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AN OVERVIEW OF THE LONG PULSE EXPERIMENT

R. G. Watt

Los Alamos National Laboratory

b
● The application

has been under study by

of single puiSe optical lasers to strategic defense

Los Alamos and other laboratories for several years.

Various wavelengths from 0.25 pm to 10.6 pm have been experimentally studied

to provide a database for laser-target interactions, predominantly for laser

pulse lengths rL < 1 ps. The fluence range 102 -105 J/cm2 has Loen explored for

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,

essentially one dimensional regime, with fluences up to about 103 J/cm2,

accessible in the laboratory.

Simple lD models of laser generated impulse for pulse lengths up to

ubout 1 ms have shown a trend to higher coupling efficiency for fixed fluence

mt longer pulse lengths. This would lead to more efficient use of the
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characteristics expected tor 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 ❑odels and
!.

n~erical simulation tools such as IASNEX, in regimes as close to those

envisioned as possible, so that the models may be used to predict the

interaction in the seal situation with adequate confidence. An experiment

conducted at MIS Fusion, Inc. during the period 2-26 September 1986, using the

1,05L pm wavelength Chroma laser, was the first experimental study at very

long pulse lengths and constitutes the first phase of this testing process,

The available energy (<2.5 kJ) and fluer,ce (<105 J/cm*) in this experiment,

which utillzed pulse lengths of 0.5, 8, and 128 As, implied a dimensionality

rnny,ing from lD to highly 2D, Comparison with calculational results therefore

requires fully 21) simulations, Such simulations are currently being undertaken
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separately from that outside the laser spot

fixed fluance for longer pulse lengths as

damage suggests that the experiment was dom:

The impulse cou~ling increased at

predicted, but the target surface

nated by 2D effects that overwhelm

the ID coupling enhancement of the simple model, Separate impulse

me~surements, combined with the appearance of the target after a shot, suggest
f

th&t at large spot sizes and low fluence levels, most of the laser-target

interaction is restricted to the area of the initial laser focus. At the

highest fluence levels

to couple the incident

size, with net impulse

initial focal region.

(and smallest spot sizes), secondary processes combine

energy :0 a region far larger than the initial spot

generation outside the spot comparable to that in the

A simple lD 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

expitnslon show stabilization of the absorption layer near the target surface.

Ncltl]cr time resolved nor still photography show any increase in the axial

extvnt. of the visible plume that might be associated with a lD increase in

#Lnndoff distnncc, Whnt the photographic reco~-ds and axially resolved

lum~lmsIty moasurpments rnvcnl is that for longer laser pulses at f~xod

f 111(’llct!, Lhr nxfnl exccnt of the luminous region dccroascs, possibly due to
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from the target surface throughout the duration of the 0.5 ps laser pulses

suggests that some pinching of the blowoff plasma may be occurring, perhaps

cannected with self-induced magnetic fields due to the higher intensity in

these shots.

.
i The results are encouraging from the laser coupling point of view,

but more information is req~ired 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 interactions 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 y~t unidentified techniques, The apparent pinchinE

}](.lla\’lorin the plume seen for the 0.5 ps laser pulses needs further study for

the longor pulse lengths at early times using the same fast framing

pliotography, Finally, quantitative measurement of the density profile and time

history in the plume using interferometric techniques (holographic and time

rosolvcd l!l]e.of-sight) needs to be done in order to com~~are experimentally

produced plnsmas to tl]nse prcclI.cted by the fully 2D LASNEX simulations nnd

Ot.llcr COCICIres’.llrs.At the present time, simulations are not sufficiently

c(lln])]ctcto Illdlcate which of the several available

nccilrntr],ythe exp(trlmentn~ ohscrvatlons, or bhy. Totnl
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ENERGY ● 5-2 KJ
PULSE LENGTH 9 5,8, 128 US
SPOT SIZE 2-32 MM
FLUENCE 6m9x10q - 6.2x101 J/CN2
FLUX 1.3X1811 -%9x105 L1/cr12
INCIDENCE FINGLE 0, 60°
PRESSURE @-760 rntorr



Tho dlwwlonel Ity paremtar iteu+ot) la glvon by TlewW@ii~”

v co-s from e flt to tha oxpanslon wlocltloa glvw In th codo

ccwerlson In tha procaedlngs of ttm W 6P motlng~ lSQ by

R. % Dlnws, at. al.

4

J

o H us data

~3
u 12f3 US data
A9,5 us data

8

0.5 w prediction
8US prediction

:2
12B us prediction

c1
c1

* ● 6 m
A

AA

-1

‘t

-2 I 1 1 1 1 I

1 2 3 4 s 6
log (FLIENCE (J/cm[2]))

LPX 1 database, including predict ions,ll 15/M
(Al at vacuum, Odegrees,lvi and shb inc uded



K . ..*

LV I
●

✎

✎

✎

✎

✘

✎

●

✎

●

●

●

✎

●

✎

✎

●

●

.
●

✎

●

✌

✎

✘

m

9

n

.

●

●

●

B

●

●

,

●

9

●

.

●

.

●

●

.

. . . . . . . . . . ..O. O

:C9R : ::
,9

,
●

.9

,
.

●
,*

B ,9

,
s

. .
, 9

●
,8

,
.

,*

. . . . . .
● ☛

✎
✎ ✎ ✎ ✎ ✎

.
●

●

●

t.. .

●

-

I
m

*

.—. —.— .—. —( —. —-— .— E=-
1Ict

8?s

RL -—-—
- --iV-4 ~–-—.—..

1
..-=-=-=.: .--—

LV I W8TEM
w

*_. —-~ -
.— --.

Iflflcw
. . OBLIQUE IHHCUN
TRRNWRSE

KI19 TRRGH RUU

RCA DRUG. KM$O:fi

lt/!e/ee

SHOTS )

99

●

●

❞ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ““”” ”E9.70” ”””””=””””””””*”” ““”m”””

●

●

. . . ● ● ● *V

~PX I EXPERIMENTF3L LRYOUT

9



_Px I DRTR flCWJISITION SYS~,E1’1

SPLIT HOPKIMSON bflRS
PUOXIHETER
F. O. ItlPULSE GRUCE L

FRMINC CRflERR tlON!TORS

0.\wte9*
+ STORRGE

SCOPE

FLOPPY 1

\ m 9

Cmmc
CR~TE 1
LRS22S6

I*
PHOTODIODE RRRRY— Cmmc

CRRTE 2

INCIDENT BERH HONITOU , LRS22S6

cotma
PORTR9LE
em CPU

MTR
Rco.
CONTROL

2@tIB HD

GPIB INTERFRCE

~HOT LOC RNO SYNOPSIS RESIDES IN R REFLEX DRTRBRSE
SHOT RERDOUi IS SOFTURRE LltlITED RT PRESENT
TO RBOUT 3-9 HIN FOR Iq RDC + q SCOPE TRRCES

DR?fi
DI SPLW
8YSTELI

UWEFORtl
OIGITXZER

I

PRINTER
PLOTTER
T~PE
FLOPPY

9n~c 8u8ula



L
o
—

L
a
&
o

ovERIAYffsEvEFuLhslAOIMsEs

2
r

1
.

-s 0 s 10 15
tine (18[-6] see)



.

NEAR Field Analysls
●

won 8134
SHOT ENE!?GW 1S66.00J

.

9

I -t
-4

-i



I
1~IREC7 r

IOlmm 11
SMR
PIE

>–
K

q

RE3SORPTI

*
OCCURS

TY

TION

l-JRERRtIIRTION g
ENERGY TRRNSPORT 1

PREDOMINANTLY

COLLISIONRL
IN THE VICINI

PRRTICLE TRRNSPORT ::Y::E ‘leso~p

ON

aa DRm wIa Wmlu



P Olmc’t.

\

PRESSURE VS. TIHE (TUIN SHB)
●-y-.,

u

PLRSI”IR
PLUHE

\

f?BSORPTIO.

~R~R~DI~TION
ENERGY TRRNSPORT
COLLISIONRL
WRTICLE TRRNSPORT

N



● ✍✍✍✌✌

@

-s0
lEM 1s0 m

tiw (18[-6] see)



-3

Mt of tho total Iwu180 Iapartod ●t h l@w f Iuoncos la duo to

s~condary tronspwt to tho woo outsldo of tho Iosor focol raglon- “

At tho hlghost fluoncos tho l~uloo dol Ivorod to tho onnuluo Is of

order (Iwo) Q 8 us data

[

~ f~ US data
A 8,5US data
—0.S us prediction
—8 us prediction
—128 us prediction

4

*A’

-6 I 1 1 1 1 J

1 2 3 4 s 6
log (FLIENCE(J/cm[2]))

LPXIdatabase, including predictions,ll/WB6
Al at vacuum,B degrees, Ivi and shb iocIuded



A

@ 8 W date
Cl 126 us dda
A&sus data
—9.S us prediction
—8US prediction
—128 us prediction

8Q
e A

A

1 2 3 4 s 6
log (FUENCE (J/cm[2]))

LPI( I database, including predict ions,l 1/1S/86
Al at vacuum, B degrees, Ivi and shb incIuded

. .



m
em Edit PrintFile Ih33nh $md

w

J 1-m

: :A
i 1 i;no~:m : / a I ●: : !:, : , f 1

.ol.i...T..T.l

.
R*” 4./. - t

#
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CONCLUSIONS

o SHBILVI DRTR RGREE UELL lJITH DURL IflPULSE

o UP TO 5@X OF THE CENTRRL tlRSS LOSS CRN

REDEPOSIT ON THE OUTER RNNULUS

O IZF INCRERSES UITH PULSE LENGTH. EVEN

RT 1.03Y U

O SECONDRRY BURN llERSUREf’lENTS lHPLY 20

EFFECTS UERE DOflINf3NT

20->lD COHPf?ESSION EXPEl?ItlENTS NEEDED
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NEEDED FOLLOUUP EXPERItlENT8

02D-MD COMPRESSION EXPERIMENTS
($lPPLIED RXIflL B FIELD, ?)

DUHL ItlPULSE VS. FIELD
BLOLIOFF RNGULRR DEPENDENCE (IONS,

NEUTRflLS, PRESSURE)

o RNNULHR ENERGY DISSECTION
(BULLSEYE CALORIMETER, IMRGING, ?)

o COMBINED INTERFEROMETf?Y/SELF-TRRNSl’lISSION
flERSUREflENT”

o ERRLY TII’IIE l@ONS FRRME RRTE
PHOTOGRFIPHY FOR LONG PULSE (PINCHING?)


