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Abstract

Most measurements to determine transverse and
longitudinal phase space volume in a storage ring are
rather indirect although they are of importance to better
understand the machine and the beam physics. Direct
measurements may be performed when the beam is
extracted to a beam line, where destructive methods are
available. However, light sources can tolerate internal
beam dumping and thus do not normally have an
extraction line. We, therefore, propose a dedicated
diagnostics extraction line. Such an extraction beam line
had earlier been realized at the KEK-ATF. The idea
would be to equip a compact beam line, which fits into an
existing tunnel. First investigations of a light source
extraction line are presented.

INTRODUCTION

An extraction line in light sources offers the possibility
to characterize the beam in a direct and destructive
manner, where transverse and longitudinal beam
parameters can be measured rather precisely. We have
made first investigations to explore the feasibility.
Although the parameters of the SLS are employed for
these investigations, the idea may be applicable to any
light source. Such an extraction beam line had earlier
been realized at the KEK-ATF [1]. The idea would be to
equip a compact beam line, which would fit into an
existing tunnel.

To date at the SLS storage ring, the horizontal and
vertical emittances are determined through the beam sizes
from a pinhole method and an emittance monitor [2],
respectively. The bunch length is measured in several
ways using a streak camera, or by scanning the bunch
with a short laser pulse in the FEMTO laser beam slicing
facility and recording the coherent THz radiation [3].
Momentum spread measurements from the undulator
spectra [4] and betatron sidebands [5] are under test,
motivated by a campaign for measurements of intra beam
scattering effects [6]. It would be interesting to compare
the results from the destructive measurements in the
extraction beam line to those from these and other
methods using the stored beam.

One of the particular interests of having an extraction
line at the SLS would be to further verify the small
vertical emittance [7] and to calibrate the existing and
new emittance monitors [2, 8]. It is challenging to
measure the vertical emittance because of the
corresponding small beam size, of the order of a few
microns, in the storage ring. The extraction line is
designed to make the vertical beam size measurable, at
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least 10 pm or more, by enlarging the beta function to the
order of 1 km.

EXTRACTION LINE

Fast extraction equipment can be integrated into the
injection straight section. The minimum number of
bunches to enable beam diagnostics is one in terms of the
bunch charge, that is ~1 nC at the nominal beam current.
Strip line kicker technology such as reported in [9] may
allow us to extract a single bunch out of a bunch train.
Other types of kicker are also under investigation. A
possible injection and extraction equipment layout is
shown schematically in Fig. 1, and the extraction line
follows as shown in Fig. 2. The beam may be extracted
outward to leave room for other applications using
extracted beams. The layout shown in Fig. 2 is configured
to realize the optics parameters required for the
measurements discussed below.
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Figure 1: Layout of injection and extraction equipment
(schematic). Stored beam, injection and extraction orbits
are also shown. Longitudinal location, s=0 corresponds to
the entrance of the first injection kicker in this figure as
well as in the following ones. A few instruments presently
located between the injection kickers have to be moved to
other places.
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Figure 2: Extraction line layout (schematic). The last part
of the line is a drift of ~2 m for the beam measurements.
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Transverse Emittance Measurement

Since the transverse particle distribution in an electron
storage ring is almost Gaussian, it is not essential to
measure the beam sizes over ~m phase advance, as one
does in a linac, in order to determine the beam emittance.
Therefore, we apply an emittance measurement based on
beam sizes along a drift, where the beta function is well
defined once we know the initial alpha and beta functions.
The emittance together with Twiss parameters are found
simultaneously from the beam sizes measured at at least
three locations by fitting data to the following equation:

o =&y + 2 (s =)+ 7o(s =500, (D

where ¢ is the beam emittance, ¢, f§ and y are the Twiss
parameters, o is the beam size measured as a function of
the longitudinal location, s. The subscript, 0, represents
the initial location, which can be the most upstream
measurement point. (The fitting parameters are &, £, and
a since 3=(1+a’) f.)

In order to make the beam size measureable with a
screen, it should be at least 10 um or more in size, and
thus the beta function must be greatly increased,
especially in the vertical plane. A setting of quadrupoles
with modest strength is found, where the beta functions
are on the order of 100 m and 1 km in the horizontal and
vertical planes, respectively (Fig. 3). Horizontal and
vertical phase advances can be varied independently in
the vertical emittance measurement in order to survey
over various coupling phase. The vertical emittance will
be resolved down to 0.2 pm, which is the quantum limit
[10] at the SLS at the nominal beam energy of 2.4 GeV. It
is noted that the beam optics are not necessarily matched,
by adjusting the quadrupole strengths, to the design optics
as far as the beta function is large enough to enable the
beam size measurement.

To exclude the contribution from energy spread to the
beam size in the emittance measurement, the obvious
condition must be satisfied:

Pe>>1n°67, 2

where 7 is the dispersion function and ¢ is the relative
momentum spread.

A large beta is useful to fulfill this condition, however
increasing the beta function also tends to increase the
dispersion function. The vertical dispersion is zero in the
design but the spurious dispersion in the ring propagates
to the extraction line. It is found, as shown in Fig. 4, that
the initial dispersion and angular dispersion (77°) result in
similar propagation to the measurement drift. Therefore a
mechanical shift of the entire beam line, which introduces
the same amount of dispersion when the beam orbit is
also shifted by a pair of dipole correctors (the small
vertical dipole pair at the beginning of the line shown in
Fig. 2), is an efficient correction in the vertical plane. A
shift of a few mm would be enough due to the fact that
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the spurious dispersion in the ring is corrected to 1~2 mm
rms [7].

Dispersion free steering, on the other hand, may not be
straightforward because the possible momentum change
in the ring is limited to ~0.5%, making a precise
dispersion measurement difficult.
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Figure 3: Optics parameters for transverse emittance
measurement. (Top) Beta functions in a semi-logarithmic
scale. (Bottom) Dispersion functions.

Since the horizontal emittance is approximately 5 ~ 7
nm, which is about three orders of magnitude larger than
the vertical emittance, the tolerance of the horizontal
dispersion is rather loose. A rough dispersion closure, ~20
cm, fulfills the condition. The extraction line is then not
necessarily an achromatic lattice, which would be more
complex. The layout shown in Fig. 2 provides a residual
dispersion <10 cm with the beta function more than 100
m. The spurious dispersion in the ring is in the order of a
few mm and has negligible impact. (The horizontal design
dispersion is zero in the straight section.)
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Figure 4: Propagation of spurious dispersion, 7, (black),
and angular dispersion, 77, (red), from the storage ring to
the extraction line. The angular dispersion can be
compensated by the dispersion (green).
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Longitudinal Emittance Measurement

Momentum spread measurements will be realized with
the usual approach, i.e. a spectrometer. The opposite
condition to the emittance measurement minimizes the
systematic error:

Pe<<n’S’. 3)

It makes sense to employ a spectrometer with a vertical
dipole given the small vertical emittance. The vertical
optics parameters for the momentum spread measurement
are shown in Fig. 5.
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Figure 5: Vertical optics parameters for the momentum
spread measurement. The vertical beta and dispersion
functions are less than 1 m and ~30 cm, respectively, at
the measurement location (at the end of beam line).

This measurement allows us to measure not only an
rms momentum spread but also a momentum profile that
would be interesting when the profile is non-Gaussian, for
example, with the 3rd harmonic cavity and/or collective
effects.

A reliable measurement of bunch length can be
performed on the stored beam using a streak camera and
therefore is not required in the extraction line. A streak
camera together with the spectrometer dipole, however,
would allow us to perform the same measurement for the
extracted bunch. Finally, a transverse deflecting cavity
and a longer beam line, if equipped, would provide a
direct image of the longitudinal phase space [11].

Table 1 summarizes the SLS beam parameters to be
measured with the extraction line together with expected
resolutions.

Table 1: SLS beam parameters and expected resolution.
The last row, A, is the bunch length, where typical
resolution of streak camera is listed.

Parameters Values Resolution
£ 5.5—7nm ~100 pm
€, >0.2 pm ~0.2 pm
R ~107 ~5x107
A <~50 ps 1 ps
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APPLICATIONS

The extracted beam may be used not only for the beam
characterization but also for other applications. When the
extraction kicker is able to produce a longer pulse, two
bunches can be extracted.

This capability offers, for example, a test bed for
studies of long range wakefields in an accelerating
structure. The bunch charge of the two bunches are
independently variable, and the bunch spacing is
discretely variable with the granularity corresponding to
the fundamental rf frequency, 2 ns (500 MHz) in case of
the SLS. The two extracted bunches are usable also for
tests of diagnostics that measure more than one bunch.

An interesting usage of the extraction line would be on-
line beam monitoring, that is, extracting one of bunches
during the user operation from time to time and
measuring the beam parameters.

SUMMARY

First investigations of a light source extraction line
revealed that transverse and longitudinal beam parameters
can be measured with sufficient resolution. It would be
interesting to compare the results from direct
measurements of the extracted beam with those based on
the stored beam. Such an extraction line offers not only
the capability of beam characterization but also
applications using the extracted beam. Further studies
may be needed to look into issues, which are not covered
here, such as alignment tolerances and cost estimation.
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