
'7 A 

SAHD-711-5573 

SPECTRAL MEASUREMENTS OF HOT ELECTRONS PROM 

LASER-PRODUCED PLASMAS* 

G. L. Cana, F . J . Brannon, J . E. Poiren 
Sandia Laboratories, Albuquerque, NM .87115 

ABSTRACT 

Snectral measurements have been made of electrons emanating from 

C2>„ and LID pIas.Tias produced in the multiple-beam lase r experiments a t 

Sandia^laboratories- Spherical CD_, LiD and LiDT pe l le t s were i rradiated 

in a te t rabedral geometzy with energies up to ?0 j/beam in one nsec from 

a Nd:glass laser system. The electron spec t ra l measurements were done 

with a magnetic spectrometer in the energy range 50~l60 keV. The spectra 

obtained are a aonotonically decreasing function of in tens i ty with increase 

in kinet ic energy. 

*This work was supported by the United States Atomic Energy Commission. 
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DiTRODUCTIOH 

Only a r e l a t i v e l y small number of papers a rc found In the open l i t e r ­

a tu re dealing with experimental determinations o r t h e o r e t i c a l ca lcu la t ions 

of the e lect ron s p e c t r a l emission from, laser-produced plasmas- Yet , there 

has been a need to e s t a b l i s h whether o r not hot e lec t rons a r e an important 

energy sink* Bins, one of the laser-plasma experiments done a t Sandia 

l a b o r a t o r i e s , ^n which spher ica l s o l i d t a r g e t s were i r r a d i a t e d in a t e t r a -

hedral geometry^ addressed t h i s sub jec t - Spherical CEu, LH> and LiDT 

ta rge t s were i r r ad i a t ed with the four beams from the Ndrglass l a s e r system, 

The p e l l e t s ranged i s diameter from 50 to 200 m and were i r r ad i a t ed with 

a pulse of width equal t o 0 ,97 nsec JWHM and of energy up to 50 J/beam. 
"•U 2 

The maximum power dens i ty on the p e l l e t s was — 10^ v/cm . In genera l , 
^7 

the p e l l e t s were i r r a d i a t e d in a background pressure of 2 x 10 Torr* 

However, data a l s o were obtained using C0 o t a rge t s in a background of 

deuterium gas ranging in pressure froin 0 .1 to 10 Torr . 

LASER 

The Sandia i*-beam l a s e r system has already been described on other 

occasions and more w i l l be sa id about i t in a l a t e r paper* Thus, I w i l l 

not discuss i t he re . 

EXFERBENTAL HARDWARE 

Insofar as experimental hardware i s concerned, the experiment was 

done by means of a magnetic spectrometer and PUJ-diode s o l i d s t a t e d e t e c ­

t o r s . Sl ide I shows an ove ra l l view of the experiments chamber and 
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Includes the 0-spectrometer. Ihe dis tance from the plasma source a t the 

Center of the chamber t o the entrance aper ture of the spectrometer was 

about 65 cm. Hits aper ture was 0 .5 cm x 1-0 cm. Ihe t o t a l d i s t ance 

" from plasma source t o de tec to r s was approximately 1 meter . S l ide 2 shows 

a close-up view of the cu l t (descr ibe s e t u p ) . 

S l ide 3 ' This s l i d e shows a c ross - sec t iona l view of the 0 spec t ro ­

meter. The ove ra l l s ize i s 23 em x 51 cm x 25 cm and contains about 50 lbs 

of magnets. 3he magnetic f i e l d , 128 gauss* i s uniform to ^ l gauss over 

an area 15 cm x 33 cm, and the analyzing region I s wel l wi thin t h i s a r e a . 

Electrons and ions en te r the magnetic f i e l d through the 0*5 cm ape r tu r e . 

The ions proceed in to a "ge t - l o s t " hole or an ion de tec to r placed on a 

por t d i r e c t l y across from the entrance a p e r t u r e . Elec t rons , because of 

t h e i r lower magnetic r i g i d i t y follow o r b i t pa ths , as given by well-known 

laws r e l a t i n g t o magnetic f i e l d s an i energet ic charged p a r t i c l e s , to the 

appropriate de tec tor placed along a l i ne p a r a l l e l to and co l inea r with 

the entrance ape r tu r e . Ten de tec tors were u t i l i z e d i n the s p e c t r a l 

measurements. Halfway along the o rb i t i s placed an o r b i t ^defining aper­

ture 1 cm wide x 11 cm long. 

The PIS diode detectors are very sens i t ive to electromagnetic r a d i a ­

t i o n . Thus, a pinhcle-free f o i l Of Al, 0.2 nm thicfc was placed immediately 

before a l l the de tec tors t o preclude l i g h t from the expanding plasma from 

ge t t i ng t o them. The effect of t h i s Al f o i l was l a t e r taken i n t o account 

in determining the 0 - in tens i ty in each channel. A background de tec to r of 

the same type but without a f o i l was located within the spectrcmeter . 
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Thle detector was exposed to scattered light but was out of reach of 

Scattered electrons (indicate location). By placing, on alternate shots, 

a 350 G magnetic field perpendicular to a line through two beam-defining 

apertures prior to the entrance into the spectrometer, the background 

noise could be accounted for. Normally, signal to noise ratios of two 

were obtained* 

RESULTS 

Slide k9 This slide shows the relation fend between relative 3-

signal/energy as a function of beta kinetic energy for a given shot. The 

target was a CDp pellet of diameter 100 +un and the total energy in the 

four beams going ioto the chamber vr.s 130 J. The function is monotonic 

and shows a flattening in the high energy end, and indicates that" there 

may be a substantial number of electrons of energy £ 50 keV-

Slide 5. This is a semilog plot similar to the last one. However, 

this is for an LiD sphere 95 urn in diamete:?. The energy absorbed was 

85 J, as determined from recording the transmitted, scattered and reflected 

energies. Here is plotted relative intensity/energy versus Kinetic energy. 

That is, the Al foil has been corrected for. The relation is also mono-

tonic and indicates much higher numbers of betas below 50 keV than above. 

Slide 6* The three curves shown on this slide are for CD p targets-

3he cne with the uncertainties indicated is the same one shown two slides 

back, but now corrected for the AX foil- The dominant effect of this was 

to raise the low energy end w/r to the high energy side. The other two 
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1-lnes are for CDg p e l l e t s i r r ad i a t ed in a deuterium, background gas of 

pressure as indicated- The p e l l e t s were bigger than on previous shots 

shown and the energy absorbed was l a r g e r . Why the shape of the curves are 

d i f ferent with and without a background gas i s not known- The range of a 

50 keV elect ron in a deuterium gas a t t.O Tbrr i s about 1J meters . Thus, 

i n t h e i r path t o the de tec tors 1 meter from the plasma source, the e l e c -

trons lose < K # of t h e i r energy t o breast rah lung and to background t h e r ­

mal electrons by coulomb col l i s ions- Also, the f r a c t i o n a l energy change 

for the lower energy e lec t rons would be more than fo r the higher energy 

e lec t rons- Thus, the curves should be s i m i l a r . 

By in tegra t ing the 3 - in tens i t i e s /energy for a t y p i c a l shot , i t was 

es tab l i shed tha t the t o t a l number of betas coming from the laser-produced 

plasma in the energy range 50 t o 150 keV, assuming i so t rop ic emission, 

was of the order of 10 - The t o t a l k i n e t i c energy ca r r i ed by these 

e l ec t rons ; again assuming i so t ropy , was ^ l mj of the absorbed energy* 

I t must be mentioned tha t hot e lec t rons did not occur on every sho t . 

In fac t j they appeared in only about l / 2 of the shots fo r Clip and about 

l / 3 for LiD, and not a t a l l for LiDT-

In summary and conclusion, s p e c t r a l measurements were made of e l e c ­

t rons emanating from CDp and LID laser-produced plasmas. No e lec t rons 

in t h i s energy range were observed coming from LiDT and only in about l / 2 

of t h i shots for CO and 1/3 for LiD. Possible reasons fo r t h i s a r e 

nonuniformities in the four beam i n t e n s i t i e s , but more probably i t was 

due to oxygen and other impur i t i es , as Ar, in LiD and LiDT as preparat ion -• 

of the p e l l e t s for i r r a d i a t i o n was done in an Ar atmosphere. 
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The spe?:ra are a •z^notonlcally decreasing function of In tens i ty with 

increase In kinetic energy- In sane cases, the d i s t r ibu t ion appears much 

l ike the higr. -energy t a i l of a Jfexwell d i s t r ibut ion- The t o t a l number 
* 10 

of electrons ejected Into kit in the energy range studied was of order 10 
and container only — 1 ^J of the absorbed energy-

Final ly, although hot-electron spec t ra l information has been obtained 

In about SO f i a t s , i t must s t i l l be considered preliminary data-
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^-INTENSITY vs KINCT1C ENERGY 
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