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1.1 What's linear betatron coupling

® Transverse motion Linear betatron coupling
2 +k.x = f(z,y) " +kzxr = kiy
y' +ky =g(z,y) v’ +kyy = kow

* Sources of linear betatron coupling:
Skew quadrupoles or rotated normal quadrupoles
Solenoids

® Linear betatron motion can be solved with matrix
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1.2 Matrix parameterization
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1.3 Perturbation theory

Hamiltonian approach:
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1.4 Edwards-Tengs' approach

M diagonalization
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1.5 Norm Form approach
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P can be directly obtained from eigenvectors of T
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1.6 Hamiltonian perturbation theory

Coupling coefficient:
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2.1 Decoupling on the RHIC ramp

* Requirement:

1) Tunes on the ramp:

design tune split: ~0.01

flat tunes for spin polarization preservation
2) Requirement:

dQmin < 0.005

* Methods:

1) N-turn transfer maps

2) Three-ramp correction

3) Skew quadrupole modulations
Coupling amplitude modulation ==> tested in run'04
Coupling angle modulation ==> used in pp run'05

4) Eigenmode projection parameters ==> decoupling feedback



2.2 RHIC skew quadrupole families
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2.3 RHIC global decoupling timeline
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*Y. Luo, etc., “ Continuous measurement of global difference coupling using a
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2.4 Coupling angle modulation

Residual coupling
Rotating coupling
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Tunes from PLL
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One example at the RHIC Blue ring store
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PLL tunes
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2.5 Continuous global coupling measurement
* Eigenmode projection parameters

Tn = Argcos2rQ1(n — 1)+ 0r] + Arre cos27Qa(n — 1) + 0174]
Yp = Apycos2mQr(n— 1)+ 67, + Arr, cos2nQa(n — 1) + 017, |

We define four eigenmode projection parameters:
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* Knowing projection parameters, we then have
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FIG. 5: The fractional tune splits and the coupling coefficient.

One example of coupling measurement at injection
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One example of coupling measurement on ramp ( fill 7401)



2.6 Tune & decoupling feedback

Horizontal and vertical tunes
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2.7 Ramp replay

Window harkers Analysis
RHIC - DCCT total beam & WCHM bunched beam
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2.8 BBQcoupling.mon
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2.9 The problem is being addressed
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2.10 The remain theoretical problems to be solved

BTF of coupling
Interpret PLL readings in presence of coupling
Interpret AC Dipole readings in presence of coupling

BTF of beam-beam
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