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Transmitted laser beam diagnostic at the Omega laser facility
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We have developed and commissioned a transmitted beam diagnostic (TBD) for the 2ω high
intensity interaction beam at the Omega laser facility. The TBD consists of a bare-surface reflector
mounted near the target, which collects and reflects 4% of the transmitted light to a detector
assembly outside the vacuum chamber. The detector includes a time integrating near-field camera
that measures beam spray, deflection and the absolute transmitted power. We present a detailed
description of the instrument and the calibration method and include first measurements on laser
heated gasbag targets to demonstrate the performance of the diagnostic.

I. INTRODUCTION

Understanding laser-beam transmission through large
scale-length laser produced plasmas is crucial for indirect
drive inertial confinement fusion experiments. Plasma in-
duced beam deflection and spray due to self-focusing and
filamentation as well as beam absorption by parametric
instabilities alter the beam intensity distribution at the
fusion target and can have important effects on capsule
symmetry and fusion yield [1, 2].

We have developed and commissioned a transmitted
beam diagnostic (TBD) for the high intensity (∼ 1015

W/cm2) 2ω (527 nm) interaction beam [3] at the Omega
laser facility [4] to study 2ω beam transmission in fusion
relevant plasmas. The increased laser damage threshold
at 2ω compared to 3ω allows us to place collection optics
close to target chamber center (tcc), which reflects trans-
mitted light to a detector assembly outside the target
chamber. This design makes the diagnostic very flexible
and expandable compared to previous instruments for 3ω
laser light [5], because the diagnostics components in the
vacuum chamber are mounted on a standard retractable
cart .

II. TRANSMITTED BEAM DIAGNOSTIC

The optical mirror that collects and reflects transmit-
ted light to the detector assembly is mounted on a me-
chanical arm in one of the target insertion modules (TIM
1). The arm and its associated support structure is in-
stalled in a TIM-boat that can be extended into the tar-
get chamber (Fig. 1). This is a three step process which
is controlled by a programmable logic controller (PLC)
which monitors the TIM boat insertion depth. Upon
initial insertion the TIM boat is halted at a predefined
depth. A PLC controlled powersupply then energizes the
TBD motor brake which allows the spring loaded swing
arm to deploy. An electrical contact limit switch at a
hard-stop defines the final opening angle. Once the arm
is deployed, the TIM-boat is extended further into the
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FIG. 1: (a) Setup of the TBD with the 4% reflector that re-
flects transmitted light out of the chamber. (b) The mechan-
ical arm in a TIM-boat is deployed by a spring and retracted
with a motor.

chamber until the mirror is in its final position, 23 cm
from tcc. This procedure is necessary since the swing
arm would interfere with other diagnostics when open-
ing at its final position and the TIM boat is too small
to accommodate an arm that is already deployed before
entering the chamber. Even with this procedure the min-
imum clearance to other diagnostics is only 1.4 cm, while
the nearest beam cones of the 58 Omega-laser beams are
4.4 cm from the arm assembly in its final position. When
removing the mirror from the chamber a motor spools a
wire to retract the arm before it enters the TIM-boat. A
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guard provides a fail-safe method to retract the arm in
the case the spool motor loses power (Fig. 1b). Although
the angle of the mirror manipulator in its final position
has been designed to reflect the 2ω high intensity inter-
action beam exactly through a port in the Omega target
chamber (H12B), the arm-assembly is equipped with two
remote controlled kinematic mirror motors (OrielTM Mo-
tor Mikes) to provide tip/tilt fine adjustment capability.

The 3” diameter spherical fused silica bare-surface mir-
ror collects and reflects 4% of the transmitted light over
twice the initial f/6.7 cone of the beam through a port
window to the detector assembly outside the vacuum
chamber. The mirror has a high-intensity laser anti-
reflex (AR) coating for 2ω on the flat back-side. The
uncoated concave front-side (R=37 cm) reflects the di-
vergent beam behind the target as a convergent beam
towards the chamber port, producing a focus inside the
vacuum chamber and a divergent f/13 beam with a di-
ameter of 3.8 cm at the port window (Fig. 2).

An aspheric lens (f=80 cm) images the TBD col-
lection mirror plane onto a Lambertian diffuser plate
(SpectralonTM) with an optical magnification of 1.7:1. A
second 4% splitter reflects a small fraction of the beam
onto the diffuser plate, while the remaining beam en-
ergy is measured in a full-aperture calorimeter (Fig. 2).
The 2” calorimeter is filtered for 2ω using a combination
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FIG. 2: Schematic of the TBD and the detector, including
also the optical fibers (OF) and the second photo-diode for
the TBD upgrade (section IV).

of BG18 and CS3-144 glass to reject both unconverted
1ω and 3ω laser light from the heater beams. Time in-
tegrated two-dimensional near-field images of the trans-
mitted light on the diffuser plate are recorded with an
8-bit CCD camera (Pulnix TM-1020-15CL) through a 2ω
bandpass filter (10 nm FWHM), imaging the laser spot
on the diffuser plate.

The images show the intensity distribution on the mir-
ror behind the target over twice the initial f/6.7 cone of
the interaction beam (8.5o around the beamaxis) with a

resolution of 0.15o. Beam spray and deflection can di-
rectly be derived from those images.

The temporal pulse-shape of the transmitted light
is recorded with a fast photo-detector (Hamamatsu
R1328U-03, 60 ps rise time) filtered for 527 nm ± 5 nm,
read out by a 4.5 GHz oscilloscope (Tektronix SCD5000).
The temporal resolution of the photo-detector is limited
by the 20 m long 50 Ω cable (Heliax) to around 250 ps.
The three detectors (calorimeter, diode, CCD) are abso-
lutely calibrated in situ using a low energy (20 J) 1 ns
square laser pulse at 2ω with no target at tcc. We use
spectrally calibrated filters to increase the dynamic range
of the detectors as the transmitted power is changing for
different target/beam configurations.

We use a disposable 3” BK7-glass plate (1 mm thick-
ness) as blast shield to prevent the coating of the TBD
mirror with debris from the nearby target. The 8% bare-
surface reflection from the uncoated blast-shield with a
diameter of 32 cm at the chamber wall is diverted from
the TBD detector port by mounting it at a small angle
relative to the TBD mirror (7o). The arm needs to be
retracted and re-inserted after every laser shot in order
to replace the blast shield in front of the mirror. As pre-
vious experiments have shown, the insertion procedure
maintains alignment of the optical mirror within a frac-
tion of a degree.

The maximum tolerable transmitted energy without
beam spray (f/6.7 cone) is around 50 J due to the 5 J/cm2

damage threshold of the AR coating on the backside of
the collection mirror (the damage threshold for the fused
silica front side is ¿ 20 J/cm2).

In a slightly different configuration the TBD reflec-
tor arm was also used to calibrate the existing 2ω near-
backscattering imager (NBI) that is used to measure the
fraction of backscattered light that is outside the col-
lection lens of the full-aperture backscatter diagnostics
(FABS) [3, 6]. The NBI consists of two time integrating
CCD cameras spectrally filtered for stimulated Brillouin
scattering (SBS) and stimulated Raman scattering (SRS)
from the 2ω beam. The cameras view the chamber wall
surrounding the 2ω interaction beam port from the op-
posite side of the chamber. For an absolute calibration a
high reflective 2ω convex mirror (R=60 cm) is mounted
in front of the TBD mirror at an angle of 13o. This mir-
ror retro-reflects the light from a low energy calibration
shot back to the interaction beam port (P9) and illumi-
nates the chamber wall homogeneously over an area with
a diameter of 50 cm (about twice the diameter of the
port).

III. PERFORMANCE OF THE DIAGNOSTICS

First measurements were performed on hydrocarbon-
gasbag targets [6]. Heating the target with an energy
of 10 kJ produces a large-scale length plasma with an
electron density and temperature around 5.5x1020 cm−3

and 1.8-2 keV respectively. Using the TBD we measured
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the transmission of the interaction beam through the ∼
2 mm long plasma [7]. The 1 ns long beam was spatially
smoothed with a distributed phase plate that produced
a vacuum spot diameter of about 200 µm and an inten-
sity of up to 1015 W/cm2. Figure 3 shows the near-field
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FIG. 3: (a) Time integrated near-field images of a high inten-
sity (1015 W/cm2) target shot (a) and a low energy calibra-
tion shot with no target (b). Beam transmission as a function
of interaction beam intensity as measured with the different
detectors (c).

images of the interaction beam at an intensity of 1015

W/cm2 in the gasbag-plasma (a) and the low energy cal-
ibration shot without target (b). At the high intensity
(a), the beam exhibits a large spray outside the initial
f/6.7 cone (dashed inner circle) reaching the edge of the
TBD collection mirror (dotted outer circle). Without a
plasma (b) the beam is confined to the original f/6.7 cone.
An analysis of the beam spray in (a) shows that only a
third of the energy of the transmitted beam is contained
inside the original f/6.7 cone. The absolute beam trans-
mission was measured (Fig. 3c) independently with the
calorimeter (circles), the photo-diode (squares) and the
CCD camera (triangles). The signal to noise ratio is ∼
1000:1, 200:1 and 40:1 for the calorimeter, the diode and
the CCD camera, respectively, depending on the abso-
lute beam transmission and the filter settings. All three
detectors show similar results. For shots with intensities
above 4·1014 W/cm2 the calorimeter and the diode mea-
sure the same absolute transmission within 5% (better
than 1% in incident power). The discrepancy with the
CCD camera data is larger (20%) due to the poor sig-
nal to noise ratio of the camera. The large error at the
low intensity shot is due to a reduced contrast on all 3
detectors.

IV. DETECTOR UPGRADE FOR SPECTRAL
MEASUREMENTS

A near-term upgrade to the detector will add spectral
resolution to measure stimulated forward Raman scat-

tering (SFRS) in the spectral range between 600 nm
and 900 nm and stimulated forward Brillouin scatter-
ing (SFBS) at ∼ 527 nm. SFBS light from the diffuser
will be collected by a 400 µm graded-index fiber (Mit-
subishi SGLH400E) and sent to an optical spectrometer
coupled to an S-20 streak camera. We will use a 1/2
m SPEX spectrometer with a 1200 lines/mm grating in
the second order and an entrance slit of 200 µm with a
spectral and temporal resolution of 0.5 Å and 50 ps re-
spectively [3, 6]. SFRS light is transmitted through the
first high-intensity 2ω turning mirror and is coupled via a
second optical fiber to a SPEX 1/4 m spectrometer and
a streak camera with an S-1 cathode. The SFRS sys-
tem will consist of a low dispersion 150 lines/mm grating
yielding a spectral and temporal resolution of 1 nm and
50 ps respectively. Both the SFBS and SFRS spectrom-
eters will be used simultaneously with the 2ω FABS [3],
coupling two optical fibers in each spectrometer with a
small time delay between the two signals. A fast, ab-
solutely calibrated photo-detector with optical long-pass
and short-pass filters will be used to measure the total
SFRS energy in different spectral ranges.

V. CONCLUSION

We have implemented a 2ω transmitted beam diagnos-
tic at the Omega laser facility. The TBD measures ab-
solute transmitted beam power with an accuracy better
than 1% in incident power and time integrated near-field
images over twice the initial half-cone angle of the probe
beam. We have demonstrated that the instrument can
be absolutely calibrated in situ using a low energy laser
pulse. The TBD was used to study the propagation of a
0.527 µm laser beam through ignition-scale length plas-
mas. The performance of the instrument has satisfied
the design requirements. A near term upgrade to the
diagnostic will add spectral resolution and the possibil-
ity to measure stimulated forward Raman- and Brillouin
scattering.

This work was performed under the auspices of the
U.S. Department of Energy by the University of Cali-
fornia Lawrence Livermore National Laboratory under
contract No. W-7405-ENG-48.
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