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A B S T R A C T  

Resea r ch  is u n de rway  at S L A C  to deve l o p  acce le ra to r  
st ructures for the  next  gene ra t i on  l i nea r  co l l ider .  A n  
impor tan t  fea tu re  of the  des i gn  is a  de t un i ng  of the  d i po l e  
m o d d e s  -of the  cel ls to supp ress  the  l o ng - r a nge  t ransverse  
wakef ie ld  bp two  o rde rs  of magn i t ude .  Th is  p a p e r  desc r i bes  
a  facil ity, ca l l ed  A S S E T , that wi l l  b e  i nco rpo ra ted  in to the  
S L A C  L i nea r  Co l l i de r  ( SLC )  to test the  l o ng - r a nge  
wakef ie ld  supp ress i on  a n d  a lso  to measu r e  the  o the r  
c omponen t s  of the  wakef ie lds  g ene r a t e d  in  acce le ra to r  test 
structures. _ -  
1  INTRGDUCT ION  

The -des i gns  b e i n g  cons i de r ed  at S L A C  for the  Next  L i nea r  
Co l l i de r  (NLC )  emp l o y  mu l t i - bunch  ope ra t i on  in  a  h i g h  
acce le ra t i on  -g rad ien t  X - b a n d  l inac. T h e  l imi tat ions in  this _  _ _  
a p p r o a ch  c o m e  in  par t  f r om the  t ransverse  a n d  l ong i tud ina l  
wakef ie lds  g ene r a t e d  in  the  acce le ra to r  st ructures of the  
l inac. A  par t icu lar ly  t r oub l esome  p r o b l em  is the  l o ng - r a nge  
t ransverse  wakef ie ld ,  -wh ich  if no t  cont ro l led,  wi l l  p r o d uce  
a  l a r ge  g rowth  in  the  t ransverse  m o t ion of the  bunches .  T h e  

.current ly f avo red  cu re  for this p r o b l em  is to d e t une  the  
d i po l e  m o d e  f r equenc ies  of the  cel ls of the  st ructures so  the  
s u m  of the  wakef ie lds  g ene r a t e d  in  e a ch  st ructure d e cohe r e  
[l]. S i nce  a  two o rde rs  of magn i t u de  reduc t i on  is requ i r ed ,  
a n d  the  theoret ica l  ca lcu la t ions of the  supp ress i on  [2] h a ve  
s o m e  uncer ta inty,  it is impor tan t  that the  pe r f o rmance  of 
the  st ructures b e  ver i f ied be fo re  they a r e  p r o d uced  for u se  
in  a n  acce le ra to r .  

Thus  far, measu r emen t s  of the  wakef ie ld  supp ress i on  h a ve  
b e e n  m a d e  o n  shor t - l eng th  d e t u ned  st ructures at A r g o n n e ’s 
A d v a n c e d  Acce le ra to r  Test  Faci l i ty [3]. A l t h ough  the  
resu l ts l ook  p romis ing ,  this facil ity cur rent ly  d o es  no t  h a ve  
the  measu r emen t  p rec is ion  r equ i r ed  for the  N L C  st ructures 
b e i n g  deve l oped ,  n o r  the  capab i l i ty  of measu r i n g  the  
wakef ie lds  b e y o n d  a  few ns  c o m p a r e d  to the  few h u n d r e d  
ns  n eeded .  In the  future, the  p l a n  is to d o  the  measu r emen t s  
at S L A C  wi th a  ded i ca ted  facil ity ca l l ed  the  Acce le ra to r  
S t ructure S E T u p  o r  A S S E T  [4]. It exp lo i ts  the  “asset” of 
t h e -SLC  in  its capab i l i ty  to i ndependen t l y  in ject two l ow  
emi t tance  b unches  (e lec t rons a n d  pos i t rons)  in to the  l inac 
wi th i nd iv idua l  cont ro l  of the  b u n c h  tim i n g  a n d  intensity. 

T h e  layout  for. A S S E T . is s h own  in  f igu re  1. It is d i v i ded  
in to two sect*3 that.wi l l  take the  p l ace  of the  first two 
3  m  l o n g  S - b a n d  acce le ra to r  st ructures in  the  S L C  l inac. 
T h e  first sect ion wi l l  con ta in  the  st ructure to b e  tested. It 
wi l l  b e  insta l led just p r i o r  to the  wakef ie ld  measu r emen t s  
a n d  wi l l  b e ’r emoved  thereaf ter .  In the  s econd  sect ion,  a  
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comb ina t i on  ch i cane  a n d  b e a m  d u m p  wi l l  b e  insta l led that 
wi l l  se rve  to d u m p  the  pos i t ron  b u n c h  wh i l e  re rou t i ng  the  
e lec t ron  b u n c h  back  in to the  l inac. T h e  v a cuum  c hambe r  in  
this system wi l l  b e  l a r ge  e n o u g h  to pe rm i t  n o rma l  ope ra t i on  
of bo th  b unches  in  the  l inac w h e n  the  ch i cane  m a g n e ts a r e  
t u r ned  off. T h e  ch i cane  wi l l  a l so  con ta in  a  w i re  scanne r  a n d  
prof i le  mon i t o r  that wi l l  b e  u s ed  for b e a m  l oad i ng  a n d  
s ing le  b u n c h  t ransverse  wakef ie ld  measu remen ts .  T h e  
deta i ls  of t hese  measu r emen t s  c an  b e  f ound  in  r e fe rence  4. 

2  B U N C H - T O - B U N C H  C O U P L ING M E A S U R E M E N T  

T h e  key  r equ i r emen t  of A S S E T  is that its sensit iv ity to 
l o ng - r a nge  t ransverse  wakef ie lds  b e  such  that the  measu r e -  
m e n ts wi l l  y ie ld  a  mean i ng f u l  p red ic t i on  of the  pe r f o rmance  
of a n  N L C  l inac m a d e  f rom the  type of st ructure tested. 
Thus  the  sensit iv ity shou l d  b e  b e l ow  the  to le rances  o n  the  
wakef ie ld  s t rength  in  the  NLC.  These  to le rances  h a ve  b e e n  
invest iga ted by  s imu la t ing  mu l t i bunch  t ranspor t  for va r i ous  
N L C  l inac des igns .  In e a ch  case,  the  i nc rease  in  the  be ta -  
t ron  amp l i t udes  of the  b unches  that occu r  f rom the  wake -  
f ie ld coup l i ng  a r e  c ompu t ed  [l]. S i nce  this g r owth  is a  
comp l i ca ted  funct ion of the  wakef ie ld  s t rength  ( =  W t) at the  
locat ions of the  bunches ,  it is diff icult to s imp ly  
charac te r ize  the  l imits o n  W t. Howeve r ,  the  gene r a l  
cr i te r ion that eme r g e s  f rom these  stud ies is that the  
cond i t i on  W t <  1.0  M e V lm2 /1 0 1 0 e  at e a ch  b u n c h  locat ion  
shou l d  b e  adequa te ,  bu t  that a  s imu la t ion  of the  mu l t i bunch  
t ranspor t  us i ng  measu r emen t s  that a r e  sens i t ive to at least  a  
th i rd of this s t rength  shou l d  b e  m a d e  as  a  fur ther  check.  

Ach i ev i ng  this leve l  of sensit iv ity us i ng  the  S L C  is n o n -  
tr ivial a n d  requ i r es  m a n y  of the  cont ro l  a n d  ana lys is  tech-  
n i q ues  that h a ve  b e e n  d eve l o p ed  for co l l i d ing  b e a m  ope r a -  
t ion. In the  m e thod  p r oposed ,  the  pos i t ron  b e a m  wi l l  se rve  
as  a  d r ive  b u n c h  a n d  wi l l  b e  in jec ted in to the  l inac f rom the  
t ranspor t  l i ne  ( SRTL )  connec t i ng  it to the  S o u th D a m p i n g  
R ing .  T h e  b u n c h  wi l l  t hen  pass  t h r ough  the  test st ructure 
a n d  en te r  the  A S S E T  b e a m  d u m p . T h e  e lec t ron  b e a m  f rom 
the  Nor th  D a m p i n g  R ing ,  wh i ch  wi l l  b e  in jec ted in to the  
l inac v ia  the  N R T L  at a  cont ro l l ed  tim e  after the  pos i t rons,  
wi l l  se rve  as  a  w i tness b u n c h  a n d  b e  t ranspo r ted  t h r ough  
the  ch i cane  a n d  back  in to the  l inac whe r e  its be ta t ron  
m o t ion wi l l  b e  ana l yzed  us i ng  B e a m  Pos i t i on  Mon i to rs  
(BPMs) .  

In p r epa ra t i on  for the  measu remen ts ,  the  w i tness a n d  d r ive  
b unches  wi l l  b e  es tab l i shed  wi th a n  intensi ty of 5 . 109  a n d  
3 *1010 ,  respect ive ly,  a n d  wi th the  m i n imum  poss ib l e  b u n c h  
l eng ths  ( -  0 .5  m m ) . T h e  w imess  b u n c h  wi l l  b e  in jec ted 
a l o n g  the  ax is of the  acce le ra to r  st ructure to b e  tested, a n d  
wi l l  no t  b e  t uned  du r i n g  the  measu remen ts .  T h e  in ject ion of 
the  d r ive  bunch ,  howeve r ,  wi l l  b e  va r i ed  in  a  s tep w ise  
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Figure 1. Layout of the Accelerator Structure SETup (ASSET) in the SLC. 

manner in the vertical plane using corrector magnets in the 
SRTL. The betatron injection phase will remain fixed but 
the amplkude will be varied over the maximum range 
permitted by the apertures of the test structure. For each 
setting of the drive bunch amplitude, the BPM readings of 
the witness bunch downstream of the chicane will be 
recorded. The slope of the vertical BPM position versus 
-drive amplitude will be computed for each monitor and 
these data will then be fit to determine the betatron 
amplitude of the witness bunch per unit amplitude of the 
drive bunch, a quantity that is proportional to Wt. This 
procedure will then be repeated for different bunch 
separations- to determine the temporal dependence of the 
transverse wakefield. 

3 DESIGN CONSIDERATIONS 

To reduce systematic errors in the measurement of long- 
range wakefields with the SLC, we wanted a signal that 
depended only on Wt. The choice of varying the drive 
bunch amplitude to generate a signal is preferred in this 
regard to varying the transverse position of the test 
structures or the drive bunch intensity, for example. This 
choice requires that no S-band structure precede the 
apparatus as the wakefields generated in it would also affect 
the witness bunch motion. Hence the test structures need to 
be located at the beginning of the linac. At this location, 
the bunch energy is smallest, 1.15 GeV, which is an 
advantage from the signal-to-noise point of view but a 
disadvantage from the strong effect of the short-range 
transverse wakefields on the witness bunch motion. To 
minimize this effect, the witness bunch intensity and length 
will be made as small as possible. 

The vertical plane was chosen to do the measurements 
because the jitter in the transverse position and angle of the 
bunches at injection into the linac is generally smaller in 
this plane, probably as the result of the fewer bends in the 
transport line preceding it. This injection jitter contributes 
to the error on the signal measurement as does the linac 
BPM resolution. To measure the total noise level, data 
were taken in a manner similar to that described above for 
the -wakefield measurements but with no drive bunch or test 
structure. H&&e the fit values of the bctatron amplitudes 
reflect the noise spectrum that will be encountered when the 
actual measurements are made. The typical amplitude ob- 
served was -5 urn when data were taken over 20 pulses from 
the 30 BPMs immediately downstream of the proposed chi- 
cane location. The goodness of the fits and their match to 
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the NRTL BPM data indicates that the noise is dominated 
by injection jitter. Thus correcting for this jitter using the 
NRTL trajectory data should further reduce the noise. 

The choice of the number of structures to use and the drive 
bunch parameters was based on optimizing the signal. This 
was complicated by the fact that the strong short-range 
wakefields in the structures increase the transverse size of 
the drive bunch and hence limit the gain in signal that 
would normally be achieved by increasing the drive 
intensity or amplitude. To study the tradeoffs, simulations 
of the measurements were done for the proposed SLAC X- 
band structures. Six structures of 1.8 m length were 
assumed to be centered within 3 m spacings between 
quadrupoles but not powered. A lattice similar to that in the 
linac with a 90” phase advance and an average beta, 
(gmax + /3min)/2, of 6 m was used. The two possible 
configurations, one with a focusing quadrupole before the 
first structure, and one with a defocusing quadrupole before 
it, were each simulated. The short-range wakefields 
assumed were those computed for these structures, and Wt 
was set to 1 .O MeVlm2/1010e. 
Different drive bunch intensities were simulated with bunch 
length profiles corresponding to those obtained from full 
compression in the SRTL. In the simulation, the bunches 
were represented by a series of 41 transverse slices at 
uniformly spaced longitudinal positions in the range of +3 
times the rms bunch length. The bunch energies were 
assumed to be those at the beginning of the linac but no 
initial energy spread within the bunch was simulated as it 
has little effect on the drive bunch trajectories for the cases 
considered. The witness bunch intensity, which one wants 
to be small as possible, was assumed to be 5.109 since the 
linac BPM resolution degrades rapidly below this intensity. 

For each choice of drive bunch intensity, the injection 
amplitude was fixed and a simulation done for a full range 
of injection phases. At every phase, the amplitude of the 
witness bunch trajectory was computed at the exit of each 
of the six structures. These signals were then normalized to 
the injection amplitudes that would correspond to the onset 
of drive bunch loss on the structure irises upstream of the 
point where each signal was evaluated. 

As an example of the results from the simulation, figure 2 
shows some of the drive bunch slice trajectories with both 
quadrupole configurations for I = 3*1O*O and zero injection 
phase. The rapid growth of the beam tail illustrates the 
limitation that occurs in trying in increase the signal by 



increasing the number of 
structures. In fact, when the 
normalized witness bunch amp&- 
tudes are computed, one sees 
that the signal does not grow 
much after the first structure. 
Also, the effect of the beta func- 
tion is observed in that the signal 
is generally larger for an even 
number of structures when the 
initial quadrupole is focusing, 
and for an odd number of struc- 
tures when it is defocusing. An 
example of the dependence on 
the number of structures is 
shown in figure 3 where the 
normalized amplitude after each 
structure is plotted as a function 
of injection phase for I = 3*1010 
and the quadrupole configuration 
giving the largest signal on aver- 
age. The lack of a strong depen- 
dence on the number of struc- 
tures is also seen when such 
comparisons are made for other 
drive bunch intensities in the 
range of 1*1010 to 4*1010. In 
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Figure 2. Vertical trajectories of seven transverse slices of a 2 l lOlo particle bunch 
through six unpowered X-band structures in two FODO lattices (gmax = 10.2 m) 
which differ by only the initial quadrupole polarity. The longitudinal slice positions 
are-spaced in increments of the bunch length (03, and range from +3& to -30~. 
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Figure 3. Normalized betatron amplitude of the witness 
bunch as a function of the drive bunch injection phase. In 
the top (bottom) plot, the amplitudes at the end of the first 
(last) three structures are shown. 

general, for I > 2*101° and two to four structures, the 
limitation from the beam tail size cancels all or more of the 
gain from an increase in intensity or in the number of 
structures. For a single structure, this saturation occurs at a 
higher intensity (= 3*1010), while for five or six structures, 
it occurs at a lower intensity (= l.lO*O). 

From these results, it was decided to use only one test 
structure in ASSET as it will yield most of the signal 
achievable with more structures. Running with a drive 
intensity of 3*1010, which is routinely achievable for 
colliding beam operation, a wakefield strength of 
1.0 MeVtm 2/1010e will produce a betatron amplitude of 
70 pm compared to an expected noise level of c 5 pm. 
Thus the minimum design requirements for the structures 
should be easily verifiable. Also, wakefield strengths at 
least a factor of five times smaller should be measurable so 
accurate simulations of the performance of an NLC linae 
can be made. 
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