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Motivation

ANALYSIS OF CLOSED ORBIT DEVIATIONS FOR A FIRST DIRECT 

DEUTERON ELECTRIC DIPOLE MOMENT MEASUREMENT AT THE 

COOLER SYNCHROTRON COSY

Misalignment of Magnets

Survey at COSY Power Supply Oscillations

Summary & Outlook References
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➢ Measure Electric Dipole Moment (EDM) of charged hadrons at COSY

➢ Vertical spin build-up as a measure of EDM

➢ EDM-like signals due to orbit influencing systematic effects

➢ Reduction of transverse orbit RMS required

➢ Study systematic effects (misalignments of magnets, power supply oscillations) by 

simulating the closed orbit

Simulation result

from [2]

Vertical 

polarization 

build-up

∆x y, s, ϕ, Θ,Ψ = Gauss(0, σx(y,s,ϕ,Θ,Ψ))

σx = σy = σs and σϕ = σΘ = σΨ

➢ Random displacement and rotation of each dipole 

and quadrupole ⇒ six misalignments per magnet

➢ Include misalignments into MAD-X model

➢ Simulate closed orbit and calculate its RMS

➢ 1000 random seeds per standard deviation

➢ Calculate average closed orbit RMS

➢ Laser-based position 

measurement

➢ Estimation of best-fit 

plane

➢ Calculate deviations 

of magnets from 

target plane

➢ Implement deviations 

into MAD-X model
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∆x ∆y

Dipole (27.69 ± 0.24) μm  (9.00 ± 0.10) nm

Quadrupole (1.11 ± 0.01) μm (0.70 ± 0.01) μm

Correctors (34.43 ± 0.30) μm (28.07 ± 0.22) μm

Sextupoles (48.70 ± 0.90) nm (49.90 ± 0.60) nm

➢ Peak-to-peak value: 

∆𝐼𝑚𝑎𝑥

➢ Random current 

errors:

∆𝐼=Gauss 0,
∆𝐼𝑚𝑎𝑥

2
➢ For each magnet type: 

1000 random seeds

➢ Magnet misalignments dominate the effect of power supply 

oscillations 

➢ Simulations of misaligned magnets are in good agreement 

with survey data

➢ Magnets at COSY are realigned (2017)

➢ Future aim: closed orbit RMS of about 100 μm
➢ Commissioning of EDM experimental setup (2017)

➢ First EDM measurements in 2018
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