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Brief Summary:     
 
The requirements of the LCLS Near Experimental Hall laser system are summarized 
here.  The Ti:Sapphire oscillator and amplifier will be located in the laser room in the 
basement of the NEH and used for both the AMO and XPP experiments.  A system 
capable of producing ~3mJ pulses of <50fs duration at 120 Hz is required. 
Wavelength conversion, if used, will take place in the experimental hutchs.  Transport 
of the laser light to the AMO experimental and diagnostics chamber is included in the 
scope. 
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1. Introduction: 
 
A multipurpose high-powered pulsed laser system is to be provided for LCLS experiments in the 
Near Experimental Hall (NEH) for use with the atomic physics (AMO) experiment in hutch 2 and 
the x-ray pump-probe (XPP) experiment in hutch 3.   The Ti:Sapphire oscillator and amplifier(s) of 
the laser system will be located in the laser room in the basement of the NEH with the beam 
transported through the floor of laser room into the experimental hutches in the sub-basement of 
the NEH through the penetrations provided. Optics and hardware to transport the laser beam to the 
AMO experiment in hutch 2 is also required.  Additional laser components may be located in the 
experimental hutches to convert the laser radiation wavelength to shorter or longer wavelengths. 
The laser will be synchronized with the LCLS x-ray pulse in the experimental equipment and used to 
pump or probe the sample as required by the specific scientific investigation.  A control system will 
be implemented to permit computer control of the laser operation and alignment of the beam into 
the experimental chamber.  Appropriate personnel protection measures should be implemented to 
ensure safe operation of the laser in all required locations. 
 
2. Basic Requirements: 
 

2.1. The laser system should be capable of delivering a 800nm pulse with energy on target ≥3mJ 
with lower energies possible by aperturing or attenuating the beam. 

 
2.2. The pulse length of the 800nm laser should be ≤50fsec at the sample. 
 
2.3. The laser system should be capable of delivering pulses synchronized with the LCLS pulses 

(as defined below) at a rate of 120Hz, or some higher or lower multiple of that frequency. 
 
2.4. Single pulse mode should be a possible mode of operation. 
 
2.5. Contract ratios of the main pulse to pre-pulse and post-pulse intensities should be >105:1. 
 
2.6. The pulse energy should be stable to ≤10%. 

 
3. Synchronization: 
 

3.1. The pulse from the laser should be synchronized to the LCLS RF with a jitter of ≤100fs. 
 
3.2. Digital and optical delays should be provided to synchronize the laser pulse with the FEL 

pulse on the sample. 
 
3.3. The delay system should be capable of offsetting the laser pulse from the FEL pulse by 

±1ns with 10fs accuracy. 
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4. Transport, Pointing and focusing: 
 

4.1. The beam should be transported from the laser room to the experimental hutch along an 
evacuated path to minimize losses and variations in the profile due to air turbidity. 

 
4.2. In hutch 2 the beam should be transportable to either or both of the interaction regions in 

the AMO high field physics instrument and the diagnostics instrument which is ~1.5m 
further downstream.  

 
4.3. The laser will be introduced into the experimental chambers through a vacuum viewport 

onto a planar mirror with a hole in it for the LCLS beam to pass through.  Focusing and 
positioning of the beam should be achieved with optics immediately outside the vacuum 
envelope. 

 
4.4. The stability of the beam position at the target should be ≤10% of the beam waist at that 

position over a period of 12 hours with an active feedback system running at 10Hz.. 
 
4.5. The size of the beam waist in the interaction regions of the AMO high field physics and 

diagnostics chambers should be variable with a minimum size of ≤5μm. 
 
5. Wavelength Conversion: 

 
5.1. Equipment to generate second harmonic radiation from the Ti:Sapphire fundamental with 

high efficiency should be available to generate ~400nm light in hutch two together with 
appropriate transport optics to focus the beam into the AMO interaction region(s). 

 
5.2. Equipment to generate third harmonic radiation from the Ti:Sapphire fundamental with 

high efficiency should be available to generate ~267nm light in hutch two together with 
appropriate transport optics to focus the beam into the AMO interaction region(s). 

 
5.3. Appropriate space and resources should be preserved in NEH hutch 2 for the future 

addition of an OPA laser for generation of longer wavelengths.  
 

 
6. Diagnostics: 
 

6.1. The pulse energy should be measured for each laser shot with an absolute accuracy of 5% 
and stored in the data stream. 

 
6.2. The following properties of the laser should be monitored at 10Hz and data stored for later 

correlation with the experimental data: 
6.2.1. Spatial profile 
6.2.2. Pulse duration 
6.2.3. Spectrum 

 
6.3. The contrast ratio of the 800nm amplifiers should be available on demand. 
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7. Controls: 
 

7.1. The control system should allow computer control of the following laser parameters: 
7.1.1. Position of the beam at the sample 
7.1.2. Profile of the laser beam at the target using remotely controlled focusing optics when 

applicable 
7.1.3. Pulse energy at the target 
7.1.4. Repetition rate of the laser on the target 
7.1.5. Arrival time of the laser pulse relative to the FEL pulse 
7.1.6. Pulse duration and temporal shape 
7.1.7. Polarization of the laser field on the target 

 
8. Personnel Protection: 

 
Appropriate safeguards should be in place to ensure safe operation of the laser in the laser room and 
experimental hutches.  This is the subject of a separate requirement document, 1.6-005-r1, Physics 
Requirements for the LCLS/NEH Laser Safety Systems. 
 
9. References: 
 
Extensive use has been made of the Physics Requirements for the XPP Laser System document, 
Doc. No. SP-391-000-18 R0 in development of this requirement. 
 


