• LFV in neutral sector: neutrino oscillation (e.g. νµ → ντ )

• Charged lepton flavor is conserved in SM not supported by strong theoretical reasons e.g. underlying symmetry

• Any observation of charged LFV decay: ⇒ Indisputable sign of physics Beyond the SM (BSM) D 98, 115002 (2018), JHEP10(2018)148, arXiv:1903.11517 etc...] LFUV ⇒ LFV: 

B(B 0 s → τ (e, µ)) B(B 0 s → µµ) SM ∼ 4 1 -R K 0.23 2 , B(B 0 s → µ + e -) B(B 0 s → µµ) SM ∼ 0.01 1 -R K 0.23 2 , B(B → K τ (e, µ)) ∼ 2 • 10 -8 1 -R K 0.
B + → K + µ -e + 7.0 × 10 -9 2019-022 * B + → K + µ + e - 7.1 × 10 -9 2019-022 * B 0 s → τ µ 3.4 × 10 -5 2019-016 B 0 → τ µ 1.2 × 10 -5 2019-016 B 0 s → eµ 5.4 × 10 -9 2017-031 B 0 → eµ 1.0 × 10 -9 2017-031 H-like → µτ < 22 pb * * 2018-030 D 0 → eµ 1.3 × 10 -8 2015-048 τ → 3µ
4.6 × 10 -8 2015-052 ... * in preparation: preliminary * * Limit given on σ H × B at 95%C.L., ranges from 22 pb for a Higgs-like boson mass at 45 GeV/c 2 , to 4 pb for 195 GeV/c 2 .

Many BSM model explaining the anomalies predict large B for B 0 (s) → τ µ: Analysis strategy

• Z : 10 -8 [1] to 10 -5 [2] • LQs: 10 -9 [3] to 10 -4 [4], 10 -5 [5] • PS 3 : 10 -4 [6] [1] Becirevic et
• Run1 data (3 fb -1 )
• Challenging reconstruction based on 3-prong τ decays: • Signal yield extraction:

τ -→ π -π + π -ντ (B ∼ 9%) τ -→ π -π + π -π 0 ντ taken into account, B ∼ 5% ⇒ B
Simultaneous fit to the mass distributions in bins of a final BDT

• Determine B normalized to B 0 → D -(→ K + π -π -)π +
Searches for LFV decays at LHCb (WIN2019) Cédric Méaux Many BSM models predict large B • LQs: B + → K + µ -e + 7.0 × 10 -9 B + → K + µ + e - 7.1 × 10 -9

B(B → K µe) ∼ 3 • 10 -8 ( 1-R K 0.23 ) 2 ∼ 10 -8 [1], [2] • Z : B ∼ 10 -8 [3] • CPV in ν oscillations: B ∼ 10 -10 [4]
Reduce current world best limit by more than 10!

Prospects at LHCb

• A whole family to be searched for: 

B 0 ( 

  mass reconstruction possible up to a 2-fold ambiguity • Signal region blinded for data • Background rejection:BDT classifiers Isolation variables Background modeled from Same-Sign (SS) data (τ ± µ ± ) and MC simulation for qualitative studies.

  → τ µ at LHCb [arXiv:1905.06614] (May 2019) B Mass reconstruction Only 1 missing ν, only 4 tracks, µ points to the B decay vertex ⇒ enough constraints to compute the ν momentum B mass reconstructed with a 2-fold ambiguity: Use solution with largest signal-vs-bkg separation Data blinded for 4.9 < M B < 5.8 GeV/c 2 B 0 (s) → τ µ at LHCb [arXiv:1905.06614] (May 2019) Cut on an isolation based BDT classifier Uses charged, neutral, and vertex isolation variables 40% of signal efficiency, > 90% bkg rejection Cut on a second BDT → Suppress Signal-like topology Trained on SS data and MC Use vertex related variables and opening angles Cut on τ lifetime significance → Suppress reverse topology (peaking in the signal region) Final BDT Trained on same sign data and MC signal Uses output of first BDTs, vertex related variables and 2/3π-masses. Simultaneous fit to the mass distributions in bins of the final BDT Separation between B 0 s and B 0 limited ⇒ fitting B 0 s neglecting B 0 and vice versa No signal found:

[ 1 ]

 1 Medeiros Vaezilas and Hiller, JHEP06 (2015) 072 [2] Hiller ar al., JHEP12 (2016) 027 [3] Crivellin et al. PRD92 (2015) 054013 [4] Boucenna et al. PLB (2015) 09 040 Previous experimental status: B(B + → K + e + µ -) < 9.1 × 10 -8 [BaBar, PRD73 (2006) 092001] B(B + → K + e -µ + ) < 13 × 10 -8 Searches for LFV decays at LHCb (WIN2019) Cédric Méaux Determine B normalized to B + → K + J/Ψ(µµ) α B + →K + e + µ -= (1.97 ± 0.14) × 10 -9 α B + →K + e -µ + = (2.21 ± 0.14) × 10 -9Systematics dominated by: Knowledge of B(B + → K + J/Ψ(µµ))

  s) → eµ released, Run2 to be added B 0 (s) → τ µ just released! Run2 to be addedB 0 (s) → K τ µ B 0 (s) → K * τ µ (on-going) B + → K + eµ soon released! Λ b → Λ 0 eµ τ → 3µ τ → pµµ ...Only Run1 dataset exploited so far: 3 fb -1 of pp collisions at 7/8 TeV. Run2 dataset: 6 fb -1 of pp collisions at 13 TeV (σ bb × 2) ⇒∼ 4 more data to analyze!! Significant improvements expected by adding Run2 dataset! Conclusions • A lot of work have been done by LHCb on LFV decay • First and world-best limits recently set on B 0 (s) → τ µ and B + → K + µ ± e ∓ • Very challenging at LHCb Missing energy Electron ID High level and variety of backgrounds • Most of analysis are handmade by small group of people! • New experiments coming (Belle II, CMS, ...) Great for double-checking, interplay among experiments. Need analysis improvement and upgrades to get to more interesting regimes: Searches for LFV decays at LHCb (WIN2019) Cédric Méaux B 0 (s) → τ µ at LHCb [LHCb-PAPER-2019-016] (May 2019) More about the preselection: M B < 4 GeV/c 2 discarded τ -→a1(1260) -ντ → π - 1 ρ(770) 0 → π + 2 π 3 -Searches for LFV decays at LHCb (

  

  

  

  Interest in LFV decay renewed since: Set of coherent experimental evidences of LFUV by LHCb/Belle/BaBar • b → c charged currents: τ vs light leptons (µ, e) [R D , R D * , R J/Ψ ] • b → s neutral currents: µ vs e [R K , R K * , P 5 ] See talk of Julian Garcia Pardinas for more details LFU maybe just a low-energy property:The different generations may well have a different behavior at higher energies.

Searches for LFV decays at LHCb (WIN2019) Cédric Méaux What if LFU anomalies are due to BSM physics...?: Many BSM models explaining LFU deviations predict large effect in LFV modes: SUSY, Extended Higgs, little Higgs, LQ, Z , etc.. [JHEP09(2017)040, Phys.Rev.D 59, 034019 (1999), Phys.Rev.Lett. 114 (2015) 091801, Phys.Rev.D 92, 054013 (2015), arXiv:1211.5168v3v, Phys.Rev.D86 (2012) 054023,arXiv:1505.05164, Phys.Rev.Lett. 118 (2017), 011801, JHEP11(2017)044, Phys.Rev.
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Systematics dominated by: Bkg shape (∼35%) Trigger (∼ 11%) External inputs (∼ 8%) Data-vs-MC corr. (∼ 2%)

First measurement for B 0 s Best world limit for B 0 , improvement by a factor ∼ 2! Analysis strategy

• Search designed for two charge configurations:

• MC corrected using data:

•