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Studies of Position Offset of the Spin Rotator Magnets
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Explore the tolerance of the position offset of rotator magnets in the Rotator Ring 
(Rot) with Bmad simulations.
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Purpose of Study 

Chiral Belle Upgrade 
for the High Energy 
Ring: Rotator Ring 
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4 B2E dipoles in the SuperKEKB High Energy Ring (HER) are replaced with Rotator 
magnets


• L-Rot (made of B2EAL and B2EBL) is to rotate the vertical spin to the horizontal plane


• R-Rot (made of B2EAR and B2EBR) is to rotate the horizontal spin to the vertical 
direction

Brief Review of the Rotator Design
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In reality, the rotator installation is not perfect and may be shifted from 
the axis.


To study the tolerance of this offset, we run simulations using Bmad.


We initially focus on transverse displacement shifts.

Displacement Shift of the Rotator

reference orbit reference orbit

Rotator magnet
OffsetOffset
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B2EAL: y_offset =+0.1mm

    Original Rotator ring                                                 shifted
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HER


Rot  ring


           


B2EAL_y +0.1mm

Ring Parameters Comparison

Left magnet A
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L-Rot

    original                                                      B2EAL_y +0.1mm
B2EAL B2EBL B2EAL B2EBL
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R-Rot

      original                                                    B2EAL_y +0.1mm
B2EAR B2EBR B2EBRB2EAR
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B2EAL: y_offset =-0.1mm

    Original Rotator ring                                                 shifted
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HER


Rot  ring


           


B2EAL_y -0.1mm

Ring Parameters Comparison

Left magnet A
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L-Rot

  original                                                      B2EAL_y -0.1mm
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R-Rot

   original                                                    B2EAL_y -0.1mm
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B2EBL: y_offset =+0.1mm

    Original Rotator ring                                                 shifted
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HER


Rot  ring


           


B2EBL_y +0.1mm

Ring Parameters Comparison

Left magnet B
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L-Rot

  original                                                      B2EBL_y +0.1mm
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R-Rot

   original                                                    B2EBL_y +0.1mm



17

B2EBL: y_offset =-0.1mm

    Original Rotator ring                                                 shifted
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HER


Rot  ring


           


B2EBL_y -0.1mm

Ring Parameters Comparison

Left magnet B
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L-Rot

  original                                                      B2EBL_y -0.1mm
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R-Rot

   original                                                    B2EBL_y -0.1mm
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Rot ring


B2EAL_y +0.1mm


B2EAL_y -0.1mm           


B2EBL_y +0.1mm


B2EBL_y -0.1mm
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In the following studies, the rotator ring energy is shifted by 70 MeV to reach 
higher polarization lifetime.


A displacement shift of 0.1 mm is applied in both the x and y directions, with the 
sign chosen randomly (±).


Track 100 particles for 2M turns in the ring for the long term tracking studies.


Comparison has been made between the rotator ring and the shifted rotator ring.

Long Term Tracking Studies
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Shifted 0.1mm in both x and y for all rotator magnets

Rot ring with energy 7.07729Gev                                       Rot shifted
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HER


Rot ring with 
energy 
7.07729Gev


           


Rot shifted

Ring Parameters Comparison
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L-Rot

B2EAL B2EBL B2EAL B2EBL

    Not shifted                                                       shifted
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R-Rot

B2EAR B2EBR B2EBRB2EAR

    Not shifted                                                       shifted
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Lifetime Comparison

    Not shifted                                                       shifted
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Polarization Lifetime Comparison

    Not shifted                                                       shifted
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x-px vs turn

Not shifted


   


Shifted 
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x-px phase space

    Not shifted                                                       shifted
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y-py vs turn

Not shifted


   


Shifted 
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y-py phase space

    Not shifted                                                       shifted
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z-pz vs turn

Not shifted


   


Shifted 
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z-pz phase space

    Not shifted                                                       shifted
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Conclusion & Next Steps
Rotator ring with 0.1mm shift in x-y plane is stable and polarization 
lifetime is not affected


Explore higher shift value e.g. 0.5mm


Add tilt to the rotator displacement 


Running long-term tracking studies for the shifted Rotator ring
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Backup Slides
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B2EAR: y_offset =+0.1mm

    Original Rotator ring                                                 shifted
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HER


Rot  ring


           


B2EAR_y +0.1mm

Ring Parameters Comparison
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L-Rot

  original                                                      B2EAR_y +0.1mm
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R-Rot

   original                                                    B2EAR_y +0.1mm
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B2EAR: y_offset =-0.1mm

    Original Rotator ring                                                 shifted
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HER


Rot  ring


           


B2EAR_y -0.1mm

Ring Parameters Comparison
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L-Rot

  original                                                      B2EAR_y -0.1mm
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R-Rot

   original                                                    B2EAR_y -0.1mm
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B2EBR: y_offset =+0.1mm

    Original Rotator ring                                                 shifted
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HER


Rot  ring


           


B2EBR_y +0.1mm

Ring Parameters Comparison
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L-Rot

  original                                                      B2EBR_y +0.1mm
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R-Rot

   original                                                    B2EBR_y +0.1mm
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B2EBR: y_offset =-0.1mm

    Original Rotator ring                                                 shifted
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HER


Rot  ring


           


B2EBR_y -0.1mm

Ring Parameters Comparison
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L-Rot

  original                                                      B2EBR_y -0.1mm
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R-Rot

   original                                                    B2EBR_y -0.1mm
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Rot ring


B2EAL_y +0.1mm


B2EAL_y -0.1mm           


B2EBL_y +0.1mm


B2EBL_y -0.1mm
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B2EAL: x_offset =+0.1mm

    Original Rotator ring                                                 shifted
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HER


Rot  ring


           


B2EAL_x +0.1mm

Ring Parameters Comparison
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L-Rot

    original                                                      B2EAL_x +0.1mm
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R-Rot

      original                                                    B2EAL_x +0.1mm
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B2EAL: x_offset =-0.1mm

    Original Rotator ring                                                 shifted
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HER


Rot  ring


           


B2EAL_x -0.1mm

Ring Parameters Comparison
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L-Rot

    original                                                      B2EAL_x -0.1mm
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R-Rot

      original                                                    B2EAL_x -0.1mm
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B2EBL: x_offset =+0.1mm

    Original Rotator ring                                                 shifted
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HER


Rot  ring


           


B2EBL_x +0.1mm

Ring Parameters Comparison
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L-Rot

    original                                                      B2EBL_x +0.1mm
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R-Rot

      original                                                    B2EBL_x +0.1mm
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B2EBL: x_offset =-0.1mm

    Original Rotator ring                                                 shifted
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HER


Rot  ring


           


B2EBL_x -0.1mm

Ring Parameters Comparison
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L-Rot

    original                                                      B2EBL_x -0.1mm
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R-Rot

      original                                                    B2EBL_x -0.1mm
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Rot ring


B2EAL_x +0.1mm


B2EAL_x -0.1mm           


B2EBL_x +0.1mm


B2EBL_x -0.1mm
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B2EAR: x_offset =+0.1mm

    Original Rotator ring                                                 shifted
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HER


Rot  ring


           


B2EAR_x +0.1mm

Ring Parameters Comparison
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L-Rot

    original                                                      B2EAR_x +0.1mm
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R-Rot

      original                                                    B2EAR_x +0.1mm
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B2EAR: x_offset =-0.1mm

    Original Rotator ring                                                 shifted
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HER


Rot  ring


           


B2EAR_x -0.1mm

Ring Parameters Comparison
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L-Rot

    original                                                      B2EAR_x -0.1mm
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R-Rot

      original                                                    B2EAR_x -0.1mm
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B2EBR: x_offset =+0.1mm

    Original Rotator ring                                                 shifted
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HER


Rot  ring


           


B2EBR_x +0.1mm

Ring Parameters Comparison
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L-Rot

    original                                                      B2EBR_x +0.1mm
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R-Rot

      original                                                    B2EBR_x +0.1mm
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B2EBR: x_offset =-0.1mm

    Original Rotator ring                                                 shifted
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HER


Rot  ring


           


B2EBR_x -0.1mm

Ring Parameters Comparison
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L-Rot

    original                                                      B2EBR_x -0.1mm
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R-Rot

      original                                                    B2EBR_x -0.1mm
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Rot ring


B2EAR_x +0.1mm


B2EAR_x -0.1mm           


B2EBR_x +0.1mm


B2EBR_x -0.1mm


