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Outline 

[LHCb, B-factories]

• Several discrepancies have been observed in b-hadron decays:


 

   Violation of Lepton Flavor Universality (LFU)?
⇒

This talk: i. LFU in the SM: Current status 

ii. New Physics interpretations (EFT and beyond)

iii. Connection to  ?


iv. Implications

Δaμ



Lepton Flavor Universality 

 and : current statusRD RD*
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LFU in b → cτν̄

SM

Experiment

<latexit sha1_base64="6ifmocgminU6qwszjCSyxRP7ESM="></latexit>

RD(⇤) =
B(B ! D(⇤)⌧⌫)

B(B ! D(⇤)µ⌫)

•  and  : dominated by BaBar! Rexp
D Rexp

D*

Needs clarification from Belle-II and LHCb (run-2) data!

See talks by G. De Nardo, T. Bowcook



Olcyr Sumensari (IJCLab, Orsay) Phenomenology of flavor anomalies 3

SM predictions: B → D(*)ℓν̄ Known Lorentz factors

Form-factors (from lattice, exp…)
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hD(⇤)|c̄L�µbL|Bi =
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a

Kµ
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SM predictions: B → D(*)ℓν̄

•  : one (two) form-factors with  at ;


 Lattice QCD at  ( ) for both form-factors.


B → D f0(0) = f+(0) q2 = 0
⇒ q2 ≠ q2

max w ≠ 1 [MILC/Fermilab ’15, HPQCD ’15]
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Rlatt.
D = 0.293(5)

Known Lorentz factors

Form-factors (from lattice, exp…)For light (heavy) leptons:
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[FLAG ’21]
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SM predictions: B → D(*)ℓν̄

•  : one (two) form-factors with  at ;


 Lattice QCD at  ( ) for both form-factors.


B → D f0(0) = f+(0) q2 = 0
⇒ q2 ≠ q2

max w ≠ 1 [MILC/Fermilab ’15, HPQCD ’15]
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Rlatt.
D = 0.293(5)
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Rlatt.+exp
D = 0.295(3)

Known Lorentz factors

Form-factors (from lattice, exp…)For light (heavy) leptons:
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B ! D(⇤)l⌫̄ (l = e, µ)

[FLAG ’21]
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SM predictions: B → D(*)ℓν̄

•  : one (two) form-factors with  at ;


 Lattice QCD at  ( ) for both form-factors.


• : three (four) form-factors;

 [NEW] First lattice computation at  ( )


B → D f0(0) = f+(0) q2 = 0
⇒ q2 ≠ q2

max w ≠ 1

B → D*
⇒ q2 ≠ q2

max w ≠ 1

[MILC/Fermilab ’15, HPQCD ’15]

[MILC/Fermilab ’21]
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Rlatt.+exp
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Known Lorentz factors

Form-factors (from lattice, exp…)For light (heavy) leptons:
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Rlatt.
D⇤ = 0.265(13)
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Rlatt.+exp
D⇤ = 0.2483(13)

  1.3  apartσ
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B ! D(⇤)l⌫̄ (l = e, µ)

[FLAG ’21]

NB. Soft-photon corrections: first steps in [de Boer et al. ’18]. More work needed (structure dependent terms?)
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[MILC/Fermilab, 2105.14019]Warning!

Way out: independent LQCD results + Belle-II! 

4
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How to improve our predictions? 
• Th. uncertainties are related to  (only source of LFU breaking in the SM):
mτ
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How to improve our predictions? 

<latexit sha1_base64="JSpFeKOA+5CQ+pZ/JlRN/5X5ucY=">AAACC3icdVDLSsNAFJ34rPUVdelmaBEqSEiKVJetblxWsA9oY5hMJ+3QycOZiVBCXbvxV9y4UMStP+DOv3GSRvB5YLiHc+7lzj1uxKiQpvmuzc0vLC4tF1aKq2vrG5v61nZbhDHHpIVDFvKuiwRhNCAtSSUj3YgT5LuMdNzxaep3rgkXNAwu5CQito+GAfUoRlJJjl7qRzyMZAgbjlW5uqzuH9w0nGrO2ll19LJp1MwU8DexjKyaZZCj6ehv/UGIY58EEjMkRM8yI2kniEuKGZkW+7EgEcJjNCQ9RQPkE2En2S1TuKeUAfRCrl4gYaZ+nUiQL8TEd1Wnj+RI/PRS8S+vF0vv2E5oEMWSBHi2yIsZVLenwcAB5QRLNlEEYU7VXyEeIY6wVPEVVQifl8L/SbtqWDXDOj8s10/yOApgF5RABVjgCNTBGWiCFsDgFtyDR/Ck3WkP2rP2Mmud0/KZHfAN2usHAzSYeg==</latexit>

/ A1(q
2), A2(q

2), V (q2)
<latexit sha1_base64="mlvtRUFzxntvnkYk4WuVNIsGJF0=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWom2GmSHVZdeOygn1AOw6ZNNOGZjIxyRTK0D9x40IRt/6JO//GTFvB54GQwzn3cu89oWBUadd9twpLyyura8X10sbm1vaOvbvXUkkqMWnihCWyEyJFGOWkqalmpCMkQXHISDscXeZ+e0ykogm/0RNB/BgNOI0oRtpIgW33hEyETuB54FbubqvHgV12nZqbA/4mnjP73TJYoBHYb71+gtOYcI0ZUqrruUL7GZKaYkampV6qiEB4hAakayhHMVF+Ntt8Co+M0odRIs3jGs7Urx0ZipWaxKGpjJEeqp9eLv7ldVMdnfkZ5SLVhOP5oChl0FyaxwD7VBKs2cQQhCU1u0I8RBJhbcIqmRA+L4X/k1bV8WqOd31Srl8s4iiCA3AIKsADp6AOrkADNAEGY3APHsGTlVkP1rP1Mi8tWIueffAN1usHE82SpQ==</latexit>

/ A0(q
2)

<latexit sha1_base64="pLIza+kRtNV15RC7TfrLfLTzLuc="></latexit>

dB
dq2

(B ! D
⇤
`⌫̄) = �(q2)!`(q

2)


HV (q

2)2 +
m`

2

m`
2 + 2q2

HS(q
2)2

�

Usual definition

Definition with same bins
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• Th. uncertainties are related to  (only source of LFU breaking in the SM):


• A simple redefinition can reduce these uncertainties:


mτ

[Ligeti et al. ‘16]
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[Isidori, OS. ’20] 


5

How to improve our predictions? 
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Usual definition

Definition with same bins

Definition with same bins 
and re-weighting
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NB. QED corrections not included!

• Th. uncertainties are related to  (only source of LFU breaking in the SM):


• A simple redefinition can reduce these uncertainties:


mτ



EFT description of  and RD RD*
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EFT for b → cτν̄
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•   gauge invariance:


  is LFU at dimension 6


 Four coefficients left:   ,  ,  and 


• Several viable explanations of  :


 e.g.,  , but not only!


SU(3)c × SU(2)L × U(1)Y

⇒ gVR

⇒ gVL
gSL

gSR
gT

RD(*)

⇒ gVL
= 0.07 ± 0.02

[Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21] 


see also [Murgui et al. ’19, Shi et al. ’19, Blanke et al. ‘19]
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EFT for b → cτν̄
Which operators to pick?

• Several scenarios can accommodate data:


 e.g.,  and   (at ).
⇒ gVL
gSL

= ± 4gT μ ≈ 1 TeV

• More exp. information is needed!


[Angelescu et al. '21] 
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EFT for b → cτν̄
Which operators to pick?

• Several scenarios can accommodate data:


 e.g.,  and   (at ).
⇒ gVL
gSL

= ± 4gT μ ≈ 1 TeV

• More exp. information is needed!


   i) e.g., many angular observables: 
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B ! D⌧ ⌫̄

[Angelescu et al. '21] 


See also [Alonso et al. ’18], [Becirevic et al. ’19], 

[Murgui et al. ’19], [Becirevic, Jaffredo. '22]


…

<latexit sha1_base64="RwKERCf9edqt3R7ucLQflTrpe18=">AAAB+XicbVDLSsNAFL2pr1pfUZduBosgKCWRom6EohsXLir2BW0Ik+kkHTp5MDMplNA/ceNCEbf+iTv/xmmbhbYeuHA4517uvcdLOJPKsr6Nwsrq2vpGcbO0tb2zu2fuH7RknApCmyTmseh4WFLOItpUTHHaSQTFocdp2xveTf32iArJ4qihxgl1QhxEzGcEKy25phm42ZP7MLlBZ9XeeeA2XLNsVawZ0DKxc1KGHHXX/Or1Y5KGNFKEYym7tpUoJ8NCMcLppNRLJU0wGeKAdjWNcEilk80un6ATrfSRHwtdkUIz9fdEhkMpx6GnO0OsBnLRm4r/ed1U+ddOxqIkVTQi80V+ypGK0TQG1GeCEsXHmmAimL4VkQEWmCgdVkmHYC++vExaFxX7smI/Vsu12zyOIhzBMZyCDVdQg3uoQxMIjOAZXuHNyIwX4934mLcWjHzmEP7A+PwBuRCSaw==</latexit>

gSL = +4 gT
<latexit sha1_base64="7TTDE7ceznY4VK+qoxg1dQqYDwk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQksiRd0IRTcuXFTsC9oQJtNJOnTyYGZSKKF/4saFIm79E3f+jdM2C209cOFwzr3ce4+XcCaVZX0bhZXVtfWN4mZpa3tnd8/cP2jJOBWENknMY9HxsKScRbSpmOK0kwiKQ4/Ttje8m/rtERWSxVFDjRPqhDiImM8IVlpyTTNwsyf3YXKDzqu9s8BtuGbZqlgzoGVi56QMOequ+dXrxyQNaaQIx1J2bStRToaFYoTTSamXSppgMsQB7Woa4ZBKJ5tdPkEnWukjPxa6IoVm6u+JDIdSjkNPd4ZYDeSiNxX/87qp8q+djEVJqmhE5ov8lCMVo2kMqM8EJYqPNcFEMH0rIgMsMFE6rJIOwV58eZm0Lir2ZcV+rJZrt3kcRTiCYzgFG66gBvdQhyYQGMEzvMKbkRkvxrvxMW8tGPnMIfyB8fkDvCSSbQ==</latexit>

gSL = �4 gT

 [Becirevic, Jaffredo, Peñuelas, OS. ’21]
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EFT for b → cτν̄
Which operators to pick?

• Several scenarios can accommodate data:


 e.g.,  and   (at ).
⇒ gVL
gSL

= ± 4gT μ ≈ 1 TeV

• More exp. information is needed!


   i) e.g., many angular observables: 


<latexit sha1_base64="1L22oEvBL/2IdAaYUIIhJd+TCx4=">AAACWHicdVDLSgNBEOys7/WV6NGDo0HQS8iKqMegHjwqGBXcGHonEx0yO7vM9IphydGv8aofo1/jJNmDRi0YKKq6h66KUiUt1esfJW9qemZ2bn7BX1xaXlktV9aubZIZLpo8UYm5jdAKJbVokiQlblMjMI6UuIl6p0P/5kkYKxN9Rf1UtGJ80LIrOZKT2uXNk5ASdnYfoqXdszCVeyFhxsIITR7qbNAuV+u1+gjsNwkKUoUCF+1KaSvsJDyLhSau0Nq7YD+lVo6GJFdi4IeZFSnyHj6IO0c1xsK28lGSAdtxSod1E+OeJjZSv2/kGNuhY91ojPRoJ03bj6P/vKH4tzd5FnWPW7nUaUZC8/FV3Uwx19SwQ9aRRnBSfUeQG+mCMf6IBjm5pv2d7191nmRqi4zP45C+70oNJiv8Ta73a8Fh7eDyoNo4Keqdhw3Yhl0I4AgacA4X0AQOL/AKb/Be+vTAm/MWxqNeqdhZhx/w1r4ASty0wA==</latexit>

B ! D⇤(D⇡)⌧ ⌫̄
<latexit sha1_base64="0eYAdxjUioRH/K8SLhOq6a8bRBw=">AAACInicbVDLSgMxFM3UV62vUZdugkWomzIj4mNXdOPCRQX7gM5Q7qRpG5rJDElGKEO/xY2/4saFoq4EP8a0HaG2Xgice+653JwTxJwp7ThfVm5peWV1Lb9e2Njc2t6xd/fqKkokoTUS8Ug2A1CUM0FrmmlOm7GkEAacNoLB9XjeeKBSsUjc62FM/RB6gnUZAW2otn3p3RpxB9oB9nSEfzuCSzMt9mKGj40AEuwFIFNPJKO2XXTKzqTwInAzUERZVdv2h9eJSBJSoQkHpVquE2s/BakZ4XRU8BJFYyAD6NGWgQJCqvx0YnGEjwzTwd1Imic0nrCzGymESg3DwChD0H01PxuT/81aie5e+CkTcaKpINND3YRj436cF+4wSYnmQwOASGb+ikkfJBBtUi2YENx5y4ugflJ2z8ru3WmxcpXFkUcH6BCVkIvOUQXdoCqqIYIe0TN6RW/Wk/VivVufU2nOynb20Z+yvn8A832itw==</latexit>

⇤b ! ⇤c(! ⇤⇡)⌧ ⌫̄
<latexit sha1_base64="u6rN7TXwHjnqfBYwTCkCjaX7ZLY=">AAACTXicdVDLTsJAFJ3iA6wvUHduRgmJK0IJUZcEXbjERB4Jbch0OoWJ02kzMyViw7+41Z9x7Ye4M8YpdIGgJ5nk5Jx7J/ccN2JUqlrtw8htbG5t5ws75u7e/sFhsXTUlWEsMOngkIWi7yJJGOWko6hipB8JggKXkZ77eJP6vQkRkob8QU0j4gRoxKlPMVJaGhZPWrYK4a2tUAxtF4nE5vFsWCzXqrU54DqxMlIGGdrDknFmeyGOA8IVZkjKgVWPlJMgoShmZGbasSQRwo9oRAaachQQ6STz82ewohUP+qHQjys4V5c3EhTI1JF6NEBqLFdNOQ3c/7xU/NtbPUv5105CeRQrwvHiKj9mUNeTFgc9KghWbKoJwoLqYBCPkUBY6XrNyvJX3oRGMsv4tAhpmrpUa7XCddKtV63LauO+UW62snoL4BScgwtggSvQBHegDToAg2fwAl7Bm/FufBpfxvdiNGdkO8fgF3L5H8dXs4M=</latexit>

B ! D⌧ ⌫̄

   ii) Other LFU ratios:

<latexit sha1_base64="QdUfz+ZCeLXaVZQIddRRsNBL9/Q="></latexit>

R
D(⇤)

s
, R⌘c , RJ/ , R⇤c , . . .

[Angelescu et al. '21] 
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EFT for b → cτν̄
Which operators to pick?

• Several scenarios can accommodate data:


 e.g.,  and   (at ).
⇒ gVL
gSL

= ± 4gT μ ≈ 1 TeV

• More exp. information is needed:


   i) e.g., many angular observables: 


<latexit sha1_base64="1L22oEvBL/2IdAaYUIIhJd+TCx4=">AAACWHicdVDLSgNBEOys7/WV6NGDo0HQS8iKqMegHjwqGBXcGHonEx0yO7vM9IphydGv8aofo1/jJNmDRi0YKKq6h66KUiUt1esfJW9qemZ2bn7BX1xaXlktV9aubZIZLpo8UYm5jdAKJbVokiQlblMjMI6UuIl6p0P/5kkYKxN9Rf1UtGJ80LIrOZKT2uXNk5ASdnYfoqXdszCVeyFhxsIITR7qbNAuV+u1+gjsNwkKUoUCF+1KaSvsJDyLhSau0Nq7YD+lVo6GJFdi4IeZFSnyHj6IO0c1xsK28lGSAdtxSod1E+OeJjZSv2/kGNuhY91ojPRoJ03bj6P/vKH4tzd5FnWPW7nUaUZC8/FV3Uwx19SwQ9aRRnBSfUeQG+mCMf6IBjm5pv2d7191nmRqi4zP45C+70oNJiv8Ta73a8Fh7eDyoNo4Keqdhw3Yhl0I4AgacA4X0AQOL/AKb/Be+vTAm/MWxqNeqdhZhx/w1r4ASty0wA==</latexit>

B ! D⇤(D⇡)⌧ ⌫̄
<latexit sha1_base64="0eYAdxjUioRH/K8SLhOq6a8bRBw=">AAACInicbVDLSgMxFM3UV62vUZdugkWomzIj4mNXdOPCRQX7gM5Q7qRpG5rJDElGKEO/xY2/4saFoq4EP8a0HaG2Xgice+653JwTxJwp7ThfVm5peWV1Lb9e2Njc2t6xd/fqKkokoTUS8Ug2A1CUM0FrmmlOm7GkEAacNoLB9XjeeKBSsUjc62FM/RB6gnUZAW2otn3p3RpxB9oB9nSEfzuCSzMt9mKGj40AEuwFIFNPJKO2XXTKzqTwInAzUERZVdv2h9eJSBJSoQkHpVquE2s/BakZ4XRU8BJFYyAD6NGWgQJCqvx0YnGEjwzTwd1Imic0nrCzGymESg3DwChD0H01PxuT/81aie5e+CkTcaKpINND3YRj436cF+4wSYnmQwOASGb+ikkfJBBtUi2YENx5y4ugflJ2z8ru3WmxcpXFkUcH6BCVkIvOUQXdoCqqIYIe0TN6RW/Wk/VivVufU2nOynb20Z+yvn8A832itw==</latexit>

⇤b ! ⇤c(! ⇤⇡)⌧ ⌫̄
<latexit sha1_base64="u6rN7TXwHjnqfBYwTCkCjaX7ZLY=">AAACTXicdVDLTsJAFJ3iA6wvUHduRgmJK0IJUZcEXbjERB4Jbch0OoWJ02kzMyViw7+41Z9x7Ye4M8YpdIGgJ5nk5Jx7J/ccN2JUqlrtw8htbG5t5ws75u7e/sFhsXTUlWEsMOngkIWi7yJJGOWko6hipB8JggKXkZ77eJP6vQkRkob8QU0j4gRoxKlPMVJaGhZPWrYK4a2tUAxtF4nE5vFsWCzXqrU54DqxMlIGGdrDknFmeyGOA8IVZkjKgVWPlJMgoShmZGbasSQRwo9oRAaachQQ6STz82ewohUP+qHQjys4V5c3EhTI1JF6NEBqLFdNOQ3c/7xU/NtbPUv5105CeRQrwvHiKj9mUNeTFgc9KghWbKoJwoLqYBCPkUBY6XrNyvJX3oRGMsv4tAhpmrpUa7XCddKtV63LauO+UW62snoL4BScgwtggSvQBHegDToAg2fwAl7Bm/FufBpfxvdiNGdkO8fgF3L5H8dXs4M=</latexit>

B ! D⌧ ⌫̄

iii) Electroweak/Higgs observables can also be a 
useful handle!


[Feruglio et al. ’17], [Cornella et al. ’18]

[Feruglio, Paradisi, OS. ‘18]

   ii) Other LFU ratios:

<latexit sha1_base64="QdUfz+ZCeLXaVZQIddRRsNBL9/Q="></latexit>

R
D(⇤)

s
, R⌘c , RJ/ , R⇤c , . . .

[Angelescu et al. '21] 
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[LHCb, 2201.03497]


<latexit sha1_base64="++sKhCDb/7ZPPOZsXZ8locjxXCQ="></latexit>

RJ/ =
B(Bc ! J/ ⌧⌫̄)

B(Bc ! J/ µ⌫̄)
= 0.71(17)stat(18)syst [LHCb, 1711.05623]


More exp. information is more than welcome here!

<latexit sha1_base64="4fsWLTS4mOSzyUuwuhQlkhz3DoE=">AAACCHicbVDLSsNAFJ3UV62vqEsXBotQNzEpVbsRim5EEOqjD2himUwn7dDJg5mJUEKWbvwVNy4UcesnuPNvnLRZaOuBC4dz7uXee5yQEi4M41vJzc0vLC7llwsrq2vrG+rmVpMHEUO4gQIasLYDOabExw1BBMXtkGHoORS3nOF56rceMOMk8O/EKMS2B/s+cQmCQkpddfemG18eWiEnyb3lQTFgXnx7lZwaevmoWqocdNWioRtjaLPEzEgRZKh31S+rF6DIw75AFHLeMY1Q2DFkgiCKk4IVcRxCNIR93JHUhx7mdjx+JNH2pdLT3IDJ8oU2Vn9PxNDjfOQ5sjO9lU97qfif14mEW7Vj4oeRwD6aLHIjqolAS1PReoRhJOhIEogYkbdqaAAZREJmV5AhmNMvz5JmWTePdfO6UqydZXHkwQ7YAyVgghNQAxegDhoAgUfwDF7Bm/KkvCjvysekNadkM9vgD5TPH2/EmEs=</latexit>

RSM
J/ = 0.258(4)

<latexit sha1_base64="66+EPo87Cjz0WGUN84R/kQr6rIQ="></latexit>

R⇤c =
B(⇤b ! ⇤c⌧ ⌫̄)

B(⇤b ! ⇤cµ⌫̄)
= 0.242(26)stat(40)syst(59)ext

<latexit sha1_base64="RTEw1EqaTqeW/bd7nMiFetRUYu0=">AAACDXicbVC7TsMwFHXKq5RXgZHFoiCVpUooAhakChYGkMqjD6kJkeM6rVXHiWwHqYr6Ayz8CgsDCLGys/E3OG0GKBzJ0tE558r3Hi9iVCrT/DJyM7Nz8wv5xcLS8srqWnF9oynDWGDSwCELRdtDkjDKSUNRxUg7EgQFHiMtb3CW+q17IiQN+a0aRsQJUI9Tn2KktOQWd67dxL7Q+S5y8ejODpDqiyC5uRydmJVqtVq2zD3oFktmxRwD/iVWRkogQ90tftrdEMcB4QozJGXHMiPlJEgoihkZFexYkgjhAeqRjqYcBUQ6yfiaEdzVShf6odCPKzhWf04kKJByGHg6mW4rp71U/M/rxMo/dhLKo1gRjicf+TGDKoRpNbBLBcGKDTVBWFC9K8R9JBBWusCCLsGaPvkvae5XrMOKdXVQqp1mdeTBFtgGZWCBI1AD56AOGgCDB/AEXsCr8Wg8G2/G+ySaM7KZTfALxsc3tpuaAg==</latexit>

RSM
⇤c

= 0.333(10)

<latexit sha1_base64="DTZbAPcVVjrXWg9MmpdYinG6wjo="></latexit>

R⇤c

RSM
⇤c

⇡ 0.26
RD

RSM
D

+ 0.74
RD⇤

RSM
D⇤

[Blanke et al. ’18]

[Intermezzo]• LHCb confirmed tendency in


 Larger than SM prediction                         , but with sizeable exp. uncertainty.


 Theory input for    form-factors was the dominant syst. uncertainty in 2017.    
This is no longer a limitation thanks to recent LQCD results in [HPQCD, 2007.06957].

⇒

⇒ Bc → J/ψ

• [NEW] First measurement of  decays: 


 Prediction (SM and beyond):  


 Compatible with                            [Detmold et al., ’15]; large exp. uncertainty.


 The BR into muons is an external input from DELPHI (!).

Λb → Λcτν̄

⇒

⇒

⇒

9



Lepton Flavor Universality
•  and : current status

• New Physics interpretations

RK RK*
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LFU in b → sℓℓ
Experiment

Theory (loop induced)

• Hadronic uncertainties almost fully cancel.


  Clean observables!


• However, QED corrections important, 

⇒
<latexit sha1_base64="OUf7tYKjNPXzXzzlLYbT3aTHK40="></latexit>

RSM
K(⇤) = 1.00(1) [Isidori et al. ’20]

[Hiller, Kruger. ’04][working below the narrow  resonances]cc̄

<latexit sha1_base64="8UyO3QmRYJYVi2RUC+jgbe6t1R4="></latexit>

RK(⇤) =
B(B ! K(⇤)µµ)

B(B ! K(⇤)ee)

Needs independent cross-check from Belle-II

See talks by G. De Nardo, T. Bowcook

10
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EFT for b → sℓℓ
<latexit sha1_base64="o+9RWx5rwlI2YndtQC9wsQPkC1o="></latexit>

Le↵ =
4GF
p
2
VtbV

⇤
ts

"
6X

i=1

Ci(µ)Oi +
X

7,8,9,10,P,S

⇣
Ci(µ)Oi + C

0
i(µ)O

0
i

⌘#
+ h.c.

• Semileptonic operators:


• Dimension-6 tensor operator is not allowed by 


• (Pseudo)scalar operators are tightly constrained by


SU(2)L × U(1)Y

<latexit sha1_base64="nk4gO2f9VXmU0yGd0Ybjg81dfiQ="></latexit>

B(Bs ! µµ)exp = (2.85± 0.22)⇥ 10�9

B(Bs ! µµ)SM = (3.66± 0.14)⇥ 10�9

[Our exp. average: CMS, ATLAS, LHCb]

[Beneke et al. ’19]

[Buchmuller, Wyler. ’85]

<latexit sha1_base64="ZhJeKYUgll9KYnsLdSDEijILAJI="></latexit>

O
(0)
9 = (s̄�µPL(R)b)(¯̀�

µ`)

O
(0)
10 = (s̄�µPL(R)b)(¯̀�

µ�5`)

<latexit sha1_base64="ZGhc63COX2T79h6K73fwJxAwVnQ="></latexit>

O
(0)
S = (s̄PR(L)b)(¯̀̀ )

O
(0)
P = (s̄PR(L)b)(¯̀�5`)

11

See talk by N. Mahmoudi
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[Intermezzo] Bs → μμ

• Good agreement between CMS and LHCb results with the SM prediction.


[Our average: CMS, ATLAS, LHCb]

Update of [Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21] 


                             
[NEW! CMS ’22]

12
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EFT for b → sℓℓ Update of [Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21] 


Clean quantities: RK, RK* and ℬ(Bs → μμ)

• Only vector(axial) coefficients can 
accommodate LFU data.


[circa 2021]
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EFT for b → sℓℓ

*See Nazila’s talk for global  fit!b → sℓℓ

[Algueró et al. ’21, Altmannshofer et al. ’21, Hurth et al. ‘21]

Update of [Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21] 


Clean quantities: RK, RK* and ℬ(Bs → μμ)

• Only vector(axial) coefficients can 
accommodate LFU data.


•  slightly disfavors the pure 
left-handed solution:  .

Bs → μμ

δCμμ
9 = − δCμμ

10

[NEW]



From EFTs to concrete models
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[Di Luzio et al. ’17]

From EFTs to concrete models 
• What is the scale of New Physics?


- For perturbative couplings:


• Good agreement between theory and exp. in LFU tests with K-, D-meson and 
-lepton decays.


 New Physics couplings to SM fermions needs to be hierarchical (hint 
of a flavor symmetry?).


τ

⇒
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From EFTs to concrete models 
•  :


•  :

b → cτν̄

b → sℓℓ

⟷

⟷

Many papers in the literature…
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From EFTs to concrete models 
•  :


•  :

b → cτν̄

b → sℓℓ

⟷

⟷

( -meson lifetime)Bc ( , …)ΔF = 2 pp → ττ

Challenging task because of the numerous exp. constraints: flavor, LHC, EWPT…

(    )

Many papers in the literature…
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Which leptoquark? [Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21] 


Few scenarios are viable!

<latexit sha1_base64="T0Z5nDXeMfdFW8/AgBSIOS+4hXg="></latexit>�
SU(3)c, SU(2)L, U(1)Y

�

Sp
in

 0
Sp

in
 1

[Buchmuller, Wyler. ’88]
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Which leptoquark? [Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21] 


Few scenarios are viable!

<latexit sha1_base64="T0Z5nDXeMfdFW8/AgBSIOS+4hXg="></latexit>�
SU(3)c, SU(2)L, U(1)Y

�

• Only the  LQ can do the job alone, but UV completion needed.


-   contains 


- Viable TeV models proposed:       (more than one mediator)


• Two scalar LQs are also viable:

-  , or   .

U1

𝒢PS = SU(4) × SU(2)L × SU(2)R U1 ∼ (3, 1, 2/3)
U1 + Z′￼+ g′￼

S1 & S3 R2 & S3

[Di Luzio et al. ’17, Bordone et al. ’18, Blanke et al. ’18…]

[Crivellin et al. ’17, Marzocca ’18]
[Becirevic et al. ’18]

Sp
in

 0
Sp

in
 1

[Buchmuller, Wyler. ’88]



Muon g-2: another LFU hint?*

*Considering the TH initiative prediction. Disagreement between LQCD [BMW '21] 
and dispersive determinations of HVP still to be clarified!

See talks by G. Colangelo, T. Blum, M. Knecht
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EFT for Δaμ
• Chirality-conserving contributions only possible for light New Physics:


• Chirality-enhancement needed to accommodate  :Λ ≳ 1 TeV

These contributions can be generated by LQs, but… which one?

e.g.,
[Feruglio, Paradisi, OS, '18] [Buttazzo et al. ’20][Fajfer et al. '21],

[Aebischer et al., ’21], [Crivellin et al. ’21] 

<latexit sha1_base64="cFzIfl8kaumZtOg6ULXtlTMczuU="></latexit>

Le↵ � y`

16⇡2

C
ij
D

⇤2
L̄iH�

µ⌫
eRjFµ⌫ + h.c.

<latexit sha1_base64="ncWkBrAEKP8BerMFvwZfMKci3VE="></latexit>

C22
D

⇤2
⇡ 1

(100 GeV)2

<latexit sha1_base64="22gMnx17TPeVUDXE/3D3E1Sk8yU="></latexit>

Csl

⇤2
⇡ 1

(100 TeV)2

<latexit sha1_base64="PVN37pwnpR4wPloTTCpto2GrE1Y="></latexit>

Cij
D / Csl

mt

mµ
log

⇤

mt

<latexit sha1_base64="n7b22BJmynRsvnOwbK7HbGybAqQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1UvbvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5MTkXM=</latexit>)

<latexit sha1_base64="n7b22BJmynRsvnOwbK7HbGybAqQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1UvbvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5MTkXM=</latexit>)

[Many papers…]
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Scalar LQs for  ?Δaμ
[Cheung et al., ’01], [Crivellin et al. ’21], [Dorsner, Fajfer, OS. ’19]  • LQs should couple to  and  :μL tR μR tL

 Two viable candidates (  and ), but not the ones needed for  .⇒ R2 S1 b → sμμ

 Connection to  is difficult because of LFV bounds (e.g., ). 
Peculiar structure of the Yukawas and/or fine-tuning is needed.
⇒ b → cτν̄ τ → μγ

Difficult to reconcile LFU and muon g-2 puzzles within minimalistic models. 
Possible in next-to-minimal scenarios…

See e.g. [Gherardi et al. ’20]



Predictions at low- and high-energies
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B-decays with missing energy

[Buras et al. ’14], [HPQCD. ’22]

e.g. [Becirevic et al. ’18]


Promising results from 
early Belle-II data!

<latexit sha1_base64="cgSTFjt4rzSufeZ08SDGR0JV7ig="></latexit>

B(B+ ! K+⌫⌫̄) = 5.7(4)⇥ 10�6

• Clean observable in the SM:


• Models for the B-anomalies predict sizable 
deviations from SM predictions.


• Unique access to operators with (left-handed) 
-leptons; i.e.  .τ L3 = (ντL , τL)T
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i. LQ pair-production

Production dominated by QCD:

see [Dorsner et al. ’18] for a recent review

+ …

ATLAS and CMS results for

[Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21] 


See talk by IguroLHC constraints
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ii. Di-lepton production at high-pT

[Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21] 


Useful upper limits on LQ couplings:

Example:  U1 ∼ (3, 1, 2/3)

LHC constraints

First considered by [Eboli, ’88]

See also [Faroughy et al. ’15] and following works


See talk by Iguro
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Lepton Flavor Violation

High-pT  constraints set lower 
bounds on  !ℬ(B → Kμτ)

Several flavor observables 
(at tree-level)

LHC constraints

[Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21] 


• LFUV ↔ LFV: Predictions for


Example:  U1 ∼ (3, 1, 2/3)

<latexit sha1_base64="t4hddVpYk7ZvVb6tG7zelhmJlkc="></latexit>

Bs ! µ⌧
<latexit sha1_base64="Tbb0S+DTgv4Yf8947sYb72rIKRc="></latexit>

B ! K(⇤)µ⌧

New searches (95% CL):

<latexit sha1_base64="NCu78TTQ10PdqhzfE3GP4FTnNtE="></latexit>

B(Bs ! µ⌧)exp < 4.2⇥ 10�5

<latexit sha1_base64="VDPws/D0TtgnpYOzmjhD6RhqyPU="></latexit>

B(B ! K(⇤)µ⌧)exp < 4.5⇥ 10�5

[LHCb]

see also [Glashow et al. ‘14]



Perspectives
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Summary and perspectives
• Experimental situation of LFU violation in B-decays remains unclear.


• We identified the mediators that can explain  and/or  .


• There is a pronounced complementarity of flavory-physics constraints with 
those obtained from high-  searches at the LHC.


• Many upcoming low-energy measurements will be fundamental to refute or 
confirm the remaining viable models.


• Building a minimal model to simultaneously explain the various anomalies in 
flavor observables remain a challenging task.

RK(*) RD(*)

pT

Wait for Belle-II for an independent cross-check!


Only the vector  is viable. Two scalar LQs can do the job too.
U1

LHC di-tau constraints   lower bound
⇒
<latexit sha1_base64="EBPKSJV8X9Qi32LF2UHnbuNlxmA="></latexit>

B(B ! K(⇤)µ⌧) & few ⇥ 10�7

<latexit sha1_base64="xQY3gODrH4EtbvXF7x5YuruiviA="></latexit>

R
D(⇤), D

(⇤)
s ,⇤

(⇤)
c ,...

<latexit sha1_base64="MxiV1kYfv0N2tNJ0qv47emFCXKI="></latexit>

RK(⇤),�,...

<latexit sha1_base64="fP36dEEISuI0xJYgPtue2mEfeIQ="></latexit>

B ! K(⇤)µ⌧
<latexit sha1_base64="XjpJV26eCQCJFnPFVLSjdb77yXw="></latexit>

B ! K(⇤)⌫⌫̄
<latexit sha1_base64="mWesAJegpP7U1UUJoz214YApKg4=">AAACPHicdVDLTsJAFJ3iC+sLdOlmlJC4alpAlB3RjUtMLJBAQ6bTASZMH5mZEknDN7jVn/E/3Lszbl07hZog0ZtMcnLOPZNzjxsxKqRpvmm5jc2t7Z38rr63f3B4VCget0UYc0xsHLKQd10kCKMBsSWVjHQjTpDvMtJxJ7ep3pkSLmgYPMhZRBwfjQI6pBhJRdl9L5RiUCiZRr3aaFSr0DTMxaTAqlUuG9DKmBLIpjUoamfKiGOfBBIzJETPqkTSSRCXFDMy1/uxIBHCEzQiPQUD5BPhJIu0c1hWjAeHIVcvkHDBrjoS5ItUEWrVR3Is1kUx893/tJT8W1uPJYfXTkKDKJYkwMtUw5hBGcK0J+hRTrBkMwUQ5lQdBvEYcYSlalMvr37lTWkkshsfl0fquir1pzn4P2hXDKtu1O5rpeZNVm8enIJzcAEscAWa4A60gA0woOAJPIMX7VV71z60z+VqTss8J+DXaF/faaKulA==</latexit>. . .

Data-driven model building!



Thank you!



Back-up
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Recast of LHC searches for the 
SMEFT and simplified scenarios

[Allwicher, Faroughy, Jaffredo, OS, Wilsch. ’22] 


[arXiv:2002.12223] 


CMS-PAS-EXO-19-019 


ATLAS-CONF-2021-025 


[arXiv:1906.05609] 


[arXiv:2205.06709] 

<latexit sha1_base64="0LZvpwIa9xvUjOl0h+dV2ghlhis=">AAACRXicdVDLTsJAFJ3BF9YX6NJNlZC4Ii0h6pLoxiUm8khoJdPpFCZM28nMlEga/sOt/ozf4Ee4M251Cl0g6E1ucnLOvTfnHo8zKpVlvcPCxubW9k5x19jbPzg8KpWPOzJOBCZtHLNY9DwkCaMRaSuqGOlxQVDoMdL1xreZ3p0QIWkcPagpJ26IhhENKEZKU4+cOyo2HYWSrAelilWz5mWuAzsHFZBXa1CGZ44f4yQkkcIMSdm361y5KRKKYkZmhpNIwhEeoyHpaxihkEg3nduemVXN+GYQC92RMufs8kaKQpkpUo+GSI3kqiinofeflpF/a6u2VHDtpjTiiSIRXrgKEmbqXLLATJ8KghWbaoCwoPoxE4+QQFjpWI3q8il/QrnMf3xaPGkYOlR7NcJ10KnX7Mta475Rad7k8RbBKTgHF8AGV6AJ7kALtAEGAjyDF/AK3+AH/IRfi9ECzHdOwK+C3z/Lq7It</latexit>pp ! ⌧⌧
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*more to be included (see GitHub page)
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Large contributions to  is a prediction of the minimalistic solutions 
to the B-physics anomalies.

b → sμτ

[Cornella et al. ’21]
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U1

EFT predictions:

i. LH operators: ii. Scalar operators:

[Becirevic, OS, Zukanovich. '16] 



