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Abstract 

We present an R&D programme and its initial 
results for the gGcv synchrotron which is to be used as 
a booster of the storage ring (Spring-Xl. The subjects 
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are concerned with magnets, RF system. beam duct with !! 
vacuum aystcm and beam monitors. r;l” 

--. 
Introduction e: 

The role of the booster synchrotron is to accelerate 
positron/electron beams of the energy of 1 GeV from 
the linac up to 8 GeV for the storage ring. l,ow 
emitlance (1.RxlCt-7 m.rad) and shori(l ns) or ton&(1 ps) 
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pulse hcsm arc rctlucstcd. The outline of the 
synchrotron has been shown in elsewhere,l~2 The 
dcslgn policy is tltal the system should be reliable, 
car,ablc of various types of operational mode at a 
mjnimum 0 f manpower with automation and 
maintcn:mcc free. llnder these conditions we arc now 
designing the synchrotron. Devices for the R&D arc 
under construction illid a part of the experimental 
progrsmmc’ has been just started. The final design 
should rcflec~ those investigation. 

Fig.2. The transversal field distribution on fhe 
median plane calculated hy I.INDA The field 
u ni I”0 rm i I y is requested 10 he bcllcr IhUl 
tO.ClS% in the region of x=+4 Srrn. Thr yoke is 
in the minus direction. 

Maenet Svstem 

1‘ h c nrLignet system of t h c synchrotron are 
composed ol’ 6X dipole magnets, 80 quadrupole magnets 
and 64 scxtupole magnets. The cores of those magnets 
are made from (1.5 mm thick, silicon strcl laminations 
and stacked i:no end plates of stainless steel. We selected 
C-type yoke for the bending magnet. An end view of a 
dipole magnet with radial shims on the pole face is 
shown in Fig,urc 1, as an example. Figure 2 shows the 
good ficld region of the dipole magnet which is 
calculated with a 2-dimensional code, LINDA. We find 
that the good field region covers enough the sagita of 
about 33mm. The coil is mad2 from hollow copprr 
conductor molded with epoxy resin. 

The quadrupole magnet has a two-picccs structure of lhc 
core, which is more easy to achieve good field-gradient 
and takes less time to construct than the four-pieces 
structure. The coils, however, must bc more compact to 
be installed and needs more current than that of four- 
pieces structure. The good field region is widened with 
radial strimming on the pole fact. The sextupolc magnet 
is also made of two-pieces core, hul thcrc is no radial 
shim on the pole face. 

Al’! 

On the R&D plans we are making each Prototype of 
dipole, quadrupolc and scxtupole magnets. ‘l’he purpose 
of the research is to verify following points prior to 
the commissioning to the facility; I) whether the 
designed magnetic fields are realized in the magnets, by 
comparing the computer calculations with measured 
ones and 2) whether the magnetic field distortron due to 
eddy current on the vacuum chamber in IhC ramp field 
or 1 Hz is reduced enough by using particular type of 
ducts: bellow type and/or reinforced thin ducts. WC 
develop also easy and reliable methods of testing a lot of 
magnets before installation and see the reproducibility 
of the magnetic fields after reassembling of the 
magnets. For those measurements WC have made hole 
probes, search coils, a harmonic coil, a long flip coil and 
a twin coils with their movement mechanisms. 

As to the fast acting magnets, i.e. for injection and 
extraction sections, WC consider there still remain 
difficulties because of its rapid rise time of the magnetic 
fields. The problem on the septum magnet is to minimize 
the leakage field out of the septum plate. For the kicker 
magnet, both rise and fall rimes or 100 ns should hc 
achieved in order to kick selected bunches. So WC have 
to test and develop rhe septum magnet and the kicker 
magnet with their power supplies. At the same time we 
will establish a method of measurement of such fast 
varying magnetic fields. 
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I‘iLorc I. An end v’rew of dil~0:c magnet 
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In the R&D plan for RF system we first make a full- 
scale model which is made of aluminum and lest 
basic characteristics of the cavity at low power level. 
The subjects are ; I) the resonanl frequency, 2) Q values 
of each mode. which are compared with calcula(ed 
ones and 10 he used to estimate conditions of the cavity 
surface. 3) rneasuremcnls of the distribution of elec~ro- 
magnetic fields in the cavity, 4) shunt impedance from 
those nlP~SUrenlCI~tS and an estimation of necessary 
power, 5) characteristics of the antenna. 6) 
performance of the tuner which enables to get best of 
the field di$,trihulion with automatic frequency control, 
7) developmenl of a computer control and data raking 
system. The results from the cold experiments should 
he reflecled to the design of the neri lest cavity which 
is to he used in high power tests. llsing a klystron tesl 
stand we will proceed high power experiments. The 
main subjects on the high power test stand as well as 
those of mentioned above are 1) a ceramic window 
which is capable of CW 250 kW, 2) thermal dislortion of 
the cavity especially of Ihc nose cone, 3) method of 
cooling and its efficiency. The parameters of the RI: 
system arc summarized in Table I and Figure 3 hhows a 
photograph 01 rhe cold model. 

Table 1 
RF System Parameters 

Type of (‘avi!y 
Slor coupled 
cavity 1.cngtt1 
(‘cii Lcngrh 
Radius 
Effective Shunt Impedance 
Cavity Power (Peak) 
No. of Cavity 
Frcqucnzy 
Harmoni,: No. 
Klystron Power (peak) 
No. of Klystrons 
Acccl Voltage at 8 GcV 
Accel Voltage at 1 CieV 
Over Voltage Factor 
Synchrotron Frcq at 8 OcV 

s cclla 

17(i cm 

20.5 cm/(w?) 
21.5 cm 

21 MR/m 
250 kW 
8 
508.5X MII? 
672 
1.2 ?dw 
4 
17.1 h4V 
1.x MV 
1.48 
32.4 klI/ 

Radiation 1.0s~ per One 7’unl al X GcV 
1.6 MCV 

Cavity Material CXT‘ 

Fig.3 RF test stand for 5 cell cold model 

The design of the vacuum system is determined 
from the duct size, allowable pressure of the residual gas 
and allowance of the field disloflion. which are related 
10 the beam dynamics. hcam life lime and eddy current 
due to dR/dt. rcspcciivcly. Because of 1 H7. operation of 
the synchrotron, WC will prepare against eddy current 
applying a particular ducts: a bellow lypc or a thin tube 
reinforced hy ribs. As mentioned above, cffcct of such 
particular duct against eddy currents is to hc tested as 
R&D. The shape of the duct is cllipsc with horizontal 
radius 36 mm and vertical radius 17 mm. The planned 
vacuum pressure, wilh beam, is lower than IxIO-~ Tori 
in cvcrywhcre by means of 4 ion pumps a cell ( about 10 
m long). For the simplicity we prepare no baking 
syatcm. For this purpose !he prr-lrcalmrnt of the duct 
surface is a subject of R&D. 

For t?lc Rhl‘, WC Iliad? %\\I1 ICSI ‘;lXdh. Oli? i, 3 

pro1olypc heam duct with a pumping sysrcm, v+hich is 
equivalent IO that of a unit ccl1 of the synchrolron. .A set 
of dummy bultoll position monitor and ‘i wllldow p<“l 
for visihlc light observations are also mounred. The 
siudy plan “11 the model duct arc; 1) 10 know thr realit) 
of the pressure distribution, by varying pump pou’er 
and distribution and 10 compare measured “ll? and 
calculared one, 2) with a combination of model magnets, 
lo see spatial problems and accessibility around the duct 
for the construclion and mainlenancr worhs. 

0. :‘,s ; : ,::#j,/ 8. 
: j ‘_ .I ‘( 2 ‘_ 

Pip.4 ‘Etude’ of a rih-rcinforrctl duct 

Another one is a lesl chamhcr which is 10 hc uscc! 
to CValUatC outgassing rale of vacuum materials 
hlcthods 10 lower oulgassin~ *ate is the doniinzinr 
SUI~JCC! A plilcto~:~;~;~h of tlic 1~~1 chanilwr i\ \ho\+n in 
Fig 5. 

Fig.5 ‘I’csl assembly for the measurement of 
outgassing rate. 
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Beam monilorS 

Various lYPCS of’ beam monitors have been 
prnposcd fo the synchrotron and the beam transport 
line. Table 2 shows 3 list of those monitors IO be used in 
the facilities Although methods of those monitors have 
bCC!l cstablishcd. we consider that each method has to 
bc ICSIC~ bcforc application in order to avoid cxccss of 
the commissioning time. The synchrotron operation of 
PHI and 1 ns beam pulse seem IO bring about a difficulty 
for us. 

Table 2 
I%ealu !+ltmitor-5 for Synckrolron and 

Transport Lines bctvccen Synch.-Storage King 

Itcnls 01 ‘1‘)1’C 

___.-..........._ 

Hutton I’osi.lon 
Fluores. Screen 
Current DX’I‘ 

Fxt Cl’ 
Wall 

hlulti-grid 

T u II c R 1;. I;( ) 

Vislblc I.igtit 

I~carn LihS 

80 
7* 
1 
1 

l/X 
l/Y 
1 SCl 

40 

Transp 
Line 

31 

5 
15 
6/X 
3/Y 

9 

Note 

__.-..-.__.___. 

*injct/cxt part 

amorph core 

TV Cnmcra 
Photo-diode 
Streak Camera 
Scintillator 

.Am011g those monitors WC firs1 cst a multi-grid 
dc~ccto. ‘I’hc goal of‘ this detector is to mcasurc the hcam 
emittancc. Both of multi-wire and multi-plate type 
dctcctors. aixompanicd with a slit block, have been 
inst,1l’cd ‘ 1 on 3 beam line of our linac.3j4 We also 

n1011ntcd 3 t'iuorcsccnt screen near those detectors in 
order to cross-chcrk the beam shape. Figure 6 shows 3 
very preliminary data obtained from the multi-wire. We 
s:ii’, an agrernlcnt 01 the hcam size hctwecn this and the 
ilunrcsccnt screen hut note that this does not represent 
3 real profiic. Hccausc the present l~can~ is no1 rncrg) 
analy/cd 1111: prak nrovcd on the grid during a I CI s c c 
pulse due t(+ provably small energy change of the beam. 

20 

10 

0 I __ 
II 

II 

0 

* .-..n.. _ ..L 

II: 

ao-. ._. 

PositIon 

Fig.6 Peak plot of wire-grid signals during 1 
~scc beam 

As other m 0 n i 1 0 r s , an amorphous core 
transformer 
arrays for the 

for the fasi current monitor, photo-diode 
beam profile monitor and 3 scintillating 

fiber for the loss monitor have been prepared aircady 
and started to test on the linac or our compact 
(JSIi).4.s 

ring 
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