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Abstract
An optical characterization bench for the electron beamin 2 THE OPTICAL BEAM DIAGNOSTICS
the LNLS storage ring using visib&ynchrotrorradiation BEAMLINE

is described. Preliminary measurements at injectiofhe yyx optical electron beam characterization bench
energy (120 MeV) and at operation energy (1.37 Ge\)seq yisible radiation produced at dipole ADIOL at a 4
are presented. The system includes a high frame rate (i ee jow dispersion port. A schematic layout is shown
to 400 Hz) CCD camera and a fast photodiode (7 RS Figure 1. The high energy synchrotron radiation power
FWHM) for longitudinal measurements. is absorbed by a sapphire filter attached to a water cooled
copper radiation mask. The visible light is then extracted
1 INTRODUCTION into air through a sapphire vacuum window and guided
The Brazilian Synchrotron Light Source (LNLS) is basethy two mirrors (86 and 90 degree deflection) to the
on a 1.37 GeV electron storage ring with a 120 Me¥xperimental hall. Two borosilicate plano-convex lenses
injector Linac. Commissioning of the storage ring [1] aform an image of the electron beam on the surface of a
low energy started on May 1996 and presently, an ye@CD sensor. A variable aperture is placed in front of the
later, we can store 120 mA at 120 MeV and ramp moreadiation exit port to define the horizontal-vertical optical
than 75 mA to 1.37 GeV. The availability of a real timeacceptance of the line and consequently control
image of the beam in the control room proved to be vediffraction and geometrical curvature effects. The visible
useful both during commissioning and normal operatioradiation is monochromatized by a 10 nm bandpass
of the ring. In addition, measurements of the storeidterference filter to reduce chromatic aberrations. A set
electron beam transverse and longitudinal profiles yielof two polarization filters is used to polarize and control
information about the beam emittance and bunch lengtheam intensity on the CCD sensor. The filters are placed
Both quantities are affected to first order by latticanear the detector to minimize potential errors due to their
functions, and to higher order by current dependestrface irregularities. The first mirror, located behind the
collective effects. The ability to measure these quantitishielding wall, is mounted on a platform which allows
accurately is, thus, a very important tool to asses both tremote angular adjustments about the horizontal and
lattice focusing properties and the effects of collectiveertical axes. The polarization filters can be commanded
phenomena, such as ion trapping and beam instabilitiesfrom the control room in order to adjust the beam
Several means of producing an image are describedensity level at the CCD.
in the literature, including pinholes to collimate X-rays

[2,3] or lenses to focus the visible part of the spectrum ‘ F:E% . FTUHUE .
[4,5,6]. The LNLS UVX storage fing operating at getector F}““ J [ i
injection energy (120 MeV) does not produce detectable | S— e }—}/ Wm%%W

X-ray intensities and the present beam characterizatign
bench is set for visible light observation. The achieve
resolution of about 7@m, limited by diffraction due to
the natural radiation opening angle, is well suited for th
injection energy, where the large beam size is dominate
by intra-beam scattering effects. At high energy, ‘
however, we expect difficulties to measure the small Observation

vertical beam size as well as the vertical emittance, sin . . . pom_
the latter is calculated from the beam size and th%?gure 1: The LNLS UVX optical characterization bench.

knowledge of the beta functions. In our case, the vertical The main line CCD camera (EEVCAM17-46), with

emittance resolution is about 0.26 nm.rad. 512x512 square pixels 15x}8n in size, will be able to
operate up to 400 Hz frame rate, allowing measurements
of phenomena which occur in time scales as short as
10 ms such as beam damping at high energy. Meantime,

shielding wall sapphire
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while the EEV camera is not operational, we havthe main beam line to perform static beam emittance
installed a common CCD video camera to perform th@measurements. The beam image is captured using a frame
preliminary measurements. grabber and the beam sizes are calculated by fitting
A broadband dielectric beamsplitter divides aaussian functions to the horizontal and vertical beam
fraction of the light to a second branch of theprofiles.
characterization bench where a calibrated photodiode is Beam transverse profiles have been measured as a
used to monitor beam current and beam current decnction of current for the injection and operation
variations for lifetime measurement purposes. energies. Figure 2 shows the beam image seen at the
A second beamsplitter separates a fraction of liglmonitor in the control room.
from the second branch to a third one. Here an ultrafast
commercial photodetector (Picometrix PX-D7) with 7 ps
FWHM response time will be used to measure single shot
bunch length.

2.1 Optical resolution
Figure 2: Beam images from dipole ADIO1 4 degree exit

The synchrotron light accepted by the aperture of t ort corresponding to E=120 MeV (left) and E=1.37 GeV
optical bench comes from an arc along the electron Orbgi%ht)
n

The longer the arc the greater the apparent transverse
longitudinal sizes of the source. If the aperture is made Figure 3 shows the fitted gaussian curves for an
smaller, the limit to resolution from diffraction becomesorizontal and a vertical beam profile. Figures 4a and 4b
worst. The optimum aperture is thus a compromisshow the beam sizes (one standard deviation) measured as
between these effects. In the case of visible synchrotranfunction of beam current for 1.37 GeV and 120 MeV.
radiation, the natural diffraction limit imposed by theFigures 5a and 5b show the natural emittance and
angular width of the emitted radiation is usuallycoupling factor for both energies. The vertical emittance
dominant. The optimum aperture should, thus, bend coupling at 1.37 GeV are lower than 0.3 nm.rad and
approximately equal to the natural radiation opening.3 %, respectively, and are limited by the measurement
angle as the diffraction limit will not improve by resolution. The measured natural emittance is in good
increasing the aperture but the apparent source size wiljreement with the theoretical value at 1.37 GeV
For UVX running at 1.37 GeV, the width of the radiatiorindicating that the linear optics of the machine is close to
cone for 550 nm is +3.6 mrad. The calculated resolutiahe calculated one. The slight increase in vertical beam
of 70 um is dominated by diffraction, as expected. Asize for low currents is probably due to a slow drift in the
bandpass filter with 10 nm FWHM is used to eliminat@lectron beam orbit which defocus the image on the CCD
the long wavelength light which would degrade th&ensor, since the automatic orbit correction system was
diffraction limited resolution. The calculated parametergot activated during the measurements. At 120 MeV, the
for UVX standard operation mode are given in Table measured emittance at low currents is close to the value
The large value for the natural emittance at 120 MeV jsredicted from intra-beam scattering calculations. For
due to intra-beam scattering effects. The transverse spatiglher currents we have measured an enormous increase
resolution of 7Qum corresponds to emittance resolutionsn beam emittance. This is probably due to the fact that
of 0.26 nm.rad and 3.5 nm.rad for the vertical andigh current measurements need to be performed right
horizontal planes respectively. The principal limitationgfter injection, when the beam is not yet damped (the
are expected in the vertical plane at 1.37 GeV whenev@imping time is 10 s).

coupling coefficients are less than approximately 0.3%.

Table |: Parameters at the UVX beam diagnostics line. I vercalprotie
Injection energy 120 MeV [ 1=soma
Operation energy 1.37 GeV = -
Horizontal beta 1.4 m < ot <
Vertical beta 18.9 m § o] 5
Natural emittance S .
at 1.37 GeV 99.8 nm.rad
at 120 MeV =900 | nm.rad ]

x (mm)

y (mm)

3 EXPERIMENTAL RESULTS Figure 3: Horizontal (left) and vertical (right) beam
profiles for E=1.37 GeV and 1=40 mA. The solid curve is

3.1 Emittance Measurements a gaussian fitted to the experimental data (dots).

A conventional CCD video camera has been installed at
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Figure 4a: Horizontal and vertical r.m.s.
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Figure 4b: Horizontal and vertical r.m.s. beam size as
function of beam current for E=1.37 GeV.
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3.2 Observation of ion trapping

Effects of ion trapping have been observed in the storage
ring at the synchrotron light monitor in the control room.
lon effects have been detected as a vertical expansion of
the beam when a kicker is excited. The vertical
enlargement of the beam persists even when the
excitation is turned off. The beam can be made flat again
by applying appropriate voltages to the clearing
electrodes. Figure 6 shows two images of the beam at 900
MeV corresponding to the cases before and after a kicker
excitation.

size as a

E=1.37 GeV
8 I B R A a0 Figure 6: Images showing a vertical enlargement of the
£ o ) 1., s beam after excitation with a kicker.
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- 00 o Vertical fooe 2 4 CONCLUSIONS
§ ® eeg o 3 The LNLS optical beam diagnostic line using visible
0341 ° ® oo 00, o » 1°” synchrotron radiation has been described. Although not
o000 7° fully operational, some transverse beam size and
R, B emittance measurements have been carried out. The
1 (mA)

installation of the fast photodetector and the high frame
rdte CCD camera will allow measurements in the
longitudinal plane as well as analysis of damping in the
transverse plane.

The emittance measurements show that the system
resolution is adequate for analysis at injection energy but
is limited for measurements in the vertical plane at
nominal operation energy. The results show, however, a
vertical emittance lower than 0.3 nm.rad at 1.37 GeV, or
coupling coefficient lower than 0.3 %, indicating a
careful alignment of the magnets.

Some improvements in the beamline are in progress

20 including a system for remote focusing of the beam image
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and modification of the beam extraction scheme. The new

Figure 5a: Natural emittance and coupling as a functi@cheme will use a refrigerated mirror in the vacuum

of beam current for E=120 MeV.

Natural emittance(nm.rad) and beam coupling(%) vs Current (mA)
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Figure 5b: Natural emittance and coupling as a functi

of beam current for E=1.37 GeV.
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chamber in place of the sapphire filter, which has become
darkened by radiation.

The limitation to resolution comes from inherent
diffraction effects, so resolution improvement imply
decreasing the wavelength towards X-rays. The idea of a
new line using X-ray imaging is also being considered.
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