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Figure. 1. Sample of data for the electron damping ring.
The vertical scale represents the size of the bunch image
on the photocathode. The bunch itself is 2.5 times smaller

Where vi is the rescaled digitized video signal so that the �
2

per degree of freedom distribution would peak around one.
The statistical error on themeasured sigma was determined
from the correlation matrix derived from the minimization
of the �2. The square of the width was plotted against the
time the bunch has spent circulating in the ring and the
data was �tted to a curve of the form

� (t)
2
=
�
�2
inj

� �2
eq

�
e�

2t
� + �2

eq

The �tted parameters are �inj the width of the injected
bunch, �eq the equilibrium width of the bunch, and � the
damping time, see �gures 1, 2 for a sample of data and �ts.

B. Longitudinal

The analysis of the longitudinal damping time is similar.
The projection of the image of the bunch on the time axis
was �tted to a function of the form

Ap
2��

e
�

1
2

�
x�x0
�(1+S)

�2
+B

Where S = jSj x�x0

jx�x0j
representing the asymmetric shape

of the bunch. The damping time is derived by a nonlinear
exponential �t. The data consist of ten measurements of
bunch length at each store time. The ten measurements
at each point are averaged. The standard deviation of the
ten measurements divided by

p
10 is used to weight the

contribution of each point to the �2 in the exponential �t,
see �gure 3.
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Figure. 2. Sample of data for the positron damping ring.
The vertical scale represents the real size of the bunch.
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III. ERROR ANALYSIS

A. Transverse

The uncertainty in the transverse measurements has sta-
tistical as well as contributions due to systematic errors.
Despite the large contribution from resolution to the width
measurements the damping time determination is not af-
fected. The resolution adds in quadrature to the width,
therefore the square of the width still follows an exponen-
tial damping law. However if the resolution depends on the
transverse dimensions of the beam then the above state-
ment is no longer true. In principle there is a dependence
due to the fact that the depth of �eld decreases as the hor-
izontal dimension of the beam decreases but the variation
is smaller than 1% due to the small angular acceptance of
the optical system and the small angular spread of the syn-
chrotron radiation in the vertical plane. E�ects due to the
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Figure. 4. The horizontal damping times are represented
by triangles and the vertical damping times by circles. The
statistical error for each measurement is comparable to the
size of the symbols

damping of the angular divergence of the beam are also
small since in the worst case of the injected positron bunch
the angular divergence is 1.5 mrad , which is small com-
pared to the light angular divergence.

The dynamic range for linear operation of the gated cam-
era was rather limited. Even with the optimum amount of
�ltering, the photocathode showed signs of saturation as
evidenced by the decreasing amount of light detected for
increasing store time. The dependence of the width with
intensity was measured and no clear plateau was found.
Filtering was chosen so that the overall width variation due
to this e�ect would stay below 10%. From simulated data,
this e�ect tends to decrease the measured damping times
by 3%.

The horizontal damping time can be inuenced by the
presence of dispersion which at the emission point is
�=5 cm. The energy spread of the injected beam is 1�10�2

which rapidly damps to the equilibrium energy spread
7� 10�4. In order to determine whether this e�ect is sig-
ni�cant, the data were �tted to the sum of two exponen-
tials where the damping time of one of the exponentials
was �xed to be equal to 1.8 msec, the longitudinal damp-
ing time. The �ts preferred a small negative weight for
the second exponential. This indicates that any e�ect due
to dispersion was masked by the nonlinear behavior of the
gated camera and the low statistical weight of the points
near injection.

In �gure 4 the measurements are shown ordered in time.
There is a large variation not explained by statistical errors
indicating an additional unknown time dependent source

Damping time measurements (msec)

Ring �x �y �z
Electron 3:32� 0:28 4:11� 0:31 -

Positron 3:60� 0:15 4:17� 0:14 1:87� 0:13

Calculation 3.52 3.56 1.79

of systematic error. Statistical errors are determined by
the exponential �ts, with properly weighted �2, and on
the average are 0.06 msec. For reasons of comparison with
calculations of damping times [5] the measurements are
averaged and summarized in the table above. The error
quoted is the standard deviation of the corresponding set
of measurements.

B. Longitudinal

Systematic errors due to photocathode saturation were
eliminated by attenuating the light enough so that the cam-
era was operated in the linear regime. The use of an inter-
ference �lter centered at 500 nm and with a 40 nm band-
width, ensured that the contribution to resolution from dis-
persion in the glass optics was negligible. There was only
one measurement of the longitudinal damping time and the
error quoted is the statistical uncertainty.

IV. CONCLUSIONS

It is impossible on the basis of these measurements alone
to distinguish whether the damping time uctuations are
due to instrumental e�ects or to orbit changes, or beam ex-
citation from the extraction kicker magnets or interaction
between the two bunches in the rings.
In order to understand the origin of the large uctuations

in the damping time measurements, and the discrepancy
with the calculations, the orbit, tune and pressure in the
vacuum chamber dependence should be studied.
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