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The temporal characteristics of the X-ray emission from a laser irradiated Ai target in a 20 kV/cm electric field are 

measured with electronic detectors. Spatial and spectral distributions of the X-ray radiation are evaluated using a pinhole 

camera and filter technique. 

1. Introduction 

When an intense laser beam is focused on a solid 

target, an X-ray radiation from the laser plasma is 

emitted [ I]. In order to obtain a high X-ray output 

high energy of the exciting pulse is needed - of order 

of joule or more for picosecond pulses [2-S] and 

tens of joules for nanosecond pulses [6-81. Con- 

version efficiencies of 20-30% have been obtained 

using a laser system of 300 J in 1 ns [8]. An enhance- 

ment of the X-ray output of a laser irradiated target 

in a dc electric field was first reported by Farkas and 

Horvath [9]. In their recent experiment a strong in- 

crease in the X-ray emission has been recorded photo- 

graphically when an Au target is inserted in a 20 kV/ 

cm electric field. 

In this paper we report the result of the detailed 

measurements of the X-ray pulses from a laser ir- 

radiated target influenced by a high dc electric field. 

Time characteristics of the X-ray emission were 

measured by means of electronic detectors and space 

distribution by a pinhole camera. The spectral content 

of the pulses was evaluated by filter technique. 

The importance of this enhancement is obvious. 

The X-ray emission is an important tool for laser plasma 

parameter measurements. The spectral measurements 

give an information on the electronic structure of the 

highly ionized atoms [2,5,6]. Powerful1 ultrashort 

pulses in the hard and soft X-ray region are now avail- 

able only using high cost multistage laser systems with 

low repetition rate [8]. If such pulses are readily 

available with standard laboratory mode-locked lasers 

it will stimulate spectroscopic investigations in this 

region. 

2. Experimental setu-up 

The laser used in the measurements was a mode- 

locked Nd : glass laser L, fig. 1, with as main pulse 

parameters : pulse duration -10 ps, number of pulses 

20-25, interval between the pulses 10 ns. The funda- 

mental radiation 1.06 pm was converted into its 

second harmonic in a KDP crystal in order to ensure 

optical isolation and higher efficiency in the multi- 

photon processes of laser beam interaction with the 

solid target. The green pulses of approximately 1 mJ 

energy of the individual pulse were focused by a 4.5 

cm focal length lens 0 onto the surface of the target 

T. The glass lens is a window of the vacuum chamber 

and can be translated via micrometric screw and 

bellows. The target was a 5 mm thick aluminum plate 

with a purity better than 99% and a polished surface. 

The aluminum electrode E has a hole in the center to 

ensure a zero degree angle of incidence of the laser 

beam on the target. It is connected with the metal 

housing of the camera while the high voltage O-60 kV 

from the power supply HVPS was applied through the 
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Fig. 1. Experimental set-up for measurement on X-ray emis- 

sion parameters from an A1 target in the presence of high 

electric field: L - modeqocked Nd : glass laser, KDP - crystal 

for second harmonic generation, O -- focusing lens, T - 

target, E - electrode, Be - X-ray windows, D - pinhole, 

XF - X-ray photographic film, Sc - NE110 plastic scintilla- 

tor, PM1 - FEU 36 photomultiplier, OSC1 - Tektronix 465 

or 466 oscilloscope, PE - FEK 15 coaxial photoelement, 

OSC2 - C1-37 oscilloscope, HVD - high voltage divider, 

OSC3 - travelling wave oscilloscope, F1, F2 - optical glass 

and interference filters, F3 - X-ray filters, HVPS, high voltage 

power supply. 

glass envelope to the target. The distance between the 

target T and electrode E is variable and was kept 15 

mm during the experiment. 

The resistance R1 = 1Gf2 and capacitor C = 2.5 

nF  or 4.7 nF determined the peak current through 

the camera. The amplitude and the form of the cur- 

rent were measured on the 50 f2 load resistor R2 

by a low inductance high voltage probe [ 10] with 

a risetime better than 0.1 ns and 1.5 GHz travelling 

wave oscilloscope 12-7. 

The vacuum camera 4: was evacuated to 10 - 6 -  

5 × 10 . 7  Torr. The X-ray radiation from the target 

was emitted through the 0.6 mm thick 15 mm in 

diameter Be windows, situated at 180 ° . The X-ray 

source was visualized by a Z0X-190T Chirana X-ray 

image intensifier (not shown on the figure). The space 

distribution of the emitting source was measured by 

a pinhole camera made by 0.5 mm in diameter hole 

in a 2 mm Pb plate D and an X-ray film XF. Time 

characteristic data were measured with NS 110 

plastic scintillator Sc with 10 mm thickness, FEU- 

36 photomultiplier PM 1 and Tektronix 465 or Tek- 

tronix 466 oscilloscope OSC 1. The scint i l la tor-  

photomultiplier system was protected from light by 

a 0.6 mm Be foil. Laser beam fluctuations at the 

+ Modified BSV-2 crystallographic X-ray tube. 

entrance window were monitored by a FEK-I 5 

coaxial photoelement PE and storage oscilloscope 

OSC2. The FEK-15 (0.3 ns rise time) signal was also 

used for triggering the OSC1 and OSC2 oscilloscope. 

3. Space distribution measurements 

First, the opt imum focusing position of the lens O 

was determined monitoring the X-ray flux. 

With a negative polarity of the high voltage on the 

target a large diffuse spot was seen on the ZOX-190T 

screen and on the photographic plate, originating 

from the target surface. In this case the camera acts 

as a fast X-ray tube with initial electrons from the 

laser plasma. 

Next, a positive voltage was applied to the target. 

We have concentrated on this polarity and it will be 

kept in all measurements to be described. When a 0.5 

mm diaphragm was inserted in front of the X-ray 

image intensifier, an elliptical spot could be seen. In 

order to determine the position and the form of the 

emitting source several pinholes were tried ranging in 

diameter from 0.05 mm to 0.5 mm. A run of 150 shots 

at 25 kV and 0.5 mm pinhole were needed to get the 

proper photographic exposure. On the photographic 

plate besides the diffuse elliptical spot emitted from 

the target surface a small concentrated spot was super- 

imposed in the center in agreement with [9]. Series 

of photographs were made when besides the 0.5 mm 

pinhole an additional 3 mm diameter hole was made. 

In this way the sharp edge of the shadow showed the 

exact position of the target plane. Following [11 ] 

with a pinhole diameter a = 0.5 mm, object distance 

u = 30 mm, image distance o = 43 mm, we obtained 

from the microdensitograms of the pinhole camera 

pictures a point-like source less than 1 mm in diameter 

(limited by the resolution of the pinhole camera) with- 

in 1 mm from the target surface. Evidently the origin 

of the emission is in the laser plasma. The form of the 

spot can be seen on fig. 2, where an equidensitogram 

of the X-ray source is shown. From the equidensito- 

gram on fig. 2 a typical asymmetry in the Y axis, the 

direction of the laser beam, is seen. The steeper slope 

on the target side can be explained by the gradient in 

the expanding plasma, formed in the strong electric 

field. The asymmetry in the X-axis is not typical for 

all pinhole camera pictures and is probably due to an 
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Fig. 2. Equidensitogram of the X-ray point-like source. 
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asymmetry in the focusing geometry and in the laser 

drilled pinhole. 

4. Time resolved measurements 

The temporal  response of  the scintillator, photo- 

multiplier,  and the oscilloscope are comparable and 

are of  the order of  several nanoseconds. When exposed 

to the laser pulses the photomult ipl ier  displayed a clear 

pulse train with " 1 0 0 %  modulat ion.  The measured 

FWHM of a single electron pulse, obtained with 57Co 

7-source, is 10 ns. 

A typical  form of  the X-ray pulses on the Tektronix 

466 storage screen is shown on fig. 3. As seen from fig. 

3a, made at RI  = 0, three pulses called 1 ,2  and 3 with- 

in 1/as are presented. The delay time posit ion of  the 

first pulse 1 with a mean duration of  40 ns is very 

stable and its maximum coincides with the maximum 

of  the laser pulse train• The amplitude of  the second 

....... l 
IP 

i : 

Fig. 3. OsciUogram of the X-ray pulses, a) R1 = 0, C :# 0, first, 
second and third pulses presented, b) R1 = 0, C ~: 0, first 

and third pulses, e) R1 = 1 GI2, C = 0, first and second pulses. 
Horizontal scale 100 ns/div, vertical scale 0.2 V/div. 
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F i g .  4 .  Amplitude versus voltage dependence of the X-ray 
pulses at R1 = 0, o first pulse, zx second pulse. 

221 



Volume 30, number 2 OPTICS COMMUNICATIONS August 1979 

Table 1 
Delay time dependence of the second pulse r 2 ~ U a2 and the 
third pulse r 3 ~ ua3 on the applied voltage U for different 
values of C. 

C 0 1.5 4.8 
nF 

a2 --0.48 -1.77 -3.65 

a 3 - -1.37 -1.92 

6. Form of the current pulses 

The form of  the current on the 50 g2 load resistor 

R2 was measured with an overall time resolution better 

than 1 ns. A train of  high-voltage nanosecond pulses 

with a repetition rate coinciding with the laser pulse 

train was followed by a long pulse several tens of  

nanoseconds in durations, in agreement with [9]. 

The amplitude of  both short and long pulses was 

several kilovolts. 

pulse depends on the amplitude of  the first one and in 

the case of  high enough amplitude of  the latter it al- 

most disappears, fig. 3b. The third pulse is presented 

only at RI = 0, fig. 3a, b, c. The amplitude of  the 

pulses depends in different way on the magnitude of  

the applied positive voltage on the target, fig. 4. Within 

the experimental error the powers in the dependence 

A ~ U do not depend on the peak current (increasing 

the value of  the capacitor C). 

The position of  the second and the third pulses in 

reference to the first one also depends on the magnitude 

of  the applied voltage, table 1. However, as seen from 

the table, this dependence is going steeper with the in- 

crease of  the peak current. 

5. Spectral evaluation 

A two millimeter Pb plate completely stops the 

image on the ZOX-190T screen and all three pulses on 

the scope. Filter foils of  different materials - AI, V, 

Mn, Ni, and Zr with K-absorption edges ranging from 

8.33 A to 0.69 A caused a little change in the image 

visibility on the X-ray image intensifier, showing the 

presence of  hard components with energy >/20 keV. 

The absorption of  the three pulses by the filters is 

different. The relative absorption, say in V filter with 

a K-edge 2.26 A, is 2.4 for the first pulse, 1.2 for 

the second, and 1 for the third one. 

A rough estimate from the collected filter data 

shows that the first pulse has mostly soft components 

of  the order of  15 keV. Softer components could 

not be recorded due to the thick Be windows. 

7. Discussion 

When picosecond laser pulses with an intensity of  

~5 X l012 W/cm 2 were focused onto a solid A1 target 

in an electric field ~20  kV/cm, an increase of  several 

orders of  magnitude in the X-ray emission was record- 

ed. 

Keeping in mind the main characteristics of  the 

three pulses, the following mechanisms in our view 

can take place: 

1 ) The first pulse, which coincides with the laser 

pulse train and is accompanied by short current pulses 

of  high amplitude can be cause by recombination, 

bremsstrahlung and line radiation from the highly 

ionized laser plasma. The strong enhancement caused 

by the electric field is probably due to the higher 

ionization cross-section [12,13], which at 20 kV/cm 

may be orders of  magnitude increased. Thus the ab- 

sorption and hence the plasma temperature is en- 

hanced. An experiment is now under way to record 

the spectrum of  the radiation. 

2) The second pulses is delayed according to the 

law r 3 ~ U -0 '48 (table 1) when an electric field is 

applied without discharge of  a capacitor. Within the 

experimental error it is in a good agreement 

with the prediction for an X-ray pulse following the 

ionic bombardment of  the electrode E and consequent 

emission of  electrons, accelerated toward target T [1]. 

The enhanced dependence on the magnitude of  the 

applied voltage when the low inductance capacitor 

is increased is difficult to explain. 

3) The third pulse has high energetic components 

and evidently is presented only when a capacitor is 

discharged in vacuum. 

More experimental data is needed to clear out all 

mechanisms for the enhanced X-ray production. 
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