Optics Match with Space Charge

. EoM

. Linear Forces

. Envelope Equation

. Optimization | (setup, knobs, goal function)

. Optimization Il (many knobs, using an optimizer)
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. Verification & work to be done
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required for the following:
F,(0,0,z,t)=F,(0,0,2,t)=0
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notation oX — X
transport matrix:
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2. Linear Forces

drift (only space charge)
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drift (only space charge)
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3. Envelope Equation

transverse EoM

d( x 0 -1 drift
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dZ(pr_kapr 0 ][pj with Kk, —kx(Z,O'X,O'y)— quadrupole
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an other approach is used here:
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space charge parameter

compares averaged focusing strength with s.c. force
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4. Optimization |

setup, knobs, goal function

setup & knobs:
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active & passive knobs, interval of interest, goal function:
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cheap method:

/ 1x “expensive”: determine T matrices with s.c. for reference knobs
X, Xy
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many iterations

“cheap” (fast): uses these matrices for similar knob settings
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calc. new matrices, check solution, do it again ...




5. Optimization |l

many knobs, using an optimizer

passive knobs ak a Aactive knobs

ak b
CJ CJ | C (]

o I S CJ
element| |element| |element| |element|||element| |element| |element| |element| |element| |element| |element| |[element| |element]||element| |element
n_a n_b n_c=
n_b+4
> >
calculated once optimizer
/
—

interval of interest

ILO(ak _a, ak_b) = inner loop of optimization

set interval of interest (n._.c=n_b+1)
calculate by “expensive method” — T matrices, initial value of goal function g;
(*) optimize with cheap method  — value of goal function g,

calculate by “expensive method” — T matrices, value of goal function g,
If g, < 0;: replace initial setting by improved setting; goto (*)
otherwise: exit with last improved setting
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optimization as it has been used for the following examples:

s 1LO(L, 4)

8 ILO(2,5)
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< ILO(K-3, K) K = number of last knob

O

S —» solution 1 (few minutes)
S 1LO@, K)

©

E —> solution 2 (few minutes)
) optimization of all knobs by “expensive” method

©

S — solution 3 (some hours)

solution 2 is usually good enough
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6. Examples

example 2

from Eduard Prat:
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Eduard Prat, DESY

optic 2010 for 2.5kA
end of BC3 — end of undulator (46 knobs)
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harizontal beta function: red, blue, green = design, 2.5kA, 2.5kA-compensated
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green: compensated 0.1"heta_x, 0.1%beta_y; o/ x = design / comp. quad strength
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example 1: (from s2e seminar, 2010.02.01)
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7. Verification & work to be done

how good is the model of linear space charge forces?

F(x,y)~v,p, (xke, + yk (e, )+ O(xz, yz)

for example 1

red, blue, green = astra, design, linear (expected) red, blue, green = astra, design, linear (expected)
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possible reasons: non linearity, non gaussian distribution, round Astra model ‘%



but it is an improvement
compare again with s2e seminar, 2010.02.01;
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