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Self-Introduction
Background

➢Undergraduate:
Department of physics, Tokyo University of Science

➢Master course:
Theoretical Nuclear Physics Laboratory, Hokkaido Univ. 

Current situation
➢Doctor course(D1):

Theoretical Nuclear Physics Laboratory, Hokkaido Univ. 
➢ Compiler in JCPRG
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My research
in master thesis



Hoyle state and analog state in positive parity

0𝑆0𝑆

1𝑆

The Hoyle state is dilute gaslike state composed of three α
particles .                                   A. Tohsaki, et al., PRL 87, 192501 (2001)

• The Hoyle state can be approximated by the three α particles
trapped in the 0S state of harmonic oscillator.

• The 03
+ can be interpreted as the α particle excitation from 0S 

state to 1S state.
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• The 03
+ state has large radius and monopole transition from the 

Hoyle state.
• The 03

+ state is considered to be a family of the Hoyle state.

Hoyle state and analog state in positive parity

Y. Funaki, PRC 94,024344(2016)

Y. Funaki, PRC 92,0211302(2015)



In same potential, we consider an α particle excitation from 0S to 0P 
which generate 1− state.

0𝑆0𝑆

0𝑃

02
+ 1−

In analogy to the 03
+ state

Is there an excitation from the Hoyle state in negative parity?

Hoyle state and analog state in negative parity



Does the 1− state have large radius?
1− cluster state can be strongly excited from the ground state by the IS 
dipole transition.
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Y. Chiba ,M. Kimura and Y. Taniguchi, PRC93, 034319(2016)

Hoyle state and analog state in negative parity

Y. Funaki, PRC 94,024344(2016)

Y. Funaki, PRC 92,0211302(2015)



Motivation
1− has been studied by using cluster model, but the 
relation between the 1− and alpha condensate state is 
unknown.

• Does the 1− state has large radius?

• The 1− state should have large isoscalar dipole transition to 
the state that has large radius. 

By using Real Time Evolution Method, we investigate the 
structure of the 1− state.



𝐻 =

𝑖

𝑇𝑖 − 𝑇𝑐.𝑚 + 

𝑖<𝑗

𝑉𝑖𝑗 + 
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・𝑉𝑖𝑗:Volkov No.2 potential

Framework

O

𝑅1

𝑅2

𝑅3

𝜙(𝑅1, 𝑅2, 𝑅3) =A {𝜙𝛼1(𝑅1)𝜙𝛼2 (𝑅2)𝜙𝛼3(𝑅3)}

𝜙𝛼𝑖(𝑅𝑖) =A{𝜑 Ԧ𝑟4𝑖−3 −𝑅𝑖 𝑛 ↑ …𝜑(Ԧ𝑟4𝑖 − 𝑅𝑖) ۧȁ𝑝 ↓ }

𝜑(Ԧ𝑟 − 𝑅𝑖 ) = (𝜋𝑏2)−
3
4exp[−
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2𝑏2
(Ԧ𝑟 − 𝑅𝑖 )

2]

𝜓𝑀,𝐾
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= 𝑐𝐾
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(𝑅1, 𝑅2, 𝑅3) 𝑃𝑀𝐾

𝐽 𝑃𝜋 𝜙(𝑅1, 𝑅2, 𝑅3)

𝑏 : the size of 𝛼 particle , 𝑅𝑖: the center of the 𝑖th cluster

Hamiltonian 

Wave function



Framework Real Time Evolution Method

If we evolve time long enough, all configurations will 
appear on constant-energy surface(ergodic hypothesis).

Equation of motion of 𝛼 particles

We generate basis function by solving equation of motion. 

◎time dependent variational principal 

𝜎, 𝜏 = 𝑥, 𝑦, 𝑧
𝑖, 𝑗 = 1~𝑛 ∶ number of the 𝛼 particleReal time is generator coordinate.



Result Spectrum of positive parity states
Y. Funaki, PRC 92,0211302(2015)

M. Itoh et al., PRC 84,054308(2011)
M. Freer et al., PRC 83, 034314(2011)



Result Spectrum of negative parity states
Y. Kanada-En’yo, PTP 117(2007)

M. Freer et al., PRC 83, 034314(2011)

This work AMD GCM exp.RGM

𝐸𝑥[MeV]
M. Kamimura, NPA.351,456(1981)

E. Uegaki, et al., PTP 57, 1262(1977)



Result Radius of the 11
−

24%

11
− is so dilute that the state can’t be described by single slater determinant.

73% 40%

M. Kamimura, NPA.351,456(1981)

Y. Kanada-En’yo, PTP 117(2007)

E. Uegaki, et al., PTP 57, 1262(1977)

Y. Funaki ,Phys. Rev. C 92 021302(2015)

11
− has larger radius than the Hoyle

state.

Density distributions



Result IS1
1− cluster state can be strongly excited from the ground state by 
the IS dipole transition.

11
−
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𝑀𝐼𝑆1 = 0.7𝑊𝑈
(1𝑊𝑈 = 5.06fm3)

Y. Chiba, et al., PRC93, 034319(2016)

The transition strength is as strong as one particle estimate.

0
.7
𝑊
𝑈



Result IS1
1− cluster state can be strongly excited from the ground state by 
the IS dipole transition.
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The 11
− state has large IS1 transition to the Hoyle state.

Y. Chiba, et al., PRC93, 034319(2016)
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Summary of master thesis 
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• We investigated the property of the 11
− state by using Real Time 

Evolution Method.

Future work
• We will research the orbit of the α particle to check that the 

description of the 11
− state is correct.
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Rasearch
in doctor course



Hyper-nuclei

• Why the hypernuclei are interested in?
➢YN, YY interaction

➢Impurity effects



Background

• Neutron star
➢Mass is 1.1～1.4𝑀⊙.
➢Radius is about 10 km.
➢High density



Background

In 2010, PSR J1614-2230(1.97 ± 0.04𝑀⊙) and 

in  2013, PSR J0348+0432(2.01 ± 0.04𝑀⊙) were observed.



Hyperon puzzle

• But the calculations 
including hyperon cannot 
reproduce  the large mass.

• How do the YN and YY 
interaction change for high 
density?
➢This is important to solve the 

Hyperon puzzle.

• Hypernuclei give us the 
information about the YN 
interaction.

P. Demorest, et al.,(2010)

EOS with hyperons or Kaons



Ξ hypernuclei

• I will calculate the spectrum of Ξ hypernuclei by 
AMD.
• E05 experiment was planned.12C(𝐾−, 𝐾+)

reaction(T.Nagae et al.)

➢To observe Ξ hypernuclei

➢To observe Ξ hyper nuclear potential of Ξ
12Be

Information about Ξ-N interaction



Compilation in JCPRG



Flowchart of   Compilation in the JCPRG

Compile

Compilation meeting
(Check, Assign)

IAEA list

Buntan list

Trans

Prelim

Update



Buntan(分担) list
I distributes the paper from the IAEA list to the “buntan list”.



Compile

• We compile by using tools hendel and Gsys. 



Compile
Gsys is the Graph digitizing system.



Compilation meeting

• This meeting is held once a week.(member: Aikawa, 
Kimura, Jagjit, Ichinkhorloo and Tada)

• Agenda
• Check(1 or 2 papers)

• Correction

• Next schedule

(which entry, date)



Plan for my internship

• My task
➢Compilation of old E entry in the buntan list.

➢Correction for the IAEA comments.



Plan for my internship

• My task
➢Compilation of old E entry in the buntan list.

➢Correction for the IAEA comments.

You must finish 65 corrections 
for IAEA comments.



Technical Issue in JCPRG

• We have a few members.

• Members are too busy, so that all members can’t 
attend every compilation meeting.

• Members are not fixed in some years.



Thank
you!



backup



It is thought that hyperon 
appear in the neutron 
star.

𝜌𝑛𝑚 = 1.6fm−3



Result 

0+ states has strong monopole
excitation.

This results consistent with the 
THSR calculation and
reproduce tendency of exp.

B. Zhou et al., PRC 94, 044319(2016)

Y. Funaki, PRC 94, 024344(2016)
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Y. Funaki, PRC 92, 021302(R) (2015)
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