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e ﬂEvqution of synchrotron radiation source!

X-Ray FELs

Goals:
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e Implications (current technology):
Large machines, GeV Energies
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* Wiggler technology




X-ray sources expand

Planning status October, 2003
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] Vision for a future LBNL light sour

BERKELEY LAB




Vision for a future light source facility at LBN
A HIGH REP-RATE, SEEDED, VUV — SOFT X-RAY FEL ARRAY

Array of configurable FELs
Independent control of wavelength, p
duration, polarization
Configured with an optical manipulati

Beam technique; seeded, attosecond, ESAS

manipulation
and
conditioning

Beam distribution and l‘
individual beamline tuning

~2 GeV CW
superconducting linac
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Low- Laser systems,
emittance, timing &
high rep-rate svnchronization




Spread in this term is harmful!




What drives X-ray FELs towards large
energy electron beams?
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|. Coherent emission--bunching at X-ray wavelengths

2. Limits on our ability to create and propagate
high brightness electron beams

3. Limits on our ability to build short wavelength wigglel
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{ W Dephasing from transverse motion
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F Ze  Yeare limited by our inability
make high quality beams

with conditioning

 allows relaxed emittance requirement in FEL-
-but we do not know how to produce required
conditioning in a practical system (yet)
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W SASE FEL: amplification of fluctuations
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SASE spectrum and temporal shape has spikes--
poor longitudinal coherence
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Phase space manipulation

Manipulate beam phase space can have many advantages:
Enhanced gain
Seeding radiation pulse for harmonic cascades
Attosecond pulses
Synchronization
Relax beam quality constraints (conditioning)
Lower energy for given wavelength

Many of these ideas are realized by laser interactions with
the electron beam prior to the radiation generation. Sor
examples...




Lasers manipulate longitudinal phase spa
during interaction in wiggler
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Laser palpear fs 100 fs

Harmonic cascade sec

This cartoon is realized by manipulation of beam phase space with short
pulse lasers. The idea is to condition and select specific slices of
electrons to radiate differently (in direction, frequency, intensity, etc.). For

synchrotron sources this has already been accomplished: Zholents &

Zoloterev (1996); Schoenlein, et al, 2000; Khan, Part. Acc. Conf. 2005. For FEL see Zholents et al
(2003-2007)
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'ﬂ High Gain Harmonic Generation (HGHG) —
- seed with a laser pulse and radiate at a harmonic

Extends energy reach, lower power
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Dispersive section introduces
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L.-H. Yu et al, Science 289 932-934 (2000)
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] Cascaded harmonic generation scheme

BERKELEY LAB %

seed laser pulse disrupted region
(_L\ modulator radiator {—A—\ modulator radiator

UM\ ST
-

tail \ /) head

\
Low e electron pulse \

Unperturbed electrons
SE ~ SE (O)

Delay bunch in micro-orbit-bump (~50 mm)

— | [V[ALY (A4 4]+ (4] + [Av[A]v (][RI (A4 AV SRR
R 7 (VAW [A[ 0[]V [A[¥[A]V[A]¥ [A]v[A[¥[A v [A]v [4]+] \ [ VAP VA A A v (A v AV A v Ay A v A R
Seed laser pulse FEL modulator 3rd - 5th 3 - 5th harmonic  3rd - 5th
Thunch >> Tmo Lw < Lsat harmonic FEL modulator / harmonic
Pmo >> Papor Strong bunching radiator low gain amplifier  radiator

Lw < Lsar



L

'ﬂ HHG laser seed--an alternative to harmoni
cascades

BERKELEY LAB YN

Example with seed at 30 nm, radiating in the water window
First stage amplifies low-power seed with “optical klystron”
More initial bunching than could be practically achieved with a single modulato
Output at 3.8 nm (8™ harmonic)
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| =30 nm
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1 GeV beam
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Gullans et a
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Gun

Beam manipulation

FEL performance is governed by beam brightness:

Brightness = # electrons/6D-phase space volume
This number will NOT get larger---
determined by gun physics and emittance
or energy spread can grow through various instabilitie:
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