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the b50 fsec. M8 nm pulses from the dye laser. The amplified pulse entrgy is 1.5 mJ wu.i the beam

quality is better than two times diffraction-limited. We observe no temporal broadening of [he W)

tkec pulses through the amplifier. .Advantages of this synchronous ampiifita[ion schemr include low

~mplified sponmneous emission (ME), nearly diffraction-limited amplified beam quality, elimination

of timing jitter between the pump pulses and the seed pulses to the amplifier and the availability of the

unconverted 100 PS. 1064 nm pulses for mixing purposes. The amplified b48 nm pulses are then

frequency doubled in a 2 mm long BBO crystal. The resulting pulses at 324 nm are finally sum-

frequency mixed with unconverted 1064 nm pulses from the regenerative amplifier in a second 2 mm

BBC) crystal to produce 0. I mJ subpicosecond seed pulses at 248 nm. “l-his scheme, based cn

synchronous amplification. produces one to two orders of magnitude more r?nergy in the 248 nm

subpicosecond seed pulse than previously reported in other systems(2-6) .
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aperture XeCl discharge laser. The pukwidth at this stage

a \ acuum spatial filter before entering the final amplifier,
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is 240 fsec. “The beam is then expanded in
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Fig. 2. l.argc-aperture. high-brightness XeCl laser system,

“1.he IOK10 cm2 aperture final amplifier consists of two independently pumped discharge Eain

r~gions, each sharing a common 135 keV x-ray prcionizt’r, The output energy from this amplifier is

250 mJ in the 335 fsec pulse, “1.he wrvcfront distortion at 6?2,8 nm is less than one-twentieth of a

wave over 80’% of the apcrlurc.

“I-hc diagnostics requirement of the bright source laser beams tire unique due 10 their short pulse

Itmgth and low r~petition ruw. “1.ypical short puke length laswi run at few lens of Mllz where

:Iutfwwrclation and sampling techniques :trc ftwsilde. Such ttwhniqucs arc applied to diu~nosc the front

tmd pulses of our laser Systcmsm Ilowmwr, at thl’ output of the simplifiers, nrw sampling techniques

mu~f he wild to mcwurr lhc I:wr PUIW lcn~lh, Iwcr irrwiitince und [)hasc front dis[ur[iom, Since !hcw

lwr~ :Irc typimlly used ul l~wir Iwst focus. one musl dccidt the Validilv wil uwfuinwis of measurin~

[hrw’ prt~pcrtles he~crc I’OCUS. Propagation in uir will Lwusr dislortilm tind phnse fron! moduktliun duu

II) instal?ililil’s tit the high irr:idianu’ ~)( the unftIcu’iL’d h(’:1111.
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interference co Occur,* The fringes in Figure 3 were taken with a wedged air-spaced interferometer of

average separation 50 micrometers. “Two feature me of interest: first. [he wave front distortion across

“he beam is less than ~, 5 while, second, the intensity distribution is not uniform. The laser beam

when focused by an f;6,2 on-axis parabolic reflector and observed with an numerical aperture 0,4

transmitting microscope shows a reasonable spot (see Figure 4). The first zero of the diffraction

pattern recurs at a diameter of -10 pm. The far t“ieid pattern from a uniformly illuminated diffraction

limited optic of the same numerical aperture has a diameter 9.5 ~m. The figure is overexposed in

order to show the intensity in the outer diffraction rings. The phase distortion causes a nonsymmetric

modulation of the ring intensity distribution.

I:ig. 3. Shear imerferogram of th~ output

bum of our early LABS-1 KrF beam.

I“hc laser pulse length was 0.7 ps, the beam

diwuetcr was 2.5 cm, and the energy was

:s Illj.

Fig, 4, A microscope photograph of the interference

pattern at Ihe focus of the [;2,7 parabolic mirror.

“l-hr t“irst zero has a diameter of 10 #m,
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.+nother op[ical method for metiuring the single shot pulse length of visible light is the measurement

U( [he wavelength spectrum 0[ the pu~>e. Using the compiementarity of time and frequency, the spatial

spectrum can he obtained by Fourier [transforming the frequency spectrum. For bandwidth limited

pulses the uncertainty principle gives a special relationship relating the spectral and temporal widths

JV % = ~“ .+ 600 fsec FWH%I bandwidth-limited pulse has a spectral width FWH.M of 4.4

Qngstroms at 5000 angstroms. a width lhat is quite rasily resolved in most spectrometers, Other
10 of

techniques for measuring the laser pulse width are two-photon ionization . and two photon

tltmrescence 11 from. a suitable gas using counter propagating laser beams. The products from the

interaction volume are imaged and each point in the spatial image is correlated with a point in time.

Both of these techniques I cquire a mJ energy to work. but they can produce sub-picocecontl

rt’solutions.
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l~ser and the plasma properties proauced by Bright Source 1 are formidable. Many of lhe processes

have lime s~ales much faster than can be resolved by available diagnostics equipment. With LJ+BS-11.

the diagnostic requirements will be even more severe. Techniques for single shot parameter

measurements will have to be developed. While progress has been made in the visible region of the

spectrum. similar efforts need ro be made in the detection of and the characterization of subpicosecond

x-ray pulses.

The \arious experiments require diagnostics on different time scales. We will discuss in what

follows ;WO experiments that require fast diagnostics, which shed light on the x-ray generation process.

~,~ Interac Iion with solid deauminum

One of the most interesting uses of the laser is to study the interaction of the high- irradiance

pulses with a solid target. ln~estigation of the target state during the irradiance. and the absorption

.Ind convmsion of the absorbed energy is O( interest, In contrast with earlier work using fusion iasers.

hl)t slates of matter can be achieved xi[h moderate ent?rg}”.12 provided the laser energy can be focused

M small tolumes in short tired scales, .+luminum. for example. can be heated to an electron

temperature greater than 500 eV in less than a picosecond. I“he resultant x-ray emission is efficient as

wII m ~mt. Conversion e~ficiency to x-ray radiation above I keV depends on target material but can

rxcewi - 1“%, Figure 6 shows a typical x-ray temporal history using an x-ray streak camera. “l”he x-ray

s[reak ~amera has a Csl photocathpde and has a 20 pscc instrument function. It is seen that the x-rays

last fur a time limited by tht! strfik camera temporal resolution. The deconvolved spectrum, assuming

gauwian response is less than 10 psec. However. examination of the rise time of the x-r~y signal in the

beryllium channel yields a 2 psec risetime. The channel transmits light in the soft x-ray region where

Ih& signal is c~pected to be longest, The streak record thus sets an upper limit on the x-ray radiation

time, n prriod between 2 and 10 plcosccurrds, “l”he x-rays are generated in a line spectrum. Most of

[hc emitted x-rays result ~rom the Ilelium-likf rcwlnance line at 1.59 keV (7.75 angstrom). The

:lmvcrsion et-ficiency to .\ -rays in that \ingle line is 0.5’% of the laser energy, The brightness of the ~-

ray line can he estimated by memurlng the emission spot size, “l”he x-ray emission was imaged using

an x-ray pinhole camera with a 3 micrometer pinhole mid a magnification of 15. The image diameter

wos IVSS than 6 micrometer limited by the rcsr. dution of the pinhole camera, Cumbining thesr

meusure. nents gives J radiance of 1014 ~:cm2, one of the brightest x-ray sources made in the

laboratory.
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Fig. 6.
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Densitometered streak camera

the 25 Mm Be and the 270

aluminized Kimfoil filtered

The Be channel responds to x-

rays above a kilovolt energy. The Kimfoil

responds between 200-284 eV x-ray

radiation. The instrument broadening

corresponds to about 20 pscc.
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4.3 Sinele ato m V.ru E?neratioQ

Another use of the laser is to generate x-rays and harmonics during the interaction of the laser

wi[h single atoms in the no[l-collisiorml regime. It was demonstrated in our laboratory that a single

xenon atom can absorb a few hundred photons during a laser pulse. This multiphoton ionization

‘ 4 One expects that characteristic inner shellabsorption generated eleven times ionized Xenon.

r~diation might be produced M well. The mechanism thus would have been an attractive method to

achieve inner shell Iasing at x-ray energies. An experiment was set up to look for these prompt x-rays

(rem Xenon. The innei -shell radiation has a characteristic time of few tens of femtoseconds. While x-

‘ 5 Temporal resolution played aray radiation was observed, none of the observed photons was prompt.

signitkw’it part d. the search for these prompt x-rays, In this particular experiment single photon

counting tech:liques were used. However. careful attention to the details of establishing zero time

tliucial (by using the results of the solid experiments for prompt x-ray generation ), allowed us

discriminate against late photons. as shown in Figure 7. An upper limit was set on the probability

x-ray

using

generation from

this scheme M a

Xenon. 5X10-5 per atom per laser shot. This study eliminated the ~osaibility

method for x-ray ktsing, at least al irradiances less than 10 ‘7 W/cm”.
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~. SUMMARY

We have discussed some of the diagnostics used on the Los Alamos Bright Source. Two sets of

diagnostics are discussed. The first. to measure the quantities that characterize the laser irradiance on

mrget. Due to the small size of the focal spot, less than 5 micrometer diameter, larger spatial resolution

with reasonable dynamic range is required in order to characterize the focal volume in-situ. Due to the

shortness of the laser pulse. newer pulse length diagnostics are required. The second set of diagnostics

are used to quantify the interaction physics at high irradiation density and at x-ray wavelengths. The
plasmas produced are hot, short lived, and of micron size dimensions. Many opportunities exist fGr

intenting new techniques to diagnose those plasmas on a single shot basis.
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