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A B S T R A C T  

A  g r o u p  at S L A C  has  s tud ied  the  possib i l i ty of us i ng  the  
S tanfo rd  L i nea r  Co l l i de r  ( SLC )  to gene r a t e  sho r t - bunch  smal l -  
emi t tance  b e a m s  s imi la r  to those  r equ i r ed  for the  Next  L i nea r  
Co l l i de r  (NLC )  [ 1 .21.  T h e  conc lus ion  is that such  b e a m s  a r e  
feas ib le  a n d  that a n  expe r imen ta l  a r e a  for test ing m a n y  concep ts  
re la ted  to N L C  b e a m s  can  b e  p r ov i ded  wi th a  r e asonab l e  
add i t i on  of h a r dwa r e  to the  ex ist ing S L C  L inac.  S o m e  of the  
concep ts  that c an  b e  tested a re :  1 )  e r ro r  to le rances  of d o ub l e  
b u n c h  l eng th  compress ion ,  2 )  wakef ie lds  of u l t ra -shor t  
b u nches  in  acce le ra t i ng  structures, 3 )  the  acce le ra t i on  of shor t  
i n tense  mu l t ip le  bunches ,  4 )  the  gene ra t i on  a n d  p rese rva t i on  of 
b u nches  wi th 1 0 0  to 1  emi t tances rat ios, 5 )  b e a m  def lect ions by  
co l l imators,  6 )  e ne r gy  a n d  ene r gy  sp r ead  cont ro l  of mu l t ip le  
shor t  bunches ,  a n d  7 )  v ib ra t ion  effects a n d  t ra jectory stabi l i ty 
for l ow  emi t tance  beams .  

1  IN’T R O D U C ITO N  

T h e  la rgest  factor in  the  i nc rease  in  luminos i ty  of a  potent ia l  
fu ture l i nea r  co l l i de r  c omes  f rom the  very  substant ia l  r educ t i on  
of the  b e a m  emi t tances ove r  that n o w  u sed  in  the  S tanfo rd  
L i nea r  Co l l ider .  Reduc t i on  factors of 1 0  to 1 0 0 0  a r e  n eeded .  
Fo r  examp le ,  invar iant  emi t tances of 4 - 1 0  x 1 0 - 8  r -m  in  the  
vert ica l  p l a n e  a r e  n e e d e d  for the  N L C  c o m p a r e d  wi th 3  x 1 0 - 5  
r -m  for the  S L C . Fu r the rmore ,  mu l t ip le  b u n c h  t ra ins a r e  
des i r ed  con ta i n i ng  1 0  to 1 0 0  b unches  wi th cha r ges  of 0 .5  to 
1 .5  x 1 0 1 0  par t ic les each .  These  emi t tance  reduc t i ons  a n d  
mu l t i bunch  capab i l i t ies wi l l  resu l t  f r om the  care fu l  d es i gn  of the  
p r o p osed  d a m p i n g  r ings, the  l i nea r  acce le ra tors,  a n d  the  two 
b u n c h  l eng th  compresso rs .  Expe r imen ta l  checks of the  n e w  

- concep ts  a n d  b e a m  cont ro l  t echn i ques  r equ i r ed  for the  N L C  a r e  
n e e d e d  to ver i fy that t hese  l ow-emi t tance  mu l t i bunch  b e a m s  can  
b e  p r oduced .  A  potent ia l  emi t tance  test a r e a  [3] desc r i bed  h e r e  
wou l d  u se  mod i f i ed  S L C  h a r dwa r e  to test m a n y  of the  featu res 
no t  p resent ly  b e i n g  a dd r essed  wi th o the r  N L C  tests [4,5,6]. 

T h e  emi t tance  test a r e a  wou l d  u se  the  e lec t ron  po r t i on  of the  
S L C  3 0 0 0  m  l inac ope r a t ed  u n d e r  spec ia l  cond i t i ons  wi th the  
add i t&no f  a  s econd  b u n c h  l eng th  comp resso r  n e a r  the  1 0 0 0  m  
r e g i oWq5 - 1 7  G ’eV) .  A  schemat ic  ove rv i ew of this par t  of the  
S L C  is s h own  in  F i gu re  1. T h e  e lec t ron  g u n  wou l d  in ject 1  to 
1 0  b unches  spaced  1 .6  m  apa r t  in to the  e lec t ron  d a m p i n g  r ing.  

l W o r k  s u p p o r t e d  b y  U S  Depa r tmen t  o f  E n e r g y  con t rac t  D E - A C 0 3 -  
7 6 S F o O 5 1 5 .  

T h e  r i ng  wou l d  ope r a t e  u ncoup l e d  in  the  e ne r gy  r a n g e  of 6 0 0  
to 1 1 5 0  M e V  to p r ov i de  flat b u nches  (sma l l  vert ica l  emi t tance) .  
These  b unches  after ext ract ion wou l d  h a ve  the i r  l eng ths  
sho r t ened  to 0 .5  m m  a n d  subsequen t l y  acce le ra ted  to the  1 0 0 0  
m  r eg i on  in  the  S L C . A t this po in t  the  b u n c h  l eng ths  wou l d  b e  
sho r t ened  a  s econd  tim e  to abou t  0 . 05  to 0 . 07  m m  in  a  
m a g n e tic comp ress i on  sect ion ( to b e  bui l t )  us i ng  a  co r re la ted  
e ne r gy  sp r ead  in  e a ch  b u n c h  p r o d uced  by  offset p hases  of the  
k lystrons ups t ream.  T h e  to le rances  for this s econd  
comp ress i on  sect ion a r e  expec ted  to b e  a  cha l l e nge  a n d  s imi la r  
to those  r equ i r ed  of the  NLC.  These  b unches  wou l d  t hen  b e  
e i the r  re in jec ted  in to the  l inac whe r e  acce le ra t i on  a n d  s t rong  
wakef ie lds  cou l d  b e  s tud ied  o r  d i rec ted  to a n  a l i gnmen t  o r  
acce le ra t i on  test sect ion,  as  s h own  in  F i gu re  2. Overa l l ,  this _  
emi t tance  test a r e a  wou l d  l ook  l ike the  ful l in jector  comp l ex  of 
a n  NLC.  

2  M U L T I B U N C H  G E N E R A T IO N  

T h e  S L C  the rm ion ic  g u n  p r oduces  two b unches  of abou t  1 0 1 1  
e -  e a ch  spaced  by  6 0  nsec.  A b o u t 4 .5  x 1 0 1 0  par t ic les in  e a ch  
b u n c h  a r e  cap tu red  in  the  d a m p i n g  r ing.  T h e  add i t i on  of ext ra  
b unches  b e tween  these  two wou l d  b e  a  m i no r  c h a n g e  to the  
in jector  system as  the  sub - ha rmon i c  bunche r s  natu ra l ly  a l l ow 
b unches  wi th 5 .6  nsec  spac ings.  The re fo re ,  for t hese  emi t tance  
tests 1 0  o r  so  b unches  of 1  x 1 0 1 0  e -  e a ch  wou l d  b e  p r o d uced  
in  6 0  nsec.  B e a m  l oad i ng  in  the  1  G e V  acce le ra to r  a n d  in ject ion 
in to the  d a m p i n g  r i ngs  of t hese  1 0  b unches  a r e  no t  expec ted  to 
b e  difficult, as  the  a ve r a ge  cur ren t  va l ues  wou l d  b e  s imi la r  to 
those  p resent ly  hand l ed .  N o  r i ng  k icker c h anges  a r e  n eeded .  
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F igu re  1  Ove rv i ew  of the  po r t i on  of the  S L C  of interest 
for a n  emi t tance  test a rea .  T h e  e lec t ron  gun ,  d a m p i n g  r ing,  a n d  
the  5 0  G e V  l inac p resent ly  exist. A  s econd  b u n c h  l eng th  
comp resso r  a n d  a  d iagnost ic  a r e a  r equ i r e  const ruct ion.  

C o n t r ibu ted  ta lk  a t th e  X V  In te r n a tio n a l  C o n fe r e n c e  o n  H i g h  E n e r g y  Acce le ra to rs ,  
H a m b u r g , G e r m a n y , Ju ly 2 0 - 2 4 , 1 9 9 2 . 
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Figure 2 Schematic layout of one option for the second 
bunchh%tgth compressor at the 1000 m location in the SLC 
showing a possible test area for wakefield, alignment, RF, and 
bunch emittance parameters. 

3 LOW EMITTANCE PRODUCTION 

At bunch intensities of 1 x 1010 e-, the SLC electron damping 
ring produces the design coupled invariant emittances of about 
1.8 x 10-5 r-m. Calculations by one of us (TR) were made to 
study the operation of the ring at low energy with uncoupled 
tunes. Two of these calculations are shown in Figure 3 and 4, 
indicating that emittances of 1.5 x lo-5 r-m horizontally and 1.5 
x 10-7 r-m vertically may be possible. Studies of multibunch 
instabilities are underway, including the effects of beam 
loading and inultibunch extraction. These emittance tests will 
also verify the calculations of intra-beam scattering and 
multibunch instabilities, important for future damping rings. 

4 DOUBLE BUNCH LENGTH COMPRESSION 

The SLC bunch length compressor just after the damping ring 
[7] presently shortens the two damped bunches from 6 mm to 
0.5 mm (sigma) with negligible emittance enlargement at 1 x 
1010 e- [8]. It is expected that it will work equally well for 10 
bunches with small vertical emittance if the beam loading in the 
compressor is corrected and additional control of vertical 
dispersion is provided. 

The second bunch compressor at about 10 GeV must be 
designed with the same error tolerances as needed for a future 
collider [9]. Two acceptable compressor designs have been 
studied: (1) a 45 degree bend (eight dipoles and 32 
quadrupoles) and (2) a straight ahead chicane (three dipoles), 
allowing reinjection into the main linac. Second order optics 
issues, error tolerances, and construction details are being 
investigated. Emittance growth from synchrotron radiation in 

- the horizontal bends is not expected to be a problem. 

5 MULTIBUNCH ACCELERATION 

The, en_esgyspreads of the bunches will be controlled by 
placing &mean phase of the bunch ahead of the RF crest by 
about 5 degrees to partially cancel the longitudinal wakefields 
with the curvature of the RF wave. The resultant spread is 
shown in Figure 5. If the bunches are to be reinjected into the 
main linac after the second bunch compressor, the downstream 
wakefield compensation will require a larger phase offset (20- 
30 degrees) to maintain a small energy spread. Multibunch 

2 

beam loading will be controlled by staggering the timing of the 
RF pulses for differing klystrons so that the mean energy of all 
10 bunches are nearly equal [lo]. Energy and spectra control 
are important components of these tests. 

6 EMI-ITANCE CONTROL STUDIES 

The bunches exiting the damping ring must be accelerated and 
manipulated without degradation to their low emittances. This - 
is particularly true for the small vertical emittance. Therefore, 
care must be taken to control dispersive and transverse 
wakefield effects along with coupling of x to y motion. After 
the second bunch compression, single bunch transverse 
wakefield effects will be much less severe as the bunch length 
is sufficiently short. A simulation of the transport of single 
bunches in the linac with 1 x 1010 particles shows that 
emittances of 2 to 4 x 10e7 r-m may be transported to 10 GeV, 
although advanced steering correction may be necessary 
[ 11,121. See Figure 6. Furthermore, long range transverse 
wakefield effects from bunch to bunch are expected. In the 
SLC linac, these long range effects have been observed with 
about 10 nsec bunch separation but required large bunch 
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Figure 3 Calculated equilibrium emittance of an 
uncoupled bunch in the damping ring as a function of energy 
and bunch charge. The effects of intra-beam scattering and 
turbulent bunch lengthening have been included. At 700 MeV a 
bunch of 1 x 1010 particles would have an invariant horizontal 
emittance &x of about 1.5 x 10-5 r-m and ay -100 times smaller. 
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Figure 4 Calculated equilibrium energy spread versus ring 
energy for the calculations in Figure 3. The small variations in 
the energy spread should not affect bunch length compression. 



“o’scillation amplitudes to be seen. Calculations for 5.6 nsec 
separations are-underway. Experiments to study inter-bunch 
steering correction are also possible using several special SLC 
pulsed magnets located at the 100, 500 and 600 m linac 
positions. The magnets have a rapid rise time (20 nsec), a short 
duration (60 nsec), and pulse profiles that can be shaped. 

7 WAKEFIELDS AT VERY SHORT BUNCH LENGTHS 

The wakefields for a structure become less known when the 
bunch length become very short compared to the accelerator iris 
diameters [133. For example, both the transverse and 
longitudinal wakefields are not known to a factor of two or so 
in the SLAC structure for bunch lengths of the order of 50 pm. 
The capabilities of the system described here would allow, for 
the fist time, experimental studies of short bunch transverse 
and longitudinal wakefields in the NLC regime of parameters. 

Another important issue is that of collimation in the NLC. A 
discontinuity in the vacuum chamber (collimator) very near the 
beam can cause large emittance changes [14]. The bunch 
lengths and bunch charges in the SLC are such that these 
effects can not be studied effectively. With single bunch 
operation at high currents (4 x lO*o) and with the second length 
compressor, these collimator effects can be directly measured 
with the proposed test area. 

8 ALIGNMENT AND STABILITY STUDIES 

Two of the most important tolerance questions for the linac of 
the NLC are alignment and stability. Vibration control must be 
at the few nanometer level. With the 45 degree compressor and 
a 50 m downstream diagnostic region as shown in Figure 2, it 
will be possible to study these issues with NIX-like beams. 
Precise and remote mechanical alignment devices could be 
tested and compared with beam based measurements in the 
same region. These tests could also be performed straight 
ahead in the linac but access to the equipment would be 
restricted due to other SLAC programs. 

9 POSSIBLE RF TEST REGION 

The test area described above in the tunnel spur could provide a 
straight tunnel of 110 m with an extension, allowing a 100 m 

test section of x-band RF accelerator with operation under 
actual tunnel conditions and with NLC specification beams. 

10 CONCLUSIONS 

The feasibility of performing multibunch flat-beam emittance 
studies at the SLC with beam tolerances similar to those needed 
for the injector complex of a future collider appears to be 
reasonable. Work is continuing to better define the tolerances - 
and the required hardware modifications, including 
instrumentation. The advantage of using the SLC hardware is 
that questions relevant to the NLC can be addressed 
immediately with very few infrastructure changes. Recent 
efforts have concentrated on designing the second compressor 
option allowing the bunches to be reinjected into the main linac. 

Figure 6 Expected emittance increase for a bunch 
entering the linac with zero emittance and subjected to 
random misalignments of 100 pm for the quadrupoles, 70 pm 
for the position monitors, and 300 pm for the accelerating 
structures for the first 1000 m. Simple beam steering has been 
used in the simulations but induced oscillations for emittance 
reduction have not been used [12]. 
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Figure 5 Calculated energy s read of a single bunch at 1000 
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