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An experimentalist’s perspective



Searches for BNV
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Few searches for BNV only.

  nuclear instability. 

Highly suppressed due to 

non-degeneracy of 
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80.8 10Last search with free neutrons (ILL)   s

New search proposed for European Spallation Source. 
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• BN,LN ”accidental” SM symmetries at perturbative level

– BNV, LNV in SM non-perturbatively (eg instantons) 

– B-L is conserved, not B, L separately.

• BNV, LNV needed for baryogenesis and leptogenesis

• BNV,LNV generic features of SM extensions (eg SUSY, GUTs..)

• Need to explore the possible selection rules:  

Baryon and lepton number violation
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Complementary B,L-violation observables
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Bottom-up EFT  - baryogenesis (C. Grojean, B. Shakya, J. 
Wells, Z. Zhang  (arxiv: 1806.00011 -hep-ph)



Mirror neutrons
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Hidden/mirror sector

Restores parity symmetry

Mixing for  particles, eg 

Mirror matter: dark matter candidates

Explain neutron lifetime discrepancy 

in bottle and beam experiments.
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Six quark operators  of dimension-9 :  

Eg     :   

Short distance  (RPV SUSY):    

Long distance Hadronic ME: 
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Operator analysis 
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BNV in RPV-SUSY scenarios
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1st gen. quarks  2nd/3rd gen. squarks  , .  

Simplified models: sparticle masses, Yukawa coupling and 

mixing terms.

RPV ijk i j k ijk ikjW U D D   
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Scenarios – strong 
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Scenarios – electroweak



Experimental constraints
Flavour/mixing

Low energy BNV  

Observable Parameter
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Kaon mixing 𝛿𝑅𝑅
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Observable Parameter

ATLAS Multijets 
(Arxiv:1602.04821 hep-ex)

recast with Madgraph+Pythia+Delphes

CMS Dijets
Arxiv:1412.7706

ATLAS/CMS Displaced vertex+ long-lived
particle recast (arxiv:1503.05923, 

1505.00784 hep-ph, CMS-PAS-EXO-15-010)
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Experimental constraints - LHC
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Multijet and long-lived particle signatures    



Displaced jets

LLP

ESSD
ijets

Multijets

LLP
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jets

ESS
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LHC is the dominant player at ~ TeV  .

Bm
Bm

Model exclusion – Z2



LLP

D
ijets

M
u

lt
ije

ts

Bm

b d

ESS D
ijets

ESS

Dijets

ESS

GSCKBM2

Model exclusion:  BM2  ,CK, GS

Consistent picture:

Dedicated BNV expts. sensitive to higher mass scales 

than LHC and flavour experiments.

Dependent on the coupling and mixing values.

Searches are complementary.



(mod. dependent)

(free)

(free)



nnbar@ESS Collaboration:  Co-Spokespersons G. Broojimans, D. Milstead
Expression of Interest submitted to ESS. 
Signatories from 26 institutes , 8 countries.

A search for  at the European Spallation Source n n

Neutrons Target 
membrane

Tracker

Calorimeter

Vacuum

TOF

Cosmic 
veto

 310

First search for free neutron oscillation since 1991

Sensitivity increase  for P n n 





HIBEAM and nnbar

Nnbar experiment – extend to ~300m 



Summary

• BNV-only searches are an important part of
program to test symmetries,  search for BSM 
physics and understand baryogenesis.

• If Nature chose BNV-only She hid it but we know
how to look.  

• RPV SUSY provides a framework to study
sensitivity.

• A future dedicated 𝑛 → 𝑛, 𝑛′ search can massively
extend sensitivity.  





Uncertainties from hadronic matrix elements
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Six quark operators  of dimension-9 :  

   

Eg     Zwirner:

 MeV
=  s

 TeV  GeV

i

g D

uk
R R R

n n

m m

n u d d n








  
     

   

%

O

Operators and lifetime

,n n NN  

NN KK



Model exclusion – Z1, Z2

Dedicated BNV searches give sensitivity 

beyond the LHC. 
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