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Calorimeter Session
We had 6 talks: 

• Introduction to Mu2e-II in term of requirements.

• Baseline solution is to use BaF2 crystals 
à efforts to reduce the slow component working on 

• Radiation Hardness on Crystals

• Alternative solution
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Crystals Photo-sensors



Calorimeter Requirements (1/3)
Maintain the Mu2e-I requirement:

Face up to the higher rate, neutron fux and dose on Disks:
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Luca’s talk

• The pileup with respect to CE seems to
scale linearly with beam intensity, so to
keep the same level we have in Mu2e (15%)
with 150 ns we need to rescale the new signals
lenght:

1. The length for Mu2e-II should be 75 ns (50 ns for 1.5
times Mu2e-II)

Pileup resolution in the waveform fit is still under
study and can loose this requirement



Calorimeter Requirements (2/3)
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Luca’s talk



Calorimeter Requirements (3/3)
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Luca’s talk



Crystals (1/3)

29 March 2023Workshop on a Future Muon Program At Fermilab - Calorimeter's Session6

Ren-Yuan’s talk



Crystals (2/3)
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Ren-Yuan’s talk



Crystals (3/3)
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Ren-Yuan’s talk



BaF2 Neutron Irradiation 
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Yuri’s
talk



Light yield loss after irradiation 
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Yuri’s
talk

Plan to irradiate samples in an 
electron beam at the Linac-200 
accelerator at JINR in a few 
months 



Photo-detectors
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q A large area SiPM, with delta-doping (a super-lattice) for improved
speed and QE, and an integrated ALD-applied interference filter
à Caltech and JPL are working with FBK to incorporate a 220nm filter on  

a large area SiPM and to also incorporate a superlattice.

David’s
talk



FBK SiPM with three-layer filter 
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David’s
talk

Green: 3 layers-SiPM PDE
Red: Pure BaF2 emission
Grey: 6% Y doped BaF2



Next steps in the program 
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David’s
talk

1) Optimization of the MBE superlattice layer parameters 
2) More complex filters will be incorporated (5 layers filter)

3) Backside illuminated SiPM with optimized superlattice 

Awaits funding ~ 400k$



SiPMs radiation hardness

29 March 2023Workshop on a Future Muon Program At Fermilab - Calorimeter's Session14

My
talk

Neutrons irradiation: 14 MeV
neutrons with a total fluence of
1014 n/cm2 for 80 hours on a series
of two SiPMs (10 and 15 𝜇m)



Electronics
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My
talk



Short LYso crystal calorimetER - SLYER -
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My talkADVANTAGES

• 8 cm length LYSO are enough to achieved O(5%) energy resolution

• Not problem of ENE and good LRU

• Great timing resolution still after 1013 neutrons/cm2

• SiPMs already exist NOT R&D needed

• High LY à SiPM @ low over voltage à enhanced resistance à lower power dissipation

• Not Front-End Amplifier is needed à not problems with irradiation level 

DISADVANTAGES

• LYSO ~30$/cc vs ~10$/cc BaF2 
(17$/cc vs 10$/cc for equal X0)

SLYER proposal:
Total cost of the LYSO crystals for the 2 disks = 3.8M$
(Mu2e: 20 cm CsI + FEE = 1.7M$ + 0.2M$)
(14 cm BaF2 + FEE = 2.2M$ + 0.2M$)

• Emission time of 40 ns of LYSO vs <1 ns of BaF2

IS the pile-up rate acceptable
with LYSO?
We need simulation



Summary
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Even if the requirement about the energy [σE/E of O(10 %)] and time [σ(t) < 
500 ps] resolution remain the same, a big part of the detector and all the 
electronics can’t survive to the new radiation environment 

q To run Mu2e-II a new technological solution (crystal + photosensor) for the 
calorimeter is needed 
• - TID of about 600 krad and 1-MeV-eq n fluence of 5x10^12 
• - Signals with a maximum length of 75 ns, less is SM/ubunch will 

increase 

Solar Blind SIPMs R&D should be concluded and tested the performances 
- After neutron irradiation
- with BaF2:Y in dedicated test beam

LYSO + 10 um pixels SiPMs is a possibility à but dedicated simulations are 
needed 


