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Why is beam-based alignment needed and what is it?

to be as good as possible

— Orbit Control

(i.e. quadrupoles)

be known
— Beam-based alignment

Member of the Helmholtz Association

For an EDM measurement the orbit has
Orbit RMS should be lower than 100 pm
Goal is to go central through all magnets

Thus BPM to quadrupole offset has to
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Principle of beam-based alignment

= Use beam to optimize the beam position
Quadrupole
=uaodrupoe

Beam
Ak ' ] I 2 I I I ———
- X(S
Ax(s) = B( )t e B
P 1- kZBptan (3 V4
N— Y
vV B(s)v/B(So) : 5
—(~——————— COS S) — So) —
5222 cos[(s) — 9(s0) — 1] s
Dispersion not included in this equation.
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Principle of beam-based alignment

= Use beam to optimize the beam position
= Vary quadrupole strength
= Observe and then minimize orbit change

Quadrupole

AK - x(sp)¢ 1
AX(S) = Bp . 1 P 5(s0)
— N2Bptannv
—Vﬁ(s) Vﬁ(so) s[¢( ) (S ) _ 7-”/]
2sinmy 0
Dispersion not included in this equation.
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Principle of beam-based alignment

= Use beam to optimize the beam position

= Vary quadrupole strength Quadrupole

= Observe and then minimize orbit change BPM
Beam
AK - x(Sp)¢ 1
Ax(s) = B( )t ! ES Infeasured _ Jwanted
P 1- kZBptan (3 V4
— Y
V B(s) V 5(30) S[Qb( ) (S ) _ 7TI/] S: S}
2sinmy 0 0
Dispersion not included in this equation.
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Measurement Procedure

= Vary quadrupole strength with additional power supplies connected in parallel to an
individual quadrupole
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Measurement Procedure

= Vary quadrupole strength with additional power supplies connected in parallel to an
individual quadrupole

Ak - x(So)! 1 B(s)v/B(so)

Bp '1—k2315£%. 2sin v

Ax(s) = cos[¢(s) — ¢(s0) — 7]

= Not possible to calculate x(sp) due to lack of precise knowledge of all other
parameters
1 Ngpm )
> (Xi(+Ak) — xi(~Ak)? o (x(s0))?

i=1

f=

Ngpm

= By finding the minimum (f — 0) the optimal beam position can be found
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Cooler Synchrotron COSY
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This result has been published in [1].
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Alignment of quadrupoles

Example 1 (QT13 - QT16) - Good Alignment
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Alignment of quadrupoles

Example 2 (QT01 - QT04) - Bad Alignment
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= Quadrupoles, where such an offset has been detected, have been remeasured with a
laser tracker and it confirmed these offsets
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COSY BPM offsets
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Orbit improvement

Orbit corrected twice, once with offsets before BBA and once with offsets after BBA

Orbit RMS Steerer RMS
Horizontal Vertical Horizontal Vertical

Before BBA 227mm* 1.09mm 5.03%/0.63mrad* 4.39% /0.25mrad
After BBA 3.26mm* 0.52mm 3.90%/0.49mrad* 0.79% /0.05mrad

Vertical orbit is better by a factor 2 while also needing fewer steerers by a factor 5.

*For this orbit correction four steerers around the electron cooler were excluded from the orbit correction.
Thus, that part could not be corrected well and the horizontal orbit was 10 mm off in that straight section. This
leads to these high RMS values and is not representative of the actual performance.
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Beam-based alignment in other acelerators

= Options to modify the quadrupole strength
= Individually powered quadrupoles: ALS [2], SuperKEKB Linac [3]
= Back-leg windings: LEP [4, 5]
= Shunt resistors: MAX 1 [6]
= Shunt power supplies: RHIC [7], INDUS-2 [8]
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Beam-based alignment in other acelerators

= Options to modify the quadrupole strength
= Individually powered quadrupoles: ALS [2], SuperKEKB Linac [3]
= Back-leg windings: LEP [4, 5]
= Shunt resistors: MAX 1 [6]
= Shunt power supplies: RHIC [7], INDUS-2 [8]

= Interesting examples: LEP [5] and ALBA [9]

= |LEP used sinusoidal quadrupole exitations to induce beam oscillations
= From the FFT of the beam oscillations the Fourier strength was used to determine the

offset in the quadrupole

= ALBA uses AC excitations of corrector magnets and high sampling rate BPMs (10 kHz) to
accelerate the beam-based alignment process
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Considerations for future accelerators

= Essential to incorporate a method for beam-based alignment into the design of the
acellerator components

= Attaching measurement markers to as many accelerator elements as possible for
mechanical alignment, especially the BPMs

= With markers for mechanical alignment it is possible to reduce the number of
beam-based alignment measurements

= For COSY one could implement a feedback system continuously monitoring the
quadrupoles to improve the precision of the beam-based alignment
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Summary

= Beam-based alignment was performed at COSY and improved the orbit correction
performance

Several misaligned quadrupoles were identified

Improved the COSY model for simulations and allows better comparison of the
simulation to measurements

Different methods of quadrupole strength variation for beam-based alignment
Future accelerators should be planned with beam-based alignment in mind
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