
Searches for  
Lepton Number Violation  

processes in B decays 
On behalf of the BaBar and Belle Collaborations 

CKM 2012, 28th Sep. ς 2nd Oct. 2012, Cincinnati, Ohio 

29-Sep-2012 Fergus Wilson, STFC/RAL 1 



Outline 

ÅIntroduction/Motivation 

ÅB Factory Searches 

ïCLEO B+ Ҧ±-/h - l+lΩ+  PRD65, 111102 (2002) 

ïBaBar B+ ҦƘ- l+l+     PRD85, 071103 (2012) 

ïBaBar B+Ҧ ɽ(c) l
+     PRD83, 091101 (2011) 

ïBelle B+ Ҧ5- l+lΩ+     PRD84, 071106 (2011) 

ÅLooking to the future 

ÅConclusion 

29-Sep-2012 Fergus Wilson, STFC/RAL 2 



Introduction/Motivation 
ÅCharged Lepton Number L is approximately conserved in 

the Standard Model (SM) and can be violated at high 
energies by e.g. chiral anomalies. 

ÅIn GUT theories, quarks and leptons are part of the same 
multiplets so baryon number B and lepton number L are 
expected to be violated in almost all models. 

ÅLepton Number Violation (LNV) becomes possible if 
neutrinos are Majorana particles (ɲL=2 process). 

ÅNeutrino-less double beta decay (0˄ʲʲ) releases about 
~3MeV via t-channel Majorana neutrino exchange. Upper 
limits placed on Majorana electron neutrino mass ~1eV. 
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LNV in B+Ҧh-l+l+ processes 
ÅSome theories suggest a new 4th generation 

neutrino. 
ÅIn B+Ҧh-l+l+ processes, can look for resonance 

production via Majorana neutrino exchange with 
masses in range 0.5 - 4.5 GeV. 
ÅCaveat: do not know mass nor coupling. 
ÅCan re-ǳǎŜ Ƴŀƴȅ ƻŦ ǘƘŜ ǘŜŎƘƴƛǉǳŜǎ ǳǎŜŘ ƛƴ .Ҧ Y(*)l-

l+ analyses. 
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Are we too late? 
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Science 336, 1003 (2012) 

Is this the signal for a Majorana particle? 



The BaBar and Belle Detectors 
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Common Analysis Techniques 
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Plus Fisher Discriminants (F), Boosted Decision Trees (BDT), Neural 

Networks (NN) and unbinned Maximum Likelihood (ML) fits 
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ÅBased on CLEO search for .Ҧ Y(*)l-l+. 
ÅLook for 3 pairs of leptons (e+e+,e+ +˃, +˃ +˃) and 4 hadronic final 

states (h-=K-, K* -όҦY- 0̄,K0 -̄) ,̄ - and ́ - (12 modes in total). 
ÅMajor backgrounds 
ïContinuum (q=u,d,s,c) 
ïOther B decays (e.g. B and D semi-leptonic). 
ïParticle mid-identification e.g. K-  as ˃ -. 

 
 

 

 

B+Ҧh-l+l+ 
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PRD65, 111102 (2002) 9.6M 

 
ÅReject background using ML with 4 

variables taken from MC: 
ïMcand 

ïɲ9 
ïFisher discriminant using 4 event 

shape variables. 
ïEmiss 

ÅMC Signal efficiency a few percent. 
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