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Synopsis:   This instrumentation grant funded the development and installation of a state-of-the-art 

laser system to be used for the DOE funded research at the J.R. Macdonald Laboratory at 

Kansas State University. Specifically, we purchased a laser based on the KMLABs Red-Dragon 

design, which has a high repetition rate of 10-20 kHz crucial for multi-parameter coincidence 

measurements conducted in our lab. This laser system is carrier-envelope phase (CEP) 

locked and provides pulses as short as 21 fs directly from the amplifier (see details below). 

In addition, we have developed a pulse compression setup that provides sub 5 fs pulses and 

a CEP tagging capability that allows for long measurements of CEP dependent processes.  

The PULSAR laser system:  

Brief description:  Main components. Two stage amplification. Continuous operation enabled by the 

use of a closed cycle He cooling system for the   

CPA Characteristics: 

Repetition rate: 10 kHz (or 20 kHz with half the energy/pulse)  

Pulse Duration:  < 21 fs amplifier output 

Central frequency: 785 nm 

Bandwidth:  > 50-75 nm 

Pulse energy:  2 mJ (at 10 kHz) 

CEP stability:  < 600 mrad for several hours 

Pulse compression system: A hollow core fiber (HCF) and chirp mirrors compression system reduces 

the pulse duration from 21-23 fs down to 5 fs (and below). A beam pointing stabilization unit (model) 

is used to improve the coupling and input stability into the HCF. The resulting pulse characteristics are: 

Pulse Duration: < 5 fs 

Central frequency:  740 nm 

Pulse energy:   800 µJ 

Bandwidth:  > 200 nm 

Laser beam diagnostics: Pulse characterization is accomplished using a SHG-FROG (Mesaphotonics 

FROGScan Ultra) at the CPA output and an Autocorrelator (Model GSAKF020k FEMTOMETER from 

FEMTOLASER) after the HCF pulse compression, a spectrometer (Ocean Optics USB2000+VIS-NIR-ES) 

and power meters (Coherent Fieldmate). The CEP is monitored by an f-2f interferometer and a stereo 

ATI CEP meter (used also for CEP tagging). 

Beam Transport: The laser beam is transported to a few end stations where experiments focused on 

attosecond physics or control of simple atoms, molecules and surfaces are conducted. Given the high 

beam energy, the transport lines can be evacuated and use large diameter (2”) optics. 

CEP tagging: We have been involved, as part of a large international team, in the development of CEP 

tagging and in demonstrating its advantages over CEP locking for long timescale measurements. The 

proof of principle experiments were conducted at MPQ, Garching, Germany, taking advantage of their 

sub 5 fs laser pulses (see, e.g., Refs. [1-2]). Since then we have improved our pulse compression 

system and can produce similar short pulses at JRML. Moreover, our ATI stereo CEP meter is 

operational and has already produced publishable results (see, e.g., Pub. [1]). 



Research employing PULSAR: Since its installation in August 2012, PULSAR has been used for research in 

parallel to the continuous development of some of its capabilities, such as transport lines, beam 

diagnostics, pulse compression, and CEP locking and tagging. Even though the main focus of this report 

is on instrumentation development, installation and specifications, it is useful to mention a few studies 

already conducted with this laser system, since that best illustrates how it has extended the research 

capabilities of JRML. 

As a state-of-the-art CEP-locked laser system, PULSAR provides an excellent platform for technology 

advancement. For example, we have characterized the performance of an f-2f interferometer using a 

high-speed CMOS camera in single-shot mode with 5-fs pulses from PULSAR. By using the stereo ATI 

CEP meter and the f-2f interferometer to simultaneously measure the CEP, we have determined that 

CEP-tagging can be performed with the much cheaper and easier-to-implement single-shot f-2f method 

(see Pub. [2]).   

In terms of physics, one nice example of research made possible by this system is the measurement of 

the CEP dependence of dissociation of an H2
+ beam. CEP dependence measurements of such extremely 

low density molecular-ion-beam targets require very long data accumulation times (8-24 hours at 10 

kHz), and therefore preliminary attempts using our 1-2 kHz laser system with CEP locking failed. In 

contrast, we were able to successfully make the measurement by employing PULSAR. The importance of 

using the molecular ion as a target stems from our ability to theoretically treat this system in a strong-

field laser nearly exactly, thus enabling us to make direct, unambiguous, quantitative comparisons 

between theory and experiment, and by so doing confirm our understanding of strong-field coherent 

control via the carrier-envelope phase (see Pub. [1] and Ref. [3]). 

Another recent example of studies made possible by the new PULSAR laser system is a measurement of 

the CEP dependence of D* formation in D2 fragmentation induced by 5 fs laser pulses. This project has 

resulted in three manuscripts, presently in preparation, and a few invited talks in conferences (Pres. 

[1,5]) and other institutions (Pres. [2-4]). 

A few other projects using PULSAR beams are nearing completion (see Pubs. [2,3]), and some have 

already been presented in conferences (see Pres. [6-19]) and will be prepared for publication in the near 

future. These publications will all appear in the JRML research report on DOE grant No. DE-FG02-

86ER13491, which supports our laser-matter interaction research. 
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