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Introduction

Three types of approach to consider new physics: 

Top-down: based on symmetry with breaking, naturalness  

Bottom-up: based on our world and data 

More fundamental physics and apply it to this world 

Quark and lepton flavor physics provide a ton of data, so research of flavor physics is 

mainly performed by the bottom-up approach 

The ultimate goal is to solve unresolved problems in the Universe, e.g., Matter-antimatter 

asymmetry, Strong CP problem, Neutrino mass, etc



AI images: created by

Flavor physics in the past Current flavor physics

Theoretical uncertainty, 
Experimental uncertainty, 
Lattice uncertainty…

The uncertainties are satisfactorily 
small to discover “something”
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Topic1:  (robust)B → Dτν, Dℓν



/ 48Teppei Kitahara (ITP, CAS), PPP2023, YITP, Kyoto university, August 30, 2023, online talk
Recent Progress and Future Prospects in Flavor Anomalies

6

Test of Lepton Flavor Universality (LFU) 

Gauge symmetry predicts lepton flavor universal (LFU) phenomena:

e
<latexit sha1_base64="ulexyCRfpHT3r2hwDQA7tMYj1E4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF721YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2VmtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8vjKMIJnMI5eHAFdbiFBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzNaM9A==</latexit>

µ
<latexit sha1_base64="kTsxsAi1puLVD9In4+YTdi/ueMM=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY8FL3qraD+gXUo2zbahSXZJskJZ+hO8eFDEq7/Im//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMnGqKWvSWMS6ExLDBFesabkVrJNoRmQoWDsc38z89hPThsfq0U4SFkgyVDzilFgnPfRk2i9XvKo3B14lfk4qkKPRL3/1BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn81Ck+c8oAR7F2pSyeq78nMiKNmcjQdUpiR2bZm4n/ed3URtdBxlWSWqboYlGUCmxjPPsbD7hm1IqJI4Rq7m7FdEQ0odalU3Ih+Msvr5JWrepfVGv3l5X6XR5HEU7gFM7Bhyuowy00oAkUhvAMr/CGBHpB7+hj0VpA+cwx/AH6/AFgx43h</latexit>

⌧
<latexit sha1_base64="YHx5dBVtnc6vg3liwNVmERVSg+Q=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjworcK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6Lrfztr6xubWdmmnvLu3f3BYOTpu2ygxjLdYJCPTDajlUmjeQoGSd2PDqQok7wST29zvPHFjRaQfcRpzX9GRFqFgFHOpjzQZVKpuzZ2DrBKvIFUo0BxUvvrDiCWKa2SSWtvz3Bj9lBoUTPJZuZ9YHlM2oSPey6imils/nd86I+eZMiRhZLLSSObq74mUKmunKsg6FcWxXfZy8T+vl2B446dCxwlyzRaLwkQSjEj+OBkKwxnKaUYoMyK7lbAxNZRhFk85C8FbfnmVtOs177JWf7iqNu6LOEpwCmdwAR5cQwPuoAktYDCGZ3iFN0c5L86787FoXXOKmRP4A+fzBySWjlM=</latexit>

=<latexit sha1_base64="k5RwRTpDUuczUHOeIMvRgrp09YA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9CwIveEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7TK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9X7LI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCQNozM</latexit> =<latexit sha1_base64="k5RwRTpDUuczUHOeIMvRgrp09YA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9CwIveEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7TK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9X7LI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCQNozM</latexit>

⌫e, e
<latexit sha1_base64="xSVZmRPPd7AD9qaGcCe3qAWPxFI=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgoZTdKuix4EVvFeyHdJeSTWfb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXphwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqii0aMxj1Q2JBs4ktAwzHLqJAiJCDp1wfDPzO0+gNIvlg5kkEAgylCxilBgrPfoy7UPVr0K/XHFr7hx4lXg5qaAczX75yx/ENBUgDeVE657nJibIiDKMcpiW/FRDQuiYDKFnqSQCdJDND57iM6sMcBQrW9Lgufp7IiNC64kIbacgZqSXvZn4n9dLTXQdZEwmqQFJF4uilGMT49n3eMAUUMMnlhCqmL0V0xFRhBqbUcmG4C2/vEra9Zp3UavfX1Yad3kcRXSCTtE58tAVaqBb1EQtRJFAz+gVvTnKeXHenY9Fa8HJZ47RHzifPx9bj/s=</latexit>

⌫µ, µ
<latexit sha1_base64="+O4nb7vtf6G0fXccfL89mGxLQG4=">AAAB9HicbVDLSsNAFL2pr1pfVZdugkVwUUpSBV0W3Oiugq2FJpTJdNIOnZnEeRRK6He4caGIWz/GnX/jtM1CWw/cy+Gce5k7J0oZVdrzvp3C2vrG5lZxu7Szu7d/UD48aqvESExaOGGJ7ERIEUYFaWmqGemkkiAeMfIYjW5m/uOYSEUT8aAnKQk5GggaU4y0lcJAmF7ATTWo2t4rV7yaN4e7SvycVCBHs1f+CvoJNpwIjRlSqut7qQ4zJDXFjExLgVEkRXiEBqRrqUCcqDCbHz11z6zSd+NE2hLanau/NzLElZrwyE5ypIdq2ZuJ/3ldo+PrMKMiNZoIvHgoNszViTtLwO1TSbBmE0sQltTe6uIhkghrm1PJhuAvf3mVtOs1/6JWv7+sNO7yOIpwAqdwDj5cQQNuoQktwPAEz/AKb87YeXHenY/FaMHJd47hD5zPH1U2kdU=</latexit>

⌫⌧ , ⌧
<latexit sha1_base64="+hsjPkNegX1tT6bALt0QJpqVmjo=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCi1KSKuiy4EZ3FWwtNCFMppN26GQS5iHU0C9x40IRt36KO//GaZuFth643MM59zJ3TpQxKpXrflultfWNza3ydmVnd2+/ah8cdmWqBSYdnLJU9CIkCaOcdBRVjPQyQVASMfIQja9n/sMjEZKm/F5NMhIkaMhpTDFSRgrtqs916Cuk63591kK75jbcOZxV4hWkBgXaof3lD1KsE8IVZkjKvudmKsiRUBQzMq34WpIM4TEakr6hHCVEBvn88KlzapSBE6fCFFfOXP29kaNEykkSmckEqZFc9mbif15fq/gqyCnPtCIcLx6KNXNU6sxScAZUEKzYxBCEBTW3OniEBMLKZFUxIXjLX14l3WbDO2807y5qrdsijjIcwwmcgQeX0IIbaEMHMGh4hld4s56sF+vd+liMlqxi5wj+wPr8AVy5kuo=</latexit>

Only lepton mass (+QED corrections) violates LFU within the SM (Higgs exchange is negligible)
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me = 0.5 MeV , mμ = 105 MeV , mτ = 1776 MeV Different kinematical 
phase space 
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Lepton-flavor-universality observables: R(D) and R(D*) 

R(D(*)) =
BR(B → D(*)τ̄ντ)
BR(B → D(*)ℓ̄νℓ)

(ℓ = e , μ)

p-value of the data= 0.33 ;  implying data are consistent

2022Oct

2023Mar

2023Jul
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Lepton-flavor-universality observables: R(D) and R(D*) 
[HFLAV summer2023 + Iguro, Watanabe, 2004.10208 for SM]

SM

 3.3–4σ tension = B anomaly (violation of LFU) 
  anomaly b → cτν

Belle II (final) sensitivityR(D(*)) =
BR(B → D(*)τ̄ντ)
BR(B → D(*)ℓ̄νℓ)

(ℓ = e , μ)

without BaBar → 2.5-3.2σ    (Thanks to Syuhei!) 

https://arxiv.org/abs/2004.10208
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QED correction within the SM

Long-distance QED correction could violate the lepton flavor universality                                     
[de Boer, TK, Nisandzic, 1803.05881; Calí, et al, 1905.02702; Isidori, Nabeebaccus, Zwicky, 2009.00929]

The QED corrections depend on the lepton 
velocities; non-rela τ vs relativistic μ → opposite sign 

Invisible photon energy (MeV)

LFUV

   Isospin violation

Soft-photon interference (FS-FS & IS-FS) is significant, 
see additional slide for the details

Note that  measurements are not soft-photon inclusive (  is required)B → Dℓν q2
miss = 0

soft photons

https://arxiv.org/abs/1803.05881
https://arxiv.org/abs/1905.02702
https://arxiv.org/abs/2009.00929
https://kds.kek.jp/event/42653/contributions/215882/attachments/156102/201595/Teppei_B_QED.pdf
https://kds.kek.jp/event/42653/contributions/215882/attachments/156102/201595/Teppei_B_QED.pdf
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Recent progress in SM: Dispersion matrix approach

Dispersion matrix approach is novel form factor’s description for  

Based on the lattice QCD data only. By applying the unitarity condition, one can extract 

the form factors for all q2 region with non-perturbative and model-independent manner  

No experimental data are needed

B → D(*)

[Di Carlo, et al, 2105.02497; Martinelli, et al, 2105.07851]

Are tensions relaxed nicely?

https://arxiv.org/abs/2105.02497
https://arxiv.org/abs/2105.07851


/ 48Teppei Kitahara (ITP, CAS), PPP2023, YITP, Kyoto university, August 30, 2023, online talk
Recent Progress and Future Prospects in Flavor Anomalies

11

Recent progress in SM: Dispersion matrix approach

It is pointed out that there are 3σ tension in the dispersion matrix approach with light-

lepton data [Fedele, et al, 2305.15457]

D* longitudinal polarization fraction

DM

global fit by data

https://arxiv.org/abs/2305.15457
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New physics interpretations of  anomaly b → cτν

 (additional SU(2) gauge symmetry) 

Severely constrained from  (  mixing),  search [Abdullah, et al, 1805.01869] 

and   search [Faroughy, Greljo, Kamenik, 1609.07138] 

Charged-Higgs with generic flavor structure  

Constrained from  and  search, but still allowed [Blanke, Iguro,  Zhang, 

2202.10468; Iguro,2201.06565, 2302.08935] (next slide)  

Leptoquark (LQ) 

Collider bound comes from , and broad parameter regions are still allowed

W′ 

ΔMs B0
s -B̄0

s W′ → τν

Z′ → ττ

BR(Bc → τν) H± → τν

pp → LQ LQ*

b
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https://arxiv.org/abs/1805.01869
https://arxiv.org/abs/1609.07138
https://arxiv.org/abs/2202.10468
https://arxiv.org/abs/2201.06565
https://arxiv.org/abs/2302.08935
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For heavy charged Higgs, strong LHC bounds come from 2τ +MET, 2b (+γ), 2j, τ +MET (+b); 

 is allowedmH± ≤ 250 GeV  [Blanke, Iguro,  Zhang, 2202.10468; Iguro,2201.06565, 2302.08935]

Run2 prospects
0.5 ab-1

C
l
9
(µb) =

�0.9
5± 0.13

<latexit sha1_base64="uC77i7bp7OFgsTscDZwTCsZ3OUo="></latexit>

  anomaly can be solved simultaneously P′ 5

Unique prediction   
FL(D*) ≳ 0.5, Pτ(D*) ≳ − 0.35

Excluded by LHC

Charged-Higgs scenario

Excluded by LHC

Excluded by Bc →τν

in B → K*μ+μ−

[LHCb, 2003.04831]

https://arxiv.org/abs/2202.10468
https://arxiv.org/abs/2201.06565
https://arxiv.org/abs/2302.08935
https://arxiv.org/abs/2003.04831
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New physics interpretations of  anomaly b → cτν

LQ

LQ

LQ

LQ

[Iguro, TK, Watanabe, 2210.10751 + Iguro, Omura, 2306.00052]

One can distinguish each model by these observables
Leptoquark (LQ)

Bs ! ⌧⌧, Bu ! ⌧⌫,MW
<latexit sha1_base64="zdbsNskeiNXlMo0joE4ULu8Kmng=">AAACOHicbVDLSsNAFJ3UV62vqEs3g0XoQkpSBV2WunEjVLAPaEOYTCft0MkkzEyEEvoLfo0rQf/DnTtx686dkzSLmnrhDodzzmXuPV7EqFSW9W6U1tY3NrfK25Wd3b39A/PwqCvDWGDSwSELRd9DkjDKSUdRxUg/EgQFHiM9b3qT6r1HIiQN+YOaRcQJ0JhTn2KkNOWatZYr4VCFulGcPeew5cZLFNfMndtzzapVt7KCq8DOQRXk1XbNn+EoxHFAuMIMSTmwrUg5CRKKYkbmlWEsSYTwFI3JQEOOAiKdJLtoDs80M4J+KHRzBTN2eSJBgZSzwNPOAKmJLGop+a/mecG8aE6/kIWFlH/tJJRHsSIcL/bxYwZ1KmmKcEQFwYrNNEBYUH0SxBMkEFY664rOyi4mswq6jbp9UW/cX1abrTy1MjgBp6AGbHAFmuAWtEEHYPAEnsEreDNejA/j0/haWEtGPnMM/pTx/QuU/avn</latexit>

PD⇤

⌧
<latexit sha1_base64="I9Om1ZNFXx4o84RXkbZDMhrtKa8=">AAACH3icbVDLSsNAFJ3UV62PRl26CRbBVUmqoMuiLlxWsA9o0jCZTtqhkwczN0IJ+RJXgn6LO3HbT3HnpM1CUw8MHM49l3vmeDFnEkxzoVU2Nre2d6q7tb39g8O6fnTck1EiCO2SiEdi4GFJOQtpFxhwOogFxYHHad+b3eXz/jMVkkXhE8xj6gR4EjKfEQxKcvV6x7UBJ6P0fmRjCZmrN8ymuYSxTqyCNFCBjqt/2+OIJAENgXAs5dAyY3BSLIARTrOanUgaYzLDEzpUNMQBlU66DJ4Z50oZG34k1AvBWKq/N1IcSDkPPOUMMExleZaL/848L8jK5vyELAUC/8ZJWRgnQEOyyuMn3IDIyMsyxkxQAnyuCCaCqS8ZZIoFJqAqramurHIz66TXalqXzdbjVaN9W7RWRafoDF0gC12jNnpAHdRFBCXoBb2hd+1V+9A+ta+VtaIVOyfoD7TFD/SNo6o=</latexit>

They can be deviated from SM

https://arxiv.org/abs/2210.10751
https://arxiv.org/abs/2306.00052
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Polarization obserbavles 

[Iguro, TK, Watanabe, 2210.10751]

P⌧ (D
(⇤)) =

�
�
B ! D(⇤)⌧�=+1/2⌫

�
� �

�
B ! D(⇤)⌧�=�1/2⌫

�

�
�
B ! D(⇤)⌧⌫

�
<latexit sha1_base64="qeUHIyPfIev5xepLxFXj7i847w4="></latexit>

 polarization asymmetry 

along the longitudinal 

directions of  [ ] 
[Tanaka, hep-ph/9411405]

τ

τ τ → πν, ρν

Fit of an angle dependence: between 
π/ρ and W*(→τν) in τ rest frame

Belle II (final) sensitivity 

Belle II sensitivity is enough 

to distinguish NP models

https://arxiv.org/abs/2210.10751
https://arxiv.org/abs/hep-ph/9411405
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New idea: LFU violation in Upsilon decay

Υ(nS) [n=1,2,3] leptonic decays can provide 

new LFU observable ( ) 

Belle II can measure  precisely  

less than 1% accuracy is needed

bb̄ → ττ̄

RΥ

[Iguro, TK, Watanabe, 2210.10751]

[CLEO+BaBar data]

Correlation in the U1 LQ scenario 

LQ

https://arxiv.org/abs/2210.10751
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Baryonic counterpart ( ) :                                                         

There is a model-independent sum-rule for R(D), R(D*), and R(Λc), through new physics 

form factor analysis (originated from heavy quark symmetry) 

b → cτν

New idea: sum-rule between R(Λc) and R(D(*))

It can crosscheck of  anomaly by coherent amplification of R(D(*)) R(Λc)

R(Λc)exp = 0.242 ± 0.075

R(⇤c) =
B(⇤0

b ! ⇤+
c ⌧

�⌫̄⌧ )

B(⇤0
b ! ⇤+

c `�⌫̄`)
<latexit sha1_base64="YQgsV3L88ULwyLmhFWGaxN0WX7I="></latexit>

R (⇤c)SM = 0.324± 0.004
<latexit sha1_base64="+IW9hirRWYcRY34I5zvqzPvt5yE="></latexit>

[LHCb, 2201.03497]

[Fedele, et al, 2211.14172 ]

R (⇤c) = 0.380± 0.012R(D(⇤)) ± 0.005FF
<latexit sha1_base64="gt+sVB99YzZEo6E00bThXcVk5kc="></latexit>

R(D(*)) 
anomaly 
data 

Currently, a slight (~2σ) 
inconsistency appeared

R (⇤c)

R (⇤c)SM
' 0.28

R(D)

R(D)SM
+ 0.72

R (D⇤)

R (D⇤)SM
<latexit sha1_base64="kRNj0v1qDFoNXc+VeboMGUhFYJg="></latexit>

https://arxiv.org/abs/2201.03497
https://arxiv.org/abs/2211.14172
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R(D(*)) requires CPV and EDM via LQ

Generally, LQ-Yukawa contains CPV phase: 

Interestingly, a certain LQ provides robust correlation of the CPV phase with  

For U1 vector LQ case, 

R(D(*))

When UV model is 3rd-generation-philic gauge symmetry with universal (L=R) gauge coupling:

single CPV phase  is predicted ( one can set  ) ϕR ϕR = Arg[(YR)33]

[Iguro, TK, 2307.11751]

CSR (⇤LQ) = �2ei�RCVL (⇤LQ)
<latexit sha1_base64="BOwwf/Mo2QNwriTIIcxiVdlNLRU="></latexit>

CPV in  would be interesting as wellb → sγ

L =
�
YLQ̄i�µPLL3 + YRb̄�µPR⌧

�
Uµ
1

<latexit sha1_base64="TeDb3saco4G7AucjAuo0yaNja+k="></latexit>

Tree-level matching condition:

(C)EDMsR(D(*))

Leading contribution to neutron EDM 
is the Weinberg operator (comes from 
bottom CEDM) [Haisch, Hala, 1909.08955]

[Babu, et al, 2009.01771; Bečirević, at al, 2206.09717; Kirk, Okawa, Wu, 2307.11152]

https://arxiv.org/abs/2307.11751
https://arxiv.org/abs/1909.08955
https://arxiv.org/abs/2009.01771
https://arxiv.org/abs/2206.09717
https://arxiv.org/abs/2307.11152
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Since R(D(*)) is CPC observable, it depends on , while EDMs depend on  

There is a robust relation: 

 → null electron EDM is predicted

cos ϕR sin ϕR

|de | < 10−32 e cm

R(D(*)) requires CPV and EDM via LQ [Iguro, TK, 2307.11751]

neutron EDM sensitivity proton EDM sensitivity

Opposite signs within reaches of the future prospects

[Babu, et al, 2009.01771; Bečirević, at al, 2206.09717; Kirk, Okawa, Wu, 2307.11152]

CPV phase dependence

https://arxiv.org/abs/2307.11751
https://arxiv.org/abs/2009.01771
https://arxiv.org/abs/2206.09717
https://arxiv.org/abs/2307.11152


non-resonance search 
→ new study direction

B anomaly!
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Leptoquark indirect collider search

139fb-1 sensitivity

139fb-1 sensitivity

3000fb-1 sensitivity

3000fb-1 sensitivity

36fb-1 exclusion

R2 LQ scenario can be probed  by 
bτ+MET search with Run 2 data

τ+MET search

τ+MET search

τ+MET search

τ+MET+b search

τ+MET+b search

[Endo, Iguro, TK, Takeuchi, Watanabe 2111.04748 ] 

21

+b jet suppresses only bkg

https://arxiv.org/abs/2111.04748
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CMS new LQ-type excess

3.4—3.7σ level excess at  @ CMSMLQ ∼ 2 TeV
[CMS, CMS-PAS-EXO-19-016 (2022); LeptonPhoton2023 update]

LQ

pp → τ+τ− + 1jet + 0b

In additional b-tag category, there is no excess

http://cds.cern.ch/record/2815309
https://indico.cern.ch/event/1114856/contributions/5360087/


Topic2:  (excess?)B → Kℓℓ
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Another LFU observables: R(K) and R(K*) 

R(K(*)) =
BR(B → K(*)μ+μ−)
BR(B → K(*)e+e−)

[LHCb Run1+2, 2212.09152]

Bkg estimation of 
the electron mode 
was improved 
drastically 

B → Kπ+π−

with π ↝ e

R(K) anomaly was gone

https://arxiv.org/abs/2212.09152
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[LHCb, 2003.04831]

2.5 σ, 2.9 σ 3.3 σ

B → K*μ+μ− Bs → ϕμ+μ−

 data are still deviatedb → sμ+μ−

Bs → μ+μ−

[Altmannshofer, Stangl, 2103.13370][LHCb, 1506.08777]

gone [CMS, ICHEP2022]

Angular distribution of  [K6] is also deviated 

at 2.6 σ [LHCb, 1808.00264]

Λb → Λμ+μ−
New HFLAV average 

Lepton universal ( ) NP is still preferred e = μ

https://arxiv.org/abs/2003.04831
https://arxiv.org/abs/2103.13370
https://arxiv.org/abs/1506.08777
https://cds.cern.ch/record/2815334
https://arxiv.org/abs/1808.00264
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Global fit of  datab → sμ+μ−

QCD long-distance effects are crucial 

The rescattering effect can also be 

understood as the LFU NP contribution

off-shell J/Ψ

rescattering effectcharm-penguin no rescattering 

rescattering effect ≃ CNP
9,universal = − 𝒪(1)

[Ciuchini, et al, 2212.10516]

https://arxiv.org/abs/2212.10516
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New excess? in  B+ → K+νν̄

Belle II announced the result of , which is 2.8σ above from the SM  

Then, the world average (Belle+Belle II+BaBar) gives 2.2σ above from the SM

BR(B+ → K+νν̄)

[Belle II, EPS-HEP2023] [Athron, Martinez, Sierra, 2308.13426]

heavy Z’ global fit:

When LF is conserved but 
LFU is violated 
BR(B+ → K+νν̄) ≲ 1.1 SM value

When both LF and LFU are 
violated ( ), Belle II data 
can be accommodated 

νiν̄j

 is smoking-gunBs → eμ

https://indico.desy.de/event/34916/contributions/146877/
https://arxiv.org/abs/2308.13426


Topic3:  (excess?)B0 → DK, B0
s → Dsπ
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Tree-level non-leptonic B-decays
 are useful colored-allowed non-leptonic tree-level decays. 

Their CP asymmetry can determine the CKM angle γ (φ3) precisely. There are tree-level 

interference 

On the other hand,  are unique colored-allowed tree-level 

decays. Only 1 topology; no annihilation and penguin. Theoretically & experimentally clean.

B− → D0K−, B̄0
s → D+

s K−

B̄0 → D(*)+K−, B0
s → D(*)+

s π−

Hadronic matrix element can be precisely calculated via  
the QCD factorization (QCDf) [Beneke, et al, 9905312]

⌦
D+K�

|Oi| B̄
0
↵
'

⌦
K�

|ja| 0
↵ ⌦

D+
|jb| B̄

0
↵

<latexit sha1_base64="Wv/vYI7Y/gb+Hhjc2TRSgehU5jg="></latexit>

QCD corrections 
are calculable

https://arxiv.org/abs/hep-ph/9905312
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SM predictions by the QCDf at NNLO QCD + NLO power in  [Bordone, et al, 2007.10338], 

with improved analysis [Endo, Iguro, Mishima, 2109.10811] → New calculation [Piscopo, Rusov, 2307.07594]

ΛQCD/mb

Exp QCDf QCDf  
improved Deviation

1.86(20) 3.26(15) 3.03(15) 5.6—4.7σ

2.12(15) 3.27+0.39-0.34 3.27(16) 3.1—5.3σ

3.00(23) 4.42(21) 4.09(21) 4.6—3.5σ

2.0(5) 4.3+0.9-0.8 4.46(22) 2.4—4.5σ

B̄0 ! D+K�
<latexit sha1_base64="I+Gbd2Wh9Tp2aa6lJacQglDoTWA="></latexit>

B̄0 ! D⇤+K�
<latexit sha1_base64="4aAUivDlUsSIkDEsm039NdRJoF0="></latexit>

B̄0
s ! D⇤+

s ⇡�
<latexit sha1_base64="m3muqe4QEcuwGykqYrFX2ncTF+Y="></latexit>

B̄0
s ! D+

s ⇡
�

<latexit sha1_base64="kjbhdNG71hvwUSeSD/22JSeTnU4="></latexit>

⇥104(B),⇥103(Bs)
<latexit sha1_base64="P1yn9Wy2/bBdwuxWwvFesxNBybI="></latexit>

Tree-level non-leptonic B-decays

BRexp  <  BRSM ≈ 4σ

SM amplitudes are 
uniformly larger by 𝒪(15%)

QED corrections are also irrelevant [Beneke, et al, 2107.03819]
final-state rescattering effects are irrelevant [Endo, Iguro, Mishima, 2109.10811] 

https://arxiv.org/abs/2007.10338
https://arxiv.org/abs/2109.10811
https://arxiv.org/abs/2307.07594
https://arxiv.org/abs/2107.03819
https://arxiv.org/abs/2109.10811
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New physics interpretation

Effective Lagrangian

Best fit point

[Bordone, et al, 2007.10338] 

Factorized by SM CKM factor (to provide the uniform corrections)

NP interpretation (partial explanation) is possible by TeV-scale  [Iguro, TK, 2008.01086; 

Bordone, Greljo, Marzocca, 2103.10332]. But one has to tune up flavor texture to avoid 

W′ 

ΔMd,s

https://arxiv.org/abs/2007.10338
https://arxiv.org/abs/2008.01086
https://arxiv.org/abs/2103.10332


Topic4: CKM unitarity test (robust)
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Unitarity of CKM matrix

Each component of the CKM matrix can be measured without assuming the unitarity        

➡ One can test the CKM unitarity conditions from data                                                      

VCKM =

0

@
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

1

A

<latexit sha1_base64="XsVwTGSeCoTPYwQt88qvL6MJpkU="></latexit>

K and B mesons mixing, 
K and B mesons FCNC

B meson decaysK meson decaysβ decays

D meson decays SM NP?
V V † = 3 or 6= I3?

<latexit sha1_base64="zROODE0mSPrvc6E+0MtsXU10HWw="></latexit>
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CKM unitarity triangle

0

@
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

1

A

<latexit sha1_base64="lLlDKXL5Oflgw40hsXU+sQ1+Y0s="></latexit>

VudV
⇤
ub + VcdV

⇤
cb + VtdV

⇤
tb = 0

<latexit sha1_base64="N1bhooIwInsG3xHibFWCa9JvTAE="></latexit>

Unitarity condition

A triangle can be drawn on a complex plane

Many data are available! Currently, 
they are consistent with the triangle 

VtdV
⇤
tb ⇠ �3

<latexit sha1_base64="SOeLgUzS5xNjrMmlOoeIIC8rKEQ=">AAACC3icbVC7TsMwFHV4lvIqMLJYrZCYqqRFgglVYmEsEn1ITRs5jtNatZPIvkGqouws/AoLAwix8gNs/A3uY4CWI9k6Oufea9/jJ4JrsO1va219Y3Nru7BT3N3bPzgsHR23dZwqylo0FrHq+kQzwSPWAg6CdRPFiPQF6/jjm6nfeWBK8zi6h0nC+pIMIx5ySsBIXqnc9jII8unt54PMJRpy7GousSvMlIAM6l6pYlftGfAqcRakghZoeqUvN4hpKlkEVBCte46dQD8jCjgVLC+6qWYJoWMyZD1DIyKZ7mezXXJ8ZpQAh7EyJwI8U393ZERqPZG+qZQERnrZm4r/eb0Uwqt+xqMkBRbR+UNhKjDEeBoMDrhiFMTEEEIVN3/FdEQUoWDiK5oQnOWVV0m7VnXq1drdRaVxvYijgE5RGZ0jB12iBrpFTdRCFD2iZ/SK3qwn68V6tz7mpWvWoucE/YH1+QNYX5s0</latexit>

VudV
⇤
ub ⇠ �3

<latexit sha1_base64="xB6nSUWZdn8ljtLs/N7re0khCKM=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZCYqqRFgglVYmEsEn1ITRo5jtNatZPIdpCqKDsLv8LCAEKs/AAbf4PTZoCWI9k6Oufea9/jJ4xKZVnfxtr6xubWdmWnuru3f3BoHh33ZJwKTLo4ZrEY+EgSRiPSVVQxMkgEQdxnpO9Pbwq//0CEpHF0r2YJcTkaRzSkGCkteWat52VpkBe3n48yB0mVQ0dSDh2mpwRo1PLMutWw5oCrxC5JHZToeOaXE8Q45SRSmCEph7aVKDdDQlHMSF51UkkShKdoTIaaRogT6WbzXXJ4ppUAhrHQJ1Jwrv7uyBCXcsZ9XcmRmshlrxD/84apCq/cjEZJqkiEFw+FKYMqhkUwMKCCYMVmmiAsqP4rxBMkEFY6vqoOwV5eeZX0mg271WjeXdTb12UcFXAKauAc2OAStMEt6IAuwOARPINX8GY8GS/Gu/GxKF0zyp4T8AfG5w9bnZs2</latexit>

VcdV
⇤
cb ⇠ �3

<latexit sha1_base64="py2Vtr2gYovp9oG3sDBRwZSBD0A=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZCYqqRFgglVYmEsEn1ITRo5jtNatZPIdpCqKDsLv8LCAEKs/AAbf4PTZoCWI9k6Oufea9/jJ4xKZVnfxtr6xubWdmWnuru3f3BoHh33ZJwKTLo4ZrEY+EgSRiPSVVQxMkgEQdxnpO9Pbwq//0CEpHF0r2YJcTkaRzSkGCkteWat52U4yIvbz0eZg6TKoSMphw7TUwI0anlm3WpYc8BVYpekDkp0PPPLCWKcchIpzJCUQ9tKlJshoShmJK86qSQJwlM0JkNNI8SJdLP5Ljk800oAw1joEyk4V393ZIhLOeO+ruRITeSyV4j/ecNUhVduRqMkVSTCi4fClEEVwyIYGFBBsGIzTRAWVP8V4gkSCCsdX1WHYC+vvEp6zYbdajTvLurt6zKOCjgFNXAObHAJ2uAWdEAXYPAInsEreDOejBfj3fhYlK4ZZc8J+APj8wchQZsS</latexit>

B triangle

↵
<latexit sha1_base64="BgJkyeda3tRD9Jwznjo8ahn2954=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeKF48V7Ae0oUy2m3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKrR6KZIT9csWtunOQVeLlpAI5Gv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+bVTcmaVAQljZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UxNe+xmXSWqYpItFYSqIicnsdTLgilEjJpYgVdzeSugIFVJjAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAECo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AIyCjxs=</latexit>

�
<latexit sha1_base64="1URMOM3iXAugYNCR34c/eS8I/cE=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8RLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPh+yPGA==</latexit>

�
<latexit sha1_base64="GRjr0q0zxLECmq+ncQbdLsZaWwE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjx4rGCaQttKJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4bua3n7g2IlGPOEl5ENOhEpFgFK3k90KOtF+pujV3DrJKvIJUoUCzX/nqDRKWxVwhk9SYruemGORUo2CST8u9zPCUsjEd8q6lisbcBPn82Ck5t8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRjdBLlSaIVdssSjKJMGEzD4nA6E5QzmxhDIt7K2EjaimDG0+ZRuCt/zyKmnVa95lrf5wVW3cFnGU4BTO4AI8uIYG3EMTfGAg4Ble4c1Rzovz7nwsWtecYuYE/sD5/AHE146n</latexit>

[CKM fitter 2021]

V †V = 3
<latexit sha1_base64="F+1mbxowlt2LP5BS1HVkaNGN2XA="></latexit>

CPV
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1st-row Unitarity test in CKM matrix

Why these components? 

Leading uncertainties from 

kaon form factors have been 

improved significantly

0

@
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

1

A

<latexit sha1_base64="lLlDKXL5Oflgw40hsXU+sQ1+Y0s="></latexit>

Sum of the absolute values must become exact 1

Unitarity condition

V V † = 3
<latexit sha1_base64="wErUs2hFbYlB18J8nZTQD2tXLUs="></latexit> |Vud|2 + |Vus|2 + |Vub|2 = 1

<latexit sha1_base64="cykTB/YmSIeD3o1yok4/4nmmKC0=">AAACEHicdVDLSgMxFM3UV62vUZdugkUUhDIZxbYLoaALlxXsA9qxZNK0Dc08SDJCmfYT3Pgrblwo4talO//GzLRCFb0QOI97ubnHDTmTyrI+jczC4tLySnY1t7a+sbllbu/UZRAJQmsk4IFoulhSznxaU0xx2gwFxZ7LacMdXiR+444KyQL/Ro1C6ni477MeI1hpqWMejuudOOpOxrc2PIYpkfPETck56ph5q2BZFkIIJgAVzywNyuWSjUoQJZauPJhVtWN+tLsBiTzqK8KxlC1khcqJsVCMcDrJtSNJQ0yGuE9bGvrYo9KJ04Mm8EArXdgLhH6+gqk6PxFjT8qR5+pOD6uB/O0l4l9eK1K9khMzP4wU9cl0US/iUAUwSQd2maBE8ZEGmAim/wrJAAtMlM4wp0P4vhT+D+p2AZ0U7OvTfOVyFkcW7IF9cAQQKIIKuAJVUAME3INH8AxejAfjyXg13qatGWM2swt+lPH+BSifnAg=</latexit>

[FLAG2021, 2111.09849] time

1st-row unitarity condition 

https://arxiv.org/abs/2111.09849
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 determinations |Vud |  and |Vus | [Crivellin, Kirk, TK, Mescia, 2212.06862]

All data are consistent One can see several tensions in  determinations|Vus |

Updated radiative 
corrections to the β 
decays [Cirigliano, et 
al, 2208.11707]

https://arxiv.org/abs/2212.06862
https://arxiv.org/abs/2208.11707
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Global fit of |Vud |  and |Vus | [Crivellin, Kirk, TK, Mescia, 2212.06862]

Error budgets: 
LO: data, FFs 
NLO: Isospin breaking 
correction

K`3

K0
L,S ! ⇡+`⌫̄

K� ! ⇡0`⌫̄

(` = e, µ)
<latexit sha1_base64="B+DrzymmKg90fg+j/TJZ5T6A4no="></latexit>

Kµ2/⇡µ2
<latexit sha1_base64="qGqHkqZddJUCd5CrRFW3QzpgTag=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs3ASL4KpORrHtrqALwU0Fe4HOMGTStA3NXEgyQh0GX8WNC0Xc+h7ufBszbQUVPRD4+P9zOCe/H3MmlWV9GIWFxaXlleJqaW19Y3PL3N5pyygRhLZIxCPR9bGknIW0pZjitBsLigOf044/Ps/9zi0VkkXhjZrE1A3wMGQDRrDSkmfuXXmpEyTQzo6dmE3ZzjyzbFUsy0IIwRxQ9czSUK/XbFSDKLd0lcG8mp757vQjkgQ0VIRjKXvIipWbYqEY4TQrOYmkMSZjPKQ9jSEOqHTT6fUZPNRKHw4ioV+o4FT9PpHiQMpJ4OvOAKuR/O3l4l9eL1GDmpuyME4UDcls0SDhUEUwjwL2maBE8YkGTATTt0IywgITpQMr6RC+fgr/h7ZdQScV+/q03LiYx1EE++AAHAEEqqABLkETtAABd+ABPIFn4954NF6M11lrwZjP7IIfZbx9AiPNlQw=</latexit>

K� ! µ⌫̄

⇡� ! µ⌫̄
<latexit sha1_base64="EBciTXoJEgerjsm2C+U0Ubi4hzE=">AAACGnicdVDLSgMxFM34rPU16tJNsAhuLJMqtt0VdCG4qWAf0BlLJs20oZnMkGSEMvQ73Pgrblwo4k7c+Ddm2goq9UDgcM693Jzjx5wp7Tif1sLi0vLKam4tv76xubVt7+w2VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOUPzzO/dUelYpG40aOYeiHuCxYwgrWRujZyA4lJenV7DF0dQTdMoOtj6YpknLoxmyN37YJTdBwHIQQzgspnjiHVaqWEKhBllkEBzFDv2u9uLyJJSIUmHCvVQU6svRRLzQin47ybKBpjMsR92jFU4JAqL51EG8NDo/RgEEnzhIYT9edGikOlRqFvJkOsB+qvl4nzvE6ig4qXMhEnmgoyPRQkHJq0WU+wxyQlmo8MwUQy81dIBth0pU2beVPCd1L4P2mWiuikWLo+LdQuZnXkwD44AEcAgTKogUtQBw1AwD14BM/gxXqwnqxX6206umDNdvbAL1gfX6HaoKk=</latexit>

Error budgets: 
LO: FFs 
NLO: data, radiative 
correction

|V
u
d | 2

+
|V

u
s | 2

+
|V

u
b | 2

=
1

<latexit sha1_base64="cykTB/YmSIeD3o1yok4/4nmmKC0=">AAACEHicdVDLSgMxFM3UV62vUZdugkUUhDIZxbYLoaALlxXsA9qxZNK0Dc08SDJCmfYT3Pgrblwo4talO//GzLRCFb0QOI97ubnHDTmTyrI+jczC4tLySnY1t7a+sbllbu/UZRAJQmsk4IFoulhSznxaU0xx2gwFxZ7LacMdXiR+444KyQL/Ro1C6ni477MeI1hpqWMejuudOOpOxrc2PIYpkfPETck56ph5q2BZFkIIJgAVzywNyuWSjUoQJZauPJhVtWN+tLsBiTzqK8KxlC1khcqJsVCMcDrJtSNJQ0yGuE9bGvrYo9KJ04Mm8EArXdgLhH6+gqk6PxFjT8qR5+pOD6uB/O0l4l9eK1K9khMzP4wU9cl0US/iUAUwSQd2maBE8ZEGmAim/wrJAAtMlM4wp0P4vhT+D+p2AZ0U7OvTfOVyFkcW7IF9cAQQKIIKuAJVUAME3INH8AxejAfjyXg13qatGWM2swt+lPH+BSifnAg=</latexit>

Uncertainty from 
 is negligible |Vub |

global fit

https://arxiv.org/abs/2212.06862
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Global fit (including with correlations) [Crivellin, Kirk, TK, Mescia, 2212.06862]

⇢(Vud, Vus) = 0.09
<latexit sha1_base64="VMVXxA16hqTSLj3OKOWXcXjdLXQ=">AAACKnicbVDLSsNAFJ34rPUVdaebwSJUkJJUQV0IRTcuK9gHtCFMJtN26GQSZiZCCQG/xpWg3+KuuPUn3Dlps9DUA8M9nHMvc+/xIkalsqypsbS8srq2Xtoob25t7+yae/ttGcYCkxYOWSi6HpKEUU5aiipGupEgKPAY6Xjju8zvPBEhacgf1SQiToCGnA4oRkpLrnnYF6Ow2naT2E/PsiLTU3gDrZp17ZoVXWaAi8TOSQXkaLrmd98PcRwQrjBDUvZsK1JOgoSimJG03I8liRAeoyHpacpRQKSTzG5I4YlWfDgIhX5cwZn6eyJBgZSTwNOdAVIjWfQy8V/P84K02Jx9IQsLqcGVk1AexYpwPN9nEDOoQpjlBn0qCFZsognCguqTIB4hgbDS6ZZ1VnYxmUXSrtfs81r94aLSuM1TK4EjcAyqwAaXoAHuQRO0AAbP4AW8gXfj1fgwpsbnvHXJyGcOwB8YXz8k1aao</latexit>

2.8σ (3.8σ) level deviation from the unitarity condition 

neutron-lifetime data dependence (bottle vs beam)

τbottle
n = 877.75(36)sec

τbeam
n = 887.7(2.2)sec

|Vud |n = 0.974 13(43)
|Vud |n = 0.968 66(131)

the single most 
precise data 

Significance of Cabibbo-Angle Anomaly (CAA)

test of unitarity 

https://arxiv.org/abs/2212.06862
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Significance of Cabibbo-Angle Anomaly (CAA)

Other precise combination of the unitarity test (1st-column unitarity) 

Interesting new result from CMS 

Inclusive hadronic decay of W can measure  (=2 in the SM)Σi=u,cΣj=d,s,b |Vij |
2

Uncertainty is predominated by data of , being probed precisely by Belle II and BES IIID → μν

[CMS, 2201.07861]

Consistent with the unitarity 
But, the  is deviated from the 
world average: 

|Vcs |
|Vcs | = 0.987(11)

https://arxiv.org/abs/2201.07861
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New physics interpretations of CAA
EFT fittings:  fit [Coutinho, et al, 1912.08823]; right-handed current fit [Grossman, et al, 

1911.07821, Cirigliano, et al, 2112.02087];  fit [Crivellin, et al, 2002.07184];  fit [Crivellin, et al, 2102.02825] 

Heavy SU(2)L vector boson (~10 TeV) [Capdevila, et al, 2005.13542] 

Leptoquark (~5TeV) [Marzocca, Trifinopoulos, 2104.05730] 

Vector-like Quark (1-5 TeV) [Belfatto, et al, 1906.02714, 2103.05549; Cheung, et al, 2001.02853; Branco, et al, 2103.13409] 

Vector-like Lepton (1-2 TeV) [Endo, Mishima, 2005.03933; Crivellin, et al, 2008.01113; Kirk, 2008.03261

(H†iDI
μH)(L̄γμτIL)

W-ℓ-ν GF

L L
N

W± H H

Heavy right-handed neutrino (type I seesaw) can not explain 

the tension [the unphysical region |mixing|2 <0  is favored] 

MeV sterile neutrino [TK, Tobioka, 2308.13003]

H
eavy N

ew
 Physics

 coupling W-ℓ-ν
Light 
NP

Best pull

Best pull

Vector-like quark can explain CAA with 
EWPO, FCNC, collider bounds [Crivellin, 
Kirk, TK, Mescia, 2212.06862]

https://arxiv.org/abs/1912.08823
https://arxiv.org/abs/1911.07821
https://arxiv.org/abs/2112.02087
https://arxiv.org/abs/2002.07184
https://arxiv.org/abs/2102.02825
https://arxiv.org/abs/2005.13542
https://arxiv.org/abs/2104.05730
https://arxiv.org/abs/1906.02714
https://arxiv.org/abs/2103.05549
https://arxiv.org/abs/2001.02853
https://arxiv.org/abs/2103.13409
https://arxiv.org/abs/2005.03933
https://arxiv.org/abs/2008.01113
https://arxiv.org/abs/2008.03261
https://arxiv.org/abs/2308.13003
https://arxiv.org/abs/2212.06862
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EFT fitting of CAA
EFT global fitting implies that right-handed W-u-d and W-u-s new physics are preferred 

[Crivellin, Kirk, TK, Mescia, 2212.06862]

Best pull

[unit of  ]10−3v−2

https://arxiv.org/abs/2212.06862
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Sterile neutrino solution for CAA

MeV sterile neutrino provides good effects on  determinations from superallowed β 

decays and neutron decay, and no effects on the others

|Vud |

[TK, Tobioka, 2308.13003]

1. active-sterile mixing 
2. kinematical suppression no effects when Eν ≫ mν4

The details of constraints, see  2308.13003
1 + ΔCKM ≈ |Vud |2 cos2 Ue4 + |Vus |2 |Ue4 |2 ≈ 10−3

https://arxiv.org/abs/2308.13003
https://arxiv.org/abs/2308.13003


Topic5: Beryllium anomaly (excess?)
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Beryllium anomaly (X17)
ATOMKI experiment is searching an internal pair creation of electrons 　　　　　　　　　　　
in the several nuclear transitions: 

ATOMKI results  

 

 

8Be,

4He,

12C,

“X”
e−

e+

figure from 
www.particlebites.com

 BR(8Be* → 8Be + γ) = 𝒪(10−5)
BR(8Be* → 8Be + e+e−) = 𝒪(10−8)

asymmetric 

symmetric data  
E(e-)~E(e+)

Large bump 
in large 
opening angle 

non-relativistic 
on-shell decay 

target 

[ATOMKI, 8Be, 1504.01527]

[ATOMKI, 8Be, 
1504.01527, 2308.06473]

[ATOMKI, 12C, 2209.10795]

[ATOMKI, 4He, 
1910.10459, 2104.10075]

mX = 16.94(24)

mX = 16.70(61)

mX = 17.03(23)

MeV

MeV

https://arxiv.org/abs/1504.01527
https://arxiv.org/abs/1504.01527
https://arxiv.org/abs/2308.06473
https://arxiv.org/abs/2209.10795
https://arxiv.org/abs/1910.10459
https://arxiv.org/abs/2104.10075
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HUS experiment

HUS experiment, Hanoi, Vietnam, is searching for  and  transitions to check ATOMKI 

The preliminary result of HUS for 

8Be 12C

8Be [HUS experiment, ISMD2023]
[ATOMKI, 8Be, 1504.01527]

mboson = 16.7 ± 0.5  MeV
significance: 4–5σ

https://indico.cern.ch/event/1258038/contributions/5538280/
https://arxiv.org/abs/1504.01527
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HUS experiment

HUS experiment, Hanoi, Vietnam, is searching for  and  transitions to check ATOMKI 

The preliminary result of HUS for 

8Be 12C

12C [HUS experiment, ISMD2023] [ATOMKI, 12C, 2209.10795]

Other on-going:  MEG II, PADME, Montreal Tandem, Van-de-Graaff lab

https://indico.cern.ch/event/1258038/contributions/5538280/
https://arxiv.org/abs/2209.10795
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X17 implications

Severe bound from   

Additional severe bound from  

Recent new physic studies conclude: 

SM explanations

π0 → γX, X → e+e− (NA48/2)

π+ → e+νeX, X → e+e−, νν̄

Exotic QCD? 
[Kubarovsky, et al, 2206.14441] (unpublished) 

QED corrections?  
[Aleksejevs, et al, 2102.01127] (unpublished)

 [Barducci, Toni, 2212.06453; Denton, Gehrlein, 2304.09877]

promising candidate is axial vector

Protophobic nature [Feng, et al, 1608.03591]

Protophobic vector was excluded

[Hostert, Pospelov, 2306.15077]

avoid  suppressionm2
e

axial vector 
parameter space 

! 0
<latexit sha1_base64="nLFvY9rWSwxUXyRQdKafxryKpWo=">AAACFHicdVDLSgMxFM3UV62vqks3wSK4KkkV2+6KblxWsA9oh5JJM21skhmSjFBK/8GVoN/iTty691PcmWkraNEDgcM593JPThALbixCH15mZXVtfSO7mdva3tndy+8fNE2UaMoaNBKRbgfEMMEVa1huBWvHmhEZCNYKRlep37pn2vBI3dpxzHxJBoqHnBLrpGbXRhDBXr6AigghjDFMCS5fIEeq1UoJVyBOLYcCWKDey392+xFNJFOWCmJMB6PY+hOiLaeCTXPdxLCY0BEZsI6jikhm/Mks7RSeOKUPw0i7pyycqT83JkQaM5aBm5TEDs2yl4p/ekEgp8vD6QmzFMiGFX/CVZxYpug8T5gI6KpIG4J9rhm1YuwIoZq7L0E6JJpQ63rMua6+C4H/k2apiM+KpZvzQu1y0VoWHIFjcAowKIMauAZ10AAU3IEH8ASevUfvxXv13uajGW+xcwh+wXv/AkIHnxM=</latexit>

https://arxiv.org/abs/2206.14441
https://arxiv.org/abs/2102.01127
https://arxiv.org/abs/2212.06453
https://arxiv.org/abs/2304.09877
https://arxiv.org/abs/1608.03591
https://arxiv.org/abs/2306.15077
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Conclusions
Topic1:  (robust) 

~3—4σ tension. Very rich new physics phenomenology is discussed 

Topic2:  (excess?) 

LFU new physics or charm-long-distance contribution? New excess in  

Topic3:  (excess?) 

Problem of SM calculation? New physics interpretation is not easy 

Topic4: CKM unitarity test (robust) 

~3σ tension. Exp data and lattice seem robust.  

Topic5: Beryllium anomaly (excess?) 

ATOMKI data was confirmed by HUS. New physics interpretation is not easy

B → Dτν, Dℓν

B → Kℓℓ

B+ → K+νν̄

B0 → DK, B0
s → Dsπ



Backup slides

(c) KMI/Nagoya-U



/ 48Teppei Kitahara (ITP, CAS), PPP2023, YITP, Kyoto university, August 30, 2023, online talk
Recent Progress and Future Prospects in Flavor Anomalies

50

Leptoquark catalogue
Leptoquarks that do not lead to proton decay and can contribute precision measurements 
[LQ* requires additional symmetry that forbids the proton decay, see 1603.04993]

Label Spin Charge R(D(*)) R(K(*)) muon g-2 MW

S1 LQ (*) 0 (3, 1, 1/3) Loop With S3

U1 LQ 1 (3, 1, 2/3) ❌ ❌

R2 LQ 0 (3, 2, 7/6 [1/6]) Loop

V2 LQ (*) 1 (3, 2, 5/6) Small Small

S3 LQ (*) 0 (3, 3, 1/3) ❌ ❌ With S1

U3 LQ 1 (3, 3, 2/3) ❌ ❌ ?

—

—

[cf. Angelescu, Bečirević, Faroughy, Jaffredo, Sumensari, 2103.12504;  
Athron, Balazs , Jacob , Kotlarski, Stockinger , Stockinger-Kim, 2104.03691]

— only R(D)

https://arxiv.org/abs/1603.04993
https://arxiv.org/abs/2103.12504
https://arxiv.org/abs/2104.03691
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Related channel: R(J/ψ)

The LFU violation was also observed in   B−
c → J/ψ

R(J/ )exp = 0.71± 0.17stat ± 0.18syst

Same-direction tension as R(D) and R(D*) anomalies 

[LHCb, 1711.05623] 

c̄

J/ Bc
-

R(J/ ) =
B(B�

c ! J/ ⌧�⌫̄⌧ )

B(B�
c ! J/ `�⌫̄`)

<latexit sha1_base64="UolFZdFf2faC1JHXDRmBstLWg8w="></latexit>

Based on first lattice result [HPQCD, 2007.06956]

1.8σ consistent
using Nf=2+1+1, with “HISQ” c and heavy quark b 

R(J/ )SM = 0.258± 0.004
<latexit sha1_base64="t/FqkyDD648tKIHhijS3nMPfT58="></latexit>

C

https://arxiv.org/abs/1711.05623
https://arxiv.org/abs/2007.06956


 [Bolton, Deppisch, Dev, 1912.03058]

https://arxiv.org/abs/1912.03058
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Operators for CAA
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A  modelSU(2)1 × SU(2)2 × U(1)Y

We consider an extended electroweak gauge group  model, 

which contains heavy vector-like quarks and heavy SU(2) gauge multiplet  

After integrating out the vector-like quarks, the following effective Lagrangian is generated

SU(2)1 × SU(2)2 × U(1)Y

[Boucenna, Celis, Fuentes-Martin, Vicente, Virto, 1608.01349]

Z′ μ Z′ μ W′ +
μ

 basis is defined by the first termgij
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Three scenarios 

We consider the fowling three scenarios 

Z′ μ Z′ μ W′ +
μ

Scenario1 Scenario2 Scenario3 

Here, U(2) symmetry is imposed to avoid strong constraints from K- and D-meson mixings
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Scenario1

30%
50%

100%
200%

-0.0001

-0.001

-0.01
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-0.2

1 2 3 4 5
0.05

0.10

0.50

1

5

10

g33 = − g11

Black contours:

Flavor constraint ( ) 
comes from -  box 

ΔMs
W W′ 

∝ g11 × g33

Strong bounds comes from 
direct search by LHC

We rescaled the width-
dependent limit

[CMS 
1911.03947]

Width > 100% 
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Scenario2

30%
50%
100%

200%

-0.0001

-0.001

-0.005

-0.01

1 2 3 4 5
0.05

0.10

0.50

1

5

10

Black contours:

Flavor constraint ( ) 
comes from -exchange  

ΔMs
Z′ 

∝ |g23 |2

 is saturated 
under the flavor 
constraints on this 
plane

g23

Width > 100% 



/ 48Teppei Kitahara (ITP, CAS), PPP2023, YITP, Kyoto university, August 30, 2023, online talk
Recent Progress and Future Prospects in Flavor Anomalies

58

Scenario3

-0.02
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60%
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Scenario1 

non-zero g23

 would give 
additional bound
ΔMd /ΔMs

C2(NP)/C2(SM) ～ -0.10 

would be possible


