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The KEK accelerator test facility (ATF) is under construction. This paper gives the status 
of the design studies, the various R&D works and the construction for the damping ring 
of the ATF. 

1. Introduction 
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Fig.l Layout of ATF 
The ATF is being constructed at KEK[l]. The ATF has been designed to test the 

experimental feasibility of the accelerator sub-systems and to confirm the specification of 
the total accelerator system for JLC(Japan Linear Collider). The JLC is a future project 
and an electron-positron collider for the energy frontier physics in TeV region[2j. One 
of the characteristics of the present design of the JLC is to operate in a multi-bunch 
mode[3,4]. The ATF consists of a IMGeV S-band Linac, a Beam Transport, a Damping 
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Ring, a Beam Test Area, a Test Station for Positron Production and a Computer Control 
System. Fig.l shows the layout of the ATF. The 1.54GeV damping ring is the main 
sub-accelerator system of the ATF. The purpose is to acheive the vertical normalized 
emittance less than 5.0 x 10-8radm with high intensity multi-bunch beam. 

We use sixteen 3m-accelerating structures to accelerate the electron multi-bunch beam 
up to l.54GeV and two 3m-accelerating structures with a slight different RF to compensate 
bunch-to-bunch energy spread of ±3% due to multi-bunch beam loading until the energy 
spread less than ±1.0%. Details of the ATF 1.54c7eV Linac are reported in other section of 
this proceedings[5]. 

The emittance and energy spread of bunch train should be measured to confirm the 
beam quality from the IMGeV Linac. We are preparing two monitor section in beam 
transport line. One is the monitor system which has four sets of wire scanner. Other is 
the monitor system for the optical matching with the damping ring optics. 

The target values of the clamping ring are decided as follows; Beam Energy 1.54GeV, 
Repetition Rate 25Hz, Number of Bunches per Train 20, Number of Trains 5, Num
ber of Particles per Bunch 2 x 10lu, Maximum Total Current 600mA, Natural Emittance 
1.2nradm, Bunch Length 5mm, Energy Spread 0.0S%, Normalized Emittance with Intra-
beam 5 x 10-6,5 x 10_87-ad7?i[6]. 

In order to prevent multi-bunch instabilities we need to use a specially designed RF 
system. In addition, we would like to operate the ring below the longitudinal microwave 
instability threshold. To achieve this without increasing the longitudinal emittance sig
nificantly, the damping ring must have a very low impedance and a large momentum 
compaction. 
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Fig.2 Lattice parameters of half of the damping ring. 
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2. Design and simulation 

2-1. Design considerations 
The emittance of a ring can be reduced by reducing the dispersion in the bend mag

nets, reducing the strength of the bends, or decreasing the energy of the ring. The 
damping time is directly proportional to PB/T 3 , where QB is the local bending radius of 
the bend magnets. On the other hand, the normalized emittance is inversely proportional 
to P B / V - In order to reduce both the damping time and the normalized emittance at the 
same time, we have decided to introduce two wiggler sections in zero-dispersion region. 
We also selected a racetrack configuration as a ring style for the reduction of dispersion 
suppression and matching regions. The lattice of cell in the arc is a combined function 
FOBO to minimize the dispersion in the bend magnet. 

The ratio of the impedance threshold to the equilibrium normalized emittance, 
{Z/n)t/-fcl0, is inversely proportional to the cell length[7]. By decreasing the main bending 
field, one can reduce the emittance without making the impedance requirement tighter, 
although the cell becomes longer. Therefore it is desirable to maximize the wiggler fields 
and minimize the normal bending field. Since we introduce wiggler sections in zero-
dispersion region, we can require l.ISm as the drift space length per cell. This length 
allows a realistic space for sextupole magnets, steering magnets, and position monitors. 

2-2. Lattice and optics 
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Fig.3 Lattice parameters of a single normal cell. 
Following requirements were added due to the technical consideration. 1) Length for 

RF, injection, extraction, feedback etc. is 20m. 2) Kicker rise/fall time is COnsec. 3) 
Normalized emittance of injected beam is 4.5 x 10~4radm. 



Table 1 :Parameters of the ATF Damping Ring 

Combined FODO +Wiggler 
Beam Energy 

Repetition Rate 

Circumference 

Harmonic number 

Number of Trains 

Number of Bunches per Train 

Number of Particles per Bunch 

Synchrotron Radiation per turn 

Maximum Total Current 

Number of Cells 

Longitudinal Impedance Threshold 

Bending Field 

Momentum Compaction 

Natural Emittance 

Wiggler Pitch 

Damping Time 

Tune 

Effective Wiggler Field 

Accelerating Frequency 

Number of Cavity Cells 

Bunch Length 

RF Voltage 

Energy Spread 

Touschek Lifetime 

Emittance with Intra-beam 

Phase Advance per Cell 

K2 values of SF and SD 

Damping Partition Number 

1.54GeV 

25Hz 

138.6m 

330 

5 

20 

2xl010 

0.15501 MeV 

600mA 

36 

0.105ft 

0.896T 

0.00191 

1.16nradm 

40cm 

6.9msec, 9.2msec, 5.5msec 

15.76, 8.34 

1.7T 

714MHz 

4+1 (Passive Cavity) 

4.30mm 

0.77MV 

0.0715% 

76sec 

1.33E-9,1.33E-11 

140degree, 52degree 

44.6,-74.1 

1.33, 1.00,1.67 

Dynamic Aperture 30a0 with errors and orbit correction. 
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The ring has a superperiodicity of two. The optical functions /3X and py and the 
dispersion function 77̂, for a half of the ring are plotted in Fig.2. The intrabeam scattering 
contribution to the emittance is about 13% of the ring emittance. The damping times 
are rx = 6.9msec and rv = 9.2rnsec. This allows each train to remain in the ring for 21 
vertical damping times when operating at a repetition rate of 25Hz. The parameters of 
the damping ring are shown in Table 1. 

The two arcs are each constructed of IS combined function FOBO cells. The bending 
magnets bend an angle of 10.00°. The quadrupoles have normalized gradients of 9.0m"2. 
Since a magnetic radius is r=1.6cm, the quadrupoles have pole tip fields of S.SkG. The 
magnet positions are plotted with the lattice functions of a single cell in Fig.3. 

It is necessary for the wiggler to have high field quality. The wiggler field is 1.7T with 
a period of 40.0cm. The total length is 20m and the packing factor is 0.4. The cell lattice 
of a damping wiggler is shown in Fig.4. We use eight 2.1m-wigglers. The wiggler system 
decreases the vertical damping time from 16.3msec to 9.2msec and the natural emittance 
from 1.3Snradm to l.lGnradm. 
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Fig.4 Lattice parameters of a wiggler cell. 

2-3. Dynamic aper tu re and alignment tolerances 

It is necessary that the dynamic aperture is more than three times the beam size of an 
injected beam. Since damping the bunch for seven damping times(~ 53msec) reduces the 
emittance of the injected beam by six orders of magnitude, this aperture gives sufficient 
beam life time. The damped normalized emittance yc0 is 5.0 x 10_6radm. The beam size 
of the injected beam a,- is obtained from CT,=V^77. Therefore, 

3o-,=3N//?£0 x 450/5 ~ 30<ro ~ 0.0*71771, 

where o-0 is maximum equilibrium beam size. Then, the dynamic aperture more than 
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4mm(> 30cr0) gives sufficient beam life time. The planned beam pipe in the arcs has a 
12mm inner radius and is approximately 10 times the beam size of an injected beam. 

We correct the chromaticity with only two families of sextupoles located in the arcs. 
The integrated sextupole strengths are: A'25r = 44.6m-2 and A'2SD = -74.1m -2. The results 
from computer code SAD(KEK original code) with only two families and MAD indicate 
that the dynamic aperture is more than 60<xo without the nonlinear fields from wigglers. 
The dynamic aperture will decrease when errors and wiggler induced nonlinear field are 
included. The results of tracking sumilation( SAD) with a sinusoidal nonlinear field from 
wigglers indicate that the dynamic aperture is more than 30a0. The dynamic aperture 
is enough for beam injection. Fig.5 shows the results of the tracking sumilation for the 
dynamic aperture after corrections. The results of simulation(SAD) also indicate that the 
tolerances of the quadrupole misalignment and rotational misalignment, the sextupole 
misalignment, the magnetic field error and the monitor setting error are less than 50/mi 
vertically, 60/tm horizontally, 0.5mrad rotationally, 0.1% and 0.1mm to obtain the required 
omittance, respectively[S,9]. 
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Fig.5 Dynamic aperture after corrections. 

2-4. Single Bunch Instability 

The short-range longitudinal wake causes the bunch lengthening. It was observed in 
the damping ring of the Stanford Linear Collider (SLC)[10]. This phenomenon restricts 
the performance of the damping ring operated at a higher current. The relevant wake 
fields are generated at discontinuities of the vacuum chamber. We have estimated the 
wake field strength (the impedance) of the various vacuum chamber componentsfll] by 
using the computer codes ABCI[12] and MAFIA(T3)[13]. 
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Table 2: Longitudinal Impedance evaluated by ABCI and T 3 . 

Cavities 

Vacuum pump slots 

Monitor electrodes 

Bellows 

Septum chamber 

RF quadrupoles 

Taper transitions 

Clamp flanges 

Gate valves 

Photon masks 

Kicker chamber 

_ 

1 Z/n | [Q] 

0.04 

6xl0"7 

2xl0"5 

4xl0'4 

7xl0"4 

64x10"4 

15xl0"4 

4xl0"5 

SxlO"4 

5xl0'4 

21xl0"4 

Total 

Number 

5 

3600 

4x100 

80 

2 

2 

4 

60 

6 

20 

2 

1 Z/n 1 total [Q] 

0.20 

0.002 

0.008 

0.032 

0.001 

0.013 

0.006 

0.003 

0.005 

0.010 

0.004 

0.284 



2-4-1. Source of the Wake 

The cross section of the beam duct is a circle of 4>24 mm in diameter and a race-track 
shape of 15 mm high x 47 mm wide. They are connected by tapeied tubes to keep the 
impedance low. However, there are many other discontinuities in the ring as listed in 
Table 2. The bellows and gate valves have an RF contact inside so that the beam does 
not see the discontinuous structure. The flanges have a special gasket and there is no 
inside gap. The largest impedance source is the RF cavity. We will use live cavities in 
the ring. We use some photon masks to protect the bellows and other components from 
the irradiation of the synchrotron light. 

2-4-2. Bunch Lengthening 

The typical threshold limit of the longitudinal impedance is given by [14] 
| 7 / ,i _ (2ir)3/:,araEal 
\6\\/n\t!ireshold - - ^ J S 
where o> is the r.m.s. bunch length, a the momentum compaction factor, E the beam 

energy, <rc the relative energy spread, and A' the number of particles per bunch. The 
threshold impedance is 0.105ft, while the calculated impedance is 0.244ft in total. The 
simple criterion above, however, often leads to an under-estimation of the threshold, 
depending on the type of impedance. Therefore, we estimated the threshold by another 
method, which solves the Vlasov equation and computes the growth rates of eigenmodes, 
taking into account the potential-well distortion and the synchrotron radiation[15,16]. 
While the maximum design intensity is 2 x 1010 particles per bunch, the results of the 
eigenmode method show that the threshold intensity is 6.0 x 1010 if we use an axially 
symmetric absorber along the beam axis[17]. 

2-5. Multibunch Instabilities 

Because of the high current and the large number of bunches in the rings, cures for 
the coupled-bunch effects have to be considered. Possible effects of the RF cavities are 

1. coupled bunch instabilities caused by the accelerating mode, 
2. shift of bunch positions due to the beam loading, 
3. coupled bunch instabilities by higher order modes. 
Because of the high beam current and large circumference, the band width and the 

detuning frequency of the cavities should be comparable with the revolution frequency. 
Then the growth rate of '-! ' mode, which is excited by the tail of the impedance of the 
accelerating mode, may be higher than the radiation damping rate in some conditions. 
This instability can be avoided by a high accelerating voltage with low R/Q of the cavities. 
The design of our RF system will achieve this condition. Another solution is the RF 
feedback for the specific oscillation modes. The growth rate of the coupled-bunch motion 
is estimated analytically to be less than 100 s - 1 , which is much less than the radiation 
damping rate. The stability of the bunches has been checked by tracking simulations of 
rigid bunches including the wakefield of the accelerating mode. 

Since the bunches are not uniformly distributed over the ring because of the gap 
between the trains, each of them feels a different wakefield (beam loading) induced by the 
preceding bunches. The bunch energies are anyway the same so as to keep the revolution 
frequency unchanged. As a result, the head bunch in a train delays and tail bunch 
advances from the nominal positions. The shift of the positions would become comparable 
with the bunch length if not cured. A high accelerating voltage with low R / Q can reduce 
this shift, too. In addition, an RF system for beam loading compensation will be installed 
to minimize the shift. This system has cavity having different frequencies /m0i„ - N,x /retM 
where fmain is the frequency of the main RF and frev the revolution frequency. The 
necessary peak voltage is about 50 kV. Behavior of the bunches with this beam loading 
compensation system has been studied by tracking simulations. Also, by using a passive 
sub-RF cavity, the shift of the positions will be compensated with the beam power loss 
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of about 4kW.[IS] 
The longitudinal instabilities caused by higher-order modes (HOM) can be suppressed 

by the so-called 'damped cavity' (cavity with low Q values of higher order modes). The 
threshold Q of HOMs estimated by a tracking simulation is 

{R/Q) x Q x / ~ 104 for each monopole mode, 
where f is the frequency of each mode in GHz and R/Q is in fi. This value agrees 

with analytic calculations for uniformly distributed bunches with the same total current. 
The transverse instabilities can be suppressed by the damped cavity and the bunch-

to-bunch tune spread within each train. The requirements are estimated by a tracking 
simulation as 

(R/Q)Q ~ 105(f2/7») for each transverse mode, 
A i / ~ l x 10-3, 
where Av is pcak-to-pcak betatron tunc difference within a train. These values also 

agree with analytic rcbiiltb for uniformly distributed bunches with the same total current 
assuming that bunches in a train are decoupled because of different tunes. These require
ments to the RF cavities can be satisfied as will be described later and the tune spread 
can be obtained by an RF quadrupole. 

Fig.6 Design orbit trajectory for injection and extraction. 

3. Injection and Extraction 

3-1. Injection 

Three septum magnets successively deflect the beam injected from the beam transport 
line by 237,63 and 24mrad. The beam is further deflected by about A.Qmrad by a kicker 
magnet to match the closed orbit of the ring. The injection error will be smaller than 
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0.177J771. To keep the beam loading of the cavity in the damping rin£, almost constant, the 
RF bucket which has been occupied by the just extracted bunch must '.ye filled immediately 
by an injected bunch. So, the beam extraction point, the injection point, and the cavity 
section must be located in the ring in this order. 

3-2 Extraction 

The stabilization of the beam extracted from the damping ring is extremely important. 
The jitter has to be less than one tenth of the beam size. The beam to be extracted 
is deflected by about 4.6mrad by a kicker magnet into the first septum magnet. The 
three septum magnets successively deflect the beam by 2S, 75 and 235 imad. For the 
septum magnets, DC magnets are chosen, because pulsed ones will introduce larger jitters. 
The pulse-to-pulse reproducibility in the total deflection angle(335mrad) is better than 
±3 x 10-5. 

Assuming px = 10m, the jitter tolerance on the kicker is estimated to L>e 5 x 10~'[7]. 
In order to achieve this tolerance, we need to use a double kicker system, i><-pj„i atcd by a 
phase advance of TT, to cancel the jitter. The first kicker will be p ' j iud in the damping 
ring and the second kicker in the extraction line, thus reducing the jitter mio the range 
10~4 to 5x 10"4. A prototype for the double kicker system was made arid h i - been tested. 
Fig.6 shows a design orbit trajectory for injection and extraction [ls),2C] 
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Fig.7 Magnetic field distribution of the prototypes for the magnet system. 

4. Magnet System 

Conceptual designs have been made for damping wigglers, combined function bends, 
quadrupole and sextupole magnets. The magnet specifications were determined with 
consideration for the available space and the cost of the magnets and power supplies. It 
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is necessary to be able to separate upper and lower parts'of quadrupoles, sextapoles and 
wigglers for the installation of the vacuum chamber. For magnetic field and alignment 
reproducibility, these magnets should have some precise knock-pins. This reproducibility 
may affect the alignment accuracy of the damping ring. 

The low emittance and fast damping require high field, short pitched wigglers. These 
conditions conflict each other, because a high field needs much space for coils or perma
nent magnets. Examining wiggler effects on the emittance, we found that the 77' term is 
dominant and that the free spaces between adjacent wiggler poles has almost no effect on 
the emittance in the lowest order approximation. This fact eases the requirement on the 
wiggler pitch. Our choice of the pitch is 0.4m. Since we do not know yet much about the 
field degradation of assembled permanent magnets and the durability against radiations 
and heat, we adopt conventional electric magnets with compact coil fed with intense cur
rents. A field as high as Dpeak ~ Dtjj ~ IT is obtainable [Btij is defined by [/J32ds//po,,.]

1/2), 
but we reduced it to 1.6 ~ 1.8JT with a consideration of the power consumption. 

Introducing combined function bends having defocusing quadrupole field, we can make 
D parameter (which appears in the expression for the damping partition) negative, which 
reduces the transverse emittance. This combined bend must be sector type, otherwise the 
beam feels a varying field as much as 15% of B0 in a lm bend. A logarithmic pole profile is 
obtained for the sector-type combined function bend by solving the Poison equation in 
the cylindrical coordinate. The field distribution and 'As dependence en the co/ position, 
shimming, and possible manufacturing errors were studied by osing the code P01SS0N 
and TOSCA. In determining the coil dimensions the alignment processes must also be 
taken into consideration. Several prototypes for the magnet system were made and their 
magnetic field have been measured. Fig.T shows the magnetic field distributions of the 
wiggler, the combined bend, the quadrupole and the sextapole.[21] 

Fig.S Photograph of several prototypes for the magnet system. 
The systematic measurement of the field will be done by the orthodox methods, 

rotating coils for the quadrupoles and sextupoles and flip coils for bends. The use of a 
laser with quadrant photo-diodes will be effective in positioning and alignment processes. 
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Fig.8 shows a photograph of several prototypes for the magnet system. 

5. Vacuum system 

The main purpose of the damping ring is to get a low omittance beam. The vac
uum system must be designed to achieve such pressure that does not disturb the beam 
emittancc through beam-gas scattering. Scattering effect has been evaluated by several 
persons [22,23,24]. Allowing a vertical cmiLtance growth of 10%, we need an average 
pressure of the ring below G x 10"° (Pa). The gas desorption in an electron storage ring is 
dominantly induced by the irradiation of synchrotron radiation (SR). The density of the 
SR photons at the chamber wall will reach 2x ID19 and 1 x 1019 photons/rn/s in the wiggler 
and arc sections, respectively. We assume that the photo-desorption rate of the chamber 
is 1 x 10-5 molecules per photon. Then we must achieve the pumping speed of 140 and 70 
1/s/m for two sections respectively. Basic design concepts of the vacuum system are as 
follows. [17] hicn 

" • " SW S l i t * channel 

To ion 
pumps 

Cm •'<*» eA**M<( 

Fig.9 Cross sectional views of chambers (a) for the wiggler magnet (b) for the bending magnet. 
1. Make all vacuum chambers by the extrusion of aluminum alloy. They will be baked 

to 150 °C for 24 hours before assembly at the beam line, but will not be baked in situ. 
2. Connect vacuum chambers by clamp-chain flanges and bellows. The chambers will 

not be weld in situ due to the limitation of the connection space. 
3. Localize the synchrotron radiation by using photon absorbers, especially in the arc 

section. It has a merit that we can minimize the area of high gas desorption. 
4. The general cross section of the beam duct is a circle of 24 mm in diameter, except 

for cavities and masks. The wiggler chamber has a race-track shape, 15 mm high x 
47 mm wide. These chambers must be connected to form a smooth transition keeping the 
impedance contribution low. 

5. Use two types of bellows with race-track and circular apertures that match the 
chamber's. Insert the RF shield into the bellows and gate valves. 

6. Install a cold-cathode gauge to each cell to monitor the pressure of the ring. The 
additional information will be obtained by monitoring the ion-pump currents. 
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5-1. Vacuum Cluuuburs 

The cross sectional view of the wiggler chamber is shown in Fig.9 (a). The beam duct 
has cooling channels on both horizontal sides. Along the beam duct, two side channels 
for non evaporable getter (NEG) pumps are installed. They are connected with the beam 
duct through slots that are created in the space between the cooling channel and the outer 
chamber wall. Three pumping ports arc provided on the inner side of the ring to install 
ion pumps, some vacuum gauges and the roughing pump systems. 

The cross section of a bending chamber is shown in Fig.9 (b). The bending magnet 
is a combined type and the gap between the magnet poles is open to the outside of the 
ring. We add an antechamber to the beam chamber to localize the area irradiated by 
Sll photons. Ion pumps and NEC! pumps will be installed near the photon absorber to 
evacuate the out-gas effectively. 

With the beam current of 600mA, the maximum linear power density along the beam 
duct becomes 1.4-1 kW/m for both the wiggler and arc sections. These chambers are 
cooled down by water. In the antechamber, the maximum temperature at the surface 
of the copper photon absorber will reach 100 *C. The first antechamber of the bending 
section must absorb the power from wigglers, and thus the maximum temperature of the 
absorber will become one hundred degrees. 

A prototype of 3m vacuum chamber was tested and we obtained much information 
to impreve the production technique of the vacuum chamber. Fig. 10 shows a photograph 
of the chamber prototype. 

Fig. 10 Photograph of 3m wiggler vacuum chamber. 

5-2. Pumping scheme 

The roughing pump system is connected to vacuum chambers by manually operated 
valves. The system consists of an oil-free turbomolecular pump with magnetic bearings 
and a rotary pump. The pump will be mounted on a cart and disconnected from the 
vacuum chamber during operation except for the NEG pump activation. 

Sputter ion pumps (SIPs) will be mainly used in the ring. They will be placed just 
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before the photon absorber to effectively evacuate desorbed gases. The SIPs will be of 
60 1/s nominal pumping speed for straight chambers and 100 I/s for antechambers, Linear 
NEG ribbons will be installed in two side channels of the wiggler chamber. It effectively 
evacuates the desorbed gases along the beam duct. Additional lumped NEG modules will 
be installed in the normal cell to support the SIPs. 

6. RF System 

Fig. 11 3-dimensional view of the damped cavity system in the ring. 

The RF system should provide sufficient accelerating voltage not only to compensate 
the radiation loss but also to obtain required energy acceptance and the small bunch 
length. Using fore single-cell cavities, total voltage of about 1 MV will be obtained. 
The shunt impedance is estimated to be 3.9 Mfi/cavity. To obtain voltage of each cav
ity of more than 0.25 MV, the wall power loss will be 16 kW/cavity. With the power 
50 kW/cavity to be gained by the' beam, the total required power will be 246 kW or 
66 kW/cavity. This power will be supplied by one klystron. The klystron will feed 
270 kW to four cavities. The band width of the power source will be much broader 
than 2 MHz for quick RF control to avoid transient beam instabilities at injection and 
extraction of beams. 

The RF frequency has been chosen to be 714 MHz which is 1/4 of the frequency of 
the injector linac. Possibility of higher frequency of 1428 MHz has been studied, but the 
lower frequency is preferred regarding the coupled-bunch instabilities by the accelerating 
mode of the cavities and the non-uniform beam loading. With a lower frequency, the 
growth rate will be much smaller, because a smaller detuning frequency is needed. The 
ratio of the voltage to R/Q is also smaller and, therefore, the position shift will be less. 
The requirement of low Q-values of higher order modes will be met using damped cavities. 
Wakefields of higher order modes induced in each cavity will be extracted through four 
rectangular wave guides whose cut-off frequency is chosen to be between the accelerating 
mode and the lowest higher order mode. This cavity can achieve the required Q-values 
(20 for TMon mode and about 100 for other modes). The low-power model of the damped 
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cavity was made and the RF parameters were measured". The results on the low-power 
damped cavity indicates the design is no problem. Fig.11 shows a 3-dhnonsional view of 
the damped cavity system in the ring.[25] 

G-l. RFQ to cure the coupletl-boHin be ta t ron oscillations 

In order to avoid transverse coupled-bunch motions, a spread of the betatton tune 
among the bunches in a train is needed. The peak-to-peak tune difference of about 0.001 
will be obtained using RF-quadrupoles. Tracking simulations have shown that this is 
enough to suppress the instability. 

7. Instrumentation 

7-1. Monitor System 

The beam position monitors are chosen to be of electrostatic type with four button-
like electrodes because of low coupling impedance, low cost and simple structure. The 
position monitor system is designed to achieve the resolution of 10/im(rms) in order to 
correct, the 3mm-dispersion in the wiggler section. The circuits for the signal processing 
are being designed as single-pass BPM. In order to correct the dispersion, we measure 
the dispersion by comparing the closed orbit distortions under different R F frequencies 
(&/RF = 10kHz). Then, the change of the orbit is 7/rni. Therefore, we need to average at 
least ten position data to get a resolution below Spm. The data will be accumulated into 
the buffer memory of the flash ADC. Fig. 12 shows the cross section of the electrostatic 
type BPM. 

Fig.12 Cross section of the electrostatic type BPM. 

7-2. Alignment System 

A prototype of the support table was made. It is 2.31m long and O.Sm width and has 
three legs, each having a vertical and a horizontal mover with stepping resolution of 0.5^m. 
The table also has three hydrostatic levellers, with which the vertical table position can 
be measured. The horizorital position will be measured by using two sets of a quadrant 
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photo-diode and laser diode. Fig.13 shows aphotograph of the table prototype for the 
active alignment.[26] 

Fig.13 Photograph of the table prototype for the active alignment. 

Fig.14 3-dimensional view of the beam transport line and the arc section in the ring. 

After field mapping, all the magnets in one normal cell are mounted on the table. This 
can be done with an accuracy better than 20/im, since various high techniques are available 
for alignment over a few meters. The mounting must be stable enough because we need to 
move the table to the right place after mounting. As stated in previous section, the upper 
and lower parts of every magnet are made separable for the installation of the vacuum 
chambers. We need to check whether the magnets are shifted during the separation and 
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joining. These problems are being studied. Fig. 14 shows a 3-dimensional view of the 
beam transport line and the arc section in the ring. 

The alignment of the table itself along the design orbit is expected to be done in the 
accuracy of 5/im vertically, 10pm horizontally and O.lmrad in rotation. 

7-3. Beam Instrumentation after beam extraction 

To maintain the high luminosity operation, we need to measure often the emittance 
of the extracted beam. Since the beam from the damping ring is very small vertically, the 
carbon wire monitor which is used near the SLC interaction point is a good candidate. We 
are investigating a high resolution wire scanner with the 4pm carbon wire. By using this 
high resolution wire scanner, the vertical and horizontal emittances of the extracted beam 
will be measured. To confirm the vertical ultra-low emittance is essential for advanced 
linear colliders. 

Fig. 15 Photograph of the special piling foundation for the ring. 

Fig. 16 Photograph of the iron frames for the shielding blocks. 
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8. Construct ion 

8-1. Floor Reconstruct ion nnd Shielded Enclosure 

Reconstruction is required mainly so that its floor may withstand the huge weight 
of concrete shield blocks. From an investigation of underground soil composition data 
obtained from test boring core samples, a hard soil layer was found at 11.5m below the 
ground level. Many ~ 13m-piles were used to support thick slabs, the shield blocks, and 
accelerator components as shown in Fig.15. Many huge iron frames were also used to 
support the shield blocks for the roof and to make big hall for the damping ring as shown 
in Fig. 16. The slabs for the shielding blocks and the accelerator components are separated 
by expansion joints. Fig.17 shows the vibration spectrum of the accelerator floor. The 
amplitude of the floor vibration is less than 10/im in the range more than 1//;. We need 
only very slow control for the position of the accelerator components. 

Spectrum of Ground Motion 
at the KEK ATF floor 
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Fig. 17 Vibration spectrum of the ATF floor. 

8-2. Schedule 

ATF project milestones are shown in Table.3. Work has been scheduled such that the 
beamline enclosure, equipment racks, cable trays, water systems and AC power will be 
installed and completed first. Also during this period, beamline girders will be installed 
and aligned. This will be followed by installation of all key beamline devices, rough 
alignment and then connection of components that complete the vacuum envelope. A 
new AC power sub-station will provide most of the power for the damping ring. The new 
sub-station will be completed until about the middle of 1994. The cooling facility for the 
damping ring will be completed until about the middle of 1995. 
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Table 3: Schedule of ATF Construction 

Date Milestone 
1993.8 We succeeded the beam acceleration up to 80MeV in the ATF Injector 

Linac by using one 3m S-band structure. 
1993.12 Generation of High Accelerating Gradient with SLED 

(49MeV/m maximum; 33MeV/m average) 
1993.12 We will complete the Construction of the Hall for the Damping Ring. 
1994.1 We will try to accelerate the multi-bunch beam up to 150MeV 

including 0.5-meter S-band Test Structure for Choke-Mode 
Damped-Cavity. 

1994.12 The Control System for the 1.54GeV S-band Linac will be completed. 
1995.1 Test of Hot Model of Damped Cavity will be started. 
1995.3 1.54GeV S-band Linac will be completed. 
1995.6 Beam Tuning of 1.54GeV S-band Linac will be started. 
1995.7 Alignment System including the supporting tables with active movers 

will be completed. 
1995.8 Vacuum System for the Damping Ring will be completed. 
1995.9 Control System for the ATF will be completed. 
1995.9 Beam Transport Line will be completed. 
1995.10 Magnet System for the Damping Ring will be completed. 
1995.11 RF System for the Damping Ring will be completed. 
1995.12 Extraction Line, Emittance and Bunch Length Measurement System 

will be completed. 
1995.12 ATF Damping Ring will be completed. 
1996.1 Beam Operation of ATF Damping Ring will be started. 
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