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Abstract. Analytic framework to quantitatively evaluate the performance of existing neutron scattering instru-
ments would be valuable to find out new possibilities and potentials of slow neutron beams. A conceptual
sketch of ongoing effort in Japan is described.

1 Introduction

Quantitative characterization of the analysis capability of
the neutron applications is one of the most fundamental
information to overlook the potential of expansion of the
neutron science. The common measure of the evaluation
has not been sufficiently developed for integrating all po-
tential capability and distributing demands to appropriate
facilities. We describe the status of the ongoing effort of
the quantitative characterization.

2 Sketch of a Characterization of the
Analysis Capability of a Neutron
Scattering Measurement

We consider the case in which m-kinds of observables are
obtained in a neutron scattering measurement and put the
set of the observables as y = (y1, y2, . . . , ym) together with
their uncertainties as ∆y = (∆y1,∆y2, . . . ,∆ym). When
each observable is required to be determined with the ac-
curacy of Y = (Y1,Y2, . . . , Ym) all components of

σ =

(
Y1

∆y1
,

Y2

∆y2
, . . . ,

Ym

∆ym

)
(1)

are required to exceed unity. Here we consider the neutron
beam use as the combination of “source”, “instrument”
and “interpretation” as schematically shown in Fig. 1. We

Figure 1. Schematic illustration of the application of the neu-
tron beam driven by accelerators.

use Γ = (r, p) to represent the phase space of neutrons

∗e-mail: hirohiko.shimizu@nagoya-u.jp

where r and p are the position and momentum of neu-
trons. The phase space distribution of neutrons is given
as a function of time and can be defined as

∂N
∂Γ
=

∂6N
∂x∂y∂z∂px∂py∂pz

, (2)

where N is the number of neutrons. The phase space distri-
bution evolves over time to that on the moderator surface
(∂N/∂Γ0), on the entry to the sample (∂N/∂Γin), on the exit
from the sample (∂N/∂Γex), which are related as

M(Γ0,Γin) :
∂N
∂Γ0
→ ∂N
∂Γin
,

M(Γin,Γex) :
∂N
∂Γin

→ ∂N
∂Γex
. (3)

The scattered neutrons are recorded by the detectors as the
set of the arrival position and/or timing, which can be de-
scribed as

M(Γex,Γdet) :
∂N
∂Γex

→ ∂N
∂Γdet

. (4)

Consequently, the raw data of the measurement can be
written as

M :
∂N
∂Γ0
→ ∂N
∂Γdet

, (5)

with M ≡ M(Γex,Γdet)M(Γin,Γex)M(Γ0,Γin). The function
of the “instrument” can be considered as the combination
of M(Γ0,Γin) and M(Γex,Γdet). We symbolically useM =
(M(Γ0,Γin),M(Γex,Γdet)) to represent the function of the
“instrument”. The MI is used to represent the M for a
specific “instrument” labeled as I.

The information of the sample is contained in
M(Γin,Γex) and the observables of interest y is to be
numerically derived with their uncertainty ∆y from the
∂N/∂Γdet. The achievement of the measurement can be
quantified in the σ, which is the comparison of ∆y and
Y. We label the analysis method with I and the σ can be
expressed as

σ = σ(Γ0,MI,I,T ), (6)
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where T is the measurement time. We consider the case
in which the systematic uncertainty is smaller than the re-
quirement Y so that all of the component of σ can exceed
unity if sufficiently long measurement time is spent. For a
specific measurement, denoted by ϑ, we put the minimum
measurement time to achieve the requirement as

τϑ = τ(Γ0,MI,ϑ,Iϑ), (7)

which measures the performance of the combination of the
“source” Γ0, the “instrument”MI, the “interpretation” I
applied for the measurement ϑ.

3 Optimization of Instrument

We consider the case where the “instrument” has n-kinds
of adjustable parameters α = (α1, α2, . . . , αn). The opti-
mized condition can be defined as the α to minimize the
τϑ, which can be obtained from the n-ary simultaneous
equation

δτϑ
δα
= 0. (8)

This optimization can be generalized to include all aux-
iliary conditions of the measurement such as the sam-
ple choice, sample temperature, sample pressure, applied
magnetic field and so on. Here we put the solution of Eq. 8
as (αϑ)0, which is not always achievable. The degree of
optimization can be measured in the ratio

Sϑ =
(τϑ)0

τϑ
, (9)

which indicates the possibility of further improvement if
Sϑ is less than unity.

The performance of the “instrument” can be measured
by considering the fluence necessary to achieve the re-
quirement of the measurement, which can be written as

Fϑ = F(Γ0,MI,ϑ,Iϑ). (10)

The optimization condition of the instrument corresponds
to minimize Fϑ.

Each instrument is required to be optimized not only
for a single measurement, but also for a set of measure-
ments, denoted by TI. Therefore, the instrument optimiza-
tion can be formulated by the minimization of

FTI =
∑
ϑ∈TI
wϑFϑ, (11)

where wϑ is the weight factor for each measurement ϑ,
which will be determined on the basis of the subjectively

decision. It would be appropriate to redefine the instru-
ment optimization as

δFTI
δα
= 0, (12)

and the degree of optimization as

STI =
(FTI )0

FTI
, (13)

where (αTI )0 is the solution of Eq. 12.

4 Discussion

The instrument optimization may be generalized to eval-
uate the degree of optimization of a facility. Most of the
neutron facilities have multiple instruments. We put the
set of measurements to be carried out in the facility R as
TR. The weighted sum of fluence required to satisfy the
requirement of all measurements can be given as

FTR =
∑
ϑ∈TR
wϑFϑ. (14)

However the optimization of Eq. 14 corresponds to the
measurement-by-measurement adjustment of instrument
parameters in the facility. It would be more practical to
minimize the weighted sum of FTI given as

FR =
∑
I∈R
wIFTI , (15)

where wI is the weight factor for the instrument I, which
will be determined on the basis of the subjectively deci-
sion.

The F-value calculated on the basis of common defini-
tion will offer a quantitative index to compare instruments
or facilities, which will clarify their versatility, uniqueness
and significance.

The next step to develop the framework described
above is the derivation of the explicit description of the in-
strument M = (M(Γ0,Γin),M(Γex,Γdet)) for their various
usage and also listing of F-values of existing instruments
and facilities, which is ongoing in the neutron community
in Japan. We expect that this framework will clarify the
potential of existing methods, their limitations and possi-
ble future extensions to activate advanced application of
neutron beam.
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