
SLAC -PUB - 4437 
October 1987 
(4 

THE STANFORD-LINEAR COLLIDER POSITRON SOURCE* . 

STAN ECKLUND 

Stanford Linear Accelerator Center 

Stanford University, Stanford, California 94905 

ABSTRACT 

A description of the positron source used in the Stanford Linear 
Collider is given. The performance to date is reviewed. 

-- 

_ 

1. SLC 

The Stanford Linear Collider (SLC) is an accelerator construction project 

which upgrades the Stanford Linear Accelerator and adds components to bring 

about head on collisions of low emittance beams of positrons and electrons. The 

energy of each beam is adjustable up to over 50 GeV and will be set to investigate 

production and decay properties of the 2’ particle at a center of mass value about 

94 GeV. The machine construction is now complete and machine commissioning 

is in progress at this time. 

t 

_P. 2. OVERALL DESCRIPTION 
L- 

- - The positron source is just one of several new ,components required for 

SLC [l]. Principal items are indicated in Fig. 1. 

* Work supported by the Department of Energy, contract DE-AC03-76SF00515. 
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i ” Two single bunches of electrons with charge up to 8 nanocoulombs and 
. time separation of about 50 nanoseconds are produced by an electron source at 

one end of the accelerator. A  100 meter section of linac accelerates these beams 

to 1.21 GeV before injection into a storage ring. The storage ring holds the 

beam between linac pulses which occur at rates up to 120 Hz. The synchrotron 

radiation damping in the storage ring reduces the emittance of the beam during 

this period. The resulting small emittance electron bunches are extracted from  

the ring and sent down the linac together with one low emittance positron bunch 

from  the corresponding positron storage ring. The positron bunch and the lead- 

ing electron bunch go to the end of the linac being accelerated from  1.21 GeV to 

about 50 GeV. Two transport lines bring the beams around and into collision. A  

special final focus produces a small transverse size of 2 m icron sigma in order to 

obtain high density beams and a sufficient number of interesting collisions. The 

second electron bunch is deflected out of the linac 2/3 of the way and targeted 

at an energy of 33 GeV in order to produce positrons for the next machine cycle. 

3.. POSITRON SOURCE REQUIREMENTS 

The intensity of a linear collider is lim ited by wake field effects in the 

accelerator structure. Both longitudinal forces which cause energy depression 

- of the trailing parts of a bunch and transverse forces which cause disruption 

ofthe beam perpendicular to its direction of motion are present. The lim iting 

currents are the same for positrons and electrons. Thus in the absence of other 

constraints, a positron system is required to produce as many positrons as there 

are electrons in the accelerator. As in most accelerator positron sources, positrons 

are produced by targeting electrons thereby initiating an electromagnetic shower 
_T_ cascade of positrons, electrons and gamma rays. It is required therefore for the 

- 

- =.a-- 
yield of the system to be at least oneproduced positron for each electron incident. 

The design intensity for SLC is 5 x lOlo particles in each single bunch. The bunch 

length distribution is parameterized by a Gaussian with standard deviation of 

1.5 m m . This short a bunch implies a large instantaneous current and peak 

power to be absorbed in the target. 

- 
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i ,=-. 4. - POSIT-RON SOURCE COMPONENTS : 

The essential components in the SLC Positron source 121 are a beam trans- 

port to bring 33 GeV electrons to a target room, a high power target, a pulsed 

magnet to produce a 5 Tesla solenoidal field near the target, a dc solenoid magnet 

of 0.5 Tesla to provide extended focusing while the positrons are being acceler- 

ated, and an high gradient accelerator. In addition a 200 MeV beam transport 

brings the positrons 2 kM to the far end of the linac for acceleration and subse- 

quent damping in a positron storage ring. 

5. TARGET - 

The target must be capable of withstanding a rather large pulse energy 

beam of 200 joules in a small area of 1 mm square in a very short time of order 

5 picoseconds. In addition the cycle repetition rate of 120 Hz gives a beam 

power of 24 kWatt of which about 25% is absorbed in the target. The target 

length is chosen to be 6 radiation lengths, or about 20 mm, corresponding to the 

cascade shower maximum for the beam energy of 33 GeV. Optimal yields are 

obtained from high 2 materials which results in high volume energy deposition 

and temperature rise. 

Two types of targets have been designed and built for SLC. The first is 

a-six inch diameter rotating wheel of Ta-lO%W alloy. The wheel is cooled by 

water fed though concentric passages on the wheels shaft. The target is in the 

vacuum system of the downstream accelerator. Drive motion for the wheel is 

accomplished utilizing a ferro-fluid rotary vacuum seal. 

The second target design is a stationary target and has been used only 

_Y_ for low repetition rate running. This target is a 6 mm diameter, 20 mm long 
- 

rod of Ta-lO%W alloy or W-25%Reallow brazed into a Cbpper.holder which is 
- ;c cooled by water. All the beam running to date has been with the fixed targets 

at repetition rates less than 40 Hz. 



4  
.-- 6. F L U X  C O N C E N T R A T O R  

Pos i t rons  p r o d u c e d  in  th e  ta r g e t a re  h o t in  th e  s e n s e  o f occupy ing  a  la rge  

p h a s e  s p a c e  v o l u m e , b o th  in  t ransverse a n g l e  a n d  long i tud ina l  e n e r g y . Th is  

angu la r  d i ve rgence  in t roduces  th e  n e e d  fo r  a  s t rong m a g n e tic lens  o f shor t  foca l  

l e n g th  n e a r  th e  ta r g e t to  col lect  a  g o o d  fract ion o f th e  pos i t rons a n d  m a tch to  a  

d o w n  s t ream transport  system. Th is  is accomp l i shed  in  th e  S L C  pos i t ron source  

by  us ing  a n  E d d y  current  t ransformer  pu l sed  m a g n e t ca l led  a  flux  c o n c e n trator. 

T h e  flux  c o n c e n trator is d r i ven  by  a  hal f  w a v e  s inuso ida l  s h a p e d  current  pu l se  

o f 1 0  k A m p  to  p r o d u c e  a  p e a k  fie ld  o f 5 .8  Tes la  a  fe w  m illim e ters  f rom th e  

ta r g e t. Th is  m a g n e tic fie ld  is a l i gned  para l le l  to  th e  b e a m  direct ion.  A d d i tio n a l  

D C  m a g n e ts supp ly  a  g u i d e  fie ld  tape r ing  f rom 1  Tes la  a t th e  ta r g e t to  0 .5  

Tes la  d o w n s tream. Th is  so leno ida l  g u i d e  ex tends  to  5  m e ters  f rom th e  ta r g e t; a t 

th is  p o i n t th e  b e a m  is o f suff ic ient e n e r g y  a n d  suff ic ient ly m o n o c h r o m a tic to  b e  

fo c u s e d  by  a  m a g n e tic q u a d r u p o l e  array.  

7 . H IG H  G R A D IE N T  A C C E L E R A T O R  

T h e  long i tud ina l  e n e r g y  d is t r ibut ion f rom th e  ta r g e t h a s  a  very  la rge  s p r e a d ; 

fo r  energ ies  over  2  M e V  th e  dis t r ibut ion is rough ly  inverse ly  propor t iona l  to  

e n e r g y . T h e  S L C  pos i t ron source  is d e s i g n e d  to  c a p tu re  energ ies  b e tween  5  a n d  

2 0  M e V . S ince  a  s ing le  shor t  b u n c h  is n e e d e d  fo r  co l l is ions a n d  in ject ion into th e  

d a m p i n g  r ing,  a n y  la rge  a m o u n t o f drift o f a  b e a m  wi th a  s p r e a d  in  veloci t ies 

wi l l  c a u s e  a  long i tud ina l  inc rease  in  th e  s ize o f th e  b e a m . T o o  l o n g  a  pos i t ron 

bunch-wi l l  n o t b e  a c c e p te d  fu l ly  in  th e  d o w n s t ream systems.  T h e  so lu t ion is 

to  acce lera te  th e  pos i t rons quick ly  b e fo re  long i tud ina l  d ispers ion  occurs.  A  1 .5  

m e ter  l o n g  S - B a n d  ( 2 8 5 6  MHz)  acce lera tor  sect ion is d r i ven  by  a  5 0  M W a tt 

K lystron to  p rov ide  a n  acce lera t ion  grad ien t  o f 4 0  M e V /m . Th is  is fo l l owed  by  

9  m e ters  o f acce lera tor  to  p rov ide  a b e a m  o f 2 0 0  M e V  m e a n  e n e r g y . 

8 . T R A N S P O R T  L INE O P T ICS 

- 

T h e  2 0 0  M e V  pos i t ron b u n c h  h a s  a n  e n e r g y  s p r e a d  o f f5 %  a n d  a  t rans- 

verse  e m i tta n c e  o f 2 5  x 1 0 e 6  m e ter  rad ian.  Th is  b e a m  n e e d s  to  b e  acce lera ted  

5  



i .=- to I.21 GeV and reduced in emittance in a damping storage ring before accel- 

eration to 50 GeV. To economize on active accelerator length, the positrons are 

transmitted to the electron source end of the linac and co-accelerated with the 

electrons. This transport includes 180 degree bends to turn the beam direction 

around. Again so as to not dilute the longitudinal or transverse phase space 

density of the beam, the transport system must be isochronous and achromatic. 

This is accomplished to first order with appropriate quadrupole and dipole el- 

ements. Second order correction of the path-length/momentum correlation is 

accomplished using two sextupoles. 

9. PERFORMANCE TO DATE 

The SLC positron source has been operating for 9 months at a cycle rate 

of 5 Hz. Beam intensities of the target are typically in the range of 1 to 3 x lOlo 

electrons. The positron yield is 2 positrons/targeted electron at 200 MeV and 

1 positron/targeted electron at 1.21 GeV for delivery to the damping ring. The 

damping ring has a through put of as much as 80%. 

10. IMPROVEMENTS 

Several components of the SLC positron source will be changed to meet 

specification and provide a greater number of positrons. The high gradient ac- 

celerator was originally tested up to a gradient of 43 MeV/m, but suffered R.F. 

break down later and is presently is limited to 20 MeV/m. This component will 

be replaced is several months with a new accelerator section which is expected 

to achieve 40 MeV/m. The solenoidal guide field is presently running as 0.39 

Tesla due to a inadequate cooling. It will be replaced as well. The changes are 

_Y_ expected to improve the yield nearly a factor of two. 
L-. 
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