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Fig. 2. Magnetic moments are measured iteratively according to the
time to check the reproducibility. The vertical lines are the standard
deviations of the measured data points.
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Fig. 1. (A) All data are measured 4 times and analyzed to calculate signal to noise ratio. (B) A typical fitted second derivative SQUID raw data.

The black dots are measure points and the line is the fitted curve.
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Fig. 3. Hysteresis is observed clearly in the low magnetic field region.
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Table I. Finally prepared samples.
Mass  Thickness

Concentration of ferromagnetic
Element agn

(mg) (mm) impurities (ppm)
Al 32.0 0.5 all<1
Ti 26.2 0.25 Fe<8
w 230.5 0.5 alt<1
"Pd 252.0 - all <30
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Fig. 5. Temperature deviations for a typical measurement.
Temperature is kept within 0.01 K during the measurement.
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Table II. Precisely determined magnetic moments of the prepared
samples at 300 K.

mass Magnetic field Magnetic moment

Element  1g) (0e) (emu)
Al 32.0 100 1.90x10°¢
Ti 26.2 5,000 4.45x107
W 230.5 5,000 3.51x107
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Table III. Magnetic moment values for the W sample at 300 K
measured by 4 different instruments. The applied magnetic field is
5,000 Oe.

Research institute Instrument Measured value (x10~ emu)

Our Team SQUID 3.51
Quantum Design SQUID 352
Quantum Design VSM 348
A Korean research lab SQUID 3.56
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We have manufactured and evaluated reference samples for the use of low magnetic moment measurements. Before the
measurements, SQUID magnetometers were magnetically shielded from external magnetic noise. We considered the purity including
magnetic impurities, the optimum thickness, the modification method, and the shape in the preparation of the samples. Three
paramagpetic polycrystaline metal plates of Ti, W, and Al with the area of 4 mmx6 mm were prepared finally. The magnetic moments
of these three samples are measured very linear up to the field of 5 T without magnetic hysteresis. The temperature deviated ratios of
the magnetic moments for Ti, Al, and W from 290K to 310K are 0.7, 1.5, and 0.1 %, respectively. The measured magnetic moments
for Ti and W samples by our research team are very well agreeable with those by two SQUID magnetometers and a VSM at Quantum
Design via international round robin test. The results suggest that the prepared reference samples are well suited for the use in the low

magnetic moment measurement with SQUID based magnetometers.

Keywords : reference sample, low magnetic moment, SQUID, round robin test



