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Shiva Optical Diagnostics. F, RIENECKER, M,
KOBIERECKI, R. GZARSKI, L. SEPPALA, K. MANES and
B. MERRITT, Lawrence Livermore Laboratory**-- In the
laser fusion program at Lawrence Livermore Latoratory,
no target experiment is complete unless it is amplemented
by careful measurements of the laser pulse tha. irradiates
the target. For this purpose, an incident beam diag-
nostics (IBD) package has been designed for the Shiva
laser. The package will furnish data on items such as
the total energy and the focusable energy out of the
laser chain, and the spatial and temporal energy and
power distribution at the target plane. Understanding
laser-plasma interactions requires knowledge of the
amount of 1.06 pm 1ight energy that is scattered in
various directions from the target. The light energy that
is scattered toward the beam focusing lens is analyzed by
a reflected beam diagnostic (RBD) package containing a
calorimeter, a multiple image camera and a TV camera,
This paper describes the detailed design and operation
of the IBD and RBD packages as tools to align spatial
filters and targets, as well as to diagnose the laser
beams and target reflectivity.
** Supported by U.S. ERDA Contract W-7405-~ENG-48
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. INTRODUCTION

2 at Lawrence Livermore Laboratory is a

The Shiva facilityl’
20 beam Nd: glass laser which is capable of delivering 10 kilojoules
of-1.06 ym light to a fusion target in less than 1 ns, with a peak power
of over 20 terawatts at ~ 100 ps. The building which houses the facility
has two main rooms; the laser bay contains the oscillator and all
amplifiers, and in the target room are the final turning mirrors,
target chamber, beam diagnostics pawkages and target diagnostics
detectors. Fig. 1 shows a model of.Lhe laser, target chamber and
their support frameworks. f

As the laser beams enter the target room, they are'steered by
a series of turning mirrors to form two bundles of ten ueams each,
entering the top and the bottom of the target chamber. The final
turning mirrors are 98% reflecting, 2% transmitting to "leak" a por-
tion of the beam for analysis by the IBD package (see Fig. 2). Light
reflected from the target during a shot is collimated by the focusing
lens and is partially transmitted through the final mirror to the
Reflected Beam Diagnostics package which is integral with the PFC
sensor. The function of the computer controlled PFC system is to
center the beam onto the main lens, point the beam through the lens
to the target and to focus the.beam on the farget.3 After the beams

'are aligned and focused ‘a remote]y powered mirror is 1nserted to

steer the return beam ti the RBDvpackage for ana1ys1s.'

Inc]uded 1nf'he\ aser cha ks'ar numerous spat1al f11ters to

remove the h1ghufrequency componentsJof th beam wh1ch would nther-

.,;w1sevbu11d up loca1'1nten twes to"he damage Teve] 4 F1gure 3 1s




. a schematic diagram of a typical chain, shéLing the locations of
the spatial filters, beam diameter, power and break-up integral at
various locations.

One of the functions of the beam diagnostics equipment is to
view the images of the spatial filter pinholes to aid in their
alignment. The image is focused on a silicon target TV camera in the
Incident Beam Diagnostics package, using a remotely inserted cross-

hair as a reference center.

INCIDENT BEAM DIAGNOSTICS PACKAGE

A complete laser fusion experiment requires an extensive array of
diagnostics monitoring the laser-target interaction phenomenon. However,
an essential part of the philosophy of the LLL Taser-plasma interaction
effort has been that no target experiment is complete unless it is
complemented by quantitative measurements of the characteristics
of the laser pulse that irradiates the target. In keeping with this
tradition, an incident beam diagnostics (IBD) package (Fig. 2) has
been designed for the Shiva laser. The package will furnish data on
items such as the total energy and the focusable energy out of the
laser chain, and the spatial and temporal energy and power distribu-
tion at the target plane.

Each IBD package samples about 3% of the 1,06 um 1ight that is
transmitted through the final beam turning mirror. The diagnostics
included in IBD are:

- A Galilean telescope to focus the beam through a pinhole and

ontc the other diagnostic elements.



‘ - A calorimeter to measure the total integrated energy contained
in the pulse.
- A focused fraction calorimeter to measure the energy pessing

“through a pinhole corresponding to the target in size and position.

- A fast photodiode to record pulse shape on long (greater than
1 ns) Gaussian and shaped pulses.
- An array camera to record on film the time-integrated spatial
energy distrijbution at various eguivalent planes near the focal point.
- A TV camera to view alignment of the beam into the IBD and also
to aid in aligning spatial filter pinholes.

- An emerging beam that can be focused onto a streak camera to
record the temporal power distribution.

. Alseparate IBD package will be provided for each of the 20 beams.
Remote focusing of the telescope will allow an "equivalent plan to

] be'imaged_Onto the pinhole, the TV camera, and the array camera.

‘;fThe;qquivalent plane is defined as the plane in the IBD that corre-

sponds to the plane in the actual beam focal region where the target

is placed.
Initia]]y, the IBD packages will be mounted on the laser space
-,frame to a1d in spat1a1 f11ter p1nho]e alignment and to verify the

T of 10 KJ 1n 1ess than 1 ns. They will then be moved

o the1r permanent -positions.on the 'arget room space frame.




directions from the target. The light energy that is scattered
toward the beam focusing lens is analyzed by a reflected beam diag-
nostic (RBD) package containing a calorimeter, a multiple image
camera (MIC) and a TV camera (Fig. 5).

The TV camera verifies alignment of the target and aids in imag-
ing the correct focal plane onto the MIC. This focal plane will vary
with the size and type of target and generally will not coincide with
the best focus point.

The MIC is a simple film holder eguipped with an IR transmitting
black-glass filter to prevent fogging of the film by ambient 1ight.

A remotely adjusted lens system focuses the desired focal plane onto
the film. A pair of beam splitters produces a series of images on
the film, each reduced in exposure by one-half of the previous
image.

Part of the beam is split off to a calorimeter that measures
the total 1ntegréted energy that has been forward- and/or back-
scattered into the RBD, A portion of the pulsed beam can be split
of f and focussed into a streak camera to record reflected energy as
a function of time.

The RBD package is mounted to the pointing, focusing and centering
(PFC) package as an addition; to take advantage of the existing PFC
focusing lens and TV camera. A total of 20 RBD packages are provided,

one for each beam,




+ PRESHOT ALIGNMENT
Spatial Filter Pinholes

To center and focus the spatial filter pinholes, a diffused
CW YAG beam'is propagated down the 1ine to back-illuminate the pin-
holes in sequence starting from the oscillator. To set up, all pin-
holes are remotely moved out of position to allow the CW beam to prop-
agate down the chain. The béam is centered on a crosshair in the
IBD package by steering the Beam Diagnostics Routing Mirror (BDRM),
while viewing the image via the TV camera.

A rotating diffuser is placed in the beam to back-illuminate the
pinholes which are centered in sequence around the crosshair.‘ Focus-
ing is done by moving the pinhole axially until its image is sharpest
on the TV screen. Al1 pinhole movements are powered by stepping motors
which are energized from the control room,

CW Energy Distribution

The beam is focused onto the TV tube to evaluate alignment and
possible aberrations. By focusing through the near and far fields,
energy distribution can be subjectively evaluated and the various beams
may be compared. In addition, a single frame may be stored on disk and
an individual scan line may be analyzed digitally for energy distribu-
tion.

Pointing, Focusing and Centering

Each beam is steered to pass through the center of its focusing
lens and pointed and focused on the target by a pair of turning
mirrors which are under COmputef control. Thé Pointing, Focusing and

Centering (PFC) system is described fully by E. Bliss.3
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In general, the target is notlp1aced at the best focus point of
the beams, but in the intermediate field so that the marginal rays are
tangential to the target. To view various planes around the focal
peint, the Return Beam Diagnostics (RBD) package has a remotely con-
trolled focusing lens. The RBD will image the opposing beam and also
the target in that beam to verify target alignment. Fig. 6 shows
the tangential focusing method and a TV view of the target in the

CW beam.

SHOT DIAGNOSTICS

Incident Beam Diagnostics (Fig. 4)

The IBD contains two calorimeters - one to measure the total
energy in the beam by sampling a small fraction of the energy passing
through the first turning mirror, but integrating over the entire
beam; the second collects that fraction of the incident energy that
passes through a pinhole which is located at the focus of the Galilean
telescope. As the energy density is extremely high at the focal point,
the beam must be attenuated to avoid air breakdown. The atteruator
wheel contains a number of partial refiectors which will transmit
from 1% to 5% of the beam, in addition to an antireflection coated
window which is used during preshot alignment.

Energy distribution is evaluated by a time-integrated series of
exposures on film in an array camera. This camera images various planes
in the vicinity of the focal point and provides a series of expd;ure

Tevels for each of those planes. A typical film record is shown in



. Fig. 7 and ar. enlarged view of an image with its corresponding energy
distribution is shown in Fig. 8a. The energy density profile is
unfolded from the film density profile by a technique described by
D. MacQuigg.5

Time resolved power is recorded by a high speed electronic streak
camera,6 which samples the residual light which passes through the
array camera beam splitters. A typical record is shown in Fig. 8b.
For slower pulses (greater than 1 ns FWHM), a fast photodiode will
measure power vs. time, to be recorded on a fast oscilloscope or a

transient digitizer.

CONTROLS AND READOUTS

A11 functions in the 1BD, RBD and routing mirror are powered by
DC stepping motovrs, which are controllable from a number of positions.

Local manual control is done by a universal stepping motor
power supply which can be yluggea directly into the unit. There is
no readout associated with this mode, and it will be employed mainly
in setup and debugging before installation.

Target room control is from a mezzanine in the target room,
about 3 m Tlower than the target chamber. This location includes
position readouts, safety interlocks and logic functions. Commands
are entered through an elementary control panel with all processing
and Togic done by microcomputers.

Eventually, all control functions will be commanded from the

central control room using microcomputer techniques. -Links between

o

mom
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the control room and target room will be electrically isolated by

fiber optics to avoid electrical noise in the target room.

CONCLUSION
A11 20 IBD packages have been built and aligned. Five of the

units have been installed in the laser bay to aid in setup and initial
operation of the laser chains. Controls have been completed and

checked.

The RBJ packages are starting to be assembled. Controls have

been designed and are being built,

We expect all IBD and RBD packages to be operational for target

experiments early in 1978.
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Captions for Figures

v 1. Model of the Shiva laser and space frame,
. Typical Shiva Beam Routing.
. Shiva laser chain, single arm.

2
3
4. Shiva Incident Beam Diagnostic package.
5. Return Beam Diagnostics package.

6

. Tangential focusing on microshell targets.

7. Array camera - time integrated energy distributions.

8. Typical energy and power distributions at the target.
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SHIVA LASER CHAIN, SINGLE ARM
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