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Time-Resalved Spectral Measurements Above 80 A*
R. L. Kauf man, N. Ceglio, H. Medecki

University of California, Lawrcnce Livermore ‘.ational Laboratory, Livermore, California

Abstract

We have made time-resolved spectral measurements above 80 A from laser-produced plasmas. These are made
using a transmission grating spectrograph whose primary components are a cylindrically-curved x-ray mirror for
light collection, a transmission grating for spectral gispersion, and an x-ray streak camera for temporal

resglution. A description of the instrument and an example of the data are given.

We have built a sprctrograph to time resolve the spectrum above 80 A from Yaser-produced plasmas.
possible 5cheme? u

to 300 4 range.

Severc]
sing high-powered lasers nave been identified tnat produce xn-ray lasing lines in the 80° Y

This spectrograph has been bullt Lo medsure the output from these targets.

The principal comporents of the spectrograph are a cylindrically-curved x-ray mirror for hight collection, &
transmission yrating tur wavelength dispersion, and a soft x-ray streak camera for x ray aetection. Tnese nave
been combinea L produce gn instrument having nigh spectral resolution, £/4E > 200, cong inuous wavelengtn

= coverage from 0 4 to 300 A, 3cod time resolutiun, 120 pser, and high sensitivaty, U<V photans/sec -sr.
In addition, pecause dan application is to measure x-ray lasing output, we Rave ceviscd an optical ~1ignment
system which can accurateiv point the instrument to the target with an accuracy of less than ons wmiiliradian.

A schematic of the instrument design is shown in Fig. '. X rays from the target are callected and focuses a
the detection plane by a cylingrically-curved grazing incidence x-ray mirror. Ihe mirrgr acts like one eiemen
of a Kirkpatrickx-Baez x-ray microscope producing a line focus perpenaicular to the plane of cispersion.”
mirror has an eight meter radius of curvature and operates at an angle of incidence of 47, ({t s 68 cm trom
the target midway bDeiween the targel anpd detection circle. This produces a magnification of unity. Sprerice -
aberrations for these congitions are estimated to be less than 10 ym, which is much less than target sizes,

T Tne

The oispersing element of the system is a free-standing transmission grating placed directly behina tne x-ray
mirror,3 Figure 2 15 a pnatograsn af tne mirro--grating assembly. The view is locring from tne tarqget

towards tne irstrument.  The araling cisperses tie x rays from the zergth orger o¢:isblisneg Ly tne retiectse
airection ot tne mirrcr.  The grating csed for the experiment nas a perioadicity of GGG A and o line-le-space
_ ratio of 1.2. The grating 15 cw from tne detection plane for a dispersion of 3.0 f/mm.  The ertive aree
of the grating 15 qoout @ 7w Gremeter and the dwmensions af the mircer overfill the graeting area wilh » rays.

_ An LLNL-desiqoed =oft aorav strear camera 15 used as a oetector.’ The camer: 1s gesigneg te pivot aroung
the grating reom the DL, to ¥ to allaw CONLinuous coverage through the desired wavelength region.

The
streak Camery ang 105 moopLiey asemily are snown in Fig, 3. The view 1y lucking from behing the insts ment.
;;\ Tre LiM_ strear camera B35 5 Lemporal response of 20 pseC, previding gono time resniation for the cxperimert.
The ertrance Lt or tne ctrean cerer: 15 201amod with tre gyspersien plare ot tne grating,  The !

N R
1Tns of ine spectrur, )
Tne jouw ui vesulution along tne cathccor 10t

A1lows @ 38 4 portize of ot

oL measered dat oofe LiMle, TU LoveEr alher teg

tne streds Cemera must tne getection plane.

Gth order

2000 A
ransmission

?
rating
. 9 q ™~
,\2 N
[ " > [
AN - Gylindncal ”
~ X-ray laser X-ray -nirrgr Streak camera //
target detection circie
Fig. 1

Schematic of the transmission grating streaked spectrograph fcr measuring spectra above 83 A.

¥FThis work performed under the auspices of the U.S. Department of Energy by the Lawrence Livermare Natignal
_ Laboratory under contract number W-7605-EHG-48.
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Fig. 2 Photograph of the transmission grating x-ray

Photograph of the x-ray Sstreak camera and
mirror assembly.

pivat mount assembly.

translates to a wavelength resolution of 0.32 A. MNeglecting source size effects, the resoluing power, E/At,

.is 250 for BO A and increases for the lgnger waveleuiths,

The efficiency of tha system is the throughput of the system combined with the efficiency of each companent
of the system. The mirror is codted with Ni ang has a reflectivity calculatea to be 75% or greater at these
angles and energies. The.grating efficiency has not been measured, but it is calculated to be 10% diffracteg
into first order. Because of super structure on the grating this >fficiency is reduced to an efficiency of
2.5% of the incident lignt. Wwe are now measuring the streak camrra efficiency, but estimates can be made
using previous streak camera calibrations accounting for the p'ytocathode depencence. We estimate that we
should be able to ¢ee lines whase intensity 1s greater thar 0 0 photons/sec-sr.

For these experiments the photocathode is 900 o Csl film deposited on a 1000 A parylene Subctrate. A 50 A
tayer of Al is placed over the parylene to increase electron conduction. (sl has been shown tg hava high
sensitivity in oprevious studies.? we have estimated the guantum efficiency of tne cathode and this estimate
is shawn in Fig, 4 For these estimates we use the measured front surface yileldgs of Cs1P arg tne expression
by Henke, et. a]..5 to translate these to rear surface yitelds, as are needed 'or x-ray streak camera effi-
tiencies. The calculated hack-to-front ratio is also shown in Fig. 4. |t is interesting to note that the
large increase in the (sl yielad around 100 A observea in the front surface yield is moderated 1n the rea”

surface yield. This yielc :s due tO 1ncreased absorption in the CsI, which decreases the number of phutons
reaching the rear <urface ¢f the cathode.
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Fig. 4 Phatocathade response of 900 A Csl used in the experiment.
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fn example of the data and demonstration of the instrument performanceé is shown in Fig. 5.

The spectrograph’

ic viewing the edge of a formvar foil irradiated on both sides by 100 ps pulses of 450 Joules of 0.525 \m

light focused in a <ylindrical spot 2 mm by 12 s,
the 3p«2s transition from QVII] at 102.4 A.

The intense line feature in the middle of the cathode i¢

It is seen that it turns on early during the irradiation pulsé
and pei-ists for about 2 ns. Spectra at two different times are shown in Fig. 6.

time during the laser pulse. The line is relatively sharp with a high continuum level.

The upper trace is early in
Later ia time, as-

shown in the lower trace, the continuum level s reduced, but the line is as intense, although it is sligﬁtly

wider. It appears that the emission continues after the irradiation as the foil blows up.

the line broadens due to the larger source.

In summary, we have built a streaked spectrograph for time resolving laser plasma spectra above 80 A.

As the foil expands

It

uses a cylindrically-curved mirror for light collection, a transmission grating for spectral dispersion, and a

soft x-ray streak camera for time-resolved detection.

we are presently caiibrating the system, but we estimate
that we can measure lines whose intensities are on the order of 10¢0 photons/sec-sr.

is given showing stiong line emission in this region from laser-produced plasmas.

An example of the date

The authors would like to acknowledge Or. Andrew Hawryluk and his colleagues at MIT's Submicren Structures

Laboratary far supplying the transmission qratings.
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Fig. 5 Example of the streak camera data for the fig. 6 Time-resplved spectra showing the OVIII 3p

OVII1 3p + 25 line from a Formvar foil.
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DISCLAIMER

This document was prepared as an uccount of work sponsored hy an agency of
the U nited States Government. Neither the United States Government nor the
Upiversity of California nor any of their employees, makes any warranty, ex-
press or implied, or assumes any lepal liability or responsibility for the ac-
curacy, pl or useful of any information, apparatus, product, or
process disclosed, . . epreseats that its use would not infringe privately owned
rights. Reference h rein to any specific commercial products, process, or service
hy trade name, tredemark, manufactorer, or otherwise, does not nccussarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or the University of California. The views and opinions of
authors expressed hercin da not necessarily state or reflect those of the United
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dorvement purposcs.




