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      Progress towards a program of searches for Progress towards a program of searches for 
neutron conversions at the European neutron conversions at the European 

Spallation Source with the HIBEAM/NNBAR Spallation Source with the HIBEAM/NNBAR 
experimentexperiment

Bernhard Meirose

 https://nnbar.eu/ 

https://nnbar.eu/
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Motivation in one minuteMotivation in one minute
● Baryon number violation essential condition for baryogenesis
● Baryon number an accidental SM symmetry and is broken in 

extensions 
● Neutron oscillations to antineutrons or sterile neutrons unique 

probe of BNV processes in which only BN is violated. 
● Neutron oscillations in SUSY, dark matter (hidden sector), 

baryogenesis, extra dimensions
● An opportunity to test a global symmetry with three orders of 

magnitude better precision than previously done is rare. Even 
rarer to do it in Sweden.  
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Free NNBAR search in 1 minuteFree NNBAR search in 1 minute
● Goal: observe neutron → antineutron
● Sensitivity 3 orders of magnitude greater than previous experiment
● Strategy: let as many cold neutrons “fly” for as long as possible
●  Probability of free neutron transformation into an antineutron:

 FOM= Nt2

 τ  > 8.7 107s       
  (ILL)

●    t →  neutron flight time; τ → “oscillation time” (BSM predicted, model dependent)
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European Spallation Source (ESS)European Spallation Source (ESS)
● Most powerful neutron source 
● Place: Lund, Sweden
● Under construction (user program starts 2023)
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HIBEAM and NNBARHIBEAM and NNBAR

Stay tuned for Katie Dunne’s talk about the prototype!Stay tuned for Katie Dunne’s talk about the prototype!

● Staged experiment
● 1. HIBEAM (high intensity baryon extraction and measurement)                      

 - mid to late 2020’s                                                                                            
 - world leading searches n → n’                                                                        
 - search for n → nbar (with lower sensitivity)                                                    
 - also search for n → nbar via sterile neutrons. First such search.                   
 - R&D for full experiment.

● 2. NNBAR                                                                                                           
- extremely high precision searches n → nbar, n→ n’                                       
-  improve sensitivity to oscillation probability by ~ 103                                              
-  Late 2020’s

●  Test beam prototype/bg tests      
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HIBEAM@ANNIHIBEAM@ANNI
● ANNI: possible fundamental physics beamline (FPB) at ESS
● Uses curved guide: only cold (slow/meV) neutrons get trough
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Software FrameworkSoftware Framework
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Moderator sourceModerator source
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Courtesy of Marcos Dracos
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Moderator design Moderator design (courtesy of L. Zanini (ESS)(courtesy of L. Zanini (ESS)
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Moderator design Moderator design (courtesy of L. Zanini (ESS))(courtesy of L. Zanini (ESS))
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DetectorDetector
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HIBEAM (top) and NNBAR (bottom) detectorsHIBEAM (top) and NNBAR (bottom) detectors

Stay tuned for Billy Yiu’s talk with all details on detector results!Stay tuned for Billy Yiu’s talk with all details on detector results!
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Event displays in Geant4Event displays in Geant4

Stay tuned for Billy Yiu’s talk with all details on detector results!Stay tuned for Billy Yiu’s talk with all details on detector results!
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SensitivitySensitivity
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NNBAR Optics NNBAR Optics   (courtesy of R. Wagner (ILL))(courtesy of R. Wagner (ILL))

Nested mirrors Two Mono Planar Reflectors

Elliptical Reflectors
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NNBAR Optics results NNBAR Optics results (courtesy of R. Wagner (ILL))(courtesy of R. Wagner (ILL))

Nested mirrors
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● Status of the design of an annihilation 
detector to observe neutron-antineutron 
conversions at the European Spallation 
Source, accepted for publication in 
Symmetry

● The HIBEAM/NNBAR Calorimeter 
Prototype, TIPP, arXiv:2107.02147

● A Computing and Detector Simulation 
Framework for the HIBEAM/NNBAR 
Experimental Program at the ESS, 
CHEP2021, arXiv:2106.15898

● New high-sensitivity searches for neutrons 
converting into antineutrons and/or sterile 
neutrons at the European Spallation Source, 
 J. Phys. G: Nucl. Part. Phys. 48 070501, 
arXiv:2006.04907

Recent PapersRecent Papers
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Summary and outlookSummary and outlook
● HIBEAM-NNBAR two stage program at ESS
● HIBEAM – world leading sterile neutron searches + pilot free nnbar search
● NNBAR – world leading neutron-antineutron oscillation searches
● Progress in all main areas of the program:                                         

moderator, detector, optics
● HIBEAM HIBEAM pre-studies - research needed ahead of a formal beamline proposal:  

 - (1) TPC design and prototype construction (LU)                                             
- (2) Integrated read-out  (CTU, UU)                                                                 
- (3) Study of WASA detector exploitation (UU)                                                  
- (4) Beamline design (ESS)                                                                               
- (5) Prototype tests - see K. Dunne's talk.

● NNBAR CDR planned to be completed in 2023
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