p e/ ’7" -

UCRI-50051-774

VMAGNETIC FUSION ENERGY QUARTERLY REPORT
Jctober through December 1977

scientific Editor: M. AL Harnson s
general Editor: €. K. McGregor ARy

piepdbim B 32

“ebruary 28, 1978

Work performed unaer the auspices of the U5 Department of
Energy by the UCLLL under contract nun:ber W 7405-ENG 48

LAWRENCE
LIVERMORE
I_LABORATORY

Uriversiy of Caktormnia L nermarg

l‘ \um!l

e ot 3L e
GAhEyr e
noTae '5‘\"_’,-

N - 1y
VA . -
[/ R 1\.:.«_,"‘4“




ILAWRENCE HVERMORE I ABORATORY

GORL Haosy 7 g
MAGNETIC FUSION ENEFRGY QUARTERLY REPORT
October through December 1977

Sacntitic Fdoar MO Haroeen
Creneral Fduoor €K MOGooos

MS date Pehrpare 20 197



PREFACE

Fitectnve with the begmning of BY s cthe Myeneso Puseon Enerey Doitad Bepeortor the Magneue fusion
Focrey (NEEy Program ot the Tawrence Fivermore aboratory (F T s bemg replaced by quarterly reports;
this s the Bstan the new seres

Our intent s to provide atomely sumpiny of activites withon the MEE Programat UL Ina given Quarterly,
ot Al AL prosjects e nevessanty represented. hroughout. detuls ate hept to g minomum: readers desinng
addimonsd mtormation are enconraged to read reterenced documents or to contact the mdivaiduads engaged i
thie prowts

Ihe intormation meeach Crearer o, presented i the siaome sequence asin the Form 189 submussions prepared
for the TS Department ot Faergy the thiee maim sections are Open Canliacment Systems, Development and
Technolopy . and Apphed Plasma Phyaes Vach of these sections s miroduced by an overall statement ot the
voats and purposes ot the proups cepottmg ot As appropeaate within cach section, statemeats of the goalds ot
mdcdust provratos and profects are tollosweed by aricies contamimg summarnies ob sipbicant recentactin iy and
descrptone tent

Ihe st Eercerio i cach Bacal vean will contnnna st of all publications and presentations prepared by M
personned darmy that seal
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MAGNETIC FUSION ENERGY QUARTERLY REPORT
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/
v 1. OPEN CONFINEMENT SYSTEMS

Lawrenee nvermore Faborators (01 H) has primary national responstbihty tor magnatic mirtonr programs,
anappioach proneered here sivee the carh 1950 A goad ol T smapnetic tusionenergy (MEBE) program s to
provide the technolopy to develop a conttnuously operating tusion teactor. The heart of this reactor will be a
plasma confined by magnetie murrar geometty and continuousy sustamed by mjection of beams ol encrgetic
neuttil ators tsuch as deuterium)

There are three contimment systems now i operation ot undet construction wt UE L the 2XHBL the Tandem
Mirtor Eapenment (EMNG and the Myrror Fusion Tesi Faabty iMETEH)

o 2N rehes on pulsed magnetie helds o confine a hotodense plasmia tor o short time. It teatures C-shaped
magnete cotls thit torm the contimmg magnene tiekd. Their unigue shape Gn what is known as o vin-yang
prometryy stabilizes the confined plasmic by creating a magnetic tield (o magnetie well) that inereases inevery
direction trom the plasma center

e n 1976, we proposed i new idea the tandem mirror coneept. A tandem mirror reactor would contain g long
solenoidal magnet terminated at both ends by conventional mirror celis. These cells would actas™end plugs™ to
prevent plasma leakage out the ends of the solenoid. The FMXs being constructed to @t the principles of this
coneept.

s The METLE now bangeonstructed will bridge the physicsiand engineering gaps between preseat experiments
and an experimental fusion reactor planned for operation by 1990, the METE will use @ supesconducting
magnet af vin-ying desipgn (aimilar to the 2XHB experiment), This magnet will be capable of continuous
aperiation

2XIIB

The 2XHB magnete mirtor machine was but tostudy the scaling o plasma confinement waithhon energy . We
have rased the mean plasma ton energy to 13 heVand the peah energy conbimement parameter iz, 100 cm s,
Atter reaching hugh betas 3 = SeaWo B, expeciments attempting to achieve field reversal reached o hield-
reversal factor AB B - 0.9, Experiments gttempting to improse the microstiability of nurror-contined plisma
and to turther increase beta are underway.

Field-Reversal Experiments With Variable linearly with quadrupole ficld strength. Also F-ring

Quadrupole Magnetic Field Strenpgth
H. . Turner

Field-reversal experiments were conducted by
varying the quadrupole magnetie ficld strength.
Results indicute no rapid increase in ion losses with
increasing quadrupole field strength.

Our  field-reversal experiments with variable
quiadrupole magnetic tield strength were motivated
by work at Cornell using the relativistic electron
compression experiment (RECLE-Berta) electron-
nng (F-ring) device, In those experiments. anom-
alous electron losses were observed toincrease

decay rates up todive to six umes the rate for ring Toss
due 1o collistonal dittusion on background neutral
densits were measured . Although our 2XHB eapen-
ments were conducted at even higher quadrupole
field strength, they showed wan loss rates within o
tactor of two ot efectron drag and they did notshow a
lincar dependence on quadrupole tield strength. We
conclude trom these experniments that 2NTIB ton
losses are not enhanced by a guadrupole magnetic
field as are RECE-Berta electron losses,

In the 2NTIB experiment. we can vary the ritio of
yuadrupole field strength B to total ficld strength By
by varving the ratio ot the current in the vin-yang
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cnlanonont pananieter s the gquadiapoe bield

stoneth cvannated ot B the plasina taddoe debined
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Fig. 1 Volume-gyersged ion energy confinement sersus quadru-

pode field strength, where By = 067 1 and I{q = H‘ik‘,.
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Flectron temperature versus quadrupole Neld strength,

-

Lo boron fota 20 Cotind s T ot o ey
the quadiapoc Tonmg osp biments U oiscgac b
W have condnded thar PNTIB on dosses are nuot

sithariy enhanced by o guadiupede aenetic hekd

| aperiments with the Stabilizing Stream Located
at the Edge of the Plasma
1 ¢ {7 T

oo i ginnd 1

Eyperimenis were initiated  with a stabilizing
plasma stream supplied (o the plissma houndary.
Fhese experiments showed that the plasma stream
can be localized to a radius of 6 cm, that at this
location the stream can stabilize the drift-cyclotron
Joss-cone mode, and that the cdectron temperature
increases Trom 90 ¢\ 1o 140 e\

W conducted hield-reversal cxponments o in which
the stabilizine plasing stream s Tocated ar the e lpe
of the plastin tather than o e conter asae provioas
cupeniments I hese Capeinents wete ntotivated by
o desie to inerease electron temperure o the
center ob the ploana and to thereby peduce the
I

W

clectton-dray cooling of hot sons i the centel

the results ob these which

conducted at the begimning of this quatter. see Ret

vaperiments,

T sunumany s Jocatinge the stabihizing plasma streams
At the edge ot the plasme allowed the clectron
temperature to reach 140 ¢V cna consistent basis
I he botr-
(]

W recarded atew shots as hngh as Inted
ron Bletrme dud ot contimuoe toamproseabose
eV s attihute this toan inarease inion welotron
AUtV

Inan attempt o ceduce these aon avelotton
tluctuations, we hirst located 2-in-dum, deuteniume
foadued-titaniim washer guns crather than the usual
Vo2an -dim punsy at the marron threats, Our o
additional
umprove mrerostabihing, aomethod which had been

Was Toosupphy streanung phasma to
[he D-in-diam plasma guns
the throat,

Shock

successtul i the past
broke
presumihhy

neat
the

when located DETER|

h\.‘L’&I\]\L' ul ”lL‘L’hlllHL'kl[
impatted to the pons when the vin-svang megnet was
fieed. W theretore stopped using the barge 2-m -
dum reemtrant puns

We then shifted experimental prionty to exanun-
g the use o edpe streams ot appheation to
cypenments  with Jarge-duameter plasma The
experimental nilestone calls tor creating plastas ot
sire Ry S oto fa Among the expermeatal
objectives of these expenments are

e o create larger plissmas by beam aming and
streamimg-plasma Jocation. and

o o then ipvestigate nacrontabili, and ron and

clectron continement i larger-dhameter plinnias
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Calenlated progections ta the midplane (7 - O planeiof the emitting ureas of the sarious selected stecaming guns.¢ B

x Cm

0.68 1 at

the mapgnete-well center, which includes 8.20 ) from the ginde Deld ) Yhe circles are calewlated values. Projections are not quite symmelric

with respect to the sertical plane because of asymmetries in the vin-vang coit windings.

o o ‘
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S
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41— ]
2 —
N R B
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Fig. S, Verticul pisition a1 midplane of center of plasmy gun

prajected fram the east end of 2XHB. Jor gun locstions € and D,
v puide-field magnitude (yin-yang pulsed field is .48 T a1 the
center of the mugnetic well).

~ Streams

(a)

W
g Neutral beam

Streams
Fig. . Schematic of two measurements of streamimg-plasmia

gun mapping: () spatial density profiles of horizental streams
(east guns) are measured  with a vertical array of beam-

(b)

Neutral beam

attenuation detectors, and {hy spatial denwity profiles of
vertiwsl streams (west guns) are measured using hortzontal 1,
radigtion from neatral-beam atoms excited by the streaniing
plasina,
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UsInE parts ab stieanung -phisia guns at cach cnd o
INTIR Beam-attenuation measurements made with
I 2an -diam reentiant sUeanuny plasta puns o
cated at postiion D ot big 3 0e shown i by

Fine density across the natrow dimension of the tay
i b Toam The de gade tield was 02 1 oaad
the pubsed trield was 047 1 The masamum ~tregn,
v located ar =demand £5cm More detioded 1y man-
o tadiation cans [ Fig 6tb)]atkvo show that the peaks
wereseparated by T2 om Cadcalations showm by
Sndicate a peak sepatation of 135 e The prasing

streams are centered 2 omoahove avis

This ey
consistent oitet Tor whnch we hunve noes phanasion

the present tine

{J T T I T T
- - 102177 4
= Shot b
5L 4 ms _
©
Z -

0 1 L ] i

12 0 <12
y oom

Fig. 7. Beam attenuation fine deqses profife for * it -dism
reentrant siresming-plasma gens at one end of 2X1R8.

W thus condlude the tallowing
®  Streanung plasma can he ted to the edee of the
plasma along mapoctic bield hines.

* It daes not Hute inward 1o the mimumum
Positton, presumably becase of hine tong to the gun

With tour 2o -diam vuns Tocated i posttion (
(e 24, the radad beam gtenuation foe densas
proble s as shownon kg K

‘lO T T ‘ T T T
- a 1/26/78 b
5 Shot 23
= i 4 ms 7
=
z B
0 -
12 0 212

y om

Fig. B Beam attenuation line density profile for 2-in-diam
streaming-plasma guns a1 both ends ol 2X118.

Incappicatior s we i
LR T A A o
Brond rov Ol Gt e o e e
Phe procediig artoom wnd w0 -
rec-dinneter capo T T s
thy NP s

Viabvsas of Data rom Operation of 2NHB
Yin-Yang Magnet With o Plat- Lop Electeadatn
Poswer supply

FoeoN e

By analyzing carber experimental results, we
found that 2N operation wath the stow-rising o,

HEms ) Mat-tap electrolytic power sapphy produces
plasmas having the sime parameters as those
produced with the faster-rismy fieid. These resatis
encourage us in our plans toperate the 2\ B vin
vang coil with the slow-rsing power supphy n
Yy 1979,

Dunng the past Goatter we

N
obtamed trom cathe operar e o NI
SIT-VANY (e net sot i whiaot s aee T dte d
clecttolvtic that-top power supp., N
the 20-RN N 6ocapacite haoe A
micrest bocause wo plan e s
mode atter Bank € s neee RV IR
stodage for Famdem Muarnos b NN

ONHR O20-RN peutngl beams A AL

eapect anmy dittiondtios, We o Wete e e

analyvsis of these toste contfimed vy
plisma paratueters 1o the maya o 0 e
A somphied schemiatie ot A

mapnet system s showe

Hank 6 ot e o the twe

cwith T2-RN aperatiorn g

clectiol e bank w480\

clectrofs e hank for caciven Gorin sty op S i

cach contammg In IRovul Capacnoess v
prosent  time. cach drawes s e e
additional tnconnocied capac s opr o
possthlo Tt 38 ncriase o senos i

Mrer M s sperationg

INTIR vin-vany magnet swath the cliotion e bane

alone Theno the magneta ! EYSEERELLICE P TERESN

tathier than the prosent e S reaswer Bane 1o
tme histones o D dde b e ovpa
discussed here woe operatea Hame oo 00 kN onglt o
nomnnab levelrand thedlectonne bang ar 2S00y [ he
solenondal magnene o was 0 T 1 NS seen i by
PG, Tese compatisens were made ot neariy the
same s mdpnetic bield strengeth The nime the
streaming-plasmg gun was onos ghvo showoon by
106 The gasteed was at 100 Toor and the aperia tes

were O 040 o an dumeten
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NERCIV R
CLoTr e ton bk GOLE ALy

D, 19 2-KkV siheon dhodes in seties

D, 2-kV siticon diode
a0 Posver Supply ton the vim v sagnet.
P ke these compatisens we used nearlhy

sl heamcurtents 380 A wath the electrolytic bank
and 00 A wath Bank o fsee by 1000} Fhe micro-
s denaity was abso neaslv the same [Fig Toces).
the diameenetic Joop signad. the neanion production
tates and the charpe-oxchange anadysis were also
rers s [ s Tocd e and o, tespectinely |
Phas we condude that the plasmas produced
tiese fnagnet power supples aie n\.'.Hl_\ the samwe

I chie vperation desenbed hete, the contral pulsed
nntenete hield was 020 T winh the electiolv e bank
Al IS0V ATASO A we expeat B2 L Gz the
rennnnne capavitors coild permit us to reach the
[ Jesel O
course the field wonld notheconstant for 10 ms.a~in

present nonungl nupEncte-fiedd
present operation, but would deciy with o 25

I R time constant.

Development of a Reliable 40-kV  Neutral-Beam
Muodule

R Munger, DT
I M Coensgen

Correll, U W Mok and

Completed tests of two sero-effort, 40-k vV neutral-
beam modules have verified that the design meets
the TMX requirements,

By October, a 40-kV grid set without electiostatic
steering ot won beamlets in the direction perpendicu-
lar to the wires had operated for more than 1000
shots at RN without signs ot damage 1o estabhish

[EEEE YRR P IO

NI et those rosal s cotd B watod
Woocemstnotedatnd eeed second 2oro otiset prad
HREY

tutve

IR sation s becn Tt for 200 shots b

and 600w 30 kN Thus we kiow that we

adentitied and cimomaacd desien proablems causing
cathy Lathure of prosious 200N wnd sets

Hased on the mcasued output, neutial-beam

mrodules using the iRk p[u’i seis Taltill the FAMN
SOV heam requinements We aie connmnng o
ot to tuther improve the pertotimance of the 40
Y madutes by venmetncaihy the

tocusing on

Boarmdets The wrads will be canved mwodimensinons

too provade bothe transvase and paradlel toal

Properies

Fmergence of the Problem. b ollowig the success.
tal M kY cm three-pnd
extractor assembliv gt Lawienee Berheley | abora-

vpengtion of g T 3%
tory D BEbve simbar wints were buidt ot 1w renice
Fivermore Paboratary b Dy and astalled o the
INTIB experament dunmg Danoars 1976 Perfonm-
anee ol any one b these wints never eveeeded 34 kv
and topical operatite potentials dotime 2NB runs
vanged o 20 e 0 kN e ted
neutiab-beam carrent mto 2N taun of the 30-k 0\

[IRI AR ENY

umts were replaced with 20-h% ansts i August 1976
Phe fiteh J0-RA Wty INHE o
contmue development ot hoth the J0-kV modulate

tient tetained on

and the J0-kV won gecelerating stacture Fhiough
ot moeddications of the power supplyvs control
aiciitss and tinsiission ness we obtoned tarh
of the single 400\
potentials erween 30 and 338 kY

Inuhine opelahion it at
Ihese modifica-
tuns improved rehabihts of the protecnve iteriips
andreduced problems caused by ctosstyll with other
neuttal beams and with the 2NTB machine

By lanuary 1977 the operating potential ot this
umt was hmited by talures wathin the grod structure
tather than by power supply prohlems, Because the
prablem was andependent of the 2NTTR atem.
development of the J0-RV module was transterted ta
the 2N teststand. where module moditications would

he muade without mterrapting 2NHB operation

Failure Mode Identification,  Although 40-k\
operation was achieved i May 19770 these grids
guichly detertorated. vielding only about TOU shots ut
0 AV The damuage pattern was sinular to that
modules used m INTB: that s the damage was
conlined to wires i the end regrans, Frequentiv, we
Tound bhurned-out are chamber tilaments at the
postion of the damaged wires. In all cases, the
discoloration and warpimg of grid wires 1n the end
regions was indicatine of exeessive heat loads on
these elements

Becatse o the nate and the tocatuon of the
that o traction ot the

damage, we suspected
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Final Operational States Festing of the 2NTIR
Neutral-Beam Computer Control and Monitormg
System

G Pollodh

Wit the completion of a series of wnd
demonstrations, we have officially established the

fully operational status of the computer controband

tests

monitoring system osed on the 32 2NHB neatral
beams.

[ he computercontroland sontaormg sestom waed
anthe ) ONTTH neutral beams has completed asenes
af testsstnd demanstiations tooothicnsbiv establishogs
fully openationdal status Althouph the data collection
and diste reducton modes of aperation bad beenom
regular use Ter mare than o sear, active autontig
contrel of the heams had been only by the desipn
cogineers and progimmers and onb o g dosels
controlled demonstration envionment  Mthongh o

very suceesstul demonsttation of tulls satomatic
wjector candimoning of e taple beans was held
Mareh 1977 problems e nannal control sastem
and nterlace clectionos prevented the simualtincons
vperation ol all 12 branis Subseguent esolusine v
of the heams for phvsics tesearch poals debavad the

fital 1estinge until November

- 0210 m -

40 keV extractar with 0l San affset of enttance prid

[ he

several davs were spent dsdoee gt

testine proceaded e ey poct

last hac Yware and orta o s

WaTe assee Leted Wit s e e s nad
excroned e the pact aond e e o o
WITINE criots and componoet Ly e

Fhe objectives of the

SUACGERCHT M g

and the o alre may he e

e i

demonstiated i the Spre was shoae o oo

Al cond o ot o et e

A 1Y beams simubtangone

e {he condinomng drontbiom setsbactoniy e

the heams ata b od feve! therebs choonatane what

ey TOSEV Waes at cntireiy separale oporatinge tonde

and resultine o consaderabe o piihication b e

apetgion

s |he INTIH

aragnets did not attedr the computer caontrol svstem

suntltinenns aperation o the

Although some clectiomagnetie mnterfeicm e ctteons
could he seen on some st umenmation Chanmets the
control  ssstem anveraeed them the

Caet puise

duration aod was unatfedted
o fhe sustem can he used by phivacs techoe e ns

with mniminn II‘HHIII.\'
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O E R U TS S RS IS SO RS RO PR
L Lo Contion b ooy proan”

T e oopn oot e atad we
Pacendeanvorad no gvond toroine e phisios

CUnivatl To e orae s e pater snorator he
Sears are tranandy opetated e s Die g

otocb the compater sy denn, he
Ccornputer toas the conttolsettngs
ated iy and obserses

[

ned i res e o that the varsont paradnetens

Coarivnts control calonlatioms e

st coetboen s that siath pate sy descrbe beam

cnettion e desctoped by obaerone manaal

opceation Leoplace a heam under comgpater Control
Choperaton thiows one swit i e conp e then

Cnditions the heam automaticalic hemnmnye with

Pt ised by the hamat operator
saione The Bine o hest focns as
mtrel catie s e

St opetaton o

cpciater o Do st b the heany back and torrh
ARSI RN itad RTSTUTITIS FEVERS ENTRLTEN FRIEN
ALl o ntton saad the compator ot
chsersos the aperation ead adiuste e ot

pataietoos Pl eftect s that the cperaton mtenacts

thioach o taronar medinm, the exesting tadald

cortiobs and sehdom has to approach the compirter
Wo s amtertace very casy tooase and todeari,
atd cperators cept o roadiis

£l Do qaamnites o

- Hhe aiadiny ot

the antotnabie cond iomne The seams on 2NTTB
hod secrn consader e ae and were el brshenoan
For the most pags theetone shey reached then

conditioning obaect the

Con close o minsnnm
pumber b shots posabic For those beams that took
fonper. it was ddtacal 1o find ostances where the
huiman eperor micht have made ditterent tand
hetten) |t

conditioning algonthn vy stubborn beams was g

vontiod decisions tedction ol the
expected and ~abstactorns

In conclusion, the computer contrel system s
operdtional for automatic control s well as tae
monitonng. Inthe tuture. we hope tosee it repular iy
used in this capacity and, through s archiving o
operating data. to fearn more about the hehanvior ol

neutril beams.

Status of Continuing Desclopments
Field-Reversai Experiments. W ¢ e, (
W Hareman, 1o F Claser, and 180 Stallard
Fretd-resersal expenments hase been temporanly
mterrupted by the farge-diameter plisma expen-
Interim tesults are hemng analvzed We e
far

ment
documenting  expenmental
distribution at the Mitror Teague Waorkshop

results 1o date

it

Pwe v e e

Canltapprosat i hehee the

the st Oe s the aondens patsedd o oty

sotrcc cEPINS e beceloped ar EET e athe

a phaste v develped by Blah Yo Cheng of 1he

hiversiiy of Santa Gl

Fhe Santa Ot phasara et bas o 10 k- cledtineal

suephv W e atempiine to aiedt across the

maenetic teid and teap the g phesae o DNHRB

Phis pan could

comparabie tothe TR characternstic of high beta

provide an amount of cnere

SN plasnras B successtoloartass of samlar 2o
cotld beenplovadon 2N T o Create e s olamee,
Pty et prastoe Tor Bl teversal eapennients
There area number of questions to he answered et
Gratler o ahont o ran cHhcctio s inpeclion atoss
nhavnetn belds and troppime elheiena

e Zeenan drpnastie dve Lser 1o mcasunmy
SN nvapnetic tehds s nose aperating and we e
I he

Ihe hebvam-heam

toady st tane ap oethods detectors e
sl and eady o talbon INTR

e eeenhiled

Pistadttion ot the hvdrogen ovatnde faser me

torometer Faradasy totation diagnostie was com

pleted this quarter Tnomntial tests o the o mosed
when the vin varig miavnet was ted Toenabie this
diagnoste to worke we shall st cmore muasspe

mount for the retlecting marton
Electron-Temperature Scaling Faperiments, /

[ Clawar ROA arcd M N

Aalvsis o electron-temperature scaling capuri-

Crondmicn

ments has continted
bt

For tuture expertments, we

two soven-serent o6 ome s o end-loss
Calornnetersand msndled theenrneach end of 2NHB
Love

Po mvestipate the asvead densety and

The clestronmie readont arouitny o abso reads
calibration
clectron temperature proties ahead waithing ind
hehnd the pas bosowe desiened a tive-tip L anpnrae

Prabe

Stabilizing Plasma Sources. B/ Nevan B8 G
Lowgan Do Goabboand 0T e Eapenments
with our conventional stabihzing plissma puns were
deserthed cathier i this repory Dunmg thas quaster.
il enperinets were pertormed with gas-ted
phesane guns These as well as Torther results will be
deserthed nost Guaster

with -t -dam

We evperienced dithicudtes
deaterium-loaded washer
lests of improvements are underway and willabso he
reparted nest guatter
M)
avddotron frequenoy Hactwattons, we ave desipned
an b-beam gun and poswer sapply sutable for 2XTEB.
hult
2NIIB

pons

Following the encoutagig

results using an F-heant to stabilyve on-

fhese modules will be and

suhseguently

nest grter

tested  on
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One 1

Liveds clhae it sontee bl canng plasiaa
to stabihize the ditt-ovddotion oss-cone X0
mode would be g farge-areas low-voltage on souree
arraneed toogedt B ons ot encrpy se over the
ambipolar powentalim and dong hield boos For this
purpese. we are deselopig aonew nvpe ol test on
souve with a Toame o BSemeestiactor areir Plasma
densities of the needed 100 cm ranpe have heen
obtained over this area using o 200-A refley arg
discharge trom a0 IN-em=diam osidesurtace de
cathode and o mesh anode an a0 -1 avaal tietd
With o stretched molvhdenum wire aceel-decel Tow-
vollige cxtraction peonetry, we have ohtained o
total dran carrent of over 200 A tor Hl-ms pulses
Beam diegnostios, ancludimg an array ot Fareday
cups and o faree catormmerers mdicate that at least
60", ot the diam can be avalable as usetul heam
Fhe apparent high gas eticeeney ot the souree tesalts
N perTarninee being sery sensiinve ta pas distiibu
ton and timing Faraorepornt of predmimary work.
see Ret 3V buarther work o optinize the was disti-
bution and low-voltage extraction peometiy would
he desrable Howover tospesd up tests tor possible
apphcation. this prototype seatce s bemg imstailed
on 2NB to address posaible other tundaomentad
prablems that nught resalt trom 2XTHH plasma
counterstreaning e the exteactor grids,

Measurements of Impurities in 2XIHB., R 7
Irabe Ancstreme ulttaviolet monochiometer trom
lohns Hopkios Eonverany was installe 1 on 2NHB
and omtal measerements hase heen taken The
mstrment was nstabled and abgned. o spatial waan
was tsed to locate the machine center We have
identitied the cmisston Fes ot oxveen, mtrogen,
catbon, and ttamum

Resction lon Amalyvzer, 0
prethoripgi e ob T
the W e dor cn e oA
MoV oo e oo
Prosent appatatis was doswrsot by o
Prolmunary mieasitents et Gen Lt th

probability that the 0 s Moy I s e e

product canalso be sheeio o n s e '
Bofore the detecron that o~ then vnoaehs 1 0
He tons throuph to be connted by the o
thick cnough 1o aronnate adeguatets AR

pround sipnal thar catones sanacad e deteg

clectionies system Dby

oL s obtaerd e

the detector Postiate s o e et e
conntmy tates Tor o Bt booe

Engincering Deyvelopments,
siceesstul openes ot tne T

PUN PoMer supplies oy

networks (P N o s

have Labncated and et oo S
PENG and towr addionat Ob o ey
boards Wath the above ada to e w

date not onde wocomMinatio oo T oo

wtreaming-phasnne vuns e cach ot foms s e 3o
Soms) but also other combinations thar oo f
mn - diam puns,

Following o broet peniod ol sisutdow: - e
Nosembers our attempts ar operatoe Baew o
resulted e talure of 2000 0t the dioades 0 one ot
topper untt because o ashortto giouand ooae the case
VSVANE COMPression nienet Lo prevent s
tuture bolures, we have mstadled and tosted o Bana v

pround-tault detector and o pretas O

addiion, to ensure more conastent cporatee o

Rank Gseries ignitrons, wedreinstan e a f 3 coane,

detector that will prosude o roun
detecting and remedyng bank austieos

Tandem Mirror I'xperiment

1
Lhe Tandem Mirror Fxperiment ¢ IMXG 0 will test a new prnciple tor improved plasing contiement an

mirrar systems. Fhe basic idea s to rediree the plasma Toss rate by electrostatieally plog

prng the ends oty

solenordal central confinement region using the high posttive ambipoliar potential generated i mimimum Bend
plugs. Fuach end plug will be driven by the impection ot acutral beams trom 12 source modules, v manna

similar to that used 1 the 2XTIB experiment.
The T™MX has three tundamental obyectives

e Jo demonstrate the establishment and maintenance of o potential well between twao nurror plasmas,
e To develop i scalable magnetic geometry, while keeping macroscopic stibihty at high beta, and
e [oinvestigate the microstability of the plug-solenod combimation m order tomasimize the plug-denan

miection-power ratn.

Passible secondary objectives that have importan reactor impheations melude the study of enhaneed radial
transport in the solenodal cell and the accumulation of thermahized alpha particles i the contr plasig
The key physies parameters projected lor the TMN expeniment are isted e Table 2
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Fuble 1.
Parameter

Flectron
Temperature, 1
Confining potential, @
Plug
Density tussumed uniform over V), n,
\verape energy, ",,
Radiuy of plasma half-mavimum, T,
Central magnetic field, “‘.
Cuonfinenient product. (n b
Central cell
Density Gssumed uniform over vy
lon temperature, |
Confiing wn potential, ?
Length. 1
Radius. r.
Mupnetic field, B,

Confinement product, (n))

Magnetic Field Desipgn

Optimization of the Solenoidal Section. B G
Lovan, D ko Baldwin, 1 1 Foore. 4 K Clargin,
RO Hhinkle, RO Hasswne, and CCo Danim,

An mproved design for the transition coil between
the solenoidal center cell and the end plugs provides
for a field-line configuration that meets the physics
objectives of the TMX.

Contnuing tield caleulations tor the TMX magnet
have led to animproved transitton codd design (kg
13). In this improved conhguration, the quadrupole
[ofte-bar windings  deseribed in our conceptual
designt are replaced by a parr of C-shaped cotls in
cach transition regron, Fach C-cotl pairis augmented
by an octupole winding to smooth the nipple
structure.

Optimtzation ol the currents an this improsved
magnet set leads to a field-hne contiguration with a
central solenoidal region that 1w uniform in ficld
intensity to within 1067 overa 2-m length.” This ficld
design has sufficient flexibility to meet all three
physics objectives of the TMX experiment.:

Plug Orientation and Single-Particle Adiabaticity,
B G. Logan. D. [ Baldwin, and 1. 1. Foore.

By orienting the TMX plugs at 90" with respect to
one another. we obtain almost circular drift surfaces
for the ions trapped in the solenoid and reduce their
nonadiabatic scatter.

I he multiple-ciement coil set for the TMX aifows
considerable Hexibility in the details of the magnetic-
ficld shape. Ourettort to make the solenodal portion

Key phasices parameters for the TVIX experiment.

Value

0.20 ke
L1 ked

SN em?
26 ked

Tem

L1

N0 em ey

2N Bt em
D080 ket

1,29 ke

SSm

Moem

s 1

LEN I em s

as untlorm as possible by praper choice of current
elementst is motivated by our desite to elearly isolate
the had-curvature partions ot the solenatd-plug
transition regrons. Because of the degree to which
these regrans can be isolated. the plugs can he joined
to the solenond with the plugs orented at either 0
or 9 wath respect to one another. We summarize
here the considerations giving rise to our chowe ot a
Y1 onentation. (Note: the 0 orientation shown n
Figo 13 as trom an carlier favoet ) In briet. we tind
drift conhinement an the solenoid to be the determin-
ing tactor.

I he chotee of the 90 onentation preservesthe s -

sand =94 Asemmetry familiar in nmimum-B
mirror machines For this reason, one would expect
this onentation 1o have the weaker hine-averaged,
had-curvature drive for istability v the transition
region. Although we tind this to be the case. the
differences are not significant. ghen the dominance
ol the good curvature of the plugs when pressute-
weighted. Because ballooning modes are focalized,
A-limits due to these modes are even less sensitively
dependent upon orientation.

Because of the relationship between the solenoid
and the plugs  with the plugs stopping a portion of
the magnetic loss cone and the solenoid supplyvng
stahilizing low-energy ions to the plugs  hoth must
occupy the same flux-tubes: Le. they have similar
drift-surlaces. The drift surfaces in the plugs are
nearly circufar. and  the magnetic design has
recircularized this flux-tube in the solenoid. inde-
pendent of the 0 or 90 onentation of the plugs.
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f)gteer

Inner transitton G conl

Solenoid (;mI\

C coil

\

Basehull coil

Fig. %

However. wh the plugs i the 0 onentation, we
tind that the doft surtaces ot 1ons tapped e the
solenond are ellipses otabont 3 2 clhptiaty Forsome
imtial - condions, avtually
cncounter the sotenowdal magnets Wath the plugsm
the 90 onentation. the dntt
circular, bemng only shighthy “squared-off™ T xamples
of the drittsurlaces i the tw o onentations are shown
in Fig. 14

these  suorfaces

suthdces ate almosy

Finadly, we hive examined the question ot adia-
haticity ot ions in the nominal ticld (See App A of
Ref. 4 tor a detatled discussion ol the adiabatianty of
tons in the plugs.) Because solenondal ons having
energies less than the plug-to-sofenond potential drop
are contined, adbatienty
consideration only torwons exceeding this ener,
particular. inthe magnetic optimization wheres,
solenoid is made as umtornt as possible and th.
transition correspondinghy shoit magneticaliy
confined M-\ tons do expernience a small-angle
scatter on retlection

clectrostaticalls i

cach Irom the transition

fran

I MY

IRTS

St (O

= Qctupole cotl

magnet set.

However, the resalting 4o
than  that Coulomb that
adubatiaty s not hinting the htetime of the wons

suedttenng e s longat

due 1o Callisions, o

Raundimyg the tranvitions by alteriny the carrentsan
the sodenomdal conls turther reduces the saattening
I he 90

Jus to nonadiabatic cects soatiening umes

tar vartous current settmpess aortmahzed o that
tesultmg from classical scattenng. are shown an
b (8

Results from Caleulations of Drift Surfaces and
Detailed Particle Orbits in IMNC /) Jooge

Fo help ensure that the complex magnetic-ficid
configuiation planned for 1 MNX is compatible with
the physies objectives of the experiment, we have
carried out a series of ealculations of drift surfaces
and of detailed paracele orbits,

A dottsartace s the three-dimensionalextent over
which the waiding center ot o particle confined ina
magnetic licld movesas the particle s retlected back
and torth between marror regions and as it precesses
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around the magnetic axis The characteristics ot the
dritt surtace not only depend on the magnetic-tield
configuration but alsa can vary with the radial
position of the particle as it passes through the
midplanc and the value of is piteh angle there. The

conclusions from our calculations of drift surtaces of

particles in the solenodal magnetic-ficld section of
I'MX are summarized as tollows:

® The drift surtaces of particles conlined in the
solenoidal section appear to be closed and well-
behaved. The quadrupole end-plug regions tend to
cause the surfaces to have a squarish appearance [ see
Fig. 14(¢)] and thus to deviate somewhat from an
atherwise circular character.

® The drift-surface results were the determining
factor in deciding to orient the end-plug magnetic-
field regions at 90~ with respeet to cach other rather
than to align them {see preceding article).

®  Ap ambient, few-Gauss magnetic field trans-
verse to the solenoirdal field, as might arise from
magnetic materials surrounding the experiment.

40 T T T T T T T
- oy ey {c} 4
o+ T+
20 +— o+ Ty —
- ~+ -+
+ T+
0 1 —
r— +. +
+ + 7
20 . R
+ +
- o4 .
40 1 | i I 1 | Il
40 -20 0 20 40
X cm

Fig. 14, Caleulated drift susfaces at midplane of B0-eV dons
teapped in the 1MX solenoid fur @ and 90 orientation of the
glugs. The pasitive and negative vymbols refer to the sign of the
anial veloeity,

tav Portion of drift sueface for 0
reflected near the peak of the field.
thy Portion of drift surface Tor § plug orientation for jons
reflecting sumewhat inside the peak of the Reld (the drift surface is
not confined in the solenoid).

1oy Drift surface for 96 plug arientation for jons reflecting near

plug orientation Tur jons

the peah of the mirror,

does not destroy the calealated dott surfaces, They
become  distorted  but il and
themselves

nest close on

In calculating a detailed particle orbit, one follows
the particle through its gyrations around magnetic-
field lines as well as through the reflections and drifts
ol the driftsurlace caleulations. 1f the orhnt
gyroradius is large. this method provides a more
accurate representation of the particle moton. (But,
because of the more detailed information obtained. 1t
reguires considerably more computer time.) Also,
nonadiabatic behavior can be detected with the
detailed calculations hut not with the drift-surface
gyvroperiod-averaging caleulations. Nonadabatic be-
havior is caused by too rapid a change in magnetic-
field magnitude experienced by a particle over a
gyroperiod, and is evidenced by jumps in the
magnitude of the magnetic moment (W B). If these
jumps are large and {requent enough, they can cause
particles to be lost from the contining-magnetic-field
region in a time comparable to or [aster than other
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Fig. 15, lon lifetimes for nonadiabatic scattering normalized to that resulting from classical seattening for various solenmdal-lonp and

inner transition ¢ -cail current values.

particle loss times. This is to be avoided. Sum-
marizing the results from the caleulations of particle
orbits in the TMX solenoidal section, we have:

® The magnetic-field configuration must be
designed so as to avoid sharp dips and other abrupt
spatial variations in the magnitude of the magnetic
field. Otberwise. large magnetic-moment jumps can
oceur.

® For the coil configuration being constructed,

15

nonadiahatic behavior does not appear 10 he a
serious problem. We have investigated the orbi of
D7 ions in a 0.05- 1 solenoidal magnenie hield. with
energies up to 300 eVoand ions ina 0.2-T solenowdal
magnetic fickd, up to 20 keV. Nonadiabatic effects
are found. but apparently a proper choice of currents
in the vanous coils can keep these losses under
control for the ranges of parameters i the
experiments now envisioned tor TMX,
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Mirror Fusion Test Facility

Av o resall of magor experimental sueeesses in the LU mircor program on startup and stabilizatiog of
The Mt TH
will be used to brdge the pap hetween present day small mirror experniments and Tuture busion reactor aetinvin

plasmas m numimum-B magnetic geometry o Mirror Fusion Test Faalins (ME TE) wis proposed

based on magnetic nurrors, The METE willinvestigate udvanced engineering probiems such as those associated
sath superconducting maencts. neuttil-heam ijectors, plasma-wall interactions, disposat ot neutral particles

and ons escaping from e plasma chamber. and high-speed sacuum pumping wechnigues
Approval tor the project has been given and both operatimg and line stem tunding has been authorized tor the

METT
project s proceedimp oo schedutle

Technical Support

Construction of the tacdity began on October 101977 with completion scheduled 1or Tuly 19K

I he

The objectives of the METE Techmical Support Group are

e 1o momtor the METE design for consisteney with the physies requirements

¢ o provide tesearch leading to improved pertormance of METE auxidiary coraponerts such as startup
neutral-beam sources, pRIsma sIreaming sources, Vacuum aceessories, ete

o foanalyze the phyvsies of METE to ensure that the completed tacility will achiese the stated scientitic

goitls

el keep the MEEE system cequirements consistent with the current understandimg ot mirror tusion

physies,

Streaming-Plasma Requirements

We have analyzed the streaming-plasma require-
ments for hoth the target plasma and the stabilizing
plasma in MFTF. The target plasma will Le
penerated with plasma guns as in 2XIIB. How-
in MFTF these guns must be located far
from the mirror throat in order to reduce the power
density incident on them. If they zre located on the
end domes of MFTF, the plasma must climh a
magnetic hill with a mirror ratio of 133, [ esults from
Baseball I1-T and 2XIIB indicate that these guns
would be very inefficient when uperated in this mode.
We have made an initial design of a pulsed magnet
that will increase the magnetic field at the gun during
the huildup phase, thereby increasing the efficiency of
the guns as well as providing a more uniform target
plasma at the midplane. The siahilizing plasma for
MEFTF will be generated with a gas box, Scaling from
the 2X1IB results indicates that a gas input rate of
1500 Torr-litre/s will be required. This gas must he
pumped by the cryopanels in MFTF,

Targe* Plasma Production. (. ). Porter. Qur
experience with 2X11B and Bascball T1-1 (BBH-T)
has shown that streaming-plasma guns do not
perform satisfactorily when the plasma must be
injected over a large magnetic hill (i.c.. where the
mirror ratio is large). If located near the end domes
of MFTEF. the guns would have to overcome a mir-
ror ratio of 133, The heat load from the escaping
plasma rrecludes one alternate possibility of insert-
ing the guns near the mirror throat. A sccond
approach would be to increase the field near the gun
during the plasma-buildup stage by installing a

ever,

small, pubsed magnet. 1tas concenvable that this col
could be used as the inductoer in the power supply and
henee not represent any additional expense. During
the guarter. we completed ~simple
calculations of the hield requirements and potential
cotl shapes

some carly

[he field at the 9-m sphernical surtace on the end of
the METT tank is roughly unitorm over the surluce
Assuming the plasmi Hows adiabatically along {lux
lines, the arca on the end tank A, which must he
irradiated with plasma to cover a midpline plisma

arca A s given by
Hu'\n
Ay 7 . th
ALY li“
where Booand Bu ure the magnetic tields at the

midplane and wall, respectively. This arca must he
corvered hy N stieaming-plasmi suns, 1t the field
generated by the corl surrounding the streaming-

plasma gun is given by B. the radius o the
streaming-plasma gun is given by
B R I
By R )
R, - ‘ . (2

N (B, + By

where Ry is the midplane plasma radius
Consider the coll geometry shown in Fig. 18,
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Fip. 1%,
desipn, the coil is ocated outside the vacuum and the gun need not
he inserted through the isolation valve.

A magnetic-field-enhanced, target-plasma puan. In this

The magnetic fiedd on theasis of ths corl s given by

. h

IR \ [ I D B R E

H .10 N (v = hin - RS -

- - 1+ l’] *(_\7\)J
L -

s l!*rl+|}l*7)'

(v o in [RY]
2 o
T+]1+4 (o N

whete 1 = carrent denstty (A m?) s RN TR

and 7 = T'R
The radius of the fux hnes that mtercept the zum s
then

R | B0 + B | "
R, B.(0./) + By
Using g, 2. Ly (4) reduees 1o
B, RS ' )
Ri/) = ‘ )

N (B0 * By

t

detcrnanesan

the fias Lines trom

rearmanphise

The vacuum vessebw ot pass ng thirouph

ut the vahve

Pt

Pigure Trsows tpacas g

lme v~ dhistanee free tne contor of e o

assumed that R Ao T vabve aed o
o
30 T T T T T
2 T I !
L 4
RO —

Con

Vb

0 10

Distance fror corter o

20

Fig. 1y
pun shownan Frg. 15 The M LE frnge frebd s o 0L the self fiehd
of the conlin 2.5 12 the plusma radins s S0 o and there e Thn

Typica) flun hine for the febd-enhunce” orget-plasma

stresmng-plasms puns

Phe temperature sise 1 the ol car heast

while assuming no cooling The powar dons s

1o owhete s the RS
ALUTC TIse s apponinaiehy
[
S| ) o
N
et
!

where pois the densiy ot the conducton, - is the puis
and 4 s the
conductor Wy

S0 S

length, Packing Craction o!boine

assume fere that 0TS amd
Figure 200 s o summany praph ot the temperatune
e Vs s for vanous conl peometties Fos deat that
longer couds tend to be more massnve cand henee more
CEXpensive) tor o ogiven emperature tise ol e
arhitrandy specidy that an acceptable femperature
tse s 008 R ctus allows some toom tor fonper pulse
fenpthsy, o teasonabte coil shape v R 10
boSem b S

.
These are the dimensions ot the
corb ased i B 19 Note that the Dreld at the gun s
25 1 The etfecnve mirror ratie for the streaming
plasma s thus onhy 160 d value comparable to that
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Fip. 20, The temperature rise in the field-enhancing coil as a function of the mass of the coil,
used most successfully in BBI-T * The inductance ot the total inductance s about 36.5 mH. This 1

this coil 1s approximately
Lty = 0.9 N* .

where N s the number of turns (see Ref. 9. p. 110y,
Pypreally. the power supplies for the streaming-
plasmy guns produce ahout 2.5 kA therelore, [0kA

emimplies 4 turns em” or 230 turns total. Henee.

significantly higher than the inductance (1.2 mH)
used in the power supply for the BRBI-T streanung-
plasma guns. Clearly, making this coil compatible
with the inductor for the power supply requires
further study.

One problem inherent to the coil geometry shown
in Fig. I8 iy the requirement that the ficld must
penetrate the vacuum wall, I we treat this wall as an




e, single-turn solenod with resistaty rand

thichness tothe 1R soak-through time s

N

TUT gyt dpal

;l:ﬂil :[}

Fhe resistivity of 304 stamndess steel s 7.2 ¢ 0

m. henee the soah-through time s

- “

0.8t

From Fig. 19000 s clear thata = 005 moas possible
within the cotloimplyving that a thickness t 2 3mm
with hiave a souk-through tme of 100 us. This seems
aceeptihle, Finite length ettects will teduce this nme
further.

The existence of this conducting wall will put a
restriction on the rise ttme ot the current, I this rnse
ume 1s too fast, the vacuum wall wiltexclude the flux
Irom the intertor, ereatinga pressure between the et
and the vacuum wall. To estimate this eltect. we
assume that the walland cothcan be treated asintinie
solenowds and that the waldl is @ perfect conductor,
Fhen, the field between the vacuum wallband the ol
15 given by

R B, (0.0)
B = ‘
R~ -

where Bo0.0) is the desired field at
pressure is then

the gun. The

B
AT

> N
“}, (0.0 RY\°
s

R —at

P (%)

- Hy

Usimg the geometry on Figo 190 we can caleulate the
pressure:

_A
25y

0.1y

,
=HE \(0.1)F = (0.05)°

= 4.4 x 100 Pa (640 psi) .

Clearly. this pressure s not acceptahle: therefore, we
must require that the rise time of the power supply he
about equal (or greater than) the soak-through time
of the vacuum wall,

The presence of this pulsed field will require other
modifications of the present titanium washer-gun
design. For example, the copper washers that are
used to contro! the field gradients must be split 1o
allow the ficld to penetrate. Prudence then suggests
that we build a carefully designed gun ssstem

magne o gun moduse, ard poser ~uppis aind testt
thoroughhy

Stabilizing-Plavma Production. -+ W AMoios To
determine the gas Joad imposed on the ME T
pumping system by the gas-boy stabilization. we
sttt werth o calvulation of the requured stabiiizing
current  The mirror-loss cutrent density and there:

tore the required stabihzimg-stican density aie given
by
1y i D33 —00N,

(R o) -

[N

nem ) |~‘:lc\)

I eV

Note that thisas the canrent densiy requneed oneach
end of the the METH
plasma has a lat pronleand thatit therelore reguases
stabthzation only an the boundiry Lassumed 1o be

machime  We assume that

4 armor raduo thick) The plasma paramcters i this
regronare I 200eNon o S10 em L 25 kel
and B 00120 The total streanunp-plasma current
reguired s then

U I R [V NV
Iy = 2703 - 28 ’

fro-0an -

<13 e qo e

IURNRIIR

A

or o= 783 A

Results ot experiments on 2N B indicate that the
gas box iy approsumately 1 ethcient. e
mput 650 A s equired to produce o
stabithzing-plasma stream of 64 A Assunung the
same efticiency tor METE we tind the gas mput tate
must be about 7500 A or 150 Torr - ltre s,

Neutral-gas requirements

We have assessed the allowable gas densities in the
MFEFTE beam lines and end region. We find that the
allowahle gas line density in the beam line is set
primarily hy engincering and economic consider-
ations if the resulting beam Joss is 106 or less
(neutral-gas line density n. L. < 6 % 10" cm ?)
because the loss of this much beam has only minor
impact on the physics of the experiment. Buildup-
code calculations continue to indicate that the
neutral-gas density in the plasma chamber must be
less than 10! em . Neutral gas in the region outside

el RN
rate ot
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the treor theost swill be sonized and heated Hy
plasmi Josses from the mirtor. We find that the
neateal-pas hne densits an this region most be less
Y om
drain. Lhese requirements define the ervopanel srea

than b 1 prevent sipgnificant powes

reginred 1o pump the total s load of 720 Torr-
htre s from the sustamung neatral-bheam sources and
1300 Larr-litre s froan the gas hoy
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acpower drarn tat most be made up by neatral-beam
power o estanite ths etfect, we deternmne the
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NSeutron Flus i the METL Vaolt Srea, 6 1
Porter

Out carly estimates of the peatron Muy in the saul
area surpounding the METE geasel indicate that the
newvon fuy will be high ensuph to produce danvpe
i semiconductor desices loeated o the vault,
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Sttus of Contimnng Developments

Plasma- 1 all Interactions € C oo 1)
1o MW have contimnd s teatoe
requarenients ol the plasonedoip that abooche 1t
plastma Tost o the meor Lo cone S onda
clecttons epred drom thee damp o may ho o
strnddicant powes dioanan the contened plas o Tawo
tadied
Phe doest opend sttt ture o the dogn o e cn ot

secondany sapprecaon tediiguae w e
ander Thsect Comveraon Toe ccaqd an e ot
Be onentod poaalich to the teld e 0 ot
o e detad el ewliere

Moe o that the techine o appear Lo abie !
Ht o1 i st aeynn- ARERIRRY IS FEFIE] [ FIEIE
[SIRS RS IR Flowewver wom Gues o e e b

the cect of pas evalvine ottt the sagtace of the T
Diapgnostics

G W deppelnewt

A tentative dist of diagonosties has heen prepared
for use i estinading costse sehedules, and butdding
requirements,

Diapnostics activaties bor this guoanter were mastly
elited o planming. e o poarpose o o
ety what measuremenss should be nade e the
carhv esperment on NTEEE and ra deternone wha
istesments ond s Lcdities are requned b thiose
measurements We huve propared gotentatinve bist of
diapnostics top AL sotie ol wincd are well
estahlished ton PXUR aod other mpoetcalls
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conbined phesma machaness and some of which e
sl undeveloped The Tist has heen the basis of g

detanled estimate tor costs and sohedude

The space and support reque sneets Tor o the
dicenostios sostemadong with the tequired coupling
teo the conttal sostem. have been used 1o make

proposed ovouts ot control and dugmostes areas

it designate the amount and

the

nature o space

anred and how atons preces should be
!

TR AITEN TR

Design and Construction

[N
The METE construction project is on schedule.
Magnet System.

Airpesiho

Fhe e net svstenm i major
et o the propect cntical pathe Vigorous steps
hon

oot procurement ol fong-lead
\n

supetoomdiactor core o ws placed ahead ot schedule

S oasannas possihle order tor the
and st the planoed costenvelope Speahications
ton the manitactare of the starihzing shearh have
heen complered, and an order has been placed with
AN

producion hine

for the design ot the conductor assembly

Pl ced owander. reed suppor plattorms, and
sdety tatis were crected an Bldg 43E Acceptance
tost~ antlic cortweader tsee Fig 220 were completed.
and the machine s ow lunctionmy properly

We have evpended constderable ettortm evaluat-
g and choosing o simphitied cross sectionr for the
mapnet conl Twao ditterent

conligurations were

conmidered A conventional, rectangudar cross sec-
ton was approved that satisties magnetie-hield and
neutral-beam acee s regurements, avords comples
conte surlaces on o the pachet and case tthereby
stmplitymg the winding processand tooling require-
mentsoand provides improved rchability ata jower
Cost

A request tor proposal (REP) tor analysis and
detinled design drawines ot the superconducting
mapnet sustem has been completed and s bemg
prepared tor release to quahhied ¢ontractors

Fusion Chamber System. A detailed preliminary
dratt speailication was completed tor the fusion
chamber which
external vacuum. and ervogenic systems, and was
mailed to cuch company expressing an interest in the
competitive procurement.

shstem, meludes vacuum vessel

The tinal REP lor the tusion chamber system 1s
scheduled tor release by the end of January 1978,

We have located needed equipment at the Nevada
Test Site (N ES) Purchase orders were prepared for
cirhy removaland transportto ULD ol accompressor
thut would otherwise be one of the tong-lead emsmn

theocrvomenie o ssatem Sy high-pressure storage
hotties aind an overhead crane were also focated at
NS

Paower Supply System for the Sustaining Seutral
Beams,  We have prepared the prelimunary dratt
pertormance

sastem o ot

speattication ot the power-supph
neatral \n
I tion tor expressiofn o imterest wies sent out to 30
Novembet

QUesTonnatre. system tegirements, the prelimimany

the  sesutimng heams

Companies m The package mncluded o
dratt speaitication, o st ot avaitable techmcal data
terms and conditons, and o work statement The
comparies were ashed torespond by mid December
and tocomment on e Tudimg as part o this contract
the D0-KY
ton tor the aceel de power supphes
that
mterested as

PUN-RV substation anud the sie prepasa-
4 the |7
companies tesponded  with anterests b aie

prime vontractor - AL soppested o

sepitate contract tor the 230-kY T3 s-kV syhe
stition

Asite location for the 230-k Y suhatation i SOk
rectihier subsystem was chosen and approsed  This
FHE master plan and.

project requirements tncluding costy

location satisthies hoth the
Pigure 21
shows o model ot the SRV power supphy

Power tactor correctton and harmome nonse
peneration studies are underway

A REP IO the power-supply system tor the neutral
beams s scheduled tor release by the end of nest
quatter: considerable etort s vet to be expended

Contral and Diagnostics System. 1 he specitica:
tan for the locat-control computer was completed
and forwarded tar approval
tiahe than

However,with releise of the RE P eoverig putchase

These approvals nay

longer the ume we have ablocated
of nine of these computers now expected by ate
lanuary there should not be any detimental ettect
an the t[C|I\L‘I_\ schedule

Bldg. 431, Thearchutect engineer €A Fiselecuon
process has heen completed. The nugor ditheulty an
refining Critenia prior o negotiations was m deading
un the Yocation ol the contral room. The orgimal
locatton was discirded becatse ot i hostile magnetic
the reguired  shielding
considered exveessive. Fhe northeast corner of Bldg,
431, where the magnetic tnnge fickd s within
acceptable limits, is now a preterred location.

Demolition work in Bldg, 431 progressed on

cnvironment; cost Wi

schedule, with the main activity centered i the vault
area and the removal ol existing rool trusses

A three-dimensional analytical model ol Bldg. 431
for structural dyvname analvsis was completed using
the proposed oor foadings tor ME T The results
will tor
modiication ctiorts,

be  used puidance during dewign and
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Fig. 220 MELE coil winder (2 deprees of freedom),

Primary  Electric Power.  The [ nvironmental
Impact Statement was reviewed by T returned to
PG&E, and tiled with the City of Davermore and
Alameda County. In o second contriet review
meeting with PG&E we discussed a sehedule, power-
tactor carrection, and harmonie currentinterterence
sipnals, PG&E has agreed 1o lower power-tactor
correction regurrement at redueed pawer levels,

PG&E provded the tollowing schedule tor the
230-kV power hine works contract signed 3 78 bid
materials 2 ML start construction s SO and comple-
tron [ 80 Although the contract dute retlects a -
month slip i our scheduled milestone, the comple-
tion date s 4 months ahead of the completion date
tor the power-supply ~sustem tor the sustamng
neutral beams

»
"

Building 441, | owr Do weresnicnvowed by rae
A b osclection commuttee Phe adesign crtena were
completed and delnered to the YO San b oancsee
Proect Ottice Conmbrmng Bidg 441 80 1 gnd
constiuction vontracts swith the “Core 7 baidding
should result o a considerabic cost o savimy o the
prajedt

Project Maunagement. The LT MELE Prowea
Ottice reached 900, of the planned prorect sttt fevel
m the first quarter o0 Y 197N

Lechnieal eftort was concentiated on completimyg
the specttication of the requitements tor the fusion
chamber svstem, particularty on speaving the gas
loads. the aryopanclhaea and location and the adaed
thermual Toads tor the crvostats Incredased pumping
capabiity will probably resultm the requied helium
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Alagnet Systems

supercomductng Magner Deselopment
SN

The technolopy of superconductons aml siper
conduciing mapnets o of vitab importanec to the
building of present-das plasma phvacs boolites ad
ta the planmmyg and <tudy ol Tutore ey perimental
mirror machmes dnd reactors We gre dovcbopie
NboBreonductor for the Marsor Fuston o Baailin
M TV wanming and Nbosnoconduoree s S e g
mrer devioes

N Y

Cordineton


http://il.lv
http://piTiunTii.il

sonder bondrag on cachmdividual Todd” one el toan
stdos o the condactorand toocall outans Lond il
to mecta predetermined it ot booded suttace The
6500 1ot condudton nnhizing corte matenal trom
Ncos Supeteot, amd 16O heen
Lectorhy stabilized and shepped to T 1o winding
into the ME T

The conttormoand nugorsnsulation Jor thie ME L

has now sl

test ol

test cond huave been Lthncated and are assembled on
the cont wairder winding bepan m Lite: December
We have devddoped womethad ot replacing the

N1 aroard o old welded ot i the

LOn-

dictor core Dy methad s e stabdizcc s apphied

otwo pht aneled pieces ane approsimiately N

e dong amd the other Pl fong thus stagpenng the
vant Betore the stabrhzer s applied to the joant. the
sattacs with conlme Channeds issatabiy muasked. and
S ob o PRI st b salder s edectioplated
cnto the lands Chumps at fregquent intenvals seame
the stabnhzer torhe core Phree sets ot thermocouples
attached to the stabihizer are used to contiol the
tempendatare of the theee sections of the soldenimy
oven and topne a0 continuous recond ot the
conductar temperature dunmg the soldenmyg process
Fhe soldered ot s fest altrasonicaiie tosted for
quaitts ot hond and then ulttasonscaln cieaned g

wedh-acid bath that s

toilowed lean-water
rinses

Ruadial and aacal damps bave been fabrwated o
heep the windiny ught duning winding and while
jorntsaare bemng made Neontroled tensommg device
added o the mechansm contiothnge the conductor
suppiy drum will maintao tension deting windimg,
while the svatem s stationars, and oo duanny
unwindiny

High-Ficld Test Facility

Fhe Basehall H hguitier has been re-imstalled i the
Cryogemes Taboratory and sinee its re-commission-
g, has tilled the 10.000-litre storage Dewar

The 2-m-diam crvostat tor the High-Field Test
Facility (HETEY has been mstalled and cooled to 42
K. and severad thousand huees of iguid He have been
transterred intoat Durmg this testy we checked the
pertormance of the S-kA vapor-cooled leads tor the
METE test coil

We hive recenved the new 2.000-A power supply
lor energizing the fist two HETE backing cotls,
required for use with the METE test canll [t bemg
mstabled: the remander of cquipment, e,
water-cooled duomp resistors, high-current bus-hars,

the

circutthreakers, and all the electrame compaonents
tor protection and corll diagnostics, s now heng
tabricated and mstalled. All this equipment is needed

By the Narch P97 st dare Tor teses o the N L

test cotl

Nhosn Canductor Development

The attermpts by Aco taestablish i more tehable
and cconanncal method ot mcorporating Ta barers
mothe Nbosn conductors were not enurels satis-
Lactory Arrco was also unabie to overcome the basie
problem at bnttivness of the whole conductor by
adding external copper, the “center-hbursting™ was
probably caused by the sipmiticant ditference i
hatdness ot the bronze core and the surronnding
We thist

avercome by ancieasing the number ot anneals and

voppet helieve this ditterence can be
changes ta the dies Ttwos agreed that \irco should
proceed witha prototype tadly stabihized, S-h v 124
conductor as outhned in Ret 14
Crticat-carrent measarements
Supercon nomnal YSRA 2

showed them to be pesistive We had expected this

on o osamples o

NhSnoconductorns

beoause examimation at Supercon had shown the
thamuents toobe seseeeds broken. The anusuadly hogh
reduction tatioaned for the extruston was prohghly
the cause

Prelimimary work on So-mtilttated. sintered Nb
contraes gt MO A Results of thes imal phase are
not expected until 19780 but they are having some
ttouble obtyning a low-enough vacuum (~ 10°°
tarty with avanlable equipment. This problem
appatenthy adversely attects the hardness ot the

conductor and the feasibiiiny of diawing ot

Plasma Engineering

I, LBL Neatral-Beam Development
R Ple

I'he LLL, [BL Neutral-Beam Development Group
has the responsihility for developing neutrai-heam
injection systems for mirror and tokamak experi-
ments. Modules with beam energies of 20 to 40 kel
bave heen used on the 2X1B and Adiabatic Toroidat
Compresson {ATC) devices. Current near-term
development efforts are directed toward 80- 1o 120-
kY injectars Tor the METE (8G-kV ), Doublet TH
(RO-kV ). and TFTR (F20-kV) experiments. The
totul beam power from cach accelerator module
will be 6 1o 7 MW (in 0.5« pulses. Fhe users want to
place orders for production models in about 1 year.,
Deselopment goals for the longer term are near
steads-state operation, higher energy., and hetter
efficiency: this part of the program is centered on
negative-ion production, acceleration, and neutral-
ization. We hope to have 200- to $M-k\ injectors
hased on negative tons developed in time for appli-
cation in the mid- to late-1980°,
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[he desigtand constiucton

been the pacing atems AUREITERR T I

this quarter. suitable tacihities tor carrvimy ont tog

PO prognan,

nedar-ter it part of car progrant had been conipn ted
terveept tor dedivers or o highovoltage switch niod
ulator tube dor the FLT High Voltage Tost Stoed
THV S Oneotthesc teststands cESTIENTP0RN 20

A0S S has heen aperating torahout Fvedr testing

:
Practioia aivg st to 10 Ry e Jies anad boa
ISTHER cl 2o ks so

hoen oporatinge tor o tew menths wart
FEAR G

walions toteatoh the vantous supplios tothe poasg

hiwe compuonents RTINS
]

Tl son

and sosul

Vadergoanz oot e
Bowm Toads

Ounr pontine on based work during the guoarte:
may be summazed as tollews
L IERNTH Y

tactional area modules have not o

been optimized. but have operated  sath beans
suttable tor MEEE and Doublet TH cexcept 1or totad
cuttentyat SR T N and 005

o Ihe st tull sizes T20RN DD TR nodede o
were stanted o TSTHB S Operation was at 60k
the end ol the quarter Soon souree probicms were
abserved. hut we are dehiberately tamimg the yoltage
slowlvo while stidvimg power sapplv-beam moduly
mivractions, .ni|ll~lmp N constants, -

®  Ji-hV.T0-A

were canoed aut on

[O-m~ module htetime rehabaihn
tests ITSTHB to demonstiate
operation tor 100 puises

e A Mackenzie bucket” tan are chamber wath
tatenetic multpole ields on the surfaces was bandt

ESTIEA
e A ESUSSK ncutrai-heansdevelopment work

and installed on

shop was field ar TR

o Optical studies were statted 1o tmvestigate
possthle beame-plasma intetactions o nentializons,
these nueht morcase the anpuelar divergence ol o
neutral beam

v\ program o
“industighze™ the fabrnication ot 1on-source mod-

completed phisse [ ool o
ules. The purpose of this program s to help prepare
manutacturers to bid 1 realistic way on neatral-
beam systems. Phase T was a study ol techngues,
schedudes. and approsimite costestinnees Phase 11
will be the construction of one o two 120-kNV 63
(1.5-5 sources with hard seals and ceramicinsulatons

Our pegative-ton biased work dunng the quarter
masy be summarized as toilows:

& A new. loweenergy, aeccderatarn strovture s
designed and built to make better low-cnergy ¢+ -
heV) 1Y beams for double charge exchange 1o D
tons i the Cs vapor et

* A new souree of fow-energy 1Y ons far the

doubie charge-oxehange expernmment was bult and
were started

1ests This s the magnetoplasma-

A

® \ W o , R
. s B
e
ty et i " . .
oo

Direet Conversian

Suppression of Heat Conducrtatiy and Dhrect
Energy Conversirn for the Tads ol TAMIN el
AMELYD o e I I O ) JRT
oo

Flectrostatic grids being designed for TV gt
AE LD will oot onds suppress hewe conductisaty g
the Difetime of
stresming-plasnta tons, serse as o dingaostie devie,

alsve may extend low-eneres .

and provide dicedt energy converaon

Cladoate L

I i i K N
and othor <t RERTIE .
o e et b Lo e b o
O pas JonAgt oo ot
from the end wad s e 0 o
von empa b ad o tnae oo
the productior e o eess o
reduced toa peas v
dab the end that wail o Ca
Production rates canoix .

e Gusropization e R
Tow cnough by pampeope o ane e L C
voopnahe this sonrce b Lo e o o

e Scoethary et Roce
[ IO FE O A W Y TS AN SRS SRR

ropesad dooprovide

Cotids v by iy

ISIRRIRHN

¢ fhornienie oot

density s greater than aboae Tono
casern ME

CHYIss N i

[ A T

RIS count e e

Pt Lo e e
Jdosgned withsutin et tae e o
et helow

Cilhiasaon o

pulse
MWeore doesiging prnds e e e
ME LT

G e thiee purpeses

Hestdes suppioss

e fheprds iy be nsedtor oy oron Tow

TN
streanung plasni regquised Tor stahinsatien and
thoereby ontemd dhie Ltermmic of those low wncroy ons
to muore than one transat

o The gnds may be used as adiagnostic device ta
the

cnerey ol the streanume pa ticles

meesure spaitnaiv-resalved oy denaty and
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L] ine onds Lan vpenate an the cncr evoveny
siodes hos reducing the heat foad and at the same
e preving ouldirect cneney comversion

Vacuum Technology

Cryopump and Getter Pump Development. [/
Bt oer

The TT1 eryopump test stand with which we are
studying new techniques for handling large gas loads
has heen used to determine the following:

® The haffle transmissivity,

® lhecrvotrapping rate for Heand how itvaries
with the Ar He ratio,

s The refative effectiveness of CO2 compared to
Ar for He trapping, and

o The heat load placed on the eryopanel because
ol Ar (cryotrapping gas) Oow.
A hulk Ti getter was successfully bench tested.

€ rvopumping.  The civopump test stand bemng
used o evaluate pumping techngues Tor large gas
foad appheations o shown schematieadly e Fig 24
Fhenstrumentation fnot showny wcludes

o lwonude won gapes withim the hgqud-mtrogen-

couled (1 N—vooled b endosure. and one 1on gape in

Vaeum tank hid — = Cryotaapping s mlet
;o

/ /

f

N todd e / i
oobed wr

LN ; LHe inlet

o~ Vacuum tank wall

~ Chevrons cooled by
He baotloff

ﬁl

IR

e

. LHe botloff exhaust

T He boiloff line to chevrons =

- /// L He-cooled surface \ }

Cryoltrapping gas

/—He gas inlet
.

the ¢lhaw ot the rtoom-temperature solistion valve
that Teads to a turhomoleculiar pump

e lwo yuadiupole analyzers for measuring
restdual gas . one within the I N-cooled enclosure and
one tn the ethow of the nolanon vahe

¢ A pumber of carbon resister thermometers on
the iuid-helium-—<cooled (1 Hecooled) panel and on
the chevron that s cooled by 1 He baaloft

e An enternal gas-handhng svstem for feeding
meastired tlows ol gases to the chamber and to the
covottap manitold

The svstem cien be used inerither the ervocondensa -
ton mode. i the ervottapping mode. or as both fas
Gcompound pumpy

o Ve made tour separate runs i this conhigura-
I orun =1 we hattle 1rans-
Ihe pumping speed for deuterium was
medsured at flow (2N
N Torrhres
speed s STO00 [itre s

non measured  the
NHASIVITY
rates up 1o S Tore htrees
biSee Bags 250 The averape
(O Ton-htres «am o This
would indicate o hattle transoissivity of 0 21 for the

Um

120-degree cheston However, sinee we don't know
the deateniom temperature, and have no practicad
Wy T measure o we plantorepeat run =1 ona bare
F He-cooled panel of known area to determine the
tonsmissioty and Gmdirectlyy the D temperature

fon qage

Fig. 24, He cyretrapping gas is continuously spraved onto the 1 He-cooled eyropanel surfuce. Chesrons cooled by He hoiloff cause any
crrotrapping gas that does not adhere 1o the | He-cooled surface to condense. He gas atoms enter the system and diffuse to the eyro-
irapping. gas-coated surfuce. where they adhere and wre thus pumped uut of the system.

20
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Fig. 25, Pressure vs flow for deuterium.

In run 22, we measured the pumping speed of He
crvotrapped with ArL and determined how it vaniad
with the Ar He oo The resulting curve osee by
26) sugpests the tollowing

e [he pumping speed up to the highest point
measured (304 itre-s cem y appears to be lnmited
by the sticking probability of the 1 He-cooled pancl
and not by the chevron transoussnaty

®  Thetwodistunct slopes to the curve sntersectat
an Ar to He ratio of 3001,

o The slope s alwins positive,

All three observations appeai to be related to the
geometry of the cryotrapping arrangement. that i to
the Ar impmngement area on the cryopancl. We
ohserve that the He sticking probabibty on the
crvopanel is smaltand dominates the pumping speed:
however, it inereases with the Ar He ratio. At low
Ar He ratios (less than 30:1) the hehum sticking
probability (for o given Ar impingement arcis) is i
steep function of the Ar He ratio, A ratio of 3001
appriars to be optimum. © This accounts for the
initially steep slope. The second shallower (but snill
positive) stope retlects the diminishing ettect ot the
increasing Ar He ratio and  the concommitant
mereasing Ar impingement arci on the crnvopanel
that resubts from gas scattering at the hagher Ar flow
rates.

Asshown i Fig, 240 there are now tour tuhes with
mne holes cach blowing A1 on the 1 He-cooled
crvopanel. Inereased coverage of the crvopancel with
argon should shitt the corve upsward so that ot

{ J ! i
__:4 L P
e —

0 1 J A l 41 L 1

0 40 50 120 0
At He How ratio

brg 26 Varmvanan the pumpmy speed of He trapped wirh v
with the Ar He rato, where mavmum He Qovw 013 Tagre

toand mavmum At flow

litres.s 1238 Torrednress
asvmptotically approadhes the o o

cransmissivity. Wentend to test this budean

nunther ot Ay tubes and hoics

Run 3 was our second attempt to test the et
tveness of COav o cnvattapping gas tor He
pumping. Our hest attempt had tadded when the 0
quickhly troze and plugged the distiibution maimbong

By supermmsulating the manitold tor run
abtamed fnve data poanits hetore tapan s Tt
mdications are that the CO w0 ghont T as
ctiective as A1 for envotnappine He Wo are now
putting mehrome heater wites i cach distnbation
tube. Bt techgue protects the manmitebd se tha
turther tests substantiate the cttectineness ot ¢ O oWy
shall sigmiticanty reduce the retngeration cost ot
cryotrapping

The retrigeration cost of crvotnappiog with A was
measured in run 34 We deternuned the base heat
joad  tradiation and conduction) 1o the 15 my
cryopanel by measuring the T He bodott rate wath o
wet-test meterat the base pressute of the ssstemp o
10 Loty The base heat Toad was 126 W o8g
W m) The meremental heat load due o Powing Ar
on the panelat 130k oras indicated by g thermocouple
on the manmtold) was medasured attlow ratestrom i 2
1o 20 Torr htre s The average heat load caused by
the A1 tHow over this range was 0532300
lorrhitre s
W Torehures

with a standard deviation ot 0,038
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Reactor Materials

KNS
[ N

The RINST facility will provide the neutrons
required to determine the response of poteatial
fusion reactor materials to 14-MeV neutron irradia-
tion.  Vrvas of research to be explored with this
machine include radiation «ffects on supercondue-
tors, damage-rate studies, changes in observable
mucrostructure, and changes in physical properties,
A major emphasis of this work will be to develop the
hnawledge und methods required to relate duta from
other radiation sources  to the fusion-neutron
environment. We anticipate some effort in measuar-
g neutron and gas production ¢ross sections,

Pranmg the frost guaarter of 2Y 197 Dawe eltart an
the REINS-L project was concentrated in two areas

o lobongtoapprovimately 99 complenon the
phystcal prlant ob the pes tacibits s

o Lo compiore the ascemblv ol one of the twa
devteron accelerators that sl be ased o tullscale
proct-of-desten rests

The physicad plant ab the new daahiv s now
complete i att respects with the exeeption of mino
eaterior paving and landscaping. Assembly ot the
prototype acceleraton was completed dunng this
guartet and operational tests ofall magor subsystems
were hegun, Mechamical systems such as vacuunand
cooling tor the gh-voltage termimal and the beam-
transporl system were tested successtully, as were
clectrical systems such as the 400-bV hiph-voltage
power supply. the ton-source power supplies. and
ground-to-terminil and teeminil-to-ground controls
and telemetry.

ngr;xmm-mg of the calculator-contiolled data
recorder that will serve both the neutron sources and
the experiments was begun dunng this period Al
rerminal syatems were operated, and the multiple-
aperture ~ource (MATS) retlex-are on souice
suceesstulhy dehvered (00 to 200 mA of both atonuc
wnd molecular hydrogen beams to the position of the

toecletation colunn Posting o the aocdderatiog

colunim o the o g b B bt b s ol
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P4 ey Neutron Trradiation Stadies

Correlation of Nceotron Damage with Neutron

Sources. LB Voo BN banao g

[ AN

Lhe high-energs neatron sources® planned for the
radition effeci~ program are the Rotating Larpet
Neatran Saurce (RTNS D currentis under con-
struction at T and a Liidany stripping < ource.,
which s in the design stage. These sources are
rapected to provide a neutron flux of from 10 10
10 noam s,

At the present time. we ure using low-fluy
protofypes of these sources:

o RINSTat T has o maximum flus of 1
0o,

= BRetd.n) stripping sources — one of these is at
the University of California at Davis and has a Qus of
7o 1 R omTs,

Afthough radiation damage experiments on these
low-flux prototy pe sources cannot produece the high
neutron Auence (.- P nom?®) for evaluating the
structural integrity of materials for the first wati ol a
fusion reactor, they can provide a basic under-
standing of the nature and magnitude of high-energy
neutron damage effects. They also allow  direct
comparison and correlation of high-energy neutron
damage effects with ion and fission-reactor neutron
damage effects.,

This quarter we report the results of some
exploratory studies on the nature and magnitude of
radiation damage effects produced by high-cnergy
neutrons from the RTNS and Bed.n) sources,

Vanadium and Nb-ITwi'y Zro Tensile speaimens of
vanadiim and Soh-powts 1t were intadiated wath

Plhe cemeniion sed bivig

oou o apeatinn wern nentt s

[RRIISEIRNIITE RN

TThsenated Nhoi/2
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Hluence s plotted i Fig 29 aleng with proveeashy

KRINS wod e v a s poo g

i
Tae vichd oot verses neatron
obtimed data to: mobiam © Fhose resudts vontinue
to support strengthening trends previoushy reported
tor RENS and | PTR mnsdations ot miobium Fhat
isovield strengthis mcrease s atunction ot neation
Nuenee, and high-cnergy neutrons from the RINS
are considerably more elfectne than fission-reactor
neuttons i strengthemng these materials
Type-316 Stainless Steel. 1he
Foerpy Breeder Reactor Development Program has

Depattment o

provtded  considerahle data o the hehavir at
staanless stecls g radithion envitonment Conse
gquenthy, stonless steels have been proposed e
teactor st o walls The

candidates for fusion

behavior  of stanless steel an a0 tusionsreacto
covitonment s being mivestigated

Specimens of annealed and cold-warked tope 3
stnbess steet will be nadiated at roem tempeniture
and clevated temperatute at the RENS and the
Betd . ny source We will redite Huenee and damape
coergy to changes i tenstle properties and use
clectton nocroscopy to analyze the size. densaty.
distribution. and morphology of tadiation-iduced
defects, Strengthening mechinisms poverming de-
formation behavior will be determined  and the

resufts anterpreted o terms ob the damage micro-

tutrons by

gty e
I

N R ST

. Taadtied 1.

Wewil then compare the

te daage dtoct e
ness ol neations Trons diterent tadiation soanoes

Twer ivpe She stndess stevd speciuvis one
antealed and onecold-worked wererradaatet rhe
Beod. o neution source Fhedhe gstivamt heroon o
these specimens has been reported Ihe horvinom
Lerget was bombarded with F0 NN

anaverage beam current ot 254y Thodoureron

ens with

heam was tastered on the hervlen: tares

e s e

pProduce o neatlv umtorm peation s o the e
secton ol the stamlessasteed tensic speamens e
tedton specttg under these conditih nis huve beer
“Chat
acterization of g Beod o Neutron Soutce™ and Ree
7 the

tempetature, and the vapenmentabset apososhownn
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with u large companent of neutrons of §

i shipghtinerease movield and ultimate stength and a
sight decrease inelongation. The changes mownsle
propertics stmular 1o speeimens
irraduted with 14-MeV oneuttons, The changes in

were those
tensile properties ol the anncaled speaimen radi-
ated with Betdony neutrons were not as large as
14-Med

those produced by neutrons at nearly

> 4 Med and s being unlized in our MED radistion-damage program

equivalent fluences, but there was a 307 imerease in
sield strength and o decrease i clongaiton (rom
700 10 627 with respect o the unirradiated spear
men. However, the radiation strengthenmmg and
loss ot ductihty after arradiation with 14-Med
o Betdan neutrons are signficantly greater than
those produced by (isston-reactor neutrons '
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peaictn Spedimien temperatuie can he contindled
tn o3 O Creepespeniments are controllea temuoiciy
with contiol and recording astruments lodated
ahout 20 m from the creep trame and R ENS head
Pensle vreep was muasured on annealed nobiam
A1 stresses of S5 M Py (5000 parand 86 M Pa (12560
petat s Coand T000Corespectively Constant
sress wan o obtamed  dunng the eapenment by
semoteh droppimg ncremental weights jrom the
load calumn Elongation sas detenmmned trome a
tramsducer attached actoss the bellaws s the Toad
column With this device and associated electionies.,

the length of the speaimen could be momtored to -3
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Creep tests wese sun with the hegm, oft until o

atned { he

‘emperdature
ind toads were beld constant and detarm

steadvstgte secondaty Creep tate was oht
RIANN beam was then turned an wiyge
allon ates
worerecorded U nder these conditons, the radiuon.
iduced vacancies gugmient the thermallv-producedd
vacancies and could cause i change i the Creep rate,
provided plistie detormanion i bacaney congrolled
i this tempertare regan

Creep tests were run contimuously while the beap
was turnad on oand ot alternately about every W
mnutes A TO0C the creep rate appeared o
norease shightly Araog Conoenhancement o creep
cateowas ohsenved Duomg this expeniment, the 14-
Mol was 44 1o
cocoten B tetad A laenee st the conter o

nmom o-satthe venter ot 1

pevimien was 32 10 0 e danng sradunon
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Helium Ffects on Mechanical Properties. MW/
oo ROV Scanhan and ROR Landervoon

Haph-energy neutrons not only cause displacement
damape, but alvo produce helium atoms in metal
matrices by interacting with metal atoms via the (n.o)
reaction. Helium  gas bubbles trapped in  the
microstructure can alter the mechanical properties
and lead to embrittiement as helium accumulates. To
separate and study helivm effects on mechanical
propecties, we have doped niobium and Nbh-17Zr
tensile and creep specimens with various concen-
trations of He.’

We have completed the senies of tenstde tests on
anncaled Nb-1Z1 speaimens and Nb-1/Z1 speaimens
doped with 28 atomie ppm o He Resultsaie gnven in
Fable 4 along wnb data teported kst guarter * The
wtlucnce of 25 gtomie ppme He on the mechanical
bebavior of Nb-1/Zp tenstle specimensis smatl At 200
and 400 € the helrum apparenthy lowers the vield

Table 4, High-vacuum tensile tests on Nb-17r.
e. Temperature. Yield stress. Ultimate sfress, Strain.
atomic ppm ( MUPu (ksi) MPa thsi) “
(] 21 180 (21.7) 260377y S8
25 23 165 1240y 279 (40.5) 6.4
1] 200 16 (154 202 12v.4) 42.6
25 200 92¢133 N4 (2R.2) 450
[} 400 §4¢12.2) 188 (27.2) 26.3
2% 400 82 (11.9) 190 (27.6) RNl
[y ani 68 (9.8) 7 8.2
b1 (T RS (12.3) 208 {3L2) R
0 Rau 64 (9. 199 (2¥) 2.0
15 K00 TR (L 22143 27.0
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strength, But produces hittle ehange i the ultimate
stress and the tractuie st For tests an doped
spectmens at 230600, and K00 Covield strength s
mncrcased and elongation decreased shightiy W
conclude that the eftects on the tensile properties ot
the addinon of 28 ppm He anothe
nucrostructure of the Nb-1Z1 alloy spectmens are not

dtomie
deleterious

Radiation Damage in Superconductors. KA/
Ncalun

Fo design the magnet shielding for mapnetic
fusion reactors now in the planning stages, we must
know the effects of radiation on candidate super-
conducting materials as a function of fluence.
Calculations for a tokamak reactor predict a tutal
neutron ftuy of between 4 < 10 and 4« 10 'n/ m?.
at the superconductor. These fluy caleulations are
hased on perfect shielding, and as more refined
calculations are made thatincorporate neutral-heam
injeetion ports, etc., the flux values at localized arcas
of the magnet will increase. The magnets must be
used for many years: their radiation tolerance may
hecome the controlling factor.

The work in progress has the following three
objectives:

®  To determine the effects of neutron irradia-
tion (from about 4 Mebd to 14 MeV) on the critical
current of NbiSn, Nh-Ti,and other superconductors
at liguid-He temperatures and in the presence of
magnetic fields up to 121,

*  To correlate the electrical properties of these
materials  with both initial microstructure
radiation-induced changes in microstructure.

and

® To measure the recovery of the changes in the
eritical current during annealing at temperatures up
to room temperature.

Ihe goal of the present series of experimenis s to
lind the tluenee at which a decrease in 1 oceurs tor
Nb.Snoarracbated with 14-MeV neutrons and to
compare this fluence with the tission-neutran results.

Durimg the quarter we completed basehine mea-
surements of the superconducting properties (1 and
I3 tor taa Nh Snsuperconductors tmonohlament
wire obtatned trom Brookhaven Natonal Labor-
atory and mulutilament wire supplied by Airco. Inc)
in preparation for an rrradiation experiment on the
RINS, One sample of cach material was then
irradiated tor 2 weeksat 3.2 Ko AUselected intervals,
we measured the superconducting properties: we
vhsersed anncrease of 7800 entical current at g
fluence of & « 107 n m- The behavioris similar 1o
that tound lor Nb Sooarradiated at tow emperature
with fisston-reactor neutrons. That s the critical
current inereased with isston-neutron fHluence to

RPN AT A R LR

. [
dedreasing

o

eapermment goal, we must extend o anadiations T

complete the compatson debmed e the

igher tHuenees
Characterization of the Pavis Betday Neutron

Source. VB Vi ean
[he (d.n) reaction on berytlium prosides a source

Coanan and St

of neutrons that may be useful in studying the effects
of intense fast-neutron irradiation on materials that
might be used in future fusion reactors. We examined
the spectrum and intensity of the neutrons available
at the University of California, Dasis, eyelotron
We huve moasured the neatron spectia prodaced
by hambatdige thek hervihunm L gers wirh 30 Med
deaterons at the Davis cvdlotron The spectia were

tied

i from the activation ol two sets o deteeror
torls placed atanangle @ 0 ot deuteron beani,
one mmimedeatens behind the bory thram tarpet block
MWeoosed the SAWD Y

pragram toanadsze the tothact anen data te vhtam

and one 3 mm vooahe rean
the Hinence ancach of O enerey gronps The resuin
are ~hown for hath detedtor tons e by 32 The
neatran spectrum tHuence Mol chose o the rareet
decreases continuousty wath energs o the tann 2o
WNeM L winde the spectrnns S0 baos has o
mirnmutn at sbout x Aeb and
Mo :
less than HOMeM wmuch preater than e+
previous

ATSRY NVE EOYR PREFE B

Fhe contithuson i ng

N I N L F U ISINEN

spectral givasuromenes gk o
distances trom the target Weattomhate this o
to the neuttons that are enntted at large osg oo on
the deuteron beam These ebservaiions show iy
mmpoitance of cvaliating the neatson spoecitam Lo
the target it samples ot taatenais e to e nadaned

i this location

Fusion Systems Engineering
Tritium Control and Handling

Iritium Pracessing and Control Sastems, |
Sherwond

Proposed fusion reactors will have o arge tritium
inventory. Containment and cleanup systems will be
needed to limit personnel exposures and population
dose. Alsa, fusion research facilities presently being
designed  will require tritium cleanup
Tritium can he removed from effluent air by catalviic
ovidation followed by water adsorption. However,
available performance characteristics and basic data
for the design of tritium: air cleanup systems are
inadequate. Our program ha
tives:

wystems,

Wlowing ohjec-

e Todevelop mathemativar . dels for engineer-
ing design of tritium cleanup systems.
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e loabtain data on the kineties of oxvadationand
adsorption bed dynamics,

e [o develap the instrumentation for real-time
discrimination of tritium gas and tritiated water
sapor.

A new maintenance coctosure s T morwas bl with
G catahvie cadation tntated-water-adsorpion dean
up i Fhis svstemos currently under oy stant

up checkh-out testing The raom-temperature it

alvst tunetioned satistactony tor o short tme and
then become metfectine. wee helieve o was posoned
by omercury vapor mtroduced whien the con
Leminated transter pump was disassermbled
Foreduce the tonm Tevel o the cedlose we et
uea sl dngstrerm reavdde bapoat 0 1 T0
m . usine o palladiam catalvst molecular sieve
lon chamber readings downstream trom the cat-

dlvst wbsorbent e ~shownin big 30 Thecomversion

Lactor to intiam concentiation s~ 7 Jo gl m
pot ampete

[he sy
s the steady exponential dechme ofconcentoanon toy

Iwo teatutes are ol intetest 1o the heare

about o day This tanshates 1o 0800 comversion

pet-pass through the catabvst he catadvst s eather
unattected by the poson o more hkhelv, the poison
adsathed on the butheam Gataivat

hits all been

adsarbent The sccond teature ot anterest s the

break-through of tonated water e 2 davs This
break-through s consistent with caedonlations hasad
on the known hehavior ot ordimars swater onthis type

of adsorbent

Iritium Processing and Contraol
Metal Getters, VO /
Our investigation is directed toward selecting and
characterizing the hadriding behavior of suitable
Cpetter” materials. There is a vast array of metals,

Esing Active
Nopretoe oen

intermetallic compounds. and alloys that form
hydrides, Their dissociation hydrogen pressures and
hydrogen capacities vary widely. Weure interested in
selecting and studying the behasior of the hydride
formers that would best fulfill ME E requirements for
tritium cleanup. The hydride should have a low
dissaciation pressure (< 0.3 mPa) at hydriding
temperatures and (for easy recovery of the tritium) a

high dissociatn pressire «

ately dlevaded temperature
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3.

APPLIED PLASMA PHYSICS

Applied Plasma Physics isa major sub-orgamizational unit ot the MEBE Program [tincludes Fusion Plasma

Theory and Fxperimental Plasma Research,

Fusion Plasma Theory has the responsibility Tor deseloping theoretical-computationat models in the general
areas of plasma properties, equilibriun. stabithty . transport, and atomic phystes This group has responsibility
tor giving guidance o the mirror experimental program. Phere is a tormal diviston ot the group into theory and
computational; howeser. i this report the elforts of the two areis are not separated since many projects hine

contributions trom members ot both,

Under Fapermmental Plsing Rescarch, we are developing the sntense, pulsed on-neutral source ¢TPINS tor

the peneration ot a reversed-tietd contiguration on 2NTTH. W o are alsostudvimg the feabihity ot ntthzing certain

neutron-detection techmgues as phtsma diggnostes i tne nest genenition of thermonuclear esperniments

Fusion Plasma Theory

Quasi-linear Codes for Ton Transport in Mirrors

1. Berk, 1 A0 Curler. Yo Matsuda, 1. D
Rogndien, and 1. J. Stewart

Work continues on comparing the results from
guasi-linear codes that include empirical damping
terms with experimental results from 2XIIB.

Our work with the guasi-hnear codes for the drift-
cyelotron loss-=cone (DCLCY instability has focused
on testing several empirical maodels tor additional
duamping. which we find s needed to produce a
reasonable saturation level for the instability in the
presence of a density gradient. In one scheme. we
assumed that the electrans were responsible for the
additonal dissipanion. The power extracted from the
wives by the damping term was theretore used as
input to the clectron energy equation. ©his cesulted
in furge periodic pulses of rtand electron tempera-
ture, Lhe magnitudes of the pulses were too large in
compartson with the 2XTIB experimental data,
indicating that the additional dissipation does not
come from the clectrons,

We have done some comparison with time-
dependent results from 2XI1IB. When a constant
damping factor is used, we find that we can obtain
reasonable results for one portion of the experiment.
e alter the stream s turned otf, Howeverothis same
damping tiactor does not sield good comparison with
the time when the stream is on, the dumping then
being too farge. To compare well with the experi-
ment. the damping must change with ume when the rt
amplitude changes: we therefore conclude that the
damping may be nonlinear in origin. We are also
investigating the work of Aamodt et al..™ which
considers non-linear frequeney shifts,

We have alse progressed towards moditying the
one-dimensional (v) code to make the nruteal-beam
absorption valid for both thethick- and thin- plasma
cases. We have checked out the version ot this code
that considers the tirst generation ol neutrals: the
ctlect ot muluple pencrations will be implemented
in the tuture.
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Maonte Carlo Neutral Transport Code

{ B Kuaiwr

The Monte Carlo neutral-transport code briefly
described in Ref. 1 continues ta he developed as an
interpretative tool for the understanding of experi-
mental data. Toward this end, a version of the codeis
being readied for incorporation as a standard
diagnostic in SUPERLAYER,

An illustration ot the kind of
availuble from the  Monie  Canrlo
present form s presented 1o the accompanying
figures. The SUPFREAYER steady-state particle
distribution from run RE 170 which simulates the
INIIB shot ot 4 14 770 was used as a target plasma
into which neutral beams were tyected with the
boundary conditions

mtormation

code ot

IoSth == atd ’1,1'..»

i

hl -
THA emT s he\) =
A v NI L),
/°
L'\;‘ - N
2Ly
[y =3,
[N A . NE—leom
MRS
)
—C, e\p |~ . A leem
a0y,

with 1, = 400 A H = N Red oAy, = T el om,
(A, = 6 23emuand vy, = 33 em
the simulation 1s given m b, 3,

In iy 370 the tlus of neutral parneles into the
detector is plotted ds o tunction ot detector sean
position. x. The code results are plotted as plussigns.
with onc-standard-deviation statistical uncertaintics
due to finite sampling indicated  The cireled data
points are from thed 14 77 2X1IB <hot. normalized
to the total flux computed by the code. The mean
position of the charge-exchange event responsible

The peometry of
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Fig. 37, “Newtral-particle Aux as g function of charge-exchunge

analyrzer scan position,

for the detected flux s plotted 1n Fag. 38, which
clearly shows that at the density used. the charge-
exchange analyzers are probing the central region of
the plasma.

Figure 39 gives the average energy in the observed
flux ay a tunction of scan position, with the 4 14 37
data again superimposed  tor comparison. Also
shown is the mean plasma energy at the mean charge-
source™ points of Fig. 39, plotted as open

exchange
diamonds.

Energy spectra are plotted in Fig. 40 for two scan
positions. The sohd curve is the observed spectrum of
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Fig., 3. Acerage energs of the neutral-particle fluy and mcan

plasma energy at the mean charge-exchange source point.

the chargeexchange flux at the indwcated scan
position. The dashed curve gives 2X1iB data from
4 14 77 normalized 1o the same total flux as seenin
the code, and the dotted curve is the perpendicular
energy distribution function of the target plasma at
the mean position of Figo 380 1t is clear trom the
tigures tnat the charge-exchange energy spectrum
provides a fairl accurate charactenizauon ot the
plasma distribution function at the mean interaction
position.

Attenuation of the neutral beams and the traction
of beam power deposited in the plasma are given in
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Fig. 41 as o tunction of the plasma line density aty
S0 The SUPERT AYER REIT dawaare indicated by
the dots, the complete curves having been obtaimed
from a seres of code tul withaotiheralby varving
particte weights

Intormation on the distribution ol nevtral parn-
cles tnthe plasma s presented o Figs 42 and 43
Figure 42(a) and (b) show the asmuthally averaged
line densities paralicland perpendicular to the 7-axis.
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Phere e tawo arcas o whoo o oo
improvement  The simpler of thes oot

dazrmuthad pnd toresalve rovararors o propan

the neutrad-particle discobution ~ mow ne g
mplemented Methads tor deas e e o
micrcasad compatationg Mo ars oo

plored Parnicudariy promeang o rogant o0
vattanee-teducion fechigizes of partoe e
and the use of control varuates

Fhe techmgues doveloped and wsed o e oo

have other applioabions as wee seme onwe o

cutrentiy hemng tnvestigted Those it

* N neuttal depesaier e coNERER
TAYER.

& A peutin deposion mades o oe o
dimensional  code beng developad e eacton
studies. and

& A muadei o wai [ N

particles
Stahifity Studies
JoA

Application of a lincarized code technique 1o a
Jub model with with strong density and  field
gradients in a high-. plasma has clearly shown
growth in the Ahvenioncyclotran mode despit -« large
fluctuations in the equilihrium.

Ihe i

ITRES

motnation here s e develop s particle-

simuliation techmgues that are apphicable toa wide
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sabge b bow-hreguenes o bophoraamena,
mutuding the tellowrng

& Stabthty ot o behd reversed oo
modes  and  ather
MY mades.

o  Stahifity of the dmtt-cycotron loss=cone tHOT €y

wad Al én ran cyelotron £ATC) modes tor high-.

to hink

pross mgnctahsdrody nami

plismas with arburany density and temporature
grvdients, and traction of cold twarmy plasma This
hies appheation to the Minror Fusion Test Faalny
(METH) and Mistog
FEAMN

The moded s o quast-neutial Dacwan model with
partcleronsand thnd electrons - In Ret 200 we have

the  Tandem

Fapenment

shown that this model accurately reproduces the
linear theors predictions 1or Alvén wanves, DOTC

mades, and AIC modes,

i
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We cmploy hincanization to cnable use of T ounes
anadysis and the examimation of o single mode
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We have previoushy used this hincarized code
technigue to demonstrate that the AIC mode ina
finite-length model shows stabilization by short
plasma length.?! We have new results for the AIC
maode (lincar polarization  no electron effects) ina
slab modcel with strong density and ficld gradients
perpendiculiar to Bo. ATC growth s clearly observed
despite large fluctuations in the equilibrium. Wetind
(Figs. 44 through 46) that higher g reduces the
growth rate in contrast to the infinite-medium
theory, where increasing g s destabilizing, The
equilibrium is typified by a sharp density pradient.
where the density falls to zero over a distance M 2p,.
In the high-; case. the magnetie ticld inereases by
alactor of Y from inside the plasma to outside, again
over avery short seale Jength, ~ 2,0 We also seean
increase in the perpendicular wave number as we
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mereise 5. The highs, case has =0 < 1 with the
mode amplhitude peaking on either side i the region
ot the peak gradients of density and magnente tield
This result s 4 strong departure from the intimite-
mudium theory, which indicites only weak stabitiz-

ing ettects from timte k4

Externsl Quadrupole Field in SUPERILAYER

K1 Cohenand B C Condu

In a continuing ceffort to resobve discrepancies
hetween results from 2XIIB  experiments and
SUPERLAYER I particle simulations, we hayve
included the applied yuadrupole magnetic field in
SUPERLAYER II: new results are qualitatively
encouraging though guantitatively inconclusive.

W are continuing the etlort to resolve diserepan-
cies between 2N expenmental results and those
obtained 1 SUPERTAYEFR [T particle simula-
tians 7 One of the princtpal diserepancies cancerns
the plasma length in high- 0 unreversed confipura-
tons (AB B, 2 1 which SUPERTAYER ap-
pirentls underestimates. For outlined
below, the externally apphed quadrupole magnene
field in the experiment (previously omitted in the
computer simulations) may be the physical mech-
anism that accounts tor part of this discrepaney and
may also be responsible for a4 number ot other
signilicant features. We have included the applicd
guadrupole magnetictield in SUPERTAYFR and <o
tar hasve tound gualitative contirmation of & number
ol interesting cfteets, including clongation of the
plasma. However, at present these simulations are

reasons
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Fig. 45, Linear cigenfuncrion and linear rate of growth for the

eqstilihrium case of Fip. 44, dgn
with k0, = 1. we measure a finear growth rate > o
[vw thy==)= 03]

to. 1 T = o. Foramode
0n.24

quantitatively
artiticial
datfusion

mconclisne, due pimaniy o the
aceeleraton ol drag and of terbulent
Phe latter precludes the occurience of
Certim very important resomnees o the particle
arbits associated with e quadrupole magnetie ticld
vsee the immediately following aiticte)
Ourinclusion ot an external guadrupole magnete
field in the SUPEFRTAYFR T was motnvated by the
several hnown etfects that an externabhy apphied
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equilihrium with dy, = 3 For a mode with k,p, 7 1, we measurea
lincar growth rate Yo w o = 01 |3 wodly 5 ) - Bb].

magnetic quadrupole tield has ona high-g mirror
plasma:

¢  Quadrupole magnetic fields gre necessary to
stabilize the dissipative  precessional
energetic ring-plasmas.

e Multipole compaonents of the vacuum mag-
netic field in a mirror machine are necessary o
provide the closed. nested B -surfaces required for

mode n

confinement.

e Recent experiments on strong clectron rings ™
have demonstrated anomalous particle losses in the
presence of an external guadrupole magneuce field.

SUPERTAYER 1 s

phitse-space

now o
of

stv-dimensional
deserniption particle (1.7,
Voo band charge-neatrahizimg electrons. Tolowest
order n the guadrupole magnete trield component

aver the mirror hield component. the plasma selt-

Tons

flelds are asisvmmetnic, 1o we agnore the sedt-
consistent quadrupole perturbation
. ir
oA - I
i N
A, A, J |, 0
1y, DAy e |, 0
dudr o em b N 2 R die onefecunns
c LIRS
[ A Bh B
ol
I . A TR
0
\IHYN.“‘ - .
“«w.hl 1 0 (oot S )
o L S AL RTPN
AN RIS TE | B [ ol
1 ' - 1
dray,

We hinve carned out the following computer
SUPERIEAYER I
upplicd quadrupole magnetic tield:

o Single-patticle orbits to Gi) check the SUPER-
IAYER mplementation of g gquadrupale freld
companent agamst TIBROU & single-particle orbit
code, and () to study particle orbits i three-
dimensional. minumum- B contiguration.

& Quudrupole cttects an ning-hike plasmas (ormed
by neutrial-heam injecnon: fad the V', o Biyyag loree

CNperiments  usmy with an

clongates the plasma axiatly Gin 7): (by the plasma s
spatily more dittuse, and avial and radial loss 1s
aggravated; and (c) shoallower selt-magnete well
results.

& forncutral-beam injection studies with 2X11B
plasma parameters (B, = 0.7 1, lmq“.“l dr =
00175 T em.mirror ratio = 1.2). quadrupole eftects
were not s sigmificant
Elongation is less pronounced: guadrupole eflects on
the ion orhits and on the plasma [oss are somewhat
masked by artiticially  aceelerated drag and 1t
turbulence.  However. the self-magnetic fieid 18
shallower with the apphed quadrupole hield on

as tor ring-like cases,

Orbital Resonances and Anomalous Losses from
Rings in Quadrupole-Stabilized Mirror Fields
R 11 Cohen

A guadrupole field in a mirror machine can couple
the radisl, axial, and azimuthal motions of single
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particles to produce orbital resonances. Using
model Hamiltonian, we have
coupling. derived expressions for resunance posi-
tons and widths in action space. and have indicated
haw these resonances may account for bursts and
additional anomalous losses observed in the Cornell
RECE-Berta experiment.

demanstrated this

I apeniments on election rings tapped i a
magnetic bield e the relatnvistic clectron come
pression expenment (RTCEH-Her ar Comndl

imdicate anomalous losses when anexternal quadiu-
pole Totfe ticld B o added to the basic asissmmictiwe
heid B The both
particubar hield-reversal Tevels and enhanced steads

I e

losses

fosses anclude bursts at two
state dosses hetween and above those fevels
experinenters  have suggested that these
mght be d e to orbital sesonance ettects and that
such resonances could aftect one’s ability 1o attan

tield INHIR W el
Hamultomans to Jemonstrate that the quadoupole

resersid om have used
Lield s ettective i couphing harmomes o the tadial,
vl and azimuthal motions of partcles. and tha
the  resuling resonance
yualitatsvehy tor the phenemena observed in RECE -
Berta

We assume that the charged-particie Hannltonun
cin he hneanzed i the quadrupole tield strength i
the torm H = Hopoty © H o ownhe B (y mu
pA L We take A B 1y an 2 whete B
quadrupole fickd strengthatr 1

structure can account

i~ the
A aug st model

we eapand Hoabouta cireular ottt rapos 0
' ll , )\
1 3 ) Py - el
lh, 5 Yoo opl
- / ' 1y~
(BRI
q- ) .
C I VN TR S
o2

where W (rz) s the Hux function for the asisvm-
metric nurror field, Wotp,) Gz - O and g
{Pg) 1s determined by the relation py,+ (g g+ 1y,
Wyt = 00 Subseripts rand 2 on W denote partial
derivatives. The fully nonlinear Hamiltoman Hy,wan
itselt couple radial and axial oscilfations (this gives
magnetic  moment
axisvmmetric mirrors). The model Eg. 131 s usetul
in that it isolates the etfect of the quadiupale tield

We deternune the
Hamiltonian tollowimg Chinkoy
canonical  translormation  to action-angle
vartables of Hoo Lo 1L By Py . I he
transtormation lrom ¢ to the canomcal angle &,
m H o the

rise to nonconservation in

the
W hiest mahea
the

resonance structure ot

)

mtroduces even harmonies of ¢ and &

ol

the trantotngtion of P trogitoe s

[REPRENTRRN TSR TET P EOIS A SO NI

atcoatd hurmonn
vl

Consegquenthve Hoos o sam ot

s pro

pottiotal to cost 20 s e e whero ntabes o

abbteper vadues and momest beoodd Koo
aocuts wWhen one ol the phascs s siowis vy
oL when

L I o

[N

Fhe width ot the tesonanee e miay be toand =y

mahine  gnothor canemcad transtornatn g

the

T

esphativ ndtude stow v vanviy phase o oas

danoangle satiabicos and thee dropping
varving terms Srom H
tonian’ Hoohas the property that the new tiomienta

| Npa 2! | NMp, 2 are

s cHlec ey one-dimensionad

adi apudhy

I e new Tresonance Hamn

cotistarts H
A phot ol paas P
G hahpe ol condiions woiad o exhiong

mitn. tred

poirts coad e
tee b
diection turther away . amd aseparatinon hotwe: i
[ he width or

ainf
fesonant

GUoresolaive, Josad oot

acd pomts open curses unbotnded o

tie separato fonce ot tii

laver iy be tonnd approse:

crpanding Hom the nonttivng, noomentar s

aboul is resomant value Tnterne o pooawe g

q B, R
At

- i
i

AN _—

s
whete B Rote - 00,0 and v vl i
and where
Koo N .
AN DMy ~
—
[T
IR AW

with A, [ob QBN N e B L I.
¢ 2l gy UL O otar ather
vidues ot dlereos o oand T e theradiad
and  longitudinal actions 1o the Hamihonman
[T (13 The most important teatures ot by o3

are that Apy depends on B and decreases tanh
quichly with M oand N because ot the behav e ol
I{\l\

e anomalous losses in RECTE-Berta are present
tor all nonzero quadrupole ficld strengihis, there s
apparently no threshold This tules out explanations
based on gross stochasticity of much ot phase space
cittsed by resonance ovetlap, sinee the resonance

widths shink to zero with B Instead. we miay seck
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Mol to the e than the

hoader ot the plasma moves and hence move trom

TUSOILI S IOV taster
antsuds tonade the plasma regnon
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tor the tphie relative to the plasioa horder

At cnveqrtott
tesonance which slowly dotes
Hecatse
of ther hote wodth [Eg oS ] tesonanee hines are
reilly resonanee Tnvers Fherctoreswe espedt a buist
when o tesonance crosses the plsma boder as
particles near the edge of the plasig saddenis
hinve an casy path awin the
At o
patt of resananees M

just the
hanve also qust crossed the M 1N

brom vondimement
06 [Ty o] the dosely spaced
LN Land MO S N 0

hatder  Pacthermaone, thes

repton
hise crossed
2 resonance,
so that some focal stochastian due 1o resonanee
ovetlap s assured. esen dorsmalt B A as lowered
the nest barder crossiug Tor g low order resonnnce
MY ey at o 0 R 3T apan
multiple comendence becanse the M TN [t
resotianee s neat crossing both the plasiag border
and the M1
ol oo,

tlow

N T aresoancee Bor fower values
other resonanees ntersect the plasmi cdpe,

bt the resonanee widths are smablers and there are
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thie

with

order resonances A~ A s moeased besand
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Bevause Hoscompletelv imteprable theinodel by
(14 does not allow Tor nonadirbatic belivion i the

field

nearls concentite with the asiss conpling ol ridial

anisvmmenne P or listpe arhits that are ot
and 2 mation mas tesult m stochastc behavior tor
limted only by constrnts of py consenvation When
A guadiupale perturbatbion s added. py pumps by by
annmount propartional to Bowath cach jumpoan
{he resudtung colbistonfess ditfusioti woald vy as By
and would he imdependent ot the collimon treguency
tn contradicnion with RECE-Berta results)
Resonances maght e o nieasurable afledt
INTBL but ondy at sigmiticanty higher values of the

fekd reversd parameter tpethaps D owng to the

mctcased  vatio of - plasmia dength o0 adias
Resonanee would not mamdest isell e buists,
becanse ob the nonmonoenerpcetic natate ot the

distithution W

shall explore thas application
turther
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Cade Tor Warm Plasma Flow through Mirrors
IANE
A new version of the avial-flow code PHEOW® s
abaut Tour times faster than the old code.
W hve rewntten the avaad-tlow code PHEOW
usinig o tirs ordermiphat namencal alponithm The

fovnlien

flesw aesion s e watking, and v about tour
tnies faster thin the tormer exphat version of the
code using the same time step Sinee the imyphiont
version of the code should not be Tamted by the
Courant tmestep restnction, e aie unestigating
the lareer timesstep regime tor anooen picatet
ctedse i code speed

While developing the nophot algonthm, we did
covounter mnencal iswabihiy This didbicuity was
taved hack 1o the equation tor the velocmy, whaose

advevtine partos

H
. u other terms
M Y

i

The strarght-torward difterenang

leads to gnd-dependent oscillations oo Using a
Lax-type ditterencing of the first term gives i stable
schemes e
n4 3
- - U
I v
i A

"
1l vl

| his scheme as known to produce ditfusion, which s
the reason lar its stable properties Anattempt was
made to “upwind™ difterence the nonhinear con-
wective termoan the hirst seheme, but thisdid not seem
to umprove stabihty .

Startupin TV

R. 1 Colen
The tandem mirror rate code TAMRA C has been
wsed to evajuate startup schemes for the Tandem

Mirror Experiment: the best appears ta be one in
which the gas feed in the solenoid is programmed to
altow g few ms of injection at several times the
steady-state value.

W have explared startup sehiemes for TMN using
the tandem AN
RACH * o this end. the code has been maoditied 1o
inchude externally supphed sneaming plasman the

mrrar rate code (noss named

plugs aod to correctiv caleulate clection end losses
when the center eell s empty

Fhe godl s to start the TMN machine so s o
arrive at nearls steady state parameters dunng the 28
s that the d0-keV beams can be ons We assume the
tollowsny

& Ihe plugs must be buili up betore the solenod
moorder to provide MHD stabhihity tor the salenodd.

o Streanmng plastma s asailieble o provde
DO O stabihty Tar the plugs dutmg this process thut
oty far ahaut N o, and

e [he steady-state values should be appros-
imatels those of Table Tnthe TMN proposal?

The hasie strategy s to bunld up the plugs with 20-
keV heams and stream on. then build up the center
untid end losses dlosses trom the center cell and o
nuargenad stabiity Toss tate trom plugs) can provide
the DCT O sabihizing tusand then switch to d0-hed
beims and twin the stream oft. The code s runamats
“DCT Coprion” where the plug Joss rate isenhanced
to make up the difference between end Tosses tand
stream, tf ong and the Huy requuoed Jor DO
margmal stabihty When the stream s
assumed tor purposes of determuming |

ang oS
that the
stivam penctiates onhvan the amount necessany to
provide o1 DOLC sty and that cach penctat-
g stream electron causesenergy (3 21 © 2o be
fost trom the plug clectrons

The principal conclusion ol the study s that o
near-steady state can be achioved within the allowed
tume scales. but only it the gas teed in the solenmd s
programmed to allow a few ms olbinjectionat several
(S to M umes the steady-state value. A swtable
scheme 1s shown i Table S and Figs, 48 and 49

Fhe problem with a singleeved gas feed s that the
solenond builds up too stowly to alfow the stream to
be shut ott atter 8 mac L wath single-leved gas teed.
the stream s shut off atter 8 ms (Figs, 50 and 31,
much of the plug density s lost due to DCLC
instability, endangering the MHD stability ot the
salenond. TAMRAC ignores MHD instabihty and so
indicates that the system recovers after another 23
ms

An alternastise to programmed gas teed s to run
the plugs with 20-keN beams and an externally
supphed stabihzing Hlux for a lengthly period of ume
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Fable 3

central cell sl

R

Machine parameters

Ly 400cm |

plug. ¢

ip
SSm R R

Seurees valb currents are for lons, not neutrals)

KRy

Parimmneters and Resalts tor Progrannued Gas-Deed Run (1 ius N und 49

IRTIANT

Plugs 16 A thoth plugsiat 40 ke 20 ked meanmdor 3004 a1 20 ke 103 ke meanty
Solenaid  current ] given belw 150 1ed
Stream current adjusts to minnum needed toe DOTC | ey
Flectrons 1y, bed
Charge-exehinge vross section omzahint  ross secbion 2oan plues i osoleaond
) 7 10! e Y nodatim TN
] (UM e | T
Stream on. 20-heV beams. )| 0
4 4492 [ lio 1 pas
Stream on. 20-hey heams || SO0 A
by 4°s 120 i44 2 (R
Strean ofl 40-hed s 1 [
A 495 124 A} RN A3}
AX S o6 12 A [Ny i
s 129 Y] o s

(26 ma,an our example) atter the sofenond gas feed s
turned on (bigs 32and S3) The stabhzimg thux could
he supphed mitally by stream and Liter by pas tead
hoxes mounted in the plugs or m the onds of the
machine. INHB O Thes the
disadvantages of requiring that power he supphed to
the 20-keV beams tar o fong pertod of tme,and of

s n scheme has

requiring a separate gas feed tor the plugs Ithas the
advantage ot a simpler gas feed in the salenodd

The seheme in Figs. S4and S5 simidar to that of
Frgs. 48 and 39, except that the plugs are switched
tram 20- to d0-kheV beams at the same time that the
solenoid gas leed s turped ong rather thany wathing
until the solenmd has builtup. The scheme o Fags, 48
and 49 appeirs to be shightly preferable i terms of
the time the 0-keV beams musi be on hetore steady
state 1y approached.

Negative-lon Charge-Exchange Cross Sections

JORHiskes and Raro
New calculations are providing an accurate model
for charge cxchange suited to both alkali and
alkaline-earth targets for negative-ion formation.
The comersion ol positine deutenum wons to
negative 1ons by deuterium collisions i cesium viapaorp
has been demonstrated to pive large vields tor

n
an

energies down to 200 eV Cand werh o

talling vields at Tower encrgies Caiene

cross sections wourld indicate fower vicids

lower energres. and  extrapolation dowrwasa

energy s uneerbamn s s basis far prosdine o e
deCUIAte cress sections, we hase
hased  upon

method taken together

datated ca e
tons the perttrhed  stationa vyt
with the LEART AT [‘A!AIHUI_'Z
formulae  This method rehies upon an expatision of
the total wanve Junchon an a set of malecular states
and 4 reduction of the probiem ta g set of coupled
cyudtions, with the couphing coetticients determimed
by muatniy elements of certaim operators hetween
clectiome states, PRICTMINATION ol docutdle coss
secttons will requite both precise energy devels and
muolecular tuncuons  The pround-state tundtions
caleulated

mproving carher caleulanons

alteady provide an amitial hass 1o
The et ol coupled
cyguations leadig to charge-exchange captire eross
sections has been denved o torm suitable Lo
numericdl mtegration

Some fime earhier, we noted that the alkaline-
carths may lso be suitable targets 1or negatne-on
formation These equations will provide o1 an
accurate model sited to botiv atkale and alkabine-

carth tareets
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Fig. 48,  Demsities, mean plug energy, and electron aad selenoid ion temperatures for a run with a 4-ms period of B00-A gas feed.
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Puotentials and FCTC Tor same run as Fig. 48, where & is the potental difference hetween plugs and the solenoid; 2 s the
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guiescent plug loss,
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Experimental Plasma Rescarch
I he Intense, Pulsed lon-Neatral Source (1PINS)

[N Prono

Our principle goal is to develop intense, pulsed,
neutral-beam  sources  (IPINS) for the mirror
program. The generation of a reversed-ficld con-
fipuration in a 2N B-scale experiment with rapid
tmicrosecond time scale) buildup times would be the
main near-term application of this technolapy and
the current research s focused ontha

achievement of
the performance lesels required by this application.

Prunmg the fust Y months of BY 195 we hase
canventrated on atbarnng an npr[.llmll.li status fog
the IPINS magor expenmmental faality This ettornt
has nchuded both debuppimp of the tagor expen
mentab facilits and o dugnostic upprade Todate alt
saatetr Lalutes (re o power supph nallunenons
msulatorn tnlares, et phave beenesolved Hinwever,
s et aresolved oy g badure mode ol anomalous
anode cathode plsang closure velocties that caoses
the 1on pulse dutation to be shortened We behese
that thas phenamenon may be annbuted either to
poor beam unformty (oreating docabzed tayh
cocrey density phisnasy ot too g diode anstabadin
Roth these explananions are bemnp nvestpated
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