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Abstract 

The proposed Resonant Wake Field Transformer (KWT) Col- 
lider is a colinear Iwo-beam system with a hollow driver beam 
A train of many hollow beam bunchrz, accelerated hy a mpercon- 
ducting cw structure, excites the transformer cavity tesonanlly. 
Due to an impedance transformation, a high acceleration gradi- 
ent is gsnerated on the axis of the transformer cavily. After the 
main central beam has pansed Ihe Iranaformet, the remaining 
energy is recuperated into the next superconducting driver RPC- 
tion by a second train of hollow beam bunches. The longitudinal 
multibunch dynamite of the hollow beam in the driver and the 
transformer cavity is studied Results concerning the int,erde- 
pendcncics of t,hc cssrn&l design parn~m&rs ate presented. 

1 Introduction 

The Resonant, Wake Field Tra.nsformer (I&VT) [I] is a spec.ial 
cavity, which is excited by a train of many bunches in a hollow 
driver beam. The combination of the resonant superposition 
of the wa.ke Fields of many driver bunclles will] the Transformer 
idea may be called another kind of Relativist,ic Klystron. [z] A 
colincar two-beatn syst#em based on the JLrsonant Wake Field 
Transformer, the RW’T-collider. can be regarded as a candidate 
for the next generation of Jinrar roliiders wilh center of mass 
energies up to 2 TeV. 
It witch originally ptoposfd [3] 1. o 11s~ the transient wake fields of 
a hollow beam with a high charge of 1 ,tdC to generate high acccl- 
erating gradients of 100 MV/m on the axis of the transformer. 
Stimulated by first experimeni.al results [4] a new concept, with 
a Resonant, Wake Field Tra.nsformer excited by a train of 5 hol- 
low beam but!ches has been trst.rd in an experiment at J?I’,SY. 
A gradient per total hollow heam charge of 2O.F7MV/m/iC has 
been achieved in a 20 cm long Wake Field Transfortnsr [5]. 
For Ihe experiment at DESY a new Wake Field Transformer has 
beed designed If?). The long range wake potential on axis pro- 
duced by a ho!low driver bunch in the Wake Field Transformer is 
shown in fi&ure 1 (TBCI calculation). As can be seen, a 4 GJJz 
mode is excited. Thus 5 hollow beam hunchrs running subse- 
quently through tJle transformer (60 cm distance from bunch to 
bunch) produce an altnost linear increase ot the singI? bunch 
wake potential by a factor of 5 Based on this proof of princi.. 
pie experiment at DESY Ihe Jongitltdina.1 beam dynamics of an 
RWT - Linear Collider is investigated in the following section. 
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Figrlre 1: Long range u&e pofenliol (Z m) on axis OJ the Reso- 
nanl Wake Field TranrJormer used in the ezperirne,ll at DESY. 
A 4 Gfft mode is eTcilcd by on gnussian hollou~ beam bunch with 
a=4 mm 

2 The ILWT - Collider 

One section of the JLW’1’ - Collider consisting of a supercon- 
ducting cw strlrrf,urr and a R.eaonant, Wake Field Transformer iz 
shown in figure 2. Between the sections special magnetic lenses 
are used to focus the hollow beam 17, 81 
A tra.in of N hollow beam driving bunches is accelerat,ed in a 
superconducting cavity with frequency II, qua1it.y factor Qt and 
loss parameter per unit length ki, Then the driver beam is dccel- 
eraled in the Resonant Wake Field Transformer with parameters 
f~, Qz, k: (on axis) and transformer ratio t The frequency j7 
is choosen as an higher harmonic of f,, I=- l/At the freqrtency 
of the hollow driver hunches The main c~nlral beam is accrl- 
crated by a linear superposition of the wake firlds generated by 
the N driver bunches. Due to an impedance transformation the 
grxdienl on axis of the Wake Field Transformer is t times the 
drc-&ration vollages seen by the last hollow beam bunch. 
The deceletaf.ing voltage for the n-th hollow driver brlnrh is give11 
by, 

lqn)=-I+ 
( 

5 + n2 exp(-m 2n h/(2&Q))) 
VI=, 

Where h is the harmcmic number, i.e. jZ = hf, 
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fz = h x fl 
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driver cavity Wake Firld Transformer 

Figure 2: One section oJ the RWT - Linenr Collader. 

In order to keep the energy spread from bunch to bunch small 
a special injection scheme is used in the superconducting driver 
cavity. The n-th hollow driver be;\m bunch is injected at, phase: 

‘P. = ‘PO -t n Av, i.e. fl = (1 -t- +--)fo. 

In figure 3 the injectinn phasra for N = 10 bunchaa are mxrkcd 

~~~~~~~~~~~~~~ .r,’ 
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Figure 3: Normalized driver cavity uoltnge. Y’he inJection phases 
/or N = 10 hollour beam bunches are mnrked. 

The acceleration voltage for the n-th bunch in the snperconduct- 
ing driver cavity is given by: 

VI(n) = V; i,, cos(cpO + n Alp) 

-2k; q 
( 

5 -t ICI cos(m Arp) exp(-tn *fp/(?Ql))) 

Vi is the driver cavily gradient,. 
Conservation of energy requires: 

v,(n) 1 -h(n) vn 

Figure 4 shows the acceleration and deceleration voltages V,(n) 
and -V2(n) as a function of n for the exam+ witOi parameters 
given in table 1. The first bunch ia injected at phafie ‘po = 272”. 
The total phase advanced is cf, = N Acp = GO” module 360”. As 
can he seen, only the energy really needed for the excit,ation of 
the wake field transformer is taken out of the fiuperconducling 
driver cavity. 

3 The Energy Recuperation Mecha- 
nism 

Typically, the energy exstraction efficiency of the ma.in central 
beam is lower then 5 %. The efliciency of the whole i.wo-beam 
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Figure 4: Accelernlion and deceleration ooltages of the hollour 
beam bunches ns JrncGans of the hunch number n. 

system can -be incrcascd recuperating the energy left in the trans. 
former caviI,y A nrcorrd l.ra.in of hollow beam bunches 1a.kr.s 
properly phased the energy out OI the transformer and stores it 
in the superconducting driver cavity of the next section of the 
RWT - Collider, Fignrc 5 shows the accelerating and deceler- 
sting voltages of the hollow beam bunches used for the energy 
recuperation. 

t 
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Figure 5, Accelerulron and deceleration voltages o/ the second 
train of hollow beam bunches used Ior energy recuperolion (IS 
junctions 01 the bunch number n. 

In Table 1 an example parameter list obtained by numerical 
calculations is presented. assuming a driver gradient Vd of 20 
MV/m an average gradient for the main central bea.m of 4’2 
MV/m is achieved The length ratio of the driver cavity length 
i,I to the Wake Field Transformer length ~52 is 5.0. So only an 
a.ctive total driver ca.vity length of 4 km is needed for a 1 ‘I’eV 
RWT - Collider. Let r~,,, the extraction efGciency of the main 
central beam. With energy rccuperst,ion an total eficiency of 

‘11 
?llCl = R qm, 

g - 1 - Vl c-2 03 

is obtained. 9 iR the gain factor. th, th and 73 are the efliciencies 
of the energy transport processes from the driver beam into the 
transformer, from the transformer int,o the energy recuperation 
beam and from the energy recuperation beam into the driver 
cavity of the next section of the RWT - Collider. 
The important sydem parameters for the RWT - Collider are t,he 
harmonic number h, I.he transformer ratio t, the charge per hollow 
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cavity parameters 

Ers: beam recuperation beam 
100 N2 80 

153 nC Qbun 2 118 nC 
gradient,length ratio and efficiencies 

G,“C 42 MV/m Average Gradient 

LZILl 5.0 length ratio 
efficiencies 

transformer to recuperation beam 

The whole calculation includes parasitic losses 
In ni and w wall losses are included 

Table 1: Results for a 500 GHz driver linac and a 6 GHz Wake 
Fae/d Transformer 

beam bunch, t,he irnght ratio Lg/L1 and the driver gradient V,/. The 
chcice of parameters for the hollow beam is oriented by already exper- 
mentally achieved results The requirements for the superccnducting 
driver cavity &ould be reachable in the near fut,ure 

4 Longitudinal Multibunch Dynam- 
ics 

Since no: all bunche3 are decelerated in the Wake Field Transformer 
at the same amount a3 they are accelerated in the driver cavity ( see 
figure 3) a energy distribution from bunch to bunch in the hollcw 
bram 13 gcnern:ed after several sections In figure 6 the distribution 
of the energy of the center of each hollcw beam bunch is show at the 
begmnmg of 10 driver cavity sections. All hollow beam bunches arc 
:njected with :he same energy of 200 MeV into the Srst section. It 
w:~ ;LWI~~~KY~ that one section consist out of a 4 cell, 1 2 m long 31:. 
perconducting drive: cavity and a 6 m long Wake Field Transiormer 
\~:nle the energy spread from bunch to bunch is relativly moderate 
the single bunch enrrgy spread due to t,he injection on the flank of the 
rf drirre: cavity field is the really import dynamic process. Accepting 
an cncr~~ spread of 10 % in one hollow driver bunch the driver beam 
can be used for 10 sections. Thus after 72 m a new hollow beam has 
tc be created 

___ __._ __ - .~ - --- --- 
f 

Figure 6 Mulftbunch energy distribution at the begining of 10 
driver cavity sections. 

5 Concluding Remarks 

A Resonant Wake Field Transformer, designed for the proof of princi- 
ple experiment at DESY, has been succesfully tested. A4 GHz mode 
was excited by a train of 5 hollow beam bunches. Based on the idea 
of a Resonant Wake Field Transformer the longitudinal beam dynam- 
ics of a I TeV RWT - Collider is studied. The example parameter 
list makes things clear where future research and development work 
should be done. Firstly, a new hollow beam gun for long high charged 
pulses has to be developed [9]. Compared to now commonly used su- 
perconducting cavities our requirements are rather high but certainly 
not unfulfillable. Major advantages of the RW’T - Collider are the rel- 
atively low charge density in the hollow driver beam and the filling 
of the transformer with a group veloci:y at the speed of light. The 
charge density in one bunchlet of the CLIC [lo, 111 driver bean] is 35 
times higher as the charge density in our hollow beam bunch. There- 
fore the RWT - Collider can be regarded as a candidate for the next 
generation of 2 x 1 TeV linear colliders. 
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