
SLAC - PUB - 4644 
May 1988 
(4 

I 

L 

ONGOING ACTIVITY AT SLAC* 

S. A. KHEIFETS 

S’tanPord Linear Accelerator Center, Stanford University, Stanford, CaJifornia 94309 

1. STANFORD LINEAR COLLIDER-SLC (R. Stiening) 

On April 6, 1988 both beams were brought simultaneously through the Interaction Point (IP) into 

dumps. The number of positrons and electrons per pulse were 0.3. 1O’O and 0.5 . lOlo, respectively, at 

the repetition rate 10 pps. 

The performance of the SLC Arcs has been improved as the result of correction of the betatron phase 

advances in each achromat, dispersion correction and reducing the cross-plane coupling by smoothing 

the roll angles. The system to install coherent gradient deviations on the second harmonic of betatron 

oscillations is being prepared (P. Bambade, A. Hutton, N. Toge). The rms size of the electron bunch 

measured at the IP is a, = 4 pm by ov = 5 pm. From measured angle divergence of the beam one 

can evaluate the beam emittances to be eZ = 12 * 10-l’ m-rad and cy = 14 . lo-l2 m-rad, respectively - 

(W. Kozanecki). (Nominal emittance is c = 4. lo-l2 m-rad in each plane.) The damping rings routinely 

produce 2-3.1O’O electrons and positrons per pulse. The bunch lengthening in the rings is still there ’ 

and the future plans include the installation of the sleeves for shielding the bellows (L. Rivkin). 

The background in the Mark II detector has been analyzed (D. Burke). The main problem arises 

not from the synchrotron radiation but from the production of the p mesons by the particles in the tails 

of the transverse distribution. The installation of additional collimators in the Beam Switchyard and 

the reverse bend Sections of the Arcs is planned. That should cut the background to a level which will 

allow operation of the Mark II with currents l.O.lO’” in each beam. 

. 

2. STORAGE RINGS (P. Morton) 

-__ - 

The installation and commission of the low emittance lattice in the PEP storage ring has been 

successfully performed (M. Donald and others). That transformed the ring into the brightest source of 

synchrotron radiation in the world. The evaluated horizontal emittance of the ring is 6.4. lo-’ m-rad at 

the energy 7.1 GeV (H. Winick). PEP has been commissioned with a mini-p lattice in one interaction 

region and~is ready to resume runs for high energy physics. Future plans include development of the 

timing system for filling the SPEAR and PEP storage rings using the SLC complex and construction 

of independent injectors for SPEAR and PEP. The last one might well be designed as a test facility for 

future linear colliders. . 
c= 

.  
_F_ 3. BEAM DYNAMICS AT SLAC (E. Paterson) L 

The main beam dynamics activity besides the SLC is now shifted to the future TeV Linear Collide;- 

the TLC. 
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3.1 TLC 

Much progress has been made on the development of the basic concepts snd parameters of the -- . . 

. 
linear collider in the TeV energy range. The main conceptual features of the collider are: a) flat beams 

(6%/c,, = loo), b) multibunch system (21 bunches), c) crossing angle at collision point, d) high frequency 

of acceierating field (17 GHz), e) a possible cluster of 10 relativistic klystrons (1 unit per each 8 m) 

as the RF power source and f) RF structure with damping of higher modes. Table 1 contains main 

parameters of the latest R&D design. 

Table 1. Main Parameters of the TLC. 

N Parameter 

1 Energy (TeV) 

Value 

2 x 0.5 

Comment 

7 = 106 

2 Luminosity (cmm2sec-l) 1.6 . 103’ 
3 Luminosity (cm-2eec-1) 0.5.103’ 

4 Beamstrahlung parameter (%) 20 

5 Linac length (km) 7.41 

6 Acceleration gradient (MeV/m) 186 
7 Average RF power (Mw) 100 
8 Peak RF Dower fGw‘l 5 

no dilution 
with dilution 

36% efficiency 

9 Length of RF pulse (nsec) 50 
10 Repetition rate (set-l ) 186 . 
11 L? fcml 1.2 

I 12 I PZ (4 I 3.8. 1O-3 1 

13 4 (4 0.16 

14 0; (cl4 8.7. 1O-4 

--.- . 15 7cz (mrad) 1.9 * 10-s 
- 

16 7c,, (mrad) 1.9 * 10-s 
17 I -b-l I 0.76 I 
18 urn I%) 0.14 I 

Two types of relativistic klystrons are being developed by the collaboration of SLAC, LLNL and 

. , _F_ 

LBL: 1) a high gain one-cavity klystron and 2) a low gain subharmonic two-cavity klystron. First 

-experimental runs with a high gain klystron SL4 were performed at the frequency 11.4 GHz. The RF 

generation was obtained but the pulse shape is not yet satisfactory (no flat top). In the second design 

a breakdown, probably due to a vacuum problem, was observed in a low gain klystron. Simulations of 

a relativistic klystron with the program MASK showed 45% efficiency (M. Allen, K. Eppley, T. Lavine, - 

R. Miller, P: Morton, R. Palmer, R. Ruth, A. Vlieks, the Klystron Group at SLAC, W. Barletta, D. Birx, - 

G. Westenskow, 8. Yu at LLNL and A. Sessler at LBL). 

A test RF structure for 11.4 GHz has been built (G. Loew, H. Hoag). Experiments on this facility 

will start ss soon as the RF power is available. Suppression of higher modes has been checked in a 

single cavity with carefully designed cuts. The results for the frequency 17 GHz are given in Table 2 

(R. Palmer). 
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C o m p u t e r  s tudy  of  to le rances  for  the  l inac a r e  u n d e r w a y .  T o  p r e s e r v e  smal l  ver t ical  emi t tance  of  

the  b e a m ,  the  orb i t  a n d  a l i gnmen t  of  q u a d r u p o l e s  in  the  l inac mus t  b e  kep t  very  t ight (R.  Ruth) :  _ -  
y l rnd  2  3 0 p m .  S imu la t ions  of  the  mu l t i bunch  instabi l i ty’in  the  l inac (K.  T h o m p s o n ,  R. Ru th )  s h o w  that  

the  b r e a k u p  cou ld  b e  con t ro l led  by  a  comb ina t i on  of  a )  t ransverse  m o d e s  d a m p i n g  a n d  b )  t un ing  the  

f u n d a m e n t a l  t ransverse  m o d e  f r equency  to p l ace  b u n c h e s  c lose  to z e r o  c ross ings  of  the  w a k e  f ield. 

T a b l e  2.  S u p p r e s s i o n  of  H i g h e r  M o d e s .  

N  M o d e  Q  -  V a l u e  f ( G H z )  C o m m e n t  

1  M a i n  5.8.  l o3  1 7  
2  First T ransve rse  1 5  2 2  no .  of  w a v e s  b e t w e e n  b u n c h e s  1  3  

3  First Long i t ud ina l  4 0  3 7  Q  L  8 0  4  

T h e  b e a m - b e a m  mu l t i bunch  in terac t ion  at  the  IP  cou ld  c a u s e  a n  exponen t i a l  g row th  of  the  b u n c h  

d i sp lacemen t  a n d  as  a  resu l t  d i lu t ion  of  the  luminos i ty  (K.  Yokoya ) .  M e a s u r e s  wh i ch  cou ld  cont ro l  this 

effect a r e  f o u n d  to b e  (R.  Pa lmer ) :  a )  l a rge  b u n c h  sepa ra t i on  ( n u m b e r  of  the  RF  w a v e  leng ths  b e t w e e n  

b u n c h e s  >  5) ,  b )  smal l  d i s tance  of  s e p t u m  to the  IP , in  the  p resen t  d e s i g n  lsept  =  1 8  cm  a n d  is sma l le r  

t h a n  the  d is tance  to the  first q u a d r u p o l e  m a g n e t  lq , ,od =  3 6  cm  a n d  c)  l a rge  c ross ing  ang le ,  a  =  4 .2  

mrad .  T h e  first e x a m p l e  of  a  F ina l  Focus  Sys tem w a s  d e v e l o p e d  (B.  S p e n c e )  ut i l iz ing a  q u a d  wi th  a  

b o r e  1 5 0  pm.  It is s imi lar  in  concep t  to the  S L C  FFS  a n d  is sat isfactory for  a  b e a m  e n e r g y  s p r e a d  of  

0 .2%.  T h e  s tudy  of  the  b e a m - b e a m  effects con t i nues  (K.  Yokoya ,  P . Chen ) .  T h e  se l f -ad jus tment  of  f lat 

b e a m s  f o u n d  in  Novos ib i rsk  w a s  con f i rmed.  T h e  d is rup t ion  for  the  flat b e a m s  is d i f ferent  f rom that  for  

the  r o u n d  ones .  

_  
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3 .2  Theore t i ca l  S tud ies  (R.  Ru th )  

T h e  long i tud ina l  i m p e d a n c e  of  the  l inac- l ike RF  s t ruc ture in  the  h i g h  f r equency  l imit (S.  Hei fets,  

S . Khe i fe ts )  w a s  s h o w n  to a g r e e  b o t h  wi th  the  d i f f ract ion m o d e l  (K.  B a n e ,  M.  S a n d s )  for  a  smal l  n u m b e r  . 

o f  cavi t ies, wh i ch  g ives  w  m-1 /2  d e p e n d e n c e ,  a n d  wi th  the  opt ica l  r esona to r  m o d e l  for  a  l a rge  n u m b e r  

of  cavi t ies, w h e r e  the  i m p e d a n c e  d e c r e a s e s  as  w  -3/2.  T h e  cr i ter ion for  the  t rans i t ion f rom o n e  r e g i m e  

to a n o t h e r  w a s  found .  A n  impor tan t  cons ide ra t i on  in  the  d e s i g n  of  the  l inac s t ruc ture s h o u l d  b e  to 

ascer ta in  the  p r o p e r  d e c r e a s e  of  the  i m p e d a n c e .  

. _  .= . 

A  numer i ca l  so lu t ion  .of t he  Hami l ton -Jacob i  e q u a t i o n  w a s  u s e d  to const ruct  s implect ic  w h o l e -  

revo lu t ion  m a p s  for  t rack ing a n d  to f ind invar ian t  cu rves  for  n o n ! i n e a r  part ic!c mo t i on  (R.  Ruth ,  

-  R. Warnock ,  W . Gabe l l a ) .  A  s imi lar  m e t h o d  ut i l iz ing pe r tu rba t i on  a p p r o a c h  h a s  b e e n  u s e d  to d e v e l o p  

a  theory  of  t he , second -o rde r  a c h r o m a t  (S.  Khei fe ts ,  T. F ieguth ,  -R.  Ruth) .  

-  z* 3 .3  M isce l l aneous  S tud ies  

T h e  S L C  k lyst ron m o d e l i n g  (W.  Her rmanns fe ld t )  w a s  u s e d  to de f i ne  a n d  c u r e  the  RF  pu l se  instabi l i ty. 

Co l l i s ions of  substant ia l ly  d i f ferent  e n e r g y  b e a m s  for  a  B- fac tory  h a s  b e e n  p r o p o s e d  (G .  F e l d m a n )  

a n d  luminos i ty  of  such  a n  a r r a n g e m e n t  e x a m i n e d  (R.  Rees) .  
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