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IIMu2e-II Collaboration
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hep-ex > arXiv: 2203.07569

https://arxiv.org/abs/2203.07569
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IIWhat is Mu2e-II
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• Current experiments searching muon sector of CLFV;

Experiment Institute Process Sensitivity
MEG II PSI
Mu2e FNAL
COMET JPARC
Mu3e PSI

μ± → e± + γ
μ− + N → e− + N
μ− + N → e− + N

μ± → e± + e+ + e−

Mu2e focuses on the 
neutrino-less conversion 
of the muon in the 
presence of Al nuclei.

Expanding upon Mu2e goals

Increasing Mu2e capability

• Improve sensitivity. 
• Probe higher mass scale.

• Change targets. 
• Focus on excluding/including models. 
•  
•

μ− + N → e+ + N′ 

μ → eX

4.2 × 10−14

6.0 × 10−17

10−15 − 10−17

10−14 − 10−16

A. M. Baldini et al., [1605.05081]
A. M. e. a. Baldini, [1801.04688]
A. Blondel et al. , [1301.6113]

https://arxiv.org/abs/1605.05081
https://arxiv.org/abs/1801.04688
https://arxiv.org/abs/1301.6113
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IIPIP-II

• Mu2e-II beam is delivered using CW of magnetically stripped  directly from LINAC instead of 
slow extracted protons from delivery ring(DR). 

•   per spill, 62 ns bunch width compared to 250 ns for Mu2e. 
•  extinction is required for the beam compared to  for Mu2e.

H−

1.4 × 109 H−

10−11 10−10
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Mu2e-II

Mu2e
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IIMu2e vs Mu2e-II Beam Comparison
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Mu2e Mu2e-II
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IISolenoids

• Production solenoid(PS) needs to 
change(cold mass) to handle the 
increased power delivered by PIP-II 
beam line. 

• Lower energy beam is deflected more 
in vertical direction entering PS. 

• Replacing PS cold mass; 
- Superconducting; 
• Cable-in-conduit conductor(CICC). 
• Internally cooled Al cable. 
• High-temperature 

superconducting(HTS) coils. 
- Resistive; 
• Water cooled resistive Cu coil. 
•  cooled resistive Cu or Al coil. 

• TS may require some modifications. 
• DS will be used as is.

LN2
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Mu2e Mu2e-II
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IIProduction target

• 8 kW on Mu2e target went through significant 
design challenges 

• 100 kW on Mu2e-II target needs active cooling.  
- Carbon or Tungsten spheres on a conveyer 

belt. 
- PS and Heat and Radiation Shield(HRS) design 

needs to change. 
- Switch from copper to tungsten for HRS. 
- Need in situ monitoring of the target. 
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PS

HRS HRS

PS

Conveyer belt

Production target

Conveyer belt
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IIPotential stopping targets

• Misalignment angle probes different Wilson 
coefficients. 

• Preferably, for a complementary study one 
requires large angle -> heavy Z. 

• Need muon lifetime > 250 ns, therefore Z < 25.
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Mu2e-II could look at different targets!

Decay In Orbit comparison

J. Heeck, R. Szafron, and Y. 
Uesaka,  [2203.00702] 

T. Suzuki, D. F. Measday, and J. P. Roalsvig, 
“Total Nuclear Capture Rates for Negative Muons,” Phys. Rev. C 35 (1987) 2212. 
J. Heeck, R. Szafron, and Y. Uesaka, [2110.14667]

https://arxiv.org/abs/2203.00702
https://arxiv.org/abs/2203.00702
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.35.2212
https://arxiv.org/abs/2110.14667
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IITracker
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Biggest difference is the reduced 
straw thickness from 15  to 8 μm μm

• 25  sense 
wire. 

• 5 mm OD straws. 

• 15  metalized 
mylar. 

•  drift gas.

μm

μm

ArCO2

Mu2e
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IIConversion electron
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10% improvement on CE efficiency

R&D is needed to improve pattern 
recognition and track finding
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IIAlternative tracker geometry

• No glueing is needed as there is no need 
to eliminate leaks. 

• He is needed for the drift gas to minimize 
multiple scattering. 

• However He is  slower than  
and will reduces rates.

× 2 ArCO2
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Blue is 25  W sense wire, red is 50  Al and 
orange is 40  Al field wires. Alternatively 5  

metaled mylar foils can replace the field layer.

μm μm
μm μm

Ultra light gas vessel

Mu2e like detector
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IICalorimeter

• Calo requirements are same as Mu2e; 
- Energy reso < 10% 
- Timing reso < 500 ps 

• Crystal needs to withstand 0.1-1 Mrad; 
-  met requirements but long 

wavelengths must be suppressed. 
- LYSO:Ce also met requirements but is 

slower(40 ns decay time). 
• Photosensors has the same rad requirements; 
- For  they must be sensitive to 220 nm 

fast component and insensitive to 300 nm 
slow component. 

- AlGaN photocathode works well with . 
- R&D is underway to improve radiation 

hardness of these SiPMs.

BaF2

BaF2

BaF2
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Beam

Change only
front facing
crystals

Keep CsI 
crystals at 
the back



5/17/2022 Mete Yucel | May 17 - Rare Proc. and Precision Meas. Frontier

IICosmic ray veto
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Detector so
lenoid resides in here

• Polystrene scintillators coated with TiO2 
sandwiched between Al absorbers. 

• 4 overlapping layers of scintillators. 
- 3 layer coincidence veto 

• Readout through WLS fibers & 2x2  SiPMs 
on both ends. 

mm2

• Improve concrete shielding with Barite and 
Boron loaded concrete. 

• Change geometry to further minimize gaps 
between scintillators and increase granularity. 

• SiPMs with better PDE and potted fibers to 
increase light yield. 

Mu2e-IIMu2e

Cosmic background ~= 1 bg event per day. 
Covers all DS and part of TS.
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II

A

A
A

Trigger and Data Acquisition(TDAQ)

•  6 event size @ 1MB/s. 
• Reduced period with no beam. 
•  5 better Mu2e trigger rejection. 
•  10 Rad dose. 
• 14 PB/y data.

×

×
×
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Use FPGA for L1 
hardware trigger

Use GPUs for 
software trigger

Development 
can start now!

Track reconstruction; 
1. Hit preparation. 
2. Pattern recognition. 
3. Track fit.
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IIBackgrounds and sensitivity

• Preliminary results are for a 
C production target. 

• More R&D and software 
optimization is needed. 

• This estimate is considered to 
be conservative.

15
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IISummary

• Mu2e-II is a worthwhile follow up to Mu2e in all cases with respect to Mu2e result. 
• PIP-II will provide a much finer beam allowing Mu2e-II and other muon 

experiments to flourish. 
• However more intense beam brings a harsher environment in terms of radiation. 

All subsystems will require significant R&D to meet this criteria. 
• Mu2e-II offers many challenges and opportunities to work on regardless of the 

subsystem.
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II
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BACKUP
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II
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II
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