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Abstract. Wigh brightnesssourcesare_he basic_engs in thenew acceI-

eraaordevelopmema sac& asFree-ElectronLaserexperiments.The e_ectsofthe

intera_ions_ thehighlychargedparticlesand thefieldsm theacceleraCmg

_r-_cture, e.g. RF., Space charge mad Wake fields can be detrimental _o the beam

and the experiments. We prment mad discass the formulation used, some simu-

Laxion mad results for the Brookhaven Natica_ Laboratory _gh brightness bears

that _es e_ects of the accelerating field, space charge forces (e.g.due _o

fieldofthebunch),mad thewake field(e.g._ from theinteractionofthe

cavitysm-hoeand theselffieldofthebunch).

I. Introduction

The high !_rightmesslaserdrivenradiofrequency(RF) cavities(Guns),axepotential

sourcesofhighcuzrent,low emittanceand shor_bunch beams ofdectrons, requiz_ fornew

me_hods of acceleration, such as (FEL) free electronLasers. To achievehighbrightness

and rapid "accdergion, a radio frequency gun operating at 2.856 GH, with I I/2 cell,

mode resonant,discloadedstructure(withcathodeplacedat thestartofthe first1/2

cell),isdesignedand operatingastheinjectorforthetwo S-bend LINAC sectionsat the

BNL AcceleratorTestFacility(ATF). This presentationincludes,(inSectionII),beam

dynamics analysisofa highbrightnessbeam ofphotoelectrons,with the RF, serf-fieldand

wake fielde_ec_son theparticlesinthecavity(e.g.BNL photo cathode_an).Formulation

isdiscasaedinSectionEEL
ID
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II. Beam Analysis

The BNL _ consists of a I 1/2 cell _-mode c_vity _th a metal photoc_thode a_ the

_dpl_e of _t__ cell.W_th i_ d.m.met_"of 83.08 mm, and totalI_h of 78.75

(whe_ the rsi celllez_h = 2.625 cre,and the 0_hdcelllen_h = 5.250 cre,with radiusof $

apertureofI cre-

The _ ispoweredby a (cosvemionaltype),SLAC klystron_and ksdesignedto

produce a low emittance beam of 4.65 MeV aZ the exitof the g-,m,with the 100 MV/m

fieldon cathode(La,an aven_ axial_adiem ofS6.6M'V/m).

With laserspotsize_, = 1.2,5mm, las_pulsewidth_, = 2Ps (.6mm), chargeof

0.9 nC, E0 = 100 M'V/m_ when (initialphase) _0 = 50° we obtain the max energy (4.21

MeV) and minimum transverseemittance(_ = 9.S,.-mm-m_--ad)atthe_ exit(Z _-98

mm). The bunch RMS leng_ is1.077mm, i_ racliusis3.17mm, longitu_ emittance

(e_v)is4.55 mm-mrad and peak cuzretxtis188A. A/ter magnetic compression,the bunch

R_MIS length reduces to .967 mrr, and peak current increasesto 212A. Variationirtthe

exit pm-ax,_em for the g,xawith respectto changes in the _nitialphase ginks given Rx
" 9

F_4[aresI-3. F'_-aze4 shows a schemaZicofthe BNL photoca_hode &nra,and F_res 0--1-,

the behavior ofthe beam (includingRF, the space cha_e and wakefield effects)are shown

at variouspoints a/ong the cavity.

F_,Ires 1 show a)variationsin the bunch RMS len_ b) RMS radius;c) normalized

_erse ;and d) norma/ized longitudinalemittancerespectively,with respectto variation

intheinit_phaseannie_

F;_ 2 (a-d),show a) variationinpeak curfeW, b) bunch RMS lengthafterma_e_ic

comp_'essio_ d) Immch avera_ kineticener_ with vaziationsia initialphase an_le.

Fi&n_res3 (a-b),show a)% RMS &7,/7,and b) shows the RMS Divex_encewith variazion

in phase an_e.

Figure 4 shows a slmtch of the BNL photocathode gtm. Since lowest emittance and

hi_hes_momentum occurswhen the initialphase angelis50°,inF_ux_ 5--12,we illustrate

effectsof wake and selffieldon the _am.

Figure 5 shows _he effect of the wake and bunch selffie/&

Figure 6 shows the propagation of self-field.



Figure 7 shows H_ field with respect to

Figure 8 is plot of J_ and J, distributions as functions of z.

Figure9 shows constantfield lines a_ounfl thebunch.

, Figure10 shows thet_ phasespaceplotofz - z'(atz = 98 mm).

Figure 11 shows the phase space plot of P, vs z at z = 98 mm.

" Figure12 shows variationsofthechargedensity-divEwith respect toZ and R.

HI. Formalism

Inthissectionwe presenta briefoverviewoftheformalismusedtostudytheint_ion

of highly cha_ed particle bunches with the fields inside the accelerating s_ructures, e.g.,

theBNL photocathodegun (illu_ratedinSectionII).

An initial cLdvingcurrent -_= (Jr(r,z,t),Jz(r,z,t)) in presence of a TM-Field, (H_b,

Er, Ez), form a _self-ccnsiste_t" set of equations:
---.4,

I02H --,

= -v × I

-_----q

---, = and
= (vr, v,), the fields E = E(r,z,t) _ = H(r,z,t); and the source J J(r,z,t)

"_ = p"_r, z, t) are _etrieaL Where the scalar equation LV = _-r

The driving current is due to the motion of the bunch of particles arotmd the axis of

cavity., and since the deriving cttrrent must be axisymmetrical the particles (of the bunch)

can only move in the r - z plan_ (so their charge density and current are the same as those

• produced by _ of charge" centered on - axis); can move axially or expand radially.

There are v--,_-iousways of solving these equations, one way is to use the standard Finite

• Di_erence Method (FDM) that allows the transform of the di_erential problems into the

algebraic ones, via the discretization of the operators (L) and functions (_b, Jr, J z), over

a mesh- In that one solves simultaneously the equations for the field propagation and the

equation of motion for the particles.



Thus the effec:s of the e.m. interactions on the beam dynamics properties, such as

emittances,energyspreads,etc.can be obtained[_tI knowing thel_eldfir#ateachmesh

poin_ at present and at next integration tin_., the equation is _utegrated with respect to

_he standard PL-K. method, with the charge distribution

__'-',_2 _-(_
pi(r, ri, z, zi) = e sd - _; • \*" }

(3) .
= •ro\Tr/(2_):3/2_ _•

the co_nding currentdensitiesare:
t.

.z,,= (4,)
I, = ala_,e -{'-_)/_''_ _(-,---r)nd (5)

which satisfy the continuity equation, guarantees gauge invariance (V, "E- p/_ = 0) and

minimizes the unphysical fluctuation in the driving current.

Inequations(3--5),err,a, arethechargeand coordinateso£thei-thparticle;fl_and/311i

aretheradialand axialcomponentsofthei-rhparticlebetarespectively;/'0and/'iarethe

_'" m [l(_).0-th and 1st-order modi_ed Besset function of the first kind4 and 0qi = ('z.,r£,'-'d4

(For detailedformulation see references.)

On Emittance:For clarity,we note the followingemittancedelmitionsareused in this

analysis:NormalizedTransverse_mittance= VrzzP2z- (z p:)2 (e_)and R_MS Transverse

Emittance = _/zzz _2- (z _2), (for discussion of emittance including high= order moments

IV. Summary

We illustratedtheinteractionbetweentheself-fieldand wake fieldinduced in thecavity

for the BNL RF _ photoelectron beam. We used _/z = 1.25 mm, (a smaller radius than

the designedvalueof3.00mm ) toreducethe beam lossat the gun exit.This smaller

errvaluewas alsoindicatedby thepreliminarymeasured dataat .aTF.Our studiesshow,

the initialphase_0 = 50* resultsintheoptimum valuesforthebeam exitparameters.

Additionalinformationisgivenin References[1-7],e.g.the effectsofvariationinlaser

pulselengthisgiveninRef. [6],our analysiswithPAIR2vlELAin Rc-f.[3],some of ,_he

preliminarydatafrom ATF isalsogiveninthisproceeding.
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Figure Captions

Figures I a) Variations in the bunch I_/IS length; b) RMS radius: ¢) normalized trans-

verse; and d) normalized longitudinal emRta_nce respectively, with respect to variation in

the initial phase angle.

Figures 2 a) Variation in peak current; b) bunch RMS length after magnetic compression;

d) bunch average kinetic energy with variations in initial phase angle.

Figures 3 a) % R/biS 6_f/_,; and b) shows the RMS Divergence with variation in phase

an_e. I
i

Figure 4 Sketch of the BNL photocathode gun. Since lowest emittance and _grhes¢

momentum occurs when the initial phase _ugel is 50°, in Figures 5-12, we illustrate effects

of wake and self field on the beam.

Figure 5 Effec_ of the wake and bunch self field.

Figure 6 Propagation of self-field.

Figure 7 H 0 field with respect to R.

Figure 8 Plot of .7,-and Jz distributions as functions of z.

Figure 9 Constant field lines azound the bunch.

Figure i0 Transverse phase space plot of x - z _ (a_ z = 98 mm).

Figure II PhasespaceplotofP..vs z at : = 98 mm.

Figure 12 Variationsofthechargedensity-divEwithrespecstoZ and R.
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