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Abstract  [Background] The trend towards increasingly narrow apertures in multipole magnets poses a challenge
to many conventional measurement methods. Consequently, these methods’ applicability in small aperture multipole
magnets is limited. However, the single stretched wire measurement technique has emerged as a promising alternative
due to its minimal space requirements within the measurement domain. Therefore, this technique is well-suited for
accurately measuring magnetic fields in small aperture magnets. [Purpose] This study aims to introduce a novel
approach for analyzing the gradient integral and multipole errors of the quadrupole magnet, to address the limitations
associated with the current single stretched wire method (SSWM). [Methods] Firstly, a magnetic measurement
system based on the single stretched wire method was constructed with two boasted key advantages: minimal space
occupation within the measurement domain, and flexible motion modes. Then, leveraging these features,
measurements of the four poles of a quadrupole magnet by employing a hyperbolic trajectory was acquired, and a
new technique for analyzing both the gradient integral and multipole errors associated with the quadrupole magnet

was developed. Finally, the feasibility of this SSWM was verified by comparing the results obtained from our system
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to those derived from the rotating coil method. [Results] Measurement results of a quadrupole magnet with the

inscribed radius of 11 mm and gradient of 100 T-m ' by SSWM show that the repeatability of three measurements is

better than +1.5x10* which is less than one-third of the maximum value of multipole error of 5x10™*, so it can meet

the measurement requirements. [Conclusions] The methodology outlined in this study for constructing the

measurement system and analyzing the resultant data offers a practical and effective solution for the future magnetic

field measurements of small aperture magnets.
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Table 1 Quadrupole magnet parameters

Zx & Parameters H1H Value
FL3:4% Inscribed radius / mm 11

oK ¥ Length of iron core / cm 20

T3z Gradient / T-m™ 100 (@5 400 AT)
113X 242 Good reference 5

radius / mm

=B 3%1% % Multipole errors <5x10*(@r =5mm)

1 SSWM BN R G HIFE 2

KRG SL T G E 1 s, AR E E
P> =4E B IZ 3T 6 R L 3458 A $0y 7T
PR I s Es TN T 5 . #
A N e B TR A DR K HE A B i, LY
T i B0 U e R A R

=

BEl1 SSWMllE RGscsn- 16 M
Fig.1 Snapshot of experimental platform for the SSWM
measurement system
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Table 2 Main parameters of the SSWM system

2+ & Parameters {& Value
28257 Type of wire Be-Cu
%K Length of wire / m 1

5K Step length Al / mm 0.22
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Fig.3 Deviation of the magnetic center
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Table 3 Measurement results of magnetic center deviation

)

IV EY Times X,/ um Yo/um  a/rad
1 2.82 -4.28 0.001 1
2 7.96 -1.36 0.000 87
3 4.94 -2.02 0.001 1
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Table 4 Multipole component values obtained through three measurement fittings
Br¥e  nb,/2b, na,/2b,
n X g ey ¢l =& k= g ity ¢l =
Measurement No.l Measurement No.2 Measurement No.3  Measurement No.l Measurement No.2 Measurement No.3
3 -225x107" -234x10"" -1.88x 107" - 1.14 x107° - 874 x10°* -1.06 x 107°
4 8.25 x 107° 1.04 x 107* 1.68 x 107* - 117 x107* -138x10"* -129x107*
5 - 6.60 x 1077 -920x107° -743 x107° 1.92 x 107° -7.01x107° 8.32 x 1077
6 1.45 x 107* 1.65 x 107* 1.81 x 107* -1.85x107* -115x10"* -230x107"*
10 524 x 107° 5.57 x 107° 5.62 x 1077 -830x10°° -581x10°° -1.02x107°
£ _(a) —a— Measured Points (b) | =~ Measured Points
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Fig.7 Curves of four-part AL error obtained by measurement and fitting
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Table 5 Multipole component values measured by SSWM and rotating coil method
BT n it J 2832 SSWM Jie % 25 P8 7% Rotating coil
nb,/2b, na,/2b, nb,/2b, na,/2b,
3 -216 x 10°* -1.02 x 10°° -8.03 x107° -874 x10°*
4 1.18 x 107* -127 x10°* - 449 x 10°° -9.83 x10°°
5 -7.74 x107° -224x10°° -4.83 x10°° -723x10°°
6 1.64 x 107* -1.77 x 10°* -1.10 x 10°* 416 x 1077
10 548 x 1077 -8.10x10°° -131x10°* 6.90 x 1077
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