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The -term is a total derivative however it does not 
cancel for all gauge configurations:

θ
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The physical quantity is then
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Pospelov, Ritz. hep-ph/9908508

https://arxiv.org/abs/2003.01100
https://arxiv.org/abs/hep-ph/9908508
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1. Motivation: The Axion Solution
Peccei and Quinn proved that under a  global 
symmetry anomalous under QCD, which breaks 
spontaneously, the minimum of the theory is found 
where   
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.40.223
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.40.279
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.38.1440
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.16.1791


/1515/09/2022 The Flavour of the ALPs
Xavier Ponce Díaz - UV/IR Flavour connection in axion models  4

1. Motivation: The Axion Solution
Peccei and Quinn proved that under a  global 
symmetry anomalous under QCD, which breaks 
spontaneously, the minimum of the theory is found 
where   

U(1)

<latexit sha1_base64="LVd92ktpSguFHeE3DAVP/IPtE58=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQxCvIRdCepFCHrxGME8IBtC72SSDJl9MNOrhphP8eJBEa9+iTf/xkmyB00saCiquunu8mMpNDrOt5VZWV1b38hu5ra2d3b37Px+XUeJYrzGIhmppg+aSxHyGgqUvBkrDoEvecMfXk/9xj1XWkThHY5i3g6gH4qeYIBG6th5KD6e0Evq+aA8HHCEjl1wSs4MdJm4KSmQFNWO/eV1I5YEPEQmQeuW68TYHoNCwSSf5LxE8xjYEPq8ZWgIAdft8ez0CT02Spf2ImUqRDpTf0+MIdB6FPimMwAc6EVvKv7ntRLsXbTHIowT5CGbL+olkmJEpznQrlCcoRwZAkwJcytlA1DA0KSVMyG4iy8vk/ppyT0rlW/LhcpVGkeWHJIjUiQuOScVckOqpEYYeSDP5JW8WU/Wi/VufcxbM1Y6c0D+wPr8AbjUkwg=</latexit>

a(x) = ✓̄

<latexit sha1_base64="crygQnoARW9Q15f6M1cQXOX227g="></latexit>

ma =

p
mumd

(mu +md)

m⇡f⇡
fa

' 5.7µeV

✓
1012 GeV

fa

◆

see Di Luzio et al. 2003.01100

The presence of a pseudo-Nambu Goldstone Boson 
(pNGB) was found by Weinberg and Wilczek

Currently the PQ solution to the Strong-CP Problem is understood as:
<latexit sha1_base64="LwFIybvjZeV1VcDpgxCkjCQOt9Y="></latexit>

U(1)PQ ! Lan. =
g2s

32⇡2

✓
a

fa
+ ✓

◆
Ga

µ⌫
eGaµ⌫

<latexit sha1_base64="LKqt7M4/EXpx99Zmm69Xp3TtrrM=">AAAB/XicbZDLSgMxFIbPeK31Nl52boJFcFVmpKgbpeDGZQV7gU4pZ9K0Dc1khiQj1FJ8FTcuFHHre7jzbUzbWWjrD4GP/5zDOfnDRHBtPO/bWVpeWV1bz23kN7e2d3bdvf2ajlNFWZXGIlaNEDUTXLKq4UawRqIYRqFg9XBwM6nXH5jSPJb3ZpiwVoQ9ybucorFW2z0MBMqeYAQDNYMrj7Tdglf0piKL4GdQgEyVtvsVdGKaRkwaKlDrpu8lpjVCZTgVbJwPUs0SpAPssaZFiRHTrdH0+jE5sU6HdGNlnzRk6v6eGGGk9TAKbWeEpq/naxPzv1ozNd3L1ojLJDVM0tmibiqIickkCtLhilEjhhaQKm5vJbSPCqmxgeVtCP78lxehdlb0z4ulu1KhfJ3FkYMjOIZT8OECynALFagChUd4hld4c56cF+fd+Zi1LjnZzAH8kfP5AwcBlEo=</latexit>

hai = 0
Shift symmetry characteristic 
of pNGB

<latexit sha1_base64="L17JpjtIIWZP0qBZppjkLbTxj+g=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwoGFXgnqSgBePEcwDsiH0TmaTIbMPZnqFJcRf8eJBEa9+iDf/xkmyB00saCiquunu8hMpNDrOt7Wyura+sVnYKm7v7O7t2weHTR2nivEGi2Ws2j5oLkXEGyhQ8naiOIS+5C1/dDv1W49caRFHD5glvBvCIBKBYIBG6tkl8DCmcB70gHpnHg45Qs8uOxVnBrpM3JyUSY56z/7y+jFLQx4hk6B1x3US7I5BoWCST4peqnkCbAQD3jE0gpDr7nh2/ISeGKVPg1iZipDO1N8TYwi1zkLfdIaAQ73oTcX/vE6KwXV3LKIkRR6x+aIgldT8O02C9oXiDGVmCDAlzK2UDUEBQ5NX0YTgLr68TJoXFfeyUr2vlms3eRwFckSOySlxyRWpkTtSJw3CSEaeySt5s56sF+vd+pi3rlj5TIn8gfX5A20Qk/w=</latexit>

a ! a� fa ✓

pNGB: the axion
<latexit sha1_base64="ydOZSlE0D4O5Q2xjcXxBfgNvjEI="></latexit>

fa : axion decay constant

Vafa-Witten theorem:

Vafa, Witten PRL. 53 (1984 ) 535 

Weinberg PRL. 40 (1978) 223

Wilczek PRL. 40 (1978) 279. 


Peccei Quinn PRL. 38 (1977) 1440 , PRD. 16 (1977) 1791


https://arxiv.org/abs/2003.01100
https://doi.org/10.1103/PhysRevLett.53.535
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.40.223
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.40.279
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.38.1440
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.16.1791
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1. Motivation: Axion Models

New fields are needed to generate a 

How to make a global symmetry anomalous under QCD?  
<latexit sha1_base64="z+SCTmNEHfF2Z5rNk78P3OOfdXE=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUS0mkqCcpePHYgmkLbQib7aZdupuE3Ym0hPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL0g4U2Db38bG5tb2zm5pr7x/cHh0bJ5UOipOJaEuiXksewFWlLOIusCA014iKRYBp91gcj/3u09UKhZHjzBLqCfwKGIhIxi05JsVt+Zc+tkA6BSkyFrtPPfNql23F7DWiVOQKirQ8s2vwTAmqaAREI6V6jt2Al6GJTDCaV4epIommEzwiPY1jbCgyssWt+fWhVaGVhhLXRFYC/X3RIaFUjMR6E6BYaxWvbn4n9dPIbz1MhYlKdCILBeFKbcgtuZBWEMmKQE+0wQTyfStFhljiQnouMo6BGf15XXSuao71/VGu1Ft3hVxlNAZOkc15KAb1EQPqIVcRNAUPaNX9GbkxovxbnwsWzeMYuYU/YHx+QOYTpQr</latexit>

U(1)PQ

<latexit sha1_base64="jw09P9JX9EeJJEuYpg+2RkG0mpc="></latexit>
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1. Motivation: Axion Models

New fields are needed to generate a 

How to make a global symmetry anomalous under QCD?  
<latexit sha1_base64="z+SCTmNEHfF2Z5rNk78P3OOfdXE=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUS0mkqCcpePHYgmkLbQib7aZdupuE3Ym0hPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL0g4U2Db38bG5tb2zm5pr7x/cHh0bJ5UOipOJaEuiXksewFWlLOIusCA014iKRYBp91gcj/3u09UKhZHjzBLqCfwKGIhIxi05JsVt+Zc+tkA6BSkyFrtPPfNql23F7DWiVOQKirQ8s2vwTAmqaAREI6V6jt2Al6GJTDCaV4epIommEzwiPY1jbCgyssWt+fWhVaGVhhLXRFYC/X3RIaFUjMR6E6BYaxWvbn4n9dPIbz1MhYlKdCILBeFKbcgtuZBWEMmKQE+0wQTyfStFhljiQnouMo6BGf15XXSuao71/VGu1Ft3hVxlNAZOkc15KAb1EQPqIVcRNAUPaNX9GbkxovxbnwsWzeMYuYU/YHx+QOYTpQr</latexit>

U(1)PQ

<latexit sha1_base64="jw09P9JX9EeJJEuYpg+2RkG0mpc="></latexit>

PQ-WW: 2HDM

<latexit sha1_base64="lSiTItE+F+OT45AqjmWxiGcEpKU="></latexit>

LWW = q̄LuRH̃u + q̄LdRHd

<latexit sha1_base64="6/vWeiXDw9Elr9LMtQ4wVCyU5kk=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkqBul4MZlBfuAJpTJdNIOnUzCzE2hhIIbf8WNC0Xc+hPu/BunbRbaeuBeDufcy8w9QSK4Bsf5tgorq2vrG8XN0tb2zu6evX/Q1HGqKGvQWMSqHRDNBJesARwEayeKkSgQrBUMb6d+a8SU5rF8gHHC/Ij0JQ85JWCkrn3kAZFewIBcYy9UhGajbm9iWjrp2mWn4syAl4mbkzLKUe/aX14vpmnEJFBBtO64TgJ+RhRwKtik5KWaJYQOSZ91DJUkYtrPZjdM8KlRejiMlSkJeKb+3shIpPU4CsxkRGCgF72p+J/XSSG88jMukxSYpPOHwlRgiPE0ENzjilEQY0MIVdz8FdMBMUmAia1kQnAXT14mzfOKe1Gp3lfLtZs8jiI6RifoDLnoEtXQHaqjBqLoET2jV/RmPVkv1rv1MR8tWPnOIfoD6/MHfWGYEw==</latexit>

tan� =
vd
vu

<latexit sha1_base64="Y1TTaDydq3gy5Ci7YqG2rDpAmI8="></latexit>

ma ' 23 keV
2Nf

sin 2�

Couplings proportional to

easy to rule out

<latexit sha1_base64="s8Cxl9MGx4BjpM02k5wPyffRktY="></latexit>

fa ⇠ v

Weinberg PRL. 40 (1978) 223

Wilczek PRL. 40 (1978) 279. 


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.40.223
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.40.279
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1. Motivation: Axion Models

New fields are needed to generate a 

How to make a global symmetry anomalous under QCD?  
<latexit sha1_base64="z+SCTmNEHfF2Z5rNk78P3OOfdXE=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUS0mkqCcpePHYgmkLbQib7aZdupuE3Ym0hPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL0g4U2Db38bG5tb2zm5pr7x/cHh0bJ5UOipOJaEuiXksewFWlLOIusCA014iKRYBp91gcj/3u09UKhZHjzBLqCfwKGIhIxi05JsVt+Zc+tkA6BSkyFrtPPfNql23F7DWiVOQKirQ8s2vwTAmqaAREI6V6jt2Al6GJTDCaV4epIommEzwiPY1jbCgyssWt+fWhVaGVhhLXRFYC/X3RIaFUjMR6E6BYaxWvbn4n9dPIbz1MhYlKdCILBeFKbcgtuZBWEMmKQE+0wQTyfStFhljiQnouMo6BGf15XXSuao71/VGu1Ft3hVxlNAZOkc15KAb1EQPqIVcRNAUPaNX9GbkxovxbnwsWzeMYuYU/YHx+QOYTpQr</latexit>

U(1)PQ

<latexit sha1_base64="jw09P9JX9EeJJEuYpg+2RkG0mpc="></latexit>

DFSZ: Singlet + 2HDM (+ SM fermions)

<latexit sha1_base64="+JcsWvVBBpjsmWbzTcmryNDTZdA="></latexit>

LDFSZ = q̄LuRH̃u + q̄LdRHd +H
†
uHd�

<latexit sha1_base64="2O5xo5J4ah/9Fx2B+wNSD+fpnZ0="></latexit>

Lan. =
↵s

8⇡

a

fa
Ga

µ⌫G̃
aµ⌫ +

↵em

8⇡

E

N

a

fa
Fµ⌫ F̃

µ⌫

<latexit sha1_base64="WGjqfFW/uzm2/Wgd8/RXLj+V9HI="></latexit>

E : QED anomaly coefficient

QCD anomaly coefficient
<latexit sha1_base64="oPpTHlH2RBbbKyDi26lP0RsLugA="></latexit>

N :

<latexit sha1_base64="icPXEws3Bkq9JQnofEg7Pqie3Mk="></latexit>

L =
@µa

fa

�
q̄LXqL�µqL + ūRXuR�µuR + d̄RXdR�µdR

�

PQ-WW: 2HDM

<latexit sha1_base64="lSiTItE+F+OT45AqjmWxiGcEpKU="></latexit>

LWW = q̄LuRH̃u + q̄LdRHd

<latexit sha1_base64="6/vWeiXDw9Elr9LMtQ4wVCyU5kk=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkqBul4MZlBfuAJpTJdNIOnUzCzE2hhIIbf8WNC0Xc+hPu/BunbRbaeuBeDufcy8w9QSK4Bsf5tgorq2vrG8XN0tb2zu6evX/Q1HGqKGvQWMSqHRDNBJesARwEayeKkSgQrBUMb6d+a8SU5rF8gHHC/Ij0JQ85JWCkrn3kAZFewIBcYy9UhGajbm9iWjrp2mWn4syAl4mbkzLKUe/aX14vpmnEJFBBtO64TgJ+RhRwKtik5KWaJYQOSZ91DJUkYtrPZjdM8KlRejiMlSkJeKb+3shIpPU4CsxkRGCgF72p+J/XSSG88jMukxSYpPOHwlRgiPE0ENzjilEQY0MIVdz8FdMBMUmAia1kQnAXT14mzfOKe1Gp3lfLtZs8jiI6RifoDLnoEtXQHaqjBqLoET2jV/RmPVkv1rv1MR8tWPnOIfoD6/MHfWGYEw==</latexit>

tan� =
vd
vu

<latexit sha1_base64="Y1TTaDydq3gy5Ci7YqG2rDpAmI8="></latexit>

ma ' 23 keV
2Nf

sin 2�

Couplings proportional to

easy to rule out

<latexit sha1_base64="s8Cxl9MGx4BjpM02k5wPyffRktY="></latexit>

fa ⇠ v

Weinberg PRL. 40 (1978) 223

Wilczek PRL. 40 (1978) 279. 
 Zhitnitsky SJNP 31 (1980) 260


Dine et al. PLB 104 (1981) 199. 


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.40.223
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.40.279
https://www.sciencedirect.com/science/article/abs/pii/0370269381905906?via=ihub
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1. Motivation: Axion Models

New fields are needed to generate a 

How to make a global symmetry anomalous under QCD?  
<latexit sha1_base64="z+SCTmNEHfF2Z5rNk78P3OOfdXE=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUS0mkqCcpePHYgmkLbQib7aZdupuE3Ym0hPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL0g4U2Db38bG5tb2zm5pr7x/cHh0bJ5UOipOJaEuiXksewFWlLOIusCA014iKRYBp91gcj/3u09UKhZHjzBLqCfwKGIhIxi05JsVt+Zc+tkA6BSkyFrtPPfNql23F7DWiVOQKirQ8s2vwTAmqaAREI6V6jt2Al6GJTDCaV4epIommEzwiPY1jbCgyssWt+fWhVaGVhhLXRFYC/X3RIaFUjMR6E6BYaxWvbn4n9dPIbz1MhYlKdCILBeFKbcgtuZBWEMmKQE+0wQTyfStFhljiQnouMo6BGf15XXSuao71/VGu1Ft3hVxlNAZOkc15KAb1EQPqIVcRNAUPaNX9GbkxovxbnwsWzeMYuYU/YHx+QOYTpQr</latexit>

U(1)PQ

<latexit sha1_base64="jw09P9JX9EeJJEuYpg+2RkG0mpc="></latexit>

KSVZ: Singlet + New Heavy Quarks

<latexit sha1_base64="WhBzw5dp+pu3I4XRwI9hsQW3VIE="></latexit>

LKSVZ = Q̄LQR�

The anomalous coefficients depend on 
the representation of the heavy quarks.

The couplings to fermions are model 
dependent

DFSZ: Singlet + 2HDM (+ SM fermions)

<latexit sha1_base64="+JcsWvVBBpjsmWbzTcmryNDTZdA="></latexit>

LDFSZ = q̄LuRH̃u + q̄LdRHd +H
†
uHd�

<latexit sha1_base64="2O5xo5J4ah/9Fx2B+wNSD+fpnZ0="></latexit>

Lan. =
↵s

8⇡

a

fa
Ga

µ⌫G̃
aµ⌫ +

↵em

8⇡

E

N

a

fa
Fµ⌫ F̃

µ⌫

<latexit sha1_base64="WGjqfFW/uzm2/Wgd8/RXLj+V9HI="></latexit>

E : QED anomaly coefficient

QCD anomaly coefficient
<latexit sha1_base64="oPpTHlH2RBbbKyDi26lP0RsLugA="></latexit>

N :

<latexit sha1_base64="icPXEws3Bkq9JQnofEg7Pqie3Mk="></latexit>

L =
@µa

fa

�
q̄LXqL�µqL + ūRXuR�µuR + d̄RXdR�µdR

�

PQ-WW: 2HDM

<latexit sha1_base64="lSiTItE+F+OT45AqjmWxiGcEpKU="></latexit>

LWW = q̄LuRH̃u + q̄LdRHd

<latexit sha1_base64="6/vWeiXDw9Elr9LMtQ4wVCyU5kk=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkqBul4MZlBfuAJpTJdNIOnUzCzE2hhIIbf8WNC0Xc+hPu/BunbRbaeuBeDufcy8w9QSK4Bsf5tgorq2vrG8XN0tb2zu6evX/Q1HGqKGvQWMSqHRDNBJesARwEayeKkSgQrBUMb6d+a8SU5rF8gHHC/Ij0JQ85JWCkrn3kAZFewIBcYy9UhGajbm9iWjrp2mWn4syAl4mbkzLKUe/aX14vpmnEJFBBtO64TgJ+RhRwKtik5KWaJYQOSZ91DJUkYtrPZjdM8KlRejiMlSkJeKb+3shIpPU4CsxkRGCgF72p+J/XSSG88jMukxSYpPOHwlRgiPE0ENzjilEQY0MIVdz8FdMBMUmAia1kQnAXT14mzfOKe1Gp3lfLtZs8jiI6RifoDLnoEtXQHaqjBqLoET2jV/RmPVkv1rv1MR8tWPnOIfoD6/MHfWGYEw==</latexit>

tan� =
vd
vu

<latexit sha1_base64="Y1TTaDydq3gy5Ci7YqG2rDpAmI8="></latexit>

ma ' 23 keV
2Nf

sin 2�

Couplings proportional to

easy to rule out

<latexit sha1_base64="s8Cxl9MGx4BjpM02k5wPyffRktY="></latexit>

fa ⇠ v

Weinberg PRL. 40 (1978) 223

Wilczek PRL. 40 (1978) 279. 
 Zhitnitsky SJNP 31 (1980) 260


Dine et al. PLB 104 (1981) 199. 

Kim  PRL 43 (1979) 103


Shifman et al. NPB 166 (1980) 493. 


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.40.223
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.40.279
https://www.sciencedirect.com/science/article/abs/pii/0370269381905906?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.43.103
https://www.sciencedirect.com/science/article/abs/pii/0550321380902096?via=ihub
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1. Motivation: Flavour Violating Axion

<latexit sha1_base64="+JcsWvVBBpjsmWbzTcmryNDTZdA="></latexit>

LDFSZ = q̄LuRH̃u + q̄LdRHd +H
†
uHd�

From where does the flavour violation arise?
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From where does the flavour violation arise?
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L =
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�
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�
It’s all in the charges
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1. Motivation: Flavour Violating Axion

<latexit sha1_base64="+JcsWvVBBpjsmWbzTcmryNDTZdA="></latexit>

LDFSZ = q̄LuRH̃u + q̄LdRHd +H
†
uHd�

From where does the flavour violation arise?
<latexit sha1_base64="icPXEws3Bkq9JQnofEg7Pqie3Mk="></latexit>

L =
@µa

fa

�
q̄LXqL�µqL + ūRXuR�µuR + d̄RXdR�µdR

�
It’s all in the charges

Scalar charges:
<latexit sha1_base64="JoH35wPtj5mr3eKcAhrSYNvY+yU=">AAACDnicbVDLSsNAFJ3UV62vqks3wSK4KokUdaMU3LisYNtAE8pkMmmHziPMTJQS8g9u3OpfuBO3/oI/4Tc4abPQ1gMXDufcy733hAklSjvOl1VZWV1b36hu1ra2d3b36vsHPSVSiXAXCSqkF0KFKeG4q4mm2EskhiykuB9Obgq//4ClIoLf62mCAwZHnMQEQW2kge8NMz8Zk/zKHdYbTtOZwV4mbkkaoERnWP/2I4FShrlGFCo1cJ1EBxmUmiCK85qfKpxANIEjPDCUQ4ZVkM1Ozu0To0R2LKQpru2Z+nsig0ypKQtNJ4N6rBa9QvzPG6Q6vgwywpNUY47mi+KU2lrYxf92RCRGmk4NgUgSc6uNxlBCpE1KNZ/jRyQYgzzKfC/P/GIBgjTz8twE5C7GsUx6Z033vNm6azXa12VUVXAEjsEpcMEFaINb0AFdgIAAz+AFvFpP1pv1bn3MWytWOXMI/sD6/AGCrp1a</latexit>

X� = 1

<latexit sha1_base64="c7Yw4LrJqKkBpL3C2P/AWN9de4g="></latexit>

XHd = � cos�2 ⌘ �c2
�

<latexit sha1_base64="Rwy5fiNhPwJz3vQWqTM61DX/t0g="></latexit>

XHu = sin�2 ⌘ s2
� <latexit sha1_base64="VVC8CBPXH75wmIZyALRDSudIr2s="></latexit>

@µaZ
µAvoid

<latexit sha1_base64="6/vWeiXDw9Elr9LMtQ4wVCyU5kk=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkqBul4MZlBfuAJpTJdNIOnUzCzE2hhIIbf8WNC0Xc+hPu/BunbRbaeuBeDufcy8w9QSK4Bsf5tgorq2vrG8XN0tb2zu6evX/Q1HGqKGvQWMSqHRDNBJesARwEayeKkSgQrBUMb6d+a8SU5rF8gHHC/Ij0JQ85JWCkrn3kAZFewIBcYy9UhGajbm9iWjrp2mWn4syAl4mbkzLKUe/aX14vpmnEJFBBtO64TgJ+RhRwKtik5KWaJYQOSZ91DJUkYtrPZjdM8KlRejiMlSkJeKb+3shIpPU4CsxkRGCgF72p+J/XSSG88jMukxSYpPOHwlRgiPE0ENzjilEQY0MIVdz8FdMBMUmAia1kQnAXT14mzfOKe1Gp3lfLtZs8jiI6RifoDLnoEtXQHaqjBqLoET2jV/RmPVkv1rv1MR8tWPnOIfoD6/MHfWGYEw==</latexit>

tan� =
vd
vu
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LDFSZ = q̄LuRH̃u + q̄LdRHd +H
†
uHd�

From where does the flavour violation arise?
<latexit sha1_base64="icPXEws3Bkq9JQnofEg7Pqie3Mk="></latexit>

L =
@µa

fa

�
q̄LXqL�µqL + ūRXuR�µuR + d̄RXdR�µdR

�
It’s all in the charges
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<latexit sha1_base64="JoH35wPtj5mr3eKcAhrSYNvY+yU=">AAACDnicbVDLSsNAFJ3UV62vqks3wSK4KokUdaMU3LisYNtAE8pkMmmHziPMTJQS8g9u3OpfuBO3/oI/4Tc4abPQ1gMXDufcy733hAklSjvOl1VZWV1b36hu1ra2d3b36vsHPSVSiXAXCSqkF0KFKeG4q4mm2EskhiykuB9Obgq//4ClIoLf62mCAwZHnMQEQW2kge8NMz8Zk/zKHdYbTtOZwV4mbkkaoERnWP/2I4FShrlGFCo1cJ1EBxmUmiCK85qfKpxANIEjPDCUQ4ZVkM1Ozu0To0R2LKQpru2Z+nsig0ypKQtNJ4N6rBa9QvzPG6Q6vgwywpNUY47mi+KU2lrYxf92RCRGmk4NgUgSc6uNxlBCpE1KNZ/jRyQYgzzKfC/P/GIBgjTz8twE5C7GsUx6Z033vNm6azXa12VUVXAEjsEpcMEFaINb0AFdgIAAz+AFvFpP1pv1bn3MWytWOXMI/sD6/AGCrp1a</latexit>
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<latexit sha1_base64="6/vWeiXDw9Elr9LMtQ4wVCyU5kk=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkqBul4MZlBfuAJpTJdNIOnUzCzE2hhIIbf8WNC0Xc+hPu/BunbRbaeuBeDufcy8w9QSK4Bsf5tgorq2vrG8XN0tb2zu6evX/Q1HGqKGvQWMSqHRDNBJesARwEayeKkSgQrBUMb6d+a8SU5rF8gHHC/Ij0JQ85JWCkrn3kAZFewIBcYy9UhGajbm9iWjrp2mWn4syAl4mbkzLKUe/aX14vpmnEJFBBtO64TgJ+RhRwKtik5KWaJYQOSZ91DJUkYtrPZjdM8KlRejiMlSkJeKb+3shIpPU4CsxkRGCgF72p+J/XSSG88jMukxSYpPOHwlRgiPE0ENzjilEQY0MIVdz8FdMBMUmAia1kQnAXT14mzfOKe1Gp3lfLtZs8jiI6RifoDLnoEtXQHaqjBqLoET2jV/RmPVkv1rv1MR8tWPnOIfoD6/MHfWGYEw==</latexit>
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L =
@µa

fa

�
ūLV

†
uL

XqLVuL�µqL + ūRV
†
uR

XuRVuR�µuR + . . .
�

In the fermion mass basis:
<latexit sha1_base64="Yg4p77tS7s9zOTJNv+bspOAu7b0="></latexit>

VCKM = V †
uL

VdLwith
<latexit sha1_base64="uYgMu6SuyU3UFfaNSjVBgwGa70A="></latexit>

uL ! VuLuL , dL ! VdLuL , . . .
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<latexit sha1_base64="JoH35wPtj5mr3eKcAhrSYNvY+yU=">AAACDnicbVDLSsNAFJ3UV62vqks3wSK4KokUdaMU3LisYNtAE8pkMmmHziPMTJQS8g9u3OpfuBO3/oI/4Tc4abPQ1gMXDufcy733hAklSjvOl1VZWV1b36hu1ra2d3b36vsHPSVSiXAXCSqkF0KFKeG4q4mm2EskhiykuB9Obgq//4ClIoLf62mCAwZHnMQEQW2kge8NMz8Zk/zKHdYbTtOZwV4mbkkaoERnWP/2I4FShrlGFCo1cJ1EBxmUmiCK85qfKpxANIEjPDCUQ4ZVkM1Ozu0To0R2LKQpru2Z+nsig0ypKQtNJ4N6rBa9QvzPG6Q6vgwywpNUY47mi+KU2lrYxf92RCRGmk4NgUgSc6uNxlBCpE1KNZ/jRyQYgzzKfC/P/GIBgjTz8twE5C7GsUx6Z033vNm6azXa12VUVXAEjsEpcMEFaINb0AFdgIAAz+AFvFpP1pv1bn3MWytWOXMI/sD6/AGCrp1a</latexit>
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<latexit sha1_base64="6/vWeiXDw9Elr9LMtQ4wVCyU5kk=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkqBul4MZlBfuAJpTJdNIOnUzCzE2hhIIbf8WNC0Xc+hPu/BunbRbaeuBeDufcy8w9QSK4Bsf5tgorq2vrG8XN0tb2zu6evX/Q1HGqKGvQWMSqHRDNBJesARwEayeKkSgQrBUMb6d+a8SU5rF8gHHC/Ij0JQ85JWCkrn3kAZFewIBcYy9UhGajbm9iWjrp2mWn4syAl4mbkzLKUe/aX14vpmnEJFBBtO64TgJ+RhRwKtik5KWaJYQOSZ91DJUkYtrPZjdM8KlRejiMlSkJeKb+3shIpPU4CsxkRGCgF72p+J/XSSG88jMukxSYpPOHwlRgiPE0ENzjilEQY0MIVdz8FdMBMUmAia1kQnAXT14mzfOKe1Gp3lfLtZs8jiI6RifoDLnoEtXQHaqjBqLoET2jV/RmPVkv1rv1MR8tWPnOIfoD6/MHfWGYEw==</latexit>
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<latexit sha1_base64="iPfCjV8Z44L5p0DZOrxhR7f+Fcw="></latexit>

[Xf , Vf ] 6= 0
Necessary condition:

<latexit sha1_base64="+AKweEjtZjdRkFmR3SXvfexi1N4="></latexit>

Xf ⌧ 13

For flavour violation, we require 
non-universal PQ-charges

Generation universal charges
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X� = 1

<latexit sha1_base64="c7Yw4LrJqKkBpL3C2P/AWN9de4g="></latexit>

XHd = � cos�2 ⌘ �c2
�

<latexit sha1_base64="Rwy5fiNhPwJz3vQWqTM61DX/t0g="></latexit>
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� <latexit sha1_base64="VVC8CBPXH75wmIZyALRDSudIr2s="></latexit>

@µaZ
µAvoid
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Xavier Ponce Díaz - UV/IR Flavour connection in axion models  7

1. Motivation: Flavour Violating Axion
Axiflavon/Flaxion
The Froggatt-Nielsen mechanism to explain 
the flavour puzzle contains a pNGB that 
may solve the Strong-CP problem  

<latexit sha1_base64="swZPjoZHYG94F/0+E149zgtEdJk="></latexit>

L = Y
d
ij q̄Li dRjH

✓
�

⇤

◆XqLi
�XdRj

Ema, et al. 1612.05492 ,

Calibbi et al. 1612.08040

https://arxiv.org/abs/1612.05492
https://arxiv.org/abs/1612.08040
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<latexit sha1_base64="RR9heht8O/+EacnmE2LPSEayq58=">AAACHXicbVDLSgMxFM34rPU16tJNsAiuykwp6kYpuHHhooJ9QGcomUymDU0yY5IRytAfceOvuHGhiAs34t+YTmehrQcC5557Ljf3BAmjSjvOt7W0vLK6tl7aKG9ube/s2nv7bRWnEpMWjlksuwFShFFBWppqRrqJJIgHjHSC0dW033kgUtFY3OlxQnyOBoJGFCNtpL5d95gxh+jCiyTCmanEgBEvGVJP5nSSeTe5Y+Ipysk9dKq1vl1xqk4OuEjcglRAgWbf/vTCGKecCI0ZUqrnOon2MyQ1xWZF2UsVSRAeoQHpGSoQJ8rP8usm8NgoIYxiaZ7QMFd/T2SIKzXmgXFypIdqvjcV/+v1Uh2d+xkVSaqJwLNFUcqgjuE0KhhSSbBmY0MQltT8FeIhMjFpE2jZhODOn7xI2rWqe1qt39YrjcsijhI4BEfgBLjgDDTANWiCFsDgETyDV/BmPVkv1rv1MbMuWcXMAfgD6+sHT22iow==</latexit>

� =
h�i
⇤

' 0.2
<latexit sha1_base64="+PLGMpsUOjqhYJG6MDIdujcmBs4="></latexit>

Y d
e↵. ⇠

0

@
�7 �6 �6

�6 �5 �5

�4 �3 �3

1

A

Axiflavon/Flaxion
The Froggatt-Nielsen mechanism to explain 
the flavour puzzle contains a pNGB that 
may solve the Strong-CP problem  

<latexit sha1_base64="swZPjoZHYG94F/0+E149zgtEdJk="></latexit>

L = Y
d
ij q̄Li dRjH

✓
�

⇤

◆XqLi
�XdRj

Ema, et al. 1612.05492 ,

Calibbi et al. 1612.08040

https://arxiv.org/abs/1612.05492
https://arxiv.org/abs/1612.08040
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<latexit sha1_base64="RR9heht8O/+EacnmE2LPSEayq58=">AAACHXicbVDLSgMxFM34rPU16tJNsAiuykwp6kYpuHHhooJ9QGcomUymDU0yY5IRytAfceOvuHGhiAs34t+YTmehrQcC5557Ljf3BAmjSjvOt7W0vLK6tl7aKG9ube/s2nv7bRWnEpMWjlksuwFShFFBWppqRrqJJIgHjHSC0dW033kgUtFY3OlxQnyOBoJGFCNtpL5d95gxh+jCiyTCmanEgBEvGVJP5nSSeTe5Y+Ipysk9dKq1vl1xqk4OuEjcglRAgWbf/vTCGKecCI0ZUqrnOon2MyQ1xWZF2UsVSRAeoQHpGSoQJ8rP8usm8NgoIYxiaZ7QMFd/T2SIKzXmgXFypIdqvjcV/+v1Uh2d+xkVSaqJwLNFUcqgjuE0KhhSSbBmY0MQltT8FeIhMjFpE2jZhODOn7xI2rWqe1qt39YrjcsijhI4BEfgBLjgDDTANWiCFsDgETyDV/BmPVkv1rv1MbMuWcXMAfgD6+sHT22iow==</latexit>

� =
h�i
⇤

' 0.2
<latexit sha1_base64="+PLGMpsUOjqhYJG6MDIdujcmBs4="></latexit>

Y d
e↵. ⇠

0

@
�7 �6 �6

�6 �5 �5

�4 �3 �3

1

A <latexit sha1_base64="1eILhALrHDQWIxL+jZ2hEZEDBEs=">AAACI3icbVDJSgNBEO1xjXGLevTSGARPYSaIigcJePEYwUQhMw49nRrTpGexuyYQhvkXL/6KFw9K8OLBf7GzCG4PCh7vVVFVL0il0Gjb79bc/MLi0nJppby6tr6xWdnabuskUxxaPJGJugmYBiliaKFACTepAhYFEq6D/vnYvx6A0iKJr3CYghexu1iEgjM0kl85ddOeoK7OUg1I3VAxng/8sVjkrr5XmNeLgsJtLqYeK77swq9U7Zo9Af1LnBmpkhmafmXkdhOeRRAjl0zrjmOn6OVMoeASirKbaUgZ77M76Bgaswi0l09+LOi+Ubo0TJSpGOlE/T6Rs0jrYRSYzohhT//2xuJ/XifD8MTLRZxmCDGfLgozSTGh48BoVyjgKIeGMK6EuZXyHjNZoIm1bEJwfr/8l7TrNeeodnh5WG2czeIokV2yRw6IQ45Jg1yQJmkRTh7IE3khr9aj9WyNrLdp65w1m9khP2B9fAIrg6Z6</latexit>

� � v�p
2
e
i a
v�

Non-universal charges!

Axiflavon/Flaxion
The Froggatt-Nielsen mechanism to explain 
the flavour puzzle contains a pNGB that 
may solve the Strong-CP problem  

<latexit sha1_base64="swZPjoZHYG94F/0+E149zgtEdJk="></latexit>

L = Y
d
ij q̄Li dRjH

✓
�

⇤

◆XqLi
�XdRj

Ema, et al. 1612.05492 ,

Calibbi et al. 1612.08040

see also Arias-Aragón, Merlo 1709.07039, 

Greljo et al. 2407.02998

https://arxiv.org/abs/1612.05492
https://arxiv.org/abs/1612.08040
https://arxiv.org/abs/1709.07039
https://arxiv.org/abs/2407.02998
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⇤
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�4 �3 �3

1
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Non-universal charges!

Axiflavon/Flaxion
The Froggatt-Nielsen mechanism to explain 
the flavour puzzle contains a pNGB that 
may solve the Strong-CP problem  

<latexit sha1_base64="swZPjoZHYG94F/0+E149zgtEdJk="></latexit>

L = Y
d
ij q̄Li dRjH

✓
�

⇤

◆XqLi
�XdRj

KSVZ

SM-like representations of the heavy 
quarks may induce flavour violation
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CR,L
f = V †

fR,L
XfR,LVfR,L

<latexit sha1_base64="LXPO+naqQatfIB2PeXiOtQzrlc0="></latexit>

La �
X

f=u,d,e

@µa

2fa
f̄i�

µ
�
(CV

f )ij + (CA
f )ij�5

�
fj ,

<latexit sha1_base64="TsFqvPjkJNfYtJ6bfHkbVLXgUzI=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVzWRom6USjYuXFSxD2jTMJlO2qGTSZiZCCUUN/6KGxeKuPUr3Pk3TtsstPXAhcM593LvPX7MqFSW9W3kFhaXllfyq4W19Y3NLXN7py6jRGBSwxGLRNNHkjDKSU1RxUgzFgSFPiMNf+CM/cYDEZJG/F4NY+KGqMdpQDFSWvLMPaeT1o+vRl5w4XTuvAC24xA6nRsv8MyiVbImgPPEzkgRZKh65le7G+EkJFxhhqRs2Vas3BQJRTEjo0I7kSRGeIB6pKUpRyGRbjp5YQQPtdKFQSR0cQUn6u+JFIVSDkNfd4ZI9eWsNxb/81qJCs7dlPI4UYTj6aIgYVBFcJwH7FJBsGJDTRAWVN8KcR8JhJVOraBDsGdfnif1k5J9WirflouVyyyOPNgHB+AI2OAMVMA1qIIawOARPINX8GY8GS/Gu/Exbc0Z2cwu+APj8wcOLpXu</latexit>

CV/A
f = CR

f ± CL
f

Diagonal vector couplings cancel 
since the vector current is conserved

<latexit sha1_base64="7dzJLOUxdtbKsC/XDfq4C1jDzQs=">AAACIHicbVBNS8NAEN3Ur1q/qh69LBZBLyURsV6UghePFewHNDVMtpu6dDeJuxuhhPwUL/4VLx4U0Zv+GjdtD9r6YODx3gwz8/yYM6Vt+8sqLCwuLa8UV0tr6xubW+XtnZaKEklok0Q8kh0fFOUspE3NNKedWFIQPqdtf3iZ++0HKhWLwhs9imlPwCBkASOgjeSVa24ggaSQpYEHmRuD1Ay454oEH7o+yPQ+8xh2ByAE3ObqvceO8LntlSt21R4DzxNnSipoioZX/nT7EUkEDTXhoFTXsWPdS/N9hNOs5CaKxkCGMKBdQ0MQVPXS8YMZPjBKHweRNBVqPFZ/T6QglBoJ33QK0Hdq1svF/7xuooOzXsrCONE0JJNFQcKxjnCeFu4zSYnmI0OASGZuxeQOTGLaZFoyITizL8+T1nHVOa2eXJ9U6hfTOIpoD+2jQ+SgGqqjK9RATUTQI3pGr+jNerJerHfrY9JasKYzu+gPrO8f74ejXw==</latexit> a

fa
@µ(q̄i�

µqi) = 0
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2. IR: Flavour Violation in the Axion

<latexit sha1_base64="+W/U1X+er6KSdne+ik+Qc6C5wUo=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAgupCRS1I2l0I0LF1XsA5o2TKaTdujkwcxEKCF/48ZfcSOoiC79EydpwNp6YODMOfdy7z1OyKiQhvGlLS2vrK6tFzaKm1vbO7v63n5LBBHHpIkDFvCOgwRh1CdNSSUjnZAT5DmMtJ1xPfXbD4QLGvj3chKSnoeGPnUpRlJJtl6t9+O705vEduEVbNmxa2ffpG8N0BBaHpIjjFjcSX6t2TJbLxllIwNcJGZOSiBHw9ZfrUGAI4/4EjMkRNc0QtmLEZcUM5IUrUiQEOExGpKuoj7yiOjF2Z0JPFbKALoBV8+XMFNnO2LkCTHxHFWZLi7mvVT8z+tG0r3sxdQPI0l8PB3kRgzKAKahwQHlBEs2UQRhTtWuEI8QR1iqaIsqBHP+5EXSOiub5+XKbaVUq+ZxFMAhOAInwAQXoAauQQM0AQaP4Bm8gXftSXvRPrTPaemSlvccgD/Qvn8AZMGlsw==</latexit>

CR,L
f = V †

fR,L
XfR,LVfR,L

<latexit sha1_base64="LXPO+naqQatfIB2PeXiOtQzrlc0="></latexit>

La �
X

f=u,d,e

@µa

2fa
f̄i�

µ
�
(CV

f )ij + (CA
f )ij�5

�
fj ,

<latexit sha1_base64="TsFqvPjkJNfYtJ6bfHkbVLXgUzI=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVzWRom6USjYuXFSxD2jTMJlO2qGTSZiZCCUUN/6KGxeKuPUr3Pk3TtsstPXAhcM593LvPX7MqFSW9W3kFhaXllfyq4W19Y3NLXN7py6jRGBSwxGLRNNHkjDKSU1RxUgzFgSFPiMNf+CM/cYDEZJG/F4NY+KGqMdpQDFSWvLMPaeT1o+vRl5w4XTuvAC24xA6nRsv8MyiVbImgPPEzkgRZKh65le7G+EkJFxhhqRs2Vas3BQJRTEjo0I7kSRGeIB6pKUpRyGRbjp5YQQPtdKFQSR0cQUn6u+JFIVSDkNfd4ZI9eWsNxb/81qJCs7dlPI4UYTj6aIgYVBFcJwH7FJBsGJDTRAWVN8KcR8JhJVOraBDsGdfnif1k5J9WirflouVyyyOPNgHB+AI2OAMVMA1qIIawOARPINX8GY8GS/Gu/Exbc0Z2cwu+APj8wcOLpXu</latexit>

CV/A
f = CR

f ± CL
f

Diagonal vector couplings cancel 
since the vector current is conserved

<latexit sha1_base64="7dzJLOUxdtbKsC/XDfq4C1jDzQs=">AAACIHicbVBNS8NAEN3Ur1q/qh69LBZBLyURsV6UghePFewHNDVMtpu6dDeJuxuhhPwUL/4VLx4U0Zv+GjdtD9r6YODx3gwz8/yYM6Vt+8sqLCwuLa8UV0tr6xubW+XtnZaKEklok0Q8kh0fFOUspE3NNKedWFIQPqdtf3iZ++0HKhWLwhs9imlPwCBkASOgjeSVa24ggaSQpYEHmRuD1Ay454oEH7o+yPQ+8xh2ByAE3ObqvceO8LntlSt21R4DzxNnSipoioZX/nT7EUkEDTXhoFTXsWPdS/N9hNOs5CaKxkCGMKBdQ0MQVPXS8YMZPjBKHweRNBVqPFZ/T6QglBoJ33QK0Hdq1svF/7xuooOzXsrCONE0JJNFQcKxjnCeFu4zSYnmI0OASGZuxeQOTGLaZFoyITizL8+T1nHVOa2eXJ9U6hfTOIpoD+2jQ+SgGqqjK9RATUTQI3pGr+jNerJerHfrY9JasKYzu+gPrO8f74ejXw==</latexit> a

fa
@µ(q̄i�

µqi) = 0

<latexit sha1_base64="6byxc2jcgbNz4szVPIpVHc/gkr8=">AAACBXicbVDLSgNBEOz1GeNr1aMeBoPgKe6GoF6USEA8RjAPSNYwO5lNhsw+mJkVwrIXL/6KFw+KePUfvPk3TpI9aGJBQ1HVTXeXG3EmlWV9GwuLS8srq7m1/PrG5ta2ubPbkGEsCK2TkIei5WJJOQtoXTHFaSsSFPsup013WB37zQcqJAuDOzWKqOPjfsA8RrDSUtc8uL5PGidX6UXHE5gkJa+L06Q61dKuWbCK1gRontgZKUCGWtf86vRCEvs0UIRjKdu2FSknwUIxwmma78SSRpgMcZ+2NQ2wT6WTTL5I0ZFWesgLha5AoYn6eyLBvpQj39WdPlYDOeuNxf+8dqy8cydhQRQrGpDpIi/mSIVoHAnqMUGJ4iNNMBFM34rIAOs4lA4ur0OwZ1+eJ41S0T4tlm/LhcplFkcO9uEQjsGGM6jADdSgDgQe4Rle4c14Ml6Md+Nj2rpgZDN78AfG5w+gCZgG</latexit>

FV/A =
2fa
CV/A

Assuming Wilson coefficients set to 1

<latexit sha1_base64="yJQKMd9D5/uDY04SiOGdJJRJuik=">AAACHHicbVDLSgMxFM3UV62vqgsXboJFcFVmpKgrKbpxWcE+oFPLnTRtQ5PMkGSUMsyvuHGrf+FO3Ar+hN9g2s5CWw8Ezj3nXm7uCSLOtHHdLye3tLyyupZfL2xsbm3vFHf3GjqMFaF1EvJQtQLQlDNJ64YZTluRoiACTpvB6HriNx+o0iyUd2Yc0Y6AgWR9RsBYqVs8uLpP/Eik2Dch9iOWVdAtltyyOwVeJF5GSihDrVv89nshiQWVhnDQuu25kekkoAwjnKYFP9Y0AjKCAW1bKkFQ3UmmB6T42Co93A+VfdLgqfp7IgGh9VgEtlOAGep5byL+57Vj07/oJExGsaGSzBb1Y47tsZM0cI8pSgwfWwJEMftXTIaggBibWcGX9JGEQoDsJX4rTfzJAgI8aaWpDcibj2ORNE7L3lm5clspVS+zqPLoEB2hE+Shc1RFN6iG6oigFD2jF/TqPDlvzrvzMWvNOdnMPvoD5/MHVAqigg==</latexit> B
±
!

⇡
±
a

<latexit sha1_base64="8xn5lHJgkZkozj0FWcXLg+D6FMU=">AAACGnicbVDLSgMxFM34tr6q4spNsAiuyowUdSWCLlxWsFrotOVOmrahSWZIMkoJ8ydu3OpfuBO3bvwJv8G0nYW2Hgice8693JsTJZxp4/tf3tz8wuLS8spqYW19Y3OruL1zp+NUEVojMY9VPQJNOZO0ZpjhtJ4oCiLi9D4aXI78+weqNIvlrRkmtCmgJ1mXETBOahf3rlo2TESGQxPjMGEtV2BoF0t+2R8Dz5IgJyWUo9oufoedmKSCSkM4aN0I/MQ0LSjDCKdZIUw1TYAMoEcbjkoQVDft+PwMHzqlg7uxck8aPFZ/T1gQWg9F5DoFmL6e9kbif14jNd2zpmUySQ2VZLKom3LsvjrKAneYosTwoSNAFHO3YtIHBcS4xAqhpI8kFgJkx4b1zIajBQS4rWeZCyiYjmOW3B2Xg5Ny5aZSujjPo1pB++gAHaEAnaILdI2qqIYIsugZvaBX78l78969j0nrnJfP7KI/8D5/AGjpoXg=</latexit> D
±
!

⇡
±
a

<latexit sha1_base64="xL6+WuLpVOGJukeW+2vKwOa579E=">AAACC3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKqCcJehG8RDDJQjaE3skkGTIzu8zMKmHZT/DiVf/Cm3j1I/wJv8HZJAdNLGgoqrrp7gpjzrRx3S+nsLS8srpWXC9tbG5t75R395o6ShShDRLxSPkhaMqZpA3DDKd+rCiIkNNWOLrO/dYDVZpF8t6MY9oRMJCszwgYK/lXgYnwLYZuueJW3QnwIvFmpIJmqHfL30EvIomg0hAOWrc9NzadFJRhhNOsFCSaxkBGMKBtSyUIqjvp5N4MH1mlh/uRsiUNnqi/J1IQWo9FaDsFmKGe93LxP6+dmP5FJ2UyTgyVZLqon3Bsn8yfxz2mKDF8bAkQxeytmAxBATE2olIg6SOJhADZSwM/S4N8AQGe+llmA/Lm41gkzZOqd1Y9vTut1C5nURXRATpEx8hD56iGblAdNRBBHD2jF/TqPDlvzrvzMW0tOLOZffQHzucPVE6bkw==</latexit> B
!

K
a

<latexit sha1_base64="JtGk/MpX2gebljYZ1Ww9HfHyaXo=">AAACEHicbZBLSgNBEIZ7fMb4Gs3STWMQBCXMqKgrDbgR3EQwD8jE0NOpJE16eobuHiEMuYQXcKs3cCfizht4Ac9hzyQLTfyh4OOvKqr4/YgzpR3ny5qbX1hcWs6t5FfX1jc27a3tmgpjSaFKQx7Khk8UcCagqpnm0IgkkMDnUPcHV2m//gBSsVDc6WEErYD0BOsySrSx2nbh5v4AezrEXsRSOsQk37aLTsnJhGfBnUDx8uM4U6Vtf3udkMYBCE05UarpOpFuJURqRjmM8l6sICJ0QHrQNChIAKqVZM+P8J5xOrgbSlNC48z9vZGQQKlh4JvJgOi+mu6l5r89SgQFPnVdd89bCRNRrEHQ8fFuzLEJIE0Hd5gEqvnQAKGSmf8x7RNJqDYZpsG40zHMQu2o5J6WTm6dYvkCjZVDO2gX7SMXnaEyukYVVEUUDdETekYv1qP1ar1Z7+PROWuyU0B/ZH3+ABS4nTc=</latexit> K
+
!

⇡
+
a

<latexit sha1_base64="WP/WUZKkWNhuNRF3e7t2gpfjF7w="></latexit> ⇤
!

n
a(
S
N
)

<latexit sha1_base64="tPsLxdK9/hRxBovWfBG+1LQhseQ="></latexit> B
!

K
⇤ a

<latexit sha1_base64="E+4vDnL6+yEFVRJNcsLQSFa1d6s="></latexit> ⇤
b
!

n
a

<latexit sha1_base64="pB/1MnZeUFY7osZJt3ykt/sXj04="></latexit> D
0
�
D̄

0

Camalich et al. 2002.04623

https://arxiv.org/abs/2002.04623
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2. IR: Flavour Violation in the Axion

<latexit sha1_base64="+W/U1X+er6KSdne+ik+Qc6C5wUo=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAgupCRS1I2l0I0LF1XsA5o2TKaTdujkwcxEKCF/48ZfcSOoiC79EydpwNp6YODMOfdy7z1OyKiQhvGlLS2vrK6tFzaKm1vbO7v63n5LBBHHpIkDFvCOgwRh1CdNSSUjnZAT5DmMtJ1xPfXbD4QLGvj3chKSnoeGPnUpRlJJtl6t9+O705vEduEVbNmxa2ffpG8N0BBaHpIjjFjcSX6t2TJbLxllIwNcJGZOSiBHw9ZfrUGAI4/4EjMkRNc0QtmLEZcUM5IUrUiQEOExGpKuoj7yiOjF2Z0JPFbKALoBV8+XMFNnO2LkCTHxHFWZLi7mvVT8z+tG0r3sxdQPI0l8PB3kRgzKAKahwQHlBEs2UQRhTtWuEI8QR1iqaIsqBHP+5EXSOiub5+XKbaVUq+ZxFMAhOAInwAQXoAauQQM0AQaP4Bm8gXftSXvRPrTPaemSlvccgD/Qvn8AZMGlsw==</latexit>

CR,L
f = V †

fR,L
XfR,LVfR,L

<latexit sha1_base64="LXPO+naqQatfIB2PeXiOtQzrlc0="></latexit>

La �
X

f=u,d,e

@µa

2fa
f̄i�

µ
�
(CV

f )ij + (CA
f )ij�5

�
fj ,

<latexit sha1_base64="TsFqvPjkJNfYtJ6bfHkbVLXgUzI=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVzWRom6USjYuXFSxD2jTMJlO2qGTSZiZCCUUN/6KGxeKuPUr3Pk3TtsstPXAhcM593LvPX7MqFSW9W3kFhaXllfyq4W19Y3NLXN7py6jRGBSwxGLRNNHkjDKSU1RxUgzFgSFPiMNf+CM/cYDEZJG/F4NY+KGqMdpQDFSWvLMPaeT1o+vRl5w4XTuvAC24xA6nRsv8MyiVbImgPPEzkgRZKh65le7G+EkJFxhhqRs2Vas3BQJRTEjo0I7kSRGeIB6pKUpRyGRbjp5YQQPtdKFQSR0cQUn6u+JFIVSDkNfd4ZI9eWsNxb/81qJCs7dlPI4UYTj6aIgYVBFcJwH7FJBsGJDTRAWVN8KcR8JhJVOraBDsGdfnif1k5J9WirflouVyyyOPNgHB+AI2OAMVMA1qIIawOARPINX8GY8GS/Gu/Exbc0Z2cwu+APj8wcOLpXu</latexit>

CV/A
f = CR

f ± CL
f

Diagonal vector couplings cancel 
since the vector current is conserved

<latexit sha1_base64="7dzJLOUxdtbKsC/XDfq4C1jDzQs=">AAACIHicbVBNS8NAEN3Ur1q/qh69LBZBLyURsV6UghePFewHNDVMtpu6dDeJuxuhhPwUL/4VLx4U0Zv+GjdtD9r6YODx3gwz8/yYM6Vt+8sqLCwuLa8UV0tr6xubW+XtnZaKEklok0Q8kh0fFOUspE3NNKedWFIQPqdtf3iZ++0HKhWLwhs9imlPwCBkASOgjeSVa24ggaSQpYEHmRuD1Ay454oEH7o+yPQ+8xh2ByAE3ObqvceO8LntlSt21R4DzxNnSipoioZX/nT7EUkEDTXhoFTXsWPdS/N9hNOs5CaKxkCGMKBdQ0MQVPXS8YMZPjBKHweRNBVqPFZ/T6QglBoJ33QK0Hdq1svF/7xuooOzXsrCONE0JJNFQcKxjnCeFu4zSYnmI0OASGZuxeQOTGLaZFoyITizL8+T1nHVOa2eXJ9U6hfTOIpoD+2jQ+SgGqqjK9RATUTQI3pGr+jNerJerHfrY9JasKYzu+gPrO8f74ejXw==</latexit> a

fa
@µ(q̄i�

µqi) = 0

<latexit sha1_base64="6byxc2jcgbNz4szVPIpVHc/gkr8=">AAACBXicbVDLSgNBEOz1GeNr1aMeBoPgKe6GoF6USEA8RjAPSNYwO5lNhsw+mJkVwrIXL/6KFw+KePUfvPk3TpI9aGJBQ1HVTXeXG3EmlWV9GwuLS8srq7m1/PrG5ta2ubPbkGEsCK2TkIei5WJJOQtoXTHFaSsSFPsup013WB37zQcqJAuDOzWKqOPjfsA8RrDSUtc8uL5PGidX6UXHE5gkJa+L06Q61dKuWbCK1gRontgZKUCGWtf86vRCEvs0UIRjKdu2FSknwUIxwmma78SSRpgMcZ+2NQ2wT6WTTL5I0ZFWesgLha5AoYn6eyLBvpQj39WdPlYDOeuNxf+8dqy8cydhQRQrGpDpIi/mSIVoHAnqMUGJ4iNNMBFM34rIAOs4lA4ur0OwZ1+eJ41S0T4tlm/LhcplFkcO9uEQjsGGM6jADdSgDgQe4Rle4c14Ml6Md+Nj2rpgZDN78AfG5w+gCZgG</latexit>

FV/A =
2fa
CV/A

Bounds very ‘assumption’-dependent:

• Unknown fermion-mixing matrices

• Accidental protection due to charges 


<latexit sha1_base64="6Avvho62djA/on+K83M/H9UsVtU="></latexit>

XqL = diag(0, 0, 1) , XdR = c2� 13 , XuR = s2� 13

<latexit sha1_base64="Z5vdQiCcWEn1o8R7QdA1EFa6K70="></latexit>

VdL = VCKM

Camalich et al. 2002.04623

https://arxiv.org/abs/2002.04623
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2. UV: Flavour Violation in the Higgs
<latexit sha1_base64="ZmOt76wFSZX5xUOMXwcuyeqBE7w="></latexit>

H2 =

✓
c�H

+

1p
2
(s�v + c↵h+ s↵H + ic�A)

◆
.

<latexit sha1_base64="AGsKSvhIQ46dMakt9hPBYZhrLJo="></latexit>

H1 =

✓
�s�H

+

1p
2
(c�v � s↵h+ c↵H � is�A)

◆
<latexit sha1_base64="+E9yf+8CRfCF0vNduJHVOX18MM8="></latexit>

LPQ-2HDM

Y = q̄L(Y
d
1
H1 + Y

d
2
H

d
2
)dR + . . .
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2. UV: Flavour Violation in the Higgs
<latexit sha1_base64="ZmOt76wFSZX5xUOMXwcuyeqBE7w="></latexit>

H2 =

✓
c�H

+

1p
2
(s�v + c↵h+ s↵H + ic�A)

◆
.

<latexit sha1_base64="AGsKSvhIQ46dMakt9hPBYZhrLJo="></latexit>

H1 =

✓
�s�H

+

1p
2
(c�v � s↵h+ c↵H � is�A)

◆
<latexit sha1_base64="+E9yf+8CRfCF0vNduJHVOX18MM8="></latexit>

LPQ-2HDM

Y = q̄L(Y
d
1
H1 + Y

d
2
H

d
2
)dR + . . .

New heavy degrees of freedom:
<latexit sha1_base64="ECudVCl3v4NqyYJeLcspkfNakYw=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSIISpmRoq6k4qbLCvYB7VgyaaYNzWSGJFMoQ//EjQtF3Pon7vwb0+kstPWEXA7n3Etujh9zprTjfFsrq2vrG5uFreL2zu7evn1w2FRRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7qf+a0xlYpF4lFPYuqFeCBYwAjWRurZdu2ia85dVlHt6bxnl5yykwEtEzcnJchR79lf3X5EkpAKTThWquM6sfZSLDUjnE6L3UTRGJMRHtCOoQKHVHlptvkUnRqlj4JImis0ytTfEykOlZqEvukMsR6qRW8m/ud1Eh3ceCkTcaKpIPOHgoQjHaFZDKjPJCWaTwzBRDKzKyJDLDHRJqyiCcFd/PIyaV6W3aty5aFSqt7mcRTgGE7gDFy4hirUoA4NIDCGZ3iFNyu1Xqx362PeumLlM0fwB9bnD+1ckUI=</latexit>

H, A, H
+

Example:
<latexit sha1_base64="tASG9D02v6DhgT0roLzqIWzvPDQ="></latexit>

XqL = diag(0, 0, 1), XdR =diag(c2� , c
2
� , c

2
�)

<latexit sha1_base64="I3tsmrVsN+XuO0pfy6nGb6kNqOI="></latexit>

Y d
1 =

0

@
0 0 0
0 0 0
yd31 yd32 yd33

1

A , Y d
2 =

0

@
yd11 yd12 yd13
yd21 yd22 yd23
0 0 0

1

A .

SM Higgs:
<latexit sha1_base64="NCSndTRLwUP2I0OcG9IUxlgLNik=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWao765Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC+q3mW11qxV6jd5HEU4gVM4Bw+uoA530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8Ac+zjPE=</latexit>

h

<latexit sha1_base64="2ZkhZkEWPfPVE9lL8ltcVUHk9iw=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5KUol6UghePFWwrNKFstpt26WYTdieFEnrw4l/x4kERr/4Ib/4bt20O2vpghsd7M+zOCxLBNTjOt1VYW9/Y3Cpul3Z29/YP7MOjto5TRVmLxiJWDwHRTHDJWsBBsIdEMRIFgnWC0c3M74yZ0jyW9zBJmB+RgeQhpwSM1LPLHhDpBQwIvsJeqAjNxr3a1DR32rMrTtWZA68SNycVlKPZs7+8fkzTiEmggmjddZ0E/Iwo4FSwaclLNUsIHZEB6xoqScS0n82PmOJTo/RxGCtTEvBc/b2RkUjrSRSYyYjAUC97M/E/r5tCeOlnXCYpMEkXD4WpwBDjWSK4zxWjICaGEKq4+SumQ2KSAJNbyYTgLp+8Stq1qnterd/VK43rPI4iKqMTdIZcdIEa6BY1UQtR9Iie0St6s56sF+vd+liMFqx85xj9gfX5AySFl8c=</latexit>

tan� =
v2
v1

Mixing CP-even Higgs<latexit sha1_base64="s5aKVNr3UsAqJJ3ahjqwc/60kV8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqHiQghePFewHtKFMtpt26SZZdjdCCf0RXjwo4tXf481/47bNQVsfDDzem2FmXiAF18Z1v53C2vrG5lZxu7Szu7d/UD48aukkVZQ1aSIS1QlQM8Fj1jTcCNaRimEUCNYOxnczv/3ElOZJ/GgmkvkRDmMecorGSu0eCjnCm3654lbdOcgq8XJSgRyNfvmrN0hoGrHYUIFadz1XGj9DZTgVbFrqpZpJpGMcsq6lMUZM+9n83Ck5s8qAhImyFRsyV39PZBhpPYkC2xmhGellbyb+53VTE177GY9lalhMF4vCVBCTkNnvZMAVo0ZMLEGquL2V0BEqpMYmVLIheMsvr5LWRdW7rNYeapX6bR5HEU7gFM7Bgyuowz00oAkUxvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8ADIKPYQ==</latexit>↵ :vev mixing:
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2. UV: Flavour Violation in the Higgs
<latexit sha1_base64="ZmOt76wFSZX5xUOMXwcuyeqBE7w="></latexit>

H2 =

✓
c�H

+

1p
2
(s�v + c↵h+ s↵H + ic�A)

◆
.

<latexit sha1_base64="AGsKSvhIQ46dMakt9hPBYZhrLJo="></latexit>

H1 =

✓
�s�H

+

1p
2
(c�v � s↵h+ c↵H � is�A)

◆
<latexit sha1_base64="+E9yf+8CRfCF0vNduJHVOX18MM8="></latexit>

LPQ-2HDM

Y = q̄L(Y
d
1
H1 + Y

d
2
H

d
2
)dR + . . .

Flavour violation arises because the interactions of 
the Higgs sector are not aligned with the fermion 
masses.

<latexit sha1_base64="31tjO6YzWvnX2fvbYWE/TRfT7yU="></latexit>

CHd =
1p
2
(Y d

1 c↵ + Y d

2 s↵)
<latexit sha1_base64="dU9dsE/9j/JhNZYkAXuOHtf5ayc=">AAACMnicbVDLSgMxFM3UV62vqks3wSIIQpkpRd0oBTe6ECpYrXTqkMlkNDTzMLlTKMN8kxu/RHChC0Xc+hGmj0VteyBwOOdcbu5xY8EVmOa7kZubX1hcyi8XVlbX1jeKm1s3KkokZQ0aiUg2XaKY4CFrAAfBmrFkJHAFu3U7Z33/tsuk4lF4Db2YtQPyEHKfUwJacooXl46HT7DtS0LTbpba6klCWskyTB3bZUDw3b3nWPhgVkSNRSpOsWSWzQHwNLFGpIRGqDvFV9uLaBKwEKggSrUsM4Z2SiRwKlhWsBPFYkI75IG1NA1JwFQ7HZyc4T2teNiPpH4h4IE6PpGSQKle4OpkQOBRTXp9cZbXSsA/bqc8jBNgIR0u8hOBIcL9/rDHJaMgepoQKrn+K6aPRFcDuuWCLsGaPHma3FTK1mG5elUt1U5HdeTRDtpF+8hCR6iGzlEdNRBFz+gNfaIv48X4ML6Nn2E0Z4xmttE/GL9/WHqqOQ==</latexit>

Md =
vp
2
c�Y

d
1 +

vp
2
s�Y

d
2

New heavy degrees of freedom:
<latexit sha1_base64="ECudVCl3v4NqyYJeLcspkfNakYw=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSIISpmRoq6k4qbLCvYB7VgyaaYNzWSGJFMoQ//EjQtF3Pon7vwb0+kstPWEXA7n3Etujh9zprTjfFsrq2vrG5uFreL2zu7evn1w2FRRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7qf+a0xlYpF4lFPYuqFeCBYwAjWRurZdu2ia85dVlHt6bxnl5yykwEtEzcnJchR79lf3X5EkpAKTThWquM6sfZSLDUjnE6L3UTRGJMRHtCOoQKHVHlptvkUnRqlj4JImis0ytTfEykOlZqEvukMsR6qRW8m/ud1Eh3ceCkTcaKpIPOHgoQjHaFZDKjPJCWaTwzBRDKzKyJDLDHRJqyiCcFd/PIyaV6W3aty5aFSqt7mcRTgGE7gDFy4hirUoA4NIDCGZ3iFNyu1Xqx362PeumLlM0fwB9bnD+1ckUI=</latexit>

H, A, H
+

Example:
<latexit sha1_base64="tASG9D02v6DhgT0roLzqIWzvPDQ="></latexit>

XqL = diag(0, 0, 1), XdR =diag(c2� , c
2
� , c

2
�)

<latexit sha1_base64="I3tsmrVsN+XuO0pfy6nGb6kNqOI="></latexit>

Y d
1 =

0

@
0 0 0
0 0 0
yd31 yd32 yd33

1

A , Y d
2 =

0

@
yd11 yd12 yd13
yd21 yd22 yd23
0 0 0

1

A .

SM Higgs:
<latexit sha1_base64="NCSndTRLwUP2I0OcG9IUxlgLNik=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWao765Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC+q3mW11qxV6jd5HEU4gVM4Bw+uoA530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8Ac+zjPE=</latexit>

h

<latexit sha1_base64="2ZkhZkEWPfPVE9lL8ltcVUHk9iw=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5KUol6UghePFWwrNKFstpt26WYTdieFEnrw4l/x4kERr/4Ib/4bt20O2vpghsd7M+zOCxLBNTjOt1VYW9/Y3Cpul3Z29/YP7MOjto5TRVmLxiJWDwHRTHDJWsBBsIdEMRIFgnWC0c3M74yZ0jyW9zBJmB+RgeQhpwSM1LPLHhDpBQwIvsJeqAjNxr3a1DR32rMrTtWZA68SNycVlKPZs7+8fkzTiEmggmjddZ0E/Iwo4FSwaclLNUsIHZEB6xoqScS0n82PmOJTo/RxGCtTEvBc/b2RkUjrSRSYyYjAUC97M/E/r5tCeOlnXCYpMEkXD4WpwBDjWSK4zxWjICaGEKq4+SumQ2KSAJNbyYTgLp+8Stq1qnterd/VK43rPI4iKqMTdIZcdIEa6BY1UQtR9Iie0St6s56sF+vd+liMFqx85xj9gfX5AySFl8c=</latexit>

tan� =
v2
v1

Mixing CP-even Higgs<latexit sha1_base64="s5aKVNr3UsAqJJ3ahjqwc/60kV8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqHiQghePFewHtKFMtpt26SZZdjdCCf0RXjwo4tXf481/47bNQVsfDDzem2FmXiAF18Z1v53C2vrG5lZxu7Szu7d/UD48aukkVZQ1aSIS1QlQM8Fj1jTcCNaRimEUCNYOxnczv/3ElOZJ/GgmkvkRDmMecorGSu0eCjnCm3654lbdOcgq8XJSgRyNfvmrN0hoGrHYUIFadz1XGj9DZTgVbFrqpZpJpGMcsq6lMUZM+9n83Ck5s8qAhImyFRsyV39PZBhpPYkC2xmhGellbyb+53VTE177GY9lalhMF4vCVBCTkNnvZMAVo0ZMLEGquL2V0BEqpMYmVLIheMsvr5LWRdW7rNYeapX6bR5HEU7gFM7Bgyuowz00oAkUxvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8ADIKPYQ==</latexit>↵ :vev mixing:
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2. UV: Flavour Violation in the Higgs
<latexit sha1_base64="ZmOt76wFSZX5xUOMXwcuyeqBE7w="></latexit>

H2 =

✓
c�H

+

1p
2
(s�v + c↵h+ s↵H + ic�A)

◆
.

<latexit sha1_base64="AGsKSvhIQ46dMakt9hPBYZhrLJo="></latexit>

H1 =

✓
�s�H

+

1p
2
(c�v � s↵h+ c↵H � is�A)

◆
<latexit sha1_base64="+E9yf+8CRfCF0vNduJHVOX18MM8="></latexit>

LPQ-2HDM

Y = q̄L(Y
d
1
H1 + Y

d
2
H

d
2
)dR + . . .

Flavour violation arises because the interactions of 
the Higgs sector are not aligned with the fermion 
masses.

<latexit sha1_base64="31tjO6YzWvnX2fvbYWE/TRfT7yU="></latexit>

CHd =
1p
2
(Y d

1 c↵ + Y d

2 s↵)
<latexit sha1_base64="dU9dsE/9j/JhNZYkAXuOHtf5ayc=">AAACMnicbVDLSgMxFM3UV62vqks3wSIIQpkpRd0oBTe6ECpYrXTqkMlkNDTzMLlTKMN8kxu/RHChC0Xc+hGmj0VteyBwOOdcbu5xY8EVmOa7kZubX1hcyi8XVlbX1jeKm1s3KkokZQ0aiUg2XaKY4CFrAAfBmrFkJHAFu3U7Z33/tsuk4lF4Db2YtQPyEHKfUwJacooXl46HT7DtS0LTbpba6klCWskyTB3bZUDw3b3nWPhgVkSNRSpOsWSWzQHwNLFGpIRGqDvFV9uLaBKwEKggSrUsM4Z2SiRwKlhWsBPFYkI75IG1NA1JwFQ7HZyc4T2teNiPpH4h4IE6PpGSQKle4OpkQOBRTXp9cZbXSsA/bqc8jBNgIR0u8hOBIcL9/rDHJaMgepoQKrn+K6aPRFcDuuWCLsGaPHma3FTK1mG5elUt1U5HdeTRDtpF+8hCR6iGzlEdNRBFz+gNfaIv48X4ML6Nn2E0Z4xmttE/GL9/WHqqOQ==</latexit>

Md =
vp
2
c�Y

d
1 +

vp
2
s�Y

d
2

New heavy degrees of freedom:
<latexit sha1_base64="ECudVCl3v4NqyYJeLcspkfNakYw=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSIISpmRoq6k4qbLCvYB7VgyaaYNzWSGJFMoQ//EjQtF3Pon7vwb0+kstPWEXA7n3Etujh9zprTjfFsrq2vrG5uFreL2zu7evn1w2FRRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7qf+a0xlYpF4lFPYuqFeCBYwAjWRurZdu2ia85dVlHt6bxnl5yykwEtEzcnJchR79lf3X5EkpAKTThWquM6sfZSLDUjnE6L3UTRGJMRHtCOoQKHVHlptvkUnRqlj4JImis0ytTfEykOlZqEvukMsR6qRW8m/ud1Eh3ceCkTcaKpIPOHgoQjHaFZDKjPJCWaTwzBRDKzKyJDLDHRJqyiCcFd/PIyaV6W3aty5aFSqt7mcRTgGE7gDFy4hirUoA4NIDCGZ3iFNyu1Xqx362PeumLlM0fwB9bnD+1ckUI=</latexit>

H, A, H
+

Example:
<latexit sha1_base64="tASG9D02v6DhgT0roLzqIWzvPDQ="></latexit>

XqL = diag(0, 0, 1), XdR =diag(c2� , c
2
� , c

2
�)

<latexit sha1_base64="I3tsmrVsN+XuO0pfy6nGb6kNqOI="></latexit>

Y d
1 =

0

@
0 0 0
0 0 0
yd31 yd32 yd33

1

A , Y d
2 =

0

@
yd11 yd12 yd13
yd21 yd22 yd23
0 0 0

1

A .

SM Higgs:
<latexit sha1_base64="NCSndTRLwUP2I0OcG9IUxlgLNik=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWao765Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC+q3mW11qxV6jd5HEU4gVM4Bw+uoA530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8Ac+zjPE=</latexit>

h

<latexit sha1_base64="2ZkhZkEWPfPVE9lL8ltcVUHk9iw=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5KUol6UghePFWwrNKFstpt26WYTdieFEnrw4l/x4kERr/4Ib/4bt20O2vpghsd7M+zOCxLBNTjOt1VYW9/Y3Cpul3Z29/YP7MOjto5TRVmLxiJWDwHRTHDJWsBBsIdEMRIFgnWC0c3M74yZ0jyW9zBJmB+RgeQhpwSM1LPLHhDpBQwIvsJeqAjNxr3a1DR32rMrTtWZA68SNycVlKPZs7+8fkzTiEmggmjddZ0E/Iwo4FSwaclLNUsIHZEB6xoqScS0n82PmOJTo/RxGCtTEvBc/b2RkUjrSRSYyYjAUC97M/E/r5tCeOlnXCYpMEkXD4WpwBDjWSK4zxWjICaGEKq4+SumQ2KSAJNbyYTgLp+8Stq1qnterd/VK43rPI4iKqMTdIZcdIEa6BY1UQtR9Iie0St6s56sF+vd+liMFqx85xj9gfX5AySFl8c=</latexit>

tan� =
v2
v1

Mixing CP-even Higgs<latexit sha1_base64="s5aKVNr3UsAqJJ3ahjqwc/60kV8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqHiQghePFewHtKFMtpt26SZZdjdCCf0RXjwo4tXf481/47bNQVsfDDzem2FmXiAF18Z1v53C2vrG5lZxu7Szu7d/UD48aukkVZQ1aSIS1QlQM8Fj1jTcCNaRimEUCNYOxnczv/3ElOZJ/GgmkvkRDmMecorGSu0eCjnCm3654lbdOcgq8XJSgRyNfvmrN0hoGrHYUIFadz1XGj9DZTgVbFrqpZpJpGMcsq6lMUZM+9n83Ck5s8qAhImyFRsyV39PZBhpPYkC2xmhGellbyb+53VTE177GY9lalhMF4vCVBCTkNnvZMAVo0ZMLEGquL2V0BEqpMYmVLIheMsvr5LWRdW7rNYeapX6bR5HEU7gFM7Bgyuowz00oAkUxvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8ADIKPYQ==</latexit>↵ :vev mixing:

<latexit sha1_base64="Q3uOHn9DgMr3qmuZIQaA2dY4QxU="></latexit>

CHd
ij

=
mdi

vc�
�ijc↵ +

1p
2

s↵��

c�
✏d
ij

<latexit sha1_base64="ePiv/IyHDmupA9tmtR91guRTatA="></latexit>

✏dij = (V †
dL
Y d
2 VdR)ij

Flavour violation can be encoded in this combination

Diaonalising the masses does not diagonalise the interactions
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2. UV: Flavour Violation in the Higgs
<latexit sha1_base64="ZmOt76wFSZX5xUOMXwcuyeqBE7w="></latexit>

H2 =

✓
c�H

+

1p
2
(s�v + c↵h+ s↵H + ic�A)

◆
.

<latexit sha1_base64="AGsKSvhIQ46dMakt9hPBYZhrLJo="></latexit>

H1 =

✓
�s�H

+

1p
2
(c�v � s↵h+ c↵H � is�A)

◆
<latexit sha1_base64="+E9yf+8CRfCF0vNduJHVOX18MM8="></latexit>

LPQ-2HDM

Y = q̄L(Y
d
1
H1 + Y

d
2
H

d
2
)dR + . . .

Flavour violation arises because the interactions of 
the Higgs sector are not aligned with the fermion 
masses.

<latexit sha1_base64="31tjO6YzWvnX2fvbYWE/TRfT7yU="></latexit>

CHd =
1p
2
(Y d

1 c↵ + Y d

2 s↵)
<latexit sha1_base64="dU9dsE/9j/JhNZYkAXuOHtf5ayc=">AAACMnicbVDLSgMxFM3UV62vqks3wSIIQpkpRd0oBTe6ECpYrXTqkMlkNDTzMLlTKMN8kxu/RHChC0Xc+hGmj0VteyBwOOdcbu5xY8EVmOa7kZubX1hcyi8XVlbX1jeKm1s3KkokZQ0aiUg2XaKY4CFrAAfBmrFkJHAFu3U7Z33/tsuk4lF4Db2YtQPyEHKfUwJacooXl46HT7DtS0LTbpba6klCWskyTB3bZUDw3b3nWPhgVkSNRSpOsWSWzQHwNLFGpIRGqDvFV9uLaBKwEKggSrUsM4Z2SiRwKlhWsBPFYkI75IG1NA1JwFQ7HZyc4T2teNiPpH4h4IE6PpGSQKle4OpkQOBRTXp9cZbXSsA/bqc8jBNgIR0u8hOBIcL9/rDHJaMgepoQKrn+K6aPRFcDuuWCLsGaPHma3FTK1mG5elUt1U5HdeTRDtpF+8hCR6iGzlEdNRBFz+gNfaIv48X4ML6Nn2E0Z4xmttE/GL9/WHqqOQ==</latexit>

Md =
vp
2
c�Y

d
1 +

vp
2
s�Y

d
2

What is the relation between the flavour 
violation in the Higgs and the axion?

New heavy degrees of freedom:
<latexit sha1_base64="ECudVCl3v4NqyYJeLcspkfNakYw=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSIISpmRoq6k4qbLCvYB7VgyaaYNzWSGJFMoQ//EjQtF3Pon7vwb0+kstPWEXA7n3Etujh9zprTjfFsrq2vrG5uFreL2zu7evn1w2FRRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7qf+a0xlYpF4lFPYuqFeCBYwAjWRurZdu2ia85dVlHt6bxnl5yykwEtEzcnJchR79lf3X5EkpAKTThWquM6sfZSLDUjnE6L3UTRGJMRHtCOoQKHVHlptvkUnRqlj4JImis0ytTfEykOlZqEvukMsR6qRW8m/ud1Eh3ceCkTcaKpIPOHgoQjHaFZDKjPJCWaTwzBRDKzKyJDLDHRJqyiCcFd/PIyaV6W3aty5aFSqt7mcRTgGE7gDFy4hirUoA4NIDCGZ3iFNyu1Xqx362PeumLlM0fwB9bnD+1ckUI=</latexit>

H, A, H
+

Example:
<latexit sha1_base64="tASG9D02v6DhgT0roLzqIWzvPDQ="></latexit>

XqL = diag(0, 0, 1), XdR =diag(c2� , c
2
� , c

2
�)

<latexit sha1_base64="I3tsmrVsN+XuO0pfy6nGb6kNqOI="></latexit>

Y d
1 =

0

@
0 0 0
0 0 0
yd31 yd32 yd33

1

A , Y d
2 =

0

@
yd11 yd12 yd13
yd21 yd22 yd23
0 0 0

1

A .

SM Higgs:
<latexit sha1_base64="NCSndTRLwUP2I0OcG9IUxlgLNik=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWao765Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC+q3mW11qxV6jd5HEU4gVM4Bw+uoA530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8Ac+zjPE=</latexit>

h

<latexit sha1_base64="2ZkhZkEWPfPVE9lL8ltcVUHk9iw=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5KUol6UghePFWwrNKFstpt26WYTdieFEnrw4l/x4kERr/4Ib/4bt20O2vpghsd7M+zOCxLBNTjOt1VYW9/Y3Cpul3Z29/YP7MOjto5TRVmLxiJWDwHRTHDJWsBBsIdEMRIFgnWC0c3M74yZ0jyW9zBJmB+RgeQhpwSM1LPLHhDpBQwIvsJeqAjNxr3a1DR32rMrTtWZA68SNycVlKPZs7+8fkzTiEmggmjddZ0E/Iwo4FSwaclLNUsIHZEB6xoqScS0n82PmOJTo/RxGCtTEvBc/b2RkUjrSRSYyYjAUC97M/E/r5tCeOlnXCYpMEkXD4WpwBDjWSK4zxWjICaGEKq4+SumQ2KSAJNbyYTgLp+8Stq1qnterd/VK43rPI4iKqMTdIZcdIEa6BY1UQtR9Iie0St6s56sF+vd+liMFqx85xj9gfX5AySFl8c=</latexit>

tan� =
v2
v1

Mixing CP-even Higgs<latexit sha1_base64="s5aKVNr3UsAqJJ3ahjqwc/60kV8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqHiQghePFewHtKFMtpt26SZZdjdCCf0RXjwo4tXf481/47bNQVsfDDzem2FmXiAF18Z1v53C2vrG5lZxu7Szu7d/UD48aukkVZQ1aSIS1QlQM8Fj1jTcCNaRimEUCNYOxnczv/3ElOZJ/GgmkvkRDmMecorGSu0eCjnCm3654lbdOcgq8XJSgRyNfvmrN0hoGrHYUIFadz1XGj9DZTgVbFrqpZpJpGMcsq6lMUZM+9n83Ck5s8qAhImyFRsyV39PZBhpPYkC2xmhGellbyb+53VTE177GY9lalhMF4vCVBCTkNnvZMAVo0ZMLEGquL2V0BEqpMYmVLIheMsvr5LWRdW7rNYeapX6bR5HEU7gFM7Bgyuowz00oAkUxvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8ADIKPYQ==</latexit>↵ :vev mixing:

<latexit sha1_base64="Q3uOHn9DgMr3qmuZIQaA2dY4QxU="></latexit>

CHd
ij

=
mdi

vc�
�ijc↵ +

1p
2

s↵��

c�
✏d
ij

<latexit sha1_base64="ePiv/IyHDmupA9tmtR91guRTatA="></latexit>

✏dij = (V †
dL
Y d
2 VdR)ij

Flavour violation can be encoded in this combination

Diaonalising the masses does not diagonalise the interactions
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2. UV/IR Connection

<latexit sha1_base64="ePiv/IyHDmupA9tmtR91guRTatA="></latexit>

✏dij = (V †
dL
Y d
2 VdR)ij

On the one hand, flavour violation is determined in 
the IR by the charges of the axion

On the other hand, in the UV completion, flavour 
violation is dependent on the Yukawa structure

<latexit sha1_base64="8jj59swS4+iU+CluqQPVGyYOi3k=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAgupCRS1I2l0I0LF1XsA9o0TCaTduhkEmYmQgn5Gzf+ihtBRXTpnzh9gLX1wMCZc+7l3nu8mFGpLOvLWFpeWV1bz23kN7e2d3bNvf2GjBKBSR1HLBItD0nCKCd1RRUjrVgQFHqMNL1BdeQ3H4iQNOL3ahgTJ0Q9TgOKkdKSa5ar3fTu9CZzfXgFG27qu+Nv1u34qAc7IVJ9jFjayn6t2TLXLFhFawy4SOwpKYApaq752vEjnISEK8yQlG3bipWTIqEoZiTLdxJJYoQHqEfamnIUEumk4zszeKwVHwaR0I8rOFZnO1IUSjkMPV05WlzOeyPxP6+dqODSSSmPE0U4ngwKEgZVBEehQZ8KghUbaoKwoHpXiPtIIKx0tHkdgj1/8iJpnBXt82LptlSolKdx5MAhOAInwAYXoAKuQQ3UAQaP4Bm8gXfjyXgxPozPSemSMe05AH9gfP8AV6elqw==</latexit>

CR,L
d = V †

dR,L
XdR,LVdR,L
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2. UV/IR Connection

<latexit sha1_base64="ePiv/IyHDmupA9tmtR91guRTatA="></latexit>

✏dij = (V †
dL
Y d
2 VdR)ij

On the one hand, flavour violation is determined in 
the IR by the charges of the axion

On the other hand, in the UV completion, flavour 
violation is dependent on the Yukawa structure

<latexit sha1_base64="8jj59swS4+iU+CluqQPVGyYOi3k=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAgupCRS1I2l0I0LF1XsA9o0TCaTduhkEmYmQgn5Gzf+ihtBRXTpnzh9gLX1wMCZc+7l3nu8mFGpLOvLWFpeWV1bz23kN7e2d3bNvf2GjBKBSR1HLBItD0nCKCd1RRUjrVgQFHqMNL1BdeQ3H4iQNOL3ahgTJ0Q9TgOKkdKSa5ar3fTu9CZzfXgFG27qu+Nv1u34qAc7IVJ9jFjayn6t2TLXLFhFawy4SOwpKYApaq752vEjnISEK8yQlG3bipWTIqEoZiTLdxJJYoQHqEfamnIUEumk4zszeKwVHwaR0I8rOFZnO1IUSjkMPV05WlzOeyPxP6+dqODSSSmPE0U4ngwKEgZVBEehQZ8KghUbaoKwoHpXiPtIIKx0tHkdgj1/8iJpnBXt82LptlSolKdx5MAhOAInwAYXoAKuQQ3UAQaP4Bm8gXfjyXgxPozPSemSMe05AH9gfP8AV6elqw==</latexit>

CR,L
d = V †

dR,L
XdR,LVdR,L

But the structure of the Yukawas is determined by the charges!
<latexit sha1_base64="+E9yf+8CRfCF0vNduJHVOX18MM8="></latexit>

LPQ-2HDM

Y = q̄L(Y
d
1
H1 + Y

d
2
H

d
2
)dR + . . . use PQ invariance

<latexit sha1_base64="xpYIl4pYzUOrmW/bgrX/IUDkP4w="></latexit>

�XqLY
d
1 + Y d

1 XdR � X1Y
d
1 = 0

�XqLY
d
2 + Y d

2 XdR � X2Y
d
2 = 0
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2. UV/IR Connection

<latexit sha1_base64="ePiv/IyHDmupA9tmtR91guRTatA="></latexit>

✏dij = (V †
dL
Y d
2 VdR)ij

On the one hand, flavour violation is determined in 
the IR by the charges of the axion

On the other hand, in the UV completion, flavour 
violation is dependent on the Yukawa structure

<latexit sha1_base64="8jj59swS4+iU+CluqQPVGyYOi3k=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAgupCRS1I2l0I0LF1XsA9o0TCaTduhkEmYmQgn5Gzf+ihtBRXTpnzh9gLX1wMCZc+7l3nu8mFGpLOvLWFpeWV1bz23kN7e2d3bNvf2GjBKBSR1HLBItD0nCKCd1RRUjrVgQFHqMNL1BdeQ3H4iQNOL3ahgTJ0Q9TgOKkdKSa5ar3fTu9CZzfXgFG27qu+Nv1u34qAc7IVJ9jFjayn6t2TLXLFhFawy4SOwpKYApaq752vEjnISEK8yQlG3bipWTIqEoZiTLdxJJYoQHqEfamnIUEumk4zszeKwVHwaR0I8rOFZnO1IUSjkMPV05WlzOeyPxP6+dqODSSSmPE0U4ngwKEgZVBEehQZ8KghUbaoKwoHpXiPtIIKx0tHkdgj1/8iJpnBXt82LptlSolKdx5MAhOAInwAYXoAKuQQ3UAQaP4Bm8gXfjyXgxPozPSemSMe05AH9gfP8AV6elqw==</latexit>

CR,L
d = V †

dR,L
XdR,LVdR,L

But the structure of the Yukawas is determined by the charges!
<latexit sha1_base64="+E9yf+8CRfCF0vNduJHVOX18MM8="></latexit>

LPQ-2HDM

Y = q̄L(Y
d
1
H1 + Y

d
2
H

d
2
)dR + . . . use PQ invariance

<latexit sha1_base64="xpYIl4pYzUOrmW/bgrX/IUDkP4w="></latexit>

�XqLY
d
1 + Y d

1 XdR � X1Y
d
1 = 0

�XqLY
d
2 + Y d

2 XdR � X2Y
d
2 = 0

<latexit sha1_base64="dU9dsE/9j/JhNZYkAXuOHtf5ayc=">AAACMnicbVDLSgMxFM3UV62vqks3wSIIQpkpRd0oBTe6ECpYrXTqkMlkNDTzMLlTKMN8kxu/RHChC0Xc+hGmj0VteyBwOOdcbu5xY8EVmOa7kZubX1hcyi8XVlbX1jeKm1s3KkokZQ0aiUg2XaKY4CFrAAfBmrFkJHAFu3U7Z33/tsuk4lF4Db2YtQPyEHKfUwJacooXl46HT7DtS0LTbpba6klCWskyTB3bZUDw3b3nWPhgVkSNRSpOsWSWzQHwNLFGpIRGqDvFV9uLaBKwEKggSrUsM4Z2SiRwKlhWsBPFYkI75IG1NA1JwFQ7HZyc4T2teNiPpH4h4IE6PpGSQKle4OpkQOBRTXp9cZbXSsA/bqc8jBNgIR0u8hOBIcL9/rDHJaMgepoQKrn+K6aPRFcDuuWCLsGaPHma3FTK1mG5elUt1U5HdeTRDtpF+8hCR6iGzlEdNRBFz+gNfaIv48X4ML6Nn2E0Z4xmttE/GL9/WHqqOQ==</latexit>

Md =
vp
2
c�Y

d
1 +

vp
2
s�Y

d
2

<latexit sha1_base64="MQiZzTKzLfFmo/A++68srJ1aVY0="></latexit>

Y d
1 =

p
2

vc�
(XqMd �MdXd + X2Md) ,

Y d
2 =

p
2

vs�
(�XqMd +MdXd � X1Md) .

Using the definition of the fermion 
mass matrix
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2. UV/IR Connection

<latexit sha1_base64="ePiv/IyHDmupA9tmtR91guRTatA="></latexit>

✏dij = (V †
dL
Y d
2 VdR)ij

On the one hand, flavour violation is determined in 
the IR by the charges of the axion

On the other hand, in the UV completion, flavour 
violation is dependent on the Yukawa structure

<latexit sha1_base64="8jj59swS4+iU+CluqQPVGyYOi3k=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAgupCRS1I2l0I0LF1XsA9o0TCaTduhkEmYmQgn5Gzf+ihtBRXTpnzh9gLX1wMCZc+7l3nu8mFGpLOvLWFpeWV1bz23kN7e2d3bNvf2GjBKBSR1HLBItD0nCKCd1RRUjrVgQFHqMNL1BdeQ3H4iQNOL3ahgTJ0Q9TgOKkdKSa5ar3fTu9CZzfXgFG27qu+Nv1u34qAc7IVJ9jFjayn6t2TLXLFhFawy4SOwpKYApaq752vEjnISEK8yQlG3bipWTIqEoZiTLdxJJYoQHqEfamnIUEumk4zszeKwVHwaR0I8rOFZnO1IUSjkMPV05WlzOeyPxP6+dqODSSSmPE0U4ngwKEgZVBEehQZ8KghUbaoKwoHpXiPtIIKx0tHkdgj1/8iJpnBXt82LptlSolKdx5MAhOAInwAYXoAKuQQ3UAQaP4Bm8gXfjyXgxPozPSemSMe05AH9gfP8AV6elqw==</latexit>

CR,L
d = V †

dR,L
XdR,LVdR,L

But the structure of the Yukawas is determined by the charges!
<latexit sha1_base64="+E9yf+8CRfCF0vNduJHVOX18MM8="></latexit>

LPQ-2HDM

Y = q̄L(Y
d
1
H1 + Y

d
2
H

d
2
)dR + . . . use PQ invariance

<latexit sha1_base64="xpYIl4pYzUOrmW/bgrX/IUDkP4w="></latexit>

�XqLY
d
1 + Y d

1 XdR � X1Y
d
1 = 0

�XqLY
d
2 + Y d

2 XdR � X2Y
d
2 = 0

<latexit sha1_base64="dU9dsE/9j/JhNZYkAXuOHtf5ayc=">AAACMnicbVDLSgMxFM3UV62vqks3wSIIQpkpRd0oBTe6ECpYrXTqkMlkNDTzMLlTKMN8kxu/RHChC0Xc+hGmj0VteyBwOOdcbu5xY8EVmOa7kZubX1hcyi8XVlbX1jeKm1s3KkokZQ0aiUg2XaKY4CFrAAfBmrFkJHAFu3U7Z33/tsuk4lF4Db2YtQPyEHKfUwJacooXl46HT7DtS0LTbpba6klCWskyTB3bZUDw3b3nWPhgVkSNRSpOsWSWzQHwNLFGpIRGqDvFV9uLaBKwEKggSrUsM4Z2SiRwKlhWsBPFYkI75IG1NA1JwFQ7HZyc4T2teNiPpH4h4IE6PpGSQKle4OpkQOBRTXp9cZbXSsA/bqc8jBNgIR0u8hOBIcL9/rDHJaMgepoQKrn+K6aPRFcDuuWCLsGaPHma3FTK1mG5elUt1U5HdeTRDtpF+8hCR6iGzlEdNRBFz+gNfaIv48X4ML6Nn2E0Z4xmttE/GL9/WHqqOQ==</latexit>

Md =
vp
2
c�Y

d
1 +

vp
2
s�Y

d
2

<latexit sha1_base64="MQiZzTKzLfFmo/A++68srJ1aVY0="></latexit>

Y d
1 =

p
2

vc�
(XqMd �MdXd + X2Md) ,

Y d
2 =

p
2

vs�
(�XqMd +MdXd � X1Md) .

Using the definition of the fermion 
mass matrix

<latexit sha1_base64="DYcEJUYdBonUdmUzQgSExPsV0XQ="></latexit>

✏d =

p
2

vs�

✓
�CL

d M̂d + M̂dC
R
d � X1

2N
M̂d

◆
,

All flavour violation of the Higgs sector is 
also encoded in the charges!

Di Luzio, Guerrera, XPD, Rigolin 2304.04643

https://arxiv.org/abs/2304.04643
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Outline

1. Motivation

1.1. Strong-CP Problem and axion solution

1.2. Flavour violation in the axion


2. Flavour violation in DFSZ models

2.1. IR: Flavour violation in the axion

2.2. UV: Flavour violation in the Higgs

2.3. UV/IR Connection


3. Example in the quark sector
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3. Examples: Quark sector
<latexit sha1_base64="PNk8DFREiBZhWijhpo75nyvqQWY="></latexit>

d

s

d

s

H,A
K

0
K

0

<latexit sha1_base64="htYqEEi9CQXJFkdeuwruBLxGFp4="></latexit>

2|MNP
12 |

3.5 · 10�15 GeV
⇠

✓
4TeV

s2� mH

◆2 ����
✏d12✏

d ⇤
21

y2
s
�2

���� ,
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3. Examples: Quark sector
<latexit sha1_base64="PNk8DFREiBZhWijhpo75nyvqQWY="></latexit>

d

s

d

s

H,A
K

0
K

0

<latexit sha1_base64="htYqEEi9CQXJFkdeuwruBLxGFp4="></latexit>

2|MNP
12 |

3.5 · 10�15 GeV
⇠

✓
4TeV

s2� mH

◆2 ����
✏d12✏

d ⇤
21

y2
s
�2

���� ,

<latexit sha1_base64="AvCWFfRfNoz89Ne1jLSYmexafro="></latexit>

K±
a

⇡±

<latexit sha1_base64="t7iph6t+BrZ9hbz2VBn62P2LBJg="></latexit>

Br(K+ ! ⇡+ a) = (GF fK |Vus|2)�2m
2
K

f2
a

|CV
sd|2
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3. Examples: Quark sector
<latexit sha1_base64="PNk8DFREiBZhWijhpo75nyvqQWY="></latexit>

d

s

d

s

H,A
K

0
K

0

<latexit sha1_base64="htYqEEi9CQXJFkdeuwruBLxGFp4="></latexit>

2|MNP
12 |

3.5 · 10�15 GeV
⇠

✓
4TeV

s2� mH

◆2 ����
✏d12✏

d ⇤
21

y2
s
�2

���� ,

<latexit sha1_base64="AvCWFfRfNoz89Ne1jLSYmexafro="></latexit>

K±
a

⇡±

<latexit sha1_base64="t7iph6t+BrZ9hbz2VBn62P2LBJg="></latexit>

Br(K+ ! ⇡+ a) = (GF fK |Vus|2)�2m
2
K

f2
a

|CV
sd|2

<latexit sha1_base64="8a9PnQl3Ni8TnCGSvWMDAWjn/XM="></latexit>

✏dij =

p
2

vs�
(�CdLM̂d + M̂dCdR)ij
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3. Examples: Quark sector
<latexit sha1_base64="PNk8DFREiBZhWijhpo75nyvqQWY="></latexit>

d

s

d

s

H,A
K

0
K

0

<latexit sha1_base64="htYqEEi9CQXJFkdeuwruBLxGFp4="></latexit>

2|MNP
12 |

3.5 · 10�15 GeV
⇠

✓
4TeV

s2� mH

◆2 ����
✏d12✏

d ⇤
21

y2
s
�2

���� ,

<latexit sha1_base64="AvCWFfRfNoz89Ne1jLSYmexafro="></latexit>

K±
a

⇡±

<latexit sha1_base64="t7iph6t+BrZ9hbz2VBn62P2LBJg="></latexit>

Br(K+ ! ⇡+ a) = (GF fK |Vus|2)�2m
2
K

f2
a

|CV
sd|2

<latexit sha1_base64="8a9PnQl3Ni8TnCGSvWMDAWjn/XM="></latexit>

✏dij =

p
2

vs�
(�CdLM̂d + M̂dCdR)ij

<latexit sha1_base64="crIDF60hTwB5TQoSiCMPCgh2CPk="></latexit>

c↵�� = 0

Simplifications: 

• only flavour violation in LH-quarks 

or RH-quarks

• Alignment limit: <latexit sha1_base64="T4K5e2tGz3TotwPXxRvDaThH7fA="></latexit>mA ' mH

<latexit sha1_base64="i2etqKSG45kUr5sO23AUY0o0SlQ="></latexit>✓
fa

1011 GeV

◆2 ✓ 1TeV

s2� mH

◆2 ✓Br(K ! ⇡a)

7.3 · 10�11

◆
=

2 |MNP
12 |

3.5 · 10�15 GeV
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3. Examples: Quark sector

Flavour violation in the   transitions → d

<latexit sha1_base64="i2etqKSG45kUr5sO23AUY0o0SlQ="></latexit>✓
fa

1011 GeV

◆2 ✓ 1TeV

s2� mH

◆2 ✓Br(K ! ⇡a)

7.3 · 10�11

◆
=

2 |MNP
12 |

3.5 · 10�15 GeV
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2 |MNP
12 |
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3. Examples: Quark sector

Flavour violation in the  transition b → s
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Thanks for your attention!
This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under the Marie Skłodowska-Curie grant agreement No 860881.
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Scalar Potential: Alignment Limit
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Lepton Flavour Violation Example
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