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Radiation Protection Challenges 

Neutrino Radiation 
The main radiation protection challenge of a muon collider is the neutrino radiation emitted by the 

collider ring and its impact outside the complex. The neutrino radiation arises from the muon decays 

that produce a neutrino radiation disk emitted out tangentially from the collider ring with radiation 

hot spots created by straight sections of the collider. Neutrinos are so penetrating that even the earth 

between the facility and the very distant places where the neutrino radiation disc emerges on the 

surface is not sufficient to reduce the neutrino flux considerably, which makes the radiation hazard 

challenging. The exposure comes from secondary particles produced by deep inelastic scattering of 

the neutrinos in the upstream earth. Several past studies have generically addressed the potential 

neutrino doses showing a substantial neutrino-induced dose at far distances from the collider, 

particularly from straight sections. At the same time, the studies have proposed several possible 

mitigation methods and have shown the need for a more reliable dose estimation. An optimized and 

refined dose model is needed in particular for reducing individual effective doses to members of the 

public to about 10 μSv or less – a constraint below which the optimisation requirement is considered 

as fulfilled and public acceptance can be expected.  

The following two main R&D items were identified to tackle the given neutrino radiation challenge. 

1.  Refined dose model 
A refined dose model for a reliable and precise estimation of neutrino-induced doses outside the 

complex shall be developed and used for a collider ring optimization to minimise the dosimetric impact 

on the public.  

Such a dose model shall be based on the stipulated collider parameters. For the well-defined 

operational modes and scenarios, including accidents, the neutrino source term shall be defined and 

optimized. The optimization shall cover the optics design of the collider ring insertions, in particular 

the final focus, the RF section, as well as the injection and extraction. Further mitigation methods such 

as orbit oscillations could be investigated. Additional refinement and optimization shall also assess 

civil engineering challenges, for instance the depth and inclination of the collider ring layout. A surface 

map showing the regions impacted by the neutrino radiation shall be established.  

The given dose model shall allow for a full path assessment between the source and the impact 

locations. In addition, it shall be used for evaluating the fluence spectra of the secondary particles 

produced by the neutrino interactions needed to design suitable monitoring instrumentation. 

In addition, a sensitivity analysis for the model parameters, for example alignment, optics, material 

properties, etc., shall be performed. The underlying simulation models and codes shall be validated as 

well. 

The representative person from the public shall be finally identified for which the final dose 

assessments in planned as well as potential exposure situations will be carried out to demonstrate the 

facility compliance with the radiation protection regulations in force. 



2. Mitigation by movers (“mechanical wobbling magnets”) 

One solution to mitigate neutrino-induced hazard from a muon collider would be to move the beam 

line components to change the beam direction by deforming the beamline in the vertical plane 

(vertical bending with 1% of main field). These very low frequency movements of components (on a 

weekly basis) would cover an amplitude of 15 cm, considering an opening angle of ± 1 mrad, 14 TeV 

in a 200m deep tunnel comparable to the LHC case. 

3 key issues were identified: 

- K1: The development of large stroke / high resolution movers to perform “safe” remote 

displacements 

- K2: The development of a remote alignment solution to monitor and control the position of 

components for circular collider for large amplitude displacements 

- K3: The study of the accuracy / necessity needed to develop a solution to determine in a 

continuous way the absolute position of components underground with respect to the surface. 

Concerning K1 and K2, a brief look at the state of the art concerning remote alignment of synchrotrons 

shows that only a very few numbers of synchrotron use remote alignment, on short ranges (maximum 

0.5 mm, within sub-micrometric resolution). At CERN, the Full Remote Alignment System (FRAS) will 

be implemented in 2025 on HL-LHC components over more than 200 m on each side of the ATLAS and 

CMS collision points to perform a remote adjustment of the components within ±2.5 mm (over a 

motorized stroke of ± 5 mm). We are far from the 15 cm of amplitude requested. First, a more 

complete study of the state of the art in other labs should be performed, while establishing in parallel 

a list of requirements / hypotheses for the solutions to be developed. Second, a study of different 

options should be carried out, before developing specific solutions and their prototypes. Third, the 

prototypes should be fully qualified. On top of this, specific points should be addressed like the impact 

of such a mitigation solution on the cryogenic system, vacuum, and other tunnel systems.  

Concerning K3, the absolute position of the accelerator components will have to be known w.r.t. the 

surface, within an accuracy to be studied. Therefore, an important number of geodetic studies and 

simulations should be undertaken. In an accelerator like the LHC, the absolute position of the 

underground components is known during their initial alignment: each component is aligned with 

respect to the underground geodetic network, determined w.r.t. surface geodetic reference network. 

Then, during the whole operation of the machine, it is only the relative alignment of components over 

sliding windows of hundreds of meters that matters: the machine and its shape can drift w.r.t. their 

initial position and shape. This should not be the case of the muon collider and solutions to transfer 

in a permanent and continuous way the surface geodetic network to the underground geodetic 

network should be developed to have an accurate definition of the areas where the neutrinos beams 

will reach the Earth surface. Then, solutions to store all these underground positions and the 

corresponding impacts on the surface will have to be developed under a GIS platform. 

 

Additional Conventional Radiation Protection challenges: 

3. Test facility 

4. Radiation Protection aspects in key areas of the complex 
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