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I. Introduction

At the end of FY 1978, the HIF community had reached a consensus on the
status of adapting HEP accelerator tecknology to drivers for ICF. This con-
sensus was expressed in the overview section of the 1978 HIF Workshop at ANL.

The four conceptual accelerator designs presented to the workshop partic-
ipants were:a 10 MJ, 200 TW linac-accumulator system with U*2 (BNL); a 1 MJ,
160 TW linac-accumulator system with Hg*® (ANL); a 1 MJ, 160 TW synchrotron-
accumulator system with Xe*® (ANL); and a 1 MJ, 160 TW induction linac system
with Ut (LBL). ~

Specific comments were made on each of the conceptual designs and are

contained in the report of the Reference Design Committee. General conclusions
were as follows:

1. High confidence was expressed in the feasibility of the linac-
accumulator system.

2. Considerably lower confidence was accorded to synchrotron-accumulator
systems. This rating is based on the seemingly more complex beam
manipulations required, the greater technical difficulty (i.e., the
vacuum system), and the possibility of unfavorable charge changing
cross-sections. The cost advantage of synchrotron acceleration over
linear acceleration for this application has also proven to be less
than originally anticipated.

3. Induction linacs are attractive because of the simplicity of the
required beam manipulations. The acceleration of ions, however, has
yet to be demonstrated; and more R&D is required to prove their
practicality for this application.

The immediate task for the community at that time was to prepare a coherent,

affordable technology development program for the next few years, preparatory to
a later HIDE.

ANL's response was the proposal of our Phase I, a 10 kJ Accelerator
Demonstration Facility, which was powerful enough for initial physics experi-
ments, as pictured in Figure I.1. The concept was presented to D.0.E./ASDP in
December 1978, and to D.0.E./OLF in January 1979. A conceptual design report
was prepared in May 1979 and presented (at a review of ANL's program on May 14)
to D.0.E./OIF. Excerpts from that report are reproduced here in Section IV.

A second Tess detailed program step, to a (HIDE) facility of > 100 kJ for
significant-burn target experiments, was also proposed and labeled Phase II,
as shown in Figure I.2.

_ The 1979 Foster panel review of ICF recommended a vigorous program in HIF,
beginning with smaller scale ($25 M) accelerator demonstration facilities at
ANL and LBL. To meet that criterion, we developed our "Phase Zero" plan, also

%ﬁscribed in the Phase [ design report excerpt; it was called "minimal RFL R&D"
ere.

Considerable effort took place in FY 1979 to involve industrial firms in
the early HIF Program steps such as Phase I.
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II. Conceptual Design and Program Planning

On October 2, 1979, ANL held an open briefing for industries concerning
our planned HIF program, inviting their participation. A dozen firms responded,
and several of these followed up with specific initiatives for future collabora-
tive effort, including Hughes Aircraft, McDonneii-Douglas, Maxwell Laboratories,
Rocketdyne, Westinghouse, KMS Fusion, and Burns and Roe.

On October 16, ANL representatives visited D.0.E.'s Office of Laser Fusion
to describe informally our new initiatives toward a heavy-ion demonstration
facility smaller than HIDE but capable of some significant target interaction
experiments. We received warm encouragement to continue the design of this
facility.

During November the preliminary specifications were developed for Phase I,
and in December a short briefing was given to D.0.E./ASDP on our proposed program
initiative. In January a more detailed presentation was given to D.0.E./OLF.

Our conceptual design work during FY 1979 shifted emphasis in response to
the abandonment by D.0.E. of the HIDE plan. The cleavest feature of the new
guidelines was that the goal should involve a machine costing in the $50 M
range, in contrast to the $100 M range previously discussed for HIDE. With
less investment, the strength of the beam that could be produced was expected
to be much Tower. A large drop in beam strength would be the reverse effect of
the attractive scaling of HIF driver capability with increasing investment.
Also contributing to the 1ikelihood of a sharp loss of beam capability were the
"fixed" costs, including the components of the low energy end of the accelerator
and buildings. As a result, the idea grew that the program would now emphasize
demonstrations of accelerator technology and de-emphasize experiments with
intense beams.

An issue that compounded this problem was the sentiment against synchrotrons
expressed at the ANL workshop in September 1978. This was especially important
for lower-cost projects because the cost-effectiveness of synchrotrons for
achieving high ion energies would be most relevant where even this kinetic energy
would be limited by the scale of the project. The combined effect of the reduced
attractiveness of synchrotrons for reactor drivers and the trend toward making
the primary program goal the demonstration of that accelerator technology that
would be relevant for the development of ICF beyond scientific feasibility,
which was to be demonstrated by NOVA, was the premature but often-stated opinion
that synchrotrons were no longer interesting.

The three main issues we faced in our planning were, then, 1) the decrease
in the cost ceiling, 2) sentiment that synchrotrons wzre irrelevant, and 3)
a trend to restrict the next half-decade of HIF to accelerator demonstrations.
Responding to the new prospects, our plan had two components. The main objec-
tive was demonstration of the accelerator technology for rf linac/storage ring
systems. This would entail completing the front-end (source, pre-accelerator,
and low velocity linac) and constructing additional linac, an injection-ring,
a storage ring, compression system, a transport 1ine, and a final focusing
system. Although the maximum beam possible with a system that could be built
under the new funding guidelines was clearly far too weak to consider breakeven
(which has been conceivable for a 100 kJ HIDE), it did appear possibie to produce
kilojoule beams. Thus, the second objective of the new plan was to achieve
enough intensity of beam on target to make possible experimental investigation
of the interaction of intense heavy ion beams with dense matter at temperatures
around 100 eV. In addition, the intense beams would also allow experimental
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The Phase I design study incorporated the ongoing investigations of
important issues. The most overlap was in the low velocity linac, which was
continuing to be the focus of our experimental program. Other theoretical
‘work that dovetailed with the Phase I study included injection schemes, trans-
port, and final focusing systems corrected for geometric and chromatic aberra-
tions. In addition, looking forward to fabrication, industrial concerns were
involved in studies of some components. McDonnel Douglas Astronautics developed
a plan for the procurement of a 10~'! Torr vacuum system, which developed into
a preliminary engineering and costing study late in the year as the program was
modified to the Phase Zero plan. Maxwell Laboratories studied an induction
buncher concept using a simple, low cost circuit, and later considered the
design of bumper magnets for the Phase Zero storage ring. It was proposed that
these have a risetime ~ 1 psec to minimize emittance dilution during stacking.
The Hughes Aircraft Company and Research Laboratories made an effort to character-
ize the control problems relative to an HIF accelerator system. This effort,
and others concerning industry, have been motivated by a concern for the limited
expertise in industry concerning accelerator design. The control problem is

both esoteric and crucial to HIF, where rapid achievement of design intensity
will be needed.

In parallel with the Phase I design, but at a much lower level, was the
development of the concept for a multi-hundred kilojoule device that could also
make substantial use of existing ANL facilities. This machine (Phase II) would
use a linac to accelerate to full energy and multiple storage rings. The rings

would still fit in the ZGS tunnel, and about half of the linac would also fit
into existing buildings.

An artist's conception of Phase II is shown in Figure I.2,

Needing to be compact as well as cost-effective, Phase II would use beam
splitting (like Phase I) and also telescoping beams. In telescoping, various
ion species are individually accelerated over a sequence of rf linac pulses and
injected into different storage rings. The condition for telescoping is that
the different bunches have different velocities but a common magnetic stiffness.
This is met by appropriate choices of the mass, charge state, and velocity of
the different species. Thus, after extraction from different storage rings,
the bunches may be sequentially switched into a common beamline, where they
overtake one-another to arrive simultaneously at the target. The advantages of
telescoping include expanded usable volume in six dimensional phase space,
(allowing more emittance dilution), reduced space charge problems during beam
transport (since the peak power in each beam only arises during the final
portion of the transport distance) and additional possibilities for shaping
the beam pulse to achieve higher pellet implosion efficiency. Of most obvious
importance to Phase II, however, is that telescoping allows the number of '
final beams to-be less than the total number of bunches. This meant, for
example, that Phase II could use six storage rings and 4 x 4 splitting. By
using three charge states (e.g., Hg+> at 3.9 GeV, Hg*® at 6 GeV and Hg*? at 7.6 GeV),
the total number of final beams would be 32 (two 4 x 4 clusters) instead of 96.
In addition, Phase II would utilize the concept of integrated quadrupole clusters
to minimize the overall area occupied by the beams and to minimize costs. Rough
cost estimates {using the data in the 1977 BNL workshop report) indicated that
the additional construction costs (using Phase I apparatus as well as previously
existing facilities) could be less than $200 M, without EDIA, etc.

] The Phase I plan was displaced in May by another halving of the budget
guidelines for the near-term program. In the new plan, called Phase Zero,
demonstration of accelerator technology for rf linac/storage ring systems would
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investigation of the propagation of relevant beams through various, potential
HIF reactor atmospheres. The apparatus that would be built would, therefore,
use jon parameters and design concepts that would maximize the targetable beam
intensity. This plan was called Phase I.

In visits to LLL and LASL during the middle of fiscal 1979, we discussed
the experimental potential of Phase I, and possibilities for a collaborative
target experimental program.

An important consideration in the Phase I design was to make maximum use
of the facilities that would become available when the ZGS was shut down. 1In
particular, the storage and injection rings would use the ring tunnel and the
linac and final beam lines could be housed in other existing buildings. The
cost savings would tend to decrease the "fixed costs" and maximize the applica-
tion of the anticipated funding to the apparatus. The building available for
the linac was long enough for 20C MV, and Xe*® at 1.6 GeV could be comfortably
contained in the ZGS ring tunnel (Bp = 8.2 T-m, R = 25 m). Because the higher
charge state involved higher kinetic energy, the space charge limited energy
storage in the ring was unchanged. Achieving a short pulse on the target was-
aided, however, because the higher velocity at injection into the ring resulted
in fewer linac bunches in the ring circumference, hence less longitudinal
emittance in the accumulated beam and less momentum spread when the beam was
compressed to a few nanoseconds. This is additional to the lessened compression
required with the shorter ion revolution period of the faster Xe*® ions.

Beam splitting was incorporated to increase the space charge limit in the
storage ring. The emittance of the stored beam would be twice the value that
could be focused on the planned 1 mm radius spot, about 5 cm-mrad. To target
this beam, it would be split in half in the horizontal phase plane and each of
those beams would be split in half in the vertical plane. Each of the four
beams would be focussed on a common 1 mm spot. This made it possible to store
about 1 kJ, which could be put on target in about 10 nsec. Calculations of the

deposition of this beam in foils indicated that a temperature of 35 eV could be
reached.

An important increase in total targeted energy and power would be achieved
if the storage ring were, instead, a synchrotron which could be incorporated
with modest additional cost because a power supply to ramp the magnets would
become available after the ZGS shutdown. The beam energy would be increased
by boosting the kinetic energy of the ions and also by increasing the allowable
emittance at injection, and, thus the space charge limit. The kinetic energy
would be raised a factor of four, requiring a factor of two increase in the
magnetic field strength. The resulting ion magnetic rigidity (16 T-m) would
still be easily accommodated in the ring. The emittance damping produced by
acceleration allows the injected emittance to be doubled, with no increase in
the targeted emittance. Quadrupling the output energy (to 6.4 GeV) and doubling
in initial emittance (to 20 cm—mrad?, raised the total beam energy to 8 kJ. For
the single synchrotron pulse, momentum spread in a 10 nsec pulse was much less
of a problem than it had been in the design study of the rapid cycling synchro-
tron system (Hearthfire Reference Design #3), and the larger total energy pro-

duced by the synchrotron would raise the temperature achievable in a 1 mm radius
spot on a foil to 100 eV.

An artist's conception of the Phase I concept is shown in Figure I.1. A

conceptual design report was written for Phase I; excerpts are reproduced 1n
Section IV of this progress report.
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be stressed. The largest item of cost savings would be by reducing the length

of the linac. This and the neglect of synchrotrons accompanying the nearly-
exclusive interest in the concept of an accelerator demonstration facility (ADF)
for rf linac systems eliminated further consideration of achieving intense beams.
The bright side of the shift to Phase Zero, as advocated by the 1979 Foster

panel recommendations, was that the program would now move forward with minimal
delay, starting with a five-fold increase in budget in FY 1980. The plan could
foresee completion of the apparatus in three years, with significant demonstra-
tions en route. In addition, indications of smooth-sailing in the demonstrations

could lead to an early upgrade of the system back to Phase I with minimal time
lost.

The Phase Zero machine would accomplish the following:

Full scale front end

rf capture and acceleration
space charge limits
efficiency
emittance growth
stripping
beam combination
frequency transitions
debunching

Accumulation
injection
beam loss, vacuum effects
jon lifetime
extraction
transfer

Transport, Focusing (relatively low current), Compression

The Alvarez section of the Phase I linac weuld not be built and only one
front end would be used. Beam combination would, therefore, be simulated by
appropriate deflections during the transition from the 12.5 MHz to the 25 MHz
structures. Other demonstrations of the linac would be unchanged, although
debunching would be by a smaller factor.

- The pace of the program was increased to take advantage of the imminent
start. Following encouragement that linac structures could be plated at the
G.S.I. in Darmstadt (West Germany) if necessary, the decision was made to base
linac construction on electroplated steel and the effort to find a U.S. plater
was stepped up. The specification for the Wideroe's rf amplifier system was
revised and bids were requested. Our funding was increased in August by $250 K
B/A to accelerate procurement of the rf, which was expected to require the
longest lead time. Emphasizing the procurement efficiency, the Hughes Aircraft
Company (Laser Systems Division) carried out a preliminary study of the engineer-
ing, costing, and procurement of the linac drift tubes using electroplating, a

simplified ‘plan for cooling the quadrupole magnets, and our simplified scheme
for mounting and alignment.

A strong move toward speeding up the program was acquisition of the bend-
ing magnets of the former Princeton-Pennsylvania Accelerator, to serve as the
bending magnets for the first (injection) ring of the Phaze Zero plan. These
were brought to ANL in late June using $100 K of additional OIF money supplied
for the purpose. Figure I1,1 shows these magnets in storage at ANL. They will
be installed in the ZGS ring building, shown in Figure II.2. Design of this riug
started from an aborted earlier plan of the High Energy Physics program to use
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these magnets for accelerator R&D with polarized protons. Changes from the
former plan included maximizing the acceptance of the ring, going to doublet
focusing, and pushing the base pressure down from 10~!° Torr to 10"! Torr or
better. The quad requirements became large in numbers (40), but it was dis-
ccvered that more than this number of one kind of beam line quadrupole: (10 inch
bore, 36 inch length) would become available from ZGS surplus. A request for
these mzgnets was submitted, and was ultimately granted. The large overall
transverse size of the quads posed a difficulty in injecting and extracting
the beam, and they used up more length than necessary; but on balance their
use was felt an advisable, cost-saving step. A study of the bump magnets for
injection (involving Maxwell Laboratories) considered the space and bending
requirements. Planning for procurement of the 10-!! Torr vacuum chamber in-
volved McDonnel Douglas Astronautics, who completed a thorough preliminary
engineering study, with component itemization, procurement planning anc costing,
by the end of FY 1979. The results of that study has provided encouraging

insight into the potential for efficient contribution to our program from
industrial sources.

As this progress was being made, however, the program was hit by major
funding and management changes. By the end of the fisral year, it was clear -
that the FY 1980 funding would be much lower than OIF had been planning; and
the program would further be held in zbeyance as technical direction of the
program was being transferred to the Los Alamos Scientific Laboratory. Since
that lab had not been significantly invelved up to that time in HIF, it would
take some time for LASL to r&view the program and formulate a plan. '
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I1I. Experimental Program

Introduction

Most of the experimental activity in FY 1979 wa .ommitted to completion
and performance of the preaccelerator and design and construction of the
independently-phased low beta rf linac cavities. The design yoal is to
operate the preaccelerator near 1.5 MV with Xet! currents near 40 mA. The
independently-phased cavities (IPC's) will capture and acceierate 25 mA up to
3.1 MeV for injection intc the first Widerde 1inac tank. The output energy
of the first 12.5 MHz tank will be 8.8 MeV.

The heavy ion source, its power supplies, and controls were installed in
the high voltage terminal and the high gradient accelerating column was meunted
on the redefined cutput end of the Dynamitron. During the initial performance
tests, the beam was transported to a biased Faraday Cup near the linac buncher.

The accelerating column voltage conditioned easily to 1.0 MV and with
difficuity to 1.4 MV. In doing this, moderate damage occurred along the irner
surfaces of the outer sheil. Cleaning and modifications to the cclumn were
accomplished during the last two months of FY 1979, which should improve the
voltage standoff capability of the column and reduce damage from the spark-
downs which occur during conditioning.

The source performance was excellent and closely matched the test results
from Hughes Resaarch Laboratories (HRL). Beam currents up to 50 mA of Xet!
were accelerated to 1.3 MeV with the majority of the testing at 1.0 MeV.

The construction of the two independently-phased linac cavities was
completed and both were installed. They were tested successfully to rf power
levels in excess of their design goals. The next two IPC's were designed and
construction was terminated at approximately 50 percent completion because of
lack of funds until FY 1980. The design of the first Widerbe linac tank is
nearing completion.

Preaccelerator

High VYoltage Power Supply

The modified Radiation Dynamics Incorporated 4 MeV Dynamitron has been a
reliable power supply and well suited to our application. With the present
oscillator it is capable of 30 mA of dc current at 1.5 MV, and experiences
a 0.25 percent drop over 100 microseconds with a 42 mA current. After a few
weak.d1oqes were eliminated, the power supply has been remarkably reliable
considering the adverse sparking conditions involved in conditioning high-
gradient accelerating columns.

A program of upgrading the controls is continuing which will allow full
feed-back operation and extensive monitoring by our local computer.

A gas handling system for the insulating gas was assembled using a surplus
high capacity compressor and a used 15,000 cu. ft. pressure vessel. This
allows the preaccelerator to be opened within 2 hours of shutdown without any
loss ‘of the SFg gas. To evacuate the preaccelerator and refill with gas to

70 psig requires another 2 hours. The turnaround time using liquefiers was
previously over 8 hours.
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Until our program demonstrates that higher currents are needed, the plans

for adding energy storage to the oscillator or buying a larger oscillator have
been deferred.

Heavy Ion Source

The development of the low-emittance heavy ion source was contracted to
Hughes Research Laboratories. It utilizes a low-voltage Penning discharge
coupled with a single-aperture Pierce extraction electrode configuration.
Early in FY 1979 two 100 mA sources had been tested and delivered to ANL.

One was assembled with a piezoelectric gas valve for room temperature gases;
the other has a porous-Tungsten vaporizer and a solenoid-actuated piston to
pulse neutral mercury vapor. Mercury or other vaporized elements may be more
suitable heavy ions in later phases of our program.

The source performance with xenon has been excellent with the perveance
matching the HRL projections. Multiple exposures of 40 mA Xet! at 1.0 MeV into
the biased Faraday Cup are shown in Fig. ITII.1. The gas valve is pulsed for approx-
imately 1 msec. After 50 msec the gas has uniformly filled the source to
approximately 20 mTorr at which time the anode is pulsed. In order to turn
on the source quickly, the anode pulsa has two components; a brief 150 volt
spike for ignitior, followed by a 50 volt pedestal which controls the pulse
duration. The source turns on in 10 microseconds and off in 50 microseconds.

It was anticipated that the slow turnoff of the source could cause arc
downs in the column so a split anode was built which could be biased trans-
versely to sweep the rlasm2 quickly. No operaticnal problems have been

experienced because of the turnoff period, so the split anode has not yet been
used.

The only difficulty experienced with the source has been with the operation
of the piezoelectric gas valve. The response of the crystal is very temper-
ature dependent. It is necessary to seiect crystals and carefully test and
adjust the mounting tension to get uniform operation over the 20 degree tem-
perature variatica experienced within the preaccelerator. Once a valve is
properly adjusted, it is relichle for many months.

When udequate funding and manpower are available, a test stand for the
mercury source will be assembled and its performance evaluated. The stand
will also be used to evaluate the design problems associated with using
mercury in an accelerating column.

Accelerating Column

The development of the high-gradient accelerating column was the dominant
activity of the preaccelerator group this year. 1In bringing the column into
operation much has been learned abcut design and component contraints for high-
gradient columns above 1 MV.

The column as initially voltuge conditioned to 1.0 MV without great
difficulty. At that point it was clear that the voltage dividing resistors
would not be adequate because of an excessively large voltage coefficient.
These were ceramic resistors with resistances near 5 megohms. New carbon
black formulations forced on manufacturers by OSHA the previous year had
rendered these resistors unacceptable for high voltage applications. Rather
than install a water resistor with its usual unreliability, stacks of two watt
resistors in groups of 50 each were constructed into modules which exactly
replaced the ceramic resistors physically. These exhibit only a 10 percent
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FIGURE IIT.1. ANL Preaccelerator Beam Pulse
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drop in resistance over 1 MV and have been essentially trouble-free. The
current drain of the divider is kept high at 6 mA to prevent substantial
voltage redistribution within the column during the beam pulse because of the
different currents experienced by the internal electrodes.

With difficulty the column did voltage condition to 1.4 MV. Beams of 50
mA of Xet! were extracted at 1.3 MV successfully. To keep the spark rate low,
it is customary to voltage condition 100 kV above the operating voltage.

After no progress could be made above 1.4 MV, the column was opened for
inspection. The interlaced rings on the inside of the outer shell were badly
pitted and piated from electrical arcs. It was clear that their gap spacing
was not adequate. The ceramic rings in the sections near the terminal were
badly chipped by the ::vervoltage transients. The column was dismantled,
ceramics cleaned by aiuminum oxide blasting, half of the titanium rings polished,
and the others replaced with simpler rings to open up the gaps. A ithird internal
alectrode was installed to reduce the magnitude of the transients. The column
is now being conditioned to 1.1 MV with less difficulty than before, even though
three ceramics have been short-circuited as a precaution because of full-width
cracks.

The present configuration of the column is shown in Fig. I11.2. The source
is re-entrant on the right and the focusing magnets re-entrant within the
ground electrode on the left. The new electrode is closest to ground and
merely halves the total voltage of the final gap. not only is the magnitude
of a spark across that gap halved, but its transient is distributed over twice
as many ceramics. The new simpler rings on the outer shell are also shown
alternating with the original rings.

The base vacuum in the column is maintained by cyropumps at approximateiy
1 x 10~® Torr. During operation at 1 Hz, the vacuum rises to 2 x 10-% Torr
because of the source gas. In many applications intentionally spoiling the
vacuum improves the voltage standoff; the experience with this column has been
that the standoff improves with vacuum. This may be related to the background
gas involved here being xenon. Figure II1.4 shows the preaccelerator.

Low-Beta Linac

The layout of the first sections of the rf linac is shown in Fig. III.3.
The front end has great flexibility through the use of independently-phased
cavities with only a few drift tubes per cavity. These can accommodate at
least 250 keV variation of the injection energy from the preaccelerator and
still satisfy the 3.1 MeV needed at the first Wideroe tank. The necessity of
IPC 5 will depend on the performance of the preceeding cavities.

Independently-Phased Cavities

The first two cavities, IPC-1 and IPC-1”, were completed this year and
have been installed and rf tested. Both have been tuned to 12.5 MHz and
excited with more than 25 kW with no breakdown or multipactoring problems.

The lumped-inductance cavity, IPC-1-, is now installed in the buncher location
3.5 meters upstream of IPC-1 for beam testing.

The design of the two drum-Joaded four-gap cavities, IPC-2 and IPC-3, was
completed and their fabrication is approximately half complete. Because of
lack of funds their fabrication was halted until FY 1980 - a delay of at least
four months.
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FIGURE III.4. ANL Heavy-lon Preaccelerator
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WiderBe Cavities

Much of the linac design effort this year was devoted to detailing the
first WiderSe cavity which will accelerate 25 nA of Xet! from 3.1 to 8.8 MeV.
A two-stub structure with 27 a2ps in a /37w configuration was chosen as most
suitable. The long drift tubes will contain pulsed quadrupole magnets. To
reduce constructian costs, most of the cavity will be of mild steel and electro-

plated with copper. Experimental plating tests and vendor acceptance tests are
in progress.

The Tirst three WiderSe cavities will each require a 450 kW, 12.5 MHz

amplifier. Bids for these have been received; however, their purchase will
await increased funding in FY 1980.

80 keV Xe'! Test Beam

Before dismantling the test beam line for upgrading to a high vacuum
transport, a series of measurements were made under clean transpert conditions
of thz time rsquired to establish neutralization by residual gas ionizaticn.
This wes done by pulsing clearing electrodes within the beam pipe and measuring
the final focus as a function of time. This is indirectly a measurement of the
jonization cross-section. The results as a function of energy and gas composi-
tion are shown in Table 1. The cross-sections are consistent with expectations
and the neutralization times are therefore long compared to the pulse lengths
which will be needed in HIF reactors. This means that if neutralization is to
be used, external sources of electrons will be required.

Table I
Energies Gas Pressure Gas Composition Neutralization Tonization
KeV x 1078 Torr PX /PN Time (p sec) Cross Sec.
& N : x 107 1écm?
43 2.5 .93 700 + 100 4.1+ .72
54 2.5 .93 480 + 50 5.2 + .80
65 2.8 1.1 380 + 50 6.7 £ 1.3
75 2.9 1.2 280 + 50 6.9 + 1.4
86 3.2 1.5 230 + 30 7.8 +1.2
97 3.2 1.5 230 + 30 7.2 1.2
107 3.4 1.6 180 + 30 8.4+ 1.6

The test- beam was being modified in FY 1979 to a transport line with a
vacuum of 10-® Torr, and a second intersecting 1ine was being installed in
preparation for Xet! - Xet! charge-exchange cross-section measurements. The
second beam line will use a collimated duoplasmatron source set up by an ANL
- University of Chicago collaboration. This was planned to be ready for
operation by mid-FY 1980.
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IV. Excerpts from Phase I Conceptual Design Report, May 1979

PHASE [ CONCEPTUAL DESIGN REPQRT
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SWHARY OF THE REPORT

Cormercial power ﬁm insrcial confinemenc fusion requires
davelopment of a high power driver with good energy depssitionm,
focussable beams, high afficiency, high repetition rate, and ac-
ceptable cost, Heavy ion convencional accelerator cechnology
promises to fulfill chese raguiremencs. An accelaratos Enculf:y
(Fhase 1) basad on a conventional rf linear accelerater which will
deconatrata convineing levels of high beam power, fogqussing, and
energy deposicion (ac tha 1-10 kJ level) in targets s described in
this reporc. This facility will supply the nacessary ctechmnology base
for a mulci-megajoula rf linac HIF drivar. An addition to che facil-
ity, denoted by Phase LT, is possible and could provide ac least 200
kJ of beam snergy, co demonscrata substancial fusion gain wich heavy
Lon beam bombardment of pallets at the earliasc posuible cime.

Two options for power lavals (and cost) are discussed for
Phase I. The higher level, designacad by "Phase I upgrade,” con~
tatos two 40 mA Xa'l fom , LS MY p lezacors, 12.5 Mz
low valocicy rf linacs to 15 4V, and two strippers to produca XI+B:
thase are combined in one 25 MHz Widaroe linac, leading into onae
100 HHz Alvarez linac, yielding a beam of 1.6 GeV xe's. Using an
incermediace scacking ring, this beam is accumulated to a currant
of 2.2 A in two storage rings. afcer filling is coamplece, the
circularing beams may be furcher acceleratad in che rings te 6.4
GeV. Longitudinal bunching by a factor of five is parformed; the
bunches zre then excracred and passed ‘r=n beam lines through a
linear induction buncher. The pulse is further compressad chareby
a factor of 40 when it reachas the tazget and of the beam transporc
line.

Beam splicting (2 x 2 in each of two beam lines) and aberra-
tion correction alements in the final saegments of the beam linas
would allow focussing 1-10 kJ of fon beam energy in 2-10 nsec
pulses on a target 1 mm in radius, with eight beams. Energy
deposition physics for ions inm a carget plasma of order 100 eV
temperacure could be verified by foil target experimants.

The lowar capacity option, demoted by "basic Phase I,”
would injectc 0.9 GeV :(a'”’ (also using a stacking ring) into cne

storage ring, accumulating l A of circulacing current. Accalera-

tion in the ring to 6.4 GeV remains an option; this could produce

a single beam of 2 kJ energy. Target deposition experiments would
not ba significant with this opcion.

Baam plasma intaraction expsriments can be carried out with
the Phasa I facility (either option) to explora fllamentation, two
stream, and hose inatabilicies which might be encountacved while
propagating ion beams im a reactor vessel environmant.

Expanding the facilicty for 200-500 kJ experimenta (Phase II)
can be accomplished using a linac four cimes longer, 4-8 oore
storage rings, sophisticared beam handling techniques involving
ssveral charge scaces (cvalascoping), and an addicional experimental
ares with suitable beam lines.

If coustruction of Phase I bagins {n Getober 1980, 1 kJ beaun
experimants can be carried out in 1983. Tha program could also
be pacad to provide early dsta on rf linac performance for a
design decision on a larger (> 1 M) drivav by 1982, if desired.
Phase II conatruccion could be completed by 1985.

Construction costs of the basic Phase I cption could be held
to $50 ¥ (including EDIA, eacslation, and contingency) by using
existing buildings and other facilities at ANL which will be
available when the 2GS is closed down in Qctober 1979. (ANL haa
submitted to DOE & Schedule 44 for sush a facility.) Additional
costs £or the Phass I upgrada would e $10-20 M. Phase II costs
would be of ordar $159 M additional.

This concaprusl design report primarily discussed the full
(Phass I upgrade) program with the basic option treated where
sppropriata. The functions of the facility for drivaer R&D, as
well as al for beam prop ion and targac
experimanca, and a manggement plan for construction, are given
in detail.

An artisc's coucapcion of the Phase I facility is showm in
Fig. 2.
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Figure 2

INTRODUCT ION

A. Fusion Power cthrough HIF

The ding 1al of th Llear fusion for supp ;ing
a major fraction of the world's future energy needs is well knawm.
Although much progress has bean made on divarse aspacts of the
contzolled fuaion problsm, a sacisfacu-ry dusign doss not yer exisc
for & practical fusion reactor. The msjor difficulcies opposing
raalizacion of such a design ara fund 1iy 412 for che
owo main approsches to controlled fusiom.

For magnetic confinement, exparinencs on fuel hesating mmd con-
finemant now allow pradictions that che conditions needed for a
positive energy balancs can be reached with the nexc generation of
experiments; rut, as noted in che DOE "Policy for Fusian Energy"
(DOE/ER-0018, jzpcember 1378, p. 18), tokamaks, on which thess
expariments & 3 basad, “app to p dtsad as s."
The underlying problems. dus to thair coincident number, suggest that
the fusion program not only try to ovarcoms them by improving tokamak
design but alsc “vigorously sesk nav schamés which, by their concep-
tual oature, svoid the problems alcogether.’ (DOE/ER-0018, p. 19)

For insrctial confinemsnt, the sicuation is reversed. Inertial
confinamant reactors are expected co be practical bacsuss, as noced
in the "Fimal Reporc of the AD Hoc Experts Group on Fusion" (DOE/ER-
0008, Jume 1978, p. 7), "the physical separation of the complicated
and expensive driver hanism from the targec sreu is an acttraccive
feature for reactar deeign,” but en instrument has not bass demon-
straced for quickly driving small quanticies of fusion fusl to the
dangicies and ceemp ded for sub ial fusl veaction.
Moreover, litrle progress has besn made toward che further goal of
d ing the that will drive the fual to the condi-
tions nesded for high energy gain and slsc possass the addicional
chazactaristics nasded to give & power plant en sdequately exothermic

energy cycle, adequate povar output, religbility, and reascnable
cost.

Tha Justificacion for the Phase I Heavy Ion Fusiom Project {is,
therefors, chat the haavy lon driver agproach to inertial fusion

seema to make it poasible co dasign a practical fusion reector

system. This prognoais is dus to the conjunceion of che demon-
strated capabiliciss of high energy accalerator systems, which

allow the prediction thst besms can be generaced with the charac-
taristics needad to produce fusion aenergy by inartial confinement on a
comparcisl acale, and che aforsmantioned, basic reason for sxpecting

the enginesring of the inercrial fusion reactor {rself to be scraighc-
forward,

From the poinc of view of the fundamentals of igniting tharmo-
nuclesr burn in pallecs of fuston fuel, focussing particla beams to
spocs the size of fusioa fual pallats and scorage of magajaules of
basm energy are c¢victical capabilities that are routinely damoastratad
wich ional Jccel =g9; using scandard procedures, designs
have baeu wvorkead out for delivaring the beam energy in tha regquired
short pulsas; and the vacwum required for storing heavy ions for
cines of a second or lass hss baen developed for the circular
aachines usad co hold proton bamms for houxs. The prospect of such
high total energy, high powar, ctightly focussed beams wich che favor-
able deposition properties characteriscic of ions gives high confi-
denca in achisving high anergy multiplication for imploded fusion
pelleacs, This confidence iz a rasult of making the basic physics
highly similar to thst of proven thermonuclear devices.

From the point of viaw of & complete raactor system, the usa
of ional sccel compl the engineerabilicy of the
resctor vesssl itsel® with the feature of focuseing the besms from
a distence by msgnetic lenses that are durable and may ba shielded
from the fusion resction products. The othar necessicies for a
praccical reaccor system are also provided as coavantional accel-
eracors can sfficiently convarc line aleccrical power to igmitor
beam power, as will ba nesded to give the fusion plant a good
overall pewer balance; pulse rapidly, as will be nesded to give
the plant an adequate power outpuc; and oparace reliably, as is
needed of all powsr plant subsysctems.

The p ial for ulcl and che maturity of che
technology that juscify che scale aof the Phase I Heavy Ion Fusion




Projact aleo create prassure CO arvangs the program to move &
afficlencly snd quickly as possible through che rest of che staps
thac will preceds signif{cant contribution by fusicm ca cha enecgy
supply; chat iz, demonstrations of techmological, enginaaving, and
aconomic feesibilicy., The capabilities of accalaractor ayscams
make it poseible to maet and posaibly shortcen the currant schedule
(DOE/ER-0018, p. 14) for realization of these saquencial sceps,
The principal zesson for this iz chac the vequiremeats for each of
che facilicies naeded for tbase sequential scaps (Enginearing Teac
Yacilicy. Enginesring Protocyps ® s and C al

tion Raaczor) could ba sugporzad by a single accelsrator system
chat Ln progressively ¢ _caloped. For inatan:ze, tha progresalon
from ETF to EPR wmight encail addicion of componancs =o increasa
tha totsl beam anergy; and the progression chrough che EFR acage
could be facilitacad by adding Seam linas co eizmultansocusly pover
mlciple facilicies, fncluding alterna:ive reaccor concapcs, much
as high energy accsleracors routinaly supply beam sizulcanscualy
o a number of axpevimencs. (Saa Fig. I.A,l.)

Capitalizacion on these posaibilicies will requirs a scrong
effort to involva industry, as wall as oultiple nacional labora-
tories, in che earliest scages of che HIF program.

As envisiocaed coday, tha pach ro commercializacion of HIF
must ctaka place within the framework of the DOE vafsrenca scenario
shuwm in Fig. 1.A.2, The sl of this io call for eval-
uation of compacing mpagnecic and inextial coufinemant concencs,
ultimacs salaction of a vicrorious concept(s) around cths year 1997,
and construction of major facilities utilizing chis concept in
order to demonstrate chat elsctricity can be producad in a manner

=zacciva to industrial i

In ovder co placa cha heavy fon concept in parspactive, it
uwill be useful ro look mors closaly ac the requiremsacs for a
O ion Power This analysls will ror only provide
a basis for avaluating competing inercial and magneric confinsment
concepts, bur will also defina che preraquisice ctechnologies
chat preaceding inezeiel confinement fusion facilicies must demons
strats.

Requiresents for a Demonstracion Powver Reasccor (Demo)

Tha Demsuatraction Fowar Resctor reprasenta the proving ground
for conmercisl acceprancs of fusiom power. It will be comparsd zo
other sourcas of anargy such as a well developad nuclear fission
power generation induscry and, thus, must achiave a relativaly
high degree of macuricy during ics p cial develop acage.
Specific issuus of cosc, raliabilicy, safety, anvironmental impace,
and public acceptance will have co ba satisfaccorily demomscraced
ta the electric utilities bafors chey would ba willing ro incroduce
this new power system at a tima vhen fission power teclmology is
projected to be operating and fully proven. To achieve cha ovarall
goal of fusion povar commercialization, the following condicions
oust be oet:

® The fusion reaccor muac project aconomic viability for che
utilicy {iaduscry when compared to othar bass load powver
genaracors availabls in che ssas pariod.

® The raliahilicy of the fusion power syscem amust ba clearly
established rhrough ful op on of tas on
plant under practical ucilicy comdicions.

¢ The basic supply of critical maceriala =uat be assured. This
nead includes not culy che basic ingradisnts of the fusion
rascction, deuterium and cricium, but also ocher exotic mate-
rials which may bs raquired for firsc wails, blanksts, cooling,
vacuum pumping, ace.

« Adequece safacy and raligbilicy standarzds must be definad aleng
with eriteria for design, fabricscion, and comscructiom to
assurs attsinaent of and concinusd adherence co thase scandards.
This is 1ally imp b of hanical forcas gem-
arated by tha rapeaced micro-explosions, proximity of very hot
(300'%) to very cold (4°R) materiala, aud, of courss, the
exiycence of radioactive macarials as fuel or activacad by~
produces.

Key Milestones
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DOE FUSIOH ENERGY POLICY (SEPT. 1978)
Fusion Development
" (Reference Budget Case)
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Lusar 1997 2004 * 2006 2016
Time vs Dollar Trageotf
INERTIAL .
CONF INEMENT « Post-EPA Dacislon Program
FUSION A Could Be Aceriersted By
Particle Baami 1987 1995 Dollsr Rompup with Gyeator
Cerualnty

(INCLUDING HIF) 1988

: ¢ issun Today Is Progroin
ETF ETF EPR

Thraugh ETF Paclod Un

- Declslon Operation Oposratlon Ta EPR Decitlon Point
Cumulative Cota Yo
Koy Milestones §48 v B 8188
2985501220
Figw. *.A2
eI sl design cowp ce, manufacturing capabilicy, and

conezruction axpartise musc axist ro fabricate che reactor

and to che planct reliably. prediccably,
md econorzically.

e An infe of g regulacors, ﬁu:a:ull and
component suppliers, utilicies, ats., musc be developad and
eastablished. :

@ The licensability end environmsntal compacibility of a fusion
reaccor must bs eatablishad with ragulacory agenciss and com-
mmicated to the public.

A nuclaus of crained and ®

1 mast
ba aveilable with spacific programs for craining sddicionsl
fersonnel to sarve tha growrh of the induscry,

Operacicn of the DEMO as a cencral station powsr plent requiras
chat tha fusion reactor be capabls of fesding a contioucus supply of
electricicy ir=o exiscing utilicy grids. Insrtial confinement fusion
reactors will be operated in a pulsed fashion sc an anergy storage
systed vill have to be an incegral part of the blanker or it will
have to ba { d b the and turbine im ordar to

di. tias in heat puc rasulcing from the
pulsad oparation. 1In addition, pallaca will have to ba injecced
st & zate of ~ 103/day, the drivar bosm aimad and focussed accuracaly
at chat rave, aad che app ate in tha {on chamb
rosecablished bafore each shat. The comsequences of thasa require-
ments will impact the design of vacuum  umping syscams, first wall
and haat menagesenc systems, tricium handling end procassing uyatems,
aiming, cracking and focusaing syscems, atc. The ourput of tha micro-
explosions may causs henical and ic d o s
solid first wall; thus, firsc wvall designs must be developad which
will ebsorb the machanical and impact snd also bread critium.
The practicsl sttraccivanass of theasa dasigns will have co ba demon-
stratad first in tesc beds &nd rhan in accual facilicias.

Tha DEMO gnd its cowponencs shouid be prococypical or raliably
scalabla to commmrcial size. This featurs can ba demonscracad whan
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all syscems, compomefics and macerials in the DEXO operate aa ax-
pected £or reasonable lengshs of tims whila producing a raasonable
amount of nat elaccricsl power, ssy 100-200 :Wa. This approach
will aot only chack out the DEMO icself, but will also chack ouc

successful aubsyscam and system concepcs will, of course, te
dacermined by actual demonstracion in a faeilicy. It im cleer
chac haavy Industry and utility involvament will be naadad in
design, construction, and opsration of the facilicies which pracads

' 4 facing sy b cthe DEMO and & stream turbine che DEMO which, according to Fig. I.A.2, ara in the EER phass of
system, . che Fusicn Davelopment Progvam. However, cthese faciliciea will
Basad on the pracading consideracions, therefors, the DEMO is have to be used to qualify materials and ayscem concepts and
axpacted to {uclude the following technical feacures: designe for che DIMO vhich must have been developed praviously,
during the E he divel 3 . Thus, significanc
® Oparstion ac favorable powar balance; i.s., with nQ 2 10. uring che ETF phase of che divelopmant progran us gattican

industry and utilicy involvemant should sxist by tha cime scientific
fesaibility is escablighed, sometims around 1985.
* Braadiag and raprocassing of cricium; reprocessing of othar g

High plant availabilicy for lomg periods of time.

al al ive ios for enginesring davalopmentc
gases gnd liquids; closed cycle producction of pellecs. through DEMO are shown in Fig. I.A.3. The ocher facilicies des-
® Produccion of 100-200 MWe. cribed are abbraviaced as follows:
@ Conplacely designed and tesced macearials and systems which ADF - Accalervator (cachnology) Dewonssracion Facility,
pravide solucions to major tachnological problemc, wickout significant chermenucles: expsriments (e.g.,
The scenoric £or reaching the DEMO must provide for a sequarca the Phase T facilicy).
of facilitios and developmant efforts which will confrTenc aad malve HIDE - Heavy Ion Damonscracion Experimsnc, wich 200-500 kI
the problems associated wich making the various syscems, componencs besm snargy. appropriacte for significant thermonu-
and marerials compatible wich reaccor requiramanci. In addicion, clear burn experimencs, possibly wich pellet gain
che scanario musc provide for ilmpact on early acages of davalopmenc G2x1.

and design of requi for elal prabilicy of the ETF
pover plant. Ths goals of favorshble power balance, long lifc

potenzial, high plant availabilicy, convenient meincainabilicy.

ecc., zust be spacified early and used as a raois for defining

~ Enginesaring Tasc Facilicy, wich approxzimacely 1 MJ
beax snergy, appropriace for full-scrls raactor
savircment testing, with high gsin pellecs.

RSD programs to mast chose goals as well as for deciding which EPR - f:gi:::ﬂung m:m-_:p: ::c:or, a !,:n::y::uduclng
driver concaptr cannot meet chem and which, charafors, should pe ectrical power, but | ¥
no longar con :dared cially aconomic rate; itz purposm i3 to provida cha

tachnology proving sround for DEMD.
From chis poinc of view, HIF appears attractive, since it uses

cactmologiss which have been developsd over many years to make chs The Phase T conceprual design report is appropriacs to any of
driver essily rained, opersble at high efficlency and for ax- che firsc thres scenmarios, or one which is a wodification of
cendad pariods. In addicion, che high efficiancy with which ion 3““‘1 “’dI:*-l;:;""’-‘G 3 *;251“""“, 1‘ i, “PE‘“‘d"f ""’Z:l‘:.:‘d
beam enexgy can be depositad In the targec indicates thaz low G somplacec By » vhile 8 being conacrucced, as c=lba

in the next secciom.
and chesper targecs can be used. The technologies and cechniques

Proposed for heavy ion fusion are extrapolations from syscams chat
accolerste electTons or procons now in operation in various parcs
of che world. It will be imporcant to dsmonstrate that these
approaches wi_l work under the conditions required for a fusion
drivar.

Tachnical problem areas which cust be addressed and solved by
the tima of che DEMO are: drivar design, psllec fabricacion and
injeccion, first wall and struccure, tricium removel and processing,

HIF ENGINMEERING DEVELOPMENT SCEMARIOS

shielding and blankst, maintanance and ramote handling, coupling o 1980 19|s 4 . 1987 1980 1195
turbinas, and isolacion of tha syscam from mechanical, radioscciva HIF ! I
and thermal transiencs. Time, monay, and ancillary facilicies will SCENARIO
have co be made avsilable ti properly dsvelop succsssful solucions. 1 Af‘%L. R
for exampls: to develop & srructural macerial wich service 1ife °
of 40 W-yun/mz for che MFE program, the cost is escimared co be £xf l EPR l DEHO (3 GH) J_b.
4 5600 ¥ over a period of 20 years; devalopment of pumps, valves, ADF HIDE (HULTI-STAGE FACILITY)
and joints co handle lichium ig expacred to taka 20-30 yasrs:; hasc $50 W S400 M + SICO M + S300 M
cransport systems development will ba paced by che availabilicy of N
tesc teactors 3o it is likely to bhe complecad somecime afcer 2010 s ALCEL.,
at an estimaced cost of 9100 M; and g0 on. The very long lead ‘
times associaced with development of commarcially feasible solu- HIoE ]‘*‘r £ l EPR—H tem 3 GH)_!—)-
cions to cthese kinds of problems indicars thac work would start on l AoF I 200 W 1™ $800 K
chaw now (1979-1980) in order thsc they be available by che yasr 350 # $150250 M 450 M+ STO0 N
2000. I ACCEL.

The ultizace applicacion of inarcial eonfinamanz fusion to (AGRESSIVE) uo WIOE/ETF | PR }—] 0EMO (3 M) J-a-

izl powar g ion will impose conditions and requirsmencs AOF 1M + SI00 H $800 M

on che system which will demsnd chat induscrial enginsering sxpec- prgm sou |
tise ba incorporaced sufficiencly early for tha concepcs and final 1

dasigns to he resdy when facilities ave ready to go. This i<

aczomplished by favolving industrisl sngineers ac early scages of

ctha design and prowoting inceracticn yith che scisncises and angle [mm’ 3“”‘,75:5" s EDIA & CONT.;
nasrs at the nacional lebs in idencifying and solving problems. Figura I.A.3 ———

Thase {nteraccions usually revesl that congtraincs axist vhich

raquire itarecion of borh the sciencific and enginearing comsid-

eracions in che developoent of final corcepta. Ths chotca of
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Summary
1. Goal of comnercialization must define RSD effort and choies
of driver. The heavy ion dri app iva

it usss wull developed tacimologiss and promises high effi-
clency oparatiom.

2. Industry and ucilicy involvemant must ba heavy by the tima
scioncific feaaibilicy is demonatrated around 1985. In
addfcion, a total infra-stiuctura must be developed by the
cime of che DEMO.

3. Davalopmant of systems, components, snd materials compatible
with comarcial requirements will raquire ongoing efforcs
over at lasar a 20 ysar pariod.

8. HIF Driver Development Plan .
1. Minimsl Accelerator BED Prior to ETF Dacision

Conatruction of an EIF will require chat a choice be made
between conventional rf linac technology. as proposed for Phase I,
and cthe linear inducction accalerator tactmology being devaloped
at LBL., We sas the accelerator issuss confronting heavy ion
fusion as cutlined in Table I.B3.1l. Both systams wust demoun-
strate sdequace and raliable front snds, chrough R&AD programs.

Wa will cutline later what wa sas as ths specific requirements
of the front end of tha rf linac.

The feasibilicy of the induction linac for accaeleration of
ions at high snergies tusct also be demonsrrated in order to allow
a clear choica betwesan thesa Two linac systemw which we asgume
could be done before the EIF design is chosen, &z che end of
FY 1982. ([In our view, the mein issus in determining tha
faaeibility of the induction linac for tha heavy ion fusion
application is the required precision of pulss shape in ¢rdaz to
deal sdequately with the longitudinal emittance, the prancicality
(and coat) cf pruviding thia shape, and the reliabilicy of control
of 1000 unics in timing, amplicude, and shape. Ona caraoct maks
raalistic coat es without und ding these caquirements]

The fasaibilicy of the rf linac, on the other hand (beyond the
difficult front and), is a quastion vhich wost accalarator paocple
would accept as angewerad by existing experience; and thias was
reflected in tha analysas ac the 1978 HIF workshop at ANL. Howwver,
thare are many besz manipulations that are specific cto tha rf
linsc eystems. The efficiency, emitrance growch, and effact of
team loss (on vacuum and components) during chesa beam manipulacions
are much more important with heavy ion beams for peller fusion
reactors than with the p beams for h applicacions with
wvhich we are familiar. A prog tod ate tha
practicalicty of rf linac syetems would inwnlve demonscracrion of
soma cricical issues involving accumulator rings (injection,
accumulacion, extraction, emitrance growch, beam lifetine,
intarngl compression, etc.). Othar goals of the accelerater
B&D programs arc

a&. To improve the design and test naw designs (moscly for
veliabilicy, improved efficiency, and cost savings).

b. To reduce the risk (becter understanding of afficienciss,
enitcance growch, effect of beam losses);: i.s., to avoid as
oany surprises as possible when we do things bayond whac
has been dons befora.

c. To demanatrate that costs and raliability quascions sre well
in hand.

The layout of suitable micimal R&D aquipment, with oparating
parameters, is shown in Fig. [.3.1 with an ANL site skecch shown
in PMg. I.5.2.

Wa estimate the cost of such & minimsgl program could be hald
under $25 M for tha firac three ysars (FY 1980, 1981, 1982).

It would includa:
a. Ia P 1 y b
(2 Mv) (exiscting squipment).
b. 4Additional disgnoscics, besm dump, matching, ece.
e. 15 MV - 12.5 Mz linac

, firat stage lovw beca

d. Stripper system, charge salection, diagnostics, matehing,
combinscion systea.

«. Long traasport line to ZGS cunnel
£. 23 MV - 23 MHz licac

§. Two accumulator tings with 20 - 40 cm mrad acceptance,
Injection systma
Dabuncher, ctebuncher rf
1 dizte ion systaa
Phase space tau':ot
Second injection system
Internal coopressor
Second extraction asystem

ineluding:

h. External comprassor

i. Excernal cransport line

J. Beam dump (from rings)

k. Splitting septums (with matchiag system)
1. Charge racombinarion section

This mintmal B&D program would snswer quastions about che
followinz == linae accelerator design issues:
a. Fronc End
Source and colum: characteristics, raliabilicy
RF capturs, low beta accelaration, curtrent limitations
Scripping afficiency, charge selection, rematching, recapture
(longitudinal smitcance control)

Jeam combination, fraquancy cransicion (longitudinal emittance
control)

Six~dimensional emittanca growth
Transport limics of high space charge beams

b. Storags Rings

Dabunching (but not significant, unless linac gets t= 100 MHz)
Injection (afficiency, smitcance growth, effect of beam lose)
Bexxm lifetimea - charge changing cross seztions
Filling both rransverse phase planes (transfarring from dna ?
ring to another with phase roratiom)
Incernal bean rf compression (beam handling sbove space charge
limic)
Extraction afficiency, raliabilicty (effects of baam lasa)
d fnology under operational

conditions

Faasibility of singlc pulse synchrotrom acceleration (opzional;
sae below)

Reliabilicty of superconducring magnets in ring under oparacring
conditions (optional)

€. Extricted Beam

Externsl Compression
Dasonstrats accaptable dilution of longitudinal emittance
Provide short pulse duracion for transport, propagationm,
focuusing, and deposition desonstrations
D op ion of ive pulses with ringing
compressor for chsrge stata talescoping

Transpore
Chack instabflicy theory ( t powar limics)

Inject beans into cotmon bean line for telescoping (esseacial)

. fov Phase II upgrada)

Splitting
Demonstrate acceptabla emittance dilution
Demonstrace survivabilicy of splicter
Demcnatrate sultiple splittings (two or more in aach plana)

Focusaing on targst spot
D ulct achi of
Abarration co ; cb
presance of spaca charges

P i emittance
¢ and g ic in the

Ioporcanct additions, not coversd in our winimum plan, would .
include:

.
Marcury option (dsdicated effort to establiah raliabilicy)

preaccelerator and special columm LS M
I pa tal ping, d column 0.5 .
High frequeucy transition, 10 MV 100 MHz Alvarez 1.0
Synch prl and ¢f 1.5
Ganged focussing system, cli d d les 0.3
35.0 M
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TABLE [.B.1. HIF ACCELERATOR ISSUES

LiA BRL

“Source” Qualification Front end Froat ond
{drifc tshe linac) (lou velacity linac)

Accelerator Desonatracion Established rfor electrous; Establiched for protons; needs )
needs demonstration for lons: demonstration for heavy tons
- feastbilicy (longicudinal “ith @/4 <<1:

phana space) - hasam sanipulation (n,c)

- ecoct ~ .beam logs ¢ffects (vacuum,
- rellabilicy rellabilicy

(How coac effective and reliable
are systems vhich solve thésel)

Pellet, Raactor Ralaced
Quentions that Affect
Accelerator Deaign for
Drivers:

¥
Tranepoct
Focussing
Plasma Inscabilicies
Targec Coupling
{(Conmon to elther system; nced be demonsiraced
on one only.)
xet! « Xe' (q = 6.7,8)
stripping and charge
Low-& weparation
Linac

Xe*B ar 215 Mev

25 MV, 25 wmiz - .
sx'“. 128 e Wideroe ,/ A
::;" ulderoe e *h " 20 8 as-cm
1.5 WV stacking uni
freacerlecator S0 H Tranaport Line (4 turns horizontally)
Thase Flane
Rotator
€, c,"20 v wr-cm
Accumulator Rinx
1x2 with Acceleration
x Capacity and RF
Foll Beam Spllitting Bunch Compresslon
Tntger:‘_é; 1
80 H Linear Inductlon
Final Focus  Beam Teanspors Suncher
(& beams) Line
(BE I.8.2
FIGUEE 1.8.1 Sice Layour sor Miniwmal RF Linac B&D

Hinimal (1980-1982) RF Linac R&D

R TLE STV

i|Basm Transpore
ey

sum

25 MV, 25 miz
L Wideraa

7 " Stripper

389

i
; '.-.- i
H ' > _Source and Y

Jreiccelarator

[} o 200 xa 9 . 3C0

scale {faxey)




2. Pull Ogiver RED: The ADF (Phass I)

Quuscions of final tTrosport and focussing, questions of
plasza inscahilitics in & :as, and the zarget coupling of heavy
ions ara comson to both systems and nesd be inveacigated by only
one syscem. T t of spaca c¢h dominaced baams to verify
the theoratical calculacions {and computer simiiacion) of insca-
bilicies and emitcance growch should he carrisd ouc at sach fon
acacgy in which Lt {s feasible za do sa. The creadibllicy of che
application of che regulcs to che heavy lon fualon application,
however, increasss as Che current geta higher. Consequently, it
is {mportanc to do such sxperimencs &c as high an energy and
beam currenc as practicable in the accaleracor demonscracion phase.

Likevisa, tha quescions of final focus--focussing to small
spot zizes in order to sam effacts of chromacic and geomstric
abarrationg--raquiras mmall beam emicranca. To have sufficiently
incense beams to involve space charge Forces at che zsme tima agin
requires as high an ion energy as praccical, alchough focussing
experiments may be carried out st any available energy. Such
expariments, in fact, are one of che batter ways of meamuring the
emitcancea of tha beam.

Yarificarion of tha thecrias of plasua inavabiiities and their
affect on rthe baam ara vary imporcanc. The rasulta impact vary
srxongly on the design of raaccors for hasvy ion fusion and, hence,
are useful to the ovarall program before che ETF is aoperational.
Tf the ¢ window ugh which €iral transport can take
place without difficulcty does exist, then the reactor dasign cen
be significently sizplified. 1In order to verify these theories.
one must be abis to adjust conditions sppropriate to excite and
seudy £il {ion hoas. and reverse current insta-
bilicies. This criceria places cartain minimua limits on besm
currant and, hanca, lon energy because of current limitaticns dus
to space charge forces. Argomna’s Phase [ accel d ion
prograz iz desimmed with the above goals iz mind. It requires &
total expenditure of around 560 ¥ (including EDIA, escalation,
centingency, and parallel BAD).

The ADF can, howevar, be considersd as an extension of tha

basic (minimal) rf linac R&D program and can utilize the squipment
d for that purp so the additionsl costs are raduced

to about $40 M. Basically, a highar emergzy linac (zl00 MV) is
raquired to allow much mora circulacing ring currenc and stored
ensrgy. The facility layout is showm in Fig. I1.B.3; an artisc's
concaption was shown in tha summary of chis raport. The operaticnal
goals are given in Table I.B.2, and the next two tables give
experimencal paramatars.

A prototyps T MJ ETF (basad on rf linac design similar co
HEARTHFIRE Raference Concept No. 2 #s describad in tha 1978
HIF Workahop Procesdings)is sketched in Fig. I.E.4.

Ia Table 1.B.5 we compare beam handling paramacars for chs
following three cases:

Minimal RFL R&D equipmanz
ADF {Phasa I): realiscic currencs
ETF (1 MJ RFL drivar)

Nots cthat tha atorsd currents in che ADF ire much closer to
chosa of che ETF compared to those atrained in che minimal R&D
program. Thus, higher confidence in beam handling techniques can
be achieved in che ADF.

3. Upgrade of che ADF co HIDE (An Opcion for Rapid Progress
coward HIF Pellec Experizsncs)

Ona vary axciting posaibility is tha praccicality of praving
the viabilicy of achisving peliet igaition and psllet gain wich
heavy ioms at & vary early dacs wich the help of exiscing facilitles
at che ZGS site. It nov appacsz possible to achieva 200-500 kJ,
at a deposition of 20 MI/g, =y utilizing che concspt of celascoping
basms af different charga statas, accumulating large eaittance
besms, and splicting chem to sevaral baamlets in the final trangport
line, end possibly single pulse acceleration in che accumilator
rings.
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" if that opcion should app d in tha #

The feasibility and cost (initial estimates are 5130 M, withcuc
IDIA, concingency, and cr-alacion) of such a facility is presently
baing studied. If fsasible, such & program could greatly accalarace
che inertisl confixssent fusion progrsm, witbout biasing a cholce
betwesn tha two types of linacs for furthar developmant or cone

on of an eng cest facility at a location at which
tha davslop could expand into ths demomscration plamc.

Ha show in Fig. I.B.S tha logic of cths program whkich igeludes
such a facilicy.

The decision as to whathar ona might proceed in this menner or
shifc to & new locacion for an ETF which has thas capahility of
evolving £= ine 10 MI capabilicy end demonatraticn powst plancs
does occ have to e made ac this tima. HNevarchalese, it sesas
highly desirable co provide tha flaxibilicy to go to Phase II

4. QOverall HIF Pragranm Scenario

In this plan (Fig. I.8.6) wve indicace tha Phase IT HIDE opcion
in cha context of the ™ ive"” EIT schedule and scma of the
parallel ICF resccor issusa.
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TABLE 1.3.2

PHASE 1 & T1 GOALS

Basm Target
Propercias Interactions

FPhase 1 (ADF)

Beam Enargy Deposicion
5-10 WJ L M/
Beam Power > 50 eV
2-5 ™ Slab Hydro
Pexrcicle Energy
1-6 Gev
Beawm Quality
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Phane II [HIDE)

Bean Energy Deposition
200 kJ - 500 kJ 20 WI/G6
Beam Paver Compreaalon
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Propagation

Heutralization
Charge
Curcant
Inacabilicy
Filamentation
Two Stream
Reverss Current

Significant Neutron Yield; G=1

Ion
¥a. Sourtes
Source Qurraat

Preaccalerator
Voltage

Scripping’
Inergy

Linac Curvest

Kormslizad Emit-
totca at Linee
Gazpur

Ioa fNinecic Knergy

¥o. Tucas, Trans-
versa Stacking

Circulacing
Sgored Carrent
RY Buach Comprassion
Linsar Isduction
L 3

Fask Current in
Teansport Lines

Tocussed Exittsmes

Spoe Size

PHASE |

ENERGY DEPOSITION EXPERIMENTS:

¥E'B BEAM, 10 NS PULSE,
PB FOIL THICKNESS ¥ RANGE

TEMPERATURE ACHIEVED [N DEPOSITION VOLUNE:

BEAM ENERGY
SPOT 1.6 GeV/1 KJ 6.4 GEV/8 KJ
DIAMETER (.05 M. FOID (.5 1. FOIL)
M. 35 V. 100 ev.
im. 75 eV, (2000eV.

[cALCULATIONS BY KiSF]

Table .8.%4

TASLE TB.5. GMPARISON OF PARAMETERS

RF Linac:
Hinimal RED

Ia
1
AD mA

1.5 W
~ 13 uv
(Xatl » xatd)
=40 sk
(1"-11.-

)

& = 0.10
0.21 CavV

18 (2 staps)
0.2 4

W A
€ » 10¢ ar°ce

r=lm

RF Linse ADF 1 MJ RF Linnc Driwvar
Xe By

1 2

40 wa 60 wh

1.3 W 15w

~ 15 Ky ~ 10 MY
(Xt » xat8) (gt > gg*8)
Ip = 100 mA = 128 nk
('c'l ) :h rical)
£y ® 0.10 T, = 0.10

1.6 Ca¥ 0 Ga¥

25 (2 scapn) 236 (& seepa)d
1.24 ™A

[? icnl) (ad 1)
=3 t 3]

=4 x13

&0 A 3300 &

£ = 5% ur-ca

T=ilm

T o L.Ar axeem

Telm
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V. Abstracts of Publications, FY 1979

Heavy Ion Beam Inertial-Confinement Fusion
Review Article - Nature, Vol. 276.(11/2/78), Page 19
by: R. Arnold

This is a survey article covering the current status of inertial-confinement
fusion driven by heavy ion acclerator systems. Although developed only since
1975, system designs of this type appear to provide a convincing basis for
developing commercial power from inertial-confinement fusion.

Abstracts of Papers Presented at the 3rd International Conference
on High Power Electron and Ion Beam Research and Technology,
July 3-6, 1979 at Novosibirsk, U.S.S.R.

Status of the Argonne National Laboratory Heavy Ion Fusion Program
by: R. Martin and R. Burke

Abstract

We have recently been successful with accelerating 50 mA of Xe+1 to 1.1
MeV in our modified Dynamitron in a pulse 100 sec long. We anticipate con-
ditioning the column to 1.5 MeV and bunching and accelerating the beam to 2
MeV in the first stages of the low velocity linac within the next few months.
On the basis of the recommendations by a national committee (Foster II)
reviewing inertial confinement fusion drivers, support for the heavy ion fusion
program wil? be significantly increased in the next fiscal year with a view
toward a choice between the two competing systems, rf linac with accumulator
rings and induction linacs, in 1982 or 1983. Argonne has proposed a develop-
ment program which will demonstrate by this time (at a relatively low current
level) all the accelerator technology involved in the ignition source for a
fusion power plant. The plan includes an interesting new concept of telescoping
beams of different charge states with the same magnetic rigidity into the same
beam 1ine to reduce the number of beam lines otherwise required. The status and
plans of the Argonne program will be reported.

The Use of Multiple Ion Species in Accelerator Systems
for Heavy Ion Fusion
by: R. Burke

The concept of telescoping beams simultaneously utilizes a number of
heavy ion species to improve the performance of accelerator systems for heavy
ion beam induced inertial fusion. In the concept, the various species are
individually accelerated over a sequence of rf linac pulses, injected into
storage rings, and prepared into bunches with the characteristic short duration
needed for inertial fusion. The condition. for telescoping, that the different
bunches have different velocities Lut a common magnetic stiffness, are met by
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a consistent adjustment of the mass, charge state, and velocity of the difierent
species. Thus, after extraction from different storage rings, the bunches may
be sequentially switched into a common beamline. They then overtake one-another
to arrive simultaneously at the fuel pellet. Some of the advantages of tele-
scoping are as follows. Increasing the number of beam bunches that may be used
with a given number of beam lines expands the total usable volume in six dimen-
sional phase space, since each bunch may occupy the maximum valume permitted by
the focusing requirements. The expanded usable volume in phase space allows

the various operations from source to target to involve more emittance dilution.
Space charge problems during beam transport are alleviated since the peak power
in each beam only arises during the final portion of the transport distance,
with substantial power multiplication during the flight through the reactor
chamber. The beam pulse may be power shaped to achieve higher pellet imposion
efficiency, and the efficiency may be further improved by capitalizing on the
changing range of the sequentially-arriving species. An accelerator system

will be described that shows that telescoping also decreases the size and cost
of the accelerator system by permitting designs using shorter linacs, fewer
storage rings, shorter and fewer beam compressor sections, and a small number

of long drift 1lines for bunch collapse.

Abstracts of Papers Presented at the 1979 Particle Accelerator Conference
at San Francisco, California
March 12-14, 1979

Published in the IEEE Transactions on Nuclear Science, Vol. NS-26, No.3, June 1979

A Minus-I Quadrupole System for Containing Aberration-Correction Octupoles
by: S. Fenster (p. 3034)

Abstract

Octupoles may be used to correct the third order spherical aberration of
quadrupole transport systems. Crosstalk in the coupling of an octupole placed
at a given point causes it to add a term with the wrong sign in the y-channel
if it has the right sign in the x-channel, thus severely reducing efficiency.
It is often convenient to utilize a special correcting section insertion which
is seen as a +I transfer matrix by the first order focusing. Within point-to-
point thin lens optics we give two-parameter systems with 16 magnets having
locations with large Sy where Sy = 0 and vice versa for octupole placement.

Transport Experiments with Neutralized and Space Charge
Dominated Deneutralized 2 mA 80 keV Xe*! Beams (p. 3042) .
by: M. Mazarakis, R. Burke, E. Colton, S. Fenster, J. Moenich,

D. Nikfarjam, D. Price, N. Sesol, and J. Watson
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Abstract

The Argonne National Laboratory Ion Beam Fusion Group is presently studying
the transport and charge neutralization of beams of heavy ions using a small
PDPE (Penning Discharge Pierce Extraction) ion source. This source is a scaled
down version of the high current high brightness source of the 1.5 MeV Heavy
Ton Preaccelerator. Both sources were developed by Hughes Research Laboratories.

This report gives results obtained with a low vacuum system (up to 5 x 10-7
Torr static vacuum) and an 80 keV dc Xe*! beam. The emphasis of these measure-
ments was on neutralization times and space charge blow up of the beam.

A 12.5 MHz Heavy Ion Linac for Ion Beam Fusion (p. 3045)

by: A. Moretti, J. Watson, J. Moenich, M. Foss, T. Khoe, E. Colton,
and R. Burke

Introduction

Argonne National Laboratory (ANL) is currently developing the injector of
a heavy ion beam driver for the inertial confinement fusion program. The first
phase of the program is to accelerate about 20 mA of Xe*! from a 1.5 MV pre-
accelerator to 11.4 MeV in a low-beta rf linac. The first section of the linac
utilizes a single harmonic buncher and independently-phased zhort linac resona-
tors with a FODO magnetic quadrupole focusing lattice. These are followed by
two double-stub WiderSe 1inacs. A layout of the linac up to 6.4 MeV is shown
in Fig. 1. The operating parameters of the low-beta linac are given in Table I.
This paper gives details of the low-beta linac design and results of Tow power
measurements on the first accelerating cavity.

Telescoping Beams for Heavy Ion Fusion (p. 3092)
by: R. Burke

Abstract

In addition to the strong longitudinal compression and multiple beams now
used in all designs for heavy ion fusion drivers, attaining the required beam
power could be helped by telescoping bunches of different ion species. Tele-
scoping is here defined as the overtaking and interpenetration of bunches
consisting of ions of different species but whose velocity, mass, and charge
state have been selected so that the typical ions in the various bunches have
the same ratio of momentum to charge, or magnetic rigidity, and, therefore,
the same single particle dynamics in transport and focusing lines. With
velocities differing by 10% or more, the highest powers would only arise close
to_the end of the transport lines. Telescoping also increases the total avail-
able phase space of the different species. This can be translated to a smaller
final momentum spread or a means to accommodate greater phase space dilution.
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A High Intensity 1.5 Megavolt Heavy Ion Preaccelerator

for Ion Beam Fusion (p. 3098) .

by: J. Watson, J. Bogaty, R. Burke, R. Martin, M. Mazarakis,
K. Menefee, E. Parker, and R. Stockley

Abstract

A preaccelerator is being developed at Argonne National Laboratory (ANL)
in a program to demonstrate the accelerator technology which will be needed
for power plants utilizing inertial-confinement fusion (ICF). The preacceler-
ator has been constructed and is now undergoing performance tests with the
initial objective of achieving pulsed 30 mA beams of 1.5 MeV Xe*!. The design,
construction, and initial performance of the preaccelerator are described.

Buncher Cavity Resonant at the First and Second Harmonic (p. 3104)
by: M. Foss

Abstract

A buncher is an rf accelerator followed by a drift space. Its purpose is
to bunch the dc ion source beam into suitable bunches for acceleration in a
linac. The voltage in a simple buncher is a sine wave at the linac frequency.
A more elaborate wave form can result in increased capture of ion source beam.
The cavitizs discussed here are resonant at 12.5 and 25 MHz, the first and
second harmonic of the Argonne National Laboratory (ANL) low beta linac. They
will support a wave form which should give improved bunching. Three designs
are given to compare their relative merits.

A Noninteractive Beam Position and Size Monitor for Heavy Ions (p. 3349)
by: J. Bogaty

Abstract

The Ion Beam Fusion Development Program at Argonne National Laboratory
requires noninteractive size measurements of a pulsed, 30 mA, Xet! particle
beam. Pulses of 100 us duration will be prcduced by the 1.5 MV preaccelerator;
therefore, fast response diagnostics are required. Techniques of utilizing
residual gas ionization to profile particle beams have been reported before.
This paper discusses the development of vertical and horizontal beam profile
monitors that are synchronously clocked to interface with oscilloscopes and
computers. Modern integrated circuitry is utilized which boosts performance
to a point where pulses are short as 20 us can be analyzed. A small, simple
ionization chamber is shown which provides sixteen channels of position
resolution over 12 cm of aperture.
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? Rap;d ?yc]ing Synchrotron Magnet with Separate AC and DC Circuits
p. 4201

by: R. Burke and M. Foss
Abstract

" In present rapid cycling synchrotron magnets, ac and dc currents flow in
the same coil to give the desired field. The circuit reactance is made zero
at dc and the operating frequency by running the magnet in series with an
external parallel resonant LC current. We propose to return the ac fiux in
a gap next to the synchrotron. The dc coil encloses the ac magnetic civcuit
and thus links no ac flux. A shortened turn between the dc coil and ac flux
enhances the separation of the two circuits. Several interesting developments
are possible. The dc coil could be a stable superconductor to save power.

The ac flux return gap could be identical with the synchrotron gap and contain
a second synchrotron. This would double the output of the system. If the
return flux gap were used for a booster, the ac coil power could be greatly
reduced or radiation hardening of the ac coil could be simplified.
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VI. ANL Ion Beam Fusion Notes Written During FY 1979*

Beam Splitting, Telescoping Beams, Chromatic Corrections,
and Synchrotrons (IBF Note #83, 10/23/78)
by: R. Burke

It may be possible to make a practical synchrotron system by taking
several steps that maximize the space charge 1imit. Compared to the synchro-
trons in HRC #3, the steps to maximize the space charge 1imit would be to
increase the transverse emittance and the bunching factor.

Some Thoughts on How to Hit the Pellet (IBF Note #87, 11/2/78)
by: E. Colton

An aiming scheme is needed to track the pelilet and hit it with a number
of beams simultaneously at the center of the reaction chamber. It should be
possible to adjust the beam intersection point by correcting dipoles so as
to be "on target" when the pellet reaches the distance of closest approach to
the reaction chamber center.

Electrostatic vs Magnetic Quadrupoles (IBF Note #88, 11/2/78)
by: E. Colton

Multiturn Resonance Injection (IBF Note #89, 11/8/78)
by: H. Takeda

MuTltiturn resonance injection suggested by T. Khoe, et al., is pursued
further for Xe*®, 20 GeV beam injected into 30 m, effective radius R storage
ring. By introducing perturbative dipole and sextupole field, the phase space
admittance ellipse of the storage ring is distorted to have ‘two equilibrium
orbits.

Conceptual Design of the Wideroe Linac (IBF Note #90, 11/29/78)
by: T. Khoe

* This list is included to provide a survey of the topics investigated at
ANL during FY 1979. The reports themselves are informal and not generally
circulated.
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Charge States of Projectile and Background Gas Ions (IBF Note #91, 12/20/78)
by: Y. Kim

Earlier studies have indicated possibilities of damping plasma instabilities
inside a fusion reactor by introducing a background gas of ~ 1 Torr pressure.
Atomic data (e.g., charge states of the beam, average kinetic energy of ejected
electrons, ionization cross-sections) are used in estimating plasma parameters
(conductivity, plasma temperature, etc.) that govern beam-plasma interaction.

In this note, we discuss (A) expected charge states of the beam, (B) selection
of the background gas, and (C) identification of the projectile and gas jon
charge states by optical and mass spectrometry.

Target Experiments: Suggestions from the University of Rochester
(IBF Note #92, 12/20/78)
by: G. Magelssen

Target Experiments (IBF Note #93, 12/20/78)
by: G. Magelssen

Introduction

One of the target experimental goals is to determine the ion deposition
of 1.6 GeV Xe in a hot (100 eV) plasma. A possible approach, and the one
considered here,is to heat a target of solid material with the ion beam to
temperatures on the order of 100 eV. The experiments would be performed with
constraints on the total energy and power. The total energy of the 1.6 GeV
Xe beams would be about 1 kJ. This energy would be delivered in roughly 10
nsec to a spot size greater than or equal to 0.5 mm radius. To achieve tem-
peratures of 100 eV, a number of energy losses must be overcome.

Transport of 1.6 GeV Xe'® Beam Through a Background Gas
(IBF Note #94, 12/20/73)

by: G. Magelssen and M. Mazarakis

The plasma instabilities which can occur during beam propagation depend
on the background density, temperature and charge state, the plasma electrical
conductivity, and beam charge state. A knowledge of the beam density structure
(i.e., its structure transverse to the direction of propagation) before enter-
ing the gas chamber will also be important to the understanding of the experi-

mental results. A description of the diagnostics which are needed for the beam
propagation experiments are given below.
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What Influence Does the Beam Propagation in a Gaseous
Chamber Have on a Heavy Ion Beam Reactor? (IBF Note #95, 1/31/79)
by: G. Magelssen

Final Report on ANL-IBF Preaccelerator Power Supply (IBF Note #96, 1/25/79)
by: J. Bogaty

Preliminary Design Parameters of the w1der§e Linac (IBF Note #97, 2/15/79)
by: T. Khoe

Argonne Beam Propagation and Target Experimental Program
for Proposed Heavy Ion Facility (IBF Note #98, 4/18/80)
by: G. Magelssen

To insure a complete understanding of the target physics, we belive it
is 1mp0rtant to begin to develop experiments which test existing classical
theories of ion coupling of hot dense plasmas and to have theoretical support
for interpretation of the experiments. Also, because of a possible imcomplete
understanding of transport processes within targets irradiated by ion beams,

we believe it is important to do experiments as early as possible to study
transport phenomena.

O0f at least equal consequence will be experiments which test theories of
beam propagation and focusing. Besides testing the design of compensated
focusing elements (i.e., correcting geometric and chromatic aberrat1ons), it

is important to check existing theories of beam propagation in a reactor chamber
environment.

Quadrupole Line Segment for 1.6 GeV Xe™® Bunches

Undergoing 8X Compression (IBF Note #99, 3/15/79)
by: S. Fenster

This note describes the design of a particular segment of the Phase I
quadrupole line located downstream from a battery of bunchers at the storage
ring exit and upstream of an aberration correction section for final focusing.
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Four Dimensional Phase Space Consideration (IBF Note #100, 4/4/79)
by: H. Takeda

When we consider two dimensional injection (x plane and y plane) in
configuration space (x-y phase space) where x and y ar2 horizontal and
vertical displacement of beam, we need to know how we should handle a four
dimensional phase space point.

Bunching and Acceleration of a 20 mA Xe'* Beam in an RF
Quadrupole Structure (IBF Note #101, 4/13/79)
by: T. Knoe

Space Charge Effects on the 80 KeV, 1 mA Xe Beam at Argonne
(IBF Note #102, 5/18/79)
by: G. Magelssen

Argonne is currently doing charge neutralization and deneutralization
experiments with a 80 KeV, 1 mA Xe beam. In this note we explain the observed
beam blowup which occurs after beam deneutralization.

Heavy Ion Deposition in Hot Dense Plasma (IBF Note #103, 5/3/79)
by: G. Magelssen

Argonne has proposed to study experimentally the energy transfer from
heavy ions to hot dense plasmas. The purpose of this note is to motivate both
experimental and theoretical work in this area.

Notes on the Design of an Acceleration Tube (IBF Note #104, 10/5/79)
by: A. Langsdorf

This note sets forth a set of concepts on how to design a practically
buildable acceleration tube incorporating many of the features now believed

to be important to achieve the best possible performance under realistic
conditions.
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Dilution and Efficiency Calculation in Four Dimensional Phase Space
(IBF Note #105, 5/9/79) :
by: H. Takeda

Beam Transport of 1.6 GeV Xe+e Using 10Q36 and 5Q14 Quadrupoles
(IBF Note #106, 5/18/79)
by: E. Colton

Using the parameters listed in ANL/IBF Note #99 I have set up a 140.5 m
long transport time to carry bunched 1.6 GeV Xe*® jons; the line is basically
FODO with a zero current phase advance per cell of yg = 60°, The tune de-
pression is never pressed below u = 24°%. Actually tge system is changed with
each element in order to conform to the increasing current, i.e., quadrupole
spacing decreases and gradients increase with distance down the transport line.
The results confirm the method of findings of IBF Note #99.

Brightness of Combined Beams (IBF Note #107, 5/21/79)
by: M. Foss

We all recognize that thinking of phase space as a uniformly illuminated
ellipse is naive. S. Fenster has pointed out to me that such simple assump-
tions may lead to a tremendous overestimation of the brightness after beams

are combined. T. Khoe points out that some phase space distributions may be
unstable.

A Method of Two Dimensional (x-y) Injection (Tune Stacking)
(IBF Note #108, 5/29/79)
by: H. Takeda

We want to perform a high efficiency and low dilution multiturn injection
in both x and y plzna. In order to achieve this, we need to know what require-
ments are imposed. Since we are considering stacking of beam ellipse next to
each other (allowing overlap), we have to move instantaneous equilibrium orbit
IE0 (defined as the origin of coordinates of transverse motion).
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Heavy Ion Beam Propagation in a Background Gas (Knockon Electrons,
Current Nonneutralization, and Beam Profile Effects)

(IBF Note #109, 7/11/79)

by: G. Magelssen

The purpose of this note is to relate some new thoughts regarding heavy
ion beam propagation through a background gas. In a previous note we pointed
out that the hose, two stream, return current and filamentation instabilities
would need to be studied to determine the focusability of a heavy ion beam
through a background gas. We also mentioned, but did not elaborate, that beam
current nonneutralization could cause focusing problems. Here we examine the
nonneutralization problem more carefully. We discuss propagation through a
low pressure (< 10~* Torr) chamber. Lastly, some thoughts concerning the
generation of knockon electrons by heavy ions are given.

Design Parameters of the Wideroe Linac Quadrupoles
(IBF Note #111, 7/13/79)
by: T. Khoe

Design Parameters for Post Stripper and Elevation Changing System
(IBF Note #112, 7/18/79
by: E. Colton

In Hearthfire Phase Zero we must raise the beam by ~ 54 inches (1.3716 m)
in Building 370. The charge selection can also be performed simultaneously.

The basic scheme was proposed in Fig. III. A. 12 of the Hearthfire Phase I
design report.

Space Charge Tune Change in the Hot Dog Packing Scheme of Multiturn Injection

(IBF Note #113, 7/19/79)
by: G. Bart

It is sometimes thought that the tune change for the radial and the

horizontal directions, |§ “ﬁl and |8 vy| respectively, both always increase

with turns of injection. This is not So in general because |§ vy| and |8 vy|
are correlated.
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Measurements of Neutralization Times of Xe'! Beams in the Energy
Region of 40 to 100 keV. Estimation of Ionization Cross-Sections
(IBF Note #114, 11/29/79)

by: M. Mazarakis, D. Nikfarjam, and J. Watson

Abstract

This note gives results on the average beam-residual gas ionization cross-
sections obtained with the low vacuum transport system (up to 5 x 10-7 Torr
static vacuum) by measuring the beam neutralization times. The measurements
scanned the beam energy region from 40 to 100 keV.

Phase I Periodic Transport Line to Hearthfire Storage Ring
(IBF Note #115, 7/24/79)
by: E. Colton

We develop a scenario for transport of low energy heavy ions using 20 or
more surplus ZGS 10Q36 quadrupoles. The line starts downstream of the elevation
changing system (see IBF Note #112) and transverses 40-45 m of distance after
which the beam will be injected into the Hearthfire storage ring.

RF Requirements for the Accumulator Ring (IBF Note #116, 8/15/79)
by: T. Khoe

On Multiturn Injection Strategies (IBF Note #117, 8/17/79)
by: G. Bart

Introduction

Documertzu herein are several schemes for multiturn injection into storage
rings to achieve beam stacking in four dimensional phase space. Some of the
schemes have been proposed previously, while others are new. Both one-plane
and two-plane schemes are considered. Some of the schemes have been studied
by computer simulation. Here we provide a theoretical analysis to provide a
foundation for understanding the schemes. This we hope will be useful by
giving accurate values of dilution factors, for proper interpretation of

computer simulations, and for critical comparative evaluations af different
schemes.

N
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Quadrupole Requirements for the Revised Gap Voltages
(IBF Note #118, 8/31/79)
by: T. Khoe

Design of the Wideroe Linac Quadrupole Magnets
(1BF Note #119, 9/4/79)
by: R. Lari




