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Abstract

The conceptual design 6f the Engineering Test Accelerator
(ETA) for actinide transmutation has been proposed by Japan
At om ¢ Energy Research Institu%g, JAERI, with a beam energy of
1.5 Gev and a current of 10 WAJ. This accel erator represents
a large scale system when conpared to the contenporary proton
accelerators that are used mainly for basic nuclear physics

experiments. In particular, an average proton current of 10 mA
is nearly 10-50 tines larger than that for existing accelerators.
A beam spill should be mnimzed not to cause serious problems

due to the high level activities induced in accelerator struc-
tures.

As a first step in the devel opnent, the | ow energy portio,
of the accelerator structure is being studied, since the beam
quality is determned mainly by this |ow energy portion. The
Basi ¢ Technol ogy Accel erator (BTA) with a beam energy of 10 MeV
and a current of 10 mA is planned to be built, which consists of
ion source, radio frequency quadruple (RFQ) and drift tube linac
(DTL). The high energy portion of the accelerator (high 8
%%ructure) w Il be also studied in advance of the construction of

Survey activities and preparatory design works have started
in 1989. Studies for the optim zation of the accelerator system
and the conceptual design of accelerator structure are being
carried out in 1990 which will be followed by various R&D activi -
ties in 1991. I nvestigation for an accel erator building and
utilities has been continued sinultaneously.

1. The present status of intense accel erator

For |ast two decade, various advances in accelerator tech-
nol ogy have been made. Among them the following four itens are
significant.

(1) Newly devel oped accelerator structure, radio frequency
quadrupl e (RFQ) has given great inpetus to the inprovenents of
t he beam quality and bean’}ntensity. This was fist proposed by
Kapchinskii and Teplyakovd This structure was, then, inten-
sively studied and put in practical use in Los Alamos!  The RFQ
has been operating successfully in various accelerator |aborato-
ries all over the world,

(2) Detailed study on beam dynam cs property has been car-
ried out and the effect to the beam characteristics now becones
wel | under st ood.
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&3) Because high intensity accel erators use high power nmicro
wave RF (radio frequency) source as a power supplY, devel opnents
of efficient and high power RF sources (tetrode or klystron? are
extremely inportant. Vari ous RF sources now becone avail abl e
fPr various accel erator frequency range between 100 Mz to sever-
al GHz.

(4) Due to the very rapid devel opnent nade on el ectronics
equi pnent and conputer technol ogy, elaborate control and beam
di agnostics are now possible so that operation of a l|large and
conpl i cated accel erator systemcan be done reliably, safely and
al so econonically.

In the past, several high intensity accelerators were pro-
posed to build and partly operated. A large anmount of R&D re-
sults have been accunul at ed. In 1950's, the deuteron accel erator
was proposed and built in Livernore called MIA, Material Test
Accel erator for nuclear fuel 299pu production with the goal of
500 MeV and 300 mA The accel eration of the beam of 30 MeV and
50 mA was actually achieved. Situation on uranium fuel supply,
however, was changed later on and this project was canceled.
After long ceased, this accelerator breeding design study has
been again continued in 1970°s at BNL, ORNL and ANL, and they
have acconplished to prove its technical feasibility.

In LANL, neutron distribution and spallation nucleus yield
have been studied as the research activity for FERFI CON (FERtile
to FIssile CONversion) project in the past. Recently, they are
proposing the high intensity CW¥ proton accelerator ATW (1.6 GeV,
250 mA) for accelerator-based transnmutation of nuclear waste.
LANL has al so proposed the FMT project (Fusion Material Irradia-
tion Test Facility) jointly with Hanford Laboratory. In that
project, high intensity RFQ was built and successfully operated
wi t h hydrogen nol ecul ar beam of 50 mA. At the present, the study
of nmore intensive version IFMIF (35 MeV, 1 A) is being continued

In Chalk River, Canada, the high intensity proton accelera-
tor project was proposed for the nuclear fuel cycle and still
various R&D works arecontinued with the enphasis on the conti nu-
ous was (CW) operation.

For pul sed neutron source for material researches, a 1.1
GeV, average 5 mA accelerator SNQ (Spallations-Neutronenquelle )
was proposed in Julich, Germany. The conceptual design study and
sonme detailed R&D wor ks were conpl et ed.

In Table 1, the present status of the high intensity
accelerator including existing and proposed accelerators is
gi ven. At present, the nost high intensity accelerator is LAMPF
in LANL which accelerates a 800 MeV and 1 mA proton beam This
accelerator was built in 1972 and has been stably operated for 20
years. In Europe, 1SIS at the Rutherford and Appl eton Laborato-
ry,England, and SINQ at Paul Scherrer Institute, Switzerland, are
routinely operated for the neutron source, and neson and nuon
producti on. The detail ed rig?rences for above nentioned accel er-
ators can be found el sewhere’’.
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2. The tine schedule of the ETA and BTA devel opnent

The research plan for developing the high intensity proton
linac i s proposed by JAERI with the goal of the project as shown
schematically in Fig. 1.
(1) The 1st step devel opnent. (BTA)

The basic technologies are investigated for the devel opnent

of a proton accelerator within the range of 5 - 6 years. The
research building will be built at the Tokai Establishnment of
JAERI . The feasibility study and trade-off study for the accel-

erator and transnutation plant are carried out in this initial
period. The various activities in the accelerator research field
will be organized to provide technologies and staff that are
required to build such an intensive accelerator. The Basic
Technol ogy Accelerator BTA with a current of 10 mA and an energy
of 10 MeV will be constructed and operated for these initial
st udi es. The conceptual |ayout of BTA is shown in Fig. 2.

(2) The 2nd step devel opnent. (ETA)

A proton accel erator ETA for the research purposes with a 10
mA current and 1.5 GeV energy will be designed and constructed.
The construction is expected to start in about 1996, after sever-
al check and reviews have been conpl et ed. The various engi neer -
ing tests of the incineration process, including nediumand |arge
scale integral test, nock-up test and prototype experiments, wll
be made using this accel erator. Some ot her accel erator applica-
tions such as material researches, radio-isotope production,
nucl ear data neasurenent, mneson physics and radiation therapy
will also be carried out. The schematic | ayout of ETA is given
in Fig. 3.

(3) The 3rd step devel opment. (conmercial Plant)

A commercial incineration plant utilizing an intensive
proton linac will be constructed, after all the engineering and
pilot plant tests both for accelerator and target system have
been conpleted. As an industrial plant, every accelerator param
eters such as proton energy, current and operational node as well
as the target systemwll be fully evaluated and optim zed.

3. Conceptual design study for high intensity accel erator
(1) General consideration

The main characteristics of the BTA and ETA is the high beam
current. In the conceptual and detailed design of the system
much attention has to be paid in order to maintain the small beam
spills. The caution has to be also taken to the design of other
various parts such as the radiation shielding and beam control -
ling on the same reason
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As the first step of the devel opnment for BTA, the accelera-
tor structure consists of the follow ng conponents; ion source,
radio frequency quadruple (RFQ)and drift tube linac (DTL). The
hi gh energy portion of the accelerator (high g structure) wl|
be studied also in advance of the ETA devel opnent.

The paraneters for the BTA are determned by aimng at
proving the validity of the |low energy part of the ETA Vari ous
tests of the characteristics of the accelerator structures wll
be conducted so that the design and operational experience can be
accunul at ed. The beam energy is chosen to be 10 MeV, bel ow the
Coul onb barrier to avoid proton induced reactions in accel erator
structural materials.

The accel eration frequency of 200 MHz is chosen for our pur-
pose both for RFQ and DTL mainly due to the availability of RF
source and heat renoval problem The high frequency has a prob-
| em of the heat dissipation per unit area, therefore it is easy
to occur resonance frequency drift, gas release and electric
di schar ge.

As the first step of the accelerator operation, |ow duty
operation is appropriate to adjust the various paraneters so that
the adequate paraneters can be obtained before future full cw
oper ation. Therefore, the pulse operation is prepared for the
opti num devel opnent sStep with the necessities to provide suffi-
cient electric power suppiy for CW¥ and pul se operati on.

(2) lon source

Duoplasmatrons and the duoPl Gatron6) have been w dely used
in proton linacs as an intense ion source. Mul ti-cusp type ion
source has been devel oped fog neutral beam injectors (NBI) in
fusion reactor heating devices'). Further devel opment of intense
ion sources is necessary for high intensity and high duty opera-
tion. In the case of accelerator applications, necessary beam
qualities such as emttance and beam size for acceptance into the
following accelerator structures is nore severe than those that

cont enporary sources can provide. Si mul t aneous accel eration of
the H and H- beam nmay be also desirable for the later basic
research proposes. The injection voltage of about 100 keV is
chosen at present. Table 2 shows the prelimnary paraneters for
the BTA ion source.

(3) RFQ

The RFQ is the only choice for an accel erator structure that
can accelerate an 10 mA proton beamup to 2 Mev with good beam
quality acceptable by the next structure DTL. The vari ous
eval uation and test of the RFQ are still needed with [ ow and high
power RF tests, and actual beamtest during the construction of
the structure. The design paraneters of the RFQ is shown in
Table 3.

As the test calculations for the design of the RFQ for our
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pur pose, the conputer code PA RMIEQ was used. An exanpl e of
calculated result of the beam dynam c cal culations is shown in
Fig. 4.

(4) DTL

As DTL devel opnent, a high electric field and a high fre-
quency are preferred, because of the higher effective shunt
i npedance and the efficient longitudinal focusing that result in
a shorter total accelerator |ength. Qur accel erator require-
ments, however, <call for extrenely small beamspill in the high
energy section resulting in the 200 MHz structure with the inner
di aneter size of 88.63 cmand the tank length of 380 cm

The test calculations for the design of the DIL have been
made using the computer code PARM LA The tentative paraneters
for the test calculation is given in Table 4 and an exanpl e of
t he beam dynam cs cal culation is shown in Fig. 5.

(5) RF source

As the first step of the devel opment, the RF power source of
1 MV (peak) is necessary for 10 mev beam energy and 10 ma beam
current. Wiile the klystron for the high frequency regi on above
350 MHz have becone currently available for the MV class RF
source, those for the low frequency region are difficult to
obt ai n. The klystrodes newly devel oped are only avail able so far

with the several hundred k¥ output power range. The triode or
tetrode tubes are, therefore, considered to be our choice used
for BTA with nultistage anplifier configuration. Table 5 shows
the presently available 200 MHz hard tube anplifiers. If the

devel opment of the MW class klystron or Klystrode with the 200 -
350 MHz range and CW operation are available on the comrercia
base, these anplifiers wll be useful for our purpose.

(6) Hgh B linac

The detail ed devel opnrent works of the high g l1inac wll be
started after the first step accelerator devel opnent has been
conpl eted, because their R& for this section is still in
progress. There could be several possible candidates for the
structures, either single cavity or coupled cavity structures.
In particular, as to the coupled cavity structures, many candi -
dates are now being investigated in various |aboratories: side
coupled structure (SCS), alternating periodic structure (APS),
di sk and washer structure (DAW) and annul ar coupled structure
(ACS). After 5 years devel opnent period, sonme new concept ual
design may al so cone out other than those choi ces. W have to
investigate and carry out survey work for these choi ces. The
choice itself wll depend on nmany aspects such as the space of
the accelerator building, the capacity of power supplies and the
availability of RF sources.

4. The summary and works carried out in 1989 and 1990
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Fig. 6 shows the time schedule for the R&D program and con-
struction for BTA and ETA. In 1990, we are in the stage of
system and conceptual study. Actual R& works will be started in
1991 with the design and construction of various prototype accel-
erator structures for cold nodel test and hot nodel test. For
hot nodel test, RF power source will be prepared and neasurenents
of the electric magnetic characteristics of the accelerate struc-
ture will be conducted. Probl ens of heat dissipation and heat
renoval in the structure will be studied. The validity of the
various conputer design progranms Wwhich we are now using, has to
be checked by conparing the results from R& works with the
calculated results.

W are expecting to start accelerator construction of BTA in
1992 and conplete the fabrication and assenbly till the mddle of
1994, The test operation will be started in 1994. The detail ed
design works for the ETA construction is planned to begin in
1996. Si mul t aneously, the conceptual design study and vari ous
trade-of f study for the accelerator paraneters of ETA is being
carried out before the actual construction wll start.

The major activities for the developnents in 1990 are sunma-
rized as follows,

1) Survey activities of high intensity proton accel erators.
Preparation and test run of conputer prograns for design
cal cul ation.

2)Determ nation of operation node (CW duty cycle, RF frequen-
cy, energy configuration etc.)

3) System studi es of Basic Technol ogy Accel erator.

4) Conceptual design studies of accelerator elenments: |on
source, RFQ, DTL, RF power source, control systemetc.

5) Design of cold and hot nodels for RFQ, DTL and RF source.

6) Studies of utilities such as electricity, water consunption,
space and | ayout required for the BTA buil di ng.

7) Trade-off studies of the Engineering Test Accelerator.
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A coupaRISON oF EXISTING AND PROPOSED t1iic INTENSITY PROTON ACCELERATORS

1990/1/20

Name  Country Lab. Type  Energy Current  Width Rep. Rate  Power  Status
(MeV) (mA) s (Hz) (NW)

KENS  Japan  KEX synclo 500 0.0067 10,100 20 0.003 Operating
IPNS 1 us ANL synclo 500 0.012 3,10 b 0.006 Operating
INF Canada TRIUMP  cyclo 450 0.100 CH 0.045 Operating
1sls UK RAL synclo 800 0.200 3,10 50 0.16  Operating
sing - Swiss P cyclo 600 1 CH 0.0 Operating
LAMPF  US LANL 1inac 800 1. 500 12 0.8 Opearting
JHp Japan  KEX linac 1000 0.200 400 50 0.20  Proposed
SNQ FRG KFA linac 1100 5. 250 100 5.5 Cancelled
ASPUN  us ANL synclo 1100 3.5 3,10 35 385  Proposed
BURAC  EC Ispra  linac/cyclo 60O 6. CH 3.6 Proposed
JAERI  Japan  JAERI linac 1500 10. CH/pulse 15. Proposed
DENO Canada CRNL linac 1000 300. CH 300. Proposed
ATP us LANL linac 1600 250. CH 400. Proposed

Table 1 A comparison of exi sting and proposed high intensity
proton accelerator




High Brightness H'lon Source

Overall

Energy
Current

Duty Factor
Emittance
Proton Yield
Impurity

Plasma Generator

Extractor

Table 2

Type
Size
Plasma Production

Operating Pressure

Type

I nsulator
Current Density
Aperture

Prelimnary design
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50-100 KeV
100mA(HY)
CwW
0.5tmm-mrad
>9070
<170

Multcusp
20cmox17¢cm
ECR(2.45GHz)
Arc(LaB6 Cathode)
Arc(W filament)
0.2 Pa(H*)

Two-stage Extraction
(4 Grids)

Alumina Ceramic
200mA/cm?(H*)
8mm(H")

paraneters for ion source



RFQ Parameters

Energy ( Shaper Output )
( GB Output )
Vane Length RM
Shaper
GB
Accelerator
Totd
Cavity Diameter
Minimum Aperture
Maximum Modulation Factor
Vane Voltage
Synchronous Phase
wall Loss Power
Beam Power
Transmission
Normalized Emittance
X Input  (100%)
output (1oo%)
output (90%)
Output (rms)
Y Input  (lo0%)
output (1oo%)
output (90%)
Output (rms)
z Input (100%)
output (l00%)
output (90%)
Output (rms)

0.068 MeV
0.51 MeV

1.54 cm
56.87 cm
64.34 cm
102.74 cm

225.49 cm

66 cm
0.384 cm
2.24
0.128 MV (1.8Ek)
-30 deg.
221 Kw
216 Kw
96.0 %

0.049 n.cm-mrad
0.38 n-cm-mrad
0.095 x-cm-mrad
0.020 r-cm-mrad
0.046 n-cm-mrad
0.38 n-cm-mrad
0.11 rm-cm-mrad
0.023 r-cm-mrad
2.98 & MeV rad
0.38 =-MeV-rad
0.015 - MeV-rad
0.0026 =- MeV-rad

Table 3 prelimnary design paraneters for RFQ
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DTL  Parameters

Length of Tank

Inner Diameter of Tank

Drift Tube :
Outer Diameter
Inner Diameter
Cdll Length
(at 2MeV)
(at 6MeV)
(at 10 MeV)
Gap Length
(at 2MeV)
(at 6MeV)
(at 10 MeV )
Number of Cell
Synchronous Phase
Wall Loss Power
Beam Power
Transmission
Normalized Emittance
X Input (100%)
output (loo%)
output (90%)
Output (rms)
Y Input (100%)
output (100%)
output (90%)
Output (rms)
Z Input  (loo%)

output (loo%)
output (90%)
Output (rms)

380.97 cm
88.63 cm

18.00 cm
2.00 cm

9.91 cm
16.85 cm
21.57 cm

1.94 cm
3.97 cm
5.60 cm

23

-30 deg.
900 Kw
800 Kw
98.6 %

0.38 n-cm-mrad
1.1 =-cm-mrad
0.51 m-cm-mrad
0.097 nm-cm-mrad
0.41 m-cm-mrad
1.7 =-cm-mrad
0.52 nr-cm-mrad
0.077 m-cm-mrad
0.061 &- MeV rad
0.14 n-MeV-rad
0.037 =-MeV.rad
0.0062 =-MeV -rad

Table 4 Prelimnary design paraneters for DIL
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(441

| R$2074SK | RS2042S K

8973

7835

TH526

T 16

Manufacturer | Siemens | Siemens | Eimac | Burte

| Thomson |Thomson |

Type Tetrode |Tetrode |Tetrode Triode |Tetrode Triode |
Frequency 50-200 17-200 20-200 |200-300 |200-220 1-250
(Mitz)
Output Power 1.6 | 1 1.6 1 2.5 2.2
(MW peak) (108MH2)|(150MH2)| (70MH2) (250MH2)| (155Ml12z) | (200 Mil2)
(5ms) (4ms) (1ms) (2ms) (300 us) | (T00us)
Duty Factor 25 40 33 6 3 3
(%)
Anode Voltage 24 14 20 30 24 30
(1(v)
Efficiency 65 66 60.6 64.7 18.1
()
Applicatipon | GSI GS | JT60 BNL KEK
NIRS RCNP JET FNAL CERN
LANL
Table 5 the presently available 200 MHz hard tube anplifiers.




OMEGA project
incineration of radioactive waste

Intense proton accelerator
for proctical use
(15 GeV, several tens of mA)

)

Engineering Test
Accelerator
(1.5GeV, 1OmA)

Intense neutron source
(substitute for nuclear recctor)

Nuclear fusion :
muon catalyzed fusion

Non destructive inspectia
radiography
neutron diffraction

Nuclear fuel :
fissile material,
tritium production

ESNIT program

Small size accelerator
for industrial use

Fundomental study
nuclear reaction
material property

Medicine, Biology
medical diagnosis
radio - isttmpe production

Basic Technology  Accelerator
(1O MeV, 1OmA)

Goal of the Basic Technology Accelerator Development

Fig. 1 Goal of the Basic Technology Accel er at or
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RFQBezam Dynamics Cal cul ation with PARMTEQ

Fig. 4An exanple of the prelininary design calculation for RFQ

526



PLINRC/JRERT (DTL)

N X (CMIVS. CELL NO. |
.8 ‘
| ‘ | L1 ‘ | | | ‘ | ‘ | | | | ‘ |
s
-.8 . .
-1.5 ¢ 5 0 TS 20 7S
180 PHI-PHIS(DEG) VS. CELL NO.

90 o ] ) _
0 : ;'.’n': 1;| II : || ll |: '.'.":Hi" r_}. 1
~90 .
-180 g 5 10 IS 20 75
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DTL Beam Dynamics Calculation with PARMIL A

Fig. 5 An exanple of the prelininary design calculation for DITL
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| ntense Proton Linear Accel erator Program
(Cet. 16, 1990)
Year 1990 | 1091 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 1998
Develop. of Basic Accel.Technol. | | | | |
(1) System&Concept Study Survey,Study,Concetual Design \ \
\ \ | |
(2) RgD for Accelerator Elements lon Source,RFQ,DTL,RF Source |
1 | |
s (3) Building Prelim.§Excution Design, Construction |
t ' ' 1 { |
Basic Technology Accelerator | \ \ \ |
s (10MeV, 10mA) | | lon  Source,RFQ,DTL |
t (1) Fabrication | \ | |
e | (2) AssembIing | Ful | Assemb | v| |
P | l l | | |
(3) Basic Accel. Technology Test \ \ \ | Test, Operation l \
| | | | — — — — — — i |
(4) High BLinac \ \ \ Preliminary Study \ \
1 \
\
2 | Engineering Test Accelerator \ \ \ \ ‘ | | |
n (1.5GeV,10mA) Concept Study, Trade-off Study | Design, Construction
P

Fig. 6Timeschedule of intense proton | i near

accel er at or

program




