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Laser-driven

vcloci[ics 25 km/s

Inlcrfcromclry and high speed phonography

of Iascr-driven flyer plates
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Los Alamos Na[iomd Laborato~
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thin (2-IO-IAthick) plates of aluminum and copper are accclcralcd 10

by a 1.06-B wavelength Nd:YAG 8-10 ns FWHM Iascr pulse w power

dcnsi[ics 0.7-4.0 GW/cm2. Accelerations 2109 km/s2 have been achicvcd. The

accclc~alion and velocity of lhcsc 0.4- l. O-mm -diameter pltllcs arc cxpcrimcnlally

recorded by vclocily interfcrometry (VISAR)l and lhe planari[y of impact by streak

photography.2

Mc[iIIs of cont[ollcd thickness (2-IO ~) arc vacuum deposited on UV-fused quar[z

subslralcs, A Nd:YAG Iuscr is focused Ihrough the substrate and on Ihe mclal foil (plwc).

The Iascr energy is dcposi!cd in a fcw skin depths3 (-10-50 A) in [hc foil nt the subs[ralc

inlcrfticc, The mclal al this intcrfacc is convcrmd to a metal plasma at high Icmpcra[urc

und pressure rcsul[ing in ~i]e uccclcra[ion of Ihc remaining pltitc Ihickncss (Fi~;urc I ).
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Flguro 1: Tcchnlquo for Iaunchlna high volochy flyer plates
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An firgon ion l~scr (5 14,5 nm) beam from [he VISAR is focused on ihc free surface

of Ihc metal foil (pla[c) 10 bc accc; cralcd. The 1.06-K No:YAG laser beam (-l-mm

diumclcr) used to accclcratc lhe plale and lhe argon ion beam (cO.3 m,m diameter) arc

collincarly aligned with a HcNe Iascr (Figure 2). By properly synchronizing [hc two

Iascrs and [he VISAR clcc[ronics, the dynamic inlerferometric fringes containing

vcloci[y in forrna[ion are rccordcd (Figure 3). The reduced VISAR dam from Figure 3

produce a vclocily profile (Figure 4). Velocity profiles have been rccordcd with vurious

mclals, thickness, beam diameter, and power dcnsilics (Figure 5). Similar cxperimcn[al

techniques by various expc:imcnlers4’5’6 have used pulsed lasers to generate onc-

dimcnsicinid shocks in ma[crials or ltiunch one-dimensional flyer pliIIcs. Our tcchniquc

(Figure 1) uscs [hinncr foils [hat are al[ached by physical vapor dcpositon (PVD)

climina[ing iI bonding ma[crial and improving coupling cfficency 10 230% and has

produced rclalivcly high velocities (25 km/s) wilh conventional, commercially

available Iascrs. All of ihese modifications /educe laser energy requirements and

improve plate velocity and planarity.
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3. EXPERIMENTAL METHOD FOR PLATE PLANARITY AND INTEGRITY

Xlost applica[ioris of pla[c impacts 10 gcncra[c shock waves require a high dcgrcc

of pltinarily i,c., minimum lilt, bow, or ripple in [he plalc surface al impact. ACIUUI

qu~nlalivc rcquircmcn[s depend on numerous experimental parameters and ma[crial

propcrlics. To quanlify plate impact planarity, a [argct of transparent malcrial, i.c

Phl MA (Luci[c@ ), is positioned 75-100 p from the free

its parallel to the plate and perpendicular to the flyer

As the flyer plale impacts [he PMMA a bright flash

rccordcd wi[h an clec[ronic streak camera. ( Figure 7).

wiih plale Ihickness, flighl iength, laser power/energy

cxpcrimcn:al parameters, To synchronize the Nd:YAG

surface of the p]a[c surfiicc wi[h

plalc velocity vector (Figure 6).

is generated by the shock and

The planarity can bc corrcla[cd

density uniformity , or other

Iascr pulse lhataccclcratcs the

pla[e with the impact time of lhe plate on Ihe Lucite@ target, a small portion of the laser

beam is sent [hrough an oplical flbcr and placed on the streak camera, The lime

difference produces an average velocily over a fixed distance,
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4. CON(2I WSIONS

Minia[urc flyer plulcs (<l-mm diam) can be accelerated (109 km/scc2) 10 high

vclucilics (>5km/s) wi[h good planarily wilh conventional laboratory lasers. The

vcloci[y and planarity cm easily be measured and controlled to provide a miniu[urc

high velocily shock physics laboratory on a s~andald optical [able. Vclocily

inlcrfcromc[ry and elcc[ronic s[rcak photography can be used m quan[ify flyer plate

parameters.
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