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Abstract: 

The specification of a low energy test beam at CERN, needed to study the properties of future 
neutrino detectors, have been identified in this milestone. The test beam is required to deliver 
electrons, muons and hadrons (pions and protons) in a momentum range between 0.5-5 GeV/c 
(with the possibility of extending the momentum reach perhaps as high as 9 GeV/c).  The test 
beam infrastructure should also include a large aperture magnet, such as the MORPURGO 
magnet that delivers a dipole field of 1.6 T presently installed at the North Area at CERN. A 
possible location for such a beam could be the H8 beam in the North Area at CERN (with the 
MORPURGO magnet), but could also be a low energy beam in the East Area, which would 
require the installation of a suitable magnet. These options should be studied as part of the 
deliverables for Task 8.2 of Work Package 8 (Deliverable 8.3 in Month 26).   
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Requirements for a Test Beam for Neutrino Detectors 
 
1. Introduction 

 
Future neutrino facilities will need to probe the elements of the neutrino mixing matrix (the 
PMNS matrix) with unprecedented accuracy and establish CP violation in the neutrino sector. 
The CP violating complex phase δ of the PMNS matrix is responsible for differences between 
neutrino and anti-neutrino mixing. Evidence for CP violation in the neutrino sector would be 
established by observing differences between neutrino and anti-neutrino oscillations in long 
baseline experiments. The discovery of CP violation in the neutrino sector could be the key to 
understanding the matter-antimatter asymmetry of the universe, through the process called 
leptogenesis in the early universe.  
 
Future neutrino oscillation facilities being considered include the Neutrino Factory, from the 
decay of a stored muons, the Beta Beam, from the decay of stored radioactive-ion beams, and 
Super-Beams, high intensity conventional neutrino beams from the decay of pions. These are 
being studied and compared in the EuroNu Design Study, at the LBNE experiment in the 
USA and in the European LAGUNA-LBNO study. Preferred detectors for these facilities 
include a Magnetised Iron Neutrino Detector (MIND), a Totally Active Scintillator Detector 
(TASD), water Cherenkov detectors and Liquid Argon (LAr) Time Projection Chambers 
(TPC). 

CERN will study the design of a low energy beam for validation of neutrino detectors for 
future facilities. Design features of future neutrino detectors will need to be addressed by this 
low energy test beam.  
 
2. Neutrino Detector and Test Beam Requirements 
 
Any future test beam for neutrino detectors will need to address the requirements of the 
neutrino detectors. Prototypes of these detectors will be studied at the test beam.  
 
Properties of the TASD that need to be studied include the stopping properties of pions and 
muons in the detector, as well as electron and muon charge separation inside a magnetic field. 
Both of these can be studied using a prototype similar to the Electron-Muon-Ranger (EMR) 
for MICE at RAL. The “platinum channel” at a neutrino factory would require the 
identification of the charge of the electron in an electron neutrino interaction. Electron charge 
separation requires a magnetic field, like that provided by the MORPURGO magnet in the 
North Area at CERN (1.6 T). The requirement is for the delivery of an electron beam from 0.5 
to 5 GeV/c (perhaps going up to 9 GeV/c) to be detected by a prototype TASD inside a 
magnetic field such as that provided by the MORPURGO magnet in the North Area at CERN. 
This beam would also allow the study of electron charge identification properties in a small 
Liquid Argon detector also inside the magnetic field. 
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The Magnetised Iron Neutrino Detector (MIND) is the baseline detector at a neutrino factory, 
due to its capabilities for identifying the muon charge, associated with the wrong-sign muon 
signature of a neutrino oscillation event (the “golden” channel at a neutrino factory). 
Requirements of correct-sign background rejection of one part in 104 as a function of muon 
momentum require studies in a muon beam between 0.8 and 5 GeV/c, perhaps reaching a 
momentum of up to 9 GeV/c. A prototype MIND-like detector (mini-MIND) will be built for 
the test beam, which can then be used as a muon spectrometer as part of the test beam facility 
to measure properties of other detectors.  
 
Another feature of the MIND and TASD detectors is the reconstruction of the hadronic 
shower to perform the identification of charged current neutrino interactions and the rejection 
of neutral current interactions. Hence, the angular and transverse momentum resolution of 
hadronic showers in TASD and MIND (or in a LAr detector) is required. This requires a 
MIND with a thickness of at least 2 metres or a TASD or LAr detector of thickness 5 m, to 
measure the properties of the hadron shower.  A beam providing protons or pions between 0.5 
and 9 GeV/c would be required to perform these studies. 
 
In all cases a particle flux (muons) of 1-2 kHz for each given momentum, in a spot size of 
10x10 cm2, would be required.  
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3. Conclusion 

The requirements needed for the test beam in order to study properties of future neutrino 
detectors will be to deliver electrons, muons and hadrons (pions and protons) in a momentum 
range between 0.5-5 GeV/c (with the possibility of extending the momentum reach perhaps as 
high as 9 GeV/c).  The test beam infrastructure should also include a magnet, such as the 
MORPURGO magnet that delivers a dipole field of 1.6 T at the North Area at CERN. Design 
of this test beam and infrastructure to meet these requirements will be carried out at CERN. A 
possible implementation of such a beam in the H8 beam in the North Area at CERN (which 
already houses the MORPURGO magnet, is shown below. 

 

 

 The possibility of developing such a low energy beam in the East Area will also be studied, 
which in this case must include the installation of a suitable magnet.  

The study of these two options will be part of the deliverables for Task 8.2 of Work Package 8 
(Deliverable 8.3 in Month 26).  A technical student has already been identified to carry out 
this work. 

  
 


