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In this talk, we present a comparison of 2024-MAY (RHC) mode 
scan data with 2019-DEC (FHC) data.
Muon monitor data is:
» a measurement of the muon flux from the hadron decay.
» sensitive to the beam parameters and systematic changes 

in the NuMI beamline.
Importance of the beam scans:
» Useful to make comparisons with past scans.
» Helping to study physics models in simulations.
» Providing data to build ML models to understand the 

primary beam performance. 
» May useful to model the pion phase space with simulations.

Introduction
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* Replaced the target in 2019 (summer)
* Replaced the Horn1 and the Horn2 for 1 MW operations in 

2020 (summer)
* Replaced the target in 2022 (summer)
* Replaced the Horn2 in 2023 (Jan) 

Beamline Component Changes from 
2019 to 2024
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Beam Scan (RHC)

Note: The actual horn current is 1% higher than the ACNET recorded horn current.
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Beam Scan Results (RHC)
Mean Horn Current  : -199.4 kA

Mean Horn Current  : -194.3 kA
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Beam Scan Results (RHC)
Mean Horn Current  : -189.3 kA

Mean Horn Current  : -179.6 kA
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Beam Scan Results (RHC)
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Beam Scan Results (RHC)

Note: Only the fitting errors are provided in the table.
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Beam Scan Results
MM1

MM2

MM3

MM1
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Horizontal Scan Vertical Scan
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Next—>
Beam Scan Results: Dec 12, 
2019 (FHC)
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Beam Scan: Dec 12, 2019 (FHC)
Mean Horn Current  : -198.4 kA

Mean Horn Current  : -193.5 kA
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Beam Scan: Dec 12, 2019 (FHC)
Mean Horn Current  : -188.4 kA

Mean Horn Current  : -178.6 kA
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Note: Only the fitting errors are provided in the table.

Beam Scan: Dec 12, 2019 (FHC)
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Beam Scan Results
MM1

MM2

MM3

Horizontal Scan

MM1

MM2

MM3

Vertical Scan

2024-May (RHC)

2019-DEC (FHC)

2024-May (RHC)

2019-DEC (FHC)
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Remarks
• Comparison study shows the slope differences.
• These differences are mainly coming from the systematic 

changes in the beamline components.
• This study doesn’t help to extract any information related to 

FHC - RHC changes.
• We are doing further studies with other available beam scan 

data.
• Beam scan results are encouraging dedicated simulation 

studies to understand the pion phase space behaviors. 

Thank you!
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Backup Slides
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• Three muon monitors are located in the 
downstream of the hadron absorber

• Each muon monitor consist of 9x9 arrays of 
ionization chambers

• Each ionization chamber consists of two 
ceramic parallel plates with the separation of 3 
mm gap

• The chambers are filled with He gas  

MM1 MM2

Introduction to Muon Monitors

Muon Monitor (9x9 array)
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New vs Old Targets

Old Target

         Old                   New
Width :       7.4 mm           9.0 mm
Height:     14.30 cm        15.53 cm
Segment 
length:        2.5 cm            2.5 cm

• Four target segments have cylindrical shapes tops in the new target system
• Densities are same 

1-MW NuMI target has been installed during the summer shutdown in 2019

1 MW target
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Proton Beam Y Scan

Muon Monitor Centroid Y

Proton Beam X Scan

Muon Monitor Centroid X

Horizontal 
Scan

Vertical 
Scan

Y

X
Target

Y

X
Target

Beam Scans
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Beam Scan Results
MM1

MM2

MM3

MM1
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MM3

Horizontal Scan Vertical Scan
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Beam Scan Results
MM1

MM2

MM3

Horizontal Scan

MM1

MM2

MM3

Vertical Scan

2024-May (RHC)

2019-DEC (FHC)

2024-May (RHC)

2019-DEC (FHC)


