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COUPLER DEVELOPMENT AND GAP FIELD ANALYSIS
FOR THE 352 MHz SUPERCONDUCTING CH-CAVITY"
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Abstract tion of superconducting CH cavities. The cavity produc-
The cross-bar H-type (CH) cavity is a multi-gap drifttion started in 2003 and the delivery is expected in October

tube structure based on the H-210 mode currently under d%QO4 [4]. The CH protoype with 19 gaps will be made of
velopment at IAP Frankfurt and in collaboration with GSI.

Numerical simulations and rf model measurements showed
that the CH-type cavity is an excellent candidate to realize
s.c. multi-cell structures ranging from the RFQ exit energy
up to the injection energy into elliptical multi-cell cavities.

A 19-cell, beta=0.1, 352 MHz, bulk niobium prototype cav-
ity is under fabrication at the ACCEL-Company, Bergisch-
Gladbach. This paper will present detailed MicroWave
Studio [1] simulations and rf model measurements for the

coupler development of the 352 MHz superconducting CH:igure 1: The sc 352 MHZ CH prototype with matched end

cavity. It describes possibilities for coupling into the supergg) geometry.

conducting CH-cavity. First results of the measurements

of different coupler concepts, e.g. capacitive and indugsy|k niobium, the diameter is 28 cm, the length is 105 cm.
tive coupling at different positions of the CH-cavity are re-at an operation frequency of 352 MHz, this corresponds

ported. _ to a particle3 of 0.1. One important issue during the de-
Additionally the rf quadrupole content in CH-type gapssign phase was the minimization of the electric and mag-

was investigated quantitatively. netic peak fields to reduce the risk of field emission and of
thermal break down. An accelerating gradient of 4 MV/m
INTRODUCTION results in an electric peak field of 26.4 MV/m and in a mag-
rrr11(§tic peak field of 30 mT which is a moderate value.

Present H-mode structures are all operated at room te
perature. Many future accelerator projects require cw oper-
ation. But the achievable gradients of room temperature cWable 1: Main design parameter of the s.c. prototype CH-
operated H-mode cavities are limited due to power lossegavity

and cooling problems. The superconducting CH-cavity can 16} 0.1

be realized in the frequency range from 150 to 800 MHz, Frequency [MHz] 352
the beam energy can be chosen between 5 AMeV and 150 Diameter [m] 0.28
AMeV which corresponds to @-range from 0.1 to 0.5. Tank length [m] 1.05
The CH-structure can be used for proton as well as for R./Q[Q] 3220
heavy ion beams. The superconducting version seems to E,/E, 6.59
be quite attractive for high current proton linacs like XADS B,/Eq [MT/(MV/m)] | 7.29

[2] or deuteron linacs like IFMIF [3]. Qo(R, = 150nQ) 3.7-108

SUPERCONDUCTING (SC) STRUCTURES

In sc cavities there is no cooling problem as in cw oper- METHODE FOR THE EXTERNAL Q
ated rt (room temperatur) linacs. In general, sc linacs can VAL UE

be operated at higher gradients above a certain duty fac-
tor. On the other hand, at low duty factors and high beam For calculation of the external Q value, we use the
currents rt structures are very favourable because they afethod described by Balleyguier [5]. If a lossless cavity
less expensive and can tolerate dark current contributiong.weamy coupled to an infinite line, this line drives out

To demonstrate the capabilites of the CH-DTL, it is foreq certain RF power P and the energy stored in the cavity

seen to test a sc CH cavity prototype. A design and engjradually decreases. The external Q then is:
neering study has been performed in close cooperation with

industryt. This study shows the feasibility of the produc- Qeat = wW/P.

* Supported by GSI Darmstadt, EU and by BMBF, contr. no. 06Fl34||f'W('a assume, that the line mode is a TEM and the dielec-
LACCEL Company, Bergisch Gladbach, Germany tric is vacuum:n? = u/e. Then, the external Q can be

Technology, Components, Subsystems 477
Technology, Components, Subsystems, Other



TUP86 Proceedings of LINAC 2004, Liibeck, Germany

expressed as:

wfffcavity |F|2dv
c [, |F?dA

Qemt = (1)
F being either the electric (E) or magnetic (H) field. Ac-
cording to the superposition theorem, we can add these two
solutions (fig. 2). So it is possible to solve these problem
by two MicroWave Studio runs.

At the first run, the line can be terminated at the refer-

‘ N+ o7 standing

E/:faa\:legng { vert superpcsmcn waves
Eh time 5
in the line ¢ E=0 in the line
::’..-.A.) @Bﬂ

Figure 2: Transforming a travelling-wave problem into a
standing-wave one [5].

ence plane with the appropriate boundary condition (per-
fect magnetic wall). Using the same formal expression as
in equation (1), we can define the quantity Q as:

o = A EP s
]\ o e | E112dA 4 e Figure 3: Capacitive coupling through one girder between

two stems in the same plane (upper), Capacitive Couplers

At the second run, the line can be terminated with othgh, o measurements at the copper-model (middle) and In-
boundary condition (perfect electric wall). So we can deductivecouplerattheCH-Copper-modeQIower)
fine the quantityQ, as: '

Q2 = wfffcav”yl HalPdv _ - ew' Qeoxt- 10"
exr
¢ ffref plane ‘H2|2dA 10" \ N —=—simulation (311MHz) (typ A) |
’ Y —o—measurement (typ A)
. 9 . 9 109 EN —+—measurement (typ B)
As for any value ofp, |1 +€'?|? + |1 — e?|? = 4, we have \&\, — o~ measrement (iyp C)
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CH CAVITY COUPLING

. . . 10—

For coupling into superconducting structures the exter- 1 wA ws e
nal Q-value must be betwedn® and10°. If you want to 25 20 5 -10 JC 6| 'P 1't [5 2]0 25 30 35 40
. . . . oupler Fosition |mm

reach these different kinds of couplers were examined with P

MicroWave Studio and measured at a copper model. Firstlia
igure 4: Calculations and Measurements for capacitive
capacitive coupling through the girder of the CH-structure

(fig.3) was examined. The inner conductor of the coaxmﬁOUplers forthe Copper-model of the CH-Cavity. Omm cor-

line is facing a drift tube with opposite polarity. fesponds to the girder surface plane.
It turned out that by this method external Q-values from

10* to 10'! can be achieved (fig.4). In order to verify
the calculations with MicroWave Studio, measurements of It showed that with a coupler position between -10 and
the copper model were accomplished. These show a goed0 mm external Q-values betweef® and 10° can be
agreement with the calculations. achieved (fig.5). Additionally, magnetic coupling by a loop

After getting confidence in the simulations from thewas investigated.Two positions were examined: In the mid-
comparison with model measurements,calculations for th@ane of the structure and at the cavity end. Both positions
superconducting prototype of the CH structure were pewere located transversly between the girders under 45 de-
formed. The results of the calculations are represented gnees. In fig.6 the results of the calculations are showed.
figure 5.
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then:Qeact = Ql + QQ- 031071 ‘ \\&i\
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; * sc-CH-prototype (352MHz) _> Eaj’tOt'(Z) - Ey’wt‘(z) ~ 2 E/(Z) "
o . Semas [ The stem orientation of the input drift tube defines the
10° % e focusing quadrupole direction of each gap for accelerat-
10 R TR ing rf phases between -90 and +90. In case of the CH-
03107 H 3 A‘H S structure the quadrupole orientation is changed in every gap
lug B N (FODO). The Quadrupole strength of one CH-gap can be
iaw 510 B written as:
10°4— ,JHL,J E \ / Eytot. —Ey tot.
1 A wlfa typ C fC’H E'dz = -[CH T%dz
T s cli?mer Péssition [ rrém] 10 The quadrupole strength is compared to an idealized

drift tube structure with quadrupole fingers, where the
Figure 5: Calculations for capacitive couplers for the S.Cquadrupole IS generateq by the gap voltage amphtudg
prototypeof the CH-Cavity. + V/2 at the aperture radius a along the gap length g. This

result in a reference quadrupole strength. ¢ = a% - g

and in a related strength factor for the CH-gap with

B fCH |Bld= 2
A —a—20x21 (reflex.) 77@ - ' E.dz g’
\ —m—20x21 (transm.) . CH, . .
10° S In Fig.81y is plotted against varying gap lengths.
"
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Figure 6: Calculations and Measurements for inductive 15 ‘
couplersfor the Copper-modebf the CH-Cavity. oM gt

Figure 8: quadrupole strength facigy at different CH gap
RF QUADRUPOL E CONTENT IN lengths and constant period length /2 = 42.857mm,

CH-GAPS stemmgeometnylike in Fig.1.

In the CH-DTL structure, the tubes are supported alter- OUTL OOK

nately in the X and Y planes, which generates quadrupole .
fields, as fig.7 shows. It means that two kinds of transverse The calculations ha\_/e shown that t.he best way to couple
Into the CH-structure is to couple with an antenna to the

e electric field, because we can reach external Q-value be-
2000 I e tween10° and10® and it is the easiest method.
15610 For the first cold tests it is planned to couple with an ca-
10010 / \ pacitive coupler of type B. The quadrupole content in the

a.u.]

& soner / gap-fields of CH-structures were studied quantitytively and

T - ZS) will be included in future beam dynamics calculations with
posi(ionz—axis[mm]i k /
/
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