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Motivation

Transversal beam oscillations can happen:
e directly after injection

» due to higher beam intensity, which excites instabilities, when natural damping becomes not
enough for attenuation

—> Transversal Feedback System (TFS) must be used for actively damping beam transversal
instabilities, however:

e at the Pickups (PUs) only beam displacement is measured
* noise generated by the PUs deteriorates feedback

—> multiple PUs for estimating beam direction at Kicker position with minimized noise

System model

Block diagram of proposed technique and coordinates for circular accelerator:
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 Further notation will use x(s) as beam horizontal displacement at position s, x; at position s;
of PU; and x’(s) as beam direction in horizontal plane at position s

~

e X = [X;, Xo+-- ,Xy]" denotes vector of beam horizontal displacements at the M PUs posi-
tions

e xX; = X; + z; denotes output signal of PU,, where z; denotes noise perturbation

e Xx=[xq, X5, ,xy )" denotes vector of PUs output signals and z = [z, 2,--- ,2,,]’ denotes
the noise vector at the PUs so:
X=X+2z

e For beam vertical displacement every thing holds by using y instead of x

Beam displacement-direction transmission from position s, to position s:
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knowing beam dispacements X; and X;, and by solving transmission equations one can calcu-

late beam direction at Kicker position as:
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using output signals of the M PUs:
X = ailxil T aizxiz
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Proposed Technique

Basic idea:
* Filter out the noise by using multiple PUs signals

Optimization problem of finding optimal weighted sum of PUs signals can be formulated as:
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Solution for this optimization can be solved through equivalent problem as follows:
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then we have
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Solving the optimization problem is equivalent to finding the optimal vector w, ., which min-
Imizes the noise power, where
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This equivalence is due to the same number of degrees of freedom
we have

W = DW‘I‘ eM_1

where D € #M~1P*M~2 \ith all-ones on the main diagonal, all —1 on the last row and zeros
elsewhere

W= [wy, wy, -+ ,wy_]" andey_,=[0,0, ---, 0,1]" eRM 1!

e Setting the derivative of noise power with respect to w to zero and solving, one can find

W,,; = —(D'AR,A'D)'D'AR A"ey

Simulations

Simulations of this technique has been done for the Synchrotron SIS 18 at the GSI

SIS 18 at the GSI
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