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SIMULATION OF EMIlTANCE GROWTIIIN TilE ALS PRE-INJECTOR' 

Charles II. Kim 

Accelerator and Fusion Research Division, Lawrence Berkeley Laboratory 

University of Caliromin, Berkeley, Cnliforni:1 94720 

Abstract 
Transverse and longitudinal beam dynamics in the ALS prc­

injector were simulated wilh a 2 1/2 D code. Strong space-charge 

forces at low energy and nonlincarities caused emittance!> to grow. 

However, careful tuning of the bunching sys tem and the linae 
reduced emittance growth to an acceptable level. About 1/3 of the 

gun output are within the required energy spread and the normalized 
nns emillnnce is sigllificanly lower than the expected value. 

Introduction 
The preinjector of the Advanced Light Source now under 

construction <llihe Lawrence Berkeley Laboratory consists of a 120 

keY 2A electron gun. a bunching system with three bunchers (125, 

500, and 3000 Ml1z). and a 50 MeY disk-loaded traveling-wave 

linnc. It was designed to operate in either a single bunch mooe or in 

a multi-bunch mode at a rap rate of lip to 10 li z. In the s ingle bunch 

mode. more than 1 nC of electrons with a velocity spread of less 

than 0.3 % rms IllUSt be delivered to the booster synchrotron in 

order to fill the storage ring in a rew minute. 

Energy spread is of our main concern because main beam asses 

will occur at the energy selector located in the Iinae- to -booster 

transrer line.ShOri bunch length in the linac and tuning of the rf 

phase is essential for a small energy spread. A 2 ns, 4 nC bunch 

s tarting at the gun is compressed by a ractor or 10 in the two 

subhannonic bllnchers and by another ractor of 10 in the S-band 

buncher I . Bunch compression is limited by strong repul sive space 

charge rorces; the beam perveance, 21/(lA(Py)3). increases rilpidly in 

the bunching system and reaches a maximulll value or 6 x 10_2 in 

the middle or the S-band buncher. 

DescriPtion of the pre-injector 

Beam elements, their locations, and strength are sununarized in 

Table I below. 

Table I. The beam elements and locations used in the simulation. 

Elements z (em) Strength 

Eceltron Gun o - 0 

125 MHz Buncher 99 - 99 50 kY peak 10 pcak 

500 MHz Buncher 246 - 246 50 k Y peak 10 pcak 

S-band Buncher 279 289 3.5 MY/m 

Linnc. Section I 291 - 492 15 MY/m 

Qundmpole Triplet 535 - 582 143 • -260, 143 Gnus/ill 

Linne, Section II 612 - 812 15 MY/Ill 

The electron gun is similar to the one llsed by SLC; it will be capable 

of producing 2-4 A or peak current at a nominal energy or 120 keY 

with a nonnalized nns emiuance or 8 7t mm-mrad. The gun current 

can be pulsed for a minimulII duration or 2.5 ns. at the maximum 

rate or 125 Mllz. We plan to usc at Illost 18 conseclltivc micro­

pulses ( <150 I1s) at a timc. This is suitable for single-Illrtl injcct ion 

into the boosler. A drift region or 100 cm between the glln and the 

125 Mllz subharlllonic buncher is necessary ror beam 

instrumentation and ror bucking the solcnoidal focusing field at the 

gun. 

The 125 and 500 MHz subharrllonic buncher is a reentrant 

resonant cavity excited in the TEM modc. 11lc S-bnnd bUllchcr is a 4 

cav ity traveling wavc structure with a wavc velocity, Pw = 0.75c. 

Wave velocity in the linac is assullled to be 1.003 c. Solenoidal 

rocusing is lIsed up to linnc section I and a triplet ror linac scction II. 

Simulation 

A modified version of PARMELAI was used . TIle simulation 

includes space charge forces, and effects of imilge charges on the 

VilCl1l11ll chamber wall. Linac is Illodeled with three spatial 

hannonics. Oeam loading2 in the !inac and wake field efrects may be 
significant in the Ilmlti -bunch mode. but nol included in the present 

simulation. 

Results 

A particle is considered los t ir either it touches the vacuum 
chamber wall or the velocity becomc..<; less then zero. ·nle nl1mber of 

surviving particles in the si mulation is shown in figure (I) as a 

fl1llc ti on of the distance along the linac. Most particle losses (-1.2 %) 

occurred in the first 25 Clll of the !inac section I. Total lost particles 

in the pre-injector was 5.8 % in this simulation. 
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figure 2. Energy distribution of the 472 surviv ing pnrticles nt the 

end of the Hnae 

Energy distribution of the particles at the end of the lin<lc is 
shown in figure 2. OUI o f 472 "all" particles which nre able to make 

their way to the end of the linne, 322 particles are wi thin the req uired 
rln s e nergy sprcCld of 0.3 %. These "core" particles have energies 

between 58.5 MeV and 59.2 MeV and will be selected for injection 

into the booster. Transverse (horizontal) emiltances of nil and core 

particles at the end of linac are shown in figure 3 .. The core emittance 

is sign ificantl y sma ller than the val ue we used for our early design 

studies ( 110 1t" mm-mrnd). 

Behavior of "a ll" particles and "core" particles are illvestignted 
in the subsequent s tudies using post-processors for post -mortcm 

:In:tlysis. Separate ana lysis of all and core particles turned Ollt to be a 
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rigure 4. Transverse nns emittance (n llnn-Illrad) versus z for all 

and core particles. Transverse emittance grows rapid ly in the S-band 

buncher and in the fi rst few cavities o f the linac. 

useful tool for fl1lure optimi7 ... 1tion of the core particle pcrfonllilll ccs. 

figure 4 shows growth of th e transverse emillances along the 

pre -injector. Rapid emi ttancc grow th in th e bUllching sys tem was 

previously re ported I and the growth mechanism is identificd as the 

one proposed in rderence 3, i.e., the time dependen t radial rf fi eld . 

figure 4 shows that the core particles are behaving in the same way 

and there are not any more significan t emittance growth in the linae. 

Pu lse d urations shown in figure 5 indicatc that the rcpulsive 

space cha rge forces are limitting pulse compression (for all particles) 

at the end o f the 500 MHz buncher but do not affect the core 

particles. The sharp dip of the pulse duration in the S-band bUllcher 
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Figure 7. Longitudinal nns emittances (It MeV~deg) versus z for the 

core and all particles. 

indicates that core particles are over bunched. It is dirlicult to avoid 
ovcrbullching in the present design 

For a single bunch mode of operation it is important that 11 0 

electrons sp ill into the neiboring booster rf buckets which 

correspond to 6l.in.ill: rf buckets. In the present simulat ion t out of 
the 322 core particles was found in one of the nearest neighbor linac 

rf bucket; This particle was left out in the pulse-duration calculation 

in figure 5. For all-particle group, 3 were found in one of the nearest 

!inac rf buckets. No particles were found in any other buckels. 

The energy spread and the longitudinal emittance of the core 

particles behaved quite differently from those of the all particles as 

shown in figures 6 and 7. The rf phases of the two linac sec ti ons 
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had to be IlIlled carefully such thallhe core population is ll1:lxil11i7.ed. 

Conclusions 

The present s imulation showed thai in a single bunch mode Ihe 

ALS pre-injector can deliver about 2.5 nC of 50 MeV elec trons in a 

single rf bucket with an nns energy spread of 0.3 % and nommli7.ed 

nns emill rmce of 30 Jt Illlll-mrndto the ALS booster injection area. 

llcam loading in the lin:lc and effects o f the wake fields arc not 

included and Illay alter the conc lusion, speciall y for th c ll1ulti-bunch 

mode. 

'111 C outhor wishes 10 thank Denis lIall, Bill Johnslon and Dave 

Robertson althe Advanced Development Projects Group of the LDL 
Information and Computing Sciences Division for producing the 

simulation ll10v ie in VCR fomlat for th e poster session. 
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