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Summary 

Four types of insertions are described for the six 
200-m straight sections of POPAE. All have dispersion 
matched to zero. (1) Injection-ejection insertion - 
This has proper high-8 values and phase advances for 
horizontal injection and vertical ejection. (2) Phase- 
adjust insertion - The phase advance in this inser- 
tion is adjustable over a range of -100". (3) General- 
purpose insertion - The B* is adjustable from 2.5 to 
200 m and rhe crossing angle is adjustable from 0 to 
11 mrad. (4) High-luminosity insertion - This gives an 
even lower B* of 1 meter. 

General Description of the Lattice 

The design of POPAE' has evolved into a regular 
structure consisting of six, 720-m long curved sections, 
separated by 200-m long straight sections where the 
beams are focused and cross one another. Each sextant 
is composed of 12 lattice cells, having eight 6-m long 
bending magnets with a field of 60 kG at 1000 GeV. The 
two end cells of each sextant are modified to make the 
dispersion go to zero in the straight sections. One 
bending magnet is omitted from the end cells of the 
inner ring, achieving in a natural way the horizontal 
crossing of the beams at 11 mrad. 

The regular cell is a separated-function FODO cell 
with 90" betatron phase advance. It consists of two 
quadrupoles and eight dipoles. Magnets are separated 
by 80-cm drift to accommodate cryostats and pump-out 
ports. One pair of beam-position sensing electrodes 
is located in the space immediately downstream of each 
quadrupole, and clearing electrodes are placed in all 
other spaces. Field-correction windings are located 
inside the magnets. The cold-bore vacuum is extended 
continuously through all regular cells in a curved 
section. 

Dispersion Elimination 

The end cells of each curved section have modified 
quadrupole strengths such as to set the horizontal 
dispersion in the adjoining straight section to zero. 
A single dipole has been removed from the end cells of 
the outer curved section, being necessary for the 
crossing geometry and to provide space for the injec- 
tion kicker. Removal of these dipoles provides a 
horizontal crossing angle between the beams in the two 
rings equal to the bending of one dipole, 11 mrad. 
These cells are shown in Figs. 1 and 2. One could 
have alternatively produced zero dispersion by re- 
arranging dipoles in several end cells, as in the 
ISABELLE design2, but this leads to a lower packing 
factor and so was not done. 

Injection-Ejection Insertion 

The lattice insertion (I) in the injection 
straight section is shown in Fig. 3 together with the 
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dispersion-eliminating cells Cl and C2 at the upstream 
and downstream ends, respectively. Also shown are the 
stacking rf cavity, the injection septum, the ejection 
kicker on the upstream side of the crossing point, and 
the ejection septum and injection kicker on the down- 
stream side. 

Phase Adjust Insertion 

The quadrupoles in the phasing straight section 
insertion (P) are so arranged that by varying their 
strengths, the betatron phase advances across the 
insertion can be adjusted over a range of some lOOa, 
while keeping the amplitude functions at the 
ends properly matched, This insertion for two ex- 
amples with different phase advance is shown in Fig. 4. 

General Purpose Insertion 

A general-purpose insertion thar. is intended to 
serve a great variety of physics experiments should 
have a long central drift space. On the other hand, 
it should also be able to yield an amplitude function 
BX at the crossing point that is small. A low B" 
coupled with a long drift space leads to high maximum 
B-value (&ax) in the insertion, which is undesirable 
because it increases the variation of B with momentum. 
As a compromise, a central drift length of F45 m was 
chosen. At a low B$ value of 2.5 m and a horizontal 
ot of 13.5 m, B,,, is about 800 m, and the variation B* 
across the momentum sprecd in the stacked beam is quite 
tolerable and need not be corrected. The tuning range 
of 6” for this insertion extends from this low value to 
several hundred meters. Fig. 5 shows the insertion (E) 
with two sets of running parameters corresponding to 
the low 6; value of 2.5 m and a high 8: value of 200 m. 

High-Luminosity Insertion 

To achieve very high luminosities the crossing 
angle can be reduced down to 0" by the insertion of 
four beam steering dipoles, EBl to EB4. in the central 
drift space. In this case, the clear length is reduced 
to -tlO m. The symmetry in geometry guarantees that, 
although the angle dispersion becomes finite, the dis- 
placement dispersion remains zero at the crossing point. 
The two inner dipoles are used in common by the two 
beams and hence must have a rather wide horizontal 
aperture of 18 cm. By adjusting B* and the crossing 
angle, the luminosity can be varied over a wide range. 
As an example, high-luminosity insertion (H) with a 
central drift space of +lO m is shown in Fig. 6. This 
insertion can be tuned to the vertical values of R* = 
1 m and $, = 3 m and still has a tolerable B,,, of less 
than 1100 m. 

Operational Considerations 

Overall lattice characteristics with a variety 
of insertions were studied using the computer program 
SYNCH.3 Those for a typical mix are given in 
Table 1. 
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We choose to operate in a region of the tune 
diagram between the fifth and the integer resonances 
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on a line parallel to and 0.02 away from the difference 
diagonal. This region is free of all resonances below 
sixth order and is large enough to accommodate tune 
spreads of at least 0.1 in both planes. At injection 
the chromaticity is tuned to a small positive value to 
suppress the head-tail effect. The tune spread in the 
stacked beam needed to suppress all other transverse 
instablities by the Landau-damping mechanism is 
generally small enough so that the operating point 
on the injection orbit can also be ac,commodated'in 
this region. Thus, only resonances higher than fifth 
need be crossed during stacking. 
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