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Bunch Compressor and De-compr essor
in the FEL for Satellite Power Beaming*

W. Wan, FNAL, Batavia, IL and A. Zholents, LBNL, Berkeley, CA

Abstract

A FEL of average power 200 kW is being designed at the
LBNL for satellite power beaming[1, 2]. It utilizesthe ra-
diation of ~100 MeV electronswith ~200 A peak current.
In order to obtain the desired peak current, the 5mm long
electron bunches delivered by alinear accelerator are com-
pressed to Imm. Furthermore, it isimportant for the FEL
operationsthat thecompressed buncheshave auniformlon-
gitudina density distribution over the entire bunch length.
After the FEL, the electron beam is returned to the linear
accelerator for deceleration. Since the eectron beam ac-
quires approxi mately 6% energy spread during radiationin
the FEL, bunch de-compressor isused between the FEL and
thelinac to expand the el ectron bunches back to their origi-
nal length and to reduce the energy spread. In thispaper we
present design and analysi sof the bunch compressor and the
bunch de-compressor that perform needed functions.

1 INTRODUCTION

Thiswork is part of abroader study aiming at the design of
aFEL for satellite power beaming [1]. At present a FEL of
average power 200 kW at thewavel ength of 840 nmisbeing
designed at theLBNL [2, 3]. TheFEL utilizesa~100MeV
electron beam with the average beam power of ~10 MW
provided by a RF photoinjector and a linear accelerator.
The design assumes a low beam peak current in the injec-
tor and the linear accel erator and a high beam peak current
inthe FEL. A compression of eectron bunches is needed
between the linear accelerator and the FEL. The goa of the
compression isnot only ashort bunchinthe FEL, but so a
bunch that has a uniform longitudinal electron density pro-
file over most of the bunch length. The former helpstoim-
prove the efficiency of the energy transfer from electrons
to light; the latter helps to minimize the energy spread of
electrons after theradiation. Thisisimportant because the
FEL design assumes that the electrons are decelerated in
thelinear accelerator to below 12 MeV beforethey are sent
to the dump, which isemployed for energy recuperationin
thelinac and the elimination of induced radioactivity in the
dump. Therefore, too large energy spread of the electrons
will hamper the decel eration process.

In the process of the radiation in the FEL the electrons
lose about 2% of their energy and acquire roughly an en-
ergy spread of 6%. Bunch de-compressor uses this energy
spread to disperse the compressed e ectron bunch back to
itsoriginal length. It also creates a correlation between en-
ergy of electrons and their position aong the bunch, which
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Figure1: Thelongitudinal distributionof electron peak cur-
rent at the end of the RF photoinjector. Point to point fluc-
tuationson the plot are due to limited statisticsin the simu-
lation.

isused to reduce energy spread of electronsat the end of the
deceleration.

2 BUNCH COMPRESSOR AND
DE-COMPRESSOR

The design requirement for a bunch compressor is areduc-
tion of the electron bunch length from approximately 5 mm
at theend of thelinear accelerator to 1 mm at the beginning
of the FEL. Thiswill raise the electron peak current in the
FEL up to more than 200 A.

At this point we assume that an electron bunch leaving
the RF photoinjector has a normalized longitudina emit-
tance of 6 cm and a uniform longitudinal distribution, as
shownin Fig. 1 (Thisdistributionis considered in adesign
of the RF photocathode gun). We begin bunch compression
by creating energy shift of the el ectrons correl ated with the
el ectron position along the bunch. Thisis accomplished by
accel erating theelectron bunchesinthelinac at a-13° phase
off the pesk accelerating field. 1dedlly, we want to produce
alinear dependence of the electron energy shiftson thelon-
gitudina coordinates of the electrons relative to the bunch
center. But, it isimpossible because the accel eration takes
place in asinusoida RF field and, together with the linear
term, it inevitably produces nonlinear terms. However, one
can use the actual dependency of the electron energy shift
on the longitudina coordinates and derive arequired path-
length difference as a function of electron energy. Usually,
the first three terms are sufficient for an accurate descrip-
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Figure 2: The layout of the bunch compressor

400 400
350 b) 350

a)
300
" 200
150

Peak current, A
N
S
8

Peak current, A

100
50 ‘. . 50

0.2 0.4 0 -0.6 -0.4 -0.2 0.2 0.4 0.6

z, mm z, mm

-0.6 -0.4 -0.2

Figure3: Thelongitudina distribution of € ectron pesk cur-
rent after bunch compression: &) without errors, b) with er-
rors. Point to point fluctuationson thepl ot are duetolimited
statisticsin simulations.

tion. In our case they turn out to be;
AE AE\® AE\?®
L =-0.514—— — 3. — ] -1 — 1
) 0.5 % 388<E> 77(E> (1)

where all coefficients on theright hand side of the equation
have a dimension expressed in meters. Now, thisfunction
can be programmed into the performance of the bunch com-
pressor to produce the uniform longitudinal distribution at
theexit. Thisistoforce all electronsto radiate intheiden-
tical conditionsin the FEL and, therefore, to minimize the
energy spread produced in the process of the radiation.
Inthisdesign weincorporated the bunch compressor into
amagnetic arc performing a 180° beam turn from the end
of the linear accelerator to the FEL. Its layout is shown in
Fig. 2. The arc's lattice consists of two identical cells and
resembles a second-order achromat. Each cell has 2 bend-
ing magnets, 8 quadrupol esand 4 sextupoles. The strengths
of dl quadrupoles and sextupoles are chosen to provide a
smooth beam focusing in the arc and time-of-flight lattice
termsdefined by Eq. 1. Care was given to the choice of lin-
ear opticsto minimizethe strengths of the sextupoles. Asa
result, the magnetic field of the sextupoles at thepoletipis
well below 1 kG (assuming 5 cm radius of the beam pipe).
To test thelatticewe did particleray tracing using COSY
INFINITY [4]. We assumed 8 mm-mrad for hormalized
vertical and horizontal beam emittance. The result of sm-
ulation without errors is shown in Figure 3. Here one can
see the longitudina distribution of the electron pesk cur-
rent after bunch compression. One can see that the final
distribution has a flat top extended amost over the entire

Static errors
Setting errors o(B2)=1x10"3% 9
Tilt errors (mrad) o(AY) =0.2
Misalignment errors
inx, (um) o(Az) =150
iny, (um) o(Ay) =30
inz, (mm) o(Az)=1
Multipoleerrors
dipoles o(B)=1x10"*atr=23cm ®
quadrupoles o(f)=5x10"*atr=>5cm ")

@) by, by and by are the dipole, quadrupole
and sextupole components of the magnetic field

b) the same for quadrupolesand sextupoles

Table 1: Specification of the errors
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Figure4: Thelongitudinal distributionof electron peak cur-
rent after bunch compression with no errors and sextupoles
and octupolesturned off.

bunch length even with al errors included in the smula-
tion. Then we applied al kinds of lattice errors like mis-
alignment errors, tilt errors, setting errorslisted in Table 1
and use two families of quadrupolesto offset the linear per-
turbationsto thelattice dueto the setting errors. We assume
that similar knobs will be used with an actual beam for an
initial tuning of thelattice. Then wedid particleray tracing
again. A typica result of asimulation for one seed of er-
rorsis shown in Fig. 3. Obvioudly, errors have little effect
on the performance of the bunch compressor. To demon-
strate the importance of the sextupol e corrections we show
theresult of similar particleray tracing for a case when all
sextupoles are set to zero in Fig. 4. It isclear in this case
that sextupoles play a crucid role in producing the desired
beam profile. In fact, with sextupoles off, the term T,
following the TRANSPORT notation, is about 135 m, re-
sponsiblefor 3.4 mm bunch lengthening of abeam withen-
ergy spread of +0.5%. Since the present solution with sex-
tupoles turned on works well for our purpose, no extra ef-
fort was devoted to optimizethefirst-order layout to further
minimi ze the second-order aberrations.
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Figure5: Thelongitudina distribution of € ectron pesk cur-
rent and energy distribution of the spent beam at the end of
thelinac.

2.1 BUNCH DE-COMPRESSOR

The function of the bunch de-compressor is the reverse
of the bunch compressor. It takes the compressed elec-
tron bunch with large energy spread acquired in the FEL
and uses this energy spread to disperse electrons. For this
purpose we use the second 180° arc to return electrons to
the linear accelerator. Physically this arc is similar to the
first arc, but quadrupoles and sextupoles are set to differ-
ent strengths. The de-compressor creates the correlation
desired between eectron position in the bunch and its en-
ergy. Thiscorrelationisused in thelinac for a partial com-
pensation of the beam energy spread. Thisisaccomplished
by decelerating the electron bunchesin the linac at a 13°
phase off the peak accelerating field. A result of the de-
compression of the electron bunch and deceleration in the
linac is shown in Fig. 5. Here we present a distribution of
the electron peak current and a distribution of the electron
energy inthe bunch of spent e ectronsat theend of thelinac.

One can see that at the end of the deceleration the total
energy spread of the electronsisroughly 2.5 MeV, while at
thebeginning of thedecel erationitisabout 5 MeV asshown
inFigure5.

3 CONCLUSION

The study presented in this report shows that the carefully
designed bunch compressor and de-compressor meet there-
quirement of the FEL for power beaming and thus enhance
its efficiency.
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