LFU → LFV

• While interest in lepton-favour violation has been there for a long time, there is renewed interest, especially in the HF sector -LFU maybe just a low-energy property:

• the diferent families may well have a very diferent behavior at high energies (explanation for their very diferent masses?).

-Most BSM → allow (large) charged LF[U]V (exp 3 rd generation) B s →te -B d →tm 2.2 10 -5 [2] B s →tm -B d →em 2.8 10 -9 [3] B s →em 1.1 10 -8 [3] B u → Ktm 4.8 10 -5 [1] B d →K*tm -B u →Kte 3.0 10 -5 [1] B d →K*te - -PS 3 : 10 -4 [6]

• Experimental status

-B(B 0 → τ ± μ ∓ ) < 2.2 10 -5 [7] -B(B s 0 → τ ± μ ∓ ): no limit yet B (s) → tm •
Challenging search: at least a missing neutrino in the fnal state

•

Tau decay modes

-one-prong decays • τ -→ e -ν e ν τ : B =∼17% • τ -→ μ -ν μ ν τ : B =∼17% • τ -→ π -ν τ : B =∼11% • τ -→ ρ -ν τ : B =∼22% -three-prong decays • τ -→ π -π + π -ν τ : B =∼9% • τ -→ π -π + π -π 0 ν τ : B =∼5% • BaBar & Belle (II)
-can constraint the kinematic of the decay using the information of the other B and the centre of mass energy of the beam • Reconstruct B (s) → τ ± μ ∓ candidates using the 3-prong τ decay

-optimised for τ -→π -π + π -ν τ (B=∼9%)

• τ -→ π -π + π -π 0 ν τ also contributes to some level ∼7%)

•

Compute corrected B invariant mass

-blind signal region in data 

-

  Recent convincing (?) and coherent evidences of Lepton Flavor Universality violations in measurements by LHCb/Belle/BaBar • b → c charged currents: τ vs. light leptons (μ, e) [R D , R D* ,R J/y ] • b → s neutral currents: μ vs. e [R K , R K* (+ P 5 ' etc) ]

[ 1 ]

 1 BaBar Phys. Rev. D 86, 012004 (2012) [2] BaBar Phys.Rev.D77:091104 (2008) [3] LHCb Phys.Rev.Lett. 111 (2013) 141801 [4] BaBar Phys. Rev. D73, 092001 (2006). the anomalies predict large B(B (s) → τ ± μ ∓ ) -Z': 10 -8 [1] to 10 -5 [2]-LQ: 10 -9 [3] to 10 -6 [4] to 10 -5[5] 

-•

  can use the one-prong decays, accessing ∼ 70% of the τ decays • Not possible in hadron collider, even less with a forward detector in LHCb: focus on the 3-prong mode → reconstruct the τ decay vertex Giampiero Mancinelli (CPPM) LHCb analysis with Run 1 data (3 fb -1 )

-•• 2 LHCb---

 2 multivariate techniques, isolation variables, … -use same-sign data (τ ± μ ± ) + simulation for qualitative studies • Signal yields extraction -simultaneous ft to the mass distributions in bins of a fnal BDT • bins have diferent signal over background ratios -independently for B s 0 and B 0 Branching fractions normalised to the B 0 → D -(→K + π -π -)π + mode Mass reconstruction easier than B (s) →τ + τ - -only one missing neutrino -only 4 tracks -the muon points to the B vertex -enough constraints to compute the neutrino momentum -hence the B mass with a 2solutions for signal (B (s) →τ ± (→π ± π ∓ π ± ν)μ ∓ ) • less for background (<50%) • use solution with largest signal -vsbackground separation • opposite sign data blinded in the B mass range 4.9-5.8 GeV/c same-sign candidates (τ ± μ ± ) dedicated selection against peaking background • t decay time for, e.g., B (s) → D (s) (→μ -ν μ )π + π -π + LFUV anomalies, but not only... • Very challenging at LHCb -Missing energy (neutrinos) -Electron ID -High level and variety of (exclusive) backgrounds • Not possible to just turn the crank -Handmade (work of artisans!) analyses, made from scratch -Longer time, published results are extensively scrutinized -Small groups of people. Highly formative -Isolations and other tools/selections, MVAs, creative control samples • New gamers coming: interplay among experiments • Analysis improvements & detector upgrades needed to get to much more interesting regimes

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Summary of relevant modes

  If the anomalies are due to NP, we should expect to see several other BSM effects in LFV modes:

		Experimental
	Decays	(january 2018) upper
		limit (90% CL)
	B d →te	2.8 10 -5 [2]
	Bordone et al. JHEP10(2018)148 (2018)	Crivellin, Mueller, Ota JHEP09(2017)040

• SUSY, Extended Higgs, little Higgs, LQ, Z' [JHEP09(2017)040, Phys.Rev.D 59, 034019 (1999), Phys.Rev.Lett. 114 (2015) 091801, Phys.Rev.D 92, 054013 (2015), arXiv:1211.5168v3 JHEP12(2016)027(*), Phys.Rev.D86 (2012) 054023,arXiv:1505.05164, Phys.Rev.Lett. 118 (2017), 011801, JHEP11(2017)044, Phys.Rev.D 98, 115002 (2018), JHEP10(2018)148, arXiv:1903.11517 etc...] -LFUV → LFV (*) Hiller Loose Schonwald Exciting times •

Giampiero Mancinelli (CPPM)

Fit with added signal Bd