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p-wave Neutral Pion-condensed Baryonic Matter;
pion-induced tensor-force dominating phase

mucleon configurati { . ® ) :
% cucion derstly  squeen, 1 feld A.B. Migdal, Sawyer-Scalapino ('72)

Pion condensed phase

=Alternating-Layer Spin (ALS)

ﬁn/ b 1/:1 B ) structure of the nucleon System
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Fig. 8. The phase diagram of the symmetric
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The density dependence of the Landau-Migdal parameteters
in the N-N and /A -N channels from G-0 force

GJI(PI, Pz)01"Sar,t Tz'
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cf. T.Suzuki and H.Sakai, PLB455(°99),25
based on T. Wakasa et al, PRC, ('97), 2909
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Gamow-Teller giant resonance;
K.lkeda, S.Fujii and J.I. Fujita, PL .3('63),271
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Restoring force for the (longitudinal) spin-isospin density wave
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In the Steinwedel-Jensen model:

(L) -

W= gl e (g M = wl(gi)

zH? 7 n-th zero of the

derivative of the spherical
Bessel function

g =z /R

v;(q) : oOPEPDT—YTH%

+2ov (q)+g)

40

30

20

10

(T.K. PTP 65 (1981), 1098)

11
Ear

MeV

(4 )

A g ‘.‘izzv/

8 1.01.2 1.4 1.6-1.8 2.0 %

B'=1/3

P



Dispersion relation of the spin-isospin excitation

(Xa) _
MeV /
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Softening at finite q !

and hence larger L
T.K. PTP 65 (1981), In finite nuclei.
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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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.Responsible for the intermediate range attraction in
the nuclear force.

(BADLT=IE 0" HFELTHELEGL, | (EESA)
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HAZILXFRED B F A in NJL model
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The dispersion relations of the pion ancl@igma meson,

29N, fﬁ p2dp 2 ]
0

w2 EP [1—92_4;?
Gap eq.!
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N\

~D;N@P)/mp = |1~

Qo
Thus,
D' (g =0)=0 D:1(q? = ) =0
m, =0 !ZM
Nambu-Goldstone boson! /

QCD®MHiggs ELTHoF B FDHFEEIINGRY UV ELTDNNAMA L DEFEHELEREIC
EXRH cETRADLUTRIE o MFELTHEELEL, | (EHESA)
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So do the Higgs in principle. ZRLTWS !



The significance of the o meson in low energy hadron
physics and QCD
1. The pole in this mass range observed in the pi-pi S-matrix.

As a compilation of the pole positions of the ¢ obatined in the modern

analyses Significance of respecting chiral symmetry,unitarity and crossing
symmetry to reproduce the phase shifts both in the o (s)- and p, (t)-channels

with a low mass o pole;(lgi and Hikasa(1999),l.)). Caprini, G. Colangero and H.
Leutwyler, PRL(2006

2. Seen in decay processes from heavy particles; 4 4
E. M. Aitala et al, Phys. Rev. Lett. (86), 770 (2001) DT — m 7w

3. Accounts for A 1I=1/2 enhancement in K -2x compared with K*-> r*r?,
E.P. Shabalin (1988); T. Morozumi, C.S. Lim ggd I. Sanda (1990).
4.m-N sigma term 40-60 MeV (naively ~ 15 MeV) enhanced by
the collectiveness of the o (.T.Hatsuda and T.K.(1990)<‘:

5 The o:

the quantum fluctuation of the chiral orderlparameter
<==—=)>> The Higgs particle inthe WSG mode
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O on the Lattice

SCALAR collaboration:
Muroya, Nakamura, Nonaka, Sekiguchi, Wada,

TK.  PRD 70 (2004) 034504

T. Hatsuda, H.Shimizu, T.K.,
“Precursor of chiral symmetry restoration in the nuclear
medium,'* PRL 82 (1999),2840
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PTP Suppl.120 (1995) 75

p, d, He, ...



The n decay into 3m in asymmetric nuclear medium
and possible relevance
of partial restoration of chiral symmetry
in nuclear medium

S. Sakai and T.K., PTEP ('15) 013D03

Significance of the final-state int.

‘ Analysis with explicit o degree of freedom may be interesting.

FSl effect of it 4 Linear o model
O T ¥
o) —

T

p=|
1

T propagation

“<:Relevance of the FSI of it in scalar channel and ¢ mode
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BFRISEFPLEMNKEL !

B=2225 MeV r.=2564
r. =0.5 fm K,=211x10" eV
Ko=156 MeV

r.=0.394 A
Ka.=0.00261 eV

K,=h/ M,r.’
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Effective Interaction(G-0 force)* in the("z channel
Vphﬂ, E}— T fel Vﬁr(r]gl' 0.+ VTrS]E{ H]}

=r1'73f(ffj3[ (G- B) 02 B)L(F)+ (0, % B)- (0. % B)YT(k*)]et*r
L =2K (b + Ko (B2, T(R)=— K (k%) + Kac(£°)

(M- frm?) 7, *D.W.L.Sprung and P.K.

200 K K2 —— f=1.36 T jL-E' Banerjee,NPA168('71);
gE L e =20 fm™ i :
. o :__24 . a D.W.L. Sprung,NPA182('72),97.
y i
m=o.—a__ 5 1 Central and Tensor

S — )
=N -h"frI- . m ow "

.ﬁlr-.neu-fmﬁfﬂi *

Longitudinal (pion) channel

Transverse(/£ meson) channel




et (k)= er/3Q(k/2ps)+ pL(£%)/2

'Eu{rji (a)
MeV
. ] ] 150 )
Spin-isospin \ P =1.36/m
symmetry energy i ‘\ | szz.::m /
. — P.F= . m—l‘. ,
calculated with | / /
G-0 force %h \ /

(T.K.(83)) o

Notice: A,,(1232)
is not incorporated. )|




Possible p meson condensation and its precursory mode
at high density

Pion #t#E: REV -PAYAEVBEDHER LS

(—F24+m.2) @.(r) = (f/m)P - <9{,+ag{,>

Prog. Theor. Phys. Vol. 60 (1978), Oct.

A Note on Possibility of p°-Meson
Condensation

P ':I:'Fliﬁ; ;ﬁﬁ ZE‘/-?{‘JZE‘/%‘EQE&'J@EQ Teiji KUNIHIRO

(—F*+ '??'Z-pz) Pe (r)= (f;nf"'/'m'.ﬂ) VX <(;)Ta(’[}>

Even when the ground state is

the pure m"-condensate, the state with
non-vanishing expectation value of g, will
be realized as an excited state (of 7°
condensate), in which coherent wvibration
of the nuclear spin direction coupled to
the p’-field forms a collective mode. The
excitation energy decreases as ¢ increases
and becomes zero at the critical density
0.~6p, maybe if f,/m,~1.6f/m,.

Z'L |
TN NI
\ \% l’i N\ ;’
_ \ NN\
=0 \ |h‘ N \__J__j_t___
i N NN\ N\
1 X F\ _______ -
[EALS] density

possible 1T-p coexistence phase
eg. if Jo/m,=1.6f/m,

pure p condensation for & Eﬁfﬂﬂ



Pion to Rho meson condensation

T.K., PTP 60 (1978), 1229:

e The nuclear spin direction oscillates at
higher densities, . . .

e And then
bend down, which I1s a fho meson conde sed

state.
Rho meson condfnsation
Transverse spin-isospin ordered
baryonic matter

Cf. Gluonic phase * 3-c_i crystallin_e structure can be possible
in CSC. V.Miransky by incorporating other isospin components..
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Role of the vector mesons

e Pand () mesons

Tensor coupling v.s. vector coupling
cf. Chiral bag model(G.E.Brown)

The E.M. formfactor of the nucleon based on
the Vector Meson Dominace

cf. Chiral symmetry and its dynamical breaking
may be responsible for the VMD according to
Hidden Local Symmetry (Bando,Kugo, Yamawaki)

o, mw(@ p” —0" p’) ,

E» (0,%x0)-(0,%x0) :‘_812 (q)+ 501 0,9
Tepsgr N Drange 4gm OPE_PI:&JE OPEPLRIL &2
DRTE 5
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