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Abstract

The time- and space-resolved ion temperature and hydrodynamic motion in imploding
plasma were studied using a novel spectroscopic method, suggested in our lab and em-
ployed here for the first time. The work is of general importance to the study of high-
energy-density plasma physics, since the problem of distinguishing between the ion ther-
mal and hydro motions is rather central in this field.

In this research, a high-current pulse is used to implode a cylindrical neon plasma
radially inward, in the z-pinch configuration. The 500-ns compression culminates as
stagnation is reached on axis, producing a hot and dense plasma for a period of ~ 10 ns.

Developed were two spectroscopic systems, that simultaneously record two groups
of optically thin radiative transitions: satellites of Ly and high-n lines, using a separate
spectroscopic system for each group. All spectra are recorded as a function of position
along the z axis of the stagnating plasma, with ultra-high resolutions in space (50 um),
time (< 1 ns), and spectrum (resolving power = 5000).

The total ion kinetic energy (thermal and hydro motion) and the electron density of
the plasma are determined from the Ly, satellite spectrum using collisional-radiative
modeling. These values are then used to analyze the shapes of the Stark-broadened
high-n lines, namely Lys and Lye. A novel method, denoted the Stark method, is used
to determine the ion temperature from the Stark broadening of the high-n lines. The
implementation of this method and the achievement of reasonable accuracy has been a
formidable experimental undertaking, performed for the first time in this work.

The Stark method enables the simultaneous determination of the total ion kinetic and
thermal energies at the same plasma volume and at a specific point in time, and shows
that during stagnation the bulk of the energy of the ions is not thermal, but is rather
stored in the hydrodynamic motion of the ions. This effect is most prominent at the
earliest stages of stagnation, when an order of magnitude difference is observed between
the total energy and the thermal one. Towards the end of stagnation, the thermal energy
accounts for most of the total energy, and both are seen to drop down to a value close to
the electron temperature.

The results from this work provide confidence for a previous determination of the ion
temperature, obtained from the drop-rate of the total ion kinetic energy, and extensive
energy-balance argumentation.

The innovative Stark method developed here is shown to provide new insights into
the dynamics of the stagnating plasma, and proves to be an extremely valuable experi-

mental diagnostic tool for various high-energy-density plasma systems.
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MIPOM MNHN PPN

TPNNVLON AW TONN2 PN NOMIP TONNA NNIVA HY TPAPTIVTAN NYNNM DN NNV
NNTIYNI DINMOY  TIVTN TPAPDIIVPAD NVOWA YIDdY ST-DY  DIPHIY P2 MOND
NNODON NPPHO DINND MWYN DT IPNNY .OMII0PION DNPN MM DY NPMITH 1IN0
DNPN HY TINPTIVDAM NPHIND IYNNN P2 MNINI NPNIYINY DIWND ,NMIAY MIDX M9NI

N0y HY AN NNV DIWIN INNN

NP, TN NIINNA )IN NN DY MONTI NONTY WHWH M) DIT O ,NT IpNna
RN NNIO NN DY TPNNVD NYIAPNN NMIW-1) 500 TNINRN NOMIPN TONN DY NOwa . Z-pinch
PIV-1) 10-0 TV NYAPNN NJINY

MNP NV HY NLIMD DI MIVIRNDT ,NPNPOITVPAD MW SNY NN IPNNN ToNNI
1559y °0¥2 NP Ly, DW PN P 1NNy NwdHan Dyavn DPN TUR D1IIVPI0 MNP DY
DYI¥N DIIVPION .NXAP D30 NTIA NPNPOIVPID NN WIYW >T-DY (Ly.-) Lys) 0>mad
NP1 50) DIPMIA TIND NN NTION ,NNITIN NNTHIN DY z-N PN TIND DIPXna Mond

.(5000 Yy MOIVPAD NITIN MNVPI) DIIVPADI (MMIW-1) 1) Y932

NN NONON PLYPN TINVRN OV NYIAP WINND Ly,H D»PNON oMpn D1NLpoo
STPMYNINN PNONIDI WY IT-DY  DINTVPORN MDY DY) OIPN DV (PO
NN OV Lye-m Lys-n MMp H¥ 2man 08N NPNY DWnNvn 1OX D99 .1N»IP
NIANINN DNPN NVIBNL HY NP NIVAND ,PIRVD NVIY” NN ,MIYTN NV .PIRVD
AUR TIND DDNND PO NDOWN DN A0 PPT MY 1N DLW DIV .DMNMPN YV PINLDN

.Y IPNNA NHYNIY Ny

,7NTOA2 DNV DY TPNINT DVIPN TPINKN DY MIVIID NYIAP NIYIRND PINVD NOOY
YNNI NN NONX ,TNIN NPNX 0NV DY TINDRN 2PN PNNVON TONNIY DN
,MSNLON DY DONYNRIN DXADYA TNPNIA SOVINHIT N DT VPN DNV DY TIPTVDNIN
D NNIPY .DMPN DY TPINRN DI-TOY NPVPN MINNND P2 DTN-TT0 DY Y 72N NN DOONNA
NN MNNN TPHIND TININM,DINTVPIND NN NIIPNN NTIV NODON DININD ,DSNVON

DMV DY PHNINND NN

WYAPNNY ,DNPN NIVIVNYV DY NNTIP NYIAPN MINIIND YIVIXY PIDN NNNN ION MINNIN
.DIH92 SYVYNN TPYN-INY INPIUN DNPN DY NPVPPN TPINNRN DY NTPN AP NPPNNI

ToNNA NNV BNPN NPXANTI MYTN NNIN NPIDN NMIYTNN PINVD NVIY I NININ IPNHN
Ma®aNa NNIVA HY M2 MIIYND TIND SVIDIY NIPD O NI 1T NVIY YD NN ,7PNNVON
.NM2AX NN
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