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Abstract any problem at S-band frequency [6]. It is very clear that
important considerations on the design of coupler cavity
To increase an electric field symmetry in a coupler cavitys not only the field symmetry but the simplicity of the

a very simple structure of two-iris coupler cavity wasstructure, because no laboratories have any experience on
proposed by H. Matsumoto in 1994. MAFIA 3D code isnore than 8000 accelerating structures in one accelerator.
useful to simulate Slater’s tuning curve method, which is  This paper will describes the design procedures of
used to determine the dimensions of the coupler cavifife coupler cavity for C-band Choke-mode structure

such as iris aperture and cavity diameter. It was find thgéing the Slater’s tuning curve method with MAFIA 3D
MAFIA simulation results show that two-iris method will code.

realize a good symmetrical electric field with very simple
structure as well as no difficulties for fabrication. This
type of double feed coupler will be used for Choke—mod.F
type damped accelerating structure at C-band (57
MHz) and rf-gun for linear collider.

2 C-BAND ACCELERATING STRUCTURE

e main parameters of the accelerating structures for the
-band linear collider at the energy of 500 GeV C.M. are
listed in table 1 [6]. The short-range wake-field is a strong
function of the beam aperture a2 approximately
proportional toa®® [7]. To prevent the single-bunch

An €€ linear collider such as energy range of 0.5 to §mittance growth, relatively large beam aperture is
TeV C.M. will require very high luminosity of several Chosen compared to conventional structures. The average

times of 167cnf/s necessary for physics experiment2d (16 mm) allow alignment tolerance of $n, which
Multi-bunched beam operation will be essential to obtaii®" be achieved with conventional fabrication techniques
such high Iuminosity. Thus, it is very important to0f the disk loaded structure. Two 50 MW Kklystrons with

accelerate a low emittance beam in a main linac @' 'f-compression system is planned to generate the
achieve a nano-meter size beam at collision poirficcelerating gradient of 31 MV/m (including beam
However, this is not easy because of the wake field powt92ding) at the beam aperture. The two-iris coupler was
that accumulates in the accelerating structure. designed according to these parameters.

Choke-mode damped structure at C-band frequencr%
was proposed by T. Shintake in 1992, that will positively

1 INTRODUCTION

ble 1: Parameters for accelerating structure.

eliminate the wake field in the structure [1]. An S_banjFrequency fy 5712 MHz
Choke mode structure was tested up to the maxim nl?hase _Sh'_ft p(_ar cell i3 3n/4
accelerating gradient of 50 MV/m with beam loading i Fi€ld distribution CG.
1994 at KEK-ATF (Accelerator Test Facility) with no[_Number of cells 91 Cell
problem [2]. Active length 1.8 m
The field asymmetry due to the coupling iris can beQuality factor Q 9950
a serious problem. It will kick the beam during passageAverage shunt impedance Rs 53.1 MQ/m
through the coupler cavity even if the beam is aligned [Attenuation parameter T 0.53
the cavity axis, leading to the emittance growth. Filling time t, 286 nsec
_To ellrr_m_nate the field asymmetry in the couple Groupe velocity up-stream vg/c | 0.035
cavity, t\_/vo-|r|s coupler came back again at sevgral down-stream 0.012
Igboratones _such as DESY, KEK, ar_1d_ SL_/-\C With heam aperture up-stream a 2| 182 mm
different feeding methods [3,4,5]. An original |d_ea wag down-stream 13.1
proposed at SLAC when they planed the two mlg line ”I_?ner diameter up-stream b2 447 mm
accelerator, but there has been no actual application upti down-stream 425

recently years.
In 1994, two-iris coupler cavity, such as shown in

3 DESIGN OF COUPLER CAVITY

figure 1, was proposed by H. Matsumoto to apply the

accelerating structure and rf-gun. As can be seen in tgel

. - - . . - .1 Concept

figure, its structure is very simple and it requires no

additional equipment such as a power divider. It wasigure 1 shows the coupler cavity and the 1st regular

tested up to the accelerating gradient of 60 MV/m withouwtavity. Two irises are located on opposite sides of the
caivty at vertical direction in the figure, connected to the
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ngrrow_wall of a J-shaped rectangl_JIar _waveguid_e. The (g (1+lkcosﬂDj

dimension of the J-shaped waveguide is determined as c— o 2 '

follows: (1)The vvjdth is. chosen so th?t the phase IengWheref is the rf-frequency (5712 MHz) and is the
between the two irises is\2 (2)The radius is set as Iargecouplin(&] constant between the input coupler cavity and

as possible to minimize the internal reflection. (:B)Thﬁ1e 1st regular cavity. The external @) is expressed
height is the same as the iris to allow accurate fabrication. ext

A standard rectangular waveguide EIA-WR-187S

(47.55x22.15 mm) is used to feed the rf power. Qo ~ ﬂ_
vglcC
P g section crofemote pampIER Using  these equations and table 1, coupler cavity

parameters are calculated as listed in table 2, whars

— 1] 1
K i given by the relatiorv, / ¢ = 5 k3 DsingD.
BRI |
(4755 x 22.15)' gl 7+ .
- U . Table 2: Parameters for coupler cavities.
= T s — Input_| Output
L
g s : Frequency (MHz) f. 5627.2 5682.9
Coupling fop ! External Q Q.. 67.3 196
o | Coupling constant  k 0.0420 | 0.0144
) T
— o | SIC (Absoren 4 DESIGN WORK OF COUPLER CAVITY
| coplercaviy reguarcaiy 1 N€ dimensions of the coupler cavity was determined by
<TOP VIEW > < SIDE VIEW > 3D-MAFIA code to obtain the target valuesfoandQ,,.

Figure 1: Cross sections of C-band accelerating structurgyst, the guide wavelength was set g at 5712 MHz
adjusting the waveguide width. Next, the coupling iris

A Slmpllfled equivalent CiI’CUit mOdel Of the tWO'iriS W|dth (W) and inner diameter bz were determined by

coupler is shown in figure 2. This type of coupler uses th8iater’s tuning curve method.

conventional impedance change along waveguide [5].

The suceptanceB, andiB, correspond to the irises. The4.1 Waveguide width

length between the two irises is chosenn?ags(nzl,z,a..).,. To obtain the guide wavelength of 2at 5712 MHz, the
and the length from the Sh‘?“ end to the second iris fésonant frequency of the waveguide was calculated by
/4 (m:1,3,5.._.)_. Then the |m_pe_d§1nce _Of the short er‘E’hanging the waveguide width. The geometry used in the
seen from the irises become infinite. Finally, when the, o\ jation is shown in figure 3. From this calculations,

Ioss_of trans_mlssmn line betwets g_nd the shprt end is determined width is 37.0 mm. In this case the attenuation
negligible this system can be modified to a simle parall% as small as 0.06 dB/m. To confirm the absence of
circuit and the same power is fed into the cavity from theo o) reflection, the resonant frequencies under the
two Irises. electric and magnetic boundary conditions were

NAg  (n=1,2,3....) mAg/4 | (m=1,35..) . A A .
" D compared. Their differences was within 10 MHz, which
indicates that no critical reflection occurs.
iris 1 iris 2
Magnetic field
Z(z) = Z(z)=  Z(0)
Short end
Impedance seen from the short plane :  Z(2) =iZ, tani—nz Z : distance from the short plane
! ZU : characteristic impedance
on of the transmission line /
susceptance seen from the signal : B(y)= —2tan)\—g y Y : distance from the signal (Iris)
og-g Change width
Figure 2: Simplified equivalent circuit model of two-iris .
ler Magnetic short
coupler. ( or Electric short )

3.2 Design parameter for coupler cell ) , , ,
Figure 3: Geometry used in waveguide calculation by

According to the equivalent circuit analysis on thevAFIA. The arrows indicate the magnetic field under
coupled-cavity model [8], resonant frequerfcys given magnetic boundary condition.

by
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4.2 Resonant frequency and external Q 100 . : r r

The Slater’s tuning curve method was used to deterfine o f ]
and Q_, [9]. In this theory, external Q is related to the ok i 1
frequency change of the resonance according to t .

distance between the center of iris and short end. T
geometry used in the calculation is shown in figure 4. Tt
differential coefficent d/dig of the tuning curve takes its
maximum value af. The external Q,,) is calculated 5

70 F N Target value : 67.3

External Q

60 |

=3
T

from dd/drg atf. The calculated values &fandQ,_, for wh it omm ]
variousw and D are shown in figures 5 and 6. The solic

and dashed lines in figure 7 show the relation betwben 30 = e s "y ) Tos
vsw with f=5627.2 MHz and)_ =67.3, respectively. The Iris width : w (mm)

cross point of the two lines gives the design valuesbof Zigure 6: External Q of coupler cell.
andw. The result is as follows:bZs 41.55 mm, anav is

18.0 mm. 195 : : . .
Change the distance 100 L ]
to the center of iris Waveguide f=5627.2 MHz
- iy 2
E 15| .
z
<
S
2 18.0 | S S e A o
2 i Qext=67.3
175 | Design value ]
iris (w)
170 i i i i
41.0 41.2 41.4 41.6 41.8

2b (mm)
Figure 7: Determination of coupler dimensions

5 SUMMARY

. The target value df andQ,, of coupler cell was given by
Cavity (20) Magnetic field Magnetic short  equivalent circuit analysis. The coupler dimensiohs 2
andw were determined so thatandQ,, take the target

yglues using Slater’s tuning curve method with MAFIA.

tuning curve method in the plane normal to the beam aXM.ore detailed calculation including the output coupler

The whole geometry consists of the coupler cavit)\/\,"]I pe cljong.hFir:\al vailcliues O(l)fcIQandW will be deternimed
waveguide, beam pipe, and half of 1st regular cavity. precisely with the cold model test.

Figure 4: Cross section of the geometry used in Slate

6 REFERENCES
[1] T. Shintake, ‘The choke Mode Cavity’, J. Appl. Phys. Vol. 31,

5750 T T T T

1992.
B [2] T. shintake et al., ‘High Power Test of HOM-Free Choke-Mode
s Or ob=a10mm ] Damped Accelerating Structure’, 1994 Linear Accelerator
> Conference.
§ [3] H. Deruyter et al, ‘Symmetrical double input coupler
g seso | ] development’, 1992 Linear Accelerator Conference.
b [4] N. P. Sobenin et al., ‘DESY linear collider acelerating section
g Target value : 5627.2 MHz coupler’, 1994 International Linac Conference.
2 IIRET [5] K. Watanabe et al., ‘Double-feed coupler for the linear collider’,
= 5600 | RN i 1996 International Linear Accelerator Conference.
8 D P [6] H. Matsumoto et al., ‘C-band choke mode accelerating structure
Ty for the linear collider’, KEK preprint 96-70, July, 1996.
[7] K. Kubo et al., ‘Alignment Issues for C-band Linear collider’,
5550170 17I5 1slo 18‘5 15;0 195 KEK _preprint 9.6-66’ ‘JUIy’ 1996.
) ’ s width : w (m;n) ’ [8] T. Shintake, private note.
: [9] J.C. Slater, Microwave Electronics.

Figure 5: Resonance frequency of coupler cell.
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