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Abstract

The measurement of beam parameters during the com-
missioning of VEPP-5 Damping Ring is presented. Co-
herent betatron oscillations of the 380-MeV electron beam
were induced by a fast kick. Electrostatic beam position
monitors were used to obtain the turn-by-turn transverse
beam position data. The form and behavior of the enve-
lope of oscillations are determined by the beam param-
eters, chromaticity and nonlinear detuning. The values
of beam emittance ε = 1.5 · 10−8 m·rad, energy spread
δ = 3.6 · 10−4 and beam length σl = 1.5 cm have been
obtained from the analysis of the beam envelope, nonlin-
ear detuning and chromaticity measurements. The results
are in a good agreement with theoretical predictions which
were made for calibrated model of the Damping Ring.

INTRODUCTION

VEPP-5 Injection Complex is designed for the produc-
tion of intense high-quality electron and positron beams
[1]. Damping Ring stores the electron and positron beams
of 510 MeV which are injected from the Linac. These
beams are to be used at the electron-positron colliders at
BINP and plasma wake field acceleration (PWFA) facility
[2]. The necessary requirements to the produced beams are
of 2·1010 particles in the bunch, emittance of (εx = 2·10−8

m·rad, εy = 0.5 · 10−8 m·rad with the rate of the beam ac-
cumulation 1010 positrons per second.

At the present moment Injection Complex and its Damp-
ing ring are under commissioning. Currently the electron
beam with energy 380 MeV has been stored in the Damp-
ing Ring; the experiments with positron beam injection and
storage are planned for October 2012.

There are 17 electrostatic beam position monitors
(BPMs) in the Damping Ring. Each monitor can record the
transverse coordinates of beam centroid over 32000 turns
or less. Turn-by-turn measurements from BPMs can be
used for the storage ring optics measurements as well as
indirect beam parameters measurements. The envelope of
coherent betatron oscillations is influenced by the energy
spread, transverse and longitudinal beam sizes and emit-
tances. Therefore, the analysis of oscillation envelopes [3]
or synchrotron spectra [4] can yield these beam parameters.

This simple technique was used during the Damping
Ring commissioning with electron beams and will be used
for positron beams.
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BETATRON OSCILLATION ENVELOPE

Transverse betatron beam oscillations induced by fast
inflector kick. For low enough beam intensity betatron
particle motion is independent for the all particles in the
beam. Single particle turn-by-turn transverse position may
be written as

x(t) =
√

2Iβ cos(2π
∫ t

0

ν(t)dt+ ψ0), (1)

where β – beta-function at the point of BPM location, ψ, I
– action-angle coordinates [3].

Initially kicked beam behaves like a single particle (co-
herent oscillations) but because of betatron tune spread the
decoherence is developed in several thousands of turns and
the beam centroid oscillations amplitude decreases due to
detuning of betatron oscillations.

There are two main sources of tune spread: chromaticity
and amplitude-dependent tuneshift

ν = ν0 + δξ + aI, (2)

where δ = Δp/p0, ξ – chromaticity, a is the constant
describing amplitude-dependent tuneshift. Assuming that
the initial beam distribution is Gaussian in longitudinal and
transverse planes one can express the position of beam cen-
troid as:

< x(t) >=
√

2βI(t) cos(ψ(t) + ψ0) (3)

where

I(t) =
1

1 + θ2
exp

(
−Z

2

2
· θ2

1 + θ2

)
·

· exp

(

−2
(
ξδ

νs

)2

sin2(πνst)

)

(4)

ψ(t) = 2πν0t+
Z2

2
· θ

1 + θ2
+ 2 arctan θ.

Here Z =
√

2Imax/ε – kick strength, θ = 2πaεt, νs

- synchrotron frequency. One can see that the form of
the oscillation envelope depends on two values ξδ and aε.
Amplitude-tune dependence contributes as the main damp-
ing of the oscillations amplitude; chromaticity modulates
the envelope with synchrotron frequency. Given the values
of ξ and a from preliminary measurements, one can deduce
energy spread and beam emittance by fitting the formula
(Eq. 4) to the envelope by varying ε and δ.
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Figure 1: Horizontal betatron oscillations after the kick (green dots) and envelope fit (black solid line) calculated from Eq.
4. At the two upper plots (a,b) the turn-by-turn measurements were performed for the machine with natural chromaticity
(xi = −6.0). At the bottom plot the chromaticity is compensated with sextupoles.

Beam length is deduced from energy spread and syn-
chrotron frequency

σl =
αpc

2πf0νs
δ

where αp - momentum compaction factor, L - machine cir-
cumference, f0 - revolution frequency.

The technique is valid for low-current beams when the
beam - vacuum chamber interactions can be neglected.

BEAM TILT DUE TO CHROMATICITY

It is interesting to note that chromatic decoherence re-
sults in beam tilt developed in the plane of oscillations.
Beam synchrotron oscillations can be presented in the form

δ = δ0 cos(2πνst+ ψs), (5)

where δ andψs – amplitude and phase of oscillations. Then
longitudinal position of particle may be written as

s(t) = s0 sin(2πνst+ ψs)

where s0 = δ0Lαp/(2πνs).

Adding Eq. 5 to (1) and (2) one obtains

x(t) =
√

2Iβ cos(ψ0+

+ 2π
∫ t

0

(ν0 + aI + ξδ0 cos(2πνst+ ψs))dt) (6)

After the half of synchrotron oscillation period (t0 =
1/(2νs)) the particle position is

x =
√

2Iβ cos
(
ψ0 +

π(ν0 + aI)
νs

− 2ξδ0
νs

sinψs

)

Since the longitudinal particle position at the same time
is s(t0 = 1/(2νs) = −s0 sin(ψ0) there is a correlation
between transverse and longitudinal position of particle in
the beam:

x =
√

2Iβ cos
(
ψ0 +

π(ν0 + aI)
νs

+
4πξ
Lαs

s

)
(7)

This correlation is preserved for the several turns around
t0 because the synchrotron oscillations are slow. Betatron
oscillations are much faster so one can choose a turn with
s-independent phase addition equal to π/2 + πn. Then

x ∼
√

2Iβ sin
(

4πξ
Lαp

s

)
(8)
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For the Damping Ring (L = 27 m, ξ = 6.0, αp = 0.028,
s ∼ 1 cm) one can replace the sine function with its linear
approximation:

x ∼
√

2Iβ
4πξ
Lαp

s (9)

Therefore, the beam tilt depends only on kick amplitude
and chromaticity.

The effect of beam tilt is described in details in [5] where
it was used to generate very short x-ray pulses. Beam tilt
can also be used to modulate the beam in the Damping Ring
with a collimator for the plasma wake-field acceleration ex-
periment.

EXPERIMENT IN DAMPING RING AND
RESULTS

The results of two series of measurements and beam en-
velope fits are displayed at the Fig. 1. The first pair of data
sets (1a, 1b) was recorded with the natural chromaticity in
the Damping Ring ξ = −6.0 and different kick strengths.
At the other data sets (1c, 1d) chromaticity was corrected
with sextupoles. In the Fig. 1a, 1b the form of envelope
chromatic modulation allows us to find the energy spread.
In the Fig. 1c, 1d the beam emittance can be found from the
decoherence envelope. Combined fitting of two data series
with different kick strengths and chromaticity gives energy
spread δ = 3.6 · 10−4 and emittance ε = 1.5 · 10−8 m·rad
(with 5% accuracy).

The equilibrium length of the beam with measured en-
ergy spread is 0.4 − 1.5 cm.

This result is in a the good agreement with the de-
sign prediction of equilibrium beam parameters for low-
intensity beams. For the design beam with 2 · 1010 parti-
cles, the parameters δ and ε will have a factor of 2 bigger
values due to beam heating by the intrabeam scattering.

CONCLUSION
The theory of betatron oscillations decoherence was ap-

plied to the VEPP-5 Damping Ring electron beam. For the
beam with energy 380 MeV the measured energy spread is
3.6 · 10−4, emittance is 1.5 · 10−8 m·rad and bunch length
1.5 cm which is close to the design parameters.
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