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An Estimate of Orbit Correction for SSR0 section of the Project X  
Relationship between beta-functions, period length and phase advance
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Focusing strength and maximum beta for SSR0:
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Reading the dataNon-linearity of solenoidal focusing
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Magnetic fields
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Focusing in the first order of perturbation theory
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Leaving only the first nonlinear term one obtains:
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For the optimal case of linearly changing magnetic
field Leff coincides with the total field length Leff0
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Numerical integration for solenoidal focusing
Measured magnetic field on axis is fitted by analytical expression
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Then the field outside of the axis is:
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Equations to be solved are:
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=or in the vector form

Corresponting Mathcad implementation is:
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F GetFocus x z px py( )Comparison of Numerical Integration with Perturbation Theory
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Numerical integration
results 5% less focusing
than the perturbation
theory due to finite length
of the lens

Conclurion: the first order perturbation theory describes well the focusing non-linearity within aperture of 13 mm



Non-linear Focusing and Resonanses in the Betatron Motion

The tune shift for linear focusing is: Δν
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Numerical example for Project X at injection (SSR0)
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5σ emittance is: ε5σ 25
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β γ
 Corresponding beam size in the lens is: ρmax ε5σ βmax 0.943 cm
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Φ

= 16
3

ρmax
Leff0









2

 0.022

and the tune shift: Δν3σ
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 or Δν3σ 0.151 deg

Thus, the non-linearity introduced by solenoidal focusing is negligible relative to the non-linearity due to beam
space charge. 
If the system is detuned from the resonance (δν = 0.25 n) the focusing non-linearity does not introduce
significant emittance growth. The phase advance per cell should be below 90 deg. and should not be too close
to the 90 deg. to avoid the resonance. 



Effect of lens non-linearity on the betatron plane rotation 

For small amplitude ascillations the betatron plane rotation is: φ0
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Lens nonlinearity increases the rotation of betatron plane.
For SSR0 lens it can be approximated by the following expression: 
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Compare to focusing non-linearity: ΔΦ ρ( )
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Steering Requirements
Focusing non-linearity creates a differenece in the horizontal and vertical focusing as well as the skew-quadrupole field. The latest results in
coupling between horizontal and vertical plane and  the emittance growth.  

Rough estimate of the emittance growth 
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For SSR0 with ρc 0.1  cm we

have:
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 per period

Optics correction has to improve it quite significantly
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Valery, Sergei
Attached is a spreadsheet with the information you
wanted.
Integrated parameters B*dL and B^2*dL are also there.
Data for the CH were made for the nominal current (192 A)
The rest is done for 200 A ‐ so you need to scale to find
parameters at the needed current. Scaling works well ‐
saturation effect is fairly small.
Yuri


