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Abstract- A preliminary measurement of the 
ring broadband impedance was taken for the 
1.3 GeV storage ring at SRRC in this study. Some 
interesting phenomena, e.g. vacuum deterioration 
and single bunch impurity, were observed. The ver- 
tical betatron tune shift was measured as a func- 
tion of the beam current up to 40 mA in the sin- 
gle bunch mode to deduce the effective longitudi- 
nal ring broadband impedance IZ/nl,f~. The value 
of the effective ring broadband impedance was ob- 
tained as 2 Ifr 1 R for the present status of the 
SRRC storage ring. Further investigation involving 
more refined measurement techniques is currently 
in progress. 

I. INTRODUCTION 

The impedance calculations and measurements 
taken for the 1.3 GeV storage ring at SRRC are re- 
ported in this study. The longitudinal ring broad- 
band impedance, i.e., one of the basic design crite- 
ria to reflect the ring performance, is deduced from 
the vertical betatron tune shift measurement. The 
stored current in the single bunch mode is currently 
restricted to 40 mA! probably limited by the com- 
petition of non-maximized inject,ed bunch current 
values with the short life time df a stored beam. A 
global deteriorated vacuum condition was observed 
to occur, after the circulating current had been held 
at about 35 mA via the assistance of continual elec- 
tron beam injection. The reason for vacuum dete- 
rioration remains unclear and a detailed analysis is 
presently underway. 

II. LOSS PARAMETER CALCULATION AND 
IMPEDANCE MODELLING 

The wake field[l] is excited by the electromag- 
netic interaction of a bunch of charged particles 
circulating in the storage ring with its environment, 
such as cavities, bellows, screen monitors, beam po- 
sition monitors! cavity adaptors, etc. The energy 
that the beam must lose in order to generate the 
wake field can be either quantified in terms of loss 
parameter in time domain or else interpreted by 

the coupling impedance in frequency domain. 
One of the most commonly 
used numerical tools em- 
ployed for loss parameter 
calculation is the 2-D simu- 
lation program TBCI[2] as 
developed by T. Weiland. 
TBCI is a suitable program 
for the geometrical config- 
uration of the DORIS I 
cavity. However, most of 
the ring components in- 
stalled in the SRRC stor- 
age ring, e.g., the screen 
monitor (Fig. l)! have 
complicated 3-D structures 
which necessitate the use 
of 3-D simulation pro- 
grams. In this study, 
the loss parameter assess- 
ment of such component.5 
was performed by adapting 
the .3-D numerical program 
TS/MAFIA (version 2.)[3] 
as developed by T.Weiland 
and provided to SRRC 
by the Mafia Collaboration 
(DESY, LANL and KFA). 

Figure 1: Numeri- 
cal modelling of the 
SRRC screen moni- 
tor 

The longitudinal coupling impedance of individ- 
ual ring components is estimated by using broad- 
band impedance model[4] and is expressed as 

R, 
Zcomp(W) = 1+ jQ(w/w, - w,/w) ’ (1) 

where R, is the longitudinal shunt impedance, wp 
the resonance angular frequency, and Q the qual- 
ity factor. Numerical calculations are simplified in 
this study by a&ing the value of quality factor Q 
as 1. The resonance angular frequency cu’, is esti- 
mated by angular cutoff frequency LJ~ of an equiv- 
alent vacuum chamber with beam pipe radius 6. 6 
is selected to be the average geometrical beam pipe 
radius of the elliptic vacuum chamber[5] installed in 
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T;lbIe I: List of calculated longitudinal loss param- 
eters with derived broadband impedances for some 
of the SRHC ring component,s. A Gaussian beam 
with 10 mm rms bunch length is assumed. 

component W/PC1 I+% @I 
DORIS I cavities 9t 

cavity adaptors 1.0509 0.4781 

screen monitors 710.2205 7*0.1003 
cir. bellows 3*0.2074 3*0.0944 

the SRRC storage ring. The vacuum chamber has 
an elliptic cross section with 38 mm vertical height 
(2b,) and 80 mm horizontal width, and b is equal 
to 28.7 mm, i.e., dC = c/F = 10.45 x 10’ rad/s. The 
longitudinal coupling impedance of individual ring 
components ZcDmp (w) is related to the longitudinal 
loss parameter I<[61 by 

I{(u) = ” J x 0 
m Re [Z,,,p(w)] e-w262&, (2) 

where ~1 = u c is the standard deviation of the 
Gaussian bunch length and c is the light velocity. 

The longitudinal broadband impedance of each 
ring component is defined by: 

l++Jhi~/=Rs(~), (3) 

where w, is the revolution angular frequency, and 

n the harmonic value of the fundamental angular 
revolution frequency. 

The calculated results of some vacuum compo- 
nents are summarized in Table 1. 

III. BETATRON TUNE SHIFT 
MEASUREMENT 

The imaginary part of the transverse ring cou- 
pling impedance results in a betatron tune shift. 
The lowest head-tail mode is assumed here to be 
dominant for the betatron tune shift in our mea- 
surement current range. Under this assumption, 
the transverse ring coupling impedance can be de- 
duced from the measured tune shift data[7] by 

e I & R 
QQL'=-,~,~-~;.z,.AI~, (4 

where e is electron charge, Z, the effective verti- 
cal ring coupling impedances, and ,Bv the averaged 
vertical betatron function. R is the ring average 
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Figure 2: Vertical betatron tune shift as a function 
of beam current. 

radius, E the machine energy, and AI* the varia- 
tion of beam current. The longitudinal ring broad- 
band impedance is estimated from the knowledge 
of the transverse ring coupling impedance by using 
Panofsky-Wenzel formula[8] 

&~E. z 
b: fl eff ’ I I 

here El,,; is effective ring broadband impedance, 
and b, the length of minor axis of the vacuum 
chamber. 

Vertical betatron tune shifts as a function of 
beam current in the single bunch mode were mea- 
sured by HP Spectrum analyzer HP8544A at RF 
gap voltages VRF,1=350 kV and I+~,~=360 kV. Re- 
sults obtained from the two independent measure- 
ments are illustrated in Figure 2. The measurement 
repeatability appears to be good. The vertical be- 
tatron tune shift for 40 mA bunch current variation 
is approximately 7.5 kHz. 

A typical oscillation spectrum is shown in Fig- 
ure 3. Two separated vertical betatron oscillation 
frequencies appear as the stored current rises to 
10 mA, possibly resulting from the impurity of a 
single bunch. The bunch profile is observed by sam- 
pling optical oscilloscope HAMAMATSU OOS-01. 
The total bunch current in Figure 4 is 0.5’7 mA, and 
the RF gap voltage is at 208 kV. Two or more satel- 
lite bunches are generally present in the neighbor- 
hood of the main bunch. The weighting between 
main and satellite bunches varies to a large extent 
as dependent on such factors as the injection condi- 
tion, etc. However, the effective bunch current for 
tune shift measurement is assumed here to be half 
of the stored current in the single bunch mode. 
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Figure 3: Vertical betatron oscillation spectra. The 
beam current was 38.5 mA. 
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Figure 4: Impurity of single bunch 

To deduce the effective longitudinal ring broad- 
band impedance, the nominal ring design param- 
eters for SRRC storage ring are used: I% = 
5.78 m, f. = 2.5 MHz! 27rR = 120 m, and E = 
1.3 GeV. The value of the effective ring broadband 
impedance is obtained as 2fl R for the present sta- 
tus of the SRRC storage ring. Further investigation 
involving more refined measurement techniques is 
currently in progress. 

IV. CONCLUSION 

The effective longitudinal ring broadband 
impedance of about 2 R was deduced in this pre- 
liminary study from the measured data of the ver- 
tical betatron tune shift as a function of current. 
The loss factors of some impedance contributing 
components of the SRRC storage ring were cal- 
culated by using either the 3D code MAFIA/T3 
code or its 2D version TBCI. Next, the theoreti- 
cal value of the longitudinal broadband impedance 
of individual vacuum components was derived by 

applying the calculated values to an equivalent res- 
onance model. A comparison of the measured and 
calculated resultas indicated that t,he longit,udinal 
ring broadband impedance could not be estimat.ed 
only by a summation of the impedance contribu- 
tions from the vacuum components listed in Table 
1. More complete loss factor calculations for other 
major impedance contributing vacuum components 
of the SRRC storage ring would be required. 
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