Free Electron Laser (FEL) and Inverse Free
Electron Laser (IFEL)

FIG. 1. Schematic view of IFEL accelerator.



The longitudinal component describes the change in the energy of
the electron and can be written as

mc* > Ay —eV, o E 0Pra
dt dt

Energy exchange between the electron and laser beam
Electron to laser : FEL

Laser to electron: IFEL



Assume rate of change of radiative loss is zero: Prad =0

dt
me2 97 eV o E,
dt

dy 1ldy
dz c dt

Assume a helical wiggler and a circularly polarized laser or planar
wiggler with linearly polarized laser. One can calculate the
transverse velocity v; of the electron in the magnetic field and the

scalar product of v and E,
Courtesy:

E. D. Courant, C. Pellegrini and W. Zakowicz, Phys Rev A 32 (1985) 2813
R. B. Palmer J. Appl. Phys. 43, (1972) 3014
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where E, is the amplitude of the laser field, & is the angle between
the particle and the z axis, A is the wiggler period, A is the

wavelength of the laser and O is the relative phase of the particle
in the helix to the electric field of the laser.

r

If the wiggler is designed such that

1 1 1 dy
1= ! =
/1( j then, 1 ok, COS ¢
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Snap shot of electron trajectory and electric field of laser for FEL
as they progress along one period of the wiggler

Triveni Rao, USPAS 2008, Annapolis
Courtesy: http://reu.physics.ucla.edu/common/papers/2007/affolter matthew.pdf



sapphire Circular
CO, Laser Guide, 2.8 mm ID
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Courtesy: A. van Steenbergen et al. Phys Rev. Lett. 77 (1996), 2690
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TABLE I Design parameters of the IFEL accelerator.

Electron beam

Injection energy (MveV) 40.0
Exit energy (MeV) 423 C02 laser
Mean accelerator field (MV/m) 49
Current, nonunal (ma) 5 EH d t bl d
N (bunch) 10% 11 mMoae stablliZze
Fas (A) 30 l " 1
NI o0 with in Rayleigh length
rms emittance (m rad) A 1 from entrance
Beam radis (mm) 03
Wiggl
e 2.8 mm ID, 0.6 m long
L. (m) 047 . .
Section length (m) 0.6 Sapphlre CIFCU|ar
Period A, (cm) 289-314 .
Gap (mm) 4 WaVGQUIde
B (T) 1.0-1.024
Beam osallation a,;, (mm) 0.16-0.19
Laser beam
Power W; (GW) 1
Wavelength A (um) 10.6
Maximum field £, (MV/m)? 0.78 » 108
Guide loss e (m ") 0.05
Field attenmation (dB/section) 0.26
. FWHM (ps) 200-300
Normal field A (m ™) 1.53 x 107
Beam waist ry(L,, /2) (mm) 1.0

'y = (Wi Zo)Y2 /Ry, Zo = 377 (1, and Ry = 2.8 mm wave-
ode radius. Triveni Rao, USPAS 2008, Annapolis



Evidence of Acceleration
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Fmnal focus

Courtesy: P. Musumeci et al., Proc. Of 2005 PAC P. 500
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Electron beam

ENnergy 145 MeV
charge 0.3 nC
emuittance 5 mm-mrad
pulse length (rms) 0 ps
Trma at focus 120 pm
CO; lazer

power 400 GW
wavelength 10.6 pm
pulse length (FWHM) 240 ps
spot size (1/e) 240 pm

»20 MeV (150%) energy gain

»>70Mv/m gradient
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Acceleration and Deceleration - Electron bunching needed

Triveni Rao, USPAS 2008, Annapolis




Microbunching

Triveni Rao, USPAS 2008, Annapolis



Energy Gain of the Electron Beam
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http://www-scf.usc.edu/~kallos/Files/AAC04%20Presentation%20-
%20IFEL%20Buncher%20-%20Themos%20Kallos.pdf
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short wavelength

pass filter
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Courtesy: Y. Liu et al Phys Rev. Lett. 80, (1998) 4418
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Applications of Micro-bunching

Seeder for staged acceleration
— Staged IFEL, ICA, LW

Seeder for FEL

— Normal FEL at fundamental wavelength
— High harmonic generation

Source of short bunch length electrons
— Attosecond e beam generation

Source of coherent radiation
— CTR, THZ (300 um)



Seeder for staged acceleration
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Courtesy: W. Kimura et al. Proc. Of 2003 PAC, 1909
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Parameter Value
E-beam energy 43.6 MeWV
E-beam mtrinsic ensrgy spread ~0.04%
E-beam normalized emttance .2 mm-
mrad
E-beam charge ~0.1 nC
E-beam pulse length ~3 ps
Laser wavelength 10.6 pm
Laser pulse length 180 ps3
Laser pulse energy 5]

Triveni Rao, USPAS 2008, Annapolis



Electron Distribution
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High Gain Harmonic Generator

Dispersion Section
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Courtesy: L. H. YU et al. Science 289, (2000) 932
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Source of radiation and use of radiation for
electron diagnostics

Slice emittance, longitudinal distribution of short (100 fs) electron
bunch can not be measured by standard techniques—> generate
optical replica of the electron beam

NEr AT RN ETT radl atod
electrans : chica ne

laser pulse I I I I )

i replica
elect ron £ Ihe P de sty cohere mt
distributiomn m e lat ke el wlation rad latiamn

<ammuutl{ffp  conmnnnbffflo - oovonennni(

Use standard optical technique to measure beam parameters
Courtesy: E. Saldin et al. Proc. Of PAC 07, P. 965
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Attosecond electron beam generation

TABLE I. Experimental parameters for attosecond bunch train production. All widths are given as

FWHM.

Parameter Value
Electron energy 60 MeV
Electron energy spread 30 keV (typical)
Electron energy jitter 6 keV
Electron pulse length (L8 ps” (typical)
Electron timing jitter <().2 ps®
Electron spot size 100 gem (nominal)
Electron transverse jitter (x and y) 25 pm
Bunch charge | pC (nominal)
Laser wavelength TES nm
Laser energy (.65 ml/pulse
Laser pulse length (L35 ps
Laser spot size 200 pm
Undulator period 1.5 cm
Mumber of periods 3
Undulator strength (a,, ) (.46
Chicane R 0.04-0.16 mm
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Courtesy: C. Sears et al. Phys. Rev. Spl. Topics AB, 11, (2008), 061301
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