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IR upgrade is just one of many items, such as 

• Injector upgrade
• Injection efficiency improvement
• Emittance blowup suppression in the BT
• New BT line
• Injection stability
• Higher stored beam currents (additional RF ) 
• etc. 



New IR preliminary evaluation

Confirmation of characteristics of the new IR with anti-solenoid and QC1P with Nb3Sn 
• Design concept

• Separation of the solenoid field and QC1P
• QC1P relocation, closer to the IP by ~100mm (from L*=935 mm to 835mm)

• Items to consider
• Dynamic aperture, Touschek lifetime
• Chromatic Coupling
• Vertical emittance
• Dispersion

Can we make magnets with Nb3Sn?
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• Items to consider
• Dynamic aperture, Touschek lifetime
• Chromatic Coupling
• Vertical emittance
• Dispersion

sler_1704 (QC1P@935mm) 
BB:OFF OCT:OFF

V21-r0g0 (QC1P@835mm)
New IR with magnetic field model BB:OFF OCT:OFF
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𝛽!∗ = 0.27 mm 𝛽!∗ = 0.27 mm



• Items to consider
• Dynamic aperture, Touschek lifetime
• Chromatic Coupling
• Vertical emittance
• Dispersion

935 mm

835 mm

Chromatic coupling improves with new IR (QC1P@835mm)
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• Items to consider
• Dynamic aperture, Touschek lifetime
• Chromatic Coupling
• Vertical emittance
• Dispersion

A. Morita

“V21-r0g0”
New IR

“sler_1704”
The current IR (design lattice)

When set to the same scale
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• Items to consider
• Dynamic aperture, Touschek lifetime
• Chromatic Coupling
• Vertical emittance
• Dispersion

Contribution from 
the new IR is several tens of femtometer

A. Morita



IR Orbit comparison

“V21-r0g0”
New IR

“sler_1704”
The current IR (design lattice)

1 mm
0.1 mm
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IR Orbit comparison

“V21-r0g0”
New IR

“sler_1704”
The current IR (design lattice)

~200μm

~10μm

When set to the same scale
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IR dispersion comparison

“V21-r0g0”
New IR

“sler_1704”
The current IR (design lattice)

When set to the same scale
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• Items to consider
• Dynamic aperture, Touschek lifetime
• Chromatic Coupling
• Vertical emittance
• Dispersion



New IR preliminary evaluation

Confirmation of characteristics of the new IR with anti-solenoid and QC1P with Nb3Sn 

• Design concept
• Separation of the solenoid field and QC1P
• QC1P relocation, closer to the IP by ~100mm (from L*=935 mm to 835mm)

• Items to consider
• Dynamic aperture, Touschek lifetime →improves 
• Chromatic Coupling →improves 
• Vertical emittance → becomes smaller
• Dispersion becomes smaller

The obstacles/difficulties with luminosity tuning will be removed.
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Can we make magnets so small/thin?
Hardware feasibility evaluation
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Forward Backward

Forward Backward
Upgraded ver.

Current ver.

QC1P

QC1P

QC1P

QC1P

Nb3SnNb3Sn

1 m0 0.5

1 m0 0.5
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K. Aoki/N. Ohuchi

Current Cryostat
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New Cryostat

2023/10/26 UWG meeting Oct.26, 2023
K. Aoki/N. Ohuchi



New Cryostat 3 mm thickness :Just enough for withstanding vacuum pressure

We should evaluate the minimum thickness needed, including beam pipe etc.

Note: The whole thing depends on how compact the anti-solenoids and QC1P can be made.
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Can we realize such an IR configuration?

Smaller, thinner magnet with Nb3Sn cables 
is the key
R&D work is a must

Funding sources for
• R&D of the Nb3Sn wire (cable) 

filament size
Rutherford cable/flat wire

• fabrication of a test coil
• fabrication of a test magnet
• evaluation of the magnetic force on the 
coil, design of the coil support, etc. 

are needed.

Y. Arimoto
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QC1RP line current model



Hardware R&D
Collaboration with FNAL on Nb3Sn, with BNL on NbTi corrector magnets

Funding status affects the process and schedule.
N. Ohuchi
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Collaboration with Fermilab

Vadim Kashikhin (FNAL)

N. Ohuchi etc.
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New



Collaboration with Fermilab

Findings by FNAL

• The magnet requirements can be met with 1 layer 
of 0.75-mm x 1.5-mm Nb3Sn

• Both field and temperature margins are adequate

• The conductors with > 0.75 mm thickness will 
have operating current >1500 A
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Evaluation continues
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R&D Funding sources

human resources



backup
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