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BASEBALL II-T, A NEW TARGET PLASMA STARTUP EPERINMENT#

A. Chergin P o —
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This paper is a bLrief description of medifications
and additions to the existing beseball II experiment.
“pese changes will meke it possible to study terget
plasze buildup in & siendy-~state magnetic field. This
experiment, now celled huseball II-T% will use & pe.
generstor tc deliver ammo pellets intc the center
2 the magnetic mirror f% nere they will be hested
with » 300-J5, 50-ns, CO, laser. The placme ~reated

2
by this methcd will have & density of approximately
LA13 -3
10 cm

and o temperature op cbout ! xeV. This tar-
get plesma will be used ror neatrul bean injection
STHITUP Sl s with neutrel besx.
Later, the bear= power % msed to study bu
up. Witk isn inlection energies of ur to 50 keV, it
may be pcssible to echieve r1 as Ligh &s 30'2 u:-3 5.
The new components necessery tc achieve these gouls ave
jeserived here.

Inzrodactien

The Beseball II-T experimen: wes undertakern ic
develop SUertur plasmas consistent vith steady-siele
cperation of mirror field econiinement. The exgeriment
ras been planned in three pheses: &) develogment of
technology required teo groduce a target plasme,

b} &emonytraticn of stertup in a ~teedy-staie megnetic
field by neutrsl beem injection ontc a target plesza,
and ¢) increasing neutral beam in)ecticrn to achieve
and mairtain a dense, high-tezyerature plesme for e
time lorger than trensient effects of vecuun pumpiag
and particie lcsses.

Pellet heating with e leser ves selected a5 ihe
most likely mnthed tc succeed in target plasma produc—
wion. This decision was based partly on good progress
mede by United Technclogies Research Center; however,
the Basebrll pellet generation and delivery, as well
s lase™ wavelergih, are different froz the UTRC

method.® eutral beem sources, mominelly 50 4 at
20 keV, daveloped by Lawrence Berkeley Laboratory (LBL}

will be used to dedonstrate stsrtup.2’3 Sources at
L0 keV are currently ur »r development at LBL, and

these will be used to sustein the plasme in leter exper-

iments. The magnetic confinement will be accomplished
in the existing Basebsll T1 superconducting magnet

facility with minimal modifications.

*This work was performed under the auspices of the
U.S. Energy Research & Development Administration,
under contract No. W-TLOS5-Eng-b8.

+ "T" vas added to designete target plasme startup.

rermore Laboratory, University - Zelifornia
Livermore, Californis 94550

. ot thew cmployecs, maker any
wuminty. expres or imphed, or psumes sny bl
fatility o rexpommknty for the accunacy, compietencss
at unfulnex of amy formation, apparatus, product ar
Procesa ducawd, or vpietents that ity use would ot
winngr prvaialy ovne d rights.

Megnet System Adaptation

Eecause the " seball II megnet was originally
designed for o 3i =erent set of scientific parameters,
not ell of its fet ires ere compatible with the laser-
pellet target plas:- production. The magnet germetry
pakes 1t difficult deliver large-dimnmeter Laser
bears, i.e. 20 cm, within 50 em of the ceater snd
then focus them int = very small focal zone. The only
reesonable way to ac..mplish this is tc use 90° ar2

105° off-axis parsbolic mirrors for laser :‘ocm-:'u;.s

These mirrors are within the top &nd bottom magnet
lobes respectively. They focus the beem in & vertical
plene from opposing directions onto & central target.
The laser beams arrive approximately horizontally
through the enviropmentel cnamber wall, and then they
are turned and focused by the off-axis parabolic
mirrors. The Baseball LKe circulation system in
these regions had to be cut and medified to accommodate
the laser beam. The well of the B-Tt stainless steel
vecuum oharper was 2ut in piece, and two newv 16-in.
roris were fitted for leser esntry. bBoth LH2 end LHe

hest~shield liners were modlfied accordingly.

The existipg Ti sublimaticn systex wag incompati-
ble with the nev plasra regime, 2s well &5 with the
reflecting surfaces cf the mirrors. Also, tke vacuum
requirezents for the new experiment imply Ti sublima-
ticn before every shot., Therefore, the mirror surfaces
cust be rrotected and covered by recote contral. The
12 sublimators and their cable circuits are designed
for rf power to fmecilitate operation in a high
magnetic field, Each sublimator 1s a 2.5-kW uni%, but .
no more than two wWill operate et any one time. This .
heat loed is teken on the LN2 liner surrourding the

coil. Figure 1 shows the overall experiment leyout.

Fig. 1. Overall experiment laycut.
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As the reguirements for the new experiment
developed and many of the tasks needed to accomplish
the experiment could be identifled, a schedule plan
was made that includes milestone, financial, and
eanpcwer plans., A CPM-type conmputer code was used to

Flan arcd update project activltiea.s During the first
helf of the project, the computer program was very
useful. However, during the second palf, no further
updating vas done because the camputer program outpat
and the actual project schedule correspond.d reasonably
well, and the numdber of remaining tasks diminished so
that their interrelationship wes obvious without
the computer.

Pellet Generstion

Pellet generation is influenced by several factors:
vapor pressure, size, coopositlorn, purity, fabrication,
delivery, and guidence. Ideally, the pellet wculd be
made of pure deuterium. However, developing technology
ror pellet fabricaticn, delivery, and guidance weuld be
4ifficult and expensive with deuterium. Therefore,
almost ell of the development to date has been accom-

plished using tzmmt:nia.-r Ammoni& 2iquifaction is slmpler
than deuterium, and it can also be tumped on LN2

surfaces instead of LHe., All of the basic techniques
applied to making en ammonie pellet generator also can
be spplied to deuterium with the addition of core
complicated dut pevertheless stapdard cryogenic methods.
For the initial experiments, it appears possible to
obtain satisfactory target plasmas with samzonia. How-
ever, it is expected that a deuterium pellet would
result in higher energy, longer lifetime, and higher-
density target plasma. The Jdeuteriuww pellet development
will be undertaken in thz future.

The pellet size neceseary to produce an edeguate
target plasma is dependent upon several parameters:
required plasms volume, necessary lon density,
efficiency of laser ionization of peilet etcms, and
efficienty of laser energy transfer to ions. The
needed plasma voluze ig & sphere large enough to
intercept the injected neutral beam. In Baseball IT,
thkiy sphere should be approximately 6 co in dlemeter.
The mechanism of the target plasma formation 1s such
that it is not possible to predict accurately the final
target plesma volume. Therefora, the pellet generation
scheme should be capeble of producing pellets over a

rangs of sizes of 50 to 200 wm or 1015 to 1olT atoms
per pellet. In the target plasma, an ion density of

1.h x 1013 o3 with a teaperature of approximately
1 keV is expected.

Figure 2 ghows schematicelly the method of pellet

generation which is essentielly thet of C. D, Hend.ricksg
The pellet gun generates a stream of charged liguid
droplets, any of which can be electrostaticelly
deflected and sent downstream through & Venturi-tyre
orifice. The liguid droplet freezes in flight shortly
after it is formed. The oriflice serves as & separation
between low- and high-vacuum regions as well a3 a
berrier for the streamirg gas since it is not &ligned
with the stream. The droplets are genernted at a rate

of 10,000 5™ with an inftiel speed of 10 ma ' which

increases to 35 ns~! s the pellet passes through the
orifice. Because of Rasebell II access limitetions,
the pellet trajectory is alomg a horizontal sxis per-
pendiculer to the neutral beam injection direction.
Along the pellet trajectory, three resdings of pellet
location and speed are taeken, and one deflection plete
15 energized to a fixed voltage. This gives enough
deta to compute accurstely the predicted pellet trajec~
tory near the focal zope. Thke fecessary correctiovn %o
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Fig. 2. Schematic of pellet generation.

the trajectory is also computed and the mpproximate
voltage applied to the final deflection plates to
insure pellet passage through the focal zone.

Lasar System
The seleztion of the leser systen was based cn the

principle of ablative burn-through of & pelle\'..g
Commercielly developed 002 lasers were avallable with

ihe required specifizatior of 300 J in & 50-ns pulse.
Thic laser beam is split to hir the pellet fraom
opposite directions to reduce any rocketing effects.
Since the Baseball II undergoes optically significant
dimensional changes during cooldown and cannot be
vibtretionally isolated, it is en unsatisfactory mount-
ing base for laser optics. A cantilevered support
structure was bullt for gulding the two beams, support-~
ing the focusing mirrors, aznd resisting vacuun load.
The Cu2 laser, the structure, snd the peilet gemerator
are mofinted on a comcor 18- by 6-ft granite table,
vibretionally isoilated from the ground, and inside a
temperature-controiled rou 1, Therefore, the coll itsell
does not need to be precis:ly eligned with the laser
system, although the pellet will enter the laser focel
zone approximately in the center of the magnetic well.

The focusing optics are two parsbolic mirrors
2L by 35 cm, at off-sxis angles of 90 and 105° with

foeal lengths of 50 and 65 co r(-.\spectivel;r.m They are
designed to be cooled to 80 K, and thelr dimensioral
changes are taken into account, These, as well as six
Jther large turnlng mirrors, vere mede of CFHC copper.
An annealing schedule was set up for all mirrors during
various atages of febricstion,

In order to monitor aligmnment, an interferometer
was set up with a He-Ne laser. This is 2 usefu.
feature for real-time confirmation of alignment. For
triggering the C02 power laser, an argon timing lager

is used to detect tne pellet approaching the rocal zone.
Figure 3 shows the schematic of the rajor optical
conponents. The iimensional stability criteria for the
mechanice)l design are more stringent for the interfer-
ameter and the timing laser than for the C02 laser.

Floor vibrations were dempened with servo~controlled
ppeumstic lsolators supporting the 45,000-1b laser sys-
tem agpembly, The support structure on top of the
granite table was designed with the sid of a finite
element computer program to insure dynamic character—
istics that would not amplify the small vibrations

transzitted through the :isc].ato:‘s.ll
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source modules. The primery pumping will be by voiume
dilution of the pulsed gas loads into the source tenks.

Schematic arrangement of Baseball II-T
laser beams.

Fig. 3.

Since the building high-bay area where the Base-
ball II is located fluctuates significantly in temp-
erature, hunidity, and air partlculate content, an
environmental enclcsure vas constructed around the
laser system, This roob can be meintained at e
temperature of 72 * 1/2°F and at relstive humidity of

30 * 5%. The dust level is reduced to 100 pp!'t3 of 5-u

particulate and 10,000 ppl‘t3 of 0.5-p particulate.
Because the windows for CO2 leser wavelength are made

of sodium chloride, the humidity needs to be locally
lowered in the aress of the windows to about 10%.

Nentra) Beam Inlection

For the¢ initial phase of the experiment, a 50-A,
20-keV neutral beam source will be used to facilitate
target plesza diagnostics ard to provide indiecatioa
of beam trapping. The source is of stendard design
tuilt by LBL apd is used successtully in several

pro,1ects.2 The aztual module installed has been
tested to 60 A at 16.5-keV output using hydrogen. The
total beam power and beam energy distribution are
measured directly on the same diagnostic device. The
power is me=sured calorimetrically on & calibrated
copper plate. The energy distribution is meesured by
allowing B negligible portion of the besm to pass
through an array of small holes in the calorimetric
plate. These small beemlets produce secondary elec—
trons cn & detector at the end of each 1ole. By
studying the proportiorality of signals, the energy
distribution cen be easily obtained.

The source 1s mounted¢ in a 5-ft-diem tank with a
LN, liner and Ti sublimation. The liner is made of

316 stainless stesl with unique double-wall construc-
tion which xllows the inaer wall to be as thin as
0.020 in. For Ti sublimation purposes, the heat trens-
fer through the 0.020-in. wall 1s very good, and
temperature fluctuations can be held to less than 5 K.
The technique of spotwelding the thin sheets for
double~wall construction of heat trensfer surfaces was
developed by Mueller Co.®

Far the buildup phase of the Basehall II-T
experiment, a new neutral beam injector systex is
proposed. Figures 4 and 5 show the layout of the
systen. The current plan is to use five 50-A, 20-keV
source modules and one LO-keV source mcdule. There
will be two 9-ft~diam source tenks, each housing three
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» T1 gettering on LN2 surfaces inside each
source tank is planned as well &s on LH2 surfaces

surrounding the magnet walls. 7o allow for quasi-
steedy-state cperation with the 40-keV beam, the LHe

cryopumping surfuce will be lncreased to 20 m2
inside the magnet envirormentm' chamber. With thkis
scheze, the vacuum conditions should allow operations
for 100 zms with the L0-keV beaz. A product n1 of

2 -3
107° co ~ may be schieved.

Proposed multiple-beem injection,
vertical cross section,

Fig. L.

200 sowe us:w/

+ 5. Proposed multiple-teax injection,
plan view.

Current S=ptus

The magnet system adaptation has been accomplished
and successfully tested. The pellet generator pro-
duces pellets reliably. However, the guldance and
delivery systems peed further improvement because only
a swmall fraction of the pellets pass through the focal
zone. This fraction should be sufficiently increased
with the addition of another computer to facilitate
fastr® trajectory caleulations.

* Reference to a company or product pame does not
imply approval or recomendatiin of the product
by the University of Californie or the U. S.
Energy Research and Develorcent Administration
to the exclusion of others thet may be suitable.




The 602 laser system Bnd other muxiliary lasers

are installed and tested. One off-axis parabolie
mirrcr has been delayed in fabrication, causing tke
currens checkout operation to be dope with cne-sided
feeusing instead of the intended two. One 50-A, 2D-keV
source hes been installed and is nov operationel. The

3.

A. K. Chergin and C. J. Anderson, "Solving
Problems o Neutral Beam Injectors at LLL," in
Proc. Sth Symp. cn Engineering Problems of Fusion
Research, Princeton University, Princeton, H.J..,

1973.

first tests of target plasma generation will be done k. g D. Henning, R. L. Helson, ﬁ' K. Chargin, B. 5.
enhoy, and F. Marschbarger, "Engineering the
soon. The final phase of the experiment is in the Ba. . G "
seball Magnet System,” in Proc. Uth Symp. of
preliminsn:' design stage avalting funding approval. Engineering Problems of Fuslon Research, hiavel
Assuming timely funding, the multiple-beam system Regearch Laboratory, Washington, D.C., 1971,
could be built and installed ir approximately one
year. Then the experiment could be started on sus- S. A. Frank end A. Chargin, laser Focusing Optics
taining the pleama Iin a steady-state magnetic field. for Baseball II-T, an Approach Trade-Off Study,
Lawrence Livermore Laboratory Engineering Note,
ENE Th-27 (1974).
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