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!Neutrinos 
– What is the mechanism that gives small neutrinos masses?

– What is its particle nature: Dirac or Majorana?

– What is the origin of the flavor mixing structures?


!Dark Matter

– What is its nature? 


• Few properties known, but many candidates  
 

!How to make a model linking these questions?


!What are its experimental tests/constraints?

Open Questions
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<latexit sha1_base64="rm3JB4pCe3o1JWjvHYaI201/AsM=">AAACQHicbVBNT9wwEHUoLbCl7VKOXCxWSEigKKGVyhHBhSOgLiBtQjQxs8TCiSPbAUVW/lx75Q/wD+CEgBsnnG0OfHROb+Y9j9+8tBRcmyC49qY+TH/8NDM71/s8/+Xrt/7C90MtK8VwyKSQ6jgFjYIXODTcCDwuFUKeCjxKz3da/ugCleay+G3qEuMczgo+5gyMGyX9OJrssDUKIS+bXteyGoqmt5NYSJtoPZJuRfuDjZzshDWJPUigoW3XwtTB9Uhlkq7RKAeTqdxmPvObpD8I/GBS9D0IOzAgXe0l/avoVLIqx8IwAVqPwqA0sQVlOBPo7FUaS2DncIYjBwvIUcd24rmhK2OpqMmQTvqXWgu51nXufK609vRbrh3+jxtVZrwZW16UlcGCOYnjxpWgRtI2TXrKFTIjageAKe5cUpaBAmZc5j13fvj 22PfgcMMPf/gb+z8HW9tdELNkiSyTVRKSX2SL7JI9MiSM/CW35IE8en+8G+/Ou/8nnfK6N4vkVXlPz5t5sWY=</latexit>

O9 ⌘ `cRa`Rb

h
(DµH)T i�2H

i2
<latexit sha1_base64="sALR1mMCj6juh/aUA8n4YkSPpkg="></latexit>
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h
(DµH)T i�2H

i2
<latexit sha1_base64="ML6HbFWXSGUKUDwUnaLJSGWJoCc="></latexit>
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<latexit sha1_base64="ubcHZLvte8bd+5HCGk1FP15x+0k="></latexit>
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<latexit sha1_base64="mZpgRQc+Wcx54nfOBYcnN4odqio="></latexit>
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h
(DµH)T i�2H

i2
<latexit sha1_base64="dFU2JRwZFcMpHNc/zWN/kPQ/qVM="></latexit>
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h
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<latexit sha1_base64="KtlhOEQcLA95cxw5tWUqmnNCLzk="></latexit>
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⇢
++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit> ga `Ra(� · S) + h.c.
<latexit sha1_base64="e/ILSJFS1JctZcPu4SjtygyzV4Y="></latexit>

Cab `cRa`Rb ⇢+ h.c.
<latexit sha1_base64="rm3JB4pCe3o1JWjvHYaI201/AsM=">AAACQHicbVBNT9wwEHUoLbCl7VKOXCxWSEigKKGVyhHBhSOgLiBtQjQxs8TCiSPbAUVW/lx75Q/wD+CEgBsnnG0OfHROb+Y9j9+8tBRcmyC49qY+TH/8NDM71/s8/+Xrt/7C90MtK8VwyKSQ6jgFjYIXODTcCDwuFUKeCjxKz3da/ugCleay+G3qEuMczgo+5gyMGyX9OJrssDUKIS+bXteyGoqmt5NYSJtoPZJuRfuDjZzshDWJPUigoW3XwtTB9Uhlkq7RKAeTqdxmPvObpD8I/GBS9D0IOzAgXe0l/avoVLIqx8IwAVqPwqA0sQVlOBPo7FUaS2DncIYjBwvIUcd24rmhK2OpqMmQTvqXWgu51nXufK609vRbrh3+jxtVZrwZW16UlcGCOYnjxpWgRtI2TXrKFTIjageAKe5cUpaBAmZc5j13fvj 22PfgcMMPf/gb+z8HW9tdELNkiSyTVRKSX2SL7JI9MiSM/CW35IE8en+8G+/Ou/8nnfK6N4vkVXlPz5t5sWY=</latexit>

O9 ⌘ `cRa`Rb

h
(DµH)T i�2H

i2
<latexit sha1_base64="sALR1mMCj6juh/aUA8n4YkSPpkg="></latexit>
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h
(DµH)T i�2H

i2
<latexit sha1_base64="ML6HbFWXSGUKUDwUnaLJSGWJoCc="></latexit>

Class 2b
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<latexit sha1_base64="ubcHZLvte8bd+5HCGk1FP15x+0k="></latexit>
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l̄cR lR

<latexit sha1_base64="mZpgRQc+Wcx54nfOBYcnN4odqio="></latexit>

O
2a
BSM ⌘ SS

h
(DµH)T i�2H

i2
<latexit sha1_base64="dFU2JRwZFcMpHNc/zWN/kPQ/qVM="></latexit>

Class 2a

O
1
BSM ⌘ ⇢

h
(DµH)T i�2H

i2
<latexit sha1_base64="KtlhOEQcLA95cxw5tWUqmnNCLzk="></latexit>

Class 1
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⇢
++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit> ga `Ra(� · S) + h.c.
<latexit sha1_base64="e/ILSJFS1JctZcPu4SjtygyzV4Y="></latexit>

Cab `cRa`Rb ⇢+ h.c.
<latexit sha1_base64="rm3JB4pCe3o1JWjvHYaI201/AsM=">AAACQHicbVBNT9wwEHUoLbCl7VKOXCxWSEigKKGVyhHBhSOgLiBtQjQxs8TCiSPbAUVW/lx75Q/wD+CEgBsnnG0OfHROb+Y9j9+8tBRcmyC49qY+TH/8NDM71/s8/+Xrt/7C90MtK8VwyKSQ6jgFjYIXODTcCDwuFUKeCjxKz3da/ugCleay+G3qEuMczgo+5gyMGyX9OJrssDUKIS+bXteyGoqmt5NYSJtoPZJuRfuDjZzshDWJPUigoW3XwtTB9Uhlkq7RKAeTqdxmPvObpD8I/GBS9D0IOzAgXe0l/avoVLIqx8IwAVqPwqA0sQVlOBPo7FUaS2DncIYjBwvIUcd24rmhK2OpqMmQTvqXWgu51nXufK609vRbrh3+jxtVZrwZW16UlcGCOYnjxpWgRtI2TXrKFTIjageAKe5cUpaBAmZc5j13fvj 22PfgcMMPf/gb+z8HW9tdELNkiSyTVRKSX2SL7JI9MiSM/CW35IE8en+8G+/Ou/8nnfK6N4vkVXlPz5t5sWY=</latexit>

ga `Ra(� · S) + h.c.
<latexit sha1_base64="e/ILSJFS1JctZcPu4SjtygyzV4Y="></latexit>

O9 ⌘ `cRa`Rb

h
(DµH)T i�2H

i2
<latexit sha1_base64="sALR1mMCj6juh/aUA8n4YkSPpkg="></latexit>
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h
(DµH)T i�2H

i2
<latexit sha1_base64="ML6HbFWXSGUKUDwUnaLJSGWJoCc="></latexit>

Class 2b
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<latexit sha1_base64="ubcHZLvte8bd+5HCGk1FP15x+0k="></latexit>
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<latexit sha1_base64="mZpgRQc+Wcx54nfOBYcnN4odqio="></latexit>

O
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BSM ⌘ SS

h
(DµH)T i�2H

i2
<latexit sha1_base64="dFU2JRwZFcMpHNc/zWN/kPQ/qVM="></latexit>

Class 2a
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1
BSM ⌘ ⇢

h
(DµH)T i�2H

i2
<latexit sha1_base64="KtlhOEQcLA95cxw5tWUqmnNCLzk="></latexit>

Class 1
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⇢
++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit>

H
H

H
H

W W

l̄cR lR

⇢
++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit>

ga `Ra(� · S) + h.c.
<latexit sha1_base64="e/ILSJFS1JctZcPu4SjtygyzV4Y="></latexit>

Cab `cRa`Rb ⇢+ h.c.
<latexit sha1_base64="rm3JB4pCe3o1JWjvHYaI201/AsM=">AAACQHicbVBNT9wwEHUoLbCl7VKOXCxWSEigKKGVyhHBhSOgLiBtQjQxs8TCiSPbAUVW/lx75Q/wD+CEgBsnnG0OfHROb+Y9j9+8tBRcmyC49qY+TH/8NDM71/s8/+Xrt/7C90MtK8VwyKSQ6jgFjYIXODTcCDwuFUKeCjxKz3da/ugCleay+G3qEuMczgo+5gyMGyX9OJrssDUKIS+bXteyGoqmt5NYSJtoPZJuRfuDjZzshDWJPUigoW3XwtTB9Uhlkq7RKAeTqdxmPvObpD8I/GBS9D0IOzAgXe0l/avoVLIqx8IwAVqPwqA0sQVlOBPo7FUaS2DncIYjBwvIUcd24rmhK2OpqMmQTvqXWgu51nXufK609vRbrh3+jxtVZrwZW16UlcGCOYnjxpWgRtI2TXrKFTIjageAKe5cUpaBAmZc5j13fvj 22PfgcMMPf/gb+z8HW9tdELNkiSyTVRKSX2SL7JI9MiSM/CW35IE8en+8G+/Ou/8nnfK6N4vkVXlPz5t5sWY=</latexit>

ga `Ra(� · S) + h.c.
<latexit sha1_base64="e/ILSJFS1JctZcPu4SjtygyzV4Y="></latexit>

O9 ⌘ `cRa`Rb

h
(DµH)T i�2H

i2
<latexit sha1_base64="sALR1mMCj6juh/aUA8n4YkSPpkg="></latexit>
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h
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<latexit sha1_base64="ML6HbFWXSGUKUDwUnaLJSGWJoCc="></latexit>
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<latexit sha1_base64="ubcHZLvte8bd+5HCGk1FP15x+0k="></latexit>
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<latexit sha1_base64="mZpgRQc+Wcx54nfOBYcnN4odqio="></latexit>

O
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BSM ⌘ SS

h
(DµH)T i�2H

i2
<latexit sha1_base64="dFU2JRwZFcMpHNc/zWN/kPQ/qVM="></latexit>

Class 2a

O
1
BSM ⌘ ⇢

h
(DµH)T i�2H

i2
<latexit sha1_base64="KtlhOEQcLA95cxw5tWUqmnNCLzk="></latexit>

Class 1
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⇢
++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit>
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⇢
++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit>
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<latexit sha1_base64="mZpgRQc+Wcx54nfOBYcnN4odqio="></latexit>

ga `Ra(� · S) + h.c.
<latexit sha1_base64="e/ILSJFS1JctZcPu4SjtygyzV4Y="></latexit>

Cab `cRa`Rb ⇢+ h.c.
<latexit sha1_base64="rm3JB4pCe3o1JWjvHYaI201/AsM=">AAACQHicbVBNT9wwEHUoLbCl7VKOXCxWSEigKKGVyhHBhSOgLiBtQjQxs8TCiSPbAUVW/lx75Q/wD+CEgBsnnG0OfHROb+Y9j9+8tBRcmyC49qY+TH/8NDM71/s8/+Xrt/7C90MtK8VwyKSQ6jgFjYIXODTcCDwuFUKeCjxKz3da/ugCleay+G3qEuMczgo+5gyMGyX9OJrssDUKIS+bXteyGoqmt5NYSJtoPZJuRfuDjZzshDWJPUigoW3XwtTB9Uhlkq7RKAeTqdxmPvObpD8I/GBS9D0IOzAgXe0l/avoVLIqx8IwAVqPwqA0sQVlOBPo7FUaS2DncIYjBwvIUcd24rmhK2OpqMmQTvqXWgu51nXufK609vRbrh3+jxtVZrwZW16UlcGCOYnjxpWgRtI2TXrKFTIjageAKe5cUpaBAmZc5j13fvj 22PfgcMMPf/gb+z8HW9tdELNkiSyTVRKSX2SL7JI9MiSM/CW35IE8en+8G+/Ou/8nnfK6N4vkVXlPz5t5sWY=</latexit>

ga `Ra(� · S) + h.c.
<latexit sha1_base64="e/ILSJFS1JctZcPu4SjtygyzV4Y="></latexit>

O9 ⌘ `cRa`Rb

h
(DµH)T i�2H

i2
<latexit sha1_base64="sALR1mMCj6juh/aUA8n4YkSPpkg="></latexit>

LFV Operator
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c
�

h
(DµH)T i�2H

i2
<latexit sha1_base64="ML6HbFWXSGUKUDwUnaLJSGWJoCc="></latexit>

Class 2b
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<latexit sha1_base64="ubcHZLvte8bd+5HCGk1FP15x+0k="></latexit>
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l̄cR lR

<latexit sha1_base64="mZpgRQc+Wcx54nfOBYcnN4odqio="></latexit>

O
2a
BSM ⌘ SS

h
(DµH)T i�2H

i2
<latexit sha1_base64="dFU2JRwZFcMpHNc/zWN/kPQ/qVM="></latexit>

Class 2a
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1
BSM ⌘ ⇢

h
(DµH)T i�2H

i2
<latexit sha1_base64="KtlhOEQcLA95cxw5tWUqmnNCLzk="></latexit>

Class 1
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⇢
++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit>
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H
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⇢
++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit>
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S
+

S
+

�
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<latexit sha1_base64="mZpgRQc+Wcx54nfOBYcnN4odqio="></latexit>
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l̄cR lR

<latexit sha1_base64="ubcHZLvte8bd+5HCGk1FP15x+0k="></latexit>

ga `Ra(� · S) + h.c.
<latexit sha1_base64="e/ILSJFS1JctZcPu4SjtygyzV4Y="></latexit>

Cab `cRa`Rb ⇢+ h.c.
<latexit sha1_base64="rm3JB4pCe3o1JWjvHYaI201/AsM=">AAACQHicbVBNT9wwEHUoLbCl7VKOXCxWSEigKKGVyhHBhSOgLiBtQjQxs8TCiSPbAUVW/lx75Q/wD+CEgBsnnG0OfHROb+Y9j9+8tBRcmyC49qY+TH/8NDM71/s8/+Xrt/7C90MtK8VwyKSQ6jgFjYIXODTcCDwuFUKeCjxKz3da/ugCleay+G3qEuMczgo+5gyMGyX9OJrssDUKIS+bXteyGoqmt5NYSJtoPZJuRfuDjZzshDWJPUigoW3XwtTB9Uhlkq7RKAeTqdxmPvObpD8I/GBS9D0IOzAgXe0l/avoVLIqx8IwAVqPwqA0sQVlOBPo7FUaS2DncIYjBwvIUcd24rmhK2OpqMmQTvqXWgu51nXufK609vRbrh3+jxtVZrwZW16UlcGCOYnjxpWgRtI2TXrKFTIjageAKe5cUpaBAmZc5j13fvj 22PfgcMMPf/gb+z8HW9tdELNkiSyTVRKSX2SL7JI9MiSM/CW35IE8en+8G+/Ou/8nnfK6N4vkVXlPz5t5sWY=</latexit>

ga `Ra(� · S) + h.c.
<latexit sha1_base64="e/ILSJFS1JctZcPu4SjtygyzV4Y="></latexit>

O9 ⌘ `cRa`Rb

h
(DµH)T i�2H

i2
<latexit sha1_base64="sALR1mMCj6juh/aUA8n4YkSPpkg="></latexit>
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h
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<latexit sha1_base64="ML6HbFWXSGUKUDwUnaLJSGWJoCc="></latexit>
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<latexit sha1_base64="ubcHZLvte8bd+5HCGk1FP15x+0k="></latexit>

H
H

H
H

W W

S
+

S
+

�

l̄cR lR

<latexit sha1_base64="mZpgRQc+Wcx54nfOBYcnN4odqio="></latexit>

O
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h
(DµH)T i�2H

i2
<latexit sha1_base64="dFU2JRwZFcMpHNc/zWN/kPQ/qVM="></latexit>

Class 2a

O
1
BSM ⌘ ⇢
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<latexit sha1_base64="KtlhOEQcLA95cxw5tWUqmnNCLzk="></latexit>

Class 1
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++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit>

H
H

H
H

W W

l̄cR lR
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<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit>
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<latexit sha1_base64="mZpgRQc+Wcx54nfOBYcnN4odqio="></latexit>
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<latexit sha1_base64="ubcHZLvte8bd+5HCGk1FP15x+0k="></latexit>

ga `Ra(� · S) + h.c.
<latexit sha1_base64="e/ILSJFS1JctZcPu4SjtygyzV4Y="></latexit>

Cab `cRa`Rb ⇢+ h.c.
<latexit sha1_base64="rm3JB4pCe3o1JWjvHYaI201/AsM=">AAACQHicbVBNT9wwEHUoLbCl7VKOXCxWSEigKKGVyhHBhSOgLiBtQjQxs8TCiSPbAUVW/lx75Q/wD+CEgBsnnG0OfHROb+Y9j9+8tBRcmyC49qY+TH/8NDM71/s8/+Xrt/7C90MtK8VwyKSQ6jgFjYIXODTcCDwuFUKeCjxKz3da/ugCleay+G3qEuMczgo+5gyMGyX9OJrssDUKIS+bXteyGoqmt5NYSJtoPZJuRfuDjZzshDWJPUigoW3XwtTB9Uhlkq7RKAeTqdxmPvObpD8I/GBS9D0IOzAgXe0l/avoVLIqx8IwAVqPwqA0sQVlOBPo7FUaS2DncIYjBwvIUcd24rmhK2OpqMmQTvqXWgu51nXufK609vRbrh3+jxtVZrwZW16UlcGCOYnjxpWgRtI2TXrKFTIjageAKe5cUpaBAmZc5j13fvj 22PfgcMMPf/gb+z8HW9tdELNkiSyTVRKSX2SL7JI9MiSM/CW35IE8en+8G+/Ou/8nnfK6N4vkVXlPz5t5sWY=</latexit>

ga `Ra(� · S) + h.c.
<latexit sha1_base64="e/ILSJFS1JctZcPu4SjtygyzV4Y="></latexit>

O9 ⌘ `cRa`Rb

h
(DµH)T i�2H

i2
<latexit sha1_base64="sALR1mMCj6juh/aUA8n4YkSPpkg="></latexit>
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Differences between Classes
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Differences between Classes
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• LFV Processes
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Effective Operator 

Differences between Classes
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Effective Operator 

Differences between Classes

Class 1

• LFV Processes

Class 2a

Tree-level and one loop 
contribution

One loop contribution Only
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<latexit sha1_base64="mZpgRQc+Wcx54nfOBYcnN4odqio="></latexit>



Effective Operator 

Differences between Classes

Class 1

• LFV Processes

Class 2a

Tree-level and one loop 
contribution

One loop contribution Only
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+V (�, ⇢, H,�)
<latexit sha1_base64="AG2t/x33SqcvoXeZFjsHJrvhS8U="></latexit>

H
H

H
H

W W

l̄cR lR

⇢
++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit>

to break lepton number
Cab,2,�6 6= 0

<latexit sha1_base64="CP27XnG2EkW7lJHlx5XvZJ2x5EE="></latexit>



The Lollipop Model 1223

Inert triplet Model Singlets“&”

Z2 +--

� =
1p
2

✓
�+

p
2�++

�0 + iA0 ��+

◆
.

<latexit sha1_base64="4ljzlahBQnwSSg7O3BmPJEEePrQ="></latexit>

, �, ⇢++
<latexit sha1_base64="ZY8xxMJLhlyxY0QyHp606I5cOVI="></latexit>

The Lagrangian

L � Tr[(Dµ�)†Dµ�] + @µ� @µ� + (Dµ⇢)
†Dµ⇢�m2

�Tr[�
†�]� m2

�

2
�2

<latexit sha1_base64="hTx0tHpB9Tj244C3UbxTkysIdQs="></latexit>

��H� |H|2 Tr[�†�]� �H� |H|2 �2 � �̃H�H
†��†

H � 2Tr[��]⇢��
<latexit sha1_base64="nk4zaWUnb7ETJis3mNrTpVw7qxo="></latexit>

��6 �H
†�H̃ � Cab `

c
Ra`Rb ⇢

++ + h.c.
<latexit sha1_base64="sws5yiskGSqgh3vPAlc81jv99/w="></latexit>

+V (�, ⇢, H,�)
<latexit sha1_base64="AG2t/x33SqcvoXeZFjsHJrvhS8U="></latexit>

H
H

H
H

W W

l̄cR lR

⇢
++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit>

to break lepton number
Cab,2,�6 6= 0

<latexit sha1_base64="CP27XnG2EkW7lJHlx5XvZJ2x5EE="></latexit>



The Lollipop Model 1223

Inert triplet Model Singlets“&”

Z2 +--

� =
1p
2

✓
�+

p
2�++

�0 + iA0 ��+

◆
.

<latexit sha1_base64="4ljzlahBQnwSSg7O3BmPJEEePrQ="></latexit>

, �, ⇢++
<latexit sha1_base64="ZY8xxMJLhlyxY0QyHp606I5cOVI="></latexit>

The Lagrangian

L � Tr[(Dµ�)†Dµ�] + @µ� @µ� + (Dµ⇢)
†Dµ⇢�m2

�Tr[�
†�]� m2

�

2
�2

<latexit sha1_base64="hTx0tHpB9Tj244C3UbxTkysIdQs="></latexit>

��H� |H|2 Tr[�†�]� �H� |H|2 �2 � �̃H�H
†��†

H � 2Tr[��]⇢��
<latexit sha1_base64="nk4zaWUnb7ETJis3mNrTpVw7qxo="></latexit>

��6 �H
†�H̃ � Cab `

c
Ra`Rb ⇢

++ + h.c.
<latexit sha1_base64="sws5yiskGSqgh3vPAlc81jv99/w="></latexit>

+V (�, ⇢, H,�)
<latexit sha1_base64="AG2t/x33SqcvoXeZFjsHJrvhS8U="></latexit>

m⌫
ab = Cab

m`
am

`
b

(16⇡2)3 m2
⇢

82�
2
6 ⇥ I⌫

<latexit sha1_base64="75IpSkVmyD0vEWAOFedMErCLHRE="></latexit>

H
H

H
H

W W

l̄cR lR

⇢
++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit>

to break lepton number
Cab,2,�6 6= 0

<latexit sha1_base64="CP27XnG2EkW7lJHlx5XvZJ2x5EE="></latexit>



The Lolipop Model 1223
Phenomenology

H
H

H
H

W W

l̄cR lR

⇢
++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit>



The Lolipop Model 1223
Phenomenology

• EWPT
All      add fields ⇢++,�++, A0, S1,2

<latexit sha1_base64="CQBhjajCBmLLBlaQ5IcyjbB9r2s="></latexit>

Z2 Contribuye to S,T, U parameters

H
H

H
H

W W

l̄cR lR

⇢
++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit>



The Lolipop Model 1223
Phenomenology

• EWPT
All      add fields ⇢++,�++, A0, S1,2

<latexit sha1_base64="CQBhjajCBmLLBlaQ5IcyjbB9r2s="></latexit>

Z2 Contribuye to S,T, U parameters

H
H

H
H

W W

l̄cR lR

⇢
++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit>

|m�++ �m�+ | . 100GeV
<latexit sha1_base64="ByZVaRIwhy7/kOsAQ1cGBPyFMSo="></latexit>

for �6 . 1
<latexit sha1_base64="r5CUCdI96HueXCnqU9xJ4QgyFzE="></latexit>

|m�++ �m�+ | . 200GeV
<latexit sha1_base64="qtjCiJ3K3r/LAXFPgldIxOVpCL0="></latexit>

for �6 . 4⇡
<latexit sha1_base64="HQ1FESGE44rY9AfzVTLAqsj/dgs="></latexit>



The Lolipop Model 1223
Phenomenology

• EWPT
All      add fields ⇢++,�++, A0, S1,2

<latexit sha1_base64="CQBhjajCBmLLBlaQ5IcyjbB9r2s="></latexit>

Z2 Contribuye to S,T, U parameters

H
H

H
H

W W

l̄cR lR

⇢
++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit>

|m�++ �m�+ | . 100GeV
<latexit sha1_base64="ByZVaRIwhy7/kOsAQ1cGBPyFMSo="></latexit>

for �6 . 1
<latexit sha1_base64="r5CUCdI96HueXCnqU9xJ4QgyFzE="></latexit>

|m�++ �m�+ | . 200GeV
<latexit sha1_base64="qtjCiJ3K3r/LAXFPgldIxOVpCL0="></latexit>

for �6 . 4⇡
<latexit sha1_base64="HQ1FESGE44rY9AfzVTLAqsj/dgs="></latexit>

• Dark Matter

DM is mainly singlet -> the model resemble Higgs 
portal singlet scenario



The Lolipop Model 1223
Phenomenology

• EWPT
All      add fields ⇢++,�++, A0, S1,2

<latexit sha1_base64="CQBhjajCBmLLBlaQ5IcyjbB9r2s="></latexit>

Z2 Contribuye to S,T, U parameters

H
H

H
H

W W

l̄cR lR

⇢
++

<latexit sha1_base64="Cgi6Ue9eRUc7MXM7GiN4OtIxsj8="></latexit>

L � ��S2S
2
2

⇣
2
p
2vh+ h2

⌘

<latexit sha1_base64="aM/mziW5eJHr+ZUIF/Y0xXfMlFk="></latexit>

|m�++ �m�+ | . 100GeV
<latexit sha1_base64="ByZVaRIwhy7/kOsAQ1cGBPyFMSo="></latexit>

for �6 . 1
<latexit sha1_base64="r5CUCdI96HueXCnqU9xJ4QgyFzE="></latexit>

|m�++ �m�+ | . 200GeV
<latexit sha1_base64="qtjCiJ3K3r/LAXFPgldIxOVpCL0="></latexit>

for �6 . 4⇡
<latexit sha1_base64="HQ1FESGE44rY9AfzVTLAqsj/dgs="></latexit>

• Dark Matter

DM is mainly singlet -> the model resemble Higgs 
portal singlet scenario



UV Completions Class 2a  
H

H
H

H

W W

S
+

S
+

�

l̄cR lR

<latexit sha1_base64="mZpgRQc+Wcx54nfOBYcnN4odqio="></latexit>

SU(2)L
<latexit sha1_base64="+6oulWWlrb/PcKYnq04TVop8hjQ=">AAACI3icbVC7TsMwFHXKq4RXgA0Wi6pSWaqkVIKxgoWBoQj6kNoqclynNXXiyHYoVRSJn4EV/oMNsTDwE3wBbulAW8507jnn2lfHixiVyrY/jczS8srqWnbd3Njc2t6xdvfqkscCkxrmjIumhyRhNCQ1RRUjzUgQFHiMNLzBxdhv3BMhKQ9v1SginQD1QupTjJSWXOugPXkjGRHG+DBNzJtaoXTsXkEzda2cXbQngIvEmZIcmKLqWt/tLsdxQEKFGZKy5diR6iRIKIoZSc18O5YkQniAeiRBD7wr0LB8l5p/5ck1Kcz7XEDVJ3AyzyRQIOUo8HQmQKov572x+J/XipV/1kloGMWKhFhHtOfHDCoOx8XALhUEKzbSBGFB9c0Q95FAWOn6zJlvIqkExQOZmqYuyZmvZJHUS0XnpFi6Lucq59O6suAQHIECcMApqIBLUAU1gMEjeAYv4NV4Mt6Md+PjN5oxpjv7YAbG1w/JSKNS</latexit>

Singlet    and �
<latexit sha1_base64="LPMFkeBHZQC656UW1HkPT/UyyWU=">AAACIHicbVC7TsMwFHXKq4RXgIGBxaKqxFQlUAnGChbGItGH1FSV4zqtqRNHtkOJovwMrPAfbIgRPoMvwA0ZaMuZzj3nXPvqeBGjUtn2p1FaWV1b3yhvmlvbO7t71v5BW/JYYNLCnHHR9ZAkjIakpahipBsJggKPkY43uZ75nQciJOXhnUoi0g/QKKQ+xUhpaWAdufkbaUIY49MsNV08ptDMBlbFrtk54DJxClIBBZoD69sdchwHJFSYISl7jh2pfoqEopiRzKy6sSQRwhM0Iil65EOBpvX7zPwr56dksOpzAdWYwHyeS6BAyiTwdCZAaiwXvZn4n9eLlX/ZT2kYxYqEWEe058cMKg5nrcAhFQQrlmiCsKD6ZojHSCCsdHfm3DeRVILiicxMU5fkLFayTNpnNee8dnZbrzSuirrK4BicgFPggAvQADegCVoAgww8gxfwajwZb8a78fEbLRnFziGYg/H1A86gou4=</latexit> S

<latexit sha1_base64="RoULlORNQSRciV/vjlXZzH2M9rc=">AAACHHicbVC7TsMwFHXKq5hXoCNLRFWJqUpKJRgrWBiLoA+prSrHdVpTJ45shxJF+RVY4T/YECsSv8EX4IYMtOVM555zrn113JBRqWz7yyisrW9sbhW34c7u3v6BeXjUljwSmLQwZ1x0XSQJowFpKaoY6YaCIN9lpONOr+Z+54EISXlwp+KQDHw0DqhHMVJaGpqlfvZGEhPG+CxN4C1Mh2bZrtoZrFXi5KQMcjSH5nd/xHHkk0BhhqTsOXaoBgkSimJGUljpR5KECE/RmCTokY8EmtXvU/hXzs5IrYrHhaUmxMrmhQTypYx9V2d8pCZy2ZuL/3m9SHkXg4QGYaRIgHVEe17ELMWteSPWiAqCFYs1QVhQfbOFJ0ggrHRvcOGbUCpB8VSmEOqSnOVKVkm7VnXOqrWberlxmddVBMfgBJwCB5yDBrgGTdACGMTgGbyAV+PJeDPejY/faMHId0pgAcbnD9vboWk=</latexit>

Chao-Qiang Geng et al. Phys.Lett. B745 (2015) 56-57 
Jin, Li-Gang et al. Phys.Lett. B741 (2015) 163-167 

https://inspirehep.net/author/profile/Jin%2C%20Li-Gang?recid=1338092&ln=es


SU(2)L
<latexit sha1_base64="+6oulWWlrb/PcKYnq04TVop8hjQ=">AAACI3icbVC7TsMwFHXKq4RXgA0Wi6pSWaqkVIKxgoWBoQj6kNoqclynNXXiyHYoVRSJn4EV/oMNsTDwE3wBbulAW8507jnn2lfHixiVyrY/jczS8srqWnbd3Njc2t6xdvfqkscCkxrmjIumhyRhNCQ1RRUjzUgQFHiMNLzBxdhv3BMhKQ9v1SginQD1QupTjJSWXOugPXkjGRHG+DBNzJtaoXTsXkEzda2cXbQngIvEmZIcmKLqWt/tLsdxQEKFGZKy5diR6iRIKIoZSc18O5YkQniAeiRBD7wr0LB8l5p/5ck1Kcz7XEDVJ3AyzyRQIOUo8HQmQKov572x+J/XipV/1kloGMWKhFhHtOfHDCoOx8XALhUEKzbSBGFB9c0Q95FAWOn6zJlvIqkExQOZmqYuyZmvZJHUS0XnpFi6Lucq59O6suAQHIECcMApqIBLUAU1gMEjeAYv4NV4Mt6Md+PjN5oxpjv7YAbG1w/JSKNS</latexit>

Singlet    and �
<latexit sha1_base64="LPMFkeBHZQC656UW1HkPT/UyyWU=">AAACIHicbVC7TsMwFHXKq4RXgIGBxaKqxFQlUAnGChbGItGH1FSV4zqtqRNHtkOJovwMrPAfbIgRPoMvwA0ZaMuZzj3nXPvqeBGjUtn2p1FaWV1b3yhvmlvbO7t71v5BW/JYYNLCnHHR9ZAkjIakpahipBsJggKPkY43uZ75nQciJOXhnUoi0g/QKKQ+xUhpaWAdufkbaUIY49MsNV08ptDMBlbFrtk54DJxClIBBZoD69sdchwHJFSYISl7jh2pfoqEopiRzKy6sSQRwhM0Iil65EOBpvX7zPwr56dksOpzAdWYwHyeS6BAyiTwdCZAaiwXvZn4n9eLlX/ZT2kYxYqEWEe058cMKg5nrcAhFQQrlmiCsKD6ZojHSCCsdHfm3DeRVILiicxMU5fkLFayTNpnNee8dnZbrzSuirrK4BicgFPggAvQADegCVoAgww8gxfwajwZb8a78fEbLRnFziGYg/H1A86gou4=</latexit> S

<latexit sha1_base64="RoULlORNQSRciV/vjlXZzH2M9rc=">AAACHHicbVC7TsMwFHXKq5hXoCNLRFWJqUpKJRgrWBiLoA+prSrHdVpTJ45shxJF+RVY4T/YECsSv8EX4IYMtOVM555zrn113JBRqWz7yyisrW9sbhW34c7u3v6BeXjUljwSmLQwZ1x0XSQJowFpKaoY6YaCIN9lpONOr+Z+54EISXlwp+KQDHw0DqhHMVJaGpqlfvZGEhPG+CxN4C1Mh2bZrtoZrFXi5KQMcjSH5nd/xHHkk0BhhqTsOXaoBgkSimJGUljpR5KECE/RmCTokY8EmtXvU/hXzs5IrYrHhaUmxMrmhQTypYx9V2d8pCZy2ZuL/3m9SHkXg4QGYaRIgHVEe17ELMWteSPWiAqCFYs1QVhQfbOFJ0ggrHRvcOGbUCpB8VSmEOqSnOVKVkm7VnXOqrWberlxmddVBMfgBJwCB5yDBrgGTdACGMTgGbyAV+PJeDPejY/faMHId0pgAcbnD9vboWk=</latexit>

H
H

H
H

W W

S
+

S
+

�

l̄cR lR

<latexit sha1_base64="mZpgRQc+Wcx54nfOBYcnN4odqio="></latexit>



SU(2)L
<latexit sha1_base64="+6oulWWlrb/PcKYnq04TVop8hjQ=">AAACI3icbVC7TsMwFHXKq4RXgA0Wi6pSWaqkVIKxgoWBoQj6kNoqclynNXXiyHYoVRSJn4EV/oMNsTDwE3wBbulAW8507jnn2lfHixiVyrY/jczS8srqWnbd3Njc2t6xdvfqkscCkxrmjIumhyRhNCQ1RRUjzUgQFHiMNLzBxdhv3BMhKQ9v1SginQD1QupTjJSWXOugPXkjGRHG+DBNzJtaoXTsXkEzda2cXbQngIvEmZIcmKLqWt/tLsdxQEKFGZKy5diR6iRIKIoZSc18O5YkQniAeiRBD7wr0LB8l5p/5ck1Kcz7XEDVJ3AyzyRQIOUo8HQmQKov572x+J/XipV/1kloGMWKhFhHtOfHDCoOx8XALhUEKzbSBGFB9c0Q95FAWOn6zJlvIqkExQOZmqYuyZmvZJHUS0XnpFi6Lucq59O6suAQHIECcMApqIBLUAU1gMEjeAYv4NV4Mt6Md+PjN5oxpjv7YAbG1w/JSKNS</latexit>

Singlet    and �
<latexit sha1_base64="LPMFkeBHZQC656UW1HkPT/UyyWU=">AAACIHicbVC7TsMwFHXKq4RXgIGBxaKqxFQlUAnGChbGItGH1FSV4zqtqRNHtkOJovwMrPAfbIgRPoMvwA0ZaMuZzj3nXPvqeBGjUtn2p1FaWV1b3yhvmlvbO7t71v5BW/JYYNLCnHHR9ZAkjIakpahipBsJggKPkY43uZ75nQciJOXhnUoi0g/QKKQ+xUhpaWAdufkbaUIY49MsNV08ptDMBlbFrtk54DJxClIBBZoD69sdchwHJFSYISl7jh2pfoqEopiRzKy6sSQRwhM0Iil65EOBpvX7zPwr56dksOpzAdWYwHyeS6BAyiTwdCZAaiwXvZn4n9eLlX/ZT2kYxYqEWEe058cMKg5nrcAhFQQrlmiCsKD6ZojHSCCsdHfm3DeRVILiicxMU5fkLFayTNpnNee8dnZbrzSuirrK4BicgFPggAvQADegCVoAgww8gxfwajwZb8a78fEbLRnFziGYg/H1A86gou4=</latexit> S

<latexit sha1_base64="RoULlORNQSRciV/vjlXZzH2M9rc=">AAACHHicbVC7TsMwFHXKq5hXoCNLRFWJqUpKJRgrWBiLoA+prSrHdVpTJ45shxJF+RVY4T/YECsSv8EX4IYMtOVM555zrn113JBRqWz7yyisrW9sbhW34c7u3v6BeXjUljwSmLQwZ1x0XSQJowFpKaoY6YaCIN9lpONOr+Z+54EISXlwp+KQDHw0DqhHMVJaGpqlfvZGEhPG+CxN4C1Mh2bZrtoZrFXi5KQMcjSH5nd/xHHkk0BhhqTsOXaoBgkSimJGUljpR5KECE/RmCTokY8EmtXvU/hXzs5IrYrHhaUmxMrmhQTypYx9V2d8pCZy2ZuL/3m9SHkXg4QGYaRIgHVEe17ELMWteSPWiAqCFYs1QVhQfbOFJ0ggrHRvcOGbUCpB8VSmEOqSnOVKVkm7VnXOqrWberlxmddVBMfgBJwCB5yDBrgGTdACGMTgGbyAV+PJeDPejY/faMHId0pgAcbnD9vboWk=</latexit>

H
H

H
H

W W

S
+

S
+

�

l̄cR lR

<latexit sha1_base64="mZpgRQc+Wcx54nfOBYcnN4odqio="></latexit>

Z2 - --
� =

 
1p
2
�0 �+

�� � 1p
2
�0

!

<latexit sha1_base64="XB7cTQytBjJtPXhiGamXghBGYvM="></latexit>

Triplet

�i ⌘ NRi , S+,
<latexit sha1_base64="6vDLnN9dBWJbXGhGjV0IDZD8ke0="></latexit>

Singlets



SU(2)L
<latexit sha1_base64="+6oulWWlrb/PcKYnq04TVop8hjQ=">AAACI3icbVC7TsMwFHXKq4RXgA0Wi6pSWaqkVIKxgoWBoQj6kNoqclynNXXiyHYoVRSJn4EV/oMNsTDwE3wBbulAW8507jnn2lfHixiVyrY/jczS8srqWnbd3Njc2t6xdvfqkscCkxrmjIumhyRhNCQ1RRUjzUgQFHiMNLzBxdhv3BMhKQ9v1SginQD1QupTjJSWXOugPXkjGRHG+DBNzJtaoXTsXkEzda2cXbQngIvEmZIcmKLqWt/tLsdxQEKFGZKy5diR6iRIKIoZSc18O5YkQniAeiRBD7wr0LB8l5p/5ck1Kcz7XEDVJ3AyzyRQIOUo8HQmQKov572x+J/XipV/1kloGMWKhFhHtOfHDCoOx8XALhUEKzbSBGFB9c0Q95FAWOn6zJlvIqkExQOZmqYuyZmvZJHUS0XnpFi6Lucq59O6suAQHIECcMApqIBLUAU1gMEjeAYv4NV4Mt6Md+PjN5oxpjv7YAbG1w/JSKNS</latexit>

Singlet    and �
<latexit sha1_base64="LPMFkeBHZQC656UW1HkPT/UyyWU=">AAACIHicbVC7TsMwFHXKq4RXgIGBxaKqxFQlUAnGChbGItGH1FSV4zqtqRNHtkOJovwMrPAfbIgRPoMvwA0ZaMuZzj3nXPvqeBGjUtn2p1FaWV1b3yhvmlvbO7t71v5BW/JYYNLCnHHR9ZAkjIakpahipBsJggKPkY43uZ75nQciJOXhnUoi0g/QKKQ+xUhpaWAdufkbaUIY49MsNV08ptDMBlbFrtk54DJxClIBBZoD69sdchwHJFSYISl7jh2pfoqEopiRzKy6sSQRwhM0Iil65EOBpvX7zPwr56dksOpzAdWYwHyeS6BAyiTwdCZAaiwXvZn4n9eLlX/ZT2kYxYqEWEe058cMKg5nrcAhFQQrlmiCsKD6ZojHSCCsdHfm3DeRVILiicxMU5fkLFayTNpnNee8dnZbrzSuirrK4BicgFPggAvQADegCVoAgww8gxfwajwZb8a78fEbLRnFziGYg/H1A86gou4=</latexit> S

<latexit sha1_base64="RoULlORNQSRciV/vjlXZzH2M9rc=">AAACHHicbVC7TsMwFHXKq5hXoCNLRFWJqUpKJRgrWBiLoA+prSrHdVpTJ45shxJF+RVY4T/YECsSv8EX4IYMtOVM555zrn113JBRqWz7yyisrW9sbhW34c7u3v6BeXjUljwSmLQwZ1x0XSQJowFpKaoY6YaCIN9lpONOr+Z+54EISXlwp+KQDHw0DqhHMVJaGpqlfvZGEhPG+CxN4C1Mh2bZrtoZrFXi5KQMcjSH5nd/xHHkk0BhhqTsOXaoBgkSimJGUljpR5KECE/RmCTokY8EmtXvU/hXzs5IrYrHhaUmxMrmhQTypYx9V2d8pCZy2ZuL/3m9SHkXg4QGYaRIgHVEe17ELMWteSPWiAqCFYs1QVhQfbOFJ0ggrHRvcOGbUCpB8VSmEOqSnOVKVkm7VnXOqrWberlxmddVBMfgBJwCB5yDBrgGTdACGMTgGbyAV+PJeDPejY/faMHId0pgAcbnD9vboWk=</latexit>
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+V (S,H,�)
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The Lagrangian

H
H

H
H

W W

S
+

S
+

�

l̄cR lR

<latexit sha1_base64="mZpgRQc+Wcx54nfOBYcnN4odqio="></latexit>

Z2 - --
� =

 
1p
2
�0 �+

�� � 1p
2
�0

!
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Triplet

�i ⌘ NRi , S+,
<latexit sha1_base64="6vDLnN9dBWJbXGhGjV0IDZD8ke0="></latexit>

Singlets



SU(2)L
<latexit sha1_base64="+6oulWWlrb/PcKYnq04TVop8hjQ=">AAACI3icbVC7TsMwFHXKq4RXgA0Wi6pSWaqkVIKxgoWBoQj6kNoqclynNXXiyHYoVRSJn4EV/oMNsTDwE3wBbulAW8507jnn2lfHixiVyrY/jczS8srqWnbd3Njc2t6xdvfqkscCkxrmjIumhyRhNCQ1RRUjzUgQFHiMNLzBxdhv3BMhKQ9v1SginQD1QupTjJSWXOugPXkjGRHG+DBNzJtaoXTsXkEzda2cXbQngIvEmZIcmKLqWt/tLsdxQEKFGZKy5diR6iRIKIoZSc18O5YkQniAeiRBD7wr0LB8l5p/5ck1Kcz7XEDVJ3AyzyRQIOUo8HQmQKov572x+J/XipV/1kloGMWKhFhHtOfHDCoOx8XALhUEKzbSBGFB9c0Q95FAWOn6zJlvIqkExQOZmqYuyZmvZJHUS0XnpFi6Lucq59O6suAQHIECcMApqIBLUAU1gMEjeAYv4NV4Mt6Md+PjN5oxpjv7YAbG1w/JSKNS</latexit>

Singlet    and �
<latexit sha1_base64="LPMFkeBHZQC656UW1HkPT/UyyWU=">AAACIHicbVC7TsMwFHXKq4RXgIGBxaKqxFQlUAnGChbGItGH1FSV4zqtqRNHtkOJovwMrPAfbIgRPoMvwA0ZaMuZzj3nXPvqeBGjUtn2p1FaWV1b3yhvmlvbO7t71v5BW/JYYNLCnHHR9ZAkjIakpahipBsJggKPkY43uZ75nQciJOXhnUoi0g/QKKQ+xUhpaWAdufkbaUIY49MsNV08ptDMBlbFrtk54DJxClIBBZoD69sdchwHJFSYISl7jh2pfoqEopiRzKy6sSQRwhM0Iil65EOBpvX7zPwr56dksOpzAdWYwHyeS6BAyiTwdCZAaiwXvZn4n9eLlX/ZT2kYxYqEWEe058cMKg5nrcAhFQQrlmiCsKD6ZojHSCCsdHfm3DeRVILiicxMU5fkLFayTNpnNee8dnZbrzSuirrK4BicgFPggAvQADegCVoAgww8gxfwajwZb8a78fEbLRnFziGYg/H1A86gou4=</latexit> S

<latexit sha1_base64="RoULlORNQSRciV/vjlXZzH2M9rc=">AAACHHicbVC7TsMwFHXKq5hXoCNLRFWJqUpKJRgrWBiLoA+prSrHdVpTJ45shxJF+RVY4T/YECsSv8EX4IYMtOVM555zrn113JBRqWz7yyisrW9sbhW34c7u3v6BeXjUljwSmLQwZ1x0XSQJowFpKaoY6YaCIN9lpONOr+Z+54EISXlwp+KQDHw0DqhHMVJaGpqlfvZGEhPG+CxN4C1Mh2bZrtoZrFXi5KQMcjSH5nd/xHHkk0BhhqTsOXaoBgkSimJGUljpR5KECE/RmCTokY8EmtXvU/hXzs5IrYrHhaUmxMrmhQTypYx9V2d8pCZy2ZuL/3m9SHkXg4QGYaRIgHVEe17ELMWteSPWiAqCFYs1QVhQfbOFJ0ggrHRvcOGbUCpB8VSmEOqSnOVKVkm7VnXOqrWberlxmddVBMfgBJwCB5yDBrgGTdACGMTgGbyAV+PJeDPejY/faMHId0pgAcbnD9vboWk=</latexit>
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<latexit sha1_base64="CTY3xvDO4y4W+b23HbbZZrfMpgY=">AAACKHicbVDLTsJAFJ3iu76qLl04kZBgJKRFEl0adeFSo6AJEHI7DDAyfWTmViVNl/6MbvU/3Bm3foJfYKksRD2rc885d+bmuKEUGm373chNTc/Mzs0vmItLyyur1tp6XQeRYrzGAhmoaxc0l8LnNRQo+XWoOHiu5Ffu4HjkX91ypUXgX+Iw5C0Per7oCgaYSm1rq5m9EbMh+Els7tJ68aJ0WmqecIlAd5K2lbfLdgb6lzhjkidjnLWtz2YnYJHHfWQStG44doitGBQKJnliFpqR5iGwAfR4DPdBR8Fd9SYxf8rZSQktdANFsc9pNk8kwNN66LlpxgPs69/eSPzPa0TYPWjFwg8j5D5LI6nXjSTFgI7aoR2hOEM5TAkwJdKbKeuDAoZph+bEN6FGJdhAJ6aZluT8ruQvqVfKzl65cl7NHx6N65onm2SbFIlD9skhOSVnpEYYeSBP5Jm8GI/Gq/FmvH9Hc8Z4Z4NMwPj4AuPapN4=</latexit>
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<latexit sha1_base64="XB7cTQytBjJtPXhiGamXghBGYvM="></latexit>

Triplet

�i ⌘ NRi , S+,
<latexit sha1_base64="6vDLnN9dBWJbXGhGjV0IDZD8ke0="></latexit>

Singlets



SU(2)L
<latexit sha1_base64="+6oulWWlrb/PcKYnq04TVop8hjQ=">AAACI3icbVC7TsMwFHXKq4RXgA0Wi6pSWaqkVIKxgoWBoQj6kNoqclynNXXiyHYoVRSJn4EV/oMNsTDwE3wBbulAW8507jnn2lfHixiVyrY/jczS8srqWnbd3Njc2t6xdvfqkscCkxrmjIumhyRhNCQ1RRUjzUgQFHiMNLzBxdhv3BMhKQ9v1SginQD1QupTjJSWXOugPXkjGRHG+DBNzJtaoXTsXkEzda2cXbQngIvEmZIcmKLqWt/tLsdxQEKFGZKy5diR6iRIKIoZSc18O5YkQniAeiRBD7wr0LB8l5p/5ck1Kcz7XEDVJ3AyzyRQIOUo8HQmQKov572x+J/XipV/1kloGMWKhFhHtOfHDCoOx8XALhUEKzbSBGFB9c0Q95FAWOn6zJlvIqkExQOZmqYuyZmvZJHUS0XnpFi6Lucq59O6suAQHIECcMApqIBLUAU1gMEjeAYv4NV4Mt6Md+PjN5oxpjv7YAbG1w/JSKNS</latexit>

Singlet    and �
<latexit sha1_base64="LPMFkeBHZQC656UW1HkPT/UyyWU=">AAACIHicbVC7TsMwFHXKq4RXgIGBxaKqxFQlUAnGChbGItGH1FSV4zqtqRNHtkOJovwMrPAfbIgRPoMvwA0ZaMuZzj3nXPvqeBGjUtn2p1FaWV1b3yhvmlvbO7t71v5BW/JYYNLCnHHR9ZAkjIakpahipBsJggKPkY43uZ75nQciJOXhnUoi0g/QKKQ+xUhpaWAdufkbaUIY49MsNV08ptDMBlbFrtk54DJxClIBBZoD69sdchwHJFSYISl7jh2pfoqEopiRzKy6sSQRwhM0Iil65EOBpvX7zPwr56dksOpzAdWYwHyeS6BAyiTwdCZAaiwXvZn4n9eLlX/ZT2kYxYqEWEe058cMKg5nrcAhFQQrlmiCsKD6ZojHSCCsdHfm3DeRVILiicxMU5fkLFayTNpnNee8dnZbrzSuirrK4BicgFPggAvQADegCVoAgww8gxfwajwZb8a78fEbLRnFziGYg/H1A86gou4=</latexit> S

<latexit sha1_base64="RoULlORNQSRciV/vjlXZzH2M9rc=">AAACHHicbVC7TsMwFHXKq5hXoCNLRFWJqUpKJRgrWBiLoA+prSrHdVpTJ45shxJF+RVY4T/YECsSv8EX4IYMtOVM555zrn113JBRqWz7yyisrW9sbhW34c7u3v6BeXjUljwSmLQwZ1x0XSQJowFpKaoY6YaCIN9lpONOr+Z+54EISXlwp+KQDHw0DqhHMVJaGpqlfvZGEhPG+CxN4C1Mh2bZrtoZrFXi5KQMcjSH5nd/xHHkk0BhhqTsOXaoBgkSimJGUljpR5KECE/RmCTokY8EmtXvU/hXzs5IrYrHhaUmxMrmhQTypYx9V2d8pCZy2ZuL/3m9SHkXg4QGYaRIgHVEe17ELMWteSPWiAqCFYs1QVhQfbOFJ0ggrHRvcOGbUCpB8VSmEOqSnOVKVkm7VnXOqrWberlxmddVBMfgBJwCB5yDBrgGTdACGMTgGbyAV+PJeDPejY/faMHId0pgAcbnD9vboWk=</latexit>
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+V (S,H,�)
<latexit sha1_base64="CTY3xvDO4y4W+b23HbbZZrfMpgY=">AAACKHicbVDLTsJAFJ3iu76qLl04kZBgJKRFEl0adeFSo6AJEHI7DDAyfWTmViVNl/6MbvU/3Bm3foJfYKksRD2rc885d+bmuKEUGm373chNTc/Mzs0vmItLyyur1tp6XQeRYrzGAhmoaxc0l8LnNRQo+XWoOHiu5Ffu4HjkX91ypUXgX+Iw5C0Per7oCgaYSm1rq5m9EbMh+Els7tJ68aJ0WmqecIlAd5K2lbfLdgb6lzhjkidjnLWtz2YnYJHHfWQStG44doitGBQKJnliFpqR5iGwAfR4DPdBR8Fd9SYxf8rZSQktdANFsc9pNk8kwNN66LlpxgPs69/eSPzPa0TYPWjFwg8j5D5LI6nXjSTFgI7aoR2hOEM5TAkwJdKbKeuDAoZph+bEN6FGJdhAJ6aZluT8ruQvqVfKzl65cl7NHx6N65onm2SbFIlD9skhOSVnpEYYeSBP5Jm8GI/Gq/FmvH9Hc8Z4Z4NMwPj4AuPapN4=</latexit>
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<latexit sha1_base64="XB7cTQytBjJtPXhiGamXghBGYvM="></latexit>

Triplet

�i ⌘ NRi , S+,
<latexit sha1_base64="6vDLnN9dBWJbXGhGjV0IDZD8ke0="></latexit>
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<latexit sha1_base64="3MUAYC0jDv2xwW39F1QwlVwPEfI="></latexit>



Phenomenology
• EWPT

SU(2)L
<latexit sha1_base64="+6oulWWlrb/PcKYnq04TVop8hjQ=">AAACI3icbVC7TsMwFHXKq4RXgA0Wi6pSWaqkVIKxgoWBoQj6kNoqclynNXXiyHYoVRSJn4EV/oMNsTDwE3wBbulAW8507jnn2lfHixiVyrY/jczS8srqWnbd3Njc2t6xdvfqkscCkxrmjIumhyRhNCQ1RRUjzUgQFHiMNLzBxdhv3BMhKQ9v1SginQD1QupTjJSWXOugPXkjGRHG+DBNzJtaoXTsXkEzda2cXbQngIvEmZIcmKLqWt/tLsdxQEKFGZKy5diR6iRIKIoZSc18O5YkQniAeiRBD7wr0LB8l5p/5ck1Kcz7XEDVJ3AyzyRQIOUo8HQmQKov572x+J/XipV/1kloGMWKhFhHtOfHDCoOx8XALhUEKzbSBGFB9c0Q95FAWOn6zJlvIqkExQOZmqYuyZmvZJHUS0XnpFi6Lucq59O6suAQHIECcMApqIBLUAU1gMEjeAYv4NV4Mt6Md+PjN5oxpjv7YAbG1w/JSKNS</latexit>

Singlet    and �
<latexit sha1_base64="LPMFkeBHZQC656UW1HkPT/UyyWU=">AAACIHicbVC7TsMwFHXKq4RXgIGBxaKqxFQlUAnGChbGItGH1FSV4zqtqRNHtkOJovwMrPAfbIgRPoMvwA0ZaMuZzj3nXPvqeBGjUtn2p1FaWV1b3yhvmlvbO7t71v5BW/JYYNLCnHHR9ZAkjIakpahipBsJggKPkY43uZ75nQciJOXhnUoi0g/QKKQ+xUhpaWAdufkbaUIY49MsNV08ptDMBlbFrtk54DJxClIBBZoD69sdchwHJFSYISl7jh2pfoqEopiRzKy6sSQRwhM0Iil65EOBpvX7zPwr56dksOpzAdWYwHyeS6BAyiTwdCZAaiwXvZn4n9eLlX/ZT2kYxYqEWEe058cMKg5nrcAhFQQrlmiCsKD6ZojHSCCsdHfm3DeRVILiicxMU5fkLFayTNpnNee8dnZbrzSuirrK4BicgFPggAvQADegCVoAgww8gxfwajwZb8a78fEbLRnFziGYg/H1A86gou4=</latexit> S

<latexit sha1_base64="RoULlORNQSRciV/vjlXZzH2M9rc=">AAACHHicbVC7TsMwFHXKq5hXoCNLRFWJqUpKJRgrWBiLoA+prSrHdVpTJ45shxJF+RVY4T/YECsSv8EX4IYMtOVM555zrn113JBRqWz7yyisrW9sbhW34c7u3v6BeXjUljwSmLQwZ1x0XSQJowFpKaoY6YaCIN9lpONOr+Z+54EISXlwp+KQDHw0DqhHMVJaGpqlfvZGEhPG+CxN4C1Mh2bZrtoZrFXi5KQMcjSH5nd/xHHkk0BhhqTsOXaoBgkSimJGUljpR5KECE/RmCTokY8EmtXvU/hXzs5IrYrHhaUmxMrmhQTypYx9V2d8pCZy2ZuL/3m9SHkXg4QGYaRIgHVEe17ELMWteSPWiAqCFYs1QVhQfbOFJ0ggrHRvcOGbUCpB8VSmEOqSnOVKVkm7VnXOqrWberlxmddVBMfgBJwCB5yDBrgGTdACGMTgGbyAV+PJeDPejY/faMHId0pgAcbnD9vboWk=</latexit>
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• Dark Matter
�v rel =

P
(↵,�) |g⇤1↵g1� |

2

48⇡
m2

N1
F (mN1 ,mH

+
1
,m

H
+
2
) v2rel = a+ bv2rel
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<latexit sha1_base64="+70lHrCrSK2aotZwAAws0UGkzwE="></latexit>
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Summary
• We made a dissection of the Derivative D9 LFV effective Operator 

(including Gauge Bosons) in 2 + “1” Classes 

• We have showed the main differences between Classes 
(Theoreticaly as well as from phenomenological point of view) 

Challenges 

• We have showed specific UV completions for Class 1 and the main 
differences between them  -> DM candidate!

• To create a systematic exploration inside the classes , in order to 
build all UV completions  

• We have not shown here 2 new UV completions we build for class 
2. Please see in the paper very soon 



⾮非常感謝



Phenomenology
SU(2)L

<latexit sha1_base64="+6oulWWlrb/PcKYnq04TVop8hjQ=">AAACI3icbVC7TsMwFHXKq4RXgA0Wi6pSWaqkVIKxgoWBoQj6kNoqclynNXXiyHYoVRSJn4EV/oMNsTDwE3wBbulAW8507jnn2lfHixiVyrY/jczS8srqWnbd3Njc2t6xdvfqkscCkxrmjIumhyRhNCQ1RRUjzUgQFHiMNLzBxdhv3BMhKQ9v1SginQD1QupTjJSWXOugPXkjGRHG+DBNzJtaoXTsXkEzda2cXbQngIvEmZIcmKLqWt/tLsdxQEKFGZKy5diR6iRIKIoZSc18O5YkQniAeiRBD7wr0LB8l5p/5ck1Kcz7XEDVJ3AyzyRQIOUo8HQmQKov572x+J/XipV/1kloGMWKhFhHtOfHDCoOx8XALhUEKzbSBGFB9c0Q95FAWOn6zJlvIqkExQOZmqYuyZmvZJHUS0XnpFi6Lucq59O6suAQHIECcMApqIBLUAU1gMEjeAYv4NV4Mt6Md+PjN5oxpjv7YAbG1w/JSKNS</latexit>

Singlet    and �
<latexit sha1_base64="LPMFkeBHZQC656UW1HkPT/UyyWU=">AAACIHicbVC7TsMwFHXKq4RXgIGBxaKqxFQlUAnGChbGItGH1FSV4zqtqRNHtkOJovwMrPAfbIgRPoMvwA0ZaMuZzj3nXPvqeBGjUtn2p1FaWV1b3yhvmlvbO7t71v5BW/JYYNLCnHHR9ZAkjIakpahipBsJggKPkY43uZ75nQciJOXhnUoi0g/QKKQ+xUhpaWAdufkbaUIY49MsNV08ptDMBlbFrtk54DJxClIBBZoD69sdchwHJFSYISl7jh2pfoqEopiRzKy6sSQRwhM0Iil65EOBpvX7zPwr56dksOpzAdWYwHyeS6BAyiTwdCZAaiwXvZn4n9eLlX/ZT2kYxYqEWEe058cMKg5nrcAhFQQrlmiCsKD6ZojHSCCsdHfm3DeRVILiicxMU5fkLFayTNpnNee8dnZbrzSuirrK4BicgFPggAvQADegCVoAgww8gxfwajwZb8a78fEbLRnFziGYg/H1A86gou4=</latexit> S

<latexit sha1_base64="RoULlORNQSRciV/vjlXZzH2M9rc=">AAACHHicbVC7TsMwFHXKq5hXoCNLRFWJqUpKJRgrWBiLoA+prSrHdVpTJ45shxJF+RVY4T/YECsSv8EX4IYMtOVM555zrn113JBRqWz7yyisrW9sbhW34c7u3v6BeXjUljwSmLQwZ1x0XSQJowFpKaoY6YaCIN9lpONOr+Z+54EISXlwp+KQDHw0DqhHMVJaGpqlfvZGEhPG+CxN4C1Mh2bZrtoZrFXi5KQMcjSH5nd/xHHkk0BhhqTsOXaoBgkSimJGUljpR5KECE/RmCTokY8EmtXvU/hXzs5IrYrHhaUmxMrmhQTypYx9V2d8pCZy2ZuL/3m9SHkXg4QGYaRIgHVEe17ELMWteSPWiAqCFYs1QVhQfbOFJ0ggrHRvcOGbUCpB8VSmEOqSnOVKVkm7VnXOqrWberlxmddVBMfgBJwCB5yDBrgGTdACGMTgGbyAV+PJeDPejY/faMHId0pgAcbnD9vboWk=</latexit>
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<latexit sha1_base64="mZpgRQc+Wcx54nfOBYcnN4odqio="></latexit>
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<latexit sha1_base64="VjtEoq08MKuz+gryMqJuoM7tU6U="></latexit>
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