|!Lω| = 1

<latexit sha1_base64="Cs0Ka4KDHescd1Qb8O1LLcEyMGs=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaT42ghFXbhwUcE+oAnhZjpth04ezEyEkNZfceNCEbd+iDv/xmmbhbYeuHA4517uvcePOZPKsr6NpeWV1bX1wkZxc2t7Z9fc22/KKBGENkjEI9H2QVLOQtpQTHHajgWFwOe05Q+vJ37rkQrJovBBpTF1A+iHrMcIKC15Zmnk3FCuAN95DvB4AKPLqmeWrYo1BV4kdk7KKEfdM7+cbkSSgIaKcJCyY1uxcjMQihFOx0UnkTQGMoQ+7WgaQkClm02PH+MjrXRxLxK6QoWn6u+JDAIp08DXnQGogZz3JuJ/XidRvQs3Y2GcKBqS2aJewrGK8CQJ3GWCEsVTTYAIpm/FZAACiNJ5FXUI9vzLi6RZrdhnldP7k3LtKo+jgA7QITpGNjpHNXSL6qiBCErRM3pFb8aT8WK8Gx+z1iUjnymhPzA+fwDnbJRN</latexit>

|!Lω| = 2

Procedure and results

14



List the UV mediators coupling to two leptons

Extraction of flavor tensors and computation of 
SMEFT matching 

Classification of UV irreps

Falkowski et al. [1706.03783]

Low-energy observables

 modular flavor symmetryA4
Moreno, AP [WiP]

Phenomenological analysis

cLFV

<latexit sha1_base64="f+HrqD9ODQKZ41jsEBT/XLpHenw=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJoaqSittYwcJYBL1ITRQ5rtNadZzIdipVUV+AhVdhYQAhVnY23gYnzQAtv2Tp03/Okc/5/ZhRqSzr21haXlldWy9tlDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U1W74yJkDTiD2oSEzdEA04DipHSlmceOyFSQ4wYvPdSu1qfVp0qdMZIxEOaY5d6tmdWrJqVCy6CXUAFFGp65pfTj3ASEq4wQ1L2bCtWboqEopiRadlJJIkRHqEB6WnkKCTSTfNrpvBEO30YREI/rmDu/p5IUSjlJPR1Z7a7nK9l5n+1XqKCKzelPE4U4Xj2UZAwqCKYRQP7VBCs2EQDwoLqXSEeIoGw0gGWdQj2/MmL0K7X7Iva+d1ZpXFdxFECh+AInAIbXIIGuAVN0AIYPIJn8ArejCfjxXg3PmatS0YxcwD+yPj8AXN+mec=</latexit>

S1,2, ω, !1
<latexit sha1_base64="kUol/WsIglL0dQzokxuQOi78ymU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoopTE97L4AFdS0T6gCWEynbZDZ5IwMxFK6C+48VfcuFDErTt3/o2TNoi2Hrhw5px7uXOPHzEqlWV9Gbm5+YXFpfxyYWV1bX3D3NxqyDAWmNRxyELR8pEkjAakrqhipBUJgrjPSNMfnKd+854IScPgTg0j4nLUC2iXYqS05Jml67JTvtTlXBCmkJfY5YNR+rylPY5+iGd7ZtGqWGPAWWJnpAgy1Dzz0+mEOOYkUJghKdu2FSk3QUJRzMio4MSSRAgPUI+0NQ0QJ9JNxheN4J5WOrAbCl2BgmP190SCuJRD7utOjlRfTnup+J/XjlX31E1oEMWKBHiyqBszqEKYxgM7VBCs2FAThAXVf4W4jwTCSodY0CHY0yfPksZ+xT6uHN0cFqtnWRx5sAN2QQnY4ARUwRWogTrA4AE8gRfwajwaz8ab8T5pzRnZzDb4A+PjG4yWmv8=</latexit>

N, E, !1,3, ”, ”1
<latexit sha1_base64="Uk0szD3ees16TqOnRLwLDkDitKw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVFXCe6zKwsBQJNoiNVHkuE5r1XEi20Gqov4BC7/CwgBCrKxs/A1OG6HSciRL555zr3zv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgk7n0kCaOcNBVVjNzHgqDQZ6TtD64yv/1AhKQRv1PDmLgh6nEaUIyUljzz0AmR6mPEYL3iVH6L9nRx4514ZtmqWmPAeWLnpAxyNDzzy+lGOAkJV5ghKTu2FSs3RUJRzMio5CSSxAgPUI90NOUoJNJNx/eM4IFWujCIhH5cwbE6PZGiUMph6OvObEc562Xif14nUcGlm1IeJ4pwPPkoSBhUEczCgV0qCFZsqAnCgupdIe4jgbDSEZZ0CPbsyfOkdVy1z6tnt6flWj2Powj2wD44Aja4ADVwDRqgCTB4BM/gFbwZT8aL8W58TFoLRj6zC/7A+PwBgrGbEg==</latexit>

B, W, L3

Crivellin et al. 

Heeck et al. 

<latexit sha1_base64="HQY+vl3PF1jYu2IV9qcXYRaxu+c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTiayMUdeHCRQX7gCaEm+mkHTp5MDMRQlt/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4/4Uwqy/o2CkvLK6trxfXSxubW9o65u9eUcSoIbZCYx6Ltg6ScRbShmOK0nQgKoc9pyx9cT/zWIxWSxdGDyhLqhtCLWMAIKC15Znnk3FCuAN95DvCkD6NL2zMrVtWaAi8SOycVlKPumV9ONyZpSCNFOEjZsa1EuUMQihFOxyUnlTQBMoAe7WgaQUilO5weP8aHWuniIBa6IoWn6u+JIYRSZqGvO0NQfTnvTcT/vE6qggt3yKIkVTQis0VByrGK8SQJ3GWCEsUzTYAIpm/FpA8CiNJ5lXQI9vzLi6R5XLXPqqf3J5XaVR5HEe2jA3SEbHSOaugW1VEDEZShZ/SK3own48V4Nz5mrQUjnymjPzA+fwDl6JRM</latexit>

|!Lω| = 1

<latexit sha1_base64="Cs0Ka4KDHescd1Qb8O1LLcEyMGs=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaT42ghFXbhwUcE+oAnhZjpth04ezEyEkNZfceNCEbd+iDv/xmmbhbYeuHA4517uvcePOZPKsr6NpeWV1bX1wkZxc2t7Z9fc22/KKBGENkjEI9H2QVLOQtpQTHHajgWFwOe05Q+vJ37rkQrJovBBpTF1A+iHrMcIKC15Zmnk3FCuAN95DvB4AKPLqmeWrYo1BV4kdk7KKEfdM7+cbkSSgIaKcJCyY1uxcjMQihFOx0UnkTQGMoQ+7WgaQkClm02PH+MjrXRxLxK6QoWn6u+JDAIp08DXnQGogZz3JuJ/XidRvQs3Y2GcKBqS2aJewrGK8CQJ3GWCEsVTTYAIpm/FZAACiNJ5FXUI9vzLi6RZrdhnldP7k3LtKo+jgA7QITpGNjpHNXSL6qiBCErRM3pFb8aT8WK8Gx+z1iUjnymhPzA+fwDnbJRN</latexit>

|!Lω| = 2

Procedure and results
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Conclusions
• SMEFT is a powerful and robust EFT framework 

• Connection between flavor symmetries and the SMEFT 

• Landscape of dimension-6 operators 

• Connection between the parameter landscape and UV 

• Classification and phenomenological analysis of the UV 
mediators 

• Inclusion of (modular) discrete flavor symmetries in the 
lepton sector
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