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Need for High Rep. Rate Lasers Extending CPSA Array to 12 Channels

High field science (HFS) has been enabled by high-intensity fs laser drivers at

low <Hz rep. rates O CCC Amp. —l Isolator |7 AOM S;E’;Ltzer

Output: >100mJ

12x1 Combiner

Next generation HFS will operate at kHz to MHz producing kWs to MW [4

This will require entirely new high-intensity laser technologies:

» Coherently combined fiber lasers
» Tm:YLF solid-state lasers
> Yb:YAG
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« Coherently combined fiber lasers offer:
v" Scalability to 100s of kw2l & 1-10J
v 30-100 fs pulses at 10-100kHz repetition rates v* Diffracted limited beam quality

v >30% wall-plug efficiency v' Compactly integrated, robust and reliable laser drivers @
» Pursuing 100mJ at 10kHz with 50- Quarter Wave ni-hraic Ei
- - - 100 fs pulses (kW average, TW Pump Delivery Fiber Pump Protection Filter Plate o ey
N Conceptual architecture for a 10J, 50-100fs, multi-kHz 10GeV LPA driver P ge, Telescope
pulse train Stacking burst formation Increasing pre-pulse peak power)
~eontrast » This 12-channels laboratory

demonstrator will enable:
- scaling neutron fluxes to ~107NS/S| active Eiber
- Electron LPA to ~100MeV

" Pulse stretcher SOMPensation

Dispersion-mismatch Power & energy amplification array I I

Beam Dump

Gain-narrowing pre- In-burst saturation pre- Example of a split-amplification array
compensation compensation

* This 12-channel system is used to address remaining issues for large fiber arrays:
Management of nonlinear phase accrued over sequential split-amplification stages

i Channel splitting -
Channel splitting Channel splitting from 169 to 2197 Combining of 2197 beams

from 1 to 13 from 13 to 169

>
——= % > Gain-narrowing compensation and in-burst saturation control for achieving 50-100fs pulses
>

<>

Single channel

Achieving sufficient pre-pulse contrasts for pursuing HIS

13 channel array 169 channel array

Initial Design Study for a 10-GeV LPA Fiber Laser Driver

Future 1-10J drivers must transition from table-top laboratory prototypes to fully integrated compact and robust laser systems:

Array of 169 directional- and temporal-isolation modules
A

_ - Co-authors of the initial design study:
1‘3 fiber amplifier array /;\rrayof 169 MMI based 13-times splitters Tiled-beam combing (Supported by DARPA MUSZ, and DOE
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-Nearly full energy extraction while accruing
low nonlinearity

: - ~
i - A
SEREEINE - oy
\ BERKELEY LAB
81 pulse stacker N A\ ” .

« Gires-Tournois Interferometer (GTI) are used to | . A ° Optical( £ngines
temporally coherently combine fs pulses AA AN 169 fber amplifier array e
_ 1 Izn3ut Burs7t9 o . Output Pulse Front view LPA cell Side view
« CPSA reduces the array size of a coherent g
beam Combining System by 100x! A 4+4 multiplexed GTI system temporally combines 81 pulses into 1 output pulse End View Side View
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1GHz Fiber | | Amplitude Phase | Stretcher = =
Oscillator Modulator Modulator W N/ m
HHHH ﬂ 15 cm 1.9m
CPSA will enable 1-10 J fiber laser arrays LGHz, 75fs Pulses Modulalti;‘surjt{ S1omises, 1NIH; oo hulse stacker ~2200 fiber amplifiers sleeved into <20 cm OD water-cooled tube
with only ~102 - 103 fibers
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F e Summ d O Work
Downcount to 1-10kHz Downcount to 20kHz Downcount to 100kHz u ar an n O I n O r
* Results:
~10mJ per 85um 3C fiber channel "~ choml1 o I — Fiber lasers offer an efficient, scalable path to 100's of kW ultrafast lasers with 1-10J per pulse
4 spatial channels_ _¥> L _/E % - [ Co%essor-b | N | N | |
Up to 27 mJ combined energy % spatially Combined Amplifiers ° Stackers CPSA achieved stable and efficient spatial and temporal combining at ~10 mJ energies with femtosecond
<1.4% RMS stability i) f AM cociad e v pulses; Demonstrated the first fast neutron generation using a fiber laser system
. .. Amplified Burst, 1-10mJ, 1-10kHz ompressed Fulse
320 fs Bandwidth limited pulses i L
iagram of the system . . . . .
1 T\ ——mson o Scaling CPSA system to 12 channels/100mJ/10kHz at the University of Michigan
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> miEh 38ed) | g Spectrally combined 200mJ system is under construction at Berkeley National Lab supported by DOE
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? /\J """"""" z Conceptual system design work is being carried out under DARPA MuS2 program to validate feasibility of
5 2 a4 o 1 2 3 0 20 40 60 80 | k' = compact and robust coherently-combined fiber laser drivers
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