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STABⅡｺITY OF THE STANDING-WAVE ACCｍＬ.ERAⅡｍG STRUCTURE
STUD正D WITH A COUＨ当ED RESONA五ＯR MODｍ割

九/2, and 2%I3 mode standing-wave accelerating structures against effects due to

０

緯

biperiodic structure operated in a江12 stading wave mode has i℃lative immunity from the
beam loading and detuning effects while sacrificing little in shunt impedance compai℃dto
冗mode operation in a uniform periodic structure. A triperiodic structure^ operated in a

this report a coupled i℃sonator model̂  extensively used to analyze behavior of the rc/2
mode is extended to the 2冗/3 mode and used to present analytic expressions, although

accelerator and to make trade-off between possibly conflicting requii℃ments.
岬
（

Various physical systems ai℃characterized by an equation

鈴_響)+古lxIF-j署(x肌十x卿)+謡iⅡ (1)

which is refered to as a coupled resonator model*^ equation he妃．The parameter Xn is
proportional to a square root of a stored energy* of the卜i-th oscillator or in theﾄi-th cell
with a resonant frequency com . The second term of the l.h.s. represents a damping of the
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suffices a, m and c,ノinstead of the suffix (X will be appended to parameters for the

accelerating cell or /-th coupling cell. Then, relations of m andノwith u ai℃dependent
upon a phase shift B:ト1 = m f or B = 0 or冗, u = 2m - 1 for B = 7t/2,ﾄi = [(m-l)/2] +
m for 6 = 27C/3, u = 21 for B =冗12, and u = ３Ifor B = 2冗/3, where [y] denotes an

1 xn and Xc,ノー-xn for B = 7c/2 and 2冗/3, respectively.
ｊｑ
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△a,m 浩端_ Ra*ni) +  (-̂)-剛β，
△cJ = -器端-梁一･･sB    ,
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between ia,m and iぃisgivenbythesameonebetwe剛xa,mandxlL,hthecaseofthe冗a

second term of the r.h.s. of eq. (2). This term is introduced for convenience to take the
beam loading effect into account together with the other terms than Xa m in eq.6).

It is noted that the parameters Aa,m and Ac / ai℃approximately given by Aa m -
△｡a,m/(Acop/2) and△①c./呈加c,i/(△⑩p/2), respectively, in the case of Ico-⑩似 COn,
whe肥△のp = Kcoa is a passband width and△⑩a,m - tOa,m-⑳a andAのC./   = cc.ノーのa are
deviations of the cell frequencies from the average value ca- Also 8a,m = 6(0a nｿ(△cop/2)
and 5c,/ = 5coc,Ｉ/(△⑩p/2), where 6coa,m = (0a/(2Qa,m) and Scoc,ノ= o)a/(2Qc/) are half

expressed as fellows'̂ . For the 0 and冗modes
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STABILITY OF THE STANDING-WAVE ACC日邑JERATING

Xa,m-Xa,i ̅ ±̅2   X    L   (Aan Xa,n "*" J ̂ n ̂ a,n)
仁1   n=l

(7)

Hei℃, signs of±correspond to the 0 and冗modes, respectively.
Ｉ

(8)

(9)

Ibrthe2冗/3 mode.

ｘc,!＝２Ｚ（△a,mxa,ｍ＋j6a,ｍＸａ,､），０

Xa,m-Xa,l = +2    X      (Aa,2nXa,2n+jSa>Xa,2n)鯉、

仁 1  n = l
(11）

Ｚ(Aa,2n-1 Xa,2n-1 + j 5â n-1 Xa,2n-1)

２ノ
(12）

in the even m case・For the 0 and冗modes, the parameters Aa i and Aajsf of the end

cells,whei℃N is a number of the accelerating cells・Boundary conditions of x^ o = 0 and

Ｎ
Ｚ（△a,mxa狐十j6a,ｍＸａ,､）＝Ｏ・ （13）

碑

Equations (8) and (9) for the冗12 mode are essentially the same as derived in Ref. 5.
Equation (7) for the 0 and冗modes can be considered as a special case of eq. (9) for the
7t/2 mode with 5c / = 0 and Ac,/ =T 1/2．Thus, expressions for the 0 and冗modes will

If the cavity is drived at the k-th accelerating cell by a driving cun℃nt in that is

秒
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ツ (14）

the m-th accelerating cell. Since the cun℃nt ia,m is defined so as to drive the cavity, ih is
negative and ielated to the beam current io as ib = - 2io.

聖塾迎雪TS OF FIRST-ORDF.R APPROXIMATION

parameters Xa,m and x^ﾉ.   However, our purpose is to obtain practically useful

to their average value Xa, Also, we assume Qa,m = Qa (%,m = 8a), Qcノ= Qc(8c,ノ-8c),

tuned to a fi℃quency co of a driving current. In the presence of the heavy beam loading
coq should be detuned丘om co by an amount of

『-

Qa(急一等)xa = Raibsind)    , (15）

to keep Xa,m 1℃al even in the presence of the beam. The detuning is advantageous for

(16）

へ
Ｉ(17）

As seen from eqs. (7) - (12) the values of Xa,m - Xa,i and Xcﾉare quite dependent
upon the distributions Aa,m and Ac /. However, what we are intei℃sted in is the case that
the maximum values of Xa,m - Xa and Xc,/ are obtained for given tolerances・Suppose thatthe maximum values of Ag m and Ac / aiegiven by | Aa| and Ac , respectively.  Then,
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the intei℃stmg case is that●
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STABILITY OFｎ胆STANDING-WAVE ACCELERAｒｍNG

(18）for anyノ，
＋△ａ fori≦ｍ≦N/2

-△ａ for N/2 + １≦ｍ≦N    , (19）

since effects of Aam and Ac,/ ai℃cumulative in eqs. (7) - (12). Variation of phase in eq.

eqs. (7)-(12) lead to values of Xa m - Xa i and Xc /, whose maximum values are given in

△aAc to 8a5c or others, those of all terms in Xa m - Xa and Xc,/ are individually listed in the
table, whei℃the approximation of N  1 is used.

、

T℃rms to which a symbol j is attached represent phase diviations in radian. If

NﾉM), NAa should be replaced by MAa.

鯉、

2冗/３Ｂ

*.cゐくａ
Ｎ△ａＮ△a

ｑ■■■■■■■■■■

猷a<%a -

岬

Qa - Qtot _ (Qa _ j) _一壬一元，
Ｑ肌句

whei℃
(21）

for B = 2瓦/３    .
⑧
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Ｙ・YAMAZAKI

are entirely expressed in terms of the parameters NAa, NAc, NSt and N６c・The

widths of resonances toA①p/(2N). Thus, these four parameters can be measures of the

It is interesting to note that a pair of adjacent accelera伽g cells w肋out coupling
cell in between in the 27c/3 mode corresponds to an accelerating cell in the冗12 mode.
Coupling cells in the 2元/3 mode stabilize stored energies of p血s of adjacent accelerating
cells throughout a tank. Thus, the terms 5x̂ W to 5xa(̂ ) of the 27c/3 mode aiethe same as
those of the 7c/2 mode except for the factor two as seen from Table I・It is also seen from

be eliminated by achieving the confluent condition Ac = 0 as the冗/2mode. Here, it is
mteres伽g to compare Sxâ 1) + Sxâ ^ of the 2冗/3 mode with 6xâ l) of the 7i/2 mode. The
former becomes the same as the latter, if NAc = 2. Then, the advantage of the元12 mode

above ai巴detailed in Ref 7.
The advantage of the triperiodic s伽cture as revealed in Table I and eqs. (21) and
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