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Abstract
The photoinjector of the JLab 10 kW IR FEL was re ‘ Gahs cathade
cently upgraded: a new photocathode drive laser was ct viewal (o K \

missioned and the booster section was replaced with r
5-cell cavities. In this paper we present numerical sim oTRr3

lation and optimization of the photoinjector performanci LT
using ASTRA, IMPACT-T and IMPACT-Z beam dynam- it 1 buncher
ics codes. We perform these calculations for the nomii k- o MU
350 keV operating voltage of the dc gun. muitisiit:2
INTRODUCTION Figure 1: Overview of the Jlab IR-FEL photoinjector.

The legend is "L1" "L2": solenoidal magnetic lenses,

Jefferson Lab is currently operating a high averageg~q» »gco superconducting 5-cell CEBAF cavities
power infrared free-electron laser [1]. The driver accelsy,  4» quadrupoles, "OTR1...3" optical transition radi'

erator is an upgraded version of the now decommlssmn% on screen, "multislit’ emittance measurement stations

1 kW IR-Demo FEL [2]. The_facility also serve as a plat-ry, green triangles indicate the locations of the sector
form to explore beam dynamics phenomena and technol&—poles composing the merger

gies associated with the realization of very high-average-
power free-electron lasers. The driver accelerator com-

prises a~ 10 MeV injector followed by a 80-200 MeV en- Taple 1: Beam parameters specifications at the injection
ergy recovering superconducting RF linac that allows higboint (“multislit 2” in Fig. 1).

average current operation with modest klystron power. To

reach the 10 kW goal, the charge-per-bunch was increased _parameter value units
from 60 pC to 135 pC and the bunch repetition rate from  bunch charg&) 135 pC
37.425 MHz to 74.850 MHz. The requirements on beam  transverse emit, , <10 pm
quality at the wiggler location to lase with a 10 kW aver- By 10 m
age power using 135 pC bunches are gathered in Table 1. &z y 0 -
The photoemission injector, whose block diagram is shown  bunch duratiow; = o./c [1.5,2.5] ps

in Figure 1, is a key element in achieving the required beam  longitudinal emit.e, <28  ps-keV
quality. It basically consists of a 350 keV line coupled with energy spreadg <15 keV

a high gradient RF structure consisting of two CEBAF-type
superconducting cavities that can accelerate the beam 8p.425 MHz corresponding to the fortieth subharmonic of
to approximately 10 MeV. The accelerating section is folthe rf fundamental frequency (1497 MHz) of the RF sys-
lowed by a 10 MeV injection line that includes a diagnostem. It can provide various micropulses shape and dura-
tics suite. tions with a variable repetition rate ranging from 0.245 to
74.850 MHz. The gun is currently operated at 350 kV. Ef-
BEAM GENERATION & ACCELERATION forts to develop a gun capable of withstanding an accelerat-
ing voltage of 500 kV are underway. The beam is then bal-
The low-energy line consists of a high-voltage DQjstically bunched with a 1.5 GHz single-cell buncher [6]
photoemission gun for electron generation, a roomMpcated~ 1 m upstream of the SCRF accelerating sec-
temperature buncher cavity and two solenoidal lenses (sgén. The accelerating section incorporate two modified

Fig. 1). The gun uses a GaAs photocathode driven hgEBAF 5-cell cavities capable of maximum peak E-field
a Nd:YLF laser [3] . The drive laser is mode locked togf ~ 20 MV/m.

*Work supported by the Department of Defense under contract The p(_arformar_lce Of_the bea_m generation and accelera-
N00014-06-1-0587 with Northern lllinois University. tion section was investigated withsARA [7]. The dc-gun
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and the magnetic solenoid lenses are modeled by their aemposed of three sector bending dipoles with bend-

ial electric or magnetic field obtained fronoPBssonNsim-  ing anglesd = (4,—,4) 20°. The dispersion func-
ulations. The CEBAF cavities and buncher are describe@n reaches a maximum in the second dipdle,|( ~
by their axial electric field simulated usinguBERFISH  56.38 cm) and has a value df,| = 30 cm at OTR2

In all the cases the electromagnetic structures are assumed
to be cylindrical-symmetric and the radial electric and az-
imuthal magnetic fields are derived form a third order off- 20
axis expansion. An evolutionary algoritheENETICOPTI- __15¢
MIZER [8] was used in conjunction with &TRA to seek g
a set of optimum operating parameters for the photoin-
jector such to minimize the longitudinal emittance down-
stream of the accelerating section. The transverse emit- 0= 1 15 > 25 3
tance, bunch duration, and energy spread were constraine: distance from photocathode (m)
accordingly to the specified range of values shown in Ta- 10 ‘ ‘ ‘ ‘
ble 1. For fast throughput 2000 macroparticles were used _
to optimize the accelerator settings. The variable param- E
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Figure 2: The three different photocathode drive laser in- Istance from photocathode (m)

tensity temporal distribution assumed for the optimizatio N = —
of the generation and acceleration section. 30¢ FV\

201

e_(keV-ps)

z

eters for the optimization were: the transverse laser spot
size, the solenoids magnetic field, the buncher and accel-
erating cavities electric field amplitudes and phases. The % o5 1 15 2 25 3 35 4 45
photocathode drive laser was assumed to have a uniforn- distance from photocathode (m)
cylindrically-symmetric transverse distribution andeér
cases of temporal distributions were considered (Fig. 2). ~ 15f

10,

20

The evolution of beam parameters obtained for the besti 100

longitudinal emittance are shown in Fig. 3 for the three ©" 5

cases of the laser temporal distributions shown in Fig. 2. .

These simulations were performed using 200k macroparti- % o5 1 15 2 25 3 35 4 45
cles. The "long” laser pulse does not meet the specified lon- distance from photocathode (m)

gitudinal emittance while the "short” and "flat top” shapes ! 1 ﬂ o /\ /\

for the laser temporal distribution meet all requirements. £ 05;

The optimum settings for the short laser case call for a % 0

rather large laser spot size @f = 4 mm (the maximum et 9N puncher sci sc2
allowed — and twice of the spot size routinely used) on the £ |

photocathode. This, in turn, results in large transverse sp o 05 1 15 2 25 3 35 4 45
sizes in the low energy transport upstream of the accelerat- distance from photocathode (m)

ing cavities. However no particle loss are observed in our

simulations (the beam pipe apertures are included). F re 3: Rms beam parameters for the optimum iniector
these three sets of simulations the kinetic energy is withi Igu ' S np N > optimum 1nj
the specified range @9, 10] MeV. settings that result in the smallest longitudinal emiteanc

, .

for the three different photocathode drive laser temporal
distribution shown in Fig. 2 (same color coding is used).
10MEV SECTION The bottom plot shows the field profile and location of each
The 10 MeV accelerating section is followed by acomponent. The symbols are defi_ned in Table 1 and Fig. 1,
quadrupole telescope and a “staircase” achromatic merg®r IS the rms transverse beam size.
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(see Fig. 1) thereby enabling energy profile measuremei
The merger is non-isochronous with a longitudinal dispel
sion Rsg ~ —19.25 cm'. Therefore an incoming bunch 3,
with proper correlated energy spread can be further cor £ 0
pressed. Two effects set the upper and lower limits on tt o ~0.05
bunch length downstream of the merger. On one hand

longer bunch length alleviates the detrimental effects ¢ 01, o 2 -0.1, 0.05 0.1
longitudinal space charge [10]. On another hand longe z (mm) population (arb units)
bunch lengths result in nonlinear (mainly quadratic) dis 0.1
tortions of the longitudinal phase space as the bunch
accelerated in the downstream cryomodules. Such di
tortions vyield significant longitudinal emittance growth.
Simulations of the beam dynamics in the merger wer

0.05

population (arb. units)

0
10 T T T T T T -2 0 2
z (mm)

vz (mm)

g

Figure 5: Longitudinal phase space and corresponding pro-
jections at the injection point for the "short” laser case.
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R SUMMARY

Simulation and optimization of the injector currently in
— 1 operation at the 10 kW JLab FEL have been performed for
different scenarios of photocathode drive lasers. Optimum
0 ‘ ‘ ‘ ‘ ‘ ‘ settings were found for two laser configurations that could
5 S ance from photgcathode?m) 10 1 prowde beam parameters v_v|th|n t_he specified v_alues. It
20 ‘ ‘ ‘ ‘ ‘ ‘ is hoped that these simulations will serve as guidance to

157_—/x\_ test and validate new settings of the photoinjector aimed at

lowering the longitudinal emittance.
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