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1. INTRODUCTION 

In the SSC design’ the 87.12 km long collider lattice consists of two 35.28 km identical 
arw located on the North and South sides of the machine and two 8.28 km clusters placed on 
the West and on the East. Each cluster contains two interaction Regions (IRS), the Utility 
section and the interconnect sections between them. According to present plans the goal for 
the optics in the East IRS is to provide for a high value of the luminosity and, hence, for a 
low 8’ at the Interaction Point (IP). The West IRS are aimed at providing for a large space 
for detector which can be achieved at the cast of higher value of the 8’ and lower luminosity. 

The optics of each IR are based on the same optical configuration which gives an oppor- 
tunity to use mostly identical quadrupoles and dipoles in Iour IRS. Trivial modification of 
the central region in this basic configuration allows for a wide range of values for detector 
free space from L’ = 20 m to L’ = 90 m, suitable for the experiments in both clusters. L 
denotes here the distance between the IP and the nearest magnetic element cd the machihine. 
In this paper we briefly review the current design of the so-called medium-,!3 IR optics with 
a large free space for detector of L’ = 90 m, which could be used in the West cluster. 

2. IR CONFIGURATION 

Figure 1 shows a vertical schematic view of a complete IR.’ The total IR length is 189Qnr. 
The first beam goes along its beam line from the top left side on the picture to the bottom 
right, while the second beam starts at the top right and proceeds to the bottom left side. 
The vertical dipoles straddle the beam lines, the focusing quadrupoles are shown above the 
lines and the defocusing quadrupoles below. The optics are antisymmetric with respect to 
the IP, which means a mirror symmetrical magnet locations, but opposite magnetic fields on 
the left and right sides of the IR. 

Each half IR is composed of three modules: the final focus triplet, the M ‘= -I section 
and the tuning section. Besides the quadrupoles there are vertical dipoles placed in two 
steps, which bring the beams into collision. The final focus triplet quadrupoles and adjacent 
splitting dipoles located in the center of the IR are common to both riogs. The beams share 
the same beam pipe inside these magnets. The triplets focus the beams to extremely small 
sizes at the IP and, therefore, these magnets are quite strong (i.e., long). In the above 
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Figure 1: Vertical view of the IR. L’ = 90 m. 

figure the triplet focusing polarities are shown for the first beam, and they are opposite 
for the second beam. The M = -I section is a module of 8 quadrupoles providing the 
negative identity transfer matrix across this section. It is used lo compensate for the vertical 
dispersion generated by the adjacent pairs of dipoles and it is located in the 45 cm vertical 
separation region which requires a Z-in-l magnet design. The rest of the quadrupoles in 
the IR form the tuning section located in the region of standard 90 cm vertical distance 
between the rings. There are 6 families of the tuning quadrupoles in this section which have 
independent power supplies and provide a variable p al the IP. 

It is an important design feature that the triplet gradients are not touched during the 
&squeeze which allows a possibility for doing this procedure independently in two rings. 
Secondly, no additional magnetic errors are introduced in the triplets during the @-squeeze. 
Another optical feature is the inclusion of a secondary focus symmetrically on each side of 
the IR, a point al which the IP IS Imaged. This image can be used basically as a means of 
doing beam diagnostics at the IP. 

3. OPTICAL PROPERTIES 

In the present design with L’ = 90 m. the gradients of the tuning quadrupoles can 
be ret lo provide a minimum 8’ of 1.95 m. This corresponds lo a B-k in the triplets of 
9 km which is about the maximum value allowing a region of a good field quality for the 
beam in the 5 cm bore quadrupoles used in the IR. Theoretically, even lower value of fl 
could be achieved with larger bore triplets. The lattice functions in the IR corresponding lo 
B’ = 1.95 m are shown in Figure 2. This configuration providea a high luminosity and can 
be used at collision conditions. Al injection energv, however, much lower /3,.., value and, 
hence, higher p are required because of the larger beam emitlance. The optimum solution 
for injection conditions is when the B’ is 40 m and the flvb is reduced lo less than 600 m. 

A smooth transition between the two optical configurations is achieved by varying the 
gradients of the six quadrupoles in the tuning section. The variation of gradients during 
the 0 squeeze is shown in Figure 3. The above change of the gradients keeps the transfer 
matrix across the IR constant, thus not affecting the rest of the machine. It is planned that 
at normal operation conditions the &squeeze will lake place in each magnetic cycle shortly 
after the top energy is reached. Because of significantly slower change of the tuning gradients 

Figure 2: Lattice functions in the IR al collision. L’ = 90 m, p = 1.95 m. 
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Figure 3: Tuning gradients. L’ = 90 m. 

as a function of 8’ al the beginning of the !%queeze than al its end, an exponential change 
of the p’ with lime will be applied. The approximate duration expected for the 8.squeeze 
is about 100 seconds, which is consistent with tazhnical requirements for a variation of the 
current with lime in the quadrupole power supplies. 

4. GENERAL PARAMETERS 

Table 1 presents general SSC beam parameters and their comparison for the low-@ and 
medium-p IRS. In the ceae of medium-8 IR the parameters are presented for collision and 
injection values of P’. Due lo large proton energy in the SSC, the synchrolron radiation 
from the beam becomes so large that it causes I significant reduction of the beam emitlance 
during store time and therefore an increase of the average luminosity.3 

5. ALTERNATIVE IR CONFIGURATION 

The current design of the IR optics provides for a wide range of the available space for 
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Parameter Low-p IR, L’ = 20.5 m Medium-P IR, L’ = 90 m 
B’ = 0.5 m 8’=2m/B’=40m 

Beam energy (TeV) 2 x 20 2 x 20 
Initial luminosity (cm-%-‘) 10” 3.10~‘/1.5.103’ 

Average luminosity (cm-%‘) 1.4. 10” 4.2. IO= / 2.1 lO3’ 
Interaction rate fs~‘1 for C = 80 mb I.1 108 3.4 10’ / 1.7 

Table 1: General SSC parameters for low-p and medium-P IRS. 

detector from f20 m to 190 m around IP. A further increaSe of this space would require 
a modification of the baseline design. An example of such alternative optics is shown on 
Figure 4. It is almost the hareline configuration, except there are no 2-k-I regions with 
M = -I sections in this design. Hence, additional space is available between the final focus 

L 

Figure 5: Collimators in the IR 

triplets and also outside them. The main problem in this design is a compensation of the 
vertical dispersion generated by the IR dipoles. The strengths of additional skew quadrupoles 
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Figure 5 shows locations of the collimators labeled CIRI. CIR2,..., etc. in one IR.5 The 
schemedoes not show all the magnets in the IRexcepl those located next to collimators. The 
nearest to the IP collimators CIROl, CIR02 have fixed 25 mm diameter aperture lo protect 
the 50 mm bore triplet ouadruooles. All the other collimators have movable iaws oositioned 
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. . . 
at l6a distance from the beam at injection energy and al 200 al collision conditions, 
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