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ABSTRACT

 

In this paper, some new ideas about the dynamic situation of accelerator, dynamic pattern 

recognition, are briefly introduced. Some important statistical parameters about the situation 

description, stability evaluation and dynamic analysis of accelerator are presented from the point 

of a surveyor. A very useful method or procedure used to the motion analysis of the ground and 

the support system was creatively developed and has been used to the stability evaluation and the 

deformation analysis of Large Electron Positron Collider (LEP) in CERN.  

 

1． INTRODUCTION 

 

A particle accelerator plays a very important role in particle physic experiment. With the 

development of particle physics, its scale becomes larger and larger, 3 km long for a straight 

accelerator and 10 km of diameter for a circle accelerator. Instruments and methods of more 

precise alignment are required. Facing this new challenge, experts developed many special 

instruments and methods to keep accelerator on the necessary situation, and also they are forced 

to pay a special attention to its stability and study carefully the factors that can cause its 

instability, such as ransom displacements of the earth’s crust (ground motion), vibration, floor’s 

deformation and displacement of adjustable support system etc. Because physicists and 

engineers concern very much about the accelerator’s situation, they expect to have a technique 

that can be used to describe visually and quantitatively its stability and its dynamic situation. 

They expect also to have a method used to analyse dynamic process and influential factors in 

order to control or improve its unstable situation.  

Many experts did a lot of effective work on the effects of ground motion on accelerators 
[1]~[10]

. The impacts of vibration were also much discussed 
[10]

. Some people studied the 

deformation and dynamic situation of accelerators 
[11]~[20]

. From the point of engineering 

deformation monitoring and analysis, the authors studied the stability of LEP in CERN 
[17]~[20]

. 

Some positive results are obtained. This paper presents our work on this topic. The main purpose 
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of this paper is to discuss with other colleagues and find a practical method or technique that can 

be used to evaluate and describe the stability of accelerators. Maybe, some useful parameters can 

be found to quantitatively describe their dynamic situation.  Another purpose is to discuss with 

other colleagues how to correctly determine what leads to the instability of accelerators and how 

to control or avoid it so that accelerators run safely. 

This paper deals with the deformation of base floor and the displacement of adjustable 

support system. Some parameters used to evaluate and describe the stability are proposed 

following our experiences from the study and application on LEP at CERN. 

 

2． REALIGNMENT OF ACCELERATOR 

  

The stability of accelerator depends on 

many factors. They can be summarized up 

into two kinds following its structure. One is 

the stability of its base and another is the 

support system. The former includes ground 

motion (random), crustal movement and 

deformation, displacement and deformation 

of man-made base. The later means the 

stability of adjustment device (gird) and of 

support bracket. From the dynamic activities 

of accelerator, horizontal or vertical 

displacement, variations of longitudinal tilt 

or latitudinal tilt exist in the unstable case. They can distort the geometrical form of beam line so 

that the energy of particles is reduced unreasonably. Maybe, accelerator could be broken in the 

worse case. 

2.1 Structural features of accelerator and realignment measurement 

 

   An Accelerator is a group of magnets well aligned along a designed axis (See Fig.1 and 

Fig.2). Each of them is connected through an adjustable device with a support bracket. This 

bracket is fixed rigidly on a man-made base (floor). Usually, this base is put on a layer (it can be 

absorb some micro deformation of rock base), which is located on the bedrock. There are two 

surveying points on each of element (magnet). It is to use those points to install all elements on 

their exact position through a process called “alignment”.  

Generally, alignment or realignment is realized through a surveying control network points 

near by. The surveying control networks are divided into four categories：1. Straight traverse for 

straight accelerators.  2. Triangular and trilateral network for circle accelerators of a small 

diameter (less than 100 m).  3. Complex traverse for circle accelerators of a medium diameter 

Fig. 1 LEP/CERN



(less than 2000 m) (See Fig.2).  4. Offset traverse for large circle accelerators (See Fig.1). The 

traverse points offer not only the horizontal coordinates but also the vertical coordinate. With the 

same time of precisely positioning elements, their latitudinal tilts are also precisely settled 

following their designed values. 

 

2.2 Realignment and movement analysis 

 

After installation, a realignment 

measurement should be realized periodically. 

For small accelerators, radial and vertical 

realignments are usually carried out for 

checking its stability. And some of elements 

moved far away from their designed position 

should be adjusted or moved back to their 

designed position. For large accelerators, a 

relative realignment is realized and some of elements moved far away from their neighbours are 

considered to realign for the keeping the beam line smoothing. The realignments include the 

horizontal, the vertical and the latitudinal tilt. Some times one of them (e.g. vertical realignment) 

could be done alone following requirement. The purpose of realignment is to evaluate whether 

the elements moved or not, which one moved, how much it moved and how it moved. In 

addition, there are also much more important works with realignment measurement:  

� Find some comprehensive and quantitative parameters as indexes to evaluate the 

stability of accelerator. 

� Analyse the correlation features among displacements in time, space, area and distance. 

Establish a model to describe those features.

� Analysis the sources the displacements come from. Determine which are the key 

sources so that an effective measure can be found to control or reduce their influence on 

the stability. 

With the work on LEP in CERN and experience on deformation monitoring, authors have 

been studying on these issues. Some positive results are obtained. Here do an exchange with 

other colleagues. 

 

3． STABILITY ANALYSIS MODEL

There are three key problems in accelerator’s stability analysis: 1. Find the parameters, 

which can clearly present the geometrical situation of accelerator. 2. Establish some indexes, 

which can evaluate the stabilities of the entire accelerator and the part of accelerator. 3. Reduce 

the affect of surveying systematic errors (come from instruments and from methods) on the 

stability evaluation. 

 

3.1 Description parameters of accelerator stability 

 

Fig. 2 LEP/CERN



Following the structural features of accelerator and the surveying method, four different 

parameters are adopted in the stability analysis: 1. Mean Square Error (MSE) of the coordinate 

difference between two alignments. 2. Mean of the absolute values of the difference of 

longitudinal tilts between two realignments. 3. Mean of the absolute values of the difference of 

deformations between two realignments. 4. Mean of the absolute values of the difference of 

latitudinal tilts between two realignments. Here the first three are discussed. 

3.1.1 Coordinate difference between two realignments---displacement

For thk  and thl  realignments, the coordinates of the point i  are k

ix(
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ix(
l

i
y  

l

iz ). Namely, the coordinate of the point j  are k

jx(
k

jy  k

jz ) and l

jx(
l

jy  l

jz ) ( i =1, 2, …, n ). 

The coordinate differences are k

i

l

ix
xxD lk

i

−=
−

，
k

i

l

iy
yyD lk

i

−=
−

 and k

i

l

iz
zzD lk

i

−=
−

. Those 

parameters present clearly the dynamic situation of the point i . Take MSE of those differences 

to describe the dynamic situation of whole accelerator: 
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Where 2ˆ
xDσ , 2ˆ

yDσ  and 2ˆ
xDσ  are respectively MSE in three different axes. Suppose their 

theoretical values are respectively 2

xDσ , 2

yDσ  and 2

xDσ , we have )(ˆ 222 n
xx DD χσσ → , 

)(ˆ 222 n
yy DD χσσ →  and )(ˆ 222 n

zz DD χσσ → . Therefore, through a statistical test we can determine 

whether the movement of accelerator along the axis is evident. This test gives us a view over 

whole accelerator, but it cannot present the information about a few moved points. This method 

can also be used for the stability evaluation of a part of accelerator flexibly.  

  

3.1.2 Difference of longitudinal tilt—Inclination 

 

At first, a definition of longitudinal tilt is written as: 
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Where jiL −

 is the distance between the point i  and the point j . k
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3.1.3 Angular variation—Deformation 

 

In order to illustrate the form change of accelerator, an angle is used as an example. From 

Fig. 3, an angle is ∠hij at thk  realignment and change into ∠h’i’j’ at thj  realignment. The 

form change can be expressed by Angle Change rate, called Deformation:  
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Fig. 4
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If 0=
−ok

ix
d , 0=

−ok
iy

d  and 0=
−ok

iz
d  (o means initial), there is no deformation at all with this 

angle. So, it can present the form change of accelerator. Take mean of absolute values for entire 

accelerator:   
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Inclination and Deformation have the following features: 

� Inclination describes the change of longitudinal tilt. It can be used to evaluate the 

stability of whole accelerator and the stability of a part of accelerator.

� Deformation describes the form change of accelerator. It can be used to evaluate the 

stability of whole accelerator and the stability of a part of accelerator. 

� If different calculation distance L  is selected, Inclination and Deformation can 

present the dynamic situation of accelerator from large change to small change, for 

example to evaluate the stability of element and the stability of the base (floor).

� It can be proved theoretically that 

the inclination is the differential of 

the displacement, the deformation 

is the differential of the 

inclination
[17 ]

(See Fig.4).

� Reduce greatly the affects of the 

systematic errors coming from 
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surveying instruments and surveying methods so that it can more reliably present the 

dynamic situation.

4． EXAMPLE 
[17]-[22]

 

 

The method was used to LEP (CERN). Some positive results are obtained. 

 

4.1 Vertical inclination and vertical deformation 

 

In order to analyse the stability and dynamic feature of magnet (E-S) and of base (S-E), 

inclination and deformation were calculated following its structural features (Fig.5). Fig.6 shows 

us the situation on inclination of the element and the base. Fig.7 shows us the situation on 

deformation of the element and the base.  

   Some conclusions can be derived 

as: 

• The inclination of the 

quadrupoles (E-S) has been 

increasing from 1992 to 1999 

with an average speed of 0.008 

mrad/year. The inclination 

increase direction of each 

quadrupole is correspondent to 

its inclination. This also means 

that a systematic movement 

exists on qdadrupoles(see Fig. 8). 

• The inclination between two 

quadrupoles (S-E) has been 

increasing from 1992 to 1999 with an average speed of 0.0014 mrad/year. This shows a 

systematic movement exists on the floor of the tunnel.  If we convert it into a height 

difference between two successive quadrupoles, it would be 0.04 mm/year.   

Fig. 5
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• The deformation following the quadrupoles (E-S) has been varying from 1992 to 1999 with 

an average speed of 0.00018 (mrad/m)/year. The deformation increase direction is 

correspondent to its original deformation value.  

• The deformations following the quadrupoles (S-E) has been varying from 1992 to 1999 with 

an average speed of 0.00006 (mrad/m)/year. The deformation increase direction is 

correspondent to its original deformation value. 

• The analysis on actual situation of each section based on LEVELING PRECISION shows 

(see Fig.9 and Fig.10):  

� The inclination variation and the deformation variation existed along the whole tunnel 

of LEP following studying on the inclinations of S-E.

� The sections 7 and 8 have an evident inclination variation of quadrupoles.  The 

sections 2, 3 and 7 have evident deformation variation following studying on the 

inclinations of E-S.

� The sections 2, 3, 7 and 8 are more active than others.

4.2 Determination of deformed zone 

 

Using the features and distribution of inclination and deformation, deformed zones can be 

found. Following the analysis on LEP, 7 zones were found. Fig.11∼Fig.14 shows us the dynamic 

situation on inclination and deformation within two of the deformed zones. The dynamic 

situation in different date can be clearly viewed from those figures. 

 

5． CONCLUSIONS 

 

� Means of Absolute Values of inclination and deformation are good parameters to 

describe the dynamic situation for linear/curvilinear objects. They can be used to 

evaluate stability of those objects on combination of surveying precision (tolerance). 

With the help of their functional relationships, the dynamic features can be analysed and 

correctly find the deformed zones.

� This method can be used the stability evaluation of linear equipment and structural 

engineering (railway, high way, bridge, tunnel and accelerator). The deformation 
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analysis of different magnitude can be realized by change the calculation distance. It can 

be used to evaluate the stabilities of the whole or part accelerator. 

� It can be used to evaluate the stability of element itself and the stability of the support 

system using those measurements of the points on the elements. It can be used to 

analyse the deformation and displacement of element itself and the deformation and 

displacement of the support system using those measurements of the points on the 

elements.
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