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q Magnets, they need to be protected
§ Problem already studied by MAP

q People, off-site neutrino-induced radiation can cause significant radiation problems even at very 
large distance from the machine.
§ Study performed by MAP determined a limit on the center of mass energy at ~ 10 TeV
§ Study with the new beams configuration is in progress, Muon Collider neutrino induced 

radiation hazard and FLUKA simulations P. Sala

q Detector, the performance depends on the rate of background particles arriving to each 
subdetector
§ just a back of the envelope calculation:

beam 0.75 TeV ! = 4.8×10)m, with 2×10+,-/bunch ⇒ 4.1×10/decay per meter of lattice 
therefore the number and the distribution of particles at the detector depends on the lattice

Muon decay induced background is critical



Muon Collider Preparatory Meeting April 10, 2019 3

Setting the scene

§ Electrons from muon decay inside the ring magnets radiate 
energetic synchrotron photons tangent to the electron 
trajectory.

§ Electromagnetic showers induced by electrons and 
photons interacting with the machine components generate 
hadrons, secondary muons and electrons and photons.
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components and in the walls of the tunnel produce a high flux of secondary particles (see figure 1).
As it was shown in the recent study [1], the appropriately designed interaction region and machine
detector interface (including shielding nozzles, figure 2 and figure 3 ) can provide the reduction of
muon beam background by more than three orders of magnitude for a muon collider with a collision
energy of 1.5 TeV.

Figure 1. A MARS15 model of the Interaction Region (IR) and detector with particle tracks > 1 GeV (mainly
muons) for several forced decays of both beams.

Figure 2. The shielding nozzle, general RZ view
(W — tungsten, BCH2– - borated polyethylene).

Figure 3. The shielding nozzle, zoom in near IP
(Be — beryllium).

The amount of MARS15 simulated data was limited to 4.6% of the µ+ µ� decays on the
26 m beam length yielding total of 14.6 ⇥ 10 6 background particles per bunch crossing (BX).
The corresponding statistical weight (⇠ 22.3) was taken into account in the following ILCRoot
simulation. For each particle output by MARS15, 22 or 23 particles were generated by choosing a
new azimuthal angle at random. This provided a total of 3.24 ⇥ 10 8 particles entering the detector
in the ILCroot simulation. The most abundant background consists of photons and neutrons.
Table 1 lists these background yields together with kinetic energy thresholds used in the MARS15
simulation for di�erent types of particles.
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Muon Collider physics reaches can be obtained only tacking into account this 
machine background 
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Which Background on which detector
MAP Collaboration studied and mitigated the background contributions with
• High-field SC dipoles, interlaced with quadrupoles and tungsten shields implemented in the final 

focus region
• Tungsten Nozzles with proper angles depending on beam energy very close to the Interaction Region

In our studies we use:
q MAP MDI configuration 
q MAP background files generated for 2×10%&'/bunch at √s=1.5 TeV using MARS            

LEMMA expects ~10('/bunch and higher √s lower background  
q MAP detector design

§ This is just the first step, much more work and optimization are needed!
§ In the future we are planning to simulate background with FLUKA using the MAP MDI and detector
§ A new, dedicated detector for high energy muon collider with the most up to date technology should 

be designed to exploit the machine potentiality

Thanks to the MAP collaboration for their willingness to collaborate and for sharing with us their tools 
and their knowledge 
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