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Strong interaction iIs very interesting and difficult

The fundamental dynamics is QCD
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Nucleon-nucleon Interaction
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Pion exchange interaction:

Very strong: Long range: High momentum: Tensor interaction



Nucleus Is complicated

. proton
. neutron

T pion

Pion nuclear physics



Why tensor interaction is strong?
Pion Is a pseudoscalar meson J™ = ()~

Pion interaction = Tensor interaction

o fz (61905 q)
=TT O qf=====- o q

T o) 2 2
m; mz+q "
Plon . Yukawa2 _ Tensor
: . 1 w U Uy 1
O B

S12(q) = [lo10o2]2 X Ya(q)], /

Tensor interaction is stronger with momentum increase ¢




NN interaction (AV8’)
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Variational calculation of light nuclei with NN interaction (Argonne calculation)
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Pion is key



What the Argonne calculation tells us?

Shell model Pion nuclear physics
Low momentum Y = |low > + | high >

4

short range correlation

< high|V_|low > IS the source of binding
Low momentum

Shell model: Describe nucleus with low momentum components only
Pion nuclear physics: Describe nucleus with both low and high
momentum components.



J-Lab experiments
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Low momentum components are missing by 40%
= High momentum components?



(6, BINN) Two Science papers
Two Nature papers
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Two nucleon pairs are made of proton and neutron. |
more complicated?

Pion 1s the source for proton-neutron pairs



TOSM+UCOM with AV8’
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Tensor Optimized Antisymmetrized
Molecular Dynamics (TOAMD)

Tensor optimized shell model (TOSM)

1. We include tensor interaction most effectively
2. Difficult to treat cluster structure

to shell model

+ Horiuchi Enyo Kimura..

Antisymmetrized molecular dynamics (AMD)

1. Cluster+shell structure IS handled on the same footing using effective inte
2. Difficult to treat bare nucleon-nucleon interaction

v

Study nuclear structure based on
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He(A=3)
Interaction is AV&’

TOAMD group: Phys. Lett. B769 (2017) 213
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We achieve convergence successively.
(Successive variational method)
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Interaction i1s AV&’
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Even high momentum components have complicated dynamics!!



Experiments

VY =|low >+ | high > Wave function of ground state
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high momentum

low momentum

CLAS 60% 209
One body operator <¥|0|¥ > = < low|O|low > + < high| O | high >
O 60% 40%
# Magnetic moment Fffective parameters
o Spin operators guenching factor 0.5
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RCNP 150
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Cluster Knockout Experiment

Alpha knockout reaction
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Proton induced pion knock-out reaction

RCNP detector system
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(p,pr)

pion production
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How large is the cross sections?

7 + p reaction p + p reaction
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Delta states are important
Comfortably large cross section



Unnatural parity states
( \ (Pionic states)
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Oset Toki Weise

Phys. Rep. 83 (1982) |
ool m Unexplored!!

[mb/sr] \ "ZC(p,p') ”((1‘,T:1)

Pcath .\ v New findings
“ 1. Gilant resonance states
2. Unnatural parity spectra

3. Pionic atoms
4. Delta states

v

Real source of magic numbers
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(6-q) (6Xq) miXéd (biggest mystery of NP)
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Tensor force and delta excitation for the structure of

light HUClei Journal of Physics: Confm-'cncc Series 569 (2014) 012076

K. Horii', T. Myo?*®, and H. Toki®*
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All the attraction comes from the tensor interaction
by adding the delta excitations explicitly



Theory has to be developed!

Fetter-Walecka many body theory
Ring diagram formulation

Ground state Excited state

Pion condensation formalism



Pion ring diag

ram formulation (flavor)
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Conclusion:

Pion nuclear physics

(p, pr) project  (Experiment)

Unnatural parity states with high momentum pion prove
Ring diagram formulation (Theory)
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