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I constructed a low-energy hadron effective model based on the gauge-gravity
duality in superstring theories, and studied phase structure and changes of hadron properties in nuclear
matter at high density. Main results are as follows. I confirmed the existence of half-Skyrmion phase
where the spontaneous chiral symmetry breaking has an inhomogeneity in space. | showed that the nucleon
mass decreases with density in the low-density region, while it is stable against the density in the
half-Skyrmion phase. | also showed that the masses of the pseudoscalar and vector D mesons, which include
a charm quark, are degenerate with those of the scalar and axial-vector D mesons.



(QCD)
QCD
ud s
QCD
KEK-PS/E325 [4]
[5]
( [6]
(71 )
[8]
[9] T

¢ [2
) (HLS)

( B)

o
HLS
[10]
[11] [12]
- [7] n P
HLS _ T

[1]
[2]

[3]

[4]

[5]

(6]

[7]

(8]

(9]

[13]

D.K.Hong, M.Rho, H.U.Yee and P.Yi,
JHEP 09, 063 (2007).

H.-J. Lee, B.-Y. Park, M. Rho, V. Vento,
Nucl. Phys. A 741, 161 (2004); ibid.
726, 69 (2003).

B.-Y.Park, M.Rho, V.Vento, Nucl. Phys.
A 736, 129 (2004); ibid. 807, 28 (2008);
H.K.Lee, M.Rho, Nucl. Phys. A 829, 76
(2009).

K. Ozawa et al. [E325 Collaboration],
Phys. Rev. Lett. 86, 5019 (2001); M.
Naruki et al. [E325 Collaboration],
Phys. Rev. Lett. 96, 092301 (2006)

G.E.Brown, M.Rho, Phys. Rev. Lett. 66,
2720091); T.Hatsuda, S.H.Lee, Phys.
Rev. C46, 34(92)

J.Erlich, E.Katz, D.T.Son,
M.A.Stephanov, Phys. Rev. Lett. 95,
261602 (2005).

T. Sakai and S. Sugimoto, Prog. Theor.
Phys. 113, 843 (2005): 114, 1083
(2005).

K.-Y.Kim, S.-J.Sin, 1.Zahed,
JHEP01,002 (2008); M.Rozali,
H.-H.Shieh, M.Van Raamsdonk, J.Wu,
JHEP 0801, 053 (2008); O.Bergman,
G.Lifschytz, M.Lippert, JHEP
0711,056 (2007)

I.R. Klebanov, Nucl. Phys. B 262, 133
(1985); A.S. Goldhaber, N.S. Manton,
Phys. Lett. B 198, 231 (1987); M.
Kugler, S. Shtrikman, Phys. Rev. D 40,
3421 (1989).

[10] M. Harada and K. Yamawaki, Physics

Reports 381, 1 (2003).

[11] M. Harada, C. Sasaki, Phys. Lett. B

537, 280 (2002); Phys. Rev. D 74,
114006 (2006); Phys. Rev. C 80,
054912 (2009); M. Harada, Y. Kim, M.
Rho, Phys. Rev. D 66, 016003 (2002);
M. Harada, C. Sasaki, W. Weise, Phys.
Rev. D 78, 114003 (2008)



[12] M. Harada, S. Matsuzaki, K
Yamawaki, Phys. Rev. D 74, 076004
(2006); ibid. 82, 076010 (2010).

[13] M. Harada and M. Rho, Phys. Rev. D
83, 114040 (2011)..

QCD
2 1
QCD
2
(3)
QCD
(4)
[2,3]
QCD
(1 QCD
(a) [1]
(b) (6]
QCD
(8]
(2 QCD
(a) [12]
QCD

(b) [2][3]
@ QCD
[19], [14]
@
[13], [°]
©) QCD
(181, 171, [11], [3]
®
[15],
[101, [7]
®) ®
[5]
®) ®
D



)

[12], [8]
QCD

[20]. [16]. [€]. [4]. [2]. [1]

[1]

(2]

[3]

[4]

[5]

[6]

[7]

20
“Mass of heavy-light mesons in a
constituent quark picture with partially
restored chiral symmetry”, A. Park, P.

Gubler, Masayasu Harada, S. H. Lee, C.

Nonaka and W. Park, Physical Review
D 93, 054035:1-5 (2016). (refereed)
“Degeneracy of doubly heavy baryons
from  heavy quark  symmetry”,
Yong-Liang Ma, Masayasu Harada,
Physics Letters B 754, 125-128 (2016).
(refereed)

“Effects of the scalar mesons in a
Skyrme model with hidden local
symmetry”, Bing-Ran He, Yong-Liang
Ma, Masayasu Harada, Physical
Review D 92, 076007:1-9 (2015).
(refereed).

“Extended Goldberger-Treiman
relation in a three-flavor parity doublet
model”, Hiroki Nishihara, Masayasu
Harada, Physical Review D 92, 054022
(2015) (refereed).

“Asymmetric nuclear matter in a
doublet model with hidden local
symmetry”, Yuichi Motohiro,
Youngman Kim, Masayasu Harada,
Physical Review C92, 025201:1-8
(2015) (refereed).

“Doubly heavy baryons with chiral
partner structure”, Yong-Liang Ma,
Masayasu Harada, Physics Letters B
748, 463-466 (2015) (refereed).
“Inhomogeneous quark condensate in
compressed Skyrmion matter”,

Masayasu Harada, Hyun Kyu Lee,

Yong-Liang Ma, Mannque Rho,
Physical Review D91, 096011:1-6
(2015) (refereed).

“Mass degeneracy of heavy-light

mesons with chiral partner structure in
the half-Skyrmion phase”, D. Suenaga,
B.-R. He, Y.-L. Ma, Masayasu Harada,

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Physical Review D91,
(2015) (refereed).
“Equation of state in the pion
condensation phase in asymmetric
nuclear matter using a holographic
QCD model”, Hiroki Nishihara and
Masayasu Harada, Physical Review D
90, 115027:1-11 (2014) (refereed)
“Dense baryonic matter in
conformally-compensated hidden local
symmetry: Vector manifestation and
chiral symmetry restoration”,

Yong-Liang Ma, Masayasu Harada,

036001:1-5

Hyun Kyu Lee, Yongseok Oh,
Byung-Yoon Park, Mannque Rho,
Physical  Review D90  (2014)
034015:1-15

“Chiral  effective  theories from
holographic QCD  with scalars”,

Masayasu Harada, Yong-Liang Ma,
Shinya Matsuzaki, Physical Review

D89 (2014) 115012:1-13

“D and D’ meson mixing in
spin-isospin correlated cold nuclear
matter”, Daiki Suenaga, Bing-Ran He,
Yong-Liang Ma, Masayasu Harada,
Physical  Review  C89  (2014)
068201:1-4

“Enhancement of Chiral Symmetry
Breaking from the Pion condensation at
finite isospin chemical potential in a
holographic QCD model”, Hiroki
Nishihara, Masayasu Harada, Physical
Review D 89 (2014) 076001:1-8

“Parity doubling structure of nucleon at
non-zero density in the holographic mean
field theory”, Bing-Ran He, Masayasu
Harada, Physical Review D 88 (2013)
095007:1-9

“Dense Baryonic Matter in Hidden Local
Symmetry Approach: Half-Skyrmions
and Nucleon Mass”, Yong-Liang Ma,
Masayasu Harada,
Yongseok Oh, Byung-Yoon Park and
Mannque Rho, Physical Review D 88,
014016:1-12 (2013)

“Chiral
baryons from the bound state approach
with hidden local symmetry”, Masayasu

Hyun Kyu Lee,

partner structure of heavy

Harada and Yong-Liang Ma, Physical
Review D 87, 056007:1-9 (2013)




[17]

[18]

[19]

[20]

“Skyrmions with vector mesons in the
hidden symmetry approach”,
Yong-Liang Ma, Ghil-Seok Yang,
Yongseok Oh, Masayasu Harada,
Physical Review D 87, 034023:1-17
(2013)

“Hidden Local Symmetry and Infinite

local

Tower of Vector Mesons for Baryons”, Y.
—-L. Ma, Y. Oh, G. -S. Yang, M. Harada,
H. K. Lee, B. —Y. Park, M. Rho, Physical
Review D86, 074025:1-9 (2012)
(refereed)

“Holographic Mean-Field Theory for

Baryon Many-Body Systems”, Masayasu

Harada, Shin Nakamura, Shinpei
Takemoto, Physical Review D86 (2012)
021901(R):1-4 ( )

“Effect of sigma meson on the D1(2430)
- D1 mm decay” , Masayasu Harada,

Hironori Hoshino, Yong-Liang Ma,
Physical Review D85, 114027:1-13
(2012)

15

: “Degeneracy of doubly
heavy baryons from heavy quark
symmetry”, Masayasu Harada,

71 , (

( )
319 )

: “Degeneracy of doubly
heavy baryons from heavy quark
symmetry”, Masayasu Harada,
“Progress on J-PARC hadron physics in
20167, (Ibaraki Quantum Beam
Research Center, Tokai, Ibaraki, Japan,
March 2-4, 2016)

: “Degeneracy of doubly
heavy baryons from heavy quark
symmetry”, Masayasu Harada, at “The
31st Reimei WorkShop on Hadron
Physics in Extreme Conditions at
J-PARC”, (Advanced Science Reseach
Center (ASRC), JAEA Tokai Campus,
January 18-20

: “A study of asymmetric
nuclear matter in a parity doublet
model”, Masayasu _ Harada, at
Workshop on Dense Matter from Chiral
Effective Theory, (Jilin University,
Changchun, China, June 25 — 30, 2015)

: “Charmed hadrons in
nuclear medium”, M. Harada, “KEK
theory center workshop on Hadron

2016

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

physics with high-momentum hadron
beams at J-PARC in 2015”, (KEK,
,2015 3 16 )

: “Modification of spectrum
of heavy-light mesons in nuclear
medium”, Masayasu Harada, Hadrons
and Hadron Interaction in QCD, (

, 2015 3
2 )

“Mass modification of
heavy-light mesons in spin-isospin
correlated matter”, Structure and
production of charmed hadrons I,
August 17, 2014, J-PARC,

"Hadron phenomenology
based on holographic QCD models",
Masayasu Harada, The 27th Spring
School on Particles and Fields in
Taiwan (SS2014) (Chang Gung
University at Taoyuan, Taiwan, April
2-5,2014)

“New Approaches to
In-medium  spectral  function —
Holographic Mean-Field Theory for
Baryon Many Body Systems-”,
Electromagnetic Probes to Strongly
Interacting Matter: Statues and Future
of Low-Mass Lepton-Pair
Spectroscopy, May 20-24, 2013, ECT*,
Trento, Italy.

n
b

Masayasu Harada,

(KEK, February 26-28, 2014) [1
* Chiral Doubling of
Heavy Baryons from the Bound State
Approach”, Masayasu Harada ,

(J-—-PARC, September 10-13, 2013)

“Holographic Mean-Field
Theory for Baryon Many-Body Systems”,
Masayasu Harada, 4th Year of
APCTP-WCU Focus program “From
dense matter to compact stars in QCD
and in hQCD” (April 14 - 24, 2013,
APCTP, Pohang, Korea)

”Holographic Mean-Field
Theory for Baryon Many-Body Systems”,
Masayasu Harada, Shin Nakamura,
Shinpei Takemoto, KMI-GCOE
Workshop on “Strong Coupling Gauge
Theories in the LHC Perspective
(SCGT12)”, December 4-7, 2012,
Nagoya University, Nagoya Japan.

“ Holographic Mean-Field
Theory for Baryon Many-Body Systems”,
Masayasu Harada, WCU Mini-workshop
on “ holographic landscape of dense
matter” , (2012 10 11 , Hanyang
Univ., )



[15]

o

“ Study of exotic hadrons in
effective models for chiral doubling of
charmed mesons” , Masayasu Harada,
Heavy Quark Hadrons at J-PARC 2012
(June 18-22, 2012, )

Harada Masayasu



