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Summary 

A system to transport lo-to-15-GeV electron and 
positron beams from the Stanford Linear Accelerator and 
to inject them into the PEP storage ring under a wide 
variety of lattice configurations has been designed. 
Optically, the transport line consists of three 360' 
phase-shift sections of FCDO lattice, with bending 
magnets interspersed in such a way as to provide achro- 
maticity, convenience in energy and emittance defini- 
tion, and independent tuning of the various optical 
parameters for matching into the ring. The last 360' 
of phase shift has 88 milliradians of bend in a verti- 
cal plane and deposits the beam at the injection septum 
via a Lambertson magnet. Injection is accomplished by 
launching the beam with several centimeters of radial 
betatron amplitude in a fast bump provided by a triad 
of pulsed kicker magnets. Radiation damping reduces 
the collective amplitude quickly enough to allow in- 
jection at a high repetition rate. 

PEP Injection Specifications 

The calculated nominal momentum acceptance of the 
ring is 2 0.5 percent 4 at all energies. The emmit- 
tance of t‘ne SLAC posi&ron beam is expected to be 0f 
the order of 0.3x mm mr at 10 GeV, decreasing as l/E. 
The emittance of the electron beam is typically an 
crder of magnitude less than this. Both are well with- 
in the acceptance of the ring. 

Based on the above specifications, the proposed 
in.:ection system has beer designed to transmit a nomen- 
tum pass band of up to i 0.8 percent Ap with a momentum 
resolution of at least + 0.3 percent. %ith these spe- 
cifications on the momentum pass band, the monoenerge- 
tic emiytance of the SLAC linac is easily transmitted 
and poses no particular problem. The magnet apertures 
are thus dominated by the momentum passbsnd and resolu- 
tion requirements. 

Description of the Beam Transport System 

Because of cost considerations and the relativelg 
modest momentum resolution demanded of the system, E 
simple periodic F3DO array of identical quadrupoles 
with Interspersed bending magnets has been selected as 
the basis forjthe design of the beam transport system. 
"he spacing, -,, between quadrlpnles End the tots1 
angle of the bend, combined with the required momentum 
pass band, uniquely determine the horizontal magnet 
apertures. The transmitted noncenergetic emittance of 
the beam determines the vertical aperture requirements. 
The tentative apertures selected are i 25 mm for :he 
"good" field regicn of the quadrupoles and a total 
effective bending magnet gap of 25 mm. 

Fcr the periodic FODO quadru ole array, the phase 
shift per unit cell dist::r.ce of 2! is chosen to be 90'. 
Thus it follows that the monoenergetLc matrix trans- 
formation between any two positions, separated bj a 
distanrze of 1? is -1 (minus unity). Eecause of this, 
each 360" segment of the system will be achronstic if 
for every &X of bend angle inserted at position s 
there is an equal M of bend inserted at position 
(s + 44). 

The proposed design is illustrated in Fig. 1. The 
total system consists of three 360' achromatic seg- 
ments, the first two bending in the "horizontal" plane 
and the lsst in the vertical plane. The plane of the 
"horizontal" segments is rolled 6.04' about the ini- 
tial SLAC beam axis to match the lower elevation of the 
ring. The dissribution of bending magnets has been se- 
lected for practical reasons consistent with the above 
rule for actiromaticity. The bending magnets in the 
first two segments are distributed as shown because of 
two dominant considerations; first there are "missing" 
magnets to simplify transporting the beam through 
existing SLAC concrete walls, and second, the first and 
second achromatic segments are placed in mirror symme- 
try so as to provide five quadrupoles (Q6 through QlO) 
in the achromatic region between the two segments to 
adjust the monoenergetic beam phase ellipses to match 
the various PEP injection configurations. In addition, 
two appropriate quadrupoles in the second 360' segment, 
separated by a -1 transformation, are varied in the 
opposing sense so as to vary 5' at the injection point 
without disturbing the monoenergetic phase space con- 
figurations. 

The last 360 0 achromatic segment bends Yne beam 
vertically a total of 88 milliradians and deposits it 
at the ring injection position via a Lambertson septum 
magnet. 

The Injection Process 

The injection process whereby the elec:ron or 
positron beam from the linear accelerator is yrapped in 
the PEP storage ring has two steps as illustrated in 
Fig. 2 and 3: (1) a launch into a large-amplitude be- 
tatron oscillation about a stable orbit in the ring, 
followed by (2) a slow damping of that oscillation down 
to a small-amplitude, equilibrium distribution. 

The entering beam is deflected horizontally by a 
pulsed "kicker" magnet (Kicker Magnet 3) onto an orb'it 
in which it can safely circulate within the vacuum 
chamber with a radial co llective betatron oscillation 
of 2 or 3 cm amplitude, depending on the lattice confi- 
guration in use. In order to compensate the effect of 
this kicker magnet on The local bean already stored in 
the ring, it is made part of a triad of pulsed magnets 
(Kickers 1, 2, and 3) whcse function is :o distort, or 
"bump", the local closed orbit at the time of injec- 
tion as illustrated in Fig. 2. "he omplitltde of the 
bump required is the sum of the r;idth of the Icjected 
team (including dispersion effects) plus the sept.um 
t:idth -nd :Z zmcll fLlowa2ce i'or cle-rrnce; the sum 
%ypically running 1 to 2 cm. In "his cj-stem the septum 
separating the external p nth of the entering beaa from 
the internal orbits is the thin ccnductor which ter- 
minates the field of Kicker Magnet 2. The 'beam enters 
the ring vacuum throui;h n foil window thrit is on the 
inner radius of the ring ;n order 50 protect it lrom 
the intense synchrotron radintion. In the vertical 
plane, the kenrn is certered and phase-space matched. 

;v?lile the te::m clrculnl;es, the c::nchrotron radin- 
tie:. process coct iicuoasl:; d rinps the i:eaa dimensicns ,and 
&lso the energ; spread toward an equiliorium 

*d:.rk Luppcrted by t=Fe ,?;t:kp Rr2arc!1 Xl6 Devc:loglt-::t Xmib; jtr;t Lz::. 
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distribution determined by quantum fluctuations. This be limited probably to energies of 10 GeV or higher. 
radiation process allous each injected pulse of par- Precise timing and energy definition are required for 
ticles eventually to be deposited in a volume of phase successful injection. Each injected pulse of 108 posi- 
space already occupied by previously stored bunches and trons (or 109 electrons) is about 1.05 nanoseconds in 
thus avoids the limitation of constant phase-space den- 
sity (Licuville's Theorem) common in proton machines. 

length (consisting of four S-band pulses) and has 
* 0.5s energy spread. These dimensions just fit within 

Also, it is a "forgiving" process in the sense that a typical RF bucket in the PEP ring. Furthermore, each 
deliberate or accidental variations in the injection intected pulse must be placed in a specific RF bucket, 
procedure do not affect the final equilibrium beam one of three in use (out of a total of 2,592 in the 
distribution. ring). 

In order to minimize the loading time, the radia- 
tion damping time ccnstants should be comparable to or 
shorter than the feeding interval from the SLAC linac, 
which is 8.33 milliseconds, if the three bunches in the 
PEP ring are fed in consecutive, rotating o der. The 
radiation damping time constants vary as E -3 ; the tine 
constant for transverse betatron oscillations is about 
8 ms at 15 GeV, 28 ms at 10 GeV, and 225 ms at 5 GeV in 
the PEP ring. Beca.se of this rapid variation of the 
damping time with beam energy, and since some tens of 
thousands of pulses from the linac sypically will. be 
needed to fill the PEP ring, the injection energy will 

Acknowledgement 

The injection process discussed here is essen- 
tially that described by G. E. Fischer (unpublished PEP 
Note 84, l&arch 19'74) and presently used for the SPEAR 
ring. 

Frank Rothacker is responsible for making all of 
the computer ws used in the design studies to date. 

I---* -1 / 
I crnttul cb& m-bit I ! - 

PREVIOUSLY 
I + 

I -a-z- ; 
2-9cm 

I 
I I 

PLAN VIEW 

UICKER 
t4bGN!%T i 

Ld 
KICKER 
MPGUET 2 

iz?zz?i COLLECTIVE 0ETATRON 

KICKER 
05ClLLATlbN IN 

tvu&UET 3 !dORtZONTAL PLAUE 

1669A I 

Fig. 2. Injection System Schematic. 
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Fig. 3. Radiation Damping of Beam Envelope 
After Injection of Several Beam Pulses. 
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