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A B S T R A C T

A spiral fiber tracker (SFT) has been designed and produced for the J-PARC E36 experiment as an element of
the tracking system for conducting a high-resolution momentum measurement of charged particles from kaon
decays. A novel technique to wind the pre-made fiber ribbons spirally was employed for the configuration with
four detector layers made of 1 mm diameter plastic scintillating fibers. Good position alignment and sufficiently
high detection efficiency for charged particles with minimum ionizing energy were confirmed in cosmic ray test.
The tracker was successfully used in the E36 experiment.

1. Introduction

The TREK/E36 experiment [1] has been performed at the Japan
Proton Accelerator Research Complex (J-PARC) [2]. The primary
physics goal of the experiment is the search for lepton universality
violation in the precise measurement of the decay width ratio.
Γ K e ν Γ K μ ν( → )/ ( → )+ + + + using stopped positive kaons. Since the
Standard Model (SM) prediction for the ratio is highly precise, a
deviation would clearly indicate the existence of New Physics beyond
the SM.

Schematic cross-sectional side- and end views of the E36 detector
are shown in Fig. 1. The setup represents an upgraded version of the
apparatus for the previous E246 experiment at the KEK 12-GeV proton
synchrotron [3].

The detector comprises a K+ stopping fiber target, a charged
particle tracking system, a particle identification (PID) system and a
CsI(Tl) photon detector, in conjunction with a 12 gap super-conducting
toroidal spectrometer of 1.4 T central magnetic field. PID between e+

and μ+ is carried out with aerogel Cherenkov counters (AC), lead-glass
Cherenkov counters (PGC) and time-of-flight measurement with TOF1

and TOF2 counters.
The tracking system determines the trajectory of each K+ decay

product with 3 layers of multi-wire proportional chambers (C2, C3 and
C4) in each magnet gap along with the decay vertex information in the
central region. This provides a measurement of the momentum in the
interesting region up to about 300 MeV/c.1 The target as a vertex
detector is a bundle of 256 pieces of 3 mm rectangular scintillating
fibers with an overall diameter of 68 mm and 200 mm length. The
target provides measurement of the x and y coordinates of the decay
vertex normal to the beam and also the azimuthal angle ϕ of the
outgoing secondary particles. The z coordinate along the beam axis
with the resolution of 1 mm is given by the Spiral Fiber Tracker
(hereafter SFT) described in this report. Since the SFT and the target
both have light readout via plastic fibers we use the same photosensors
and readout electronics for both detectors.
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1 Electrons and muons in the relevant decays have the momentum of 247MeV/c and 236MeV/c, respectively.

Nuclear Instruments and Methods in Physics Research A xx (xxxx) xxxx–xxxx

0168-9002/ © 2016 Elsevier B.V. All rights reserved.
Available online xxxx

Please cite this article as: Mineev, O., Nuclear Instruments and Methods in Physics Research A (2016),
http://dx.doi.org/10.1016/j.nima.2016.11.057

http://www.sciencedirect.com/science/journal/01689002
http://www.elsevier.com/locate/nima
http://dx.doi.org/10.1016/j.nima.2016.11.057
http://dx.doi.org/10.1016/j.nima.2016.11.057
http://dx.doi.org/10.1016/j.nima.2016.11.057


2. Design of the SFT

2.1. Concept of the SFT

Scintillating fibers have been used for tracking charged particles
and vertex reconstruction since the mid-1980 s. Several fiber config-
urations have been used to build the cylindrical vertex detectors. The
basic approach is a longitudinal fiber layout to measure the azimuthal
angle [4] and/or the adoption of a stereo angle scheme [5], in which
case the fiber layer direction is tilted by a certain angle with respect to a
second fiber layer to allow the possibility of determining the coordinate
along the beam. In order to measure the polar angle, however, a
simpler way is to use a circular winding of the fibers as developed in
[6]. In the case of such a circular winding, however, the routing the
light from each fiber turn to a photosensor is not a straightforward task
and it may suffer from geometrical constraints. Of course, the number
of readout channels in all these configurations is proportional to the
granularity of the detector.

In the E36 setup, the vertex detector for the z-coordinate (SFT) has
to be accommodated inside of the existing CsI(Tl) detector together
with the target, the time-of-flight (TOF1) scintillators and the aerogel
counter (AC). The diameter of the CsI(Tl) aperture is only 225 mm.
Because each of the elements requires a thickness as large as possible,
the space available for the SFT detector is limited to be less than 5 mm
in thickness. The minimization of the detector cost is also an important
consideration.

A novel technique was employed to spiral the pre-made scintillating
fiber ribbons around a thin drum and to read out light from both ends
of the ribbons. For a given drum diameter, the fiber winding stereo
angle is determined by the width of the ribbons, namely by the number
of fibers in a ribbon. As long as the stereo angle is not large the z-
detection resolution is essentially determined by the fiber diameter. As
the consequence of this arrangement, the number of readout channels
has been reduced drastically while keeping a good position resolution.

2.2. Details of the design

In designing the SFT the following conditions were considered: 1)
Several layers of the fiber ribbons are necessary to ensure the high
detection efficiency and to extract the hit position information. 2) It
was essential to wind the fiber ribbons clockwise and anti-clockwise to

have two different helicities with positive θL and negative θR in order
to obtain a crossing point in orthogonal projection between the fibers in
different layers. 3) The length of the ribbons should be minimized
because of the light attenuation in the fibers. 4) The ribbons must be
flexible enough for winding around the cylinder with a diameter of
79 mm, which serves as the support housing of the target, and to route
the ribbon ends through the central setup region to the photosensor
box. 5) The number of readout channels must be minimized. The
number is determined by the ribbon width once the fiber diameter has
been fixed.

It was essential to take different θ| |L and θ| |R in order to resolve the
degeneracy of azimuthal angle ϕ determination as will be discussed
below. Thus, different ribbon widths must be adopted for the left-
helicity and right-helicity ribbons. After simulating several different
combinations for the width, the number of 1 mm fibers in the ribbons
was adopted as NL=15 and NR=17. The 1-mm fiber diameter was
selected after considering the detection efficiency expected and the
condition 4). This choice enabled the structure with two L-helicity
layers and two R-helicity layers, also satisfying the conditions 3) and 5).
As shown in the schematic picture in Fig. 2, the fourth layer of 14 turns
covers the 20 cm target.

Fig. 1. End (a) and cross-sectional side (b) views of the E36 detector setup. Acronyms: AC (Aerogel Cherenkov), PGC (Pb-glass counter), SFT (Spiral Fiber Tracker), TOF (time-of-
flight).

Fig. 2. Schematic view of the SFT. Only the winding of the 4th layer is shown for
simplicity. The cross section of the four coiled ribbon layers is shown enlarged, where
open and filled circles indicate neighboring turns of the same ribbon. The ribbons are
separated at each end into two bundles for routing the fibers to the photosensors.
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