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The 8 GcV synchrotron radiation facility named 
Spring-8 will be constructed al Nishi-harima in Hyogo 
prcfccture. The injection system of this facility 
conslsls of the 1 GcV positron/electron linac and the 
booster synchrorron. We have investigated the beam 
dynamic bchlvior during the ramp. At injection energy 
ihc effect of eddy current and the beam insrnbilities a@ 
enhanced WC discuss the dynamic apcrturc with 
induced sextupole cornponcnts due to the eddy current 
and also cRtimare the threshold CurrcnI of beam 
instabilities. 

The synchrotron is used to accelerate the I-GeV 
beam from the linac to the nominal S-GcV operaiing 
energy of the storage ring. The repetition rate of the 
synchrorron is 1 I-IL. The natural emittancc is about 
2OOnm.rad at 8 GeV. Figure 1 shows a layout of the 
synchrotron. The synchrotron has two dispersion-fret 
straighr sections on opposite sides of the ring. The 
synchrotron has 40 FODO cells including 32 normal cells. 
The rf cavities and pulse magnets for injection and 
extraction arc installed in dispersion-free straight 
srcrinns. Table 1 shows rhe major paramcrcrs of the 
synchrotron 

Table 1 Parameters of Synzhrotron 

lnjeclion energy 1.0 GCV 
Maximum energy 8.0 GeV 
Circumference 396 m 
Rcpctilion rate I HL 
Natural emillance (8 GeV) 192 nmrad 
Momenwm sprcad(8 GcV) 0.122 % 
Radiation loss:8 GcV) II .SS McV/mm 
Number of cells /periodicily 40/z 
Nominal tune(vx/vy) 11.7318.78 
Natural chroina~icity(Sx/5y) -15.31-12.7 

Momentum compaction factor 9.53 x 10-3 
rf frequency 508.58 MHI. 
Harmonic nurnbcr 672 
Accclrraling voltagc(8 GcV) 17.1 MV 
Quanlum Iifetimc over 10 seconds 

The beam spends relarivcly short time in the 
synchrotron (!ess than 1 second) in comparison with 
the siorcd time of many hours in 111~ storage ring. The 
rcquircd currcnl for rhc synchrotron is 10 mA that is 
much smaller than thar for the storage ring. Ir follows 
that 1 he requircmenlr of Ihe performance for the 
synchrotron arc no I so stringent than that for Ihe 
storage ring. On the other hand, the hcam is injected 
into rhc synchrolrtrrt at relatively low cncrgy of 1 GeV 
where the beam instability might be enhanced. The 
injected beam is accelcratcd up to 8 (;cV in less than 1 
second. 

In this paper, we examine the collective beam 
instability at the injection energy and investigate the 
dynamic behavior of the longitudinal and iransversc 

emitrance during the ramp. We also 
dynamic aperture. 
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Figure 1. Layout of the Synchrotron 

At 
is 

injection energy the radIalion damping effect 
noi so strong and the growth rate of the beam 

instabilities is larger. We exarnincd the beam 
instabilities considering parameters of the injected 
beam. The injected beam from the linac is expected 10 
have an rms emittance of about I.0 mm.mrad in both 
transverse planes and an rms momentum spread of 
about I.0 %. Then: are more disruptive elcrnrnrs such as 
kickers and septum in the synchrotron. II is assumed 
that the vacuum chamber impedance of the booster is 
higher than that of the storage ring. Therefore, we 
have used the value of IO 0 
calcularion. 

for the synchrotron 
compared wirh an assumed value of 2 Q for 

the storage ring. 

(single bunch threshold) 
AL first we calculaled Ihe single bunch threshold 

by computer code ZAP[lj. Because of the large 
momcnlum spread, 
microwave 

the lhrcshold of the longitudinal 
instability is quite high. The threshold 

current is more than 40 mA at injection energy of t 
GcV. In Ihe most severe case, when the synchrotron 
operalcs in a single bunch mode, the design curreni is 
assumed only 1 mA. Thus, we can not expect any 
turbulent bunch lcnglhcning al injection energy. 



(head-tail instability) 
The growth rate of the head-tail instability scales 

inversely with energy. At the injection energy the 
growth rate is as fast as 10 ms for the single bunch 
operatioI1 Because the repetition of the synchrotron is 1 
Hz. it may be necessary to correct the chromaticity in 
the syn,:hrotron by sextupole magnets. 

(coupled bunch instability) 
We also calculated the growth rate oC the coupled 

bunch instability. At injection energy, the growth rates 
predicted by ZAP are of the order of milliseconds for 
undamped rf cavities It may be necessary for us to 
develop higher mode damper of the rf 
cavities. 
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Figure 2. Ramping pattern of dipole magnets. 

Beam dvnamic meleratlon 

WC have investigated the dynamic behavior of 
the longitudinal and transverse emittance during the 
acceleration. The ramping cycle of the bending magnets 
are shown in figure 2. The transverse emittance during 
the ramp is shown in figure 3. The dotted line shows the 
initial emittancc of 1.0 mm.mrad that corresponds to the 
electron beam and solid line corresponds to the positron 
beam wit11 initial emittance of 5.0 mm.mrad At 8 GeV 
both elecrron and positron beam reach the emittance of 
200 nm.rad that is a stationary value detcrmincd by the 
balance between the radiation damping and the 
quantum fluctuation. 
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Figure 3 . Emittance change during acceleration. 

The rf separatrix at injection energy is shown in 
figure 4. We will set the rf voltage at 2.0 MV in order to 
capture the beam from the linac with the energy spread 
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of 1.0 % and with the bunch length of 1 ns (180 degree 
of 508.58 MHz). During acceleration the rf voltage will 
be increased linearly and will be set 31 17.1 MV for 
maximum energy of 8 GeV. 
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Figure 4. RF separatrk at injection energy. 

In figure 5. we show the longitudinal bunch area 
and also show the rf bucket area in units of eV-s. At low 
energies.the bunch area decreases as energy increases 
by damping effect and reaches minimum around 4 GeV. 
At high energies, the bunch area increases by the 
influence of the quantum fluctuation. The ratio of 
bucket area to that of the bunch is about 3.5 at injection 
energy : at full energy it is about 30. 
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Figure 5. Bunch area during acceleration 

The relative rms momentum spread is shown in 
figure 6. The relative momentum spread damps rapidly 
as the energy increases and has the minimum value 
around 3.5 GeV. At high energies, the momentum spread 
increases due IO quantum fluctuation effect. 

10-44 
1 3 5 7 

E(GeV) 

Figure 6. Energy width change 
during acceleration. 
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The nalural uncorrected cbromaticitics of the 
synchrotron arc kr=-IS.3 and sy=-12.7 As discussed in 
previous section, the growth rate of the head-tail 
instability in I-Hz synchrotron is fast enough that 
chromatic correction by scxtupolc magnets must bc 
done during acceleration. 

The correction is achieved by means of two 
famillrs of ucxtupr~le magnets. denoted SF and SD ; tberc 
are one SF magnet and one SD magnet per normal cell 

The strength of the sex~upolc magnets are 3.X m-3 and 

6 0 n-3 for SF and SD, respcctivcly. The strength of SF is 
about half as that of SD so thai it is possible IO reduce 
the number of SF magnets if the dynamic aperture is 
511li large enough. We investigated the dynamic 
aperture In the case 0 I two different sextupole 
configurations. In figure 7. the dynamic aperture by 
the tracking code RACETRACKL2J are shown. Open circle 
represents Tcr the ease where the number of the SF 
magnets is a:; half as that of the SD magnets and closed 
circle shows the designed lattice where the number of 
the SF is the same as that of the SD. The rectangular at 
the center represents the size of the vacuum chamber. 
In order to keep larger dynamic aperture, we decided to 
use the same number of SF and 
magnets. 
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Figure 7. Dynamic apertures for 
different sextupole configurations. 

In the synchrotron, additional scxtupole 
component will be induced by the eddy currents in the 
vacuum chamber of the dipole magnets hecausc of the 
rising magnetic field. 

The sextupole strength is calculated as follows.i3] 

m = (BP)-’ d2B/dX2 =l.~o o D (dR/dt) (Rph)-’ 

where cr is conductivity of the vacuum chamber 
with thickness of D , H is the magnetic field of the dipole 
magnet whose gap length and bending radius are h and 

p Using o=1.3 106 /ilm, D=3 mm, p=31.4 m and h=45 mm, 
the sextupolz strength at injection energy is the 

maximum value of m= 0.1 mm7 and changes the linear 
chromatlciry to 5x= -6.0 and ky= -180. During 

dcccleration process the sextupole strength due to the 
eddy currents decrease linearly as the cncrgy increases 
and at full cncrgy the value of the linear chromaticity 
reaches the dcsigncd value. II follows that the strength 
of the scxtupole magnets that are used for the correction 
of tbc linear chromaticity should be changed during the 
ramp. WC investigated the dynamic aperture at injection 
energy. The results arc shown in figure 7 The closed 
circle? represent for the case with no eddy current and 
the open circles are that with the eddy current eff’ect. 

The dynamic aperture is deteriorated by the eddy 
current effect but still larger than ;he vacuum 
chamber. 
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Figure 8. Dynamic aperture with eddy current 
effect at injection energy. 

WC have investigated the dynamic behavior of 
the longitudinal and transverse beam emittance during 
the ramping cycle of the synchrotron. At injection 
energy, we have estimated the effect of the sextupole 
component due to the eddy currents using the beam 
tracking and found that the dynamic aperture is larger 
than the physical aperture. We have also studied beam 
instabilities at injection energy. 

The R&Ds for the injection system arc planned to 
establish the design componenrs.[4] 
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