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1. Introduction

The energy spread of electron beams in storage
rings are usualy estimated from bunch length, the
transverse beam size at finite dispersion and spectrum
of light generated by transverse optical klystron which
is aspecial type of insertion devices.

We propose a new method to measure the energy
spread of the beam, using the chromatic sideband
pesks in the betatron oscillation spectrum. The
preliminary measurement of the energy spread of the
electron beam in the SPring-8 storage ring was
performed.

2. Method

If we measure the frequency response of the
betatron motion of a bunch in a storage ring which has
finite chromaticity, we see several sideband peaks
which apart from the main peak of betatron frequency
with the distance n f,, wheren =0, + 1, £ 2,... and fg is
the synchrotron frequency. The typical data of the
frequency response of the vertical betatron motion of
the SPring-8 storage ring is shown in Fig. 1.
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Fig. 1. Typica data of the frequency response of the
betatron motion of the beam in the SPring-8 storage
ring. The direction of betatron motion is vertical and
the vertical chromaticity is 8.8 (y~1) and the height of
the m=0 peak is reduced to be a haf of that at
chromaticity O as shown in Fig. 2. The mode number
m of each pesk is aso shown. This signa was
averaged during 10 sweeps.

From Ref. [1], if we assume the RF potentia is
harmonic, the height of these sideband peaks depend

only on the vaue y = &as/v, where & is the
chromaticity, g5 is the energy spread, v and vs is the
betatron tune and synchrotron tune, respectively, and
the dependence on y is shown in Fig. 20 and Fig. 3
which shows the ratio of the peak height of the
sideband to the peak height of the main peak (m=0).

In this paper, the definition of the chromaticity & is
Avg = & (AE/E) and is different from the Ref. [1]
where chromaticity is anormalized value; € / vg .

From the data of the height of sideband pesks, we
have the values of y and we can obtain v, from the
distance of sideband peaks each other or synchrotron
frequency measurement, we have & 0.

The chromaticity & is measured by the dependence of
betatron frequency on energy shift as mentioned later,
then we have g;,
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Fig. 2. Calculated relative peak height for
m=0, + 1, + 2, + 3 based on Ref.[1]. y = &0 /v
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Fig. 3. Calculated ratio of peak height of
m=+ 1, + 2, + 3 to the amplitude of the peak of m=0. y
=&04/Vs.



3. Experiment

The setup of the measurement is shown in Fig. 4
and is usually used as a tune monitoring system.

The chromaticity was varied by changing the
strength of sextupole magnets of the ring and
measured by taking the dependence of the betatron
tune on the RF frequency using the relation

Avg =(&/n) (Afre/ fre)
assuming the momentum compaction factor n was
1.46 x 10,
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Fig. 4. Setup for measurement of freguency
response of betatron mation of the beam in the storage
ring. A spectrum anayzer generated the signal of
frequency f=fg + f5, where fre is RF frequency and f,
is the betatron frequency, and this signal was down-
_converted by a double-balanced mixer to the frequency
fy to shake the beam. The transverse motion of the
beam excited by this signal is detected by a button-
type pick-up electrode at frequency f=fge + .

O_ZGJ T [ T T ‘ T TT ‘ T 1T ! T 042
[ Horizontal % N — ]
0.24 [ R A 5 0.4
Qﬂk;/" 0.38
o 020f 0.36
c B <
F o018F 034 2
5 018rE ; 10342
S 016 g 0.32
5 FE— ; ] 3
T 0.14f Gl 0.3
C Vertica
0.12{~ o] 0.28
r , ]
01}K/r —0.26
008 Lot Ll L1 L1l L 024
-0.005 0 0.005

AE/E ( assuming n=1.46x10")

Fig. 5. Energy dependence of the betatron tune (m=0)
assuming the momentum compaction factor is 1.46
x 10®. Three lines are for different sets of sextupole
magnet strength. The chromaticity is & =dvg/ dd =
dvg / d(AE/E).
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At the measurement of the synchrotron frequency,
the synchrotron motion was excited by adding phase
modulation to RF acceleration voltage and the
frequency response of the phase oscillation amplitude
of the beam was measured.

The signal of the transverse motion of the beam was
detected by a button-type electrode attached to the
beam pipe of the ring. The center frequency of the
spectrum anayzer was tuned to the betatron frequency
(m=0 peak) and the span of the frequency was set to be
10kHz which is wider enough to cover sideband peaks
of n =1, £2 a nomina value of the synchrotron
frequency; ~ 2kHz.

The signal to excite the betatron motion is generated
by a tracking generator of the spectrum analyzer and is
fed to the strip-line. The tracking generator generates a
signal of the frequency tuned to the sweeping
frequency of the spectrum anayzer hence we can
obtain frequency response of the betatron motion of
the beam.

The dependence of the betatron frequency (m=0) on
the energy shift controlled by the RF frequency is
shown in Fig. 5. The chromaticity is obtained by & =
dvg /d (AE/E). We assume the momentum compaction
factor n to be the design value; 1.46x10* to convert
the RF frequency shift to the energy shift using the
relation AE/E = 1/n (Afge/fre) because we do not have
scheme to measure absol ute value of the energy shift.

4. Results

The energy spread obtained from the measured
peak height of m=0, + 1, + 2 are shown Fig 6, 7 and 8.
The error caused by reading error from the data
recorded as video images of the spectrum analyzer
display, is shown in Fig. 9. This figure shows that the
eror is lowest a the chromaticity 4 to 8. The
measured value of the synchrotron tune v, is 0.00778
at these measurement.

These result sahows that the energy spread of the
beam is 1 x10 which is as expected from the
magnetic field measurement of the dipole magnets[2].



Energy Spread (from Horizontal data)
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Fig. 6. The energy spread of the beam obtained from
the ratio of chromatic sideband peak height relative to
m=0 main peak for horizontal betatron motion. From
Fig ., the error is smallest a chromaticity ~ 4-8 for
m=+ 1 peaks and ~8 for m=+2 peaks as shown in Fig.
3.

Energy Spread (from Vertical data)
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Fig. 7. The energy spread of the beam obtained from
theratio of chromatic sideband peak height relative to
m=0 main pesk for vertical betatron motion.
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Betatoron Amplitude (m=0)
vs Chromatictity
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Fig. 8. Energy spread measured by the peak height of
main peak m=0 for different set of sextupole field
strength. The lines in the figure are expected value of
each energy spread which shown in the figure. This
results show the energy spread is between 1 x 10° and
1.5 x 10°. Peak value at chromaticity =0 is the average
of the measured values.

15

Error o
0.001 L T 1T i f\ T T \(\AE]/E\) T T ] 1T T
i \ ) - m=-1,1
0.0008 | . m=22
n i \ \ ;
2 0.0006 | \ ---------------------------------------- -
o AR / ]
- 0.0004 - ]
i - ~ L
0.0002 | \ § ]
O 7\ L1 1 ; L1 1 L1 1 L1 1 Ll \7

2 4 6 8
Chromaticity
(forf =1634Hz, 0 /E=1.1e-3)
Fig. 9. Estimated error of the measured energy spread
using the ratio of peak height, caused by reading error
from data as video images of the spectrum analyzer
display recorded as video images. This figure shows
that the error is smallest at chromaticity 4 to 8.
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