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Abstract Cohu 4910

A new beam diagnostic to measure transverse profiles of cco
electron beams is described. This profile monitor uses

a Yttrium:Aluminum:Garnet (YAG) crystal doped with a

visible-light scintillator to produce an image of the tran- View port

verse beam distribution. The advantage of this material
over traditional fluorescent screens is that it is formed from f=122mm

a single crystal, and therefore has improved spatial resolu-

tion. The current system is limited to a resolution of about X oo mm
10 microns. Improvements in the optical transport will en- \\ ’ :
able measurements of RMS beam sizes of less than 1 mi //demns Beam pipe

A . visiblelight
cron. The total cost of the system is modest. Al mirror o

1 INTRODUCTION

Fluorescent screens are widely used to measure the trans-
verse profiles of electron beams at high-energy accelerator Vacuum chamber
facilities. Traditional fluorescent screens[1], such as ZnS,
have an individual grain size of 50 — 100 microns. This lim-

its the image resolution to the same scale. The high bright-
ness electron beams now being produced for short wave-

length FELs and high energy colliders have focused sizggy, taces of the crystal. We have not run any experiments

of a few microns in diameter. Resolution below this is NeCyith uncoated crystals.

essary for accurate reproduction of the transverse proﬁles.For these experiments the duration of the optical pulse

we Tive testled.a prof!le Im onltotr Itha'; Tlfetts tr_}f‘; requ:rgé less than 100 ns, therefore a camera that simultaneously
ment by émploying a single crystal scintiffator. 1he mate xposes both interlaced video fields is necessary. For this

rial is doped so that it fluoresces in the visible.The cryst bason, each measurement was recorded with a Cohu 4910

s unifo_rm atthe mo!ecqlar_lgvel, Whi?h p_rovides very .h.igl\/ideo camera. To provide the best image fidelity, the mon-
resolution by removing individual grain size as the IImItIngitors are all arranged with the crystal at normal incidence

factor in measuring very small beams. to the electron beam. An aluminum mirror is placed down-
stream of the crystal to deflect the fluorescence light out
2 MEASUREMENTS to the camera. We made preliminary measurements on air-
ports at the Duke FEL linac at 36 and 264 MeV to make
Measurements of electron beam sizes and of the crystagsre that the crystals were robust, and then made in-vacuum
properties were performed at both the Accelerator Test Faseasurements at the high energy port (264 MeV). In this
cility (ATF) [2] at BNL and at Duke University’s Free Elec- configuration, the light from the crystal is brought out at 90
tron Laser Laboratory [3]. At Duke the brightness, lineardegrees from the electron beam, deviated and inverted by a
ity, damage resistance, and time structure of the fluoressoftop (Amici) prism, and focused to the CCD camera by
cence were made while the measurements at the ATF waaé5 mm focal length telecentric lens with a 2X adapter. In
devoted to spatial resolution limits. The actual configuthis arrangement the field of view of the screen was 11.6 by
rations of the two experiments differ somewhat, but the®.46 mm (h x v) corresponding to a pixel resolution of 15.5
share several common elements, most notably the scintillay 16.3 microns.
tor crystals. To test damage resistance the YAG was inserted for an
The YAG crystals are supplied as disks 10 mm in diamextended period in the beam, and its performance moni-
eter and 0.5 mm thick. We were concerned that these nonored. It was then removed and examined for surface dam-
inally insulating materials might develop potentially dam-age. After 2 hours and approximately 1200 nC of charge,
aging electrostatic charge on their surfaces in the electrom loss of intensity was observed, and no visible damage
beam. To address this issue we used a standard electron mas apparent on the crystal. A PMT was used to measure
croscopy sample preparation technique and evaporatedthe time duration of the YAG flourescence. The pulse du-
approximately 14 nm thick coating of 60% Au / 40% Pd orration was measured to be about 80 ns FWHM. Figure 2

Figure 1: Optical layout of profile monitor at ATF.
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Electron beam spot on YAG crystal.
Energy =50 MeV, charge= 100 pC.
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Figure 2: Linearity of YAG/CCD response. Charge varia-
tion estimated at 10% at each point.
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shows a plot of light energy recorded by the CCD vs beam
charge. The crystal exhibits good linearity for this range of
charge. The brightness of the spot produced on the YAG  Figyre 3: Smallest beam spot observed at ATF.

was compared to similar beam spots on a ZnS screen. The

intensity of the YAG matched that of the ZnS.

The smallest spot sizes were produced by the higf the beam through the crystal and by the generation of
brightness electron beam at the ATF. Figure 1 shows tHgemsstralung. The multiple scattering angle through the
layout of the optical system used to measure the smadnaterial is given approximately by [5]:
beams. The system is installed as part of the Smith—Purcell
experiment [4] located on beamline 1. In this case the avail- Oms(2) = 13.6MeV \/z/—Zo [140.20In(z/Z0)] (1)
able ports on the vacuum chamber dictated that the optical pc

beam be taken out at an angle of 45 degrees with res‘)(\e/vqllerez/Zo is the material thickness in radiation lengths

to the.electron beam axis. To imprave the rgsolunon of thgmdpc is the electron momentum. The radiation length for
experiment we also removed the telecentric lens from t;f1

. ) . T AG is 5.2 cm. For a 50 MeV beam traveling through a 0.5
camera and substituted for it adlffrgctlon-llm|ted achrom m thick crystalg,,.. = 1.9 mrad, yielding a minimum
of 122 mm focal length located inside the vacuum cha Sossible spot size of
ber. It is positioned to produce a 1 to 1 image of the YA
outside the chamber on the CCD camera. The optical focus 0.5mm
and magnification were calibrated by placing a metal plug Tms = / Oms(2)dz = 0.6 pm ()
with 100 micron hole at the YAG position and recording 0
the image. After the components are locked in place, no The critical energy, where energy losses due to ioniza-
adjustments are available. In this case, the field of view iﬁon and radiation of bremsstrahlung are equaL is about 50
equal to the CCD chip size, 6.4 mm X 4.8 mm correspondyleV. Above this energy the xrays generated by electrons
ing to 8.3 by 8.6 micron pixels. passing through the material will also cause scintillation,
The minimum electron beam size measured had a RMniting the minimum measureable beam size. The charac-
radius of10.7 ym at 50 MeV and approximately 100 pC teristic emission angle of the xraysligy = 10 mrad at 50
of charge (Fig. 4). This is consistent with normalized emitMeV. Thuszy,.c,, = 2.5 m at 50 MeV.
tance 0f0.5 rmm-mrad and a beta function of 2 cm. These The minimum spot size limits due to either multiple scat-
values are in reasonable agreement with TRANSPORT cakring or bremsstrahlung are both dependent on the elec-
culations. tron beam energy. The limits are reduced at higher energies
(Fig. 5).
3 RESOLUTION LIMITS The diffraction limited diameter of a lens focusds =
2.44\(f/D), where the wavelength), of the light is
The ultimate resolution is set by both the minimum objecb50nm,f is the lens focal length, ani} is the lens diame-
size that can be produced by the crystal and by the diffrater. This is the diameter of the zeroes of the Airy disk. For
tion of visible light. The minimum object size for high en- reasonable working distances of a few centimeters, the low-
ergy electrons is limited by multiple Coulomb scatteringest diffraction-limitedf /D that can be achieved is about
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Figure 5: Effects that limit minimum spot size that may be
measured as a function of electron beam energy for a 0.5
mm thick crystal.

low cost. The system described here, including achromat,
YAG crystal, CCD camera, and mounting hardware can be
purchased for under $1500 US.
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One of the important features of this profile monitor is its
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