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Introduction

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

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

b — s anomalies

U Vs e wniversality in b — sl T VS U,e uhRiversality in b — clu

+ ang. obs. and rates in b — suu
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at present the only direct experimental motivation to expect NP in (other) B decays.



Reading the footprints of the B anomalies

If the anomalies in b — sll and b — ctv are true NP signals, which NP could be
- responsible for them, and where else should we see it?

Usual strategy:

SIMPLIFIED
DATA — EIT — MODEL — (JV COMPLETION

e at each step, we can investigate connections with other observables

e 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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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.

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

b — s anomalies

o b — Xup e Ang. dist. of B » D%y
o By — pp o F,(D¥), P(D%)

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



Observablesin b — ctv

Lo = — 2\/5 GrVep [( 1+g VL)(EL}/M]?L) (TLy,v)+8 VR(ER}’%R) (%Ly,uyL)_l'gSR(ELbR) (Trvr)

+8s, (Crb)(Tgvp)+81(Cro™ by ) (TR0, 1))

Switching on only one WC at a time, only 8v, is able to account for all b — ¢ data.
But different solutions, e.g. V; + Sp, S; + T... are still possible.

Looking at different obs. in b — ctv can help us disentangle these scenarios.
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Observablesin b — ctv

Ang. observables, polarizations...
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See also Murgui et. al (2019) for a similar analysis

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 Il w.r.t. LHCb.


http://1904.09311
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See also Murgui et. al (2019) for a similar analysis

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 Il w.r.t. LHCb.


https://arxiv.org/pdf/1907.02257.pdf
http://1904.09311

Combined explanation of the B anomalies
The two anomalies fit well in the SMEFT:

b — sl SUQ), b — clv
Sr"b) Ly, S > (Cr'b)(Eyw)

= Minimal solution: left-handed, TeV scale NP in semi-leptonic operators:
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Sr"b) Ly, S > (Cr'b)(Eyw)

= Minimal solution: left-handed, TeV scale NP in semi-leptonic operators:
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The only viable tree-level mediators are leptoquarks:
no 4¢ and 4q processes at tree level, and no resonant production at LHC.

Three possibilities (for a combined explanation):

Sl + S3 [Crivellin et al. (2017); Buttazzo et al. (2017); Marzocca (2018)...]
S3 + R2 [Bedirevi¢ et al. (2018 ,2022)

[ [di Luzio et al. (2017); Calibbi et al. (2017); Bordone, CC, et al. (2017); Barbieri, Tesi (2017);
1 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

General phenomenological consequences

1. Large b — st7T
2. Large 7/u violation in B and 7 decays

3. Enhancement of B — Kuvv

Belle |l plays an important role in assessing all these effects.



Large b —> STT [()Exception: R2 + S3]

Driven by the CC anomaly (when explained via the trlplet

3 - r ¢, SUQ2), mvarlance
o) o[
(=R S

= B — K7t and B, — z7 enhanced by 2-3 orders of magnitude over the SM.
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Driven by the CC anomaly (when explained via the trlplet
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= B — K7t and B, — z7 enhanced by 2-3 orders of magnitude over the SM.

Projections for the Uj:

[CC, Fuentes Martin et al. (2021)]
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https://arxiv.org/pdf/2103.16558.pdf

High—pT bounds from pp — 1T [Faroughy, Greljio, Kamenik (2016);

Fuentes-Martin et al. (2020)]

The same interaction can be probed in di-tau tails at the LHC.
The obtained bounds are generally stronger than the low-energy ones.

Projections for the Uj:
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o still space left for §; + S5

Models for R\ only yield similar enhancements in B — Krz ,B; - tr and pp — 77.
Any change in RI()*) will alter these conclusions significantly.


https://arxiv.org/pdf/1609.07138.pdf
https://arxiv.org/pdf/2003.12421.pdf
https://arxiv.org/pdf/2103.16558.pdf

Lepton Flavour Violation in b — stu and 7 decays

Driven by the presence of both CC and NC anomaly:
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Lepton Flavour Violation in b — sty and 7 decays
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https://arxiv.org/pdf/2103.16558.pdf

Enhancement of B — Kvv

1 i o o
Lyt =~ 2 <Cl(;)(lL?’MTa D(@r'eiqy) + Cl(ql) (lL}’”lL)(CIL}’”QL)) T ..

Ab = svb) (Cl(;) — Cl(ql) ) =  need Cl(;’) ~ Cl(ql) at 1% level not to
2
does Ry (— large) 333 overshoot present bounds!
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Enhancement of B — Kvv

1 i o o
Lyt =~ 2 <Cl(;)(lL7’MTa D(@r'eiqy) + Cl(ql) (lLyﬂlL)(QL}/'MQL>) T ..

Ab = svb) (— Cl(ql) ) =  need Cl(;’) ~ Cl(ql) at 1% level not to
does Ry (— large) 2333 overshoot present bounds!

At tree level, this is achieved automatically for the U, and can be imposed for

S+ 83, .....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 R, + S, the expected enhancement is well above 50%.  [Sumensarietal. 2022
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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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At tree level, this is achieved automatically for the U, and can be imposed for

S+ 83, .....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 R, + S, the expected enhancement is well above 50%.  [Sumensarietal. 2022

— Belle Il will probe the parameter space preferred by all these models entirely.
Usual caveat: the size of the effect is driven by the CC anomaly.
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Other interesting tests: b — dand b — u
Belle Il has the potential to test LFU in other quark transitions, like b — uand b — d.

A priori no obvious connection between these and b — cand b — .
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Other interesting tests: b — dand b — u

Belle Il has the potential to test LFU in other quark transitions, like b — uand b — d.

A priori no obvious connection between these and b — cand b — .

However, if NP respects an approximate U(2) flavor symmetry acting on the light
,and in b — s and b — d are connected:

generations, NP effects and

b—>cfy_b—>cz,”1/

b= ufy b— ufv

SM

b—>sff_b—>sff

b= dft b— dft
SM

U(2) is theoretically well motivated: - protection from AF = 2 bounds
- link flavor anomalies and hierarchies
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Belle Il has the potential to test LFU in other quark transitions, like b — uand b — d.
A priori no obvious connection between these and b — cand b — .

However, if NP respects an approximate U(2) flavor symmetry acting on the light

generations, NP effects and ,and In b — s and b — d are connected:
b—clv b-cly b— st b—sCC
b— ufv b— ulyv M b—>dff_b—>dffs

U(2) is theoretically well motivated: - protection from AF = 2 bounds
- link flavor anomalies and hierarchies

Universality tests in B — 7
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Conclusions

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

e Modifications of obs. In b — sll and b — ctv
e Enhancement of B — K77t

B - Krp, 7 — pgh, v — py

e Enhancement of B — Kvv

e Possibly effects in b — u and b — d transitions



