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A bstract
The basic principle of W a ke  F ie ld  T r a n s fo r m a tio n  is to use imploding electromag­

netic waves generated by high density electron bunches. One of the most simple struc­
tures for a W a k e  F ie ld  T r a n s fo r m e r  is the cylindrical pill-box excited by a hollow beam. 
The fundamentad mechanism will be briefly reviewed. A P r o o f o f  P r in c ip le  experiment 
has been set up at DESY by a group of scientists with collaborators from China, Japan 
and USA. The layout of the experiment is presented together with a status report and 
most recent results. Several bunches each of 50 to 100 n C  charge have been produced 
and accelerated to an energy of 8 M e V  and bunched down to a length of 1 cm. With a 
central witness beam a gradient of 8 M e V / m  has been measured in a short Wake Field 
Transformer using six subsequent hollow bunches in one pulse.

In tr o d u c tio n
T he principle of the wake field acceleration m echanism  has been described in detail in other papers [1,2]. 
T h us, we recall only the basic points o f interest: A high charge driving beam  of 1 ¡ i C  (say) and a central 
low charge driven beam  o f 0 .0 1  /¿C both traverse a special kind o f m ulti cell cavity which we call a W a k e  
F i e l d  T r a n s f o r m e r .  In th is transformer the driving beam  excites wake fields that lead to its deceleration. 
B y proper shaping of the transform er geom etry the driving beam  excites a wave packet that is subsequently  
spatia lly  focussed. T hus, there is an increase in field strength proportional to the inverse square root o f 
the volum e containing the wake fields. A second pulse o f particles entering the transformer focal line 
w ith  proper delay traverses this concentrated wake field and experiences an acceleration which is much 
greater than the deceleration o f the driving beam . The ratio o f acceleration to deceleration we call its 
t r a n s f o r m a t i o n  r a tio . Values for the transform ation ratio o f around 10 are expected in our experim ent. 
T h us, one could accelerate a bunch of electrons to 1 T e V  using the wake fields of a 100 G e V  driving beam  
and according to our calculations the accelerating gradient will exceed 1 0 0  M eV  per meter.

T his schem e is considered to be a candidate for the next T e V  electron-positron collider. It could be 
built w ithin a total length o f about 10  k m  if  the predicted gradients can be reached.

An experim ent w ith a hollow  beam  W a k e  F i e l d  T r a n s f o r m e r  has been set up at DESY. A laser driven 
electron gun produces a high current hollow beam  of 10 cm diam eter. The beam  is bunched in a pre- 
buncher and accelerated in the following linac. This whole unit is in a solenoid guiding field. The final 
lon gitud in al com pression is achieved in the high energy buncher. Finally, the beam  is fed into the Wake 
Field  Transformer. The energy of the centred witness beam  passing through this transformer on axis is 
analyzed in a spectrom eter adjacent to the transformer.

'On leave from Tsinghua University, Beijing, People’s Republik of China
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1 E x p er im en ta l S et Up
In order to study the problems associated with the W a k e  F ie ld  T r a n s fo m e r  concept we have assembled  
an experim ent [3,4,5] using a com plete linac for generation o f the driving beam. We chose a cylindrically  
sym m etric transformer since it should provide high transform ation ratios and since it was the only one 
that, could properly be analyzed when first proposed in the year 1982.

The driving hollow beam  has a diam eter of 10  cm. W hen extracted from the gun the charge should  
be 1 n C  over a pulse length of 1 n i .  Thus, we need l k A  electron current. T he design peak value of 
the pulsed cathode volt age is 150 AY. The beam  is accelerated to about 8 M e V  and com pressed before 
entering the W a k e  F ie ld  T r a n s fo r m e r .  The overall layout o f the experim ent is shown in Fig. 1 and the 
m ajor com ponents will be described below.

H o llo w  B e a m  G u n . A laser driven gun was chosen for which the photon energy o f the laser light is much 
lower than the work function o f the cathode m aterial. T he infrared light beam  (wave length 1.064 /ira) 
produced by a Q -switched Nd:YAG laser (peak power >  100 M W )  is focussed onto a ring at the conical 
tantalum  cathode and is absorbed inside a very th in  layer. T hus, since the surface tem perature increases, 
therm ionic em ission and therm ionic supported photoelectric em ission is possible. The em itted electrons 
are extracted by a pulsed high voltage and guided by a solenoid field (field strength ~  0 .2  T )  through a slit 
in the anode. A more detailed description o f the gun and the em ission m echanism  and some experim ental 
results are given in a separate contribution to these proceedings [6 ].

L in e a r  A c c e le r a to r . The linac consists o f a prebuncher and a chain of four 3-cell cavities powered by 
a 1 M W  klystron (500 M H z )  which is pulsed at 25 H z  w ith  1 0 0  pes duration. The prebuncher consists of 
a single cell cavity and a following driftspace. The zero current energy gain is 8  M e V  and the m easured  
shunt im pedance o f the accelerating cavities is 20 M f l /m . Solenoid coils surround the cavities whereever 
possible. All cavities are m ounted with a periodicity of A /2. A dditional phase shifters enable the phases 
to be controlled. The first phase shifter between the prebuncher cavity and the first accelerating cavity  
adjusts the injection phase. A second phase shifter between the first and the second cavity corrects for the 
delay in phase owing to the subrelativistic energy o f the injected electrons. The third phase shifter at the 
fourth cavity allows us to generate a variable energy spread which is needed for the high energy bunching  
m echanism  in the antisolenoid. As cavities are located in the m agnetic field of the solenoid, m ultipactoring  
is much more-severe than usual.

Figure 1 : Overall layout of the Wake Field Transformer experim ent at DESY.
S h o w n  fr o m  le ft  to  r ig h t:  T h e  in fra re d  ligh t beam  pro d u ced  by a Q -sw itc h e d  N d -Y a g  la se r  (peak p o w e r  > 100 M W )  
is fo c u s e d  o n to  a r in g  shaped  ta n ta lu m  ca thode . T h e  e m it te d  th e r m io n ic -  a n d  p h o to e le c tro n s  are e x tra c te d  by a 
vo lta ge  o f  a b o u t 100 AY a n d  g u id ed  by so le n o id  fie ld s  o f  0.2  T  in to  th e  l in a c . F irs tly , the  h o llo w  beam  is co m p re sse d  
lo n g i tu d in a lly  in  a p re b u n c h e r . T h e n , fo u r  3 -ce ll c a v itie s  (500  A 1 H z)  a ccelera te  it to  8 M e V . A  p u lse d  k ly s tr o n  (peak  
p o w e r  1 M W ) fe e d s  th e  ca v itie s . In  th e  a n tis o le n o id  fu r th e r  lo n g itu d in a l  co m p ress io n  is  a ch ieved . T h e n  th e  r in g  is 
ra d ia lly  c o m p re sse d  by in c re a s in g  so le n o id  fie ld s . F in a lly , the e lec tro n  r in g  e n te r s  the a c tu a l W a ke  F ie ld  T r a n s fo r m e r ,  
c o n s is t in g  o f  80  c y lin d r ic a l cells a rra n g ed  o n e  a fte r  a n o th e r . F o r  m o n i to r in g  a n d  a d ju s tm e n t o f  the r in g  beam , sev era l  
beam  m o n i to r s  h a ve  been se t up.
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Figure 2 : M ovable fluorescent screen for m onitoring o f the hollow beam  at the entrance o f the linac.
A  th in  fo i l  o f  b ro n ze  coa led  w ith  z in c  su lp h id e  is p r e s s e d  a g a in s t th e  beam  p ip e . T h e  h o llo w  beam  ca n  p a ss . I f  required , 
th e  sc r e e n  ca n  be m o v e d  in  by  a p n e u m a t ic  s y s te m . T h e  p r o je c tio n  ca n  be o b served  b y  tw o  C D C  v ideo  ca m e ra s  (w h ich  
ca n  be o p era te d  in  a m a g n e tic  f ie ld ) .  - A  ty p ic a l p h o to g ra p h  o f  th e  h o llo w  beam  is  sh o w n  o n  th e  le ft  s id e . T h e  lo w er  
p a r t is  m a s k e d  by th e  beam  p ip e .

Stable conditions for the prebuncher cavity cannot be achieved owing to the relatively low  rf field 
strength. T he field breaks down after aproxim ately 20 ¡jls. In order to avoid this unstability  situation , the 
rf-power for this cavity is generated separately in a second transm itter and sw itched off before break down 
starts. There is an adjustable delay between the prebuncher rf source and the m ain linac klystron. Thus 
we can run at a phase where the m ain linac cavities are at peak voltage, and the prebuncher cavity is still 
on the rising slope so that no m ultipactoring occurs.

M e a s u r e m e n ts  o f  th e  H o llo w  B e a m . Elem ents for m onitoring the hollow beam  are m ounted in 
the drift space o f the Prebuncher and at the end o f the linac behind the last cavity (see Fig. 1 ). For 
the nonrelativistic hollow beam  we use a m ovable fluorescent screen m onitor and a gap m onitor, for the 
relativistic beam  a gap m onitor and a Cerenkov light m onitor.

Figure 3: Schem atic layout o f the gap monitor.
T h e  beam  p ip e  is in te r r u p te d  by a n  in s u la tin g  tube  a n d  b rid g ed  by  64 10 ft re s is to rs . A r o u n d  th e  c ir c u m fe r e n c e  o f  
th e  p ip e , 16 p ic k -u p s  a rc  fir e d . T h e  m e a n  va lue o f  th e  beam  c u r r e n t  is  o b ta in ed  by a p a ss iv e  n e tw o rk  fr o m  th e  s ig n a l  
h e ig h ts  o f  e ig h t p ic k -u p s . T h e  o th e r  e ig h t p ic k -u p s  are u sed  f o r  th e  m e a s u r e m e n t o f  the  a z im u th a l d is tr ib u t io n  o f  the  
h o llo w  e le c tr o n  b u n c h e s .
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A projection of the hollow beam  is produced by a fbiorescent screen which can be moved into the beam  
pipe if required and observed by CDC video cameras. The layout o f this device is shown in Fig. 2.

A gap m onitor measures the wall current induced in the beam  pipe. The tube is simpl}r interrupted  
by an insulating ring and bridged by resistors. The voltage drop across the resistors is proportional to the 
wall current. For m easuring the pulse length of shorter bunches a Cerenkov m onitor has been designed. A 
part of the hollow  beam excites Cerenkov radiation in a sm all quartz wedge. W ith a light collection system  
consisting o f two mirrors and three lenses the light pulse is guided to the im aging slot of a streak camera. 
The corresponding peak current m ust be derived from the signal of the gap m onitor m ounted near by.

H ig h  E n e r g y  B u n c h e r . The final longitudinal compression o f the hollow beam  is achieved in an anti­
solenoid. The field strength of the solenoid and o f the antisolenoid are equal. The region where the field 
is radial m ust be very short. Therefore iron plates are inserted between the coils.

T he tota l effect on the beam  of the longitudinal field of the solenoid and the radial end fields is to 
cause the ring to rotate arround its sym m etry axis. As som e of the particle energy is now in the circular 
m otion , the longitudinal velocity decreases. The phase o f the fourth cavity is adjusted such that the earlier 
particles are accelerated less than the later ones. Thus the ring can be bunched even at high energies, 
where classical bunching m echanism s fail.

At the end o f the antisolenoid, the rotation is stopped by another inversion of the solenoid field.

W a k e  F ie ld  T r a n sfo r m e r . T he central part o f the whole experim ent is the W a k e  F ie ld  T r a n s fo r m e r .  
A cross sectional drawing is shown in Fig. 4. An electron ring o f 1 0  cm  diam eter, 2 m m  minor radius, at 
an energy high enough for it to be relativistic and o f total charge 1 f i C  excites wake field while traversing  
the transform er through the slot near the outer diam eter. The generated wave packet first runs radially 
towards the outer boundary, is reflected there w ith reversed sign and subsequently travels towards the 
center. As the tota l volum e containing the electrom agnetic energy is thereby reduced, the field strength is 
increased inverse proportional to the square root to the volum e containing the wake fields. Thus, when the 
wave has reached the centre, the accelerating field at this location can be 10  to 2 0  tim es higher than the 
decelerating field seen by the particles in the driving hollow bunch. Just to give som e idea of the strength  
of these fields, F ig . 1 shows all wake potentials in the above m entioned device producing an accelerating  
gradient o f 157 M e V / m .

Figure 4: Cross section of one part of the W a k e  F ie ld  T r a n s fo r m e r .
O n  the  in n e r  w a ll o f  the  beam  tube reb a te s  are tu rn ed , on  w h ich  w ake f i le d  arc e x c ite d  by the d r iv in g  h o llo w  beam . 
T h e  w ake f ie ld s  are g u id ed  by the d isk s  in to  th e  c e n te r  o f  the beain tube w here th ey  in te ra c t w ith  th e  d r iv e n  beam . 
The d isk s  are h e ld  to g e th e r  by m e ta l s tr ip s  a n d  fo r m  a s ta c k  ly in g  n o r m a l to  the  a x is  o f  the tube. A l l  p a r ts  are m ade  

f r o m  s ta in le s s  s te e l.
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Figure 5: Wake Potentials in a cylindrical Wake Field Transformer.
D r iv in g  beam : Q  =  1 p C ,  crrm4 =  2 mm, beam  ra d iu s  =  50 mm
a ccele ra ted  beam : Q  = 0 .01//C, <rrm, = 2 mm

1 . .  . d r iv in g  beam  d e n s ity
2 . .  . d r iv in g  beam  d ec e le ra tin g  w a ke  p o te n tia l, Wmin = 20M e V / m
3 . . .  a cc e le ra tin g  w ake p o te n t ia l  f o r  e lec tro n s  o n  a x is , W7mai = 157M e V / m
4 . . .  a ccele ra ted  beam  d e n s i ty
5 . . .  d ec e le ra tin g  w ake p o te n tia l  o f  th e  a ccele ra ted  b e a m ^ W ^ ^  = 7.3M e V / m
6 . . .  a cc e le ra tin g  w ake p o te n t ia l  f o r  p o s itr o n s , W max = 110M e V / m

C o m p u ter  S im u la tion s. The DESY Wake Field Transformer experim ent has always been accom pa­
nied by theoretical studies and computer sim ulations. Two codes are used for the num erical studies: 
WAKTRACK[7], a fast tracking code including collective effects, is used as an operating tool in parallel w ith  
the experim ent. It will also be used for investigations on the feasibility o f a future T eV  collider. More 
detailed investigations, especially in the low enrgy region ( 7  <  20), are carried out w ith TBCI-SF[8 ], a 
new particle-in-cell code. Both programs are described in more detail in another contributions to these 
proceedings [9].

2 S ta g e -1 E x p er im en t
In order to investigate step by step the problem s concerned with hollow beam  dynam ics we first, om itted  the 
high energ}' buncher and set. up a stage-1 experim ent to get a first proof of the Wake Field Transformation 
concept. The layout of this experim ent is shown in Fig. 6 .

We are using a transformer which is optim ized for the hollow beam  size bunched by the linac. The 
separation o f the plates is 1 c m  and the thickness 2 m m . The plates are held by four longitud inal sticks 
near the slot for the hollow beam . The test beam  is produced by a field em ission gun which uses the 
first transform er plate as anode. The cathode consists of a pointed tantalum  needle. Since the beam  was 
nonrelativ istic only a short transformer could be used: Slow particles are not able to stay in phase w ith the 
wake field pulse running at the speed of light. T he optim um  transformer consists in this case o f tw o cells. 
T w o lead blocks provide shielding against, electrons from the hollow beam  and parasitic electrons. The 
energy of the electrons accelerated by the excited wake fields is m easured by a decelerating grid m ethod. 
Only particles w ith energy greater than the grid voltage penetrate to the zinc sulphide screen and can be 
detected by a photom ultiplier. From the difference with the test gun voltage we can determ ine the energy 
rise in the transformer.
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A Cerenkov light m onitor measures the pulse w idth of the hollow  beam  and a gap m onitor measures 
the charge o f the subsequent bunches o f a pulse. T he surface of the first lead block is used as a fluorescent 
screen for m onitoring the adjustm ent o f the hollow  beam  relative to th e slot.

3 E x p er im en ta l R esu lts  o f  th e  L inear A cce lera to r
The study o f the properties of the linear accelerator involved m any m easurem ents. We have chosen three 
typical ones for this report..

A z im u th a l  d is t r ib u t io n  o f  th e  h o llo w  b e a m . The m om enta o f the charge distribution w ithin the 
hollow beam  relative to the centre of the beam  pipe can be m easured by the gap m onitor using the signal 
heights of the eight pick-ups m ounted around the circumference o f the m onitor. The signals for two different 
currents are shown in Fig. 7. In order to get the correct azim uthal distribution o f the hollow beam  the 
different dam ping of the eight signals due to the different length o f the lines and the cross talk between 
one signal and the others m ust be taken in to  account. The relative dipole m om ent of the hollow beam  is- 
less than 20 % in this exam ple.

Figure 7: Azim uthal distribution o f the hollow beam  for two different currents.
E ig h t s ig n a ls  a ro u n d  the  c irc u m fe re n c e  o f  the g a p  m o n i to r  arc d e la y ed  by d e la y  lin e s , ad d ed  by a p a ss iv e  re s is to r  
n e tw o r k  a n d  m e a su re d  by o n e  c h a n n e l o f  an  o sc illo sco p e . T h u s  it is  p o ss ib le  to  m ea su re  th e  e igh t s ig n a ls  o f  o n e  p u lse  
s im u lta n e o u s ly .  O n  th e  le ft p h o to g ra p h  a d is tr ib u t io n  is sh o w n  fo r  a h o llo w  beam  c u rre n t o f  22 A  a n d  o n  th e  righ t 
p h o to g ra p h  fo r  39 A .
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M e a s u r in g  s u b s e q u e n t  b u n c h e s . The prebunclier cavity =  oUUdi/f;:) compresses the gun pulse  
sequence of short bunches w ithin a period length of 2 v s  (see Fig. 8). The bunches can be monitored by a 
gap m onitor positioned at the end o f the drift space. At relatively high currents (70 ~  50 A) only a weak 
com pression can be achieved due to longitudinal space charge effects. At low currents very short bunches 
are achieved, w hose length approaches the resolution lim it of th is gap m onitor ( a  <  5 0 p s ) .

I/2.62A I0=50A

Figure 8: Two bunches of six generated by the prebuncher.

M ea su rem en t o f  p ico secon d  b u n ch es. For measuring short bunches a Cerenkov light m onitor has 
been built. Particles o f the hollow beam  excite Cerenkov light w ithin  a sm all quartz wedge. The light is 
detected  by a streak camera. Fig. 9 shows a typical signal m easured by the streak camera. This is compared  
w ith the corresponding response o f the gap m onitor m ounted nearby. It can be seen that the tim e resolution  
of the gap m onitor has been reached. B ut, the charge in one o f the bunches can be calculated from the  
integrated signed and together w ith the length m easured by the light m onitor, the am plitude of the current 
can be determ ined indirectly.

1
|  I/20.2A

BiiiiiiiggiiraiE Z R nB B R B S aaB B E S [ ffiitiJftB B nB B B R B B i
N L .iH a a a E M B H a B w .iH
v;»/nBnaaaaaBBH

I I I H---- 1---------1----------h
1.2 t / n s

Figure 9: Com parision of the signal response by a gap m onitor (left) and a Cerenkov monitor (right).
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4 First E xperim ental P roo f of Wake Field A cceleration
In the s ta g e - 1 experim ental set up as described above, we first, tried to study the problems concerned 

w ith steering the hollow beam  through the transformer. We were able to generate a current pulse of  
rms length 1cm and a peak current in excess of 500.4. The corresponding gun current was 55A, the gun  
voltage 85kV. The hollow beam  consists of a train of six subsequent, electron bunches separated by the  
rf w avelength of the drive linac (60cm ). Wake fields excited in the transformer travel continously back and 
forth radially w ith a reversal in sign after each reflection at the outmost, radial boundary. The travel tim e 
for a wake field pulse in the transformer used in this experiment, was exactly  one fourth of the period of 
the linac frequency. Thus subsequent ring pulses generate a wake field which adds constructively. For the 
field at the center there is no difference betw een six pulses and one pulse w ith six tim es the charge.

T he beam  radius could be adjusted by m eans of additional power supplies hooked onto the three last 
solenoids. The beam  penetrated through the transformer without significant loss in  intensity.

At the end o f the linac the hollow beam  bunches are much longer than the 2m m  that we intend to  
achieve with the high energy bunching schem e. Thus, wake fields excited by these bunches are significantly  
weaker than they w ill be in the final set up as described in Section 1. Even w ith  six bunches we could not 
expect a change in energy in a transformer placed at this location in the beam  line to be high enough to  
be detectable w ith  a central witness beam  running all along the linac. This is because beam  loading o f 
the hollow  beam  and other effects create an energy jitter in the w itness beam  which is just o f the sam e 
m agnitude as the expected  acceleration.

In order to be able to  detect even small changes in energy we decided to install a separate witness beam  
gun w ith a well defined and low energy. The w itness beam  dc current was injected at an energy of 20k V  
into the transformer.

T he low energy o f the w itness beam  however has other severe disadvantages. Particles at 20keV are 
m uch too slow to stay in phase with the wake field pulse running at the speed o f light. In a transformer 
which is a few tim es longer than the w idth of the wake field pulse, the net energy gain of witness particles 
would average out to zero. The only way to avoid this effect is to make the transform er as short as the pulse 
w idth . Following an optim ization procedure o f m axim izing the energy gain as a function of tranformer 
length  we obtained an optim um  for a length between 2 and 3cm. We optim ized the period length , slot 
height, central beam  hole radius and upper cavity depth for a bunch length o f 1cm and obtained a two cell 
structure, each cell being 1cm long and separated by a 2mm thick m etallic disk.

We ran the linac for the above m entioned beam  parameters and injecting the witness beam  into the 
transformer. First we switched off the central beam  in order to see the background due to secondary photons 
produced by the hollow  drive beam  particles. Fig. 4 shows the background signal o f the photom ultiplier 
tube.

We than sw itched on the w itness beam  and slowly increased the s to p p in g  voltage on the grid (see F ig. 6) 
behind the transform er. We expected a m axim um  acceleration of around 30keV, which we calculated under

Figure 10: P hotom ultiplier signal of light, produced by electrons traversing the final potential barrier.
L e ft:  B a c k g r o u n d  s ig n a l due to  se c o n d a ry  p h o to n s  crea ted  by sca tte re d  e le c tr o n s  o f  the d r iv in g  beam .
R ig h t:  S ig n a l fr o m  p a r tic le s  a cce lera ted  in  th e  w ake  fie ld  tra n s fo rm e r .
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llic  pessim istic assum ption that the capture efficiency of the drive linac is only 50 % and that the ring shape 
is G aussian 1 in the longitudinal direction. At a voltage of 70kV we were lim ited by the power supplies but. 
could not yet sec any significant decrease o f the clear signal from the w itness beam  particles, see Fig. 4.

Thus we not only had a clear signal of the first particles accelerated by the m echanism  of W a k e  F ie ld  
T r a n s f o r m a t i o n  but we also found an acceleration higher than expected at least m ore than 50keV. Thus the 
charge capture efficiency was better than assum ed an d /or the bunch shape was narrower than in a Gaussian 
distribution . This acceleration of 50keV over 2.4cm  (which is the length of the transform er including two 
o f the three disks) yields a gradient of 2 M e V / m  for 20keV particles.

It is relatively straightforward to evaluate by m eans of computer sim ulation th at relativistic particles 
w ould be accelerated by these fields at. a rate of 8 M e V /m .

5 Sum m ary
T he first experim ental proof o f the new acceleration m echanism  of W a k e  F i e l d  T r a n s f o r m a t io n  has been 
com pleted at D E SY . The experim ent did show that this scheme is technically feasible.

A num ber o f effects concerned with the unusual beam  dynam ics o f high density hollow bunched beams 
were studied. The charge densities achieved in this first (not at all optim ized) experim ent axe around 1 /10  
o f the original design values.

M eans to im prove this situation , such as increasing the laser power, increasing the gun voltage, increas­
ing the w idth of illum inated cathode area, replacing the present buncher by a subharm onic one etc .., are 
under investigation.

T he s ta g e - 2  experim ent will m ainly be concerned with the longitudinal bunch compression in the an­
tisolenoid  region. In this compressor the bunches will also the significantly im proved in their azimuthal 
sym m etry since a local asym m etry at a specific angular position will be sm eared out (due to the energy 
spread produced in the last linac cavity) over all the bunch circumference. This next step will presumably  
increase the_peak intensities by a factor of five and the peak values of the wake fields even by a factor of 
ten.

In the case of a m ulti pulse operation which is now being considered, the bunch charge experim entally  
achieved is in fact, high enough for a schem e w ith 10-20 pulses or even to o  high in a scheme w ith more 
pulses.

A lso, the m ulti pulse operation relaxes m any beam  quality requirements. W hereas longitudinal wake 
fields add up coherently, in general this is not so for transverse deflecting wake fields since the two classes 
of m odes do not have the sam e frequencies. Thus for such a m ulti pulse W FT  w ith  more than 20 bunches 
th e ex istin g experim ental setup already fulfills the requirements for a real l T e V  W a k e  F ie ld  T r a n f o r m e r  
linear collider.
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’The actual shape as observed is steeper than a Gaussian bunch and thus presumably creates stronger wake fields.



10

R eferences
[1] G .-A.Voss and T .W eiland, P a r t i c l e  A c c e le r a t io n  b y  W a k e  F ie ld s , D E SY  M -82-10, April 1982.
[2] G .-A .V oss and T .W eiland, W a k e  F ie ld  A c c e le r a t io n  M e c h a n i s m , P r o c e e d in g s  o f  th e  E C F A - R A L  W o r k ­

s h o p ,  Oxford, Septem ber 1982, ECFA 83 /6 8  and D E SY  82-074 Novem ber 1982.
[3] W .B ialow ons, H.D ehne, A .Febel, M .Leneke, H .M usfeldt, J.Rossbach, R .R ossm anith , G .-A.Voss, 

T .W eiland, F .W illeke, A  W a k e  F ie ld  T r a n s f o r m e r  E x p e r i m e n t ,  Proceedings of the 12-th Interna­
tional Conference on High Energy Accelerators, Chicago and DESY M -83-27, August 1983.

[4] W .B ialow ons, H .D .Brem er, F.J.D ecker, R .K latt, H .C.Lewin, S.Ohsawa, G .-A.Voss, T .W eiland, W a k e  
F ie ld  W o r k  a t  D E S Y ,  IEEE Transactions on Nuclear Science, Vol. NS 32-5,2 (1985), pages 3471-3475  
und D E SY  M -85-08.

[5] W .B ialow ons, H .D .Brem er, F .J . Decker, M .v.H artrott, H.C. Lewin, G .-A .V oss, T.W eiland, P.W ilhelm , 
X iao Chengde and K.Yokoya, W a k e  F ie ld  A c c e le r a t io n ,  Proceedings of the International Linear Ac­
celerator Conference, SLAC (1986) and Sym posium  o f Advanced Accelerator Concepts, W isconsin  
(1986) and D ESY  M -86-07.

[6] W .B ialow ons, H .-D .Brem er, F .-J.Decker, H .-Ch.Lew in, P.Schütt, G .-A .V oss, Th.W eiland, Xiao  
Chengde, H o l lo w  B e a m  G u n , these proceedings.

[7] Th.W eiland and F.W illeke, P a r t i c l e  T r a c k in g  w i th  C o l le c t i v e  E f f e c t s  in  W a k e  F ie ld  A c c e le r a to r s , 
Proceedings o f the 12-th International Conference on High Energy Accelerators, Chicago, 1983, pp. 
457-459 and following im proved versions by Gary R odenz (on leave from Los Alam os) and Kaoru 
Yokoya (K E K ).

[8] Petra Schütt, Z u r  D y n a m i k  e in e s  E l e k t r o n e n h o h l s t r a h l s , Thesis, II. Institut für Experim entalphysik  
der Universität Hamburg (to  be published).

[9] W .B ialow ons, H .-D .Brem er, F .-J.Decker, H .-Ch.Lew in, P .Schütt, G .-A .V oss, Th.W eiland, Xiao  
Chengde, C o m p u t e r - S i m u l a t i o n s  f o r  th e  D E S Y  W a k e  F ie ld  T r a n s f o r m e r  E x p e r i m e n t , these proceed­
ings.


