JAERI-Research

CONCEPTUAL DESIGN OF IFMIF ACCELERATOR
RF SYSTEMS

Michael A. CHERNOGUBOVSKY* and
Masayoshi SUGIMOTO

BAXARFHAHARFA
Japan Atomic Energy Research Institute




AL H— b, OREFAFEFRHAEHCATL T 2HEREETT.
AFOEaP i, BARTAFEHRTEERETEEHRR (731011 TREIRAER
ﬁﬁ)ﬁt,ﬁ$b@t<ﬁémomﬁ,cm&mu%@%kﬁ%ﬁ%ﬁ%%ﬂtyy—
(F310-11 PMEIRAE SN AABE T AR AN THEIC LA HBBRMEL LT
BHET, -

This report is issued irregularly.
Inquiries about availability of the reports should be addressed to Research
Information Division, Depariment of Intellectual Resources, Japan Atomic Energy

Research Institute, Tokaimura, Naka-gun, Ibaraki-ken 319-11, Japan.

@ Japan Atomic Energy Research Institute, 1996

SEBET AARTFAUER
)] Bl GETEEY —ER




JAERT—Research 96—064

Conceptual Design of IFMIF Accelerator RF Systens
Michael A. CHERNCGUBOVSKY* and Masayoshi SUGIMOTO

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

{Received November 13, 1996)

The following three items are considered under the IFMIF conceptual design
activities. (1) The electrodynamical properties of the segmented RFQ are
analyzed.(2) Directicnal selective coupling is applied for RF systems design of
the RFQ. This can exclude the different type transmission line long feeders and
can eliminate excitation of the undesirable modes under the intense beam
acceleration. The matching between RF source and accelerating structures is
accomplished. RF signals to support control system are produced. (3) The

structure fine tuning method using electro-optical principle is devised.
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1. Introduction

The main specifications of the IPMIF deuteron linac are 40 MeV energy and 125 mA beam
intensity with continuous-wave (CW) operaling conditions [1]. This accelerator requires
some careful considerations on the accelerating structures and the RF system designs.
There are several generic issues such as the development of the high power feeders to
the accelerating structures and the matching problem between the RF sources and the
couplers. For designing of the four-vane RFQ which is used for initial acceleration up
to 8 MeV, both the elimination of the undesirable modes and the precise tuning of the
structure become important [2,3]. As the advanced segmentation principle [4-6] is applied
for relatively long RFQ structure design, special features of the operating mode must be
also considered. The report presents the RF system conception to obtain simultaneous

solution of these problems.

2. Segmented RFQ operating mode

2.1 General field properties in the gap region

According to the method described in [7] all quadrupole modes of RFQ are derived by
ihe electric (i.e. ideal metal) walls setting in the symmetry planes {II' and 11" in Fig.-1).
Under the segmentation [4-6] the longitudinally equidistant arrangement of two identical
cuts of the vanes is provided. This yields the symmetry conditions for electric or magnetic
walls placing in these cut’s midpoint (21 = 0 in Fig. 1a). The electric walls, shown by a
shaded circle in Fig. 1a, derive operating mode'. Due to this property, it is possible to

consider the fields of any RFQ segments separately.

Hl' II'
a) Ry
2N
7N
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zl

Fig. 1. {a) Inter-segment gap in segmented RFQ (electric walls are marked by thick
lines); (b) electric field in radial cross-section, and (c) in z1=0 plain.

The mode field properties do not depend on presence of thin diaphragm at the segment

T4, is indicated by the description of magnetic field configuration in undercuts region in [4,5].
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1. Introduction

The main specifications of the IFMIF deuteron linac are 40 MeV energy and 125 mA beam
intensity with continuous-wave (CW) operating conditions [1]. This accelerator requires
some careful considerations on the accelerating structures and the RI' system designs.
There are several generic issues such as the development of the high power feeders to
the accelerating structures and the matching problem between the RF sources and the
couplers. For designing of the four-vane RFQ which is used for initial acceleration up
to 8 MeV, both the elimination of the undesirable modes and the precise tuning of the
structure becomne important [2,3]. As the advanced segmentation principle [4-6] is applied
for relatively long RFQ structure design, special features of the operating mode must be

also considered. The report presents the RF system conception to obtain simultaneous

solution of these problems.

2. Segmented RFQ operating mode

2.1 General field properties in the gap region

According to the method described in [7] all quadrupole modes of RFQ are derived by
the electric (i.e. ideal metal) walls setting in the symmetry planes (1" and 11" in Fig.1}.
Under the segmentation [4-6] the longitudinally equidistant arrangement of two identical
cuts of the vanes is provided. This yields the symmetry conditions for clectric or magnetic
walls placing in these cut’s midpoint (21 = 0 in Fig. 1a). The electric walls, shown by a
shaded circle in Fig. la, derive operating mode'. Due to this property, it is possible to

consider the fields of any RF(Q segments separately..
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Fig. 1. {a) Inter-segment gap in segmented RFQ (electric walls are marked by thick
lines); (b) electric field in radial cross-section, and (c) in 21 =0 plain.

The mode field properties do not depend on presence of thin diaphragm at the segment

1Tt is indicated by the description of magnetic field configuration in undercuts region in [4,5].
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'boundary. The diaphragm is described as the "coupling plate” in [4], and its shape has
no effect to the operating mode. Whereas, the properties of the other mode?, which is
derived by the magnetic walls setting, will be strongly affected by its shape. In con-
trast, the influence of the gap size on separation of the mode frequencies is rather small,
vanishing for the longer segments®. The operating mode field distribution is obtained
by the radial propagation of quasi-TEM wave in the four identical short-circuited inho-
mogeneous coaxial (quasi-rectangular) transmission lines, terminated by the capacitive
loads between the electrode end and inter-wall corner. Fig. 1.b shows the field pattern at
the segment gap region in the Jongitudinal axis z1 and azimuthal angle o coordinates in
radial cross-section. According to the TEM wave property, the inter-gap voltage between
the vane ends is independent to the gap width and equal to the voltages between the
adjacent vanes of the segment in any radial cross-section. The field pattern represented
in the midplane of the segment gap is shown in Fig. lc. Their signs are changed in each
quadrant separated by the symmetry planes, and the longitudinal components only exist
in the midplane.

Tn the real case, the symmetry is not exact and the electric wall may not have a
plane surface. It may be shifted from the midplane position (z1 =0 in Fig.1a.b). The
modulation of the electrode ends will deform right angle between the symmetry planes
II' and II” walls near the corner. The field patterns shown in Fig.1b,c are no longer
completely symmetrical. Nevertheless, the above-mentioned properties will remain as
before.

Minimal distortion of proper beam dynamics by the gap field can be obtained by
symmetrical field distribution ou Fig. 1¢, that leads to the gap design in electrodes without

modulation region: p intervals as shown on Fig. 2a.

a)
X M1!

N+

; Ju Z !
«hoe—p—e g
Fig.2. (a) Possible shapes of the gap forming elements, (b) 2=z, cross-section.

The gap width is desired to be minimized, however, it is constrained by the allowed electric

strength?, The same strength as in the main RFQ part can be achieved by employing the

2This mode is considered as the operating one in [6].
2Modes will be in existence even for the greater than wavelength size, when coupling between the ends of the vanes is

not "capacitative” [4,5].

4The width in [5] seems to be excessively small.
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same inter-surface distance with spherical shape of the vane corners and rounded edges.
The possible shape of the gap region is indicated in Fig. 2a, where the half inter-gap width
is given by b = ({ro + R)/v/2) — R. In this case the focusing quadrupoles will be added
before and after the gap where the field is substantially different from the ordinary RFQ
one. The intervals, p and %, of each gap region should be adjusted to the actual electrode

modulations and accelerating conditions in the gap positions.

2.2 Gap field

Transverse field orientation in p interval and the beam aperture bounded region consid-
eration allow to place magnetic walls M1 and M2 (Fig. 2a). Therefore, the gap field will
coincide with the sphere in cube field in @ < rg+ R, 2, < z < 2, space (Fig. 2a,b). Conven-
tional electrostatic approximation of this field under equality of the sphere potential Ag
to uninterrupted by the gap electrode potential A, at z = z, point (refer to zero potential
of IT", II" walls) yields the gap field at symmetrical continuous extension into other gap’s
spaces.

Sphere in cube electrostatic problem solution by mirror image’s method gives an ad-
vantage, since the result will already have just right continuation for all the gap field. In
local coordinates z', 4, 2’ (Fig. 2b) a charge g, located inside the cube in zg, g, 2o point,

sets up the potential

cp(.?:’,y’,z’) = 47(50! ’ @(I6N7y6N726N5$IN3y;\HZ;V); (1)
where (I)(wloNa yt,)N'.rZ[’JN§ CC,Na y.;\f:z}\f) =
fff (_1)i+j+n

O W (afy —i— (- DFahy)? +(yh —7— 17 yon)? +zy —n— 0" -20n)?
i 7 .

all linear dimensions are normalized to { and denoted by index N, e.g., iy = «'/l. For
satisfaction of the sphere surface conditions consider the normalized potential ®pr of
symmetrical set: one charge 6¢-n in the center of the sphere with six equal charges g,

disposed symmetrically on the axes at S distance (Fig. 2b):
(I)M(J"}V: y}v,z}\,-) = 67 - @(07 OJO;IE\J: y}\i:z}\’) + (DG(SNJQ:;\H yf’\’? Z}V)a (2)
O S, s Yivs 2h) = D(+53,0,0: 2,y 2iv) + D(— S, 0,052, Yy o) +

(I)(()) +SN;O; CE':’\F:y;Va Z::V) + (I)(Oa *SNuO; mi’\h y}'\r,z;\;) +
@(0,0, +SN: mf?V’y.;\r’Z;V) + (I)(O,U, _SN; ‘T,N: yj’\f’z;\f) (3)

Equality of ®3; to Yo in three points:

P, = {En,0,0}, P, = {Rn/VZ Bn/vV2,0}, Ps={Ry/V3, Rxn/V3, Rx/V3},

— 3 -
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vields the equation for Sn value determination
260, 73): (®6(Sx, P) = @o(Sw, ) + Bu(0, Fa)- (@6( S 1) = (S, P} ) +
Bs(0, Py)- (QS(SN,PQ) _ q>6(SN,P1)) ~ 9 (4)

since 6®(0,0,0; zy, yn, 2v) = P6(0, 2y, ¥y, 2y ), and determines ¥ and n values

(I)G(SN:PI);@G(O: P?) - q)G(SNa -P'Z)'(I)G(Ou Pl)

P, = 5
0 Bo(0, Py) — @o(0, P1) ! (5)
. (I)S(SN:PI) _(I)B(SN;])Z)_
) = , (6)
B6(0, ;) — Bg(0, Pr)

the form (2} evenness and permutative invariance refer to 2%y, ¥y, zjy will give the same W
potential in all other symmetrically disposed points. For R = ry case (one of the optimal
cases, [8]) the unique root of Eq.(4) is Sy = 0.14505; n = —0.176856, Uy, = 5.3304. Real
accuracy of this method is determined at analysis of ®ar = Uy equipotential shape 1n
the varying radius Ry (zly,yl) form, in Fig. 3 the deviation (Ry — Bn.{zy,yn))/ By is

shown.

2.5
2
1.5
1
0.5
0
0
0.0
C.
0.

Fig.3. Radius normalized error x10% in a quadrant space (R=ro, Rn=1/2v/2).

The error does not exceed 2.5-107%, for R = 8mm it corresponds to 2 gm, that is less

than fabrication tolerance; the cube walls boundary conditions satisfaction ensures exact

field configuration in the beam aperture.

2.3 PARMTEQ input data

Within the accuracy of the RFQ field approximation in PARMTEQ code [9], the de-
sired equivalence of A, = V/2 to Ay = 44%?‘110 determines ¢ value. The potential ® s
transformation to PARMTEQ coordinates z,y, z (Fig. 2}:

:Er:‘r_y_l yr:___‘ Z!
N I,,\/ﬁ 27 N l\/i 24 N Z E
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yields the result for electric field components:

G0 +oc foo

E, = Qf% SIS ‘*H“( o(Sn,0,0) + Dy(—Sn,0,0) +

—00 —00 —00

B G) ()
D0, S, 0) + Dy (0, —Sx,0) + D,(0,0,Sx5) +

Du(0,0,—Sw) -+ 67D4(0, o,o)), w1,y 2 (7)
where
; TV 2 2
D(VI,VQ,I/g) (1+2+( 1) V1+]+( 1) VZ—T) D 2,
2 a
D(I/l,lfz,lfg,,)—(—?/'ﬁ( ]-) V1+]+( 1) V‘]!_y_l—\/_—)'D_Ea
Dulon,vayv5,) = VB (=1)0 — 252 D
and
D (m_y L iy )2+
= | —= —=—1—=(-1}}'v
W2 2 '
rty 1, ; )2 (z—zg )2
AL A A |V (D) )
(I\/§2‘7()V2+fn()y3

So, accelerating bore field at L., h, p intervals (Fig. 2.a) is determined by (1) - (3) ex-
pressions in [9]; ¢ field is defined by expression (7}, multiplied by time-dependent factor
sinwt or by sin z in accordance to PARMTEQ method (see Eq. (6) in [9]). In (7) expres-
sion the Sy parameter is the root of Eq. (4) and ¥q, n values are determined by formulae
(5),(6). Deviation of potential (3) from zero on the cube walls determines desired finite
numbers of terms in (1) and (7) sums for required precision®.The result can be also used

for consideration of end-walls regions in ordinary RFQ ~ expression (7) for z € [z, ).

3. Directional selective coupling RF system

Four drive loop feeding of RFQ) segments gives the possibility for the directional selective
coupling principle [7] application: the RF system contains three 3 dB directional couplers
D1 — D3, equal length feeders I; — {4 and {5 — I to attain equal amplitudes cophased
excitation at equal coupling loops spaces in each segment; feeders-loops matching on
operating mode results in full decoupling of matched loads ¢l —¢3 in Fig. 4. In the intense
beam case the lowering of undesirable mode quality factors is effective, [7], so the "dipole
stabilizer” rods (Fig.1 in [4,3]) can be excluded.

For the longitudinally alternating quadrupole mode, the first and the third segment

loops are to be fed as shown on Fig. 1 in [7], but the second segment loops must be replaced

5The best precision is obtained at i € [ (M +1);M],5 € [-{M + 1) M],n € [-N;N]; N > M.
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vields the result for electric field components:

+oo o +o0 :
B = 1+J+”( S, 0.0) + Du(—Sn,0,0
T & o ST (D, 0.0)+ Dul- 50,0004
{t) {3) (n)
D,(0,5x,0) + D, (0,=5x5,0) + D,(0,0,5v) +
D.(0,0, =S+ 61D.(0.0,0)), w3y, (7)
where
. ~ . : 2 3
Do(vy, vy, ) = (1404 (1) vy + 7+ (1) — ;c\l/_) D77
. - . : 2 3
D, (vi,vp,v3,) =(—i— (1) 47+ (=1)7 vy — %) D73,
Dz(UhUZaVB}) = '\/ﬁ(?’l + (_1)71"/3 A il _Z Zg) ’ D_%u
and

- (G dmmor) s

So, accelerating bore field at L., h, p intervals (Fig.2.a) is determined by (1) — (3) ex-
pressions in [9]; ¢ field is defined by expression (7), multiplied by time-dependent factor
sinwt or by sin z in accordance to PARMTEQ method (see Eq. (6) in [9]). In (7) expres-
sion the Sy parameter is the root of Eq.(4) and ¥q,n values are determined by formulae

(5),(6). Deviation of potential (3) from zero on the cube walls determines desived finite

numbers of terms in (1) and (7) sums for required precision®. The result can be also used

for consideration of end-walls regions in ordinary RFQ — expression (7) for z € {zy, 2]

3. Directional selective coupling RF system

Four drive loop feeding of RFQ segments gives the possibility for the directional selective
coupling principle [7] application: the RF system contains three 3dB directional couplers
D1 — D3, equal length feeders l; — Iy and 5 — Ig to attain equal amplitudes cophased
excitation at equal coupling loops spaces in each segment; feeders-loops matching on
operating mode results in full decoupling of matched loads ¢1 —c3 in Fig.4. In the intense
beam case the lowering of undesirable mode quality factors is effective, [7], so the ”dipole
stabilizer” rods (Fig.1 in [4,5]) can be excluded.

For the longitudinally alternating quadrupole mode, the first and the third segment

loops are to be fed as shown on Fig. 1 in [7], but the second segment loops must be replaced

>The best precision is obtained at ¢ € [—(M +1};M],j € [-(M +1); M].n € [-N;N|; N> M.
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into adjacent quadrants (90 deg. slew” of all 4 loops); the nearest nonexcluded mode
will be 9 longitudinal alternation’s quadrupole. The directional couplers are realized on
hybrid ring bridges. The installation of the bridges on each segment in three cross-sections
excludes the majority of the different type long feeders. Bridge’s realization on square
coaxial line is the simplest, the central diameter will be about 0.8 m and there will be
enough space between RFQ and the bridges for the square line with accordant electric
strength; 15 and /g feeders will be about 1 m length, and 1, .. .14 lengths — 20cm, Iig. 4.
At the beam excitation the loads remain decoupled at operating mode but all unde-

sirable modes are loaded on appropriate loads ¢l ...¢3 (the maximum loading is attained

just at 3dB transient attenuation of the couplers), while RF source is decoupled from

these modes. In addition, the system assures RF source matching — e.g., in damage case
in one of Iy ...l feeders or a loop breakdown the source feeder VSWR will be 1.4 (for
vanjshing length of {; ...l feeders) and correlation of the high level signals U1 — /3 de-
termines the damaged channel; in operating conditions any deviations from amplitude’s

equality of these low signals detect the operating mode asymmetry.

{
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} |
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? | il A
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T X E S0

Ugl—i(ﬁ Z: _91_4. L4
' UZ@CZ D2

Iig.4. RF system (not uniform longitudinal scale, L — total length).

Real system loops can not be absolutely equal, so the signals are in proportion to the
resonator reflectance; /1, /2 and U3 phases form supporting for automatic control system

phase-lock loop. For all that, any frequency differences between operating and eliminating

— f —
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modes and even their coincidences are admissible® at least over the directional coupler’s
frequency band, the coupler central frequencies must be on the quadrupole mode resonance
for additional loading minimization.

At experimental tests of the similar system [7] the undesirable mode levels are proved to
be no more than —36 dB. The additional lowering (10—20 times) of the undesirable quality
factors is obtained at the mismatched loads ¢l ... ¢3; e.g., for short I, .. . I; feeders the cl, c2
resistance must be greater than the wave impedance. The above-mentioned properties
will remain as before except the source feeder matching in damage cases, however usually
applied circulator will assure the matching. Computer simulation in [7] shows that a high
degree of precision is not required for realization of the system components even for long

I, ... I; feeders.

4. RF tuning

The strong advantage of [4,5] principle is possibility of fabrication of relatively short seg-
ment RFQs, those can be tuned separately under the real short-circuiting plates setting in
the segment cut’s midpoint z1 = 0, Fig. la. Accordant turn of the system Fig. 4 loops al-
Jows to excite any desired well-definable mode and the segment RIQ field symmetrization
can be carried out by the degeneration property [7] of adjacent dipole modes; in this case
?decoupled” tuning elements, analogous to "t” (see Fig. 1 in [7]} at the vane’s undercuts
are to be provided.

Determination of the quadrupole field symmetry axis positions (the [7] method accu-
racy is about 10 pm) gives the means for exact connection of the tuned segments; under
the precise tuning method [10] the accuracy will be about 4 gm. The p spaces on Fig. 2a
can be used for the installation of the master gauges or contact optical targets, which
gives a convenient way for precise forming of the datum axis at RFQ segment field precise
tuning and especially for the tuned segment axes setting into coincidence. The connected
segments ficld symmetrization can be also examined by the dipole modes degeneration
features and the exactness of each coupling Joop tuning can be examined on quadrupole
mode resonance at matched-loaded the rest eleven loops by VSWR=23 value verification.

Electro-optical precise measurements for desired RFQ vane ends modulation imple-
mentation can be combined with the axis determination procedure under equipotentials
detecting principle by the means of doubled length lighted strip rotation on the round
photosemiconductor plate, Fig.1 in [10]. This principle at DT'L tuning for precise mea-
surements of acceleration period positions is realized by full lighting of the same round

plate at minimal lighted — unlighted frequency deviation positions detecting inside the

6The indicated on Fig.2 in [4,5] RFQ mode does not correlate with operating quadrupole [4,5] descriptions, so the idea
of the longitudinal stability improvement by the stopband presence can not be interpreted; but Fig. 4 system provides this
stability.
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modes and even their coincidences are admissible® at least over the directional coupler’s
frequency band, the coupler central frequencies must be on the quadrupole mode resonance
for additional loading minimization.

At experimental tests of the similar system [7] the undesirable mode levels are proved to
be no more than —36 dB. The additional lowering (10—20 times) of the undesirable quality
factors is obtained at the mismatched loads ¢l ... ¢3; e.g., for short .ll ...l feeders the el, ¢2
resistance must be greater than the wave impedance. The above-mentioned properties
will remain as before except the source feeder matching in damage cases, however usually
applied circulator will assure the matching. Computer simulation in [7] shows that a high
degree of precision is not required for realization of the system components even for long

Iy ...l feeders.

4. RF tuning

The strong advantage of [4,5] principle is possibility of fabrication of relatively short seg-
ment RFQs, those can be tuned separately under the real short-circuiting plates setting n
the segment cut’s midpoint z1 = 0, Fig. la. Accordant turn of the system Fig. 4 loops al-
lows to excite any desired well-definable mode and the segment RFQ field symmetrization
can be carried out by the degeneration property [7] of adjacent dipole modes; in this case
?decoupled” tuning elements, analogous to "t” (see Fig.1 in [7]) at the vane’s undercuts
are to be provided.

Determination of the quadrupole field symmetry axis positions (the [7] method accu-
racy is about 10 um) gives the means for exact connection of the tuned segments; under
the precise tuning method [10] the accuracy will be about 4 gm. The p spaces on Fig.2a
can be used for the installation of the master gauges or contact optical targets, which
gives a convenient way for precise forming of the datum axis at RFQ segment field precise
tuning and especially for the tuned segment axes setting into coincidence. The connected
segments field symmetrization can be also examined by the dipole modes degeneration
features and the exactness of each coupling loop tuning can be examined on quadrupole
mode Tesonance at matched loaded the rest eleven loops by VSWR=23 value verification.

Electro-optical precise measurements for desired RFQ vane ends modulation imple-
mentation can be combined with the axis determination procedure under equipotentials
detecting principle by the means of doubled length lighted strip rotation on the round
photosemiconductor plate, Fig. 1 in [10]. This principle at DTL tuning for precise mea-
surements of acceleration period positions is realized by full lighting of the same round

plate at minimal lighted ~ unlighted frequency deviation positions detecting inside the

6The indicated on Fig. 2 in [4,5] RFQ mode does not correlate with operating quadrupole [4,8] descriptions, so the idea
of the longitudinal stability improvement by the stopband presence can not be interpreted; but Fig.4 system provides this
stability.
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drift tubes. Autoreflection method with master gauges or contact optical targets fasten-
ing on the filament gives several micrometers accuracy at the tubes geometrical symmetry
axis determination, and the field measurements in acceleration gaps and in ramp-field re-

gions are carried out by thin longitudinal photosemiconductor cylinder with full lighting.

5. Conclusion

Analysis of segmented RFQ operating mode allowed to estimate the accelerating bore field
distribution and the electrode possible shapes in inter-segment gap regions. It is necessary
to prove the proper beam particle dynamics possibility for this quadrupole with the field,
which is different from the ordinary RFQ field in the gaps’. Electrostatic approximation
of these fields for computer simulation of the beam dynamics is proposed.

Conception of directional selective coupling principle application for segmented RFQ
accelerating structure has been developed. The same conception can be applied for
Alvarez-type DTL feeding or especially for H-type DTL and in all the cases when the
undesirable mode problems become substantial.

The devised RFQ and DTL precise tuning methods are provided by the optical system

under electro-optical principle application.
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drift tubes. Autoreflection method with master gauges or contact optical targets fasten-
ing on the filament gives several micrometers accuracy at the tubes geometrical symmetry
axis determination, and the field measurements in acceleration gaps and in ramp-field re-

gions are carried out by thin longitudinal photosemiconductor cylinder with full lighting.

5. Conclusion

Analysis of segmented RFQ operating mode allowed to estimate the accelerating bore field
distribution and the electrode possible shapes in inter-segment gap regions. 1t 1s necessary
to prove the proper beam particle dynamics possibility for this quadrupole with the field,
which is different from the ordinary RFQ field in the gaps’. Electrostatic approximation
of these fields for computer simulation of the beam dynamics is proposed.

Conception of directional selective coupling principle application for segmented RFQ
accelerating structure has been developed. The same conception can be applied for
Alvarez-type DTL feeding or especially for H-type DTL and in all the cases when the
undesirable mode problems become substantial.

The devised RFQ and DTL precise tuning methods are provided by the optical system

under electro-oplical principle application.
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