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Abstract

2 THE RECIRCULATOR
T_he Heavylon Fusion Group atawrence Livermore . In order to validate the recirculator for anlFE power
National Laboratory has for several years been developm% . o : .
e X . . ) pfant driver, coordinating bendingndacceleration of the
the world’s first circularion inductionaccelerator. This

. beam while maintainingtransverse and longitudinal
machine has recently beestended to 9@iegrees, or 10 control beam brightness must demonstrateds]. Table
half-lattice periods(HLP)with full beam transport. In 9 )

addition, induction cores have been installed on five of tleIIStS some importartharacteristics othe recirculator.

HLP’s, each with an independentarbitrary waveform n des_|gn|ng this machine, all of the important
. . dimensionless beam parameters, suclpeseancewere
pulser. Anarbitrary waveform pulser for théending . .
o ept the same as a fidbaledriver machine. Each half
electrostatic dipoles has also been enabled. Together, tzﬁ ice period(HLP) of the recirculator consists of a
have allowed the first attempts edordinatecbending and P

acceleration ofthe beam. The results of these firs? ermanent. magnetlcquadrupole for focusmg,_ an
: . o electrostatic dipole for bending the beam, and an induction
attempts will bereported on inthe paper byexamining

the output of variousdiagnostic devices, such as theore, o modulator, foraccelerationand longitudinal

capacitiveBeamProbes(C-probes}lit scannersand the compression. The dipole pIataEf-: designed to provide a
9 degreebend tothe beam while the modulators are
Gated Beam Imager(GBI).

designed to provide 500-eV of acceleration.
1 INTRODUCTION

Table 1: Recirculator Specifications

Currently, heavy ion beamsre being pursued as a Circumference 14.4m
candidatefor a driver of an Ingrtial Fusion(IFE)povyer Beam Species K
plant. In such gowerplant, ion beamsvould provide # of laps 15
the inputenergy necessary tignite small D-T capsules .

. Max. Beam Radius 1.5 cm

[1]. The acceleratorfor such adriver would need to —
accelerate space charge domindted beams to a total Beam Statistic Lap1 @15
kinetic energy of a few GeWwhile providing pulse Beam Energy 80 kev| 320
compressiorand beable to operate at a rate eb-Hz : kev
[2,3]. Usually the conceptual design of such a machine is| Pulse Duration 4is lus
linear, but an alternative concept, which mpsovide Beam Current 2 mA 8 mA
significant cost savings [4], is aircular machine, or Underessed Phase Advance °78 | 45°
recirculator. However, a space charge dominated, ion[ Depressed Phase Advance °16 12

induction, circular machine hasever beerbuilt before.

Thus, the HIF Group at LLNL habeen developing a In the fall of 1997, the machine was extended from a 45
small recirculator inorder toinvestigate the validity of degreebend[6] to a 90 degreebend section. Figure 1
such a concept. shows the current layout of the machine. Initially, @s4-
beam pulse is injected by a source diode with an energy of
* This work has been performaahderthe auspices of the 80-keV through a 1-cndiameter aperturahich provides

US DOE by LLNL under contract W-7505-ENG-48. an initial beam current of2-mA. Upon injection the
** PresentAddress:StanfordUniversity, Palo Alto, CA beam enters an electrostatic matching sectised to
94305, USA convert the uniformly expanding beam to an ABused
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beam. A short magnetic transport section follawsch probe immediately after the nth dipole plate. Tifeerent
thenleads tothe 90degreebendsection. Following the curves represent different applieditages on thedipole
bend section is theEnd Tank which housesseveral plates. From the y position plot, the shot to shot
diagnostics (dFaradaycup, parallelslit scanner,and a repeatability of the measurement is clearly seen, while the
gatedbeam imager) to measure beam quality. Also asposition shot demonstrates the sensitivity of the system
part of theupgrade, magnetic induction coregre added to small perturbations. From testharacterizing the

to 5 of the 10 HLP’s as shown. digitizing electronics, a systematarror of ~7004um is
estimated foreachpoint. That systematierror should
223 GBI decreaseipon addingsome refinements to the algorithm
£ f -~ that calculates the position.
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Figure 1: Current Recirculator Layoahd Faraday cup -3
data at 90 degrees. -4

HLP
] Figure 2: X positions asneasured byC-probes for
The first attempts at beam transport through the SRyious dipole voltages.

degreesectionwere donewith no accelerationand DC
voltages (+/- 6.575-kV) on théending dipoleplates. Dipole Voltage Scan - Y position
Full current transport was achieved with less thanld$s
. —e— 6525V
as measured by Farad@ups. The RMSnormalized 6575 V

4
3
emittance, 2 —A— 6625V
1
0
-1

s = 4yB{(32)(x2) - (xx?)
for 90% of full beamcurrentwas alsomeasured after 90 E
degrees. Irnthe bendplane (x), themeasuredvalue is
0.045rmm-mR while the out-of-plane (y) emittance is
0.068=mm-mR. This compares to 0.02fT=mm-mR
measured directly aftehe source aperture. The growth -3
seen is within the design specifications. -4

HLP

3 CAPACITIVE BEAM PROBES Figure 3: Y positions asneasured byC-probes for
_ _ various dipole voltages.
In order tomonitor the beam as it travels through the

accelerator, a capacitive beam probe (C-probe), which 4 GATED BEAM IMAGER
measureghe transverse beaposition as a function of
time, was also installed imrachHLP as part of the
upgrade. The C-probe [7] is a ceramic cylindricahell
whose inside isoated bycopper. The copperoating is ) .
divided into four equal areas bylivisions parallel to the pulse must be compres_sed to _~10and aﬂ_nal spot size
cylinder axis. The C-probe is placed inside the beam pi Ea few mm. If the emittance is grovvth Is too Iarga_s
and as the beam passes throitgta charge isinduced on mal_ _focus on the ta_trget will - not - be possible.
each pad. The inducedcharge is dunction of thecharge Trad|t|or_1ally, a parallel slit scan has b(_aen usetheasure
centroid and the total current of the beam. Esighal is the emiitance ofspace charge (_jomlnatdmeams, but
amplified and digitized through the computer control LLNL has developed anew device to measure the

system and analyzed to obtain the charge centrB&hch errjllt;anGcE,l the Gated Beam Itmdage_zr [8.]' hich the b .
tests of the system, using canductingrod to simulate . . € USES & peppErpot design in which the beam 1S
the beam, have yielded a resolution o [6]. incident on ahole with 100pum diameterholes creating

Figures 2 and 3 show the x position and y position asany beamlets. Each beamlet is emittatiaainated and

function of HLP number. HLP @orresponds to a C- IS alloyved to drift to am?cro channel _pIate(MCP). The
probe in the straight section while HLPrefers tothe C- MCP is coatedwith a thin layer of stainless steel-150

In addition tobeamposition, the emittance growth of
the beam as it travels through thend section is of
critical importance. In a fulscale driverthe final beam
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nm, which stops the ionand produces several few eV enabled andhas allowed for accurate beam position

electrons pefon. After passing through th&ICP, the
electronsare proximity focused on to @hosphorscreen.

monitoring throughout théendsectionand,the GBI has
beenfully reconciledwith the morestandardslit scanner.

The light generated is focused and captured by a CCHitial test for the pulser to do theecessaryamping of

camera thasits outside of vacuum. The imagan then
be analyzed to determiribe emittance in botkransverse

directions. The MCP also allows time gating of the GBthe electronics for the modulators. In the next month, we

to measure emittance as a function of time.

As of fall of 1997, the functionality of th&BI had
been achieved, but there watdl some slightdiscrepancy
in directcomparisondetweenslit scannerdata and GBI
data[6]. After the analysis of theGBI images was
changed tamore closely mimic the slit scamagreement
between the two devices was achieved. Adegrees, the
slit scan measuremepieldede,=0.045 and £,=0.068 T
mm-mRwhile the GBlyieldede,=0.043 ande,=0.065 1+
mm-mR. Both of these comparisarewell within the
estimated 15% systematierror associatedwith each
measurement.

5 ACCELERATION

In order for the acceleration of the beam tacbetrolled
throughout thebend section, the voltage on thdipole
plates need to be ramped up. For the full ringdipeles
need to rampedrom approximately 7-kV to 28-kV in
~2404s. To meet this challengeBNL hasdeveloped a
prototype dipole pulser [9]. This pulsdeliversonly the
positive polarity, but thedesign can be usedith only
slight modifications to build a pulser for theegative
polarity. Bench tests of the pulser systeicatethat it
delivers the necessary voltage ramp.

the dipole voltage during acceleration haveeen
performed. Currently we are performing théial test of

expect to make the first attempts at coordinabegding
and acceleration.

Repeatability of Dipole Pulser

B
£
=
-1

-2

-3

HLP
Figure 4: C-probe X positiondor three consecutive

pulses with dipole plates in HLP 6 through d@hnected
to pulser.
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