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• Vacuum upgrades to Laser Bay, COMET, Titan

• New off-axis parabolas – COMET (1w, 2w), Titan (5) f/3 and (5) f/10

• New doubling crystals – COMET, East&West 20-mm KD*P

• New 1053-nm oscillators – Montfort, Light Conversion FLINT

• Titan psOPA to reduce prepulse

• Titan prepulse regen to add prepulse in controlled manner

• Titan split-beam delay – adding capability for 10-ns separation (delay primary side)

• STILETTO activation and commissioning experiment

• Long-pulse temporal shaping – ModBox

• SSD on East and West

• TA1 diagnostics upgrade 

We continue to improve JLF capabilities
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• Activated new shot sequencer
• Converted from Labview to Ignition
• Shot permissives

• Capture laser diagnostics on shot
• spatial, energy, temporal, spectral
• 5-Hz energy system activated

• Simplify beamline timing adjustments

• Automation of long-pulse shaping
• User-defined energy and shapes
• New shapers (ModBox) 

• Shot database and dissemination to users

• Network upgrade

Controls enhancements continue
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• Titan and TA1 each have one dedicated beamline

The DOE/FES-funded third beamline helps 
to increase the rate of shots

West (LP)

Titan (SP)
Titan

Janus (TA1)

Titan
East (LP)

• Easier (quicker) for setup and alignment
• Reduces shot conflicts
• Experiments scheduled to avoid shared 

use of East beam

▪ New beamline is optimized for Titan:
• Eliminates many prepulse sources
• Lower B-integral (<1.0)
• Reduced radial group delay
• ps-OPA in front-end to improve contrast
• Temporal pulse shape optimization
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We will ramp up the long-pulse energy as 
allowed by beam quality and optical damage

▪ Maximum energy limited by nonlinear effects, optical damage
— Final values will depend on beam quality 
— Shots were restarted at about 60% of the maximum 1 level

▪ Added bandwidth is available for higher-energy long-pulse shots
— Wavelength tuning with narrow bandwidth will need to be done at lower energies
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• The damaged grating and a few other optics were replaced
• Beam spatial fill was improved to smooth out energy distribution

• We also have new:
• 2 doubling crystal
• 2 parabola
• 1 parabola
• Turbo pumps

COMET operates at the 10-J level with 
sub-ps pulses
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STILETTO* has been activated at JLF

Let ter Vol. 46, No. 8 / 15 April 2021 / Opt ics Let ters 1833

Fig. 1. Schematic of theSTILETTO system and corresponding xt
plotsof thelaser. Theinitially transform-limited laser pulse(Input) is
pulse front tilted by a diffraction grating (diffraction angle✓g), relay

imaged ontoaspatial light modulator (SLM) at angle✓img and spatially
patterned (Patterned), and focused (Far Field) into asingle-modesys-

temsuch asan optical fiber. After couplinginto thesingle-modesystem
(Coupled), thepulsesarefreefromspatiotemporal coupling. Thepulse

front tilted pulse (lower left) illustrates the initial pulsed beam width
w0 and duration ⌧0 contrasted with the much smaller instantaneous

pulsed beam width w and much larger tilted pulse duration ⌧after
pulsefront tilt  isapplied.

be imaged onto the SLM at normal incidence, which is the
preferred orientation for most SLMs. However, this strongly
limitsthemaximum grating groovedensity, and thusthepulse
front tilt [see Eq. (1)], that can be applied by the grating. An
alternativeapproach istoorient thegratingfor larger pulsefront
tilt and imagethistilted surfaceonto theSLM. Theimageplane
istitled at an angletan✓img = M tan✓g, where✓g isthediffrac-
tion angle from thegrating, and M isthemagnification of the
telecentric relay imaging system (M = − f2/ f1 for a two-lens
telescope). By de-magnifying thegrating (|M |⌧ 1), theangle
of incidenceon theSLM canbemadeclosetonormal.

There are several limitations on the temporal resolution of
optical waveformsgenerated by STILETTO. Sincethesystem
isasequence of linear processes, theoutput cannot beshorter
than thetransform limit of theinput laser pulse. Thetemporal
resolution of the output laser isalso limited by the numerical
aperture (NA) of the imaging system from grating to spatial
pattern, because spatiotemporal coupling creates equivalence
between spatial frequency and spectral content. TheNA of the
imagingsystemcutsoff thespatial bandwidth 1 kx at

1 kx ⇡ 2k0(NA), (3)

wherek0 = 2⇡ / λ isthewavenumber of thecentral wavelength.
Sincespaceandtimearecoupled, thiscutoff impliesamaximum
supportedspectral bandwidth of

1⌫⇡ 2c(NA)/ (λ0 tan  ). (4)

The temporally patterned laser pulse must be coupled into
asingle-spatial-mode system to removethepulsefront tilt and
obtain a useful optical signal. Coupling can be accomplished
in thenear field or far field of thespatial pattern. In near-field
coupling, the spatially and temporally patterned laser pulse is
imaged onto theentranceapertureof single-modesystem, such
asan optical cavityor waveguide. In far-field coupling[asin this

demonstration], thespatial Fourier transform of thepatterned
pulsed laser beam created by a2f lenssystem iscoupled into a
single-modesystemsuchasanoptical fiber.

Thecoupling of each temporal sliceof thelaser isindepend-
ent provided c⌧0⌧w0 tan  ⇡ c⌧(see Fig. 1 lower left), so a
couplingefficiencyasafunction of timecan becalculated. If the
laser and single-modesystem areboth Gaussian, then thepower
coupled in thenear field isgivenby

P(t) ⇡
4P0ww0

w2
0 + w2

y

wy

wx
exp

⇢
− 2c2t2

tan2  

✓
1

w2
0

+
1

w2
x

◆

, (5)

wherewx and wy arethenear-field 1/ e2 radii of theGaussian
mode of the single-mode system in the dispersion plane
(pulse-front tilt direction) and in the non-dispersion plane,
respectively, and P0 is thepeak power of thepulse front tilted
laser pulse. Since thecoupling efficiency isa function of time,
poor coupling at largetimes(e.g., dueto amismatched single-
mode system) can reduce the record length. The maximum
record length is set by the temporal width of P(t), which is
independent of thetemporal resolution.

Far-field coupling is advantageous because different wave-
lengths focus to different transverse locations due to angular
dispersion, so thecentral wavelength of theoutput can beeasily
shifted by translating thefiber. Further, thecouplingefficiency
can be adjusted by changing only the focal length of thefinal
coupling optic(s). The coupled energy and record length for
far-field coupling can becalculated from Eq. (5) if the far-field
single-mode system (e.g., an optical fiber) is approximated as
a Gaussian by substituting wx,y ⇡ fx,yNAfiber, where fx,y is
thefocal length of thecoupling lensin thenoted direction, and
NAfiber istheNAof thefiber.

Asimplifiedexpression for thetotal couplingefficiencycanbe
calculated by integratingEq. (5) over timeand simplifyingwith
w ⇡ c⌧0/ tan  and c⌧⇡ w0 tan  (seeFig. 1). Thefractional
energycoupled intothenear-fieldsingle-modesystemisthen

Eout

Etilt

=
1

P0⌧
p
⇡ / 2

Z 1

− 1

P(t)dt ⇡
4(⌧0/⌧)wyw2

0

(w2
0 + w2

y)

q

w2
0 + w2

x

.

(6)

The average power of the patterned laser pulse is further
reduced by a factor ⌧0/⌧(the number of resolvable features)
because of the change in pulse length from tilting the pulse
front, so thecoupled power scalesas(⌧0/⌧)2 while theenergy
scalesas⌧0/⌧.

A1+one-dimensional (1D) (timeandonespatial dimension)
wavelength-dependent Fresnel-diffraction-based simulation
wasdeveloped to estimate system performance and sensitivity
to misalignment. The simulated bandwidth [4 nm full width
at half-maximum (FWHM)], beam size(2 mm FWHM), and
gratingdispersion (1800lp/mmat Littrow)aretheexperimental
values, although the experimental spectrum is non-Gaussian.
Simulation results showing the effect of the coupling NA on
coupled Gaussian pulse duration and coupling efficiency are
shown in Fig. 2. The vertical dotted lines indicate the (fixed)
NA of the fiber and the coupling NA in these experiments
(⇠0.08 corresponding to f = 100 mm), chosen to achieve a
long record while maintaining reasonable coupling efficiency.
The predictions from Eq. (6) are in good agreement with the
simulation results (black crosses). A comparison of the two

*Space-Time Induced Linearly Encoded Transcription for Temporal Optimization

STILETTO System Possible Pulse Patterns

D. E. Mittelberger, R. Muir, D. Perlmutter, and J. Heebner, Opt. Lett. 46, 1832 (2021)
D. E. Mittelberger, R.D.Muir, and J.E. Heebner, Opt. Exp. 30, 1875 (2022)

A. Longman, et al., PRL 135, 175103 (2025) – commissioning experiment

▪ Laser-Plasma Instability (LPI) mitigation

— via amplitude modulation: e.g. STUD pulses

— via λ modulation: e.g. time-dependent color

▪ Time-dependent pointing & focusing for ICF

— dynamically pointing the laser to a “fresh spot” 
on an indirect drive target after plasma 
generation

— dynamically zooming the laser focus to chase an 
imploding direct drive target

• Internally-funded partnership with NIF&PS to build and field this instrument

• Fiber output of STILETTO injected into East long-pulse regen and amplifier chain
• Nominal use in TA1 (Janus)
• Will be able to support combined Titan/STILETTO shots with STILETTO on East beam

• Record length of 700 ps demonstrated with <ps resolution
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In a change from original plans, STILETTO 
implementation is independent of Titan operations

East main regen East amplifier chain Janus target chamber

STILETTO and 3PSI

Compressor

300-ps stretcherOscillator, 300 fs, 2 nJ Regenerative amplifier 

0.3 mJ1 nJ

1 mJ* 200 J*

* Energies depend 
on pulse shape/fill

Red = new items

We are planning to implement an amplified-pulse 
diagnostic and a simplified user interface

fiber

fiber
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• New ModBox pulse shapers activated
• One on East beamline
• One on new Titan prepulse injection regen
• One on regen in setup room for testing controls

• Temporal shaping resolution now 0.125 ns (2x better)

• ModBox has automatic bias control and 60 dB extinction ratio

Pulse shaping for the long-pulse 
beamlines is being improved

Regen buildup with 20-ns “square” pulse input:
Blue = West regen seeded by Highland T400B
Yellow = East regen seeded by ModBox-FE
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• 1-D SSD with 14-GHz modulator and 1160 line/mm grating
• Add new vacuum relay and grating after SF2 and before 50-mm dia. rods
• Vacuum parts and optics on order

Smoothing by Spectral Dispersion (SSD) is 
being added to the East and West beamlines
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• Replacement for Hidra Ti:sapphire system (∼10 mJ, <100 fs, 800 nm)

• VISAR and SOP upgrade:
• Three new streak cameras
• New fiducial generator
• New comb generator
• New optics

FY26 MPIC* funding is allowing us to 
upgrade Janus target-area (TA1) diagnostics

*Multi-Programmatic Instrumentation Committee, LLNL



12LLNL-CFPRES-2015713

Secondary colors

Primary colors
Elemental

Navy
#001E62

Impact
(Lab) Blue
#0032a1

Energetic
Azure

#3366CC

Livermorium
Ice

#eaf0fb

Carbon 
Gray

#a9aabc

Quantum
Slate

#6e6e7c

Innovation
Yellow

#fcb317

Research 
Red

#9d0c0c

Performance 
Pink

#b40f64

Algorithm 
Orange
#ff7900

Solar
Yellow
#ffd900

Gamma 
Green

#84c342

Extreme 
Turquoise
#00a5b8

Inspiration 
Indigo

#4b0082

We welcome further suggestions for new and improved capabilities at JLF

• Auxillary beamline (50 J level, range of pulse duration)
• Send to TA1, Titan or COMET

• Ti:sapphire system in Titan

• Long-pulse 3 capability

• Diagnostics calibration area:
• 100 mJ, 100 fs, doubled to 400 nm

• 20-150 ps, 200 or 266 nm, few 100 mJ in UV

JLF is always looking to add 
new capabilities for the users

Evaluating:
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