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A SURVEY OF E-DIVISION ACCELERATORS AT THE LAWRENCE LIVERMORE NATIONAL LABORATORY* 

Ivan D. Proctor 

Lawrence Livermore National Laboratory, Livermore, CA 9't550, U.S.A. 

The Experimental Physics Division (E-Division) at the Lawrence Livermore 
National Laboratory conducts research in basic and applied nuclear and atomic 
physics and materials science. Most or the research within the Division 
utilizes one of three facilities: an intense 14-MeV neutron source, a 27-MeV 
cyclograaff (consisting of a 15-MeV cyclotron and a 6-MV tandem van de 
Graaff), and a 100-MeV electron linac. A brief description of each facility 
is presented with emphasis on the research capabilities presently available. 

1. Introduction 

The Experimental Physics Division (E-Diviaion) at the Lawrence Livermore 
National Laboratory (LLNL) operates three facilities for use in basic and 
applied research in nuclear and atomic physics and materials science. These 
facilities are centered around the following accelerators: a 400-kV high 
current (25 a,') electrostatic accelerator used primarily as a 11-fteV neutron 
source, a cyelograaff consisting of a 76 cm 15-MeV negative ion cyclotron and 
a 6-MV tandem van de Graaff accelerator, and a 100-MeV electron linac. The 
purpose of this paper i3 to review the characteristics of these accelerators 
and to point out some of the experimental capabilities currently available at 
these facilities. 

2. Rotating Target Neutron Source 

The high intensity 14-MeV r?utron source is based on a 500-kV Insulated 
Core Transformer accelerator manufactured by the High Voltage Engineering 
Corporation and has been described by R. Booth [1,2]. A plan view of the 
facility is thown in Fig. 1. Booth developed the rotating target capability 
for this accelerator' and improved the emittance of the deuteron beam co 
provide up to 25 mA of HOO-kV D + in a 1.2 cm spot which is stopped in -v. 5 mg 
of TiTj evaporated on a 1 mtn thick water-coolel Cu backing. This high 
intensity mode of operation yields a source strength of 3 X 1 0 1 2 14—MeV 
neutrons/sec. In addition, two pulsed mode3 of operation are available at 
reduced intensities. 

A beam of deuterons is produced by a duoplasmatron ion source, extracted 
at 50 kV and magnetically analyzed in the terminal of the accelerator to 
select the D + species before acceleration. The D + beam is accelerated 
through 350 kV to ground, transported and deflected through a 28° downward 
bend and finally focused to a 1.2 cm spot on the rotating target. The beam 
energy of 100 kV was chosen primarily to reduce heating in the target, but 
also to keep the kinematic spread in the neutron beam to as low a value as 

•Work performed under the auspices of the U.S. Department of Energy by 
Lawrence Liveraore National Laboratory under contract #W-7'l05-Eng-,)8. 



practical By shorting out several of the ground end tube sections of the 500 
kV acceleration tube, we can maintain the eraittance of the beam and transport 
it to the target with only minimal loss. Target lifetime, due primarily to 
beam heating; is the mo3t difficult problem to overcome with this type of 
neutron source. 

Above 100°C the tritium mobility in the titanium tritide layer becomes 
large enough so that tritium is rapidly evolved from the target. To dissipate 
the possible 10 kW of beam energy, while keeping the temperature below 
100°C, requires that the target be rotated as well as water cooled on the 
back surface of the 1 mm thick Cu backing. Booth [2] developed a bearing and 
compressed 0-ring seal which allows rotation at 1100 rpm and maintains vacuum 
integrity over long periods of operation. A water spreader behind a thin 
stainless steel cover keeps the temperature of the TiT2 layer below the 
critical value for tritium migration. Two types of high intensity rotating 
assemblies are used, one has a spherical surface with a diameter of 22 em and 
a radius of curvature of 23 cm, while the other has a conical shape to provide 
neutron beams at 90° to the primary deuteron beam direction with minimum 
neutron attenuation in the backing and water cooling aaterial. Target 
lifetimes of 160 h can be expected at an average source strength of 2.5 X 
10 1 2 neutron/sec. However, since RTNS-II with a source strength of about a 
factor of 10 larger came on line at Livermore [3)i we now rarely operate this 
older facility in a production mode to target failure. 

This source has been used for neutron transport a:»d t'ission measurements, 
biological and medical applications, materials damage studies and for 
investigations of 14-MeV neutron-induced charged-particle producing 
reactions. The (n, charged particle) work represents an interesting 
application and technique problem. Hydrogen and helium generation in 
structural materials used in a fission reactor will ultimately result in 
failure of the reactor. Yet because of the difficulty in detecting charged 
particles in the presence of a large flux of 14-MeV neutrons, few (n,p) and 
(n,a) cross sections have been measured at this energy. Haight and his 
co-workers [•*] developed a charged particle quadrupole triplet spectrometer 
which allowed them to measure helium production cross sections to an energy 
below 1 MeV for the outgoing helium nucleus. Using the high intensity neutron 
source and thin targets, to allow low energy hydrogen and helium measurements, 
together with the good signal-to-background ratio obtainable with the 
quadrupole spectrometer, they found surprisingly large cross sections at low 
energies for several materials. 

3. The Cyclograaff 

The cyclograaff facility shown in Fig. 2 is based on a combination 
consisting of a 15-MeV negative ion moJel CNI-15 cyclotron manufactured by the 
Cyclotron Corporation and a High Voltage Engineering model EN tandem. The 
pulsed beam capability of the facility has been described by Davis [5]. The 
cyalograaff was installed about ten years ago to replace an existing 90 inch 
classical variable frequency, variable energy cyclotron. The existing 
below-grade cyclotron vault and experimental oave were left intact to 
facilitate a rapid change-over to the netc accelerators when they became 
operational and to maintain the large neutron experimental installation with 
sixteen fixed detectors located 10.8 m from the target. Thi3 accounts for the 
energy analysis in a vertical plane which ha3 not presented any operational 

•2-



difficulties other than the rather extended beam transport to the experimental 
areas. 

One of the unique features of the cyelograaff facility is a multi-
detector 10.6 m neutron time-of-flight array [5]. This array has been 
extensively used for (p rn) studies and is presently being devsloped for (n,n') 
investigations. To provide the increased angular definition required for the 
(n,n') studies, several detectors will be added and a "mini-swinger" installed 
to permit changing the incident beam direction by ±2.5°. 

The CNI-15 is a three sector, 60 cm Isochronous cyclotron with a resonant 
dee and stem structure operating on the first harmonic of 25 MHz for 15-MeV 
protons and 12.5 MHz for 7.5-MeV deuterons. It uses an external source with a 
heated filament and radial extraction to produce negative hydrogen ions which 
are then axially injected into the cyclotron through the upper magnet yoke. 
Internal beams of up to 50 pA nay be accelerated, but cannot be cleanly 
extracted in a single turn because of the large energy spread associated with 
the large RF phase acceptance of these beams. An internal slit and post 
arrangement near the center of the cyclotron are used to restrict the phase 
acceptance of the machine for most experiments. The extracted beam is then 
momemtum-analyzed to natch the acceptance of the tandem. At the full duty 
cycle of the cyclotron, beams of 5 \ik with an energy spread less than 30 keV 
and a time spread of about 1.5 ns are produced. For neutron time-of-flight, 
an external RF sweeper is used to select frequencies of 1/5, 1/7, 1/10 or 1/20 
of the fundamental cyclotron frequency with a corresponding loss of 
intensity. The cyclotron's performance could be improved by the installation 
of a brighter source and an improved axial injector match to the fitst 
accelerated orbit. We are not presently pursuing such an upgrade. 

The tandem is the original Florida State High Voltage Engineering 
Corporation EN tandem accelerator, which was reconditioned by HVEC before 
delivery to Livermore. It has proven a remarKably reliable machine: the first 
belt lasted over 1600 hours; in ten years of operation only the low-energy 
tube has required replacement (twice); and the accelerator survived two 
significant earthquakes, one while operating. For tandem-alone operation we 
have a lithium charge-exchange source and a 50-kV direct extraction source. A 
low energy chopper and buncher are available for pulsed operatic. The 
magnetic quadrupole triplet at the low energy entrance to the tandem, required 
for cyclograaff operation, presents a large undesirable drift space for 
bunched tandem operation. We are able to bunch 50-kV protons frcm the source 
to sub-nanosecond width3 at a period of 500 ns and 10J of the source DC beam, 
but do considerably worse with 50-kV deuterons. We are upgrading this source 
to 100 kV this fall to improve the pulsed deuteron performance. We also plan 
to add a sputter source for heavy ion production in the next year. This will 
be used for atomic physics ion-atom collision studies, as well as for the 
production of secondary raJioactive beams, such a3 ^ C and 1 3N, using a 
quadrupole filter to select the zero degree reaction products recoiling from 
hydrogenous targets bombarded by 1 1 E and 1 2 C . 

4. 100-MeV Electron Linac 

The 100-MeV electron linac facility shown in Fig, 3 utilizes a 5-section 
S-band accelerator manufactured by Applied Radiation Company and has been 
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described by Fultz [6], The aooelerator has five 8 ft. long sections of 
S-band disk loaded wave-guides driven at a frequency of 2856 MHz from SLAC 
type klystrons. The electron gun has a triode structure with the pulse length 
determined by the grid pulse of the gun. A single cavity prebuncher and 
linear tapered phase velocity buncher are used to match the gun to the first 
wave-guide section. In the short pulse mode (1 to 100 ns), pulses of up to 
10 A peak current may be acolerated to 100 MeV with an average power of 7.5 kW 
and a pulse repetition rate up to 1140 Hz. In the long pul3e mode, over U0 kW 
may be delivered a', 75 MeV with a maximum duty cycle of 0.1 J. A positron 
converter has been used after the third waveguide and, more recently, after 
the fifth waveguide acceleration section, to produce positrons with an energy 
up to 50 MeV, Average positron currents of 10 nA have been produced. 

The linac has been used primarily as a white neutron source with two 
neutron production areas, one below ground at zero degrees used primarily for 
long pulse maximum power operation and one above ground for short pulse 
tioe-of-flight experiments. The longest evacuated above-ground flight tube is 
250 m in length. Neutron capture, fission, and total cross section 
measurements have been carried out on many materials for incident neutron 
energies ranging from below 1 eV to over 50 MeV. A bremsstrahlung target is 
also located in the below-ground zero-degreo cave. This has been used 
primarily for rr/.tto-isotope production. Experiments of this type are 
presently being conducted using radioactive ^H to study nitrogen uptake and 
retention in various body tissues of navy divers (7]. Two experimental areas 
are used primarily for low activation experiments. These have been 
extensively used for photonuclear experiments and recently for positron and 
electron channeling experiments, as well as for slow positron production. 

The slow positron production experiments represent an interesting 
application of the use of MeV accelerators. The linac is a potentially useful 
tool for material science studies [8]. A 100-MeV electron beam is used to 
produce low energy (<100 eV) positrons in a tantalum/tungsten 
converter/moderater system. These positrons are then transported by means of 
a solenoid magnet to a low-background experimental area where they are used to 
study positron annihilation in materials. By post-acceleration or 
deceleration, depth profiles of damage and impurities in materials are 
investigated. A most dramatic improvement in the intensity of 
accelerator-produced positron beams over the conventional positron beans froa 
radioactive sources has been achieved by Howell and Alvarez [8]; preliminary 
experiments yielded 6 x 10^ 3low positrons in a 20 ns burst at 1440 Hz. 
This i$ to be compared with radioactive sources yielding ^ 10*> positrons/sec 
with no easy way to bunch them. Thus, in intensity alone, the linao-produced 
slow positron beam represents a 1000-fold increase in data rates; it also 
opens an as yet unexplored possibility of time correlations between positron 
annihilation and other physical phenomena. 
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Captions 

Schematic view of the Rotating Target Neutron Source. The target 13 
located on a low mass floor to reduce scattered neutron background. 
Schematic view of the Cyclograaff Facility. A fifth bean line to a 
quadrupole spectrometer is not shown. 
Bei/ow ground view of the Linac Facility, The control room, offices 
an*i shops are in an area around the access elevator. 
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