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Physics Case:
➢ Matter antimatter asymmetry can be explained by CP-violation.

➢ Permanent electric dipole moment (EDM) is fundamental property of 
particles (like mass, charge , magnetic moment)

➢ Existence of EDM only possible if violation of time reversal and parity 
symmetry.[1]

Methodology :
➢Inject longitudinally polarized beam in the storage ring 
➢Radial electric field interacting with EDM (torque)
➢Observe vertical polarization with time
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Frozen Spin Idea
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Strategy 

1. Precursor Experiment @COSY Fz Jülich, 
Germany

2. Prototype Storage Ring
3. All Electric Storage Ring

Prototype Storage Ring :

Ring will be operated in two modes:
a. Electrostatic bendings ( at T=30 MeV)
b. Electromagnetic bendings (at T=45 MeV)

▪ Beam injection with multiple polarization 

states and for longer time. (> 1000 sec)

▪ Develop key technologies beam cooling, 

deflector, beam position monitors, magnetic 

shielding….

▪ Perform EDM measurement

Beam Simulations :
Four Lattice with different focusing strength 
generated by MADX. 

▪ Four different lattices studied
1.Strong Lattice with 𝜷𝒚−𝒎𝒂𝒙 = 𝟑𝟑𝒎

2.Medium Lattice with 𝜷𝒚−𝒎𝒂𝒙 = 𝟏𝟎𝟎𝒎

3.Weak Lattice with 𝜷𝒚−𝒎𝒂𝒙 = 𝟐𝟎𝟎𝒎

4.Weaker Lattice with 𝜷𝒚−𝒎𝒂𝒙 = 𝟑𝟎𝟎𝒎

After generating these lattices, beam loss estimations were performed for all major effects and in 
two different scenarios, with residual gas only and with a carbon target.

Beam loss Estimations:

1.Hadronic Interactions (HI)
2.Single Coulomb Scatterings (SCS)
3.Energy Loss straggling (ELS)
4.Intrabeam Scatterings (IBS)

𝝉−𝟏 = 𝒏𝝈𝒕𝒐𝒕𝒇𝟎

𝜏−1 = 𝑏𝑒𝑎𝑚 𝑙𝑜𝑠𝑠 𝑟𝑎𝑡𝑒
𝑛 = target thickness or rest gas density
𝜎𝑡𝑜𝑡 = 𝑡𝑜𝑡𝑎𝑙 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛
𝑓0 = 𝑟𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦

Parameters

Gas composition 𝐻2: 𝑁2 with 80:20 Gas density : 𝑛𝑔=5.30 × 105 𝑎𝑡𝑜𝑚𝑠/𝑐𝑚³

𝑃𝑒𝑞 = 2.8 × 10−11 𝑇𝑜𝑟𝑟 Carbon target density:𝑛𝑡~2 × 1012 𝑎𝑡𝑜𝑚𝑠 /𝑐𝑚2
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Total loss rate :

Lattice
( 𝜷𝒚−𝒎𝒂𝒙)

H.I 
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SCS
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IBS
𝟏𝟎−𝟒 𝒔−𝟏

𝝉−𝟏

𝟏𝟎−𝟒 𝒔−𝟏

33 m

2.7

7.6 2.34 9.47

100 m 27.3 2.10 27.5

200 m 94.6 1.99 90.0

300 m 208 1.90 195

Results:

Energy loss straggling isn’t contributing theoretically in beam loss rates

Comparison b/w Analytical estimations and 
Betacool Results

Summary

➢Preliminary design of prototype EDM ring
➢Most dominating effect is Single Coulomb 

Scatterings
➢Lattice with 𝛽𝑦−𝑚𝑎𝑥 ≤ 100 𝑚 is 

preferable for longer beam lifetime.
➢Analytical formulas and BetaCool results 

showing an agreement.
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