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Abstract

The utilization of the TM020-mode cavity for the storage

ring based light source was pioneered by SPring-8 with

its high quality factor and hence its high shunt impedance.

KEK-LS has also studied the possibility of using this type

of cavity for their storage ring. The TM020-mode cavity

has larger transverse dimension compared to the traditional

TM010-mode cavity, but with its higher shunt impedance it

can be designed to Ąt in the new low emittance storage ring

regardless. The new storage ring based light source project in

Thailand aims to optimum the low emittance beam in nano-

meters region with the energy of 3 GeV. The TM020-mode

cavity was considered as the main cavity and the harmonic

cavity for the storage ring. They have been designed to have

their pipe aperture Ąts the storage ring beam ducts. The

main cavity has a high shunt impedance of 8.3 MΩ with the

51,000 unloaded quality factor. The harmonic cavity has

a high shunt impedance and an unloaded quality factor of

2.45 MΩ and 36,000, respectively. The damping mechanism

of the parasitic modes and the tuning mechanism of the

operating mode of these cavities were also studied. There

will be four main cavities and six harmonic cavities in the

new storage ring. Detailed design and study of these cavities

will be presented.

INTRODUCTION

Synchrontron Light Research Institute (SLRI) has got an

oicial approval to construct the new light source project,

unoicial namely the SPS-II. It is the ring-based light source

with the electron energy of 3 GeV. The maximum stored

electron beam current is 300 mA with the emittance less

than 1 nm rad [1] . The radio frequency (RF) system of the

storage ring is based on the 500 MHz frequency system. The

RF cavity utilizes the normal conducting technology. The

main RF cavity for an electron beam energy compensation

should provide the total cavity voltage of 2.2 MV [2]. The

third harmonic cavity will also be used in the storage ring to

lengthen the electron bunch for prolonging the beam lifetime.

In order to get a total high cavity voltage with less energy

consumption, one should design the cavity with as high as

possible the shunt impedance. The TM020-mode RF cavity

was originally proposed by Ego et al. [3, 4] to realize a high

quality factor (Q) and a suicient shunt impedance for accel-

erating the beam. This TM020-mode cavity was designed for

the storage ring of the SPring-8 upgrade project [4] and will
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be utilized in the new Japanese 3 GeV light source project

in Sendai area [5]. KEK-LS has also studied the possibility

of using this type of cavity for their storage ring [6Ű8]. The

TM020 resonant mode cavity has a high unloaded-Q and a

low value of shunt impedance over quality factor (R/Q) com-

pare to the conventional TM010-mode cavity. The multiply

of Q and R/Q gives the shunt impedance of the cavity. This

makes the TM020-mode cavity has a high shunt impedance

despite its low R/Q. With a high shunt impedance, the cav-

ity will require less RF power to produce the accelerating

voltage. It reflects the lower electricity consumption of the

storage ring.

MAIN RF CAVITY DESIGN

The frequency of the main RF cavity is 500.12 MHz. The

cavity design was based on the SPring-8 TM020-mode cav-

ity [3]. The diameter of beam port was reduced from 70 mm

to 40 mm in order to fit vacuum duct’s diameter of the stor-

age ring. Superfish 2D cavity design code [9] was used

for tuning of cavity dimension. The 2D cavity design was

later verified by simulations using the 3D software, CST Mi-

crowave Studio [10], for a realistic cavity shape with ports,

tuners, and couplers.

The first design was a modified SPring-8 TM020-mode

cavity [3]. The cavity was tuned to get the SPS-II frequency.

RF properties are listed in Table 1. This cavity has 70 mm

beam port aperture, which is larger than the vacuum chamber

diameter. The new design was optimized to fit the 40 mm

diameter of beam port. The new cavity has diameter of

960 mm and 160 mm accelerating gap as the cavity profile

shown in Fig. 1. It has the R/Q of 163 Ω, the unloaded Q of

51,000, and the 8.3 MΩ shunt impedance. Cavity properties

are listed in Table 1. With this high shunt impedance, there

will be four cavities installed in the SPS-II storage ring.

These four cavities can produce a required cavity voltage

of 2.2 MV by operating each cavity at the cavity voltage of

550 kV.

Frequency Tuner Design

Frequency tuners has been added in 3D simulation to

investigate the tuner behavior of the cavity. The tuner is

a copper rod with diameter of 95 mm. Two tuners are re-

quired to get the cavity frequency in range of ±0.5 MHz by

moving each tuner in range of ±50 mm as the relation curve

illustrated in Fig. 2.
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Figure 1: Cavity profile of the SPS-II TM020-mode main

RF cavity with arrows and circles represent electric and

magnetic fields, respectively.

Table 1: RF Properties of the SPS-II TM020-mode Main

RF Cavity

Properties SPring-8 New

modified design

Frequency (MHz) 500.12 500.12

Quality factor 57,000 51,000

R/Q (Ω) [definition of V
2/ωU] 126 163

Shunt impedance (MΩ) 7.2 8.3

Maximum cavity voltage (kV) 900 800

Cavity diameter (mm) 1040 960

Insertion length (mm) 500 500

Beam port diameter (mm) 70 40

Figure 2: Tuner range of the TM020-mode main RF cavity.

The positive position means tuner is beyond the inner cavity

surface toward the cavity axis.

Power Coupler Design

The standard WR-1500 waveguide will be utilized to de-

liver the RF power from the RF transmitter to the cavity

through the power coupler. The waveguide input coupler

with a coupling tuner concept [11] was applied for the SPS-II

cavity. The coupling slot was optimized to have the critical

coupling (β = 1). The optimized coupling slot size is 24 mm

x 154 mm with the corner rounding radius of 5 mm. The slot

is 10 mm away from waveguide wall. The power coupling

factor can be tuned by adjusting length of the coupling tuner

post, which has diameter of 70 mm and is located 70 mm

above the coupling slot as inset in Fig. 3. The results of

varying tuner post length is shown in Fig. 3. The length of

tuner post of 40 mm gives the coupling factor β = 2.4.

Figure 3: Power coupling tuner range of the WR-1500 waveg-

uide coupler. Inset shows the configuration of coupling slot

and the coupling tuner post.

Parasitic Modes Damping Design

The parasitic modes of the TM020-mode cavity were also

studied and the mechanism to mitigate these modes out of the

cavity were also investigated. The slot-type damped mecha-

nism [3] and the rod-type damped mechanism [8,12] were

investigated. From investigation, the slot-type damped mech-

anism has higher efficient mitigating the parasitic modes than

the rod-type, so only the slot-type will be discussed. The

damping slot is located at the position where there is a less

coupling of the TM020-modes electric field, which is at

the radius of 310 mm from cavity axis. The slot width, slot

length, and the ferrite dimension were optimized to get as

low as possible the damping of parasitic modes. The loaded

Q of the selected parasitic modes, which has a high effects

to the beam, from this optimized slot-type configuration is

shown in Fig. 4. This slot damped mechanism mitigates the

parasitic modes with the loaded Q in range of 10-1,000.

Figure 4: The parasitics mode loaded Q of the cavity

equipped with the ferrite slot-type damped mechanism.

HARMONIC CAVITY DESIGN

The harmonic cavity is used in the storage ring of the

light source for lengthening the electron bunch. Lengthening

bunch increases the bunch volume and hence a lower bunch

charge density. This helps prolonging the electron beam

lifetime. For the SPS-II storage ring, the harmonic cavity

will resonate at the third harmonic of the the main cavity,

which is 1500.36 MHz. The efficiency of bunch lengthening

is proportional to the shunt impedance of the cavity [6, 7],
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so the TM020-mode type cavity was studied for using as the

harmonic cavity. The cavity shape is utilized the pill box

cavity to ease fabrication similar to the KEK-LS harmonic

cavity [8]. Superfish and CST MWS was used in design

process. The designed harmonic cavity has the 354.514 mm

diameter with a 90 mm effective cavity length. The shunt

impedance is 2.45 MΩ with the 36,000 quality factor as

the cavity profile illustrated in Fig. 5. The properties of

the harmonic cavity are listed in Table 2. There will be

six harmonic cavities installed in the SPS-II storage ring.

The total shunt impedance is 14.7 MΩ. With this shunt

impedance, the lifetime improvement factor of the 3 GeV

300 mA electron beam is 4.

Figure 5: Cavity profile of the SPS-II TM020-mode har-

monic cavity with arrows and circles represent electric and

magnetic fields, respectively.

Table 2: RF Properties of the SPS-II TM020-mode Har-

monic Cavity

Properties SPS-II TM020 HC

Frequency (MHz) 1500.36

Quality factor 36,000

R/Q (Ω) [definition of V
2/ωU] 68

Shunt impedance (MΩ) 2.45

Cavity diameter (mm) 354.514

Insertion length (mm) 300

Beam port diameter (mm) 40

Frequency Tuner Design

The plunger frequency tuner was design for the harmonic

cavity. The diameter of the plunger rod is 30 mm. Two

plunger tuners are required to get the ±0.5 MHz frequency

range with the plunger moving range ±25 mm as the relation

illustrated in Fig. 6.

The harmonic cavity will be operated in passive mode,

so there is no RF power supplying to the cavity. But for

the completeness of the design, the power coupler was also

designed for the case of the active mode operation. The

coupler is the coaxial loop-type coupler. The coupling factor

can be adjusted by rotating the angle of coupling loop.

Figure 6: Tuner range of the TM020 harmonic cavity. The

positive position means tuner is beyond the inner cavity

surface toward the cavity axis.

Parasitic Modes Damping Design

Both methods of mitigating the parasitic modes, which

were investigated in the main RF cavity, were also studied

for the harmonic cavity. The slot-type damped mechanism is

the effective method to mitigate the parasitic modes compare

to the rod-type, which is similar to the study of KEK-LS

harmonic cavity [12]. The slot is located at the radius of

125.5 mm from cavity axis. With the optimization of slot

width, slot length, and the ferrite dimension, the proper

damped mechanism configuration can be obtained. The

optimized slot damped mechanism lowers the loaded Q of

parasitic modes inside the harmonic cavity to the range of

10-1,000 as shown in Fig. 7.

Figure 7: Parasitics modes loaded Q of the harmonic cavity

equipped with the ferrite slot-type damped mechanism.

CONCLUSION

The detailed design of the main RF cavity and the har-

monic cavity for the storage ring of the SPS-II light source

is presented. The frequency tuner, the input power coupler,

and the damping mechanism of the parasitics modes of both

cavities were also discussed. These cavities utilize the high

shunt impedance properties of the TM020 resonant mode

cavity. The main cavity has 8.3 MΩ shunt impedance while

the harmonic cavity shunt impedance is 2.45 MΩ. There will

be four main RF cavities and six harmonic cavities installed

in the storage ring of the SPS-II project.

REFERENCES

[1] P. Klysubun, T. Pulampong and P. Sudmuang, “Design and

optimisation of SPS-II storage ring”, in Proc. IPAC’17,

Copenhagen, Denmark, May 2017, pp. 2773-2775, doi:

10.18429/JACoW-IPAC2017-WEPAB086

Th
is

is
a

pr
ep

ri
nt

—
th

e
fin

al
ve

rs
io

n
is

pu
bl

ish
ed

w
ith

IO
P

10th Int. Particle Accelerator Conf. IPAC2019, Melbourne, Australia JACoW Publishing
ISBN: 978-3-95450-208-0 doi:10.18429/JACoW-IPAC2019-WEPRB066

WEPRB066
2974

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

19
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I

MC7: Accelerator Technology
T06 Room Temperature RF



[2] N. Juntong, T. Chanwattana, K. Kittimanapun, T. Pulampong

and P. Sunwong, “Conceptual design of the RF system for the

storage ring and linac of the new light source in Thailand”,

in Proc. IPAC’18, Vancouver, Canada, May 2018, pp. 4505-

4508, doi:10.18429/JACoW-IPAC2018-THPMK087

[3] H. Ego, J. Watanabe, S. Kimura, and K. Sato, “Design of a

HOM-damped rf cavity for the SPring-8-II storage ring”, in

Proc. PASJ2014, Aomori, Japan, Aug. 2014, pp. 237–241.

[4] SPring-8-II conceptual design report, Nov. 2014, http://

rsc.riken.jp/pdf/SPring-8-II.pdf

[5] The new 3 GeV light source in Sendai, https://www.3gev.

qst.go.jp/

[6] N. Yamamoto, T. Takahashi, and S. Sakanaka, “Reduction

and compensation of the transient beam loading effect in a

double rf system of synchrotron light sources”, Phys. Rev.

Accel. Beams, vol.21, p. 012001, Jan. 2018, doi:10.1103/

PhysRevAccelBeams.21.012001

[7] N. Yamamoto, S. Sakanaka and T. Takahashi, “Simula-

tion study of normal-conducting double RF system for

the 3-GeV KEK light source project”, in Proc. IPAC’17,

Copenhagen, Denmark, May 2017, pp. 4176-4179, doi:

10.18429/JACoW-IPAC2017-THPIK037

[8] T. Takahashi, S. Sakanaka and N. Yamamoto, “Design study

of damped accelerating cavity based on the TM020-mode

and HOM couplers for the KEK light source project”, in Proc.

IPAC’17, Copenhagen, Denmark, May 2017, pp. 4172-4175,

doi:10.18429/JACoW-IPAC2017-THPIK036

[9] K. Halbach and R. F. Holsinger, “Superfish-a computer pro-

gram for evaluation of RF cavities with cylindrical symme-

try”, Part. Accel., vol. 7, pp. 213-222, 1976.

[10] CST- Computer Simulation Technology Microwave Studio

(CST MWS), Dassault Systemes Deutschland GmbH.

[11] H. Ego, “RF input coupler with a coupling tuner for an RF

acceleration cavity”, Nucl. Instr. Meth., vol. 64, pp. 74 - 80,

2006, doi:10.1016/j.nima.2006.04.076

[12] N. Yamamoto, S. Sakanaka and T. Takahashi, “Simulation

study of parasitic-mode damping methods for a 1.5-GHz

TM020-mode harmonic cavity”, in Proc. IPAC’18, Vancou-

ver, Canada, May 2018, pp. 2822-2825, doi:10.18429/

JACoW-IPAC2018-WEPML055

Th
is

is
a

pr
ep

ri
nt

—
th

e
fin

al
ve

rs
io

n
is

pu
bl

ish
ed

w
ith

IO
P

10th Int. Particle Accelerator Conf. IPAC2019, Melbourne, Australia JACoW Publishing
ISBN: 978-3-95450-208-0 doi:10.18429/JACoW-IPAC2019-WEPRB066

MC7: Accelerator Technology
T06 Room Temperature RF

WEPRB066
2975

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

19
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I


