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Among the unanswered questions of the Standard Model (SM), the strong CP 

problem has become one of the most studied. This is due to the popularity of 

the Peccei-Quinn (PQ) solution, in form of an axion in the low energy theory. 

This pseudo-Goldston Boson, that obtains its mass due to the an anomalous 

global  , not only solves the strong CP problem but also makes for a good 

dark matter candidate [1].  
In order to generate such a particle we need to extend the SM by adding new 

heavy degrees of freedom:

U(1)

I. Introduction
II. Flavour Connection

III. An example with Lepton Flavour Violation

Acknowledgements 

IV. Conclusions
ther an axion model is compatible 

with such a possible signal. Here in 

this work we have just shown 

examples of how this could be done 

with LFV, but an example in the 

quark sector can be found in [7]. Outlook In the future we may explore this 

connection in more generality 

including one loop observables 

which are important, such as 
 

and channels considering mixed 

contributions between quarks and 

leptons. Moreover we would like to 

implement this connection into a 

global fit taking into account axion 

and 2HDM observables.   

μ → eγ

The axion and 2HDM 
The axion is one of the most studied 

particles both theoretically and 

experimentally. This particle is the IR 

remanent of a UV completion which 

shares some of the same properties. 

For instance, as we have shown the 

PQ-2HDM which completes the 

theory at higher energies shares the 

same patter of flavour violation with 

the axion. 
 Flavour connection This flavour connection is useful in 

exploring flavoured DFSZ models. In 

the current state of experiments 

both for looking for axions and new 

heavy physics, these connections 

might be useful in an eventual 
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As an example we will take a look at the lepton sector. The quark sector will be presented at the Workshop Invisibles 23 or can 

be found in the paper. Flavour Violation in the IR: 
The flavour violation in the axion Lagrangian is achieved if the PQ-charges are non-universal: 

Flavour Violation in the UV: 
In a 2HDM diagonalising the mass matrix does not always imply diagonalising also the interactions. This is due to the mass 

matrix and the couplings being different combinations of the Yukawas 

Flavour Connection: However, the shape of the Yukawas is given by the charges. Imposing PQ-charge conservation we obtain the following 

condition:                                                                . If we combine it with the definition of the mass matrix we obtain: 

Condition for axion flavour violation:
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XeR,L 6= XeR,L13⇥3

Now the idea is to link lepton flavour violating (LFV) observables of the axion with 

observables related to the 2HDM. In Ref. [2] this was also done but in a model 

dependent way, here we have shown there is a model independent way of doing 

it! 

Processes involving LFV are great proofs of new physics, in 2HDM there are many 

FV observables which constrain the parameter space, see for instance Ref. [3]. 

However, keeping at tree level to have a direct one-to-one correspondence, the 

Higgs LFV decays are currently leading in the bounds Fig. 1 (left). Using the 

connection with the Yukawas obtained before we can write the branching ratio 

corresponding to the process of Fig. 1 (left) as
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Figure 1: Diagrams involving lepton flavour violating decays, (left)  Higgs 

decaying into a pair of different flavour leptons and (right) a lepton decaying 

into an axion and a lepton with different flavour.

The analog process would be a lepton, decaying into an axion and a 

different flavour lepton, as depicted in Fig. 1 (right). The branching 

ratio of such a process can be written as

It is straightforward to link both observables getting rid of the 

unknown couplings:

Take home messages:
• No assumption on the charges is needed 

• Before we had 

 now we see that the 

Yukawas can be written in terms of the axion couplings, 

removing some a priori free parameters 

• Independently of an axion this way of writing the Yukawas is 

valid for any 2HDM with a global 

V †
eLY e

2 VeR , CeR,ij & CeL,ij

U(1)

KSVZ: new heavy quarks + Singlet

Figure 2: Parameter space of combining observables of HIggs LFV 

decays and leptons decaying into a different flavour and an axion. 

(top) Using observables corresponding to the 3-1 transition and 

(bottom) using the 3-2 transition.

Some recent very small deviations have been observed by ATLAS 

[4], and so far compatible with CMS.

while the current leading bounds at 2  for leptonic flavour violating 

decays into invisible particles are given by Belle II [5]

σ

The combination of all the bounds shows the interplay between 

astrophysical observations and collider bounds. Thanks to the link 

between the UV and IR flavour violation we see that these results 

do not depend on any particular assumption on the Yukawas and 

fermion mixing matrices.  This can be seen in Fig. 2, where we take the the anomalies seen by 

ATLAS [4] and impose the bounds coming from Belle II [5]. On top of 

these we impose the astrophysical and 2HDM bounds. These 

bounds are model dependent, and that’s why we take different 

cases that are assumed to be limiting: in axion models one can 

obtain so called astrophobic axions by choosing certain set of 

charges and some tuning [6]; in the 2HDM we take the typical type-

I and II models which give an idea on the current bounds for the 

mixing angle 
. This is just an example of how it would look combining several 

measurements, using these anomalies seen by ATLAS as 

benchmarks. However, the main point is that with these relations, 

the UV and IR sectors can talk to each other and share information, 

such that in an eventual case of a larger set of deviations, we could 

identify wether it could correspond to an axion model of the DFSZ 

type, and help nailing down the parameter space.
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<latexit sha1_base64="HrAU5tDXn5551bD3TgfiGqY+hIU="></latexit>

LPQ-2HDM

Y = q̄L(Y
d
1
H̃1 + Y

d
2
H̃

d
2
)dR + . . .

<latexit sha1_base64="66De5+0H9kaNd4oQ2VS776SJD2Q="></latexit>

Md =
vp
2

�
c�Y

d
1 + s�Y

d
2

�

<latexit sha1_base64="0Wi9oud3X/sqcnBXhYpIX7pKMow="></latexit>

CXd
ij ⇠ (V †

dL
Y e
2 VdR)ij ⌘ ✏dij

<latexit sha1_base64="SNnJ0CGaF3j0DQB74t9n6RCsalE="></latexit>

La � @µa

fa
d̄i�

µ ((CdL)ij�
µPL + (CdR)ij�

µPR) dj ,
<latexit sha1_base64="3HnI5d3qHysNOcc/NW5+rdPk3rY="></latexit>

CdL =
1

2N
V †
dL
XqLVdL , CdR =

1

2N
V †
dR

XdRVdR

<latexit sha1_base64="wXImMAb7B6EqyI7JMBKrzpPUl4A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwYWWRIq6LLjQZQV7gSaEk+mkHTq5MDMRSihufBU3LhRx61O4822cpllo6w8DH/85hzPn9xPOpLKsb6O0tLyyulZer2xsbm3vmLt7bRmngtAWiXksuj5IyllEW4opTruJoBD6nHb80fW03nmgQrI4ulfjhLohDCIWMAJKW555QLzMAZ4M4czxqYLJKSZeTp5ZtWpWLrwIdgFVVKjpmV9OPyZpSCNFOEjZs61EuRkIxQink4qTSpoAGcGA9jRGEFLpZvkJE3ysnT4OYqFfpHDu/p7IIJRyHPq6MwQ1lPO1qflfrZeq4MrNWJSkikZktihIOVYxnuaB+0xQovhYAxDB9F8xGYIAonRqFR2CPX/yIrTPa/ZFrX5XrzZuijjK6BAdoRNko0vUQLeoiVqIoEf0jF7Rm/FkvBjvxsestWQUM/voj4zPH6cRlvo=</latexit>c↵�� , c�

In the IR:

In the UV:

<latexit sha1_base64="JROyisQtTzTGl1oscB45DbzHksg=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAILkpJpKjLggtduKhiL9CGMJlM2qGTCzMTsYS8ihsXirj1Rdz5Nk7TLrT1h4GP/5zDOfN7CWdSWda3sbK6tr6xWdoqb+/s7u2bB5WOjFNBaJvEPBY9D0vKWUTbiilOe4mgOPQ47Xrjq2m9+0iFZHH0oCYJdUI8jFjACFbacs1Kx8189z6vDWqowNvcNatW3SqElsGeQxXmarnm18CPSRrSSBGOpezbVqKcDAvFCKd5eZBKmmAyxkPa1xjhkEonK27P0Yl2fBTEQr9IocL9PZHhUMpJ6OnOEKuRXKxNzf9q/VQFl07GoiRVNCKzRUHKkYrRNAjkM0GJ4hMNmAimb0VkhAUmSsdV1iHYi19ehs5Z3T6vN+4a1eb1PI4SHMExnIINF9CEG2hBGwg8wTO8wpuRGy/Gu/Exa10x5jOH8EfG5w/rnJO/</latexit>

VdR , VdL

<latexit sha1_base64="JROyisQtTzTGl1oscB45DbzHksg=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAILkpJpKjLggtduKhiL9CGMJlM2qGTCzMTsYS8ihsXirj1Rdz5Nk7TLrT1h4GP/5zDOfN7CWdSWda3sbK6tr6xWdoqb+/s7u2bB5WOjFNBaJvEPBY9D0vKWUTbiilOe4mgOPQ47Xrjq2m9+0iFZHH0oCYJdUI8jFjACFbacs1Kx8189z6vDWqowNvcNatW3SqElsGeQxXmarnm18CPSRrSSBGOpezbVqKcDAvFCKd5eZBKmmAyxkPa1xjhkEonK27P0Yl2fBTEQr9IocL9PZHhUMpJ6OnOEKuRXKxNzf9q/VQFl07GoiRVNCKzRUHKkYrRNAjkM0GJ4hMNmAimb0VkhAUmSsdV1iHYi19ehs5Z3T6vN+4a1eb1PI4SHMExnIINF9CEG2hBGwg8wTO8wpuRGy/Gu/Exa10x5jOH8EfG5w/rnJO/</latexit>

VdR , VdL
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<latexit sha1_base64="N0YekQVio9vm10EhfBV/sRz9j2o=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VQKCWRoi4LLnThoop9QBPCZDJph04ezkyEEvINbvwVNy4UcevKnX/jpM2ith6Y4XDOvdx7jxszKqRh/GilpeWV1bXyemVjc2t7R9/d64go4Zi0ccQi3nORIIyGpC2pZKQXc4ICl5GuO7rM/e4j4YJG4b0cx8QO0CCkPsVIKsnRT6wAySFGLO1lTvrg3GQ1aNUs9c3qnnOXOXrVqBsTwEViFqQKCrQc/dvyIpwEJJSYISH6phFLO0VcUsxIVrESQWKER2hA+oqGKCDCTicnZfBIKR70I65eKOFEne1IUSDEOHBVZb6omPdy8T+vn0j/wk5pGCeShHg6yE8YlBHM84Ee5QRLNlYEYU7VrhAPEUdYqhQrKgRz/uRF0jmtm2f1xm2j2rwq4iiDA3AIjoEJzkETXIMWaAMMnsALeAPv2rP2qn1on9PSklb07IM/0L5+AQb3nbo=</latexit>XqL , XdR

<latexit sha1_base64="OlGIcT0Hdq0XQNUX7aSJTtq30AY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCBz1WtB/QhjLZbtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lo5kkzI9wKHnIKRorPYR97JcrbtWdg6wSLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBpqVeqlmCdIxD1rVUYsS0n81PnZIzqwxIGCtb0pC5+nsiw0jrSRTYzgjNSC97M/E/r5ua8NrPuExSwyRdLApTQUxMZn+TAVeMGjGxBKni9lZCR6iQGptOyYbgLb+8SloXVe+yWruvVeq3eRxFOIFTOAcPrqAOd9CAJlAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AE9c43M</latexit>

fa
<latexit sha1_base64="am41nC3VxMAOd4+El1i54WgZy2w=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KCUpRT0WPOixgv2iTcNms22XbjZhd6OU0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+TFnStv2t7W2vrG5tZ3bye/u7R8cFo6OmypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryxzczv/VIpWKReNCTmLohHgo2YARrI/U7ntMPSr0S6niVfuAVinbZngOtEicjRchQ9wpfvSAiSUiFJhwr1XXsWLsplpoRTqf5XqJojMkYD2nXUIFDqtx0fvUUnRslQINImhIazdXfEykOlZqEvukMsR6pZW8m/ud1Ez24dlMm4kRTQRaLBglHOkKzCFDAJCWaTwzBRDJzKyIjLDHRJqi8CcFZfnmVNCtl57Jcva8Wa7dZHDk4hTO4AAeuoAZ3UIcGEJDwDK/wZj1ZL9a79bFoXbOymRP4A+vzB4GvkT8=</latexit>

Y d
1 , Y

d
2

<latexit sha1_base64="bs5pjGs26J7D7hz2ehXjZoAvQSI=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqiqBFXAWMRAxyLRh9SEyHHd1qrtRLaDVEVZ+BUWBhBi5TPY+BvcNgO0HOnqHp1zr+x7wphRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJbogUYVSQlqaakW4sCeIhI51wfDP1O49EKhqJez2Jic/RUNABxUgbKbCPeNCoeBXIg+t5SxsPXsyzwC47VWcGuEzcnJRBjmZgf3n9CCecCI0ZUqrnOrH2UyQ1xYxkJS9RJEZ4jIakZ6hAnCg/nR2QwVOj9OEgkqaEhjP190aKuFITHppJjvRILXpT8T+vl+jBlZ9SESeaCDx/aJAwqCM4TQP2qSRYs4khCEtq/grxCEmEtcmsZEJwF09eJu3zqntRrd3VyvXbPI4iOAYn4Ay44BLUQQM0QQtgkIFn8ArerCfrxXq3PuajBSvfOQR/YH3+AGa/lQs=</latexit>mH , mA, mH±

<latexit sha1_base64="0Wi9oud3X/sqcnBXhYpIX7pKMow="></latexit>

CXd
ij ⇠ (V †

dL
Y e
2 VdR)ij ⌘ ✏dij

<latexit sha1_base64="3HnI5d3qHysNOcc/NW5+rdPk3rY="></latexit>

CdL =
1

2N
V †
dL
XqLVdL , CdR =

1

2N
V †
dR

XdRVdR

<latexit sha1_base64="wXImMAb7B6EqyI7JMBKrzpPUl4A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwYWWRIq6LLjQZQV7gSaEk+mkHTq5MDMRSihufBU3LhRx61O4822cpllo6w8DH/85hzPn9xPOpLKsb6O0tLyyulZer2xsbm3vmLt7bRmngtAWiXksuj5IyllEW4opTruJoBD6nHb80fW03nmgQrI4ulfjhLohDCIWMAJKW555QLzMAZ4M4czxqYLJKSZeTp5ZtWpWLrwIdgFVVKjpmV9OPyZpSCNFOEjZs61EuRkIxQink4qTSpoAGcGA9jRGEFLpZvkJE3ysnT4OYqFfpHDu/p7IIJRyHPq6MwQ1lPO1qflfrZeq4MrNWJSkikZktihIOVYxnuaB+0xQovhYAxDB9F8xGYIAonRqFR2CPX/yIrTPa/ZFrX5XrzZuijjK6BAdoRNko0vUQLeoiVqIoEf0jF7Rm/FkvBjvxsestWQUM/voj4zPH6cRlvo=</latexit>c↵�� , c�

<latexit sha1_base64="JROyisQtTzTGl1oscB45DbzHksg=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAILkpJpKjLggtduKhiL9CGMJlM2qGTCzMTsYS8ihsXirj1Rdz5Nk7TLrT1h4GP/5zDOfN7CWdSWda3sbK6tr6xWdoqb+/s7u2bB5WOjFNBaJvEPBY9D0vKWUTbiilOe4mgOPQ47Xrjq2m9+0iFZHH0oCYJdUI8jFjACFbacs1Kx8189z6vDWqowNvcNatW3SqElsGeQxXmarnm18CPSRrSSBGOpezbVqKcDAvFCKd5eZBKmmAyxkPa1xjhkEonK27P0Yl2fBTEQr9IocL9PZHhUMpJ6OnOEKuRXKxNzf9q/VQFl07GoiRVNCKzRUHKkYrRNAjkM0GJ4hMNmAimb0VkhAUmSsdV1iHYi19ehs5Z3T6vN+4a1eb1PI4SHMExnIINF9CEG2hBGwg8wTO8wpuRGy/Gu/Exa10x5jOH8EfG5w/rnJO/</latexit>

VdR , VdL

??
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<latexit sha1_base64="N0YekQVio9vm10EhfBV/sRz9j2o=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VQKCWRoi4LLnThoop9QBPCZDJph04ezkyEEvINbvwVNy4UcevKnX/jpM2ith6Y4XDOvdx7jxszKqRh/GilpeWV1bXyemVjc2t7R9/d64go4Zi0ccQi3nORIIyGpC2pZKQXc4ICl5GuO7rM/e4j4YJG4b0cx8QO0CCkPsVIKsnRT6wAySFGLO1lTvrg3GQ1aNUs9c3qnnOXOXrVqBsTwEViFqQKCrQc/dvyIpwEJJSYISH6phFLO0VcUsxIVrESQWKER2hA+oqGKCDCTicnZfBIKR70I65eKOFEne1IUSDEOHBVZb6omPdy8T+vn0j/wk5pGCeShHg6yE8YlBHM84Ee5QRLNlYEYU7VrhAPEUdYqhQrKgRz/uRF0jmtm2f1xm2j2rwq4iiDA3AIjoEJzkETXIMWaAMMnsALeAPv2rP2qn1on9PSklb07IM/0L5+AQb3nbo=</latexit>XqL , XdR

<latexit sha1_base64="OlGIcT0Hdq0XQNUX7aSJTtq30AY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCBz1WtB/QhjLZbtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lo5kkzI9wKHnIKRorPYR97JcrbtWdg6wSLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBpqVeqlmCdIxD1rVUYsS0n81PnZIzqwxIGCtb0pC5+nsiw0jrSRTYzgjNSC97M/E/r5ua8NrPuExSwyRdLApTQUxMZn+TAVeMGjGxBKni9lZCR6iQGptOyYbgLb+8SloXVe+yWruvVeq3eRxFOIFTOAcPrqAOd9CAJlAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AE9c43M</latexit>

fa
<latexit sha1_base64="am41nC3VxMAOd4+El1i54WgZy2w=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KCUpRT0WPOixgv2iTcNms22XbjZhd6OU0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+TFnStv2t7W2vrG5tZ3bye/u7R8cFo6OmypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryxzczv/VIpWKReNCTmLohHgo2YARrI/U7ntMPSr0S6niVfuAVinbZngOtEicjRchQ9wpfvSAiSUiFJhwr1XXsWLsplpoRTqf5XqJojMkYD2nXUIFDqtx0fvUUnRslQINImhIazdXfEykOlZqEvukMsR6pZW8m/ud1Ez24dlMm4kRTQRaLBglHOkKzCFDAJCWaTwzBRDJzKyIjLDHRJqi8CcFZfnmVNCtl57Jcva8Wa7dZHDk4hTO4AAeuoAZ3UIcGEJDwDK/wZj1ZL9a79bFoXbOymRP4A+vzB4GvkT8=</latexit>

Y d
1 , Y

d
2

<latexit sha1_base64="bs5pjGs26J7D7hz2ehXjZoAvQSI=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqiqBFXAWMRAxyLRh9SEyHHd1qrtRLaDVEVZ+BUWBhBi5TPY+BvcNgO0HOnqHp1zr+x7wphRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJbogUYVSQlqaakW4sCeIhI51wfDP1O49EKhqJez2Jic/RUNABxUgbKbCPeNCoeBXIg+t5SxsPXsyzwC47VWcGuEzcnJRBjmZgf3n9CCecCI0ZUqrnOrH2UyQ1xYxkJS9RJEZ4jIakZ6hAnCg/nR2QwVOj9OEgkqaEhjP190aKuFITHppJjvRILXpT8T+vl+jBlZ9SESeaCDx/aJAwqCM4TQP2qSRYs4khCEtq/grxCEmEtcmsZEJwF09eJu3zqntRrd3VyvXbPI4iOAYn4Ay44BLUQQM0QQtgkIFn8ArerCfrxXq3PuajBSvfOQR/YH3+AGa/lQs=</latexit>mH , mA, mH±

<latexit sha1_base64="0Wi9oud3X/sqcnBXhYpIX7pKMow="></latexit>

CXd
ij ⇠ (V †

dL
Y e
2 VdR)ij ⌘ ✏dij

<latexit sha1_base64="3HnI5d3qHysNOcc/NW5+rdPk3rY="></latexit>

CdL =
1

2N
V †
dL
XqLVdL , CdR =

1

2N
V †
dR

XdRVdR

<latexit sha1_base64="wXImMAb7B6EqyI7JMBKrzpPUl4A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwYWWRIq6LLjQZQV7gSaEk+mkHTq5MDMRSihufBU3LhRx61O4822cpllo6w8DH/85hzPn9xPOpLKsb6O0tLyyulZer2xsbm3vmLt7bRmngtAWiXksuj5IyllEW4opTruJoBD6nHb80fW03nmgQrI4ulfjhLohDCIWMAJKW555QLzMAZ4M4czxqYLJKSZeTp5ZtWpWLrwIdgFVVKjpmV9OPyZpSCNFOEjZs61EuRkIxQink4qTSpoAGcGA9jRGEFLpZvkJE3ysnT4OYqFfpHDu/p7IIJRyHPq6MwQ1lPO1qflfrZeq4MrNWJSkikZktihIOVYxnuaB+0xQovhYAxDB9F8xGYIAonRqFR2CPX/yIrTPa/ZFrX5XrzZuijjK6BAdoRNko0vUQLeoiVqIoEf0jF7Rm/FkvBjvxsestWQUM/voj4zPH6cRlvo=</latexit>c↵�� , c�

<latexit sha1_base64="JROyisQtTzTGl1oscB45DbzHksg=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAILkpJpKjLggtduKhiL9CGMJlM2qGTCzMTsYS8ihsXirj1Rdz5Nk7TLrT1h4GP/5zDOfN7CWdSWda3sbK6tr6xWdoqb+/s7u2bB5WOjFNBaJvEPBY9D0vKWUTbiilOe4mgOPQ47Xrjq2m9+0iFZHH0oCYJdUI8jFjACFbacs1Kx8189z6vDWqowNvcNatW3SqElsGeQxXmarnm18CPSRrSSBGOpezbVqKcDAvFCKd5eZBKmmAyxkPa1xjhkEonK27P0Yl2fBTEQr9IocL9PZHhUMpJ6OnOEKuRXKxNzf9q/VQFl07GoiRVNCKzRUHKkYrRNAjkM0GJ4hMNmAimb0VkhAUmSsdV1iHYi19ehs5Z3T6vN+4a1eb1PI4SHMExnIINF9CEG2hBGwg8wTO8wpuRGy/Gu/Exa10x5jOH8EfG5w/rnJO/</latexit>

VdR , VdL

??

<latexit sha1_base64="3HGIB8gZg4fHW4ZeKAiydv7Q6GQ="></latexit>

�XqY
d
1,2 + Y d

1,2Xd � X1,2Y
d
1,2 = 0

Imposing PQ-invariance:
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<latexit sha1_base64="N0YekQVio9vm10EhfBV/sRz9j2o=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VQKCWRoi4LLnThoop9QBPCZDJph04ezkyEEvINbvwVNy4UcevKnX/jpM2ith6Y4XDOvdx7jxszKqRh/GilpeWV1bXyemVjc2t7R9/d64go4Zi0ccQi3nORIIyGpC2pZKQXc4ICl5GuO7rM/e4j4YJG4b0cx8QO0CCkPsVIKsnRT6wAySFGLO1lTvrg3GQ1aNUs9c3qnnOXOXrVqBsTwEViFqQKCrQc/dvyIpwEJJSYISH6phFLO0VcUsxIVrESQWKER2hA+oqGKCDCTicnZfBIKR70I65eKOFEne1IUSDEOHBVZb6omPdy8T+vn0j/wk5pGCeShHg6yE8YlBHM84Ee5QRLNlYEYU7VrhAPEUdYqhQrKgRz/uRF0jmtm2f1xm2j2rwq4iiDA3AIjoEJzkETXIMWaAMMnsALeAPv2rP2qn1on9PSklb07IM/0L5+AQb3nbo=</latexit>XqL , XdR

<latexit sha1_base64="OlGIcT0Hdq0XQNUX7aSJTtq30AY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCBz1WtB/QhjLZbtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lo5kkzI9wKHnIKRorPYR97JcrbtWdg6wSLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBpqVeqlmCdIxD1rVUYsS0n81PnZIzqwxIGCtb0pC5+nsiw0jrSRTYzgjNSC97M/E/r5ua8NrPuExSwyRdLApTQUxMZn+TAVeMGjGxBKni9lZCR6iQGptOyYbgLb+8SloXVe+yWruvVeq3eRxFOIFTOAcPrqAOd9CAJlAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AE9c43M</latexit>

fa
<latexit sha1_base64="am41nC3VxMAOd4+El1i54WgZy2w=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KCUpRT0WPOixgv2iTcNms22XbjZhd6OU0P/hxYMiXv0v3vw3btsctPXBwOO9GWbm+TFnStv2t7W2vrG5tZ3bye/u7R8cFo6OmypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryxzczv/VIpWKReNCTmLohHgo2YARrI/U7ntMPSr0S6niVfuAVinbZngOtEicjRchQ9wpfvSAiSUiFJhwr1XXsWLsplpoRTqf5XqJojMkYD2nXUIFDqtx0fvUUnRslQINImhIazdXfEykOlZqEvukMsR6pZW8m/ud1Ez24dlMm4kRTQRaLBglHOkKzCFDAJCWaTwzBRDJzKyIjLDHRJqi8CcFZfnmVNCtl57Jcva8Wa7dZHDk4hTO4AAeuoAZ3UIcGEJDwDK/wZj1ZL9a79bFoXbOymRP4A+vzB4GvkT8=</latexit>

Y d
1 , Y

d
2

<latexit sha1_base64="bs5pjGs26J7D7hz2ehXjZoAvQSI=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqiqBFXAWMRAxyLRh9SEyHHd1qrtRLaDVEVZ+BUWBhBi5TPY+BvcNgO0HOnqHp1zr+x7wphRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJbogUYVSQlqaakW4sCeIhI51wfDP1O49EKhqJez2Jic/RUNABxUgbKbCPeNCoeBXIg+t5SxsPXsyzwC47VWcGuEzcnJRBjmZgf3n9CCecCI0ZUqrnOrH2UyQ1xYxkJS9RJEZ4jIakZ6hAnCg/nR2QwVOj9OEgkqaEhjP190aKuFITHppJjvRILXpT8T+vl+jBlZ9SESeaCDx/aJAwqCM4TQP2qSRYs4khCEtq/grxCEmEtcmsZEJwF09eJu3zqntRrd3VyvXbPI4iOAYn4Ay44BLUQQM0QQtgkIFn8ArerCfrxXq3PuajBSvfOQR/YH3+AGa/lQs=</latexit>mH , mA, mH±

<latexit sha1_base64="0Wi9oud3X/sqcnBXhYpIX7pKMow="></latexit>

CXd
ij ⇠ (V †

dL
Y e
2 VdR)ij ⌘ ✏dij

<latexit sha1_base64="3HnI5d3qHysNOcc/NW5+rdPk3rY="></latexit>

CdL =
1

2N
V †
dL
XqLVdL , CdR =

1

2N
V †
dR

XdRVdR

<latexit sha1_base64="wXImMAb7B6EqyI7JMBKrzpPUl4A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwYWWRIq6LLjQZQV7gSaEk+mkHTq5MDMRSihufBU3LhRx61O4822cpllo6w8DH/85hzPn9xPOpLKsb6O0tLyyulZer2xsbm3vmLt7bRmngtAWiXksuj5IyllEW4opTruJoBD6nHb80fW03nmgQrI4ulfjhLohDCIWMAJKW555QLzMAZ4M4czxqYLJKSZeTp5ZtWpWLrwIdgFVVKjpmV9OPyZpSCNFOEjZs61EuRkIxQink4qTSpoAGcGA9jRGEFLpZvkJE3ysnT4OYqFfpHDu/p7IIJRyHPq6MwQ1lPO1qflfrZeq4MrNWJSkikZktihIOVYxnuaB+0xQovhYAxDB9F8xGYIAonRqFR2CPX/yIrTPa/ZFrX5XrzZuijjK6BAdoRNko0vUQLeoiVqIoEf0jF7Rm/FkvBjvxsestWQUM/voj4zPH6cRlvo=</latexit>c↵�� , c�

<latexit sha1_base64="JROyisQtTzTGl1oscB45DbzHksg=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAILkpJpKjLggtduKhiL9CGMJlM2qGTCzMTsYS8ihsXirj1Rdz5Nk7TLrT1h4GP/5zDOfN7CWdSWda3sbK6tr6xWdoqb+/s7u2bB5WOjFNBaJvEPBY9D0vKWUTbiilOe4mgOPQ47Xrjq2m9+0iFZHH0oCYJdUI8jFjACFbacs1Kx8189z6vDWqowNvcNatW3SqElsGeQxXmarnm18CPSRrSSBGOpezbVqKcDAvFCKd5eZBKmmAyxkPa1xjhkEonK27P0Yl2fBTEQr9IocL9PZHhUMpJ6OnOEKuRXKxNzf9q/VQFl07GoiRVNCKzRUHKkYrRNAjkM0GJ4hMNmAimb0VkhAUmSsdV1iHYi19ehs5Z3T6vN+4a1eb1PI4SHMExnIINF9CEG2hBGwg8wTO8wpuRGy/Gu/Exa10x5jOH8EfG5w/rnJO/</latexit>

VdR , VdL

<latexit sha1_base64="3HGIB8gZg4fHW4ZeKAiydv7Q6GQ="></latexit>

�XqY
d
1,2 + Y d

1,2Xd � X1,2Y
d
1,2 = 0

Imposing PQ-invariance:

<latexit sha1_base64="iiug9+ZCp3ngBxSMeqmYOn3jIPs="></latexit>

✏dij =
2
p
2

vs�

⇣
�CdLM̂d + M̂dCdR

⌘

ij
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Flavour-violating axion

5

UVIR

<latexit sha1_base64="OlGIcT0Hdq0XQNUX7aSJTtq30AY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCBz1WtB/QhjLZbtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lo5kkzI9wKHnIKRorPYR97JcrbtWdg6wSLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBpqVeqlmCdIxD1rVUYsS0n81PnZIzqwxIGCtb0pC5+nsiw0jrSRTYzgjNSC97M/E/r5ua8NrPuExSwyRdLApTQUxMZn+TAVeMGjGxBKni9lZCR6iQGptOyYbgLb+8SloXVe+yWruvVeq3eRxFOIFTOAcPrqAOd9CAJlAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AE9c43M</latexit>

fa

<latexit sha1_base64="bs5pjGs26J7D7hz2ehXjZoAvQSI=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqiqBFXAWMRAxyLRh9SEyHHd1qrtRLaDVEVZ+BUWBhBi5TPY+BvcNgO0HOnqHp1zr+x7wphRpR3n2yqsrK6tbxQ3S1vbO7t79v5BW0WJxKSFIxbJbogUYVSQlqaakW4sCeIhI51wfDP1O49EKhqJez2Jic/RUNABxUgbKbCPeNCoeBXIg+t5SxsPXsyzwC47VWcGuEzcnJRBjmZgf3n9CCecCI0ZUqrnOrH2UyQ1xYxkJS9RJEZ4jIakZ6hAnCg/nR2QwVOj9OEgkqaEhjP190aKuFITHppJjvRILXpT8T+vl+jBlZ9SESeaCDx/aJAwqCM4TQP2qSRYs4khCEtq/grxCEmEtcmsZEJwF09eJu3zqntRrd3VyvXbPI4iOAYn4Ay44BLUQQM0QQtgkIFn8ArerCfrxXq3PuajBSvfOQR/YH3+AGa/lQs=</latexit>mH , mA, mH±

<latexit sha1_base64="0Wi9oud3X/sqcnBXhYpIX7pKMow="></latexit>

CXd
ij ⇠ (V †

dL
Y e
2 VdR)ij ⌘ ✏dij

<latexit sha1_base64="3HnI5d3qHysNOcc/NW5+rdPk3rY="></latexit>

CdL =
1

2N
V †
dL
XqLVdL , CdR =

1

2N
V †
dR

XdRVdR

<latexit sha1_base64="wXImMAb7B6EqyI7JMBKrzpPUl4A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwYWWRIq6LLjQZQV7gSaEk+mkHTq5MDMRSihufBU3LhRx61O4822cpllo6w8DH/85hzPn9xPOpLKsb6O0tLyyulZer2xsbm3vmLt7bRmngtAWiXksuj5IyllEW4opTruJoBD6nHb80fW03nmgQrI4ulfjhLohDCIWMAJKW555QLzMAZ4M4czxqYLJKSZeTp5ZtWpWLrwIdgFVVKjpmV9OPyZpSCNFOEjZs61EuRkIxQink4qTSpoAGcGA9jRGEFLpZvkJE3ysnT4OYqFfpHDu/p7IIJRyHPq6MwQ1lPO1qflfrZeq4MrNWJSkikZktihIOVYxnuaB+0xQovhYAxDB9F8xGYIAonRqFR2CPX/yIrTPa/ZFrX5XrzZuijjK6BAdoRNko0vUQLeoiVqIoEf0jF7Rm/FkvBjvxsestWQUM/voj4zPH6cRlvo=</latexit>c↵�� , c�

<latexit sha1_base64="3HGIB8gZg4fHW4ZeKAiydv7Q6GQ="></latexit>

�XqY
d
1,2 + Y d

1,2Xd � X1,2Y
d
1,2 = 0

Imposing PQ-invariance:

<latexit sha1_base64="iiug9+ZCp3ngBxSMeqmYOn3jIPs="></latexit>

✏dij =
2
p
2

vs�

⇣
�CdLM̂d + M̂dCdR

⌘

ij
<latexit sha1_base64="QiQn1CvcCorHyIi8W4WwcuyaqtQ=">AAAB+3icbZBLSwMxFIXv+Kz1Ndalm2ARXJQyI0VdFgriwkUV+4B2GDKZtA3NPEgyYhkG/CVuXCji1j/izn9jOu1CWw8EPs65ITfHizmTyrK+jZXVtfWNzcJWcXtnd2/fPCi1ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbN6Z554EKyaLwXk1i6gR4GLIBI1hpyzVLDTf13Zus0q+gHO8y1yxbVSsXWgZ7DmWYq+maX30/IklAQ0U4lrJnW7FyUiwUI5xmxX4iaYzJGA9pT2OIAyqdNN89Qyfa8dEgEvqECuXu7xspDqScBJ6eDLAaycVsav6X9RI1uHRSFsaJoiGZPTRIOFIRmhaBfCYoUXyiARPB9K6IjLDAROm6iroEe/HLy9A+q9rn1dptrVy/eprVUYAjOIZTsOEC6nANTWgBgUd4hld4MzLjxXg3PmajK8a8wkP4I+PzB9XAlBg=</latexit>

CdL , CdR
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Quark flavour connection

6

<latexit sha1_base64="y67Z1EDNPQlzjVz2HwEthwecRWs="></latexit>

d

s

d

s

H,A
K

0
K

0

<latexit sha1_base64="UxmkJipFgFrpz1JxQAVIX2V+jOc="></latexit>

2|MNP
12 |

3.5 · 10�15 GeV
⇠

✓
4TeV

s2� mH

◆2 ����
✏d12✏

d ⇤
21

y2
s
�2

���� ,
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<latexit sha1_base64="6jsJqfBqBk+BO1o0yMmUf7khtbY="></latexit>

K±
a

⇡±

Quark flavour connection

6

<latexit sha1_base64="y67Z1EDNPQlzjVz2HwEthwecRWs="></latexit>

d

s

d

s

H,A
K

0
K

0

<latexit sha1_base64="UxmkJipFgFrpz1JxQAVIX2V+jOc="></latexit>

2|MNP
12 |

3.5 · 10�15 GeV
⇠

✓
4TeV

s2� mH

◆2 ����
✏d12✏

d ⇤
21

y2
s
�2

���� ,
<latexit sha1_base64="kfpjVyJw7sqDEWfpXOoL89PfkTM="></latexit>

Br(K+ ! ⇡+ a) = (GF fK |Vus|2)�2m
2
K

f2
a

|CV
sd|2
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<latexit sha1_base64="6jsJqfBqBk+BO1o0yMmUf7khtbY="></latexit>

K±
a

⇡±

Quark flavour connection

6

<latexit sha1_base64="y67Z1EDNPQlzjVz2HwEthwecRWs="></latexit>

d

s

d

s

H,A
K

0
K

0

<latexit sha1_base64="UxmkJipFgFrpz1JxQAVIX2V+jOc="></latexit>

2|MNP
12 |

3.5 · 10�15 GeV
⇠

✓
4TeV

s2� mH

◆2 ����
✏d12✏

d ⇤
21

y2
s
�2

���� ,

<latexit sha1_base64="TqYAnRXebFQsNA0h3J+bvL88Bsc="></latexit>

✏dij =

p
2

vs�
(�CdLM̂d + M̂dCdR)ij

<latexit sha1_base64="kfpjVyJw7sqDEWfpXOoL89PfkTM="></latexit>

Br(K+ ! ⇡+ a) = (GF fK |Vus|2)�2m
2
K

f2
a

|CV
sd|2
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<latexit sha1_base64="6jsJqfBqBk+BO1o0yMmUf7khtbY="></latexit>

K±
a

⇡±

Quark flavour connection

6

<latexit sha1_base64="y67Z1EDNPQlzjVz2HwEthwecRWs="></latexit>

d

s

d

s

H,A
K

0
K

0

<latexit sha1_base64="9aKUxfO6nE0ALlvkMK985S+mu8I="></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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Quark flavour connection

7

<latexit sha1_base64="9aKUxfO6nE0ALlvkMK985S+mu8I="></latexit>✓
fa

1011 GeV

◆2 ✓ 1TeV

s2� mH

◆2 ✓Br(K ! ⇡a)

7.3 · 10�11

◆
=

2 |MNP
12 |

3.5 · 10�15 GeV

Flavour violation in the   transitions → d
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7.3 · 10�11

◆
=

2 |MNP
12 |

3.5 · 10�15 GeV
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Quark flavour connection

7

<latexit sha1_base64="9aKUxfO6nE0ALlvkMK985S+mu8I="></latexit>✓
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◆2 ✓ 1TeV
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◆
=

2 |MNP
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Quark flavour connection
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<latexit sha1_base64="9aKUxfO6nE0ALlvkMK985S+mu8I="></latexit>✓
fa

1011 GeV

◆2 ✓ 1TeV

s2� mH

◆2 ✓Br(K ! ⇡a)
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◆
=
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Quark flavour connection

7

<latexit sha1_base64="9aKUxfO6nE0ALlvkMK985S+mu8I="></latexit>✓
fa

1011 GeV

◆2 ✓ 1TeV

s2� mH

◆2 ✓Br(K ! ⇡a)
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◆
=

2 |MNP
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Quark flavour connection

7

<latexit sha1_base64="9aKUxfO6nE0ALlvkMK985S+mu8I="></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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Quark flavour connection

8

<latexit sha1_base64="SSMB7Vphf+KL2Br+hLdx46y8UpM="></latexit>✓
fa

8.8 · 107 GeV

◆2 ✓ 1TeV

s2� mH

◆2 ✓Br(B ! Ka)

7.1 · 10�6

◆
=

2 |MNP
12 |

1.2 · 10�11 GeV

Flavour violation in the  transition b → s
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Quark flavour connection

8

<latexit sha1_base64="SSMB7Vphf+KL2Br+hLdx46y8UpM="></latexit>✓
fa

8.8 · 107 GeV

◆2 ✓ 1TeV

s2� mH

◆2 ✓Br(B ! Ka)

7.1 · 10�6

◆
=

2 |MNP
12 |

1.2 · 10�11 GeV
<latexit sha1_base64="T6YucY116V9J5lHdR8hHTqXvMUU=">AAAB/3icdVDBSiNBEO1RV2PW1ajgxUuzQfCwDD0xxjmKXjxGMFHIhNDTqWhj98zQXSOGMQd/xYsHRbz6G978Gzsxgi67Dwoe71VRVS/OlLTI2Js3Mzv3Y36htFj+ufRreaWyuta2aW4EtESqUnMWcwtKJtBCiQrOMgNcxwpO48vDsX96BcbKNDnBYQZdzc8TOZCCo5N6lY3ISk0DFv2hEcI1Gl2cQHvUq1SZHzJWr9Up89lOLQwbY7K72whDGvhsgiqZotmrvEb9VOQaEhSKW9sJWIbdghuUQsGoHOUWMi4u+Tl0HE24BtstJveP6JZT+nSQGlcJ0on6daLg2tqhjl2n5nhh//bG4r+8To6DsFvIJMsREvGxaJAriikdh0H70oBANXSECyPdrVRccMMFusjKLoTPT+n/SbvmBw2/flyv7h9M4yiRTfKbbJOA7JF9ckSapEUEuSF35IE8erfevffkPX+0znjTmXXyDd7LO09BlbI=</latexit>

⇠ 10TeV

Flavour violation in the  transition b → s
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Take-home message

9

• Model independent 1-to-1 correspondence of FV observables between the UV and IR 

• No assumption on the Yukawas or charges is needed 

• Information on one sector is relevant to the other!

<latexit sha1_base64="kDPtay8hPOkVyGeZX0hUCqFnAp8=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiRS1GXRjcsK9gFNCDfTSTt08mBmIpSQhRt/xY0LRdz6Ee78GydtFtp64MLhnHtn7j1+wplUlvVtVNbWNza3qtu1nd29/QPz8Kgn41QQ2iUxj8XAB0k5i2hXMcXpIBEUQp/Tvj+9Kfz+AxWSxdG9miXUDWEcsYARUFryzLoTCCCZk4BQDLjnhCmGPAs8yLFnNqymNQdeJXZJGqhExzO/nFFM0pBGinCQcmhbiXKz4mnCaV5zUkkTIFMY06GmEYRUutn8iByfamWEg1joihSeq78nMgilnIW+7gxBTeSyV4j/ecNUBVduxqIkVTQii4+ClGMV4yIRPGKCEsVnmgARTO+KyQR0KkrnVtMh2Msnr5LeedO+aLbuWo32dRlHFdXRCTpDNrpEbXSLOqiLCHpEz+gVvRlPxovxbnwsWitGOXOM/sD4/AEGS5hX</latexit>

@µa

fa

<latexit sha1_base64="k0bRYKKvJMZxU2+VLDTulqu2xQA=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFhUSQ1UlqALGAkvHItGH1ITKcZ3Wqu1EtoNUon4JCwMIsfIpbPwNTpsBWo50r47OuVe+PkHMqNKO820V1tY3NreK26Wd3b39sn1w2FFRIjFp44hFshcgRRgVpK2pZqQXS4J4wEg3mNxmfveRSEUjca+nMfE5GgkaUoy0kQZ2uVn1qvA6a80HL+YDu+LUnDngKnFzUgE5WgP7yxtGOOFEaMyQUn3XibWfIqkpZmRW8hJFYoQnaET6hgrEifLT+eEzeGqUIQwjaUpoOFd/b6SIKzXlgZnkSI/VspeJ/3n9RIdXfkpFnGgi8OKhMGFQRzBLAQ6pJFizqSEIS2puhXiMJMLaZFUyIbjLX14lnfOae1Gr39UrjZs8jiI4BifgDLjgEjRAE7RAG2CQgGfwCt6sJ+vFerc+FqMFK985An9gff4A8bmRWg==</latexit>

H, A, H
±
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Take-home message

9

• Model independent 1-to-1 correspondence of FV observables between the UV and IR 

• No assumption on the Yukawas or charges is needed 

• Information on one sector is relevant to the other!

Thanks for your attention!

<latexit sha1_base64="kDPtay8hPOkVyGeZX0hUCqFnAp8=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiRS1GXRjcsK9gFNCDfTSTt08mBmIpSQhRt/xY0LRdz6Ee78GydtFtp64MLhnHtn7j1+wplUlvVtVNbWNza3qtu1nd29/QPz8Kgn41QQ2iUxj8XAB0k5i2hXMcXpIBEUQp/Tvj+9Kfz+AxWSxdG9miXUDWEcsYARUFryzLoTCCCZk4BQDLjnhCmGPAs8yLFnNqymNQdeJXZJGqhExzO/nFFM0pBGinCQcmhbiXKz4mnCaV5zUkkTIFMY06GmEYRUutn8iByfamWEg1joihSeq78nMgilnIW+7gxBTeSyV4j/ecNUBVduxqIkVTQii4+ClGMV4yIRPGKCEsVnmgARTO+KyQR0KkrnVtMh2Msnr5LeedO+aLbuWo32dRlHFdXRCTpDNrpEbXSLOqiLCHpEz+gVvRlPxovxbnwsWitGOXOM/sD4/AEGS5hX</latexit>
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[Di Luzio, Mescia, Nardi, Panci, Ziegler 1712.04940] 
 [Björkeroth, Di Luzio, Mescia, Nardi, Panci, Ziegler 1907.06575] 

[Di Luzio, Mescia, Nardi, Okawa 2205.15326]

Astrophobia: nucleophobia + electrophobia
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⇠ O(10)

Astrophobic Models

13

Astrophobic models

• Can saturate the best fit: cooling anomalies + astrophysical bounds* 
• Improved sensitivity for IAXO 
• Flavour violation is a consequence!

* [Di Luzio, Fedele, Giannotti, Mescia, Nardi 2109.10368]

https://arxiv.org/abs/1712.04940
https://arxiv.org/abs/1907.06575
https://arxiv.org/abs/2205.15326
https://arxiv.org/abs/2109.10368
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• Tuning: large mixing angles in the leptonic sector can cancel the electron coupling. 

• 3HDM: see 

Astrophobic axions
• Astrophobic scenario: nucleophobia + electrophobia
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Implementing nucleophobia:

Implementing electrophobia:

[Björkeroth, Di Luzio, Mescia, Nardi, Panci, Ziegler 1907.06575] 
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Non-universal charges required
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[Di Luzio, Mescia, Nardi, Panci, Ziegler 1712.04940] 

https://arxiv.org/abs/1907.06575
https://arxiv.org/abs/1712.04940
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Common problem to invisible axion models. 

Possible solution: use “ultra-weak” couplings 
which allows to separate the scales in a “technically natural way” 
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[Foot, Kobakhidze, McDonald, Volkas 1310.0223]
[Volkas, Davies, Joshi PLB 215 1988]

https://arxiv.org/abs/1310.0223
https://www.sciencedirect.com/science/article/abs/pii/0370269388910842?via=ihub
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Two ways of achieving alignment:

Decoupling:
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<latexit sha1_base64="j3iZChn6mSPKUvFUnKkdIDxcLig=">AAAB9XicbVDLSgMxFL1TX7W+qi67CRbBVZkRqS4Lgrhw0YJ9QGcsmUymDc08SDJKGQqCP+HGhSJu9VvcuXDrd5hOXWjrgZDDOSfk3uPGnEllmh9GbmFxaXklv1pYW9/Y3Cpu77RklAhCmyTikei4WFLOQtpUTHHaiQXFgctp2x2eTvz2NRWSReGlGsXUCXA/ZD4jWGnpyr7QUQ/3qraKkNkrls2KmQHNE+uHlGulr0bw9nlX7xXfbS8iSUBDRTiWsmuZsXJSLBQjnI4LdiJpjMkQ92lX0xAHVDppNvUY7WvFQ34k9AkVytTfL1IcSDkKXJ0MsBrIWW8i/ud1E+WfOCkL40TRkEw/8hOO9IqTCpDHBCWKjzTBRDA9KyIDLDBRuqiCLsGaXXmetA4rVrVy1NBtnN1ChjyUYA8OwIJjqME51KEJBATcwyM8GTfGg/FsvEyjOWN6wy78gfH6DQNnll8=</latexit>

⇤6 ! 0
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m2
h ' ⇤1

v2

2

The new scalars can be 
at the EW scale
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Some mild deviations at ATLAS
<latexit sha1_base64="LzcgUTPeGXztTsr5geie1YiHnrI="></latexit>

BR(h ! ⌧e) = 0.09± 0.06%
<latexit sha1_base64="Q0z+9zYxg6a2DMry7yUyG6rKe4o="></latexit>

BR(h ! ⌧µ) = 0.11+0.05
�0.04 %

[ATLAS 2302.05225]

https://arxiv.org/abs/2302.05225
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Astrophobic M1 model:

Yukawa textures
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<latexit sha1_base64="+as1IBy2oln/IXKaJJc1E0DnkfA="></latexit>

XqL = diag(0, 0, 1), XuR = diag(s2� , s
2
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2
�)

XdR =diag(c2� , c
2
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2
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Astrophobic M4 model:

<latexit sha1_base64="ayuIxRnq4DlwLcNaKs9chP/+zwQ="></latexit>

XqL = diag(0, 0, 0), XuR = diag(s2� , s
2
� , s

2
�)

XdR =diag(c2� , �s2� , �s2�)
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Assumption

<latexit sha1_base64="ygZOq6MW9SWmkPe7vNj7IsZN2s8=">AAACBXicbZDLSgMxFIbPeK31VnXhQheDRXAhZUZE3QiFgggqqNhWaMuQyaRtaOZCckYsw4B04wv4EG5cKOLWd3Dnc/gCpq0LbwdCPv7/HJLzu5HgCi3r3RgZHRufmMxMZadnZufmcwuLFRXGkrIyDUUoL12imOABKyNHwS4jyYjvClZ1O6W+X71iUvEwuMBuxBo+aQW8ySlBLTm51YqTeM7xpuecp/ua68iuUfpJ6egkTZ1c3ipYgzL/gv0F+WLhw7pb7S2fOrm3uhfS2GcBUkGUqtlWhI2ESORUsDRbjxWLCO2QFqtpDIjPVCMZbJGa61rxzGYo9QnQHKjfJxLiK9X1Xd3pE2yr315f/M+rxdjcayQ8iGJkAR0+1IyFiaHZj8T0uGQURVcDoZLrv5q0TSShqIPL6hDs3yv/hcpWwd4pbJ/pNA5uYFAZWIE12AAbdqEIh3AKZaDQg3t4hCfj1ngwno2XYeuIMbxhCX6U8foJYAWb4A==</latexit>

VdL,dR = VCKM
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VdL,dR = VCKM


