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Motivation
• Many reasons for a Flavour-Violating (FV) axion: 

• Phenomenology: 

• Astrophobic scenario:  

• Flavour Connections:  

• Froggatt-Nielsen axion: Flaxion/Axiflavon  

• Quality Problem and Flavour
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[Ema, Hamaguchi, Moroi, Nakayama '16] 
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Motivation

A FV axion (IR) implies the existence of flavour violating UV completion

If an axion is observed in a FV golden channel, e.g.                  would it 
possible to obtain any information about the UV modes?
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K ! ⇡ a

related work by [Badziak, di Cortona, Tabet, Ziegler '21]

https://arxiv.org/abs/2107.09708
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DFSZ-like Axion
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<latexit sha1_base64="Nx83VPTTSbUKc7bXzX+/HuFxFB4=">AAACGHicbZDNSgMxFIXv+Ftr1apLEYJFEBdlRkVdFgRxWcH+QFtKkmbaYCYzJhmxDAXBla/gG4g7fQF34tadex/ETKtg1QshH+fccG8OiQTXxnXfnYnJqemZ2cxcdj63sLiUX16p6jBWlFVoKEJVJ1gzwSWrGG4Eq0eK4YAIViPnR6lfu2RK81CemX7EWgHuSu5zio2V2vn1Ju3xto+akl2gbw6w6RGSeIN2vuAW3WGhv+B9QaG0vVu4esjdltv5j2YnpHHApKECa93w3Mi0EqwMp4INss1YswjTc9xlDYsSB0y3kuE3BmjTKh3kh8oeadBQ/fkiwYHW/YDYznRD/dtLxf+8Rmz8w1bCZRQbJulokB8LZEKUZoI6XDFqRN8CporbXRHtYYWpscmNTSEkFJ00Fu93CH+hulP09ot7pzaf42sYVgbWYAO2wIMDKMEJlKECFG7gHh7hyblznp0X53XUOuGMbliFsXLePgGMI6NH</latexit>
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DFSZ-like Axion
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In the UV (completion)

<latexit sha1_base64="1CLljaHm08HeL7pCPj8PLMU2BA4="></latexit>
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In the UV (completion)
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In the UV (completion)
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In the UV (completion)
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✏dij ⌘ (V †
dL
Y d
2 VdR)ij

Condition for FV:
<latexit sha1_base64="lxHYdKGrTe2UPDTHHnZvGPQrcmI=">AAACF3icbZDLSgMxFIYz9VbrbdSdboJFqJsyU4q6LAjiRqhgL9IZh0wmbUMzyZBkhDIU+hq+gFt9A3fi1qUv4HOYXhZa/SHw858TzjlfmDCqtON8Wrml5ZXVtfx6YWNza3vH3t1rKpFKTBpYMCHbIVKEUU4ammpG2okkKA4ZaYWDi0m99UCkooLf6mFC/Bj1OO1SjLSJAvvgOoigx4X2EikSLeDdfRRkbqlyMgrsolN2poJ/jTs3RTBXPbC/vEjgNCZcY4aU6rhOov0MSU0xI6OClyqSIDxAPdIxlqOYKD+b3jCCxyaJYFdI87iG0/TnjwzFSg3j0HTGSPfVYm0S/lvDiGPCFqbr7rmfUZ6kmnA8G95NGTT3TyDBiEqCNRsag7CkZn+I+0girA3KggHjLmL4a5qVsntart5Ui7XL8QxRHhyCI1ACLjgDNXAF6qABMBiDJ/AMXqxH69V6s95nrTlrjnUf/JL18Q2N7J+0</latexit>

Md 6/ Y d
1(2)

<latexit sha1_base64="32h8WkQ7sGonfkevg7QlrNWuWkM="></latexit>

LIR =
@µa

fa

⇣
d̄L�

µV †
dL
�qVdLdL + d̄R�

µV †
dR

�dRVdRdR
⌘

In the IR

Condition for FV:
<latexit sha1_base64="Nx83VPTTSbUKc7bXzX+/HuFxFB4=">AAACGHicbZDNSgMxFIXv+Ftr1apLEYJFEBdlRkVdFgRxWcH+QFtKkmbaYCYzJhmxDAXBla/gG4g7fQF34tadex/ETKtg1QshH+fccG8OiQTXxnXfnYnJqemZ2cxcdj63sLiUX16p6jBWlFVoKEJVJ1gzwSWrGG4Eq0eK4YAIViPnR6lfu2RK81CemX7EWgHuSu5zio2V2vn1Ju3xto+akl2gbw6w6RGSeIN2vuAW3WGhv+B9QaG0vVu4esjdltv5j2YnpHHApKECa93w3Mi0EqwMp4INss1YswjTc9xlDYsSB0y3kuE3BmjTKh3kh8oeadBQ/fkiwYHW/YDYznRD/dtLxf+8Rmz8w1bCZRQbJulokB8LZEKUZoI6XDFqRN8CporbXRHtYYWpscmNTSEkFJ00Fu93CH+hulP09ot7pzaf42sYVgbWYAO2wIMDKMEJlKECFG7gHh7hyblznp0X53XUOuGMbliFsXLePgGMI6NH</latexit>

�f 6= �f1

diagonal matrices in flavour space
<latexit sha1_base64="rkwOwFJ84pzi1wxvoc9ZeDy4Fcw=">AAACAnicbZBLSwMxFIUz9VXra9SVuAkWoW7KjBQVVwVBXLbgtIVOGTJppg3NPEjuiGUouvCvuHGhiFt/hTv/jeljoa0HAh/n3JDc4yeCK7CsbyO3tLyyupZfL2xsbm3vmLt7DRWnkjKHxiKWLZ8oJnjEHOAgWCuRjIS+YE1/cDXOm3dMKh5HtzBMWCckvYgHnBLQlmceOCX7xMtcYPeQ1eqj0SV2aZ97AfbMolW2JsKLYM+giGaqeeaX241pGrIIqCBKtW0rgU5GJHAq2KjgpoolhA5Ij7U1RiRkqpNNVhjhY+10cRBLfSLAE/f3jYyESg1DX0+GBPpqPhub/2XtFIKLTsajJAUW0elDQSowxHjcB+5yySiIoQZCJdd/xbRPJKGgWyvoEuz5lRehcVq2z8qVeqVYvX6c1pFHh+gIlZCNzlEV3aAachBFD+gZvaI348l4Md6Nj+lozphVuI/+yPj8Aehcluk=</latexit>

U(1)PQ : �f

<latexit sha1_base64="bPS7XJw77/IoQFhJjH+G3oFDWm4="></latexit>

CR,L
d =

1

2N
V †
dR,L

�dR,LVdR,L

DFSZ-like Axion

4

???

<latexit sha1_base64="elUChBsqvRkzO+oi9V/NyWyQf1o="></latexit>

��qY
d
1,2 + Y d

1,2�d � �1,2Y
d
1,2 = 0

<latexit sha1_base64="/k50CQNJido6AHeOx9noXbv17ME="></latexit>

Md =
vp
2
c�Y

d
1 +

vp
2
s�Y

d
2

<latexit sha1_base64="LasY5Luq4lLEz6KHfcrCilUwF1E=">AAACDXicbZDNSsNAFIUn9a/Wv6hLN8Ei1E1JpKjLgiAuWzBtoS1lMr1th04mYeamWELBN/AF3OobuBO3PoMv4HM4/Vlo64GBwzl3uJcviAXX6LpfVmZtfWNzK7ud29nd2z+wD49qOkoUA59FIlKNgGoQXIKPHAU0YgU0DATUg+HNtK+PQGkeyXscx9AOaV/yHmcUTdSxbb/gnXfSFsIDppXqZNKx827RnclZNd7C5MlClY793epGLAlBIhNU66bnxthOqULOBExyrURDTNmQ9qFprKQh6HY6u3zinJmk6/QiZZ5EZ5b+/pHSUOtxGJjJkOJAL3fT8N+OUclALG3H3nU75TJOECSbL+8lwsHImaJxulwBQzE2hjLFzf0OG1BFGRqAOQPGW8awamoXRe+yWKqW8uXbxzmiLDkhp6RAPHJFyuSOVIhPGBmRZ/JCXq0n6816tz7moxlrgfWY/JH1+QOjSpwV</latexit>

U(1)PQ
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In the UV (completion)

<latexit sha1_base64="1CLljaHm08HeL7pCPj8PLMU2BA4="></latexit>

Md =
vp
2
c�Y

d
1 +

vp
2
s�Y

d
2

<latexit sha1_base64="5O51Pp950AtDvf7InE295gEdnVg="></latexit>

LPQ-2HDM

Y � q̄L(Y
d
1
H̃1 + Y

d
2
H̃2)dR

<latexit sha1_base64="fLwKmWETiAUh8X2H5paXt33Rvhw="></latexit>

✏dij ⌘ (V †
dL
Y d
2 VdR)ij

Condition for FV:
<latexit sha1_base64="lxHYdKGrTe2UPDTHHnZvGPQrcmI=">AAACF3icbZDLSgMxFIYz9VbrbdSdboJFqJsyU4q6LAjiRqhgL9IZh0wmbUMzyZBkhDIU+hq+gFt9A3fi1qUv4HOYXhZa/SHw858TzjlfmDCqtON8Wrml5ZXVtfx6YWNza3vH3t1rKpFKTBpYMCHbIVKEUU4ammpG2okkKA4ZaYWDi0m99UCkooLf6mFC/Bj1OO1SjLSJAvvgOoigx4X2EikSLeDdfRRkbqlyMgrsolN2poJ/jTs3RTBXPbC/vEjgNCZcY4aU6rhOov0MSU0xI6OClyqSIDxAPdIxlqOYKD+b3jCCxyaJYFdI87iG0/TnjwzFSg3j0HTGSPfVYm0S/lvDiGPCFqbr7rmfUZ6kmnA8G95NGTT3TyDBiEqCNRsag7CkZn+I+0girA3KggHjLmL4a5qVsntart5Ui7XL8QxRHhyCI1ACLjgDNXAF6qABMBiDJ/AMXqxH69V6s95nrTlrjnUf/JL18Q2N7J+0</latexit>

Md 6/ Y d
1(2)

<latexit sha1_base64="32h8WkQ7sGonfkevg7QlrNWuWkM="></latexit>

LIR =
@µa

fa

⇣
d̄L�

µV †
dL
�qVdLdL + d̄R�

µV †
dR

�dRVdRdR
⌘

In the IR

Condition for FV:
<latexit sha1_base64="Nx83VPTTSbUKc7bXzX+/HuFxFB4=">AAACGHicbZDNSgMxFIXv+Ftr1apLEYJFEBdlRkVdFgRxWcH+QFtKkmbaYCYzJhmxDAXBla/gG4g7fQF34tadex/ETKtg1QshH+fccG8OiQTXxnXfnYnJqemZ2cxcdj63sLiUX16p6jBWlFVoKEJVJ1gzwSWrGG4Eq0eK4YAIViPnR6lfu2RK81CemX7EWgHuSu5zio2V2vn1Ju3xto+akl2gbw6w6RGSeIN2vuAW3WGhv+B9QaG0vVu4esjdltv5j2YnpHHApKECa93w3Mi0EqwMp4INss1YswjTc9xlDYsSB0y3kuE3BmjTKh3kh8oeadBQ/fkiwYHW/YDYznRD/dtLxf+8Rmz8w1bCZRQbJulokB8LZEKUZoI6XDFqRN8CporbXRHtYYWpscmNTSEkFJ00Fu93CH+hulP09ot7pzaf42sYVgbWYAO2wIMDKMEJlKECFG7gHh7hyblznp0X53XUOuGMbliFsXLePgGMI6NH</latexit>

�f 6= �f1

diagonal matrices in flavour space
<latexit sha1_base64="rkwOwFJ84pzi1wxvoc9ZeDy4Fcw=">AAACAnicbZBLSwMxFIUz9VXra9SVuAkWoW7KjBQVVwVBXLbgtIVOGTJppg3NPEjuiGUouvCvuHGhiFt/hTv/jeljoa0HAh/n3JDc4yeCK7CsbyO3tLyyupZfL2xsbm3vmLt7DRWnkjKHxiKWLZ8oJnjEHOAgWCuRjIS+YE1/cDXOm3dMKh5HtzBMWCckvYgHnBLQlmceOCX7xMtcYPeQ1eqj0SV2aZ97AfbMolW2JsKLYM+giGaqeeaX241pGrIIqCBKtW0rgU5GJHAq2KjgpoolhA5Ij7U1RiRkqpNNVhjhY+10cRBLfSLAE/f3jYyESg1DX0+GBPpqPhub/2XtFIKLTsajJAUW0elDQSowxHjcB+5yySiIoQZCJdd/xbRPJKGgWyvoEuz5lRehcVq2z8qVeqVYvX6c1pFHh+gIlZCNzlEV3aAachBFD+gZvaI348l4Md6Nj+lozphVuI/+yPj8Aehcluk=</latexit>

U(1)PQ : �f

<latexit sha1_base64="bPS7XJw77/IoQFhJjH+G3oFDWm4="></latexit>

CR,L
d =

1

2N
V †
dR,L

�dR,LVdR,L

DFSZ-like Axion

4

???

<latexit sha1_base64="wRhJiM5oCP5ci4oBzRIp8MXcuYY="></latexit>

✏d = V †
dL
Y d
2 VdR =

p
2

vs�

⇣
�V †

dL
�qVdLM̂d + M̂dV

†
dR

�dVdR � �1M̂d

⌘

<latexit sha1_base64="elUChBsqvRkzO+oi9V/NyWyQf1o="></latexit>

��qY
d
1,2 + Y d

1,2�d � �1,2Y
d
1,2 = 0

<latexit sha1_base64="/k50CQNJido6AHeOx9noXbv17ME="></latexit>

Md =
vp
2
c�Y

d
1 +

vp
2
s�Y

d
2

<latexit sha1_base64="LasY5Luq4lLEz6KHfcrCilUwF1E=">AAACDXicbZDNSsNAFIUn9a/Wv6hLN8Ei1E1JpKjLgiAuWzBtoS1lMr1th04mYeamWELBN/AF3OobuBO3PoMv4HM4/Vlo64GBwzl3uJcviAXX6LpfVmZtfWNzK7ud29nd2z+wD49qOkoUA59FIlKNgGoQXIKPHAU0YgU0DATUg+HNtK+PQGkeyXscx9AOaV/yHmcUTdSxbb/gnXfSFsIDppXqZNKx827RnclZNd7C5MlClY793epGLAlBIhNU66bnxthOqULOBExyrURDTNmQ9qFprKQh6HY6u3zinJmk6/QiZZ5EZ5b+/pHSUOtxGJjJkOJAL3fT8N+OUclALG3H3nU75TJOECSbL+8lwsHImaJxulwBQzE2hjLFzf0OG1BFGRqAOQPGW8awamoXRe+yWKqW8uXbxzmiLDkhp6RAPHJFyuSOVIhPGBmRZ/JCXq0n6816tz7moxlrgfWY/JH1+QOjSpwV</latexit>

U(1)PQ
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<latexit sha1_base64="kT8DxP1VamwWpxoql6U23NSKQnc="></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 Connection
• In the particular set-up where the charges are 2 + 1 and in the alignment limit, one can easily 

relate flavour observables

5

For  all the details soon on the arXiv! 
[di Luzio, Guerrera, XPD, Rigolin '23]
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<latexit sha1_base64="kT8DxP1VamwWpxoql6U23NSKQnc="></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 Connection
• In the particular set-up where the charges are 2 + 1 and in the alignment limit, one can easily 

relate flavour observables

5

<latexit sha1_base64="2c5DLuZd6uJTETwm+09eKkz/fJI="></latexit>

K±
a

⇡±
For  all the details soon on the arXiv! 

[di Luzio, Guerrera, XPD, Rigolin '23]
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<latexit sha1_base64="kT8DxP1VamwWpxoql6U23NSKQnc="></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 Connection
• In the particular set-up where the charges are 2 + 1 and in the alignment limit, one can easily 

relate flavour observables

5

<latexit sha1_base64="H3nUwTkRV6HFbKnaVjX3BVI0N7U="></latexit>

d

s

d

s

H,A
K

0
K

0

<latexit sha1_base64="2c5DLuZd6uJTETwm+09eKkz/fJI="></latexit>

K±
a

⇡±
For  all the details soon on the arXiv! 

[di Luzio, Guerrera, XPD, Rigolin '23]
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Flavour Connection

6

bounds from [Camalich, Pospelov, Vuong, Ziegler, Zupan '20]

https://arxiv.org/abs/2002.04623
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Flavour Connection

6

bounds from [Camalich, Pospelov, Vuong, Ziegler, Zupan '20]

<latexit sha1_base64="bPLYQMQKLCI3IrslE6T6zycWEj8=">AAACEnicbZDLSgMxFIYzXmu9VcWVm2ARXEiZkaIuC4K4rNAbdErJpKdtaCYzJGfEMhR8CF/Arb6BO3HrC/gCPofpZaGtPwR+/v+Ec/iCWAqDrvvlLC2vrK6tZzaym1vbO7u5vf2aiRLNocojGelGwAxIoaCKAiU0Yg0sDCTUg8H1uK/fgzYiUhUcxtAKWU+JruAMbdTOHfpGhNRzXf+M+ggPmFagNmrn8m7BnYguGm9m8mSmcjv37XcinoSgkEtmTNNzY2ylTKPgEkZZPzEQMz5gPWhaq1gIppVOzh/RE5t0aDfS9imkk/T3j5SFxgzDwE6GDPtmvhuH/3acKQ5ybjt2r1qpUHGCoPh0eTeRFCM65kM7QgNHObSGcS3s/ZT3mWYcLcWsBePNY1g0tfOCd1Eo3hXzpZvHKaIMOSLH5JR45JKUyC0pkyrhJCXP5IW8Ok/Om/PufExHl5wZ1gPyR87nD3O1nYU=</latexit>

⇠ 100TeV

<latexit sha1_base64="L9JtdiRNdBl2m/2bmoM/0M9MJXI=">AAACEXicbZDLSsNAFIYn9V5v8bJzM1gEF1ISKepSEMRlhbYKJpTJ9ESHTiZh5kSsoeA7+AJu9Q3ciVufwBfwOZxeFlr9YeDn/89wDl+USWHQ8z6d0tT0zOzc/EJ5cWl5ZdVdW2+ZNNccmjyVqb6MmAEpFDRRoITLTANLIgkXUfdk0F/cgjYiVQ3sZRAm7FqJWHCGNmq7m4ERCfW9YI8GCHdYNKDVb7sVr+oNRf8af2wqZKx62/0KOinPE1DIJTPmyvcyDAumUXAJ/XKQG8gY77JruLJWsQRMWAyv79Mdm3RonGr7FNJh+vNHwRJjeklkJxOGN2ayG4T/dpwpDnJiO8ZHYSFUliMoPloe55JiSgd4aEdo4Ch71jCuhb2f8humGUcLsWzB+JMY/prWftU/qNbOa5Xj04cRonmyRbbJLvHJITkmZ6ROmoSTe/JEnsmL8+i8Om/O+2i05IyxbpBfcj6+Af1TnUs=</latexit>

⇠ 10TeV

https://arxiv.org/abs/2002.04623
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Conclusions
• We have shown a model independent way of parameterising the flavour violation between 

the IR and UV. 

• This allows you to relate UV-IR observables with their scales: 

• If we find a FV axion, we could say if it is possible to observe the UV modes at LHC. 

• More in the paper:  

• Analysis of 2HDM meson mixing with and without alignment limit,  

• Lepton Flavour Violation, 

• Model-dependent bounds.

7

<latexit sha1_base64="X44gRS+LlFnTtH8bFoBgUl2cKfA="></latexit>

(�m, Br) ! (mH , fa)



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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The Scalar Sector

9

<latexit sha1_base64="waZ1PfDuAYZR7OEqbOlVfLu+1v0="></latexit>

V (H1, H2,�) = µ
2
1|H1|2 + µ

2
2|H2|2 +

�1

2
|H1|4 +

�2

2
|H2|4 + �3|H1|2|H2|2

+�4(H
†
1H2)(H

†
2H1) +

�
�
1

2
|�|2|H1|2 +

�
�
2

2
|�|2|H2|2 + �

�
3

 
|�|2 �

v
2
�

2

!2

�
⇣
µ�H

†
2H1�+ h.c.

⌘

Common problem to invisible axion models. 

Possible solution: use “ultra-weak” couplings 
which allows to separate the scales in a “technically natural way” 

<latexit sha1_base64="ejDjVIdD41p0WrfwcMpaU6LhZP4="></latexit>

��
1,2 ⇠ v2/v2� , µ� ⇠ v2/v�

[Foot, Kobakhidze, McDonald, Volkas '13]

https://arxiv.org/abs/1310.0223
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Flavour Connection

10

<latexit sha1_base64="WyDKzYSGUOxuEQnd9I3rzanTK1w="></latexit>✓
fa

108 GeV

◆2 ✓ 1TeV

s2� mH

◆2 ✓Br(K ! ⇡a)

7.3 · 10�11

◆
10�6 =

2 |MNP
12 |

3.5 · 10�15 GeV
,

✓
fa

108 GeV

◆2 ✓ 1TeV

s2� mH

◆2 ✓Br(B ! ⇡a)

2.3 · 10�5

◆
12.8 =

2 |MNP
12 |

3.3 · 10�13 GeV
,

✓
fa

108 GeV

◆2 ✓ 1TeV

s2� mH

◆2 ✓Br(B ! Ka)

7.1 · 10�6

◆
1.3 =

2 |MNP
12 |

1.2 · 10�11 GeV
,

✓
fa

108 GeV

◆2 ✓ 1TeV

s2� mH

◆2 ✓Br(D ! ⇡a)

8 · 10�6

◆
72.5 =

2 |MNP
12 |

6.7 · 10�15 GeV
.
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Flavour Connection

11
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Flavour Connection

12
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Flavour Connection: LFV

13

<latexit sha1_base64="F8P9saR4XgiImISe1lQytQtTHNc="></latexit>

BR(h ! lilj) = BR(li ! a lj)
2mljmh

m2
li

�li

�h

f2
a

v2

✓
c↵��

c�s�

◆2

<latexit sha1_base64="SES6zxayqHtb+zkydAxQMR3Kosk="></latexit>

l±i
a

l±j

<latexit sha1_base64="NWSwBLOnYv+npYc+wezPncYxrjI="></latexit>

h
l+j

l�i
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Flavour Connection: LFV

13

<latexit sha1_base64="F8P9saR4XgiImISe1lQytQtTHNc="></latexit>

BR(h ! lilj) = BR(li ! a lj)
2mljmh

m2
li

�li

�h

f2
a

v2

✓
c↵��

c�s�

◆2

<latexit sha1_base64="SES6zxayqHtb+zkydAxQMR3Kosk="></latexit>

l±i
a

l±j

<latexit sha1_base64="NWSwBLOnYv+npYc+wezPncYxrjI="></latexit>

h
l+j

l�i

Where we can fix to the deviations:
<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 '23]

https://arxiv.org/abs/2302.05225
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Flavour Connection: LFV

14

<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 %
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<latexit sha1_base64="VtJap5BWG3FFS38T5IYoKe3jv3Y="></latexit>

Xq = diag (0, 0, 1) , Xu = diag (s2� , s
2
� , s

2
�) ,

Xd = diag (c2� , c
2
� , c

2
�) ,Xl = �Xq ,

Xe = �Xu .

<latexit sha1_base64="b/5kHY49XZ/mvs73oRr+Nac8yxo="></latexit>

Xq = diag (0, 0, 0) , Xu = diag (s2� , s
2
� , s

2
�) ,

Xd = diag (c2� , �s2� , �s2�) ,X` = �diag (0, 1, 1) ,

Xe = �Xu ,

<latexit sha1_base64="s+nrDHQYhiwLanzURyk7ggv94Wc="></latexit>

Y d
1 =

0

@
0 yd12 yd13
0 yd22 yd23
0 yd32 yd33

1

A , Y d
2 =

0

@
yd11 0 0
yd21 0 0
yd31 0 0

1

A

<latexit sha1_base64="itYbZJaHn+laWt83/LHH5F7se7A="></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
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