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Abstract

The experiment used for the present research is a z-pinch configuration, where a
cylindrical plasma load is accelerated and imploded by intense magnetic fields, until it
stagnates on axis and forms a hot and dense core. Experimental determination of the
magnetic field distribution in the imploding and stagnating plasma is of paramount impor-
tance, since this distribution is a key parameter in the magnetohydrodynamics processes
in the plasma. Nevertheless, the magnetic field at the final stages of the implosion and at
stagnation has not been measured prior to this work.

Plasma conditions that are typical of high-energy-density systems often render the
common Zeeman-splitting magnetic field diagnostic impossible. The high densities and
high ion velocities result in broad spectral line-shapes that smear out the Zeeman-split
patterns. Indeed, the field distribution has been measured in our laboratory in the past, but
only up to 90 ns before stagnation and at more than 7 mm away from the pinch axis.

In this work, a novel diagnostic technique, based on polarization spectroscopy, was
developed and implemented to measure for the first time the magnetic field distribution,
at the final stages of the implosion and at stagnation. The limitations set by the Stark
and Doppler broadenings have been overcome by recording the individual shapes of the
left- and right-circularly polarized components of Zeeman-split emission lines. The radial
distribution of the magnetic field was determined unambiguously, at stagnation and near
the pinch axis, by measuring selected lines from various charge states that reside only at
certain radii due to a radial temperature gradient. The multi-fiber systems built, enabled
measuring the field distribution in a single discharge.

To this end, several spectroscopic systems were built with high spectral, temporal and
spatial resolutions, designed to measure the spectral lines of various ion charge states in
the plasma in the visible and ultraviolet regions. Using multiple systems provided the abil-
ity to measure not only the magnetic field distribution, but also the fundamental properties
of the plasma, such as the electron and ion densities and temperatures. Furthermore, the
variations of the plasma and field parameters in the z dimension were measured as well.

It was found that the current flowing through the stagnating plasma is a rather small
fraction of the total current. Furthermore, while at early times the penetration of the mag-
netic field into the plasma follows a diffusion pattern, in the final stages of the implosion
a more complex mechanism is present. Understanding the magnetic field distribution and
the detailed plasma structure found here is presently being pursued with magnetohydro-
dynamics modeling and numerical simulations in the U.S.

While this study was conducted on a medium-current z-pinch generator
(Imax ~ 500 kA), the results are relevant to a wide range of experiments. The innova-
tive spectroscopic technique developed here provides new insights into the dynamics of
the imploding and stagnating plasma, and can serve as a highly valuable diagnostic tool

for various high-energy-density plasma systems.
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NINM TPDYY NN¥NA NN NA ,z-pinch NPXNPANP N DT IPNNY YdIY TWUR NDMIN
Z-1) VX DY NN NN NDD NI 12 DY ,7IINVOY TY ,DPIN DMVIN NITY ST-DY NONTN
MWN MY TPINVOM NOMPN IOV NNTHAL SYLNNN NTYN NNDANN HY TP NYIAPY
JINT GN-DY 01992 DONPTIITMLNND DIHNINL MIPOY DI 1PN N NNYONN 1PV ,NYI1OoN0
AT DTV OTIP TTHI RD MPXNVLON I DPNDN NOIPN 12DV PVNNN NTYN

MYV X Y MO DM MINN MAX MY MIIWYND NPIMAND NNDYIN MNON
NMPNNT MMIN NPMIDVANT . NPIWIN YNYAY 1T DI DY MODDIANN SO NTYN NTTH
NNYONN ,DINN DINAN NN DIWLYLNN DIANT DNINIVPID NVIVI MNP MIXY MM DIPN
DTN DPNINDY MXNVON 2DV MY NMVW-11 90-5 Ty P TN ,NNTIVNI HaYa NTTNI NTYN
PN N 70

,LA0IPN NN DY NPHRIVPID MTPTH DY NDDIAIN TIYVTN NV NNV NNMS 1N NTHIAYa
LPNNLON 2DV DYJMDN NOMPN P2ADWA SONNN NTYN NNYANN NNIYRID NTTHI NMYSNNI
Y2557 HY 1PINT 12 NI IT-DY MIVIN IDNTY PINVD MANINN NMIYANI MIINND DY MDD
TPXNLON YOI, TOYRVYN-TN NYIAPI TPURITIN NTYN MNIDONN .NNY 19INI DIAVIPNN IO VPN
DXOVTI2 DXNPINKT ,MNY NI MNI OHYA OMIPHN DXINL) DOV NP NN YT-DY , PO 1M
NTTH NN NIYON DXD 17 TN NHYA NTTH NIIWH N .ANVINIYV SWIdN vl DNV
STAN MDA NTYN NNOINN

P32 ,0IPPHI MM NTION MDD MOYA ,NPAPDIIVPID MOIWN 190N NI Td TNNY
NN NN MINNA NNIDA NI 1NN 90N DY NV MNP NN TITHD YTYIN TWUX ,D1IVPIDI
DTYN NNDONN NN P NI TITNHD AN AN PO MOWN 900 YIVN .OND-NIVINMN
LDMIVPHNM DIPN NITNVITNVLI NPIDVAX D, NPTIDN NNIVN NINON NN O) NIN POVNNN
DN N OTTO z-N PN THIND NNIVON NMNONDY NTYN Y99¥2 OMPYN )I-DY-5

.M 555N DITNN TA52 YOP PON INNN TIXNVON NN DINN ONNY 1YY MTTHNN
,7PNDT NN NNNIN NNIVAN TIND SONND NTYN NPTN DRTPID DATWIY TV NN NI
INIZON M NTYN NNZONN NN DI¥NHNRN .INY 15710 DPNDN NDMIPN 22A9Wa DVIOINN
Ny DXWYI ,NPIMI NPXTINIDIY DIRPTIVITMOLNND DOV VIDY TIN M IPNN YTTIWY
JPI2N-MNING

PHNS MY MRIND TR (1~ 500kA ) y8mn 07t Hya z-pinch 55 Dy 799 Nt ApNn

SV NPT IWUNRI MYTN NNIN NPODN NI INMBY TINMD NTTHN NVOY .DMDN YW 1N

SY DMV MOIWNY NOYNI NYNI MIPNN DD INND MIYYY ,71PNNVOM NDMPN 220V NNYYON
.2 TN MDA NN
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