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The momentum compaction factor c

Fabian Batsch

▪ Definition: 𝛼𝑐 =
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▪ Slip factor: 𝜂 = 𝛼𝑐 −
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with 𝛾 ≫ 1 for muons

▪ Effects on the longitudinal beam dynamics:
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Longitudinal phase space:
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First-guess for momentum compaction factor
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→ The transition gamma 𝛾𝑡 (𝛼𝑐 =
1

𝛾𝑡
2 ) was assumed to be similar to that of the SPS

→ 𝜸𝒕 = 𝟐𝟎. 𝟒𝟏, 𝜶𝒄 = 𝟐. 𝟒 ⋅ 𝟏𝟎−𝟑

Consequences on beam dynamics:

➢ Extremely high synchrotron tune 𝑸𝒔 of up to 1.5

➢ Required that 𝒏𝐑𝐅 ≠ 𝟏

➢ Effect of induced voltages mitigated due to phase mixing due to fast synchrotron motion

→ RF voltage has to be sufficiently high to compensate that

Example 

of RCS1: RCS1, 𝛼𝑐 = 2.4 ⋅ 10−3, 𝜙𝑠 = 30°



▪ Scales as  1/nc² with  the number of cells per arc and is calulated as:   𝛼𝑐, 1𝑓 =
𝜃𝑐 𝐷
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▪ Extreme changes with respect to initial guess:

➢ RCS1:  from 𝜸𝒕 = 20 up to 79 → 15 times smaller momentum compaction factor 𝜶𝒄

➢ RCS4: up to 8 times larger transition gamma, 62.5 times smaller 𝜶𝒄

▪ Large effects on RF, RF bucket, beam dynamics, bunch length, etc.

▪ Probably strong mismatch in RCS1 due to bunch length reduction, extreme changes of the RF bucket in 

RCS4

Calculated momentum compaction factor
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RCS1, mismatched bunch RCS4, matched but excessive 
RF bucket

RCS1, 𝛼𝑐 = 1.6 ⋅ 10−4, 𝜙𝑠 = 45°
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