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JAERI Free-Electron Laser (original, non-ERL)

Energy = 16.5MeV
Bunch charge =510pC

500MHz SCA : = Bunch length < 5ps
(1MV.X2) - . st Bunch rep. = 10.4MHz
- .-E = I Timing jitter < 100fs

FEL : A =7-23um

Stable and powerful beam from SCA has brought a“brand-new” FEL lasing over 2kW.
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JAERI Energy-Recovery Linac for 10kW FEL

1/MeV Loop

Energy = 1/MeV

® Natural extension of the origina FEL : A = ~22um
configuration. Bunch charge =500pC

Bunch length = ~15ps (FWHM)
Bunch rep. = 10.4AMHz — 83.3MHz

® 8 timeslarger e-beam power.

® Fitting to the concrete boundary. Average current = 5.2mA — 40mA

after injector-upgrade
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History of JAERI-ERL development

Sep. 1999, loop design was compl eted.

Apr. 2000, merger design was completed.

(FEL exp. with non-ERL configuration)
Mar. 2001, original FEL was shut down, and ERL construction began.
Oct. 2001, first beam at the injector.
Dec. 2001, first beam at the main modules.
Feb. 2002, first recirculation, and energy-recovery.

Aug. 2002, first FEL lasing.
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Design of JAERI ERL
Return arc --- triple bend, 180 degree arc.

® Variable Rg; for energy-spread compression.
® Sextupoles to compensate second-order aberrations: Tqgs, Togs: Tses:

® Energy acceptance is 7% (full-width) for € =30mm-mrad.

guad.

sext.
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Design of JAERI ERL
| njection merger --- two-step staircase.

® achromaticity isrealized by three quads.
® small angle (22.5 deg.) injection is preferable for small emittance.
® but, performance is sensitive to quads parameters.

Ny =
i 2.5MeV
w/'—
H——
1/MeV
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Demonstration of Energy Recovery
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Beam current at the exit of the RF amp forward power for the 1st
second main module. main module.
Bunch interval is 96ns, and Beam loading is a most completely
recirculation timeis 133ns. compensated by energy-recovery.
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FEL experiments

FELS00R

cavity length measurement by pulse stacking method

Y (S —
K Hﬁ/

Ti:Sap. mode-locked laser
l 1mm center hole 83.3MHz

trial of FEL lasing

HgCdTe t — ool power meter
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FEL experiments

first lasing at Aug. 14, 2002.
FEL power isstill low about ~ 0.1kW.
Gain, loss, spectral measurements have not been done, yet.

Macropul se structures suggest that single-supermode and superradiance

appear depending on AL.
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R& D plan towards 10kW FEL

For increasing the FEL power, we need to increase the electron
beam power and increase the FEL extraction efficiency.

P(FEL) = n g P(beam)

JAERI R&D program towards 10kW FEL is

® Development of ERL system.

® |njector upgrade for higher beam power.
® FEL lasing in superradiant regime for high ngg, .

What is the [imitation of beam power and Ngg ?
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RF and beam power in the original JAERI-FEL

P(FEL)~2kW  P(beam)~90kW

-— l ]

0.5nC x 10.4MHz = 5mA

6kW 6kW 50kW 50kW

FELQ000
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RF and beam power in the JAERI-ERL

P(beam)~90kW

0.5nC x 10.4MHz = 5mA

6kW 6kW 50kW 50kW

FELQ000
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RF and beam power in the JAERI-ERL after injector upgrade

P(beam)~700kW

0.5nC x 83.3MHz = 40mA

40kW 40kW 50kW 50kW
|OT-Klystrode

FELQ000
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Analysis of HOM instability

Using measured HOM parameters,
designed optics, and anumerical
code similar to TDBBU.

| | |
l oo10° 5 10% 1 10° 1.5 10° 210

| ,y=40mA isfar below the
instability threshold.

HOM instability is not acritical
phenomenon for JAERI-ERL.
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FEL efficiency and energy-spread from a simulation
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single supermode
<

NeeL ~ 1.5% Is expected in superradiant regime,
but AE/E(full-width) is ~8%!
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Full energy-spread (%0)
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1-D FEL simulation with an electron bunch: 30ps (parabolic), jp=11 at peak,

no initial energy-spread.
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Beam energy compression at the return path

Energy compression for AE/E=8% beam PARMELA simulation arc exit
(I . r .
AE=1.33MeV @undulator, 17MeV 086 dump ,
0.4 \ it
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Beam acceptance at the return path

The beam acceptance of the return
arc, from the undulator to thedump  '*°

is estimated as 140 \\ \ \ \ \
AE/E ~ 7% for €,=30mm-mrad

100
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0 16
AE/E (%)

(the energy compression and the

2nd_order correction are included). PARMELA simulation for beam
transmittance from the undulator to the
dump.

FEL2000
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Beam envel ope from the undulator to the dump

| recoe

For large emittance, beam loss occurs between two cavities.
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Conclusions

® An Energy-Recovery Linac has been developed in JAERI
for ahigh-power FEL.

® Energy-recovery operation and FEL lasing have been
demonstrated successfully.

® R&D for 10kW FEL isin progress --- injector upgrade,
FEL lasing at superradiance, optimization of the return-path
for better beam acceptance.
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