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-.~~~ polymer bead. ‘l’lw baia:ice of the as -r pulse I’l Il r~ I ) ~S os~ in reflection at glass surfaces and
at the target itself. 
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- - I- 4
If the laser pulse is preceded by a prepulse cOt ItiIh I(I~ l~~~~~f th total pulse energy , the gas

released by molecular dissociation is mostly re leased with in I ~4SeC of t he  peak laser power. Also the
disintegration and gas release are both approximately sp h&rih ’all\ symmetric about the initial target
point . However with no prepulse approximatel y the same amount of gas is released over a longer time
period and this gas and the debrk of tt i t  tar~c L are t j ccted away from the laser.
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BREAK-UP DYNAMICS OF POLYMER BEADS
UNDER LASER BOMBARDMENT

1. INTRODUCTION:

We are interested in the interaction of an energetic laser pulse

(100 J in ~O nsec) with a small solid target as a means of liberating a

substantial number ( > 2 x 10’- ) of gas atoms at some chosen point in

tn evacuated chamber. We are not attempting to ionize and heat these

atoms as they come off the solid target. Indeed we expect that most

of these atoms may exist as molecules or as finely divided ( 20 p.m)

superheated solid or liquid particles.

The reason for our interest in this sort of gas release is that

such ~i ~as cloud could be heated by a second very high energy laser

pulse ( 1 kJ in 200 nsec). The plasma produced in this way should be

ideal for fast compression experiments such as the Linus program at

NRL and for investigating plasma losses from cusps or other magnetic

bottles.

By this time last year we had already shown that our 50 - 100 j ,

60 nsec Nd/glass laser pulse would release (1 -. 3) x iO~~ atoms from

polyethylene targets’. These targets were sheet material 0.5 mm th ic ’r:

or small pieces of this sheet suspended on fibers.

Since then we have rebuilt the Nd/glass laser using Pockels celir

instead of the rotating prism as the Q-spoiling mechanism . One dv ts-

tage of using Pockels cells was that we were able to remove the

pulse in Figure 2 of Re rerence 1 • Surprisingly we soon found t h ’ ~~~~~~.

prepulse plays a dominant role in t h e  l~tser -’t.:u-1’et interaction . Now

we have a controlled l)re I 1u l~~ and c~u~ d e l i v e r  1 1 fl ,T in h O  ~~~‘ - ,- h  t i
Note: Manuscript submitted January 19 , 1977.
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beam diver~enoe of 0.3 mradians, which is approximately 1012 watts/

cur on :t target spot of 0.3 mm radius.2 Such a spot size is well

matched to the size p’i.rticles we need to irradiate; for polystyrene (CH)

L 1 mm i l i r et e r  sphere contains tt . (-~ x i~~~’3 ‘~tcms ; and for polyethylene

(cH2 ’i the same sphere contains t .7 x lJ atoms .

In t h i s  brief report , we discuss the d i f f e r ence  between results

obtained w i t h  a prepulse and those obtained wi thout  :t repu lse . We

I s c u s s  mostly the dynamics of the target d c h - i i ~ in these two s i tuat ions.

F rom this we deduce tn approximate enercy balance between the incomif t ’

I aser eneroy and that accounted for in tOo t : t i - e ~

A more cunp iete discussion of our resul ts  c - r ~cern in  t h e  L~a s in t e —

-r a t lon  and vaj ’orization of p lastic t a r cet r  I r r td i ‘) t - e . i  by ii ~ Oi

lasers wi l l  be published in the near future~~.

II. RESU lTS AND DISCUSSION :

A tyr ’i ica l  output pulse f’ rou t~ e modi f ied  Nd ‘ ! ‘ t o o  I

f iOu r e  1. The delay between t h e  pr o -
~ I I  00 and 0 0011 I L  -

- 

I is v u-i i j i

from — 300 nsec to 5 ~ sec . However her these ox r ’c r n~~r O it war o ld

at approximately t O O  usec excoi t, when t - o : r - :  1 00 W I  S T’~’tii ’V d t i  t o , , - 1 :  - ‘r  .

The vacuum s I  tui , - r  used Hr  t h ~’oe o :.: - o r im ent s  c ’ ’  - b o o t  i t c h  i n

I t  h ’ t ( ’ t I ( E } . ‘ Ill the same 100 s m  t ’ocai I n t h 1 ~ no w a s - r i  ‘ 1  o h-~ ‘IS

t i l e  laser b ’ - t t i I t )  h L u - , oh s  ~ i i s nen hs ’ i  i n  h i i h s  v -u n t o  cl  sn:i- -r . tSt ’ ‘ LVI ’

t i e d  it n umber o f d i f f e r e n t  I l u l i n I ) St i c  ( ‘ I h i t i t i  ‘ ‘0 r I m : i j ’ h \ i0 i 0 I ) i ) ) y

H~ 
: n : i ir ’ ’ in crease  in t i c  v ’ i c t ~ m cl ’ u : t - I - r ;  t ime h i t - i i i  I ’ t~~~~

’ : I ’ ’ 1

‘ n y  h e r  w a v i I ’n iO 0 i ‘~~L i  i’ C i )  1 ‘I t t ’ t t , I t t  s I lO ’ ’ ) ’ I t  - - I I :  ‘s i  UI

:H’L 5 ’L t I ’ ’ ) ’ I O ’ h h I I W, l ’ L
~ 

t y  i - i n - I .~O t O I C  r i i - y  l ase r ; P u P — . h i -  t ’  j t t 5 ’” —

I i  r- ‘to ’ I ry i : :  i i i  - 3’ ‘ ‘
- ‘ 

~ and ~ - - i  h r -  ‘10 1 20 soc c - I ,’; 1 ~ -r  ~n - t  P ‘ b - I ’
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holographic in ter fe romet ry  u s i t i ’ a 20 nsec ruby laser; and examination

of target damcp~e on o h i r ’ o t  t -ar~’c t o . The techniques for double exposure

interferometric h t o l e - ’r n r - l pv we re t -tk en from Jahoda and Siemon 4 .

If we use spherical I oJy~ t ‘b’ t’ c r tO  beads as targets and a laser pulse

with no prepulse , the  t i-c - h O t  of t h e  tar~ et is very symmetric and re—

producible (Figure 2 ) . ic  obtain such symmetry we must , of course ,

score a direct h i t  on t u e  t n ,r ’ct . From these sh,idowgrams we can deter-

mine the momentum and k i n e t i c  o r e r ’y  - i v e n  to t h e  debri s of the t aj ’i ’~’t .

The momentum was — O d y n .  Soc arid the total  k ine ti c  enerey was — 0 . ~~ J.

By requirin 1’ nc m cnt ,~uc b a l a u c s -  and kno\nnl’ the ion velocity we can

estimate the number oh ens and I )  I l I  L i i  i iliUm ) ‘ I ~~~~’ ccv t ”iven to ’ the h o t

plasma Il lume which  c- to - o t t ’ t ia:  i rradi ~~ts ’d :~ii do’ of the  tr ”et .  If t h e

ion velocity was is  s r i , see , t h e  i~ - ,rma niume must have contained —

3 x 10 ions. The sb i r e c t e d  k i r e t  be ‘i r er a ’  of these ions is then — I

Some r I ar-m:s e i ive lo : -e ~ t c — s i ’ - ’ -  P t o  P i - ~ t -u t : i I  energy wi l l  tJwi ,L, S i c

I ‘ti_ I or than thi r Ott t o t  t I- ’ i - - : ‘c 3 .

At very early t i m i -: h c t ’ - u - s ’ t- i re \’ have cooled down we may ex r ’ec t  t h e

electrons to have ron~ h 1 y th in  o’ une Cris ’rcV itS I - I l ’  ions i .e . the same

temperature , so that w i l l :  ‘i n ace i - ’ ci ’ t w o  e lec t ions  per ion l or e

1~ould be — ~O ,  I in elec tr on  k i t i c t i - ’ energy . But sinoc  t h e  ion veies,i i —

ties were measured 100 nrec titer ‘eak power it is most likely t.~ -a t

the electrons had already cooled by that t ime .

As well as the k i r r e l i c  e r i c r ’ ’ ’,v 0-0’ i i i i i : ’t ,  c, n o i i h i ’r the e l l e n — p c i  J r - i

to dissoc ia te  t h e  rloiv’mer  i o i - h t ’c u h ’~ in the  cold ear cl i i  ( — 1 ~ ‘ i :

t he  ‘r ’ t ~ y rt ’I l : i i  r o t  L I I i - h o e  t h i s ’  ‘ t , - ni:~ 10 I - i l l ’  1 ) 11100 ‘lum e ( ~ 

~~~~--‘~~~ ‘- - ‘~~~— -  -~~~~~~~~ -~~~~~~~~~~~~~~ -—-— - 
~~
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Thus out of a 95 ~T Nd/glass laser pulse, some 75 J reaches the target

through the turning prism and focusing lens. Of this energy only about

13 J goes into the cold gas cloud in which we are primarily interested.

About 15 J goes into the directed kinetic energy of the hot ions in the

plasma plume and another 5 J into ioni:~ation energy. The rest of the

energy is either reflected from the target or after initial absorption

as electron kinetic energy is then radiated away.

As described earlier those polystyrene beads shown in figure 2

were hit by a single laser pulse with no prepulse. And we had already

checked that the cold gas released by polyethylene sheet targets

(measured by the pressure rise in the chamber ’
~ was the same now without

a prepulse as it was last year with a prepulse. However as we progress-

ed with the shadowgraphy and holographic interferometry we found that

the detailed dynamics of the two cases with and without the prepu~ se

are quite different.

First we found that the h 1~ rma plume produced in either case was

as shown in figure 3, similar though more ions were produced with a

prepulse and the plasma enveloped the polystyrene bead more completely .

There the similarity ends !

In figure ~ , the shadowgram of the hit with no prepulse is not

quite as symmetric as those shown in f i oure  2. This may be because

these smaller polystyrene beads are solid, whereas those shown in fig-

ure 2 were macro-porous. Put there is a characteristic difference be-

tween thio sort of disintegration and that caused with a prepulse (fig-

ure

4

.
.
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.

.

:- . - - - . - ‘ --
~~

- - -



Using holographic interferometry (Figure 5), we found that with no

prepulse it seemed to take longer for the cold gas to be emitted .

Therefore by the time it was released, the density was so low that there

was no measurable fringe shift. Whereas with a prepulse an approximate-

ly sperical gas cloud was formed within 1 1~1,sec and already contained

— lO1~ atoms.

Another difference is much more apparent with polyethylene sheet

material. This is shown in figure 6. With no prepulse the debris of

the hit goes cleanly away from the laser (compare the conical shapes of

the debris clouds with polystyrene bead targets) . But with a prepulse

the debris fans out both toward and away from the laser. With the

polyethylene sheet we were able to observe the damage done by the pre-

pulse alone by using an attenuated no-prepulse laser shot. We found

that the prepulse which is after all 10 -‘ 15 J makes a crater in the -

‘

target .5 mm diamter and — 3 mm deep - with some spalling throug h

the back of the target. The fanning out of the debris as seen in pre-

pulsed shots also occurs if a non-prepulse shot is put on to a previous-

ly formed pre-pulse crater. Thus this fanning out of the debris is

caused by the surface properties of the target, i.e. whether it is flat

or broken. We say broken because we know that when the prepulse is

only 600 nsec before the main pulse the crater cannot have formed before

the main pulse arrives at the target because the velocity of the solid

debris is only — lO~ cm/sec and very l i t t l e  gas is released by the pr~~

pulse ( — lG~, of the final amount).

5
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III . CONCLUSION:

C ombining the results described here with those described pre-

vious ly in Reference 1, it is clear that these small lastic targets

can be used to produce a cloud of cold eas mu  an evacuated chamber.

For laser pulse energies between 50 and 11,10 
~
‘
, and pulse durations of

about 50 n scc , targets c o nt a in i J i g  up to — 5 x It ’-” atoms have been
disintegrated. Of these atoms, more titan 2O-’~ are di ssoc iated to atoms

or Jiatomic molecules. Thus when a small - Lao-tic t a i ’ ’et is i r radia ted

by a h i eh i  enert”y laser pulse a cloud is roduced w h i c h :  contains finely

divided target debris and gas molecules . ‘ t h e  r ’:st io of gas molecules to

solid debris , and the symmet ry of the ex ios i on arc st rongly i n f l o u nced

by the presence of a laser r r epu ls e .  Wi th a prepulse there are more

gas molecules and the expansion of the cloud is more spherical.

Pith or without a prepulse, such clouds should be ideal t a rge t s

for heating w ith a very high energy CO2 ins  or . be intend t o ’  continue

now with such heatine experiments.
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Fig. 1 — The Nd/glass laser pulse produced using Pock eI~ cells to achieve
Q-switching. The total pulse energy is ‘~~ 100 J and th e width at hal f max-
imum power is 40 nsec. The prepulse contains ‘~~ l i~ ’~ of the total energy
and occurs ‘~~ 600 nsec before the mainpulse. The beam divergence was

0.3 X iO~~ rad .
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