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Muon collider offers the ideal conditions to realize a lepton machine able to 
probe the multi-TeV regime 

What will be the collider of the future? 

• Hadron machines: FCC-hh → explore energy scale up to 100 TeV
• Lepton machines:  CLIC/ILC, FCC-ee → precise study of the Higgs boson 

We need to probe high energy ranges for testing our knowledge of SM (search for confirmations like 
double Higgs boson) and search for deviations from its predictions (signals of BSM) 

Much less synchrotron radiation than 𝑒+ or 𝑒− μ lifetime 2.2𝜇𝑠 at rest

Classic proposal: 
𝐩 + 𝐡 → 𝛍+𝛍−

Muon cooling needed
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New approach to a muon collider
based on low-emittance 𝜇+𝜇− pairs production from e+e− → 𝜇+𝜇− just above the production threshold 
( 𝑠 = 212𝑀𝑒𝑉), by using a beam of ~45𝐺𝑒𝑉 e+ on a thin target 

• Very small emittance can be obtained (tunable with √𝑠)

• Minimal muon energy spread at threshold (it gets larger as √𝑠 increases)
• Low overall background levels w.r.t. hadron machines  
• Reduced losses from muon decays

E e+ ~45GeV → E(𝜇)~22GeV, 𝛾~200

Main issue: small 
production cross section 
(~0.4μb for 45GeV 𝑒+)

Nucl. Instrum. Meth. A 807 
(2016) [arXiv:1509.04454] 

LEMMA proposal: 
Muons cooling not 
needed
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Goal:
study the properties of the process 𝒆+𝒆− → 𝝁+𝝁− using a positron beam 
on a thin target 

Measurements:
• kinematic properties of produced muons (emittance, 

momentum,…) in particular for muons produced at 
threshold 

• cross section of the process 𝑒+𝑒− → 𝜇+𝜇− (and check 
the compatibility with the expected value)

• impact of the target itself on the emittance:
• Material (Be, C)
• Thickness

s(e+e-⟶m+m-)

Working hypothesis:
E(e+) = 45 GeV   =>  √s ≈ 214 MeV
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Periods and operations: 

1. 15-20 August 2018 (early stop due to SPS break down):
• Calibration runs without target using muon beam (22-32 

GeV) for calorimeters and muon chambers, and positron 
beam (16-28 GeV) for tracking alignment

• Physics runs with:
o Be target and 45 GeV 𝑒+ beam
o Be target and 46.5 GeV  𝑒+ beam (only 25 min of data, 

before SPS break down) 
2. 19-25 September 2018 

• Calibration runs without target using muon beam (22-32 
GeV) for calorimeters and muon chambers, and positron 
beam (16-28 GeV) for tracking alignment

• Physics runs with:
o Be target and 45 GeV 𝑒+ beam
o Be target and 49 GeV 𝑒+ beam
o Be target and 46.5 GeV 𝑒+ beam
o C target (6cm) and 45 GeV 𝑒+ beam
o C target (2cm) and 45 GeV 𝑒+ beam

Location: CERN North Area, SPS beam line
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• 2 silicon stations upstream of the target: T1 and T2 (50 mm)
• 2 silicon stations downstream of the target but upstream of the magnet: C0 and C1 (242 mm)
• 3 silicon stations in each harm (downstream of the magnet): C2 C4 (228 mm) C6 (465 mm) and C3 C5 (228 mm) C7 (465 

mm) 
• a lead glass, yellow, and a Cerenkov, light green, calorimeters in each harm
• 2 muon stations in each harm: Mu1 Mu2 and Mu3 Mu4
• a set of scintillators to trigger the sub-detectors, orange
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Full setup

Muon chambers

Calorimeters
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Be target

C target  (2cm)

C target  (6cm)
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signal: 

𝜇+𝜇− pairs with momentum sum equal to the beam energy and 
invariant mass at 2*106 MeV (when at threshold energy)

For the muon pairs: we have good measurement of position and slope of 
each track at the position of sub-detector 30
For the incoming positrons: position and slope are obtained from sub-
detectors 10 and 20
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Alignment of silicon stations upstream of the 

magnet (w.r.t. sub-det. 10):

• use calibration runs without target and magnetic 
field

• fit silicon detectors hits with a straight line

very
preliminary

Alignment of silicon stations downstream of the magnet:

• use calibration runs without target
• First relative alignment w.r.t. sub-det. 32 or 33
• Then extrapolation to sub-det. 31 using an estimate of the 

momentum obtained from the downstream position and 
simulation

Final momentum measurement: 

• track points refitted to be fully independent from simulation

Sep. 2018 22 GeV 𝝁− calibration run

target
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Two tracks with hits in 
the silicon tracker and 
in the muon chambers
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August 2017

August 2018 

preliminary

Runs: 333 – 352
45 GeV – Be target

ev
en

ts

September 2018 45 GeV – C target (2cm)
80 % of the data

p sum [MeV]

p sum [MeV]

ev
en

ts

2017 LEMMA test beam:

➢ 27 signal events in total: proof of the unexpected 
hardware difficulties found

2018 LEMMA test beam: 

➢ More signal events collected: significant 
improvement in resolution
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• Important to validate the 
reconstruction and identification 
techniques 

• Necessary to estimate muons and 
electrons acceptances and selection 
efficiencies

• Experimental setup described using 
Geant4

• Data compared with Monte Carlo 
simulation generated with BabaYaga
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August 2018
45 GeV 𝑒+ beam
Be target

target
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August 2018
45 GeV 𝑒+ beam
Be target

target
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August 2018
45 GeV 𝑒+ beam
Be target

target
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August 2018
45 GeV 𝑒+ beam
Be target
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August 2018
45 GeV 𝑒+ beam
Be target
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August 2018
45 GeV 𝑒+ beam
Be target
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August 2018
45 GeV 𝑒+ beam
Be target

Diameter of the target: 40 mm

➢ MC produced with a flat x primary vertex 
distribution between -10 and +10 mm

➢ We are investigating impact of hit assignment 
issues at the level of sub-det. 30 on this specific 
distribution

➢ this has no impact on other distributions (like the 
momenta for example)

➢ Best estimate of the production point (x coordinate) on the target 

➢ It is obtained using the 𝜇− and 𝜇+ tracks parameters including all the hits collected 
on the Si detectors up to the sub-detector 30 

target
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August 2018
45 GeV 𝑒+ beam
Be target

Preliminary version: MC 
simulation has to be improved 

target
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➢ Results obtained up to now are encouraging

➢ With the current algorithm we identified some hundreds of signal events

➢ September 2018 test beam data are currently being analysed 
➢ The current algorithm requirements are not loose at all:

o We can try to relax the algorithm requirements → studies to learn the impact of 
this decision are required

o We can try to use different requirements for different measurements → feasibility 
study is needed 

➢ The experimental setup is not simple at all:
o We need additional work to improve reliability of the MC simulation
o We must try to extract efficiencies from data


