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Abstract

Aim of a 3rd harmonic cavity is used for lengthening bunch and increasing beam lifetime. Decrease Touschek life time
is a main problem in alight source ring with a high brightness and a low emittance. A higher harmonic cavity introduces
in the next generation light source rings in order to solve this problem. There are choices that a normal conductive cavity
or a superconductive cavity. A normal conducting cavity made of Cu and a superconducting cavity made of Nb, Nb3Sn
are discussed for apotential candidate of a 3rd harmonic cavity, in this report.
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Table 1: Design of Ring Parameters

ELETTRA [3] 2/24GeV 500mA SC  Passive
SLS [4] 2.4 GeV 400 mA SC  Passive
BESSY-II [5] 1.7 GeV 400mA NC Passive
MAX 1V [6] 3.0 GeV 500mA SC  Passsive
NSLS-II [7] 3.0 GeV 500mA SC  Passive
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Table 2: Used Ring Parameters

Beam energy 3.0 GeV
Circumference 570.721
Harmonic number 952

Beam current 500 mA
Momentum conpaction 4.08 x 107*
RF frequency 500 MHz
Main RF cavity voltage 2MV
Energy loss per turn without insertion device  0.730 MeV
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Figure 1: The total voltage and potential for double RF
system under ideal condition with n=3. Left is voltage.
Orange:the main RF voltage. Green:the 3rd harmonic volt-
age. Blue: the total RF voltage. Right shows phase. Or-
ange: the potential with main RF voltage. Blue: the poten-
tial with main RF and harmonic RF.
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Figure 2: The separatrix and the beam current distribution
under the ideal condition of n=3. Left is the separatrix with
harmonic voltage become larger. Right is the beam current
distribution. FWHM with harmonic voltage is more than
4.6 times as large as without harmonic voltage. Orange:
The separatrix with main RF. Blue: The separatrix with
main RF and 3rd harmonic voltage.
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Figure 3: Bunch shape depends on harmonic voltage and
phase. Left is the bunch shape changes depend on the har-
monic phase. Right shows The bunch shape changes de-
pend on the harmonic voltage.
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Table 3: RF Parameters

- 436 -

Ps 65.76 deg
On -98.54 deg
Main RF frequency 500 MHz
3rd harmonic cavity frequency 1500 MHz
Main RF voltage 2.0MV
3rd harmonic voltage 0.6146 MV
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Figure 4: Rescaled 1500 MHz cERL injector cavity.
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Figure 5: NC cavity. Qr,=8894.
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Figure 6: SC cavity. Qr,=40594.
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Figure 7: SC cavity. Qr,=40529.
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Table 4: Cavity Parameters

Parameter NC Cavity | SC Cavity

Cu Nb Nb(N-doped) | Nb Nb3Sn
Temp - 20K 20K 42K 42K
Eace [MV/m] 0.768 3.07 3.07 3.07 3.07
Number of cavities 4 1 1 1 1
total R/Q[Ohm] 233 204 204 204 204
Qo 21318 1.3 x10'% 3.0 x 10* 6.0 x 108 1.0 x 10'°
Qu 8894 40594 40594 40529 40594
Wall loss power per cavity 4.75 [kW] | 0.144 [W] 0.0617 [W] 5.71 [W] 0.185 [W]
Load beam power per cavity [kW] | -11.4 -45.63 -45.63 -45.63 -45.63
detune A f [MHz] 0.562 0.123 0.123 0.123 0.123
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