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Abstract 
The tracking analysis with the High Energy Booster (HEB) 

of the Superconducting Super Collider (SSC) indicated that the 
machine dynamic aperture for the current lattice (Rev 0 lattice) 
was limited by the quadntpoles in the short straight sections. A 
new lattice, Rev 1, with modified short straight sections was 
proposed. The results of tracking the two lattices up to 5 x 16 
turns (20 seconds at the injection energy) with various random 
seeds are presented in this paper. The new lattice has increased 
dynamic aperture from -7 mm to -8 mm, increases the abort 
kicker effectiveness, and eliminates one family (length) of 
main quadrupoles. 

The code DIMAD [I] was used for matching the new short 
straight sections to the ring. The code TEAPOT [2] was used for 
the short term tracking and to create a machine tile, zfile, which 
could in turn be used to generate a one-turn map with tbe use of 
ZLIB [3] for fast long-term tracking using a symplectic 
one-turn map tracking program ZIMAPTRK [4]. 

Efforts were exerted to decrease the beta-functions in short 
straight sections and shorten the lengths of the quadrupoles in 
same region, such that the Z@f would be reduced. Since the 
civil design work for the tunnel already started, we decided to 
limit any geometrical changes to the short straight sections. The 
new Rev 1 lattice keeps the length of each short straight section 
unchanged, but decreased the central clear drift region from 
112.7 m to 102.5 m. The 102.5 m was necessary to allow MEB 
to HEB injection within the central drift area. On the other 
hand, the abon line located in the north short straight sections 
preferred higher vertical B-functions to increase the abort 
kicker effectiveness. Rev 1 lattice achieved this, which seems 
to be contrary to the goal of reducing the ZkB1. Since the 
quadrupoles in short straight sections are shortened 
significantly, we are able to replace one family of quadrupoles 
with the main arc quadrupoie supplemented by adding 
corrector trim quadrupoles. This should reduce the overall cost 
of the I-IEB. 

I. INTRODUCTION 
The HEB lattice is designed to operate in the energy range 

of 0.2-2 TeV. The HEB is a bipolar machine, that alternately 
injects beam to the top and bottom collider ring. A geometry 
compatible with easy injection from a monopolar Medium 
Energy Booster (MEB) is required. The basic overall design 
consists of two nearly semicircular arcs connected by Ion,: 
straight sections. One long suaight section is used for fast 
ejection of the beams in opposite directions for transfer to the 
two collider rings as well as for the resonantly-extracted test 
beams; in addition, it contains the RF acceleration system. The 
other long straight section contains the electrostatic septa for 
extraction of the test beams (Future requirement). The two 
semicircular arcs each contain two short straight sections, The 
two in the south are used for beam injection from the MEB, and 
the two in the north arc are used for the two beam aborts, The 
HEB geometry is shown in Figure 1, 
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The HEB normal operation cycle begins at the injection of 
proton bunches from the MEB at 200 GeV, which lasts about 20 
seconds, or 5.5 x 16 turns. Simulation of Rev 0 lattice up to 
16 turns indicated that the quadrupoles in the short straight 
sections dominated the nonlinearities of tire HEB ring and 
limited its dynamic aperture [I?]. The dynamic aperture can be 
increased from 7 mm to 9 mm when the multipole errors are set 
to zero in the short straight section quadrupoles. Further 
simulation work, using various random number seeds, even 
failed to find the closed orbit correctJy after the multipole errors 
of the quadrupoles in short straight sections were included. This 
motivated us to change the Rev 0 lattice. 
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Figure 1. HEB ring layout. 

II. REV 1 LA?TICE 
Figure 2 shows the schematic view of half short straight 

section of Rev 0 and Rev 1 lattices. First of all. by separating the 
doublet quadrupoles, Qs2 and Qs3, we succeeded in reducing 
the lengths of each quadrupole, as well as the B-functions in 
short straight sections. Spool 1 has been moved in between Qs2 
and Qs3 in north short straight sections (H20, H40). This 
allowed the abort kickers to be shifted closer to the quadrupole 
and in a region with higher vertical B functions; This increased 
the kicker effectiveness. By separating Qs2 and Qs3 by the 
exact slot length of the spool piece plus standard intercortnec~ 
the need for a special length empty cryostat is eliminated. 

*Operated bytheUnivenitiesRcsearchAssociation.Inc.,for theU.S. 
Department of Energy under Contract No. DEAC35-89ER40486. 

For the injection straight sections (H60, H80) spool 2 has 
been moved to between Qs2 and Qs3. By doing this, enough 
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clear drift is provided in the center of the straight section to 
accommodate the injection beamlines from the MEB. 

Fitting showed that the Qsl length needed was close to the 
main quadrupf)le effective magnetic length of 1.6 m. In order to 
use the main quadrupole for Qsl and eliminate one family of 
quadrupoles, we used two correction quadrupoles to 
compensate for the slight length difference. Fitting was 
performed using the code DIMAD. 

The f3 and n functions of Rev 0 and Rev 1 short straight 
sections are shown in Figure 3 and Figure 4. The I;Gb1 of the two 
short straight sections are presented in Table 1. 
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Figure 2. Comparison of the short straight section in Rev 0 
and Rev 1 lattices. 
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Figure 3. B and 7 functions of Rev 0 short straight 
section. 

Figure 4. B and r] functions of Rev 1 short straight 
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Table 1 
The Sum of k*l*p in short straight sections 

k(nr2) 

0.0276 2.2578 103.8 20.4 
-0.0276 3.3465 1643 228.2 

0.0276 3.3465 213.4 143.0 

0.0276 1.6 113.2 19.5 
0.009 0.26 107.3 20.8 
0.010 0.26 105.6 21.2 

a.0276 2.228 57.0 257.9 
0.0276 2.228 149.0 120.3 

Ikl I& 
- 

6.48 1.27 
15.20 21.11 

25.29 13.23 

46.97 35.61 

5.00 0.86 
0.25 0.05 
0.27 0.06 
3.51 15.86 
9.16 7.40 

18.19 24.23 

III. LONGTERMTRKKING 
To perform long term tracking we use TEAPOT to convert 

each magnet into one or more thin lenses and concatenate them 
to a machine file. Ail misalignment and multipole errors are 
included, and then the correction scheme is used to compensate 
for errors. This machine file is then used to get a one-turn map 
by using a ZLIB related program ZMAP. Finally, the 
symplectic one-turn map tracking code ZIMAPTRK is used for 
fast long-term tracking of up to 5 x 16 turns to determine the 
dynamic aperture. 

Rev 1 lattice has a f 3% @-function mismatch in arc cells 
in order to maintain 102.5 m clear space at the middle of 
the south short straight section. This mismatch is negligible 
compared with greater mismatch introduced by realistic 
nonlinearities. The misalignment of magnets and Beam 
Position Monitors (BPM), and multipole errors of magnets 
we are using for simulation are shown in Table 2 and Table 3 
separately. For correction quadrupoles each multipole error 
of main quadrupoles multiplied by 10 is used. After correction 
the maximum deviation of closed orbit is less than 1 mm, 
the chromaticity is fit to zero, the coupling effect is minimiaed. 
and the machine is tuned tc the nominal tunes (vx = 39.425, 
Vy = 38.415). 

The final results of the dynamic apertures are shown in 
Table 4. Rev 0 lattice failed to get a closed orbit with two of nine 
random number generation seeds. A mini study was conducted 
on the Rev 1 lattice by doubling each multipole error of the 
quadrupole in short straight section only and of all magnets with 
the seed number 7. The closed orbit exists in both cases, and the 
dynamic aperture is 7.5 mm (double error of quadrupole in 
short straight sections only) or 6.0 mm (double error of all 
magnets) respectively. This indicated that the quadrupoles in 
short straight sections are no longer dominating the 
nonlinearities of the HEB ring and the Rev 1 lattice is more 
reliable. 
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Table 2 
HEB Magnet and BPM Alignment Tolerances 

Element 

Dipole 

Quadrupole 

BPM 

Component 

Horizontal u, (mm) 
verticaluy (mm) 

Field Angle og (mmd) 
Sigma bo 

Horizontal u, (mm) 
VmtiCal~ (mm) 

Field Angle ue (mmd) 
Horizontal u, (mm) 
Verticals bun) 

Table 3 
Limit of HEB Magnet Multipoles 

Multipole MulUpQlC 

al Ibl 

I Dipole Dinnlr I ~rd- Quadrupole Dipole Quadrupole 

I 
Random RMS Kan”wrl KI”13 Random RhIS ndoom ttm Systematic Systematic 

IYlr+lalPrn\ (x 10-4@lcm) I (X ,n-4hl-\ (x l@@lcm) (x 10.4@1cm) (x 104Olcm) 

1.25 / 0.50 4.80 IO.00 0.04 IO.04 2.00 IO.00 t al Ibl 1.25 / 0.50 I 4.80 IO.00 I 0.04 IO.04 I 2.00 IO.00 

a2lb2 
a3 I b3 
a4lb4 
a5 I b5 
a6Ib6 
a7lb7 
a8/b8 

0.35 Il.15 1.71 Il.71 
0.32 / 0.16 0.81 IO.81 
0.05 I 0.22 0.22 IO.22 
0.05 IO.02 0.206 / 0.103 
0.02 IO.02 0.032 IO.@32 
0.02 ! 0.02 0.029 IO.029 
0.02 I 0.02 0.02 IO.02 

Tolerance 
L 

1.1 
1.1 

1.01 
0.001 

0.4 
0.4 

0.56 
0.3 
0.3 

Table 4 
HEB Dynamic Aperture at 500,ooO Turns 

Seed Number Rev 0 (mm) Rev 1 (mm) 

1 6.7 8.0 
2 7.0 8.3 
3 6.9 7.6 
4 1.5 8.0 
5 7.7 9.1 
6 7.3 8.7 
7 failed 6.1 
8 failed 7.7 
9 7.4 9.1 

Average C-J.3 8.3 

ill 

PI 

[31 

[41 

Iv. SUMMARY 
ZIM,WlXK succeeded in long term tracking of the I-JJZB [51 

up to the million turn level. It will he used for tracking the HEB 
with ramping of the energy in the future. 

0.032 / -2.00 0.184 / 0.184 
0.026 IO.026 0.085 IO.085 
0.02 IO.08 0.078 / 0.078 
0.02 / 0.02 0.072 l-O.57 
0.02 / -0.02 0.033 IO.033 
0.02 IO.02 0.03 / 0.03 
0.02 ! 0.02 0.02 IO.02 
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