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I. ABmcr AND INTRODUrnON 

The proposed asymmetric energy B Factory to be built in 
the PEP tuonel at SLAC will require a highly effective and 
profuse source of low emittaoce electron and positron bunches. 
The B Factory will consist of two rings of equal size, a 9 GeV 
electron ring sod a 3. I GeV positron riog, each with 1658 
bunches with total circulating curreots of 1.5 aod 2.1 amperes 
respectively. As the luminosity lifetime of the collider is 
expected IO be about two hours. the iujector should be capable 
of lUing the rings in a small fraaioo of an hour. It turns out 
that with some simple modifications. the SLC Iinac with its 
damping rings and positroo source is ideally suited IO fulfiIl 
this function effectively. The overall injectioo system is 
describedbelow. - 

u. SYSTEM SPECIFICATlONS AND DESCRWI-ION 

The spec&cations and required parameters of the injection 
system are sbown in Table I. It is seen that each of the 1658 
stored bunches will require about 5 x IOto particles. In the 
topping-off filling mode (80+100%). assuming that each 
bucket receives abouc 5 siogIe bunches from the injeaor with 
50% filling efficiency, the Iinac wiII bave to provide single 
bunches of 4x109 particles/bun& as compared to 2-5 x lOlo 
p.ar$cles/buoch in the regular SLC mode. This should be very 
easy. ln the full fUing mode, the Iirst 80% of each bucket 
will be filled. also witb 5 Iinac buocbes, but at rhe rate of 
2x IO lo particles/buoch, and UK remaining 20% at the toppiog- 
off rate as above. Assuming that both rings are fiIIed by 
alternate linac pulses, each at a 60 pps rare, it is easily seen 
that the filling operatioos will take oo the order of 3 and 6 
minutes respectlvel y . 

A schematic of lbe SLC injecrion systeni is sbown in 
Fig. I. The bjedor will consist of the Iid 19 sectors of the 
linac, the two damping rings and the positroa source. The 3.1 
GeV posltrous will be extrxcted at the end of Sector 3 through 
a DC chicane which will let the ekcaons cootioue on, either 
to the end of Seder 7 for exuactiou at 9 GeV via a slowly 
pulsed magnet, or IO Seclor 19 at about 30 GeV for posiboo 
production. The remaining II sectors of the linac may be 

‘Work suppormi by liqxutment of Energy. contrxt DEAt3.S76SF 
00515. 
t Work suppotted by Department of Energy. contact W-7405-ENG - 
48. 

TABLE I 

B FACTORY INJECTION SPECIFICATIONS 
AND PARAMETERS 

Beam Lurgy: 
High-energy ring (HER) (e-j ]GeV] 
Lowcnergy ring uR)(e+) IGeVl 

Bwm conwit: 
HER ring IAlIo’Oe-I 
ux line IA/lo’“e+) 

Particles per bunch: 
HER ring1 lOlQ-I 
ER ring Ilol(~e+] 

Linac q&ion mtc [pps] 
Linr cumnt 1 lOl()$ per puke]** 
Invariant lina~ anittance Im-nd] 

Fig times: 
Topping-off (80-ioD%) Imin] 
RI1 Fitling (OIum) IminI 

Magnel slandardiztion time Inin] 

Ring citcumfe~nce Im ] 
Revdution period bs] 
Revolution fquency m] 

B~f+J-JYIMHtl 
The between bunches Ins] 
Hatmonk number 
Number of bunches 

(leaving 5% pap) 
Horizontal damping time: 
HER [ms] 
LER with wigglers [ms] 

LER vdhoul wiggters [ms] 

Gamneeic team crninancc (nmnd]: 
HER horizontal/vertical 
LER horizonta&ertical 

**Assuming 50% filling efficiency. 
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Fig. 1. Schematic of the B Factory & injection system, based on use of the SLC linac with bypass lines. ‘Ike numbers along the 
linac indicate the location (not to scale) of each sector. Each of the 30 sectors is 100 m  long. 

turned off. Once extracted, the respective bun&es of electrons 
and positrons wiJl be transmitted through two separate bypass 
lines to the existing NIT and SIT lines presently used to fill 
PEPfromtbeendoftbelinac. TbeNlTandSITlinesarewell 
inst,rumented and will not be described in this paper. ‘l%e 
advantages of the system proposed here are numerous: a) it 
preserves all other High Energy Physics opportunities at 
SLAC: b) the bunches leave the iinac at the desired energy, 
tbereby eliminating the need for backpbasing and minimizing 
wakefields in unnecessary accelerator structures; c) by 
alternating e+ and e- pulses at 60 pps, only one b&b will be 
stored at a time in each damping ring: d) no additional fast 
kickers (often unreliable) will be needed: e) between filling 
times, it will be possible to “park” e+ and e- bun&es at a low 
rate in NIT and-SIT Faraday cups to optimize readiness for 
filling on demand; f) finally, by selecting a ring RF frequency 
of 476 MHz, i.e., l/6 of tbe linac RF frequency of 2856 MHz, 
synchronization will be greatly simplified. 

The bypass lines will consist of 10 cm-diameter 
aluminum pipe (for adequate pumping speed) with 2.5 
cm-diameter constrictions every 5Om where a FODO anay of 
quadrupoles and beam position monitors will be located. 
These apertures will be fully adequate since tbe low-emittance 
beams will have or’s of less than 1.5 mm. A cross-section 
of the linac housing with the overbead-suspended quadrupoles 
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Fig. 2. Cross section of linac housing showing the 
location of the electron and positron FODO array 
quadrupoles. Note the tilts of the extraction planes. 

showing the respective tilts of tbe extraction planes t< given in 
Fig. 2. Tbe existing positron return line (PRL) is shown for 
reference in the upper right-band corner. Table II gives a list 
of the components in the bypass lines. The matching 
quadrupoles are part of 360 degree-phase advance achromatic 
bends joining the linac to the bypass lines, and these to NIT 
and SIT. 

TABLE II 
LINAC BYPASS LINE COMPONENTS AND 

SPECIFICATIONS 

Length (km) 
E&g (GeV) 
No. of quadrupoles 

Matching 
POD0 allay 

Steeling colTectors 
Beam position monitors 

Profile monitors 
Pumps (12OL/s) 
vacuum rouphing 

collneclions 
Fast valves 
Isolation valves 

POSITRON 
LU& 
-2.6 
2.84 

24 
52 
64 
64 

(64 Ieadouts) 
2 
29 

29 
I 
14 

ELECTRON 

23 
I 
17 

lli. INJECTION INTO THE HER AND LER 

in contrast to tbe single PEP ring, for wbicb the injection 
lines come down vertically into the plane of the ring and are 
tangent to the inside, the HER and LJZR injection lines will be 
brought down on the outside of the two rings - inlo the plane 
of tbe HER at IR-10 and into tbe plane of the LER at IR-8. 
The proposed method of injection is very similar to the one 
used in PEP. It assumes px = 80 m and py = 20 m in 40-m- 
long injection regions. Horizontal injection occurs as shown 
in Fig. 3. The closed orbit of the stored beam is temporarily 
distorted by means of four DC bump magnets and three 
kickers. Details of the horizontal phase space (x,x’) for the 
stored and injected beam are shown at three sequential points in 
time following the turn-on of tbe DC bump magnets: (i\ 
stored beam is moved by 0.5 cm to DC bumped position, 
lOox away from the inner edge of the 3-mm septum: (ii) 
stored beam is witbin 6 crx of tbe septum inner edge: 
incoming beam from the Enac is tangent to the stored-beam 
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orb i t  i d  with in  2  0; of the  ou te r  sep t um edge ;  (i i i ) 
app rox imate l y  fou r  tu rns later, the  s to red  b e a m  is back  to its 
D C  b u m p e d  orbit :  the  i n com ing  b e a m  is i ns ide  the  r i ng  wi th in  
2 0 ~  of  t he  i n ne r  sep t um edge ,  r eady  to d a m p  a n d  m e r g e  wi th 
tbe  s to redbeam.  It is a s s umed  that the  in jec ted b e a m  has  a  b  
of 3 0  m . 

B  Factory  in ject ion: 
. Schema t i c  o f  H E R  &  L E R  in jec t i on  

B e a m f m  
NtTOfS t l  

2 w w q  D C  D .C. 
B u m p  B u m p  K i i r  - 

f g$  
K iCb r  B u m p  B u m p  

3 8  ms  a n d  for the  L E R  3 6  ms. If the  d a m p i n g  cont r ibu t ion  of 
tbe  w igg le rs  in  tbe  L E R  is i gno red ,  a  wors t -case s i tuat ion in  
te rms of in ject ion, t hen  the  L E R  has  a  d a m p i n g  tim e  of 1 5 0  
ms. T h e  beg i n n i n g  of e a ch  z o ne  is de t e rm i ned  by  tbe  tim e  
onse t  of tbe  k icker cu r ren t  pu lses.  A U  th ree  k icker pu lse rs  a r e  
ident ica l ,  cons is t ing of cr it ical ly d a m p e d  R L C  circuits that r ise 
a n d  falJ to pract ica l ly ze ro  wi th in  less t han  1 5 0 0  ns. T h e  first 
bucket  to b e  f i l led in  z o ne  n  is l oca ted  r ough l y  2 0 0  ns  after the  
b eg i n n i n g  of the  k icker pu l se  so  as  to r i de  o n  the  flat top  
whe r e  sensit iv ity to tim e  j itter is m in im ized .  S i nce  the  r ise 
t ime of t be  pu l se  is m u c h  sho r t e r  t h a n  t he  fal l  t ime. b u n c h e s  
recent ly  s to red  in  z o ne  n  -  1  a r e  unaf fected.  B u n & e s  in  z o ne  
n  +  1  (at least  8 1 5  ns  later )  a r e  k icked sl ight ly. bu t  s ince  they 
h a ve  b e e n  i n  t he  r i n g  fo r  t be  l o nges t  t ime, the i r  o rb i ts  a r e  
a lmost  ful ly d a m p e d , and ,  to tbe  extent  that the  k ickers a r e  
m a tched,  tbese  b u m p s  a r e  c losed.  Thus,  s ing le  buckets  in  
zones  1  t h r ough  9  a r e  f i l led in  success ion,  after wh ich,  9  tim e s  
1 /6Otb  of a  second ,  o r  1 5 0  ms  later  ( that is, o n e  d a m p i n g  L ime  
E L I the  L E R  in  tbe  a bsence  of w igg le rs ) ,  the  next  ad j acen t  
buckets  (4 .2  ns  later )  i n  e a ch  z o ne  a r e  f i l led, a n d  so  on .  W ith 
this m e thod,  d a m p i n g  in  the  L E R , e v en  wi thout  w igg le rs .  is 
adequa te .  T h e  ent i re  f i l l ing s e quence  wil l  b e  c ompu t e r  
cont ro l l ed  a n d  au t oma ted  for bo th  r ings. 

Fig. 3  Schema t i c  of In ject ion K i cke r  Sys tem.  a n d  
ho r izon ta l  t ransverse  p hase  space  (x.x’)  of s to red  a n d  
i n com i ng  b e a m s  du r i ng  th ree  success ive  s teps of the 
in ject ion p rocess  ( H E R  a n d  LER) .  T he  d i ame te rs  of the 
d o r e d  a n d  i n com i ng  b e a m s  a ~  not  d r awn  to sca le.  

Fo r  in ject ion pu rposes ,  e a ch  r i ng  is d i v i ded  in to n i n e  
ro ta t ing “zones” of e qua l  l eng th  as  s h own  in  Fig. 4. A  z o ne  
has  a  l eng th  of abou t  2 4 4  m  (o r  8 1 5  ns )  a n d  coota ins  1 9 4  
bunches .  O n e  of t hese  zones  in  e a ch  r i ng  wi l l  r ema i n  abou t  
ha l f  e m p ty to l eave  a  g a p  for i on  contro l .  W e  desc r i be  h e r e  tbe  
p rocess  for f i l l ing the  L E R  at a  6 O H z  rate; the  H E R  is f i l led in  
a  s imi la r  way.  T h e  t ransverse  d a m p i n g  tim e  for the  H E R  is 

\ I \\ 9  

L \ ER  
1 9 4  Bunches /Zone  

B u n c h  B e i n g  
In jected ’ 

0.4  0 .8  1 .2  1 .6  
Tim  W  

Z o n e  F i l l ing Sequence :  1,2,3,4,5,6,7,8,9 (part ia l ly),  1  .etc. . 
4 -9 ,  6 9 1 2 4 4  

Fig. 4  Az imu tha l  z one  f i l l ing s equence  for the LER .  
show i ng  n i ne  zones.  T he  k icker  pu l se  s h own  ( equa l  for a l l  
k ickers )  was  compu t ed  by  a ssum i ng  cha rged .  cr i t ica l ly 
d a m p e d  R L C  ci rcu i ts [R =  2  (L/c)  l /21 i n  wh i ch  the cur ren t  
r eaches  its m a x i m u m  at t =  2  L /R after a  thyrat ron is t i red 
a n d  a l l ows  the c inxi t  to b e  d i scha rged .  
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