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Brief Summary:     
This document describes the engineering specifications for the X-ray Endstation 
(XES) and X-ray Pump-Prode (XPP) laser transport controls located within the LCLS 
near Experiment Hall.   
 
 
 
 
Change History Log 
 
Rev 
Number 

Revision 
Date 

Sections Affected Description of Change 

000  All Initial Version 
001 Sep-12-2008 1,4,5,7 Move from NEH Hutch 2 to Hutch 1 
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1 Introduction: 
 
A multipurpose high-powered pulsed laser system will be located in the Near Experiment Hall 
(NEH) for LCLS atomic physics (AMO) experiments in Hutch 1 and X-ray Pump-Probe (XPP) in 
Hutch 3.  The Ti:sapphire master oscillator and amplifiers will be located in the laser hall located on 
the basement floor of the NEH (Fig. 1.1).  The beam will be transported uncompressed through 
penetrations in the floor of the laser hall to Hutch 1 or Hutch 3 on the sub-basement level.  Laser 
will be transported to only one hutch at a time. A pulse compressor, harmonic generator, and an 
optical parametric amplifier (OPA) will be located in Hutch 1 and Hutch 3 along with the transport 
and controls to propagate the laser pulse to the experimental chambers.  Further computer controls 
are required to permit remote alignment of the laser system to the experimental apparatus.  This 
document describes the engineering specifications for the optical transport and the electronic 
controls for this laser system needed to meet the requirements of NEH Laser PRD, document 
number 1.6-010.  The following sections detail the controls to be used for each major component 
system of the laser. 
 

 
Figure 1.1: Schematic of NEH Ti:sapphire laser system 
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2 Laser Master Oscillator: 
 

2.1 The power of the master oscillator will be continuously measured using a 
commercial power meter (PMOsc).  The power meter will be controlled and 
monitored by the EPICS software through analog and RS232 interface.  The power 
measurements will be archived by the EPICS control system at 1 Hz. There is no 
external trigger needed.  

 
2.2 The mode-locked spectrum of the laser master oscillator will be continuously 

monitored by a free-space imaging spectrometer (Spectrometer) with a CCD 
camera (Csp).  The output of the camera will be displayed in an EPICS control panel, 
which will display the calibrated spectral intensity as a function of wavelength. No 
archiving is required. Trigger will be supplied by the EVR or from the NEH laser 
system. 

 
2.3 The laser master oscillator pulse rate frequency will be locked to a RF signal 

provided by the FEL controls using commercial lock-to-clock synchronization 
hardware.  The RF-lock hardware will be controlled via EPICS control panel 
(Oscillator Controls). 

 

3 Laser Amplifier 
 

3.1 The pulse rate frequency of the laser will be controlled using a Pockels cell pulse 
picker.  The EPICS controls will monitor trigger pulse driving the Pockels cell, and 
provide an external timing signal with delay. This could be done by a SLAC AND 
Box (TBD). The delay range is between 100 and 2000 ns with a resolution of 0.5 ns 
which will be generated by the combination of EVR and SRS DG535.  The EPICS 
controls will allow temporal adjustment and to enable/disable the trigger source. 

 
3.2 A 500 MHz, 4-channel oscilloscope (Oscope) with will be used as diagnostic for the 

laser oscillator and regenerative amplifier build up.  The scope will have EPICS 
controls to change the saved profiles and view the screen remotely. No archiving is 
required. The trigger source can be from the EVR or from a Stanford Research 
Systems SRS DG535 digital delay generator with Option 3 (1ppm TXCO crystal 
oscillator) triggered by the NEH laser system.  This DG535 does not require EPICS 
control. 

 
 
 

4 Amplifier Transport to Compressor  
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4.1 The output energy of the laser amplifier will be measured at 120 Hz using a 
commercial energy meter (PM1).  The trigger will be provided by EVR in EPICS 
IOC, The energy meter will be controlled through the EPICS control panel.  
Statistical measurements will also be given over a 1000 shot average.  The energy 
head will be remotely positioned in and out of the beam path for measurements and 
controlled through the EPICS software. One rotation stage is needed to move the 
energy head. Archiving is not needed. Number of motors: One. 

 
4.2 Spatial profile of the output from the laser amplifiers will be monitored using two 

CCD cameras (F1 and F2).  Cameras will be displayed in either an EPICS panel or 
through a computer interface.  No archiving is required. Cameras can be video 
triggered. 

 
4.3 The laser energy from the amplifiers will be throttled using a motorized half-wave 

plate (λ/2-1) and a fixed polarizer.   The contrast of the energy throttle will be ≥20:1.  
The waveplate can be continuously controlled in a feedback loop to maintain 
constant laser energy through EPICS software. One rotation stage is needed to 
rotate waveplate. Number of motors: One. 

 
4.4 The laser energy after the energy throttle will be measured at 120 Hz using a 

commercial energy meter (PM2).  The Trigger will be provided by EVR in EPICS 
IOC. The energy meter will be controlled through the EPICS control panel.  
Statistical measurements will also be given over a 1000 shot average.  The energy 
head will be remotely positioned in and out of the beam path for measurements and 
controlled through the EPICS software. One rotation stage is needed to move the 
energy head. Archiving is not needed. Number of motors: One. 

 
4.5 A mirror M0 will be used to select laser path to Hutch 1 or Hutch 3. A 150mm 

linear stage is needed. Number of motors: One. 
 

4.6 The laser pulse will be transported to Hutch 1/3 through a penetration in the floor 
of the laser hall using a vacuum transport tube and imaging telescope.  The vacuum 
pressure on the tube will be about 10-6 torr, and be continuously maintained by a 
vacuum pump system.  The vacuum pressure will be monitored through the EPICS 
software. One Ion Pump and one Cold Cathode Gauge are needed. 

 
4.7 A camera (C1) will be used to monitor the laser beam alignment through the vacuum 

tube.  Trigger to the camera will be provided by EVR in EPICS IOC. The output 
will be displayed in an EPICS panel.  A lens on a motorized translation stage (L1) 
will also be used to size the laser mode to the CCD. One 25mm travel range linear 
stage is needed for this purpose. Number of motors: One. 

 
4.8 The beam pointing will be stabilized using a two mirror and camera feedback loop.  

Camera C2 will monitor the beam position reflected from mirror M1, and maintain 
the horizontal and vertical beam position by adjusting motors on M1.  Similarly 
camera C3 will monitor the beam from mirror M2.  Triggers to the cameras will be 
provided by EVR in EPICS IOC. Lenses on motorized linear stages (L2 and L3) will 
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be used to adjust the beam size on C2 and C3. Two 25mm travel range linear stages 
are needed for L2 and L3. Each of M1 and M2 needs two 12.5mm travel range 
actuators. Number of motors: Six. 

 

5 Pulse Compressor and Harmonics Generator 
 

5.1 The laser will be compressed in a pulse compressor located in Hutch 1.  The 
pulsewidth of the laser will be adjustable by controlling two linear translation stages 
through an EPICS control panel.   Each stage is required for to have a total 
translation of 50 mm.  Number of motors: Two. 

 
5.2 The pulse width of the compressed pulse is measured using a commercial single-shot 

autocorrelator (AC).  The output of the autocorrelator will be monitored by an 
oscilloscope controlled by EPICS. A Tektronix TDS3054B is needed for this 
purpose. The trigger source for the autocorrelator can be from the EVR, but a SRS 
DG535 triggered from the EVR or from the DG535 in the laser hall would be 
preferable.  

 
5.3 An additional Third Order Cross-Correlator (3rdXCOR) could be used for XPP for 

temporal pulse shape measurement. This does not apply to AMO. Either a 
Commercial off-the-shelf device or in-house design can be used. The control 
interface is TBD. 

 
5.4 A long travel range (600mm) delay stage (DS1) is needed for XPP. This does not 

apply to AMO. Number of motors: One. 
 

5.5 The output energy of the compressor will be measured at 120 Hz using a commercial 
energy meter (PM3).  The trigger will be provided by EVR in EPICS IOC. The 
energy meter will be controlled through the EPICS control panel.  Statistical 
measurements will also be given over a 1000 shot average.  The energy head will be 
remotely positioned in and out of the beam path for measurements and controlled 
through the EPICS software. One rotation stage is needed to move the energy head. 
Archiving is not needed. Number of motors:  One.  

 
5.6 Either second or third harmonic of the laser fundamental frequency will be 

generated using a harmonics package.  The conversion efficiency of the harmonics 
will be adjustable using a motorized half-wave plate (λ/2-2). One rotation stage is 
needed to rotate waveplate. Number of motors: One. 

 
 

6 Optical Transport to Experiments 
 

6.1 The 1ω beam line from the harmonics generator will be stabilized using a two mirror 
and camera feedback loop.  Camera C4 will monitor the beam position reflected 
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from mirror M3, and maintain the horizontal and vertical beam position by adjusting 
motors on M3.  Similarly camera C5 will monitor the beam from mirror M4. 
Triggers to the cameras will be provided by EVR in EPICS IOC. Each of M3 and 
M4 needs two 12.5mm travel range actuators. Each shot of the laser will be archived 
on C4 and C5. Number of motors: Four. 

   
6.2 The 1ω beam spot size on the target will be adjustable using a lens on a linear 

translation stage (L4).  The total translation of the stage will be 25 mm. Number of 
motors: One. 

 
6.3 The 1ω spot size in the target chamber will be monitored using a virtual experiment 

camera (VEC), which will be placed at an equivalent plane of the target external to 
the chamber.  Triggers to the cameras will be provided by EVR in EPICS IOC. The 
beam intensity will be adjustable using a motorized half-wave plate (λ/2-3) and a 
polarizer. One rotation stage is needed to rotate waveplate. Centroid of laser bean 
will be archived at 1 Hz. Each shot of the laser will be archived on the VEC. 
Number of motors: One.  

 
6.4 The 1ω pulse energy at the experiment will be measured at 120 Hz using a 

commercial energy meter (PM4).  The trigger will be provided by EVR in EPICS 
IOC. The energy meter will be controlled through the EPICS control panel.  
Statistical measurements will also be given over a 1000 shot average.  The energy 
head will fixed in place with no translation. Each shot of the laser will be archived on 
PM4 at 1 Hz. 

 
6.5 The harmonic beam spot size on the target will be adjustable using a lens on a linear 

translation stage (L5).  The total translation of the stage will be 25 mm. Number of 
motors: One. 

 
6.6 The harmonic spot size in the target chamber will be monitored using a virtual 

experiment camera (2ωVEC), which will be placed at an equivalent plane of the 
target external to the chamber.  The camera will be able to view laser pulses ranging 
from 250 to 900 nm.  Triggers to the cameras will be provided by EVR in EPICS 
IOC. The beam intensity will be adjustable using a motorized half-wave plate (λ/2-
4) and a polarizer. One rotation stage is needed to rotate waveplate. Centroid of laser 
bean will be archived at 1 Hz. Number of motors: One. 

 
6.7 The harmonic pulse energy at the experiment will be measured at 120 Hz using a 

commercial energy meter (PM5).  The trigger will be provided by EVR in EPICS 
IOC. The energy meter will be controlled through the EPICS control panel.  
Statistical measurements will also be given over a 1000 shot average.  The energy 
head will be fixed in place with no translation. Each shot of the laser will be archived 
from PM5 at 1 Hz. 
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6.8 Two more waveplates ((λ/2-5 and λ/4-6) are needed for XPP. This dose not apply 
to AMO. Two rotation stages are needed to rotate waveplates. Number of motors: 
Two. 

 
6.9 A sampling scope (Scope3) with 50G Samples per second is needed for XPP. This 

does not apply to AMO. Trigger source will be from the EVR. Archiving is not 
needed. 

 
6.10 A real-time scope (Scope4) with 4GHz analog bandwidth is needed for XPP. This 

does not apply to AMO. Trigger source is from the EVR. Archiving is not needed.  
 

7 Temperature Monitors 
 

7.1 The large laser table (Table 2) in the laser hall will have 15 thermocouples to monitor 
temperature of the table surface. The acquisition rate will be from 0.1to 1 Hz, with a 
temperature range of 32 to 100° F and resolution of 0.1° F.  

 
7.2 The smaller laser table (Table 1) in the laser hall will have 8 thermocouples to 

monitor the table surface temperature. The acquisition rate will be from 0.1to 1 Hz, 
with a temperature range of 32 to 100° F and resolution of 0.1° F. 

 
7.3 The laser hall will have 5 thermocouples to monitor the cooling water temperatures 

of the pump laser cooling groups located on Table 2. The acquisition rate will be 
from 0.1to 1 Hz, with a temperature range of 32 to 120° F and resolution of 0.1° F. 

   
7.4 Two thermocouples will monitor the LCW supply and return temperatures for 

cooling the laser systems in the laser hall. The acquisition rate will be from 0.1to 1 
Hz, with a temperature range of 32 to 100° F and resolution of 0.1° F. 

   
7.5 Hutch 1 or Hutch 3 will have 10 thermocouples monitoring the laser table 

temperature and LCW temperatures. The acquisition rate will be from 0.1to 1 Hz, 
with a temperature range of 32 to 100° F and resolution of 0.1° F. 

 
7.6 The laser hall will have 10 additional channels for thermocouples to accommodate 

future laser systems. The acquisition rate will be from 0.1to 1 Hz, with a temperature 
range of 32 to 100° F and resolution of 0.1° F. 

 

8 Timing 
8.1 120-Hz machine timing will be received and regenerated by EVR. Eighteen channels 

are needed from the EVR, with an additional 10 spares for future machine expansion. 
 
8.2 2.8G (or 476MHz) LBL timing interface is not determined at this time. 
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