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The pion is important in nuclear physics!!

• Yukawa predicted the pion as the
mediator of nuclear force to form a
nucleus （１９３４）

• Mayer-Jansen introduced the shell
model （１９４９）--phenomenological

• Nambu found the origin of mass and the
pion due to spontaneous breaking of
chiral symmetry （１９６０）



10.10.14 toki@beihang 3

Content

• QCD Lagrangian and chiral symmetry
• Linear sigma model and non-linear

sigma model
• Relativistic chiral mean field model
• Conclusion and perspective



10.10.14 toki@beihang 4

QCD Lagrangian and chiral symmetry
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Quark(6) Gluon(8)

Quark and gluon confinement 
      (difficult--monopole condensation??)
Chiral symmetry breaking (u and d quark sector)

 

mu ! md ! 5MeV << 1GeV
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He was motivated by the BCS theory（１９５８）.

 

Ep = (p2 + m2)1/ 2

Nobel prize (2008)
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Nambu-Jona-Lasinio Lagrangian（phenomenological）

Mean field approximation; Hartree approximation

Fermion gets mass.

The chiral symmetry is spontaneously broken.

Pion appears as a Nambu-Goldstone boson.
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Chiral linear sigma model

Linear Sigma Model Lagrangian

Polar coordinate

Y. Ogawa et al. PTP (2004)

Pion is the Nambu boson of chiral symmetry
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Nucleon should get a pion cloud
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Non-linear sigma model

Lagrangian ρ = fπ + ϕ

where
M = gσfπ                  M* = M + gσ ϕ
mπ

2 = µ2 + λ fπ mσ
2 = µ2 +3 λ fπ

mω = gωfπ                                               mω
∗ = mω + gωϕ

~

Free parameters are      and 

 

m!

 

g! (Two parameters)

N
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核力を使った少数多体系計算法による変分計算

C. Pieper and R. B. Wiringa, Annu. Rev. Nucl. Part. Sci.51(2001)

 

!V" !
!VNN !

~ 80%

 

! = "(r12)"(r23)..."(rij )

VMC+GFMC

VNNN

Fujita-Miyazawa

Relativistic

パイオンの扱いが鍵重い核を計算したい（スーパーモデル）
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The pion plays an important
role for formation of nucleus

• 80% of attractive interaction originates
from the pion

• In particular the tensor interaction
contributes about 50% of attraction.
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Pion        Tensor      spin-spin
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2p-2h excitation is essential to treat tensor interaction
(TOSM) Myo, Ikeda, Toki

G.S.

Spin-saturated
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Tensor operator is
the order parameter

Tensor condensation
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Relativistic Brueckner Hartree-Fock theory is successful
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Energy minimization with respect to
meson and nucleon fields
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Relativistic chiral mean field model
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Numerical calculation is done self-consistently.
The HF equation contains the contribution of the tensor term.
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Relativistic chiral mean field model Ogawa Toki (2010)

全エネルギー
Total energy

変分
Variation

 

0 V 2 p ! 2h" = ˆ J [ij]JM V [kl]JM
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 Brueckner theory is naturally expressed in the variational
Method. --- beautiful theory

Approximate 2p-2h matrix element is diagonal.

G matrix

G matrix is expressed in the variational method



10.10.14 toki@beihang 15

相対論的カイラル平均場近似

The difference between 12C and 16O is 2MeV/N.

The difference comes from low pion spin states (J<2).
This is the Pauli blocking effect.

P3/2

P1/2
C

O

S1/2

Pion energy Pion provides larger attraction for 12C than 16O

OC

パイオンの寄与 個々の２p－２h励起の寄与

O

C

Ogawa-Toki
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Nuclear structure caused by pion

• ２p－２h excitation is ２０％
• High momentum components
• Low momentum components
（Shell model）are reduced

   by ２０%
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Conclusion and perspective

• We have a (plausible) path to relate
QCD with nuclear physics.

• We can formulate the relativistic chiral
mean field model for finite nuclei.

• The TOSM framework is essential for
the treatment of pion in nuclear physics.

• We should calculate many nuclei and
many observables.


