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1. Introduction

The third Inertial Confinement Fusion (ICF) Systems and Applications
Colloquium was held in Madison, Wisconsin from November 11 to November 13,
1987. As the technical program indicates,.the focus of this colloquium was
drivers for commercial ICF reactors. The colloquium was divided into three
plenary sessions, on laser drivers, light ion drivers and heavy ion drivers.
Following the plenary sessions, concurrent workshops were held on each of
the three driver options. Scientists from national laboratories, industry,
government, and universities in the United States, and from several other
countries attended the colloquium. A Tist of attendees is attached.

Here we have compiled viewgraphs presented at the plenary sessions. We
have not included some photographs of equipment and some color viewgraphs that
did not reproduce well. The viewgraphs are presented in the order that they
appear in the program. One talk in the program, to be presented by Valentin
Smirnov from the USSR, was not given and there are no viewgraphs for that
talk. The talk by Walter Polansky of DOE was given, but we have no viewgraphs
for that talk. The talk by Sheldon Kahalas of DOE made some opening remarks
without viewgraphs, but he did provide us with a text containing his comments,
which we have included.

We hope that these viewgraphs prove to be useful to the ICF community.
Early in 1988, we will be publishing the proceedings of this colloquium. This
will contain papers written by the speakers in the plenary sessions. The
proceedings will also include summaries of the activities of the workshops
that followed the plenary sessions. The viewgraphs compiled here should
provide a helpful addition to the proceedings, once they are published.
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Sheldon L. Kahalas
Office of Inertial Fusion
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Introduction

Good Morning. I would like to welcome you to the tﬁird ICF
Systems and Applications Colloquium on behalf of the United
States Department of Energy. This meeting is devoted to Advanced
Drivers for Commercial Applications. We in the U.S. view commer-
cial applications for energy as a long-term goal of our program
as well as of the international program. So I am happy to welcome
you here in Madison today. It is particularly opportune to hold
this colloquium now, since it serves to underscore our continuing

interest and commitment to the long-term energy goal.

I'd like to start by giving you my perspective of the cur-

rent status of the U. S. inertial fusion program.

wWisivn



The inertial fusion program in the United States has under-
gone profound changes over the years, while maintaining a remark-
able degree of stability and continuity of purpose. In the early
seventies, the program was recognized to have two goals, near-'
term military and long-term civilian power applications. With the
more recent perception that oil is plentiful, the present Ad-
ministration has tended to place less emphasis on government
development of new energy sources. But even though the program
has recently been justified more because of its military applica-
tions, the goals of inertial fusion have not changed and the
long-term energy goal continues to be a primary consideration.
Furthermore, it is recognized that potential spinoffs may have
applicability over a wide range of technology areas, both milit-
ary and civilian. These include, for instance, laboratory x-ray
lasers, which could have biological applications, and development
of diagnostic instrumentation to measure phenomena occurring on

very short timescales over very small distances.

Technical Achievements of the Program

The inertial fusion program has made excellent progress
recently. Centurion/ Halite, a classified program, is a theo-
retical and experimental effort to investigate the design chara-
cteristics of high-performance ICF targets. This program was

given highest priority in the 1986 National Academy of Sciences



review of the inertial fusion program that took place under the
chairmanship of Will Happer. I can say that excellent progress
recently has been made, that could even be described as "histori-
cal" in accomplishment, and is thought by some to mark a turning
point in demonstrating target behavior. Because this program is

classified, I am unable to give you any details.

The glass laser experimental program using the NOVA laser
has made significant progress. Its primary approach is with hohl-
raum targets. Results this past year have yielded an implosion
with a convergence ratio of 30 in radius. This bodes well for our
ability to compress pellets to a very small radius and, conse-
quently, very high fuel density. While a great deal of work rem-
ains, no recognized process has been found that prevents laser

fusion from working for wavelengths well below 1 micron. _

The pulsed power program has made significant progress:
starting with a first shakedown shot in December, 1985 6 -wexmit—has — "
continued to make PBFA II operate routinely. Very recently, PBFA
II performance exceeded the original design specifications for
synchronization of the pulsed power modules. The 36 module timing
spread was measured to be less than 15 nanoseconds. The program
has reached the point that Sandia researchers can now concentrate
on the most important pulsed power issues, power concentration

and beam focusing. We are not yet ready to undertake target com-

pression experiments on PBFA II. We expect that it will probably



take a few years to arrive at that point.

The University of Rochester and the Naval Research Labor-
atory are major participants in the direct drive program. The
University of Rochester is working toward achieving 200 XLD tar-
get compression using cryogenic targets on OMEGA with third har-
monic light, a technique which they have pioneered. The Naval
Research Laboratory has developed the induced spatial incoherence
technique (ISI) for increased beam smoothing, a crucial issue for
directly (and possibly indirectly) driven targets and are cur-
rently exploring ways to apply ISI to KrF lasers. Also, NRL has
provided new insight into the behavior of Rayleigh-Taylor in-
stabilities that suggests the possibility of higher target per-
formance using high aspect ratio (thin shells) targets for direct

drive.

KMS Fusion, Inc. is a major supplier of targets for the

program. Besides pioneering in the fabrication of cryogenic tar-

pa——

gets and developing new target fabrication teéhniques, they
recently delivered the cryogenic target apparatus to be used at
Rochester. Also, KMSF has made major contributions to the laser
plasma experimental program at lawrénce Livermore, particularly

in laser diagnostics and plasma instabilities.

The krypton fluoride gas laser program is an advanced

driver technology demonstration involving Los Alamos and the



Naval Research lLaboratory. The major effort, the Aurora laser, at
Los Alamos, is to deliver focusable 5 ns, multi-kilojoule, 248
nanometer pulses on target. Aurora leads the state of the art in
large KrF laser optics, serving as a test-bed for the development
8f large scale optics for KrF fusion laser systems. In addition,
Los Alamos and NRL are collaborating to incorporate induced spa-
tial.incoherence (ISI) technigues into Aurora to smooth the laser
beam. Significant progress has been made in the fabrication and
testing of hardware. The program is on schedule for putting 48
beams on target in December 1987, with the long term goal of com-

pleting the evaluation of this driver technology by 1992.

Future Direction of the Program - Laboratory Microfusion
Capability

With the progress in target physics that has been made,
program emphasis is shifting to longer=-term planning for our
next facility, currently called the Laboratory Microfusion Faci-
lity, or LMF for short. From the perspective of the long-term
energy goal of a prototype reactor, the IMF is an intermediate
facility. We are at the stage of conducting an internal Head-
quarters-run study of the requirements and conditions for such a
facility, as well as its potential uses. We expect there will be
benefits to the weapons program, for example, from experiments on
materials at high density "and temperature. There will also be

penefits to the civilian energy program from experiments to make



high gain targets work. The IMF is envisioned as a 5 to 10 mega-
joule, high gain, single shot facility, capable of about one shot
per day. Maximum yield would be about 1000 megajoules. It is
desirable that the driver characteristics be flexible, with a
éide range of pulse lengths (3 to 10 nanoseconds) and a variety
of pulse éhapes and pulse energies. The goal is to build the
driver at a cost less than $200/joule. Our new program planning
is looking beyond the early 1990's decision point, assumes a
positive decision to go forward with the program, and projects
out the next stage including plans to build an LMF. The planning,
under ordinary contingencies, by the way, does not include im=-
mediate selection of a single candidate driver for the facility.
Instead, we plan to intensify program efforts to develop our

understanding sufficiently that an appropriate driver selection

can be made. -
Conclusions

The inertial fusion program has shown great progress over
the past year. In the present program plan (for 1987-1991), the
program was focussed on an early 1990's decision date, as sug-
gested by the National Academy of Sciences report. While the
exact nature of the decision was not defined, it was generally
considered to be a go/no go with regard to a new major facility
to achieve high gain. The ﬁrogram's emphasis during this period

was consistent with the priorities enumerated by the NAS (Happer)

6



panel and focussed on elucidating the conditions needed to achi-
eve high gain. With target physics progress that has been made to
date, we believe we are rapidly approaching a point when we will
be able to say with confidence that a 5-10 megajoule facility
Qill provide high gain. Because we are not quite there yet, we
pelieve we must continue to pursue target physics issues vigor-
ously. But, the IF program also needs to accelerate the pace of
driver development, because in this past year the inertial fusion
program has added enormously to the knowledge base that will show

the feasibility of a high gain facility.

We now believe with the progress that has been made to date
that the question is no longer if inertial fusion can be made to

work, but when and for how much.
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COMMERCIAL DRIVERS
FOR LASER DRIVEN
REACTORS

COMMISSARIAT A ENERGIE ATOMIQUE

CENTRE DETUDES DE LIMEIL
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Fusion neutrons on cryo-target
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Most Powerfull laser in the world



160 J, 100 ps, one beam laser



SOLID STATE LASERS AT
LIMEIL

3 Maximum power g

Name Number Beam (terawatt)

(working of diameter of the different Pulse ’

since) beams (cm) possible wavelength duration

(um) (ns)
3 1,05 0,53 0,35
- |

2 P102 1 9 0,1 - 0,03 0,05 -1 B
; (1976) i
£ OCTAL 8 12 2 - 0,7 0,2 -2
; (1982) | (2 x 4)
| PHEBUS 2 74 20 13 10 0,2 -6
5 ..
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AFTER PHEBUS ¢

NEW PROJECT NECESSARY IN THE
NEAR FUTUR

TECHNICAL AND COST QUESTIONS
TO BE ANSWERED

LIMEIL GREAT INTEREST FOR A
FUTUR BIG LASER

R & D ACTIONS AND WISH FOR AN
INTERNATIONAL COLLABORATION
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FRANCE IS ENGAGED IN MAGNETIC
i’jf&lT"”!iT

PINEMENT FUSION Foc

LECTRIC ENERGY TPRo IDuCT IoN

Lo OrF LCF ISNOTYET
ESTABLISHED ... 8o+ nas vo Be

REACTOR CONCEPT NEED DECISION
- ONTHE DRIVER ... sur anrwayp

owsR FuL DrivER IS NECESSARY FoR
PRy Sics gan>  ParTic uLAR APPLICATIoNS
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ACTIVE MEDIUM
GENERAL STRUCTURE

WHAT PERFORMANCES
DRIVER GOAL

D ¥ _meais . W e s

INTERMEDIATE STEP
EVALUATION OF COST

STUDIES

CONSTRUCTION

TIME ALLOWED
FOR STUDIES
FOR INTERMEDIATE STEP
FOR DRIVER PROTOTYPE
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TARGET DESIGN
ARGET FABRICATION
PLASMAS DIAGNOSTICS
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TECHNICS TO MAINTAIL

DEVELOPING NEW
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PHEBUS




R&D ACTIONS

1 SMOOTHING TECHNICS
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SOL GEL COATINGS

OPTICAL COMPONENTS QUALITY
OPTICAL REPLICAS
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LIMEIL KNOWLEDGE

SIMU LATION CO“ ES
Beam propagatio
Frequency conversion
Laser design |
Optical design

LASER TECHNOLOGY
Mechanical design
{lean assembly
Optics control o
Pi)Wf_:l‘ (__L'o_nditi_ﬂnning

TARGET CHAMBER TECHNOLOGY
' ﬁ%‘taiﬁﬁé? ﬁi:“%%g'ﬁ

Plasma d—3;1%£_éé;;cs

High resolution optics

TARGET DESIGN-FARRICATION
Production” Targets

*"Hand-made” Targets
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Low cost

Fasily removable
High flux resistance
No size limitation

MID-TERM STUDIES
Material optimization

Deposition technique
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HR porous sol—-gel coatings.
21 successive ThO,-SiO, layers
deposited from sols.
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'SCHEMATIC OF THE HIGH
TEMPERATURE FURNACE
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a- 3 pm diameter hole drill in
a glass mlcroba__illmo_won
W~.b-low glass temperature melted
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BEAM SMOOTHING
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Focal intensity profile

Data are from digitization 6! Vidicon images. In 4a, with
optical fiber pulse generator, uniformity 1{s greatly
improved relative to 4b, with standard pulse generator.

Intensity (a.u.)

2 [ 3 2

400 200 (o) 200 400
Radial position (um) |

q‘ A

Intensity (a.u.)

50 o 50
Radial position (+m)

Flawe &



-

Intensity profile of X-ray pinhole photographs obtained
from gold targets, a : with standard pulse generator (11 -
3, are analysis along two different axis), b : with optical
fiber pulse generator ; modulations of less than 10 um in
wvidth are due to the X-ray fila.




STORAGE OF ENERGY BY
SUPRACONDUCTIVITY

1965 : Limeill demonstirated the storage
of 0.1 Joule and the reiease
of b wattl.

1080 : W need to store and release several
hundred million Joules



CONCLUSION

developing Si’.“!ﬁi"ﬂ iﬂé logieal
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i Pragress n direct-drive :'Mflora‘on

by GEKKO Xl qreen [aser

2 A,opraacﬁ' fo r9n’kon and GEKKO XV
up- grade "

3 MJ l,aser. design
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Neutron yield strongly depends on the target
aspect ratio. : . @

ILE Osaka
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Coupling and transfer effic
fraction of fuel mass.

ILE Osaka
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Pellet gain up to 0.2% has been achieved. @

Pellet Gain (Q) Ef/EL

ILE Osaka
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FOCUSING PROPERTY OF
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Irradiation Uniformity @

ILE OSAKA
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ILE OSAKA
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ILE Osaka
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Session 2: Light Ion Beam Fusion

1. Don Cook (SNL)

2.  Terry Crow (SNL)

3. Rick Olson (SNL)

4. Malcolm Buttram (SNL)

5.  Shuji Miyamoto (Osaka)
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Basic APEX Pulse-Shaping System @ E .
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Barrel and Extraction Diodes
Are Topologically Identical

GAS CELL POLL.
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RELATIONSHIP BETWEEN THE TDF
AND COVMERCIAL ICF DRIVERS

R. E. Olson N
Target Experiments, Division 1263
Sandia National Laboratories
Albuquerque, N. M. 87185
(505) 846-6892



Target Devélopnent Facility @

¢ A testbed for the R & D
of high gain ICF targets

® Next step after PBFA-I]

® Preliminary conceptual
design



TDF Requirements @

10 MJ on target
Time-shaped pulse
50 to 1000 TW
Adequate symmetry

Nuclear Facility
(100 to 1000 MJ per shot)

Several shots per day

S to 10 year lifetime
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Basic Plasma Channel

& Ion Beam Parameters @

© ’"Free standing”™ channels
about 3 to 4 m long
about 1 ecm diameter
I, < 70 kA

o Extraction ion diode

Litl at 30 MV, naminal
A > 5 mrad

Ja < 10 KA/

Conclusion: Maximum trappable power
at channel entrance is about 45 TW
(conservation equations).



Number of Main Pulse Beams @

Assumptions:
e Bunching factor = 3

¢ Beam generation and
focusing efficiency = 80%

e Channel transport
efficiency = 50%

%

45 W

e Main pulse requires 12 beams

note: overlap & camplexity issues
argue for minimm number of beams

Conclusion: Conservative concept (pulsed

power viewpoint) would supply a 1.8 MA,
30 MV (naominal) diode feed.
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Light lon Target Development Facility (TDF) Concept [,:E




Extripolations fram Present Technologies .

Basic Camponents:

e Marx generators

° 1. t. gas switches

e water PFL's

® magnetic switching

e Helia voltage addition
e MITL's

® extraction ion diodes

° laser-initiated plasma channels



10 W, 2.4’m Marx Generator

96 capacitors:

25 kJ, 100 kV, 5 pF’
15" x 15" x 30"

30 nh per can

48 spark gaps:
200 kV
20 nH per switch

basic arrangement:
6 rows, 8 stages, 300 kV/in
110 nH (geametrical) per stage

overall parameters:
11'-9" x 11'-9" x 6'-6"

Leq = 9.5 yH
Ceq = B2 nF

Z = 13.8 olhms
I = 400 kA

@



Intermediate Storage Capacitors @

o 2.8 m O. D.
(9°-27)

° 1.8m I.D.

® 2.2m length

° 20.MV/m maximmm stress
e 22 nF

° 1 M)

e 2.9 ohms



Mautistage Laser Triggered Gas Switches @

e¢ Naminal 10 MW
(~8.5 MV, operational)

® length = 2.2 m
e 400 kA, 300 nH

° jitter #3500 ps
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TDF Diode Concept

Single gap
Single-sided feed
Applied-B insulation

Field evaporation / ionization

source of Li+1 ions
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TDF' Diode Parameters @

Scme optimistic, but reasonable assumptions:

Vdiode = 30 MV (naminal)

Idiode = 1.8 m "
zdiode = 17 obms "
) = 10 kA/en

Al = S mrad

d = 2 om

B/B, = 1.5

Byp = 7T

R, =  10.5 em

Ri = 7 an

F = 70 om
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TDF Technologies Relevant

to Commercial ICF Drivers @]

General:
e Target Physics

e Pulse Shape Requirements
LIEBRA:

e Extraction ion diode

e Plasma channel transport

e Voltage Addition (MIVA)

e Cavity gas behavior |

e Magnetic switching (?)

e Target injection &

tracking (?)

Conclusion: TDF is a major step enroute
to cammercial ICF, but does not address
repetitive ( > 1 Hz ) pulsed power issues.






CCELERATOR TECHNOLOGY

A

TIAL CONFINEMENT FUSION

1Y

Malcolm T. Buttram

Sandia National Laboraterl

s




REPRESENTATIVE REFPETITIVE SYSTEMS

RAVEN/TEMPRO

(AVCO,

RHEPP I

10

50

3500

kJ

ke J

kI

10 Hz

125 Hz

10 Hz

10 H=z

(1000 Hz)



MODIFICATIONMS FOR RERPETITIVE OFERATION

LOWER THE ELECTRIC STRESS

BEWARE OF OVERHEATING

MINIMIZE FAULTS AND/OR THEIR COMSEQUENCES
POWER SOURCE

ISOLATED MODULES

CHANGE SWITCHING AS NECESSARY
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ADDER ISSUES

WILL MAGNETICALLY INSULATED ADDER WORK IN + POLARITY 72

WILL MAGNETIC INSULATION “"WEAR QUT" 7

CAN POST-PULSE ARCS BE AVOIDED 7

WHERE DO THE PULSES COME FROM 7

OPTION 1 TIMING SWITCH + SATURABLE MAGNETICS
OPTION 2 PCSS
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MAGNETIC SWITCHES ARE:

IDEAL

REPETITIVE (300 kV, 1 kHz, 10 e watt demonstrated)

HIGH POWER (2.7 MV, 3.7 x 10+ watt demonstrated)

NON-IDEAL
BIG, HEAVY
NEED A TIMING SWITCH

Spark Gap
PCSS



HYPOTHETICAL TIMING SWITCH NEEDS

200 kA

1 COULGCMB/PULSE

10%= SHOT

0.285 ns

CHARGE VOLTAGE

PEAK SWITCHED CURRENT

CHARGE TRANSFER

LIFE TO REPLACEMENT

JITTER




B RIMFIRE SWITCHING TIME |

SELF BREAK VOLTAGE' $.7 My
LASER GAP ENERGY: 25 mJ

LASER GAP

JITTER: 0.5 ns
SLOPE: 0.5 ns/%

TOTAL SWITCH

JITTER: 0.4 ns
SLOPE: 0.9 ms/%
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ALTERMNATOR - Scg » TRANSFORMER
= PcsS - MAGNETIC CO MM PRE SSIWV

= A D0ER

PHASE T : 950 hT MV [0H2
[~ 13 ye])

spo RT >IMv  0H2

[~ 1993]

Paase 1

Ogase L So0o kT ¢



SPARK GAPS:

HAVE DEMONSTRATED VOLTAGE, CURRENT, TIMING
HAVE DEMONSTRATED RATE AND SHOT LIFE

HAVE NOT DEMONSTRATED PARAMETERS SIMULTANEQUSLY

PCSS:
HAVE DEMONSTRATED RATE, LIFE, AND TIMING

HAVE NOT DEMONSTRATED VOLTAGE OR CURRENT

ASSESSMENT :

THE BIG PAYOFF IS IN PCSS.



‘ OPTION 2

FORM 10 NS PULSES (RERQUIRES PCSS)

PLACE THE PULSE FORMING ELEMENTS IN THE (+) MITL SHANK

LONG TERM OPTION
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1))

UMMARY :

THE HERMES 111 ADDER SEEMS AN IDEAL BASIS FOR BUILDING
A REPETITIVE LIGHT ION ICF PULSER SYSTEM

MAGENTIC SWITCHES ARE CLOSE TO THE REQUIRED PARAMETERS

THE TIMING SWITCH NEEDS WORK
SPARK GAPS ARE THE LEADING CONTENDER

PCSS MAY BE BETTER IN THE LONG RUN

WE CAN BUILD THE LIGHT ION ICF DRIVER WITH COMPONENTS
THAT WE ARE WORKING ON TODAY. WE DO NOT NEED ANY
UNFORESEEN NEW DEVELOPMENTS.
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JPOWQV‘ F‘OW : smallest sysTam

—  ILE
Initiol Energy Store - 20MJ
Rulse Fower Machine 07

l 14 M7 |

Diode 0.7
| 1owm3
~ (Ton Beaw )

'

Tramsport
Ovevrlop

| 5w

Rellet Gaum 100
S00MJ

Thermal Converler

Grenerator

150M3

(01

0.3

Y | Support
100 MJ System
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GAIN CURVE FOR |
ION BEAM DRIVEN TARGET

Over Ignition

100

Ignition

10, ]
Self Burnm\g
\

/ _B;rt-;ak._,Ev_en ]

\

VR -0.002

0.001
- 0.1} Sub Ignition
1 & J—-—
0.1 1 10 100

(MJ)
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Velocity Simulation by HISHO CUDE

fu—

The HISHO CODE
. Hydrodynamlc |
- Light lon Beam Interactlon BetheoBloch
« Radiation Transport

10%
— g ns

= 105} - 20 | |
= -— 28 rear.
S velocity
2 10% 5x10%em/s
c
QO
)

107}

10%° ' ' : -

(0] 1 2 3
Position (mm)

Cu Cu

15u 104

1=10"Wem? 3 MeV
LIB>> 7 ~15ns
6 =30°

(1061&;1 same as the expeliment .
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Beam Irradiation Efficiency

amd Beam Owerlap Gain

Orbit | |
Calculation 30 ch - 32 return
20 1
8’7%
[
£ 9
12 0.6 &
Q. Ll
T8 S
g K 0.4 _g,
© 5
4 028

ILE

.
V7]
T



Trlple Channel Transport Experlment @

-~ JLE Osaka
: Plnhole
Shadowﬁ;
(Ro% urn
-HV :| 14 ‘ NEA T -HV
"1/ \S T

Rogowski
Coil; _Foil




TRIPLE WIRE CHANNEL @




BEAM EXPANSION ,

IN OVERLAP REGION @

N Filter E (KeV)
8+ o 0 .
A 1 >200
- e 2 >350
A 3 >500
without - % | with
return path ¢ return path|
3
> 4-
}
(C
= |
-8 3
<
.’A‘\.
ol
\.
>
'Q—-~e\\A\
/’,, ‘l.i
o 4 l ~

-
L
-

—15 —10 —5 o 5 10 15
Beam expansion at each pmhole position
in x-direction (deg.)

Experimental expecledd overlor gain waa 9.’3




BEAM TRANSPORT BY LASER
GUIDED PLASMA CHANNEL

Experiments

Reactor

(1) Channel Formation
®C,H, 20 mbar

eCO_ P(20) 10.6um Laser

10 V/cm-mbar
o2 mJ/cm3-mbar
00.4-1m

one~5_)<1017/cm3, Te~-1.8 eV

olch=10~40 kA

(2) Transport

eEnergy Transport
Efficiency

-~ 80 % (0.4m)

®Particle Transbort
Efficiency
>90 % (0.4m)
eGuide up to 1p1°-w/cm3

(3) Beam Overlapping
®Alternate Arrangement
beam & return
channel

10 mbar

30 kY
40 J
3 m

dE|] _ 1090,
d’dloss E

|ch> K(R/F)Z\/KE

Arrangement

30-32
Overlap Gain
>6.5



Brightness

D

Scaling

@

ILE Qsaka

1000

Brightness
B [ TWem2rad? ]

1

4

SR Y BN U mw o ¢

10

i;VOItage"? MV ]



,(TW/c'ni?rad")

Brightness

- Energy (meV)

10°- 100
Required
1 04, Brightness \&
103-1 -50
102-
O' ! ) Y T Y T k] Y T O
1 1234 7 9 1112
H He Li Be B'C”?

ion Atoﬁich Mass Number

Target Range >6§f 100mg/cm?
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lon Source | @

ILE Osaka

e Stationary Plasma
Bhom Current J; ~ 0.4eZni(2kT/mi)1/z
)L ,T~1eV, n;~1X10'7 /cm?

J; ~ 3.3 kA/cm?
d>0.1 mm for 50ns pulse

elnjection Plasma Repitition
Current Density Jj = n;eZv q
eJLi , vg~2X107cm/s, n.~1X10'5/cm?

Ji = 3.2 kA/cm?
d=1cm=vyr

-»Impedcmce mn’tr&( by dewsx‘cy modxf cation ?

- ®Plasma F|II
Erosipn | J; > nie'Zvd\‘

Expanding gap spacing
Increasing Diode Voltage
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Irradiation Parameter

Total Power _-
Pulse Width

Total Energy
Voltage

Beam Number
Beam Power

Focal Radius
Channel Radius
Target Radius
Buﬁéhing Gain
Overlap Gain
Transport Efficiency
Irradiation Efficiency
Power on Target
Intensity on Target

Energy on Target

ILE Osaka

200 TW
50 ns
10 MJ
30 MV
~chage with ion
30 Beams
6;7 TW/Beam
0.35 cm
0.5 cm
0.4 cm
5
8
0.75
0.7
510 TW
250 TW/cma?

5.1 MJ



Transport Parameters @ |

ILE Osaka '

lon | CHA Ut
Focal Radius | (cm) | 0,35i |
Channel Radius (‘cm ) ' :o.g.
RF (rad) - 0.675 0.085
( deg) 4.3 4.9
Channel Current (kA) 50 |
Focusing Length (cm) 108 96
Required Divergence Angle |
| (mrad ) 3.2 3.6

Required Diode Brightnesé
( TW/cm?2sr ) 9200 7100
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Session 3: Heavy Ion Beam Fusion

1.  Walter Polansky (DOE)
(no viewgraphs available)

2. Thomas Fessenden (LBL)
3. Rolf Miiller (GSI)
4. Edward Lee (LBL)

5. Donald Dudziak (LANL)



INDUCTION LINAC DRIVERS
FOR
COMMERCIAL HIB FUSION

Tom Fessenden
Substituting for D. Keefe

Lawrence Berkeley Laboratory
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TR e T s U Y

| Heévy fon accelerators may be the most attractive
driver option for inertial confinement fusion (ICF)

- 0 Accelerators have a broad technology base
0 Multi-gap heavy ion accelerators have advantages
over laser and light-ion drivérs
- Repetition rate
- = Efficiency
o - Reliability
o - Long stand-off focal distance

) Gefmany, USSR, and Japan study RF linacs with
- storagerings

o US. studies multiple-beam induction linacs for
fons |
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The HIFAR program to da te has been Iughly
successful

® Sources with high-currention beams (Xe, Cs, Hg) with more
than adequate optical quality have heen built

® Extensive measurements on high-currention beam
transport have revealed that we can transport, without
degradation, much higher currents than thought possible;
this cuts the cost of the driver

- These results have opened up a new sub-field of -V
accelerator physics: “space-charge-dominated” beams

® The Multiple Beam Experiment (MBE-4) is showing how to
achieve controlled current amplification in an ion induction

linac with multiple beams

® Systems assessment studies by industry/national
laboratories for induction linac drivers show attractive
cost-of-electricity (50 mills/lkWhr) for a 1 GWe plant
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Dats for 100% beam |
Data for 88% besm
9 Date from 160 kV

Lewer limis_dye to sovrce

Oriqgnal conjecture
y Maschke

.Apkroximno high-ordes
V instability limit

N 30 60 90 120 160
X | o, (degrees/period)
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MBE-4 Beam Currents
(at Cell #*15)

Cesium Beams, 10-shot Overlay, 0.2 Hz

at Cell #15

Injected current
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v 128 micro- pulses

w6V r—l .
l Skm I Lz S -
0.165A T—-r"@wm
FF"ml e 1920 putses
ip- Delay 185
ElEE | unac / #
glisT
>
£ :gg E 320 MHz
-E—’:::
— 10MHz R=236m
B=0892sT B=175T
H v v v \ H
= 3 2 2 2 2 2 fm,:%
0= 27 1.2 1.2 1.2 1.2 2
gy=1 09 715 15 15 15 " 30 mm.mrad
€y=1 09 09 22 5.2 125 30 mm - mrad
Aa=dH 0.09 015 026 -+ 0.4 0.24
- LV 0.26 0.29 0.31 0.32 0.24
%::540“} +1-107" : ~#13-07 .
pulse length= 16 FL16 2 J 2 2 T2 202 Noosys
i- ‘0165 05 08 16 32 125 125 165  1250A
, . o co UUUBRexit ' Targef'ly T
Legend: ST < -
.Muttiturn
Storage times No of turns 3 Injection
(open input gate —= open output gate) o<~ Fast Kicker
AR 1e2 3 s RF Cavity
WR 1 i 3 48 —o= Switch
WR 2 6 96 Combiner _
WR 3 12 192 gepi‘um array (static)
quare wave
SF L A?L 3.&.72 deflector (vert.)
! ! 1 Delay(beam line of specified length)
gg 18 Sg A(1)g S = Stacking factors(current multiplier)
BR 110 -20 -160 D = Oilution factors
€ = fransverse emittance
= horizontal
V = vertical
AQ = incoherent tune shift in rings
Ap/p=relative momentum deviation
[ = peak beum'currenf
HIF DRIVER

4 ms Storagetime

Sept.84

Fig. HIF driver, 4 ms storage time.
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10 GeV

HIBALL T
Ground Plan
Sept. 84

UMAS "TACCEL |

2§ CONTROY .
N =T | K = Kicker
g;s \c——____—zg.:c:’g CENTER (single - turn injection/extraction) _

B= Bumper
{multi - turn injection)
C= Combiner septum
RF = Big RF cavity
0EB= Debuncher

Fig. . HIBALL-1I ground plan.
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