
SLAC-PUB-6074 
March 1993 
(A) 

_ Perfotiance of the SLC Polarized Electron Source and Injector with the SLAC 
3 km Linac Configured for Fixed Target Experiments* 

A. D.YEREMIAN, R K. ALLEY, J. E. CLENDENIN, J. C. FRlSCH, C. L. GARDEN, L. A. KLAISNER, A.V. KULIKOV, 
R H. MILLER, C. Y. PRESCOTT, P. J. SAEZ, D. C. SCHULTZ, H. TANG, J. L. TURNER, M. B. WOODS 

M. ZOLOTOREV 
Stanford Linear Accelerator Center 

Stanford, CA 94309 

Abstract 
The SLC polarized electron source (PES) can be mod- 

- ified to roducetrsec-long pulses for in’ tion into the un- 
.SJ-E De8 - r SLAC 3 km linac, with a duty actor considerably 
higher than for SLC. Such beams are desirable for fixed 
target e -. ‘ments at SLAC requiring polarized electron 

T beams o up to 50 mA within an energy spread of 0.5% at 
.” ene ‘es of up to 26 GeV. During the fall of 1992, the 

SLAT 1’ mat was operated continuous1 
unSLEDed with the PES dye laser (71 Y 

for two months 
nm) modified to 

produce a 1 pet ulse at 120 Hz. An AlGaAs photocath- 
‘ode was install J in the electron gun to achieve 40% po- 
larization, and a prebuncher was added to the SLC 

.-injector to improve capture for long pulse beams. We dis- 
cuss the performance of the polarized electron beam for 
long pulse-operation. - 

.i _ - I. INTRODUCTION 

A fixed target experiment (E-142) was conducted at 
SLAC for which a 1-2 psec electron pulse of 10-20 mA at 

the target at a repetition rate of 120 Hz and with at least 
40% polarization was required. To accommodate these 
requirements, the Candela dye laser at the SLC Polarized 
Electron Source (PES) was modified to produce a low in- 
tensity laser pulse >l ~.tsec. To improve the electron cap 
ture by the in’ 

r 
or, an Sband pre-buncher was installed 

upstream oft e S-band buncher and capture section. The 
layout of the polarized gun and the first few meters of the 
beam line are shown in Fig. 1. 

The PES was operated at 60 kV to produce a 1 usec, 
30 mA electron pulse at 120 Hz from the source. 

II. LASER 

The Candela flash lamp-pumped dye laser used for 
the SLC 1992 run was modified to produce a 
pulse width >l w (Ref. 1). This was accomplished by 
decreasing the laser cavity losses by making two changes: 
1) the dye concentration was reduced from 3 to 
2 x l(r4 mol/l; and 2) the reflectivity of the output cou- 
pler was increased from 55% to 80%. The laser output 
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SLC injector beam line up to the fast current monitor at 40 MeV. 
Figure 1. SLC injector beam line up to the fast current monitor at 40 MeV. 
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Figure 2. Horizontal (LENSBOX H) and Vertical (LENSBOX V) QE scans of the cathode. 

pulse was chopped and flat-topped with a pulsed-Pockels 
cell and crossed-polarizer system, TOPS (Top Hat Pulse 
Shaper), to produce the desired light pulse. Although the 
system was capable of producing a 2 pet long pulse under 
optimum conditions, during the E-142 run, the laser was 
operated in the 1.0-l .3 psec range. A fast pulser, LPC (La- 
ser Pulse Chopper), upstream of TOPS, could produce a 
narrow SLC-type pulse that was detectable b 

YI 
the SLC 

linac beam position monitors. Normally the s ort pulse 
was run at 1 Hz with the production pulse operating at 
119 Hz. To -optimize laser power and dye lifetime, the 
Candela was operated at 715 run with Oxazine 720. 

III. CATHODE 

The active layer of the photocathode was 0.3 mm of 
AlO.l2GaO.&s, Be doped to 6 x 1018 cmm3. At final acti- 
vation of the cathode by heat cleaning and cesiation the 
initial quantum efficiency (QE) was 1.5% at 750 nm (at 
low V), rapid1 dropping to 0.8% (at 60 kV). The cathode 
temperature x roughout the run was maintained at OT, 
which i- the SLC.gun is thought to increase the lifetime of 
the cat I38 e. Th6 gun for this run was Diode Gun 1. 

For the SLC 1992 run, a thick GaAs cathode was used, 
for which the bandgap at 0” C is about 1.44 eV (860 nm) 
(Ref. 2). At 715 run, the polarization at the source was 
-27%. For E-142 the expected polarization at the source 
was increased by using a cathode with a larger bandgap. 

Adding 12% Al to the active layer increases the bandgap 
at 0°C to about 1.63 eV (760 nm). By using a 0.3 mm thick 
AlO.l2GaO.8@ cathode operated at 0’ C, the source po- 
larization at 715 nm was expected to be -40% (Ref. 3). The 
typical electron polarization measured by M0ller in End 
Station A (ESA) was 41% . 

During the entire run the QE did not change signifi- 
cantly. The QE profile across the cathode surface started 
with a large peak on the “+” vertical side. Near the end of 
the run, a dip in the middle of the horizontal scan was ob- 
served (see Fig. 2).The horizontal (LENSBOX-H) and ver- 
tical (LENSBOX-V) scans of the cathode were made with 
a HeNe laser (spot diameter -2 mm) on November 20th 
and December 14th. The abscissa indicates motion of the 
lens box in mm. 

The average QE as measured at 60 kV with a modu- 
lated diode laser operating at 750 nm varied over a period 
of many days between 0.7% and 0.9%. These variations 
may have been entirely instrumental. 

It is not known why the QE held constant. Certainly 
the lower voltage helped. The dark current at HV (laser 
blocked) was ty ically about 10 nA, a factor of 5 to 10 low- 
er than during ll LC 1992 run (for which the voltage was 
120 kV with a different gun). The gun vacuum was also 
extremely low: the mass 4 (28) peak was about 
6 (1) x 1012 Torr, unchanged with HV on or off. The low 
peak currents (compared to SLC 1992) may have helped 
reduce electron stimulated molecular desorption from the 
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v a c u u m u J m p o n e n ts n e a r  th e  source  ca thode . A ll th e  
_  v a c u u m  cl\e m p o n e n ts excep t th e  ca thode  w e r e  a t a b o u t 

3 5  ‘C , th e  te m p e r a tu r e  o f th e  acce lera tor  h o u s i n g . 

V . E L E C T R O N  B E A M  INTENSITY 

T h e  laser  b e a m  intensity a t th e  ca thode  was  k e p t con-  
sta n t by  a  h a r d w a r e  fe e d b a c k  system in tegra l  to  Tops . 
T o  c o m p e n s a te  fo r  th a n  

_  m a d e  fo r  a  sof tware fe e d  % a  
es  in  th e  Q E , prov is ion was  

ck system wh ich  m o n ito r e d  
th e  e lec t ron b e a m  intensity a t th e  first B P M  ( B e a m  Pos i -  
tio n  M o n ito r )  a n d  cou ld  adjust  th e  a tte n u a tio n  o f th e  laser  
b e a m  us ing  th e  B IC ( B u n c h  In tens i  

%  
C o n trol) loca ted just 

- d o w n s t ream o f Tops . S ince th e  Q  was  essen tial ly con-  
sta n t, th e  sof tware fe e d b a c k  was  n o t act ivated, th e  B IC b e -  

-  i ng  ad jus ted  on ly  occas ional ly  a n d  in  m a n u a l  m o d e  in  
. response  to  c h a n g e d  b e a m  r e q u i r e m e n ts o r  s o m e tim e s , 
n e a r  th e  e n d  o f a  l a m p /d y e  cycle, w h e n  Tops  cou ld  n o  
l o n g e r  p rov ide  th e  des i red  laser  intensity. 

. . S ince E - 1 4 2  was  th e  first fixe d  ta r g e t e x p e r i m e n t wi th 
th e  ful l  S L C  l inac, it is p e r h a p s  n o t surpr is ing th a t a l -  
th o u g h  th e  ins t rumentat ion fo r  tu n i n g  th e  b e a m  was  a d e -  
q u a te , it was  n o t o p tim a l. M idway  into th e  r u n , th e  
t ransmiss ion o f th e  b e a m  f rom th e  po la r i zed  g u n  ca thode  
to  th e  b e a m  swi tchyard th r o u g h  th e  0 .7 %  e n e r g y  d e fin i n g  
slits was  inc reased  f rom 2 5 %  to  5 5 % . This  was  accom-  

p l i shed  by  ad jus t ing  th e  in jector  b u n c h i n g  a n d  ste e r i n g  
us ing  th e ,@ re  l inac as  a  m o n ito r . 

Fo r  m o s t o f th e  e x p e r i m e n t, th e  C a n d e l a  b e a m  d i a m -  
e te r  o n  th e  ca thode  was  m a in ta ined a t a b o u t 6  m m . ( T h e  
act ive a r e a  o f th e  ca thode  h a s  a  d i a m e te r  o f 1 4  m m .) Thus  
th e  m a x i m u m ‘current  densi ty  d r a w n  f rom th e  ca thode  
was  a b o u t 0 .2  A  crr i2. 

T h e  C a n d e l a  isa m u ltim o d e  laser  wi th a n  intensity jit- 
te r  o f 3  to  4 % . T O P S  r e d u c e d  th is jitte r  by  a b o u t a  factor  
o f -2 . T h e  e lec t ron b e a m  intensity jitte r  as  m e a s u r e d  o n  
th e  l inac to ro ids  a t 4 0  a n d  2 0 0  M e V  was  typical ly th e  s a m e  
as  th e  laser  jitte r  a t th e  T O P S  o u tp u t. 
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V . S U M M A R Y  

T h e r e  w e r e  a b o u t 1 0 6 2  to ta l  h o u r s  in  th e  E l42  r u n . 
T h e  P E S  was  ava i lab ie  to  p rov ide  ful l  intensity b e a m s  to  
th e  l inac fo r  9 6 %  o f th a t tim e . T h e  d o w n tim e  a ttrib u te d  to  
th e  P E S  to ta l e d  on ly  4 1  h , o f wh ich  3 2  h  w e r e  assoc ia ted 
with schedu led  l a m p  a n d  d y e  c h a n g e s  fo l l owed  by  resto-  
ra tio n  o f th e  in jector  b e a m s . 

T h e  tim ing  o f th e  l a m p  a n d  d y e  c h a n g e s  was  dr i ven  
b  d o w n tim e s  schedu led  as  p a r t o f th e  tu r n  o n  fo r  th e  
S lC 1 9 9 3  r u n , a n d  th u s  was  n o t o p tim u m  fo r  P E S  e fficie n -  
cy. N o n e theless,  th e  a v e r a g e  interval  b e tween  th e s e  
th a n  

8 7  
was  a b o u t 2 0 0  h  (8 .4  days).  

h e r  th a n  fo r  m a in tenance  tasks such  as  l a m p  a n d  
d y e  c h a n g e s , th e  P E S  was  o p e r a te d  e n tirely f rom th e  S L C  
M a in C o n trol C e n te r  by  th e  S L C  o p e r a tors. 
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