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Abstract 

Design acd present status of the l-GeV electron 
synchrotron at Tsukuba Research Laboratory of SORTEC 
Corporation ar? rcpsrted. The 1 GeV electron synrhro 
tron is an injector of a I--GeV st.orage ring. At pres- 
ent, t,he average accelerated c*urrent at ICeV has at, 
tained the design value of 30mA. 

Introduction 

Synchrc.ltr,n riltliitt inu (SK) has bcc.nmc! key tccll- 
nologies in many f’iclds of sience and industry. SOR’I’E( 
Corporation ‘w’as c~st,lblished in June l!>itii to study the 
applicaticn te:hnologies for SR such as X- ray lithog 
raphg and m,tterial analysis etc. The I-(;eV Sli soi;rrci 
is tticb <:eni.crl :‘ac i ! i :y or S:lRTy(’ C’orpor~i t i cjn. 

The SK f;ici I i ty is compostv~ of a 40-MoV 1 inar: 
(prc injeclcr) a Low e~~crgy hem t,ransporl. 1 int,.’ (1,111 
1 ine;, the l-l&V electron synchrotron (inJector), a 
high eni’r::y hl!nm t riirsport 1 ini, (HRT 1 ine) and t h(, 
1 GeV storage ring” (SR rirlg). (‘onst xrtion af builti- 
ings at ‘Tsukulxi Laboratory of SORTI?!‘ Corporat ion tla[i 
I>ec~n comp1 ctcd in September 1988. :onsf:qiicutly, t11c: 
assembly of the SK facility was complotc~d in ?larch 
1989. Thck commissioning of the syrichrotron st,arted in 
August and i.h<, bc an, axeleration t/3 1Gc: ha:: 
successful on September 16. On September 28, the first 
beam was succ~essful ly stored in the SK ring. l’hc 
present l!ft?tiini, with bc’itm of ?CiOmA is 1011g~.r than ii 
hours. 

General Description 

Figure 1 shows a layout, of the 1 GPV Pl?(‘tron 

synchrotron and tt1Ll HI3T line. Principal desigli 
parameters of the synchrotruli arc listed in Tal)l~j 1 
The qua1 i ty of the extracted beam from the iO-Met 
linac, energy spread and cniitt,anrcb is .! 0 6 7 % a ntl 

0 . 7 ii mm . mrad al 80mA, respectively 
The lattice of the syn?hrotrou is dc~signed on 

FUDBFO structure with twelve dipole magnets ar.d elgh- 
teen quadrupole magnets”. The 1at.t ic%e funrt ions of t tit> 
syrichrotron are shown ir. Fig. 2. 

Dipole magnet.s are ex(.i t rd up Lo thr mnsiwml cu:’ 
rent of 13004. A rising time ilf tt1ii i,urrent alit1 ii 

repitition rate of the accclcration is 400111si~c alid 
1. “5llZ i , rtispectircly Dipoic and c;uailru~~olrx IDit~Ili’t s 

are rsritpd by a twelve phases cAollt TO I ivd t hyri s t or 
rcctificr backed up k1it.h WSpE’!‘s chol>pc~r’s. O:ily 2: 
dipole magnet power sl:pplJ; js equippcvj wi ltr a forts i jig 
circuit for the i!lil’l.ovenii?llt of its risir:g Iime. A. I I 
power s~~pplies satisfy t,ilp rc:qltirctl vut~rr-rat. st,llli I i 1) 

of 1 x 10 .’ in all ranges. 
An iu,jcctiou sys:.~m of this synchrotro:i (‘ous! $1~ 

of a sipturn magnrt ( Infli,ct.or) aiicl fair hurip mif’li~ t 5 
An pxt ra(-t.io:1 011~ is ~~ompos~d of a fast kickc:r magr.t?t 
arid a scpt.um n:;iyc t (Dcflcctor). All vf thcisc, pu1si- 
magnets are installed in vacuum chamltcrs, 

A Sha]~? Of RF cavity is x-entrant typis ar:d iis 
a(*celc?r;itjng frequency is 1 IhMIiz. fi boliy vi 1 ht? fiF 
cavity is matlc of OFH(’ r*ppc 1.. 

Klil : hc-rr r.lcq”e’ 
BblP ; ou7lp Magnet 

P-W : Beom Profile pAr:r-,‘oi 
Phi ; Beam Posi11on Morxrn- 

WCM: Wall Curvn, lvir>r,i,x 

6-c : iarodg Cup 
RS : Beam Stopper 

TMF; TurbnmoIccu!or PLrn[, 
17 : Ion Pump 
v ; S’roight-TbroLqh ‘dolie 

Fig. 1 Layout of the l-GeV Electron Synchrotron at SORTEC 
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Total length of the HBT line is about 22m. 
Tt,elattice of the HBT line is designed to make 
dispersion frcr at. an injection point of the SR ring, 
Two wall current monitors and a Farady cup are 
iastallcd ii) the 11J:‘i’ line as shown in Fig.1 and with 
those monitors t,he extraction efficiency from the 
synrhrotron can be estimated. 

TabI .1 1 Principal Design Parameters of 
the l-GcV Elcct.ron Synchrot ran 

Accelcrat i ng Fznergv 
Inj(‘ct,ion Energv 
Circumfcrc~nre 
Rallius of iur~~~Lllrc 
Supc~rpc-:r’icidic : ty 
J,attic:t? Structure 
Ream Tsrrc~nl 
Rcpct i t.ion Rnte 
lb-.tat.ron ‘1’11111’ value ( b x/ >’ y) 
Maximum Ficl3 of’ i)ipol~ Magnet. 
Clnximiim Yr. il I3 Grxli~r:. 

01‘ Quadrupolc MngnPt, 
Accelcrat:ng Frequency 
liar-m.)ni c tlumber 
Max ~mum RF Voltage 
T,~:~~~~runi IJr’t~ssi~~~e (wi :h tbl,am) 

1 Gf2V 
40 MCV 
43. I9 Ill 
3.03 m 
6 
FBDBFO 
30 m9 
1.25 Hz 

2.25/: .25 
1.1 T 
4 . ii T/m 

Il.8 MtJz 
1 7 
60 kV 
,, 1 x 10 ” ‘J’oI’I 
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Fig. 2 Beta and Dispersion Punctions of 
thr 1 GeV Electron Synchrotron 

Design and Magnetic Field Measurmcnt 
of the Dipole-Magnet 

Prirlcipal design parameters of the dipole magnet, 
arc listed in Table 2. A shape of cross section with 
shims is dcsigncd by magnetic field analysis used fi 
nite element mctI& so as to have a wide good field 
region. From the point of magnetic symmetry, H-type 
mfinct is ~ldoptt?d, 

A magnetic field mcasurcmcnt apparatus with a 
If011 probe had been developed. It could move on 4 axes 
ixyy fi I,,> I and take mapping data of the magnetic 
field. The Ho11 prove was calibrated by a nuclear 
magnot.i(* resonance method and its t,empcrature was kept 
within 0.1 YZ. An accuracy of this apparatus was 1 X 
1C ‘. A mi*asured magnetic field is shown in Fig.3 
which shows the result of the analysis agrees well 
with the measured one. From the measurement results of 
all dipole magnets, it has been confirmed that the 
magnetic field uniformity A R/B, is better than 2 >. 
10 “ in the required field region. 

Table 2 Principal Design Parameters 
of Dipole Magnet 

Core Length 
Gap IJcight 
Maximum Flux Density 
Radius of Curvature 
Bending Angle 
Number of Magnets 
Good Field Region 
Field Uniformity 
Material 
Shape 

1540 mm 
55 mm 
1.1 1 
3.03 m 
30 deg. 
12 
.I. 4 5 mm 

t5 x 10 -l 
to.5 mm-Silicon Steel 
Rectangular, H-Type 

AU /BC, 
4~10-31 
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Pig. 3 Radial Mtagnetjc Field Distribution 
of the Dipole Magnet 

RF Acce1.Pra.t ion System 

Principal design parameters of RF acceleration 
system arc listed in ‘Table 3. Design values of a Q 
value and an effective shunt impedance R.; , 
(P, -Vi’/R.,,.) at-i? 9400 and 0.785% (2 which are half 
values of a calculation with the program code 
SUPERFISH. As a result of a low power test, the Q 
value and R..,, was 15200 and 1.28M 51 , respectively. 
Figure 4 shows a block diagram of a RF power supply. 
The cavity voltage V, is kept to constant by a 
feedhack loop. 

Table 3 Principal Design Parameters of 
the RF Acceleration System 

Accelcraing Frequency 118 MHZ 
Q Value 9400 
Effective Shunt Impedance 0.785 M Q 
Maximum RF Voltage 60 kV 
Coupling Coefficient 1.2 
RF Power 10 kW 
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Fig. 4 Block Diagram of the RF Power Supply 



Monitor and Vacuum System 

The synchrotron is equipped with a monitor system 
which consists of three beam profile monitors, six 
beam position monitors, a fast current transformer 
(fast-CT), a beam DC current transformer (beam DC-CT) 
and a tune monitor. 

The beam profj le monitor is composed of an alu- 

minum oxide plate and a TV monitor. The beam position 
monitor is an electrost,atic type with four disk elec- 
trodes. With ;six beam position monitors installed in 
six long straight sections, the closed orbit distor- 
tion (COD) is measured. The fast-CT is used to mea 
sure multi- turn injection hr,onuse of i Ls fast response 
time of 50nsec. On the other hand, the beam DC-CT is 
used to measure an accelerated ccrrcnt. Its sensitivi 
ty and response time are L 0.21nA and O.Bmsec. The 
tune monitor is composed of RF kt:ock-out electrodes 
and a pick-up monitor which is the same type of the 
beam position monitor. One synchrotron radiation port 
is also ir;stalled at a long s:.raight section for moni- 
toring the sgnchrotron light, during the azceleratioll 
of the beam. 

A vacuum pressure with bean is required bc:ter 
than 1 x 1C IT torr. A long bellows duct shown in 
fig.5 with :hc same cross section from end to end is 
installed ovc r two dip01 e and three quadrupol f 
sections. The long bellows duct. is made of 316 
stainless steel and it is 5403mm in length and 0.3mm 
in thickness. The inner cross section of t.hs bellows 
duct. is 12iimm x ?lmm race trrwk. 

'The "~<:LIII~I sys tern of the syni:hI,ot ,‘on is c~om~“~~~tl 
0 f two 3301,/set turbomolecular pump sets, sevc'rl 

2301jscc ion pumps and a 4001jsec ion pump. At 
present, the average vacuum pressure of the 
sjrnchrotron with beam is better than 1 X 10 ’ tori. 

fig. 5 Bellows Duct at a Dipole and 
Quadrupolc Magnet Sect ion 

Performance 

As an injection method into the synchrotron, the 
multi-turu injection process is adopted. Figure ~3 
which was observed by the fast-CT shows the status of 
the multi turn inject,ion. From this current wave form, 
the In!llti-turn injection turned out to hr nine times. 
Figure 7 shows the other current. wave form which was 
observed by the beam DC--CT during Lie I GeV aceelera 
tion. It shows that the beam was almost maintained 
during the acceleration because of a good tracking. 

The maximbum values of horizontal and vertical 
CODS without excited steering magnet,s is 5.5mm and 
4 2Inm , respoctivcly. These CODS are smal 1 er than the 
design values. That is because both manufacturitl~ 
error and alii:nment error of magnet,s ww small. 

Figure 8 shows the current wave form observed by 
the wall current. mnnitol in the HBT Zinc. It ?hnws 

that the number of bunches extracted from the 
synehrotron were fourteen. The rc7ason why such many 

Fig. 6 

Fig 

Current Wave Form at the Multi-Turr. Injection 

7 Current Wave Form during t,hc Acceleration 

Fig. 8 Current Wave Form of the Extracted Beam 

bunches were extracted from the synchrotron is now IKE 
ing studied. The cs.utrac:tion efficieniy of t.ho I)t:aiil 
from the synchrotron witli the fast extraction syst.em 
is 30-40 % of the acrelcrated beam. The injection 
efficiency of the beam into the SR ring is X-25 % of 
the accelerated beam. These cfficicncics will hc im 
l)r’ovcd by the Seani oPt.imization in futilre. 
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