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Injector Drive Laser System Description and Specifications 
 
Background 
 
The LCLS injector uses a laser, called the Drive Laser, to generate a high quality electron 
beam from a photocathode located inside a high field RF gun.  The Drive Laser system 
will be located in the Laser Bay at Sector 20 which is at the 2/3 point of the SLAC two-
mile linac.  The new LCLS injector will be built in an off-axis accelerator vault 10 meters 
below ground.  The Drive Laser is expected to generate laser light at three wavelengths, 
IR, visible and UV, all of which are transported to the vault through the vertical transport 
tubes. The present document describes specifications of the Injector Drive Laser system 
located in the Sector 20 Alcove. These specifications are defined by the photocathode 
physics requirements [1, 2, 3]  taking into consideration the losses in the beam delivery 
system. 
 
The whole Drive Laser system will be built and integrated by the outside vendor 
according to the SLAC requirements.  
 
 
Specifications  
 
The following table summarizes the Drive Laser beam specifications: 
 
Table I- Laser Beam specifications 
Parameter System Requirement Operating 

Range/Comments 
Pulse repetition rate1 120 Hz Operating rates of 1, 10, 

30, 60 and 120 Hz 
Pulse Energy   2.50 mJ minimum  

 
Continuously adjustable 
from 0.1 to 2.5 mJ 

Central Wavelength 255 nm   
Pulse-to-pulse energy jitter  <2% (rms), for frequencies>0.1Hz  
Pulse timing jitter2 <200 fs (rms), for 

frequencies>0.1Hz 
 

Pulse length 10 ps (fwhm), less than 2%(rms) 
variation pulse-to-pulse 

5 to 20 ps -adjustable 

Temporal pulse shape3  Uniform, flat top, selected slope on 
flat-top within 3% of goal, and 
<8% peak-to-peak over flattop, 1 ps 
rise and fall at 10% to 90% 

-10% to +20% slope 

Radial shape Gaussian, M2<2  <10% peak-to-  
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peak  variation within the Gaussian 
profile for any single pulse) 

Centroid Position Stability  
 

Less than 3% of the beam radius 
(1/e2 level) 

Measured at the laser 
output 

Pointing Stability 
 

Less than 25 microradian  Measured at the laser 
output 

Pre- and post-pulses and 
pedestals, temporal halo 

Less than 0.5% of total UV energy 
within +/-20 ps of laser pulse 

 

MTBF4 >5000 hours  
 
 
Table I notes: 

1. These operating rates are obtained by electro-optically chopping the UV output 
beam, and allow the laser to operate at a constant 120 Hz. 

2. Final UV pulse timing jitter measured with respect to the 119 MHz clock – RF 
signal 

3. The temporal pulse shape is nominally flat but the slope of the pulse must be 
adjustable from -10% (head 10% higher than the tail) to +20% (head 20% lower 
than the tail). Temporal shaping is adaptive. 

4. With regular maintenance every 1000 hours.  
 
 
In addition to the UV beam specified above the Drive Laser system produces the IR beam 
for the Laser Heater .  
 
Table II – Laser Heater Beam Specifications  
Parameter System Requirement Operating Range 
Pulse repetition rate1 120 Hz Operating rates of 1, 

10, 30, 60 and 120 Hz 
Pulse Energy   1 mJ  At the laser output 
Central Wavelength 765 nm   
Pulse-to-pulse energy 
jitter 

<2% (rms)  

Pulse timing jitter2 <200 fs (rms)  
Pulse length3 10 to 20 ps (fwhm)  
Temporal pulse shape Square, 2 ps rise and fall at 10% to 

90%, Uniform, flat top, <3%RMS 
variation on sloped plateau, <8% 
peak-to-peak variation 

 

Beam Spatial Quality M-square < 1.2  
Centroid Position Stability 
 

Less than 3% of the beam radius 
(1/e2 level) 

At laser output 

Pointing Stability Less than 25microradian At laser output 
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Table II notes: 

1.   These operating rates could be obtained by electro-optically chopping the 
output beam, and allow the laser to operate at a constant 120 Hz. 

2.   Measured with respect to the 119 MHz clock – this can be the RF signal or in 
relation to a single optical pulse from the oscillator. 

3.   The desired pulse length will be produced in a separate stretcher/compressor 
 
 
Drive Laser Architecture 
 
 
The Drive laser architecture consists of a MOPA (master oscillator power amplifier) type 
using a standard CPA (chirped pulse amplification) scheme where the oscillator source is 
running at 119MHz which is synchronized (phase-locked) to an external (SLAC/LCLS 
supplied) RF source. The oscillator is a titanium-sapphire (TiS).  TiS oscillators are well-
known standard industry products; they are robust and can provide the broad bandwidth 
required for the temporal pulse shaping.  
 
The final high energy IR pulses are produced via high gain, broadband amplification of 
phase-locked oscillator pulses through an amplifier chain. The amplifiers are pumped by 
the DPSS (diode pumped solid state) lasers running at repletion rate 120 Hz. 
 
The system uses a pulse shaper, which alters the temporal pulse shape from a Gaussian to 
a flattop envelope with the specified short rise and fall time. Because transmission losses 
in temporal shaping hardware are quite high, it operates at low energy levels. Pulse 
shaping is therefore implemented at oscillator pulse energies and upstream of the 
amplifier chain.  High gain amplification, recompression and subsequent UV conversion 
processes can introduce phase distortions. Achieving the appropriate UV pulse shape at 
the photocathode requires an adaptive temporal shaper. The Drive Laser system uses an 
acousto-optical phase dispersion filter – Dazzler, which is placed after the stretcher. 
The UV radiation is produced through third harmonic generation in the appropriate 
nonlinear crystals. The choice of crystal pair and the beam geometry should provide the 
maximum conversion efficiency (exceeding 10%) for the given input beam parameters. 
After the second crystal the dichroic optics should be placed to provide the separation of 
the fundamental, second and third harmonics beams. 
 
 
Block Diagram of the Drive Laser system. 
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Diagnostics clusters will be set up at the output of the oscillator, after each amplification 
stage and after the UV conversion to measure pulse energy (after amplifiers and UV 
converter), average power (after oscillator), spectrum (after oscillator), pulse duration and 
a spatial beam profile.  
 
The output of the UV conversion unit will be relay imaged through the UV transport line 
to the photocathode launch and conditioning system. 
 
 
 
Safety Requirements 
 
 
The Drive Laser system meets all SLAC safety requirements. 
 
There are shutters after oscillator, amplifiers and pump lasers, which are interlocked to 
the SLAC PPS system.  
 
The laser system is compliant with  

1. Laser safety codes: 
a.  21 CFR 1040.10   

Spectra 
Physics  

MILLENIA Vs 

Femtolasers Oscillator
Synergy 

Pump #1 
100 mJ,120 Hz

Pump #2 
100 mJ,120 Hz 

Amplifier 
2-pass Bowtie CompressorTHG 

Pre-Amp 
4-pass Bowtie 

20 mJ, 120 Hz 

80 mJ, 120 Hz

100 mJ, 120 Hz

20fs 
400mW, 119MHz 

5W, cw 

150ps 
80mW 
119MHz

>20mJ, 120Hz

>40mJ, 120Hz >25mJ, 120Hz
>2.5mJ, 
120Hz 

Transport 
To Cathode 

RGA 
Regen Amp 

Stretcher DAZZLER 

1mJ, 120Hz 
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b.  21 CFR 1040.11,  
2. EMC codes:  

a. EN55011 Class B, 
b.  EN61000-3-2,  
c. EN61000-3-3,  
d. EN61000-4-3,  
e. EN61000-4-4,  
f. EN61000-4-2,  
g. EN61000-4-6,  
h. EN61000-4-11,  
i. EN61000-4-5  

3. Electrical safety codes  
a. NFPA 70 UL 508A,  
b. 29CFR 1910 Subpart S,  
c. 29 CFR 1910.301 thru .305,   
d. 29 CFR 1910.399   
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