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The beam lifetime in low-medium energy third and fourth

generation synchrotron light sources is typically dominated by

large-angle intrabeam (Touschek) scattering. Much attention has

been paid to the use of harmonic rf systems to lengthen the

bunches and improve the lifetime[1, 2]. Under ideal conditions,

one expects lifetime improvements of a factor of 2–4, depending

on the machine parameters. As shown in Fig 1, the high-order

harmonic cavity is a high-frequency cavity whose resonant

frequency is a multiple of the main high-frequency cavity.

Figure 1: RF voltage seen by the bunch for main rf and higher harmonic cavity.[3]

INTRODUCTION

OPTIMIZED DESIGN OF 

SUPERCON-DUCTING CAVITY 

CAVITY

According to the target's high-frequency parameter requirements,

the optimization direction of the ellipsoidal cavity can be divided

into three categories. As shown in Fig. (2), (a) TESLA cavity type

that minimizes the peak electric field ratio to reduce the possibility

of field emission; (b) RE cavity type that minimizes the peak

magnetic field ratio to achieve a higher accelerating gradient ; (c)

LL cavity with low power loss [6].

Based on the actual requirements of the third-harmonic

superconducting cavity, we have determined a 2 cell cavity type

scheme, and the working mode is TM010-π mode. Since the

accelerating cavity pressure required by the third harmonic

superconducting cavity is 1 MV, it only needs to reach an

accelerating gradient of 5 MV/m. When optimizing the cavity, we

chose a solution similar to the LL cavity. Schematic diagram of the

parameters of the ellipsoidal half cavity (see Fig. 3).

Figure 2: Three types of superconducting elliptical cavity[6]

The shape of the superconducting cavity

Preliminary design of the superconducting cavity

The frequency of the third harmonic superconducting cavity is 3

times that of the main high frequency, f=1500 MHz. According to

Eq.(2.2), the half-bowl length L of the ellipsoidal cavity is 50 mm.

For beam dynamics consid-erations, Riris chooses between 35 mm

and 40 mm (see Fig. 4 ).

Figure 3: Schematic diagram of half cell

Figure 4: longitudinal k║,transvers k┴ loss factors and cell-to-cell coupling kcc [5]

SC parameter sweeping

Use CST microwave studio[7] to scan and optimize pa-

rameters to obtain the influence of geometric variables on high-

frequency parameters.

Fig. 5 shows the scanning results of Req parameters. The value

of Req has little influence on the ηE and ηB, but great influence

on the resonant frequency of the cavity. In the final parameter

selection, the value of other two pa-rameters is taken as the

optimization goal. The resonant frequency of the third harmonic

cavity is adjusted to the target frequency by changing the radius

Req at the equa-tor.

Figure 5: (a) Influence on frequency corresponding to Req;(b) Ratio of the peak

electromagnetic field corresponding to Req.

Figure 6: Dependence of G*(R/Q), ηE, and ηB of the accelerating mode on the iris

radius.

Figure 7: Dependence of G*(R/Q), ηE, and ηB of the accelerating mode on the ratio of

a and b.

Figure 8: Dependence of G*(R/Q), ηE, and ηB of the accelerating mode on the ratio of

a.

Figure 9: Dependence of G*(R/Q), ηE, and ηB of the accel-erating mode on the ratio

of B.

Superconducting cavity optimization results

Use CST microwave studio[7] to scan and optimize pa-

rameters to obtain the influence of geometric variables on high-

frequency parameters.

Fig. 5 shows the scanning results of Req parameters. The value

of Req has little influence on the ηE and ηB, but great influence

on the resonant frequency of the cavity. In the final parameter

selection, the value of other two pa-rameters is taken as the

optimization goal. The resonant frequency of the third harmonic

cavity is adjusted to the target frequency by changing the radius

Req at the equa-tor.

Parameters Value

Cavity length (mm) 440

Cell length (mm) 100

L (mm) 50

Req (mm) 88.3

Ri (mm) 38

a/b 12/18

A/B 38/25

Parameters Value
0 mode frequency（MHz） 1468.83

PI mode frequency（MHz） 1499.90

G（Ω） 178

R/Q（Ω） 272

G*（R/Q）（Ω2） 48123

Bpeak / Eacc（mT/(MV/m） 5.13

Epeak / Eacc 2.35

Figure 10: Cavity type and axial electric field of the third harmonic superconducting cavity.

Figure 11: Electric field distribution and magnetic field distribution of the third harmonic

superconducting cavity.

CONCLUSION
In this work, several parameters of 2-cell third harmon-ic

superconducting elliptical cavity were designed and optimized,

and its geometric parameters and radio fre-quency parameters

were determined. On the basis of meet-ing the fundamental

mode frequency of 1499.9 MHz, the third harmonic

superconducting cavity has low loss, the (G*R/Q )value is as

high as 48123 Ω2, and the surface peak electric field ratio Epeak

/ Eacc=2.35, the peak sur-face magnetic field ratio Bpeak / Eacc

= 5.13 mT/(MV/m). If the peak magnetic field of the high-purity

niobium cavity is 200 mT and the maximum peak electric field

is 100 MV/m, the theoretical acceleration gradient can reach 39

MV/m respectively.

Table 1: Geometric parameters of superconducting cavity

Table 2: RF parameters of superconducting cavity
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