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In the specialized storage rings it is necessary to measure a position of a beam with an absolute accuracy up to
10 pm that corresponds to a relative accuracy about 10~ for the central region of a monitor. The position of a beam
is usually measured with the help of electrostatic button monitors. Operating characteristics of a beam position
monitor are individual for each copy, are measured on precision benches and approximated by analytical functions.
In the paper the various methods of approximation of operating characteristics are considered and the variant
allowing one to reduce an error of approximation in tens times in comparison with a traditional method is found.

PACS: 29.20.-c, 29.27.Fh, 02.30.Mw

The operating characteristics (OC) of a four-
electrode beam position monitor (BPM) (Figure)
measured on the bench look like:
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where X, v are the coordinates of the beam imitator;

U Upg>Usg Uy, are the signals measured on the
appropriate electrodes; & is the number of the measured
point in the selected region of the BPM aperture. The
set data obtained allows to approximate OC of BPM
power polynomials or empirically picked out
elementary functions.

The position of a beam defined with the help of
approximating functions will have an error containing
an error of work of a mechanical drive of the bench, an
error of measurement of signals on electrodes, an error

of a method of approximation of operating
characteristics.
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The layout of the BPM cross-section

In this work the possibility of discovering of
functions that would have minimum errors of
approximation of OC of BPM is studied. The study is
carried out by simulation of bench measurement of OC
of BPM. The model of a monitor for the storage ring N-
100M [1] in the form of an ellipse was considered. Its
geometrical parameters: major axis - 100 mm, minor
axis - 30 mm, coordinates of the center of electrodes x.=
*+14.4 mm, y~*14.36 mm, size of electrodes - 5 mm,
electric capacity of an electrode - 4 pF. The values of
monitor signals were calculated with the help of the
formulas defined in [2].

The signals on BPM electrodes in the elliptical
coordinates are:
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where d=1,2,3,4 - number of an electrode, i, — current of
a beam imitator, 2/ - longitudinal size of an electrode,
¢ —velocity of light, C — capacity of an electrode, L
-radial coordinate of beam imitator, V, - angular
coordinate of beam imitator, 2¢ - angular size of
electrodes, U, —radial coordinate of an electrode, v, -
angular coordinate of an electrode.

Elliptic coordinates are expressed through the
Cartesian coordinates as follows:
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where 2a is the distance between focuses. Formulas are
true for |[x[<a.

To optimize the functions approximating OC, they
are found as:
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Arguments Hg and Vg represent the normalized linear
combinations of the measured signals of BPM. Research
was carried out for four variants of definition of
arguments Hg and Vg (g=1,2,3,4):
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The first variant (traditional) has obtained rather
wide application in practice [3,4], the second one was
proposed in [5], but the propagation was not found, the
third and the fourth ones are considered for the first
time.

Research was carried out in the assumption of an
ideally symmetric BPM. It has allowed obtaining the
simplified form of approximating functions.
Approximation of operating characteristics (6), (7) was
carried out by polynomials up to 7-th order
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and by the empirically picked out expression
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for which M=3. Coefficients 4, B, C, D, E were
calculated with the fitting carried out by the method of
least squares.

Since the accuracy of approximation depends on the
distance from the beam up to the center of BPM, the
simulation was carried out for two monitor regions: 1
(central) region with dimensions [x|<10mm, |y|<5), and
II (far) region with dimensions [x|<40mm, [y|<7mm.

In each region of BPM the coefficients of
expressions (12), (13), (14) were calculated for 4
variants of definition of arguments (8), (9), (10), (11).
The data set was calculated with 1 mm step for both
regions.

Results of simulation were estimated by the relative
root-mean-square errors of approximation averaged on
fixed region as follows:
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where Xp;, Ve - true values of beam coordinates
assigned in the calculation of signals by formulas (3),
@), (5); X, Ve - beam coordinates calculated by
formulas (12),(13),(14) for the corresponding true Hg
and Vg, k — number of the point for which the error was
calculated, » — quantity of the calculated points.
Calculations were carried out with a 0.9 mm step on
both coordinates.

Results of calculations are given in Table 1. From
the results obtained it is seen that for the central region
of BPM the best approximation of OC (6) is provided
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with expressions (14), (11) and the best approximation
of OC (7) is provided with expressions (13), (11). The
corresponding errors of the approximation are equal to
0~=12x10%, 0,=1.9x10* while the traditional
approximation method (the formulas (12), (13) (8)) has
greater errors g,=1.7x107, 0,=7.8x10". In the far region
of BPM the best results is obtained with using formulas
(14), (10) - 0,=5.2%10? and formulas (13), (9) - 6,=0.4.
The traditional approximation method has greater errors
0=0.3, 0,=0.45.

One can see, that the error of approximation of OC
(7) less 0y=0.4 cannot be obtained for the far region of
BPM. Presumably, it is caused by the form of the
monitor that is very extended along the axis X. To be
convinced of this supposition the approximation of OC
of BPM for the storage ring ISI-800 [6] was carried out.
The BPM of ISI-800 has the following geometrical
parameters: cross-section - elliptic, the big axis -
60 mm, a small axis - 36 mm, distance between of
centers of electrodes along X axis - 22.86 mm and along
Y axis - 32.86 mm, diameter of electrodes - 5 mm. The
results of calculations are given in Table 2 with the
indication of used formulas.

Approximations of OC of the ISI-800 monitor in
region 1 have errors comparable with the corresponding
errors of the N-100M monitor. Approximations of OC
(7) by expression (13) in region II have errors O
,=(5.2...6.2)x102, that confirms the supposition
expressed above about a negative influence of the very
extended form of a monitor on the accuracy of
approximation.

The method of estimation of errors of approximating
functions also allows analyzing a possibility to lower an
order of polynomials being used. Calculations of errors
for the central region of N-100M BPM are brought
together in Table3 at approximation of OC by
polynomials up to 7-th, 5-th, 3-rd and 1-st orders.
Traditionally used formulas (12), (13), (8) and the
formulas giving the best results (13), (14), (11) are
considered for comparison. From Table 3 the obvious
advantage of the method of approximation of OC (6)
and (7) by expressions (13), (14), (11) is visible in
comparison with the traditional method at equal orders
of polynomials. Use of this method of approximation
enables one to apply into practice the polynomials of
lower orders (5-th or even 3-rd) with a required error
about 107,

The carried out simulation and the analysis of the
obtained results have shown that the approximation of
operating characteristics of elliptic cross-section BPM is
fulfilled most precisely by the method using expressions
(13), (14), (11) for the central region of a monitor and
for optimal chosen far region of a monitor. The above-
mentioned method allows fulfilling precision
measurements in the center of the monitor using the
approximation of OC by polynomials of 5-th order. The
form of the monitor very much extended along the axis
X increases the errors of approximation of OC,
especially the error of characteristic of a beam
displacement along the axis Y in the far region.
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In conclusion the authors thank Dr. A. Mytsykov for
useful advises and the discussion of results of this work.
Table 1. Average errors of different approximation methods of OC of N-100M BPM

Region of cross-section BPM Number of formula a,(12) a,(13) a,(14)
1 8) 0.001696 0.000788 0.000264
-10=x<10 9 0.001057 0.001542 0.000015
-55y<5 (10) 0.001173 0.000226 0.000145
1n 0.001044 0.000195 0.000012
I (8) 0.304776 0.451419 0.181716
-40=<x<40 (C)] 0.420346 0.406421 0.074058
-T<y<7 (10) 0.298039 0.478659 0.052067
(11 0.285599 0.476832 0.063378
Table 2. Average errors of different approximation methods of OC of ISI-800 BPM
Region of cross-section BPM Number of formula o,(12) o, (13) o, (14)
1 (©)] 0.000646 0.000385 0.000511
-10=x<10 9 0.000431 0.000522 0.000021
-55y<5 (10) 0.000469 0.000195 0.000111
(11 0.000390 0.000186 0.000015
I 8) 0.100030 0.059887 0.042760
-23=x<23 (©)] 0.062090 0.062081 0.010127
-10=y<10 (10) 0.079737 0.059247 0.021223
(1D 0.062902 0.052716 0.009328
Table 3. Average errors of approximation of OC for central region of N -100M BPM
Order of polynomials Number of formula a,(12) a,(13) 0. (14)
7—order, M=3 (11) - 0.000195 0.000012
S5—order, M=2 (11) - 0.000876 0.000087
3—order, M=1 an - 0.004655 0.000766
1-order, M=0 an - 0.075856 0.002039
7—order, M=3 8 0.001696 0.000788 -
S—order, M=2 ) 0.006095 0.001869 -
3—order, M=1 8) 0.034405 0.021693 -
1-order, M=0 8) 0.140973 0.208716 -
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AINIITPOKCUMAIINU PABOYUNX XAPAKTEPUCTHUK JATUYHUKOB ITOJIOKEHUS ITYYKA
SJUVIMINTHYECKOI'O ITIONNEPEYHOI'O CEYEHUSA

B.E. Heawenxo, U. M. Kapnayxos, B.U. Tpouenro, A.A. Illlepbakxos

B crenpann3npoBaHHBIX HAKOMUTEISX HEOOXOMMO M3MEPSATH MOJIOXKEHHE IydKa ¢ aDCOIIOTHONH TOYHOCTBIO 10 10 M, 9TO
COOTBETCTBYET OTHOCHMTENLHOH TOYHOCTH OKomo 107 mis ueHTpaibHOM o6nacTn maruuka. IloyodkeHWe Iydka OOBIYHO
H3MEPACTCA C NMOMOIIBIO JJICKTPOCTATUYCCKMUX KHOIMNOYHBIX HAaTYHUKOB. Paboune XapaKTEPUCTUKU NATUHUKOB ITOJIOKCHUS ITydKa
SBJISIIOTCS MHIMBHAYAIbHBIMHM IS KaXAOTO OSK3EMIUIIpA, CHUMAIOTCS HA NPELM3HOHHBIX CTEHJAX M alIPOKCHUMUPYIOTCS
aQHATMTHYECKUMHU (QyHKIMSAMHU. B paboTe paccMOTpeHbI pa3inyuHbIe METO/bl ANIIPOKCUMAIMH PabOYMX XapaKTePUCTHK U HaiaeH
BapUaHT, IO3BOJIIIOIIIH YMEHBIIUTH OTPENIHOCTD allIPOKCHMANUH B JIECATKH pa3 I10 CPABHEHUIO C TPAAULIMOHHBIM METOIOM.

AIIMNMPOKCUMAIIA POBOYHUX XAPAKTEPUCTHUK JATYUKIB TOJIOKEHHSA ITYUYKY
EJINITUYHOT O TIONMEPEYHOTI'O IIEPEPI3Y

B.E. Isawenko, 1. M. Kapnayxos, B.1. Tpouenxo, O.0. Il]epbaxos

B crnenianizoBaHnx HarpoMaJpkyBadyax HEOOXiIHO BHMIPSTH IOJIOKEHHS ITy4Ky 3 aOCONIOTHOIO TOYHICTIO 10 10 mkm, 110
BimoBigae BimHOCHIM Tounocti 6ing 107 qns nenTpansHoi 06aacTi qaTunka. [10N0KEHHS Ty4Ky BHMIpIOIOTBCS 3a JOMOMOIOIO
€JICKTPOCTATUYHUX KHONKOBHX JaT4uKiB. PoOOYi XapaKTEpHCTHKH JAaTYMKIB IOJIOXKEHHS IIy4Ky € IHAMBIAyalbHUMHU IS
KOXKHOTO €K3eMIUIPY, OACPXKYIOThCS Ha MPELM3iHHMX CTEHJAaX Ta ammpOKCHMYIOThCS aHAIITHYHUMH QYHKUisMH. B poboti
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PO3IIISIHYTO Pi3HI METOIM amnpoKcuManii poOOYMX XapaKTepUCTHUK Ta 3HAWICHO BapiaHT, IIO JO3BOJISIE 3MEHIIUTH HMOXUOKY
ampoKcuMalii B IECSATKU pa3iB B 3piBHAHHI € TPaJULIHHIM METOIOM.
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