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AN OVERVIEW OF THE LONG PULSE EXPERIMENT

R. G. Watt

' Los Alamos National Laboratory
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The application of single puise optical lasers to strategic defense
has been under study by Los Alamos and other laboratories for several years.
Various wavelengths from 0.25 um to 10.6 um have been experimentally studied
to provide a database for laser-target interactions, predominantly for laser
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pulse lengths r -105 J/em” has been explored for

L < 1 pus. The fluence range 10
a number of materials ranging from aluminum to plastics and composites.
Measurements of the impulse coupling coefficient (total momentum imparted as a

result of all laser-target interaction processes / total incident energy) as a

function of fluence are fairly complete for the short pulse, low energy,
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essentially one dimensional regime, with fluences up to about 103 J/cm

accessible in the laboratory.

Simple 1D models of laser generated impulse for pulse lengths up to
about 1 ms have shown a trend to higher coupling efficlency for fixed fluence
at longer pulse lengths. This would lead to more efficlent use of the
avallable )aser energy in a real defensive system. Such a trend would drive
SD1 laser system design toward long pulse lengths to minimize the required
cnergy in the beam, but needs verificatlon before becoming a driving desipn
fssue, Experimentnl verification of such a trend requires a focal spot sise
of linear dimensfon larger than the {ntra-pulse laser {nduced plasma expanslon
distance, {n order that the laser-plasma  fnteraction retain  the 1D



characteristics expected for a real defensive engagement. For long pulse
lengths, this cannot be achieved with the energies available from laboratory
lasers, while simultaneously maintaining the fluence and flux levels of
interest. The major thrust of the experimental laser-effects physics program
ha? therefore become the testing and validation of analytic models and
nugericul gimulation tools such as LASNEX, in reglines as close to those
envisioned as possible, so that the models may be used to predict the
interaction in the real situation with adequate confidence. An experiment
conducted at KMS Fusion, Inc. during the period 2-26 September 1986, using the
1.054 pm wavelength Chroma laser, was the first experimental study at very
long pulse lengths and constitutes the first phase of this testing process,.
The avallable energy (<2.5 kJ) and fluence (<105 J/cmz) in this experiment,
which utillzed pulse lengths of 0.5, 8, and 128 us, implied a dimensionality
ranging from 1D to highly 2D. Comparison with calculational results therefore

requires fully 2D simulations. Such simulations are currently being undertaken

at several laboratories.

The experiment reported here was designed to e¢nable a detailed
comparison between the cnlculational teols and measurable quantities such as
the pulse lenpth dependence of {mpulse generation efficiency. 1n particular,
tarpety were desipgned to distingulsh between Imp:.lse pgeacrated directly by the
lager-solid jnteraction, and that component due to sacondary coupling
processes such as lateral reradiation from the hot plasma layer fn front of
the tarpet, and pressure from plasma expansion along the target surface, We
measiwred front surface pressure as a Pinction of time (and correlated it to
the laser power history), and meauured the net fmpulse within the focal spot
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separately from that outside the laser spot. The impulse courling increased at
fixed fluence for longer pulse lengths as predicted, but the target surface
damage suggests that the experiment was dominated by 2D effect:s that overwhelm
the 1D coupling enhancement of the simple model., Separate 1impulse
me?surements, combined with the appearance of the target after a shot, suggest
th:t at large spot sizes and low fluence levels, mosc of the laser-target
interaction is restricted to the area of the initial laser focus. At the
highest fluence levels (and smallest spot sizes), secondary processes combine
to couple the incident energy to a region far larger than the initial spot
size, with net impulse generation outside the spot comparable to that in the

initial focal region.

A simple 1D model of the interaction would predict that for the longer
pulse lengths, the absorption layer would be further from the target surface
due to longer expansion times, whereas 2D calculations which allow radial
expansion show stabilization of the absorption layer near the target surface.
Nelither time resolved nor still photography show any increase in the axial
extent of the visible plume that might be associated with a 1D increase in
standoff distance, What the photographic records and axially resolved
luminosity measurements roveal i{s that for longer laser pulses at fixad
fluence, the axial extent of the luminous reglon decreases, possibly due to
differences In plasma temperature caused by the saignificantly lower flux. The
lnear extent along the target surface is comparable for all pulse lenpths
for a given spot slze. In the 128 us came early in the laser pulse (5 us) the
radial extent of the cloud at all axial locations is much larger than the
focal spnt for the amaller spot sizes. In contrast to this, the behavior away



from the target surface throughout the duration of the 0.5 us laser pulses
suggests that some pinching of the blowoff plasma may be occurring, perhaps
connected with self-induced magnetic fields due to the higher intensity in

these shots,

E

: The results are encouraging from the laser coupling point of view,
but more Iinformation 1s required before the physics can be completely
understood. In particular, if another sequence of long pulse interaction
studies were to be conducted, some technique to distinguish between secondary
target Iinteractions due to reradiation and those due to plasma pressure needs
to be found. This might involve application of magnetic fields, radial
resolution of both energy and particle deposition on the non-illuminated part
of the target, and other as yet unidentified techniques. The apparent pinching
behavior in the nplume seen for the 0.5 us laser pulses needs further study for
the longer pulse lengths at early times using the same fast framing
photography. Finally, quantitative measurement of the density profile and time
history in the plume wusing interferometric techniques (holographic and time
resolved line-of-sight) needs to be done in order to compare experimentally
produced plasmas to those predicted by the fully 2D LASNEX simulations and
other code results. At the present time, simulations are not sufficiently
complete to Indicate which of the several avallable codes predict most
accurately the experimental observations, or why. Total {impulse predictlons

from all cedes are, however, within a tactor of two of the observed {mpulse

fn the experiment,
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EXPERIMENTAL GOALS

@® MEASURE IMPULSE COUPLING EFFICIENCY
AS A FUNCTION OF PULSE LENGTH,
FLUENCE, AND FLUX AT 1.03% U

@® MEASURE MASS LOSS, EXPANSION
VELOCITY, AND PLUME CHRARACTERISTICS

® MEASURE P VS. T FOR SEVERAL
FLUENCE LEVELS

@® MEASUREMENTS ON 1108 AL WITH
SELECTED SHOTS ON GRAFOIL
AND AN ORGANIC MATERIAL
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PARAMETER RANGES

ENERGY .5-2 KJ
PULSE LENGTH .5,8,128 US

SPOT SIZE 2-32 MM

FLUENCE 6.4x10 1 - g.2x10! Jgscn @
FLUX 1.3x10 11 -4,9510° u/cMe
INCIDENCE ANGLE ©,68°
PRESSURE B-760 mtorr




log (DIMENSIONALITY PARAMETER)

The dimenslionelity paramster {teu-het) is given by TiesersV/Rbeaa"
V cosss from » fit to the sxpansion velocities givea In the code
compar Ison In the procsedings of the SUBMUG 6P mseeting, 1986, by
R. S. Dingus, st. &l.

s prediction 0 M
us prediction M ®
28 us prediction [

log (FLUENCE (J/cm(2]))
LPX I database, including predictions,ll{iS/Bﬁ
Al st vacuum, B degrees,ivi and shb inc uded
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laser power monitor

OVERLAY OF SEVERAL Bus LASER PULSES

time (18[-b] sec)
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log (FOCUS I/F (N-s/J))

LE .2 41

Pert of the totel impuise Ixperted st hipher fluences is dus to
sscondary trensport to the eree outside of ths leser focel reglon.
At the highest flusnces the ispuise delivered to the ennulus Is of

order (MVs) ® B us deta
- 0 128 us date

A 0,5 us data
—8.5 us prediction
—B us prediction
— 128 us prediction

log (FLIENCE (J/cm[2]))
LPX 1 database, including predictions,11/15/86
Al at vacuum, B degrees,lvi and shb included
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ANNULUS MASS LOSS (mg)
'
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As such ss 1/2 the mess [ost from the spot can show up on the

annulus, but very [ittie Impulse seems to be derived from It
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photodiode signals (v)

32 e SPOT, 1.5 kJ, ALUMINUM

— laser power monitor
—plume 1.5¢2 <7 cm

\W""—h_

S

2 L 1 | —

-5 ) S 16
time (18[-6] sec)

KMSB0806



SO ~ .10!»].,:51,
=

g

Ters LAM

?
'

1
)

o

B

Kms0 b




3

)
V. . \iifm ﬁ\‘. f\r«.
(P ,F%(Jﬁivh l).:\n.

\4&»

;fe.\ "&\c

A l:m.nv&._n&.%..#»vkw ”

~ .mn!,.\ v

-+
(ot rfrqmm<

N e ¥
.,.,......%....‘..:.,»m. P

FrRaognAa
Sme

A
v
T
-
2
»®
-3

(2808

amu\w .ﬁﬂ:

KM O064




wr ...
....». \E‘..

e ,!ar,m.i.?lrnt; k3 Kl O
NN . [l

‘ e § :

=& zr .&v.??w‘w&m’fmﬁg. .wu.qnmu&.uu! e

Vi
.- SN

3

iwfr rbfm ._e iﬁﬁ_w«fﬁ& ﬂw kﬁ.ﬂsjf fw/\h,hwﬂ?\.wwmfn

P

Jﬁm.wu_ i 553. ?u. WL

1,

wTercRoMNg

Saus

FEAME 1~ + Sp3

,ﬁk .)7‘0 A. -

Zxeo S Head




AT S L L T E P Y Pl s A o'

DN LR ; 2 Ay e 2 My F i T

o AT B W e

X bz ;o ...Y:A.“:
X0 5w

-




. ..!.«M.!
P 2
e e et T
AN AT 4
v
&-.:mﬁ,...ﬁﬂdz..s
.




POLAROID
€573 9784 C

~

Y (‘A«Q‘u’uawvx.mg¢ “)Nu. g.

<, L 0;.: Jvu
lmm? %p%
e .

e -
~ -

.- y..,..... w‘x-r\vv .44«-.‘“!;' ‘A.A..,MvAwlt..il.

L ,.n..\/va AR .f L
- l..#..l\.nAq?lﬂ? et 04‘0.’\#'

-

...v.v.-! N ,.l.ﬂm. v.d“.\ ~ s .“»’.\‘\ - ..\ i
S . .

'y

A & e H»k_..._,__ 5
. .t




-—
~

SECONDARY BURN INCREMENTAL AREA (ca[2])
o

LA IR R T

The Incremsntal! erse ssy coslesce to @ universel curve sbove some
sscondery fiux threshold for Al demsge. A flux threshold Is eiso consistent
with the lerge very ssrly rediel expense In the freming records.
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[ 128 us date
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8.5 us prediction
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log (FLUX (W/cm[2]))
LPX 1 detabase, including predlctions,1l(15/85
Al at vacuum, B degrees,lvl and shb included



SECONDARY BURN DINETER (mm)
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e o~

From o ;Inlo 1D model, one aight expact thet |f eny secondery burn
occurred, It°s redius should increese with an Iincressing predicted
shsorption leyer stendoff (VaTisser) distence. The ebserved decresse
sey be due to 2D expension.
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log (PREDICTED STANDOFF DISTANCE (cm))
LPX I database, including predictions, 11(15/%
Al at vacuua, B degrees,lvi and shb included
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CONCLUSIONS

SHB/LV]I DRATRA AGREE WELL WITH DURL IMPULSE

UP TO 50% OF THE CENTRAL MASS LOSS CAN
REDEPOSIT ON THE OUTER ANNULUS

1/F INCRERSES WITH PULSE LENGTH, EVEN
AT 1.05% U

SECONDRRY BURN MERSUREMENTS INMPLY 20D
EFFECTS WERE DONMINANT |
20->10 COMPRESSION EXPERIMENTS NEEDED




NEEDED FOLLOWUP EXPERIMENTS

O 2D->1D COMPRESSION EXPERIMENTS
(APPLIED AXIAL B FIELD, 7>
DUAL IMPULSE VS. FIELD
BLOWOFF ANGULAR DEPENDENCE C(IONS,
NEUTRALS, PRESSURE)>

O ANNULAR ENERGY DISSECTION
(BULLSEYE CALORIMETER, IMAGING., 7>

O COMBINED INTERFEROMETRY/SELF-TRANSMISSION
MEASUREMENTS

O EARLY TIME 1@@NS FRAME RATE
PHOTOGRAPHY FOR LONG PULSE (PINCHING?>




