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position-sensitive detector on chopper spectrometer
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Abstract

We derived analytical expressions of energy (E) and momentum (Q) resolutions on a chopper spectrometer, including timing and

geometrical parameters, such as a pulse width at a moderator, an opening time of a chopper, spectrometer lengths, sizes of a moderator,

of a sample and of a position-sensitive detector (PSD) and pixel sizes in a PSD. For a long linear PSD, resolutions change for pixels

dependently on their positions inside the PSD, because of the change in the flight path lengths. Controlling the pixel sizes can reduce such

nonuniformity in resolutions. However, in order to diminish the nonuniformity in both of the E and Q resolutions simultaneously, the

PSD length was found to be limited.
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A chopper spectrometer is useful to study dynamics
of many materials such as magnetic systems, strong
correlated electrons systems, liquid, amorphous and
living organisms. The reason is that the scattering function
SðQ;EÞ over a wide range of ðQ;EÞ space (10�3–101 Å�1

and 10�2–103 meV even at the present time of writing) is
efficiently given by many position-sensitive detectors
(PSDs), compared to an inverted geometry spectrometer
and a triple axis spectrometer. A PSD is linear rod shaped,
is �m long and is divided into pixels. However, the
instrumental resolution at the endmost pixel is not the
same as that at the central pixel, because the neutron
flight path length from a sample to the end is different from
that from the sample to the center. Such an unequal
resolution makes it difficult to obtain a uniform quality of
SðQ;EÞ.

Varying pixel sizes in a PSD can reduce such a resolution
difference. Since the longer flight path gives the higher
instrumental resolution, a pixel size at the end should be
larger than that at the center qualitatively. In the present

paper, we calculate E and Q resolutions on a chopper
spectrometer and the ratios of the resolutions at the end to
those at the center. The calculations include timing and
geometrical parameters, such as a pulse width at a
moderator, an opening time of a chopper, spectrometer
lengths, sizes of a moderator, of a sample and of a PSD and
pixel sizes in a PSD.
Figs. 1(a) and (b) show finite timing and geometrical

parameters of a chopper spectrometer in the calculations.
L1, L2 and L3 are distances between the centers of the
moderator and the sample, those of the sample and the
PSD and those of the chopper and the sample, respectively.
hfhi and hfvi mean the horizontal and vertical scattering
angles. tm, tch, (xm; ym), (xs; ys; zs) and (xd; yd; zd) indicate
deviations of the time at the moderator, the time at the
chopper, the positions on the moderator, in the sample and
in the pixel between the most probable neutrons and the
other neutrons, respectively. The positions of the slightly
rogue neutrons are represented by rm ¼ ðxm; ym; 0Þ; rs ¼
ðxs; ys;L1 þ zsÞ and rd ¼ ððL2 þ zdÞ sinhfhi þ xd coshfhi;
L2 tanhfvi þyd; ðL2 þ zdÞ coshfhi � xd sinhfhi þ L1Þ.
An energy transfer resolution dE=hEii is derived below.

The incident and final velocities of the most probable

ARTICLE IN PRESS

www.elsevier.com/locate/physb

0921-4526/$ - see front matter r 2006 Elsevier B.V. All rights reserved.

doi:10.1016/j.physb.2006.05.381

�Corresponding author.

E-mail address: keisuke.tomiyasu@kek.jp (K. Tomiyasu).

www.elsevier.com/locate/physb
dx.doi.org/10.1016/j.physb.2006.05.381
mailto:keisuke.tomiyasu@kek.jp


neutrons and the other neutrons are described by

hV ii ¼
L1 � L3

hTmchi
; hV fi ¼ ahV ii,

V i ¼

L1�L3

L1þzs
jrm � rsj

hTmchi þ tch þ tm
,

V f ¼
jrd � rsj

ð L1

hV ii
þ

L2= coshfvi

hV f i
Þ � ð

jrm�rsj
V i
� tmÞ

,

where hTmchi is a time that the most probable neutrons
spend from the moderator to the chopper. Both for elastic
scattering (a ¼ 1) and inelastic scattering (aa1), the ratio
of a deviation of energy transfer (de) to the incident energy
(hEii) is described by

de

hEii
¼
ðV2

f � V 2
i Þ � ðhV fi

2 � hV ii
2Þ

hV ii
2

.

Hereafter, we assume that tm, tch, xm, ym, xs, ys, zs, xd, yd

and zd (pj, j ¼ 1210) are normally distributed with full-
widths at half-maximum (FWHMs) of dtm, dtch, dxm, dym,

dxs, dys, dzs, dxd, dyd and dzd (dpj, j ¼ 1210), respectively.
dtm and dtch indicate the pulse width at the moderator and
the opening time of the chopper. The other FWHMs
are calculated by ðdxm; dym; dxs; dys; dzs; dxd; dyd; dzdÞ ¼ c�

ðXm;Ym;X s;Y s;Zs;Xd;Yd;ZdÞ, where Xm � Ym is the
moderator area, X s � Y s � Zs is the sample volume, Xd is
the PSD width, Y d is the pixel size, Zd is the PSD depth and c

is the factor to transform these parameters to the FWHMs.
Using the above equations, one can obtain

dE

hEii

� �2

¼
X10
j¼1
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qpj

dpj

( )2
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2dtm

hTmchi

� �2

þ 1þ a3
L1 coshfvi

L2

� �2
2dtch
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2 2dxs
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2

2
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q
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2 2dzs

L2
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þ ða2cos2hfviÞ
2 2dzd

L2
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. ð1Þ

The first and second terms are the same as Eq. (8.15) in the
Windsor’s text [1]. The other terms are introduced by the
finite sizes of moderator, sample and detector. The value of
dE=hEii is independent of xm, ym and xd within the first
order approximation.
A deviation of the scattering angle is represented by

dj ¼ f� hfi,

hfi ¼ arccos½coshfvi coshfh�,

f ¼ arccos
ðrs � rmÞ � ðrd � rsÞ

jrs � rmjjrd � rsj

� �
.

Therefore,
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Fig. 1. Timing (a) and geometrical (b) parameters used for the present

calculations of instrumental resolutions. Broken arrows and thick solid

arrows indicate most probable neutrons and the other neutrons,

respectively. All the neutrons are detected at the same pixel and time.

The PSD is divided into 5 pixels as an example. The center of the PSD is

located on the scattering plane and the PSD is mounted to be

perpendicular to the scattering plane. The PSD length is expressed by

2L2 tanhfvi.
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