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1. INTRODUCTION

The TRISTAN ring, electron-positron collider with diameter of 1 km, is going to be modified as

a B-factory”,“. The B-factory consists of two rings, an electron ring and a positron ring, and each

ring has different energy of 8 GeV and 3.5 GeV respectively. In this B-factory, the luminosity, the

beam collision rate, is thought to be more sensitive to the variation of the magnet position than

that in the TRISTAN ring. At the time of the operation of TRISTAN, the drift of the beam orbit is

observed. Fig.1 shows the variation of the

can be seen that RMS of the COD, Closed

Orbit Distortion, grows up to about 0.15

mm in about 7 minutes, and becomes

steady both in horizontal and vertical

directions. This drift is thought to be

c a u s e d  b y  h e a t - u p  o f  m a g n e t s  a n d

temperature rise in the tunnel. If beams

are not accelerated, slow variation of COD

is seen as shown in Fig. 2. The component

with the period of a day looks dominant,

and the amplitude for the variation of

RMS of the COD is about 0.1 mm. If we

could find out the main source of this drift

orbit after the acceleration from 8 GeV to 29 GeV. It

Fig. 1 Growth of RMS in the Closed Orbit
Distortion (COD) at the flat top.

of the beam orbit, it will help us in designing the B-factory ring.

It is conceivable that the movement of the magnet base in the interaction region and the

seismic motion of the concrete floor at the expansion joint, the joint of ring tunnel blocks, are

responsible for the drift of the COD. The former will be discussed in another contributed paper,

and the latter will be discussed in this paper.
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Fig.2 Growth of RMS in COD at the constant
energy of 8 GeV.
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2. TRISTAN RING

F i g . 3  i s  a  s c h e m a t i c

drawing for the TRISTAN

ring,  which consis ts  of  4

experimental halls with 100m

long straight sections at both

side and 4 arc sections. Each

arc section is separated into 9

b l o c k s .  T h o s e  b l o c k s  a r e

connected loosely and a gap is

set in between in order to

absorb the thermal expansion

of the concrete. Experimental

halls and straight sections are

supported firmly by many 25m

long big piles. The diameter of

piles is 0.75m in the straight

section, and 1.2m or 1.4m in

the experimental hall. On the

other hand, arc sections do not

have such support.

3. MEASURING SETUP

A gap sensor and

H L S  ( H y d r o s t a t i c

Leveling System [3] >

are used to measure

the variation of the

gap at the expansion

joint and the tilt of

t he  conc re t e  f l oo r

respectively. The gap

sensor  i s  equipped

with three heads of

the eddy current type

Fig.3 The tunnel structure of the TRISTAN ring.

Fig.4 Schematic drawing for the set-up of the
Hydrostatic Levelling System (HLS).
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in order to measure the gap in three directions, X, Y and Z. Hereafter Z axis is defined as the

beam direction, and X and Y axes as horizontal and vertical direction perpendicular to the beam

axis, respectively. The resolution is about lpm. At the expansion joint, an iron slab is extended

from one side and the gap sensor is fixed on the other side, and each sensor measures the gap

between the iron slab and the sensor head.

Fig.4 shows the structure of the HLS. Measuring heads are connected by three nylon tubes:

two for the water and one for the air. The sensor, equipped atop, measures the level of the water.

By subtracting the water level in adjacent heads, the tilt of the floor can be measured. After the

calibration, the resolution is about lpm. At the expansion joint between FL2 and FL3 in Fig.3,

where the closest quadrupole magnet is QD5-FL, three heads (HLS-1, HLS-2 and HLS-3) are

placed. The distance between each head is about 10m. HLS-1 and HLS-2 are placed at the end,

and HLS-3 in the middle near to the expansion joint. HLS-1 and HLS-3 are placed in the section

FL2, and HLS-2 in the section FL3.

The room temperature is measured by thermo-couples at 12 points in the tunnel.

Data from the gap sensor, the HLS and thermo-couples are collected every 5 minutes with a

data logger which is connected to a work station through an Ether-net

4. RESULTS

The movement of the floor was measured at the expansion joint in the straight section of

Tsukuba and Fuji area. It revealed that the floor in the straight section was quite steady. This is

probably due to the support by piles. An example is shown in Fig.5. It shows the variation of gap

during the period from January through March 1994. As shown in the expanded view in Fig.5(b),

zigzag structure in the room temperature is caused by the operation pattern of beams: beams are

injected at the energy of 8 GeV spending about 30 minutes, accelerated up to 29 GeV, and kept

for about 1.5 hours (Flat Top) until the beam current becomes about a half. Although the gap in Z

direction varies according to the change of the room temperature, the gap in X and Y direction is

quite steady. The variation of X and Y gap in a month is less than 10pm.

Figs.6, 7 and 8 show the movement of the floor at the expansion joint between FL2 and FL3

in the arc section for about an year. Figs.6 and 7 show results of the Gap sensor and Fig. 7 of

HLS. It is shown in Fig.6 that the gap in Z direction becomes minimum at the time of 29 GeV

operation, and becomes maximum in the winter maintenance period. The difference between the

minimum and the maximum value is about 1.2mm. The gap in X and Y direction varies slowly

according to the change of the room temperature as shown in Fig.7. The difference between the

minimum and the maximum value is about 0.12mm in X direction and about 0.08mm in Y

direction. The change of the gap is slow when the high energy operation is started, i.e. it takes 1
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or 2 weeks to become stable. And the variation is relatively quick (only 2 to 3 days) when the

high energy operation is stopped. Anyhow, those variations of the gap is mainly caused by the

change of the room temperature. Although the amplitude is less than lOpm,  the step-like

variation was observed both in X and Y direction on October 4, 1994 and on January 17, 1995 as

marked by the circle in the plot. Both of them were caused by the earth quake of medium size (i.e.

second or third grade in the seismic scale), whose signal can be seen clearly in Fig.8, the plot for

HLS data.

Fig 8 shows the variation of HLS 1-3, the water level in HLS-1 subtracted by that in HLS-3,

and HLS 3-2, the water level in HLS-3 subtracted by that in HLS-2. The direction of the

variation of HLS1-3 and HLS 3-2 is opposite each other and the magnitude is almost the same.

This means that the HLS-3, the middle head, moves up and down. The difference between the

minimum and the maximum value is about 0.15mm. Those variation is mainly caused by the

change of the room temperature.

5. CONCLUSION

The concrete floor is steady in X and Y direction in the straight section probably because of the

support by big piles. On the other hand, the movement of the concrete floor in the arc section is

caused mainly by the change of the room temperature. The difference between the minimum and

the maximum value in a year is about 1.2mm in the gap in Z direction. and 0.1 to 0.15mm in the

gap in X and Y direction. In Y direction, the floor looks moving mainly at the expansion joint. As

the pattern operation of beams causes the slow variation of the room temperature, the movement

of the floor is expected to be much reduced in the KEK B-factory, where the beam energy is kept

constant.
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