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The last part of this talk is based on an unpublished joint work with Yuta Kikuchi.
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OPEP(One-Pion-Exchange Potential)
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OPEP(One-Pion-Exchange Potential)
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Collective mode as the precursor of Neutral Pion Tm° Condensation
!

( Ex tK Vp)z

Fig. 2. The right-hand side of the eigenvalue equation
(3:-14) as a function of w? for wi>é&r+kvp.

A. Suzuki, Y. Futami and Y. Takahashi, PTP54(1975), 1429
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Collective mode as the precursor of Charged Pion Condensation
and the Critical Condition given as a Double Pole

p-n collective mode with T+ quantum\aumber

| g% EHE— ROBBE— KORRENS

~KVE,A |

Wy

N

Fig. 3. The right-hand side of the eigenvalue
equation (3-21) as a function of w, for o
) >k‘vp—-8;‘,+d.

A. Suzuki, Y. Futami and Y. Takahashi, PTP54(1975), 1429
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p-wave Neutral Pion-condensed Baryonic Matter;
pion-induced tensor-force dominating phase
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T.K., PTP 60 (1978), 1229



Potential description: opepoEEEHNER |
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Pion-condesed phase NEUTRON MATTER

I (MeV)

“Tensor-force Dominating
Phase’

T.Takatsuka,
R.Tamgaki and
T.Tatsumi,

PTP Suppl 112(°93)
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“ 27’3 %) ° Sprung and Banergee Nucl.Phys.A168(1971), Sprung Nucl.Phys.A182(1972)

Five-range Gauss with a density dependence: g=30Q, *E, *E and 'O
VC("; B):zé WC;’(}Q; Drlexp(— ?‘2//1;'2), Vr(r; B)=;; Wr:i(B; pr)7? /A% - exp(— r¥/A:2),
Wi(B; pr) = (@:(B)+b:(8)ps*) with @=1/2

In terms of the projection operators to the respective states,

C.c.
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T"fz = Vi1 S12(F12) + V' 7 - 5S12(712)



The density dependence of the Landau-Migdal parameteters
in the N-N and /A -N channels from G-0 force

GJI(PI, Pz)01* 82+ T

G4 (P, )= GuPi(cos §).

L &~ T. K. etal, PTP. Suppl. 112, 123(1993);

BN ,. ,
i k“x‘x g see also PTP 73, 683 (1985) g4 (ff*.fmrrz}z Gt |
| N

gnN~6 g ~2

cf. T.Suzuki and H.Sakai, PLB455('99),25
based on T. Wakasa et al, PRC, ('97), 2909

. See also later slides.
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Gamow-Teller giant resonance;
K.lkeda, S.Fujii and J.I. Fujita, PL .3('63),271



Realistic treatment of 1 con. With the isobar A and
Short-range int. and correlations

Effective Force (Extenled GO-force)
on the asis of the SU(4) quark model
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EOS for pion-condensed N=Z Matter
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A first-order phase
transition

Cf. D.N. Voskresensky,
Progress in Particle and Nuclear
Physics 130 (2023) 104030
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T.Wakasa, talk @ "RFZICHEFTA22E CEHEDE/Y 5984 F 32 2,;RCNP2023
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T.N.Taddeucci et al., PRL 73, 3516 (1994)./T.W. et al., PRC 59, 3177 (1999
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T.Wakasa, talk @ "EFZICHBFTAAE C BHEDEY 59 414 + 3 2 2 ,;RCNP2023

Pionic enhancement in 12C(p,n)12N(1+,T=1)
i i 1 Cross section: /
Polarized cross section 0 | ' e Erp | HEE[E
. ID,=KN|E|’R, g N : R
] ' 2010
g 3 1 1
. ID,=KN|F|’R, Eﬁ - ;
g . .
e Separation of rT- and p-mode E : : C
with PTO is reliable Buel
Comparison with Free T mmr T B -
+ Significant enhancement Movaatitim, tanpler @ (") §
Comparison with RPA )
g ]
- g’ are same as those in QES Rl :
« Parameter free 3] ol E
* Predict the enhancement g E
of the 3rd peak ?Em—a | :
2 Oyr Qata support ﬁ .
pionic enhancement a0
+— F\ﬁﬁﬁﬂi%% MHomu:ntumL:rmsti q (1;:'1)
- AEVEE—RHEKR? M.Dozono, T.W., M.Ichimura et al., Phys. Rev. C 80, 024319 (2009).

See also, T. Wakasa, Nuclear Spin-lsospin Responses Studied by Nuclear Reactions: A tribute to Munetake Ichimura,
JPS Conf.Proc. 37, 011011 (2022).
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Collective spin-isospin mode Iin the simple Steinwedel-Jensen model
with the use of the spin-isospin symmetry energy’ (T.K. PTP 65 (1981), 1098)

The spin-isospin symmetry energy as the restoring force for the (longitudinal) spin-isospin
density wave:; OPEP+g_ model

_ EIL "0+ —9 - o YEFEAR]
or () = 3 O(q/2p¢) 2( ADTA) L K J

Longitudinal part of

Lindhard fun. the spin-isospin interaction
An extension of the Landa-Migdal th. to (L)
a finite momentum case. Eor (%)
MeV
With use of the Steinwedel-Jensen model: A0

Cf. B EREERFRI(EFEE, 19734) \ /
m e LD |

i 20PN M = w(giP) 0l \ g=42 __—"

zH 7 n-th zero of the

derivative of the spherical
Bessel function

g =zw' /R

v;(q) : oOPEPDT—Y TS

.3"1&121415152{3

g=1/3




Dispersion relation of the spin-isospin excitation

Softening at finite g ! v /
and hence larger L /
T.K. PTP 65 (1981), in finite nuclei. A 7
1098 / g

Prog. Theor. Phys. Vol. 65, No. 3, March 1981, Progress Letters

Spin-Dependent Isovector Giant Resonances as a Possible
Precursor of the Pion-Condensation in Finite Nuclei
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Fig. 3. The energy levels of the or-mode with a multipalarity L and node » for **Ca and ***Pb in the
case g =0.42. Numbers attached to the levels are #’'s. Numbers on the bottom are L's.
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Decomposition of the spin/spin and tensor interaction into

the Longitudinal and Transverse spin interactions

When omitting the LS force, the G-0 force 1s given as
Vig = VI?Q + V1T2
Vi% =Vi4 Veo1 02+ Vo7l - o+ Vor(o1 - 02) (71 - 72)

Vilg = Vi’ S12(F12) + V' 71 - 72 S12(712)

S12(7) = 3(oq - 7) (o2 - 7) — 01 - 09
Noting that

tensor 1
— 2 2 _ . -
(61 x() - (02 x(Q) = _312 (q) + % o, - 0'2q2 central ; Transverse/p-mesonic in tensor coupling

the spin-1sospin part 1s rewritten in terms of the longitudinal/pion and
transverse/ © meson parts: unit length

fd% L T —

(2,”)36%1‘12 [(ﬂ'l ‘E')(f’@ E’)L(k) + (o1 X E’) (o2 X i’;')T(k)]

— —

T T2

longitudinal transverse
The pion channel  The rho-meson channel
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central force V.
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I R S i L
5:_____:#’1‘T1igher density
Large attraction

Transverse mode T
Repulsive for all k

o,

(MeV-fm?®)

T(K)

(density-dependent) attraction in the large
momentum transfer region due to
the tensor force.
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BB R, TK, 2004EHAYHEHFSFE 6 9 HERKSFEEREINLT-3B0@FEF R,

Unpublished.
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- Dph(w, q)
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[ dp
Dpy(w, q) = —41 / (om)d Go(po + w,p + q)Go(po, P)
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Caveat:Results by Chiral nuclear force with three-body forces:

M. Kohono, PTEP 2015,,123D02

20

10

Ch—-EFT NN + 3NF (cp= cz=0)

—-—-— Ch-EFT NN+ 3NF

(cp=-4.381, cp,=-1.126
—==—=— Ch-EFT NN only

normal density

. v

Different saturation mechanism;The repulsion
In the odd states at high densities plays an
Essential role for giving rise to the saturation.

/

No saturation in the 3E due to the tensor force

./Is not seen. - Strong tensor!

1.2

kg [fm=1]
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A (1232) % JEAH % & BY 72 Rarita-Schwingeris & U TIE 9 < A-hole
propagation D &HF S & B N AL 7= DI G-0 force #YR5ET 5 o

Kunihiro, Takatsuka, and Tamagaki PTP Vol.73 No0.3(1985)

L[ Bk : :

Vph—ph — 1] - TZ/ (2?1_)38 k L(‘k‘)(ﬂ'l ¥ k)(a'z . k)
d3k
27)3

d3k

(2m)3

S(T') : spin (isospin) transition matrix

Vanon = Aor T -7 [ 5 5o L(RI(S] - BB

VAh—An = ?\fwf{r 'fzf eik'TL(\kD(SI - k)(S: - k)

AoclE SUM)quark model Z#FHWYTHO SN T35 -
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BB R, TK, 2014FEH A5 6 9 [MFERKEEHEERKS327-3B30@Q5F G,

%?I;E é j/L % éj\%& Eé‘j ,f% Unpublished.

A -hole propagation D&HF5
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TE'E—RFDELDLY 7 MER
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RPA(particle-hole)
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correspondi
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A pioneering experiment to probe the longitudinal spin-isospin mode in a nucleus

M.Ichimura, H. Sakai, and T. Wakasa, Prog. Particle and Nucl. Phys.56(200) 446. p.506:

Another phenomenon that may provide evidence of a precursor 1s enhancement of the 7 = 0,
J¥" =0t — T =1, J" = 0 transition at large momentum transfers, because it is a pure
1sovector spin longitudinal transition. Orihara et al. [188] measured the angular distribution of
160(;}. n) 1°F(07) at T, = 35 MeV up to a momentum transfer of 2 fm~! and[observed an
enhancement|from DWBA calculations assuming a pure 1py/,» — 2sy/, transition. However, the
measurements 0f160(p, )28 00~, 7 =1)at T, = 65 MeV [189] and IGO(p, n) 1°F(07) at
T, =79 MeV [190] did not show any definite evidence of enhancement. We note however that
we do not have a reliable method of reaction analysis to obtain quantitative conclusions for such
relatively low incident energy and large momentum transfer reactions.

[188]H. Orihara et al, PRL49 (1982)1318
V.S.
[189] K. Hosono et al, PRC30 (1984)746
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