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ABSTRACT the design is based.
TABLE |
Optimum operation of a plasma beat-wave or wakefi§ L rameter Desian Value
accelerator requires an injected beam consisting of a train of elegtron zesign vau

bunches separated by the plasma wavelength, with each bunch |jEth&tance (unnormalised, |0.5Ttmm-mrad
train having a length much shorter than the plasma wavelength ﬁﬂg_)
the capability of controlling the relative phase of the electron bunghes
and plasma wave. The typical plasma wavelength is about 0.1 [fR€rgy spread (rms.) 2%
requiring a bunch length of about 10 to20, which is difficult to Injector beam energy >2 MeV
achieve with conventional RF based injectors. In this paper |we
describe an electron accelerator-buncher system based gAv@rage charge inbunch |1 nC
photoinjector and an FEL, which can satisfy the plasma acceleféarnchlet) (1% e)
requirements.

Bunchlet length 30-60fs
INTRODUCTION Bunchlet diameter () <200 um
An iniector of up to 25 MeV b . dt I rtﬁhase(:ontrol
Plasma Beat Wave Acceleraor (PEWA) [ wih ahigh quay (| 50U [T 1ps
v M 'on qualky relative <30 fs

0.5mtmm-mrad at full energy) electron beam of sufficient intensityl{

1 nC per pulse) to allow capture and acceleration by the PBWA of a o y
significant number of electrons to the GeV energy range. The injector Injection phase conrol of the bunchlets facilitates

will be based on proven technology from the Saturnus Iaboratoryc[Eﬂmlzatlon of t[he PBWA for acceleration, reducing the energy
with upgrades of both the BNL RF gun [3], and the Plane Waﬁpé?ad_ and emittance of the PBWA accelerated beam. Absolute
Transformer (PWT) accelerator [4]. The system will provide 1 HE“”Q is relaxed because the electron pulse can be much longer than

average micropulse charge focused to a@@pot diameter at thethe laser pulse. However relative timing of the plasma beat waves

injection point. A FIR FEL is proposed as an optical pre-buncﬁ%'?h the electron bunchlets becomes necessary. A nonlinear optics

Phase locked pre-bunching of the electron pulse into 0r26ng control method of phase locking bunchlet formation to the beat wave

bunchlets will allow control of the relative phase of the electl'ghoduced by the lasers is necessary. Several possibilities exist to

bunchlet and the plasma wave. Such control will aid in minimizﬂ{‘i}ﬂ"e\’e this and detailed studies will be done to identify the most

PBWA electron beam final energy spread and emittance. The Od{lﬁ%}/ candidates so that the issue will be resolved before the optical

pre-buncher/ final focus system may need to be an achromaticbé"d’i]ﬁhlng experiment is begun. We note that the options include: 1)

isochronous system to second or perhaps third order to maintairl1J ﬁ”?eOf a beatwave-plasma interaction to produceyidhase

bunchlets shape after exiting the optical resonator. !ocked radlatlor.1 to seed an.FEL amplifier and; 2) use of nonlinear
index of refraction changes in a plasma, due to a plasma beat-wave

PBWA REQUIREMENTS interaction, to control the optical path length, thus the relative phase,
of 100um light.
A PBWA operates by mixing two lines from a drive The baseline injector system uses the technology of the

laser in a plasma whose parameters are chosen so thaSB{@mus experiment. The Saturnus hardware represents all the
beat between the laser lines matches the plasma frequeh@{dware needed for the injector, except for the experiment specific
We assume a multi-terawattpim laser system as the drivefinal focus into the PBWA, and phase locking of the electron pulse to

laser system for the PBWA. The PBWA requirements dictdf€ PBWA laser system.

the design of the injector so that efficient matching can

occur. Table 1 shows the top level parameters upon which



strength.
INJECTOR DESCRIPTION GINGER calculations for a master oscillator-power
amplifier (MOPA) FIR FEL configuration have been done to begin
A standard RF power system consisting of a modulator @gmining the performance of a pre-buncher. Table Il gives the

klystron runs a photo-cathode RF gun (0-5 MeV) and an PWT (P@#RGER parameters of the electron and optical beams studied for the
wave transformer) accelerator section (5-25 MeV). The electggillator and the amplifier.

beam generated in the gun is focused by bucking solenoids so that it Table Il
has proper size entering the accelerator. X-Y steering magnets C]tmﬁ&ctron Beam Parameters
for any small mechanical misalignments. After exiting the Oscillator and Amplifier
accelerator section the beam travels through a beamline guideqand
focused by dipole and quadrupole magnets. These magnets math thi/€Ctron beam energy 21 Mev
electron pulse into the FIRFEL for prebunching. A final transpprt ~ Micropulse current
section matches the beam into the PBWA for acceleration by | the 150 A
plasma wave. Micropulse length (fwhm) 12 ps
The modulator and klystron provide up to 35 MW
approximately 7 MW to the electron gun and the rest
available to the PWT. The design of the modulator is takgiormalized emittance (edge) 10Tt mm-mrad
from the present modulator for the Saturnus experiment,
capable of running at 5 pps. The klystron will be a SLA(Resonator Parameters, osd.
XK-5 of which UCLA currently has two available for thig

Micropulse spacing 10 ns

. Single pass gain 2.4

project. gepassd
Fourth harmonic light of the PBWA laser drives the Power in spontaneous 15w

photocathode. The gun itself is the second generation of|the €Mission after 1 pass
successful Brookhaven National Laboratory rf gun. A slight Saturated power (peak) 180 MW

ification of the length of the fi i Its i
modl ication of the lengt o.t e first cavity, to Q‘ﬁresuts in an_ Resonator length 15m
increased electron beam brightness (a decrease in beam emitianee)

Round trip time 10 ns

over the original "half cavity" design.

The PWT is a high gradient standing wave accelerafor. Undulator Parameters
Several engineering and fabrication improvements are proposefi f&Scillator and Amplifier
the new injector: A simplification of the internal cooling of the Undulator period 4cm
structure; use of all metal sealing surfaces for greater radi

quon yndulator length, osc. 1m

resistance and better vacuum properties; redesign of the "diskg" tUUnduIator length, amp 08m
reduce the maximum surface gradient. This improved PWT has been - : :
fabricated and tested with low level RF power and has been installed®n @xis magnetic field 1.04T
into the Saturnus beamline. In order to reach 25 MeV two PY\dath length correction factgr 11.3
structures will be used. K%?2

The GINGER code test case is based on a
parabolic electron bunch in z of total length 16 ps. The undulator is

. linear with external quadrupoles providing focusing in the wiggle
The requirements on the pre-buncher are that 0 plane

bunches spaced 10fn apart are injected into the plasma beat wave The oscillator is assumed to have 60% net cavity

accelerator with emittance and energy spread within the acceptan&qelg&ance' with a net cavity detuning that is 0% of slippage.

the PBWA. An FEL naturally bunches electrons onto a fraction of the Figure 1 displays results from GINGER showing the

op_tical wave being ampliied, one wavelength apart. From this is Edﬁching of the electrons at the end of the amplifier undulator. The

quite clear why .an FEL cgn be used as the PBWA pre-buncher. first pulse displayed, at a time 1.33 ps into the bunch, demonstrates
Matching operation of the pre-buncher to produce the be@@ excellent bunching possible through the FEL mechanism. The

desired for injection into the PBWA leads o setting the Operati'ﬂgjority of electrons are clearly bunched very sharply in phase over
point of the FEL in terms of energy, undulator length, and field

THE FEL AS AN OPTICAL BUNCHER
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~60°, corresponding to less than gt. The forward part of the REFERENCES

electron pulse is well bunched because the optical fields propagate
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The bunching parameter is about 0.7. To increase the number ofi8g A. Lal, K. Wharton, D. Gordon, C.E. Clayton, M. Everett, C.
bunched slices, we will consider in future calculations two potentié?l'lgfhi’ PAC 95, May 1-5, Dallas, TX

beneficial effects: 1) tapering the undulator, and; 2) use o£)a
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Two possibilities exist: The FEL oscillator could be built as the
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source. The MOPA configuration clearly provides a complg;e Multipole Field Measurements in the SLAC/BNL #3 RF
solution to the problem of getting 10t light, but is expensive and% D. Palmer, R. H. Miller, H. Winick, X.J. Wang, K. Batchelor, M.
does not solve the phasing problem between the bunchlets angy&igjie |. Ben-zvi, PAC 95, May 1-5, Dallas, TX

PBWA beatwave. A second possibility would be to use the beatwave

to produce a 10Am seed for the FEL amplifier directly. This givegf) Initial Operation of the Plane Wave Transformer (PWT)
automatic phasing between the bunchlets and the wave. An u% R. Zhang, P. Davis, G. Hairapetian, M. Hogan, C. Joshi, S. Park,

calculation indicates that injecting the two lines from the drive 'aé‘?rPeIIegrini, J.B. Rosenzweig, G. Travish, PAC 95, May 1-5, Dallas,
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in a f/1 cone angle.  As can be seen from Table Il this power is
several orders of magnitude greater than the spontaneous emission at
the end of the first pass.




