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Physics Motivation 
Design a pair of spin rotators for SuperKEKB High Energy Ring (electron ring), 
to polarize the spin of the electron beam in the longitudinal direction at the 
interaction point (IP) 


• Study of asymmetry between the identical processes with different electron 
beam handedness, which provides precision electroweak measurements 





With




See more details in Tuesday’s talk:

“Polarized beams proposal for SuperKEKB” by M. Roney
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Overview of the concept for a potential polarization upgrade

• Inject transverse polarized electron beam into the High Energy Ring (HER)


• A pair of spin rotators installed on both sides of the IP to rotate the spin to the 
longitudinal direction at the IP and back to transverse after IP
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Follows Uli Wienands’s (Argonne National Laboratory) idea and direction:

 

• replace some existing ring dipoles on both sides of the IP with the dipole-

solenoid combined function magnets and keep the original dipole strength 
to preserve the machine geometry 


• Install 6 skew-quadruple on top of each rotator section to compensate for 
the x-y plane coupling caused by solenoids 


• Original machine can be recovered by turning off sol-quad field 

Spin Rotator Magnet Structure 5



Constraints of the Design 

✤Transparency: Need to maintain the original beam dynamics, make the 
spin rotator transparent to the ring as much as possible (the spin rotator 
is for the polarization purpose only) 


✤Physical constraints: All new magnets must be manufacturable and 
installable 


• Solenoid strength can not exceed 5 T 

• Skew-quad can not exceed 30 T/m (~ 3T at the coil)
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Simulation Tool 
• BMAD is an open-source software library created/maintained by David Sagan 

at Cornell University for simulating charged particles and X-rays


• Étienne Forest’s “Polymorphic Tracking Code” (PTC) is incorporated into it


• Use Tao interface to BMAD to perform the optimization


• Optimization Algorithm: LMDIF is to minimize the sum of the squares of 
nonlinear functions by a modification of the Levenberg-Marquardt algorithm 


• The BMAD lattice file of the HER with Crab Waist is translated from SAD, which 
is provided by Demin Zhou (KEK)

7



Validation of transverse spin lifetime in the HER

• Tracking 100 particles for 20000 turns in the HER with BMAD


• Based on this study, the estimated polarization lifetime > 10 hours
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Procedure of the Rot Design 
✤Identify which dipoles (use 4 “B2E” dipoles) to replace with the spin rotator 
(dipole-solenoid-quadrupole combined function magnets)


✤Build the rotator magnet model with BMAD


✤Spin polarization : 

•Fit solenoids to longitudinally polarize the electron beam at the IP, and restore 
vertical polarization after IP


✤Transparency: 

•Fit skew-quads to decouple the x-y plane 

•Rematch the optics(Twiss parameters and dispersion functions) by adjusting 
existing ring quads near the rotator region 


•Maintain Tune value Q 

•Match the first order chromaticity by tuning existing ring sextupoles 
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Rotator Modelling with BMAD

Rotator modelling requires a combination of dipole (curved element) and 
solenoid-quadrupole (straight element) 


•  BMAD has solenoid-quadrupole(Sol_Quad) but does not have dipole-
solenoid-quadrupole 


• Following David Sagan’s suggestion, use hkick(horizontal kick) to 
simulate the dipole(Sbend) and patches to correct the reference orbit 
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Modelling dipoles with Hkicks in BMAD

• Hkick strength is set to be the same as the dipole


• Initially sliced into 6 pieces to match the number of skew-quads


• Use patches to shift the reference orbit(x,x’,y,y’) at the exit of each piece


• Increase the number of slices to obtain a better model of the dipole
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Comparison of geometry between the B2E and the Hkick after 
fixing the reference orbit with patch 

B2E                                               Hkick(6-piece sliced) 
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Comparison of orbit and Optical functions 

The sawtooth shape orbit excursion is not physical, it’s an 
artificial effect due to using the patch elements

Beta


Dispersion


Orbit
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Slice Model 

In order to reduce the non-physical orbit excursion, each piece of the hkick 
is further sliced into 16 pieces, 96 in total 
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Validating Hkick modelling of dipoles

Replace 4 “B2E”(where the rotator magnets will be installed) with 
hkicks(no solenoid-quadrupole) in the full HER lattice


• Check if the floor coordinate is the same as the original 
(global geometry) 


• Check if the orbit, optical functions, and ring parameters… are the 
same as the original 
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Comparison of original HER with version having 
Hkick modelling of the 4 B2E dipoles 

Beta


Dispersion


Orbit
IP IP

Injection  
point

Wiggler
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Rotator Structure 

• Left Rotator (L-Rot) rotates the spin from the vertical to the 
horizontal plane 


• Right Rotator (R-Rot) rotates the spin back to the vertical 
direction


• 4 B2E dipoles shown above to be replaced with the spin rotator 
magnets 
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Open-geometry Optimization 
Replace B2E with Rotator lattice elements, and perform the 
optimization in the lattice segment containing the L-Rot and nearby 
elements, and repeat the same procedure for the R-Rot 


• Fit the solenoids to match the spin 


• Fit the skew-quads to perform decoupling 


• Adjust the ring quads near the rotator region to achieve the 
optical rematch 
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Optimization Result 
• Solenoid strength, below 5T 


• Maximum skew-quad strength is ~20 T/m, which is below the 
physical limit 30 T/m, see appendix 


• Maximum Ring quad is ~ 14 T/m, which is achievable , see 
appendix 
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Comparison at L-Rot tuning area after completing the 
optical rematch 20



Comparison at R-Rot tuning area after completing the optical rematch 
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Full lattice Comparison with L/R-Rot installed in the ring 22



Ring Parameters Comparison before performing 

the closed-geometry optimization 

• Tune and Chromaticity needs to be rematched 


• Although the vertical emittance is higher than the original, it is 3 
times smaller than the current design of 12.9 pm
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Closed-geometry Optimization 

• Tune 


• Chromaticity  


They are overall ring (circular machine) parameters, can only be 
calculated in closed-geometry 
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Tune Match
• Adjust quadrupoles at “Nikko” section 

where the dispersion is zero


• Fitting target: 


• Constraints: Matching the Twiss parameters 
at the exit of the Nikko section ( , ) 


• 8 variables: QR*NE(6 different Quadrupole 
pairs), QDRNE, QFRNE 

Qx, Qy

βx,y αx,y
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Comparison of “Nikko” section after optimization 26



Chromaticity match
• Considers the extra quadrupole effect given by sextupoles, the 

total Chromaticity is given by:





Where k is the quadrupole strength, m is the sextupole strength, 
and  is the dispersion function


• Changing the sextupole strength does not change the beta 
function, thus the Chromaticity can be adjusted by tuning the 
sextupoles

ξtot =
1

4π ∮ [− k(s) + m(s)η(s)]β(s)ds

η
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• Sextupole pairs locates at the Rotator tuning area are turned off because 
the phase difference between these identical pairs is no longer  (the 
condition to cancel out the non-linear effects)


• Adjust sextuples in 4 arc section (45 pairs) shown in the picture above to 
match the original Chromaticity

π
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Tune and Chromaticity are matched to the original 

Ring Parameters Comparison after performing the 
closed-geometry optimization 29



Single Particle Spin Tracking Result 

• The spin track result shows a longitudinal spin alignment >99.99% with 
the rotator installed in the High Energy Ring 
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Spin motion of the electron in the Rot Ring (KEK frame) 

• electron polarized aligned with the B field at the injection point corresponds 
to longitudinal e-polarization at the IP


• electron polarized anti-aligned with B field at the injection point corresponds 
to anti-longitudinal e-polarization at the IP
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KEK Injection Linac polarization studies

Need to have transversely polarized beam at the injection point

Injection
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Spin motion in the Linac

The spin tracking result shows if the electron starts with vertical spin (0,1,0) 
at the source, it will end up with a vertical spin at the injection point

Source Injection
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Injection

Underground section
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Due to the anti-symmetric structure(same B field magnitude but with 
opposite direction) of vertical bend pairs, the vertical spin is re-established 
at the injection point

Anti-symmetric structure of vertical bends 36



Current ongoing work
✤Beam Tracking Studies in the HER with spin rotator (Long Term 
Tracking studies)


•Investigate the dynamic aperture, and tune sextupoles to 
reach the maximum dynamic aperture 

•Determine the polarization lifetime and beam lifetime in the 
rotator ring with BMAD


✤Transversely polarize the beam at the source
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Appendix 

L-Rot                                            R-Rot

Open-geometry optimization result


Skew-Quad
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L-Rot


R-Rot

Quadrupoles at the Rotator tuning region 39



Closed-geometry optimization result


Quadrupole at “Nikko” Section
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Sextupoles  adjusted to re-match the 
Chromaticity

The integrated sextupole strength is described by:





Where  is the sextupole strength, and L is the length

b2 =
k2L
2

k2
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Spin motion in the L-Rot

co-moving frame                                              rest frame of the electron 
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co-moving frame                                rest frame of the electron 

Spin motion in the R-Rot 43



IP IP

Spin motion between the Rot and the IP

R-Rot L-Rot
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