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• Well-tested property of the SM gauge sector, which is broken by Yukawas: 

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

• If confirmed with more data, they will be a clear evidence of New Physics! 
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[LEP, 𝛕-decays]

See also: 

<latexit sha1_base64="MrrmSqN0nDAzswNurxcqF4kqCho=">AAACQXicdVDLTgIxFO3gC8cX6NJNlZC4whmCgDuiG+MKjTwiENIpBRo6nUnbIZIJf+FWf8av8BPcGbdu7DCYIJGTNDk5597mnuP4jEplWe9GYm19Y3MruW3u7O7tH6TSh3XpBQKTGvaYJ5oOkoRRTmqKKkaaviDIdRhpOKPryG+MiZDU4w9q4pOOiwac9ilGSkuP993w9rztSzrtpjJW7sKy8lYJxqRcjIlduoR2zpohA+aodtPGSbvn4cAlXGGGpGzZeV91QiQUxYxMzXYgiY/wCA1IS1OOXCI74ezkKcxqpQf7ntCPKzhTFzdC5MrIkXrURWool005cZ1VXiT+7y2fpfrlTki5HyjCcXxVP2BQeTAqC/aoIFixiSYIC6qDQTxEAmGlKzWzi1/1xtSX84xPcUjT1KX+NgdXk3o+ZxdzhbtCpnI1rzcJjsEpOAM2KIEKuAFVUAMYcPAMXsCr8WZ8GJ/GVzyaMOY7R+APjO8fUaqwfQ==</latexit>

RJ/ 

<latexit sha1_base64="wB0RR6YZmEfufqGG1zQGsyG2hXM=">AAACPXicdVDLTgIxFO3gC8cX6NJNlZC4mswQBNwR3Zi4QSOPBCak0ylQ6TzSdohkwj+41Z/xO/wAd8atWzsMJkj0JE1Ozrm3uec4IaNCmuablllb39jcym7rO7t7+we5/GFLBBHHpIkDFvCOgwRh1CdNSSUjnZAT5DmMtJ3xVeK3J4QLGvj3choS20NDnw4oRlJJrbt+HN7M+rmCaZybZsmswpTUKimxqhfQMsw5CmCBRj+vnfTcAEce8SVmSIiuVQqlHSMuKWZkpvciQUKEx2hIuor6yCPCjufnzmBRKS4cBFw9X8K5urwRI08kjlCjHpIjsWqKqef85yXi397qWXJQs2Pqh5EkPk6vGkQMygAmRUGXcoIlmyqCMKcqGMQjxBGWqk69uPyVO6GhWGR8TEPquir1pzn4P2mVDKtilG/Lhfrlot4sOAan4AxYoArq4Bo0QBNg8ACewDN40V61d+1D+0xHM9pi5wj8gvb1DSPGru8=</latexit>

RpK

<latexit sha1_base64="oFTCXF5JK4iOJOC1apTEAh5epUg=">AAACTHicdVDLTgIxFO2gIo4vkKWbKiFxRRhC1CXRjUtM5JHAOOmUCzR0HrYd4oTwLW71Z9z7H+6MiR2YBYKepMnJOfc29xw35EyqavXDyGxt72R3c3vm/sHh0XG+cNKWQSQotGjAA9F1iQTOfGgppjh0QwHEczl03Mlt4nemICQL/AcVh2B7ZOSzIaNEacnJF0dOG/fhKWJTrOljHzh38qVqpboA3iRWSkooRdMpGGf9QUAjD3xFOZGyZ9VCZc+IUIxymJv9SEJI6ISMoKepTzyQ9mxx/RyXtTLAw0Do5yu8UFc3ZsSTiSP1qEfUWK6bMvbc/7xE/NtbP0sNr+0Z88NIgU+XVw0jjlWAk97wgAmgiseaECqYDobpmAhClW7XLK9+NZiyUKYZn5chTVOXaq1XuEnatYp1Wanf10uNm7TeHDpF5+gCWegKNdAdaqIWoihGL+gVvRnvxqfxZXwvRzNGulNEv5DJ/gC2i7L7</latexit>

gV ⌘ g`V

Lepton Flavor Universality (LFU)

[LHCb, B-factories]
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Outline

I. Introduction 

II. Lepton Flavor Universality 
• Current status 
• EFT interpretations 
• From EFTs to complete models 

III. From LFUV to high-  physics 

IV. Predictions at low-energies 

V. Summary

pT

*See talk by F. Bernlochner on the experimental part!



Introduction
Seeking New Physics with flavor
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Indirect searches of New Physics
i. Search deviations w.r.t. SM predictions:

e.g.,

<latexit sha1_base64="5q7pSYUWSJcol/hRul5voUyKJIw="></latexit>

Oexp = OSM (1 + �NP)

Both exp. and theory must be precise!

Look for observables: 

• (Highly) sensitive to contributions from New Physics 
• Mildly sensitive to hadronic uncertainties 
• Accessible in current and/or (near) future experiments.  

LFU ratios are an excellent example!
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Indirect searches of New Physics
ii. Search processes forbidden (by accidental symmetries) in the SM

Global symmetry of the SM gauge sector:

Clean probes of New Physics!

<latexit sha1_base64="WaM4tbpHH5hmgmPKa8sNQ7OWlKY="></latexit>

U(3)5 ⌘ U(3)Q ⇥ U(3)L ⇥ U(3)U ⇥ U(3)D ⇥ U(3)E

<latexit sha1_base64="bK1J0nNNTGeudYBtSGYi/KozRFM="></latexit>

U(1)B ⇥ U(1)e ⇥ U(1)µ ⇥ U(1)⌧

Broken by Yukawas to

Examples: 

• Proton decay (BNV):   

•  (LNV):   

• Lepton Flavor Violation (LFV):  

p → π0e+

0νββ (A, Z) → (A, Z + 2) + 2e−

μ → eγ



Lepton Flavor Universality
Current status
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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 talk by F. Bernlochner
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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!  

• LHCb confirmed tendency , i.e.  — with large uncertainties.

Rexp
D Rexp

D*

Rexp
J/ψ > RSM

J/ψ Bc → J/ψℓν̄

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

See talk by F. Bernlochner
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Form-factors: B → D(*)ℓν̄ Known Lorentz factors

Form-factors (from lattice, exp…)

<latexit sha1_base64="6pEI2X5xLgsK6nFrHMcdpItdWbM="></latexit>

hD(⇤)|c̄L�µbL|Bi =
X

a

Kµ
a Fa(q

2)
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Form-factors: 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]

[FLAG ’21]

[MILC/Fermilab ’21]

<latexit sha1_base64="AhKiYm81g0FhnEkS4qo6wUEozk4="></latexit>

Rlatt.
D = 0.293(5)

<latexit sha1_base64="Tc8PYZnvIHzleFx3eppf5vnWfB0="></latexit>

Rlatt.+exp
D = 0.295(3)

Known Lorentz factors

Form-factors (from lattice, exp…)

For light (heavy) leptons:

<latexit sha1_base64="krHZl9Mf0Uba/pcHoMWhAkv74fM="></latexit>

Rlatt.
D⇤ = 0.265(13)

<latexit sha1_base64="EXxLymHmpBeQYq/FLnAKxuI6YyA="></latexit>

Rlatt.+exp
D⇤ = 0.2483(13)

  1.3  apartσ

<latexit sha1_base64="6pEI2X5xLgsK6nFrHMcdpItdWbM="></latexit>

hD(⇤)|c̄L�µbL|Bi =
X

a

Kµ
a Fa(q

2)

[See back-up!]

!

<latexit sha1_base64="y/NT3AmP1nTse3AUkjx7jMg1q6g="></latexit>

B ! D(⇤)l⌫̄ (l = e, µ)

Way out: independent LQCD results + Belle-II! 



New Physics interpretations
• EFT description 
• From EFTs to concrete models
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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`)
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[Intermezzo] Bs → μμ

• Good agreement between LHCb results and the SM predictions; 

• Small deficit in the exp. average — due to ATLAS measurement. 

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

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

[LHCb ’21]
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EFT for b → sℓℓ

Interesting: Conclusion corroborated by global  fit!b → sℓℓ

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

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

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

• Only vector(axial) coefficients 
can accommodate data. 

•  disfavored by  . 

• Purely left-handed operator 
preferred : 

C′ 9,10 Rexp
K* < RSM

K*

[4.6σ]

<latexit sha1_base64="ty9pQYwZiDlXUwJ1Gyb7+PPBp/s="></latexit>

�Cµµ
9 = ��Cµµ

10

= �0.41± 0.09
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EFT for b → cτν̄
<latexit sha1_base64="CXbMCbOODrOak4mXJugMvGr4xS0="></latexit>

Le↵ = �2
p
2GFVcb

h
(1 + gVL)

�
c̄L�µbL

��
¯̀
L�µ⌫L

�
+ gVR

�
c̄R�µbR

��
¯̀
L�µ⌫L

�

+ gSR

�
c̄LbR

��
¯̀
R⌫L

�
+ gSL

�
c̄RbL

��
¯̀
R⌫L

�
+ gT

�
c̄R�µ⌫bL

��
¯̀
R�µ⌫⌫L

�i
+ h.c.

•   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?
[Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21]  • Viable solutions (at ): 

    and    

μ ≈ 1 TeV

⇒ gVL
gSL

= ± 4gT

• More exp. information is needed: 

    e.g., angular observables:  ⇒

<latexit sha1_base64="u6rN7TXwHjnqfBYwTCkCjaX7ZLY=">AAACTXicdVDLTsJAFJ3iA6wvUHduRgmJK0IJUZcEXbjERB4Jbch0OoWJ02kzMyViw7+41Z9x7Ye4M8YpdIGgJ5nk5Jx7J/ccN2JUqlrtw8htbG5t5ws75u7e/sFhsXTUlWEsMOngkIWi7yJJGOWko6hipB8JggKXkZ77eJP6vQkRkob8QU0j4gRoxKlPMVJaGhZPWrYK4a2tUAxtF4nE5vFsWCzXqrU54DqxMlIGGdrDknFmeyGOA8IVZkjKgVWPlJMgoShmZGbasSQRwo9oRAaachQQ6STz82ewohUP+qHQjys4V5c3EhTI1JF6NEBqLFdNOQ3c/7xU/NtbPUv5105CeRQrwvHiKj9mUNeTFgc9KghWbKoJwoLqYBCPkUBY6XrNyvJX3oRGMsv4tAhpmrpUa7XCddKtV63LauO+UW62snoL4BScgwtggSvQBHegDToAg2fwAl7Bm/FufBpfxvdiNGdkO8fgF3L5H8dXs4M=</latexit>

B ! D⌧ ⌫̄
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B ! D⇤(D⇡)⌧ ⌫̄

[Becirevic, Jaffredo, Peñuelas, OS. ’20]  
[Becirevic et al. ’19], [Murgui et al. ’19] 

… 

Electroweak/Higgs observables can 
also be an useful handle 

[Feruglio et al. ’17] 
[Feruglio, Paradisi, OS. ‘18]



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

- For perturbative couplings: 

• Moreover, good agreement between theory and experiment in LFU tests with 
K-, D-meson and -lepton decays. 

 New Physics couplings to SM fermions must be hierarchical. 

τ

⇒

[Di Luzio et al. ’17]

What do we know so far?

From EFTs to concrete models 
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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…



Olcyr Sumensari (IJCLab, Orsay) Theory overview of B-physics anomalies 15

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

See back-up!

[Buchmuller, Wyler. ’88]



From LFUV to high-  physicspT
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LHC constraints
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 K. Yong Sheng!
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LHC constraints
ii. Di-lepton production at high-pT

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

First considered by [Eboli, ‘88] 

Useful upper limits on LQ couplings:

Example:  U1 ∼ (3, 1, 2/3)
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High-  packagepT

Recast of LHC searches for the 
SMEFT and simplified scenarios

[arXiv:2002.12223]  

CMS-PAS-EXO-19-019  

ATLAS-CONF-2021-025  

[arXiv:1906.05609]  

CMS-PAS-EXO-19-014

[Allwicher, Faroughy, Jaffredo, OS, Wilsch. 2204.XXXXX]  
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<latexit sha1_base64="1kE6m4bDpgO3EtNNRRgTYb+iVi4=">AAACTXicdVDLTgIxFO3gAxxfoO7cVAmJC0IYQtQl0Y1LTOSRMBPSKQUaO52m7RBxwr+41Z9x7Ye4M8YOzAJBT9Lk5Jx7m3uOLxhVulr9sDIbm1vb2dyOvbu3f3CYLxy1VRhJTFo4ZKHs+kgRRjlpaaoZ6QpJUOAz0vEfbxO/MyFS0ZA/6KkgXoBGnA4pRtpI/fyJEK4OIYEuj8pu2Q0iQ/r5YrVSnQOuEyclRZCi2S9YZ+4gxFFAuMYMKdVzakJ7MZKaYkZmthspIhB+RCPSM5SjgCgvnp8/gyWjDOAwlOZxDefq8kaMApU4yowGSI/Vqqmmgf+fl4h/e6tn6eG1F1MuIk04Xlw1jBg07STFwQGVBGs2NQRhSU0wiMdIIqxNvXZp+avBhAqVZnxahLRtU6qzWuE6adcqzmWlfl8vNm7SenPgFJyDC+CAK9AAd6AJWgCDZ/ACXsGb9W59Wl/W92I0Y6U7x+AXMtkfVfWzRA==</latexit>pp ! e⌫, µ⌫

<latexit sha1_base64="5XLLqK5loPYkKlkAIJ0klAmr3xg=">AAACVnicdVBdS8MwFE2r01m/On0UIToGPshYh6iPQ198nOBUWMtIszsXlrYhSYej7Mlf46v+Gf0zYrr1QTe9EHJyzr3hnhMKzpRuND4te2W1tLZe3nA2t7Z3dt3K3r1KUkmhQxOeyMeQKOAsho5mmsOjkECikMNDOLrO9YcxSMWS+E5PBAQReYrZgFGiDdVzD4XwdYIB+1F66p+Cr0l+m1eOem61UW/MCi8DrwBVVFS7V7GO/H5C0whiTTlRqus1hQ4yIjWjHKaOnyoQhI7IE3QNjEkEKshmPqa4Zpg+HiTSnFjjGftzIiORyhVlWiOih2pRVJMo/E/Lyb+1xbX04DLIWCxSDTGdbzVIOTYx5QniPpNANZ8YQKhkxhimQyIJ1SZnp/bzq/6YCVV4fJ6bdBwTqrcY4TK4b9a98/rZ7Vm1dVXEW0YH6BidIA9doBa6QW3UQRS9oFf0ht6tD+vLLtnr81bbKmb20a+y3W9uobTF</latexit>pp ! eµ, e⌧, µ⌧
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High-  packagepT
Example: SMEFT

Effective operators predicted by the 
 leptoquark:U1 ∼ (3, 1,2/3)

[Allwicher, Faroughy, Jaffredo, OS, Wilsch. 2204.XXXXX]  

<latexit sha1_base64="SqRXioMq8GdLVptCs7ZihSjtuOE="></latexit>h
C(1)

lq

i

ijkl
=

⇣
L̄i�

µLj

⌘⇣
Q̄k�µQl

⌘

h
C(3)

lq

i

ijkl
=

⇣
L̄i�

µ⌧ ILj

⌘⇣
Q̄k�µ⌧

IQl

⌘

High-  constraints are needed to 
remove the flat direction!

pT



Predictions at low-energies
• LFV in B-decays 
• B-decays with missing energy
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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]
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B-decays with missing energy
• 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

<latexit sha1_base64="k1QLUBjM/fEkL2t5bXHeb9LTIF4="></latexit>

B(B+ ! K+⌫⌫̄)SM = 4.6(5)⇥ 10�6

[Buras et al. ’14, Blake et al. ’16]

e.g. [Becirevic et al. ’18] 

Promising results from 
early Belle-II data!
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Summary and perspectives
• Renewed interest in B-physics anomalies since the latest LHCb results. 

• 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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SM predictions
Form-factors: RD

• Lattice QCD at  (  available for both leading (vector) and subleading 
(scalar) form-factors: 

    with  

q2 ≠ q2
max w ≠ 1)

[FLAG’ 21] average:

<latexit sha1_base64="UbiSPW556RY0kuhObQLOPHXfjOk="></latexit>

RSM
D = 0.300(10)

[MILC/Fermilab ’15, HPQCD ’15]

<latexit sha1_base64="ahZ/Pvcv7BotoIC1QMki9/XK4ys=">AAACVXicdVDLSsNAFJ3EWmt8tNWlLkZLoSKUpBR1IxTduKxgH9CGMJlM6tDJg5lJsYRu/Bq3+jPixwhO2yxqqxcuHM6593LucWNGhTTNL03fym3ndwq7xt7+wWGxVD7qiijhmHRwxCLed5EgjIakI6lkpB9zggKXkZ47vp/rvQnhgkbhk5zGxA7QKKQ+xUgqyimdDhc3UpclZOY7lzXzAt5C3zGhQk6pYtbNRcFNYGWgArJqO2XtbOhFOAlIKDFDQgysRiztFHFJMSMzY5gIEiM8RiMyUDBEARF2urAwg1XFeNCPuOpQwgW7upGiQMwVoUYDJJ/FuiimgfufNif/1tZtSf/GTmkYJ5KEeOnKTxiUEZwHCD3KCZZsqgDCnKrHIH5GHGGpYjaqq6e8CY1F9uPL8knDUKFa6xFugm6jbl3Vm4/NSusui7cATsA5qAELXIMWeABt0AEYvII38A4+tE/tW8/p+eWormU7x+BX6cUfHAOzAQ==</latexit>

f+(0) = f0(0)

<latexit sha1_base64="ACwY/VlA8OI3g9cV22LcfkFU2YI="></latexit>

hD(k)|c̄�µb|B(p)i=

(p+ k)µ � m2

B �m2
D

q2
q2
�
f+(q

2)+qµ
m2

B �m2
D

q2
f0(q

2)
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[MILC/Fermilab, 2105.14019]Warning!
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[Isidori, OS. ’20]  

[Intermezzo] How to improve the SM prediction for  ?RD*

• Theory uncertainties are related to , i.e the only source of LFU breaking in the SM: 

• A simple redefinition can reduce these uncertainties: 

mτ

<latexit sha1_base64="BgB2LFYxP2THkKjrb/KkqwboQJA="></latexit>

R(⌧/µ)
D⇤ =

Z q2max

m2
⌧

dq2
dB
dq2

(B ! D⇤⌧ ⌫̄)

Z q2max

m2
µ

dq2
dB
dq2

(B ! D⇤µ⌫̄)

<latexit sha1_base64="Y55Pw6ZiC3czy/HTYqk4STvqk1I="></latexit>

R(⌧/µ)
D⇤ [q2min] =

Z q2max

q2min

dq2
dB
dq2

(B ! D⇤⌧ ⌫̄)

Z q2max

q2min

dq2
dB
dq2

(B ! D⇤µ⌫̄)

NB. Re-weighting of the muon rate by  can further reduce the theory uncertainties. ωτ(q2)/ωμ(q2)

(see back-up)
<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

�
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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]

<latexit sha1_base64="nb0zEBaEFnFTMiN4Gbi6eJU/IrI=">AAACOnicdVDLTgIxFO3gC8cX6NJNlZC4mswgIuyIblxilEcCE9LpFGjoPNJ2iGTCJ7jVn/FH3Lozbv0AOzALBD1Jk5Nz7m3uOU7IqJCm+a5lNja3tneyu/re/sHhUS5/3BJBxDFp4oAFvOMgQRj1SVNSyUgn5AR5DiNtZ3yb+O0J4YIG/qOchsT20NCnA4qRVNJDs2/1cwXTqFWvLmsVaBrmHNBaJQWQotHPa2c9N8CRR3yJGRKia5VCaceIS4oZmem9SJAQ4TEakq6iPvKIsOP5rTNYVIoLBwFXz5dwri5vxMgTiSPUqIfkSKyaYuo5/3mJ+Le3epYcVO2Y+mEkiY8XVw0iBmUAk5agSznBkk0VQZhTFQziEeIIS9WlXlz+yp3QUKQZnxYhdV2VulbhOmmVDKtilO/LhfpNWm8WnIJzcAEscA3q4A40QBNgMATP4AW8am/ah/apfS1GM1q6cwJ+Qfv+Adi8rUI=</latexit>

U1

EFT predictions:

i. LH operators: ii. Scalar operators:

[Becirevic, OS, Zukanovich. '16]  



Olcyr Sumensari (IJCLab, Orsay) Theory overview of B-physics anomalies


