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Abstract

Two-dmensiond interferometer  using  visible
synchrotron radiaion was developed in order to measure
beam sizes a& a source point in a bendng magnet of the
SPring-8 storage ring. The theoretica background of this
method is described in the framework of wave-optics.
Assuming designed optics paametes,  transverse
emittance was evaluated from measured beam size.

1 INTRODUCTION

Electron beam imaging using visible synchrotron
radaion (SR) is a conventiond method of beam size
measurement. In the case of SPring-8 storage ring, the
resolution of verticd beam imaging is limited by
dffrection effect [1] dueto collimation of SR in a narrow
veticd dvergence angle Inteferomeric technique has
superior resolution than beam imaging. A visible SR
interferometer with a double slit was first gpplied to
KEK-PF and asmdl verticd beam size was successfully
mesasured [2]. The similar technique was gpplied to the
SPring-8 storage ring in order to messure the verticd
beam size [3]. As an improvement of the interferometer,
we newly devdoped a two-dmensiond inteferometer
with a quad glit having four gpertures, which has an
advantage tha horizontd and verticd beam sizes can be
simultaneously measured by observing visibility of a
two-dimensional interference pattern.

2TWO-DIMENSIONAL SR
INTERFEROMETER

2.1 Principle

When a monochromatic light is dffracted by a quad slit

with four apetures located rectangulaly, a two-
dmensiond inteference pdten gopears on  an
observeion screen. The interference pattern of a spherica
wave from a point source can be cadculated by Rayleigh-
Sommerfdd dffraction formula using a paaxid
agoproximaion. If the source is a group of incoherent
point sources dstributed in Gaussian shape with width o,
and 0, (10), the interference pattern is expressed as,
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where L, a b and\ are dstance from the sourceto quac
dit, horizontd and verticd dlit gpeture sizes and
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wavelength of light, respectively. Parameters V, and V,
are cdled as visibility. We have goproximaed that a are
Gaussian convolution integra of enveope expressed by a
sinc function can be neglected when the enved ope width
becomes far larger than the light source size by the use of
a quadslit with smdl goerture sizes. The rdationships
between the source size, namdy dectron beam size, and
the visibility expressed by,

GX:Z;‘[—GX«/—ZIn(VX), oyzzz‘[—a/«/—zm(vy). 2

2.2 Effect of aspherical featuresof SR
wavefront

The wavefront of SR from an orbiting dectron is not
sphericd in a strict sense. The rdaive phase rdaion of
SR a each apeture of the quadslit depends on the
dectron orbit angle, and an interference fringe shifts with
respect to the overd! enveope dependng on the orbit
angle Theefore, a visibility generdly depends not only
on dectron beam size but dso on beam angula
dvergence Deviation of SR phase from tha of spherica
wave on the transverse plane of the quaddlit of the
SPring-8 inteferometer is shown in Fig.1, which was
cdculaed by Fourier transforming a radaion fidd
derived from LienardWiechart potentids of an eectron
orbiting in a bendng magnet [1]. Wavdength A is
441.6nm. The asphericd feature of SR is gpparent in the
horizontd drection, however the deviation of SR phase

02—+
. — horizontal (9) A =441.6 nm
5 [ - vertical (8 ) 1
~, 001} Vo
z i
(,% 0 Fommmeaa bl -
9_ L
IM
&7 s : : :
—-0.01 =i vertical slit separation 7]
i horizontal slit separation
_ooz\J\J\
-1 -0.5 0 0.5 1
0 (mrad)

Figure 1:Difference of phase dstributions between an
ided sphericd wave and redistic radaion fidd derived
from LienardWiechat potentids of an dectron orbiting
in abending magnet. Wavelength is 441.6nm.
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from tha of sphericd wave is & most A/500 a the
goertures of the quad-dlit, and sphericd wavefront is still
agood gpproximation to SR. The horizontd and vertica
angular dvergences of the dectron beam a the source
point are about 100urad and 0.5urad, respectively. By
convolution of beam dvergence the degracition of
visibility is evduated to amount to resolution of 1.4um
and 0.013um in horizontad and veticd drections,
respectively.

2.3 Optimization of interferometer

It is advisable to measure a beam size in condtion of
visibility range that an accuracy of the messurement is
tolerable to various instrumentd errors. If we consider a
simplified case in which a dlit size is zero, visibility V
and average intensity | of an inteference fringe ae
expressed by the pesk |, and the bottom 1, intensity
asfollows,

Imax - Imin — 'max + min
Voo mn o = e, 3)

I max min

If we assume tha fluctuaions of 1., and |, ae Al =
Al,= Al, from error propagation using eguaions 2 and
3, the error of beam size becomes as,

Ao — _ V1+VE Al ()
o |
2/2VIn(V)

Fig.2 shows that the eror of messured beam size is
insensitive to the intensity eror Al in the range of
visibility from 0.1 to 0.6. It is necessary to optimize the
wave ength and the slit separation in order to messure in
condtion of the suitable vishility. Fig.3 shows
rel aionships between the wave ength and the slit angular
separaion giving visibility 0.6 for specified beam sizes.
The verticd dlit separation is limited by finite extent of
SR. In the case of our interferometer, a narow gperture
of photon beam transport line prevents us from sdecting
the appropriate vertical slit separation.
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Figure 2: Visibility dependence of beam size error. Curve
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Figure 3:Solid lines show rdetions between wavdength
and dlit angular separation giving visibility 0.6 for
various beam sizes. Broken line shows full widh of
verticd dvergence of SR from SPring-8 bendng magnet.
Dot shows combination of By and A of inteferometer of
SPring-8.

3 EXPERIMENT

An expeimentd set-up of the two-dmensiond
interferometer of the SPring-8 storage ring is shown in
Fig.4. All theinstruments are instdled in the accd erator
tunnd. Visible SR is steered to the opticd system of
interferometer by two plane mirrors. The 1st mirror is
located in vacuum a 18m downstream from the source
point. X-ray heat load is protected by water-cooled x-ray
absorber in front of the 1st mirror. A quadslit is located
a 19.6m downstream from the source point. The size of
eech square gperture is 3mm* 3mm and the horizontd and
veticd angular separaions are 0.65mrad and 1.51mrad,
respectively. The position accuracy of esch aperture is
about +0.2mm, which corresponds to the ambiguity of
angular separation of about +£0.02mrad. Two-d mensiond
interference patern is imaged on a CCD camera with
pixd size 7.6um*7.6um by two achromatic doublet
lenses behind the quad slit. The magnification is adusted
to one by moving the 2nd lens and the CCD camera
axidly. The CCD camera has dectricd shutter and the
exposure time is ajustable from 0.06ms to 31.7ms.
Typicd exposure time is 1.71ms. A polaizer with
extinction ratio 5*10*is located in front of the camerain
order to sdect o-polaizaion. Center waveength and
bandvidh of a bandpass filter ae 441.6nm and
10nm(FWHM), respectively. It is atached to the camera

The interference patern observed by the CCD camera
i's cgptured into a picture processing system. The captured
deta is andysed by making horizontd and verticd
projections after subtracting the background which is
messured by cdosing a photon shutter located a the
photon beam transport line A typicd messured two-
dmensiond interference patern is shown in Fig.5. A
following modd function is fitted to the projected deta
corrected for linearity of the CCD camera,

2

is Aa/o normarized by Al/l. It is adviseble to measure sin(a[z _Zo])

beam sizein condition of visibility range from 0.1~0.6. @ =1, [1 +Vcos(kz +(p)] ©)
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Figure 4 Experimental setup of two-dimensional interferometer of the SPring-8 storage ring

wherel,, a, z,, V, k and @ are free parameters.

It is necessay to deconvolute the instrumentd
resolutions from the measured vaues in order to obtan
red beam sizes. We evduaed as 7.4um in the both
horizontd and verticd drections by teking into account
the effects of following instrumental factorson visibility.

e Imbdance of photon intensity among four

apertures of qued slit
*  Wavefront distortion by optical components
*  Electron beam angular divergence
¢ Bandwidth of bandpass filter
e Extinction ratio of polarizer
e Pixel sze of CCD camera
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Figure 5. Typicd two-dmensiond inteference patern
observed.

4 RESULTS

We messured beam sizes dter improvement of the
storage ring with four magnet-free 30m-long straight
sections. Beam condtions of the storage ring ae as
follows, betatron tunes of the operating point ae v,=
40.142 and v,= 18.359 which are used in ordnary user
time opeations, dstribution of the veticd dspersion
dong the circumference of the ring is corrected as smdl
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& 1.2mm (r.m.s.), stored beem current is 100mA, gagos
of dl insetion devices are compledy opened We
obtained the beam sizes as,

horizontal beam size (10) : 153.745.1 pm

vertical beamsize(1o) : 19.5£1.8 um.
The beam size errors caused by ambiguity of dlit angular
separations are £4.0um and +0.3um in the horizontd
and verticd drections, respectivdy. The accuracy of
lineaxrity correction of the CCD cameraintroduces erors
of £0.4um (horizontd) and +1.1pm (verticd). The
statisticd errors are estimated as £0.7um (horizontd) and
+0.4um (vertical).

If we assume designed vaues of optics parameters a
the source point and beam energy spread, the horizontd
andverticd emittance ¢,, €, and the coupling rétio K are
evauated as follows,

€,=7.3£0.8 (nmerad)

€,=14.2+2.7 (pmered)

K =g,/ €, =0.0019+0.0006.
The estimated transverse emittance of the storage ring is
consistent with the designed vdue of 6.6 (hmerad) within
the aror. It is necessay to estimate various systemaic
errors caefully in order to obtan an absolute beam size
with higher accuracy. We consider that the resolution of
the present interferometer is limited by using visible
light in principle It is planned to use X-ray in order to
measure beam size with the resolution of 1pum.

REFERENCES

[1] M. Maski and S. Tekano, SPring-8 Annud Report
1997, p169

[2] T. Mitsuhashi, Proceedngs of the 1997 Patice
Accelerator Conference, Vancouver, Canada, p.766

[3] M. Mas&ki, S. Takano, H. Tanaka, K. Soutome, M.
Tekao, M. Oishi, K. Tamura, M. Shoji, S. Sas&i
andH. Ohkuma, Proceedngs of the 12'" Symposium
on Accderator Science and Technology, Wako, Jgpan
1999, p.525

Posters Sunday



