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Abstract 

A rnet,hod for measuring the product, of the chromaticity 
and the energy spread of a stored electron beam is presented. 
The techniq:le involves observing the free bet,at,ron oscillations 
resulting from a short. kick to t,he st,ored beam. Because of 
the positive chromaticity, the bet,atron oscillation amplitude is 
modulated. The ratio of maximum to minimum modulation 
amplitude is proport,ional t,o the product of t,he chroma.tic- 
it,y and t,he energy spread. If the chromaticity is known, this 
method provides a useful tool for calculat,ing t,he energy spread. 
The advantages and t,he disadvanbages of the method are also 
discussed. 

Introduction 

Aladdin is a 1 GeV electron storage ring locat,ed at the 
Synchrotron Radiation Cent,er of the Universit.y of Wiscoll- 
sin, LIadison. It has been in operat,ion as a synchrot,ron ra- 
diation source since 1985 with average accelerat,ed currents of 
about 200 mA. It, has been observed that aft.er an injection 
kicker magnet is pulsed in the presence of a single bunch stored 
beam, t.he envelope of t.he bet.at,ron oscillation from a horiaon- 
tal pickup is amplit.ude modulated at t,he synchrotron oscilla- 
t,ion frequency (Fig. 1). This phenomena is explained as the 
“beaiing” of the coiiective bctat.ron oscillation for elect.rons of 
differing energies. .4fter a detailed study of this phenomenonl’], 
it was found that, the value of t,he product of t,he chromaticit,y 
and t,he energy spread can be measured from these signals. In 
the next section the theory is developed. That is followed by 
experiment al results, including comparison wit,h energy spread 
values obtained from direct, measurement, of the bunch 1engt.h. 
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Fig 1 The beam signal from the pickup 

where N is the tot.al number of electrons and w is the angular 
revolution frequency. Not,ice here that the initial phase 6 is 
the same for all elect,rons since t,hey a.re assumed to be given 
t,he same transverse impulse. 

Aft.er one half of a synchrotron oscillation period, t.he be- 
t,at,ron oscillations appear very incoherent. But, if uodirlear 
effects are negligible, after one synchrotron period all t,he elec- 
trons will be in phase again and t,he displacement. of the cent,er 
of charge will be almost the same as just after t.he kicker was 
fired (except for a very small damping effect). The ratio of 
the maximum oscillation amplit,ude t,o the minimum oscilla- 
tion amplitude depends only on the value of 5 2, wit,11 

Theory _____. 

After the st,orecl beam is given a short, angular impulse, each 
elect.ron inside the bunch will execut,e a free betat,ron oscilla- 
t,ion with respect, to the original orbit. The signal received from 
a beam position pickup is proport,ional to t,he displacement of 
the center of change (or mass) of the whole l~unrh of elect~rons. 
Earl1 electron has an energy difference, al?;,, with respect to 
t,he synchronous elect.ron. If t,he horizontal rhromat,icit,y is not, 
equal to zero, t.hen electrons wit,11 different energy will execute 
free beta.tron oscillations with different. I/,, 

I,, x 1,” + $93 = I,$ + I@ cos(v df + Q;). 
P P / s (1) 

After some bet,atron oscillation periods, the signal from 
the pickup becomes smaller because electrons are no longer in 
phase, i.e. the displacPmen1 of t,he cent,er of charge is smaller. 
The center of charge displacement, as a function of time is given 
l)Y 

D(f) = f $ A cosg v;(t’)wdf + d), (2) 
t-1 

n,i,, - 
D Tnat 

= F$$,. 
I 

The universal function Fl’l is plot,ted in Fig. 2. 
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Fig 2 Universal function F 
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Experiments 

The measurements were made on the Aladdin st,orage ring 
running at 400 MeV and in a single bunch mode. A single beam 
position monitor electrode is connected to a pulse stretcher. It 
is necessary to lengt,hen the 1 ns bunch length to about. 100 ns 
for the purpose of digitizing the signal. A Data Precision 6000, 
which can digit,ize a signal in 10 IIS, is used to digitize and store 
the beam position on every revolution for 4096 turns. The in- 
st,rument, is clocked by the ring master oscillator. The data is 
then t,ran.sfered t,o a VAX 750 for analysis. The chromaticity 
measurement,s were made by varying the ring rf frequency and 
measuring the bet,atron tune with a Tecktronix 492P spectrum 
analyzer. The energy spread data in Table I is obtained by 
using the above technique. 

Results 

Table I. Data taken by new proposed method. 

l l(mA) rf(kV) f x 10-4 SD( x10-4) 
0.35 9.5 4.00 

3.26 0.27 19.4 4.18 0.105 
0.24 29.5 4.25 

0.17 9.5 3.94 
5.07 0.15 19.4 3.77 0.078 

0.15 29.5 3.78 

For comparison, the energy spread data in Table II is ob- 
tained by measuring the bunch length directly and convert,ing 
it t,o energy spread. The bunch length in Table II is mea- 
sured by connecting a fast (1 GHz) oscilloscope to a so called 
“Q” electrode in the ring. This electrode is a cylindrical sleeve 
about, 10 cm long inside the vacuum chamber through which 
the stored beam passes. The beam is capacitatively coupled 
t,o the electrode and, for long bunches, accurately displays the 
longitudinal bunch distribution. For short bunches, however, 
t,he limit,ed band pass leads to measurement errors. According 
to a ZAPr2] calculation for Aladdin conditions, all of the data 
are taken at currents below the threshold of the microwave in- 
st,ability. Therefore the energy spread should be a constant, 
and the standard diviation of the energy spread value is an 
indicator of how good the results are. The column labeled SD 
in the tables is the standard deviation. 

Table II. Data taken using Q-electrode signal. 

E 1tm.A) rf(kV) 4 x 10-4 SD( x 10-4) 
0.35 9.5 2.91 

3.26 0.27 19.4 3.33 0.502 
0.24 29.5 4.12 

_ - -- --- _--_ -- --- -- --- 

0.17 9.5 2.93 
5.07 0.15 19.4 3.33 0.264 

0.15 29.5 3.57 

Looking at t,he Table I data, since the currents are low, the 
bunch length should be independent of the chromaticity. A 
10% error in the chromaticity measurement can easily account 
for this difference. Using different kicking strengths has shown 
that there is no significient difference as soon as the amplitude 
of the oscillation is large enough to get good resolution. 

Conclusions 

The technique described above provides an easy method for 
the measurement of energy spread. This method is especially 
attractive in situations where other methods may be difficult 
to implement, e.g. trying to measure the energy spread by 
measuring the bunch length when the bunches are very short. 
The accuracy of the measurement does rely on known values 
of t,he chromaticity and synchrotron oscillation tune. These 
can be very accurately measured. Care must be taken not to 
kick the beam too hard, since the measurement relies on the 
individual bet,atron oscillations remaining coherent for several 
synchrot,ron oscillations. That cau be easily checked by observ- 
ing that the second maximum oscillation amplitude is as large 
as the first. 
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