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• A Muon Collider could be “the dream machine” 
for the future of High Energy Physics 

All the energy is available in the interaction 
Reduced synchrotron radiation losses  
➔ high energies are reachable

But it comes at a cost!  
(Actually, a few..) 

➡ Muon production  
(from p/e+..) 

➡ Muon handling and cooling 
➡ Muon decay

The Tool IdentificationThe Problem The Procedure Results

Huge amount of interesting physics!



F. Collamati - A flexible tool for Beam Induced Background Simulations at a Muon Collider - ICHEP 2020
3

• Muons’ decay all along the machine leads to several issues

The colliding beams loose 
intensity

A continuous muon source must 
be developed to periodically 

“top-up” the bunches

What about decay products!?

Magnet 
quenching

Detector 
background

Radiation 
protection

The Tool IdentificationThe Problem The Procedure Results

Huge amount of interesting physics!Huge amount of interesting physics! ARE WE ABLE TO SEE IT?!



F. Collamati - A flexible tool for Beam Induced Background Simulations at a Muon Collider - ICHEP 2020
4

• Beam Induced Background (BIB) in the detector can severely impair its 
performances 

• MAP developed a realistic simulation 
of BIB in the detector by 
implementing a model of the tunnel 
and accelerator ±200m from the 
interaction point, @Ecm = 1.5 TeV 

• Secondary and tertiary particles from 
muon decays are simulated with 
MARS15 then transported to the 
detector 

• Two tungsten nozzles play a crucial 
role in background mitigation inside 
the detector

The Tool IdentificationThe Problem The Procedure Results
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• MAP results for BIB @ Ecm = 1.5 TeV 

Beam Induced Background comes from 
~25 meters from the IP

Pe/g~MeV, Pn /ch.h~500 MeV, Pmu~10GeV

The Tool IdentificationThe Problem The Procedure Results
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• MAP results for BIB @ Ecm = 1.5 TeV have been recently used to perform a 
full event reconstruction Challenging physics measurements are 

possible!

The Tool IdentificationThe Problem The Procedure Results

See Dedicated Today’s Talk by 
M. Casarsa for updated results REF

https://iopscience.iop.org/article/10.1088/1748-0221/15/05/P05001
https://iopscience.iop.org/article/10.1088/1748-0221/15/05/P05001
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BIB @ Muon Collider, let’s frame the issue:

➡ A Muon Collider has outstanding physics capabilities 

➡ Beam Induced Background can impair detector performances 

➡ A first study for the 1.5TeV CM case was done within the MAP program 

➡ Results suggest challenging physics measurements are possible!
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Beam Induced Background must be 
kept strictly under control!

…in each machine 
configuration!

✓ Change beam energy 
✓ Change machine optics 
✓ MDI optimisation (nozzle..)

The Tool IdentificationThe Problem The Procedure Results

Need for a flexible tool to go from machine 
optics to Monte Carlo simulation
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✦FLUKA is one of the most common general purpose Monte Carlo software, 
and is the established standard for example for radio protection studies 
✦Natively supports very complicated and detailed geometries

✦BUT the manual construction of such 
complicated geometries is 
✦Difficult 
✦Not scalable-flexible 
✦Error prone

The Tool IdentificationThe Problem The Procedure Results
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✦FLUKA LINE BUILDER is a program aimed at automatically build 
accelerator geometries, consists of 2 parts:

Fluka Element DataBase

Bending Dipole 
Prototype

Collection of models of 
single accelerator 

devices in Ascii files

Line Builder

credits: A.Mereghetti @CERN

The Tool IdentificationThe Problem The Procedure Results
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✦FLUKA LINE BUILDER is a program aimed at automatically build 
accelerator geometries, consists of 2 parts:

Fluka Element DataBase Line Builder

Python (v2.7) program that 
inserts the needed 
magnetic elements in a 
pre-existent “template 
geometry” based on 
machine optics

credits: A.Mereghetti @CERN

The Tool IdentificationThe Problem The Procedure Results
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✦FLUKA LINE BUILDER is a program aimed at automatically build 
accelerator geometries, consists of 2 parts:

Fluka Element DataBase Line Builder

Once the geometry has 
been built in FLUKA, we 

can simulate whatever we 
want..!

FINAL RESULT

credits: A.Mereghetti @CERN

The Tool IdentificationThe Problem The Procedure Results
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First goal: reproduce MAP results @ 1.5TeV CM 
๏We started from the muon collider machine optics 

from MAP Studies 
➡ Old optics format! (Mad-8) 
➡ Different conventions from LHC studies 
➡ Very limited use of markers

The Tool IdentificationThe Problem The Procedure Results
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๏A first Fluka Elements Data Base has been developed with some “First 
order” magnetic elements geometries: Dipoles, Quadrupoles and Sextupoles

credits: A.Mereghetti @CERN

The Tool IdentificationThe Problem The Procedure Results
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๏The detector (w/ nozzle) has been added to the geometry  
(via an automatic script working on its .gdml file)

The Tool IdentificationThe Problem The Procedure Results
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๏A very first geometry of the whole muon collider (half ring) has been 
produced…

credits: A.Mereghetti @CERN 
P. Sala @ INFN-Mi

The Tool IdentificationThe Problem The Procedure Results

Detector

Beam pipe

Nozzle
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PRELIMINARY
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๏Flux of produced particles (firing 750GeV mu+)

credits: Paola Sala

The Tool IdentificationThe Problem The Procedure Results
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The Tool IdentificationThe Problem The Procedure Results

credits: Paola Sala

Neutrons

PRELIMINARY

๏Flux of particles entering the detector (firing 750GeV mu+)



To Sum Up

• Beam Induced Background in the 
experimental area of a Muon Collider 
is mainly due to muon decays and 
can impair physics measurements


• A powerful flexible tool for 
simulating such sections of the 
machine starting from the optics is 
needed


• FLUKA Line Builder has been chosen 
and started to use with first 
descriptions for optics element and 
detector

18 Next Steps

After validation @1.5 TeV, we plan to 
study the 3 TeV ECM machine

We hope this is the 
beginning of a prosperous 
(and fun!) work of  
“MC-driven” MDI 
optimisation

Snowmass LOI is planned

Ample ro
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