
Orbit Correction System for the 
SSC Interaction Regions 

Superconducting Super Collider 
Laboratory 

SSCL-Preprint-545 
January 1994 
Distribution Category: 414 

. Y. Nosochkov 
F. Pilat 
D. Ritson 





Orbit Correction System for the 
SSC Interaction Regions· 

y. Nosochkov and F. Pilat 

SSCL-Preprint-545 

Superconducting Super Collider Laboratory t 
2550 Beckleymeade Ave. 
Dallas, TX 75237, USA 

D. Ritson 

SLAC, Stanford University 
Stanford, CA 94309 

January 1994 

*Presented at the "Workshop on Orbit Correction and Analysis," December 1-3, Brookhaven, 1993. 
tOperated by the Universities Research Association, Inc., for the U.S. Department of Energy under Contract 

No. DE-AC35-89ER40486. 





ORBIT CORRECTION SYSTEM 
FOR THE SSC INTERACTION REGIONS 

Y. Nosochkov. F. Pilat 
Superconducting Super Collider Laboratory· 

2550 Beckleymeade Avenue. Dallas. TX 75237 

D.M. Ritson 
SLAC. Stanford University. Stanford. CA 94309 

ABSTRACT 

Luminosity and performance of the colliding beam machine depend on how 
well the orbits of the counter rotating beams are controlled in the Interaction 
Regions (IRs). 1\vo main requirements for the orbit correction in the IRs are: 
• Correction of the orbit perturbations caused by magnetic and alignment errors. It 

could be done in a Similar way as in the rest of the machine (global correction). 
• Provision of the specific crossing orbit conditions at the Interaction Point (IP) and 

continuous control on the beam pOSitions at the IP (local correction). 
In this paper we review our design of the orbit correction system for the SSC 

interaction regions. and discuss the principles of the local orbit correction at the IP. 

1. INTRODUCTION 

To provide beam-beam collisions in the modem colliding beam machines. spe­
cial sections are introduced into the lattice. called Interaction Regions (IRs). Their 
purpose is to bring the counter rotating beams into collision in the detector region 
and to attain required beam parameters at the Interaction Point (IP). 

As a part of the machine lattice. the IRs need correction of the closed orbit 
deviations caused by magnetic and alignment errors. This correction could be done 
in a Similar way. as it is done in the rest of the machine. Thus. we identify such a 
correction as a global correction. 

To achieve a high luminosity and a good performance of the collider. special 
orbit configurations are required at the IP. They are. generally. different at injection 
and collision conditions. and may vary in different IRs. Therefore. an independent 
local correction at the IP is required for each interaction region. 

The need for special crossing orbit conditions at the IP is more pronounced for 
multi-bunch colliding beams. typically for pp-machines. Due to a small bunch-to­
bunch distance and a large space for detector. a substantial number of satellite 
interaction pOints exists in the detector region. The negative effect of these 
unwanted collisions can be suppressed by proper separation of the beam orbits 
everywhere. except at the main IP. 

In this paper we discuss the current design of the orbit correction system for 
the SSC interaction regions. with a particular emphasis on the principles of the local 
orbit correction at the IP. Additional information can be found in Reference 1. 

The general layout of the SSC low-~ IR2 is shown in Figure 1. The optics are 
antisymmetric with respect to the IP. The distance from the IP to the first quadrupole 
is L* = 20.5m. In the final focus region two beams share the same beam pipe. They 
are separated into different rings by use of a set of vertical dipoles. There is a 
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Secondary Focal point (SF) on each side of the IP, located 21t in phase from the IP. 
The quadrupoJes in the tuning section are independently powered in order to provide 
the squeeze of the P* at top energy. 

2. REQUIREMENTS 

In this section we try to identify the specific requirements for the orbit correc­
tion in the IRs at various conditions. 

• MINIMIZATION OF THE ORBIT PERTURBATIONS 

Standard techniques can be used to correct the closed orbit deviations in the 
IR, caused by magnetic and alignment errors. Such a correction normally requires a 
Beam Position MOnitor (BPM) and a dipole corrector next to each main quadrupole. 
For a better orbit control, double view BPMs have been suggested everywhere in the 
SSC IRs. 

• BEAM SEPARATION AT INJECTION 

The main IR optics provides ideally identical orbits for both beams in the final 
focus region. With a bunch space3 of Sb = 5m there would be about 70 head-on colli­
sion pOints for each bunch in this region. This would lead to an intolerably high 
value of the beam-beam tune shift. The simulation studies of the beam-beam inter-
actions4 have been done for various beam conditions. The recommendation for injec­
tion configuration was to separate transversely the two beams in the final focus 

region by a distance d", 200", where 0" (s) = Jep (s) is the rms beam radius, e is the 
beam emlttance, and the p-function depends on the distance s from the IP. In princi­
ple, a smaller separation could be allowed at injection. However, it is feaSible to 
achieve the above number with the correction system to be discussed later, and it 
provides safer conditions. 

In the detector field free region. the p-function and the beam size behave as the 
following functions of s: 

P(s) = p* +s2/p*. cr(s) = cr*JI+s2/p*2, (1) 

where cr* = 0" (0) . For a low value of p*, clearly, the beam size rapidly increases with 
s, and a simple parallel separation in the whole region is not efficient. 

To provide a constant effective separation d/ cr = n for equal and round beams 
everywhere in the detector field free region. it is enough to introduce a parallel orbit 
separation in one plane and a crossing angle q> in the other plane. Such a case is 
shown in Figure 2 with the following separations in the x and y planes (which can be 
interchanged) : 

dx(s) = ncr* = const. (2) 

dy(s) = sq>, where q> = ncr* /p* = nJe/p* . (3) y y 

The total separation in the field free region, thus, will be as follows 

d(s) = Jd;+d~ = Jn2cr*2(l+s2/p*2) = ncr(s). (4) 

Substituting the sse injection parameters into Eqns. (2) and (3). one can get the fol­
lowing required values for beam separation and for the crossing angle at injection 
energy: 

E = 2TeV. e = 4.7· 10-lOm. P* = 7m. cr* = 571lm. 



n == 20 ~ dx == 1.14mm. <l>y" 1651lrad. (5) 

In the final focus quadrupoles. the separation between the beams is a more 
complex function of s. but it is still sufficient with the conditions (5) provided. 

If the orbit configurations and the f3* are kept constant while accelerating the 

beams. then the effective separation increases proportionally to (11 JE) DC /P. where 
p is the beam momentum. 

• COLLISION CROSSING CONDITIONS 

At top energy. the two beams have to be brought into collision at the main IP 
and be separated enough everywhere else. to suppress the effect of the long range 
beam-beam interactions. Simply. it is achieved by prodUCing a crossing angle at the 
IP in one plane. Note that the f3peak in the final focus quadrupoles is much higher at 
colliSion. 10w-f3 optics (9km). than at injection (67Om). Thus. the beam perturbations 
associated with the orbit offset in these quadrupoles are substantially magnified. 

The proposal for collision orbit conditions4 is to provide a crossing angle at the 
main IP with a separation at the satellite interaction pOints of d", 14cr. Since the 
f3. == 0.5m at collision is very small. then the beam size is almost a linear function of 
s (s » ~.) in the field free region. Therefore. the same formula (3) can be used to 
determine the value of the crossing angle. The substitution of the appropnate colli­
sion parameters leads to the following value of <p: 

E == 20TeV. e = 4.7· 10- 11 m. ~. = 0.5m. cr· == 4.8Ilm. 

n == 14 ~ <l>" 1351l rad. (6) 
The actual crossing orbits in the final focus region are shown in Figure 3. 

Because of opposite directions the pp-beams experience opposite focusing polarities 
in the common quadrupoles. 

• LOCAL CORRECTION OF THE ORBIT 

At crossing conditions the beams go off center through the final focus quadru­
poles (maximum of 5.6mm at injection and 4.6mm at collision). In order to presexve 
the closed orbit in the rest of the machine. the beams. coming out from the tnplets. 
must be brought back on the reference orbit by use of a set of local correction 
dipoles. 

• LOCAL CORRECTION OF ANOMALOUS DISPERSION 

Due to the displacements of the crossing orbits in the quadrupoles. these mag­
nets act as well as dipoles and generate an anomalous dispersion. At collision condi­
tions the main effect is produced by the high-~peak final focus quadrupoles. where 
the orbit offset is a maximum. With the crossing angle of 1351lrad in only one IR, the 
anomalous dispersion is up to 20% of the nominal dispersion in the Collider arcs 
and up to 10mm at the IPs. It should be cancelled at the IPs locally. 

• COMPENSATION OF TUNING QUADRUPOLES MISALIGNMENT 

In order to provide the squeeze of the ~*. the variable gradients in the IR tuning 
quadrupoles are changed at the top energy2 (up to the half of the magnitude). The 
effect of misalignment in these quadrupoles on the closed orbit and dispersion vanes 
along with the change of their gradients. The dipole correctors located primarily next 
to these quadrupoles have to compensate for this effect. 



• CONTROL OF THE BEAM OFFSET AT THE IP 

The positions of two beams at the IP may vary during Cullision time because of 
different effects. such as ground motion. current ripple. etc. A continuous orbit con­
trol at the IP and compensation of the beam-to-beam offset must be provided. For 

equal and round beams the geometrical reduction of 
y luminosity due to the beam offset d· is as follows: 

LILo '" exp(-cf 2 /4cr• 2). (7) 

Therefore. for a luminosity reduction of less than 5% 
one can get the offset tolerance cf ~ 0.45cr· 

x For cr· = 4.8J.l.ffi this would require cf ~ 2.2J.l.ffi. 
Clearly. a micron level of the orbit monitoring and orbit 
adjustment at the IP is required. Possible systems: 
a) Continuous luminosity monitoring at the IP; 
b) Local feedback orbit correction system. 

3. PRINCIPLES OF LOCAL ORBIT CORRECTION AT THE IP 

Our goal is to provide specific values of the orbit slope and displacement at the 
IP by generating a local orbit bump. To meet two conditions at the IP and to bring the 
beam back on the reference orbit on the other side of the IP. one needs. generally. 
four correction dipoles per plane (x or y). Our strategy is to use two independent 
pairs of dipole correctors (per plane), which are shown schematically in Figure 4: 
• 1st pair: two correctors Kl and K2 are placed 21t apart from the IP on either side of 

the IR (SF locations) to generate the orbit slope at the IP without affecting its 
position. 

• 2nd pair: two correctors K3 and K4 are placed 1t/2 away from the IP on either side 
of the IR to produce a displacement at the IP with no contribution to the orbit 
slope. 

In the real design. however. the above correctors are located only apprOximately 
at the ideal phase pOSitions. Thus. a slight coupling exists between the two pairs. 

• CROSSING ANGLE 

The crossing angle <p can be obtained by producing of the same value but oppo­
site sign orbit slopes for two beams at the IP. Symmetrical orbit configuration leads 
to a minimum beam offset in the final focus quadrupoles. 

Let us first remind that the effect of a single correction dipole is to generate a 
wave of the orbit deviation 

x(s) = eJ~(S)~eSin[J.l.(S) -J.l.al. 

x (s) = 8jf3e/f3 (s) {cos [J.l.(s) - J.l.e] - ex (s) sin [J.l.(s) - J.l.e] } . 

(8) 

(9) 

where x and x are orbit deflection and the slope. a. p. J.l. are the standard twiss 
parameters. 8 is the angle kick. which is also used to indi~ate the twiss functions at 
corrector location. 

It is clear from (8) and (9) that a closed orbit bump and an orbit slope at the IP 
can be created with the following strengths of Kl and K2 correctors: 

x(1P) = O. x(1P) = <p/2 = 8 1 jP 1/p· . 82 = -8 1 jP 1/P2' (10) 



• TRANSVERSE IP DISPLACEMENT 

The second pair of dipoles (K3. K4) with the following corrector strengths pro­
duce a closed orbit bump and a non-zero orbit displacement at the IP: 

x(IP) = 93J~3~· • x' (IP) = O. 94 = 93J~3/~4 (11) 

with ex·= 0 at the IP. Such a correction can provide for: 
• Beam separation at the IP by creating opposite beam dIsplacements. 
• Adjustment of IP position by equal dIsplacement of the beam orbits. 
• Correction of the beam-to-beam offset at the IP by scanning the beams with 

respect to each other. 

• LONGITUDINAL IP DISPLACEMENT 

The longitudinal position of the IP at crossing conditions can be adjusted by the 
same value but opposite sign transverse displacements of the beam orbits at the IP 
In the plane of crossing. This is shown in Figure 5. The longitudinal IP shift .1.s lin­
early depends on .1.x as 

.1.s=2.1.xlcp. forcp«l. (12) 
For instance for cp = 13511rad. a transverse displacement.1.x = 67.51lffi of each beam is 
required to shift the IP by .1.s = 1 m. 

4. LOCAL CORRECTION OF THE ANOMALOUS DISPERSION 

At collision crossing conditions. the main contribution to the anomalous dis­
persion is produced by the final focus quadrupoles with the largest orbit offset and 
the highest ~peak' Two triplets on either side of the IP amplify each other because of 1t 
phase advance between them and opposite orbit dIsplacements. Horizontal disper­
sion .1.1"\x generated by a horizontal orbit offset .1.x in a quadrupole is the following 
function of s: 

.1.1"\ (s) = .1.xJ~ (s) ~ (B'LqIBp) sin [11 (s) -11 1. (13) x x qx x qx' 
and similarly for y-plane. where B' and Lq are the gradient and the length of a qua-
drupole. and Bp is the magnetic rigidity. 

At injection optics. because of modest ~-functions in the final focus triplets. the 
anomalous dispersion is substantially smaller than at collision conditions. 

The first option of dispersion correction is to use an additional set of dipole cor­
rectors. However. these dipoles. beSides providing dispersion compensation. generate 
orbit perturbations which must be corrected as well. In practice. such a system 
requires rather strong correctors and produces large orbit deflections other than 
those in the final focus triplets. 5 

The second option. which has been chosen. is to use a set of quadrupole cor­
rectors placed in the outside dispersive regions to compensate the horizontal anoma­
lous dispersion. A set of skew quadrupoles is required to correct the vertical 
dispersion. Such a system affects the dispersion directly. with no effect on the orbit. 
A variety of crossing conditions is allowed with modest corrector strengths. 

The prinCiple idea of dispersion correction is shown in Figure 6. The first pair of 
quadrupoles are placed in the dispersive region (900 FODO cells). preceding the IR, 
n1t apart from the first triplet. Such phase advance is available because of the spe-
cific chOice of phase advance across the IR. 2 The quadrupoles are located next to 
main F quadrupoles. 1t apart from each other. They have the same ~-functions. equal 
strengths but opposite polarities. Therefore. neither tune shift nor betatron reso-



nances are induced. The only significant effect is a wave of dispersion ~Tlcor which is 
proportional to the nominal horizontal dispersion Tlcor.x at corrector location. The 
effect from a single quadrupole is given by the following: 

~Tlcor (s) = -Tlcor. xJf3 (s) f3 cor (B' corLco"! Bp) sin [Jl (s) - Jlco,J . (14) 
With the same sign of nominal horizontal dispersion at both correctors, they 

amplify the effect of each other. With the correct strengths and polarities, the first 
pair of quadrupoles generate a dispersion wave which cancels the anomalous disper­
sion produced by the first triplet and, thus, suppress the dispersion at the IP. 

The triplet on the other side of IP produces another wave of anomalous disper­
sion which is to be cancelled by the second pair of quadrupoles located in the disper­
sive region on the other side of the IP. This pair is placed m1t apart from the second 
triplet and is arranged in a similar way as the first quadrupole pair. 

With the ideal phase advances shown in Figure 6, two pairs of correctors per 
each IR and per plane is enough for accurate correction with the crossing angle con­
figuration. If the separation configuration is used instead of the crossing angle, then 
a small residual dispersion «7cm) may exist in the machine due to contribution 
from the quadrupoles other than triplets. The complete correction can be provided 
with the third pair of quadrupoles placed 1t/2 apart from the first two pairs. This 
additional pair would be necessary as well. if the phase positions of correctors are 
not ideal. 

An identical scheme is to be used to correct the anomalous vertical dispersion. 
In this case, the pairs of skew quadrupoles are located next to maIn n quadrupoles 
in the outside regions. The correcting vertical dispersion is proportional to the nomi­
nal horizontal dispersion at corrector locations. 

The proposed system could be used not only to correct the dispersion generated 
in the IR, but also to compensate locally the dispersion coming into IR due to errors 
in the arcs. Up to 2m of the dispersion in the triplets could be corrected at collision. 

5. LAYOUT OF THE CORRECTION SYSTEM 

The schematic layout of the orbit correction system in the half IR is shown in 
Figure 7. Global correctors and BPMs are placed next to main quadrupoles. Local 
correctors provide the crossing conditions at the IP and are located at special posi­
tions, described in the previous sections. The other half IR is similarly arranged. For 
the first approximation, we assumed two dipole correctors (H and V) are next to each 
triplet quadrupole. However, this region is more complicated because the correction 
must be done for both beams simultaneously, and the phase advance is almost con­
stant across the triplet. Further study is required for this region. All quadrupole and 
skew quadrupole correctors are located in the outside 90° FonO cells. 

An example of the crossing angle configuration for one beam with corrected dis­
persion is shown in Figure 8. The maximum values of crossing angles from 175Jlrad 
to 275JlTad are feasIble in different IRs at collision. The case of beam separation at 
injection is presented in Figure 9, where the orbit displacement at the IP for one 
beam is shown. The maximum achievable separation at the IP is 30cr at injection. 
Large IP displacements (a few millimeters at collision) are possible with the simulta­
neous displacement of the final focus triplets. 
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