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Abstract MZP, d,z, is similarly expessed. The spatial resolution

We havedesigned and constructed a non-destructivef each FZP corresponds to the distance between the
and real-time beanprofile monitor in the KEK-ATF center and first-zero positions of the diffraction pattern.
damping mg to neasure the extremely small electron-The sp#al resolution at tt SR source point, is given
beam size. The monitor has a microscopic structukey
where two Fresnel zone plates (FZPs) constitute an x-ray Af
imaging optics. In the monitor system, synchrotron 50:502P/MCZP=0'61#' (2)
radiation froman electron beam is monochromatized by a Neme
silicon crystal and the transverse electron-beam image T§is is equalto the spatial resolution of the imaging
twenty-times magnified by the two FZP and detected odptics if thecondition of dcze > duze My is satsfied.
the x-ray CCD camera. With this monitor, we have The raliusof the CZPry., shouldbe Lc,0x0r less so
sicceeded in obtaining a clear electron-beam image atitat the SR uniformly irradiates the CZP. Hégg and
measuring the electron-beam size less thamurh0 The 0 are the distance from the source point to the CZP and
measured magnification of the imaging optics was ithe SR angular divergence. On the conditionr,gf=
good ageement with the design value. LeiOss the spatialresoldion & [um] is appoximatly

expressed by thellowing equation:
INTRODUCTION 2,626, 0%, 7,

A beamprofile monitor with an x-ray imaging optics O = 1+ M ) 3)
for synchrotron radiation (SR) is expected to measure the czp
electron-beam size with a high spatial resolution in a nomher E.[GeV], & [keV] and g, [keV] are the electron
destructie manner. Fresnel zomdates (FZPs) begin to beam energy, the critical photon energy and the photon
be used as x-raimaging lenses with advance of x-rayenergy corresponding to the wavelendth The critical
mask fabrietion technologies. The spatial resolutionphoton energy,.[keV] and tte SR angular divergenaay
which depends on the outeost-zone width of FZPs, is [rad] from a bending ngnet (BM) is given by
capable of being less than 100 nm. A real-time beam _ 2

X . &.=0.665E,'B 4)
profile monitor based on FZPs was already proposed and ° € 0425
designed for the Super-SOR light source [1]. We have o4 =0.289% 10° (sph/ec) /Ee , (5)
recently constructed the same type of beam profile

monitor inthe KEK-ATF damping ring [2] with a natural Whe® B[T] is the manetic feld at the BM. Here the
emittance of about 1 nm to study the feasibility of th@ngular divergence of the electron beam is assumed to be

monitor. In this paper, the nevbeam profile monitor Nedligibly smdl as compared with that of the photon.

using FZPs and the resultstbe beansize measurement
will be presented.

Light Source o ¢ l Imaged Object
IMAGING OPTICS ‘v —
The x-ray imaging optics of the beam profile monitor ;\1\‘*\1\1\\ —

czp MZP

consists of two FZPs, the condenser zone plate (CZP) and
the micro zone plate (MZP), and it has a microscopic ‘ ‘
structue, as shown in Fig. 1. The magnificatighof the Ly L, L Lie
imaging optics is given b= Mgz, Myz, Where M, L ﬁﬂw
andM,,» are the magnifications of the CZP and MZP. oo

The spéial resolution of the CZR),, is given by

Oczp =1.224r o = QB /1y - (1)
Here,f. is the fochlength of the CZP for the wavelength MONITOR SYSTEM

A andryc and Aryc are the radius and the width of the Figure 2 shovs the layat of the beam profile monitor
outermost zone of the CZFhe spatial redation of the system, which ex#rcts the SR from the BM in the KEK-

Figurel: Imaging optics of the beam profile monitor.

0-7803-7739-9 ©2003 |IEEE 530



Proceedings of the 2003 Particle Accelerator Conference

ATF damping ring. The magnetic field of the BM isring (> 5um), the spetral resolution of less than &00*
0.7488 T forE.,= 1.28 GeV and the critical photon energyis needed. In the system, a Si(220) crystal is used to
is 0816 keV. This system mainly consists of a Si crystaleflect the extracted x-ray beam from the bending magnet
monochromator, twéZPs (CZP and MZP) and an x-raywith the Bragg anglé),=86.35°. The spectral resolution
CCD camera. The specifications of the optical elemengs this monochromator is 5@.0° and it fully satisfies the
are summarized in Table 1. requiredcondition of (6). The Si crystal can be rotated
around the x- and y-axis fadjustmentof the horizontal
and vertical angles of the x-ray beam.

The x-ray CCD cmera (HAMAMATSU C4880-21) is
a direct incident type witha back-thinnedilluminated
CCD, which offers high quantum efficiency, more than
90 % for the x-ray energy of 3.235 keV. The pixel size is
24 um and less tn twenty times the spatial resolution of
the imaging opticg},. The minmum exposurdime is 20
ms and the maximum frame rate is 7 frames/s. The CCD
is a full-frame transfer type and an x-ray shutter made of
504um-thick beryllium copper is installed before the CCD
camera to cut off the x-ray irradiation during the readout.

electron  source poin
orbit

\\\
bending magnei\\‘%zﬂ\

X-ray
(3.235 keV]
6577mm

on X-Y-Z stages on X-Y stages
1025mm

5000mm
Figure2: Layaut of the beam profile monitor system.

Table 1. Specifications of optical elements

Fresnel zone plate CczP MZP
Totd number ofzones 6444 146 MEASUREMENT
Radius . 1.5 (1'?”1"1 37.3um After adusting the angles of the Si crystal and the
'C:)utermostzone widh 116(138) nm 18 nm horizontl and vertical positions of the FZPs, an electron-
ocal length 091m 24.9 mm .
Magnification Meyp=0.1 M,5s=200 beam image was clear!y observed on the QCD. The
Monochromator background mainly consisted of the readout noise and the
Spectral reolution 5.6x 10° x-rays transmitted through the FZPs and their count rates
Crystd lattice plane Si(220) were much lower thathat of the peak signal. However
Lattice spacing 0.192 nm we subtacted these background components from the
Braggangle6; 86.35 CCD data as possible. The position of the electron-beam

X-ray CCD camera

Quantum efftiency
Effective area

No. of pixels

Pixel size

>90 % @ 3.235keV
12.2%12.29 mm
512x512

24um % 24 um

image is more sensitive to the position change of the MZP
by a factor of 200 than those of the transmitted x-rays.
By changing the MZP posith by few tens microns,
which corespmds to only the size of one or two CCD

pixels, the electron-beam image was moved out of the
CCD frame while the background components were
almost unchanged iposition and intensity. The CCD
The FZPs are formed by Opfin-thick Taabsorber on gata wthout the electron-beam image was used as the
0.2um-thick SIN membrane. The maiications of the packground data. Figureshows arelectron-beam image
FZPs,Mcz» andMyz, are 110 and 200 and hence the 20on the x-rg CCD after tle background subtraction.
times magnified image of the electron-beam can be The horizontal and vertical profiles of the beam image
obtained on the x-ray CCD camera. We selected the X-ragre obtained byprojecting the 2-dimensional intensity
energy of 235 keV, considering the spatial resolution ojistribution on the horizontaénd verttal axes and the
the monitor, the energy pgendence of the photon flux horizontal and vertical image sizes by fitting the
and somespatial restrictionf the ringfacility. For the horizontl and vertical image profiles to gaussian curves.
sekected energy, the spatial resolution of the monitorhe longtudinal position of the MZP was scanned for
calculated from Eq(3) is 1.7um. Each FZP is mounted searching the minimum image sizes, which suggested that
on the holdeinserted between two bellow ducts. In ordethe focal point of the MZP was on the x-ray CCD. The
to align the two FZPs, both holders can be moved in thheal beam sizes at the source point were obtained by
horizonal (x) and vertical (y) directions by motorizeddividing the minimum image ®&s by the magnification
linear stages. The MZP holder can also be moved in tbéthe imaging optics, which was measured by the method
longitudinal (z) direction to match the focal plane to thelescribel later. The horizontand vertical beam profiles
CCD screen. and their fitted curves are shown in Fig. 4, where the axes
In order to awid the effet of the energy aberration, the of abscssas reflect the dimensionthe souce point. The
SR should be monochromatized before it arrives at thgam sizes were measured on five different days with
CZP. The requireédnergybandwith AE/E is givenby different beam currents and tuning conditions of the ring.
AE/ESZJebMCZP/rN,C , (6) The measurement results were summarized in Table 2.
The measured horizontal and vertical beam sizes were 36

where g, is the ste of the electron beam [3]. For the_ 44 um and 9.4 — 9.7um in 202/05/30-06/07 and 37.6
minimum size of te electron beam in the ATF dampingMm and 69 — 7.5um in 2002/12/06-07.

2Theéeffective radius othe CZP dénedby L, 0%
® The zone wdth at the effective radius of the CZP.
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The magnification of the MZP was also evaluated by
utilizing the fact that the ratio of the position change of
the beam image to the position change of the MZP is
equal to the magnification plus one. The center position
of the beam irage was measured with changing the MZP
position. The obtained dateere wellfitted by astraight
line and the magnification of the MZP was obtained. The
magnification of the CZP was determined by the
measuredralues oM and M,,,. The measurement result
agrees well with the design valuesMf,,, and M., , as
shown inTable 2.

Figure 3: Electron beam image obtained by the beam
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Figure 4: (a) horizontal and (b) vertical beam profile

with their fitted gaussian curves. Data from 2002/06/06. %lgureS: Relation beteen the horizontal beam position

at the SR source point and the horizontal position of the

Table 2: Summary of beam-size measurements beam image on the x-ray CCD. Data from 2002/05/30 -

06/07.
Date' Beam ste Magnification
g[um], g,Jum] CONCLUSIONS
L0000 12 1E 0RO, The rabasd beam pofle monior was developed
2002/06/07 36.3 + 1.3, 9.38 + 0.35M,,=0.10®@ + 0.0038  for measuringthe extremely small size of the electron
2002/12/06 37.6 +£2.0, 6.93 + 0.37M=2108 + 1.26 beam in the KEK-ATF damping ring. It is a real-time and
2002/12/07 37.6 £2.0,7.45+0.39 non-destructive monitor with high spatial resolution and

#The total lpam currents were and 0.27, 2.5 and 0.5 mA in single-bunaonsists of a silicon cry@ monochomator, two FZPs
mode fo 2002/05/30, 2002/06/06 and 2002/06/07 and 3 mA in three ; ;
bunch mode for the two dates of 2002/12/06-07. (CZF.) and MZP)and an.XFay CCD camera. \.Nlth this
b The magnification of l,» was not meased fo 2002/12/06-07. monitor, wedirectly obtained the transverse image of the
electron beam and then measured the horizontal and
The magnification of the imaging optidsl=M,»M,,,»,  Vertical beamsizes. The horizontal beam sizes were
was obtined by measuring the horizontal beam positio@bout 40um and thevertical beam sizes 7 — Jm for
at the source point, and the horizontgbosition of the five different days. The ngmification wasalso measured
beam image on the CCDX, at the same time. The and was ingood agreement with the design value. The
variation of the bam image positiomXis related to the good performance and prospects of the monitor were
variations of the horiontal beam positiofix by confirmed in the experiments. Further measurements of
Af the beam sizes will be carried out more systematically.
rf
- (7)
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5 shows the relatiobetween tb beam image positioK

and thehorizontal beam positior. As slown in Table 2,

the obtained magnification values of the imaging optics

were almost equal to the design value of 20.

AX = MAx = -M
a
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