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Introduction

A variety of BSM scenarios have interesting implications for B-physics.

at present the only direct experimental motivation to expect NP in (other) B decays. 

Here I will focus on BSM models for the B anomalies, 

light pseudoscalars coupling to SM gauge bosons and fermions

 vs    universality in μ e b → sll  vs ,  universality in τ μ e b → clν
+ ang. obs. and rates in b → sμμ ∼ 3 σ

∼ 4 σ

 anomaliesb → s  anomaliesb → c
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Reading the footprints of the B anomalies
If the anomalies in  and  are true NP signals, which NP could be 
responsible for them, and where else should we see it?

b → sll b → cτν

Usual strategy:

b → sll
b → cτν

• at each step, we can investigate connections with other observables 
• strength of connections becomes more model-dependent going from left to right)
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EFT lessons

Minimal assumptions: B anomalies are real, and are due to some heavy NP.

Under these assumptions, the right framework to parametrize NP contributions to 
observables is an Effective Theory. 
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EFT lessons

Minimal assumptions: B anomalies are real, and are due to some heavy NP.

On top of assessing the “size” (scale) of the NP effect, these observables help us pin 
down its Lorentz structure. 

• Ang. dist. of  
• ,  
•

B → D(*)τν
FL(D*) Pτ(D*)
RD+, RD*, RD**, RD*s , RΛc

. . .

 anomaliesb → c

The first place to look for similar effects are observables in the same partonic 
transition (ratios, BRs, angular distributions…):

X
•  
•  
•

B → Xsμμ
Bs → μμ
Rμ/e

pK

 anomaliesb → s

Under these assumptions, the right framework to parametrize NP contributions to 
observables is an Effective Theory. 
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Observables in b → cτν
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ℒeff = − 2 2GFVcb [(1+gVL
)(c̄LγμbL)(τ̄LγμνL)+gVR

(c̄RγμbR)(τ̄LγμνL)+gSR
(c̄LbR)(τ̄RνL)

+gSL
(c̄RbL)(τ̄RνL)+gT(c̄RσμνbL)(τ̄RσμννL)]

Switching on only one WC at a time, only  is able to account for all  data.gVL
b → c

But different solutions, e.g.  are still possible.VL + SR, SL + T…

Looking at different obs. in  can help us disentangle these scenarios.b → cτν
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Observables in b → cτν

5

ℒeff = − 2 2GFVcb [(1+gVL
)(c̄LγμbL)(τ̄LγμνL)+gVR

(c̄RγμbR)(τ̄LγμνL)+gSR
(c̄LbR)(τ̄RνL)

+gSL
(c̄RbL)(τ̄RνL)+gT(c̄RσμνbL)(τ̄RσμννL)]

Switching on only one WC at a time, only  is able to account for all  data.gVL
b → c

But different solutions, e.g.  are still possible.VL + SR, SL + T…

Looking at different obs. in  can help us disentangle these scenarios.b → cτν

LFU ratios

 onlyVL ΔRD = ΔR*D
ΔRD > ΔRD*VL + SR

ΔRi ≡
Ri

RSM
i

− 1
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Observables in b → cτν
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Ang. observables, polarizations…

More precise measurements of ratios, angular correlations, polarizations, and 
asymmetries are crucial to disentangle these scenarios.  

Many of these are more easily accessible at Belle II w.r.t. LHCb. 

See also Murgui et. al (2019) for a similar analysis

http://1904.09311
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Observables in b → cτν
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Ang. observables, polarizations… [Becirevic et al. (2019)]

More precise measurements of ratios, angular correlations, polarizations, and 
asymmetries are crucial to disentangle these scenarios.  

Many of these are more easily accessible at Belle II w.r.t. LHCb. 

See also Murgui et. al (2019) for a similar analysis

https://arxiv.org/pdf/1907.02257.pdf
http://1904.09311
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Combined explanation of the B anomalies
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The two anomalies fit well in the SMEFT: 

(s̄LγμbL)(μ̄LγμμL) (c̄LγμbL)(τ̄LγμνL)
b → sll b → clνSU(2)L

ℒNP
EFT = −

1
v2 (C(3)

lq (l̄LγμτalL)(q̄LγμτaqL) + C(1)
lq (l̄LγμlL)(q̄LγμqL)) + …

 Minimal solution: left-handed, TeV scale NP in semi-leptonic operators:⇒



7

Combined explanation of the B anomalies

7

The two anomalies fit well in the SMEFT: 

(s̄LγμbL)(μ̄LγμμL) (c̄LγμbL)(τ̄LγμνL)
b → sll b → clνSU(2)L

ℒNP
EFT = −

1
v2 (C(3)

lq (l̄LγμτalL)(q̄LγμτaqL) + C(1)
lq (l̄LγμlL)(q̄LγμqL)) + …

 Minimal solution: left-handed, TeV scale NP in semi-leptonic operators:⇒

The only viable tree-level mediators are leptoquarks: 
no 4  and 4q processes at tree level, and no resonant production at LHC.ℓ

Three possibilities (for a combined explanation):

S1 + S3

U1 ⇠ (3, 1)2/3

<latexit sha1_base64="JSypS421TxHcaUA7TUtmM6Um0IY=">AAACCHicbVDLTgJBEJzFF+Jrfdy8TCQmmBjcBYweiV48YuICCZDN7NDghNlHZnpNcMMP+BVe9eTNePUvPPgvLrgHFetUqepOV5cXSaHRsj6M3MLi0vJKfrWwtr6xuWVu7zR1GCsODg9lqNoe0yBFAA4KlNCOFDDfk9DyRpdTv3UHSoswuMFxBD2fDQMxEJxhKrnmnuPatKuFT0vVY/vITSon1YlrFq2yNQOdJ3ZGiiRDwzU/u/2Qxz4EyCXTumNbEfYSplBwCZNCN9YQMT5iQ+ikNGA+6F4ySz+hh7FmGNIIFBWSzkT4uZEwX+ux76WTPsNb/debiv95nRgH571EBFGMEPDpIRQSZoc0VyKtBWhfKEBk0+RARUA5UwwRlKCM81SM054KaR/23+/nSbNStmvl0+tasX6RNZMn++SAlIhNzkidXJEGcQgn9+SRPJFn48F4MV6Nt+/RnJHt7JJfMN6/APHzl5Y=</latexit>

S3 + R2

[Crivellin et al. (2017); Buttazzo et al. (2017); Marzocca (2018)...]

[Bečirević et al. ( 2018 ,2022)

[di Luzio et al. (2017); Calibbi et al. (2017); Bordone, CC, et al. (2017); Barbieri, Tesi (2017); 
Heck,Teresi (2018)...]

https://arxiv.org/pdf/1708.08450.pdf
https://arxiv.org/pdf/1709.00692.pdf
https://arxiv.org/pdf/1712.01368.pdf
https://arxiv.org/pdf/1712.06844.pdf
https://arxiv.org/pdf/1808.07492.pdf
https://arxiv.org/pdf/1806.05689.pdf
https://arxiv.org/pdf/2206.09717.pdf
https://arxiv.org/pdf/1703.09226.pdf
https://arxiv.org/pdf/1706.07808.pdf
https://arxiv.org/pdf/1803.10972.pdf
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General phenomenological consequences
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1. Large b → sττ

2. Large  violation in B and  decaysτ/μ τ

3. Enhancement of B → Kνν̄

Belle II plays an important role in assessing all these effects. 
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Large b → sττ
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 invarianceSU(2)L
<latexit sha1_base64="W4DEaGB7rZXq31w4sZtEh9tB5s0=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxIndGoyXRxhKNfCRAyNwywIa9vcvunIZciL/CVis7Y+tvsfC/eJwUCr7q5b2ZzJvnR0pact1PJ7e0vLK6ll8vbGxube8Ud/fqNoyNwJoIVWiaPlhUUmONJClsRgYh8BU2/NHV1G/co7Ey1Hc0jrATwEDLvhRAqdRq38rBkMCY8KFbLLllNwNfJN6MlNgM1W7xq90LRRygJqHA2pbnRtRJwJAUCieFdmwxAjGCAbZSqiFA20myyBN+FFugkEdouFQ8E/H3RgKBtePATycDoKGd96bif14rpv5FJ5E6igm1mB4iqTA7ZIWRaRfIe9IgEUyTI5eaCzBAhEZyECIV47ScQtqHN//9IqmflL2zsntzWqpczprJswN2yI6Zx85ZhV2zKqsxwUL2xJ7Zi/PovDpvzvvPaM6Z7eyzP3A+vgFfupX2</latexit>)

[(*)Exception: R2 + S3]

Driven by the CC anomaly (when explained via the triplet(*))

  and  enhanced by 2-3 orders of magnitude over the SM. ⇒ B → Kττ Bs → ττ ν
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Large b → sττ
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 invarianceSU(2)L
<latexit sha1_base64="W4DEaGB7rZXq31w4sZtEh9tB5s0=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxIndGoyXRxhKNfCRAyNwywIa9vcvunIZciL/CVis7Y+tvsfC/eJwUCr7q5b2ZzJvnR0pact1PJ7e0vLK6ll8vbGxube8Ud/fqNoyNwJoIVWiaPlhUUmONJClsRgYh8BU2/NHV1G/co7Ey1Hc0jrATwEDLvhRAqdRq38rBkMCY8KFbLLllNwNfJN6MlNgM1W7xq90LRRygJqHA2pbnRtRJwJAUCieFdmwxAjGCAbZSqiFA20myyBN+FFugkEdouFQ8E/H3RgKBtePATycDoKGd96bif14rpv5FJ5E6igm1mB4iqTA7ZIWRaRfIe9IgEUyTI5eaCzBAhEZyECIV47ScQtqHN//9IqmflL2zsntzWqpczprJswN2yI6Zx85ZhV2zKqsxwUL2xJ7Zi/PovDpvzvvPaM6Z7eyzP3A+vgFfupX2</latexit>)

[(*)Exception: R2 + S3]

Driven by the CC anomaly (when explained via the triplet(*))

  and  enhanced by 2-3 orders of magnitude over the SM. ⇒ B → Kττ Bs → ττ ν

Projections for the :U1

 L

L+R 

 L

L+R 

[CC, Fuentes Martin et al. (2021)]

https://arxiv.org/pdf/2103.16558.pdf


High-pT bounds from pp → ττ
The same interaction can be probed in di-tau tails at the LHC.

<latexit sha1_base64="W4DEaGB7rZXq31w4sZtEh9tB5s0=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxIndGoyXRxhKNfCRAyNwywIa9vcvunIZciL/CVis7Y+tvsfC/eJwUCr7q5b2ZzJvnR0pact1PJ7e0vLK6ll8vbGxube8Ud/fqNoyNwJoIVWiaPlhUUmONJClsRgYh8BU2/NHV1G/co7Ey1Hc0jrATwEDLvhRAqdRq38rBkMCY8KFbLLllNwNfJN6MlNgM1W7xq90LRRygJqHA2pbnRtRJwJAUCieFdmwxAjGCAbZSqiFA20myyBN+FFugkEdouFQ8E/H3RgKBtePATycDoKGd96bif14rpv5FJ5E6igm1mB4iqTA7ZIWRaRfIe9IgEUyTI5eaCzBAhEZyECIV47ScQtqHN//9IqmflL2zsntzWqpczprJswN2yI6Zx85ZhV2zKqsxwUL2xJ7Zi/PovDpvzvvPaM6Z7eyzP3A+vgFfupX2</latexit>) L

The obtained bounds are generally stronger than the low-energy ones.

Any change in  will alter these conclusions significantly.R(*)
D

Models for  only yield similar enhancements in  ,  and R(*)
D B → Kττ Bs → ττ pp → ττ .

•  solution is completely falsifiable at HL-LHC 
(or we will find a !)
U1

U1

• same for ,R2 + S3

• still space left for S1 + S3

[Faroughy, Greljio, Kamenik (2016); 
Fuentes-Martin et al. (2020)]

Projections for the :U1

[CC et al 2021]

https://arxiv.org/pdf/1609.07138.pdf
https://arxiv.org/pdf/2003.12421.pdf
https://arxiv.org/pdf/2103.16558.pdf
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Lepton Flavour Violation in  and  decaysb → sτμ τ
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Driven by the presence of both CC and NC anomaly:
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Lepton Flavour Violation in  and  decaysb → sτμ τ
B(Bs ! ⌧µ) ⇡ 1⇥ 10�5

<latexit sha1_base64="iB8QP2OVwVMXoFBQ7aYp08wqsWo="></latexit>

B(B ! K⌧µ) ⇡ 1⇥ 10�6

<latexit sha1_base64="BRRH+PWKbsm/DK6cYzmHurKleMg="></latexit>

B(⌧ ! µ�) ⇡ 1⇥ 10�8

<latexit sha1_base64="7KV3eFxYHOetrU2/FERLvfLJ+ag="></latexit>

B(Bs ! ⌧µ) ⇡ B(B ! K⌧µ) ⇡ 10�7 � 10�6

<latexit sha1_base64="In8Wcdo6f61wOeX3qhTIcxHuClQ="></latexit>

B(⌧ ! µ�) ⇡ 10�10 � 10�8

<latexit sha1_base64="3NL+d2NZFTf0olnjXQYa94gjHYA="></latexit>

[CC, Fuentes Martin, Faroughty Isidori, Neubert, 2021]

L+R 
L+R 

 L

https://arxiv.org/pdf/2103.16558.pdf
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Enhancement of B → Kνν
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ℒNP
EFT = −

1
v2 (C(3)

lq (l̄LγμτalL)(q̄LγμτaqL) + C(1)
lq (l̄LγμlL)(q̄LγμqL)) + …

𝒜(b → sνν̄) ∝ (C(3)
lq − C(1)

lq )2333
does  (  large)RD(*) →

need  at 1% level not to 
overshoot present bounds!

C(3)
lq ≈ C(1)

lq⇒
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ℒNP
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At tree level, this is achieved automatically for the  and can be imposed for U1
S1 + S3            , …..but is anyway spoiled by radiative effects, resulting in a 20-50% 

enhancement over the SM. [Fuentes-Martin et al 2020 ,2021 , Gherardi et al 2008] 

For  the expected enhancement is well above 50%. R2 + S3
[Sumensari et al. 2022

https://arxiv.org/pdf/2206.09717.pdf
https://arxiv.org/pdf/2009.11296.pdf
https://arxiv.org/pdf/2103.16558.pdf
https://arxiv.org/pdf/2008.09548.pdf
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enhancement over the SM. [Fuentes-Martin et al 2020 ,2021 , Gherardi et al 2008] 

For  the expected enhancement is well above 50%. R2 + S3
[Sumensari et al. 2022

 Belle II will probe the parameter space preferred by all these models entirely.→
Usual caveat: the size of the effect is driven by the CC anomaly. 

https://arxiv.org/pdf/2206.09717.pdf
https://arxiv.org/pdf/2009.11296.pdf
https://arxiv.org/pdf/2103.16558.pdf
https://arxiv.org/pdf/2008.09548.pdf
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Other interesting tests:  and b → d b → u

14

Belle II has the potential to test LFU in other quark transitions, like  and .b → u b → d

A priori no obvious connection between these and  and .  b → c b → s



14

Other interesting tests:  and b → d b → u

14

Belle II has the potential to test LFU in other quark transitions, like  and .b → u b → d

A priori no obvious connection between these and  and .  b → c b → s

However, if NP respects an approximate  flavor symmetry acting on the light 
generations, NP effects  and , and in  and  are connected:

U(2)
b → c b → u b → s b → d

- protection from  bounds 
- link flavor anomalies and hierarchies 

ΔF = 2U(2) is theoretically well motivated:

b → cℓν
b → uℓν

=
b → cℓν
b → uℓν

SM

X
b → sℓℓ
b → dℓℓ

=
b → sℓℓ
b → dℓℓ

SM

X
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b → uℓν
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=
b → sℓℓ
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X

ℬ(B → πτν)
ℬ(B → πℓν)

≈
ℬ(B → πτν)
ℬ(B → πℓν)

SM
(0.75

RD

RSM
D

+ 0.25
RD*

RSM
D* )

ℬ(B → πμμ)
ℬ(B → πee)

≈ RK(*)

Universality tests in :B → π



Conclusions

BSM models for B anomalies predict a variety of signatures relevant for Belle II:

• Modifications of obs. In  and  

• Enhancement of  

•  

• Enhancement of  

• Possibly effects in  and  transitions

b → sll b → cτν
B → Kττ

B → Kτμ, τ → μϕ, τ → μγ
B → Kνν̄

b → u b → d


