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Preface

We are pleased to issue the ELPH Annual Report 2016, which covers scientific and
technical activities carried out at Research Center for Electron Photon Science (ELPH),
Tohoku University in FY2016 (April, 2016 to March, 2017).

The ELPH has been a part of Joint Usage / Research Centers since FY2011. Joint
Usage / Research Centers (JURC) system was engaged by the Ministry of Education,
Culture, Sports, Science and Technology (MEXT) to encourage and promote
collaborative research passing through the border of respective universities.

This year was the 50th anniversary of the laboratory established in 1966 as former
Laboratory for Nuclear Science (LNS). Prof. Motoharu Kimura, the first director of the
lab, was moved to Tohoku University from RIKEN around 1950, not much time passed
since the World War II was over. At that time, the construction of large scale
accelerators had started in USA or USSR, and then a 600 MeV electron linac
(MARK-III) was just completed at Stanford University. Japan really laid waste by the
war, Prof. Kimura had, however, proposed a new conception of laboratory for nuclear
science and related fields to reconstruct Japanese scientific activity. A project of
300 MeV electron linac was approved in 1963, and it was completed in 1967. Nuclear
physics using electron beam was activated immediately and solid state physics using
neutrons as well. The pulsed neutron experiment employing particle accelerator in the
world was initiated at LNS.

The ceremony celebrating 50th anniversary was performed on 17", November
2016. More than 200 former students in alumni and persons concerned got together and
confabulated with memories of old days. This fantastic night made us a fresh resolve to
open a new era of the laboratory for future human society with the science. We sincerely
ask facility users and related scientific field communities for continuous supports and

cooperation.

October, 2017
Director

Hiroyuki Hama
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The 50th Anniversary of Establishment of Research Center
F. Hinode and N. Muramatsu
Research Center for Electron Photon Science, Tohoku University, Sendai, Miyagi 982-0826

The year 2016 marked the 50th anniversary of the establishment of the Laboratory of Nuclear
Science (LNS), the predecessor of the Research Center for Electron Photon Science (ELPH), Tohoku
University. LNS started in 1966 as a shared facility affiliated to the Graduate School of Science. The
300 MeV LINAC constructed in 1967 provided a pulsed electron beam for the wide research fields of
nuclear physics, material science, nuclear chemistry, etc. Simultaneously, the pulsed neutron generation
by the high intensity LINAC was started for the first time in the world. This neutron facility leading the
pioneering works on the neutron scattering and diffraction experiments had been operated until 1993.
In 1981, the world’s first pulse-stretcher ring was constructed to stretch the pulsed electron beam from
the LINAC. This ring was used for the variety of nuclear experiments with a continuous electron beam,
and was succeeded to 1.2 GeV stretcher-booster (STB) ring. Since 2009, LNS has been reorganized to
ELPH as an individual research center in Tohoku University. The activities as a Joint Usage / Research
Center have begun from 2011. Now tagged photon, electron, and positron beams are available at the
1.3 GeV booster-storage (BST) ring for nuclear / hadron experiments and various detector tests. The
high intensity LINAC of 60 MeV electrons can be also operated together with the BST ring for nuclear
chemistry and electron scattering experiments. The development of a coherent light source in the THz
region has been carried out at the test accelerator facility “t-ACTS” since 2010. Table 1 shows the facility
history for the 50 years. On 17 November, 2016, a ceremony was held celebrating the 50th anniversary
of the establishment. More than 200 people attended to the ceremony, as shown in Fig. 1. The brief

history of the facility including the state of the anniversary ceremony was reported in the reference [1].
References

[1] F. Hinode, H. Hama, J. Particle Accelerator Society of Japan, Vol. 14, No. 2, (2017), 74 (in Japanese)



Table 1. Facility history for the 50 years

1966 “Laboratory of Nuclear Science (LNS)” was established.
1967 300 MeV Electron LINAC was completed.
1971 Pulsed neutron source was developed.
1982 150 MeV pulse-stretcher ring was completed.
1988 World’s first observation of coherent radiation was carried out.
1997 1.2 GeV Stretcher Booster Ring was completed.
1998 LNS was reorganized as an attached facility to Faculty of Science.
Jul 2002  “GeV Gamma-ray Irradiation Building” was completed and hadron experiments began.
May 2006 Operation of electron-positron test beam lines began.
Sep 2006  Magnetic spectrometer “NKS2” was completed.
Feb 2008  “Microwave Power Source Building” was completed.
Sep 2009  Electromagnetic calorimeter “FOREST” was completed.
Dec 2009 LNS was reorganized to “Research Center for Electron Photon Science”.
Mar 2010 “Accelerator-based Light Source Building” was completed.
Mar 2011 Operation suspended due to the Great East Japan Earthquake.
Apr 2011 Approved as a Joint Usage/Research Center for Electron Photon Science.
Dec 2013  Operation resumed after recovery from the Great East Japan Earthquake.
Jul 2014  Research building was renovated and the “Mikamine Hall” was completed.
Apr 2015  Collaborative research division “Condensed Matter Nuclear Reaction” was established.
2016 The 50th anniversary of the establishment.
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Fig.1. The 50th anniversary ceremony held on 17 Nov. (photograph: provided by Public Rela-

tions & Outreach Office, Faculty of Science, Tohoku University.)
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Public lecture on the 113 element “ Nihonium ”
Toshimi Suda

Research Center for Electron Photon Science, Tohoku University, Sendai, Miyagi 982-0826

On December 10, 2016, a public lecture on the newly discovered 113t" element Nihonium was held
at Multidisciplinary Research Building in the Kawauchi campus, Tohoku University. This lecture was
the first one of “Public Science Lecture Series” newly established by Graduate School of Science, Tohoku
University [1]. Since Professors T. Suda and H. Kikunaga of the Research Center for Electron Photon
Science (ELPH) contributed to the discovery, ELPH hosted this event to make this scientific achievement
widely known.

This public lecture was quite timely since it was right after an official announcement by IUPAC
(International Pure and Applied Chemistry Association) [2], dated November 30, 2016, on the approval
the name and symbol for the 113! element to be “Nihonium” and “Nh”, respectively. This historical
event was taken up largely in the press; much public attention has been attracted.

Although the day of the public lecture was unfortunately very cold snowy day, there were more than
150 participants, including students of elementary to high schools, from not only Sendai area but also
Aomori, Akita, Yamagata and Ibaraki prefectures.

The program was started by an introductory lecture on heavy elements such as Nihonium by Pro-
fessor K. Hagino, Tohoku University, followed by the main lecture by Professor K. Morimoto, RIKEN,
who was the main player of this achievement. He explained exciting stories about the discovery of the
113" element Nihonium, and the participants were very enthusiastically listening to his talk. After
each lecture, there were many questions from the participants, which clearly showed that everyone had

very high interest. We were very happy that this public lecture was so successful.
References

[1] http://www.sci.tohoku.ac.jp/mediaoffice/20161213-8808.html (in Japanese)
[2] https:/iupac.org/iupac-announces-the-names-of-the-elements-113-115-117-and-118/
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(ELPH Experiment : #2623, #2640, #2655, #2694, #2710)

Study of the I = 0 dibaryon resonance d*(2380) via the
~d — 707%d reaction at incident energies below 0.9 GeV

T. Ishikawa!, H. Fujimura!, H. Fukasawa', R. Hashimoto!, Q. Hel,
Y. Honda!, T. Iwata?, S. Kaida!, H. Kanda?, J. Kasagi!, A. Kawano?*,
S. Kuwasaki!, K. Maeda?, S. Masumoto®, M. Miyabe!, F. Miyahara®,

K. Mochizuki!, N. Muramatsu!, A. Nakamura', K. Nawa!, S. Ogushi!,
Y. Okada', K. Okamural!, Y. Onodera', K. Ozawa®, Y. Sakamoto?*, M. Sato!,
H. Shimizu!, H. Sugai!, K. Suzuki', Y. Tajima?, Y. Taniguchi?,

Y. Tsuchikawa!, H. Yamazaki!, R. Yamazaki', and H.Y. Yoshida?®

1Research Center for Electron Photon Science (ELPH), Tohoku University, Sendai 982-0826,
Japan
2Department of Physics, Yamagata University, Yamagata 990-8560, Japan
3Department of Physics, Tohoku University, Sendai 980-8578, Japan
4Department of Information Science, Tohoku Gakuin University, Sendai 981-3193, Japan

5Department of Physics, University of Tokyo, Tokyo 113-0033, Japan

6Institute of Particle and Nuclear Studies, High Energy Accelerator Research Organization

(KEK), Tsukuba 305-0801, Japan

The total cross section was measured for the vd — 7%7%d reaction at incident energies below 0.92
GeV for the first time using the FOREST detector at ELPH. No clear resonance-like behavior was ob-
served in the excitation function for W,4 = 2.38-2.61 GeV, where the d*(2380) dibaryon resonance
observed at CELSIUS and COSY was expected to appear. The measured excitation function was con-
sistent with the existing theoretical calculation. The upper limit of the total cross section was found
to be 0.034 pub for the dibaryon resonance at W4 = 2.37 GeV (90% confidence level). The details are
described in a published paper: T. Ishikawa et al., Phys. Lett. B 772, 398 (2017).

§1. Introduction

The search for non-strange dibaryon bound/resonance states has a long history. The dibaryon state
is of interest, which can be a molecule consisting of two baryons or a spatially compact hexaquark ob-
ject. The d*(2380) resonance observed in the pn-collision reactions by the CELESIUS/WASA and WASA-
at-COSY collaborations [1, 2] may be attributed to an isoscalar AA quasi-bound state Dy3, predicted by
Dyson and Xuong [3]. The s-channel photoproduction vd — 7+7n~d and vd — 7°7%d reactions are
expected to be of value to get a clue for the size of the d*(2380) resonance. The vd — w7~ d reac-
tion was studied by the JLAB/CLAS collaboration, and their preliminary result does not show a peak
corresponding to the d*(2380) resonance [4]. We investigated the other vd — w%7’d reaction to study
photoproduction of the d*(2380) resonance.



$2. Summary

The vd — 7%7%d reaction was experimentally investigated at the Research Center for Electron
Photon Science (ELPH), Tohoku University, Japan. The incident photon beam ranged from from 0.57 to
0.88 GeV ??. The ~d center of mass energy W, 4 corresponding the incident energy was covered from
2.38 to 2.61 GeV. The the target used in the experiments was 45.9-mm-thick liquid deuterium. The
kinetic variables for all the final-state particles (yy~v~vd) were measured using the FOREST detector [7].
A kinematic fit with six constraints was applied for the event selection of the vd — w%n°d reaction. The
required constraints were energy and three-momentum conservation between the initial and final states
and two v~ invariant masses (the neutral-pion mass). Events in which the x? probability is higher than
0.4 are selected to prevent contamination from the background processes. Fig. 1 shows the total cross
section o as a function of W, 4. No clear resonance-like behavior was observed in the excitation function
near W, 4 = 2.38 GeV, where the d*(2380) dibaryon resonance was expected to appear. The measured
excitation function was consistent with the existing theoretical calculation for this reaction [8]. The

details of the explanations and discussions are described in Ref. [9].
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Fig.1. Total cross section o as a function of W, 4 together with the theoretical calculation by Fix
and Arenhével [8].
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(ELPH Experiment : #2761)

Development of Electro-magnetic Calorimeter
with Active Absorbers

Y .Fujita, Y. Hasegawa, H. Itoh, I.Kanzaki, K.Kotera, E. Naiki, H.Sato, T.Takeshita,
and Y.Yamashita

Faculty of Science, Shinshu University, Matsumoto, Japan

An electro-magnetic calorimeter dedicated to measure the incident position and angle with active
absorber is developed and tested with electron beams. The calorimeter consists of active absorber
made of lead glass and scintillator strips with wave length shifting fibers is constructed. We tested
its performance to the electrons at ELPH beam at Tohoku University. The performance and the
results are presented.

§1. Introduction

We are developing a fully active electromagnetic (EM) calorimeter at low energy, which consists
of sandwich calorimeter of active absorber and fine segmented sensitive scintillator. The
calorimeter could measure the photon and electron energy with as good as the lead glass
calorimeter, say 5% of over square root E. Furthermore it can measure the incident angle of photon
and electron with good position resolution. Such an EM calorimeter could be applied for many
experiments with both energy resolution and position/angle resolutions are mandatory. The
performances have been verified with the electron beam at ELPH, Tohoku University.

§2. EM calorimeter and experimental setup

The active absorber EM calorimeter has been introduced in order to improve both energy
resolution and position/angle resolution for photons. The calorimeter detector system is shown in
Figure 1.

It is composed of sandwich structure of the lead glass absorber layer as an active heavy material
and fine segmented scintillator strip layer [1]. The size of a lead glass block is 3x3x4 cm’ and read
out the Cherenkov light by a MPPC of 3x3 mm?®[2]. The lead glass unit has been tested by muons
and resulted about 10 photo-electrons (p.e.) / 4 cm passing a lead glass block. We prepared there
lead glass layers, each consist of 3x3 blocks. There are three scintillator strip layers of X-Y
configuration with nine strips behind the lead glass layers. We set a large lead glass of 12x12x25
cm” for a tail catcher. A long scintillator strip of 1 cm x 18 cm has been employed for the strip layer
with WLSF (Wave Length Shifting Fiber) read out by a MPPC of 1x1 mm?®. The tail catcher has
been read out by a 12x12 mm” MPPC. There is a pair of crossing trigger scintillator strips in front
of the detector to define the beam timing which are also read by MPPCs.
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Figure 1: Schematic view of the active absorber EM calorimeter and its setup at ELPH electron
beam. From left to right, trigger counters, three layers of lead glass active absorber and scintillator
strip and a tail catcher. Each units had been attached a photo-sensor MPPC and read by EASIROC
modules.

All the signals from MPPCs in total 83 channels are read by three EASIROC modules which had
been developed for the MPPC read out through the ether-net [3].

§3. Results

Here we show some results of the active absorber calorimeter tested at ELPH 2016.

(1) The EM shower position distributions are shown in Figure 2-a, with taking information from
the scintillator strip layers and without it. Slight improvement to the position resolution is seen
from 15 mm to 13 mm.

(2) The angle resolutions are shown in Figure 2-b with taking information from the scintillator strip
layers and without it. The incident beam angles were changed from 0 to 5 degree. Slight
improvement is seen from 9 degree to 8 degree.

Further analysis is going on.

§4. Conclusion

A sandwich type EM calorimeter has been constructed and tested. A new feature for the detector
is using active absorber with segmentation. The improvements for measurements of the EM shower
position and angle were verified.
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References
[1] SF6W lead glass employed at TOPAZ , Kawabata et. al. NIM A 270(1988) 11.
[2] MPPC trade mark of Hamamatsu Photonics CO.
[3] A master thesis by Naoki Ishijima, Osaka University, 2014.
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Figure 2-a (left) and Figure 2-b (right): Figure 2-a shows the EM shower position measurement
with (red line) and without (blue line) strip information, where energy weighted mean of EM
showers are considered. Figure 2-b shows the incident angle distribution measured with (red line)
and without (blue line) strip information, where linear fitting of all position information were
taken into account.
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(ELPH Experiment : #2803, #2844)

Current status of preparing the new FOREST experiments
at ELPH

T. Ishikawal!, K. Aoki?, H. Fujioka®, Y. Honda!, T. Hotta*, Y. Inoue!,
K. Itahashi®, H. Kanda*, H. Kawai®, K. Maeda’, Y. Matsumura!, M. Miyabe!,
S. Miyata®, N. Muramatsu', T. Nishi®, H. Ohnishi!, K. Ozawa?,
M. Sasagawa®, H. Shimizu!, R. Shirai!, M. Tabata®, A.O. Tokiyasu!,
Y. Tsuchikawa?®, and H. Yamazaki!

1Research Center for Electron Photon Science (ELPH), Tohoku University, Sendai 982-0826,
Japan
2Institute of Particle and Nuclear Studies, High Energy Accelerator Research Organization
(KEK), Tsukuba 305-0801, Japan
3Department of Physics, Kyoto University, Kyoto 606-8502, Japan
4Research Center for Nuclear Physics (RCNP), Osaka University, Ibaraki 567-0047, Japan
5Nishina Center for Accelerator-Based Science, RIKEN, Wako 351-0198, Japan
8Department of Physics, Chiba University, Chiba 263-8522, Japan
"Department of Physics, Tohoku University, Sendai 980-8578, Japan
8Department of Physics, University of Tokyo, Tokyo 113-0033, Japan
9Department of Physics, Nagoya University, Nagoya 464-8602, Japan

The next-generation FOREST experiments are planed to reveal the non-perturbative QCD phe-
nomena. The main objective of the first experiment is to determine low-energy S-wave nn scattering
parameters using the vd — pnn reaction. The photon beam with energies around 940 MeV can give the
recoilless condition of 7 mesons by detecting the protons at 0°. The effects of the the final-state nn in-
teraction must be enhanced due to the small relative momentum between the 7 meson and the residual
neutron. We placed a bending magnet, which was transported from KEK, behind the FOREST detector
to measure the forward emitted protons. The An interaction can be studied using the vd — KTAn
reaction detecting the K+ mesons at 0° in the same experimental setup. And the similar experimen-
tal setup can be used for an experiment to search for n-mesic nuclei, which are good probes to explore
the properties of a nucleon resonance N (1535)S1; in the nuclear medium. It should be noted that the
resonance is speculated to be the chiral partner of the nucleon.

We succeeded the excitation and ARCNET control of the bending magnet BLC for the forward
spectrometer using the dedicated power supply QC1LE. The performance tests of the new detectors, two
drift chambers, plastic-scintillator hodoscope, and SF5 lead-glass Cherenkov counters, for the forward
spectrometer were made using the positron beams for testing detectors at ELPH. Commissioning of the
forward spectrometer with these detectors was successfully made using the liquid hydrogen target from

May 22 to May 31 in 2017. In this report, the preparation for the new FOREST experiment is presented.
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§1. Introduction

The interaction between hadrons is fundamental and important in the non-perturbative domain of
quantum chromodynamics (QCD), which is the fundamental theory of the strong interaction. Although
the interaction between hadrons is described in principle by quark and gluon dynamics, little is known
for the QCD solutions due to the large running QCD coupling constant at low energies.

Among the two-body dynamics of hadron-hadron systems, the interaction between the » meson and
nucleon (V) is not well known [1] although the interaction is found to be attractive. This is because nei-
ther direct nINV scattering experiments nor X -ray measurements from n-mesic atoms can be performed
due to the neutral and unstable nature of the n meson. The low-energy nN interaction is described
using the scattering length a,n and effective range r,n in an effective-range expansion of the S-wave

phase shift:

1 1
+ —rpnk® + O(KY). (1)
anN 2

kcotd(k) =
It should be noted that positive and negative a,n values correspond to attractive and repulsive n/N
interactions in this definition, respectively.

Although the imaginary part of a,n (Im[a,~]) is found to be ~ 0.26 fm for different analyses, its
real part (Re[a,n]) is scattered in a wide range from 0.2 to 1.1 fm [2, 3]. Fig. 1 shows the summary
of the obtained imaginary and real parts of a,,n taken from Ref. [1]. The Re[a,n] value is important
and sensitive to the pole position of the N (1535)S;; resonance [4]. It is the lowest excited state of the
nucleon with a spin of 1/2 and negative parity, and speculated to be the chiral partner of the nucleon.
The pole is known to be near the IV threshold but its accurate position is still uncertain. The Re[a,n]
value also affects the existence of exotic n-mesic nuclei [1], which reveal the properties of N (1535)S1;
in the nuclear medium since it strongly couples to n.N. In addition, the Re[a,n| value is also related to
the n-n’ mixing angle [5].

In many theoretical papers, the a,,n values have been extracted using a combined analysis from the
differential and total cross sections for the # N — 1N transition and vN — nIN photoproduction reac-
tions together with 7N — w N scattering and vIN — =N photoproduction reactions. As a consequence
of the optical theorem, similar Im[a,,n] values have been obtained in the analyses. A large ambiguity
exists in the determination of the Re[a,,n]| value because the reactions used in the a,,n analyses do not
enhance the effect of the n N — 1IN scattering amplitude so far. Thus we propose the vd — npn reaction
to determine a,n at a certain kinematics, which enhances the nIN scattering effect.

A possibility of the precise determination of a,n from the vd — npn reaction was first investigated
by Sibiritsev et al. [8] and followed by Fix and Arenhovel [9]. The opposite conclusions for the resolv-
ing power of the Rela, ] value from the experimental data are shown in these works. However, the
kinematics in these pioneering works is near the threshold (E, < 0.7 GeV). The contribution from the
first-order nN rescattering are not well-separated from the others. We will show the ideal condition to

extract a,n from the vd — npn reaction in the next section.
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Fig.1. Imaginary and real parts of the nIN scattering length a,n [1]. The different markers
indicate the different methods to provide the values. All the analyses seem to have a
small effect of the nIN — nN scattering amplitude.The open circle (red) represent the
result from the dynamical coupled-channels analysis [6, 7].

§2. Proposed vd — pmn reaction

To determine a,,n, we plan to measure the differential cross sections for the vd — pnn reaction [10]
at the Research Center for Electron Photon Science (ELPH), Tohoku University, using the photon beam
with energies around 0.94 GeV [11, 12] and detecting the protons at 0°. The bremsstrahlung photon
beam at ELPH covers the energies from 0.82 to 1.26 GeV. Fig. 2 shows the expected diagram of the
proposed reaction. The incident photon bombards the proton in the deuteron and produces a (virtual)
7n meson with a very low momentum. The scattered proton from the reaction is detected at 0° having
a large momentum close to that of the photon beam. At this kinematics, an n meson is likely to be
produced almost at rest with respect to the residual neutron, being expected to strongly interact with it.
The forward-going proton has a large momentum, and little chance to interact with ) or neutron. The
characteristics of this diagram are discussed below.

We will select the events in which the incident energy is approximately 0.94 GeV and the proton
(with a momentum around 0.94 GeV/c) is detected at 0°. This kinematics satisfies the recoilless condition
of the produced 1 mesons. Fig. 3 shows the recoil momentum of n mesons for the elementary vp — np
reaction for the free proton target. The incident photon energy of 0.932 GeV can produce n mesons at
rest in the laboratory frame. The ideal low-energy nn scattering is expected to take place at the incident
photon energy around 0.94 GeV taking into account the binding energy of the deuteron.

The forward proton has a very large momentum, and the relative momentum between the proton
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Fig.2. Expected diagram for the vd — pnn reaction at the incident photon energy of 0.94 GeV
and with the proton detection at 0°. The photon bombards the proton in the deuteron and
produces an 11 meson with a very low momentum. The ideal low-energy nn scattering
takes place where the pn and np rescattering effects are suppressed due to their large
relative momenta.

and residual neutron is also very large (~ 0.94 GeV/c). This large relative momentum gives little chance
to the interaction between the proton and residual neutron. The relative momentum between the proton
and 1 meson is also very large (~ 0.94 GeV/c), leaving little chance to the interaction between the proton
and produced n meson. Thus the pn and np rescattering effects are thought to be suppressed.

The candidates of the exchange particle are m and n mesons in view of quantum numbers. The
mass of the exchange particle is close to the rest mass of the n meson make the n exchange enhanced
together with the condition that the » meson almost at rest is detected in the final state.

The sensitivity to nn scattering length of the proposed reaction has been checked [13] using the
dynamical coupled-channels (DCC) model [6, 7]. The DCC model solves the coupled-channel Lippmann-
Schwinger equation for meson-baryon scattering, where the coupled-channel unitarity, on- and off-shell

amplitudes are fully considered. The DCC model itself gives

ann = +0.75 + §0.26 fm, and @)
ron = —1.6 4 0.6 fm

for the low-energy scattering parameters. The corresponding points are also presented in Fig. 1. Four
kinds of diagrams as shown in Fig. 4 are taken into account in the treatment of the vd — npn reaction.
Here, the yN — «w N, yN — nN, and # N — nIN amplitudes are given by the DCC model, and the
amplitude for the pn final-state interaction (FSI) and deuteron wave function are provided by the CD-
Bonn [14], Nijmegen I [15], and Reid93 [15] potentials. The differential cross section do /dM,,, /dS} are
calculated as a function of the nn invariant mass (M,,,,). The contribution of each term shown in Fig. 4
can be obtained turning off the corresponding amplitude. The results of the calculation show

1. nn rescattering effect is visible at the small nn relative momentum (enhancement factor ~ 1.2),

2. wn — mn transition (7w exchange) effect is small, and

3. pn rescattering effect is also small.

The do /dM,,, /d} values are calculated for different sets of Re[a,,], and sensitivity of Re[a,,] is
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Fig.3. Recoil momentum of n mesons for the vp — np reaction for the free proton target. The
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Fig.4. Four kinds of diagrams: impulse, nn scattering, pn rescattering, and n#n — nn transition
terms, which are considered in the DCC model calculation for the vd — npn reaction [13].
The wn — mn transition and pn rescattering terms are expected to be small.
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checked. The do /dM,,, /d2 cross section with 5% error, binned in 1 MeV width of M,,,, can determine
the Re[a,,| value at the precision of approximately +0.1 fm. The model dependence of the deuteron
wave function is found to be less than 0.5% near M,,, ~ M, + M,. The details of the results can be

found in Ref. [13], where the possibility of the effective-range (r,,,,) extraction is also discussed.
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Fig.5. The differential cross section do /dM,,,, /d as a function of the nn invariant mass, which
is equivalent to the nn relative momentum (upper panel). The solid curve (red) shows the
cross section from the full calculation, and the dotted curve (black) is the cross section us-
ing the impulse term only. The dashed curve (blue) shows the result from the impulse and
n-exchange terms, and the dash-dotted curve (magenta) shows the impulse, n-exchange,
and w-exchange terms, Ratios of the differential cross sections calculated to those from
the full calculation (lower panel). This figure is taken from Ref. [13] [S.X. Nakamura et
al., arXiv: 1704.07029 (nucl-th)].

$3. Experimental setup

The differential cross sections for the vd — pnn reaction will be measured at ELPH using the FOR-
EST electromagnetic calorimeter system [16, 17] together with an additional forward charged-particle
spectrometer [18]. Fig. 6 shows the experimental setup for the precise determination of a,,. The in-
cident photon energy ranges from 0.82 to 1.26 GeV [11] for the circulating electron energy of 1.32 GeV
in the electron synchrotron [19]. The details of the FOREST detector including the liquid deuterium

target is described elsewhere [16]. The forward scattered proton is momentum-analyzed with a bending
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magnet (transported from the low-energy ring of KEKB) behind FOREST. The trajectory of a charged
particle is measured with two planar drift chambers (DCs), and the time of flight is measured with a
plastic scintillator (PS) hodoscope. Additional e/ and /K separations are made using SF5 lead-glass

and aerogel Cherenkov counters, respectively.

PSs

SF5 for e/n

\ .,\ b2
beam

forward proton spectrometer

Fig.6. Experimental setup at ELPH for the precise determination of a,,,. The momentum and
time of flight of the proton scattered at 0° are measured through a bending magnet. The
forward emitted proton is momentum-analyzed with a bending magnet behind FOREST.
The trajectory of a charged particle emitted at 0° is measured with two planar drift cham-
bers, and the time of flight is measured with a plastic-scintillator hodoscope. Additional
e/m separation is made using SF5 lead-glass Cherenkov counters.

The expected proton-missing-mass resolution, which corresponds to the nN invariant-mass resolu-
tion, is approximately 5 MeV. The value of the mass resolution are given by the photon tagging resolution
(0.5-2.5 MeV) [11], the time resolution for the PS hodoscopes (40 ps), and the flight length of approxi-
mately 4.5 m.

We plan to determine Re[a,,] using the ratio of measured cross sections for vd — npn divided by
those for vp — np convoluted with the proton momentum distribution in the deuteron. This can reduce
the systematic uncertainty from the coverage of the forward spectrometer. The ratio also cancels the
uncertainty of the elementary vp — mp amplitudes [13]. Thus, we take both the data with the liquid
hydrogen and deuterium targets. The first series of the experiments will start in the end of this October
(2017) to determine Re[a,,] with a precision of 0.2-0.3 fm. Our final goal is to provide the Re[ay]

(Re[ryy,]) value with a precision of 0.1 fm (0.5 fm) using more high-intensity photon beams.

§4. Commissioning

The measurement of the 3D magnetic flux of the bending magnet for the forward spectrometer BLC
is described in §4.1. The results from the test experiment for the additional detectors using positron
beams for testing detectors are reported: punch-through counters for SCISSORS III in §4.2, drift cham-
bers (DCs) in §4.3, plastic-scintillator (PS) hodoscope in §4.4, and SF5 lead-glass counters in §4.5. In
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addition, commissioning of the total system of the new FOREST experiment was made from May 22
to 30 in 2017 although the placement of the new detectors is temporary and we only take the liquid-

hydrogen data due to the accelerator trouble. This commissioning is described in §4.6.

4.1 Bending magnet for the forward spectrometer BLC

We placed a bending magnet, which was transported from KEK, behind FOREST to measure the
forward emitted protons. This magnet was called local chromaticity correction bending magnet (Blc)
used in the 3.5 GeV positron ring (LER) in KEKB. We call it BLC instead of Blc. The excitation test of
BLC with a dedicated power supply QC1LE was successfully finished on December 12 in 2016. We have
decided the standard coil current of BLC is 1400 A although BLC was used with a current of 1000 A at
maximum. The limit of the maximum current of 1400 A is determined by the primary 400-V current
source and cooling power by the water in the GeV-v experimental hall.

The magnetic flux in the xy plane is obtained using a 2D static magnetic and electric field calcu-
lation code Poisson Superfish with an assumption of the z-axis translational symmetry. The calculated
magnetic flux at the center was 158.2 and 719.5 mT for the coil current of 300 and 1400 A, respectively.
We measured them and obtained values are 159.4 and 717.2 mT, which are consistent with the calculated
values within 0.5%. We also measured the 3D magnetic fluxes using a 3D hall probe, system, which was
borrowed from Strange Nuclear Physics laboratory, Department of Physics in Tohoku University, in the
xy plane and along the z axis near the exit of BLC in December 2016 [20, 21]. Fig. 7 shows the = and y
components of the magnetic flux B, and B, respectively, as a function of the  position. The calculated

magnetic flux well reproduces the measured one.
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Fig.7. x component of the magnetic flux B, as a function of the « position (left) and y component
of the magnetic flux B,, as a function of the x position (right). The upper panels shows
the measured B, and B,, and the lower shows the difference from the calculated one.
The different makers show different sets of the placement of the 3D linear stage for the
3D hall probe. The inset in the right-down panel shows the cross-sectional view of BLC
and definition of the = and y axes.
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4.2 Punch-through counters for SCISSORS III

Charged particles emitted at forward angles can be separated using the correlation between energy
deposits in SPIDER and SCISSORS III. However, it is difficult to identify the charged particles which
penetrate the SCISSORS III calorimeter. To extend the separation power of them, we placed 56 plastic-
scintillator (PS) blocks with a size of 100 x 100 x 300 mm? behind SCISSORS III. A 2-inch photomultiplier
tube (PMT) is connected through a light guide at a end for each block. To investigate the energy (light
output) response and time response as a function of the distance from the PMT window, we have tested
some of all the PSs using the positron beams for testing detectors. The PS blocks were originally used
for the TAGX experiments at the Institute of Nuclear Study (INS), University of Tokyo [24]. We have
two kinds of PS materials: both are transparent but one is colorless (NE102) and the other is yellow
(produced by Kyowa Hakko Co., Ltd.).

To check the difference of the PS materials, several PS blocks made of each PS material were tested.
The momentum of the positron beam was 455 MeV /¢, and it irradiated the PS block at five points from
the edge to the PMT window. The trigger signal was generated in coincidence between the signals from
a plastic scintillator with an area of 10 x 10 mm? and thickness of 3 mm and plastic scintillator with an
area of 20 x 30 mm and thickness of 30 mm. The time resolution of this 30-mm thick PS is very high as
40-60 ps.

We fit the Moyal function (approximate Landau function) [22] to the measured energy distribution
to get the centroid p and width o. The energy resolution given by o /p is from 6% to 12%, and getting
worse from the PMT window to the edge. The individual differences of the energy resolutions are roughly

10%. The light output as a function of the distance from the PMT window is expressed by
L(x) = Ly + L2? (3)

where x denotes the distance from the edge window. The L; value is different by +25% block by block,
but the light output is well-reproduced in Eq. (3). We do not find any y-dependence in the light output,
and we do not observe any difference between two PS materials. We find a different light output de-
pending on the PMT used (Hamamatsu H6410 or H1161, and whatever else). Fig. 8 shows the energy
resolutions and relative light outputs of the PS blocks in the punch-through counters as a function of the

distance from the edge window.

4.3 Drift chambers

Two drift chambers (DCs) are placed at downstream of the bending magnet BLC for measuring the
trajectory of a charged particle. The energy (momentum) of the particle will be basically determined
from the time of flight measurement since we do not have a tracking device in the entrance of BLC and
since we cannot achieve enough high momentum resolution. Thus the high position resolution is not
required for the momentum determination. However, it is important to determine the scattering angle
of the emitted proton precisely from the x positions in the two DCs. The high position resolutions of
two DCs are required for this purpose. The diameters of the sense and field wires in DCs is 20 ym and

100 pm, respectively. Each DC has 2 x 56 and 2 x 24 wires in the x and y planes, respectively. The drift
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Fig.8. Energy resolution (left) and relative light outputs (right) of the PS blocks in the punch-
through counters as a function of the distance from the edge window. The energy reso-
lution is given by o /u, where the centroid p and width o is obtained fitting the Moyal
function [22] to each measured energy distribution. The different color lines show the
results on different individuals.

cell takes a square shape, and the half cell size is 10 mm.

The position resolutions of the DC planes were investigated using a 455 MeV/c positron beam for
testing detectors. The amplification gas used was a 50%-50% mixture of the argon and ethane since it
was difficult to operate the two DCs using a cheap P10 gas due to electric discharges. The trigger signal
was generated in coincidence between the signals from a plastic scintillator with an area of 10 x 10 mm?
and thickness of 3 mm in front of the two DCs and plastic scintillator with an area of 70 x 70 mm and
thickness of 1 mm behind the two DCs.

At first, the optimum supplied voltage was searched for. The detecting efficiency of positrons as
a function of the supplied voltage (the plateau curve) was investigated, the efficiency reached approx-
imately 100% above —2200 V. The drift velocity at —2200 V is found to be approximately 5.5 cm/us,
which is consistent with Ref. [23]. The actual incident angle of the charged particles is not 0°, where the
incident angle of 0° corresponds to the perpendicular incidence. Thus, the positron beams were injected
to the two DCs with incident angles of 0° and approximately 30°. Table 1 summarizes the widths of the
x residual distributions, and intrinsic x position resolution with a perpendicular injection on the DCs
and supplied voltage to field wires of —2300 V. A two-DC set has four = planes and four y planes, and
the residual distribution for the x planes are discussed here. The x residual distributions were esti-
mated for the three- and four-plane fits. While the four-plane fit used four wires from all the « planes,
the three-plane fit used three wires from the three x planes excluding a wire in the x plane of interest.
The widths of the x residual distributions are denoted by o3 and o4 for the three- and four-plane fits,
respectively. The intrinsic position resolution o was given by the geometric mean between o3 and o4
namely o = ,/0304. The intrinsic x position resolution was approximately 0.3 mm for all the « planes,

and the y position resolution was also approximately 0.3mm.
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Table 1. Widths of the x residual distributions, and intrinsic x position resolution. The positron
beam is injected on to the DCs perpendicularly, and supplied voltage to field wires is
—2300 V. The o denotes the intrinsic position resolution, which is given as the geometric
mean between o3 and o4 (60 = |/0304), where o3 and o4 stand for the widths of the
residual distributions for the three- and four-plane fits, respectively. The residual is
given as a difference between the measured and fitted x positions at the plane of interest.
The four-plane fit uses four wires from all the x planes, and the three-plane fit uses three
wires from the three x planes excluding a wire in the x plane of interest.

o4 (pm) o3 (pm) o (pm)

DC1 X 205 470 310
DC1 X’ 225 464 323
DC2 X 223 407 301
DC2 X’ 202 423 292

4.4 Plastic-scintillator hodoscope

For the time-of-flight measurement of charge particles, we adopted the time-of-flight counters for
neutrons (NTOF) developed for the E26 experiment in J-PARC (spokesperson: K. Ozawa). A each NTOF
counter consists of a plastic scintillator (PS) with a width of 100 mm, a thickness of 30 m, and a height
of 600 mm. The PS material is Saint Gobain BC-408. A 2-inch PMT, Hamamatsu H243, is connected at
each end of PS through a silicon cookie. The time resolution of the NTOF counter was once measured
at SPring-8/LEPS. The high resolution of approximately 60 ps was achieved. The NTOF counters have
not been used since the test experiment at LEPS, and the circuit used in LEPS for the NTOF counter is
different from ours. The circuit for the NTOF counters is planed to consist of QTC discriminators, Fuji
Diamond International GeV~-1370, and multi-hit TDC modules, CEAN V1290A.

To investigate the time resolution of the NTOF counters, we have tested some of them using the
positron beams for the testing detectors at ELPH. We place each TOF counter rotating so that the
two PMTs were in the left and right sides. The trigger signal was generated in coincidence between
the signals from a plastic scintillator with an area of 10 x 10 mm? and thickness of 3 mm and plastic
scintillator with an area of 20 x 30 mm and thickness of 30 mm. The time resolution of this 30-mm thick
PS is very high as 40-60 ps.

Positron beams were injected not only the center but also +5-, +10-cm shifted in the horizontally
from the center. Fig. 9 shows the typical time difference distribution between the top and bottom PMTs.
The width obtained was 3.1 channels fitting a Gaussian function to the distribution. Since the channel-
to-time coefficient is 27.5 ps/channel, the time resolution of the difference was found to be 85 ps. We
tested two NTOF counter with various conditions, the widths of the time differences are approximately
90 ps. The actual time is determined averaging the times from the top and bottom PMTs, and the
precision of the time measurement is approximately 45 ps. Suppose the intrinsic time resolutions for
the top and bottom PMT are o7 and o3, the time resolution of the difference o5 is determined from
o2, = 0% + 02. Thus the time resolution of the average of the top and bottom PMTs o is given by
0? = 0} /4 + 02 /4 namely o = 012/2. The positron beams were injected onto an NTOF counter not only

perpendicularly but also with an incident angles of approximately +20°.
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Fig.9. Typical time difference distribution between the top and bottom PMTs. The width ob-
tained is 3.1 channels fitting a Gaussian function to the distribution. Since the channel-
to-time coefficient is 27.5 ps/channel, the time resolution of the difference is found to be
85 ps.

4.5 SF5 lead-glass counters

The SF5 lead-glass counters are placed at most downstream of the detectors behind the bending
magnet BLC. To save the space between the detectors and the west wall in the GeV-v experimental hall,
they are placed so that the PMT is at the top (usually PMT is placed at the rear side from the surface
that charged particles inject). This placement is the similar to that adopted in the E325 experiment
in the proton synchrotron at KEK. We have tested ten SF5 counters in total and investigated their
energy resolutions using the 100-800-MeV/c positron beams for testing detectors at ELPH. The energy
resolution was determined by o /u where p denotes the centroid and o denotes the width. The p and o
were obtained fitting a Gaussian function to the measured energy distributions. The energy resolutions
were found to be approximately 13%—14%, and constant almost independently of the incident energy. In
general, the (relative) energy resolution becomes higher as the incident positron momentum increases.
Injecting positron beams on the side surface of the SF5 counter, the effect of the longitudinal leakage
of the electromagnetic shower is large. And the fraction of the longitudinal leakage becomes larger as
the incident energy increases. In addition, the number of photoelectrons becomes larger and the statical
fluctuation becomes smaller as the incident energy increases. These two contributions are expected to
be canceled, and the energy resolution is approximately constant independently of the incident energy.

Next, we discuss the separation power of the positrons to charged hadrons. Fig. 10 shows the
mean and width of the measured energy distribution of the SF5 lead-glass counter as a function of the
incident positron energy. It should be noted that the positron beams are injected from the side surface
of the counter. When a high-energy positron enters the SF5 counter, the electromagnetic shower takes

place. No shower takes place when a charged hadron enter the counter. Thus the energy response to a
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charged hadron is expected to be similar to cosmic rays pu*. Simply thinking, the positron and a charged
hadron are expected to be separated using the SF5 counter at momenta higher than 300 MeV/c as show
in Fig. 10. The measured energy becomes high once a charged hadron makes a nuclear reaction in the

SF5 counter. Thus the usage of particle identification using the SF5 counter is useful but is not perfect.
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Fig.10. Mean p and width o of the measured energy distribution of the SF5 lead-glass counter
as a function of the incident positron energy. The positron beams are injected from
the side surface of the counter. The black data points show the p value with an error
bar corresponding to the o value. The red data point represent the result from the
measured energy distribution using cosmic rays. The incident of energy of the cosmic-
ray measurement is determined in view of an equivalent energy deposit in the SF5
counter. The positron and charged hadron are expected to be separated using the SF5
counter at momenta higher than 300 MeV/ec.

4.6 Commissioning

Commissioning of the new FOREST experiment was made from May 22 to May 31 in 2017. Orig-
inally our beam time had been assigned from May 15, but the beam time from May 15 to May 21 was
canceled owing to the accelerator trouble happened on May 15 (error in the high voltage supplier of the
electron synchrotron). The operation of the accelerators was recovered on May 22. Since the construc-
tion of the detector frame for the forward detector was not finished, the placement of the detectors were
temporary. Fig. 11 shows the experimental setup of the detectors for the forward spectrometer. In the
temporary setup, we placed two DCs, nine NTOF counters, and six SF5 lead-glass counters in order from
the upstream.

The readout of sense wires in the two DCs was made using the 32-channel RAINER board. We used
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Fig.11. Experimental setup of the detectors for the forward spectrometer. The left panel shows
the schematic top view of the detectors. The right panels shows a photo taken from the
south-east. Two DCs, nine NTOF counters, and six SF5 lead-glass counters are placed
in order from the upstream.

six boards out of ten due to the troubles, and readout signals from 64 x wires and 24 y wires from each
DC. Although we took signals from all the y wires, we took signals from wires in a 64-cm width in the
BLC side. The two DCs are planed to be placed at the angle of 15.7° with respect to the z axis in the new
FOREST experiment. However, the DC wire planes are placed perpendicular to the z (photon beam)
axis in this commissioning.

The power supply for BLC, QC1LE, halted many times, indicating the ground fault error, after
we operated the two-stage Gifford-McMahon (GM) refrigerator, Sumitomo Heavy Industries RKD-415D.
The error was thought to happen because the resistance of cooling water is not enough high together
with the noise from the refrigerator. We plan to insert ion-exchange resins in the cooling systems for the
power supplier of the magnets and magnets themselves. To suppress the halt of the BLC excitation, we
decrease the coil current from 1400 A to 1250 A.

First of all, we checked whether the two DCs worked well or not using the data from special runs.
In these special runs, the trigger condition of the data acquisition was logic OR signal of all the tagging
signals, and thick converter was placed in front of BLC to produce the positrons with the speed of light
from a faint photon beam. Almost all the charged particles came to the two DCs were positrons from
tagged photons. We estimated the correlation of the TDC values between the odd- and even-number
wires to confirm that we correctly measured the response times from the wires. Sense wires are placed
alternately in the X (Y) and X’ (Y’) planes. When charged particles are incident on a drift chamber
perpendicularly, they penetrate the interval between adjacent X and X’ wires. Thus the sum of the
TDC values for the adjacent X (Y) and X’ (Y’) wires must be constant. Fig. 12 shows the correlation
of the TDC values between the adjacent odd (27 — 1)- and even (27)-number wires. As shown in Fig. 12,
Event concentrations are observed at the constant sum loci in the Y-Y” planes for DC1 and DC2. On
the other hand, Charged particles are incident on a DC at the incident angles larger than 10° in the

zx plane. And this incident angle becomes larger as the distance from BLC becomes longer. Charged
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particles are more likely to pass through the same side from the sense wires of the X and X’ planes in
the far side (south) . The loci corresponding to the constant difference is longer for the far side. The loci

corresponding to the constant sum is longer for the near side (north).
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Fig.12. Correlations of the TDC values between the adjacent odd (27 — 1)- and even (2¢)-number
wires. The upper and lower panels show the correlations for DC1 (upstream) and DC2
(downstream), respectively. The left, central, and right panels show the the correlations
for the X-X’ wires in the near side (north), in the far side (south), and Y-Y’ wires,
respectively.

Next, we checked the correlation of the wire numbers in the X-X' planes between DC1 and DC2 to
know the incident angle of charged particles. Fig. 13 shows the correlation of the wire numbers in the
X-X' planes between DC1 and DC2. The 8th wire in the X-X' planes of DC1, which was removed to
avoid the ground fail, was missing. Event concentration corresponds to the correlation for the positrons
between the wire number in the X-X' planes of DC1 is higher than 20 and that of DC2 is larger than
25. Since the positrons are mainly produced from the photon beam, and the maximum energy of the
positron corresponds to the circulating energy of the primary electron in the synchrotron approximately
1.3 GeV. Thus events of the positron incidence exist for the wire numbers in the X-X’ planes of DC
larger than 20. Event concentration in the lower part corresponds to the correlation for the events
that charged particles or X rays pass through the two DCs coming from the beam dump because wire
number is smaller in DC2 suggesting dx/dz < 0. Event concentration in the left side correspond to
the correlation for the events that the high-energy positive hadrons are incident on the two DC2, or for
the events that charged particles come directly without passing through BLC. If charged particles are
correctly momentum-analyzed in BLC, events for the wire numbers of DC1 smaller than 15 correspond

to charged particles with energies higher than 1.3 GeV. If charged particles do not pass through BLC,
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they can also come to the region corresponding to the wire number of DC1 smaller than 15.
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Fig.13. Correlation of the wire numbers in the X-X’ planes between DC1 and DC2. The 8th
wire in the X-X' planes of DC1 is missing. Event concentration corresponds to the
correlation for the positrons between the wire number in the X-X’ planes of DC1 is
higher than 20 and that of DC2 is larger than 25. Event concentration in the lower
part corresponds to the correlation for the events that charged particles or X rays pass
through the two DCs coming from the beam dump. Event concentration in the left side
correspond to the correlation for the events that the high-energy positive hadrons are
incident on the two DC2, or for the events that charged particles come directly without
passing through BLC.

Since the coil current for BLC was as low as approximately 1250 A in the commissioning period due
to the power supplier (QC1LE) trouble , we cannot get enough bending power. Protons with a momentum
around 940 MeV /¢, which is of most interest to determine low-energy nn scattering parameters from
the vd — pnmn reaction, comes onto the second NTOF counter from the BLC side. We have estimated
the time difference distributions between a NTOF counter and tagging signals to check whether the
positive pions and protons are well separated or not. Coincidence between the FOREST detector and
tagging signal is required to remove the accidental background contributions. A sideband-subtraction
method was applied to get the coincidence of them, where the prompt time difference (the FOREST time
is subtracted by the response time of hte tagging signal) region was defined from —8 to +2 ns and the
background from —28 to —8 and from +2 to +22 ns. Fig. 14 shows the time difference distributions
between the NTOF and tagging signals for eight NTOF counters. Here, the coincidence between the
FOREST detector and tagging signals was confirmed. The connection of the top PMT to the first NTOF
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Fig.14. Time difference distributions between the NTOF and tagging signals for eight NTOF
counters. The coincidence between the FOREST detector and tagging signals is re-
quired. The block, magenta, green, and red vertical lines represent the time difference
for the positrons, positive pions, positive kaons, and protons with an energy of central
momentum coming to each NTOF counter.

was broken during the experiment, and light output was very small. Thus, we omit the first NTOF
(TOF1) data.

We compared the measured time difference to the calculated time difference for the positive pions,
positive kaons, and protons with an energy of central momentum coming to each NTOF counter. To
make the calibration of the time difference, the position corresponding to the positron peak was obtained
using the special runs, in which the trigger condition of the data acquisition was logic OR signal of all
the tagging signals, and thick converter was placed in front of BLC to produce the positrons with the
speed of light from the photon beam. Both the positive pion and proton peaks were clearly observed
from the second (TOF2) to fifth (TOF5) NTOF counters, corresponding to the momentum above 562
MeV/c. It should be noted that still we have a large amount of the uniform background contribution

from accidental coincidence.
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Since we successfully readout the signals from DCs, the time difference distribution can be also
estimated wire by wire. Fig. 15 shows the correlation between the wire number in the X-X’ planes of
DC1 and time difference between the NTOF and tagging signals. The loci corresponding to the positive
pions and protons were clearly observed. The scattering angle of charged particles in the horizontal
plane which can be correctly momentum-analyzed ranged from 0° to 1°. Different scattering angles make
different flight lengths, and make the time difference distributions broader. After the Ty calibration and
xt curve determination for the DC wires are finished, the time difference distributions will be estimated

more accurately.
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Fig.15. Correlation between the wire number in the X-X' planes of DC1 and time difference
between the NTOF and tagging signals. The loci correspond to the positive pions (left)
and protons (right) are clearly observed.

§5. Summary

An experiment is planed at ELPH using the FOREST detector to determine the nn scattering
length a,, using the vd — pnmn reaction. Proton detection at 0° using 0.94 GeV photon beam give
the recoilless condition of 7 mesons. The nn final-state interaction can be studied thanks to the small
relative momentum between nn. Commissioning of the new detectors at downstream of the forward
spectrometer has been finished. The first series of the experiments will start in the end of this October
(2017) to determine Re[a,,] with a precision of 0.2-0.3 fm. We will provide an accurate Rela,,,] value

(~ 0.1 fm) in the near future.



29

Acknowledgments

The authors give thanks to the ELPH accelerator staff for their great efforts in the stable operation

of the electron synchrotron. They deeply acknowledge S.X. Nakamura and H. Kamano for giving us

the predictions for the nn rescattering effect in the proposed vd — pnn experiment. This work was
supported in part by Grants-in-Aid for Scientific Research (A) (24244022), for Scientific Research (C)
(26400287), and for Scientific Research (A) (16H02188).

[1]

(2]

[3]
[4]
(5]

(6]
[7]
[8]
[9]
[10]

[11]
[12]
[13]
[14]
[15]
[16]
[17]

[18]

[19]

[20]
[21]

References

Q. Haider and L.C. Liu: Int. J. Mod. Phys. E 24, 1530009 (2015);

and references therein.

A.M. Green and S. Wycech: Phys. Rev. C 71, 014001 (2005);

Erratum Phys. Rev. C 72, 029902 (2005).

R.A. Arndt et al.: Phys. Rev. C 72, 045202 (2005).

C. Patrignani et al. (Particle Data Group): Chin. Phys. C 40, 100001 (2016).
S.D. Bass and A.W. Thomas: Phys. Lett. B 634, 368 (2006);

S.D. Bass and A.W. Thomas: Acta Phys. Polon. B 45, 627 (2014).

A. Matsuyama, T. Sato, T.-S.H. Lee: Phys. Rep. 439, 193 (2007).

H. Kamano et al.: Phys. Rev. C 88, 035209 (2013).

A. Sibirtsev et al.: Phys. Rev. C 65, 044007 (2002).

A. Fix and H. Arenhével: Eur. Phys. J. A 19, 275 (2004).

T. Ishikawa et al.: ELPH-2803 letter of intent (2014);

T. Ishikawa et al.: ELPH-2844 experiment (2016).

T. Ishikawa et al.: Nucl. Instrum. and Meth. A 622, 1 (2010).

T. Ishikawa et al.: Nucl. Instrum. and Meth. A 811, 124 (2016).

S.X. Nakamura, H. Kamano, and T. Ishikawa: arXiv: 1704.07029 (nucl-th).
R. Machleidt: Phys. Rev. C 63, 024001 (2001).

V.G.dJ. Stoks, R.A.M. Klomp, C.P.F. Terheggen, and J.J. de Swart: Phys. Rev. C 49, 2950 (1994).
T. Ishikawa et al.: Nucl. Instrum. and Meth. A 832, 108 (2016).

T. Ishikawa et al.: Phys. Lett. B 772, 398 (2017);

T. Ishikawa et al.: PoS (INPC2016) 267;

T. Ishikawa et al.: PoS (Hadron2013) 095.

T. Ishikawa et al.: JPS Conference Proceedings 13, 020031 (2017);

T. Ishikawa et al.: JPS Conference Proceedings 10, 031001 (2016).

F. Hinode, et al.: Journal of Physics: Conference Series 425, 072011 (2013).
T. Ishikawa, Internal GeV-v Analysis Note HD No. 413\ (2016).

Y. Inoue, Internal GeV-+ Analysis Note HD No. 415N (2017).



30

[22] J.E. Moyal, Phil. Mag. 46 (1955) 263; M.D. Marucho, C.A. Garcia Canal, H. Fanchiotti, Int. J. Mod.
Phys. C 17 (2006) 1461.
[23] A. Peisert, F. Sauli, Drift and Diffusion of Electrons in Gases: A Compilation, CERN-84-08 (1984).

[24] K. Maeda, private communication.



ELPH Annual Report, Tohoku University (2016) 31

(ELPH Experiment : #2823)

Evaluation of Time Projection Chamber for H-dibaryon
search experiment and test of Multi-gap Resistive Plate
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A Time Projection Chamber (TPC) has been developed for an H-dibaryon experiment at J-PARC.
The TPC consists of readout pad, three-layer GEM, gating-grid and field cage. To evaluate basic perfor-
mance, we have conducted beam test with positron beam at Research Center for Electron Photon Science
(ELPH). In event display, the positron track was clearly seen, and position resolution was measured to
be 400 pum in the pad direction and 600 pm in the drift direction, respectively. In parallel, Multi-gap Re-
sistive Plate Chamber (MRPC) was tested for time resolution study for the J-PARC Heavy-Ion Project.

§1. Introduction
1.1 Time Projection Chamber

We have proposed the H-dibaryon search experiment via (K ~, K ) reaction at Hadron Experimen-
tal Facility, J-PARC. The proposed experiment will be measured invariant mass spectrum of AA or Apw
from H decay, with a mass resolution of 1 MeV/c?. To measure this decay mode, we have developed the
TPC (Fig.1). The TPC has the octagonal drift volume defined by the field cage, the cathode plane at
the top and the amplification region at the bottom. The whole volume is filled with a gas mixture of
Ar-CH4(P-10). The target is located inside the drift volume. For amplification, we adopted tripple GEMs
with the configuration of 50 pm for top two layer and 100 pm for bottom layer to achieve gain of the 10*
level. The most characteristic specification of our TPC is to operate not only decay particle but also high
rate kaon beam up to 10% cps. In high rate operation, space charge effect in the drift volume can not

neglect. To reduce this, we adopted to locate gating grid just above the top of GEM layer. The purpose

“Present address: High Energy Accelerator Research Organization (KEK), Tsukuba, Ibaraki, 305-0801,

Japan
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of the ELPH experiment is to evaluate position resolution and position shift due to space charge effect

with and without gating grid.

Fig.1. (left) The picture of developed TPC. (right) Gating wire, GEM, readout pad and conversion
connector from the top picture.

1.2 Multi-gap Resistive Plate Chamber

A Multi-gap Resistive Plate Chamber (MRPC) is one of the most commonly used apparatus as
a time-of-flight detector for charged particle identification. MRPC is the basically a gaseous detector
operated at the avalanche mode, and applying a high voltage on the electrode, which is usually about
14 kV. In between the electrodes, we produced many gas gaps by stacking many high resistive materials,
such as float glasses, with a spacing of few um gas gap. When a charged particle passes through, the
electron avalanche develops and it induces charge on the readout pad. This is the signal with a good
timing characteristics, and we can build TOF detector easily less than 100 ps of timing resolution with
high detection efficiency.

We have been working on the prototype of MRPCs for many years, to optimize the various param-
eters of this detector, seeking for the timing resolution below 30 ps. At this beam test experiment at
ELPH, we have tested basically three types of MRPC detectors as follows.

e Small area MRPC (4 stacks)
e Large area MRPC (4 stacks)
e Small area MRPC with narrow pad width (1 stack)
We show the results at this beam test for each type of MRPC in Sec3.2.

§2. Experimental Setup

The experimental setup is shown in Fig.2. There are several counters to evaluate the TPC perfor-
mance. A large plastic scintillation counter (T1) whose size is 507 mm x 50Y mm, is located at the
most upstream. A small plastic scintillation counter (F1) whose size is 1 cm x 1 cm, is located at just

downstream of the T1. Two silicon-strip detectors (SSD) with an 80 um strip pitch and a sensitive area
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of 31H x 30.8V mm? were located in front of and behind the TPC, respectively. The TPC was located
between two SSDs. The positron beams are measured by the SSD and the TPC. The SSDs play a role of
reference of the track position to evaluate beam shift due to space charge effect inside of the TPC. T2 and
F2 are same counter as T1 and F1, respectively and are located at the downstream of the SSD2. A plastic
scintillation counter (VETO) has a small hole at beam through position to detect scattered positron and
to reject from trigger, and is located at behind the F2. MRPCs were located at downstream of the TPC

measurement counters.

HypTPC

beam

iy

MRPC

T1 F2

T2
SSD2 VETO

F1
SSD1

Fig.2. ELPH setup
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§3. Analysis
3.1 TPC analysis
3.1.1 No Gating-Grid operation
In this ELPH expetiment, we tested basic performance of the TPC. Figure 3 left shows event display
of positron track. Pad color indicates amount of charge deposit of each pads. The track was clearly seen
at central position. A concerning point is that the track was slightly bent at the edge of the TPC. The
reason has not been recognized yet.
Figure 3 shows typical wave form. Dynamic range was set to 120 fC and the shaping time was
212 ns with Vggns of 315 V. S/N ratio was more than 100 that is because we could identify the clear
signal.
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Fig.3. (left) Event display of the positron track. (right) Typical wave form get from readout pad.

Figure 4 shows the pad efficiency of each layer. The horizontal axis shows layer number. The order
of layer number is defined from central target position, and total layer is 32. The “ncl” indicates number
of cluster. The signal was clustered in each layer. The pad efficiency was estimated more than 90% at
the ncl > 2, and more than 99% at the ncl > 1. However, there were some low efficiency layers. These
layers could not be measured because of the GEM broken. In this test measurement, we found that the
GEM was often broken at more than 320 V. To increase 320 V, we should modify GEM structure (support
frame etc.) and take long time aging.

Figure 5 shows typical residual distributions in the direction of pad and drift, respectively. We
tested with no magnetic field (B = 0) and low electric field (E = 130V /cm), which is relatively lower
than operation voltage (E = 180V /em) [1]. In the pad direction analysis, we applied cluster size more
than 3 and calculated position with weighted mean method. The position resolution was estimated to
400 ~ 500 pm. In the drift direction analysis, we calculated from maximum time bin obtained from the
wave form, and applied mean value from the Gauss fit. The position resolution was estimated to 500 ~

600 pm.

3.1.2 Gating Grid operation
Figure 6 shows typical wave form of gating grid operation. We applied gating voltage at the range
from +25 V to £50 V. The leftmost oscillation from 20 to 150 time bin and the rightmost peak from 420
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time bin show noise induced by the leading and trailing edges of the gate pulse. The middle peak is the
signal from positron track at the height of 45 cm from gating grid. In the no gating grid operation, S/N
ratio was more than 100. However, we can not neglect gating pulse noise. If the tracks pass through
near the gating grid, signal is overlapped with gating pulse noise. Figure 7 shows pad inefficiency at
the height of 45 cm when the gaint grid is CLOSE. In the closed mode, signal can not be reached at
the amplification area (GEM). If gating grid CLOSE level is low, some charge is leaked and amplifier at
GEM. Signal was not detected around the Vg4 = 50.

In this test experiment, we didn’t take data at low height operation with gating grid. Detailed

gating grid study will be measured near future.
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tion Fig.7. Inefficiecy of the Gate CLOSE operation

3.2 MRPC analysis
3.2.1 Small area MRPC

We developed 4-stucked MRPC, which is called “Small area MRPC”. Its effective area is 100 mm
wide and 136 mm long, and total hight is about 30 mm. The signal can be read out from both sides of
read out pad. In this type, we measured timing resolution and efficiency as a function of applied voltage
and position. Figure 8 shows a sample of signal shape taken by the DRS4 evaluation board [2]. Three
parameters were extracted by fitting a signal, i.e. amplitude of signal A, charge Q (integrated around a
peak), and a time when it reaches at A /2, to.

The correlation between amplitude and charge is shown in Figure 9. A linear distribution is seen
at the middle panel, and some points are placed above the line. These can be considered as streamers,
which usually have two-peaked signals as shown in the top-left, and a larger decay time as shown in the
bottom-left panel.

Figure 10 shows the voltage dependence of efficiency. The efficiency is defined as the ratio of the
number of events whose amplitude of MRPC signals are > 10 mV to the number of triggered events by
scintillation counters. Filled circles are for the efficiency including streamers, and open circles are the
fraction of the streamers over the total number of events.

The color (red or blue) corresponds to the different position of beam spot as shown in the figure.
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Figure 10 shows that the efficiency gets better to be > 98% more than 12.5 kV.

Figure 11 shows the timing resolutions as a function of the applied voltages. The beam was irradi-
ated at the center of the counter. Streamer events are excluded from this analysis because rising signal
might be deformed by the pulses come after, and exact ¢, parameter cannot be measured correctly. we
achieved the timing resolution of 67.4 & 2.8 ps at 12.0 kV and achieved efficiency up to 98% at the same
time. We concluded that the best voltage setting for this type of MRPC is 12.0 kV from this data.
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3.2.2 Large area MRPC

Figure 12 (left) shows 30 x 20 cm? large prototype of MRPC (4 stuck), and we evaluated it with
beams at ELPH. We took data in 4 different high voltage setting at each position (7 points), as shown in
Figure 12 (right).

We evaluated applied voltage and position dependence of timing resolution (Fig.13 left). The best
timing resolution was 79.8 & 1.8 ps at position No.5 when the applied voltage was 15.0 kV. This figure
shows that the time resolution went the better with inclease applied voltage. However, it looks different
structure at position No.2, and it can be considered that positron beam hit outside of the pad of MRPC.

We originally expected the best value of timing resolution would be at the center because it was
considered that the signal is read out of both side of pad at the same time. However it turned out to be
the opposite result. The applied voltage and position dependence of the efficiency are shown in Fig.13
right. The efficiency got the better with increase applied voltage. On the other hand, if the beam position
got closer to the detector center, the efficiency got worse. These effect can be considered that the large
reflection of the signal, because on the edge of the pad, the true pulse and reflected signal are almost
close to each other, then the amplitude is bigger. But the beam hit in the center, true pulse and reflected
signal are located next to each other, smaller amplitude and broader pulse would be formed by true
pulse and reflected pulses, it causes worse timing resolution. Those results indicate the importance of

the impedance matching among detector, cables, and pre-amplifier.
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Fig.11. Timing resolution. The beam spot is the center.

mrpcl

Fig.12. left:prototype of large MRPC , right:positron beam incident position

3.2.3 Small area MRPC with narrow pad width

The purpose of this study is to evaluate the pad width effect to the timing resolution and efficiency.
In here, we used the single stuck MRPC. In this study, we collaborated with SONY Global Manufacture
& Operation. They performed the electromagnetic field simulation. Based on the simulation results, it
is possible to improve and optimize the wave shape quality of MRPC by changing the pad shape. We
made the same type of MRPC as the simulation and performance beam test for those at ELPH.

In this experiment, we made 2 types of MRPCs. One is the reference counter whose width of the
reading pad is 2.4 cm. This type is same shape of “Small area MRPC”, as we discussed before. We call it
as “type A”, and the other is “type B” which has narrower width of reading pad to 1.2 cm than the type
A.

We measured the efficiency using e.q.1. "Nasrpc.tn” 1s number of events in which the amplitude of
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We measured the rise times because it is one of the important elements. The quality of the waveform
determines the timing resolution. We defined raise time as the time taken amplitude from 10% to 90%.
Fig.14 shows a comparison of rise time for type A and type B. It shows the raise time of type B is
faster than type A. This indicates that type B have a good wave shape compared to that for type A. So
that it is expected that the timing resolution is better for type B. We measured the timing resolution:
Type A is 85.4 + 2.4 ps and type B is 78.9 + 1.8 ps (Fig.15). We did not observed a clear difference on
timing resolution by considering statistical uncertainties. The band width of pre-amplifier would not
be optimized yet for the higher frequency (GHz). It is thought that the effect of timing resolution with
different pad could be seen by using a high frequency pre-amplifier to catch a wider bandwidth.
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raise time. Comparison of type A timing resolution. Comparison of
and type B. type A and type B.
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Production of 22Na and 24Na with a high-intensity
electron beam
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By irradiating the 50 MeV electron beam on 27Al target, 24Na and 22Na were generated via the
photonuclear reaction. The amounts and spacial distributions of generated RIs were measured by Nal
scintillation counters, Germanium detector, and the imaging plate.

The experimental results are compared with Geant4 simulation.
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LAMPS is the nuclear science facility to study a nuclear equation of state via heavy-ion collisions
at RAON. TPC is the main tracking detector of the LAMPS solenoid spectrometer to identify particle
species and reconstruct the momentum of each track with high precision over a large acceptance. The
LAMPS TPC prototype was made for 1/2 size of a real LAMPS TPC. We measured the drift velocity,
diffusion and position resolution to understand the characteristics of the LAMPS TPC prototype by

using a positron beam.

§1. Introduction
1.1 Large Acceptance Multi-Purpose Spectrometer (LAMPS)

RAON is the rare isotope (RI) beam accelerator facility in Korea. The motivation of RAON is to
understand the nuclear structure of exotic nuclei close to drip lines, the astrophysical processes and the
detailed properties of dense nuclear matters. One of the nuclear science facilities at RAON is LAMPS
for the study of a nuclear equation of state (EoS) via heavy-ion collision experiments. Using RI beams
allows us to widely vary and control a neutron to proton ratio of the colliding system. Such a controlled
experiment is possible to explore the isospin dependent part of nuclear matter EoS, known as symmetry
energy, which is an important component of understanding the neutron star, supernova, nuclear synthe-
sis and exotic nuclei near neutron drip lines.

At the end of the In-Flight separator, LAMPS will be located for completing an event reconstruction by
detecting all the particles produced in heavy-ion collisions within a large acceptance angle to measure
particle spectrum, yield, ratio and collective flow of pions, protons, neutrons, and intermediate frag-
ments at the same time. LAMPS consists of a solenoid spectrometer and a forward neutron wall. A Time
Projection Chamber (TPC) and a time-of-flight (ToF) detector will be placed inside cylindrical solenoid
magnet of 0.5 T for charged particle tracking and particle identification. The forward neutron wall will

be made of 8 layers of plastic scintillators for neutron tracking.

1.2 LAMPS TPC
LAMPS has TPC as a main tracking device in the solenoid spectrometer to identify particle species
and reconstruct the momentum of each track with high precision over a large acceptance. Inside of TPC,

micro patterned gas amplifiers such as triple stacks of Gas Electron Multiplier (GEM) are deployed. [1]
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LAMPS TPC prototype Readout PAD

Gas Electron Multiplier (GEM)

Fig.1. LAMPS TPC prototype.

The LAMPS TPC is cylindrical with a central axis lying on a beam direction. The length of a gas volume
inside TPC is 1.2 m and its radius is 50 cm. In order to avoid gain saturation due to beam particles, the
cylindrical hole with radius of 15 cm is made along the beam axis. The readout PAD is located at the
end of the cylinder and is segmented into eight identical trapezoidal sectors in azimuthal angles. Each
sector is equipped with three GEM foils for amplifying the charge signal which is composed by 2 mm
gap between GEM foils. The nominal target position is a quarter of the total length of the gas volume
(30 cm) from the upstream face of TPC to enlarge the geometrical acceptance at mid-rapidity. Therefore,
TPC covers the range of 25° to 126° in the polar angle of a laboratory system.

The LAMPS TPC prototype was designed for 1/2 size of real LAMPS TPC in terms of an outer radius
and a drift length but an inner radius of the cylindrical hole is the same to the real LAMPS TPC. The
LAMPS TPC prototype will give us various information : drift velocity, performance of field cage, and
position resolution of different readout PAD designs. Figure 1 shows the LAMPS TPC prototype, a field
cage, readout PAD and a GEM. Two different designs of readout PADs (3 x 10 mm?, 4 x 15 mm?) are

installed.

$2. Experiment

The purpose of this experiment is to understand the characteristics of the LAMPS TPC prototype
with a positron beam. We measured a drift velocity by modulating an electric field of the field cage
and the performance of two different readout PAD designs (4 x 15 mm? and 3 x 10 mm?2), which were
compared for two different gas mixtures : P-10 (Ar 90% + CH4 10%) and ArCOq (Ar 90% + CO3 10%).
Figure 2 shows an experiment setup at the ELPH beam line. The LAMPS TPC prototype is placed at
the beam line and on the lab jack to change a beam injection height at TPC. To define beam trigger, 6
trigger counters are placed in the front and back side of the LAMPS TPC prototype. At the front, two
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Fig.2. ELPH experiment setup.

scintillators whose size is 1 cm width are installed to define 1 x 1 cm? beam size. 4 cm scintillators are
installed to make a trigger signal by passing the beam in the back of TPC. Two large scintillators whose
size is 20 x 20 cm? are placed just in front and back side of TPC.

Two different PADs are installed in the LAMPS TPC prototype. We tested 4 x 15 mm? PAD in the
LAMPS TPC prototype, and the other 3 x 10 mm? PAD was tested by using a small GEM test chamber
next to the LAMPS TPC prototype as shown in Fig. 2.

A trigger signal is defined by the coincidence of 6 scintillators. We took VME data for scintillator counters
and TPC data by using a different DAQ program at the same time. In order to synchronize two different
DAQs, we made the gate signal with a trigger signal from scintillating counters, trigger ready from TPC
DAQ and busy signal from TPC DAQ.

Figure 3 shows one example of beam event display on TPC. The top figures are raw signals of each PAD
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Fig.3. Event display of positron beam.
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after TPC front-end electronics and the bottom figures show the beam tracking on the two PADs. Since
the beam passes through the same height of the LAMPS TPC prototype, all signals of PAD are located
at the same timing. Right figure shows 3 dimensional event display.

We have taken data for two different gases for 2 days. On the first day, we have tested with different
electric field of the field cage from 115 V/em to 155 V/em with P-10 gas. Also, we varied a beam injection
height (20.24 c¢m, 35.24 cm and 50.24 ¢cm) in the LAMPS TPC prototype. On the next day, we have tested
with ArCOq gas by changing the beam injection height. In this case, we fixed an electric field at 170
V/em.

§3. Analysis and Result
3.1 Drift Velocity

TPC is a very good 3 dimensional tracking detector. X and Y positions are defined by the readout
PAD positions. Z position is defined by the drift time of electron along the field cage. We measured a
drift velocity as a function of 5 electric fileds (115 V/em ~ 155 V/em). To calculate a drift velocity, we
measured 3 different beam injection heights in the LAMPS TPC prototype. Figure 4 shows the measured
drift velocity as a function of electric fields. Red points are the measured values by using the positron
beam at ELPH. Blue one is from the muon test in the lab and black is based on garfield++ calculation
from the gas table. In the P-10 gas, the maximum drift velocity is 5.26 cm/us with positron beam at an
electric field of 155 V/ecm. The drift velocity of ArCOs gas is 1.07 cm/us at an electric field of 170 V/em.
Since a real LAMPS TPC will have 120 cm field cage, the drift time with a full range will be around 23
us if we use P-10 gas with 155 V/ecm electric field. Since we need the drift velocity faster than 6 cm/us
in order to record complete information within time range of electronics which cannot be achieved using
P-10, we tested P-20 (Ar 80% + CH4 20%) gas mixture. As shown in Fig. 4, by using P-20 gas, we could
measure the drift velocity of 6.7 cm/us at the 205 V/em electric field.
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3.2 Diffusion
One of the most important characteristics of TPC is the position resolution. The position resolution
is determined by various parameters of TPC : gas diffusion, PAD size and so on. Since the diffusion
coefficient represents a spread of the electron cloud, the diffusion coefficient of the chosen gas is the
most important factor to determine the position resolution.
The spread of the charge cloud increases along the drift distance (Z) due to collisions with gas atoms and
molecules. Therefore, the width of the track (o.ck), Which is perpendicular to the track, is a function of

drift distance Z : [2]
Ut:2rack = DzZ + Ug (1)

where D is a transverse diffusion coefficient and o is a coefficient due to the amplification system (triple
GEM system of the LAMPS TPC prototype).

Figure 5 shows the width of the charge cloud (o,4.) as a function of the drift distance (Z) at an electric
field of 155 V/cm. In the linear fitting, the slope (p1) corresponds to a transverse diffusion coefficient.

The diffusion coefficient was obtained as 426 pm/,/cm.

3.3 Position resolution
We have tested two different size PADs : 4 x 15 mm? in the LAMPS TPC prototype and 3 x 10 mm?
in the small GEM test chamber. Figure 6 shows the residual distribution along the distance between the
beam track and the hitting position on the PAD. We have measured position resolutions for the P-10 gas
condition. The left distribution is for the 4 x 15 mm? PAD and its position resolution is 605.6 pum. The
right one is for the 3 x 10 mm? PAD and 227.5 pm position resolution.

e res2_0 — res2_2
% 00 F Entries 33380 %000 r Entries 24322
3 C Mean -0.1781 Q L Mean -0.5103
Soooi RMS 1.251 5.000? RMS 2.656
F X2/ ndf 70.38/7 F 2/ ndf 1683/7
2500 Constant 35694316 | 4000 Constant 5981+ 73.1
F Mean  -0.2404 + 0.0050 E Mean  -0.01105%0.00193
2000? Sigma  0.6056 + 0.0060 3000 ; Sigma 0.2275 +0.0025
1500 i
- 2000~
1000/~ :
0 ; | 000? JL/J h\w
% . | P | R [ . o . . B
910 5 0 5 10 910 5 0 5 1
Residual (mm) Residual (mm)

Fig.6. Residual distribution of PAD 4 x 15 mm? (left) and 3 x 10 mm? (right).

$4. Summary

LAMPS is one of the experimental facility for nuclear physics at RAON. We have been developing
the LAMPS TPC which is a main tracking detector of the LAMPS spectrometer. The LAMPS TPC
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prototype was developed to study a design of the LAMPS TPC with triple GEM system. We have tested
the LAMPS TPC prototype with positron beam at ELPH. The maximum drift velocity of P-10 gas is 5.26
cm/ps at 155 V/em electric filed and ArCOg gas is 1.07 cm/ps at 170 V/em. The drift velocity was tested
using a P-20 gas in order to achieve a requirement of the TPC elctronics and is obtained with 6.7 cm/us.
Transverse diffusion coefficient is 426 pm/\/cm with P-10 gas. Position resolutions are 605.6 um for 4 x
15 mm? PAD and 227.5 um for 3 x 10 mm?, respectively.
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A new photon tagging system that called STB Taggerlls, is developed in progress at ELPH for
FOREST experiments. STB TaggerIls consists of MWDC and hodoscope. The hodoscope can specify the
generated time of photons with good resolution. We made a prototype hodoscopes and measured the
time resolution using positron beam in December 2016 and February 2017. The time resolutions of all
prototypes with amplifier were less than 190 ps. From this results, we decide to use the single-sided

readout system of the STB Taggerlls hodoscope.

§1. Introduction

We are developing a new photon tagging system (STB Taggerlls) for FOREST experiments. FOR-
EST experiments are used photon beam. When inserting carbon fiber into the circulating electrons in
BST electron ring, bremsstrahlung radiation occurs and photon beam are generated. The photon tagging
system is used to identify a photon and and determines the energy. Fig. 1 is a illustration of STB Tag-
gerlls. Recoil electrons are bent inwards by the bending magnet. STB Taggerlls detects recoil electrons

and tags a photon beam. The energy of a photon is given by the following equation. [1].
E’y = € — €pecoil (1)

Here, e, erecoir, and E., are the energy of the circulating electrons, recoil electrons and photons.

STB Taggerlls consists of a MWDC and a hodoscope. The MWDC is worked to detect recoil electron
trajectories and calculates momentum with high accuracy. The hodoscope is worked to separate a bunch
of photon beams with good time resolution. The interval time of the beam bunch is 2 ns, and in order
to identify the beam bunch, the time resolution of the hodoscope is less than 200 ps. To archive the

requirement, we made prototypes of the hodoscope and measured the time resolution.

1.1 Hodoscope
The prototype hodoscopes are combination of Multi Pixel Photon Counter (MPPC) and plastic scin-
tillator. The hodoscope must not be affected by the magnetic field, because it is installed in the bending



55

Bending Magnet

Taggerlls
Hodoscope
MWDC _
~ — —electron bea
7 recoiled electron
gammaray
Radiator

Fig.1. Illustration of TaggerlIls.

magnet. The hodoscope has 60 scintillators. The size of the scintillators are 5-30 mm width, 30 mm
height, 5 mm thickness. In order to make the same counting rate and below 500kHz, the width of scin-
tillators were decided from 5 mm to 30 mm at intervals of 5 mm. Therefore the width of scintillator
to detect high energy recoil electron is 5 mm, and to detect low energy is 30 mm. The height of the
scintillators are 30 mm, these are as same as the window height of the MWDC. The reflection sheets of

the scintillators are used Teflon.

§2. Measurement of time resolutions
2.1 Experimental condition

The experiment was carried out at ELPH positron beam line in December 2016 and February 2017.
We studied 5 mm and 30 mm width scintillator. We compared with single-sided and dual-sided readout.
5 mm width scintillators were studied single-sided readout, dual-sided individual readout, and dual—
sided sum readout.(Fig.2) 30 mm width scintillator was studied dual-sided individual readout with and
without amplifier. The readout modules were one MPPC for 5 mm width scintillators, and parallel
connected six MPPCs for 30 mm width scintillators. Applied voltage of MPPC were changed from 55.5
V (break down voltage + 3 V) to 60.5 V at intervals of 1 V. Threshold were studied 10 mV (without
amplifier) , 50 and 100 mV ( with amplifier).

MPPC

Signal

Fig.2. Left : single-sided readout. Middle : Dual-sided sum readout. Right : dual-sided indi-
vidual readout.
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2.2 Setup

Fig. 3 shows the experiment set up. T0 is 5 mm x 20 mm x 20 mm plastic scintillator with single

photomultiplier readout to use for trigger start counter. T1is 5 mm x 50 mm x 50 mm plastic scintillator

with dual-sided photomultiplier readout to measure time. The prototype hodoscopes are set between T0

and T1. The signal from hodoscope divided into two lines. One enters into an ADC module through a

cable delay, the other enters into TDC module. The trigger is coincidence of TO and T1. Fig. 4 shows

logic data taking system for the measurement and Tabel 1 shows the specification of counters.

Tagger prototype Timing Counter T1

Trigger: TO * T1

Start Counter TO

e+ beam

»
Ll

~460 MeV/c

scintillator MPPC : _
readout | | i
- v 7 ADC

L

MPPC

Fig.3. Set up of the measurement.

Data -

Reflective material — / - &
( teflon) DC
Power
AMP |
Non-inverting amplifier
(x10)
Fig.4. Schematic illustration of the data taking system.
Table 1. Characteristics of the counters.
Counter Type number Operating voltage(max) [V] Scintillator size [mm?]
Start Counter TO R4125DMOD 1500 (1800) 5(W)x20(H) x 20(T)
Timing Counter T1 H6410 2000(2700) 5(W)x50(H) x50(T)
MPPC S13360-3050PE 55.5 5(W)x30(H)x5(T) , 30(W)x30(H) x 5(T)
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§3. Results
3.1 ADC correcion
For ADC correction, the mean and error of TDC data is made by each bin of ADC, and fitted with

correction function. The correction function is as follows.

P1

T = Po + (2)
VvADC
Fig. 5 shows results of that.
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Fig.5. A correlation plot of TDC and ADC. Left: Before correction. Middle : Profile plot and
fitting result. Right : After correction.

3.2 Time resolutions

After time correction, the time resolutions of prototype scintillators are obtained. Fig. 6 shows the
results of 5 mm wide scintillator.

Table 2 and 3 show the time resolution with same bias voltage 56.5 V. The time resolutions of dual—
sided sum readout are about 150 ps, better than single—sided readout. But both results are less than 190
ps, and lower than required resolution 200 ps. The time resolutions without amplifier, does not change
in any readout method.

These are around 170 ps, and are shown in Fig. 7.

Without AMP, the sum read out in parallel from both sides and the average for each read and time
are the same time resolution. Both time resolutions are around 170 ps. Figre 7 represents it.

Table 2 shows the rime resolution with the same bias. Here, we show data of 56.5 V (operating

voltage +1 V) where fitting worked well for any data.

Table 2. The time resolution of 5 mm width scintillator with amplifier (bias voltage=56.5 V)

Threshold [mV] 100 50
Readout single—sided | dual-sided sum | single—sided | dual-sided sum
Time resolution [ps] 186+4 14946 17244 157+6

3.3 Bias voltage dependence of time resolution
Fig.8-10 shows the the bias voltage dependency of the time resolution. Fig.8 shows the results of

5mm width scintillator with amplifier, and Fig.9 shows without amplifier. The time resolutions are worse
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Fig.7. The time resolutions of dual-sided sum readout (left) and individual readout average
(right) without amplifier, the thresholds are 10 mV.

Table 3. The time resolution of 5 mm width scintillator without amplifier (bias voltage=56.5 V)

Threshold [mV] 10
dual-sided
Readout single—sided individual
sum -
average | right left
Time resolution [ps] 161+2 168+4 | 17245 | 203+6 | 236+6
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Table 4. The time resolution of 30 mm width scintillator.

Threshold [mV] 100 10
amplifier with amplifier | without amplifier
Time resolution [ps] 165+4 233+6

near the operating voltage (breakdown voltage +3 V = 55.5 V) . The other side, the time resolutions are
slightly worse that the bias voltage is over the operating voltage + 3 V. FIg.10 shows the time resolution

of 30 mm width scintillator. To satisfy the requirement, the readout of 30 mm width scintillator is needed

amplifier.
5 mm scintillator with amplifier
'g'_ L ® single-sided readout (thr100 mV)
‘E‘ o } [ ] single-sided readout (thr50 mV)
XS] 400"_ A dual-sided sum (thr100 mV)
= = v dual-sided sum (thr50 mV)
8 -
o -
) -
£ 350 B
300|—
250 —
200
150 —
—_LIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
53 54 55 56 57 58 59 60
voltage [V]

Fig.8. The bias voltage dependence of 5 mm width scintillator with amplifier.
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§4. Summary

The new photon tagging device, STB Taggerlls is developed in ELPH. This device consists of MWDC
and hodoscope. The requirement of the hodoscope is that the time resolution is less than 200 ps. We
made prototype hodoscope from plastic scintillator and MPPC. We studied three types of signal readout
methods, single—sided readout, dual-sided individual readout, and dual-sided sum readout. And we
compared each readout method with and without amplifier. The time resolution with dual-sided sum
readout is equivalent to dual-sided individual readout. In addition, we compared the time resolution
with AMP present and without AMP. The time resolutions of all situation with amplifier are less than
required resolution, 200 ps. As a result, we decide the readout system of STB TaggerIls hodoscope is

used single—sided readout.
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The single n photoproduction from a proton target is a good probe to study the IN* resonances
which include ss content. Since the isospin of the np meson is zero, it does not couple with A* resonances.
Usually the N* resonance search is done by measuring the total cross section. However, the excited

resonance states typically have large widths, and they may be overlapped with the possible influence of
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Fig.1. The slat number dependence of the IPS efficiency for proton detection. The IPS slat
number corresponds to the azimuthal angle around the LH, target.

interferences. Therefore, the measurement of the photon beam asymmetry, which is represented by the
interferece terms of helicity amplitudes, is a strong tool to decompose the N* resonances.

The n — ~+ decay is detected at the BGOegg electromagnetic calorimeter, which is composed of
1,320 BGO crystals covering the polar angle range from 24 to 144 degrees [1, 2]. The proton in the
final state is detected at the planar drift chamber (DC) or the BGOegg calorimeter with the charge
identification by the inner plastic scintillators (IPS). The DC is placed in the forward acceptance hole
corresponding to the polar angles less than 21 degree. The experimental data was collected in the
latter half of 2014 (2014B cycle) by irradiating the 1.3—-2.4 GeV tagged photon beam [3] onto the liquid
hydrogen (LHs) target [4] at the SPring-8 LEPS2 beamline.

The event selection has been done in two ways: One is the simple selection by the combination of
mass spectra and kinematical cuts [5]. The 7 meson and the proton are identified by the 2~ invariant
mass and the p(v,n) missing mass, respectively. The kinematical angle consistency between the detected
proton track and the missing momentum calculated from the 4-momentum of the n meson was also
required to reduce backgrounds. The other method of the event selection was done by removing low 2
probability events after the kinematical fit with the constraints of the 4-momentum coservation and the
7) mass.

The photon beam asymmetry X is defined from the production rate modulation depending on the
azimuthal angle difference between the reaction plane and the linear polarization vector of the photon
beam. In order to obtain the information about the N* resonance decomposition, the photon beam
asymmetry was measured in 5 bins of the CM energy and 4 bins of the n emission polar angle at the
CM frame. During the measurement of the photon beam asymmetry, various checks were performed for
systematics confirmations. For example, Figure 1 shows the efficiencies of IPS, which is segmented into

30 long slats in the azimuthal direction. It has been confirmed that there is no azimuthal dependence
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for the charge identification, which can possibly make an artificial asymmetry. The data collection was
done with the two perpendicular directions of photon beam linear polarization, so that any geometrical
effect to the photon beam asymmetry can be found. Such effect has not been observed.

Figure 2 shows the azimuthal distribution of the 17 meson signal counts, measured based on the
event selection by the mass spectra and kinematical cuts. In order to extract the n signal counts, the
signal and background template shapes were simultaneously fitted to the 2+ invariant mass and miss-
ing mass spactra. The photoproduction processes of 7%7%p, n7°p, and wp final states were taken into
account as backgrounds. Even after reducing backgrounds enough with the tight cut making the signal
acceptance one third, the strength of azimuthal asymmetry was confirmed to be unchanged.

Figure 3(a) shows the result of the beam asymmetry measurement at the lowest energy bin. In
this energy region, the CB-ELSA collaboration has reported a comparable result [6], showing the good
consistency with the BGOegg measurement. In contrast, the results in the higher energy region are
new. Here we show the beam asymmetries for the highest energy bin in Fig. 3(b). Apparently, the polar
angle dependence is different from the lowest energy bin, and this information must provide a strong
constraint on the N* decomposition. The final results will be shown with the differential cross section

measurement.
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High energy photon beams are available at SPring-8 LEPS and LEPS2 beamlines by the backward
Compton scattering of ultraviolet laser light from 8 GeV electrons in the storage ring [1]. They are
used to produce various hadrons and to investigate their natures. Currently, the intensity of the tagged
photon beam in the energy range below 2.4 GeV reaches a few MHz by the simultaneous injection of
a few laser beams. While the photon beam has several specific features as a hadron beam, there is
a disadvantage for the low interaction rate with a target material to produce hadrons. Therefore, the
method to increase the beam intensity up to 5—10 MHz has been strongly desired.

One way to upgrade the beam intensity is the use of the pulse laser whose output timing is forced
to be synchronized with the electron beam bunches. While the electron beam bunch exists at 1.966 nsec-
each RF packets with various filling patterns, the lasers are currently operated in the CW or quasi-
CW mode, emitting the laser light even at the time periods when the electron bunches do not exist
at the interaction region. Recently, the pulse laser whose emission timing pattern can be generated
intentionally with external trigger inputs is being available from Spectronix Corp. By using this pulse
laser, the output power corresponding to a few tens W in the CW mode can be concentrated only at the
moments when the electron bunches exist.

In December 2016, we temporarily installed a demonstration machine of 355 nm ultraviolet pulse
laser with a few hundreds mW output at the LEPS beamline. The external trigger signal was generated
from the accelerator RF signals with prescaling. Pulsed laser light was emitted with a set frequency
after accepting the trigger signal. We chose the SPring-8 beam cycle whose electron filling pattern was
so-called “A-mode”, so that the laser was emitted at every 23.6 nsec, corresponding to the electron beam
bunch interval. The delay time of the external trigger signal input was also adjusted because the pulsed
light must meet with an electron beam bunch optimally at the laser focus point or the interaction region.
Therefore, the NIM-standard circuit for the time delay with a 0.5 nsec precision was set at the external
trigger signal line.

Figure 1 shows the result of photon beam intensity measurement with the pulse laser. The horizon-
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Fig.1. The intensity modulation of the tagged photon beam depending on the delay time of the
external trigger signal for the pulse laser. The sudden change at 14 nsec corresponds to
the edges of the straight section of the storage ring.

tal axis represents the amount of delay. Here, the photon beam intensity was measured by the tagging
counter, which detected recoil electrons from the backward Compton scattering. The intensity modula-
tion depending on the delay time was observed as expected. In order to compare with the beam intensity
in the case of CW laser injection, the emission frequency was slightly changed from the rate of 23.6 nsec
intervals for asynchronous scattering, while the laser output power was kept. The asynchronous scatter-
ing did not show the intensity modulation pattern with the variation of delay. From the comparison of
the two injection methods, we observed the pulse laser injection with the optmized frequency and delay
provided about two times larger beam intensity compared with the CW laser case.

Based on the test with the demonstration machine, the effectiveness of the pulse laser injection was
confirmed well. It has been found that the enhancement factor of ~2 can be improved by achieving the
ideal laser focus. In addition, the pulse laser emission can be suitably arranged even for the complicated
electron filling patterns by programming the external trigger signal timings at a function generator.

Further tests will continue for practical application.
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Electron scattering off stable nuclei, *2Xe and 2°8Pb were performed at SCRIT electron scattering
facility as commissioning of the facility in 2016. For both targets, the diffraction pattern on the reac-
tion cross section were successfully measured and information of the charge density distributions were

extracted. Here, some results for 132Xe and 2°%Pb targets are reported.

§1. Introduction

The SCRIT (Self-Confining Radioactive Isotope Target) [1] electron scattering facility have been
constructed at RIKEN to realize electron scattering off unstable nuclei as reported in previous reports [2,
3]. This year, commissioning studies of spectrometers and target ion transportation systems have been

performed with several stable targets. Note that the results for the *?Xe target is already published [4].

§2. Experimental Apparatus
2.1 overview of the facility

Figure 1 illustrates the SCRIT electron scattering facility. The facility consists of a 150-MeV race-
track microtron (RTM), an electron storage ring (SR2) equipped with the SCRIT, an electron-beam driven
RI separator for SCRIT (ERIS) [5], a fringing-RF-field-activated ion beam compressor (FRAC) [6], and
a window-frame spectrometer for electron scattering (WiSES), and a luminosity monitor (LMON). The
150 MeV-electrons from RTM are stored and accelarated in SR2. During the electrons circulating, target
ions are mass-separated and delivered into SCRIT by ERIS and FRAC, and then scattered electrons are
measured by WiSES. Details of the facility are found elsewhere [7, 8].

2.2 Target
For the commissioning experiment, the target nuclei were not provided from the ISOL system of
ERIS but extracted from natural materials. The natural xenon gas from a gas bottle was introduced at

an entrance branch of the ERIS system, and !32Xe ions were extracted by a function of ERIS. For the
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Fig.1. Overview of the SCRIT electron scattering facility.

lead target, natural lead was installed at the head of the ERIS and heated up to 300°. Then, 2°°Pb ions
were separated from the vapor of the lead by ERIS.

Since 28Pb is one of the most extensively investigated stable nuclei and the form factor is precisely
derived by electron scattering [9], it is the best target to check the spectrometer performance. On the
other hand, although '32Xe is a stable nucleus and the root-mean-square radius is evaluated from the
measurement of X-rays from muonic atoms [10], electron scattering has never been performed. This
work is, therefore, the first to determine the charge density distribution of 132Xe.

The target ions were stored in the SCRIT for a few hundred ms and ejected to refresh the target
quality because the amount of the residual gas ions also increased due to the ionization and trapping by
the electron beam. The SCRIT operation with and without target ions (IonIN/IonOUT) were alternated
for the comparative measurement and the background subtraction. The trapping times were 240 msec
for the 132Xe target and 990 msec for the 208Pb target experiment. In the present analysis, however, the
first 240 msec to the 990 msec trapping time was used even for the 2°8Pb target because it was found
that the time evolution of the amount of residual gas ions was influenced by the amount of the target
ions and the background subtraction method did not work correctly for the rest of the time. The interval

among the trapping times was fixed to be 10 ms.

$3. Run summary
Table 1 shows run summaries for the series of the commissioning with 32Xe and 2°®Pb targets in
2016. Achieved averaged-luminosities are also listed in the table. The number of ions introduced was

about 108 particles/pulse, and the achieved lumionsities were around 102’ cm~2s~! on average.

§4. Data analysis

Details of the data analysis are explained elsewhere [2-4]. Figure 2 shows the differential cross
sections multiplied by luminosity for elastic electron scattering off 2°8Pb. By changing the electron
beam energy, a wide range of momentum transfer can be covered. The line represents a phase shift

calculation [11] with the nuclear charge density distribution modeled as a sum-of-Gaussian function [9].
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Table 1. Run Summary Table. The irradiation time corresponds to the total time of IonIN con-
ditions. The duty is defined as, duty = TroniN/(TronIN + Tronout + 2 * Trnterval)-
The luminosities are averaged values evaluated by WiSES assuming a nuclear charge
density distribution.

Ee [MeV] | target Date Irradiation time [sec] | Duty [%] | Luminosity [/cm?/s]

151 132Xe 19-22/Jan 1.9x10% 49.5 8.7x10% +2.0%

132X e 8-10/Feb 7.8x10° 48.0 1.1x10%" £ 2.5%
201 132Xe 6-14/Apr 1.3x10° 48.0 1.1x10%7 £ 1.8%
301 132Xe 2-13/Jun 1.9x10° 48.0 1.6x10%" £8.1%
151 208pp | 19-23/Jul, 1-2/Aug,6/Aug 6.7x10° 49.5 2.5x10%T £ 5.7%
201 208py, 23-25/Jul, 2-4/Aug 5.0x10* 49.5 1.0x10%" £5.9%
301 208py, 25/Jul-1/Aug, 4-5/Aug 1.7x10°% 49.5 1.83x10%" £ 6.8%

The luminosity is considered as a fitting parameter in the present analysis because the study of the
LMon to determine the absolute value of luminosity is underway. The momentum-transfer dependence
is well reproduced by the calculation.

Figure 3 shows the plot for elastic electron scattering off 132Xe. The number of introduced target ions
and the achieved luminosity were similar to those for 2°8Pb. The parameters of a two-parameter Fermi
distribution are determined by comparing our data and a calculation. The lines for elastic scattering are
calculated with the best values of a two-parameter Fermi distribution. The contamination of inelastic
scattering which is calculated with a distorted wave Born approximation code FOUBES [12, 13] using
a transition density distribution of the ground state to the first 2 state [14] is negligibly small, as
shown in the figure. By changing parameters, radius C and diffuseness t, of the two-parameters Fermi
distribution, the most probable values are firstly extracted to be C=5.42f8:(1)§ fm and t=2.71f8:§g fm , and

resulting (r?) 1/2=4.79J_r8:%(2) fm [4].

= - 208 4 Exp. (Ee=151MeV)
- 2 “"Pb target P
N‘m‘ 10 g 4 Exp. (Ee=201MeV)
5 10 * ¢ Exp. (Ee=301MeV)
= g —— DREPHA
e lE
E 10_1 é . 0
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— 10-3 ! ! | ! !
04 0.6 0.8 1 1.2 14
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Fig.2. Differential cross sections of 2°8Ph(e,e) multiplied by the luminosity for the effective
momentum transfer at E.=151, 201, and 301 MeV. The line is a phase shift calculation
with the nuclear charge density distribution modeled as a sum-of-Gaussian function [9].

§5. Conclusion and future prospects
The SCRIT electron scattering facility has been constructed to realize electron scattering off unsta-

ble nuclei. In 2016, several commissioning experiments with stable nuclear targets have been preformed.
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Fig.3. Differential cross sections of *?Xe(e,e) multiplied by the luminosity for the effective mo-
mentum transfer at E,=151, 201, and 301 MeV. The lines are a phase shift calculation
with the nuclear charge density distribution modeled as a two-parameter Fermi distri-
bution (solid) and contributions of inelastic scattering calculated by a beyond relativistic
mean field theory [14] (dashed).

The momentum transfer distributions of 2°°Pb were well reproduced by a calculation with the charge
density distribution which was precisely determined ever. Furthermore, from the momentum transfer
distribution of 32Xe, nuclear charge density distribution is firstly extracted by changing parameters of
the two-parameters Fermi distribution.

Following this successful experiments, elastic electron scattering experiment for 138Xe nucleus

which is an unstable nucleus will be performed this year.
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RI Production for the synthesis of Promethium Endohedral
Metallofullerenes by Photon Activation Method

K. Akiyama?, S. Miyauchi!, and H. Kikunaga?

IDepartment of Chemistry, Tokyo Metropolitan University, Hachioji, 192-0397 Japan.
2Research Center for Electron Photon Science, Tohoku University, Sendai, 982-0826 Japan.

The production of Pm metallofullerenes were retried using chemically separated **Pm with higher
specific radioactivity than that of previous work. As the results of HPLC analysis, two elution peaks were
found in the dominant peak observed in the previous work and the HPLC retention time of these two
peaks were evaluated to be 61.2 min and 64.6 min, respectively, by the least square fit of data. The eval-

uated HPLC retention time of the first peak was found to be little later than that of La metallofullerene.

§1. Introduction

Endohedral metallofullerenes (EMFs) are known as a clathrate compound and are attracting in-
terest of the expectation for the potential application brought from their unique physical and chemical
properties. The large number of studies about the EMFs have been reported, so far. Especially for the
EMFs of lanthanide, it has been studied for a variety of encapsulated elements from the dawn of met-
allofullerene research. However, only metallofullerene of promethium (Pm) has been still missing [1]. It
is well known that Pm is one of the artificial elements belonging to lanthanide elements and do not have
any naturally occurred stable isotope. The chemical property of Pm is considered to be almost same as
those of other neighboring lanthanides, actually most stable oxidation state in water is +3 similar to
neighboring element of Nd. In general, Pm is produced from processing nuclear fuel and neutron irra-
diation of Nd in High Flux Isotope Reactor. However, 143Pm produced by these methods is not suitable
for the metallofullerene research because of their small vy-ray emission rate and their long half life.

Recently, we reported the production of Pm metallofullerenes using “*Pm produced by photon ac-
tivation of natural samarium and their properties such as oxidation state of Pm in fullerene cage [2].
Though the oxidation state of Pm in fullerene cage and main species of Pm metallofullerenes were
clarified, there are some problems to investigate detailed information about the properties of Pm met-
allofullerenes. These problems is caused by the lower specific radioactivity of “*Pm in irradiated Sm
targets. Previously, we tried to purify *3Pm from irradiated Sm targets by cation exchange chromatog-
raphy and succeeded to remove more than 90% of Sm.

Here, we report the resutls of re-investigated HPLC elution behavior of Pm metallofullerenes pro-

duced by above mentioned purified *Pm.

“Correspondance: Graduate School of Science and Engineering, Tokyo Metropolitan University,
Hachioji, 192-0397 Japan.
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$2. Experimental
2.1 Synthesis of Promethium Endhedral Metallofullerenes

About 1.0 g of Sm oxide were wrapped by Al foil and sealed into quarts tubes. These targets were
irradiated by 50 MeV photon at Research Center for Electron Photon Science in Tohoku University.
Irradiated Sm targets were dissolved to conc. HCI and then evaporated to dryness to make Sm and Pm
to chloride form. Chlorinated target materials were dissolved to 3 mL of 2 M HCI. Accurate 10 puL of 2
M HCI solution was added to 9.990 mL of HyO for dilution. Pm was separated from this diluted Pm/Sm
solution by cation exchange chromatography previously reported [3].

This separated Pm was dissolved into concentrated nitric acid together with about 0.5 g of LasOg3
as a carrier. This solution was heat to dryness and then EtOH was added for dissolving resultant nitrate
salts. This EtOH solution was dropped on a porous carbon rod with 10 mm diameters and 60 mm
length to adsorb the nitrate salts and then dried. This porous carbon rod was placed in an electric
tubular furnace and sintered at 700 °C under N; gas flow. After the sintering, this rod was set into the
fullerene generator as an anode for the arc discharge. The promethium EMF's were produced by the arc
discharge method [2] with DC 100 A under 60 kPa of He atmosphere. The produced soot containing
Pm EMFs was dissolved to CSy and then filtered to remove insoluble substance. After filtration, TiCl,
was added in this solution for the pre-separation of EMF's [4]. This pre-separated EMF's solution was

evaporated to dryness and then toluene was added to dissolve fullerene species for the HPLC analysis.

2.2 HPLC Elution Behavior of Pm@Cgg
The EMFs toluene solution was injected into HPLC system (Pump: Hitachi L-7110, flow rate: 3.2
mL/min, UV detector: GL-Science GL-7450, A = 340 nm) with a HPLC column of Buckyprep (Nakarai
tesque inc., size: 10 gmm x 250 mm). The eluate from HPLC was collected for every 20 sec with
the range from 50 to 70 min of the retention time and other fractions were collected for every 5 min
up to 100 min of the retention time. The ~-ray from each fractionated sample was determined by a

germanium semiconductor detector (SEIKO EG&G, GEM25P4).

83. Results and Discussion

In the previous work, we found that the main species of Pm metallofullerenes was Pm@Cgy similar
to other light lanthanide metallofullerenes [2]. Figure 1 shows the HPLC chromatogram of Pm met-
allofullerenes investigated in this study and the HPLC chromatogram of Pm metallofullerenes obtained
in the previous work is shown in the inset. The radioactivity observed in the samples collected for 5
min plotted in this figure were averaged to be same volume as the samples collected for 20 sec. The
dominant elution peak was only observed around 60 min. This tendency is correspond to that observed
in the previous work.

Figure 2 shows the detailed HPLC chromatogram around the dominant elution peak. For compar-
ison, separately obtained chromatogram of La metallofullerenes asigned as a La@Cg, was also plotted.

Although the only one elution peak was observed in the chromatogram of La metallofullerene, two elu-
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Fig.1. HPLC elution behavior of Pm metallofullerenes. HPLC chromatogram of Pm metallo-
fullerenes obtained in the previous work is shown in the inset.

tion peaks were observed in that of Pm metallofullerenes. To determine the exact retention time of the
peaks, least square fit was performed for the obtained data using “extreme” function as shown in the

following.
Y =190 §Agle @R (1)

Here, yy, A, t., and w indicate the base line, the peak area, the retention time at the peak top, and
the width of the peak, respectively.

The HPLC retention time of observed elution peaks between 50 to 70 min were found to be 61.2
min for the first peak and 64.6 min for the second peak as the result of least square fitting. For the first
peak, the retention time of the Pm metallofullerene is little later than that of the La metallofullerene
and differences from that of La metallofullerene was 1.05 min. It is considered that the electronic
state of cage surface is slightly affected by the encapsulated lanthanide ion as shown in the UV/vis/NIR
absorption spectra of a series of lanthanide M@Csg,, so this trend in the peak retention time is expected
to be caused by the differences of encapsulated metal ion. [5] The differences in HPLC retention time
between La@Cgy and the second elution peak was 4.45 min. This value is too large to identify that the

second peak is derived from Pm@Cg,; with similar electronic state of La@Cgs.

Conclusion

Pm metallofullerenes were re-produced using chemically separated 3Pm. As the results of HPLC
analysis, two elution peaks were found in the dominant peak observed in the previous work and the
HPLC retention time of these two peaks were evaluated to be 61.2 min and 64.6 min, respectively, by

the least square fit of data. The evaluated HPLC retention time of the first peak was found to be little
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Fig.2. Detailed HPLC chromatogram around the dominant elution peak of Pm metallo-
fullerenes. Separately obtained HPLC chromatogram of La metallofullerene is also plot-
ted for comparison.

later than that of La metallofullerene.
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Status of Accelerator Facilities in FY2016

Accelerator group
Research Center for Electron Photon Science, Tohoku University, Sendai, 982-0826

The electron accelerator complex: high intensity 60 MeV linac, 90 MeV injector linac and 1.3 GeV
BST (booster-storage ring), had been regularly operated for user time in FY 2016, however some minor

troubles occurred. In this report, machine status and some improvements are presented.

§1. High Intensity Linac
1.1 Overview of machine operation

For the 60 MeV high intensity linac, the operating beam time reached 252 hours in FY 2016. Beam
energy with 50 and 30 MeV were used most often, and the average current was 120 puA and 80 pA,
respectively. Usually beam users bring samples to be irradiated and place them on our irradiation
system. However we also accept some users who need to use their own irradiation stand to mount
their sample. In such case, the sample location and required beam size, etc. can be different from the
regular operation, so that we performed a machine study to meet the required condition prior to the user
operation. This had taken place successfully and then such specially required operations have been also

well managed.

1.2 Installation of an AC regulated power supply in the cathode heater line

Since the recovery from the damage caused by the great earthquake in March 2011, it has become
possible to operate the BST ring and the high intensity linac independently and simultaneously. Both
machines share a common electrical ground with the same high voltage transformer, therefore some
power supplies like gun cathode heater tend to interfere with their stable operation each other during
the simultaneous operation of both accelerators. Indeed, a drift more than 10 % has been observed in
the emission current from the cathode of the high intensity linac during the BST operation. Since the
heater voltage of the cathode is particularly sensitive to the emission current from the gun, we first
introduced an AC regulated power supply for the cathode heater. There are still some power supplies to

be stabilized, so that further improvement work is underway toward the higher stability.

1.3 Replacement of insulating oil and rectifier elements in klystron modulators
Although there was no major trouble in the klystron modulators over the past decade, it had been
found that insulating oil of some of the tanks in the modulators was considerably deteriorated with

respect to electrical insulation (Fig. 1). It turned out that many electronic components for rectifier
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circuit in the oil tanks such as diodes, capacitors and resisters had been also damaged due to the aging
degradation (Fig. 2). We have already replaced the degraded oil and the damaged electronic components
at some oil tanks, but there are still tanks that need to replace the oil and possibly some electronic

components, so that those replacements will be carried out in the next year.

' ' Fig.2. Voltage rectifier units extracted from
Fig.1. Voltage transformer extracted from insulation oil tank. The assembly

insulation oil tank. It was cleaned which some elements fails (back), and
and refilled with new oil. re-assembled unit (front).

1.4 Preparation of a display of operating status for beam user
Since the some beam users have to complete their own tasks, such as separation of irradiated RI
products and preparation of samples to be irradiated, during the interval of beam irradiations for their
sample, they need to manage time for the tasks. As a convenience for such users, we have been preparing
a status display of the accelerator operation. Several items: the operation status, a history of average
beam current and the irradiation logs etc., are presented in a monitor display as shown in Fig. 3. Beam
position at the target location and cooling water temperature for the target are also displayed in the

same information monitor.

1.5 Beam profiling at the dispersion section
Replacement of beam monitoring system has been continued from 2015, and optical transport for
the screen at the dispersion section had installed in this year (Fig. 4). Digital video camera, BASLER
acA1300-30gm, was used and triggered by a signal synchronized with 1 Hz beam repetition. Camera

resolution at focal point is about 110 (pm / pixel) in position. It corresponds to the energy resolution of 7
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Fig.3. Operation status display. Current state in the operation sequence (red). History of the
average beam current for 3 hours (cyan). Irradiation log in chronological order (yellow).
Irradiation-position-monitor (magenta). Temperature indicator of water used for target
cooling (green).
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Fig.4. SMS3 profile monitor. 9030 mm alumina

screen with its thickness 0.2 mm where  Fig5. The intensity plot of light emitted at the
the dispersion function is 0.8 m. SMS3 screen.

keV/pixel at the screen position with the dispersion function of 0.8 m. The profile on this screen will be

used to check the beam response to the linac parameters such as the phases in accelerating structures
(Fig. 5).

§2. 90 MeV Injector Linac for BST
At the end of FY2015, the thermionic rf gun had a problem that a discharge at the cathode cell in

the gun was frequently observed due to the deposition of carbon-like matter between the cathode and
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the cavity wall. There was no such discharge so far in the same rf gun installed in the test accelerator
t-ACTS. In order to improve the vacuum pressure in the gun cavity an additional ion pump was installed
at the same time as replacing the CeBg cathode, but the similar discharge phenomenon was nonetheless
observed again. After replacing the cathode on the end of FY2016, the injector linac has operated stably,

but the reason for the deposition is still under investigation.

$3. Beam transport line to BST

There are sixteen power supplies for two dipole magnets, seven quadrupoles and four steering mag-
nets in the beam transport line to the BST ring. Those power supplies had been used for about twenty
years and frequently stopped abnormally during the user operation time due to an aging degradation.
In the FY2015, we had already replaced the power supplies for dipole magnets, and the remained power
supplies for the other magnets were replaced in the FY2016. The original power supplies were con-
trolled by GPIB via Ethernet, but replaced new power supplies can be controlled by Ethernet directly.
Thus we developed control software for new power supplies, so that reliability and maintainability are
also improved significantly. An old power supply for DC septum magnet will be also replaced in next

year.

84. 1.3 GeV BST ring

In recent years, the user operation had been occasionally interrupted due to the unknown interlock
in a power supply for BST klystron. This power supply had already passed twenty years and could
be having the aging degradation as a whole. Since there is no cause related to this interlock, it was
speculated that some noise signal might be acting on the interlock circuit. During the maintenance work
in summer shutdown, indeed, as it turned out that some capacitors on the control circuit were damaged
in the power supply, therefore those were exchanged. Although no further interruption caused by the
unknown interlock has occurred after the capacitor replacements, we schedule overall maintenance work
of this power supply for the next year. The other improvements performed in FY2016 are presented in

the following sections.

4.1 Replacement of pumping cells in ion pumps

In the BST ring, there are 24 ion pumps and 8 NEG pumps installed to evacuate residual gas in the
beam line. All NEG pumps and some ion pumps were recently added, however, a lot of ion pumps had
passed long time of about twenty years. Some of those old ion pumps have already lost the capability to
evacuate the gas, so that the vacuum pressure had exceeded over 10~5 Pa under the beam circulation
of about 20 mA. In order to improve the vacuum pressure in the ring, it was required to replace the old
pumps (150 litter, diode type, Varian Inc.) to new one. Fortunately, we have kept several stocks of old ion
pumps, and also pumping cells for those old pumps can be still obtained from Agilent Technologies Inc.
Therefore we decided to replace the old pumps with the cell-replaced pumps. Partitioning the whole ring

into four areas, the pump replacement was performed for each area with step by step to minimize the
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exposure time of vacuum chamber to the air. Figure 6 shows the pictures of inside of the old ion pump
and removed pumping cells. It was found that the inside wall of the pumps had spattering vestige of
titanium but no other dirt, so that we didnt wash the inside of the pumps. The cell-replaced pumps were
baked with 250 degree for 24 hours prior to their installation into the ring. Then all ion pumps in the
partitioned area were baked with 250 degree for 24 hours again, and NEG pumps were also activated.
Figure 7 shows a trend graph of the base pressure in BST ring. On the summer shutdown in FY2015,
one NEG pump was additionally installed and some ion pumps in the injection beam line were baked.
Apparent improvement of vacuum pressure was observed at the gauge (CIG5) where the NEG pump
was additionally installed, but the effect of baking the ion pumps was not clear. Therefore it is deduced
that ion pumps cannot be revived by the baking anymore. On the summer shutdown in FY2016, twelve
ion pumps were replaced with the cell-replaced pumps. As shown in Fig. 7, the base pressure seems to
have been improved except for CIG7 and CIG8, where ion pumps were not replaced. Remained four ion

pumps will be replaced on a shutdown in FY2017.

Fig.6. Inside of the old ion pump (left), and removed old pumping cells (right).

§5. Control system and Utility

As known well, Git [1] is widely used as a version control system in software development. We have
employed Git for a backup framework in our control system to improve the availability of the control
system. Distributed repositories have been allocated on a network by Git. Those repositories include a
history of file modifications. Our system is composed of a Git server and client computers. If files or data
on the client computer are lost, those can be restored from the Git server’s repository. If the Git server
crashes, we can rebuild it from the client computer’s repository as well.

The control method of the BST steering magnets had been changed to improve a tracking accuracy
of their output current since FY2014. In the new system the power supplies of steering magnets are
operated as the current amplifiers driven by an external ramping pattern, compared to the previously

used method employing pattern operation with the own pattern memory installed on the power supply
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Fig.7. Trend graph of the base pressure in BST ring.

itself. It turned out that the master clock frequency of the external ramping pattern for the steering
power supply is slightly higher than the required one in the actual operation, so that it caused a time
lag in the steering magnet. As a result this time lag had made it difficult to accurately correct the beam
orbit during the ramping process. Since this difference might affect the beam orbit in BST-ring, we had
fixed up the problem by tuning the master clock frequency to secure the synchronous operation.

In order to stabilize the temperature of cooling water, the rotation speed of the cooling fan have
been already controlled by the inverter drive depending on the ambient temperature, but temperature
stability was insufficient at a specific condition like winter season. In order to improve the temperature
stability of the primary cooling water, the control system of the cooling tower fan was changed so as to
also control the number of cooling fans to be operated depending on the ambient temperature in addition
to the inverter drive. As a result of this modification, the stability was improved to one degree comparing

to the deviation of about 10 degrees for the previous condition.
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User Support Office Report in FY2016

M. Miyabe! and The user support office’
1Research Center for Electron Photon Science, Tohoku University, Sendai, 982-0826, Japan

The User Support Office coordinate across the users and our facility for management of the beam-
time. In 2016 financial year, we had provided the electron, photon and positron beam without apparent

problems except for Photon beamline 1.

§1. Introduction
ELPH has three accelerators for Joint Usage/Research. Our facility could provide several beams
with following three beam lines,
e 70 MeV electron linear accelerator (linac) at the first irradiation lab (For Radiochemistry)
e Tagged photon beam from 1.3 GeV electron synchrotron called BST ring with 93 MeV injector at
the second irradiation lab (For Hadron Physics, Photon beamline I)
e Tagged photon beam at the GeV-v irradiation room (For Hadron Physics, Photon beamline II)
In addition, positron/electron beam line for testing detectors is located at the GeV-~ irradiation room.
The 70 MeV electron linear accelerator was utilized for the Radiochemistry experiments by photonuclear
reactions. It could produce radio active source with its high intensity. Both tagged photon beam line was

used for Hadron physics experiments. NKS2 and FOREST experiment have bean held in recent years.

§2. Beamtime operated

The total radiation time was 252 hours for the RI linac operation and 1178 hours for the BST
operation, and it was 1431 hours in total. The beam provided time (user beamtime) was 252 and 1198
hours for the RI linac and BST operations, and it was 1450 hours in total. Table 1 summarizes the
radiation times, and user beam times in fiscal.

Many experiments for testing detectors were made by positron beam line. Positron beam was pro-
duced by bremsstrahlung photon beams from the synchrotron. Total XX shift experiments are performed
using this positron beam in this financial year.

A Next generation FOREST experiments is planned by GeV-v group in ELPH. New bending magnet
will be installed on the downstream of FOREST detectors and it covers the most forward angle. These
new experimental setup enable the zero degree proton detection for the vd — pnn reaction at E, ~ 0.9
GeV. This reaction gives the zero relative momentum between the n and n. This situation will enable to
determine the nn scattering length. In this financial year, New Dipole Magnet (BLC) was installed in
the downstream of FOREST detectors.
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Photon beam line I (NKS2) cannot be stably produced, because of the trouble at the radiator system
inside the synchrotron. The photon beam was recovered after temporary repairs for the radiator driving
system, but full repair will carry out in next financial year.

Two experiments were proposed, and carried out for the undergraduate students. The first one
(#2857: T. Ishikawa, ELPH, Tohoku University) is for the third school for giving an opportunity using
an accelerator to young undergraduate students (Y. Sakemi) [1], which was supported by High Energy
Accelerator Research Organization (KEK) for the corporations between Tohoku University and KEK (H.
Tamura). The second one (#2855: K. Tsukada, ELPH, Tohoku University) is for the education of the
undergraduate students in ELPH.

Table 1. Radiation times, and user beamtimes in financial year 2016. They are given by the sum
of the times that the beam is coming to the beamline, and that the beam is provided to

the users.
RI Linuac BST Ring
Month radiation (h) wuser (h) | radiation (h) wuser (h)
April 8 8 54 74
May 11 11 64 64
Jun 49 49 356 356
July 45 45 0 0
August 0 0 0 0
September 0 0 0 0
October 27 27 104 104
November 29 29 187 187
December 19 19 65 65
January 24 24 103 103
February 19 19 71 71
March 21 21 174 174
Sum 252 252 1178 1198

§3. ELPH workshops and ELPH seminars
In this fiscal year, ELPH supported two ELPH workshops. The first one is hadron physics (C015: H.
Fujioka, Kyoto University), the second is SNP school 2016 (C016: S. N. Nakamura, Tohoku University).
14 ELPH seminars were held in this fiscal year. Seminars title and talker are listed below.
e Shuo Wang, Shandong University, China JinPing underground Laboratory for Nuclear Astro-
physics”

Jatuporn Saisut, Plasma and beam Physics Research Facility, Chiang Mai University Research

Status of PBP - CMU - Linac Group”

C. Rangacharyulu, Univ. of Saskatchewan, "Gray as an impractical radiation dose unit”

T. Sekihara, JAEA, "Coupling constant vs. compositeness: a case of N(1535) in the eta N channel”

Peter von-Neuman-Cosel, Technische Universitat Darmstadt "Nuclear Structure Studies with Vir-
tual Photons”

e K. Umemori, KEK, "High current CW superconductive accelerator. (proposal for RI production
from cEBL)”
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Marie-Emmanuelle Couprie, SOLEIL France COXINEL, "Europian Laser Prasma Accelerator Project
for X-Ray Free Electron Laser”

e K. Itahashi, Riken, "Complex structure of vacuum and precision spectroscopy of = meson atom.”

S. Hirenzaki, Nara, Women’s University "Recent topic and Physics in mesic nuclei systems”

H. Ohnishi, Riken, ”Kaon and phi meson in nucleus”
e S. Nakamura, Osaka University, Study for the nn interaction with vd — nnp reaction.”
e H. Nagahiro, Nara Women’s University "The production of eta mesic nuclei and the property of

N*(1535) in nuclear medium.”

S. Sasaki, Tohoku University "Recent result of lattice QCD at the physical point simulation for

nuclear structure.”

Y. Kino, Tohoku University "Precision calculation for an exotic atom and molecular. - Connection

radiochemistry with nuclear physics -”

References

[1] Y. Sakemi, Web site < http://cycgw1.cyric.tohoku.ac.jp/~sakemi/cyric2016.html >
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K. Nanbu, T. Abe, H. Hama, F. Hinode, S. Kashiwagi, T. Muto, I. Nagasawa, H. Saito, K. Taka-
hashi, C. Tokoku
Proc. of IPAC2016 (2016) 152—154.
Generation of Coherent Undulator Radiation at ELPH, Tohoku University
S. Kashiwagi, T. Abe, H. Hama, F. Hinode, T. Muto, K. Nanbu, I. Nagasawa, H. Saito, Y. Saito,
Y. Shibasaki, K. Takahashi
Proc. of LINAC2016 (2016) 316-318.
ELECTRON DRIVEN ILC POSITRON SOURCE WITH A LOW GRADIENT CAPTURE LINAC
M. Kuriki, T. Kakita, T. Takahashi, K. Negishi, T. Okugi, T. Omori, M. Satoh, Y. Seimiya,
dJ. Urakawa, K. Yokoya, S. Kashiwagi
Proc. of LINAC2016 (2016) 430-433.
SIX-DIMENSIONAL PHASE-SPACE ROTATION AND ITS APPLICATIONS
M. Kuriki, K. Negishi, H. Hayano, R. Kato, K. Ohmi, M. Satoh, Y.Seimiya, J. Urakawa and
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Proc. of IPAC2016 (2016) 1754-1756.
DC Photoemission Gun Upgrade at the Compact ERL
N. Nishimori, R. Hajima, R. Nagai, M. Mori, M. Yamamoto, Y. Honda, T. Miyajima, T. Uchiyama
Proc. of IPAC2016, Busan, Korea, THPOWO008, 3944—-3946.
Recent Developments and Operational Status of the Compact ERL at KEK
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M. Egi, K. Enami, K. Endo, S. Fukuda, T. Furuya, K. Haga, K. Hara, K. Harada, T. Honda,
Y. Honda, H. Honma, T. Honma, K. Hosoyama, K. Hozumi, A. Ishii, X.J. Jin, E. Kako,
Y. Kamiya, H. Katagiri, R. Kato, H. Kawata, Y. Kobayashi, Y. Kojima, Y. Kondo, T. Konomi,
A. Kosuge, T. Kume, T. Matsumoto, H. Matsumura, H. Matsushita, S. Michizono, T. Miura,
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hashi, H. Sakai, S. Sakanaka, S. Sasaki, K. Satoh, Y. Seimiya, T. Shidara, M. Shimada,
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Spectroscopic Experiment of A(1405) via the In-flight d(K —,n) Reaction at J-PARC K1.8BR
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Study of the K~-Nucleus Interaction by Using the 2C()X ~,p) Reaction at J-PARC
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Present status of coupled-channels calculations for heavy-ion subbarrier fusion reactions
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Recent developments in heavy-ion fusion reactions around the Coulomb barrier
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Fission life-time calculation using a complex absorbing potential
G. Scamps and K. Hagino
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Three-body model for nuclei near and beyond drip line
H. Sagawa and K. Hagino
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The basic performance of the TOF-RPC for the BGOegg experiment
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Y. Obara, K. Maeda, K. Ozawa
Proc. of the 26th International Nuclear Physics Conference (INPC), PoS(INPC2016)267.
nn scattering length from vd — pnn at E, ~ 0.93 GeV
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Near Threshold K°A Photoproduciton on the Neutron Studied with an Electromagnetic Calorimeter
FOREST
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Double neutral pion photoproduction off the proton with FOREST at ELPH
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The Launch of a New Plan on Condensed Matter Nuclear Science at Tohoku University
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Anomalous Excess Heat Generated by the Interaction between Nano-structured Pd/Ni surface and Ds
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T. Itoh, Y. Iwamura, J. Kasagi, H. Shishido
Proc. of The 20th International Conference on Condensed Matter Nuclear Science (2017)
179-190.

Invited Talk and Oral Presentations at International Conferences
SLiT-J, a high brilliant compact 3 GeV light source project in Japan (Oral presentation)
H. Hama
Canadian Light Source Laboratory, Saskatoon, Saskatchewan, Canada, Mar. 22, 2016.
Variable polarized narrowband THz source based on undulator super-radiant (Invited oral presentation)
H. Hama
Energy Materials Nanotechnology (EMN) Meeting on Teraherts, Donostia, Spain, May 16,
2016.
Expected performance of SLiT-J — at a glance — (Oral presentation)
H. Hama
International Review Committee Meeting of the SLiT-J project, Sendai, Japan, June 21, 2016.
Status of SLiT-J — a high brilliant compact 3 GeV light source project in Japan — (Oral presentation)
H. Hama
Low Emittance Rings Workshop 2016, Synchrotron SOLEIL, Gif-sur-Yvette Cedex, France,
Oct. 26, 2016.
Demonstration of coherent radiation generation up to 3 THz from femtosecond electron pulses (Oral
presentation)
H. Hama
13th Eco-Energy and Materials Science and Engineering Symposium (EMSES2016), Udorn
Thani, Thailand, Dec. 2, 2016.
Latest beam physics activities at t-ACTS, Tohoku University (Oral presentation)
H. Hama
Plasma and Beam Physics Research Facility, Chiang Mai University, Chiang Mai, Thailand,
Dec. 6, 2016.
Status of test-Accelerator as Coherent THz Source (t-ACTS) at ELPH, Tohoku University (Oral presen-
tation)
S. Kashiwagi, T. Abe, F. Hinode, K. Kanomata, T. Muto, K. Nanbu, I. Nagasawa, H. Saito,
Y. Saito, K. Takahashi and H. Hama
Workshop on THz FEL, Hefei, China, Dec. 22, 2016.
Implementation of an electron storage ring for GeV-gammma beam production via Bremsstrahlung in
an internal target wire (Oral presentation)
T. Muto

The 1st International Workshop on CSR and free electron lasers from ultra short bunch elec-
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tron beam, Uji Kyoto, Japan, Sep. 2, 2016.
Study of Cherenkov radiation from thin silica-aerogel (Oral presentation)
K. Nanbu, S. Kashiwagi, F. Hinode, T. Muto, I. Nagasawa, K. Takahashi, H. Saitoh, T. Abe,
Y. Saitoh and H. Hama,
13th Eco-Energy and Materials Science and Engineering Symposium, Udonthani, Thailand,
Dec. 2, 2016.
Demonstration of coherent radiation generation up to 3 THz from femtosecond electron pulses (Oral
presentation)
T. Abe, S. Kashiwagi, F. Hinode, T. Muto, K. Nanbu, K. Takahashi, I. Nagasawa, K. kanomata,
H. Saito, Y. Saito and H. Hama
13th Eco-Energy and Materials Science and Engineering Symposium, Udonthani, Thailand,
Dec. 2, 2016.
Observation of coherent transition radiation from extremely short electron beam (Oral presentation)
T. Abe, S. Kashiwagi, F. Hinode, K. Kanomata, T. Muto, K. Nanbu, I. Nagasawa, H. Saito,
Y. Saito, K. Takahashi and H. Hama
Workshop on THz FEL, Hefei, China, Dec. 22, 2016.
Coherent THz wave observed by a Michelson interferometer (Oral presentation)
T. Abe
The 1st International Workshop on CSR and free electron lasers from ultrashort bunch elec-
tron beam, Uji Kyoto, Japan, Sep. 1, 2016.
e+p project at ultra-low Q2 in Japan (Invited oral)
T. Suda
ECT* workshop on the Proton Radius Puzzle, ECT*, Trento, Italy, June 20-24, 2016.
Future perspectives of the SCRIT facility (Invited oral)
T. Suda
Electron-radioactive ion collisions : theoretical and experimental challenges, Gif-sur-Yvette,
France, Apr. 25-27, 2016.
SCRIT electron scattering facility : present status and future perspectives (Invited oral)
T. Suda
Neutron Skin of Nuclei, Mainz, Germany, May 17-27, 2016.
Electron scattering experiment off proton at ultra-low Q? (Invited oral)
T. Suda
Meson in Nuclei 2016, Kyoto, Japan, Aug. 1-3, 2016.
Electron scattering experiment off proton at ultra-low Q? (Invited oral)
T. Suda
Strangeness Nuclear Physics School 2016, Sendai, Japan, Nov. 18-20, 2016.
Electron scattering activities for nuclear physics in Japan (Seminar)
T. Suda
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Seminar at Peking University, China, Mar. 20, 2016.
Electron scattering experiment off proton at ultra-low Q? (Seminar)
T. Suda
Seminar at Shandong University, China, Mar. 28, 2016.
Electron scattering off short-lived nuclei at SCRIT facility (Seminar)
T. Suda
Seminar at GANIL, CAEN, France, Apr. 29, 2016.
Electron scattering activities for nuclear physics in Japan (Seminar)
T. Suda
Seminar at IBS, Daejeon, Korea, Mar. 6, 2017.
Electron scattering activities for nuclear physics in Japan (Seminar)
T. Suda
Seminar at Seoul University, Seoul, Korea, Mar. 8, 2017.
First result from SCRIT electron scattering facility: Charge density distribution of 132Xe (Oral presen-
tation)
K. Tsukada
International Nuclear Physics Conference, Adelaide Convention Centre, Australia, Sep. 11—
16, 2016.
Experimental Approaches to Strangeness in Neutron Stars (Invited oral)
H. Tamura
14th International Symposium on Nuclei in the Cosmos (NIC14), Toki Messe, Niigata, Japan,
June 19-24, 2016.
Recent Progress in Hypernuclear Physics (Invited oral)
H. Tamura
25th International Nuclear Physics Conference (INPC2016), Adelaide, Australia, Sep. 11-16,
2016.
Strangeness nuclear physics and neutron stars (Invited oral)
H. Tamura
Conference in the YIPQS long-term and Nishinomiya-Yukawa memorial workshop "Compact
stars and gravitational waves”, Yukawa Institute, Kyoto University, Kyoto, Japan, Oct. 31—
Nov. 4, 2016.
Welcome address and the Neutron Star Matter project (Invited oral)
H. Tamura
International Symposium on Neutron Star Matter (NSMAT2016) — Recent Progress in Ob-
servations, Experiments and Theories —, Tohoku University, Sendai, Japan, Nov. 21-24,
2016.
Oxidative degradation of polyethylene studied by positron annihilation lifetime spectroscopy (Oral pre-

sentation)
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T. Oka, K. Onodera, Y. Kino, T. Sekine
The 12th International symposium on Ionizing Radiation and Polymers (IRaP2016), Penin-
sula of Giens, France, Sep. 25-30, 2016.
Reactions with heavy nuclei (Invited oral)
K. Hagino
FRIB Theory Alliance Inaugural meeting, Michigan State University, U.S.A., Mar. 31-Apr. 1,
2016.
Di-neutron correlation and two-neutron decay of the 260 nucleus (Invited oral)
K. Hagino
YITP one-day workshop on NN and quartet correlations in nuclei, Yukawa Institute for The-
oretical Physics, Kyoto, Japan, June 27, 2016.
Theoretical challenges in fusion reactions relevant to superheavy elements (Invited oral)
K. Hagino
RIBF Users meeting, RIKEN, Wako, Japan, Sep. 8-9, 2016.
Role of nn-correlations in the two-neutron decay of the 260 nucleus (Invited oral)
K. Hagino
ECT* workshop on Physics beyond the limits of stability: exploring the continuum, ECT*,
Trento, Italy, Oct. 17-21, 2016.
Di-neutron correlation and BCS-BEC crossover in the structure and decay of light neutron-rich nuclei
(Oral presentation)
K. Hagino
International symposium on neutron star matter (NSMAT2016), Tohoku University, Sendai,
Japan, Nov. 21-23, 2016.
Beyond-mean-field theory for multi-octupole excitations in ?°®Pb and subbarrier fusion of 0+2%8Pb
(Invited oral)
K. Hagino
Tsukuba CCS-RIKEN joint workshop, RIKEN, Wako, Japan, Dec. 12-16, 2016.
Application of beyond-mean-field approach to hypernuclei and heavy-ion fusion reactions (Invited oral)
K. Hagino
YITP Molecule workshops on recent progress in nuclear structure physics 2016, Kyoto Uni-
versity, Kyoto, Japan, Dec. 5-23, 2016.
Semi-microscopic modelling of heavy-ion fusion reactions (Invited oral)
K. Hagino
Workshop on Low-Energy Nuclear Reaction Theory (LENRT), Australian National Univer-
sity, Canberra, Australia, Feb. 15-17, 2017.
Evolving theoretical descriptions of heavy-ion fusion: from phenomenlogical to microscopic approaches
(Keynote speech)
K. Hagino
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International conference on Fusionl17, Hobart, Australia, Feb. 20-24, 2017.
BGOegg experiments at LEPS2 (Invited oral)
H. Shimizu
YITP Workshop — Meson in Nucleus, Yukawa Institute, Kyoto, Japan, Jul. 31-Aug. 2, 2016.
nn Scattering Length from the vd — pnn Reaction at E, ~ 0.9 GeV (Oral presentation)
T. Ishikawa
14th International Conference on Meson-Nucleon Physics and the Structure of the Nucleon
(MENU2016), Kyoto, Japan, July 25-30, 2016.
Simultaneous Photoproduction Of Neutral And Charged Pions On The Deuteron At ELPH (Oral presen-
tation)
T. Ishikawa
The 26th International Nuclear Physics Conference (INPC), Adelaide, Australia, Sep. 11-16,
2016.
nn scattering length from vd — pnn at E, ~ 0.93 GeV (Oral presentation)
T. Ishikawa
The international symposium on Neutron Star Matter 2016 (NSMAT2016), Sendai, Japan,
Nov. 21-24, 2016.
Development of a high-intensity photon-beam profile monitor (Keynote speech)
T. Ishikawa
IEEE Nuclear Science Symposuim & Medical Imaging Conference, Strasbourg, France, Oct.
29-Nov. 5, 2016.
Study of baryon resonances and meson-nucleon interactions using photoproduction reactions at ELPH
(Invited oral)
T. Ishikawa
2016 JAEA/ASRC Reimei Workshop: New exotic hadron matter at J-PARC, Inha University,
Incheon, Korea, Oct. 24-26, 2016.
Recent status and futre prospect at the LEPS/LEPS2 experiment in Japan (Invited oral)
A.O. Tokiyasu
Many manifestations of nonperturbative QCD, Illhabela , Sao paulo, Brazil, May 1-7, 2016.
Study of the d(~,K+)XwN reaction at LEPS (Oral presentation)
A.O. Tokiyasu
The 14th International conference on Meson-Nucleon Physics and the Structrue of the Nu-
cleon, Kyoto, Japan, Jul 25-30, 2016.
K~ pp bound state search at LEPS2 experiment (Oral presentation)
A.O. Tokiyasu
International Symposium on Neutron Star Matter, Sendai, Japan, Nov. 21-24, 2016.
Hypernuclear spectroscopy via the real photo-induced reaction (Oral presentation)
A.O. Tokiyasu
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International workshop on Strangeness Nuclear Physics 2017, Osaka, Japan, Mar. 12-14,
2017.
The Hypernuclear Experimental Program (Invited oral)
S.N. Nakamura
ELBA XTIV Workshop Lepton-Nucleus Scattering, Marciana Marina, Isola d’Elba, Italy, June
27—July 1, 2016.
Spectroscopy of Lambda Hypernuclei (Keynote speech)
S.N. Nakamura
Strangeness Nuclear Physics 2017, Osaka, Japan, Mar. 12-14, 2016.
The 7w and 7d system in vd — w7~ d measured with the NKS2 (Oral presentation)
H. Kanda
YITP workshop, Meson in Nuclei 2016 (MIN2016), Kyoto, Japan, Jul. 31-Aug. 2, 2016.
Application of an X-Ray Flat Panel Sensor to a GeV Region Gamma-Ray Beam Profile Monitor (Oral
presentation)
H. Kanda
2016 IEEE Nuclear Science Symposium, Strasbourg, France, Oct. 29-Nov. 6, 2016.
Anomalous Heat Generation and Nuclear Transmutation Experiments at Condensed Matter Nuclear
Reaction Division of Tohoku University (Invited oral)
Y. Iwamura
The Satellite Symposium of 20th International Conference on Condensed Matter Nuclear
Science (SSICCF20), Xiamen University, Fujian, China, Sep. 27-30, 2016.
Replication Experiments at Tohoku University on Anomalous Heat Generation Using Nickel-Based Bi-
nary Nanocomposites and Hydrogen Isotope Gas (Oral presentation)
Y. Iwamura
The 20th International Conference on Condensed Matter Nuclear Science (ICCF20), Sendai,
Japan, Oct 2-7, 2016.
Anomalous Heat Generation Experiments Using Metal Nanocomposites and Hydrogen Isotope Gas (Oral
presentation)
Y. Iwamura
The 17th Japan CF-Research Society Meeting, National Institute of Technology, Tokyo Col-
lege, Tokyo, Japan, Mar. 19-20, 2017.
Anomalous Excess Heat Generated by the Interaction between Nano-structured Pd/Ni surface and Dyo/Hs
gas (Oral presentation)
T. Itoh
The 20th International Conference on Condensed Matter Nuclear Science (ICCF20), Sendai,
Japan, Oct. 2-7, 2016.
Anomalous Excess Heat Generation by the Interaction between Nano-structured Pd/Ni surface and

Dy/Hy gas (Oral presentation)
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T. Itoh
The 17th Meeting of Japan CF-Research Society, National Institute of Technology, Tokyo Col-
lege, Tokyo, Japan, Mar. 19-20, 2017.
Observation of *'Pr by “°Ar scattering (RBS) on Cs implanted Pd/CaO multi-layer foil with Dy gas
permeation (Oral presentation)
dJ. Kasagi
The 20th International Conference on Condensed Matter nuclear Science (ICCF20), Sendai,
Japan, Oct. 2-7, 2016.
Low-energy cooperative DD collision in liquid metal and electron screening effect (Oral presentation)
Y. Honda
The 20th International Conference on Condensed Matter nuclear Science (ICCF20), Sendai,
Japan, Oct. 2-7, 2016.
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