
o
+_ + Association for Information and Image Management

"_.,. 1100WayneAvenue,Suite 1100
,:, Silver Spring,Maryland 20910

%" 301/587-8202

Centimeter
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 mm

!I'" '"1'"'_""1 ''''l''''l''''l''''l''''l''''l''''_''''
1 2 3 4 5

Inches i11111.0m_,,olUt_ItUI_' " +_ lilU_' ,_ mn_

I. L.

Iltlt_

IIIIINIIII1_11111_

1,+

o=+.++o.o_o++ +_);_;++"'
'e_' __+_ _ NI:INUFI:ICTURED TOTNI:IGE,BYI::IPPL=ED TNC, ___+





/ . /
gY'z"

/

. -F- o9,, 6-- - t9
C_DD ACCELERATOR AT ARGONNE -- STATUS AND FUTURE OPPORTUNITIES _

d,

G. McMichael, J. Carwardine, I. Clarkson', P. Den Hartog, R. Papsco', G. Pile", L. Sagalovsky and T. Yule
Argonne National Laboratory, Argonne, IL 60439
"Grumman Aerospace Corp., Bethpage, NY 11714

"'Culham Laboratory, Abingdon, Oxfordshire, OX14 3DB

Abstract changing and to mark these changes, a new name, the Argonne
Continuous Wave Linac (ACWL) has been adopted for the

The Continuous Wave Deuterium Demonstrator (CWDD) facility. Thus, we will use "CWDD" when referring to the
accelerator, a cryogenically-cooled (26K) linac, was designed original design goals and what was accomplished prior to the
to accelerate 80 mA cw of D to 7.5 MeV. CWDD was being NPB program termination, and "ACWL" when discussing
built to demonstrate the launching of a beam with future plans and proposals.
characteristics suitable for a space-based neutral particle beam We are proposing to use ACWL to generate engineering
(NPB). A considerable amount of hardware was constructed and operational data relevant to the high-current cw
and installed in the Argonne-based facility, and major accelerators being proposed for spallation neutron sources[l],
performance milestones were achieved before program funding [2] and the International Fusion Materials Irradiation Facility
ended in October 1993. Existing assets have been turned over (IFMIF)[3]. We also plan to install a low-Z target and
to Argonne for continuation under other sponsors. These moderator/collimator to generate neutron beams for neutron
include a fully functional 200 kV cw D injector and high radiography (NR) or boron neutron capture therapy (BNCT).
power (1 MW) cw rf amplifier, a cw RFQ that has been tuned,

leak checked and aligned, and a partially completed ramped- CWDD - Design and Accomplishments
gradient DTL. Project status and achievements are reviewed

and proposals for future use of the equipment are discussed. A schematic layout of the CWDD facility is shown in

Figure 1. With the exception of the RGDTL, all items and
Introduction subsystems shown have been installed and most have been

commissioned or are awaiting final hookup to cooling or
The CWDD research and development program was set up power. Funding constraints postponed acquisition of the

to pursue four main objectives: cw operation, deuterium (D) 150,000 standard cubic feet of neon (required to commission
beams, operation at cryogenic temperatures, and high beam the cryo refrigerator) in FY93, which as a consequence
brightness. The CWDD accelerator included a 200 keV dc D prevented high-power operation of the RFQ. Low-power
injector, and two cw structures: a 2 MeV radiofrequency operation could have started late in FY93, but to do so would
quadrupole (RFQ) and a 7.54 MeV ramped-gradient drift-tube have interrupted the schedule for high-power operation. By the
linear accelerator (RGDTL). Grumman Aerospace Corporation, time such a schedule change could have been considered
the prime contractor, had overall system responsibility. (when it was apparent that the CWDD program would not be
Culham Laboratory UK was a major subcontractor for the funded for completion)the opportunity had passed.
injector, beam lines, diagnostics and controls and Los Alamos
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turned over to Argonne "as is". ...... _:

The facility is being maintained in its nearly-completed _1t [i _-_IU _STLff----=--_c,_tD _ _" " /
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operating-time limitation (as designed, CWDD would have ,,,,s_o,M_,,,_=,_,_,=_
required over one hour to lower the refrigerant temperature Fig. I. CWDD Facility layout.

from 30K to 26K after 40 seconds of full-power cw operation). MA,TJ  :The name "CWDD" is strongly associated with both the 200 key D" Injector
previous mission and operational parameters; these are now

The CWDD injector, designed and built at Culham
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high-power electron traps and low-energy beam transport over two years. The water cooling systems are completed and

(LEBT) with a single focusing solenoid.[4] The injector in service, except for connections between the pump station and
control systems were designed to produce beam pulses variable the RFQ.
from a few microseconds to 20 seconds (consistent with the

beam requirements of the accelerator as a whole). However, ACWL - Plans and Proposals
the source is capable of continuous (dc) operation and was
operated briefly in dc mode to deliver more than 20 mA of D- Completion Choices
to a beam stop in the LEBT line. It is expected that the D
current could be doubled by adding cesium to the source.[5] Commissioning plans for the RFQ were well advanced

when the NPB Program was cancelled, but only parts of the

2 MeV CW RFQ RGDTL have been fabricated. We have consequently deferred
planning for the RGDTL, to concentrate on completing the

The RFQ is a four-meter long rf cavity, made by RFQ as a water-cooled cw structure and on adding a neutron-
assembling four one-meter long segments.[6] The segments are producing target and moderator for NR or BNCT. Making
made from solid tellurium copper; for each segment, four dual or multi-use of the facility (operating the accelerator to

vane/quadrant sections are finish-machined and then assembled extract cw engineering, reliability and control data while also
by electroforming into a pseudo-monolithic structure. The RFQ using the beam for target studies, radiography or therapy) will
has extensive internal cooling channels and all ancillary make optimum use of the facility and divide operating costs
components (tuners, rf power couplers, end walls) are actively between sponsors.
cooled. RF power dissipation at design fields at room The proposed change to water cooling is greatly facilitated
temperature is 544 kW. The RFQ has been installed in its by the fact that the original plans for CWDD called for both
cryostat (which also serves as the vacuum chamber), and has water and cryo cooling; water cooling for initial full-power cw
been aligned with the injector and exit beamline, and connected rf conditioning of the structures and then cryo cooling to 26K
to the rf drive lines. The matching section, to provide the for accelerated-beam operation. Later in the program, tests at

longitudinal and transverse match between the RFQ and Grumman[8] established that cw structures could be
RGDTL, has been completed and installed. The previously- successfully conditioned at cryo temperatures. However, by
installed cryo-refrigeration lines have been removed and then the major components had been designed or were being
connectors for water cooling are being installed, built and, with one exception, were not changed to take

advantage of the lower power dissipation and improved thermal
7.54 MeV CW RGDTL conductivity that comes from cooling the structures to 26K.

The exception involved the RFQ rf drive-line windows, where
Deuterons were to be accelerated from 2 MeV to 7.54 Rexolite © disks were used in place of alumina. The Rexolite

MeV in a 47 cell RGDTL in which the fields were ramped windows were only tested to 70 kW and will not be suitable

from 2.0 to 4.0 MV/m over its 2.6 meter length.[7] The 46 for the -- 170 kW per window (structure + beam) required for
drift tubes have been assembled and leak checked, the tank, room temperature operation. A cylindrical alumina window[9]

end walls and post couplers have been machined, but no work operated at >225 kW on the Chalk River cw RFQ[10], and a
has started on the vacuum chamber (cryostat). similar design can be adopted for ACWL if replacement of the

present Rexolite disks by low-loss alumina disks proves

RF Power Systems insufficient.
The CWDD RFQ will accelerate a deuteron beam (either

The 352.2 MHz rf power systems were designed and D or D +) to 2 MeV. The present D source limits the
manufactured by GE Marconi Connnunications Systems Ltd available current to about 20 mA. However, this source can be
and comprise two 1 MW cw klystron amplifiers (to power the converted for D . operation[11] to provide the design 90 mA
RFQ and RGDTL respectively) and a 25 kW tetrode amplifier input current required by the RFQ to give 80 mA of 2 MeV
(for the matching section cavity between the RFQ and deuterons. Such a beam, impinging on a thick beryllium
RGDTL). All three amplifiers are complete and installed, and target, should give about 6 X 1013n/s, the same yield as with
two (the tetrode and one klystron amplifier) have been like current of 3.5 MeV protons on beryllium or 2.5 MeV
commissioned into resistive loads. The tetrode has operated to protons on lithium.[12] Beam power (and hence target cooling

full power; but problems with the 1 MW load for the klystron problems) varies with energy, and as the melting point for
amplifier limited cw operation ,,_ 550 kW. beryllium is 1280°C, while that of lithium is only 186°C,

target engineering would appear to favor Be(d,n). However,

Controls, Diagnostics, Ancillary Subsystems the maximum neutron energy is less with protons (1.6 MeV for
Be(p,n) and 0.8 MeV for Li(p,n) for the proton energies

Most of the control and diagnostics systems are completed above), and are therefore more efficiently moderated to obtain

and major parts, such as the injector/LEBT controls and the thermal neutrons wanted for NK or the epithermals wanted
diagnostics, the PASS (personal access safety system), fire and for BNCT. Thus, the choice of proper beam and target is not
radiatign protection systems etc., have been in service now for just a question of yield, but also depends on neutron energy and



the thetmo-mechanical properties of the target. Unfortunately, References
there is a distinct paucity of data in all these areas for 2-5 MeV
deuterons or protons on low-Z targets. The MCNP transport [1] C. Browman, E. Arthur, et al., "Nuclear Energy Generation
code is being used to estimate the yield of thermal and and Waste Transmutation Using an Accelerator-Driven

epithermal neutrons for different moderator materials and the Intense Thermal Neutron Source", NIM in Phys. Res., A320,
beam/target combinations discussed above. We do not expect Nos.l,2, 1992, pp. 336-367.
definitive answers because of uncertainties (factors of 2 to 4 in [2] M.Mizumoto, K.Hasegawa, H.Yokobori, M. Mino,
some instances) in yield, energy and angular distribution for H.Murata, K.Sakogawa, H. Oguri, Y. Okumura, H. Takada,

these beam-target combinations[13], but hope for some T. Nishida and T. Takizuka, "High Intensity Proton
indication of the trade-offs between higher neutron yield Accelerator for Nuclear Waste Transmutation", Proc. 1992
(deuteron beams) and lower neutron energy (proton beams). Lin. Accel. Conf., AECL Rep. #10728, 1992, pp. 749-751.

We are also looking at the possibility of modifying the [3] T. Kondo, D. Doran, K.Ehrlich and F. Wiffen, "The Status
CWDD RFQ to produce a 2.5 or 3.5 MeV proton beam should and Prospects of High-Energy Neutron Test Facilities for
this be necessary. Although an RFQ can in general be used to Fusion Materials Development", J. Nucl. Mater. 191-194,
accelerate particles of a smaller mass-to-charge ratio, because 1992, pp. 100-107.

the output velocity of a fixed-frequency RFQ is constant, as [4] J. Carwardine, G. Pile and T. Zinneman, "Management of
built the RFQ will only accelerate protons to 1 MeV. To get High Current Transients in the CWDD Injector 200 kV
higher-energy protons, the tip geometry will have to be Power System", Proc. 1993 Part. Accel. Conf., IEEE
changed. Calculations with the RFQUIK and PARMTEQ 93CH3279-7, 1993, pp. 3210-3212.
codes show that by changing the vane profile (and without

exceeding the 1.8 Kilpatrick design field of CWDD), the RFQ [5] K. Leung, "State of H Source Development", Proc. 1991
could be modified to accelerate over 75 mA of protons from 75 PAC Conf, IEEE 91CH3038-7, 1991, pp. 2076-2079.
keV to at least 3 MeV. Such a change would expand the range [6] J. Rathke and L. Young, "Engineering Design and
of data that ACWL could provide for the proposed spallation Fabrication of a CW Deuterium RFQ", these proceedings.
neutron sources and the modification technique (building up the [7] A. Todd, M. Nightingale and T. Yule, "The Continuous
tip by electroforming and machining a new profile) was Wave Deuterium Demonstrator (CWDD)Design and Status",
demonstrated on one section during the original manufacturing Proc. 1993 Part. Accel. Conf., IEEE 93CH3279-7, 1993,
process[14]. Based on original manufacturing times, the pp. 1777-1779.
electroforming for reassembly after machining would keep the [8] P. Den Hartog, J. Dooling, M. Lorello, J. Rathke, J.
RFQ out-of-service for at least one year. However, there is a Carwardine, D. Godden, G. Pile, T. Yule and T. Zinneman,
lot of engineering data, relative to either a proton or deuteron "Commissioning Status of the Continuous Wave Deuterium
cw linac, that can be obtained from the present RFQ and so our Demonstrator", Proc. 1993 Part. Accel. Conf., IEEE
first intention is to commission it with deuterons. 93CH3279-7, 1993, pp. 1709-1711.

Conclusions [9] T. Tran-Ngoc, G. McMichael, G. Arbique and F. Adams,
"Components for CW RFQ's", Proc. 1990 Lin. Accel.

Following termination of the NPB program, this nearly- Conf., LANL Report #LA-12004-C, 1991, pp. 48-50.
operational facility is now available for other missions. It [10] G. Arbique, B. Chidley, G. McMichael and J. Sheikh,
offers a very cost-effective means of obtaining critical cw linac "Beam Parameter Measurements on the CW RFQl-1250
engineering and operational data and could be a valuable Accelerator", Proc. 1992 Lin. Accei. Conf., AECL Rep.
testbed for accelerator-based NR or BNCT development. #10728, 1992, pp. 55-57.

[11] M. Mead, AEA Technology, Culham Laboratory, private
Acknowledgments communication, 1994.

The "CWDD Technical Team" included physicists, [12] M. Hawkesworth, "Neutron Radiography: Equipment andMethods", Atomic Energy Review 15, 1977 pp. 169-220.
engineers and technicians from Grumman Aerospace
Corporation, Culham Laboratory, Los Alamos National [13] C.Fink, D. Smith and J. Meadows, "Use of a High-Current
Laboratory and Argonne. Their efforts are gratefully Accelerator (CWDD) for Neutron Radiography", Proc.
acknowledged, mid it is hoped that those efforts will be 1991 PAC Conf, IEEE 91CH3038-7, 1991, pp. 547-549.

rewarded through the completion of the facility and the [14] J. Rathke, Grumman Aerospace Corporation, private
verification that it "meets specifications". However, it also communication, 1993.

takes another group to accomplish a program like CWDD, and
the authors would like to acknowledge the efforts of

Dr. M. Lavan and his group at SSDC. They conceived the
program, kept it on track through several turbulent years,
fought hard for its completion and continue to lend their
support to our efforts to redirect it.






