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DESIGN AND COLD MODEL TEST OF KOMAC CCDTL -

Y.S. Chd, J.M. Han, H.E Ahn, B.H. Choi
Korea Atomic Energy Research Institute, P.O.Box 105, Taejon, Korea 305-600

Abstract The aperture of the CCDTL can be determined by
iterative calculations of the shunt impedance and the
For the first phase of the KOMAC (Korea Ktpurpose beam trajectory for the optimisation. A larger aperture
Accelerator Complex) project, a CCDTL (Coupleddecreases the shunt impedance, but increases the ratio of
Cavity Drift Tube Linac) which accelerates a 20mA cwaperture to beam size (less beam loss). The optimised
proton beam from 3 MeV to 20 MeV is designed. Araperture of the CCDTL is shown in Fig. 1. The
Al cold model is fabricated to check the design, th&ansition energy for the number of gaps per focusing
tuning method, and the coupling coefficients. To checkeriod is determined by the space for the quadrupole
the engineering design, a Cu cold model is fabricatechagnet.
The design and the test results will be presented.

1 INTRODUCTION 18

The KOMAC CCDTL has been designedaccelerate a 20MeV 100MeV
20 mA cw proton/H- beam from a 350MHz, 3MeV cw 1 b BMev v ¥
RFQ and to inject the 100MeV beam to a 700 MHz, fina i 8 Gaps / 8B\
energy 1Ge\/ cw ;uperconducting linac. The CCDTL is Ap(i’r‘n“)’e 3MeV 6 Gaps / 88\

coupled cavity drift tube linac (CCDTL) structure [1, 2] 05 & Vo

which allows the focusing magnets to remain outside th 4 Gaps / 8B\

vacuum system and does not require permanent magn _ __ _ _ _ _ _ rmsbeam radius
that are susceptible to radiation damage due to the hii 0

average beam current. The CCDTL structure is les 0 0.1 0.2 0.3 0.4 0.5
efficient than a conventional DTL, but relatively easier tc B

fabricate and operate.

Figure 1: Aperture of the CCDTL and Beam Size
2 KOMAC CCDTL DESIGN

The cavity shapes are determinedSiyPERFISH code.

2.1 RF Structure Fig. 2 shows the plot of the effective _shunt imp_edance for
o the cavity and the real estate effective shunt impedance

The 700MHz frequency, which is the same frequency wersus particle velocity. In spite of the small aperture,
the superconducting linac, can be used for the CCDTihe effective shunt impedance is small in the first part of
due to the ample space for the quadrupoles. The desigle CCDTL. This is not serious problem because this

parameters of the CCDTL cavity are shown in Table bart works as a buncher and a matching section.
These values, except for the aperture, are conservati

for fabrication and cw operation. 80
Table 1: Design Parameters of the CCDTL cavity ;Z | 7 caviyz
- Frequency : 700MHz -
- Space for Quadrupole : >8cm shunt O
- Real Estate E : <IMV/m Impedance 40 m
- Surface E : <0.9 Kilpatrick s /T Real-Estate ZTT
- Synchronous Phase : -60 ~ -30 degree 20 | 20
- Focusing : @A FODO 10 f / MeV
- Aperture : Acceptance > 2 transverse enjit. 0
0.056 0.1 0.15 02 025 03 0.35 04 0.45

B

Figure 2: Shunt Impedance versus particle velocity for
the CCDTL Cavity
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2.2 Beam Dynamics

Table 2: Tolerances of the CCDTL

Beam dynamics for the KOMAC CCDTL are performed
using the PARMILA code. For longitudinal matching

with 350MHz RFQ, the synchronous phases and the

amplitudes of the first part of the CCDTL are adjustef
3].

- Field Amplitude : 1%

- Field Gradient : 1%

- Phase : 1 Degree

- Quadrupole displacement : 0.05mm
- Quadrupole rotation : 1 Degree

- Quadrupole strength (GL) : 1%

The beam trajectory and the emittance in the CCDTL are

shown in Fig. 3 and 4 with the beam from the RFCQ
(longitudinal emittance: 0.4 pi degree MeV, transvers
rms emittance: 0.32 pi mm mrad) with 100,000 particles
The GL of EMQ is 2.6 T, and the length of poles is 6 cm
The phase and amplitude of the first part for matching i
given to obtain the smallest emittance growth. In th
final simulation, there is virtually no growth in transverse
emittance, and no more than 20% growth in longitudine
emittance, which is not critical.

t
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2.3 Mechanical Design

tolerance of 1%.

Figure 3: Beam trajectory in the CCDTL

To estimate the tolerances of the CCDTL structure,
error analysis has been done with PARMILA code,

envelop calculated with PARMILA code does not gro
more than 20%, as shown in Fig. 5.

KOMAC CCOTL 3 MeV — 100 Mev, 700 MHz
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Figure 4: Emittance Profile in the CCDTL

With the error in Table 2, which is achievable, the bear¥1vIth MAFIA code as shown in Fig. 6.

0 Mode 12 Mode

Figure 6: Modes of CCDTL

Figure 5: Beam trajectory with the errors in the CCDTL
structure

To evaluate the manufacturing tolerances of the CCDTL
cavity, the perturbation analysis of coupled resonators is
The tolerance of the cavity frequency is
100kHz, and the coupling coefficient is 0.02 with a

The coupling coefficient between the accelerating cavity
and the coupling cavity has been calculated by using the
afPequency shift between modes, which can be calculated
Also, the
machining tolerance for the coupling coefficient is
%.1mm, which can calculated MAFIA code.

nMode

From this analysis, it has been found that there is no
critical problem in fabricating th&OMAC CCDTL
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cavities. The technology for conventional CCL, whic
is well established, can be used in fabrication, tunin
installation, alignment, and operation.
For the cooling of CCDTL cavities, the water-cooling
channel has been designed and analyzed by ANSYS cc
as shown in Fig. 7 [5]. The frequency shift due to th
thermal expansion is 50kHz. The coolant wate
velocity is 3 m/s, and the bulk temperature increase
the coolant water is less than 5 K.

Figure 9: KOMAC CCDTL Cold Model at 20MeV

3 SUMMARY

The design of KOMAC CCDTL is sumarised in Table
3. The cold models are fabricated and the test is being
. performed. This model test will improve tK©MAC

Temperature Displacement CCDTL design.

Figure 7: Thermal Analysis of CCDTL Cavity Table 3: Summary of KOMAC CCDTL
Energy (MeV) 3~20 | 20~100

2.4 Cold Model Current (mA) 20mA
The CCDTL cold models are fabricated to check the ﬁ(t)r:i:]nrg 33?'::%1'-3'_0
design, the tuning method, and the coupling coefficiepts Gaps per 186 8
and to check the engineering design. The Al C()Igocusing Period
model for design check is shown in Fig. 8. The test Length (m) 298 Y
with this cold model is under study. The Cu cold model . .
for fabrication check is shown in Fig. 9. The measured # of EM_Q 130 173
Q value of the cavity without brazing is 87% of tHe * ©Of cavity 10 32
SUPERFISHcalculated Q. The super-drilled coolapt_modules
path is well fabricated, and this type cooling method will Pe/Paa (MW) 1.15/1.49 3.43/5.03

be used for the CCDTL construction. The brazing test

ill b f d.
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Figure 8: KOMAC CCDTL Cold Model at 20MeV
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