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・Mesons in nuclear matter

1. Introduction
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related to…

(Theoretically)

Partial restoration of chiral symmetry,

Change of axial anomaly, etc…

(Experimentally)

Modification of vector mesons experiments at J-PARC, J-Lab, …

Mesic nuclei at GSI, the University of Bonn, Spring-8…
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comprehensively within a chiral model in a unified way

??
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・Extended Linear Sigma Model (eLSM)
� The extended Linear Sigma Model (eLSM) is a chiral model which

can successfully reproduce light meson properties (masses and widths)

1. Introduction

zD. Parganlija, P. Kovacs, Gy. Wolf, F. Giacosa, and D. H. Rischke;
PRD 87, 014011 (2013)

� We applied the eLSM into cold nuclear matter reproducing 
saturation properties and studied mass changes of the mesons
in nuclear matter comprehensively

Includes 9 scalars, 9 pseudo-scalars�9 vectors, 
and 9 axial-vectors (and 1 dilaton)



4/20D. Suenaga, P. Lakaschus, in preparation

・The eLSM

2. eLSM

� (2 quark state) meson field is schematically written by

�ij ⇠ q̄jRq
i
L

Lij
µ ⇠ q̄jL�µq
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LRij

µ ⇠ q̄jR�µq
i
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� chiral transformation laws and particle assignment are

� ! gL�g
†
R

Lµ ! gLLµg
†
L

Rµ ! gRRµg
†
R

zD. Parganlija, P. Kovacs, Gy. Wolf, F. Giacosa, 
and D. H. Rischke; PRD 87, 014011 (2013)

U(3)L ⇥ U(3)R
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・Lagrangian
� The Lagrangian is given by

2. eLSM
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� Axial anomaly

zD. Parganlija, P. Kovacs, Gy. Wolf, F. Giacosa, 
and D. H. Rischke; PRD 87, 014011 (2013)

Rµ⌫ = @µR⌫ � @⌫Rµ
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・Lagrangian
� ����������
��������
�� �������������������������	������
��	��
��
��������������

2. eLSM
zD. Parganlija, P. Kovacs, Gy. Wolf, F. Giacosa, 

and D. H. Rischke; PRD 87, 014011 (2013)

Nc
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C1 = m2
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zD. Parganlija, P. Kovacs, Gy. Wolf, F. Giacosa, 
and D. H. Rischke; PRD 87, 014011 (2013)
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C1 = m2
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zD. Parganlija, P. Kovacs, Gy. Wolf, F. Giacosa, 
and D. H. Rischke; PRD 87, 014011 (2013)
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・Parity Doublet Model

3. eLSM in nuclear matter

 1l(2r) ! gL 1l(2r)

 1r(2l) ! gR 1r(2l)
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・Parity Doublet Model

3. eLSM in nuclear matter
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 1l(2r) ! gL 1l(2r)

 1r(2l) ! gR 1r(2l)
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・Parity Doublet Model

3. eLSM in nuclear matter

 1l(2r) ! gL 1l(2r)

 1r(2l) ! gR 1r(2l)
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zL. Olbrich, M. Zetenyi, F. Giacosa and D. H. 
Rischke, Phys. Rev. D 97, no. 1, 014007 (2018)
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・Construction of nuclear matter

3. eLSM in nuclear matter

� �������"������������������������������������������������������
"�
����������������� �������������������������#���������������
���
����� ��� ��
� ��� ��� 	��

� 	��������� ��� ��!���
"�������������������������������������

� ������"���������������������������������������������
"��������������

� ���"����������������������������������������������������������



13/20D. Suenaga, P. Lakaschus, in preparation

・Meson masses in nuclear matter

⇧X(q0, ~q)

: mean field level
: one loop corrections

3. eLSM in nuclear matter
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masses in nuclear matter to respect the original chiral symmetry
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formula in the present analysis

D. Suenaga, M. Harada, and S. Yasui PRC96 (2017)

×
mean field
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N,N⇤
<latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="hZUZFTIwMGUg08cr5ectaSF8kNM="></latexit><latexit sha1_base64="hZUZFTIwMGUg08cr5ectaSF8kNM="></latexit><latexit sha1_base64="1xca5xgQpnyUoWm4XuIK5+EL1aw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit>
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・Determined parameters

4. Results
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Constraints by nuclear matter 
properties are very strong. . .
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・Results with                     and 

4. Results



16/20D. Suenaga, P. Lakaschus, in preparation

� ��������������������������������
����
force between nucleus and     meson
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V. Metag, M. Nanova and E. Y. Paryev, 
PPNP. 97, 199 (2017)
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・Results with                     and 

4. Results
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・Results with                     and 
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・Summary
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and two-flavor Parity Doublet Model (PDM) to study meson masses
in nuclear matter comprehensively
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and               is preferable

5. Conclusions
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・Discussions
� 
��� !�$� ����� !����������������������������������$��#������� ��

��������� �� � ���!����� � ����� �� ��������

� 
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5. Conclusions
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Back up
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・Notes on PRD 87, 014011 (2013)
� �
����������	�����������������������
�����1, h1

<latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit><latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit><latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Ii0K//3YVfMJQz17HsYQFhBDAOc="></latexit><latexit sha1_base64="Ii0K//3YVfMJQz17HsYQFhBDAOc="></latexit><latexit sha1_base64="uNOjjQwr6JU4bi3RObsB6naLYdo="></latexit><latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit><latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit><latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit><latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit><latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit><latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit>

� ���������	������������������������ 
������������������1, h1
<latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit><latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit><latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Ii0K//3YVfMJQz17HsYQFhBDAOc="></latexit><latexit sha1_base64="Ii0K//3YVfMJQz17HsYQFhBDAOc="></latexit><latexit sha1_base64="uNOjjQwr6JU4bi3RObsB6naLYdo="></latexit><latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit><latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit><latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit><latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit><latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit><latexit sha1_base64="l/9SFw0JvNtKmWGwAGjW2/Og1Ec="></latexit>

(f0)
<latexit sha1_base64="nbeQDJoSSZrCiqeDRwLrI+OPlBs="></latexit><latexit sha1_base64="nbeQDJoSSZrCiqeDRwLrI+OPlBs="></latexit><latexit sha1_base64="nbeQDJoSSZrCiqeDRwLrI+OPlBs="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="cJaePjbi2XC2rZygUKXQsf3G/qc="></latexit><latexit sha1_base64="cJaePjbi2XC2rZygUKXQsf3G/qc="></latexit><latexit sha1_base64="0tHFrSkW9YeeH/cYDMgMvdqbRb0="></latexit><latexit sha1_base64="nbeQDJoSSZrCiqeDRwLrI+OPlBs="></latexit><latexit sha1_base64="nbeQDJoSSZrCiqeDRwLrI+OPlBs="></latexit><latexit sha1_base64="nbeQDJoSSZrCiqeDRwLrI+OPlBs="></latexit><latexit sha1_base64="nbeQDJoSSZrCiqeDRwLrI+OPlBs="></latexit><latexit sha1_base64="nbeQDJoSSZrCiqeDRwLrI+OPlBs="></latexit><latexit sha1_base64="nbeQDJoSSZrCiqeDRwLrI+OPlBs="></latexit>

f0
<latexit sha1_base64="Wa+97+/prIF/j6Rj81IMiFaEwgs="></latexit><latexit sha1_base64="Wa+97+/prIF/j6Rj81IMiFaEwgs="></latexit><latexit sha1_base64="Wa+97+/prIF/j6Rj81IMiFaEwgs="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Ao3bqmd6HIZLb6gPBjEzVnMlBW0="></latexit><latexit sha1_base64="Ao3bqmd6HIZLb6gPBjEzVnMlBW0="></latexit><latexit sha1_base64="Gfk60wOpBYAP5GBhQAUA107FQmw="></latexit><latexit sha1_base64="Wa+97+/prIF/j6Rj81IMiFaEwgs="></latexit><latexit sha1_base64="Wa+97+/prIF/j6Rj81IMiFaEwgs="></latexit><latexit sha1_base64="Wa+97+/prIF/j6Rj81IMiFaEwgs="></latexit><latexit sha1_base64="Wa+97+/prIF/j6Rj81IMiFaEwgs="></latexit><latexit sha1_base64="Wa+97+/prIF/j6Rj81IMiFaEwgs="></latexit><latexit sha1_base64="Wa+97+/prIF/j6Rj81IMiFaEwgs="></latexit>

� mesons are not used as input since they include many uncertainties
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・Input parameters zD. Parganlija, P. Kovacs, Gy. Wolf, F. Giacosa, 
and D. H. Rischke; PRD 87, 014011 (2013)
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�

・Input parameters
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zD. Parganlija, P. Kovacs, Gy. Wolf, F. Giacosa, 
and D. H. Rischke; PRD 87, 014011 (2013)
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・ fitting�2

C1 = m2
0 + �1(�

2
N + �2

S)

zD. Parganlija, P. Kovacs, Gy. Wolf, F. Giacosa, 
and D. H. Rischke; PRD 87, 014011 (2013)

C2 = m2
1<latexit sha1_base64="lBPbi3hzylG13+d2VOolw5lS5TQ="></latexit><latexit sha1_base64="lBPbi3hzylG13+d2VOolw5lS5TQ="></latexit><latexit sha1_base64="lBPbi3hzylG13+d2VOolw5lS5TQ="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="wrN1Hd4rCs1+QH3kFq1kr3Pjo9U="></latexit><latexit sha1_base64="wrN1Hd4rCs1+QH3kFq1kr3Pjo9U="></latexit><latexit sha1_base64="ZSErcbd1BJtQXwyTezWe1CPbF+Q="></latexit><latexit sha1_base64="lBPbi3hzylG13+d2VOolw5lS5TQ="></latexit><latexit sha1_base64="lBPbi3hzylG13+d2VOolw5lS5TQ="></latexit><latexit sha1_base64="lBPbi3hzylG13+d2VOolw5lS5TQ="></latexit><latexit sha1_base64="lBPbi3hzylG13+d2VOolw5lS5TQ="></latexit><latexit sha1_base64="lBPbi3hzylG13+d2VOolw5lS5TQ="></latexit><latexit sha1_base64="lBPbi3hzylG13+d2VOolw5lS5TQ="></latexit>
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・Mean field mass formula
� ������
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・Mean field mass formula
� ������
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・Mass formula in medium
� �
 ���	
	
�

�
�

�	��

×mean field
<latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit><latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit><latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="clstlfU4BJzGayTAeWQn+F1CYTY="></latexit><latexit sha1_base64="clstlfU4BJzGayTAeWQn+F1CYTY="></latexit><latexit sha1_base64="NEy2tUspbhlV3aGktldk8j1jdwQ="></latexit><latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit><latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit><latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit><latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit><latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit><latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit>

N,N⇤
<latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="hZUZFTIwMGUg08cr5ectaSF8kNM="></latexit><latexit sha1_base64="hZUZFTIwMGUg08cr5ectaSF8kNM="></latexit><latexit sha1_base64="1xca5xgQpnyUoWm4XuIK5+EL1aw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit>

+
<latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="nsovqC2jZF8W3J8L9q0kHhOQxkQ="></latexit><latexit sha1_base64="nsovqC2jZF8W3J8L9q0kHhOQxkQ="></latexit><latexit sha1_base64="Pp/S3X7mrCcJrVpPQrHbyZkSDS0="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit>

+
<latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="nsovqC2jZF8W3J8L9q0kHhOQxkQ="></latexit><latexit sha1_base64="nsovqC2jZF8W3J8L9q0kHhOQxkQ="></latexit><latexit sha1_base64="Pp/S3X7mrCcJrVpPQrHbyZkSDS0="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit>

N,N⇤
<latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="hZUZFTIwMGUg08cr5ectaSF8kNM="></latexit><latexit sha1_base64="hZUZFTIwMGUg08cr5ectaSF8kNM="></latexit><latexit sha1_base64="1xca5xgQpnyUoWm4XuIK5+EL1aw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit>
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・Mass formula in medium
� �	 �������� ×mean field

<latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit><latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit><latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="clstlfU4BJzGayTAeWQn+F1CYTY="></latexit><latexit sha1_base64="clstlfU4BJzGayTAeWQn+F1CYTY="></latexit><latexit sha1_base64="NEy2tUspbhlV3aGktldk8j1jdwQ="></latexit><latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit><latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit><latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit><latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit><latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit><latexit sha1_base64="p6AymLNKThT5Zg5gXmF0ykHfXHY="></latexit>

N,N⇤
<latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="hZUZFTIwMGUg08cr5ectaSF8kNM="></latexit><latexit sha1_base64="hZUZFTIwMGUg08cr5ectaSF8kNM="></latexit><latexit sha1_base64="1xca5xgQpnyUoWm4XuIK5+EL1aw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit>

+
<latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="nsovqC2jZF8W3J8L9q0kHhOQxkQ="></latexit><latexit sha1_base64="nsovqC2jZF8W3J8L9q0kHhOQxkQ="></latexit><latexit sha1_base64="Pp/S3X7mrCcJrVpPQrHbyZkSDS0="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit>

+
<latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="nsovqC2jZF8W3J8L9q0kHhOQxkQ="></latexit><latexit sha1_base64="nsovqC2jZF8W3J8L9q0kHhOQxkQ="></latexit><latexit sha1_base64="Pp/S3X7mrCcJrVpPQrHbyZkSDS0="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit><latexit sha1_base64="q2w2/puivXrSrbZ5Mh2rfMV3Th4="></latexit>

N,N⇤
<latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="hZUZFTIwMGUg08cr5ectaSF8kNM="></latexit><latexit sha1_base64="hZUZFTIwMGUg08cr5ectaSF8kNM="></latexit><latexit sha1_base64="1xca5xgQpnyUoWm4XuIK5+EL1aw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit><latexit sha1_base64="bTs6sOtSrtM7/RViMsVy7At2vvw="></latexit>



30/20D. Suenaga, P. Lakaschus, in preparation

・Construction of nuclear matter
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31/20D. Suenaga, P. Lakaschus, in preparation

・Results with another choice of
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