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Abstract

We report the results of recent beandynamicsstudy, motivated by the need to redesign
the LCLS photoinjectorthat lead to theliscovery of a neveffective working point for a
split RF photoinjector. We consid#ére emittance&ompensation regime of a space charge
beam: byincreasing thesolenoid strengththe emittanceevolution shows adouble
minimum behavior in the driftingegion. If the booster islocated where the relative
emittancemaximum and the envelop&aist occurthe secondemittance minimum can be
shifted to the booster exit and frozen at a very llevel (0.3 mm-mradfor a 1 nCflat top
bunch), to the extent that the invariant envelope matching conditiosateated. Standing
Wave Structures aalternatively Traveling Wav8tructures embedded in a Long Solenoid
are both candidates as booster linac. A careful measurementeshittenceevolution as a
function of position inthe drifting region isnecessary to verifghe computation and to
determine experimentally the proper position of the booster cavitienniew design study
and supportingexperimental progranunder way atthe SLAC Gun Test Facility are
discussed.
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Abstract temporal chargedistribution is used[4]. While this result

We report the results of secentbeam dynamics study, technically meets the LCLS_’reqL.ur.eme.nts, it leaves no
motivated by theneed toredesignthe LCLS photoinjector, headroomfor errors or practicaldifficulties. Consequently
that lead tothe discovery of a neveffective working point Simulation studies haveontinuedwith the goal offinding a
for a split RF photoinjector. Weconsiderthe emittance Photoinjectordesign forthe LCLS thatwould predict a
compensation regime of space chargbeam: byincreasing transverse emittance of no more tftaB mm-mradwith the
the solenoid strength, the emittance evolution showsthermal emittance included.
double minimum behavior in the drifting region. If the
booster is located where the relative emittanegimum and 2 A NEW WORKING POINT FOR A
the envelope waist occur, tleecondemittance minimum SPLIT PHOTO-INJECTOR

can be shifted tahe booster exiandfrozen at a very low . . :
level (0.3 mm-mrad for a 1 nC flat top bunch), to &xent A detailed systematic PARMELA analysis of thBeam

that the invariant envelope matching conditianssatisfied. Parameters for &TF-like systemcan be found irf5]. Good
StandingWave Structures or alternatively Travelingyave emittanceperformancesndhigh peak current athe exit of
Structures embedded inLang Solenoidare both candidates the device can be obtained with high peak field orctiteode
as booster linac. Aareful measurement of themittance (140 MV/m), extraction phase 3teg and moderateolenoid
evolution as a function of position in tlkifting region is field strength (0.3 T) for a 1 nC uniforohargedistribution
necessary to verifythe computationand to determine and 10 pdong bunch with 1 mnradius. In the following
experimentally theproper position of the booster cavities. 3nglysis we will take these parameters as a starting point.
The new design studgnd supporting experimentgirogram \ve adopted the semi-analytical code HOMDYN [6]exiend
under way at the SLAC Gun Test Facility are discussed. tne investigation to the booster matching condition, taking
advantage of the fast running capability of the codexfgore
1 INTRODUCTION a wider range of parametersThe invariant envelope [7]

The proposed Linacoherent Light Source (LCLS) is arfnatching condition indeed requires the beam to be injected at

X-ray FreeElectron Lase(FEL) that will use the final 15 & /@minarwaisto’ = 0, in a matched accelerating gradient
of the TW booster given by:

GeV of the SLAC 3-km linacfor the drive beam. The —
performance otthe LCLS in the 1.5 Angstromegime is % _2
predicated orthe availability of a 1-nC, 100-Aeam at the oy, \ 21y

160-MeV point withnormalisedrms transverse emittance ofyhere | = 17 kA is the Alfven current. While investigating
~1 mm-mrad. An experimental program usderway at the the envelopeand emittance behaviour by scanning the
Gun Test Facility (GTF) at SLAC talemonstrate a high-solenoidfield strength wenoticed aninteresting feature. By
brightness beam meeting the LCl&juirementsising an 1f increasing the solenoid strength the emittance evolution
photoinjector [1]. The GTF experiment uses a 1.6-cell $hows adoubleminimum behaviour in the drifting region.
band rf gun developedjointly with BNL and UCLA [2] For a given value of the solenoid strength (0.31 T) the
surrounded by a solenoid just after the gun editer a short €NVelope waisbcecurs wherehe emittance hais relative

drift it is followed by astandardSLAC 3-m accelerating rgaxmuT (231'25 m) as shown by the boked lines in
section. Atransverse normalisetns emittance of.4 mm- ' 'gures - and <.

mrad for a0.9 nC pulse with 10-ps FWHM Gaussipunlse Thg performanceusing .thenew wo'rkm.gpomts (81 reheg
. .~ on this feature of the emittance oscillation. The guess is that
length has been measured at BNLusing a similar

X . if we locate the booster entrance at .5 and wesatisfy the
configuration [3]. : o . .
o . . . . . matching condition, the second emittamemimum could be
Earlier simulation studies using the multi-partictede

PARMELA predicted a transverse normalised emittance of:-( \ttaeriefoeh(;??r?eegde;%)i/c?:glff;i?a at alolvfsra![?g;tcfjﬁrg
mm-mrad -thermal emittance noincluded -for the LCLS g P 9

photoinjector if a uniform (oreven a truncated Gaussian'f1 the booster.



by the LCLS specificationseeFigure 4. Thepeakcurrent
of 96 A is slightly below the desired value.
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Figure 1: Beam envelope versus z for different solenoid
strengths.

v Figure 3: Beam envelope and emittance along the injector
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Figure 2: Beam emittance versus z for different solenoid
strengths.
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Figure 4: Peak current and rms energy spread along the

3 THE LCLS CASE k injector beam line. WP k
As a first naturakchoice forthe booster linac weonsider

a 3 m long constant gradient S-band TW structure, in use at GuneITW embedded in a 3m long solenoids1TW
SLAC since the 1960s. To satisfy the first matching 3 ‘ ‘ s
condition the booster should becated atz=1.5 m, where
the beam laminar waist occurs. Since the rms spot size is
0,=0.41 mm, thecurrentaveragedver the slices is 96 A, 2 12
and the averageslice energy is 6.4 MeV, the matched
accelerating gradient ahe TW booster igequired to be 35
MV/m. To drive the beam out of the spadearge dominated
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regime we need two SLAC structures resulting ineaargy U -
of 216 MeV in an 8 m long injector line, allowing a 0.5 m o ~— oe
long drift in between the two structures. ol w N S 0

As expectedhe secondemittance minimum, 0.5 mm-
mrad, now occurglownstream othe booster structures, see
Fig. 3, atz=10 m (wewill takethis location as aeference
position to quote emittance athe injector exit). An  Figure 5: Beam envelope and emittance along the injector
injection into the booster 18egreesff crest is enough to beam line.
compensate for the energy spread, resultingnesalual rms  Despite the good emittance resulting from this design, the
energy spread at the exit of the boosteD.@& % asrequired necessary gradient tmatch the beam to the boostxceeds

the limit of reliable performance by the SLAC structure.
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We thenstarted tolook for a lowergradientsolution by to measure thelouble emittancéeaturealong the beam line
increasing the focusing properties of thevice. This can be and to determineexperimentally theproperlocation of the
done by means of a long solenoidroundthe first TW pooster linac.
structure. Setting théesired accelerating field ofthe TwW
section to 25 MV/m, a scanning of ttsolenoid strength
showed a very goodvorking point with B=800 G. Beam

dynamics simulation showed a very low emittance value, 0.2 2 TW + SOLENOID + THERMAL EMITTANCE (0.3 mmmr

2.5 — 2.5

mm mrad, se€ig. 5, fulfilling at thesame time theother =
LCLS requirements. ) \ 1.
4 PULSE RISE TIME AND THERMAL _ s [\ A 15
EMITTANCE EFFECTS SERANTAN
We investigated the emittance degradation due to a realistic \\f M -
pulse rise time by means of PARMELA [@mulations. 05 e x
The results, seen in Fig. 6, show a vgood performance of i
the new workingpoint up to a 1psec pulse ris¢ime, the ol ! ! ! ! 0
design value. ° : ! ° ° e
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Emittance evolution for different laser rise times
3.5 v
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emit (ideal) ] Figure 7: : Beam envelope and emittance, including 0.3 mm-
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Figure 6: Emittance evolution for different laser rise time.



