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Preface

This issue of Research Report of Laboratory of Nuclear Science reports research activities of the
LNS performed in the 2007 academic/fiscal year (April 2007 — March 2008). Major research activities
are based on the electron accelerator complex consisting of the 300-MeV LINAC and the 1.2-GeV STB
ring. The accelerators have altogether provided a beam time of about 1,760 hours for various
experiments through the year.

In the GeV-7 experimental hall, commissioning of the 47 spectrometer called FOREST, which is an
electro-magnetic calorimeter for neutral meson detection, has essentially finished, and data acquisition
of neutral mesons from the yp and yd reactions has started. The beam line which was developed to
provide low-intensity electron/positron beams with a momentum range from 200 to 850 MeV has come
to frequently use for developments of various detectors to be used in J-PARC, RIKEN, etc. In the
experimental hall 2, the D(y,K° experiments for neutral A particle production has started by using the
New NKS spectrometer. Various radioactive isotopes were produced by using high intensity beams
below 50 MeV at the experimental hall 1. They were served for element analyses as well as for detailed
study of decay properties of nuclei.

We hope that this Report will serve as a quick overview of the present LNS activities over a variety

of nuclear research fields.

Jirohta KASAGI
Director
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Performance of the Tagging System for GeV-v Beamline
STB-Tagger 11
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High energy photons shed light on nucleon resonances by measuring produced mesons on the nu-
cleon. In the GeV-v beamline [1], bremsstrahlung photons are used as a beam, which are generated
by inserting a carbon fiber (radiator) into circulating electrons on the STretcher Booster (STB) ring. A
tagging system has been constructed to determine the energy of the photon associating with the meson
produced event measured by a detector system on the beamline.

The STB-Tagger II consists of 116 telescopes of two scintillating fibers, and each telescope (tagger)
determines the trajectories of momentum-analyzed electrons which lose energy due to bremsstrahlung
at the radiator. The photon energy is determined from the difference of energies of the circulating and
recoil electrons. Details of the STB-Tagger II are described elsewhere [2]. The tagging energy of each
tagger is reported in the internal notes [3]. A part of the tagging energy calibration is also presented in
a research report of LNS [4]. In this report, the transmission rate of the photon, a low energy component

of the tagged photon, and a fraction of tagged photons to all the incident ones will be described.

§1. Transmission Rate
Some electrons which do not generate a photon caused by
1. Mgller scattering,
2. Coulomb multiple scattering on the radiator or the gas particle in the vacuum chamber, and
3. unstability of the circulating beam in the STB ring
come into the STB-Tagger I1. Even if photons are generated, they may not come to the target position

due to



1. large difference in direction between the generated photons and the beamline, and
2. conversion to positron and electron pairs with materials on the beamline.

The transmission rate is defined as a ratio of the number of associating photons coming to the target
position to the number of electrons that each tagger responds to. It is experimentally measured since it
is difficult to incorporate all the status of circulating electrons in the calculation.

The energy of incident photons is measured with an SF-5 lead glass Cerenkov counter with a size of
150 mm (W) x 150 mm (H) x 300 mm [5]. Undesirable charged particles in the beam are swept out with
a dipole magnet RTAGX [6]. The trigger for the data taking system is an OR signal of the STB-Tagger II.

The transmission rate for the i-th tagger T; is obtained as

T, = & (1)

where IN; is the number of signals from the i-th tagger and IN;' is the number of coincidences between
the i-th tagger and the SF-5 counter with the corresponding photon energy. Figure 1 shows a sample
of the measured transmission rate. The details of determining the transmission rate are described

elsewhere [7].
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Fig.1. Measured transmission rate. The circles show the transmission rate for 1200 MeV circu-
lating electron beam, and the triangles shows that for 920 MeV one.

The transmission rate as a function of the tagger channel shows two dips. These dips correspond to
the taggers to which supporting rods lie on the central orbit of ongoing electrons. The vacuum chamber
of the STB ring in the BM5 has a Ti window with a thickness of 50 um to introduce post bremsstrahlung
electrons into taggers. Two rods made of SUS support the window frame. The post bremsstrahlung
electrons impacting against these rods are not detected with the STB-Tagger II.

The circulating electrons have various momentum vectors at the radiator point. Some electrons
generating bremsstrahlung photons take different courses and are detected with the STB-Tagger II. The
corresponding photons are blocked with a lead aperture. These events deteriorate the transmission rate,

and make two dips in that as a function of the tagger channel. Figure 2 shows how the transmission



rate is deteriorated for the taggers which are shaded with the supporting rods.

Tagger

Lead Aperture
Recoil Electron |:|

GW

Fig.2. How the transmission rate is deteriorated for the taggers which are shaded with the
supporting rods. The photons generated by inclined electrons do not come to the target
point, while the post bremsstrahlung electrons do not hit the rods and are detected with
the STB-Tagger II.

Radiator

The transmission rate is estimated with a Monte Carlo calculation, and the measured one is qual-
itatively reproduced. Figure 3 shows the transmission rate estimated with the calculation. Its shape in
the lower channel region is determined by an effect of Mgller scattering electrons. Most of the Mgller
scattered electrons are blocked with an iron fence (field cramp) [8] for the reducing leakage magnetic

flux in the region where photo-multiplier tubes of the STB-Tagger II are placed.
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Fig.3. Transmission rate estimated with a Monte Carlo calculation. The left and right panels
show the transmission rates for 1200 and 920 MeV circulating electron beams, respec-
tively. The upper points show the transmission rate and the lower show the Mgller scat-
tering effects. The transmission rate obtained by the calculation qualitatively reproduces
the measured one.

$2. Low Energy Component of Tagged Photons
The measured energy of incident photons shows a low energy component for the tagging channels

larger than 102 [9]. This low energy component has been a long standing problem on the STB-Tagger II,
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Fig.4. Events with post bremsstrahlung electrons impacting against the frame of the Ti win-
dow. The energy of the generating photons is lower than that of the nominal tagged
photons. The left panel shows the ADC distribution for the 105-th tagging channel, and
the right one shows the trajectories of generated particles in such a event.

and a Monte-Carlo simulation has revealed its source. Some post bremsstrahlung electrons impacting
against the frame of the Ti window are detected with the STB-Tagger II. These electrons are mainly
detected with the tagging channel larger than 102, and the energy of the corresponding photons is lower
than that of the nominal tagged photons. Figure 4 shows the events with post bremsstrahlung electrons

impacting against the frame of the Ti window.

§3. Fraction of Tagged Photons

A fraction of tagged photons to all the incident ones was measured with the SF-5 counter located
on the GeV-v beamline. In the first step, the energy of the counter was measured where the trigger for
the data taking system was the OR signal of the STB-Tagger II. Energy calibration was made by using
these data so that the measured energy should be the incident photon one corresponding to the tagging
channel. Only the tagged photons without the low energy component were used in the calibration.
Figure 5 shows the mean of the ADC distribution as a function of the tagging energy. The photon energy

was obtained from the ADC value A as

A —178.87+0.01
1.3202 + 0.0001 *

In the next step, the energy was measured with the SF-5 counter where the trigger was the signal

E, = @)

of the counter itself. Figure 6a) shows the energy distribution measured with the SF-5 counter together
with that in coincidence with STB-Tagger II, and Figure 6b) shows a fraction of tagged photons as a
function of the energy measured with the SF-5 counter. Fractions of tagged photons in the photon
energy raging from 800 to 1100 MeV are about 65%. A fraction of all the tagged photons to all the
photons detected with the SF-5 counter were 7.22%.

Number of incident photons measured with the SF-5 counter depends on the threshold value of its

discriminator. The energy distribution was fitted from 0 to 1000 MeV with a function as

3312+ 0.04) ;1
9.23+0.03 U

where freq stands for the Gaussian convoluted step function [11]. The threshold values were found to be

3

f(Ey) = (5.91+0.02) freq (

corresponding to 33.12 + 0.04 MeV. Number of incident photons with the energy less than discriminator
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Fig.5. Mean of the SF-5 ADC distribution as a function of the tagging energy. The solid curve
shows the function (2).
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bution and the lower shows that coincidence with STB-Tagger II. The solid curve shows
the fitted function (3). b) Fraction of tagged photons as a function of the energy measured
with the SF-5 counter.



threshold were deduced as an integration of a function

f(Ey) = (5.91+0.02) E; 1%, (4)

from 2m,. to the threshold value where m. denotes the mass of the electron. The number of all the

incident photons were given by summing the numbers of photons detected with the SF-5 counter and

photons with the energy less than the threshold. A fraction of all the tagged photons to all the incident

photons was obtained to be 2.78%. The details of the analysis are described elsewhere [12].
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Complex FOREST
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A new electro-magnetic (EM) calorimeter complex FOREST with a solid angle of about 47 in total
has been planned, and has been partly constructed [1, 2]. FOREST consists of three EM calorimters
SCISSORS III, the LEPS Backward Gamma detector (BG), and Rafflesia II. A plastic scintillator ho-
doscope is placed in front of each EM calorimeter. In this year, the hodoscopes in front of BG have
been replaced, and Rafflesia IT has been constructed. A high speed data taking [3] and a solid hydro-
gen/deuterium target [4] systems have been also prepared for elementary meson photo-production exper-
iments with FOREST. A beam test for FOREST has been performed, and the 7 and 7 peaks are clearly

observed in the 4+ invariant mass distributions. We are now ready to carry out long term experiments.

§1. Replacement of the BG Plastic Scintillator Hodoscopes

Since the LEPS Backward Gamma detector (BG) was originally used at the Laser Electron Pho-
ton beam facility at SPring-8 (LEPS), the plastic scintillator hodoscope prepared for BG does not fit to
FOREST. The space for Rafflesia II has been already occupied by the light guides and photo-multiplier
tubes (PMT) of these scintillators. Figure 1 shows photos and a schematic view of BG. As shown in
Fig. 1, a space exists between the polar angle of 100 degrees and an upstream plate for supporting lead
scintillating fiber (Lead/SciFi) modules of BG. We planned to put all the light guides and PMTs of the
plastic scintillators in front of BG into this space. The number of plastic scintillators has been enlarged
from 12 to 18. Each plastic scintillator is connected to a small and light metal-packaged single-anode
PMT Hamamatsu R8900U through a fish-tail light guide. This type of PMTs are also used for plastic
scintillators in front of SCISSORS III [2]. The room for Rafflesia II has been obtained upstream of the
supporting plate of BG after the hodoscopes were replaced.

§2. Construction of Rafflesia II

Rafflesia II consisted of 36 SF-5 lead glass Cerenkov counters [5] in the original design of FOR-
EST [1]. The size of the SF-5 counter is 150 mm (W) x 150 mm (H) x 300 mm (T), and its density is
4.07 g/ecm3. Its performance has been investigated [6] by using the positron beams at LNS [7]. Since we
failed many times in making a solid hydrogen target fitted to FOREST, we decided to make a distance

shorter between a target holder and a vacuum chamber for a refrigerator of the target system. The
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Fig.1. Photos and schematic view of the LEPS Backward Gamma detector (BG). The left and
middle panels show a photo and a schematic view of BG before the plastic scintillator
hodoscopes were replaced, respectively. The space of Rafflesia II was occupied with the
light guides and photomultiplier tubes of the hodoscope. The right panel shows a photo
of BG after the hodoscopes were replaced.

chamber occupied some space reserved for the SF-5 counters.

The SF-6 lead glass Cerenkov counters were adopted for a large part of Rafflesia II instead of SF-5
ones to keep the large solid angle of FOREST. The size of SF-6 counter is 75 mm (W) x 75 mm (H) x
250 mm, and its density is 5.18 g/cm?®. Since the density of SF-6 is higher than that of SF-5, both have
the same lengths in a radiation length unit (11.8 X,). The higher position resolution will be obtained by
adopting the smaller module. We constructed Rafflesia II with the 52 SF-6 and 10 SF-5 counters on the
11th June in 2008. Figure 2 shows the schematic view and photo of Rafflesia II.

Fig.2. Schematic view and photo of Rafflesia II. The left panel shows the schematic view of
Rafflesia II. Two types of lead glass Cerenkov counters are used. The right panel shows
the photo of Rafflesia II.



§3. Beam Test

A beam test of the FOREST was performed from 16th June to 7th July in 2008. A high speed data
taking system [3] had been newly developed and ones for SCISSORS III and LEPS Backward Gamma
detector had been unified. Energies and timings of detectors were taken by ADC and TDC modules in 5
subsystems, one Tristan KEK Online (TKO), three VME, and one Fast Encoding Readout ADC (FERA)
on CAMAC systems. The digitized data were collected in each subsystem. All the digitized data were
finally collected with a personal computer (PC), and the data associating with the same trigger were
built to one event. Event tags generated with an FPGA module developed at LNS [8] were used to
confirm the trigger identification.

The trigger condition for the data taking system was described as

Z ([SigmaTagger ¢ ® [Nemc > 2]) - (1)
Channels of STB-Tagger II were divided into 16 groups so that the counting rate of each group should
be the same, and SigmaTagger 7 (¢ = 1...16) denotes an OR signal of each group. Crystal signals of
SCISSORS III were divided into 10 groups, and Lead/SciFi signals of BG were divided into 18 groups. An
output signal was generated in a SCISSORS III group when a linear sum of signals belong to it exceeded
the threshold. An output signal of a BG group was an OR signal of ones belong to it. The Ngyc > 2
stands for the signal which was generated when more than two output signals of SCISSORS III and BG
groups were generated.

A neutral cluster was selected as a « particle. The energy of the cluster was reconstructed as a sum
of the modules which joins it, and the unit vector of the momentum was reconstructed from an energy
weighted average of the position vectors of the modules from the target center. The energy calibration
was made so that the 7% peaks in the v~ invariant mass distribution should be w° mass. Figure 3 shows
~~ invariant mass distributions measured with FOREST. The 7 peaks are clearly observed. About

2,000,000 7° and 40,000 1 produced events are measured a day.
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Fig.3. The ~+ invariant mass distributions measured with FOREST. The left panel shows that
for the events two photons are detected by SCISSORS III. The middle one shows that for
the events one photons is detected by SCISSORS III and another is detected by BG. The
right one shows that for the events two photons are detected by BG.
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A new high resolution electro-magnetic (EM) calorimeter with a large solid angle is planned for
the precise study of nucleon resonances via 7° and 7 photo-production. A BSO crystal is a candidate
of modules which comprise the EM calorimeter. The performance of a prototype EM calorimeter made
up with 4 BSO crystals has been studied by using positron beams with energies ranging from 100 to
800 MeV. The energy resolution for 1 GeV positron corresponds to 1.75%. The decay time is roughly
estimated to be 136 ns from a pulse shape taken with an oscilloscope. The energy resolution for the

0.662 MeV photons from 137Cs has also been measured, and it is found to be 16.6%+0.2%.

§1. A New Large Solid Angle EM Calorimeter

A new EM calorimeter complex FOREST with a solid angle of about 4 in total has been constructed
in the GeV-v experimental hall [1] to study nucleon resonances via 7w and 7 photo-production. It con-
sists of three calorimeters: a forward one with CsI crystals, a middle one with lead scintillating fiber
(Lead/SciFi) modules, and a backward one with lead glass Cerenkov counters. The 7° and 1 mesons are
identified as a peak in the v+ invariant mass distribution. Thanks to the large solid angle of FOREST,
a background due to wrong combinations of 4’s is strongly suppressed, which do not form a peak of 7°
nor 7) in the mass distribution. The resolutions of the EM calorimeters with Lead/SciFi and lead glass
modules are 7.2% [2] and 4.9% [3] for 1 GeV positrons, respectively. The resolution of each calorimeter
is poorer than that of nominal inorganic scintillator crystals. A high resolution EM calorimeter with a
large solid angle is desired for the further precise study of nucleon resonances.

Since photons with an energy of several hundred MeV are mainly produced, inorganic scintillator
crystals with a good energy resolution in this energy region are required. A fast response is also required
to suppress pile-up events, and a short radiation length and no hygroscopicity are preferable. A BSO
crystal [5] is a candidate which satisfies the requirements among the available crystals. The BSO is a

bismuth silicate BisSizO2, produced by replacing Ge in BGO with Si.

§2. Experimental Setup
The performance measurement of a prototype BSO EM calorimeter was carried out by using positron
beams for testing detectors at LNS. The prototype EM calorimeter was constructed with a 2 x 2 array

of BSO crystals. Each crystal was 210 mm long with a cross section of 40 x 40 mm?, and was connected
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to a 1-inch photo-multiplier tube (Hamamatsu H7415MOD). Semi-monochromatic positrons with ener-
gies ranging from 100 to 800 MeV were used as incident beams. To determine the incident position of
the positrons, a beam profile monitor (BPM) was used. The BPM consists of two layers of scintillating
fiber (SciFi) hodoscopes and 16 SciFi’s with a cross section of 3 x 3 mm? were aligned in each hodoscope.
The upstream and downstream layers determine « and y positions from responding fibers, respectively.

Figure 1 shows the experimental setup for the energy resolution measurement of the calorimeter.

Positron Beam

Fig.1. Experimental setup for the performance measurement of a prototype BSO EM calorime-
ter. The 16 x 16 scintillating fiber hodoscopes are placed in front of the calorimeter to
determine incident positions of positrons.

The trigger condition of the data taking system was described as
[ fiber OR] ® [y fiber OR], (1)

where ® stands for the coincidence of signals. The maximum trigger rate was 3 kHz and a fraction of
accidental coincidence events was negligibly small. The energy calibration for the BSO modules was
made by using 300, 460, 590, and 750 MeV positrons injected onto the central region (3x3 mm?) of each
crystal one by one, and the gain of each crystal was adjusted so that peak positions for the same incident

energy should be the same.

$3. Energy Resolution

The energy of the calorimeter was reconstructed by the sum of 4 crystal energies as

4
E= Z E;. 2)
=1
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The events that positrons were injected onto the central region (3x3 mm?) of the EM calorimeter were
selected to suppress the energy leakage in the lateral direction. Figure 2 shows energy distributions for

all the incident positron energies.
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Fig.2. Energy distributions for all the incident positron energies together with the fitted func-
tion (3).

The energy distributions were fitted with a logarithmic Gaussian [3]

_ 2 g2
F(x) = N exp [—&;{log(l— wg_“n)} —;0], 3)

0

where o is described with a constant € = 2+/log4 as

2 ..
oo = Esmh 1%5. (4)

The parameters u, o, and n show a mean, a width, and an asymmetry, respectively. One gets a nominal

Gaussian function taking the limit of Eq. (3) as n becomes infinitely small.
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The linearity of the energy response was checked by the ratio of the reconstructed energy to the
incident positron energy. Figure 3a) shows the ratio as a function of the incident energy. The normaliza-
tion of the reconstructed energy is arbitrary. The non linearity of the energy response was less than 2%
for all the incident beam energies. The asymmetry parameter as a function of the incident energy was
also checked, and it was a constant within errors. Figure 3b) shows the asymmetry as a function of the

incident energy.
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Fig.3. The energy response as a function of the incident positron energy. a) The ratio of the
reconstructed energy to the incident energy. The normalization factor is arbitrary. b)
The asymmetry parameter. Both the values are almost constant for all the incident
energies.

The energy resolution og/FE was estimated from the mean p and width o of the reconstructed

energy distribution, the beam energy spread o, /s [4], and the width o, of the pedestal distribution as

(o g 2 g 2 g 2 vz

T ) -Gy @
E Iz 178 Iz

Figure 4 shows the energy resolution as a function of the incident energy. The energy resolution og/E

as a function of the incident energy E; was fitted with

1/2
OE 0.000 + 0.233 \ 2 1.466 + 0.032 \ 2 2
ZE(E) = —=—=2 e 977 +0.11 :
R {( E; ) ( VE; )”0977 - ©

where the units of the resolution and E; were % and GeV, respectively. The energy resolution is much

higher than that measured for an EM calorimeter consists of nine BSO crystals, 22 x 22 x 180 mm? [5]:

9 1/2
?(Ei):{<2'3\/j;'3> +(1.7j:0.2)2} . (7)

The energy resolution for 1 GeV positron corresponds to 1.74%, and it is extremely high. The details of

the analysis for the energy resolution are described elsewhere [7, 8].
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Fig.4. The energy resolution as a function of the incident positron energy. The open circles
show o /p and the filled ones show og/E. The data points for og/E are fitted with the
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§4. Decay Time

The decay time of the BSO crystal has been estimated from pulse shapes taken with a digital
phosphor oscilloscope (Tektronix DPO4104: 5 GHz sampling and 1 GHz bandwidth). The trigger for
taking pulse shapes is a coincidence signal of the central x and y BPM fibers to select the positrons
which inject onto the central region (3x3 mm?) of the crystal. Figure 5 shows the pulse shapes for some
positron energies.

The pulse shape from 0 to 800 nsec are fitted with an exponential function, and the obtained decay
times are 133.9, 136.4, and 137.2 ns for positron energies of 800, 670, and 500 MeV, respectively. The
fitting error is less than 0.1 ns, and the average value is 136 ns. The obtained decay time is longer than
that of a BSO crystal with a size of 22 x 22 x 180 mm? (~100 ns) measured by a single photo-electron
method [5]. The measured value from the pulse shape depends on how the EM shower grows in the BSO
crystal and where scintillation photons are produced. The details of the analysis for the decay time are

described elsewhere [8].

§5. Energy Resolution for 3Cs

The energy of the photons from 37Cs is 0.662 MeV and is so low that electron and positron pair
creation does not take place. The energy deposit of electrons generated by the photoelectric effect forms
a bump in the energy distribution. The energy resolution is given by the number of detected scintillation

photons.
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Fig.5. The pulse shape taken by an oscilloscope for positron energies of 800, 670, and 500 MeV
(RTAX currents of 450, 350, and 250 A) together with the fitted exponential functions.

The energy of ¥’Cs photons were measured with a BSO crystal with a size of 40 x 40 x 210 mm?.
A 2-inch photo-multiplier tube (Hamamatsu H6522) was connected to the crystal. Figure 6 shows the
ADC distributions taken with 137Cs together with a background distribution measured without the 137Cs
source which is normalized by a data taking time and a data taking efficiency. A net ADC distribution
for the 137Cs photons is obtained by subtracting the background distribution from the ADC distribution

with 137Cs.
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Fig.6. The measured ADC distributions. The left panel shows the ADC distributions taken with
137Cs together with a background measured without the '37Cs source which is normalized
by a data taking time and a data taking efficiency. The right panel shows the net ADC
distribution for the 13’Cs photons together with the fitted Gaussian.

The mean p and width o of the net ADC distribution was estimated by fitting with a Gaussian

function. The energy resolution for the '3’Cs photons are estimated as

T8 _ , 8)
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where p,, stands for the mean of the pedestal distribution. The width of the pedestal distribution is neg-
ligibly small as compared with that of the net ADC distribution. The energy resolution of 16.6%+0.2%
has been obtained, which corresponds to about 40 detected photons with the photo-multiplier tube. The
resolution is much higher than that of the first manufactured small BSO with a diameter of 20 mm
and a thickness of 39 mm (~32% [9]). The details of the analysis for the energy resolution for the 137Cs

photons are described elsewhere [10].
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A compact silica aerogel Cerenkov counter with fine-mesh type photo-multiplier tubes has been
developed to reject e e~ pair created events at a trigger level. The silica aerogel is covered with a highly
reflective material to lead emitted Cerenkov photons into the photo-cathodes. The efficiency of ete™

event identification is obtained to be more than 97%.

§1. Introduction

A magnetic spectrometer has been constructed in the 2nd experimental hall at Laboratory of Nu-
clear Science (LNS) to study photo-production of the K° meson [1], 777~ mesons [2], and the O+
baryon [3]. Many electrons and positrons are generated by the electro-magnetic interaction in a target.
To keep the data taking efficiency at a realistic level for a high intensity photon beam, it is important to
veto et e~ events at a trigger level.

An eTe~ veto counter should be placed just behind the target to response the eT e~ event efficiently
since electrons and positrons are bent inside a space with high magnetic flux density. One of w7~
mesons to which a K° meson decays has a momentum of 1 GeV/c at maximum. It is necessary that
the refractive index should be 1.01 or less so that 1 GeV/c  mesons can not emit Cerenkov photons. It
should consist of low amounts of substance so that the emitted particles are not much influenced with
them, due to the energy loss and multiple scattering.

The available space for the counter thickness is limited and is about 50 mm. To construct the
counter in a compact size with a few materials, silica aerogel has been selected. Diffuse reflectors have
been also selected to let the Cerenkov photons reach a photon detecting device. Fine-mesh type photo-
multiplier tubes (PMT) are employed since the magnetic flux density measures 0.4 T near the target. We
have selected the PMT with a quartz window, Hamamatsu H8409-70QB , because the most Cerenkov

photons have a short wave length.
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§2. Aerogel Cerenkov counter

The size of each silica aerogel piece is 132 (H) x 132 (W) x 22 (T) mm? and its refractive index
is 1.01. Two pieces are stacked to generate Cerenkov photons enough to get a high efficiency of eTe™
veto. Four PMTs are coupled to the aerogel in such a way that most of the charged particles produced
at the target can not go through the PMT materials. The two of them are located on the top of it, and
the others are on the bottom. Aerogel pieces are covered with a diffuse reflector to make the emitted
Cerenkov photons go into photo-cathodes of PMTs.

We have tested two types of diffuse reflectors. One is a Millipole membrane filter, HAWP00010,
with a thickness of 150 pm, a pore size of 0.45 pm, and a porosity of 79%. The other is a GORE-TEX
DRP backlight reflector sheet with a thickness of 500 um. The whole counter is wrapped with a sheet of
150 pm thick black paper [4]. Figure 1 shows the aerogel Cerenkov counter we made.

Fig.1. The silica aerogel Cerenkov counter. The left and right panels show the counter before
and after assembly, respectively.

$3. Experiment

The detection efficiency for the counter has been measured by using a 457 MeV electron beam [5], at
LNS, which is able to produce Cerenkov photons. Two experimental sets, with aerogel and without aero-
gel, have been performed. The experimental setup is shown in Fig. 2. We have detected small amounts
of Cerenkov photons without aerogel because Cerenkov photons are also generated in the air [6]. An-
other experiment has been carried out with a 80 MeV proton beam at Cyclotron Radio Isotope Center
(CYRIC), Tohoku University [7], to confirm no detection of Cerenkov photons due to low energy protons.

We have used two scintillating fiber hodoscopes, = and y, to make a trigger signal, which is a

coincidence signal between x and y as
(x fiber OR) ® (y fiber OR). (1)

The pedestal data have been also taken by a clock trigger.
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Fiber(x)

Fig.2. Experimental setup at LNS. Two scintillating fiber hodoscopes are used for a trigger
counter. The silica aerogel Cerenkov counter is located in front of the two hodoscopes.

§4. Data analysis
ADC data of four PMTs have been obtained under every experimental setup. Figure 3 shows ADC

distributions for electrons with a GORE-TEX sheet where aerogel is placed in the counter.
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Fig.3. ADC distributions for electrons with a GORE-TEX sheet where aerogel is placed in the
counter. The dotted histograms show ADC distributions with the fiber trigger, and the
solid histograms below 300 show the distributions with the clock trigger.

Each peak of pedestals corresponding to solid histograms has been fitted by a gauss function. The
peak value p and standard deviation o of the fitting function have been determined. Two counting ratios
are defined as

~ Napc>p+3o

Ry = 2228729 5100, and (2)
! Nryig
Nmulti
Ry = ADC>1t30 10, 3)
Trig
Nryig is the total number of taken events. Napcs 430 OF Ngnﬁlét; it 30 is the number of events of which
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“one” or "more than one” ADC value exceeds p + 30. In Table 1, the counting ratios R; and Ry are

summarized.

Table 1. The counting ratio R; and Ry for the electron and proton beams.

for electrons for protons
Millipole filter | GORE-TEX sheet | Millipole filter | GORE-TEX sheet
R, w/ aerogel 97.9+0.3 99.1+0.3 13.04+0.1 —
w/o aerogel 30.9+0.2 74.5+0.2 15.54+0.1 —
Ry w/ aerogel 82.6+0.3 90.7+0.3 0.7+0.0 —
w/o aerogel 4.4+0.1 33.0+0.1 1.0+0.0 —

The ratio Ry with aerogel and the Millipole filter gives the lowest efficiency 0.7% for the proton
beam, and 82.6% for the electron beam. In the planned experiments, eTe~ pairs pass through the
Cerenkov counter even in the magnetic field, since it is placed just downstream of the target. Therefore
the ete™ detection efficiency would be about 97% for the counter with the Millipole filter and 99% with
the GORE-TEX sheet. The determination method Ry, in which multiple response events are used, is

suitable for rejecting et e~ events without rejecting proton events.

§5. Conclusion

The detection efficiency for one electron is 82.3% for the counter with the Millipole filter and 90.7%
with the GORE-TEX sheet. The fraction of which protons are mistaken for electrons is 0.7% with the
Millipole filter. The efficiency for eTe~ events would be 97% with the Millipole filter and 99% with the
GORE-TEX sheet.
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A new electro-magnetic (EM) calorimeter complex FOREST consists of three independent calorime-
ters [1], covering a solid angle of about 47 sr in total. An SF-5 lead glass Cerenkov counter array Raffle-
sia II is employed to cover backward angles from 110 to 170 degrees of FOREST. The energy resolution

of the SF-5 counter has been measured using a positron beam with energies up to 800 MeV.

§1. Experimental setup

The energy resolution of the SF-5 lead glass Cerenkov counter was measured at the electron/positron
beamline dedicated to testing detectors at LNS. It consists of an SF-5 lead glass with a size of 150 mm
(W) x 150 mm (H) x 300 mm and a 5 inch photo-multiplier tube (Hamamatsu R1250) directly connected
to the lead glass, and it was manufactured by Ohara Optical Company [2]. The SF-5 lead glass is a
mixture of 55% PbO, and 45% SiOs by weight, its density is 4.07 g/cm?, and its radiation length (X)) is
25.4 mm. The thickness of the counter corresponds to 11.8X.

Momentum-analyzed positrons were used as an incident beam with the energy ranging from 100 to
800 MeV . A beam profile monitor (BPM) was used to specify the position of the incident positrons. BPM
consists of two layers of scintillating fiber (SciFi) hodoscopes. Each hodoscope is composed of 16 SciFis
with a cross section of 3 x 3 mm?. The upstream and downstream layers determine the = and y positions
of the incident positron, respectively. Figure 1 shows the experimental setup for measuring the energy
resolution of the SF-5 counter.

The trigger condition for the data acquisition system is described as
[z fiber OR] ® [y fiber OR], (1)

where ® means coincidence of signals. The maximum singles rate of the SF-5 counter was 4 kHz and a
fraction of accidental coincidence events was negligibly small. The energy resolution was measured by
using positrons bent with a RTAGX current from 50 to 450 A ( about 100—-800 MeV/c) [3] injected on to

the central region (9x9 mm?).

§2. Energy Response
The measured energy E is determined by subtracting the mean of the pedestal distribution Aeq

from the ADC value A as

E=A— Ay @)
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Fig.1. Experimental setup for measuring the energy resolution of the SF-5 counter. The 16 x
16 scintillating fiber hodoscopes are placed in front of the calorimeter to determine the
position of incident positions.

The unit of the measured energy E is arbitrary. The positrons injected on to the central region (9x9 mm?)
were selected in the energy measurement to suppress the energy leakage out of the SF-5 counter in the
lateral direction. The linearity of the energy response was checked with the ratio of the mean of the
measured energy distribution to the incident positron energy E.+. Figure 2 shows the ratio as a function
of the incident energy. The difference of the ratio is less than 1% for E.+ < 0.6 GeV and 5% for all the
data.

The measured energy distribution for each incident positron energy was fitted with a Gaussian
function, and the mean (1) and width (o) of the distribution was determined. The energy resolution is
obtained as

OF _1
N i 3)

The energy spread of the positron beam and the smearing of the pedestal distribution is much smaller
than the energy resolution of the SF-5 counter, and they do not affect the obtained resolution. Figure 2
shows the energy resolution as a function of the incident positron energy.

The energy resolution og/F may be expressed as

o _ ) (a2)\? a; \? 21/2 (4
E (13)*(@) tape )

The function (4) is fitted to the data to give the result,

1/2
oE 0.51 =+ 0.07 \ 2 4.06 + 0.01 \ 2 5
B g )= 22— 20 ) .
& (Ber) {( o ) +( o ) +(2.70 £ 0.14) , (5)

where the energy resolution and E_+ are given in % and in GeV, respectively. The energy resolution for

1 GeV positrons corresponds to 4.9%. The energy resolution of the SF-5 counter is much higher than

that of lead scintillating fibers (7.2%) [4]. The details of the analysis are described elsewhere [5].
Rafflesia II was constructed on the 11th June in 2008, and 10 SF-5 counter are used in it. The

details of construction of Rafflesia II are reported [6].
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Fig.2. Ratio of the mean of the measured energy distribution to the incident positron energy.
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We have developed a data acquisition (DAQ) system for a 47 electro-magnetic (EM) calorimeter
complex, FOREST [1, 2]. The FOREST consists of three EM calorimeters and front-end electronics of
different parts comply with different standards. The number of detectors to be read out is extremely
increased as compared with that of SCISSORS II. Since FOREST has been constructed step by step over
3 years, we added and reconfigured the front-end electronics at every stage. Therefore, our requirements
on the DAQ software are scalability and flexibility as well as capability of high speed up to 2 kHz trigger
rate. The new DAQ system has been introduced to the FOREST experiment since early June 2008. The
DAQ efficiencies have been achieved to be 88% and 76% for 1 kHz and 2 kHz trigger rate, respectively.

$1. Framework of DAQ System

The DAQ software framework consists of collector, event builder, and recorder processes based on
the C++ language [3]. Figure 1 shows the dataflow of the DAQ system. Event data transfer and com-
mand communication between different subsystem processes are handled via the Transmission Control
Protocol/Internet Protocol (TCP/IP). Each TCP/IP communication uses a different port number.

The collector is a readout process which gathers the data from the front-end electronics and converts
the data coming from different modules to a single output stream. The output stream is built with a basic
information including a run number, an event sequential number and a collector ID number, and is sent
to the event builder process. In general, more than one collector is used at the same time. The event
builder process receives the data of event fragments from collectors, and unifies a complete event. The
incoming data fragment is strictly combined according to an event sequential number and is attached
with a basic information. The output stream is sent to the recorder process to be stored in a data file on
a hard disk. The recorder process attaches a basic run information to the event data, which contains a
time stamp, the number of events stored and comments to the data file.

This framework is easy to add and replace the collector processes and to allow the development

of the reconfigurable hardware. Usually we use more than one collector in order to handle different
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Fig.1. The dataflow of the DAQ system. The data are gathered by collector processes from the
front-end electronics. An event builder process receives the data of event fragments from
the collectors and builds a single output stream which is stored in a data file by the
recorder process.

Recorder

Y

Event Builder

electronics standards. Since the main part of the DAQ dead time is caused by readout processes of the
front-end electronics, parallel readout of adequate number of collector systems achieves high trigger rate
and high DAQ efficiency.

§2. Subsystem Configuration of the FOREST Experiment

All the subsystem processes work on different computers in order to reduce the load level. The data
communication between the collectors and the event builder uses a private gigabit Ethernet network
dedicated to the DAQ system. An event trigger signal is distributed to each collector and is read in a
polling mode through a REPIC Interrupt & I/O Register RPV-130 in a VME system. Figure 2 shows the

DAQ configuration. We have employed 5 collectors described as follows:

o TKO-SMP collector
The front-end module is a REPIC TDC RPT-140 in a TRISTAN/KEK Online (TKO) system. The
timing signals from SCISSORS III [1, 4] are measured in this collector system. The digitized data
are collected and stored with Super Memory Partner (SMP) modules in a VME system through
Super Controller Head (SCH) modules in the TKO systems. All the digitized data in the SMP
buffer are finally accumulated in a Sanritz PC/AT compatible VME module SVA041 single board
computer through the VMEbus.
Since SMP has two data buffers, it is possible to send the data from the TKO system to SMP during
the data transfer from SMP to SVA041. After a module conversion time of 80 usec, SMP receives a
signal to ask SCH to execute a sparse-data-scan. A SMP busy signal is released and a trigger signal
is sent to the TKO-SMP collector through a RPV-130 after the sparse-data-scan. The collector asks
SMP to switch the recording buffer to the other one and releases the event veto signal. Then SMP
is ready to receive the next data from the TKO system. This buffer switching is occurred event
by event. The dead time of this collector process is about 110 usec. This is caused by conversion,
sparse-data-scan, and data transfer from the TKO system to SMP.

¢ FERA-UIO collector
The energy deposited in the Backward Gamma (BG) detector [5] is digitized by a LeCroy 4300B
Fast Encoding and Readout ADC (FERA) in a CAMAC system. The data are collected from a
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Fig.2. The DAQ subsystem configuration of the FOREST experiment. The number of collec-
tors is 5. The computers in which the collector and event builder processes work are
connected to a private gigabit Ethernet network.

LeCroy 4301 FERA driver in the CAMAC system through a FERA bus and temporally stored in a
universal I/0 (UIO) module [6] in a VME system. The UIO has two data buffers and each buffer
is switched to the other every 20 events. After receiving a buffer change request signal, the UIO-
FERA collector asks UIO to switch a recording buffer to the other one, and releases an event veto
signal. The data sorted in one buffer of UIO are transferred every 20 events to the FERA-UIO
collector which works on a SVA041 in the VME system, while the every-event data fragments from
FERA are stored in the other one. The collector slices the data stream from UIO into 20 event
fragments and sends an output stream in the order of event sequential number.

The ADC data are read without pedestal suppressions; the dead time of every event is about

120 psec. This is mainly caused by the bus communication speed between UIO and FERA.

¢ VME-TDC collector
The timing signals from the BG detector are measured with CAEN V1190A 128 Ch Multihit TDC

modules in a VME system. The digitized data are transferred to a personal computer (PC) in



29

Table 1. The number of channels connected to the front-end electronics of each collector. The list
is classified by the FOREST detector assembly. The last line shows the average dead
time of each collector. The TDC modules used are REPIC RPT-140 and CAEN V1190A.
The ADC modules used are LeCroy FERA and CAEN V792. The REPIC RPC-160 is a

scaler module.

TKO-SMP FERA-UIO VME-TDC VME-XDC VME-ADC

RPT-140 FERA V1190A RPC-160 V1190A V792 V792
STB-Tagger 11 116 — — 116 — — —
SCISSORS III 192 — — 10 — — 192
Backward Gamma — 252 252 — — — —
Rafflesia II — — 48 — 14 62 —
Plastic scintillators — — — — 90 90 —
Others — 3 4 12 1 — —
Total 308 255 304 138 105 152 192
Dead time (usec) 110 120 <50 — <40 <40

sequential mode via a SBS Technologies (Bit3) PCI-VME interface 620. Since the data buffer of
V1190A is a First-In First-Out (FIFO) structure, it is possible to read out the data stored in the
FIFO buffer while the other data taking process, conversion and setting the data to the FIFO buffer,
is being treated. The dead time is less than 50 pusec and negligibly small.
The VME-TDC collector also handles REPIC RPC-160 scaler modules in a CAMAC system via a
TOYO Corporation CAMAC controller CC7700. The scaler data are collected every spill off.

¢ VME-XDC collector
The VME-XDC collector consists of a CAEN V1190A module and CAEN V792 32 Ch QDC modules.
The deposited energy and the timing signals from plastic scintillator detectors in front of the EM
calorimeters [2] are digitized by these VME modules. The data are gathered in sequential mode by
a SVA041 in a VME system. Since the data buffer of V1190A and V792 are FIFO, the dead time is
less than 40 usec and negligibly small.

¢ VME-ADC collector
The energy from each crystal of SCISSORS III is digitized by a CAEN V792. The data are collected
by a SVA041 single board computer in a VME system. Since the data buffer of V792 has a FIFO

structure. the dead time is less than 40 usec and negligibly small.

The number of channels connected to the front-end electronics of each collector are summarized in the

Table 1. The average dead time of each collector is also listed.

§3. Beam Test

A performance study using a v-beam was carried out in June and July 2008. The trigger condition
for the DAQ system was more than one cluster hit measured by FOREST and at least one hit measured
in STB-Tagger II [7, 8]. The typical data size was 2 kB/event with a liquid hydrogen target with a
thickness of 40 mm. All the ADC data were read out without pedestal suppressions. The DAQ dead time
was about 120 usec. This is mainly caused by the FERA-UIO and TKO-SMP collector processes, and
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the dead times of the other collectors were negligiblly small. The DAQ efficiencies were about 88 % and
76 % for 1 kHz and 2 kHz trigger rate, respectively.
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A new cryogenic target production system for a 47 ~-ray detector FOREST has been installed in
the GeV-v experimental hall. The achieving temperature at the target is 4.5 K. It can maintain solid or
liquid He/Ds. The target system enables us to make up solid or liquid hydrogen in a short time ~2 hours

after 3 hour-precooling.

§1. A New Cryogenic Hy/D, Target Production System

We have constructed a 47 ~-ray detector named FOREST [1] in the GeV-v experimental hall at
Laboratory of Nuclear Science. The FOREST is used for the study of elementary reactions such as
N(~,7%)X. A hydrogen/deuterium (Hz/D3) target is important in our study. We need to construct the
Hy/Dy target fitted to the FOREST detector. At first, we constructed a solid hydrogen target in a small
vacuum chamber, using a cryostat. Then, we have made many tests under various conditions with a
new vacuum chamber, which is planned to be used in our experiments. We have succeeded in making
a solid hydrogen target. The new cryogenic Ho/Ds target system consists of three parts: a gas cooling
system, a heat shield defending a cryostat from heat radiation, and a vacuum chamber. Figure 1 shows

a schematic view of the system.

CFRP Heat shield

Target cell
Target pipe

Vacuum chamber
Refrigerator

Fig.1. Schematic view of a target system.
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1.1 Gas cooling system

A gas cooling system is mainly comprised of two parts: a 1000 mm long target pipe and a 2-stage
Gifford-McMahon refrigerator. The target pipe made of aluminium is mounted on the top of the 2nd
stage of the refrigerator. The target cell is located at the end of the pipe. A solid or a liquid Hy/Dy target
is made up in the cell.

We used, at first, a target pipe made of an A6063 aluminium alloy and a Sumitomo Heavy Industries
SRDK-408D-W71C cryocooler (31 W cooling power at 40 K for the 1st stage and 1.0 W cooling power at
4.2 K for the 2nd stage). Our target pipe is so long that we can not cool down the cell enough for making
solid Hy/Ds because of thermal conductivity of A6063 and refrigerator’s power shortage, so we replaced
the target pipe and the refrigerator with new ones. A Sumitomo Heavy Industries SRDK-415D-W71C
is used for a new refrigerator. Its cooling power is 35 W at 50 K for the 1st stage and 1.5 W at 4.2 K for
the 2nd stage. We also made a new target pipe made of 4N pure-aluiminium which has 10 times higher
thermal conductivity than A6063. Figure 2 shows thermal conductivity as a function of temperature for
some materials [2]. Pure-aluminium is proper to our target system since it has good thermal conductivity

at our operation temperature ~10 K.

=i Al-alloy

Thermal conductiviy « [Wiem K]

Tergarsnre T [K]

Fig.2. Thermal conductivities as a function of temperature for some materials. Pure-aluminium
has high thermal conductivity at our operation temperature ~10 K.

1.1.1 Target cell with the target pipe
A size of the target pipe is 1000 mm long, 65 mm and 61 mm for outer and inner diameters, respec-
tively. A target cell with a thickness of 40 mm is located at the end of the target pipe, and the inner

diameter of the cell is also 61 mm. The center of the cell is 920 mm downstream from the refrigerator.
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Two 12.5 pm aramid films are epoxied upstream and downstream of the target cell to separate target re-
gion from vacuum. A pre-cooled pipe combines the cell with compressed Hy/D5 gas cylinders. Because of
a high cooling power of the refrigerator and good thermal conductivity of 4N pure-aluminium, achieving

temperature of the target cell is 4.5 K.

1.2 Heat shield
The cryostat is protected from heat radiation by the heat shield having two components: a Cu shield
and a cylindrical Al shield. The Cu shield, mounted on the top of the 1st stage of the refrigerator, is 4 mm
thick and has high thermal conductivity. The cylindrical Al shield, connected to the Cu shield, surrounds
the target pipe. The total length of the Al shield measures 1775 mm. The shield thickness is 0.5 mm

around the target cell.

1.3 Vacuum chamber

The cryostat and the heat shield are placed in the vacuum chamber. The vacuum chamber comprises
a vacuum cylinder and a vacuum duct made of carbon fiber reinforced plastic (CFRP) [3]. The target
pipe and the Al shield are placed in the CFRP duct, which is employed to reduce the conversion rate of
outgoing photons from the target cell. The CFRP has a disadvantage in the large emissivity of thermal
radiation. Emissivity is about 1 for CFRP although that is about 0.1 for most of metals. The target pipe
and the heat shield are surrounded with super insulation films (a 6.45 pym thick corrugated aluminized
Mylar sheet: an aluminium deposited layer is 0.05—0.06 pm in thickness and a polyester sheet is 6.4 pm
thick). They reduce the heat radiation from the CFRP to the heat shield and also from the heat shield to
the target pipe.

§2. Gas Handling System

The gas flowing should be controlled finely at making, holding or vaporizing a cryogenic target by
using some valves, vacuum gauges and vacuum pumps. Vacuum pumps are also used for vacuuming a
chamber. Figure 3 shows schematic view of a gas handling system with a vacuum system.

The valve A and the scroll pump B (Edwards XDS5 Dry Pump) are used for purging an initial gas
line with a target material. Valves B and C protect a purifier from vacuuming and air inflowing. The
valve D which is a needle valve of a flow meter (Kofloc RK-1250) is mainly used for controlling gas
pressure. Gas pressure in the gas line (nearly equal to in the cell) is measured by a vacuum gauge (MKS
Baratron 122A) placed between the flow meter and the target cell.

A turbo molecular pump (Oerlikon Leybold Vacuum TURBO VAC 361) is combined with the vacuum
chamber and the scroll pump A (Busch Fossa FO-0018B) is used for pre-vacuuming. The degree of
vacuum in the chamber is measured by a Pirani gauge (ULVAC GP-1S with a sensor WPB-10) and a
ionization vacuum gauge (ULVAC GI-M with a sensor M-13). The vacuum chamber is connected to a
buffer tank (always evacuated) through a safety valve. If the pressure in the chamber is 0.05 atm higher
than in the buffer tank, the safety valve automatically opens and the gas flowing from the chamber to

the tank occurs. For discharging a target material gas, the scroll pump B and the valve G are used.
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Fig.3. Gas handling system.

A compressed nitrogen cylinder is installed on the gas

line between the flow meter and the vacuum

gauge. It’s used for breaking a vacuum in the chamber and the gas line. The nitrogen flowing is handled

with valves E and F.

$3. Temperature Controlling System

It is important for safety operation to monitor and control temperatures of the target cell and the

heat shield. A temperature controller (LakeShore model

331S), a temperature monitor (LakeShore

model 218S), sensors (CX-1030-SDC, CX-1070-SD) and heaters (HTR-25) are used for a temperature

controlling system. Figure 4 shows positions of temperature sensors and heaters. Sensors A and B are

used as a reference point to maintain the cell temperature.

Cu shield 2 2 Al shield 4

o Pipe
1

B [ ]
::I Cell
A

Fig.4. Positions of temperature sensors and heaters.
sensors A and B are referred.

§4. Making and Holding a Cryogenic Target

heater 1 with the cell

heater 2 with the gas pipe

To maintain the cell temperature, the

Thanks to excellent thermal conductivity of 4N pure-aluminium, a cryogenic target can be made up

quickly. Using a temperature control system, both the solid

phase and the liquid are selectable. The gas

pressure and the cell temperature are kept stable for a long time.
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4.1 Making a cryogenic Ha/Do target
To make up solid hydrogen, a temperature of the target cell should be less than 10 K. Because of
good thermal conductivity of 4N pure-aluminuium, the cell temperature is cooled down below 10 K after
3 hour-precooling, and it takes only 2 hours to make up solid hydrogen. We can easily change targets
from hydrogen to empty or deuterium without changing the cooling system. Figure 5 shows a photo of

the solid hydrogen target.

Fig.5. A photo of the solid hydrogen target.

It is important to keep the temperature of a gas-inlet above the triple point of the target material,
13.8 K for hydrogen and 18.7 K for deuterium, so that the gas flowing is not blocked by frozen Hs/Ds in
the gas-inlet. The gas pressure should be maintained at a proper value, which should be kept between
the melting and the boiling point. The target material in the gas-inlet should be maintained in the
liquid phase by using the temperature controller. For example we make a liquid target, operations are
conducted at 14-15 K of temperature and about 240 torr of gas pressure for hydrogen, at 19-21 K and
about 240 torr for deuterium. Figure 6 shows trends of the cell temperatures and the gas pressure
during making the liquid hydrogen target. The temperatures of the cell and the gas pressure were well

controlled.

4.2 Holding a cryogenic target
The cryogenic solid target is maintained for a long time because the cooling system has a sufficient
power. The liquid He/Ds target can be also kept in safety. Figure 7 shows trends of the temperatures and
the gas pressure of the target cell with liquid deuterium during a week beam time. The heater power is

controlled with the sensor A attached to a lower part of the target cell.
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We investigated the response of pure Csl and BaFs electron calorimeters for SCRIT experiments
using electron beams and cosmic rays. We compared the measured results with calculations by GEANT3,
and found that the inclusion of housings for crystals into GEANTS3 calculations is essential in order to
obtain the correct response of the detectors. Energy distribution of the cosmic rays also affects the
results of the calibration very much, and the use of the accurate energy spectrum is important when the

calorimeters are calibrated using cosmic rays.

§1. Introduction

The feasibility study of SCRIT (Self-Confining Radioactive Isotope ion Target) [1, 2] has been done
using 121 MeV electron beams at KSR (Kaken Storage Ring) in Kyoto University. In the experiment, the
energy of electrons elastically scattered from trapped Cs ions was measured using electron calorimeters
of pure CsI and BaF5. Those calorimeters were calibrated using cosmic rays and scattered electrons from
a tungsten wire by comparing the measured spectra with results of GEANTS3 simulations. Experiments
with electron beams were performed at KSR in Kyoto University and LNS in Tohoku University. As
data obtained at LNS have problems due to light leak for the CsI detectors, the results obtained from

the measurements at KSR and from the cosmic rays are included in this report.

§2. Experimental Setup

Figure 1 shows a schematic view of the SCRIT experiment, which has been set up at KSR in Kyoto
University. Cesium (Cs) ions injected from an ion source are trapped in the potential produced by the
SCRIT electrodes and an electron beam. A tungsten wire with 50 pum diameter can be inserted onto
the electron beam at 6 cm upstream from the center of SCRIT. The energy of scattered electrons is
measured using CsI at 30° and BaFy at 40° and 60°. The distance of the front of the calorimeters from
the center of SCRIT is 1750, 1180 and 790 mm for 30°, 40° and 60° detectors, respectively. Two plastic
scintillation counters have been installed between the drift chamber and each calorimeter. Another
plastic scintillators have been distributed around the calorimeters for measurement of the cosmic rays,

which are used as veto counters during the measurements with the electron beam. The drift chamber
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determines the vertex point and the angle of the scattered electrons. Each calorimeter consists of seven
optically isolated crystals; each crystal has a hexagon cross section and its length is 20 cm. The cross
section of the CsI and BaF crystal is 41.6 cm? and 39.9 cm?, respectively. Each crystal is contained in a
1.5 mm thick aluminum housing, and seven detectors are set in a cylindrical case of stainless steel. The

light signal generated in the crystals is converted to the current signal by photomultipliers.

Ion source

Electron beam

v

B b i 1./

Fig.1. Prototype SCRIT and experimental setup.

§3. Calibration of Calorimeters using Cosmic Rays and a Wire Target

The calorimeters were calibrated using the cosmic rays and scattered electrons off a tungsten wire
target at KSR. The calibration using cosmic rays alone was applied before the wire target was installed.
The calorimeter at 60° was calibrated using only cosmic rays because the number of the scattered elec-
trons was not enough for the calibration. Aluminum housings with a thickness of 1.5 mm for the crystals
were included in the calculation; they influence the simulated spectrum very much, as shown in the fol-
lowing section.

The propriety of the calorimeters was evaluated using spectra of electrons scattered off the tungsten
wire target. The ADC spectrum of each crystal was fitted with that calculated using GEANT3 program
to determine the calibration parameter for each crystal. The simulation includes the radiative correction
at the scattering point, the energy loss in materials between the target and the calorimeters, and the
formation of the shower and the energy dissipation in the calorimeters. The energy spectra measured
by the CsI calorimeter at 30° and BaFy calorimeter at 40° are compared with that calculated using

GEANTS simulation in Fig. 2; the calibration parameter for each crystal was determined by fitting
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the measured spectrum to the calculation. The figure indicates that the shapes of the elastic peak of

measured and calculated spectra are almost identical. A considerable background exists below 50 MeV.
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Fig.2. Total energy loss distribution in 7 crystals of the calorimeters for electrons scattered by a
tungsten wire. (left: CsI calorimeter at 30°, right: BaF; calorimeter at 40°). (dashed line:
spectrum calculated with GEANTS, solid line: measured spectrum where the calibration
parameter for each crystal was obtained from fitting the data to the calculation.

The calibration of the calorimeters using cosmic rays is also useful. The high-energy cosmic rays
penetrate the crystals; the main part of the cosmic rays is thought to be the muon. At the first stage,
the energy distribution of muons was assumed to be constant from 0.5 to 10 GeV. The intensity of the
cosmic rays was supposed to have the zenith angle dependence of cos?6. The fitting for each crystal and
that for addition of the signals were fairly well (Fig. 3). However, the spectrum of electrons elastically
scattered off the tungsten wire, which were measured by the CsI calorimeter with a 121 MeV electron
beam at KSR, is 20 MeV higher than the calculation using GEANT3, as shown in Fig. 4, when we use
the calibration parameter determined using cosmic rays for each crystal. The result indicates that the
calibration using the parameters obtained using cosmic rays cannot reproduce the absolute value of the
energies of electrons scattered off the tungsten wire.

One of the reasons is thought to be unrealistic assumption for the energy distribution of the cosmic
rays. Figure 5 shows a dE/dx curve for the muon; it has a minimum around 2 GeV and increases to-
wards lower energy. It means that the low energy component of the muons affects the energy dissipation
of the cosmic rays in the calorimeters very much. Parameters for calibration were deduced by comparing
the measured spectrum and calculated ones by GEANTS3, where the flat spectrum of muons from 0.5
to 10 GeV (Fig.6) and a more realistic spectrum were used. The realistic muon spectrum was obtained
from the BESS data [3] including the energy loss in the concrete ceiling of the experimental hall. In Fig.
7 spectra for the Csl calorimeter deduced using calibration parameters using cosmic rays are compared

with the spectrum shown in Fig. 2; the solid lines in Figs. 2 and 7 are same. The energy spectrum using
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Fig.7. Total energy loss distribution in 7 crystals of the CsI calorimeter for electrons scattered
by a tungsten wire. (solid line: spectrum using calibration parameters obtained from
fitting with the data themselves, dashed line: spectrum using calibration parameters
obtained from cosmic rays.) (left: a flat spectrum of cosmic rays is used, right: a realistic
spectrum of cosmic rays is used.

parameters obtained by assuming the flat muon spectrum shifts to higher energies than the spectrum
using parameters obtained from data of scattered electrons off the tungsten wire (left panel in Fig. 7).
The spectrum using parameters assuming a realistic muon spectrum largely improves the reproduction
although the difference of 3 MeV still remains (right panel in Fig. 7). It means that the use of the

accurate spectrum is important when the calorimeters are calibrated using cosmic rays.

§4. Influence of Housing for Crystal

Each crystal of the calorimeters was contained in aluminum housings. Some parts of particles
dissociate their energies in the housings, and their energies are removed from the signal. It worsens
the energy resolution of the detectors. As effective thickness of the housings for the particles that move
nearly parallel to the axis is much larger than the actual thickness, influence of the housings is larger
for scattered electrons than for cosmic rays. The energy dissipation in the CsI crystals calculated by
GEANTS3 is shown for no housings (solid line) and for 1.5 mm thick aluminum housings in Fig. 8. In
the calculation, electrons of 121 MeV are distributed in the area of 13 cm x 13 ¢m. It indicates that the

thickness of the housings should be as thinner as possible in order to improve the resolution.
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Fig.8. Influence of housings for crystals. Total energy loss distribution in 7 crystals of the Csl
calorimeter was calculated for 121 MeV electrons by GEANTS. (solid line: spectrum with
no housings, dashed line: spectrum with 1.5 mm thick aluminum housings.)
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We have performed a beam test for a wire sampling calorimeter made of alternating tungsten wires
and scintillating fibers. The calorimeter shows energy resolution as o/E=13.2 % at the 1 GeV, which is

mainly due to sampling fluctuation of electromagnetic shower.

§1. Introduction

The motivation of a wire sampling calorimeter is to make a dense calorimeter (short radiation
length (X)) having a high detection efficiency for low energy photons. By using tungsten wires as a
converter, we can achieve its radiation length (X)) as 0.7cm shorter than that of the PWO crystal. We
use scintillating fibers as an active detector that enables us to extract the scintillation light to the PMT
with small attenuation. By using small cross-sectional fibers, we can achieve high detection efficiency
especially for the low energy photons. It is another attractive feature of the wire calorimeter to adjust
radiation length by proper selecting of the converter material and to produce a long calorimeter module

quickly with low cost.

§2. Module Fabrication and Beam Test

Figure 1 shows a photograph of fabricated module consisting of alternating I1mm-square tungsten
wires and scintillation fibers. Figure 2 shows energy resolution of the calorimeter as a function of inci-
dent positron energy. We got the energy resolution as o/FE = 13.2 % at 1 GeV, which is mainly deter-
mined by a sampling fluctuation due to poor visible ratio. The attenuation length of the calorimeter was

obtained 102 cm, which agreed with the result of the single fiber test with a radioactive source.

§3. PWO Test

An additional test was performed during the beam time: a measurement of position dependency at
the glued PWO crystal. A 50-cm long PWO crystal is a candidate of a beam collar calorimeter. Instead of
fabricating such a long crystal, we try to glue two crystals that is an effective way. Since the light output

is very sensitive to the condition of glue, we have tested several candidates of glues. The result of bench
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test by using the cosmic rays was not conclusive due to its small energy deposit and poor statistics. With
the positron beam, we could check the position dependency of the light yield. As shown in Fig. 3, the
light output was dropped by 12% due to the joint, which will guide us to further study.
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Fig.3. Position dependency of light yield. At the boundary of two adjoint crystals, 12% of light
was lost.
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Test of Detectors to be Used in J-PARC
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We performed a test experiment in order to see the performance of detectors to be used in J-PARC
E03 and E13 experiments. We have tested the following: a) Timing resolution of scintillation counters
for time-of-flight (TOF) measurement, b) Photoelectron yield for plastic scintillation counters with wave-
length shifting fiber readout, c¢) Readout system of scintillating fiber using multi-pixel photon counter
(MPPC), d) Angle and position dependence of photoelectron yield of an aerogel Cherenkov counter, e)
Capability of in-beam ~-ray energy calibration system using triggerable source. The results show the

performances are satisfactory for the J-PARC experiments.
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E— L0377 7 A N—= NV FILEER L 72 L EOMAIN LA X =P %R T, B — 20 % 7 ) 7k
HT2Z 808 TETRS
KTXF%%%k%LT Scifi-MPPC #iA72 L & A 7 L d i/ NEBER ORI U7y 2 Mmensd 5
CLDMERTER,

§5. BEEI 77OV IV FL>aAT7hoVI—

E03 FEhaTld, (K, KT) RGO P A—L — F2EIC R > T b, KEK-PS @ E373 92 [3]Df%
Bih o BAED % & first level trigger DL — MR 10* A4 —4'—12% D, DAQ THIGTE RV
%, EHEETE, ZONYA—D I BEEEC (K-, KT) KIETH 5 DIiE 00w 10 HIfET, 3EAL
(K™, p) ARV EZFERLZZDDTH S 2 Lo Twsb, ZiUud, E373 EEUZE W TIZ first level
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| Photon number for MIP (1mmx1mm fiber) | DA T
Entries 36149
7 : Mean 7.824
C RMS 4.998
300 T ............................ . ...................................................................................................................
C e
- <
250/ & w G F
- §s 259~¢°3 g
| LOSE S ‘ : : j
200 | & L |
- Ratio of more than 2 photon : 0.954
150{— ‘ ‘ ‘ ]
100(—
50—
0: I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 i
0 5 10 15 20 25

Photon number

BAR BETFE—L07 7 A N—ZER L 72 & X1 MPPC FiAat LTS e 5onth, W
Bl 0T thsb, ZNFNOEr—2rh, MPPC TR I N T EIC BT 5,

trigger DEPE T2 KT 6000 270D ABD R > 77O TH Y, YR EITHE (n ~ 1.12) D
FzLraz?hy vy —28BATHILET, Brcka M=z LTI EDARETH 5,

DB Y DRI EFFOVEIZA R, BECEREZLIEE T2 HDE0 ) TH - 7203, Bl -
T, JEYTHEDI1.08 < n < 1.26 DHEIPHICH 2>V AL 70 Y 2 VPTIERFAIC L - THFE Iz, Fx i
TR 6 PR 112 Wi 2R >~ 790 (REZ1F 100 x 50 x 10 mm?® F2E) 2EHGED ZI1F, F =
Lyazhovd—n7a by L 7EER LT, Zo7a by 4 7I2onT, KA Yo GSI e cltE
DHEFAAEDOMEZITV, KT I L TOBHEAEE 90% L L2 IR E %2036, Bpficksd Y A—% 1/10
FEE L IO 2 & DFERZE7278, GSITIRE =A% A7 v —OHDNIETiD 5 X4 T 2ol L
P TERDo T8, —Tﬁk®$§i)§§§')“(b)f:o Thbb, EED KT Z5 =7y b SIAR->TL %7

. HEROMEIRAAER TSR ZF WIGEICIZ KT ITh L COBHEIER 90% M EASHEIRTE 20 8
I DI TIE R,

Z 2T, BHEEFCIE B ~ 1 DE—LZHWT, RO ABAEE - MEREEZ2HE L 72, £3, GSI &
UCtE (b vy —oduIciEfds o AS) TOHEETIE, L 15 s, GSIFEROMER%E 3 =1
~NHEL 72D EFE L R VLREEBE SN, X510, E—LDASHIE « fEEEZTHE L2235, LD
KBV TOEPEFEIT 12U EH 2 20D, ¥ 22— a UERE S EOE T, JERERDIERK
R MREEE Z U EDBLT 208320 E W) 2 EPbh o7,

8§6. MUA—TIREGIRFEZRAW A Y E—L X(v) MIRILF—BIES AT LA
E03 I BWTlE, Y A== WSR2 HOCCEFHTF2 5D X O RLF—% 50 eV £ 9 En
FETIET 2 Z EZABICL TS, L) T ElE, ZRLF—HIED 50 eV DA EE W) BHORBETA S
NTVRIREDDH 5D, TNDNERTZ L0 L) DIEA Y E—LTIEABATIE R, EW)HIDh, f rE—
LZBWTE X(y) MO E—27 OALEDS 1 keV FHE, E— 20 (k) EREICIZZ V<= AHEEANG.2
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Magnetic field dependence of Photon number

2 B =1.06T
<:)200 Mean photon number = 5.6
©100
o O ettt
£400 B =0.785T
3 Mean photon number = 5.6
3200
L O TPt
2 B = 0.495T
3400 Mean photon number = 5.8
©200
L Ot PP
£ 400 B =0.187T
-} Mean photon number = 5.9
0200

O 111 1| 11 TPt
[72]
2 B =0T
= Mean photon number = 6.0
9200
; W%

0 I I | | I I | [ lJ ) O I |

0 5 10 15 20 25

Photon number

H5 W%z 0T H6 1.06 T FTELE R E EONTEDIA, RTFTAZILBAL 5T
05, HEPETEIIZLL TOR\CD250 5,
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Scifi Image event No 17 Scifi Image event No 53

3.5

o

w
aiay
Photon number

Layer (ch)
Layer (ch)

&

©

Photon number

B I T T R B Y YR N Y
Segment (ch)

FeX FETE—DLDT7 7 AN=NNY FILZEEL 728 MR A X =, BEE O
HERTE 3,

5N5 TRV —REE) IR L TEIC 2 EVAISILTE D, 50 eV OREEZER T 27-DI121d4 7E—24
TOBIEIIZIT T W 6 TH S, fE> T, BIET—% b A v E— A TRIICHET T 205035 503, 5
FERZER Ny 2 75 v R EDikWICRh D, ZORMEZERT 2 Z 5 J-PARC @ PAC 12T E03
FRDTEREIR (Stage 2 BR) SN2 720 DML > Tz,

ZZ7T, MAIZLSO > v FL—F—% M7 b A—AREEZ TS L T 5, LSO (LugSiOs) DF 8
TLHETH S Lu g, BEHERNAATH S SLu % 2.6%EFATED, SRrE vH (FIC 202 keV & 307 keV
D2AR) ZHT 5, ZAUIES3EBRTHEZ L) L LT3 ZHETD XEOZRLX — (BOMHAE
FZBEEL 72856, #9285 keV ERIHINTWVS [4)) ZIIET 2015 & 9 ERV, LSO HEDIR WY
YFL—=FTHDIEDS, BRAUTIZIT 100% DR TY 7 CTE, RSB IND v #E2ffi) 2 LT, i’
ERD Ny 7759 R KIRISEA 382 2 EDSAREIC R 5, £72, /NS 7% (10 mmeimesl mm)LSO
Ve = LHHERO T CHEICB LT 2 & T, LSO 1244 & DR Y722 Z Ik BNy 77
77V PP RO ENTE S,

MEFCIE, B E—LZEE L <= ARSI H T T E03 FERIT AR 2R OE (HBWVIF X DREEL
V) B FCEIET— ¥ Z2BUS L7, E— LB 5 kHz, 10 kHz, 20 kHz @ 3 fCHIEL. ZDERDAS
W= MEHERDS VY VL — b LTy FOA LZFE2RICE LD, E—L5E S5 kHz £7213 10 kHz
D3E03 TPRINAEEUGEC, 20 kHz TIEZNE D bR DE L VBB TOME L 2> T 5, Ml

2R X(y) MV F—IEFBIRFICE T 5 E—LmE L PV 2= MEHEROL—F, Ve
MIF V== RO 7 7V TF — =7 a— LEBRICRITEI NS DT, Ve Yy
FL—FEF V2= ABHERICEZ 5N TR A IRV X —EORWREIC R 5, Fi
FHED 78, KEK-PS E566 FEERICE T %77 )V~ =7 MRHEROEIERNL S #E 72 [5],
E03 FEERICE T 2 E—LmEIE E566 £ D b5 EPRRINLDT, BEFE—LEES
kHz 72\» L 10 kHz 2% E03 i TOBRBIIIW EE Z 6515,
e E—LmE Flv=—vLBmHemos 7L —F YUty FL—F  deadtime
(kHz) (kHz) (kHz) (%)
5 40 2.5 ~ 25
10 60 4 ~ 30
20 100 7 ~ 60
E566 3 46
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ELTIE, LSO T, BUHERIR (193Ba, P2Eu) i E, 7Vl e=7 MDY v VAT P
IBITHELTW3) & LSO DMES D af Vo TV AARY Fb (26 61BN TW»2R) o
B2 FRICHIE L 72, LSO EX V2= MRS D a4 v F Vv AL — FIE — AREDRKDORTYH 30
Hz T, T2l ENDRETH L Db o, f VE—LTOARIZ ML ETH) 2R5E, >V
TIVARY PV TIRAZEWIO Ly OE—=2723LS0 L af Vo F Y AL Z LICXk > TERWICRAT
WBHIEDDLD D, S/N HIFZW20 1000 5 SWVWEEEL TWwW5, RIZ, Ky MOE—IfEZE— L%
Ve A7 THET S L, HEPICRAKT2F v 2l 500 eV EEBHIL TW5 2 Ehbhoi,

[_spillon_] h1

c E Entries 5850300

33000 Mean  887.7

= RMS 370.3
2500 —
2000 —
1500
1000 =
500

0 E l (AR S SR ST TN NN T ST S WU [N SN ST S N ST TR ST ST S T ST ST S SR S ST S S SR
50 100 150 200 250 300 350 energyﬁggv]
| spill on (LSO trigger) | h2

< E Entries 217846

§ 140 E Mean 958.9

120 — RMS 341.2
100—
80—
60—
40—
20—

0 E 1 1 L 1 L
50 100 150 200 250 300 350 energyﬂ()g\,]

IR E—2AVIRCBITS, TR MRHERDS v IV ARY BV (EB) £ LSO Eda
AV T VARSI EEDARY PV (TE) ok, EBETIIRZ TwZn 700y (2
FAE— I TETII2ARIES>ZDHITHAD LMoY —7 (FI2 152E0 {FIC L 3)
RSP I NTO 20030025, S/N HIZE X Z 1000 fiFE L T 5,

ZZT, E=LF Y - A 70M/5T 133Ba % 192Eu TERIEZ T\, SLu o E— 7% = 2L ¥ —IC
BT TSR 3K TH S, E—L0BF Vo BICE— 7 MEDPEH LT, o —27bFE L9
CH) 7 OBIFZ ORI FEEEOHRIFAINT) 2L 2Wv I Ebh b, BB, E— LML
Do BT HEPT E1Lu @ y ORIV X —2Eb o7 K H IR Z 205, ZHUI7 Ve =7 ARHEEH
b OMERFIED 720 TH B, LSO DAZEIFEZ T3, 133Ba 9 192Eu #i13 E — L0
ZEDLETENL T2, > T, FEEOERTIKIEZ LT ) B IIMERTEE £ TEIBT 2065055 5 25,
THUdA 7 E— L THIE - MIEARECH D, RERRIEE 1345 W,

PILEDFERD S, 2D LSO MR Z WL KIE S 2 7 4 1F E03 FHRasEk 3 2 a2 iz L T3 2 &
D3bhro 7z, E03 FERIZETIE 5 REHEIC 50 eV OREDIIET — 2 #Hf3 3 2 2 E 8 CTE, EHES
BEICEBE—IBROB A ES TS —FT B LDAETH 2, KB, TNS5DI LR 200841 HD
J-PARC PAC @59 % 2 £ C, BIEORTEDER L 72 2 £ 252 64, E03 FEEilZ Stage 2 FRZ S
22 EnTEL,
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B3R BIERIR (133Ba £7:13 12Eu) 2V TRD 7 0Ly ~ o (R 2L ¥—, i
JRDBLEIZ & > T2 =0 ABIHER D BIEDIHOTHNE D % o) FIRIS T 2 fliE i
fToTwinizd, FHEN Ty BOZ LY =210 EEDb > T3 X ) ICRZ 505
E—LDA Y « F 712 & > TIHEIEEOHPINTE D > T I L2ibdr 5,

Vi 1 E— L (kHz) BIEfR E—24F4 7 (keV) E—5F Y (keV) 7 (eV)

20 Eu 306.635 £ 0.017  306.684 £ 0.061 —49 +63
5 Eu 306.734 £0.038  306.725 £ 0.052 9+64
10 Ba 306.795 £ 0.027  306.776 £ 0.053 19 £ 59
5 Ba 306.817 £ 0.036  306.734 £0.046 83 £ 58

I
T=7NVE2ELTIS o), E—20f#%z L TERZ TE-> THFS o I OERR. Frica)ll
BB IEHE L 97,

£ z X (73

[1] K. Tanida et al.: J-PARC proposal P03 (2006);
http://j-parc.jp/NuclPart/pac_0606/pdf/p03-Tanida.pdf

[2] H. Tamura et al.: J-PARC proposal P13 (2006);
http://j-parc.jp/NuclPart/pac_0606/pdf/p13-Tamura.pdf

[3] H. Takahashi: Doctral thesis (Kyoto University, 2003).

[4] E. Friedman, private communication (2007).

[5] Y. Ma: Master thesis (Tohoku University, 2006).
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(LNS Experiment : #2598)
VF9 LA K EmERETR D2 vy OXE T BEHML ST

BEBFAA— 1, RABIE) 2, MHEACER 2

L EKifif T3S P e e oAk (042-8501 EXiffii A &NT 14 % 1 5)
2 bR PR I R A RS RS (982-0826 il iR H X =% 1-2-1)

Photon Activation Analysis of Manganese in Cathodes of
Lithium Ion Batteries

K. Shikano!, T. Ohtsuki2, and K. Hirose?

'Hakodate National College Technology, 14-1 Tokura-cho, Hakodate, Hokkaido 042-8501
2Laboratory of Nuclear Science, Tohoku University, Sendai, 982-0826

CYAVAERNZIEME T B F 7 LA K HEICE T B R AR T L 7o~ v v DI R 1
EHE T 24T 5 72, BYERIEDE 2 2 2 MO BEMIC OV T2 v AV 2 ER LR, <V 7V IREOEfEIR %
NZN0.33% & 0.782%TH H . KL TENEL Z2Eithd~ > A V&I 1/2 TH S 2 Enibiro Tz,

81. 8 =&

WA, BEHEERES / — b8y a v EO/NEE TR KT L b Ry, BETRHOMHICHT 2 5%
ROMZERIFDNMED 5T D, VF 7 a4 4 VEMIIEI LY —FEZHE L, Zns/NUEFROER
ELTEALEINTERL, VF L4 A VEIBDI L, 2 ATV AERIVE M E T 2EMICBE T, &
FIREEMIHTH T 2~ B DBEPHUICBHRT 2 EZEZ 5N TV 203 (1), v A UhihiE LR
EDBIRICOWTIERIEHS TIE R, 22T, VT 7 LA F VB RFEREMERM Lo< > By 2
SHEAPTIC K D ER L, B EICHTHT 2 < o AV IREDSHEINE N 2 006, 2 v AV 6EMT 2
SHERE 2 A2 R I RO REIE 217\, @R T 2 IR TSt 28§25 2L & L
oo VAV ONRTITIE, 5 Mn(y,n)*Mn CERI T, o = 312.5d, Ey = 834.8 keV) &HIFEHE:
FI2& % PMn(ny)*Mn (Ty), = 2579 h, Evy =846.76 keV) AVERT %, HiIFIEEI L X -0
TCRINHEG%, ZHEH U EREBENREIE 2170, BT 7oL X — CRIRHEIRRES . BaRiaAH

+ KHIRFHERIE 3 2 T M IeE D S AR B IO E 2R ETE 5 Lilbns, 22T, UTO
ZAECHRE T\, 2 A Y DERERFTo 1,

§2. EEAE
21 & #

HIEICIZ LT 0 2 FEEORE 2K 50 mg FEREE, 7L 3 =7 AfEicid, ahmadkle Lz, 7/, il
DHIEE 99.9% D~ v A @)@z 10 mg FEE L, ekl & FBRIC 7L S =7 AfEIcalA, HsEEs et
L7z, Sobrabkl & ekl 2 X 512 7L 3 = AEICALA TSR E L 72,
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alBl— 1 © 25° TIFEFEE L 7 FEitho iR ki
alkl—2 1 50° CYFEIEE L 7 fitho R Fub

22 B &

YIRS LR A IR A G DFE T 7 A T v 7 TfT o 72, IS = 2L ¥ —23 30MeV T
. FEEFERZ 100 pA & L, FEERHE% 15 min, 30 min, 2 hr & U, HRERERRL L 2 DD Hmk
Bl FERFCIEE L7z, £/, 50 MeV Tld, TEEERZ 100 pA, WEERHEZ 10 hr & L, o0mtedEicz
NZ N EESCRL & & S I PRI A LTS L 72,

2.3 MERERE

TR RERE L, PRER. 3BEftcasd, ekl s Le, ORI, Ge BHEE-4096ch 0 HT s
W& DT> 7, TBURBERELICIS U €, Mg & D% 5~20 cm 2 TEL 72, v AV DERIF
RATRTHEGEIC X DT> 72,

Co = (Az/ Wa)/( As/Ws)

T 2T, ABEHEEREL, WIESBIER, . s ZZNFNohrEE & iR A R, 2. C,
otk o~y AV IEETH 2

§3. BREEE
31 #:9 W

T, SRR PRI N5 720, FRNCEDTT 21T\, RIS 23RN DB R iR T, 2B 1
XiE 2 DFdklD TG-DTA HIERHKTH 5, ZDfGH, kL1 TIiE 100° £ TIZ 3.3% DEHEEJK, 400° £ T
IZMRT 5~6%DEBFDDEZ I N0, 3k 2 TlF 400° £ TIT2HET 0.9%DEERDIEZ I N,

5 T T T T T T T 40000 5 T T T T T T T 40000
a) b)
0k |
& - 30000 pu = 30000
1 1
5 F = s b =
(=] - =%
= - 20000 = & + 20000 &
Bl = H oo} ‘:
. L =
1 - 10000 — - o000
5 | a5 b l
220 | | | | | 1 1 i] 220 1 | | | | | |
0 50 100 150 200 250 300 350 400 O 30 100 150 200 230 300 350 400

Temperature () Temperature (72

$ 1R TG-DTA BIEHE ) 301 b) 3k2,
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3.2 MEHRERAIERR

2, 30 MeV T2 hr B L7c< v BV BED v AR bV TH D, R o5bhd L9512, *Mn
& 5Mn 2VERT % Z Eb0 5,

5

J_(} T T T
834 8keV (“'Mn)
~4 I i .
10 846.8keV (**Mn)
511keV
3 1()3 | £ Llke |
E
L)
10
10’
400 500 600 700 800 900 1000 1100

Evy (keV)

o2 Dy RRARY B,

3. 30 MeV T 15 min~2 hr & L 728, 4~5 RiERICHIE L 72 2 2 oifklo v #iA R 7 b
NTHD, Mprobird X912, 511 keV D  MROMBEDIEF IR 25 18F TH 3 Z Lasbh -
Teo TAUE, WA V=B NCEREICEEND 7 v EH» S YF(n,y)8F BB X > THER Lz b0 L |

&

)
107, T T T T T 107 T T T T T T
5 = S1lkeV (%F) a) 3 511keV (15F) b}
10 il 10 i
10° il 10t 834 BkeV (**Mn)
1022keV

\ 846 8leeV (*hin)

/ 1022keV |

Counts

834.8keV (Mn) |
1

Counts

1100

1
400 500 800 700 800S00 1000 1100

400 500 &00 700 800S00 1000
Ev (kel')

Ey (keV)

%3 30 MeV. 15 min W L 7250BHD v BRARZ FoL a) 5L, b) 3lkL 2,

bid, 7, 1022 keV f{HED v 1% 511 keV D ~ #4532 KERHCHRHE I N THIES N2 DT, Th
W2k Bar 7 s VHELDOET, 4Mn, SSMn 25 DI D 4 MOREIHEEDH B 2 Ehbhro T,
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RFIZ S5 Mn OIS 2.579 hr & 1BF O 1.83 hr LT\ 728, 8F OEEZERF> T *6Mn HIEDH
e Z ED3bhr o7z, HAMKIE, 50 MeV T 10 hr W L 7282, 28 HZICHIE L 7 2 Z DAkl A
X7 PV TH D, M 2R L, PMn OABESNTNDE I Ehbh b, £, WTNOikE»6 b
"Be & BCo Wi S N7z, ZaU, BICEENS Li & Co 262NN "Li(p,n) Be & 2Co(v,n)%Co
O X > THERL7Z2bD EHEZEIN 5,

10 T T T T T T
477.6keV (Be) a)
4
107 834 8keV (*n)
3
£ S11keV (°Co)
g 810.8keV (°Co)
3 10f

N\

700 800
Evy (keV)

1
400 500 600

94 50 MeV., 10 hr B L 730BLD  # A7 F v a) 5k, b)

1000

500

1100

Counts

477.6keV ('Be)

1
400

s00 0 600

810.8keV (" "Co)

T |STikeV (BCo) \ i

b}
234 8keV (**hin)

700 800 200 1000 1100

Ey (keV)

a2,

L EDORERD 5, Sl BF 29REE L 7R ICBERERIE 217\, > Mn OBEIRED S < v 7 ViR 2

HHdsZeE L,

33 VVHYDEE

2 14203 > Mn OBEHREIRED S HH L o= A v DERFER TH 5,

B 1-4 & 2-4 1 3BEBEIRE DK

Epo -0, HEMEZEEES 15~20 cm B L THIE L 72, Z DI TH 5 em B L THIE L 72,
KL, B 1O A VIEEIX 0.2~0.6% TH D, HHRHFDE C 22 212 L 72 23WIBEEDSAME A I &

1R PERIREmMEh O~ v 7 DR,

AR | RT3V X — | WA | FOEEERRE [ 0FmalEl | v v 7V iREE |
(MeV) (cps/mg) | (cps/mg) (%)
1-1 30 15 min 0.8085 0.00481 0.595
1-2 30 30 min 5.387 0.02016 0.374
1-3 30 2 hr 15.54 0.02661 0.171
1-4 50 10 hr 24.87 0.04797 0.1924
Average | 0.333+0.197
2-1 30 15 min 0.8085 0.00903 1.12
2-2 30 30 min 5.387 0.02836 0.5264
2-3 30 2 hr 15.54 0.05138 0.3306
2-4 50 10 hr 9.332 0.1073 1.150
Average | 0.782+0.415
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528, NIVXREVI LD, BOTORED S5E 1 TlE, &K 6% OEEFADBIEI N
7S, R VA VIREORANE 60% T bdH B 2 Lo EEhoFEC X 2 EEJFEADIFERN & I13E L SN
o FE7z. 10 hr WEREOASE NI IS L Thv 2 L2 HEITHEZRL T D, KERFEET
&#ot&@bm%o~ﬁ\ﬁﬂ2fi\vzﬁzﬁﬁﬁ.&qa%fﬁb\ﬁ%ﬁﬁmu%ﬁbtw:
ELNTIYEBREOI EDBbhoTz, kB, SMn OHIENTRER - 723 1~2 I2ow T v A Vi
JERH 2R, SR 1 TIX 0.2~0.3%., @tk 2 TR 0.7% TH o7z, T4 1 4 Mn DOHIEED & 3
SN L IRIF3L L7228, 32TTIHBL XISy 275 FBRE L, FHEIEORGEHEED 16~
17% EEORER E 2o 72,
Al S S NtEARHT DL, BUEDID & 2 ORI L TSGR E L7z, 20720, FRINDY
—EICDOCTAED D B, Eio, WG L HEEHERI ORI R 22 2 2 LH3, NT7 Y FDHERD—D L
bEZ NS, BT, MHE»SHEL THEL 72 1-4 & 2-4 OFERED X D IEHEL Bbin s,

§4. T & &

RUNVAERNZIEMRE T H Y F T LA F EMICE T B REARREMICHTH L 7o~ v A Y OIEEDG
BPHEHEATT 2T > 7, JRTIRE Ty A Y2 64087 5 54Mn & HFEHET- & DJUGIC X % 56Mn 12
L 2 EROAHEIEZ G L 7650, Eitc & Ens 7 v Fh 648K 5 BF OIED 72 Mn 12 X 5E
BOHEETH 2 2 Ebhr otz 2T, MMM I X BEREIT o AER, BIfERE A 2 2 FHO &
ICDWTR VA VRO PHEIE Z 291 0.33% & 0.782% TH D, KR THEE L 7-Eitho < > 4 v &)
K 1/2 THBebroT, L, BONTRIRIZNT Y FIKE L, REBGRINO A0 7
O Elbint,

k. SHIZEMMEDSEREZETH 5 2 & SRtk %ﬁ%ﬁl&mktf%%%@@to%b%
4Fe(n,p)**Mn (Q = 0.0853 MeV) BUGIC & 2 528% Z\F 5 WIREMED H % 728, Fe D3LfEd 235
Z DB ICEHI S 2 0535 5,

§5. # &

A2 ED 12 H 720 FBOEGIHTZ L Tl 22 Rl TSRS H AR s A 7 & TAFHRIK 2
FOZIRERHE BIHAME ) [ L E9, $/, ARE2 X L051IhD. Jifim,. &
WG NTT 7 73 7 4 — AREWIFEANEE £ %)L —HiiAEHIH SR R | IER o i#iE 2 & L
£,

4 % X (73

(1] 750K (2%, BEH, AR, &6 : 554 3MEMERSHEEESSE (2002) 164.
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(LNS Experiment : #2612, #2629)

EPUSAL 2 H > 5 B E R LB DTSR
— 286py 2RI L 72 U3Og il 8 —

Yotz —uriase | Hid 55k

FACRAZ IO ERIADIERT (980-8577 BT i HEX -1 2-1-1)

Study on Spent Fuel Reprocessing Process by Selective
Sulfurization
— Preparation of 23°Pu Doped U30g Sample —

N. Sato, T. Mitsugashira, and A. Kirishima

Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, 2-1-1
Katahira, Aoba-ku, Sendai 980-8577

A novel process by selective sulfurization has been proposed as a reprocessing process for spent
nuclear fuel. In order to know the sulfurization behavior of plutonium in this process, the use of 226Pu
was considered as a plutonium tracer. In this paper, preparation 236Pu from 23”Np by bremsstrahlung
irradiation was reported as well as the preparation of 226Pu doped UsOg sample. First, 22”NpO, sample
was prepared by heat-treatment of 237 Np nitrate solution which was purified by anion exchange method.
The NpO5 sample in a sealed quartz ampoule was irradiated with a bremsstrahlung from an electron
linear accelerator (LINAC). The irradiated 23"NpO, was dissolved into conc. HC1 and the purified 236Pu
nitric solution was prepared by anion exchange method. Then, 236Pu doped U3Og sample was obtained
by heat-treatment of 236Pu doped ADU in air up to 1000°C. Finally, radioactivity and isotope purity of

236Py in the purified 23%Pu solution and 236Pu doped U3Og were evaluated by a-ray spectrometry.

81. % E
Bz lx, HHFRED» T 70 8 LBV = 2% B & L CEL - BRI 2881 7 1o
FHUBEE LT, L7 —7 — RO ZE Y 2 B R U Tl L. IR 2t e LT
P4 7T ZHIEDOWEZ T > T 5 [1,2], OB TO X 9 BRHEERf > T 5,
1) fERERRITH 2 U0y 2R F 27— a VUHIC L D UsOg T3,
2) AaFxF— a YRR OMEHZOWT FP 28IRICH b L. ©7 7 v SR X
BIDOFEFICEED D, DR, UsOg 135727200 U0y NEILI LS,
3) FP Olift % eI iEfE L, HEE~OWERED 7 S EHO £ F ORREIE TH 5
75y e TV MR & EET B,
4) 77 VRN = LWDVTHES L7\ O TR BRI S
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5) FP ORI 1% DT, T 2 IGAERED RO T 7w,

6) BISRWEIZETH b, FESE BRI AR TH B,

A7 2ZOEMMEEBETT 27012, g D70 2R TRCET 5 2 DRFOMHNEETH 5,
LLads, 2 7ugD 7 )V k=2 ADHICH 72 > TUIHHIDEL L <. FERIZEOUIHBGE Cldk v ™
L7 ERBRE L LY, BRSPS B 2882 HEE T 5 2 LaMfThbNTw»s, s
EHL ETHEEETHD, HET NV =T LD DERPIEONDE ZEREE L\, 22T, HALIL,
BTNp @ v WEEHC X DR S0, FIY 2.5 . a SRRV X—D35763 B XU 5716 keV &9 FF LS
TV L= =Py itEHL, 7V 27 ADOFEFTOWTHE LT3 (3], ABFETIEY 7 V(LY
HFIZBT 5 7L b = L@ UGB % FHR 2 72012, 2"Np D (y,n) K & b #lE L 72 256pu %
WL 72 UsOg sl Z2FEIL . o SRAR7 bu X b Y —I2 X ) RS X OBEHERE % ko 7,

§2. £ B

L7 2"Np (1.8 MBq) sEHATK & BEA A > Sk TR L . Al & A< d % 233Pa &
23U L&BRE L, K 2 Np MR 21972, RIT, 23"Np MBIERD> 6 2" NpOy ¥ —7 v + %2 {F#l§
2 FMEZEE 1 KNTR Lz, 237TNp VAR 2 Aoeig | CaRgE - wlElS, M E NO, 237 < % % £ ThnEhgy
L. BTNpOy 2137z, ZNEGET V7V (10 mme) ICEZEE AL, S 22"NpO, ¥ —7 v b (B"Np
#7130 mg HHY) ZfEHL 7z, Z OFAATAE 2 HIEBEH N O L 7HAJEE B (L 52850 3550
LT, BALK AR PR Asehist (LNS) OB 174+ v 78 1 ©—2o a— R BB HO B2 v N —
Y DBITIHY HF, KB LoD, B RILE— 50 MeV (FeRENR 120 pA) T, 9 10 RS L 72,
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%1 Preparation of 23’Np target for irradiation.

55 2 KN ISR & 0 26Pu OB L o SUROEREZ R L, S, MEGO LY
FricZa—7Ry 7 AN TERIE B REED H 2 181]) 2B - iR I e 8, HERAL A998
ZRIEL . BERE L AKTIME DO T A — A —ICB UMENARR L 72, [FIVATR %2 765 - 1% U SZ 1S et
1210 mL @ 0.1 M gL Fu X L7 S VIR E A TR, 8 MASERIC X D AL, 23"Np &
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B6py 2R A BRI S, 8 MANEETAH 7 L% L, FP & 23Pa 2 TE X IREAEL L,
ZKIZ conc HCI-0.1M NHyI % X O conc HCI-0.05M NHI VAT 236Pu Z9AHEL 72, IABERZ 25 %, A
SRR C 230Pu 2 TRHAM S &, BRI E Lol - BN L 72, FEELL 72 235Pu iR 10 ul % Nb fEIC
TR L, B2 - BES MR, 77 VIOVERZ T T LB s L, o BRZ(EELL 7o, Meies (R 24
mm, BHZIE 2.315%) 25 38 mm DALEIC Z ORI EV T 50000 HHIE L. o fEAR7 bz lE
L7,

[ 2INpRSTER S |
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e I rgiz BREY iiﬂﬁi&]
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IWTIVIERER

BAF D 3 :
Np(IV), Pu(IV) 5 1:@52% H'F(i"ﬁ,wm)
i NH H ! $oig - Bift
[ 'E‘E’%Jf?f)lll.\:{;ﬁi“l 236py A B v

—_ [ 28py affiR ]

$2 Flow sheet for 236Pu recovery and alpha-source preparation.

§3. # &R

B 3 IXNC/ERLL 72 20Pu $HD o FEA T FILEIRT, 5700 keV FHEICIE 20Pu @ 5763 8 L U 5716
keV IHRY T 2 E— 2723160503, 2TNp D 4700 keV FHED ¥ — 2713380 537, 236Pyu 2@\ HlE
THEERRLICE 722 LY %, 236Pu ORI TH % 22U OE— 7 bIERTE 1, P H 29Pu (5157
keV) DE—7 38D 5 ilzns, FEO BNp OEHIORMSA o Tho7eFE2 6N, ZOE—7
% B9pu LIRGET % &, BIPu/?0Pu DCHBEIZ 0.003, FEEMIX 25.5 TH 5,

BAKNR L FIET, 8L 72 26Puifiie 7 7 2 VIKIR EIRA L. By 7 V7 v E=7 . (ADU)
B EELL  Z25rPIc BT 1000° IS TMBVILIE S 2 Z 12 & D, 236Pu il UsOg sl % FH8LL 72,

FHELL 72 BOPw RN UsOg skBtD ™ 7 v L 7V b = L OREZR <) 7 ANEHEECER L7z a— A
X7 PVEESKIIRT, COMERS L, NHEHEL LTo W SmoE—27 L Ebic, RAY 7 v o
2381(419 8keV) B LU BAU4775 keV) D a FRE—7 £ L BT, SRFML 72 235Pu(5764 keV) D E—
7% ZNF LT BT mREE b o E— 2 L LTHEES LT W B, > T, Az 23 2
EIZED, affARZ b XA MY =ZAHLTY 7V BX OV =T LOERSHDTHETH b . SIGHT
BRICB 2WEIC D 5 Z DFE 2T 2 ENTE 3,
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%5 Alpha-spectrum of U3Og doped by Pu-236.
§84. & E

DUE, SRR O LI LR 2 B 1) 2 7L b =7 A ORLZEE %2 R 5 72012, 26Pu b L —
P—IZEHL, F L —9—fl - FEE X0 7 VICEA S ARORELE R L —3— & LTl
BT, MRIEMTOLIICEFEDOSNS,

1) BaA A v sgihic X D RS8LL 7 B7Np GBI & MEVILEILC X D 2"NpO, ISR 2 FABLL 72,

2) BT AT 7 THRE L7 BTNpO, 2> SIEIEE L OTHIBIAMGE & A A Hkic X D 8L, 235Pu

T2 L 72,
3) PPu B XKRY 7 v DRATHRIATD 5 23Pu il UsOg Z i L 72,

4) BOP Y X O BOPu I UsOs 12940C a AR X k) —I2 X b RS e
FERFHIIL. RI M L—¥—& LCHIICE 2 & 2R L 72,
BoNFfEE L D, AP X ) FRL 72 236Py JII UsOg 302 V2 2 L Ic X 0 | BifbAmisgs:
ICBF 2 7V =0 AOWHUSOGDZE) 2 2 2 EA3RE L e o 7z,
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[1] N. Sato, G. Shinohara, A. Kirishima, O. Tochiyama: J. Alloys Compds 451 (2008) 669.

[2] (ke efER— FMITEER 63 (2007) 69.
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TERABEHEANTIRIC X 5 RREFEN P OILRINIKER & AR
IR D53 M E B Dk

EESRAH R AGEBL TR (192-0397 HEATH \E iR 1-1)

Determination of Elemental and Organic Carbon in
Atmospheric Suspended Particulate Matters using Photon
Activation Analysis

Y. Oura, S. Sugawara, and M. Ebihara

Graduate School of Science, Tokyo Metropolitan University, 1-1 Minami-Ohsawa, Hachioji,
Tokyo 192-0397

Organic and elemental carbon contents in atmospheric suspended particulate matters (PM;pand
PM. 5) collected at Hachioji, Tokyo were determined by instrumental photon activation analysis. El-
emental carbon was isolated by heating at 350° for 30 min under atmospheric air before irradiation.
Carbon was enriched in a fine fraction of PM;¢ particulates. And more than 50% of carbon constituent

in both PM;¢ and PM; 5 particulates was found as organic carbon.

§1. LI

KEBREI 4 OAIRICEE L TB D, IEFICBILIFE O, KT 4 RRRORTE> T» 5
2%, TEFE 10 pm BUFORIT (PMyg) (IFBBIENED 51T 5, I SITHUNRRR 2.5 pm DL T ORL
T (PMas) V&, HAREAESHABECER AT 2 L )W a szl L b D, IFERHCBILD RS
i, BRA B TONTE D, BREDLERED - O ORI ST\ 3, EHEICEWLTIE, 2003
fE10 HE D PMos RO ERPEHIEDO—D & I3 7 4 —EVHEHOB THIHINE U £ D, PMyg Hr FIREES
DOBRIEHERR D L L7, A1 2002 2006 PM g KRUFER T (SPM) %, 2005 4£2°5 (X PMy 5
Ko RYA—Rp—F 7 4V THEL, ZDInFERz P BEHEIITE (NAA) ISTHRTW 5,
E7, A7 4 VFITE D PMyo R OIS TV, NAA B:CIIE BIREE 2 RIS % 6 ot
BRICTERLTEX (1], 2006 F02 6 1FAET7 4 LTI KD PMys KOG ML, ZDRERE.
EREL TV,

REFBERLFHNAAE T 2 RBIISAILAM 2K T 5 R (ARERIRE) &, BP9 7 74 Mt
RINDILFIRKFED 2 D 5, (R LAY E L TOEET 223, ZOHIGIINIWEINLDT,
ITRBEL 2, ) BEHUIITER, WNRICEAVISEINT ZORREZERTE S L V) K
WERiOD, INFET, AERIELIURRKREZDAET, SRBREE L TERLTER, LiL,
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FBERL IS A E R AREYDLBSER SN TR Y, 2525 BT, ARIEDEIGZMS &
FEETH D, 22T, RN ZIEL, JeRTEEHEIEIC K D, ARRIGR LTRIREGE DT
ERZ AT DTRET 5,

§2. £ &

AHERIKTE LLRIRRE O, 8, HRREOEVZFIH L Tithbn w3238, WEEM &M
DR oTEDY [2], Hi—INTEESMIEZRw, KUETIE, & 50U oilklz225ahTngi L THIKL
BRI, Bo ItBINKEBIEE DA IPAA ICTEEREL, AERRKEZEEIEEE L 2R EE
JELITUFRIRIKFREDA L L TR 2 Z L2 Lz, ALAY 2RI 2L, TR R ot
12X D 350° & L7z, £9, JuRIKFEDI 350° THIFE L il 7w, iR OBERIIT 21T 72,
5° /min DFHMA E— FT 1000° £ TMEAL, HEZLZTNT, £, KRGO RFEGT HEEHER
KB % NIST 1649a & O COIMBNRIE IS N T 2 A IR FRIRIEZ TPAA IS TER L7, ML, UERHY
20mg Z AL —A I\, BRIFIZT 30 2T > 72,

KEIFHERIT PMyg & PMa s 13, HUEY LAl (L2 5 PE~NKT 40 km) 125 5 HEIRSAHR 8 SR
2 TH 1~2 RIHKERL7 4 L8 RICHEHEHSE L 72 [1), PMo K& PMays KiFofUE, 2l
D Z T T 5 72238, FICFIIRHCEEE 2 5380 L CRINE 1T - 7o, BRILL b o EEZFRE, H
£ 10 mm OFERIC 2 Y0 L 7, JTURIRKFME DL A1, AZEE—Alvwh, BERYFICT 350° T
30 S MEINEN L 72, BRI 2 M) Z Grb¥C ALFECalA, BRETHERRE U7z, B o Ml ekt
IETERS 10 mm DIRFER (F9 2 mg) 27, SNGEZAY v ZHRICZLTT7 7 v 7 AMHIEHSHE L L bic
AREICEAL, mATFIVFE — 25 MeV DHIBIEHET 20 /7S L7z, BUNEE, 772610582 Al
o RVBMHL, EZ 1 mm OFRKTIIIA TS v % 5 oHHIE L 72, R ZER T 5729,
WY 2[R Z B THIEH ORIIE 2/ 0 ik L 72 [1).

§3. BREER

51 RUSTRER DO RLRFHR T L BRFHK T TOMEREIN T 2 BROBDEEZ R Lz, KK Es
F L HICH80° FTRUCHEDND L, ZDBI400° £ TIFEA EERICEE R o 72, 450° ZBZ
2 RGP CIRESE P X D EEZIAE L, F900° TIRTEL o7z, ZORREID, KR&bicsl
% 350° TOMBIC K > T, JTLRIRKFRIZZ D E FHAFT 5 LHWTL 72,

KETFBERL T DIRFEIRG DESHEREITH 2 NIST 1649a % H BT, MEEDIRAIRERE % JH~7-, H
72 5 MEMREE CORFIRIEER S 1 RITRT, HEEIT- 720, EOMENRETH X WEBEZR L7, N
B Lo IRl iEI, SRERE (TC) OHEREE 3] &£ X~ L7, MEVT 2 L 200° Tl
REWRIEIIED 57, ARRRE ETLRIRKFEIZE HIZ200° T TRIFEAEHIEL 2V %D o 72,
—77, 350° THJ 35%, 500° TIIHI 80% DIRFEDMHFE L 72, AWIFETIZ, 350° 1 THEAL TH > 7o fikE %
TLHIRIRFE & F72 3 DT, NIST 1649a DIGRINKFRIRE (EC) & LT 11.4% %137, 1649a DIGRIRKHR
IREDOZEAA (3] 1%, 1.3%, 5.0%, 8.1%TdH D, ARRFEDIHEGIIC K > TR ZEIHRE ST
%, ARFFETRMEE, NS XD HECETH - %2, BEERESHNIC X D IaEIRREF 350° TIFEEFREL &
WEEZLNDDT, BEREEYPETERLET, Ko Twohdb Litky, koT, Kikic
£ % EC EREIT RN HOIC, AREGRRFIREEREIL, (KROIF 5 N2 AR H 5,



EREbE (%]

-100 :
0 200

1

1R BN & DGRIRIEL (%], IERODIREES,

400

600 800

BE [C]
TER DB R,

1000

73

AR RZ L E b LSBT O TR

FEICHARLL 72,
EISMES 200° 350° 500°

1 15.240.3 16.1+£0.3  12.0£0.2
2 15.240.3  17.240.4  11.5+0.2  2.9240.06
3 14.840.4 17.440.4  10.9+0.2  2.6940.06
4 18.4+0.4 17.5+0.2  12.14+0.2  3.04+0.06
5 18.24+0.4 18.5+0.3  10.4+0.2  3.2540.07

R 16.4+0.8 17.310.4  11.4+0.3  2.97+0.12

HELEE  17.6840.08 1.3, 5.0, 8.1%

ILRINKFRIRIEDSEAE: HEDSMIC & DIEREIKRE 5 s,
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2002 225 2007 FFITERE L 72 PMyo K F-ORFIREE L RIRFIREZE 2 KITR L7z, MAREDIZEA
EDY20~60 pg/m> ORITEB L T 525 200644 HE 5 HiZ 80 pg/m? DLEE W) ERETH - 72,
Z DIRHHIZ 2002 FLCRDE L WEDEIHIINTE D, ZOMELEEZ NG, BEDOIEIZIZEAL

100 LR L LR nmLannmnnnnoosnmnmnmamnmnnnioimomnpnnaonnnnsinnmsmnunnnoooaoinmasmomnumnuu
2002 2003 2004 2005 20086 2007
80 —
- 80—
£
(=14
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o
e
40 ] . —
20 | -
o H‘?Plj Sr\ Mﬁ' :
II|Ilrllm L, IIIIIIIIIIIIIIH!IIIIIIIIW

LU U L QU S
$03R 9IRS R4R87 SRRTTRURIRRT IR SCELLUNNER ST IRETIFRALLLNER

;) 2002 4E7> 5 2007 4FICEEE L 72 PMyo B FORFIEARE & AR S5,

—E (32 - 34 pg/m3) T, 2002 2>5 2007 FFORTIREETHIE (2006 FOEIREEIFFRS ) 1E, 33 pg/m3 T
Hote, BIRFREHIZTET, 7.2 ug/m> T, PMg B FOERDK 20%% 57z, HdbIck 2
FORTIREOIFTY, RRFIREOKE LRSS 10T, S PM o B F-ORFERTITIZIZEA L
FHLTBRWI ED¥bhr o7z, 2003 4 10 HICEAETT « —2 VR E D, #OTIE, o
B Z 1 ZOBHHLAIC B\ ORN TIRE OO DB S 7z [4] 25, ARREHT T, #L ol Tns 2k
bdHD, FRELEREBRE L SIFERe ko7,

2006 £ 7 H& D PMy s Ki7-& PMyo K12 H 1 FERRHIEILL 72, 2007 fF £ TD PMy s & PMyg K
TR 3 XIR L, S & JPUfofilhs PMyg K FREICHYS T %, PMg MFOEED 45%
84% S PMa s R f-DFH G TH > 7z, PMys DEBIIFEBRINIZ ED KL ) BEETS PMy DEHED 70%12
B2 % 2 EDHISN TS, AWFFETOIEI 63% T, RBRINFHEE X L7, 2007 FIHIL
72 PMa s Kif-& PMyo KiF-ORRFRIRE (TC) LIHRIRRFEIRE (EC) Z2ER L7z, ARKREIRE (00)
X TC & EC DL L TR, EREEHEAE 4R T, 6 HE 9 AUKBOE RIS OE BiEOMH
HEMRICHIEDE L el DR S 22dp o 7z, PMyg & PMas @ TC OMEIE, Z1ZF416.6 & 4.5 pug/m3
T, ELITKTOHEEBDOR 20% % Ho 7z, FEEANIC TC 2H 2 &, PMys @ TC1x 3 HZERE, PMj D
TC ® 6883% % 15O TED, PMg KTFHOREDE 1F, FAKT XD BBUMITIHFEL Tonle,
DI ELD, KFEDE L, NI TH S EMESEINS, OC/ECHZAS L, PM;, Tl 1.12,8,
PMys T3, 0.852.2 THD, PM;g & PMays DHWEITKE SBHEIZBII Nsd o7, £, AR
FTD OC/EC 1% 0.9638 LFtRLS N7z, WM & P [5] 13, RBITET 1998 4725 2003 FEITERINL 7=
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108 1MA 3R 4A 5A 6A 7A 8A 9A

11A 128

75

3 2006 5 2007 ISR L 72 PMy it & PMy s R ORIFIREL, (PMig-PMas) &
(PMy 5) DFIHS PMyo R FIREZ £,
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REBRE [ke/m]

0

PM

PM,

3R

0 OoC=TC-EC
B EC

4R 5A

8R

%4 2007 FFITEREE L 72 PMyg KT & PMos K F-OERRIKFIRIE (OC) LInFIRIRFIREE
(EC)TC(LRERE) & EC DE% OC & L7z, FHDKED PMyg, £75PMas,
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PM;o K7D TC, EC, OC Z#i5 L7z, 1998 4ED LR A ITHIREEIIIHA LT 523, 2003 45 THD EC &
OC &, ZNZi 2.5 pg/m? & 4 pg/m3 FET, EC IFLICEIRE, OC 3% L FICENRE & 72 2 =ik
BB X NIz, NEFTOREBREIZRIKEFL XV TH 7203, BTl - o B HiZ2H) X
BRI N> 7, SHRLMEZMIEL, AR TORFREL V2P o LTwnl, £, FE
ZNTERMEDID % D> 1D T, EROHINEZ TN 0E0H 5,

§4. T & &
BN LTI BV TREIFHER - PMg & PMys %?%HYL FERTBEHLITTRIC & D 2RI
ETUHRIRIGRIRIE 2/ L 7o, JURIRRIRIEIR, 350° 12 TRAHT 30 ATAIINEN S 2 2 &I X ) HEGRIK

F0 Ol 72, PMyo R FREE Y 33 pg/m® T, PMys *i%yﬁfi ¥, ZOf60%THoT, DI
b, REBBITIFEBEN—ATH 20% 2 507, KFRITD 1/2 DLEIIAERIKETH > 7, SHLENZ
DO 5 L EBIT, REFT OB A HEE L TW» |l

§5. @ &
AWFEZAT ) I H 7 ) RELEFE— L2445 L T 722 n LR AR AR A efiag ~ > v 7 v —
7DV 4 & AR 72 & QNS TERHRANE T B THEEIC 76 o 7o RBENHESIR & BERIEARRITE 11278 < G5 5,
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