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Emma Torbert, lntrator, b o  Furno, J. Campbell, C. Carey, W. Fienup, C. Wedey 
L o s  Alamos National Laboratory, Mall Stop €528, L o s  Alamos, NM 87545, USA 

a LosAlamos 
N A T I O N A L  L A B O R A T O R Y  

lntroduetion CCD Camera Pictures RSX: A Linear Device 

RSX b a urdqtm llnear &*e that was ddgIIOd to 
study aspects of magnetic mnnectlon. Four phsma 

e~nn( #um can be f h d  slmubnwolwly to mate pwdU 
phsma c m  channdo. A background magrwtk ikJd 
a n  be appUed M k h  tends to coltmate Mm c m d  
channels. The 5 muor bng vacuum chamber pmvldes 
muwe pocts of a- for dmgnortkr. The arc 
vohgo used to mate the plasma In the plasm guns 
can be adjusted, as can the external bias voltage. 
When the gun Is bhsed neggltlvs relative to an 
&mal anode, the dechom a c q h  a velocity 
re4tlva to the km, and a net crsrad res&. Due to 
the adjustabb vpriablm oftha expdment, several 
hpoftant plasma parameters can be saled, whkh WRI 
PROW RSX to obsarve uneqdoplorsd aspeGts of 
recondon. 

The Racanndon Scaling E~perimerd (RSX) k a high ft, nonMHD 
Enar gsomCa, expmiment thal Is ex@oring tho OubmilSmaw gaomsby 
of magndc mnn&n. We use up to four plasma guns to create 
streams of hlgh densty plasma In a 4m lono wcwm vsssd. A vprkbh~ 
arc voltage k used to bnke the hydrogen gas and a variable bias 
vohge lo rpplbd behmen lhe guds cathode and the external anode to 
create a amM In the plasma. The folowlng Qpgnostlcs have been 
used on the machlw a Langmuk pmbe, a Whnenslonal Mot probe, a 
mlnktum Rogcwskl, a CCD camera, and a photmltlpSw tube. A My- 
automated, 3D pmb drive has been deslgned to map the magnetic 
W, cunsnt and wptges of the plasma channels on a sub.mlllbneter 
scale. The design. comtrudlon and theory of the dl(rmnt dkgnostics 
WUI be dlocusoed. Highlights from the results are pmsented, hludlng 
denslly measuremento, radial cmnt density pmfibs of the plasma 
stmms, and pktws of tha two plasma shams al varying poolUoono In 
the vacuum vessel 

B-dat, Triple Lanqmuir Probe Magnetic Reconnedh;m Pmbe Qdsign 

MagnUk reconnectlon p w m  many events In the 
uninroe: solar llares, galactkjnts and the a m  bondk. 
In magnatk mnnection, the magndlc Wds annlhHate 
and the e n w ~  In the magnetic Lldo k tnnsfemd to 

jets. Magnstlc mconndon occum whcn lwo 
cumnt channels merge: In the fmk wlem the hno channek 
me.&. ttm opposite magnctlc &Ids am queered uml they 
rawwed to fonn a sfnob magnaic W d  amund the nsw 
anrant channel. The OI&WIM of magnetk reconnedlon k m. 1 

now W d y  accepted, but ttm dotab are sUll unknown The 
Reconndon Scahg eXpedmed Is using mlnlatum 
pmbes and a shyla, rapmducBle goomeby to map the 
magnatk LMs from two maglng c m n t  channels 

The Bdot. R o g d .  Lang~ulr prcbs and 3D 
drlvs am modululy designed for Imdon 

Into an access port on the vacuum chambar. fhc 
probe a n  be pushed thou@ I slldlng omgelock 
seal and rotated on a b&y$ for two-&nendonaI 
measuemeds lnslde the vacuum chambar. 
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I** M A thme-dlmsnsbnal b-dd pmba 
has bean bulk to mpP the A b$le Langmub pdm has been used to measure the 
fialdo ofthe WnmMng C m d  electmn temperatufa dthe plasma. A blple Langmulr 
dunneb. -9, or of jmbe appbs a posltive voltage batwwn on t t m  w k ~ s  
wbq am mounted In Pmndkular thrt M dbactly lnsasd into the plasm.  he elacbon 
Bbdkns. shietded with stplnkss tempwtw measured for tUs shot w19 7 eV and an E 

Miniature Rsgowski Probe: Design and Resub 
t steel M. m d  from the dadmn dens& of 3.P10'%~! 

Miniature Rogowski Desgn 

A Rogom# toll musums c m n t  by 
detecting the toroidal magnC(l0 Mds an 
u$l c m n t  produces. The coil enctcles 
the tomidal magnetlc flux and rabms a 
voltage Pmpatioml to dUdt: 

n A d l  
1 d  

V ( r )  - - p , - -  

Measurement af Pulsed Current 

The R o g d  measured a m n t  
dandty of06 Amprlcm' fora 2ms 
plasma p u b  wth 200 Vda on tho Mas 
m apply. 
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r d w  
Quick Cornpanson of Rogawskr 
Data to Global Measurement 

For the sM shwm pbove, the extanal 
anodc measured an average m d  of889 
Amps. Thecwnt  protpe show on the 
&JM fortha same shd has a best l R  awve 
or 

J = 128.03/(r41.5P) 
IfW pmffsk integtatedovcra lOcm 
radius, vm can estimate a c m n t  of828 
Amps In the prasma channel. 
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The CCD camera pol& radlalty thmugh a window poct hto the 
vacuum mssel. The c a m  k a dlgkal Kodak DC265, and must be 
shbM Mth alumlnum foil tmm tlm magnetic fields mated durkrg a 
shot. Tko oblcdfvn, focus the Image ofthe plasma onto the 
c a m ' s  kns. The data Is acquired uslng Kodak soltrre and 
tdggmd manually. 

wlth a glass tube. and assumbled 
Into a vacuum-safa radial probe. 3D Pmbe Drive 

RSXs rrpmdudtb potmay asoW a ddaikd, thrsaamensloml mapplng of m8grwHc rsconnectlon. A 30 pmbe &lva 
has bean designed and mm&uc!ed to alrW 1 mm predskn In magnetk L M .  c m n t  and voltage m e r s m W  lnslde 
the vacuum chambar. The Rlty automated probe ckiw Is controlled by three stepper matm v h  a wnrp~&# IntwFace. A 
Swlngsealakws 1 . 5 m ~ ~ o f p d d t ~ l n t o t h e ~ c u u m ~ e l a n d  12O&greesofmtprymotkn, andatCICS+ng 
oprhro system allows 15 cm ofndlal mmbn. 

Aaialthrowof1.5m - Radklmm)vof15a 
Ro tPrymd iono f12Od~ 

Stalnlms Steel, aluminum, copper, #ass, some 
pkstics such as myion, Vsspd, Tailon. and hh in  

Vacuumsafe 

Robehead: 
Must be smalk than 0.5 mm - Mudbnorrconduding 

Robe kads mud be aleetmmpgnstk.ny shlalded 
Foreas can onty be applied through sSdlng CMng suata 
Mud be nudular to M c h  babeen dilfemnt pnbs 

Future Directions in Diagnostics 

An r*n minlatwu gdot on a remkonductor cMp 
k In wnstrudon, wRh a bobbin dlametsrof-300 
lan 

InstaNation of30 pmbe Mvew(th a 30 edot 
pmbo head In w w m  chamber, be@n mapplng 

channsls. 

Merkmmeter, Ion dapple, sp&mmpy 

or the ~ I W J  ofthe lwo ptpsm c m n t  


