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FEL FEL –– operation principleoperation principle



FEL wavelengthFEL wavelength

� = � w (c – v) / v



FEL wavelengthFEL wavelength

� = � W (1 + K2/2) / 2� 2

� – IR wavelength
� W – undulator period
� – Lorentz-factor

E/mc2

K=0.093· B[kGs] ·� w[cm]
B – undulator on-axis

magnetic field ampl.

� = 1-10 � m
� W= 2 cm

E(beam) = 15-50 MeV
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Power vs. Gain trade-offPower vs. Gain tradePower vs. Gain trade--offoff



FEL AdvantagesFEL Advantages
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FEL spectral coverageFEL spectral coverage
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Operating Operating FELsFELs –– for Scientific Researchfor Scientific Research
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FELIX IR user facility (Netherlands)FELIX IR user facility (Netherlands)
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FELIX IR user facility (Netherlands)FELIX IR user facility (Netherlands)



HF resonators 
(accelerating cavities)

Old THz FEL

New optical resonator

New undulator

������ �����������/���
����� ����
�+�!�����
��������� ��/
���������� �
�


BINP farBINP far--IR user facilityIR user facility
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FEL research facilities FEL research facilities –– in constructionin construction
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NearNear--IR FEL facilityIR FEL facility
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FHI THz FEL SchematicFHI THz FEL Schematic

Putting Accelerator Technology to Work

�
?- � � 
 � �� � � ��� � 


�

� � � � �� � � � � � � � ' � ��� � �

����������+��0��
�������������'������� – �������3�



FarFar--IR FEL facilityIR FEL facility
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US Directed Energy WeaponsUS Directed Energy Weapons
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Potential Industrial ApplicationsPotential Industrial Applications
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Goal: 10%

Challenges:
P(opt) ~ P�������� / 2Nw

Nw = �	�
	 – number of periods
typical for IR-FEL

1. Low extraction efficiency 
(e-beam to optical energy)

2.  High RF losses in accelerator       
(cavity load)

EfficiencyEfficiency
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Increasing EfficiencyIncreasing Efficiency



1. Increasing extraction1. Increasing extraction
Tapered undulatorTapered undulator
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1. Increasing extraction1. Increasing extraction
Tapered undulatorTapered undulator
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2. e2. e--beam Energy Recoverybeam Energy Recovery
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3. Decreasing RF losses3. Decreasing RF losses
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SRF SRF –– superconducting RF superconducting RF linaclinac

%��3��
��%��3��
��

�� ����������

�� ,�3�����������,�3�����������

D�*��#*,�6D�0��9



MultiMulti--turn ERLturn ERL
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MultiMulti--turnturn ERL 2009ERL 2009
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ConclusionsConclusions
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