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SMOOTHI NG THE ERRORS I N THE EQUI PMENT ALI GNMVENT ON THE
JA NTS OF THE UNK SECTI ONS

Ju. Ki rochki n, B. Miukhin, A Novgorodov

As it is known, the 3000 GeV Accelerating; and Storage
Complex (UNK) is being constructed on the basis of the 70 GV
| HEP accel erator.

The existing 70 GeV accelerator will be used for the initial
particle beam acceleration, which will be injected into the UNK
to be accelerated further. In this connection, one of the major
problens is to transport the 70 GV particle beam from the
present accelerator to the UNK electromagnet. This problem
i nvol ves others, including the high-precision geodetic adjustnent
of the equipnent for the UNK and for Injection Beam Line (I1BL).

In order to solve the conplicated problem of the |IBL
conponents installation the following technique wll be used,
taking into account the IBL geonetric and physical features.

For security of the general beam trace configuration and of
the nutual design position of the conponents, the IBL was
broken into separate sections to be installed independently of
each other. These sections are specified by the equiprment base
elements, installed in the project position in advance. The
guadrupol e magnets positioned near the correction magnets,
adjusting the beam trace, are used as the base el enents. These
base elenents serve as the foundation for the equipnent
installation inside the section. Thus, each section is
installed separately from each other, allowing one to nmake the
adjustnents irrespective of whether the construction work is
over or the assenbling work is done in neighbouring sections.
Due to different accunulation of the adjustnment errors in every
section, the angles causing trace kinks will inevitably occur.
The effect of these kinks on the orbit distortion of noving
particles is conpensated by the correction magnets, placed on
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the section joints.

Such a technique is supposed to be in use for equipnent
adjustnent in the UNK with its orbit broken into 19 secti ons,
each to be installed independently.

The proposed nethod enables one to solve the conplicated
problem of the precise adjustrment of the electromagnetic
equi prrent for the UNK However, to decrease the load on the
correction system it is necessary to snmooth the beam orbit in
the places of joints. To solve this problem the algorithm
snoothing the errors in the nmutual position of the equipnment in
the places of section joints has been devel oped at | HEP

If the adjusted interval adjoins one or two sections,
where the equi pnent has been installed (Fig.1l), then during its
alignnent the radial offsets r,and r,of its marking base
el enents, denoted in Fig.1l by 1 and 2, are neasured. The offset
of each base elenent is neasured relatively to the nei ghbouring
guadrupoles with one of them on the adjusted section and the
other - on the adjoining one. The differences Ar1 and Ara
bet ween the obtained values of the offsets and the theoretica
ones are then used in the snoothing operations.

The idea of the snoothing process is offered to find the
mat hemat i cal function Y(x), which should satisfy the follow ng
requirenents:

1). it nust have continuous derivatives in all points;

2). its curvature nust be m nimal

The polynom al interpolation does not ensure the continuous
derivatives in all points and can introduce considerable errors
into the intervals between separate section joints. Oten when
the nunber of joints increases, the interpolation error does
not only decrease, but begins to rise.

The interpolation using aspline function is free from these
denmerits. Mathematically, a spline is a special polynom al,
taking in the joints the values Y(x)=Y,=Y(x,) and providing the
continuity of the derivatives at these points.

Let us take n+l1l nodal points. The interpolation function f(x)
in the [a,b] interval wll be searched for anmong k-th power
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spline functions S(x). Let K be the group of nodal points
(nodes) and a=x,<x, <... =b. Function S(x) is nanmed the k20
power spline function in the k interval if [1]

a) 8, (x) ¢ ¢ [a,b1;

b)sk(x) is a polynomal of the power not greater than Kk

for xelx, ,.%,1.

The set of the spline functions in the K interval is

denoted via S (K ). The spline function S (x) € S (K ) is

termed the interpolating spline function if
8, (x )=y, =2(x,) (1=0, 1 ,....n). (1)

To make the first and second order derivatives continuous,
it is sufficient to use a third-order spline-polynomal (cubic
spline).

It is inmportant that in addition to the known properties,
the interpolating spline function has another two extremum
properties:

. Anmong all the interpolating functionse(x), twce
differentiated in [a,b], only the third-order interpolating
spline function brings the mininumto the functiona

X
n

Je)=[ (" (x)) dx, 1.e.

%0

P 2 b 2
[(s"(x)) d&x € [ (p"(x) ) dx (2)
a a

for all functions ¢(x) such that ¢(xy)=y,.
2. For all 8(x) ¢ Sy (K ) and the twice differentiated
continuous functions £ such that (x )=y, t he equation

b

b
i) (f(x)—s(x))gdx € J (£(x)-8(x) )de 3)
a a

hol ds true.



240

It should be noted that equality (3) is valid only for the
interpolating spline function

S(x)=s(x) . (4)

Property (1) actual ly nmeans the curvature of t he
interpolation line becones mninal.

Finally, let us define the cubic spline function for each
interval [x,,x 1]a.s[2]

171+
1 3 3
Yi(x)z —g——[mi(xi+1—x) +mi+1(x—xi) 1+
h
i
1 2
+ [ (yi—(mihi/ﬁ) ) (xy %)+
h
1
2
Ty My 4Ry /8 (x-x 0], (5)
wher e h1=x1+1'xi’ ¥y (x)=y(x), my=y"(x,) and i=1.2,...,n (n is
the nunber of nodes). If x, y,and mare known. this equation

defines the spline approximtion.

If one requires that the condition Y/(x)=y, be fulfilled,
then the above equation (5) for cubic splines leads to the
i near system of equations. One finds mfromit

hymg+2(hy+hy  my 4By 1My40=
Since this system does not determne mconpletely, it is

necessary to specify additional boundary conditions. If they are
m=0 and m=0, we have normal spline functions; and if they are
m =m and m _,=m, We have periodic ones , etc.

In our case, if either end of the section to be installed
adjoin those already installed, the nunber of nodes n is 4.
There are base elenments 1 and 2 (see Fig. 2) and the installed
elements 0 and 3, joining them Therefore the values of y in

the nodes are as foll ows:
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Ar1 'L1
y =
(0]
1,
¥4=¥5=0 (7)
Ar2 ‘L,
y3 =
12

Having estimated the values of y(x) from equations (5) and
(6) for the places of the equipnent elenents in the interval to
be installed, it is necessary to take them into account during
the radial displacenments of the elenents into their design
positions. Simlar actions are to be taken during the height
positioning of the equipnent.

Using the above algorithm and making the numeric simnulation
for adjusting the |IBL equipnment, we have obtained the
interpolating curves snoothing the nutual position of the |BL
equi pment elements and have determ ned the required
di spl acenent val ues to place the el enents on these curves.

The analysis of the curves obtained allows one to conclude
that the errors, introduced by spline interpolation into the
mutual position of the elenments, are negligible and snmooth. In
addition, the snoothing procedure permts to decrease the | oad
onthe correction system

Using the simulation results one may arrive at the concl usion
on the possibility of redistributing the accunulation of
stochastic errors when joining a nunber of sections. |In this
case, the error line reaches its maximum curvature near the
j oi ning points.

The results of the beam dynamics conputations for the IBL
i ndi cate that snoothing decreases the maxi mum corrector | oading
from 89% (before snoothing) to 42% with the 0.3% probability
of their rise. The double reduction of the correction system



242

loading will make it possible to use it to elimnate other,
nongeodeti c defects.
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The di agram of the snoothing operation.

Fig. 1.
s —
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the design position of the equipment
the equipment position after

the smoothing procedure

Installed sections

sectlon to be installed
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