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3.3.2./4.1. Baryon spectroscopy with
nN->7ttN reactions (E45)

Goals Hyperon Spectrometer

* Establish N* and A*
resonances up to 2 GeV/c?

- Search for new baryon states
e.g. hybrid baryons (gqgqqg)

Superconducting
Helmholtz magnet

7+~ beam on liquid-H, target
wp—rtrn, 2rp _ _
o207, 7t an Trigger with
2 charged particles — hodoscope
+ 1 neutral particle
—missing mass © bea

3.3.2. Baryon spectroscopy with tN-> 7N reactions (E45)

-Progress of detector development-

TPC Hodoscope ]
LH, cell and pipes

TPC Hodoscope

* Prototype test
almost complete

SUS tube
Cooling test

S

* Construction in
JFY2018

Liquid-H; target

« Completed in Jul  Lightguide ~-mppc  CORP
kae
2018 Prototype test \

with cosmic ray v
=

|

* Cooling test
successful in Jul
2018
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3.4./4.1. Search for a new narrow
resonance A(1665) (E72)

Two past experiments (Belle) and Crystal Ball Belle: A* — K-+

suggest existence of new narrow A resonance. praronss |

» Establishment of existence of A(1665) Y N ﬂ“m

» Determination of spin and parity via angular 3 Z:th“““““w‘w“”” :

distribution and A polarization T o W

~ - LF\‘
2o Vi
>
o | |
8 -

Measurement of K'p 2 An Reaction with e
HypTPC M(pK™) [GeV /c?]
* Reconstruct A 2 pn~

* ldentify n by missing mass

3.6.1. “Kpp” search (E15)
K- 3He K-pp') N missing

— .
W\ reaction 7\
o - — + O

1GeVic - 7\6\ p .

NIRRT T o
= ol H*;g‘ | * Data taking in
S .l = | Nov./Dec. 2015 (2nd
=% ‘ I + e | run) at K1.8BR
g’so- | f+ " Q:’('; | »“Kpp” bound state!?
:9 20} “ + . all - - binding energy: ~ 50 MeV
10k H +++’+++ **o+*+++ . - decay width: ~ 110 MeV
g% Hzfz IS zf; 50 S.Alimura et al. PLB 789, 620 (2019).

2.4 2.6
IMAp [GeV/c?]
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3.6.3. X-rays from K--3He, K- - 3He atoms with TES

(E62)

to investigate the KA interaction at low energy

g 2 calib K*He K*He calib
Au coated Si collimator V" 3d—2p 3d—2p |
i K ' i I
TES [ | : ' |-
Bioar I i FeKai
o b T g
2 . I A |
X 1 AoAN L i By
;3 : L ,ur'z“'»[ e v e g l,,['l, PN TN ] u;ﬁll[l'i "
il : T
o - — by
""""" _ 'spp i
Transition-Edge Sensor Zos PRI ¥R
microcalorimeter £ .
(operated at ~ 100mK) = e e A it

> Data taking in June 2018

i
Inad
3
3
Ed 8
[s10
i
i
|
~l
I

> First application of this kind of cryogenic detectors to a hadron

experiment.

> Successfully observed kaonic atom x-rays with unprecedented
energy resolution < 10 eV FWHM @ 6 keV (cf. SDD ~ 180 eV)

3.7./4.3 Progress of J-PARC Heavy-lon project
(J-PARC-HI)

Goals

o
-g - O Quark-Gluon
@ Critical p&iftPlasma
9. : 1=t order
c-
S:
o

a

£

o

@ Hadronic
Phase
nucleus

Baryon Chemical Potential )

density

Heavy-lon acceleration at J-PARC

—— proton (existing)
s+ = Hl (under plan)
20 AMeV P
Hi Linac l HI Y
—

UBS+,Use+ "
i
20 > 67 AMeV ;(

% RCS
R
yses
62 - 735 AMeV

yoz+
0.73 > 11.2 AGeV

New HI injector with existing
synchrotrons

Creation of high density matter in Hi
collisions at J-PARC
* QCD phase structures

Search for critical point and phase transition
* EOS of dense matter

Study of Equation of State

+ 1-19AGeV/cup to U

- World’s highest rate (10" Hz) ion beams

White paper (Jun. 2016)
Letter-Of-Intent J-PARC PAC (Jul. 2016)
Symposium at JPS (Sep. 2016)

Next goal : Master plan (Mar 2019)

Submission of Proposal to J-PARC in 2019-2020
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3.8.1. Left-right asymmetry in forward neutron

production at RHIC-PHEI\IIIg(m

0 pbeam SR
ZDC ] >ﬁS > | feX ., < H ZDC |5 em
— % 0T
PRL120, 022001 Yellow Beam Int i Blue Beam
nteracton
0.4 R . .
PHENIX ® ZDC inclusive pOInt Au beam
S 3 B ZDC®BBC-tag _ ]
| 5F+>A0§, r(1)+;( j; j“ég?;:?ag;ev A ZDC®BBC-veto proton | neutron neutron : Au
3% scale uncertainty not shown Collision / X ’
B point |
1 Polarized \b/ Polarized ;;/
02— proton proton
< f ? ] f
N e g i
4 » Opposite signs between pAu
o2 4! Al and pp
| ] ..
I ‘.. . Surprising result
L . L — Reason unknown
0 100 200

A (atomic mass number)

» Press release on 9 Jan 2018

3.8.2. Double Cabibbo Suppressed Decay at Belle

S. B. Yang et al., PRL117, 011801.

o
t 4

fut
Ac - PK T "\'r’/’?/ﬂ”'gv
fur Y
@ 1 Cﬁ‘- an PRL cover page
@
AN ‘\J“
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' ' E REVIEW
e B LETTERS
N§ 20000 -E oot 1JuLy 2016
& ol 4 Discovered for

5000~

the first time in
baryon decays.
Rarest decay of

I RN

L O O Y P Y SR S

Y S Af
D s00E- ‘
Al
E o s e
@ 20 f -
13825: ) .+J o .i. +1 ) | .:E Ame n Physical Society Eﬁgg Volume 117, Number 1
215 22 225 2 235 24

-
M(pK'n) [GeV/c?]
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3.10.1. Study of the peak structure in K+,3He—>A+p+n

—M(A(1405)+p)
ME+p+n) - ~M(K+p+p)

2 (b) || o, Pinvannatmasst- J-PARC E15 (K'pp search):
Sep pole fi M:EL\N(‘\\;E;” - Data taking in May (1%t run)
3 )

2 [ snasopn) | -3He K-> Apn

5 sk 2NA (Apns)

S - Peak structure

s [ { ,

S by~ Signal of Kpp?

ol I |
2 212223242526 27 2829 3
Miveap [GeV/e2]

Sada, Tanida, et al.,PTEP 2016,051D01. My, [GeV]
22 225 23 235 24 245 25 255 26

* Theoretical calculation for E15 0
1S Worl —
- Assumption of K-pp bound state = 70 ElSdata  —e— |
P |A P |A P |A FRET 8 eof Elsfit  —— _
K. 5 50 .
/ = S f + T+ E‘ 0k ‘ |
K,I'/ ‘ ’,,- re
Tl -7 § 30 - *} :
. . -~ 20 F ﬁ
- Consistent with E15 data 8 + |
Sekihara,Oset,Ramos, PTEP2016,123D03 0 ., 2, , TeE=

3.10.2. KN interactions in the Skyrme model

K(and K)-N local potential V(r) has been derived in the Skyrme model
Useful for the study of Kaons in nuclei [Ezoe & Hosaka, PRD96 (2017) 054002 ]

Callan-Klebanov_ _ g Ezoe-Hosgka = "~y K
- - N // /v \\
- /
Ve __ =" \ //
AS
Kaon around the hedgehog Kaon atound the retating hedgehog

Effects of our new method (rotating Skyrmion)

o Vn () Lennard-Jones like KN and KN phase-shifts
Prananl T N B K=oy — |

43 PEAET Y e M=ty - - - - KN:
5 =0- 4 Repulsive core - e PR e 1 attraction
:

et 2 o i
! B TPssesiiy s enesd KN weak

L T W . . P | .

¥ Attractive pocket ] o repulsion
=g 03 1 15 H M4 20 40 60 8D 100 120 140
Faorel catna r[fm] Honelic: erargy (Ro'|
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3.10.3. Decays of charmed baryons for the study of structure
[Arifi-Nagahiro-Hosaka, PR D95(2017)114018]

Excited states of charmed baryons are expected to have two modes
=4 and p modes

The first p-wave excitations A¢ A /i fode
1/2-, 3/2" are expected to be A modes, ‘I?: p.
decaying into Actn

N (2595;1/27),A-(2625;3/27) - A.nm|  Isotope shift: E; <E,

Dalitz plots for different states show clear differences

=

||||||

_..1_\'1\ \% \ u .

a1k
i

A il

—

£ b | - o - agar
aan b = i \ LE e
2, -1 ; E: i
- ) 1 - e
L ' L h i } } } | I : o
- : E iy :
H TR
T
I =

A mode

nas

pl mode p2 mode

3.11.5. Hyperon mixture and kaon condensation

[Maruyama-Muto-Tatsumi, JPS Conf. Proc. 20 (2018) 011043]

Structured mixed phase caused by the kaon condensation
in hyperon-mixed baryon matter

Relativistic MeanField (RMF)
+ Thomas-Fermi model 1is
employed to study the
structure and properties of
high-density matter at the
core of neutron stars. Kaon
condensation and hyperon
mixture are expected at
similar densities.

density [fm™]

r [fm]

Density profile in a Wigner-Seitz sell of droplet geometry.

Kaon and hyperons appear spatially apart. This segregation
may affect the particle fraction.
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3.10.6. Exact finite temperature sum rules in the vector channel

First time derivation of exact sum rules for thermal part of

vector spectral function. [p. Gubler and D. Satow, Phys. Rev. D 96
(2017) 114028]

Vector spectral function at finite T contains information on:
- J=0F g/

W

Electrical A %,. L Dilepton 4 %. Vector PO
conductivity .6,,)‘. ﬂ productio .‘%0 meson ‘4@

m m m: m

p(w)

continuum ,‘,:/v[/;»{{z,,,(,;wv{,,v rL o)
2. \a "
Derive R
, exact 5
transport peak N w sum rules o 7 orl0.0) -
vector meson
peaks

4.4. Study of in-medium vector meson spectra

* Explore the world of light quarks
* determine quark and gluon condensations
* key symmetry — chiral symmetry

* Leptonic probe — di-lepton

* clean signal from complicated hadronic systems

. A 982 Mey SR
* Next-generation experiment

* catch up e+/e- pairs produced in 30 GeV p+A interactions
w/ J-PARC intense beam & state-of-the-art experimental techniques

[MeV]

Expected Signuls 1020 ¢ mass (1020)
R&D [Measured by E325)

AM~35MeV
Ib $(1020) | 2000 / -

/ -

Lead-glass Calorimeter
* high sensitivity

* sensitive trigger readout

0 1 2 3
11 momentum [GeV/c]

* high granularity 980 .o !

ASD circuit - \\ /
Z __Exected
I
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Research Group for Advanced Theoretical Physics
“Many-body dynamics with quantum clusters formed by non-commutative charges”

1. Prospective Members
Leader: Atsushi Hosaka

Manager:

Scientific Staff: Michiyasu Mori, Jun’ichi leda, Hiroaki Onishi, Hiroyuki Koura, Yutaka Utsuno,
Toshiki Maruyama

Post-Doctoral Fellow: Takayasu Sekihara (2016~), Kazuki Yoshida (2018~), Philipp Gubler
(2017~), Koki Nakata (2017~), Kei Yamamoto (2017~)

Student: Takashi Ezoe (Osaka Univ., D3), Sachio Iwasaki (Tokyo Inst. Tech., D1)

2. Objectives
Quantum clusters play important roles in the formation of matters and in the realization of their

rich functions at various hierarchies and scales, including quarks and nuclei interacting through the
strong interaction, and atomic systems forming molecules and crystals in condensed matter physics.
We have then realized that constituent elements with non-commutative charges, i.e., the elements of
non-commutative (non-Abelian) algebra, play unique roles for the non-trivial dynamics of clusters.

We as a group aim at scrutinizing the theme “Many-body dynamics with quantum clusters formed
by non-commutative charges”. We attempt to create new ideas and concepts as the synergy effect of
our interdisciplinary communications across hadronic, nuclear and condensed matter physics.

To this end, the new theory group provides a unique opportunity for integrated study of quantum
many-body systems. The members with wide-spread backgrounds and experiences in the ASRC meet
and discuss physics of various systems with different scales, expecting outputs which are not achieved
in the conventional research platforms. Sharing technical knowledge such as field theoretical
techniques, computational methods, data science approaches, is a key to accelerating explorations of
individual physics problems.

We support activities performed within the existing research groups and experimental projects at
the facilities in JAEA, J-PARC, and elsewhere. The group also provides a new platform for

international collaborations and education for young scientists.

Details of the research theme and expected synergy:

At first it looked as if the individual research fields of the existing groups had little in common.
However, after repeated discussions we have realized that there are indeed many common features.
They are the dynamics governed by non-commutative charges and clustering phenomena. Quarks
interact by the color charges of the SU(3) gauge theory. They also interact by spin-flavor dependent
forces. Nucleons interact primarily by the pion exchange force, which has strong spin and isospin

dependence, as well as the tensor (dipole) nature. Atomic systems accommodate spin of electrons and

-211 -



JAEA-Evaluation 2018-003

also of crystals that are the origin of spin current phenomena, the basis of tremendous amount of
practical applications in spintronics. Therefore, we expect that exchanging our knowledge with cluster
and non-commutative charge as the key words will enhance our individual research activities and
potentially inspire new ideas and interdisciplinary concepts. In the following we provide examples of
representations of the key words in each field .

* Diquarks are the most microscopic clusters formed by two quarks, which are considered to be
important sub-constituents of hadrons especially of exotic hadrons. Diquarks are also expected to be
the main ingredient in the super-dense quark-matter. In nuclear physics nucleon pair correlation is an
analogue of the diquark, and is the key to the microscopic description of nuclear properties, such as
shell structures and fluidity nature of the nuclear matter. Yet the most prominent cluster is the alpha
particle, which has the longest history in the study of nuclear structure. In heavy nuclei, alpha clusters
may trigger important processes of fissions and fusions.

* The clustering phenomena also play crucial roles in mesoscopic scale in nuclear phenomena, e.g.,
matter with inhomogeneous structures as a liquid-gas mixed phase is expected in the crust of neutron
stars. Balance between the surface tension and the Coulomb repulsion determines the structure. We
can see universality in the appearance of similar structures in meson condensation and hadron-quark
phase transitions in high-density hadronic matter.

* In condensed matter physics, a cluster will be a useful degree of freedom in addition to spin, charge,
and orbital motions of electrons, which underlies important research fields such as spintronics. In the
spintronics, the spin-orbit interaction converts a charge current into a spin current and vice versa, i.c.,
spin Hall effect. However, its magnitude is limited by the element consisting in the material and/or
device geometry, i.e., electric field at an interface. On the other hand, cluster degrees of freedom have
potential to enhance the efficiency of spin-charge conversion or to induce yet-to-be considered
cross-correlation effect. For example, some antiferromagnetic metals show anomalous Hall effect
without magnetization. This phenomenon is understood in terms of a multipole of the spin cluster.
Some frustrated quantum spin systems have an unconventional magnetic excitation interpreted as a
cluster of magnons. Furthermore, a spin-1/2 cluster may couple to phonons and enable controlling a

heat flow by a magnetic field, i.e., phonon Hall effect.

3. Status of Preparation

Prior to this proposal of the theory group, ASRC established a (virtual) group, Theoretical
Physics Institute (TPI) in 2015. In fact, the basic concepts and aims of the TPI have been taken over,
and will be further strengthened by the theory group. To propose the theory group, we have performed
and will plan the following activities in 2018 and in 2019.

* We have organized an intensive series of seminar and discussions once a month from April to July
this year. Each speaker gave one hour presentation, introducing his/her interests to share them among
members. We heard altogether 14 talks from both senior and young members and from hadron, nuclear

and condensed matter physics. The discussions have been extremely useful because we could ask and
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discuss issues of the very elementary and fundamental nature.

* We have been organizing introductory lectures for young members and non-experts. Prof. Oka gave a
lecture on the Skyrme model two periods (one period is about 90 min.) in May. In September, Prof.
Utsuno delivers a lecture on nuclear structure. Though these lectures are of introductory nature, they
are also quite useful for experts.

* We have proposed a REIMEI project as an activity of the new theory group. This has been approved
as “Universal physics in Many-Body Quantum Systems — From Atoms to Quarks —”. For the PIL, we
invite Prof. Hans-Werner Hammer from TU Darmstadt, who is actively working on universal physics
in wide range of systems including of nuclear, hadron and atomic systems. We will organize a
workshop in December as well as short discussions in this fall.

* We invite Prof. Hyun-Chul Kim from Inha University, Korea, as a research fellow from September
Ist for 6 months. He is an expert of hadron theory in particular in chiral solitons and skyrmions with
application to hadron structures. We are strongly expecting to expand our collaborations and
discussions during his stay.

* As an international collaboration, we have established an MOC with The European Centre for
Theoretical Studies in Nuclear Physics and Related Areas (ECT*). As a collaboration activity we have
applied for the workshop at ECT* in 2019, which has been approved. We shall discuss universal
physics as an extended opportunity for this year’s REIMEI workshop.

4. New (or updated) strategy. research plans, and goals for next 3.5 years

Strategy:
To achieve the above objectives, our strategy is twofold;

(1) To work individually in their own research field. This follows the conventional research style of
project-oriented activities, and is meant to support the existing research groups and experimental
researches performed at JAEA, J-PARC and elsewhere.

(2) To discuss and work together for many-body problems in various scales from the viewpoint of
quantum clusters. With this we aim for common new ideas and methods . We expect a synergy effect
by sharing members’ wide spread backgrounds covering (a) Quark and hadron physics (Hosaka,
Maruyama, Oka), (b) Nuclear physics (Koura, Utsuno) and (¢) Spin energy physics (Mori, leda,
Onishi).

Research plans:

(1) Identification of the microscopic clusters in hadrons: Experiments are planned at J-PARC for
various hadron productions. Production mechanism and the relation between reaction rates and
structure will be formulated to extract sub-cluster structures of diquarks and hadronic correlations.

(2) Multiquark clusters in extreme conditions with external fields: This is to investigate dynamical
properties of colorless and colored clusters in high temperature and density with strong fields.
Non-equilibrium dynamical approaches will be developed by utilizing the ideas from condensed

matter physics.
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(3) Identification of clustering in nuclei: This is to draw spatial or momentum correlations of nucleons
in nuclei from the nuclear-reaction and structure points of view. A knockout reaction theory will be
developed to probe alpha clustering and pairing correlation, and structure studies will be focused on
spin observables, such as Gamow-Teller and magnetic transitions.

(4) Dynamics of frustrated spin system: This is the place where spin quadrupole moment is developed
by a dimer, which is regarded as a cluster unit for spin nematics. Even higher-rank spin multipoles
emerge when the cluster size increases. Spin-orbit coupling would also provide a novel cluster unit
involving both spin and orbital degrees of freedom. In their presence, excitation dynamics and
transport property will be studied.

(5) Spintronics of antiferromagnets: This is to develop novel spintronics of antiferromagnetic materials.
Mechanisms of the formation of cluster multipoles and their consequences on the spin current will be
studied.

(6) New route to functionality: When a heat (phonon) current flows perpendicularly to a magnetic field,
some non-magnetic insulators show a temperature gradient in a third perpendicular direction. This is
the phonon Hall effect (PHE). One possible origin of the PHE is a resonant scattering of phonons by a
polar magnetostriction, which is usually limited to heavy elements. However, a cluster degree of
freedom will remove this constraint and extend our choice of materials. Similar ideas will also be
applicable to the spin Hall effect and other phenomena.

Goals:

Our eventual goal is to establish new ideas, concepts, and methods for exploring various quantum
cluster systems. For this purpose, it is of primary importance to keep working on each individual
project in their fields and sharing the outcomes among the interdisciplinary members. Couplings of the
charges of different natures such as spins and angular momenta develop nontrivial dynamics.
Moreover, their couplings with external fields such as magnetic fields provide unique research
laboratories. Clusters appear in the discussion of universal physics, which is often referred to as

threshold phenomena, and are expected to provide unified description of various physical systems.

5. Uniqueness, advantage, and strategy for international COE

Uniqueness:
It is in the use of the concept of cluster formation in the presence of non-commutative charges.

Clusters have been recognized as building blocks from fundamental constituents to actual matter of
various properties. On one hand, strong forces among basic constituents are saturated to form clusters,
resulting in the hierarchies of matters. The cluster formation is a consequence of stability and plays a
role of matter formation. On the other hand, as is typical in the condensed matter systems for
spintronics, clusters may become a new unit that provide novel sources of spin degrees of freedom that
can interact with, for example external magnetic fields, and hence be used as means of spintronics. By
studying the two roles of clusters with non-commutative charges on the same footing, we expect

unique outputs.
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Advantages:
An advantage is to utilize the concept of the formation of the clusters and their properties in

various environments. The origin of stability and their novel properties are the issues to be commonly
discussed. Also, the phenomena of spin-orbit coupling and the interaction with external magnetic field
can be used as common tools to explore different physical systems. By deepening the mutual
discussion we will reach universal aspects of physics which we expect to be the key for the
explanation of rich matter world. Moreover we expect to use this opportunity to give hints for the

fundamental properties such as color confinement, and also to explore new ideas for applications.

Strategy for international COE:

One of our missions is to provide a platform for the international activities of ASRC. For this, we
organize regularly theory discussion sessions as intellectual and interdisciplinary opportunities in the
forms of seminars, lectures, workshops and conferences. We try to invite the world top class
researchers by using various resources, such as the research fellow system at JAEA, and the invitation
programs in JSPS and others. For workshops, we propose REIMEI projects and also others from JSPS
and MEXT. We also plan to have international collaborations with various institutions abroad and to
organize workshops abroad.

Support of young researchers is another mission. We shall use the tenure-track Post-Doctoral
Researcher system at JAEA and also various outside resources, such as the Leading Initiative program
of MEXT, postdoc programs of JSPS, to support young scientists. This is crucially important to keep
and expand the activities continuously in the future. We also try to attract graduate students of
domestic and foreign universities as special research students. To recruit good students, it is important

to keep contact with major universities by the members of the theory group, as is currently so.

6. Impacts to basic science and human society

At the fundamental level, the non-commutative charges play non-trivial behaviors. The seemingly
most difficult question is the colored dynamics of quarks which are expected to be relevant to the
matter properties under extreme conditions. The roles of spin, isospin, orbital angular momentum and
their couplings are also the issues for yet unexplained problems of nuclear physics. The exploration of
these issues will solve the fundamental questions of the strong interaction properties as well as their
application to practical problems such as nuclear fissions and fusions. In condensed matter physics,
exploration of new types of clusters in crystals with novel spin properties will provide yet unexpected

applications of spintronics, which should contribute a lot to modern innovations.

7. Summary
We propose strong research activities by the new theory group composed by the researchers with

different backgrounds, i.e., hadron, nuclear, and condensed matter physics. The keywords are

noncommutative charges and clusters for many-body dynamics. We will develop researches of each
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expertise to support the activities of the existing research groups and experimental researches in ASRC.
In addition, as an eventual goal of this new group we are aiming at outputs that will lead to new
concepts and methods of quantum many-body systems.

As one of the important missions of the new research group, we would like to develop a platform
for international physics discussions and collaborations. We will attract not only established
researchers but also postdocs and students for training and education for the future human resources of

sciences.

- 216 -



JAEA-Evaluation 2018-003

fHéx 2

IR R OF I L E I 0% Uit e > & —1Ek)

Appendix 2

Reply on the Comments and Suggestions in the Evaluation Report (owned by ASRC)

- 217 -



This is a blank page.




JAEA-Evaluation 2018-003

Reply on the Comments and Suggestions in the Evaluation Report
1. Managements of ASRC

We sincerely thank the Evaluation Committee for giving us many critical comments and useful
suggestions on the management of the ASRC.

We appreciate the Committee for evaluating the leadership and operation of the former and current
Directors highly and also for recognizing the “Research First” principle as an appropriate guideline.

We share the concern on the budget situation of the ASRC and will make every effort to improve
the situation. We not only ask the JAEA administration to support the basic science at JAEA, but also
will seek various opportunities for external funding for the research and management.

We will make efforts in keeping and increasing the diversity of the researchers of the Center. We
currently try to appoint a new women tenure member this year. We use every opportunity for
employment, for it is vital for the development of the Center to increase young research staffs and to
enhance international activities.

We thank the Evaluation Committee for endorsing the new Advanced Theoretical Physics group
with an important note that it should not disturb well-going collaborations of the theory and experiment
in the current research groups. Indeed, we design this new group as a trans-group activity so that it
becomes a root or a hinge of all the other research groups. Recognizing that the interdisciplinary
collaboration is a key to achieve a breakthrough, the Center is establishing a platform for such active
collaborations among the theorists, so that the theory group enhances the activities of the current six
research groups by introducing new ideas and perspectives. At the same time, we aim to make the theory
group unique and visible to the international scientific community.

The Committee advised that the Director puts more stress on active participation to the other parts
of JAEA. Indeed, our research groups already play major roles in several experimental projects at the
TANDEM, and the J-PARC. As for the operation, while the ASRC is not officially involved nor allocates
budget for the operation, some of our members are assigned as jointly-appointed staffs of the specific
operational divisions. We will further participate the future planning processes for the related research
facilities at JAEA.

The suggested specific visions directly towards the future of Japanese atomic-energy technology is
really a challenge for us. The atomic energy policy of Japan is currently at an important turning point.
We really need evolutional step forward with a breakthrough idea and innovative technological
development. The ASRC is to take a leadership along these missions of JAEA, while we believe that
the real innovation be emerged from bottom-up spontaneous researches. This is our homework during

the remaining seven-year plan period.
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2. Research Group for Heavy Element Nuclear Science

We are pleased for the supportive comments that we received from the Evaluation Committee on the
present and prospective research results. Our programs in nuclear physics and atomic/chemical science
are largely based on the tandem facility of JAEA, which allows us to use radioactive target materials
and a wide variety of heavy-ion beams. Our results on fission properties using multi-nucleon transfer
techniques and the first ionization potentials using ISOL, for example, were realized by taking advantage
of the features of the tandem facility. A further development of our programs in the region of heavy
elements will be driven by the strong collaboration with ORNL, by obtaining the >**Es. We place our
activities in the current mid-term plan as the start to explore the “island of stability” located in the super-
heavy element region. For this we will development the MR-TOF system, a key tool to investigate this
region.

Our activities in ASRC to develop innovative techniques have a strong potential to advance the
JAEA missions. One of the examples is on the Fukushima issues, where we are proposing a monitoring
of the criticality of debris based on the detection high-energy prompt fission gamma-rays, revealed by
us for the first time in neutron-induced fissions. Another important JAEA mission is the development of
the accelerator-driven system (ADS) to reduce the already-existing and newly produced long-lived
nuclear waste. We are providing fission data important for the ADS design, which can be obtained only
by the new surrogate reaction techniques developed by us.

We have created strong collaboration with the JAEA tandem facility as evidenced by the construction
of new beam lines and equipment to realize our ASRC programs, sometimes using our external budget.
In parallel, we recognize that it is a time do discuss a next generation accelerator, which should have
enough power and stability to produce nuclei of the “island of stability”. As these performances are
common requirements also for the ADS accelerator, discussion was started in collaboration not only
with Tandem facility but also with other departments/groups of JAEA (J-PARC, Nuclear Science and
Engineering Center, Research Group for Hadron Nuclear Physics). Nuclear data in the region “island of
stability”, such as masses and radioactive decay properties, are crucial benchmarks to improve current
nuclear models, which can be then widely used in atomic energy applications. This is one of the

examples that development and achievement in ASRC can contribute to JAEA missions.

3. Research Group for Interfacial Reaction Field Chemistry

We are deeply grateful to the evaluation committee for its strongly supportive comments. In
particular, the clear confirmation of our need for specialists on theoretical modeling and microbiology
is very encouraging. We will enhance our effort help JAEA through establishing international
collaboration to address pressing problems arising from Japan’s recent catastrophic event and to

contribute to international efforts on nuclear legacy.
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4. Research Group for Material Physics for Heavy Element Systems

Thank you for your very encouraging comments. In fact, spintronics in heavy element compounds
are exciting field of condensed matter physics. In addition, the decommissioning process in Fukushima
power plant is a very important issue in Japan. As suggested by reviewers, we will try to search for new
interesting materials and electronic properties in heavy element systems, and new useful characterization

method debris for the Fukushima issue.

5. Research Group for Spin-energy Transformation Science

We are very pleased to know that our efforts and thoughts are accepted, and appreciate the high
evaluation given by the reviewers. Still, we have not yet satisfied our results, since there exist missing
pieces, e.g., inverse spin-hydrodynamic generation, mechanical vibration generated by spin current,
nuclear spin Barnett and Einstein-de-Hass effects and so on. We will continue making efforts to obtain
many excellent results with the collaboration of the experimentalists and the theorists under the strong

leadership of Prof. Eiji Saitoh.

6. Research Group for Nanoscale Structure and Function of Advanced Materials

We are sincerely grateful to the evaluation committee for the supportive comments and advice. As
pointed out by the committee, the Research Group for Nanoscale Structure and Function of Advanced
Materials consists of a synthesis team with chemistry background and a characterization team with
physics background and has dealt with both physical and chemical phenomena of a variety of materials
including two-dimensional materials, surfaces and bulk materials with lowered symmetry. Although we
have prepared materials synthesis apparatuses such as CVD and MBE in the last few years, these still
need further improvement, which will be performed in the next 3.5 years. As characterization methods,
we have unique experimental techniques with quantum beams of positron, neutron, and muon. As the
evaluation committee pointed out, our group has made significant contributions to the development of
ultra-slow muon facility. By taking advantage of these experimental techniques in combination with
other characterization methods that are available at the University of Tokyo, to which our group leader
belongs, we will try to explore new functions and clarify the underlying mechanism of the exotic
properties realized in nanoscale materials along with further improvement and development of the
current apparatuses.

As pointed out by the evaluation committee, our group investigates various physical and chemical
phenomena of a variety of materials. Encouraging the challenges and new ways of thinking of individual
researchers, we will try to focus on some specific issues in a coherent manner, which include effects of

hydrogen on the material properties, hydrogen behavior on the surfaces of and in materials, and
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exploration of superconductivity due to artificial structures with lowered symmetry and/or including
foreign elements. To this end, we will perform collaborative work with other groups in ASRC,

particularly the theory group.

7. Research Group for Hadron Nuclear Physics

We thank the committee for evaluation and comments for our research results and research plans.
As valued by the committee, we will keep the leadership of hadron research at J-PARC and support
young researchers who work at J-PARC with a strong collaboration between theorists and
experimentalists.

As pointed out by the committee, we require a significant amount of budget to construct detectors
for new experiments. To keep and enhance our research activity, we request JAEA to increase the
annual research budget.

Concerning J-PARC Heavy-lon Project, the goal of which is to create dense nuclear matter, we
are having discussion on the project in J-PARC and the Japanese Nuclear Physics Community. As a
result, we are going to submit a Master Plan for Science Council of Japan. We will technically and
scientifically develop the project which is characterized by the world’s highest-intensity heavy-ion

beams expected at J-PARC.

8. Research Group for Advanced Theoretical Physics

We appreciate the valuable comments from the evaluation committee. There are four important
points to consider in starting the theory group. We would like to reply to them to clarify and improve
our strategy.

(1) Comment: the systems should be designed to keep the present highly efficient collaborations
between theorists and experimentalists within each group.
Answer: Indeed we consider this is the most important point. The primary mission of the theory
group is to collaborate with the experimentalists of the six groups, while we also develop
interdisciplinary discussions among scientists with different background to create new ideas and
concepts. In return, these achievements should be reflected in their individual fields. We would like to
keep this strategy as our theory group will go on.
(2) Comment: further efforts are recommended to explore more the interdisciplinary topics/problems
of mutual interests.
Answer: This is actually the key issue in the theory group, and is the challenge. To formulate concrete
scientific subjects, possible key words that interdisciplinarize our discussions are cluster dynamics for
hadron and nuclear structures/reactions, universal phenomena in such as phase transitions, and spin
correlations with magnetic interaction for many-body dynamics. To pin down concrete research theme,

we keep discussing by using various opportunities such as seminars, workshops and so on. We also
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keep contact with the grant-in-aid for scientific research on innovative areas, “Clustering as a window
on the hierarchical structure of quantum systems”.
(3) Comment: the new theory group can be extended to contribute also to the other three groups that
were not mentioned in the presentation:
Answer: We would like to thank the committee for drawing our attention to this point. We agree that
this is an important issue that the new theory group should consider. Considering the limited resources
in ASRC, we would like to start the theory group activities under the leadership of the three groups.
However, we aim at the theory group open to all groups and members of ASRC.
(4) Comment: it might be better to change the scheme to “structure of quantum many-body systems
and nonequilibrium dynamics”.
Answer: We appreciate the committee for the suggestion of the new scheme. We find it suitable for
our individual as well as interdisciplinary discussions. We would like to accept this proposal.

To summarize our reply, the theory group conducts the research of the fundamental sciences related
to the atomic energy. In particular, we support the research projects performed at J-PARC, TANDEM,
and other facilities run by JAEA. We also aim at providing a platform for common discussions in ASRC
and for international collaborations and education of the young generation who will be able to take an

important role in the fields related to atomic energy.
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