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Some perspective:

What can we learn from the past?
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Conservatively including 
only accessible particles: 
layers of EFTs
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Some of these EFTs contain sizable 
non-renormalizable interactions and 
have to be UV-completed
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Some of these EFTs include

feebly-coupled dark sectors.
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Analogy between QED+  and the SM+DMν

ℒ = ℒQED+ν + 𝒪 ( 1
Λ# ) ℒ = ℒSM+DM + 𝒪 ( 1

Λ# )
Very weakly 

coupled
Very weakly 

coupled
No sizable


effective operator

No sizable

effective operator
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“Beyond the QED searches”

ℒ = ℒQED+ν + Cw(eγμe)(νγμν) + C6(eγμe)(eγμe) + C8F4 + ⋯

Indirect approach (QEDEFT):

Direct approach:
e+e− → X, eγ → X′￼, ⋯
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“Beyond the QED searches”

ℒ = ℒQED+ν + Cw(eγμe)(νγμν) + C6(eγμe)(eγμe) + C8F4 + ⋯

Indirect approach (QEDEFT):

Direct approach:
e+e− → X, eγ → X′￼, ⋯

What is the New Physics?
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ℒ = ℒQED+ν + cw
g2

m2
W

(eγμe)(νγμν) + c6
e4

16π2m2
π

(eγμe)(eγμe) + c8
e4

16π2m4
π

F4 + ⋯

Indirect approach:

Direct approach:

𝒜(e+e− → π+π−) ∼ e2

105me
104me

Probably a 
better option

A whole new world (us!) appears 

at  for apparently no reason!Λ = mπ ∼ 200me
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Following Weinberg, if we take  we predict that:

CP & P remain good symmetries (modulo θ) ✔︎

Absence of new physics up to, say, scales  ✔︎

Λ ≫ me

∼ 100me

ℒ = ℒQED+ν + 𝒪 ( 1
Λ# ) ℒ = ℒSM+DM + 𝒪 ( 1

Λ# )

Analogy between QED+  and the SM+DMν
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If we take , remarkable predictions:

approximate proton stability ✔︎


light Majorana neutrino masses ✔︎

success of CKM paradigm ✔︎


absence of BSM signatures ✔︎

Λ ≫ mH

ℒ = ℒQED+ν + 𝒪 ( 1
Λ# ) ℒ = ℒSM+DM + 𝒪 ( 1

Λ# )

Analogy between QED+  and the SM+DMν
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Imagine you are a theorist that computes  at 2-loops.

Observables depend on the cutoff via  (and inverse powers of ),

so your EFT looks fine even if  is large.


e+e− → e+e−

α ln Λ2 Λ
Λ

ℒ = ℒQED+ν + 𝒪 ( 1
Λ# ) ℒ = ℒSM+DM + 𝒪 ( 1

Λ# )

Analogy between QED+  and the SM+DMν
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Observables depend on : reproducing data with large  requires fine-tuning.

Hierarchy Problem: NEW!

αΛ2 Λ

ℒ = ℒQED+ν + 𝒪 ( 1
Λ# ) ℒ = ℒSM+DM + 𝒪 ( 1

Λ# )

Analogy between QED+  and the SM+DMν
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Lesson from the past

Indirect clues sometimes are crucial (chiral Lag., Fermi, SM-Higgs).

Sometimes they are not (QED) and Nature surprises us.

We have never seen a Hierarchy Problem.
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Clues in the SM

Many, many more than in QED+ :


the hierarchy problem (=TeV), B, L, CKM, dark matter, etc.


“Where are our pions?”

How can we have new physics at TeV? 


What flavor and CP violating structures are allowed?

How will the picture evolve in 10-20 years?


ν
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1) Pick a framework ➔ Strongly-Interacting Light Higgs + partial compositeness

2) Do the dirty work
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Hypothesis:

No flavor symmetries
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LHC ☹ 

FCC ☹
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<latexit sha1_base64="493ND81/f6C49eJTRly7N6/zDOQ=">AAAB6nicbVBNSwMxEJ34WetX1aOXYBHEQ9kVqR4LXvRW0X5Au5Rsmm1Dk+ySZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5YSK4sZ73jVZW19Y3Ngtbxe2d3b390sFh08SppqxBYxHrdkgME1yxhuVWsHaiGZGhYK1wdDP1W09MGx6rRztOWCDJQPGIU2Kd9CB7571S2at4M+Bl4uekDDnqvdJXtx/TVDJlqSDGdHwvsUFGtOVUsEmxmxqWEDoiA9ZxVBHJTJDNTp3gU6f0cRRrV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQdZFwlqWWKzhdFqcA2xtO/cZ9rRq0YO0Ko5u5WTIdEE2pdOkUXgr/48jJpXlT8aqV6f1mu3eVxFOAYTuAMfLiCGtxCHRpAYQDP8ApvSKAX9I4+5q0rKJ85gj9Anz/18I2g</latexit>m⇤
<latexit sha1_base64="pgWZMAUEXJRNxLwkz2hVRkP652I=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0YsQUcRjBPPAZAmzk95kyOzsMjMrhBDwI7x4UMSrf+PNv3HyOGhiQUNR1U13V5AIro3rfjtLyyura+uZjezm1vbObm5vv6bjVDGssljEqhFQjYJLrBpuBDYShTQKBNaD/tXYrz+i0jyW92aQoB/RruQhZ9RY6aF1jcJQcnNRbOfybsGdgCwSb0byMEOlnftqdWKWRigNE1Trpucmxh9SZTgTOMq2Uo0JZX3axaalkkao/eHk4hE5tkqHhLGyJQ2ZqL8nhjTSehAFtjOipqfnvbH4n9dMTXjuD7lMUoOSTReFqSAmJuP3SYcrZEYMLKFMcXsrYT2qKDM2pKwNwZt/eZHUigWvVCjdnebLl0/TODJwCEdwAh6cQRluoQJVYCDhGV7hzdHOi/PufExbl5xZhAfwB87nD2rIkIM=</latexit> �
F

=
2

<latexit sha1_base64="UFH6VurI0QNiRLTJthfP+dK8RME=">AAAB/XicbVDLSgMxFM3UV62v8bFzM1iEuikzItVlxY3LCvYB7TBkMmkbmkmG5I5Yh6Kf4saFIm79D3f+jeljoa0HLhzOuffm5oQJZxpc99vKLS2vrK7l1wsbm1vbO/buXkPLVBFaJ5JL1QqxppwJWgcGnLYSRXEcctoMB1djv3lHlWZS3MIwoX6Me4J1GcFgpMA+iAJRyjpA7yGLWCI5HY1OArvolt0JnEXizUgRzVAL7K9OJEkaUwGEY63bnpuAn2EFjJiNhU6qaYLJAPdo21CBY6r9bHL9yDk2SuR0pTIlwJmovycyHGs9jEPTGWPo63lvLP7ntVPoXvgZE0kKVJDpQ92UOyCdcRROxBQlwIeGYKKYudUhfawwARNYwYTgzX95kTROy16lXLk5K1Yvn6Zx5NEhOkIl5KFzVEXXqIbqiKAH9Ixe0Zv1aL1Y79bHtDVnzSLcR39gff4AFUiWDQ==</latexit> d n
(d
ip
ol
e)

<latexit sha1_base64="rG9NZv+ukP4QPOzjZ1NAXzKTTRU=">AAAB/HicbZBLSwMxFIUzPmt9jXbpJliEuikzItVlxUVdVrAPaEvJZO60oZnMkGSUYaj4T9y4UMStP8Sd/8b0sdDWA4GPc27IzfFizpR2nG9rZXVtfWMzt5Xf3tnd27cPDpsqSiSFBo14JNseUcCZgIZmmkM7lkBCj0PLG11P8tY9SMUicafTGHohGQgWMEq0sfp2we+LUq3WfWA+aMZ9wLXTvl10ys5UeBncORTRXPW+/dX1I5qEIDTlRKmO68S6lxGpGeUwzncTBTGhIzKAjkFBQlC9bLr8GJ8Yx8dBJM0RGk/d3zcyEiqVhp6ZDIkeqsVsYv6XdRIdXPYyJuJEg6Czh4KEYx3hSRPYZxKo5qkBQiUzu2I6JJJQbfrKmxLcxS8vQ/Os7FbKldvzYvXqaVZHDh2hY1RCLrpAVXSD6qiBKErRM3pFb9aj9WK9Wx+z0RVrXmEB/ZH1+QOYR5SB</latexit> d n
(G

G
e G
)

<latexit sha1_base64="3T6YMlibcL7pF9CZ1hFNWAwP3Hg=">AAACAHicbZBLSwMxFIUzPmt9VV24cBMsQt2UGZHqsqVduKxgH9CWkklv29DMg+SOWIYB8a+4caGIW3+GO/+N6WOhrQcCH+fckNzjhlJotO1va2V1bX1jM7WV3t7Z3dvPHBzWdRApDjUeyEA1XaZBCh9qKFBCM1TAPFdCwx2VJ3njHpQWgX+H4xA6Hhv4oi84Q2N1M8ftCkhktNSN2wgPGJerSZKrnHczWTtvT0WXwZlDlsxV7Wa+2r2ARx74yCXTuuXYIXZiplBwCUm6HWkIGR+xAbQM+swD3YmnCyT0zDg92g+UOT7Sqfv7Rsw8rceeayY9hkO9mE3M/7JWhP3rTiz8MELw+eyhfiQpBnTSBu0JBRzl2ADjSpi/Uj5kinE0naVNCc7iystQv8g7hXzh9jJbLD3O6kiRE3JKcsQhV6RIbkiV1AgnCXkmr+TNerJerHfrYza6Ys0rPCJ/ZH3+ANzullo=</latexit> �
A

C
P
(D

)

<latexit sha1_base64="pOiDgNmgn64j1UnACmMLUgtw6S4=">AAAB+HicbZBLSwMxFIUz9VXro6Mu3QwWwVWZEa0uK25cVugL2qFk0jttaOZBckesw4j/w40LRdz6U9z5b0wfC209EPg454bcHC8WXKFtfxu5ldW19Y38ZmFre2e3aO7tN1WUSAYNFolItj2qQPAQGshRQDuWQANPQMsbXU/y1h1IxaOwjuMY3IAOQu5zRlFbPbN4bj+mXYR7TOvQzLKeWbLL9lTWMjhzKJG5aj3zq9uPWBJAiExQpTqOHaObUomcCcgK3URBTNmIDqCjMaQBKDedLp5Zx9rpW34k9QnRmrq/b6Q0UGoceHoyoDhUi9nE/C/rJOhfuikP4wQhZLOH/ERYGFmTFqw+l8BQjDVQJrne1WJDKilD3VVBl+AsfnkZmqdlp1Ku3J6VqldPszry5JAckRPikAtSJTekRhqEkYQ8k1fyZjwYL8a78TEbzRnzCg/IHxmfPxsrk84=</latexit>

50 TeV
<latexit sha1_base64="EdGUnMcJMNOI9C6yTnNo9iHoX1g=">AAAB+XicbZBLSwMxFIUz9VXra9Slm2ARXJUZkeqy4sZlhb6gHUomvdOGZh4kd4plqPhD3LhQxK3/xJ3/xvSx0NYDgY9zbsjN8RMpNDrOt5VbW9/Y3MpvF3Z29/YP7MOjho5TxaHOYxmrls80SBFBHQVKaCUKWOhLaPrD22neHIHSIo5qOE7AC1k/EoHgDI3VtW3XcR6zDsIDZjVoTCZdu+iUnJnoKrgLKJKFql37q9OLeRpChFwyrduuk6CXMYWCS5gUOqmGhPEh60PbYMRC0F4223xCz4zTo0GszImQztzfNzIWaj0OfTMZMhzo5Wxq/pe1UwyuvUxESYoQ8flDQSopxnRaA+0JBRzl2ADjSphdKR8wxTiasgqmBHf5y6vQuCi55VL5/rJYuXma15EnJ+SUnBOXXJEKuSNVUiecjMgzeSVvVma9WO/Wx3w0Zy0qPCZ/ZH3+AIWTlAQ=</latexit>

100 TeV

— qO+SO(4)+B+L
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LHC ☹ 

FCC 😑

<latexit sha1_base64="pgWZMAUEXJRNxLwkz2hVRkP652I=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0YsQUcRjBPPAZAmzk95kyOzsMjMrhBDwI7x4UMSrf+PNv3HyOGhiQUNR1U13V5AIro3rfjtLyyura+uZjezm1vbObm5vv6bjVDGssljEqhFQjYJLrBpuBDYShTQKBNaD/tXYrz+i0jyW92aQoB/RruQhZ9RY6aF1jcJQcnNRbOfybsGdgCwSb0byMEOlnftqdWKWRigNE1Trpucmxh9SZTgTOMq2Uo0JZX3axaalkkao/eHk4hE5tkqHhLGyJQ2ZqL8nhjTSehAFtjOipqfnvbH4n9dMTXjuD7lMUoOSTReFqSAmJuP3SYcrZEYMLKFMcXsrYT2qKDM2pKwNwZt/eZHUigWvVCjdnebLl0/TODJwCEdwAh6cQRluoQJVYCDhGV7hzdHOi/PufExbl5xZhAfwB87nD2rIkIM=</latexit> �
F

=
2

<latexit sha1_base64="3T6YMlibcL7pF9CZ1hFNWAwP3Hg=">AAACAHicbZBLSwMxFIUzPmt9VV24cBMsQt2UGZHqsqVduKxgH9CWkklv29DMg+SOWIYB8a+4caGIW3+GO/+N6WOhrQcCH+fckNzjhlJotO1va2V1bX1jM7WV3t7Z3dvPHBzWdRApDjUeyEA1XaZBCh9qKFBCM1TAPFdCwx2VJ3njHpQWgX+H4xA6Hhv4oi84Q2N1M8ftCkhktNSN2wgPGJerSZKrnHczWTtvT0WXwZlDlsxV7Wa+2r2ARx74yCXTuuXYIXZiplBwCUm6HWkIGR+xAbQM+swD3YmnCyT0zDg92g+UOT7Sqfv7Rsw8rceeayY9hkO9mE3M/7JWhP3rTiz8MELw+eyhfiQpBnTSBu0JBRzl2ADjSpi/Uj5kinE0naVNCc7iystQv8g7hXzh9jJbLD3O6kiRE3JKcsQhV6RIbkiV1AgnCXkmr+TNerJerHfrYza6Ys0rPCJ/ZH3+ANzullo=</latexit> �
A

C
P
(D

)

<latexit sha1_base64="UFH6VurI0QNiRLTJthfP+dK8RME=">AAAB/XicbVDLSgMxFM3UV62v8bFzM1iEuikzItVlxY3LCvYB7TBkMmkbmkmG5I5Yh6Kf4saFIm79D3f+jeljoa0HLhzOuffm5oQJZxpc99vKLS2vrK7l1wsbm1vbO/buXkPLVBFaJ5JL1QqxppwJWgcGnLYSRXEcctoMB1djv3lHlWZS3MIwoX6Me4J1GcFgpMA+iAJRyjpA7yGLWCI5HY1OArvolt0JnEXizUgRzVAL7K9OJEkaUwGEY63bnpuAn2EFjJiNhU6qaYLJAPdo21CBY6r9bHL9yDk2SuR0pTIlwJmovycyHGs9jEPTGWPo63lvLP7ntVPoXvgZE0kKVJDpQ92UOyCdcRROxBQlwIeGYKKYudUhfawwARNYwYTgzX95kTROy16lXLk5K1Yvn6Zx5NEhOkIl5KFzVEXXqIbqiKAH9Ixe0Zv1aL1Y79bHtDVnzSLcR39gff4AFUiWDQ==</latexit> d n
(d
ip
ol
e)

<latexit sha1_base64="pOiDgNmgn64j1UnACmMLUgtw6S4=">AAAB+HicbZBLSwMxFIUz9VXro6Mu3QwWwVWZEa0uK25cVugL2qFk0jttaOZBckesw4j/w40LRdz6U9z5b0wfC209EPg454bcHC8WXKFtfxu5ldW19Y38ZmFre2e3aO7tN1WUSAYNFolItj2qQPAQGshRQDuWQANPQMsbXU/y1h1IxaOwjuMY3IAOQu5zRlFbPbN4bj+mXYR7TOvQzLKeWbLL9lTWMjhzKJG5aj3zq9uPWBJAiExQpTqOHaObUomcCcgK3URBTNmIDqCjMaQBKDedLp5Zx9rpW34k9QnRmrq/b6Q0UGoceHoyoDhUi9nE/C/rJOhfuikP4wQhZLOH/ERYGFmTFqw+l8BQjDVQJrne1WJDKilD3VVBl+AsfnkZmqdlp1Ku3J6VqldPszry5JAckRPikAtSJTekRhqEkYQ8k1fyZjwYL8a78TEbzRnzCg/IHxmfPxsrk84=</latexit>

50 TeV
<latexit sha1_base64="EdGUnMcJMNOI9C6yTnNo9iHoX1g=">AAAB+XicbZBLSwMxFIUz9VXra9Slm2ARXJUZkeqy4sZlhb6gHUomvdOGZh4kd4plqPhD3LhQxK3/xJ3/xvSx0NYDgY9zbsjN8RMpNDrOt5VbW9/Y3MpvF3Z29/YP7MOjho5TxaHOYxmrls80SBFBHQVKaCUKWOhLaPrD22neHIHSIo5qOE7AC1k/EoHgDI3VtW3XcR6zDsIDZjVoTCZdu+iUnJnoKrgLKJKFql37q9OLeRpChFwyrduuk6CXMYWCS5gUOqmGhPEh60PbYMRC0F4223xCz4zTo0GszImQztzfNzIWaj0OfTMZMhzo5Wxq/pe1UwyuvUxESYoQ8flDQSopxnRaA+0JBRzl2ADjSphdKR8wxTiasgqmBHf5y6vQuCi55VL5/rJYuXma15EnJ+SUnBOXXJEKuSNVUiecjMgzeSVvVma9WO/Wx3w0Zy0qPCZ/ZH3+AIWTlAQ=</latexit>

100 TeV

<latexit sha1_base64="EWLkjDUuCdVZpJxXy/YVJtH6pfY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIVI8FL3qraD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wmV5rF8NOME/YgOJA85o8ZKD4Peea9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26oScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE177GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7QheIsvL5PmRcWrVqr3l+XaXR5HAY7hBM7AgyuowS3UoQEMBvAMr/DmCOfFeXc+5q0rTj5zBH/gfP4A7MyNmg==</latexit>g⇤

<latexit sha1_base64="493ND81/f6C49eJTRly7N6/zDOQ=">AAAB6nicbVBNSwMxEJ34WetX1aOXYBHEQ9kVqR4LXvRW0X5Au5Rsmm1Dk+ySZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5YSK4sZ73jVZW19Y3Ngtbxe2d3b390sFh08SppqxBYxHrdkgME1yxhuVWsHaiGZGhYK1wdDP1W09MGx6rRztOWCDJQPGIU2Kd9CB7571S2at4M+Bl4uekDDnqvdJXtx/TVDJlqSDGdHwvsUFGtOVUsEmxmxqWEDoiA9ZxVBHJTJDNTp3gU6f0cRRrV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQdZFwlqWWKzhdFqcA2xtO/cZ9rRq0YO0Ko5u5WTIdEE2pdOkUXgr/48jJpXlT8aqV6f1mu3eVxFOAYTuAMfLiCGtxCHRpAYQDP8ApvSKAX9I4+5q0rKJ85gj9Anz/18I2g</latexit>m⇤

— qO+SO(4)+B+L

— CP

— 1-loop dipoles
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Hypothesis:

Flavor symmetries
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Maximal Symmetry (MFV+CP+SO(4)+B+L)
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LHC 😀 

FCC 😀

— qO

— SO(4)+B+L

— CP

— NMFV

— LR?

— qO

— SO(4)+B+L

— CP

— NMFV

— LR?

— 1-loop dipoles?

— qO

— SO(4)+B+L

— CP

— NMFV

— LR?

— 1-loop dipoles?

Intermediate Symmetry
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And in 10-20 years?
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Projections (mainly HL-LHC, Belle II, nEDM)

<latexit sha1_base64="pgWZMAUEXJRNxLwkz2hVRkP652I=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0YsQUcRjBPPAZAmzk95kyOzsMjMrhBDwI7x4UMSrf+PNv3HyOGhiQUNR1U13V5AIro3rfjtLyyura+uZjezm1vbObm5vv6bjVDGssljEqhFQjYJLrBpuBDYShTQKBNaD/tXYrz+i0jyW92aQoB/RruQhZ9RY6aF1jcJQcnNRbOfybsGdgCwSb0byMEOlnftqdWKWRigNE1Trpucmxh9SZTgTOMq2Uo0JZX3axaalkkao/eHk4hE5tkqHhLGyJQ2ZqL8nhjTSehAFtjOipqfnvbH4n9dMTXjuD7lMUoOSTReFqSAmJuP3SYcrZEYMLKFMcXsrYT2qKDM2pKwNwZt/eZHUigWvVCjdnebLl0/TODJwCEdwAh6cQRluoQJVYCDhGV7hzdHOi/PufExbl5xZhAfwB87nD2rIkIM=</latexit> �
F

=
2

<latexit sha1_base64="X4LWIZD3UtymZM9bxrq/uVZAn0o=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp1ItIzYWCaQL0iOsLeZS9bs7R27e0I4AvY2ForY+pPs/DduPgpNfDDweG+GmXlBIrg2rvvtrK1vbG5t53byu3v7B4eFo+OmjlPFsMFiEat2QDUKLrFhuBHYThTSKBDYCkZ3U7/1iErzWNbNOEE/ogPJQ86osVKt3isU3ZI7A1kl3oIUYYFqr/DV7ccsjVAaJqjWHc9NjJ9RZTgTOMl3U40JZSM6wI6lkkao/Wx26IScW6VPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmk7cheMsvr5LmZckrl8q1q2Ll9mkeRw5O4QwuwINrqMA9VKEBDBCe4RXenAfnxXl3Puata84iwhP4A+fzB9jujWI=</latexit>

T <latexit sha1_base64="3T6YMlibcL7pF9CZ1hFNWAwP3Hg=">AAACAHicbZBLSwMxFIUzPmt9VV24cBMsQt2UGZHqsqVduKxgH9CWkklv29DMg+SOWIYB8a+4caGIW3+GO/+N6WOhrQcCH+fckNzjhlJotO1va2V1bX1jM7WV3t7Z3dvPHBzWdRApDjUeyEA1XaZBCh9qKFBCM1TAPFdCwx2VJ3njHpQWgX+H4xA6Hhv4oi84Q2N1M8ftCkhktNSN2wgPGJerSZKrnHczWTtvT0WXwZlDlsxV7Wa+2r2ARx74yCXTuuXYIXZiplBwCUm6HWkIGR+xAbQM+swD3YmnCyT0zDg92g+UOT7Sqfv7Rsw8rceeayY9hkO9mE3M/7JWhP3rTiz8MELw+eyhfiQpBnTSBu0JBRzl2ADjSpi/Uj5kinE0naVNCc7iystQv8g7hXzh9jJbLD3O6kiRE3JKcsQhV6RIbkiV1AgnCXkmr+TNerJerHfrYza6Ys0rPCJ/ZH3+ANzullo=</latexit> �
A

C
P
(D

)

<latexit sha1_base64="UFH6VurI0QNiRLTJthfP+dK8RME=">AAAB/XicbVDLSgMxFM3UV62v8bFzM1iEuikzItVlxY3LCvYB7TBkMmkbmkmG5I5Yh6Kf4saFIm79D3f+jeljoa0HLhzOuffm5oQJZxpc99vKLS2vrK7l1wsbm1vbO/buXkPLVBFaJ5JL1QqxppwJWgcGnLYSRXEcctoMB1djv3lHlWZS3MIwoX6Me4J1GcFgpMA+iAJRyjpA7yGLWCI5HY1OArvolt0JnEXizUgRzVAL7K9OJEkaUwGEY63bnpuAn2EFjJiNhU6qaYLJAPdo21CBY6r9bHL9yDk2SuR0pTIlwJmovycyHGs9jEPTGWPo63lvLP7ntVPoXvgZE0kKVJDpQ92UOyCdcRROxBQlwIeGYKKYudUhfawwARNYwYTgzX95kTROy16lXLk5K1Yvn6Zx5NEhOkIl5KFzVEXXqIbqiKAH9Ixe0Zv1aL1Y79bHtDVnzSLcR39gff4AFUiWDQ==</latexit> d n
(d
ip
ol
e)

<latexit sha1_base64="pOiDgNmgn64j1UnACmMLUgtw6S4=">AAAB+HicbZBLSwMxFIUz9VXro6Mu3QwWwVWZEa0uK25cVugL2qFk0jttaOZBckesw4j/w40LRdz6U9z5b0wfC209EPg454bcHC8WXKFtfxu5ldW19Y38ZmFre2e3aO7tN1WUSAYNFolItj2qQPAQGshRQDuWQANPQMsbXU/y1h1IxaOwjuMY3IAOQu5zRlFbPbN4bj+mXYR7TOvQzLKeWbLL9lTWMjhzKJG5aj3zq9uPWBJAiExQpTqOHaObUomcCcgK3URBTNmIDqCjMaQBKDedLp5Zx9rpW34k9QnRmrq/b6Q0UGoceHoyoDhUi9nE/C/rJOhfuikP4wQhZLOH/ERYGFmTFqw+l8BQjDVQJrne1WJDKilD3VVBl+AsfnkZmqdlp1Ku3J6VqldPszry5JAckRPikAtSJTekRhqEkYQ8k1fyZjwYL8a78TEbzRnzCg/IHxmfPxsrk84=</latexit>

50 TeV
<latexit sha1_base64="EdGUnMcJMNOI9C6yTnNo9iHoX1g=">AAAB+XicbZBLSwMxFIUz9VXra9Slm2ARXJUZkeqy4sZlhb6gHUomvdOGZh4kd4plqPhD3LhQxK3/xJ3/xvSx0NYDgY9zbsjN8RMpNDrOt5VbW9/Y3MpvF3Z29/YP7MOjho5TxaHOYxmrls80SBFBHQVKaCUKWOhLaPrD22neHIHSIo5qOE7AC1k/EoHgDI3VtW3XcR6zDsIDZjVoTCZdu+iUnJnoKrgLKJKFql37q9OLeRpChFwyrduuk6CXMYWCS5gUOqmGhPEh60PbYMRC0F4223xCz4zTo0GszImQztzfNzIWaj0OfTMZMhzo5Wxq/pe1UwyuvUxESYoQ8flDQSopxnRaA+0JBRzl2ADjSphdKR8wxTiasgqmBHf5y6vQuCi55VL5/rJYuXma15EnJ+SUnBOXXJEKuSNVUiecjMgzeSVvVma9WO/Wx3w0Zy0qPCZ/ZH3+AIWTlAQ=</latexit>

100 TeV

<latexit sha1_base64="EWLkjDUuCdVZpJxXy/YVJtH6pfY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIVI8FL3qraD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wmV5rF8NOME/YgOJA85o8ZKD4Peea9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26oScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE177GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7QheIsvL5PmRcWrVqr3l+XaXR5HAY7hBM7AgyuowS3UoQEMBvAMr/DmCOfFeXc+5q0rTj5zBH/gfP4A7MyNmg==</latexit>g⇤

<latexit sha1_base64="493ND81/f6C49eJTRly7N6/zDOQ=">AAAB6nicbVBNSwMxEJ34WetX1aOXYBHEQ9kVqR4LXvRW0X5Au5Rsmm1Dk+ySZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5YSK4sZ73jVZW19Y3Ngtbxe2d3b390sFh08SppqxBYxHrdkgME1yxhuVWsHaiGZGhYK1wdDP1W09MGx6rRztOWCDJQPGIU2Kd9CB7571S2at4M+Bl4uekDDnqvdJXtx/TVDJlqSDGdHwvsUFGtOVUsEmxmxqWEDoiA9ZxVBHJTJDNTp3gU6f0cRRrV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQdZFwlqWWKzhdFqcA2xtO/cZ9rRq0YO0Ko5u5WTIdEE2pdOkUXgr/48jJpXlT8aqV6f1mu3eVxFOAYTuAMfLiCGtxCHRpAYQDP8ApvSKAX9I4+5q0rKJ85gj9Anz/18I2g</latexit>m⇤

😑 ☹

<latexit sha1_base64="pgWZMAUEXJRNxLwkz2hVRkP652I=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0YsQUcRjBPPAZAmzk95kyOzsMjMrhBDwI7x4UMSrf+PNv3HyOGhiQUNR1U13V5AIro3rfjtLyyura+uZjezm1vbObm5vv6bjVDGssljEqhFQjYJLrBpuBDYShTQKBNaD/tXYrz+i0jyW92aQoB/RruQhZ9RY6aF1jcJQcnNRbOfybsGdgCwSb0byMEOlnftqdWKWRigNE1Trpucmxh9SZTgTOMq2Uo0JZX3axaalkkao/eHk4hE5tkqHhLGyJQ2ZqL8nhjTSehAFtjOipqfnvbH4n9dMTXjuD7lMUoOSTReFqSAmJuP3SYcrZEYMLKFMcXsrYT2qKDM2pKwNwZt/eZHUigWvVCjdnebLl0/TODJwCEdwAh6cQRluoQJVYCDhGV7hzdHOi/PufExbl5xZhAfwB87nD2rIkIM=</latexit> �
F

=
2

<latexit sha1_base64="X4LWIZD3UtymZM9bxrq/uVZAn0o=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp1ItIzYWCaQL0iOsLeZS9bs7R27e0I4AvY2ForY+pPs/DduPgpNfDDweG+GmXlBIrg2rvvtrK1vbG5t53byu3v7B4eFo+OmjlPFsMFiEat2QDUKLrFhuBHYThTSKBDYCkZ3U7/1iErzWNbNOEE/ogPJQ86osVKt3isU3ZI7A1kl3oIUYYFqr/DV7ccsjVAaJqjWHc9NjJ9RZTgTOMl3U40JZSM6wI6lkkao/Wx26IScW6VPwljZkobM1N8TGY20HkeB7YyoGeplbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmk7cheMsvr5LmZckrl8q1q2Ll9mkeRw5O4QwuwINrqMA9VKEBDBCe4RXenAfnxXl3Puata84iwhP4A+fzB9jujWI=</latexit>

T<latexit sha1_base64="3T6YMlibcL7pF9CZ1hFNWAwP3Hg=">AAACAHicbZBLSwMxFIUzPmt9VV24cBMsQt2UGZHqsqVduKxgH9CWkklv29DMg+SOWIYB8a+4caGIW3+GO/+N6WOhrQcCH+fckNzjhlJotO1va2V1bX1jM7WV3t7Z3dvPHBzWdRApDjUeyEA1XaZBCh9qKFBCM1TAPFdCwx2VJ3njHpQWgX+H4xA6Hhv4oi84Q2N1M8ftCkhktNSN2wgPGJerSZKrnHczWTtvT0WXwZlDlsxV7Wa+2r2ARx74yCXTuuXYIXZiplBwCUm6HWkIGR+xAbQM+swD3YmnCyT0zDg92g+UOT7Sqfv7Rsw8rceeayY9hkO9mE3M/7JWhP3rTiz8MELw+eyhfiQpBnTSBu0JBRzl2ADjSpi/Uj5kinE0naVNCc7iystQv8g7hXzh9jJbLD3O6kiRE3JKcsQhV6RIbkiV1AgnCXkmr+TNerJerHfrYza6Ys0rPCJ/ZH3+ANzullo=</latexit> �
A

C
P
(D

)

<latexit sha1_base64="UFH6VurI0QNiRLTJthfP+dK8RME=">AAAB/XicbVDLSgMxFM3UV62v8bFzM1iEuikzItVlxY3LCvYB7TBkMmkbmkmG5I5Yh6Kf4saFIm79D3f+jeljoa0HLhzOuffm5oQJZxpc99vKLS2vrK7l1wsbm1vbO/buXkPLVBFaJ5JL1QqxppwJWgcGnLYSRXEcctoMB1djv3lHlWZS3MIwoX6Me4J1GcFgpMA+iAJRyjpA7yGLWCI5HY1OArvolt0JnEXizUgRzVAL7K9OJEkaUwGEY63bnpuAn2EFjJiNhU6qaYLJAPdo21CBY6r9bHL9yDk2SuR0pTIlwJmovycyHGs9jEPTGWPo63lvLP7ntVPoXvgZE0kKVJDpQ92UOyCdcRROxBQlwIeGYKKYudUhfawwARNYwYTgzX95kTROy16lXLk5K1Yvn6Zx5NEhOkIl5KFzVEXXqIbqiKAH9Ixe0Zv1aL1Y79bHtDVnzSLcR39gff4AFUiWDQ==</latexit> d n
(d
ip
ol
e)

<latexit sha1_base64="pOiDgNmgn64j1UnACmMLUgtw6S4=">AAAB+HicbZBLSwMxFIUz9VXro6Mu3QwWwVWZEa0uK25cVugL2qFk0jttaOZBckesw4j/w40LRdz6U9z5b0wfC209EPg454bcHC8WXKFtfxu5ldW19Y38ZmFre2e3aO7tN1WUSAYNFolItj2qQPAQGshRQDuWQANPQMsbXU/y1h1IxaOwjuMY3IAOQu5zRlFbPbN4bj+mXYR7TOvQzLKeWbLL9lTWMjhzKJG5aj3zq9uPWBJAiExQpTqOHaObUomcCcgK3URBTNmIDqCjMaQBKDedLp5Zx9rpW34k9QnRmrq/b6Q0UGoceHoyoDhUi9nE/C/rJOhfuikP4wQhZLOH/ERYGFmTFqw+l8BQjDVQJrne1WJDKilD3VVBl+AsfnkZmqdlp1Ku3J6VqldPszry5JAckRPikAtSJTekRhqEkYQ8k1fyZjwYL8a78TEbzRnzCg/IHxmfPxsrk84=</latexit>

50 TeV
<latexit sha1_base64="EdGUnMcJMNOI9C6yTnNo9iHoX1g=">AAAB+XicbZBLSwMxFIUz9VXra9Slm2ARXJUZkeqy4sZlhb6gHUomvdOGZh4kd4plqPhD3LhQxK3/xJ3/xvSx0NYDgY9zbsjN8RMpNDrOt5VbW9/Y3MpvF3Z29/YP7MOjho5TxaHOYxmrls80SBFBHQVKaCUKWOhLaPrD22neHIHSIo5qOE7AC1k/EoHgDI3VtW3XcR6zDsIDZjVoTCZdu+iUnJnoKrgLKJKFql37q9OLeRpChFwyrduuk6CXMYWCS5gUOqmGhPEh60PbYMRC0F4223xCz4zTo0GszImQztzfNzIWaj0OfTMZMhzo5Wxq/pe1UwyuvUxESYoQ8flDQSopxnRaA+0JBRzl2ADjSphdKR8wxTiasgqmBHf5y6vQuCi55VL5/rJYuXma15EnJ+SUnBOXXJEKuSNVUiecjMgzeSVvVma9WO/Wx3w0Zy0qPCZ/ZH3+AIWTlAQ=</latexit>

100 TeV

<latexit sha1_base64="EWLkjDUuCdVZpJxXy/YVJtH6pfY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIVI8FL3qraD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wmV5rF8NOME/YgOJA85o8ZKD4Peea9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26oScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE177GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7QheIsvL5PmRcWrVqr3l+XaXR5HAY7hBM7AgyuowS3UoQEMBvAMr/DmCOfFeXc+5q0rTj5zBH/gfP4A7MyNmg==</latexit>g⇤

<latexit sha1_base64="493ND81/f6C49eJTRly7N6/zDOQ=">AAAB6nicbVBNSwMxEJ34WetX1aOXYBHEQ9kVqR4LXvRW0X5Au5Rsmm1Dk+ySZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5YSK4sZ73jVZW19Y3Ngtbxe2d3b390sFh08SppqxBYxHrdkgME1yxhuVWsHaiGZGhYK1wdDP1W09MGx6rRztOWCDJQPGIU2Kd9CB7571S2at4M+Bl4uekDDnqvdJXtx/TVDJlqSDGdHwvsUFGtOVUsEmxmxqWEDoiA9ZxVBHJTJDNTp3gU6f0cRRrV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQdZFwlqWWKzhdFqcA2xtO/cZ9rRq0YO0Ko5u5WTIdEE2pdOkUXgr/48jJpXlT8aqV6f1mu3eVxFOAYTuAMfLiCGtxCHRpAYQDP8ApvSKAX9I4+5q0rKJ85gj9Anz/18I2g</latexit>m⇤
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— qO

— SO(4)+B+L

— CP

— MFV

— LR?

— qO

— SO(4)+B+L

— CP

— MFV


LHC ☹ 

FCC 😀

LHC ☹ 

FCC 😑

Main FV improvements:  (LHCb),  (Belle II),  (LHCb),  (HL-LHC)C9,10 → 1/3 C7 → 1/2 C′￼7 → 1/5 CΔF=2 → 1/4
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nEDM

Main FV improvements:  (LHCb),  (Belle II),  (LHCb),  (HL-LHC)C9,10 → 1/3 C7 → 1/2 C′￼7 → 1/5 CΔF=2 → 1/4
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Lesson from the past: Nature gives us clues but might surprise us (=theorists can fail!) 

SM clues (1): the SM is a unique EFT because of the hierarchy problem

SM clues (2): FV & CPV are and will remain crucial

Must be interpreted: What are we testing at LHC? What theories will a future collider explore?

We focused on SILH with partial compositeness. Currently:


Not only B & L & custodial SO(4), but also CP is necessary

Accessible theories have flavor symmetries (not MFV) & Left-Right Custodial

Higgs-mediated transitions never relevant, but in principle  is achievable


In the next 10-20 years:

Unless no discovery is made, flavor Anarchy removed from FCC reach

The “simplest accessible option” might become MFV via Left-Universality

Watch out for the improvement of 10-100 in nEDM

BR(t → hc) ∼ 10−4

Conclusions


