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Enhancing the efficiency of nuclear equipment adjustments:
Statistical techniques for minimal datasets

Y. Ono**2 and Y. Kubota*!*3

At RIKEN RIBF, research activities are conducted
using various secondary beams with significant changes
in the setup for each experiment. While this style en-
ables diverse experimental studies, it has the disad-
vantage of a significant overhead for each experiment.
Although the beam time for each experimental pro-
gram is typically about one week, it often requires more
than a day for the startup of large-scale devices such as
the SAMURATI spectrometer.”) The startup procedure
must be performed efficiently to maximize the use of
valuable beam time.

A multi-wire drift chamber (MWDC) is a gas de-
tector used to obtain trajectory information for high-
intensity secondary beams provided at RIBF. Because
the signal amplification is achieved through the elec-
tron avalanche inside the detector, the optimal voltage
to be applied is very sensitive to the energy, charge,
and intensity of the beam. In the past, detection ef-
ficiency measurements have been made for typically
more than 10 different voltages for the optimization.
In this report, we propose a method to achieve suffi-
cient optimization with as few as two measurements.

From the experience accumulated over the past
decade of irradiating various secondary beams to
the SAMURALI spectrometer, empirical measurement
shows that the detection efficiencies of Walenta-type
MWDCs (BDCs, FDC1) and the MWDC with a
hexagonal cell structure (FDC2) can be fitted with the
logistic and log-logistic functions, respectively. Fig-
ure 1 show the efficiency curves for BDC1 and FDC2
measured for '°Be at 230 MeV /nucleon in April 2024.%)

The logistic function shown in Eq. (1) is mathemat-
ically equivalent to the linear logit function shown in
Eq. (2). This transformation leads us to the problem of
linear regression, which can achieve small errors even
with a small number of samples. The following pro-
cedure was used to attempt to estimate the optimum
voltage at which the detection efficiency is 99%.
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Step 1 Take one measurement at Vi under the as-
sumption that the voltage with an efficiency of
50% is known in advance with an accuracy of
50 V.2
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Fig. 1. Left: BDC efficiency fitted using a logistic func-
tion (green curve) and BDC multiplicity fitted using
the product of two separate logistic functions (orange
curve); Right: FDC2 efficiency fitted using a log-logistic
function (cyan curve).
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Fig. 2. Errors of the voltage at 99% efficiency.

Step 2 Take the other measurement at Vo = V; +
25 [V], depending whether the detection efficiency
e(V1) is smaller/larger than 50%.

Step 3 Estimate Sy and $; from Eq. (2) using the
measured efficiency at V3 and V5. Based on the
estimated values of BO and Bl, predict the voltage
at 99% efficiency.

To mimic actual experimental conditions, we esti-
mated the detection efficiency at each V; and V, by
adding fluctuations to the logistic function shown in
the left panel of Fig. 1. The error distribution of this
procedure is shown in Fig. 2. Measurements of at most
two points enabled us to estimate the optimal voltage
with an accuracy of typically 15 V. This is sufficient ac-
curacy for practical use, and voltage optimization can
be completed by simply adding a few more measure-
ments around this point. The method is applicable to
different ions, and the results not only enable more ef-
ficient startup, but also show the potential to change
the previous scenario, which required highly-skilled ex-
perts.
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2)  The voltage corresponding to 50% efficiency has been pre-
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viously determined through measurements conducted with
diverse beams because the MWDC utilized in SAMURAI
has been operated with various beams not only at RIBF
but also at HIMAC, providing empirical knowledge on the
gas gain as a function of applied voltage.
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