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Abstract

A single electron circulating in a storage ring is a
very peculiar object. Permanent emission of synchrotron
radiation offers the possibility to observe the electron but
also causes the "natural bunch length". In the
quasiclassical treatment  electron  position  uncertainties
arise from the averaging of the energy and position of the
point-like electron over many turns in the storage ring.
Nevertheless a question about the electron localization
remains open. The radiation from a long undulator permits to
obtain = "snapshots" of the electron longitudinal
distribution. The experiments with a single electron on
VEPP-3 optical klystron are discussed.
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The well-known phenomenon of the "natural” energy
spread and bunch length (and the corresponding horizontal
emittance) in electron storage rings [1,2] were fully
investigated both theoretically and experimentally many
years ago. According to the quasiclassical theory by Sands,
Kolomensky and Lebedev (3,4] the interaction of an electron
with a radiation field is treated as  statistically
independent emission of photons. It causes small jumps of
the electron energy and, consequently, the diffusion in the
phase space. The natural energy spread (and the natural
bunch length} 1is the result of the equilibrium of this
diffusion and the radiation da.mping of  synchrotron

oscillations. From the point of view of the quantum theory,



we have to consider the electron using appropriate density
operator which leads us to a question about the particular
amplitude and phase of the synchrotren osciilations  of
electron  (i.e. the energy and the longitudinal coordinate
inside  the bunch). It should be not~d that system is
stationary and does not interact with anv "thermostat',
except an infinite set of field oscillators with =zero
energyv, so it is "simple" and regular.

We have investigated the electron radiation with a view
to obtain Information about its state. We have taken
advantage of two distinguished {eatures of the VEPP-3
storage ring - its large bunch length and long undulator.
The main parameters of the VEPP-3 storage ring are listed in

Table 1. The undulator with 66 periods is installed at the

straight line section [5].

Table 1

Perimeter 74,7 m
RE harmonic number 2
Energy 350 MeV

GE -4
Relative natural energy spread, ol 3-10
Bunchlength ¢ @ URFz 1.1 kV 0,9 m

3

Layout c¢f the experiment similar to the Brown-Twiss
interferometer is shown on Figure 1. Light emitted by the

electron in the undulator passes through the optical spatial



“iiter and  the  beamsplitter to two photomultipliers.
Fhotoccunt oulses from each photomultiplier arrive at the
amplitude discriminator-shapers ({see Fig. 2}. Pulses from
one of the photomultipliers give "start" tc the circuit for
the interval measurements and pulses from another - "stop".
The coincidence circuit permits to registrate pulses which
have the time interval between them less than 14 ns (the
revolution period is 250 ns). The time dependence of the
ceunt rate of one photomuitiplier is shown on Figure 3. One
step (about 2 kHz) correspends to the loss of one eleciron.
The resuits of the Brown-Twiss experiment for the various
number of circualaring electrons are shown on Figure 4. We
switch on the RiP systemm on the 18th harmonics of the
revoiution frequercy snd decrease the bunchlength o to less
than 5 cm to check the resolution of the system. The time
disirivuticn of the interval between the photocounts snown

on Figure 5 demonstratss a .1 ns time resolution {standard
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deviation).
) rding to the well-know results © gantum opti
According to the well-known results of quantum optics
{6], the probability of the photocount from the first
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t +dt_ is  propoviional  to  the  second  order  correwstion
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and E_‘,E+ are the field operators, p is the density matrix.
The probability of registration of two photocounts

separated by the interval Tt during the revclution period T

is equal to
T/2

W(T)= J w(tl,tlﬂ)dtl. (2)
-T/2
In our case the bunch length is much less than the perimeter
and so we may choose the integration limits in the region
where w=0. In the classical limit, for the radiation of N

uncorrelated electrons

W(t1’tz] ~ N[B(tl~t2)f(t2)+(N-l)f(t1)f(tz)], (3)

—C2t2/2cr2
(f(t)= ———e > is the longitudinal distribution of
Y 21 ¢
s
electrons) and
c ——cztz/Zo*2
W(t) ~ N{S(T)+(N-1) ——— e > . (4)

vV 2 ¢
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if approximate the resolution curve of our measurement
systern  (Figure 5) by the gaussian with standard deviation

+ , we can derive the theoretical dependence, corresponding

g

to the results, shown on Figure 4:

--'!:2/20“2 . —rzc2/4(o~2+c20‘2)
e T+ (N-D) e s T(5)

<
vV 2n o 2 n(o*z +c20‘2)

T S r

Thus we can see a fairly good agreement of the results
with the model of quasiclassical pointlike electrons.

we have also performed another experiment measuring the
longtime correlation in  the light intensity. We wused one
photomultiplier and put its signal to an RF  spectrum
analyzer whose resolution is 3 Hz. Investigating the
spectrum near the harmonics of the revolution frequency we
have detected the sidebands corresponding to the synchrotron
oscillations of a single electron (Figure 6). Their width
was - in  agreement with the damping time of synchrotron
oscillations.

The results of our experiinents have showed that the
electron behaves like the classical oscillator excited by
quantum noise and probably is an interesting example of the
appearance of the stochastic process in a regular gquantum

dynamical system.
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Fig. 2. Layout of the time interval measurements.
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Fig. 3. The dependence of the counts rate from time.

step corresponds to the blow out of one electron.
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Fig.4. The dependance of the number of photocount pairs .
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