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Some initial studies using eRHIC 
Oct’14 lattice 



New: Muon1 Response Output 
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Muon1 simulation 
Any constrained linear 

optimisation tool 

Corrector vector 

as lattice input 

For each “ResponseBPM” j, 

a CSV file containing the matrix: 

Any attribute can become a corrector, e.g. adding a ResponseDipole=1e-6 

attribute will vary that Dipole by 1e-6 Tesla in the numerical differentiation. 

…and the uncorrected 

positions: 



Arc-to-Straight Adiabatic Only 
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~0.1mm errors 



Arc-to-Straight Improved 

• Corrected using the 17 cells in the matcher 
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~2.5um errors 



Corrector Dipole Fields (T) 
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Response matrix 
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Extraction Matching x, x’ Only 

• Uses 76 cells of the FFAG2 straight section 

• Goal is x=x’=0 except for one beam where x>0 

• Dipole correctors limited to ±0.005T as before 
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Extracted beam overshoots 

into higher-field regions. 
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In this case, matters are improved 

significantly if the extraction point 

and re-merging point are not the 

same.  NB: may not be true of 

other energies. 



Corrector Dipole Fields (T) 
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Response matrix 

Since there is a blank space on this slide, I’m going to 

mention an interesting fact.  The response vectors of 

the output variables (columns here) are asymptotically 

an orthogonal set as the number of cells used for 

correction tends to infinity.  This is because they are 

pairs of sine and cosine waves with different 

frequencies and the inner product of two such 

functions tends to zero as the waves go out of phase in 

the long term.  This linear system could be expected to 

be very well behaved in the case of large numbers of 

correctors, provided there is enough distance for the 

two beams with closest tunes to go out of phase. 
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Haven’t reached 

exact regime yet 



x and x’ for Beam Energies 
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x and x’ for Beam Energies (zoom) 
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x and x’ as a Function of Energy 
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Dx and Dx’ as a Function of Energy 
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FFAG1 also works 

(no overshoot) 



Extraction Including Dispersion 

• Want gradient of x(E), x’(E) approximately zero 
around the beam points 

• Add another set of beams 50MeV above the 
original 11 

– With the same goal x, x’ 

• “Double root” should force x(E), x’(E) to vary 
quadratically rather than linearly near the 
beam energies (Dx, Dx’ approximately zero) 
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22 Beams Extraction (not 11) 
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Corrector Dipole Fields (T) 
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Response matrix 
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x and x’ for Beam Energies 

February 4, 2015 Stephen Brooks, eRHIC meeting 25 



x and x’ for Beam Energies (zoom) 
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x and x’ as a Function of Energy 
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x and x’ (11 beams only) 
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Dx and Dx’ as a Function of Energy 
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Dx and Dx’ (11 beams only) 
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Small improvement going from 11  22 

beams but probably need to increase the 

weighting of the dispersion specifically in 

the “RMS best approximation” (to-do) 



Explicit Dispersion Response 

• If dx/dc(n) response at momentum p is 

sin(2pQx(p) n) 

• Then dDx/dc(z) response should be: 

(p d/dp) sin(2pQx(p) n) 

 = 2p n (p d/dp)Qx(p) cos(2pQx(p) n) 

 = n 2pCx(p) cos(2pQx(p) n) 

• So as well as sin(n), cos(n) type terms, there 
are n sin(n) and n cos(n) 

February 4, 2015 Stephen Brooks, eRHIC meeting 31 


