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Figure 1: Layout of ATF 

Abstract 

Optical design of beam transport line, which connects the S
band injecl.ion linac and the damping ring of t.he KEK Accel
erator Test Farilit.y(ATF),has been almost. finished. The emit
t.ance and energy spread of bunch t.rain will be measured by four 
set.s of wire scanners, st rip line BPMs and screen profile mon
it.ors. Study of t.he injection syst.em, which consist.s of kicker 
and septum magnet.s, has st.art.ed wit.h prot.ot.ype magnets. The 
method of beam handling between the linac and the damping 
ring will be discussed. 

1. Introduction 

The ATF is being const.ructed at. KEK [1]. The ATF has 
been designed to t.est. t.he experimental feasibility of t.he accel
erat.or sub-systems and to confirm the specificat.ion of t.he total 
accelerator system for JLC(Japan Linear Collider). The .JLC is 
a fut.ure project. and an electron-positron collider for t.he energy 
frontier physics in TeV region [2]. One of t.he characterist.ics of 
the present. design of t.he JLC is to operate in a multi-bunch 
mode [3,4]. The ATF consist.s of a 1.54GeV S-band Linac, a 
Beam Transport Line, a Damping R.ing, a Beam Test. Area, 
a Test. Stat.ion for Posit.ron Production and a Comput.er Con
trol System . Fig.1 shows the layout of the ATF. The 1.54CeV 
damping ring is the main sub-accelerator system of t.he ATF. 
The purpose is to acheive t.he vert.ical normalized emitt.ance less 
than 5.0 x lO-B radm wit.h high intensity multi-bunch beam. 

In the S-band linac we use sixteen 3m-accelerat.ing structures 
t.o accelerat.e t.he electron mult.i-bunch bf'am up t.o 1.54Gc \I 
and t.wo 3m-accelerating st.ruct.ures with a slight different RF t.o 
compensate bunch-t.o-bunch energy spread of ±3% due t.o multi
bunch beam loading unt.il the energy spread less than ±1.0%. 

Det.ails of t.he ATF 1.54GeV linac are reported in other section 
of this proceedings [5] . 

The elllit.t.ance and energy spread of bunch t.rain should be 
measured to confirm t.he beam quality from the 1.54GeV linac. 
\Ve arc preparing two monitor sections in beam transport line. 
One is the monit.or syst.em which has several sets of wire scan
ner. Ot.her is the monit.or system for t.he optical mat.ching wit.h 
t.h., damping ring opt.ics. 

The t.arget values of t.he damping ring are decided as follows; 

Beam Energy 
Repetition Rate 

Number of BunchesperTrain 
Number of Trains 

N umber of Particles per Bunch 
Maximum Total Current 

Natural Emittance 
Bunch Length 

Energy Spread 
N orma./ized Emittance with 

Intra - beam Scattering 

1.54GeV 
25Hz 

20 
5 

2 X 1010 

600mA 
1.2nradm 

5mm 
0.08% 

H or. 5 x 1O-6 ra.dm 
Ver. 5 x 1O-Bra.dm[6] 

In order t.o prevent multi-bunch instabilities we need to use 
a specially designed RF system. In addition, we would like t.o 
operate the ring below the longitudinal microwave instability 
t.hreshold. To achieve this without increasing the longitudinal 
emittance significantly, the damping ring must have a very low 
impedance and a large momentum compaction. Details of the 
ATF damping ring are reported in [7]. 

Especially in this article, we would like to report about the 
beam transport line of the ATF accelerator, which is now in
t.ensively under construction. 

2. Optics Design 

1.54Ge V e- beam from t.he S-band linac is injected to the 
damping ring through the beam transport line. The schematic 
view of the line is shown in Fig.2. 

Magnet.s used are summarized as below; 
Dipole magnet 

H oTlzontal bend 
\I er tical bend 

Quadrupole magnet 

length(m) 
0.18 

length(m) 
1.45 
1.00 

B( rad) 
0.349 
0.236 

B(T) 
1.23 
1.20 

max.B'(Tjm) 
52 .8 

Prot.otype of these magnet.s are now under fabrication. The 
vertical bending magnets are used in the vertical chicane sec
tion, which is the first part of the line and to cross under the 
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Figure 2: Schematic View of the Beam Transport Line 
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Figure 3: Optics of the Beam Transport Line 

damping ring , ~1agnet configuration in t.h e sect.ion IS mirror 
symm et.ri c wit.h respect to t.he crossing point of t.he ring, and 
t.he ve rti cal dispersion is eliminat.ed except. the chicane. In t.he 
middle of t.he line, there is beam diagnost.ic sect.ion. The wire 
scann e rs in each space bet.wee n magn et.s measure the emittance 
of t.h e beam. Finnally th e €- beam is inject.ed to t.he damping 
ring t.hrough t.hree DC sept.um magnets and a kicker magnet.. 

Optics of t.he beam t.ransport lin e is d esign ed wit.h a com
puter code SAD developed in KEK [8]. Fig.2 shows the optical 
parameters along the lin e. 

Th e phase advance in the diagnostic cell is selected as 90 de
grees in both of horizontal and ve rtical direction. The maximal 
values of thes!' optical paramet.ers are summarized as follows; 

M ax.{3I( m) 
18.8 

Max.{3y(m) 
21.7 

!lfax.'1I(m) 
0.70 

Max.'1y(m) 
0.22 

Th e emit.tan ce of e- from the S-band linac is assum ed a.. 
, ( = 3 X lO-4 m in both of vert.ical and horizont.al dir('ct.ion. 
The ATF damping ring has 9 times larger dynamic aperture 
than t.his emittance value, namely t.h e dynamic aperture of t.he 
ring is 3 times larger in t.erms of beam size. When discussing 
about. ape rt.ure, it shoud be better to use 3 times lager value 
t.han beam size( 317 ) for 5 aft)'. It corresponds t.o 9 t.imes of t.he 
emit.t.a.neeh( = 2.7 X 10-3 m ). Furt.h e rmore we apply a saft.y 
fact.or of 2, we adopt ,( = 5.5 x lO-3m i.f, . ( = 1.83 x 1O-6 m 
in th e following calculat.ion . Wi t.h anot.her assu mpt.ion 6.]1/ P < 
±O.35% and the tabulated opt.ical parameters above, we have 

~. 

!<-1 1(IIt 0' ... .. ~ 
"nlr~ 

''''.~·. W7 ' ,1" !"~'Or~·' ~'. llr 'l lJ' , 'T ) 'JO:III~ ,10', ,Imy.l..-
'OIlJ JIU' ICI:Jl 

Figure 4: Schematic View of the Injection Section to the 
Damping Ring 

l'1y6.p/pl + .,;r;:;-. < 7.07mm 

Inner radius of the vaccum chamber is 14mm, so the above 
values allow a few mm orbit distortion. 

3. Monitors and Beam Handling 

Along the beam transport line, there are three screen moni
tors, ten strip line beam position monit.ors( BPMs ) and eight 
wife scan ners. 

We can sec the beam profile directly by the fluorescent light 
from the sc reen monit.ors. The information of the beam profile 
may be used for the optical matching bet.ween the S-band linac 
and the t.ransport. line. Since the screen monit.or destroys the 
e- beam, t.uning with t.hem will be unusual . 

With st.rip line BPMs, beam orbit distortion can be mea
sured. The orbit dist.ortion is corrected with seven vertical 
corrector magnets and five horizontal corrector magnets. In 
addit.ion to t.hose magnet.s, we can utilize nine horizontal bend
ing magnets and four vertical bending magnets, because these 
bending magnets have auxiliary coil and are adjusted indepen
dently. Mcasurement data from the BPM located at non-zero 
dispersion region also give an information about the energy de
viation, which is useful for the energy tuning of the linac. The 
st.rip line BPM does not destroy the e- beam, so the beam orbit 
tuning will be done anytime. 

Finally we would like to measure the emittance of e- beam 
hefore inject.ion t.o the damping ring. The emittance measure
mcnt will be done by wire scanners in the diagnostic section 
[5]. In the section, a wire scanner located at each space be
tween quadrupole magnets, so each scanner is separated by 45 
degrees in phase advance each other. For emitt.ance measure
ment, at least three wire scanners are needed. We start with 
fonr wire scanners, one of which is used for a cross-check. The 
number of the monitors will be increased to eight in the future. 

4. IlIjection Section to the Damping Ring 

Fig.4 shows the schemat.ic view of the injection section to the 
damping ring, the end part. of t.he beam t.ransport. line. 

The section consists of t.hree DC septum magnets and a kicker 
magnet.. Bet.ween the final septum magnet and t.he kicker mag
net., e- beam goes through two quadrupole magnet.s of the 
damping ring. 

A prototype of t.he final sept.um magnet( SEP-A ) has been 
fabricated. Specification of the septum magnet is as follows; 
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Figure 5: 2 Dimensional View of the Kicker Magnet 

Septum Magnet A 

Field Strength 
Current 
Pole Length 
Bending Angle 
Pole Gap 

2.5kG 
2000Aturn 

600mm 
23.5 X 1O-3 ra d 

10mm 

Fig.5 shows 2 dimensional vIew of t.he kicker magnet. 
Specification of the kicker magnet is as follows; 
Kicker Magnet 

Gap Height 
Gap Width 
Length 
Impedance 
Maximum CUTrent 
Maximum Field Strength 
Filling Time 
Rise&Fall Time of B 
Maximum Voltage 
Core At aterial 

17mm 
32mm 

500mm 
50n 

800A 
591G 

30nsec 
60nsec 

40kV 
Ferrite TDK PE14 

A prototype pulser for the kicker magnet has been tested t.o 
check t.he rise and fall time of the pulse. It is required t.o be less 
t.han 30nsec. Fig.6 shows an t.ypical pulse of the pulser. The 
picture is scaled as 200A/div and 50nsec/div in vertical and 
horizont.al direction, respectively. It shows the requiement for 
the rise and fall time of t.he pulse is satisfied. The pulse shape 
shown in the figure, however, is still ugly in flat-top and after
pule region. So we will continue study of impedance matching, 
pule-shaping and so on. 

5. Surnmary 

Design of the ATF beam transport line has been almost fin
ished. Studies of t.he component.s such as monitors and mag
net.s are in progress. Vacuum chambers are in fablication. Two 
thirds of the line except the injection section will be construct.ed 
by Autumn of 1995, and then study with real e- beam will be
gin. 

Acknow ledgments 

The authors would like to thank Director General, Prof. 
H.Sugawara and Directors, Prof. Y.Kimura, K.Takata and 
S.lwata for their encouregements during the work. 

· . . . .. . · . .. · . . · . . · . . · . " .......... .. ....... 
: : :, · . .. · . ,,",:,,' ........................ · . . .', · . . '. 

I • • •• 

Figure 6: Typical Pulse of the Kicker Pulser 
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