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as a function ofcceleratostructure parameteend beam

Abstract parameters.

An opticsmodel of a constantgradienttraveling wave _

(CGTW) acceleratorstructure has been implemented foy ~ Field CGTW I'st Half | 2'nd Half
TRACE 3-D. TRACE 3-D is an envelope cddeluding Cavity [ SW Cavity | SW Cavity
space charg¢hat is used to model bunchedeams in E; Bocosp | 2BqT[cosp/2 +| 2EgT[cosp/2
magnetic transport systemand radio frequency(RF) : sing/m] — sing/m]
acceleratorsvhen theeffects of beam currenmight be Er “IEgISIG “TEQTT QT
significant. The new matrix model has bataveloped to 2L [Sf:(ps;g/]’fzf [s‘fr?(psl‘g/];[m__
allow incorporation of particle beam loadingurrent) Bo IEQRsing TEQTRr TEQTBr
effects on the accelerator gradienand the accelerator ol [cosp/TT — [cosp/T +
structure’s beam focusing properties in a self-consistgnt sing/2)/cL sing/2]/cL

manner. The beartvadedelectric field for a CGTW Table 1.1: Comparison aiveragecklectric and magnetic
accelerator structure is constant for only a particular desigglds in a single SW or TW cavity. Note SW terimsve
current(e.g. Ocurrent), otherwise it can be written as &ackwards traveling waveomponents. g is theapplied
function of accelerator attenuationand axial position fqq strengththe phasep andy the relativisticfactors,

along the structure. The variation of tleectric field | o cavity length, and T the transit time factor
through the structure has been takeio account in the ' '

new model. CGTW structuredifier substantially in gections 2and 3 describethe R-matrix and gradient
focusing propertiesand beam loading properties from ., 4els.  Section omparesTRACE 3-D results to

standing wavestructures. Examples will bpresented TRANSPORT, numerical integrationand theory to
using the new TW model, propagating electioeBms gemonstratethe accuracy ofthe model.  Secfion 5
with different currents through the Stanford Linear yiscusses an application of the new model. Section 6

AcceleratorCenter’'s 3 m structure. The results will bepresents a brief summary and some conclusions
compared tothe zero current TW structure model in

TRANSPORT and the Tank model (a standingiave )
structure model) in TRACE 3-D. A computer 2 R-MATRIX ELEMENTS FOR THE CGTW

demonstration of the new element will also be presentedPreviously, the TRANSPORT [1] code has beeodified
to achieve better first order simulation of a CGTW

1 INTRODUCTION structure [4,5]. TRANSPORT now has R-matrix
elementsbased onthe WKB approximation. The R-

TRACE 3-D [1] is an extremely popular firstderoptics  mayrix elements derived in this manner TRANSPORT
code incorporatingpace charge effects icalculating the 5o \;sed inthe TRACE 3-D model. Thaon-zero R-

equivalent uniform beam envelope for particle beamg,otrix elementscan be found in[1]. These matrix

Implementation of a constargradient traveling wave  ajaments have been implemented in the current TRACE 3-
(CGTW) acceleratoroptics model into TRACE 3-D is b model. P

useful to groupsnterested in generating models of entire
CGTW beamlines using TRACE 3-D.

TRACE 3-D hasevegral rf elements implementedo 3 THE ELECTRIC FIELD GRADIENT
the standardversion: rf gap,rfq cell, cavity, and the The electric field gradienfor a CGTW structuredepends
coupled cavity tank elements. These are all stangmge 0N the applied fieldndthe field generated bythe beam.
(SW) structures and possess focal properties differing fropgveral derivations of thigeld developed6,7] are in the
CGTW structuresdue tothe different fields seen by the literature. We use the field as expressed by [7]:
particles as shown in Table 1.1. Note that for Sife
is a transit time factor, Tand there appeabackwards G = @cosp- (Ior/2) In[1 - (z/L)(1 - €2Y)], eq. 3.1
traveling wave components in the fields. In addition beam
loading in CGTW structures is also different. Therefore, @here G isthe netgradient,@ is the phase, @ is the
model forthis structureseemeddesirable, particularly as applied gradient, ¢ is the averagebeam current, r the

many electron beam facilities rely on the SLAC 3 Bhunt impedance per unit length, L the structure length,

structure [2] or a variation thereof. the attenuationand zthe distancealong the structure.

The implementation of themodel consisted ogputting ; P : .
together twodifferent pieces of the physics: 1) The RThe applied gradient is related to the input power, P, by:

matrix elements fora CGTW; 2) The changgrgdient
) 9u'e Go = [rP/L)(1 - eZT)]1/2 eq. 3.2
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4 IMPLEMENTATION OF THE MODEL 5 BEAMLINE DESIGN APPLICATIONS

The TRACE 3-D model was implemented by writingAs an example of a beamline design application where use
FORTRAN routines which firstcalculate the total of a CGTW model makes a difference, take the model of a
gradient, G, across a stapdthen the R-matrix. The R- single 3 m SLAC sectiomccelerating @255 mA beam
matrix elements arealculatedassuming thegradient over from 5 to 75 MeV. Input beam parameters, which the

the step is constant. same for both the CGTVdnd SW(TRACE 3-D Tank

Several test calculations have beperformed to element) models are given in Table 5.1.

demonstratéhe accuracy othe model. First for the 0  The two structures differ slightly in lengbecause for
current case aomparison to previous TRANSPORT andhe CGTW structure 3.01 m is exactly 86 cells loeach
Runge-Kutta integration resultgbtained by Hurd and with phaseadvance of #/3, while the SW structure is
McGill [4] and Carey [5] wasperformed, asshown in 3.0396 m long with 58 cavities whose phaslvance is
Table 4.1. The initial energy is 100 MeV, the maximunmt. Because othis the accelerating gradient ithe SW
energygain is 3.19 MeV over a length of 290 cm (1.lcase alsdiffers slightly from the CGTW case, bumore

MV/m) and the phase lag is 30 degrees. importantly the inputgradientsdiffer becausehe CGTW
model starts with an applied gradient for O current and then
Element Runge-Kutta | TRANSPORT | TRACE 3-D calculateghe loadedgradient (seeection 3). Table 5.2
R11=R33 |[1.197 1.197 1.198 gives a complete list of the structure parameters.
Ri2=R3s4 |0.307 0.307 0.307
Ro1=Ra3 | 1.386 1.386 1.395 Input Parameter Initial Value
Rpp=Ragq | 1.179 1179 1.180 Initial Energy 5 Mev
R55 0.653 0.653 0.651 lo 255 mA
R5e 2.059 2.060 2.058 Ex ~ &y 4mmm-mrad
Re65 "0.281 ~0.281 "0.282 Ox =0y 0.1640
Re6 0.624 0.624 0.622 Bx = By 1.5907 mm/mrad
Table 4.1: Comparison of R-matrix Elements €7 21.22tmm-mrad
ay -4.397
The zero currentcomparison of the TRACE 3-D R- B, 0.1584 mm/mrad

matrix to the TRANSPORTand numerically integrated — —
values of the R-matrix elements is quit)e/z gogd. Th&able 5.1: Initial beam characteristics for CGTW and SW

largest discrepancy, for theyR= Rq3 elements, i<0.6%. structure comparison. Emittances are 5 times r.m.s.

This is within theaccuracy ofthe input data for this
model.

Next, as shown in Table 4.2, twaodelswith SLAC
accelerator structure parameterswere built check
beamloading6,7]. The firstcase is asingle 3 meter
SLAC section. The second case is for two 3 m8teAC
sections. For both, the beam gains 70 MeV (from 5 Me
to 75 MeV) under the loaded conditions. TheSLAC

Other differences irhow the structureare definedare the
use of shunimpedanceandattenuation (of the rpower
through the structure) for the CGTW structure. Through
the use of the shunt impedance, r, the attenuatiorand
the other input parameters, many possible traveliage
§}ructures can be modeled with this new element.

structure parametenssedfor these testare: L =3.01 g;rrlgcngtgteer CeTW SW
meters;t = 0.572 nepersy = 10.5 cm; r = 57 Mhms/m.
The phase lag is 0, the currents and energy gains are giwen—L€Ngth 3.0100 m 3.0396 m
i . Phase 0 0
in Table 4.2: i i
Applied Gradient| 26.64 MV/m 23.03
No. of CGTW| Current | Beam Energy Beam Energy No. of Cavities 86 58
Structures (mA) Theory TRACE 3-D Phase Adv./cav. 123 T
(MeV) (MeV) Attenuation 0.572 nepers n/a
1 0 80.2 80.2 Shunt Impedancé 57 Qm n/a
L 255 70.0 701 Table 5.2: Structure parameters faEGTW and SW
2 0 113.4 113.4 comparison
2 544 70.0 70.2 '
$gﬂ%é'§:D Beam LoadingCalculations, Theory and  fjgures 5.1 and 5.2 show thiferentbeam envelopes

calculated for CGTW and SW cases. The SW structure is
strongly focusing and brings the beam to a waesr the

The two casestudiedfor beam loading effectalso show beginning of the structure, while the CGTwiructure

good agreement betweeheory and TRACE 3-D. The gjighty defocusesthe beam. Final values for the
largest difference 00.3% for a beam loading of 544 MA o rant-Snyder (Twiss) parameters are qditterent as
occurswith a step size of 5 mm or less through thepgyn in the figuresand as isapparentirom the very
structure. This is within the accuracy expected. different phase spacellipses in the upper rightorners.
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The R-matrices (including the firstder effects of space | 1.2564 | 0.6279| 0 0 0 0
charge) which TRACE 3-D calculatese shown in tables [0.0604[ 0.0880| 0 0 0 0
5.3 and 5.4. 0 0 1.2564| 0.6279 0 0
—— 0 0 0.0604( 0.0880 O 0
H%UNE— =Po1u.|§gl;r-uca DATE: 30-AFR-97 TIHEH FE;??E';D;BEHH gl% 1 0 0 0 O 1.0059 0.0125
U|R=0. 1640 = 1.591 . s SEDD 25?503259 ey U A=-1.213] B 34.51 0 0 0 0 0.04441| 0.0726
eI~ 4 860" 463043380 &/; Table 5.4: R-matrix for the CGTW element, with first
5.000 nm X [10.000 mead 412 Tﬂgé e " s.ooomh ot d 500 mjad order space Charge effects folded in.
z F|=—4.3}7‘ =0. 1000 £ A=-2.753| B=?/?356E -0
- 6 CONCLUSIONS
50.000| Deg x| S00.00 Key 10.000 kg & o0 s This paper has presented a new traveling wave element for
\2i200 m €00 Deg  Horiz, Longitude prim— s TRACE 3-D. It uses the same R-matrix as
i TRANSPORT but with theelectric field recalculated at
eachstep toaccount for beam loading effects. Electric
— e s S o _ field variation due to beam loadingeffects are calculated
ol

- - - - from theory. Several testbave beenperformed to
Figure 5.1:  TRACE 3-D graphics showingeam  ,nnarethe accuracy ofthis element to TRANSPORT
envelope for CGTW case. The beam #ightly ,nq Runge-Kutta integration in the calculation of O current
defocusing throughout the structure. R-matrix elementsand totheory in the calculation of
. beam loading effects on ener ain. Good agreement has
The differencesbetweenthe two cases demonstrate theyyqan found. ¢ a4 g

desirability to have both a travelingave element — aAp eyample demonstrating the quiliéferent behavior
available in TRACE 3-D as well as the existisiganding ¢ coTW and SW rfelements shows the utility ahis

wave elements. Manyaccpleratorfacilities around .the new element in TRACE 3-D. Manglifferent CGTW

world presently use trave!lng/ave structures, Of"‘.’h'Ch structure configurations can Imeodeledthrough different

the SLAC 3 m structureliscussed inthis paper is the \aes of theacceleratorstructure parameters:Length,

most prevalent. The ability to make use of TRACE 3-Rpjieq gradient, shunt impedance, and attenuation.
for modeling these facilities, with a reasonablycurate  z\thoyugh not discussed in this paper, an extensiothisf

CGTW element, will improve theapacity ofscientists, o to model a constanimpedancetraveling wave

acceleratoroperators,and designers to explorelifferent ¢t \cture would be quite simple.

configurations and operating points  quickly and  Thg heam calculations presented wedormedwith a

efficiently. version of TRACE 3-Dcodethat works in the Shell for
Particle Accelerator Related Cod¢S.P.A.R.C.)software

environment[8].

CGTI Ex. 1
DATE: 30-APR-G7 TIME: 16:19:26BEAM AT NELZ= 2

FowerTrace
= 1.591 H A=-5. 237 B/{3 28
= 1.591 |=  Z55.0mA W A=-35. 237 B 13 .88
W= 5.0000 74,9660 Mel
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0 0 -0.6901 0.4728 O 0

0 0 -0.2909 0.0937 O 0

0 0 0 0 0.9992| 0.0010

0 0 0 0 1.0640] 0.0738

Table 5.3: R-matrix for SW element, with firsider
space charge effects folded in.
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