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Laser Heater Physics Requirements 
 
The LCLS injector system will incorporate a laser-electron-beam heater system (an inverse 
free electron laser) in order to generate an uncorrelated energy spread in the electron beam 
[1].  This produces Laudau damping in the bunch compressor chicanes in order to suppress 
potential micro-bunching instabilities that may be driven by Coherent Synchrotron Radiation 
(CSR) in the bunch compressors, and Longitudinal Space Charge (LSC) forces in the linac. 
The laser-heater system is shown in Fig. 1.  The heater system is located just downbeam of 
the L0b accelerator section at 135 MeV in the off-axis LCLS injector housing. 

 
Figure 1.  The laser-heater system in a weak chicane with co-propagating laser beam. The 
blue squares represent chicane magnets and the green rectangle represents the 9-period 
undulator.  Two OTR screens with photo-diodes are included to aid in spatial and temporal 
overlap of the co-propagating laser and electron beams.  Dimensions are approximate. 
 
The electron beam (10 ps long) propagates collinearly with the TiS laser pulse (20 ps long, 
758 nm wavelength) through a 55-cm long, 9-period, adjustable gap, planar undulator 
located within a magnetic chicane.  The laser-electron interaction energy-modulates the 
electron bunch along its length with a period equal to that of the laser (758 nm).  The 
chicane provides convenient injection of the laser beam and, more importantly, an effective 
time-smearing of the energy-modulation due to the path length dependence (through the last 
two bends) on each electron’s horizontal angle in the undulator (finite emittance).  This 
smearing erases all time-structure on the bunch and produces an effective ‘thermal’ local 
energy spread.  A 2.2-MW laser power (44 μJ in 20 ps), and parameters given in Table 1, will 
produce a 45-keV local energy spread, rather than the very small 3-keV level expected from 
the RF gun.  The 3-keV level is too small to be of any advantage in the nominal 
configuration of the 1.5-Å x-ray FEL, and is also too small to generate any Landau damping 
in the bunch compressors.  The heated energy spread of 45 keV becomes a 1×10−4 relative 
energy spread in the x-ray FEL (at 14 GeV and with a bunch compression factor of ~40), 
which is still small enough to have a negligible impact on 1.5-Å x-ray FEL production, but 
large enough to effectively Landau damp the beam instabilities in the accelerator.  Modeling 
studies show the local (uncorrelated) energy spread can be increased up to 160 keV rms in 



 
 

________________________________________________________________________________________________
PRD 1.2-004-r2                                                                          Check the LCLS Project website to verify  
3 of 4  that this is the correct version prior to use. 

the laser heater chicane (19 MW or 400 μJ in 20 ps) and still not affect the transverse 
emittance significantly. 
 

Table 1.  Laser-heater parameters. 
parameter symbol Value range unit

electron energy E 135 120 – 180 MeV
FWHM electron bunch length (duration) Δτe 10 5 – 15 ps 
rms transverse electron beam size σx,y 0.2 0.16 – 0.25 mm
bunch charge Q 1 0.2 - 1 nC 
transverse emittance γεx,y 1.2 0.8 – 2 μm 
rms uncorr. energy spread (before heater) σE ~3 - keV
Laser wavelength λL 758 750 - 770 nm 
Undulator period λu 5.4§ - cm 
Undulator parameter K 1.385§ 1.047 – 2.229 - 
Undulator minimum gap G 34§ 25 - 100 mm
Number of undulator periods Nu 9 - - 
Chicane magnet eff. length (approx.) LB 18 - cm 
Bend angle of each chicane magnet θB 7.52 0 - 7.52* deg 
Beam offset in chicane center |ηx| 35 0 - 35 mm
Laser beam waist rms size (Gaussian mode) σL-x,y 0.18 0.16 – 0.3 mm
Laser beam Rayleigh range LR 50 42 - 1600 cm 
Laser pulse energy (nominal/high-setting) uL 44/400 0 - 400 μJ 
Laser power (nominal/high-setting) PL 2.2/19 0 - 20 MW
Laser pulse duration (FWHM) ΔτL 20 10 - 20 ps 
rms energy spread generated (nom./high) σE-max 45/130 0 - 130 keV
Required spatial overlap of laser and e-beam |Δx|=|Δy| <0.2 - mm
* The four chicane dipole magnets are powered in series on one supply, which is 

continuously adjustable from zero to full scale (7.52-deg bend angle at 135 MeV) 
and three of the four dipoles will include independently powered trim coils. 

§ Tolerances are briefly described below. 
 
The laser heater uses a 758 nm IR pulse from the main drive laser that is transported to a 
four magnet chicane in the injector vault.  The 20-psec long laser pulse is superposed over 
the 10-psec e-beam in a 9 period undulator.  The laser period is in resonance with the 
undulator parameters with the condition: λL = λu(1 + K2/2)/(2γ2).  The resonance requires 
an electron energy (γ) accuracy of about ±2% (90% efficiency). 
 
The tolerance levels for the mean undulator period, K value, and gap, assuming a uniform 
error over all 9 periods, are not independent tolerances since they can compensated by 
adjusting the electron beam energy.  The rms tolerances (over the 9 periods) have not been 
studied systematically but can be estimated as 1/(4Nu) <3% (i.e., (ΔK/K)rms ≈ 0.5%, (Δg/g)rms  
≈ 0.5%, and (Δλu/λu)rms  ≈ 0.5%). (This is not clear as the other PRD says (ΔB/B)rms = 1%?) 
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Beam Diagnostics 
 
Two OTR screens (PRD 1.2-021) are included with one on each side of the undulator.  
These are insertable foils with optics and cameras and can be inserted horizontally or 
vertically, depending on mechanical layout interference issues.  There is a slight preference to 
insert them horizontally so that the screen is ‘pitched’ 45 degrees with respect to the beam 
incidence direction, rather than ‘yawed’ 45 degrees (vertical insertion).  The OTR screens 
only need to intercept the beam when the chicane dipole magnets are powered, as shown in 
Fig. 1.  When extracted the OTR screens should not intercept the electron or laser beams in 
any condition (dipoles on or off). 
 
Each OTR optics package should include a fast photodiode in order to sense the electron 
arrival time using the OTR light.  Another photodiode on the laser will be used to establish 
coincidence. 
 
Laser diagnostics are described in detail in ESD 1.2-122, but include an imaging camera, 
power meter, photodiode, piezo controlled mirrors for position feedback control, an 
adjustable delay line, and a fast Pockels cell and waveplate for energy control. 
 
 
[1] “Suppression of Microbunching Instability in the Linac Coherent Light Source”, Z. 

Huang, et al., Phys. Rev. ST Accel. Beams 7, 074401 (2004). 
 
Additional documentation on laser-heater physics: 

1. Presentations from Cecile Limborg, Zhirong Huang, and Juhao Wu to the Laser 
Heater Physics Review, March 1, 2004. 

2. Report of the Laser Heater Physics Review Committee by Kwang-je Kim. 
3. Responses to the Laser Heater Physics Review Committee. 
 

These documents may be found at: 
http://www-ssrl.slac.stanford.edu/lcls/photoinjector/laserheater/ 
 


