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Mode Locked Optical Klystron —
brief review



Axial Modes from an amplifier FEL

 Synthesise axial mode spectrum without cavity
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X-ray SASE MLOK amplifier with
mode-locking*
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Amplified HHG - retaining structure with MLOK via initial
electron beam energy modulatlon*
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Figure 6: Longitudinal intensity profile (top) and spectral
power distribution (bottom) of the HHG seed in 3D simu-
lations.
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Improved temporal coherence by
Increasing cooperation length*
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Figure 3: Short Pulse Regime: Scaled power pulse profiles at saturation for (a) S. = 1.0 and (b) S. = 4 with delays
randomised and terminated prior to saturation.

*Thompson, Dunning & McNeill,
IMPROVED TEMPORAL COHERENCE IN SASE FELS
Proceedings of IPAC'10, Kyoto, Japan, TUPE050, 2010



Why bother with APTs?
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Further development:
MLOK In an cavity oscillator
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Regenerative Amplifier FEL

High Gain Low Feedback

concept (Low-Q cavity)
McNeil B W J 1990 IEEE J. Quantum
Electron. 26 1124

Los Alamos IR-RAFEL

Nguyen D C, Sheffield R L, Fortgang C M,
Goldstein J C, Kinross-Wright J M and
Ebrahim N A 1999 Nucl. Instrum. Methods
Phys. Res. A 429 125-30

TTF VUV-RAFEL

Faatz B, Feldhaus J, Krzywinski J, Saldin
E L, Schneidmiller E A and Yurkov M V
1999 Nucl. Instrum. Methods Phys. Res. A
429 424-8

LCLS X-RAY RAFEL

Huang Z and Ruth R D 2006 Phys. Rev.
Lett. 96 144801

As well as these experiments in the infrared region of
the spectrum, this high-gain regime of the FEL oscilla-
tor is also of interest in FEL designs for the ultraviolet
and higher frequencies. The lack of high mirror reflec-
tivities for these frequencies severely restricts the design
of low-gain oscillators.
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New Journal of Physics

The open-access jourmnal for physics

A design for the generation of temporally-coherent
radiation pulses in the VUV and beyond by a
self-seeding high-gain free electron laser amplifier

B W J McNeil'*, N R Thompson'-*, D J Dunning?,
J G Karssenberg®, P J M van der Slot® and K-J Boller?

E LCE'I" :
| P ~'ﬂb'+|r§:ﬁ£§-ﬁtﬁ;ﬁﬁ—q TSI E '-1'!'7

u
v i

W (rmm)
b owmwman
. |. —r
IJ 2
.
|II II
Illl jl
|II III
|| f
f
N
/'
|II I'
[

40 35 30 25 20 15 10 = 0
Z (m}

Figure 5. A schematic of the 4GLS VUV-FEL with the baseline design
parameters. The fundamental cavity mode at 1/¢” of the on-axis intensity is
shown 1n blue on the same longitudinal scale as the engineering representation.
Electron beam transport 1s right to lefi.



WHY A RAFEL?

MNudear Instruments and Methods in Physics Research A 593 (2008) 116- 119

Contents lists available at ScienceDirect |7 e

Nuclear Instruments and Methods in e,
Physics Research A e

journal homepage: www.elsevier.com/locate/nima

Short wavelength regenerative amplifier free electron lasers
D.J. Dunning ®, B.W.J. McNeil ®*, N.R. Thompson?

* ASTeC, Daresbury Laboratory, Warrington WA4 4AD, UK
® SUPA, University of Strathclyde, Glasgow G4 ONG, UK

| Ao|?

2

& Ap =
HighGain TGRS
Undulator

Fig. 1. Schematic representation of a generic high gain RAFEL system.

* Robust FEL cavity design able to generate close to Fourier
Transform limited tunabla output from feedback factors F~10° : a
self-seeding high gain FEL ideal for short wavelength generation



RAFEL without MLOK —
Interesting case of short electron
pulse: |, ~ 1.



Example short-pulse RAFEL simulation

K . 2 0y o oy "-II".'l_: ¢ Aoy
| Ao High Gain Al (2) ~ =5 exp(v3i)
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o
Fig. 1. Schematic representation of a genenc high gain RAFEL system.

Parameters are typical for a soft x-ray FEL.:

Gaussian current electron pulse: O, = |C (|C = 1/472',0)
FEL parameter: p=2x10"°

Undulator length: L, =6 Ig (Ig = %/477,0)
Cavity feedback factor: F=4x10"

Cavity detuning: lengthened by |
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And so on until sometime later....
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This output is stable, with very little temporal jitter or power jitter, pass to pass :

A great candidate for generating single, stable, attosecond pulses in the x-ray.



RAFEL with MLOK —
with short electron pulse: |, ~ |,



Example short-pulse MLOK RAFEL simulation

o -
FeA I

Parameters are typical for a soft x-ray FEL.:

Modulation
laser

Gaussian current electron pulse: O, = |C

FEL parameter: p=2x10"°
Undulator module length X 16: |_u = |g /4
Chicane induced slippage X 16: O =1.25 |C
Beam energy modulation amplitude: .

(can also use current modulation) Vinod = PV

Cavity feedback factor: F =35x%x107?

Cavity detuning: lengthened by 3 xI.
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Table 1: Nomnunal ALICE Electron Beam Parameters
/ \LICE II z-FEL Electron beam energy 35 MeV

\J A Clarke et a.l . M O PA08 iﬁia;mnmca 10 E‘Enf’md
Bunch length (rms) 06ps
g Energy spread (rms) 0.1%
8.35 MeV /\'3? SupercL?:;icucting

Superconducting
Booster

Dipole Chicane
Compressor

—_— Table 1: Comparison of the ALICE FEL design
parameters and those used during recent commissioning.

,,,,,,,, Wiggler

Paramerter Design Value OPE],H“DM]
= Value
1
Energy (MeV) 35.0 275
Bunch Charge (pC) 80 40
Normalised Emittance 10 ~12
(mm-mrad)
Bunch Length, FWHM 14 <2
(ps)
Energy Spread, FWHM 0.25 ~0.7
(%)
Max. Train Length (us) 100 100
Bunch Repetition Rate 8125 81.25
(MHz)
Max Number of 8125 8125
Bunches per Train
Cavity Length (m) 0224 0224
3 2 Cavity Mirror ROC 475 5.01£0.25
Diagnostics ()

Room Single Pass Gain (%) 83 18




ALICE MLOK IR-FEL
scaled parameters

Gaussian current electron pulse: O, = 2.37 |C
FEL parameter: p=2.3x10"°
Undulator module length X 10: L, =0.221,
Chicane induced slippage X 10: O =0.88 |C
Beam energy modulation amplitude: .

(can also use current modulation) Vinod = PV
Cavity feedback factor: F=0.9

Cavity detuning: lengthened by ~5xI1_




ALICE MLOK IR-FEL
— not really optimised yet

80pC, 35MeV, 1ps rms
electron bunch.

Resonant at 4.3um. al-

ALICE FEL undulator

rebuilt as ten 4-period =3 |

sections with integrated ol \ -

delay/matching sections 2 |

between =151 \

150kV electron beam A |

energy modulation and n

~165um period. 057 A / \ | /\ ]
Gives 3MW 100fs o oW WL
(FWHM) Splkes (7-CyC|e) 6000 7000 8000 9000 tl(()g;o 11000 12000 13000 14000

Currently investigating if such an experiment is feasible and fundable.



Conclusions

Simulations of Mode Locked Optical Klystron configuration
predict pulse trains/multi-frequency mode output in both
amphfier akd cavity resonator FELS

RAFEL with short electron pulses gives stable, coheren
output of ‘single’ attosecond pulses in x-ray — will investigate
how low feedback factor can be ( F <10 ?)

RAFEL in MLOK configuration gives APT output

Simulations of low gain IR-FEL oscillator in MLOK
configuration also predict mode locking.

Investigating a possible proof-of-principle experiment
on the ALICE IR-FEL.



Thank you for listening.





