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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 Lyα 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 µm),

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 Lyα satellite spectrum using collisional-radiative

modeling. These values are then used to analyze the shapes of the Stark-broadened

high-n lines, namely Lyδ and Lyε . 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.

ii



������� ������ 	
����

������������ �	����� 
����� �������� � �� ������� ����� �����  �������� �� ����

���� ���� 
�����	 ,-������ ������������ ����� ����� ��� �����	�� ������ 

.
�������� 
����� ����� � ������� ���������� ������ 
��� ������ �� ���� �����

 
����� � ������������� ������ �	���� ��� ������ �����	��� 
��� ,����� ������ �������

.����	� � ��� ���� ���� ����� 

 ������������� ,���� ������ ����� ���� � ������ ����� ���� ���� 
�� ��� ,�� �����

Z-pinch ����� ������ ���� � ����� .055 ���- ��� ����� ,���� 	 ������� ����� �����

� ��� ����� ������-�5 ���-.����� 

 ����	� ��� ����� ����� �����������������, � ������� 
���  ������ ��� � �������


������� 
���� � ����	 �	��� 
�	���� 
��� ��� � ���� ���� :Ly� ��������	 �	� 
 n 

���� 
�(Ly� �-Ly�)	 ,- 
������� .����� � ����� ������������ ���	�� ����� ���
��� 

� ��� ���� 
����� ����-z ( 
����� ���� ����� ������ ,����� ����� �05  ,)������

( ����� ���- 	� ������� ���� �����( 
�������� )�����0555.) 

 
������ 
����� 
������-Ly� ��� ���� ������� ������� � �	��� �� �����(

 )������������	 ,
�������� ������ �� 
����� �- �������� ����� ������������-

� ���� � ������ ����� ����� 
����� �� 
���	 .�������-Ly� ��-Ly�  ������ 
�	�����

.�����  ������ 
����� �������� � �	��� ������ ,"����� ����" ������ ,������ ����

 �� ���� 
���� .
����� � ������ ���� ���� ������
  ��� ,���� ������ ������� �����

.�� ����� ������ �	��� 

������� ������� � �������� �	��� ������ ����� ���� �� 
����� � ��������� ,�

 �	���� ����� �� ,����� ���� 
����� � ������� ���� �������� ����� �����

� ,�������� � 
�������� 
���� ������ �������� ���� �� ���� .
����� � �����������

 ���� 
������� ��� �-��� ������� ������� ��� ���- ��� ���� .
����� � ������� �

� ,�������� �� ����� ������ �������� ,
�������� ������ ������� ����� ���� ������

.
����� � ������� ����� 

 �� ������ ������ ����� ������ �������	��� �����  ������ ,
����� �������� �

������ ���� ������� 
����� � ������� ������� � ������ ���-.����� ������ ��� 

 ���� ����� 
����� ������� ����� ������ ����� ������� ����� ���� �� ���� �����

���� �� ������ ,��������  ������� ���� � ���� ����	� ���� ������ ������� �� ��� ��

.����� ������ 

iii


