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• Introduction –  What’s State of the Art?

• High Power Ultrafast Lasers for Accelerators

• Typical Techniques – 
• Pulse Generation via Mode-locking

• Stabilization for Single Cycle Generation
• Amplification Techniques

• Chirped Pulse Amplification
• Regenerative or Optical Parametric Amplification 

• High Average Power Systems
• National Facilities – LaserNetUS
• Summary



What’s “State of the Art”
Extreme Light Infrastructure 

• ELI– 10 PW (22fsec @1.1 um spot 1024 W/cm2 )
• 1.2 urad pointing

 (use wavefront correction and stabilization)



What’s “State of the Art”

• CoReLS –4 PW (1024 W/cm2 ) 1.7 urad pointing
 (use wavefront correction and stabilization)

Center for Relativistic Laser Science



“State of the Art” – ELI

Block diagram of FE and one amplification arm with the three corresponding outputs:
100 TW at 10 Hz, 1 PW at 1 Hz, and 10 PW at 1 shot/min repetition rate.

Pulsewidth 20 fsec; spot size ~ 1 um, focused intensity – 1024 W/cm2 
Next:  100 PW (50 cm xtal w/ NOPCPA)

Spot size = 2mm

Spot size = 200 mm



How is it done?
The Technology – Mode-locked Laser Oscillator - KLM



How is it done?
The Technology – Stabilizing the Carrier Envelope Offset (2005 Nobel)



How is it done?
The Technology – Chirped Pulse Amplification (2018 Nobel )



How is it done?
The Technology – Regenerative vs. Multi-pass Amplification

Typically uses many passes for high gain
Maintains mode size, but adds dispersion

Typically for maximum energy extraction
Fewer passes, complication alignment for many passes

Lower long term alignment stability



How is it done?
The Technology – Conventional vs Parametric Amplification



Cross Wave Polarization Filter (XPW) to Improve Pulse Contrast
~1012 , 30% conversion efficiency
(nonlinear polarization rotation)

How is it done?
The Technology – Nonlinear Polarization Rotation

Intensity Autocorrelation showing Improved Pulse Contrast



“State of the Art” – ELI and CoReLS

Block diagram of FE and one amplification arm with the three corresponding outputs:
100 TW at 10 Hz, 1 PW at 1 Hz, and 10 PW at 1 shot/min repetition rate.

Pulsewidth 20 fsec; spot size ~ 1 um, focused intensity – 1024 W/cm2 
Next:  100 PW (50 cm xtal w/ NOPCPA)

Spot size = 2mm

Spot size = 200 mm



Commercially Available State of the Art



Commercially Available State of the Art



USPL High Average Power - State of the Art

10.4 kW
250 fsec
80 MHz
1045 nm
130 uJ
0.5 GW

1 kW
120 fsec
100 kHz

10 mJ
80 GW

Limpert @ Abbe Center, Helmholtz, Fraunhofer, Jena





LaserNetUS

Mission is to advance and promote intense ultrafast laser science and applications by:

•Advancing the frontiers of laser-science research;
•Providing students and scientists with broad access to unique facilities and enabling technologies;
•Fostering collaboration among researchers and networks from around the world

LaserNetUS supports students
The network allows graduate and undergraduate students access to laser facilities. The experiments at these facilities provide
data for students' Ph.D. theses and students' publications. In 2019 alone, 80 students, 36 postdocs, and 86 staff scientists from
users groups participated in LaserNetUS experiments.

Join the ecosystem as a:
User Facility Member
•Research Group Member
•Single Investigator Member
•Private Sector Partner

Colorado State University
University of Michigan
University of Nebraska-Lincoln
Ohio State University
University of Texas at Austin
University of Rochester

Institut National de la Recherche Scientifique
University of Central Florida
Lawrence Berkeley National Laboratory
Lawrence Livermore National Laboratory
SLAC National Accelerator Laboratory.

Member Institutions



Colorado State University - Aleph



Parameter Value Unit Additional Information

Center 
Wavelength 400 nm

Pulse duration (I 
FWHM) 45 fs

Max energy on 
target 10 J

Shot energy 
stability 10 % r.m.s.

Focal spot at 
target

F/number f/2

intensity FWHM 1.2 μm

Strehl ratio
Energy 
containment 65 % within 1/e radius

F/number f/25
focal spot 
FWHM 20 μm

Strehl ratio
Energy 
containment 70 % within

Pointing 
Stability 2 μrad

Pre-pulse 
contrast

ps scale 10-12 @ >25 ps

Repetition Rate 3.3

ALEPH 400 nm
Parameter Value Unit Additional Information

Center 
Wavelength 800 nm

Pulse duration (I 
FWHM) 30 fs

Max energy on 
target 26 J

Shot energy 
stability 1.7 % r.m.s.

Focal spot at 
target

F/number f/2

intensity FWHM 2.4 µm

Strehl ratio

Energy 
containment 65 % within µm radius

F/number f/25

focal spot 
FWHM 40 µm

Strehl ratio

Energy 
containment 70 % within

Pointing 
Stability 2 µrad

Pre-pulse 
contrast

ps scale 5x10-6 @ > 25 ps

Repetition Rate 3.3 Hz burst mode

ALEPH 800 nm

Colorado State University - Aleph



University of Michigan – Zeus
(Highest intensity in US)

Commercially
Available



BELLA @ LBNL



Parameter Value Unit Additional Information

Center Wavelength 815 nm

Pulse duration (FWHM) 30 fs

Max energy on target 40 J

Shot energy stability 2.5 % r.m.s.

Focal spot at target

F/number 65

intensity FWHM 65 μm

Strehl ratio >0.9

Energy containment 75 % within 67 µm radius

F/number f/2.5

focal spot FWHM 2.7 μm

Strehl ratio 0.7

Energy containment 70 % within 3 µm radius

Pointing Stability 1.3 μrad r.m.s.

Pre-pulse contrast

ns scale 10-9 @ 1 ns

ps scale 10-6 @ 5 ps

Repetition Rate 1 Hz

1 PW Laser
Parameter Primary beam Secondary beam Unit Additional 

Information

Center Wavelength 800 800 nm

Pulse duration (FWHM) 40 40 or 300,000 fs

Max energy on target >2 >0.5 J

Shot energy stability 1.5 2.5 % r.m.s.

Repetition rate 1 or 5 1 or 5 Hz

Focal spot at target

F/number f/20 f/20

Intensity FWHM 20 20 µm

Strehl ratio >0.8 >0.8

Energy containment 80 80 %

Pointing Stability 5 5 µm r.m.s.

Pre-pulse contrast

ns scale 10-7 (ns pedestal)
10-7 (ns pedestal)

<10-5 (pre-pulse at ~10 ns 
from the front-end)

Ask facility for 
up to date 
information.

ps scale 10-6 10-6

Hundred TW Laser

BELLA @ LBNL



Texas Peta-Watt @ UTA



• Introduction –  What’s State of the Art?
• High Power Ultrafast Lasers for Accelerators

• Typical Techniques – 
• Pulse Generation via Mode-locking

• Stabilization for Single Cycle Generation
• Amplification Techniques

• Chirped Pulse Amplification
• Regenerative or Optical Parametric Amplification

• High Average Power Systems
• National Facilities – LaserNetUS
• Summary  High Peak Intensity Laser are Ubiquitous  

Summary
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