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Experimental characterization of the 
laser heater effects on a seeded FEL 
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Outline 
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★ Fermi experimental setup 

★  Impact of the laser heater on 
seeded FEL 

 
★ Non-Gaussian effects 
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Experimental setup 
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LH 

,3,4 

Laser heater setup 
(from Z.Huang., FEL09) 

LH 
Fermi scheme 

, 3, 4 
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Laser heater – FEL intensity 
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Laser heater – FEL intensity 
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Laser heater – FEL intensity 

6 

0.5 1 2 30

20

40

60

80

100

120

LH energy [µJ]

F
E
L
 
i
n
t
e
n
s
i
t
y
 
[
µ
J
]

FEL intensity vs. Laser Heater

uB instability 
suppression too much energy spread 

FEL degradation 



Eugenio Ferrari – eugenio.ferrari@elettra.eu  |   

Laser heater – FEL intensity 

7 

0.5 1 2 30

20

40

60

80

100

120

LH energy [µJ]

F
E
L
 
i
n
t
e
n
s
i
t
y
 
[
µ
J
]

FEL intensity vs. Laser Heater

uB instability 
suppression too much energy spread 

FEL degradation 

Optimal value 0.6 – 0.8 uJ 
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But if we enlarge the scan range… 
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But if we enlarge the scan range… 
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The effect can be dramatic! 
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Dependence on R56 and seed 
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 R56 = 49 µm, seed = 50.6 µJ
 R56 = 64 µm, seed = 29.1 µJ
 R56 = 81 µm, seed = 21.3 µJ
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Dependence on R56 and seed 
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Dependence on R56 and seed 

13 

100 1010

0.2

0.4

0.6

0.8

1

LH energy [µJ]

N
o
r
m
a
l
i
z
e
d
 
F
E
L
 
i
n
t
e
n
s
i
t
y

R56 dependence (32 nm)

 

 
 R56 = 49 µm, seed = 50.6 µJ
 R56 = 64 µm, seed = 29.1 µJ
 R56 = 81 µm, seed = 21.3 µJ

Change in width 



Eugenio Ferrari – eugenio.ferrari@elettra.eu  |   

Dependence on FEL wavelength 
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The number, position and relative intensity of  
secondary peaks can be tuned 
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How to explain this behaviour? 
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FEL vs. LH - Without gain 
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Exp. Data

Without gain, the FEL intensity is almost 
proportional to the square of the bunching bm 

Coherent emission from 
three radiators only 
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Bunching  
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Exp. Data
Gaussian distribution
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Harmonic number 

Energy spread (rms) 

m-th order Bessel 

FEL energy modulation 

FEL wavelength 
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Momentum compaction 

Dispersion 
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Bunching  
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Exp. Data
Gaussian distribution
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Experimental results 
differ from what 
expected for a 

Gaussian energy 
spread distribution 
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Longitudinal Phase Space and heating 

19 



Eugenio Ferrari – eugenio.ferrari@elettra.eu  |   

Non-Gaussian energy spread 
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Exp. Data
Gaussian fit

Same area and same second moment 

42 uJ 

Significant differences 
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Bunching with non-Gaussian energy spread 
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(2) 

Harmonic number 

Energy spread (rms) 

m-th order Bessel 

FEL energy modulation 

laser spot size (in LH)  
e- spot size (in LH)  

bunching suppression factor 

Z. Huang, PRSTAB 7, 
074401 (2004) 
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Bunching with non-Gaussian energy spread 
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Exp. Data
Gaussian distribution
As from Eq.(2)

Z. Huang, PRSTAB 7, 
074401 (2004) 
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Simulated impact on high-harmonic emission 
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x 30!!! 
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Summary 
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★ A Laser Heater is routinely used in FEL operations at FERMI. 

★ The non-Gaussian distribution of the energy spread induced by 
the Laser Heater has been shown to be preserved up to the 
linac end and the undulators.  

★ The shape of the slice energy spread distribution has a 
significant impact on FEL intensity, as it ultimately determines 
the bunching. 

 
★  In particular, several FEL local maxima as a function of LH 

intensity have been observed, and can be controlled by tuning 
the machine parameters.  

★ The unexpected behavior is well reproduced by previously 
developed LH theory. 
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Perspectives 
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★ Preliminary numerical simulations show that the non-Gaussian 

energy spread can increase the FEL power at high harmonic 
(i.e. shorter wavelength) in a HGHG FEL. 

 
★ The significant increase in emission power could potentially 

extend the operation range of the single cascade HGHG 
scheme. 
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Thanks for your attention! 


