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Rare B Decays - Flavour Anomalies
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B —

o

Ds¢t ¢~ Decay

Rare b — s¢¢ transitions are suppressed in the SM (only loop
level) - ideal grounds for NP

b — st¢ : rich laboratory of information.

We consider B. — Ds¢+¢~ decay within the framework of
the U, leptoquark (L&) model.

B: mesons at LHCb: ¢(10° —10'9) B, events per year. With
luminosity 1034cm~2s—", one could expect ¢(10'0) B,
events per year .

LHCD : fo/fy B(BE — Diutu~) < 9.6 x 1078 (95% CL) 2

LQs : highly motivated NP candidates to explain flavor
anomalies; couple to both quarks and leptons.

NP in the muon channel only is considered.

Observables such as branching fraction, CP asymmetry
and LFU ratio of B — Dsutu~ are analysed and predicted.

! Rev. Mod. Phys. 94, 015003 (2022), (arXiv:2101.08326)
2JHEP 02, 032 (2024), arXiv:2308.06162
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Effective Hamiltonian

o The effective Hamiltonian for b — s¢ ¢~ tfransitions

including NP is
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o We consider NP in vector (axial) operators only.
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o Complex Cy : possible new CP violation

sources.



U, Leptoquark

o U, interaction Lagrangian :

£ = X]LLI'j éL,"}/u U#PLLJ'—{-X][?[; a/?,')/u Uﬁ‘P,gfj+h.c.,
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o For b— su™u—, NP Wilson Coefficients (WCs) can be

written as
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NP Scenarios

1. NP1: C)P = —CIP
2. NP2: C,=Cl,



Observables

o Differential branching fraction is defined as
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Fp. F, and F4 : functions of FFs and WCs.
o For Be — D;s FF : we adopt LQCD results. 3

3[HF’QCD Collab.), PRD 105, 014503 (2022) (arXiv:2108.11242))



o Direct CP asymmetry is defined as

j(;(sc Dyt ) — dr Sep(Be— Dt
Ace(9®) = ar dr
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o LFU ratio is defined as

R — [(Be — Dsptu™)
Ps ™ T(Bo— Dsete )’
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Fits

o x2 fit - best fit values of C{"" and C{J"*.
o The %2 function is defined as
962 = (Oexp — ﬁ’rh)T(cgexp —F(g’rh)J (Oexp — O'n),

where Oeyp and Gy, are experimental measurements
and theoreftical predictions. Ginexp) is the theoretical
(experimental) covariaonce matrix.

o 194 b — suu observables to constrain NP WCs :

Ry, Br(B— Kup),Br(Bs — ¢uu), Fr, Ars, Sj, Pi(/)(B s
K*uu,Bs — ¢uu) - LHCb, Belle, CMS, ATLAS.



Table: Fit results (2 = 214.41)

Scenario  x2. WC (1o range ) p-value  Pull

NP1 197.8 [(-0.33,-0.17),(~1.72,148)] 037  3.66c
NP2 2055  [(0.14,0.44),(—0.23,0.23)] 024 252
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dBr/dg?
Table: Differential branching fraction (10~?) for Be — Dsut

G2-bin SM NP1 NP2

010-098  (592+092) (521+089) (592+0.85)
1.10-250 (5.83+1.18)  (5.13£0.84)  (5.82+1.07)
250-400 (568+1.05) (500+087)  (5.67+0.98)
400-600 (548+1.02)  (4.82+091)  (5.48+0.97)

60-80  (521+094) (459+0.77)  (5.22+0.91)

15-17 (166+035)  (1.47+£032)  (1.66+0.35)
17-18556  (0.41+009) (0.36+007)  (0.41+0.08)
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Acp
Table: Direct CP asymmetry (Acp) (%) for B — Dsut ™

q2—region NP1 (1o range) NP2 (1o range)

1.1-6 (-0.53.0.72) (-0.0,0.17)
15-18.55 (-5.39,4.70) (-0.71,0.48)
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Table: Rp, predictions

g?-bin NP1 NP2

0.10-098  (0.874+0.017)  (0.992+0.037)
1.10-6.00  (0.882+0.008)  (1.001+0.028)
15-18.55  (0.893+0.020)  (1.012+0.025)
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Summary

o Anomalies in the flavour sector - indirect hints of NP Rare
decays - ideal places to look for NR

o Be — Dsutu~ analyzed within a NP framework - U,
leptoquark.

o NP scenarios involving vector currents only. Corresponding
WCs Cg)NP and CﬁgNP - complex.

o Predictions for branching fraction, LFU ratio and Acp
display sensitivity to NP scenario with only LH currents.

o Acp can have sizeable enhancement with LH currents,
particularly in the high-g? region - pattern seen in other
b — st¢ modes (B — Kb, Np — NP,

o At future LHC run, the mode can be potentially explored
and tested for these observations.
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