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Introduction to Muon Colliders & LEMMA
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Features of 61 reconstructed muon pairs for 45 GeV positron beam on 6 cm Be target:
experimental data against Geant4 simulation at the muon pairs production vertex

https://arxiv.org/pdf/1909.13716v2
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Experimental results for geometrical transverse emittance

εgeox =
√

(〈x2〉 − 〈x〉2)(〈x ′2〉 − 〈x ′〉2)− (〈x〉〈x ′〉 − 〈xx ′〉)2

Raw values: no corrections for incoming positron beam spread
Measured at target exit

Geant4 simulated value: 2760 ± 150 (modelling) nm rad
EEMUMU (ad-hoc code) simulated value: 3221 nm rad

https://arxiv.org/pdf/1909.13716v2
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Next LEMMA Test Beam preparation



• trigger: fast scintillators, one just before target to count number of incoming
positrons for total cross section calculation

• target: Be 6 cm, C 2 and 6 cm

• tracking devices:
- 2/3 before target to track positrons, silicon pixel detectors resolution ∼ 20 µm
- 3+1 after target before magnet to track muons, silicon pixel det res ∼ 20 µm
- 3 on each arm to track muons, silicon pixel det res ∼ 250 µm
- simulations to determine exact positions for ones before magnet: EEMUMU home
made code (Geant4 full simulation in progress)

• calorimeters: 2/3, central one for Bhabha

• DT muon chambers: 2/3 per arm



EEMUMU code
• simulates e+ + e− → µ+ + µ− in target: realistic positron beam, flat random
longitudinal distribution of muon pairs production within target, multiple
scattering effect of target material on positrons and muons

• propagation of emitted muon pairs up to plans perpendicular to z axis
(schematic detectors) considering multiple scattering in air

• for each muon angle and transverse position given by sum of production,
propagation and multiple scattering in materials contributions

• Ex: Ideal incoming positron beam σe+
x = 1 µm, σe+

x′ = 0 and 6 cm Be target
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• Detectors are set at some distances before and after the target in air

• On each detector we introduce a shift on e+ position given by experimental
uncertanty: Gaussian smearing with 20 µm rms

• On each detector a shift on µ+ and µ− positions given by experimental
uncertanty:
-if the distance (in x, y) of the two muons in the pair is > 300 µm: Gaussian
smearing of 20 µm rms on each muon position
-otherwise the mean position of the two muons is taken with Gaussian smearing
with 100 µm rms (same position value)

• Linear fit applied to the shifted positions of positron and muons to retreive the
muon beams emittance value (the same for µ+ and µ− beams)

• Many configurations are been tested considering the percentage of not resolved
pairs (µ+ µ− distance < 300 µm). For the example above:



A good configuration (preliminary, we consider the emittance corrected for the
positron position but we don’t force tracks to a common vertex yet):



On a plane ⊥ to z @ 10 cm from target exit



On a plane ⊥ to z @ 30 cm from target exit



On a plane ⊥ to z @ 40 cm from target exit



On a plane ⊥ to z @ 100 cm from target exit
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