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1. Introduction to 3HC % DANL :

* 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 bunchbesides the

lifetime improvement. [Hou]
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2. RF parameters of PLS-II

B DANL

Nominal parameters

Optimized 3HC parameters

Harmonic number

h =470

RF frequency

Revolution angular
frequency

wo = 6.6839 MHz

Phase slip factor

n~=a.=0.0013

¢ = 152.21°
Synchronous phase

¢,s = 170.04°
Voltage ratio r =0.30
Harmonic Voltage V, =1.35 MV

Total electron
energy loss

Uy, = 1242.2 keV

Accelerating voltage

V, = 450 MV

Synchronous phase

Pos = 155.52°

RMS bunch length

6 mm or 20.01 ps
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3. Hamiltonian B D/ANL 5

» Hamiltonian without 3HC in (¢, §) phase space
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« Hamiltonian with 3HC in (7, §) phase space
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4. Phase-space diagram :

 Hamiltonian
0.04 \y =
0.02[\ \

w/o3HC = O

0.02¢//Iff \\J/If \

-0.04 A=

* Separatrix

0.04
/

0.02

w/o 3HC w/ 3HC

111111111111

=)
< X
= o ©
o ©
= ©
o W
o N
@~
L)
o = @
o o
o
o
S

<@,)
77—\

Y 8.01603¢-05
2} (Vi )

At = 1159 ps -0.02;
-0.04_\

AT =1161.72 ps

x10710
POSTELCH



5. Bunch lengthening in PLS-II i DANL :

* Bunch length Wit4hout 3HC = 6 mm
x 10~

51

At = 19.92 ps, Omax = 0.059%

* Bunch length with 3HC (maintaining é,,x = 0.059%)
x10~4

At = 125.96 ps, l, = 37.76 mm

Bunch lengthening factor = 6.3
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6. Further Research % DANL :

* 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]

Bucket Address vs Bunch Length
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Figure 3: Bunch lengths along the bunch train for different
fill patterns.

Image adopted from Ref. [Liu]
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6. Further Research % DANL :
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Bunch position in the train [ns] for several 3HC tuning; /.,,, = 315 mA, E = 2.0 GeV.

FIG. 11. (Color) rms bunch length along the bunch train for
several 3HC tuning for uniform filling; /.., = 315 mA, E =

0 GeV. Images adopted from Ref. [Penco]
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6. Further Research % DANL .

* Bunch overstretching
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FIG. 14. (Color) Potential well distortion in lengthening mode, FIG. 15. (Color) Nominal charge density in the bunch in func-
at optimum condition (flattened) and in overstretching regime, tion of the 3HC detuning, calculated in uniform filling and at
calculated for /.., = 315 mA by using formula (5). 315 mA by using formula (9).
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