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HIBEAM and NNBARHIBEAM and NNBAR

● Staged experiment

● 1. HIBEAM (High Intensity Baryon Extraction and Measurement)                    
  - late 2020’s                                                                                                      
 - world leading searches n → n’                                                                        
 - search for n → nba  (with lower sensitivity)                                                    
 - also search for                  via sterile neutrons. First such search.                 
 - R&D for NNBAR.

● 2. NNBAR                                                                                                           
- extremely high precision searches               ,                                                  
-  improve sensitivity to oscillation probability by ~ 103                                              
-  After 2030

●  Prototype/bg tests (cosmic rays) could start as early as 2023    
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HIBEAM searchesHIBEAM searches
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Why HIBEAM?Why HIBEAM?

● First stage of NNBAR

● But far from being only that!

● HIBEAM is a world leading experiment on its own right

● Explores selection rules 

● Potential to cover vast parameter space in sterile neutron searches
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Discovery sensitivityDiscovery sensitivity
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VR RFI Grant VR RFI Grant 

● HIBEAM pre-studies - research needed ahead of a formal beamline proposal 
(grant coordinator: D. Milstead)

● 10 MSEK (2022-2023) from VR

● Complete CDR by 2023

● Project divided in 4 Work packages

● W1: Beamline simulation (coord: V. Santoro (ESS))

● WP2: Annihilation detector design (coord: BM (SU and LU))

● WP3:  Annihilation detector prototype/components R&D and tests (coordinators: 
S. Silverstein (SU) and A. Kupsc (Uppsala)) 

● WP4: Neutron detectors (coordinator H. Perrey (LU) Y. Kashmikov (Tennessee)
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Different paths of HIBEAMDifferent paths of HIBEAM

● HIBEAM in exploratory/study phase.

● RFI grant provides funding for best solution to be found – time scale 
(end of 2023). 

● The goal is to find the optimal solution taking into account cost, 
scientific potential and timing (including possible shifts in ESS 
schedule).

● Different detector scenarios take into account cost, but also different 
beamline scenarios.

● Also significant is the potential to use the HIBEAM as R&D for NNBAR.



 

Bernhard Meirose - Partikeldagarna 2022 9

WP1: Beamline design     WP1: Beamline design     
(coordinator: V. Santoro)(coordinator: V. Santoro)
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WP1 summary (beamline simulations)WP1 summary (beamline simulations)

● Three main goals:

● Design of HIBEAM at ANNI

● Design HIBEAM at TBL

● Design of magnetics
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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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HIBEAM@ANNIHIBEAM@ANNI

ANNI has a background problem

ANNI will be redesigned 
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ESS Test Beam Line (TBL)ESS Test Beam Line (TBL)
● Available in the first days of ESS operation (for moderator studies)

● Inexpensive (no neutron guides)

● Flight path of ~15m could be used

● Sensitivity below ANNI, but still beyond currently achieved
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Magnetic control beam lineMagnetic control beam line
● Full 3D control of the magnetic field will be needed

● Level of ~2 mG.

● Achieved with 3D current coils

● Non-uniformity reduced with mu-metal shielding
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WP2: Annihilation WP2: Annihilation 
Detector                            Detector                            
(coordinator: BM)(coordinator: BM)
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WP2 SummaryWP2 Summary

● Main: Annihilation detector studies for HIBEAM

● 1. High sensitivity:  large target radius (1m diameter) without full scale 
calorimeter +  TPC + plastic scintillators 

● 2. Medium sensitivity (0.5<diameter<1m): Calorimeter HRD perpendicular 
layers of scintillating plastic staves + lead-glass EM calorimeter with light 
guide readout + TPC tracking + silicon strip detectors + plastic scintillators 
(cosmic veto). 

● 3. Lower sensitivity (diameter <0.5m): WASA calorimeter based on CsI 
crystals, + TPC tracking + plastic scintillators (cosmic veto). 
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Detector options 1 and 2Detector options 1 and 2

● Studies based on simulation techniques already developed

● Geometry written in modular way (easy to change it)
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Detector option 3:  WASA calorimeter and Detector option 3:  WASA calorimeter and 
trackingtracking

● Deploy TPC tracking with the WASA calorimeter 

● Detector surrounded by a cosmic veto

● UU plays the leading role
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WASA in Geant4WASA in Geant4

Implementation of WASA in HIBEAM framework using Super FRS(GSI) code 
(successfully) ongoing 
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WP3: Annihilation detector WP3: Annihilation detector 
prototype/components prototype/components 
R&D and tests                      R&D and tests                      
      (coordinators: S. Silverstein (SU) and A. Kupsc (UU))(coordinators: S. Silverstein (SU) and A. Kupsc (UU))
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WP3 summary (prototype studies)WP3 summary (prototype studies)
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Calorimeter prototypeCalorimeter prototype
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WP4: Neutron detectors     WP4: Neutron detectors     
(coordinators: H. Perrey and Y. Kashmikov)(coordinators: H. Perrey and Y. Kashmikov)
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Neutron detector designNeutron detector design
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Technology choicesTechnology choices

● For detector A: Solid State Neutron Detector (SoNDe) or He-3

● Other technologies already exist or are reaching maturity
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HIBEAM VR RFI teamHIBEAM VR RFI team
● D. Milstead (project coordinator)

● WP1: V. Santoro, P. Fierlinger, M. Holl

● WP2: B.M., B. Yiu, M. Wolke, L. Eklund, T. Nilsson, H. Johansson

● WP3: S. Silverstein A. Kupsc, K. Dunne, A. Oskarsson

● WP4: H. Perrey, Y. Kashmikov
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Summary and outlookSummary and outlook

● HIBEAM-NNBAR two stage program at ESS

● HIBEAM – world leading sterile neutron searches + pilot free               search

● VR RFI grant for HIBEAM pre-studies (research needed ahead of a formal beamline proposal)

● Work packages address all major areas, and involve several Swedish 
institutes:

(1) Beamline design (ESS)                                                                                 
(2) Detector design (SU,LU,CTU,UU)                                                                
(3) Prototype tests (SU,LU,UU)                                                                      
(4) Neutron detectors (LU, ESS)
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