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• Harmonic cavity can improve the beam quality through bunch size lengthening 

which includes providing Landau damping, suppressing coupled bunch instability 

and microwave instability, enhancing the beam current per bunch besides the 

lifetime improvement. [Hou]

𝑉𝑉 𝜏𝜏 = 𝑉𝑉1 sin 𝜔𝜔rf𝜏𝜏 + 𝜙𝜙1s − 𝑟𝑟 sin 𝑚𝑚𝜔𝜔rf𝜏𝜏 + 𝜙𝜙2s −
𝑈𝑈0
𝑒𝑒
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Nominal parameters                                            Optimized 3HC parameters

Harmonic number ℎ = 470

RF frequency 𝑓𝑓RF = 499.9742 MHz

Revolution angular 
frequency

𝜔𝜔0 = 6.6839 MHz

Phase slip factor 𝜂𝜂 ≈ 𝛼𝛼c = 0.0013

Total electron 
energy loss

𝑈𝑈0 = 1242.2 keV

Accelerating voltage 𝑉𝑉1 = 4.50 MV

Synchronous phase 𝜙𝜙0s = 155.52°

RMS bunch length 6 mm or 20.01 ps

Synchronous phase
𝜙𝜙1s = 152.21°

𝜙𝜙2s = 170.04°

Voltage ratio 𝑟𝑟 = 0.30

Harmonic Voltage 𝑉𝑉2 = 1.35 MV



• Hamiltonian without 3HC in 𝜙𝜙, 𝛿𝛿 phase space

ℋ 𝜙𝜙, 𝛿𝛿 =
1
2
ℎ𝜔𝜔0𝜂𝜂𝛿𝛿2 +

𝜔𝜔0𝑒𝑒𝑉𝑉
2𝜋𝜋𝛽𝛽2𝐸𝐸

cos𝜙𝜙 − cos𝜙𝜙s + 𝜙𝜙 − 𝜙𝜙s sin𝜙𝜙s

• Hamiltonian without 3HC in 𝜏𝜏 = 𝜙𝜙−𝜙𝜙s
ℎ𝜔𝜔0

, 𝛿𝛿 phase space

ℋ 𝜏𝜏, 𝛿𝛿 =
1
2 𝜂𝜂𝛿𝛿

2 +
𝑒𝑒𝑉𝑉

2𝜋𝜋ℎ𝛽𝛽2𝐸𝐸 cos 𝜔𝜔rf𝜏𝜏 + 𝜙𝜙s − cos𝜙𝜙s − 𝜔𝜔rf𝜏𝜏 sin𝜙𝜙s

• Hamiltonian with 3HC in 𝜏𝜏, 𝛿𝛿 phase space

ℋ 𝜏𝜏, 𝛿𝛿 =
𝜂𝜂
2 𝛿𝛿

2 +
𝑒𝑒𝑉𝑉

2𝜋𝜋ℎ𝛽𝛽2𝐸𝐸 cos 𝜔𝜔rf𝜏𝜏 + 𝜙𝜙1s − cos𝜙𝜙1s −
𝑟𝑟
𝑚𝑚 cos 𝑚𝑚𝜔𝜔rf𝜏𝜏 + 𝜙𝜙2s +

𝑟𝑟
𝑚𝑚 cos𝜙𝜙2s + 𝜔𝜔rf𝜏𝜏 sin𝜙𝜙0s
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• Hamiltonian

• Separatrix
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w/o 3HC w/ 3HC

w/o 3HC w/ 3HC

Δ𝜏𝜏 = 1161.72 psΔ𝜏𝜏 = 1159 ps



• Bunch length without 3HC ≈ 6 mm

• Bunch length with 3HC (maintaining 𝛿𝛿max = 0.059%)
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Δ𝑡𝑡 = 19.92 ps, 𝛿𝛿max = 0.059%

Δ𝑡𝑡 = 125.96 ps, 𝑙𝑙𝑏𝑏 = 37.76 mm

Bunch lengthening factor = 6.3



• However, 3HC will introduce significant beam loading effects due to operation 

with a nonuniform filling pattern. This means that the cavity will have a unique 

influence on each bunch in addition to the same influence on all bunches in a 

bunch train, which makes the bunches have different motion modes. [Zhou]
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Image adopted from Ref. [Liu]
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Images adopted from Ref. [Penco]



• Bunch overstretching
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𝑈𝑈 𝜙𝜙 =
1

𝑉𝑉2 cos𝜙𝜙1s
�
0

𝜙𝜙
𝑉𝑉 𝜙𝜙 − 𝑈𝑈0 𝑑𝑑𝜙𝜙 Images adopted from Ref. [Penco]
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