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I. INTRODUCTION

The new COBRA accelerator is being built in phases at
the Laboratory of Plasma Studies in Cornell University
where its applications will include extraction diode and ion
beam research in support of the light ion inertial confinement
fusion (ICF) program at Sandia National Labs. The flexible
4-to 5-MV, 100-to 250-kA accelerator in Fig. 1isbased on a
four-cavity inductive voltage adder (IVA) design. In
combination with new ferromagnetically-isolated cavities and
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Fig. 1. The 1.3 TW COBRA accderaor & Cornd| has a
folded overhead pul sed-power geometry for compactness.

sdf-magneticdly insulated transmission line (MITL)
hardware, it indudes components from existing Sanda and
Cornd | fecilities. Those are the Marx generator cgpaci tors,
hardvare, and power supply from the DEMON fadility;
water pulse forming lines (PFL) and gas switch from the
Subsystem Test Fadlity (STF); a HERMES-II
intermed ate store cgpaci tor (ISC); and a modfied ion dode
from Cornd I’s LION. The present accelerator consists of a
single modfied cavity similar to those of the Sanda
SABRE accderaor and will be used to peform the first
phase lower voltage tests. Four new cavities will be
fabricated and ddivered in thefirst haf of FY96 to complete
the COBRA accderator. COBRA is unique in the sense
that each cavity is diven by a single pulse forming line,
andthe IVA output polarity may be reversed by rotaing the
cavities 180° about their veticd axis. The site
preparaions, tank construction, and dode design and
devdlopment ae taking place a Corndl with growing
enthusiasm as this machine becomes a redity. Prdiminary
results with the single cavity and short positive inner
cylinder MITL configuration will soon be available.

1. RESEARCH PLANS

lon dode experi ments in support of the Sanda ICF
program will be the first experi mentd activity on COBRA.
The initial single-cavity COBRA is wdl matched to the
extraction geometry, appliedB dode used on the previous
Cornd | accderator, LION (1.2 MV, 4 Ohm, 40 ns), since
1992.[1] Figure 2 shows a sketch of the LION/COBRA
dode. Wewill fidd this dode on COBRA to continue ion
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Fig. 2. The modfied LION dode produces an ion beam of
10 cm meen radus. This dagram shows 25-cm axid
extent.

source studes, paticularly addessing the issues of ion
species purity and paasitic load with lithium-bearing
evaporaing metd foil anode plasma source (EMFAPS)
active anodes.[2]  We will pursue innovations in foil
fabrication and in-dode d scharge cleaning techni ques begun
on LION.[3] Diagnostics will indude magneticdly-
insulated Faraday cups for beam current density; Rutherford
scatering shadowboxes for ion speciesresolved beam
dvergence  Thompson paabola spectromeer  and
Rutherford-scatt ering magnetic spectrometer for ion species
and energy composition; collimaed bremsstrahlung
Ottectors and in-anode collectors for dode voltage and
current; and emissi on spectroscopy and visibl e light stresk
photography for in-ggp light emissi on.

The substantid data base from the performance of this
dode on LION will be compared to results on COBRA to
illumi nate issues of power coupling to the dode load on the
new accderator. In paticula, the dode will first be
mounted on COBRA with a very short (75 cm from cavity
gap to dode gap) vacuum MITL. It is expected tha with
the single-point (azimutha) power feed to the cavity, power
flow in the MITL will be significantly azimuthdly



asymmetric. Wewill dagnose effect s of this asymmetry on
dode peformance Our am is to explore the tradeoff
between dode peformance degradation by power flow
asymmetry for a short MITL and degradation by the dday
between the vacuum-wave prepulse and the main power
pulse at the diode with along MITL.

After the full four-cavity COBRA is in place, the
Corndll experimental program will make a transition from
the long-standing emphasis on ion diode physics toward a
more integrated development of the diode as part of a beam
generation, transport, and focusing system. We will design a
system using an extraction diode, a gasfilled transport
region, and asolenoidal focusing lens to produce a small
analog to a module of a large ICF driver such as the
Laboratory Microfusion Facility (LMF).[4] Our am is to
diagnose and devdop the accelerator, diode, beam transport,
and lens as integrated, interacting components of the beam
driver system to provide an overview of the issues involved
and to investigate tradeoffs and optimization for LMF.

[1l. ACCELERATOR DESCRIPTION

The requirement for a 4-to 5-MV pulsed power driver
led naturally to four 1.0-to 1.25-MV cavities that nearly
duplicate the IVA technology presently used in the
HERMES-II and SABRE machines at Sandia[5] The
cavity-to-cavity inductive isolation, performed by ribbon-
wound annular cores of type 2605CO METGLAS6]
ferromagnetic material, and the vacuum MITL alow us the
most compact machine design to maximize the available
experimental area. As shown in Fig. 3, the inner cylinder of
the MITL istapered at each cavity output feed gap according
to the impedance requirements to best couple to the diode
load. Our choice foa a single overhead water line to charge
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Fig. 3. The COBRA IVA consists of four radial cavities that
deliver power to the coaxial vacuum MITL.

each cavity wasinfluenced by cost and space limitations, but
we did confirm that the MITL current flow (for negative
polarity operation) was azimuthally symmetric within about
2 ns aong the vacuum coaxial line from the cavity output
gap. Thesetests were performed at the Sandia STF using the
same water lines and cavity that are installed for the initial
COBRA experimental series. Larger diameter cavities may

need two or more equally spaced feeds to optimize the flow
symmetry.

The basic pulsed-power source for the IVA consists of
one oil-insulated Marx generator, a water-dielectric 1ISC or
transfer capacitor, a self-breaking multi-stage SFK; gas switch,
and water-didlectric coaxial PFLs with self-closing output
water switches. The tools we used to iteratively design ad
model COBRA include the STF experiments, the
SCREAMER circuit ssimulation code] 7] and electrostatic field
solvers like JASON[8] and ELECTRQ[9] aong with
didectric breakdown and flashover criterialike that originated
by J.C. Martin.[10] Thefollowing Table | is a summary of
the accelerator design parameters, peak values generated by
the circuit models, and some of the hardware dimensions.
Negative high voltage is assumed for the inner conductors of
the coaxial lines. Note that the subscripts ‘in’ and ‘out’
typicaly refer to the inner and outer coaxial radii,

Table I. Cobra Accelerator Design Summary
Marx: No.Caps=24ea  C/Cap = 1350 nF
Vg =90kV E,, =131kJ
Vigea = 100 kV Eo/Enex = 81%
Viax =22MV Imax =111 KA
ISC: Ryt =71.8cm Cy =195nF
(HERMESH ) R, =533cm Zi. =198 Ohm
Length=130cm T, =38.6ns
Vig =2.7MV Tes =200 ns
E.: =126kV/cm E/F=61%
E, =170kV/icm E/F =36%
Gas Switch: Length=50.6cm OD =44.5cm
Gap(x18)=16 cm No.Channels<10
Vs = 2.7 MV Ly, =240nH
ls = 405 kA Qus > 83 mC
(@900 ns) Ey =9.4kJ B/ Eo = 12%
PFLS(4): R, =17.8 cm Cy =46nF
R, =84cm Zysn =5.00hm
Length=76.2cm T, =228ns
Vi =23MV T =40ns
E..=172kViem  EJF=47%
E, =365kV/icm E/F =44%
H,O Switches(4): Gap=4.2cm Channdls/Sw = 4
Ve = 2.3 MV Ly, =66nH
la =248 kA Qua > 17 mC
(@1000 ns) Ey=2.4kJ Eg/Eox = 16%
Cavities(4): ID =38.1cm OD =150cm
Length=419cm L, =20nH
Cores/Cav =4 Wt/Core=51.1kg
Ve =131 MV Volt-Sec =0.077
(Matched Load) Vg = 1.28 MV T,(10-90)=23.3ns
lieaa = 256 kA FWHM =49.2 ns
P = 328 GW E,s =87 kV/cm

(@1050 ns) E,,y = 12.6 kJ

4E, JE,, = 38%



and ‘vis' is the oil/vacuum insulator stack. The E/F ratios
correspond to the expected electric field stress divided by the
calculated breakdown stress.

IV. PREDICTED PERFORMANCE

Our circuit simulation process involved a number of
iteraions as the COBRA accderator design evolved and
components were modfied or better defined  All the feed
line lengths, impedance vaiations, and mgor component
vaues had to be accurately represented to dlow confidence
inthemodd predctions. We used transmission line modd's
in the SCREAM ER code to account for the proper physicd
separations and dmensions of the oil, waer, vacuum, and
plasti ¢ insulated components. These modd's provide a fixed
propagaion dday time and ether a constant or a linearly
tapered line impedance.  The switch modds are typically
represented by a series combination of timevaying resistor
and gppropriate inductor with both dements shunted by a
padld stray cgpacitance The switches are dosed by
reduci ng the initial high resistance exponentidly to a find
low resistance. The exponentid time constants were
determined from estimates of the resistive and inductive
phase contributions to the switching action.[11] The choice
for thefind resistance is criticd for determining the energy
dssipaed by the gas and water switches, which in turn
affects the forward going pulse shgpe.  Figure 4 shows the
resulting voltage waveforms of one circuit simulation that
corresponds to the parameters listed in Table . This dircuit
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Fig. 4. SCREAMER generated these simulated voltage
waveforms a the cavity input and output.

modd dd not incdude a “crowba” switch in the output
water transmission line (OTL) nor a saurable magnetic core
modd which could significantly dafect the pulse shape
depending on the core maerid loss properties.  Since
accurate ion dode modds ae sill being devdoped for
SCREAMER, the only load we have modded is a constant
matched resistance The load voltage wave shgpe will
defini tey be sensitive to the impedance history of dynamic
ion dodes.

V. CONCLUSIONS

With this paper we are announcing a hew terawatt class
accelerator intended to further the light ion ICF program with
research and development of diodes, beam transport, and
possibly beam focusing. COBRA is the result of a major
cooperative effort between a university and anational
laboratory (Cornell and Sandia) and, hopefully, may set a
precedent for other similar endeavors. It represents
technology currently being applied at Sandia and should be a
robust, reliable research tool.
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