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Abstract measure the ER intensity distributions and one can

Three methods for beam diagnostics using visiblg.erf(.)rm. precise calcu_latlon of the corr_espondmg
istributions  for  particular magnet lattice and

synchrotron light were applied to determine electron .
o . easurement system, at different values of the beam
beam parameters on the Siberia-1 storage ring: an edge
L . : rameters, then the real beam parameters can be
radiation based scheme for measuring effective angulgr . "
. . ) - ¥ determined as a result of fitting the measured and
divergences of the electron beam, a “Lloyd’s Mirror

) . computed ER intensity distributions.
interference  scheme for transverse beam size

measurements, a_nd a sta_ndard scheme of beam profjleg “Lloyd’s Mirror” SR Interference Scheme
measurements with focusing lens. In each of the three

methods, practically identical experimental equipment It is well-known that visibility of fringes in an
was applied, yet absolutely independent experimenttiterference pattern essentially depends on characteristics
data were obtained, since different wave-optic8f @ light source [5]. For a finite-size source, the smaller
phenomena of synchrotron light were used. Thi the source size, the better is the visibility of fringes in
combined approach lets us make the resulting data 8t¢ interference pattern. Just this simple feature, with
beam parameters more solid with no additional expensglg¢ctron beam as a source emitting the synchrotron
for the experimental equipment. In the paper to beadiation (SR), is used in the method concerned.
presented, the methods’ comparison is given and the In actual practice, precise calculation of interference

experimental results are discussed. patterns in view of the emitting beam and interference
scheme parameters is needed to determine actual values
1 BRIEF DESCRIPTION OF THE of the beam parameters. Advantageously, SR intensity
METHODS USED distributions in the patterns produced with simple
interference schemes can be calculated to a very high
1.1 Introductory Notes accuracy. With that, the procedure of determining the

) ) o beam transverse sizes consists of measuring the intensity
This paper summarises application results of tWejstriputions concerned and fitting the measured and
recently developed electron beam diagnostics methoqgiiculated distributions by varying "guess values" of the
the Edge Radiation (ER) based method [1], [2] and th§tal beam transverse sizes.
one on the basis of the Lloyd’s Mirror (LM) scheme of = Fig. 1 shows two modifications of the Lloyd's Mirror

synchrotron radiation interference [3]. The methods arf@erference scheme dedicated to determine horizontal (a)
compared with a more widely used one incorporating gnd vertical (b) size of the electron beam.

focusing lens for beam profile imaging [4]. The methods

were applied on the Siberia-1 450 MeV electron storagk.4 Experimental Schemes

ring, a small ring of the Kurchatov Synchrotron Radiation . . . .
Source (Moscow), in addition to the “initial” Siberia-1. Experlme_ntal schemes ||Iu_st_rat|ng the Praqtlcal
beam diagnostics equipment including dissectors [5]. implementation of the Edge Radiation and Lloyd’s Mirror

Experimentally, the newly-developed methods argwethods on the Siberia-1 storage ring are shown in Fig. 2.

very simple. On the Siberia-1 ring, they were realised in et %S
visible wavelength region (though potentially, the 2) R
methods can work with a shorter wavelength radiation). - %?*j;f:;
The main common peculiarity of the methods is that both %ﬁ - T 2R
take advantage of high-precision wave optics based m w*‘f@
computation of synchrotron radiation. b) <. N
S g

1.2 Edge Radiation Based Method S -~ e

//_‘e’\

The ER, i.e. the radiation generated at bending magnet
edges, and the radiation emitted within elements Gfigyre 1: Lioyd's Mirror schemes of SR interference:
electron pgam optics In storage rings was found to k_%@vertical mirror, to determine horizontal beam size;
very sensitive to angular divergence and transverse sigghorizontal mirror, to determine vertical beam size.
of the emitting electron beam [1]. Therefore, if one can
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Figure 2: Realisation of the ER (A) and “Lloyd’s Mirror” (B) w Al
based methods on the Siberia-1 storage ring. . 7R 050
1- bending magnets; 2- extraction window; 3- neutral filters; 025

4- interference filter; 5- semitransparent mirror; 6- CCD-matrix oo os 1o 130
cameras; 7- interface; 8- computer; 9- object plane; 10- lens; =~ zem ’

11- vertical (a) and horizontal (b) flat Lloyd’s Mirror plates. Figure 3: Fitting of measured and computed ER intensity

. distributions a€ = 450 MeV,A= 560 nmy = 547 cm: a) half-
A.t. prgctlcgl me.asur.ements, the scheme B .had tBne presentation of the measured distribution; b,c) intensity
modification in which instead of the Lloyd's Mirror distributions along horizontal and vertical lines: I- measured,
plates, a focusing Lens was installed in the common paft computation best-fit giving,. = 0.70% 0.06 mr and
of the beamline, thus realising the lens based scheme {or — o 154+ 0.014 mr, 111,1V- computed distributions for the
beam profile measurements [4]. The Figure 2 clearly,,es ofg,. . anda,., 30% smaller (Ill) and 30% larger (IV)
indicates that practically identical equipment was used i& the corresponding best-fit values.
the methods. For both the ER and LM schemes, an
interference filter is one of the most important elements. Algorithms to determine beam emittancgs s, and
As concerning differences between the schemes, we z
would like to point out that the ER scheme is installed o oY spreadz/E (@s well asa,, o, 00 On Myc) from
a beamline from a straight section of the storage rin§!€ Pest-fit values afiq anda,., applying data on beta-
whereas the LM and Lens methods were realised on@8d dispersion- functions, were discussed in [2]. To

beamline from uniform field of a bending magnet. determine the set of horizontal parameters, one needs two
values ofgy.; corresponding to different distancggthe
2 EXPERIMENTAL RESULTS larger the difference the better, approximate subdividing
parameter is beta-function value). To determine vertical
2.1 Edge Radiation parameters, one value gf, is sufficient.

Some values of electron beam parameters derived

| n hown that in th when n . .
t can be sho that the case c ° bea%m the ER measurements, are given in Tables 1 and 2.

focusing elements are located within a straight section,
the ER intensity distributions depend on RMS electrop o Lloyd's Mirror
beam divergences,, o, and transverse sizes, o, in
T 2_ 2 2/.2 A distinctive feature of the method on the basis of the
combmaﬂonsgx,(z)eﬁ =05+ 0’y +2_Mx*(zz)/y’ Lloyd’s Mirror interference scheme is that, unlike in the
where My, ;) is second-order central mixed moment ofye\ious method, the interference pattern is not sensitive
particle density distribution in transverse phase spaise, to angular divergences of the electron beam: it “feels”
distance from the middle of the straight section or somghly the transverse size. Analytical formulas for the use
other "initial point” within straight section to detector.in fitting procedures to determine beam transverse sizes
The values oby,), Oy Muczy Oy €fEr to that point.  from  measured intensity distributions in the SR
One value ofoy. and one ofo,+ can be potentially interference patterns were presented earlier [3]. In [3], it
determined from the ER intensity distribution measuredas assumed that horizontal mirror plane is parallel to the

at one distancg. Actual possibility to determing,.;or  Orbit plane. However, at actual measurements, small tilt

0, depends on the straight section lengtibandwidth of the mirror plane can take place. This tilt can be easily

determined and taken into account if vertical position of

AA of the monochromatic filter used, beam €NeT%%ne interference pattern respective to the direct SR

detector dynamic range. Approximately, one can ShoWié,tribution is determined at the measurements.

that for the straight section large enough and the standar At the beam size measurements, one should keep in

commercially available CCD detectom,er can be  ming that the finite bandwidth of the interference filter
determined with appropriate precision if it takes placgfluences the interference pattern the same way as the
0, >[BA/(2L) /4. finite beam size. More accurately, not exactly the beam



a) b)intensity, Table 1: The primary beam parameters determined directly from
arb. units . . fitting procedures by three different methods.

2. Method Primary parameters determined

3 ag. ., mr g, mm ag._,mr g, mm
z*, ER 1.0%0.11
mm (y=190 cm) - 0.154:0.014 -
1 0.70:0.06 (y=547 cm)

(y=547 cm)
1 LM - 1.43:0.13 - 0.26£0.03
Lens - 1.36+0.14 - 0.23t0.02
0. zZ*, mm ) .
0. 05 10 15 Table 2: More important beam parameters determined from the

primary ones using lattice functions.

Figure 4. Intensity distribution in the interference pattern in the["vathod / Combination Parameters
case of horizontal mirror: a) half-tone presentation of the e, pmxrad | 0/Ex 10 | &, nmxrad
distribution registered by CCD-camera; b) vertical profile of ER 0”71+ 018 ; 6t 2.7 - 30% 6
the distribution (boxes) and corresponding best-fit. The fitting [ 7T v+er 075:016 | 34 12 3718
gves onew, = 0.26+ 0.03 mm. Lens / Lens+ER 072016 | 42:15 | 4710
size, but the valued(,) + h,f0,’/A)™ is actually | & ;

nmxra

is distance between radiation region and mirror plane).

determined at the fittingd; is RMS filter bandwidthh,,) T {
Typical intensity distribution registered by the CCD-

camera in the case of the horizontal mirror is shown in

Fig. 4-a as a half-tone picture. The fitting of the measured 1 } I

and calculated distributions ovey andh, is illustrated by 1100

Fig. 4-b. The best-fit vertical size value &= 0.26:0.03 e . Mj;/O

mm. It is realised at,= 5.9 mm. In this case, contribution
of the filter bandwidth @, = 1.9 nm) is negligible.

In actual practice, one may require rather long mirror
plate in order to measure small beam size using exactly 3 CONCLUSIONS

the scheme shown on Figs. 1, 2(B). The problem can be gy qng points of the ER, LM and Lens based methods
solved by making a gap of necessary length betwegReq are experimental simplicity, low cost and high
mirror edge and detector (instead of using the permangpformational potential. Distinct physical  content,
long mirror). In thls case diffraction (')f.the reflected lightyitterent and independent primary parameters determined
should be taken into account at the fitting. and, at the same time, likeness with respect to the
equipment required are valuable arguments for the
combined use of the methods discussed.
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Figure 5: Horizontal emittance at different energy values.

2.4 Summary of the Experimental Results



