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Abstract 

Recently t,he fabrication and the assembling of all the Illain 
magnetic element8s for a 2.5 GeV dedicated SR source 
SIBERIA-2 have been completed. The paper reports a 
technique for high accurat,e measuring t#he field of differ- 
ent types of magnets. The measurement results have been 
treat,ed stat,istically and an effective mechanism to correct 
the magnet,ic length of the dipoles and quadrupotes has 
been developed. 

I. INTRODUCTION 

The 2.5 GeV SIBERIA-2 storage ring is a dedicated SR 
source. It has optimized tow-emittance tat,tice with six- 
fold symmetry [l] h h w ic contains 24 zero-gradient dipoles, 
72 quadrupotes of three different lengths, 36 sext,upotes and 
12 octupoles. The design of the magnet,s was presented in 
ref. [a]. All the magnets escept the quadrupotes were built9 
and installed at the ring. The manufacture of quadrupotes 
will be completed in the near future. All the rna.gnet,s were 
involved in series magnetic measurements. The test pro- 
cedure and the treatment, of the magnetic mapping results 
are described in this report. 

II. HALL PLATES MEASUREMENT 

A familiar Halt probes technique was chosen for magnetic 
tests. To make point-by-point measurements of the mag- 
netic field the Ball plate bench system for VEPP machines 
[R] supplied by Karl 7 ,eiss Jena was used. The mechanical 
positional accuracy along t,he magnet, axis is 6 ,~m. The 
single pass scan length available is 0.8 m. To extend t,hc 
scan 1cngt.h it is possible to shift the init,ial scanning coor- 
dinate without a.ny accuracy reduction. The IIatt l)robes. 
which have low temperature coefficient (5 x lO-“/“C) do 
not nc~t special control over the probes temperat,ure. A 
set of probes was glued on the support, a.nd t,tir (list illlrc 
bct.wwc:en adjacent. probes was measured at an accuracy be- 
Icr than 6 /1m. A sufficiently high output (lO//V/C;nlLss) 

makes it possible to read t,he signa. direct,ty with t,he digi- 
tat voltmeter. A special consta.nt current source was built 
for the measurements with the relative current, variation 
< lo-“. 
l’rior to t,hc measureInenf, Hall probes wcrc catibrnt.ed 
against a high precision NMR probe [4] using a dipole mng- 
net with a high uniform field. The calibration curves were 
fitted by a spline interpolation technique iI1 the range of 
It2.2 T. 
All the ctcctrollics irhvotved was produced in CA ILIAC sl an- 
(lard. The data were read by a microcomput,er. The soft- 
ware for analyzing, ptott,ing and sl,oring the nleasurement 
resulls was developed. 
‘l’he Hall plates array is transversal aligned in Lhe mag- 
net gap with the precision < 0.2 mm using the alignnlent, 
marks. 

III. DIPOLE WAGNETS 

The main characteristics of t,he dipole are given in Table 
1. The specific feat.urc of the II-shaped solid Armco-steel 
magnet is its “soft.-end” which is a constant, field region 
with the field equal to one quart,er of the main field to 
produce soft,er radiation [2]. F or symmet,ry Lhis soft-end 
pole must be alterna.tively at t,he left or at the right, end of 
magnets, thus creating two separate famiti?s. 

Table 1. IXpole design paramet,ers 
1 Main pole 1 Soft-end pole 

Bend anete I 14.33’ I 0.W 

Point-by-poillt, IIlca.s1lrcmelltS have bec:n carried out M’ith 
an array of 11 Halt probes wit,ti 1X mm spacing. Table 2 
1ist.s t,he results of t,he escit at,ion curve’ rneasurCment,s for 
t,tln crntral parl, of t tic, n~ain potr~. ‘t’hr (3111 irnizc~d yoke g(‘- 
onic:t.ry has pm~iil,trd us t,o rcacti t.hc ~ionlinc3rit~y of ttlt, 
escit,at.iori curv(‘ 5 3% at. 2.5 GeV. 
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the SIBERIA-2 dipoles are presented in Table 3. 
Table 3. Dipole effective lengths parameters. 

1 Main pole 1 Zero-field / Soft-end n 

Figure 1: Dipole magnet field uniformity. 1 - 6.5 kA, 2 - 
8.5 kh and 3 - 10.5 kA 

Table 2. Field versus current for the dipole main pole 
1 I (k/i) 1 1 / 2 1 3 1 4 1 5 1 

B CT) .24 .47 72 
‘8 

.95 1.19 

I (kA) 6 7 9 10.5 

I3 (T) 1.41 1.64 1.82 1.95 2.17 
Fig. 1 shows the field homogeneity at the center of the 
dipole at several excit,ation levels. Despite the operation 
current is 7.3 kA (1.7 and 2.5 GeV), the measurement re- 
sults demonstrate rather good field qunlit,y at 10.5 kA (2.17 
T and 3.2 GeV). The field deviation is within the limit 
~t5 x 10e4 in the region +3.1 cm at the excitation level 7.5 
kA and is within the limit rfi5 x 10e4 in the region rfi2.8 cnt 
at the excitation level 10.5 kA. One can see that satura- 
tion effects do not seriously degrade the field quality. Due 
to the large pole width (260 mm) in radial direction the 
horizontal distribution of the field integral in the working 
aperture is practically t,he same as the field profile. 
Field mapping was performed directly through the mag- 
net with a 1 cm point spacing. After that, the field profile 
was calculated using spline interpolation near the electron 
trajectory which was previously found. The field profile 
along t,he electron trajectory is given in Fig. 2. To use 

LENGTH (m) 

Figure 2: Longitudinal profile of the dipole field. 

a hard-edge approximation, the proper ratio between the 
main and soft-end pole field integrals in the intersection 
region should be taken into account. Calculations with 
MERMAID [5] h ave been done and the integral ratio co- 
eficient was found [6]. Th e effective length for the ap- 
propriate part of the dipole was determined as t,he ratio 
of the field integral of this part to the central field ampli- 
tude. Unlike the previously used model, a three sectionized 
magnet (main pole region, zero field region, and soft-end 
region) has proved to be more convenient. According to 
the measurement results, the effective lengths variation in 
the working field interval does not exceed -fO.O5%. The 
mean effective lengths and their rms deviations over all 

section section section 
1 (ml 1.2422 m 0.052 m 0.175 m 

Cl 1.196 mm 0.397 mm 0.416 mm 
m/l 1 9.6 x 1O-4 1 7.6 x 1O-3 1 2.4 x lo-” 11 

Fig. 3 presents the relative deviation of the bend angle of 
individ;al dipoles with respect to its average value over a11 
the magnets. 
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Figure 3: R.elative deviation of the bend angle of dipoles 
with respect to its average value over all the magnets. 

IV. Q UADR.UPOLE YiVIAGNETS 

Three types (A, tl a.nd C) of quarupole magnets differing 
by their yoke length constitute 6 fanlilies [2]. The main 
parameters of quadrupoles are summarized in Table 4. 

Table 4. Main parameters of Sln1<RlA-2 quadrupoles at 
2.5 GeV 

Max. current j 0.66 kA 1 0.81 kA 1 0.67 kA 1 
All the quadrupoles are made of solid Armco-steel. A- and 
B -types quadrupoles are of the conventional “close-side” 
design, while the yoke of the C - type quadrupole is split 
into two symmetric halves - top and bottom - to pass the 
SR beam lines, without steel connections between them. 
The halves are joined through strong aluminum spa.cers. 
The pole profile is shaped as y = 392/x hyperbola which 
is ended by 5-mm-wide strips at x = 42.15 mm. The good 
gradient region is formed by the pole profile without shim- 
ming being inefficient in our case, because the shimms iron 

Figure 4: SIBERIA-2 quadrupole excitation curve 
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Figure 5: The quadrupole gradient uniformity. 1 - 0.75 kA 
and 2 - 0.50 kA 

is saturated due to the high magnetic field. 
The excitation curve measurement results are demon- 
strated in Fig. 4. 
The measurements were performed with a set of 11 Hall 
probes of 6 mm spacing at several excitation current lev- 
els. The set of probes was located horizontally (in the mid 
plane) and vertically (normal to the mid plane) in the lens 
aperture, and the field was mapped point-by-point with a 
0.5-cm spacing in longitudinal direction. 
In Fig. 5 the gradient uniformity for different current levels 
in the .4 - quadrupole center is shown. The quadrupoles 
edge fields have a considerable effect on the integrated gra- 
dient uniformity, and special studies have been carried out 
to find optimal pole chamfer sizes. Fig. 6 shows the inte- 
grated gradient homogeneity for several chamfer sizes. The 
6 mm x 45’ chamfer was chosen on the basis of the result,s 
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Figure 6: The contributionxdr)the edge field to the inte- 
grated gradient homogeneity for several chamfer sizes. 

obtained. Fig. 7 demonstrates the integrated gradient ho- 
mogeneity of the same A - quadrupole at two excitatiou 
levels. The good integrated gradient region (wit,hin the 
specified limits *5 x 10e4 ) lies within f2.2 cm. 
In Table 5 the characteristics which demonstrate the 
effect of saturation on the quadrupole parameters are 
listed. (~G(s)ds)/Gc d t e ermines the dependence of the 
on-axis effective length on the exitation current, whereas 

CJ G(s)ds)ll 1 a so incorporates the yoke saturation caused 
by the transverse magnetic flux. Here Ge is the gradient, 

in the quadrupole centre and I is the excitation current. 

Table 5. Quadrupole saturation effects characteristics 

., & 

JG(s)ds Go j- G(s)ds/l J G(s)ds/Go 

m (T/m) (T/k A) (ml 
0.75 9.9010 33.951 13.20 0.291 
0.50 6.9697 23.805 13.94 0.293 

11 0.25 1 3.5046 1 11.965 1 14.02 1 6.293 
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Figure 7: The integrated gradient homogeneity at several 
excitation levels. 1 - 0.75 kA and 2 - 0.5 kA 
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