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- as hadron physics
• a tool to investigate QCD vacuum structure,  

such as mechanism of spontaneous chiral symmetry breaking
• QCD vacuum structure can change in different environments
• nucleus provides us a finite density system

- for other research areas
• we obtain important constraints on high density physics  

with controlled experiments on the earth

hadrons in nuclei = systems of hadron and nucleus

observation QCD properties
hadronic quantities quark quantities

theoretical brigde

effective theories
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• nuclear matter is a finite density system 
• its density is not high enough for complete restoration of symmetry 
• partial (or incomplete) restoration takes place in nuclear matter with 
sufficient reduction of the magnitude of the quark condensate hq̄qi
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�q̄q�� =
�

1 � ��N

m2
�f2

�

�

�
�q̄q� +O(�n>1)

σπN : πN sigma term, O(mq), 
obtained from TπN at soft limit

model-independent theoretical relation

Drukarev, Levin, 
Prog. Part. Nucl. Phys. 27, 77 (1991)

negative σπN : positive
�q̄q�� = �0|q̄q|0� + ��N |q̄q|N� + O(�n>1)

low density expansion

2mq�N |q̄q|N� = ��N

πＮσ term
m2

�f2
� = �2mq�q̄q�

Gell-Mann Oakes Renner relation

- 30-40 % reduction at saturation density,  if one believes linear extrapolation
- quark condensate is not direct observable, but hadronic quantities like fpi are. 
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DJ, Hatsuda, Kunihiro, PLB 670, 109 (08).

Kolomeitsev, Kaiser, Weise, PRL90, 092501 (03).

K. Suzuki et al. PRL92, 072302 (04)

Friedman et al. PRL93, 122302 (04)

• pionic atom and pion-nucleus scattering experiments, together with 
theoretical consideration, have suggested that chiral symmetry is partially 
restored in nuclear matter with 35% reduction of quark condensate

pionic atom

pion-nucleus scattering

theoretical consideration

phenomenological confirmation

+ → 35% reduction

spectrum/cross section  
→ π-A optical potential

effective theory 
translates more fundamental quantities 
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DJ, Hatsuda, Kunihiro, PLB 670, 109 (08).

Kolomeitsev, Kaiser, Weise, PRL90, 092501 (03).

K. Suzuki et al. PRL92, 072302 (04)

Friedman et al. PRL93, 122302 (04)

density dependence of quark condensate
（beyond the linear density approximation）

theoretical  
issue

• pionic atom and pion-nucleus scattering experiments, together with 
theoretical consideration, have suggested that chiral symmetry is partially 
restored in nuclear matter with 35% reduction of quark condensate

pionic atom

pion-nucleus scattering

theoretical consideration

other phenomena expected by partial restoration
(other meson-nucleus system than pion)

phenomenological 
issue

phenomenological confirmation

+ → 35% reduction

spectrum/cross section  
→ π-A optical potential

effective theory 
translates more fundamental quantities 
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- reduction of mass generated by chiral symmetry breaking
・masses of some hadrons are generated by ChSB  
・(a part of) nucleon mass is generated by ChSB 
　in-medium effective mass of nucleon is 0.7mN in RMF

・a part ofη’ mass is generated by ChSB 
・large scalar potential for in-mediumη’�� DJ, Nagahiro, Hirenzaki, 

PRC85 (12) 032201(R)

- reduction of mass difference between chiral partners
・chiral partners should degenerate in chiral restoration limit 
・reduce the mass difference in partial restoration 
　　(more precisely, their spectral functions tend to degenerate)

ηmeson has strong coupling to N*(1535)
in mediumηmeson probes chiral symmetry of N and N*

�

DJ, Nagahiro, Hirenzaki, PRC66, 045202 (02).
Nagahiro, DJ, Hirenzaki, PRC68, 035805 (03); NPA761, 92 (05)
DJ, Kolomeitsev, Nagahiro, Hirenzaki, NPA811,158 (08)
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- wave function renormalization for Nambu-Goldstone boson
・NG bosons are described by chiral effective theory 
　ChPT：expansion of NG boson momentum（and quark mass） 
・energy dependent interactions with nucleon 
　vanish in the soft limit (q -> 0) and chiral limit (Adler zero) 
・large wave function renormalization 

in medium, various quantities changes

Z =

✓
1� @⌃

@p 2
0

◆�1

Σ: self-energy

K+, �0 ・enhancement of K＋-nucleus elastic scattering 

・40% enhancement of π0→γγ decay

Aoki, DJ, PTEP 2017, 103D01.

Goda, DJ, PTEP 2014, 033D03.



η’ meson
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DJ, Nagahiro, Hirenzaki, 
PRC85 (12) 032201(R)

Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.lbl.gov)

Scale factor/ p

ω(782) DECAY MODESω(782) DECAY MODESω(782) DECAY MODESω(782) DECAY MODES Fraction (Γi /Γ) Confidence level (MeV/c)

π+π−π0 (89.2 ±0.7 ) % 327

π0γ ( 8.28±0.28) % S=2.1 380

π+π− ( 1.53+0.11
−0.13) % S=1.2 366

neutrals (excludingπ0 γ ) ( 8 +8
−5 ) × 10−3 S=1.1 –

ηγ ( 4.6 ±0.4 ) × 10−4 S=1.1 200

π0 e+ e− ( 7.7 ±0.6 ) × 10−4 380

π0µ+µ− ( 1.3 ±0.4 ) × 10−4 S=2.1 349

e+ e− ( 7.28±0.14) × 10−5 S=1.3 391

π+π−π0π0 < 2 × 10−4 CL=90% 262

π+π−γ < 3.6 × 10−3 CL=95% 366

π+π−π+π− < 1 × 10−3 CL=90% 256

π0π0γ ( 6.6 ±1.1 ) × 10−5 367

ηπ0γ < 3.3 × 10−5 CL=90% 162

µ+µ− ( 9.0 ±3.1 ) × 10−5 377

3γ < 1.9 × 10−4 CL=95% 391

Charge conjugation (C ) violating modesCharge conjugation (C ) violating modesCharge conjugation (C ) violating modesCharge conjugation (C ) violating modes

ηπ0 C < 2.1 × 10−4 CL=90% 162

2π0 C < 2.1 × 10−4 CL=90% 367

3π0 C < 2.3 × 10−4 CL=90% 330

η′(958)η′(958)η′(958)η′(958) IG (JPC ) = 0+(0 − +)

Mass m = 957.78 ± 0.06 MeV
Full width Γ = 0.198 ± 0.009 MeV

p

η′(958) DECAY MODESη′(958) DECAY MODESη′(958) DECAY MODESη′(958) DECAY MODES Fraction (Γi /Γ) Confidence level (MeV/c)

π+π−η (42.9 ±0.7 ) % 232

ρ0γ (including non-resonant
π+ π− γ)

(29.1 ±0.5 ) % 165

π0π0η (22.2 ±0.8 ) % 239

ωγ ( 2.75±0.23) % 159

γγ ( 2.20±0.08) % 479

3π0 ( 2.14±0.20) × 10−3 430

µ+µ−γ ( 1.08±0.27) × 10−4 467

π+π−µ+µ− < 2.9 × 10−5 90% 401

π+π−π0 ( 3.8 ±0.4 ) × 10−3 428

π0ρ0 < 4 % 90% 111

2(π+π−) < 2.4 × 10−4 90% 372

HTTP://PDG.LBL.GOV Page 5 Created: 8/25/2014 17:06

• η’ meson would be a Nambu-Goldstone 
boson associated with the spontaneous 
UA(1) chiral symmetry breaking.

• UA(1) symmetry is actually broken by quantum effect (quantum anomaly).  
thus, η’ meson is NOT a Nambu-Goldstone boson.  
this is the reason that η’ meson has a large mass. 

L

F̃µ⌫

L

A(1)
µ

LFµ⌫

⇥

⇥

⇥
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anomaly

anomaly breaks UA(1)
without changing chirality

• thanks to vector couplings,  
chirality does not change in anomaly diagram 

• pseudoscalar meson is composed of a pair of right and 
left quarks. q̄�5q = q̄LqR � q̄RqL
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• SU(3) chiral symmetry is necessarily broken,  
when the anomaly affects η’ mass
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anomaly

anomaly breaks UA(1)
without changing chirality

• thanks to vector couplings,  
chirality does not change in anomaly diagram 

• pseudoscalar meson is composed of a pair of right and 
left quarks. q̄�5q = q̄LqR � q̄RqL
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• SU(3) chiral symmetry is necessarily broken,  
when the anomaly affects η’ mass

ChSB

anomaly anomaly

ChSB
gluon dynamics

�s
4� Fµ� F̃µ�

η’ η’

R

LL RL

L RR

L R
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e+ e− ( 7.28±0.14) × 10−5 S=1.3 391

π+π−π0π0 < 2 × 10−4 CL=90% 262

π+π−γ < 3.6 × 10−3 CL=95% 366

π+π−π+π− < 1 × 10−3 CL=90% 256

π0π0γ ( 6.6 ±1.1 ) × 10−5 367

ηπ0γ < 3.3 × 10−5 CL=90% 162

µ+µ− ( 9.0 ±3.1 ) × 10−5 377

3γ < 1.9 × 10−4 CL=95% 391

Charge conjugation (C ) violating modesCharge conjugation (C ) violating modesCharge conjugation (C ) violating modesCharge conjugation (C ) violating modes

ηπ0 C < 2.1 × 10−4 CL=90% 162

2π0 C < 2.1 × 10−4 CL=90% 367

3π0 C < 2.3 × 10−4 CL=90% 330

η′(958)η′(958)η′(958)η′(958) IG (JPC ) = 0+(0 − +)

Mass m = 957.78 ± 0.06 MeV
Full width Γ = 0.198 ± 0.009 MeV

p

η′(958) DECAY MODESη′(958) DECAY MODESη′(958) DECAY MODESη′(958) DECAY MODES Fraction (Γi /Γ) Confidence level (MeV/c)

π+π−η (42.9 ±0.7 ) % 232

ρ0γ (including non-resonant
π+ π− γ)

(29.1 ±0.5 ) % 165

π0π0η (22.2 ±0.8 ) % 239

ωγ ( 2.75±0.23) % 159

γγ ( 2.20±0.08) % 479

3π0 ( 2.14±0.20) × 10−3 430

µ+µ−γ ( 1.08±0.27) × 10−4 467

π+π−µ+µ− < 2.9 × 10−5 90% 401

π+π−π0 ( 3.8 ±0.4 ) × 10−3 428

π0ρ0 < 4 % 90% 111

2(π+π−) < 2.4 × 10−4 90% 372
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• η’ meson would be a Nambu-Goldstone 
boson associated with the spontaneous 
UA(1) chiral symmetry breaking.

• UA(1) symmetry is actually broken by quantum effect (quantum anomaly).  
thus, η’ meson is NOT a Nambu-Goldstone boson.  
this is the reason that η’ meson has a large mass. 

L

F̃µ⌫

L

A(1)
µ

LFµ⌫

⇥

⇥

⇥
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anomaly

anomaly breaks UA(1)
without changing chirality

• thanks to vector couplings,  
chirality does not change in anomaly diagram 

• pseudoscalar meson is composed of a pair of right and 
left quarks. q̄�5q = q̄LqR � q̄RqL
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• SU(3) chiral symmetry is necessarily broken,  
when the anomaly affects η’ mass

ChSB

anomaly anomaly

ChSB
gluon dynamics

�s
4� Fµ� F̃µ�

η’ η’

R

LL RL

L RR

L R

• because quark masses are small, spontaneous breaking induces the η’ mass generation.  
therefore, once partial restoration takes place, η’ mass should be reduced.
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η’ meson in chiral restoration 
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DJ, Nagahiro, Hirenzaki, 
PRC85 (12) 032201(R)
DJ, Sakai, Nagahiro, Hirenzaki, 
Ikeno, NPA914 (13) 354 

• Let us consider chiral SU(3)LxSU(3)R symmetry,  
because UA(1) is always broken by anomaly

Scalar and Pseudoscalar mesons
(3̄,3)� (3, 3̄)

contains both octet and singlet

q̄i�5qj , q̄iqj
q̄L
i qR

j q̄R
i qL

j
9 scalar and 9 pseudoscalar 

parity eigenstate

3̄⌦ 3 = 1� 8

�0
scalar 
singlet

�0
pseudoscalar 

singlet

�,K, �8
pseudoscalar 

octet
scalar 
octet

a0,�, f0

Therefore, when chiral symmetry is restored, 
　　　　　　η8 and η0 get degenerate in chiral limit

dynamical study was performed by Cohen and Lee-Hatsuda
Cohen, PRD54, 1867 (1996) 
Lee, Hatsuda, PRD54, 1871 (1996)

a group theoretical argument

• In fact, η0 and η8 are in the same multiplet even without UA(1) symmetry



D. Jido J-PARC Workshop

η’ meson in nuclear matter
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DJ, Nagahiro, Hirenzaki, 
PRC85 (12) 032201(R)

the mass gap of η' and η is generated by chiral symmetry breaking
the η’ mass get reduced when chiral symmetry is being restored in nuclear medium

we expect strong η’ mass reduction Δmη’ ~ 120 MeV @ ρ = ρ0

partial restoration of ChS take place with 30% at ρ0

η’-η mass difference (400 MeV) be dependent on quark condensate linearly
assumptions

simple order estimation
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η’ meson in nuclear matter
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DJ, Nagahiro, Hirenzaki, 
PRC85 (12) 032201(R)

the mass gap of η' and η is generated by chiral symmetry breaking

linear sigma model 

NJL model P. Costa, M. C. Ruivo, and Y. L. Kalinovsky, PLB560, 171 (03). 
Nagahiro, Takizawa, Hirenzaki, PRC74,045203 (2006)

NAGAHIRO, TAKIZAWA, AND HIRENZAKI PHYSICAL REVIEW C 74, 045203 (2006)

TABLE I. Input parameters determined in Ref. [59] and calcu-
lated results in vacuum in three-flavor NJL model.

Input parameters Calculated results [MeV]

! = 602.3 [MeV] Mu,d = 367.6 fπ = 92.4
gS!

2 = 3.67 Ms = 549.5 mπ = 135.0
gD!5 = −12.36 ⟨ūu⟩1/3 = −241.9 mη = 514.8

mu,d = 5.5 [MeV] ⟨s̄s⟩1/3 = −257.7 mη′ = 957.7
ms = 140.7 [MeV]

q2-dependence, θ cannot be interpreted as the η − η′ mixing
angle. The origin of the q2-dependence is that the η and η′

mesons have the internal structures.
We obtain the dynamical quark and meson masses in

vacuum as compiled in Table I with the input parameters de-
termined in Ref. [59]. In Ref. [59], the four model parameters,
namely, cutoff !, four-quark coupling constant gS , six-quark
coupling constant gD and the current s-quark mass ms have
been fixed so as to reproduce the observed values of the pion,
kaon, η′ masses and the pion decay constant, while the current
u, d-quark mass has been fixed at 5.5 MeV, which has been
taken from the results of the chiral perturbation theory and
QCD sum rule approaches. This parameter set gives an η
mass of mη = 514.8 MeV, which is about 6% smaller than the
observed value mη = 547.75 MeV. One is able to fit the mass of
η instead of the η′. The reason why we have used the present
parameter set is just we are more interested in the η′-mesic
nucleus than the η-mesic nucleus in this article because we
consider that the former is more suitable for observing the
finite density effect of the UA(1) anomaly.

In this paper, we investigate the finite density effects on
the meson mass spectra for the following three cases with the
different strengths gD of the determinant KMT interaction as

(a) gD(ρ) = gD

(b) gD(ρ) = 0 (19)

(c) gD(ρ) = gD exp[−(ρ/ρ0)2],

where gD is the vacuum strength of the determinant interaction
as shown in Table I. The gD(ρ) has no density dependence for
cases (a) and (b). In case (a), the meson vacuum properties
are well reproduced as shown in Table I, while there are no
anomaly effects in case (b). For gD = 0 case, we use slightly
different parameter set as shown in Table I in Ref. [60] to
reproduce the meson masses and the pion decay constant in
vacuum without anomaly effect. In case (c), we simply assume
the density dependence of gD as this form in order to examine
the medium effect due to density dependence of gD itself on
the meson mass spectra in finite density.

Here it may be interesting for our study to notice that there
are theoretical suggestions about possible density dependence
of gD [61,62]. In Ref. [62], the effective coupling constant
of the instanton-induced interaction is suggested to have
chemical potential dependence for Nf = 2 systems. For Nf =
3 systems, we can expect to have the similar µ dependence,
though it is not easy to show explicitly. We are interested in
studying the effect of such density dependence discussed in
Ref. [62] on meson mass spectra as future works.

(a) (b) (c)

FIG. 1. Density dependence of the quark condensates in the
SU(2) symmetric matter, ρu = ρd and ρs = 0, where ⟨ūu⟩ = ⟨d̄d⟩.
Three panels correspond to the cases (a), (b), and (c) defined in
Eq. (19), respectively. The nucleon density ρ is defined in Eq. (7) and
ρ0 is the normal nuclear density ρ0 = 0.17 fm−3.

In Fig. 1, we show the calculated quark condensates as
functions of density for three types of gD(ρ) defined in
Eq. (19). In case (b), we have switched off the effect of the
instanton-induced flavor mixing interaction and therefore the
s-quark condensate has not changed in the SU(2) symmetric
matter. The absolute values of the u,d-quark condensate
decreases significantly faster in case (c) than in case (a) when
the density goes up. It means that the contribution of the
instanton-induced interaction on the u,d-quak condensate is
sizable.

In Fig. 2, we show the calculated density dependence of the
meson mass spectra for three cases defined in Eq. (19). In the
case of constant gD (a), we find that the mass of η′ decreases
rapidly as a function of the density, while the masses of π and η
gradually increase. The instanton-induced interaction is repul-
sive for the flavor singlet q̄q channel and the effective coupling
strength is gD(⟨ūu⟩ + ⟨d̄d⟩ + ⟨s̄s⟩)/3. Since the absolute val-
ues of the quark condensates decrease as the density increase,
the effective repulsive interaction in the flavor singlet q̄q chan-
nel becomes small as the density increases. That is the reason
why the η′ mass decrease. In Fig. 2(b), we find that π and η are
degenerate completely and their masses increase gradually as
density, and the mass of η′ has no density dependence without
the UA(1) anomaly effects. Without the UA(1) anomaly effects,

(a) (b) (c)

FIG. 2. Density dependence of the meson mass spectra. Three
panels corresponds to the cases (a), (b), and (c) defined in Eq. (19),
respectively. The nucleon density ρ is defined in Eq. (7) and ρ0 is the
normal nuclear density ρ0 = 0.17 fm−3.

045203-4

NJL model

Δmη’ ~ 150 MeV @ ρ = ρ0

Δmη’ ~ 80 MeV @ ρ = ρ0

Sakai, DJ, PRC88 (13) 064906 

chiral effective theories tell similar results.

Δ(mη’ - mη) ~ 130 MeV @ ρ = ρ0

the η’ mass get reduced when chiral symmetry is being restored in nuclear medium

we expect strong η’ mass reduction Δmη’ ~ 120 MeV @ ρ = ρ0

partial restoration of ChS take place with 30% at ρ0

η’-η mass difference (400 MeV) be dependent on quark condensate linearly
assumptions

simple order estimation
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• mass reduction in infinite matter implies  
attractive scalar potential for finite systems

• mass modification is described as in-medium self-energy 
 
 
   mass reduction → attractive interaction 
   mass enhancement → repulsive interaction

• for finite system, with local density approximation  
 

• interaction with medium corresponds to a potential in finite system
• mass modification provides a (Lorentz) scalar potential
• for η’, we expect about 100 MeV mass reduction in nuclear matter. 

this corresponds to a 100 MeV attractive scalar potential.
• with this attractive potential, one expects some η’ bound states in nucleus.

m2(⇢) = m2
0 + ⌃(m2, ⇢)
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⌃(⇢) ! ⌃(⇢(r))
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V��(r) = V0
�(r)
�0

a simple η’ optical potential 
(Woods-Saxon type)

proportional to nuclear density 

Δm = 150 MeV
Γ/2 = 20 MeV
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Re: theoretical expectation
Im: phenomenological observation

DJ, Nagahiro, Hirenzaki, 
PRC85 (12) 032201(R)

mass reduction in nuclear matter provides a scalar potential in finite nucleus 

currently, no distinct structure was observed in formation experiment at GSI

Tanaka et al. (η-PRiME/Super-FRS Collaboration),  
PRL117 (16) 202501; PRC97 (18) 015202

nuclear structure can be changed by strong attraction of η’-A interaction
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• reproduces saturation properties of nuclear matter within the model 
• using nucleus model reproducing normal nuclei, we investigate η’ mesonic nuclei 

• η’ meson is treated as a matter field like nucleon and interacts with mean fields

• η’ interacts with nucleons through the σ field

• η’σ coupling is adjusted to have 80 MeV mass reduction of η’ meson at 
saturation density

relativistic mean field theory (RMF), σ-ω model, or Walecka model
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η’ bound states in 16O

• four bound states 
• binding energies depend slightly on parameters of nuclear matter

DJ, Masutani, Hirenzaki,  
arXiv:1808.10140 [nucl-th]

nuclear EoS
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Fig. 3: Nuclear density profiles of the η′ bound systems in 16O. The dashed line stands for

the density distribution of the normal nucleus 16O without η′ calculated with parameter

set 5.

In Fig. 7 we show the binding energy spectrum of the η′-12C system for parameter set 6,

8 and 9. There are four bound states found. Figure 8 shows the density profile of the η′-12C

bound system.

4. Conclusion

We have investigated the η′-nucleus bound system using the relativistic mean field approach,

which is a self-contained nuclear model and provides the nuclear saturation properties within

the model. Thus, the relativistic mean field theory is good for the investigation of the nuclear

structure change induced by the presence of the η′ meson inside the nucleus. The η′ meson

mass is expected to be reduced in the nuclear matter by a scale of 100 MeV thanks to the

partial (or incomplete) restoration of chiral symmetry. The mass reduction of the η′ meson

in infinite matter serves an attractive potential for the η′ meson in finite nuclei. Under such

hadronic scale of attractive interaction, the nuclear structure may be changed in the presence

of the η′ meson in nuclei. The η′ meson is introduced into the relativistic mean field theory by

having a coupling to the σ field. We assume the absence of repulsive η′-ω coupling according

to the fact that there is no Weinberg-Tomozawa interaction for the η′N channel, which is

interpreted as vector meson exchange. Owing to the attractive η′-σ coupling, the η′ mass is

reduced in the presence of the σ mean field. The η′ meson interacts with nucleons through

11/20

nuclear density distribution for each η’ bound state

• density distribution for 1s bound state is quite different from one without η’ 
• it could be hard to produce such state by nuclear reaction

DJ, Masutani, Hirenzaki,  
arXiv:1808.10140 [nucl-th]
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we expect strong attraction in η’-N in scalar-isoscalar exchange

this is the origin of the strong scalar attraction in NN interaction

nucleon mass is generated also by spontaneous breaking of ChS

mN = g��0� →  presence of strong coupling σNN

Sakai, DJ, PRC88 (13) 064906;
PTEP2017, 013D01 (17).

chiral symmetry breaking generates a part of eta’ meson with help of anomaly

linear sigma model picture

in the same way

B term : anomaly effect

m2
�0

� m2
�8

= 6B⇥�0⇤ →  presence of strong coupling ση'η'

some repulsion could be present in vector potential like ω exchange in nuclear force
Weinberg-Tomozawa type interaction vanishes for neutral mesons 

remark

induced by vector meson exchange

this is the origin of the mass reduction in nuclear matter

DJ, Masutani, Hirenzaki,  
arXiv:1808.10140 [nucl-th]



Role of anomaly term  
for ChS breaking

Kono (Tokyo Metropolitan University) 
Jido (Tokyo Institute of Technology) 
Kuroda, Harada (Nagoya University)
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explicit ChS breaking
flavor symmetry breaking

anomaly term
breaks UA(1) symmetry

L =
1

2
Tr[@µM@µM†]� µ2

2
Tr[MM†]� �

4
Tr[(MM†)2]� �0

4

�
Tr[MM†]

�2

�ATr[�M† + �†M ] +
p
3B(detM + detM†)
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SU(3) linear σ model

L =q̄(@/ �m)q + gs

"✓
q̄
�a

2
q

◆2

+

✓
q̄i�5

�a

2
q

◆2
#

+
gd
2

{det[q̄(1 + �5)q] + det[q̄(1� �5)q]}

SU(3) NJL model
• μ2 < 0 → spontaneous breaking 

• gs > gs crit → spontaneous breaking 

with anomaly term, ChS can be broken even if above conditions is not satisfied

we believe that anomaly term plays minor role for ChS breaking 
chiral symmetry is broken without anomaly term

Kono, DJ, Kuroda, Harada,  
in preparation
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GS
<latexit sha1_base64="n2g4cAdXDnp7PXQvS1k3kgGjmkw=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFFzoslL7gLaUTJppQ5PMkGSEofQTBFf6J+7Erb/gj7g2bcfFVA8EDuec5N6cIOZMG8/7cgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03YwuZn77UeqNIvkg0lj2hd4JFnICDZWatwOGoNyxat6C6C/xM9IBTLUB+Xv3jAiiaDSEI617vpebPpTrAwjnM5KvUTTGJMJHtHpYsEZcq00RGGk7JEGLdRcDgutUxHYpMBmrFe9ufivF4jcvG5iwqv+lMk4MVSS5eAw4chEaP57NGSKEsNTSzBRzG6MyBgrTIztKPdySFMp4pnrur/UFuWv1vKXtM6rvuX3F5XadVZZEU7gFM7Ah0uowR3UoQkERvAEL/DqPDtvzrvzsYwWnOzOMeTgfP4Ak+ycgg==</latexit><latexit sha1_base64="n2g4cAdXDnp7PXQvS1k3kgGjmkw=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFFzoslL7gLaUTJppQ5PMkGSEofQTBFf6J+7Erb/gj7g2bcfFVA8EDuec5N6cIOZMG8/7cgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03YwuZn77UeqNIvkg0lj2hd4JFnICDZWatwOGoNyxat6C6C/xM9IBTLUB+Xv3jAiiaDSEI617vpebPpTrAwjnM5KvUTTGJMJHtHpYsEZcq00RGGk7JEGLdRcDgutUxHYpMBmrFe9ufivF4jcvG5iwqv+lMk4MVSS5eAw4chEaP57NGSKEsNTSzBRzG6MyBgrTIztKPdySFMp4pnrur/UFuWv1vKXtM6rvuX3F5XadVZZEU7gFM7Ah0uowR3UoQkERvAEL/DqPDtvzrvzsYwWnOzOMeTgfP4Ak+ycgg==</latexit><latexit sha1_base64="n2g4cAdXDnp7PXQvS1k3kgGjmkw=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFFzoslL7gLaUTJppQ5PMkGSEofQTBFf6J+7Erb/gj7g2bcfFVA8EDuec5N6cIOZMG8/7cgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03YwuZn77UeqNIvkg0lj2hd4JFnICDZWatwOGoNyxat6C6C/xM9IBTLUB+Xv3jAiiaDSEI617vpebPpTrAwjnM5KvUTTGJMJHtHpYsEZcq00RGGk7JEGLdRcDgutUxHYpMBmrFe9ufivF4jcvG5iwqv+lMk4MVSS5eAw4chEaP57NGSKEsNTSzBRzG6MyBgrTIztKPdySFMp4pnrur/UFuWv1vKXtM6rvuX3F5XadVZZEU7gFM7Ah0uowR3UoQkERvAEL/DqPDtvzrvzsYwWnOzOMeTgfP4Ak+ycgg==</latexit><latexit sha1_base64="n2g4cAdXDnp7PXQvS1k3kgGjmkw=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFFzoslL7gLaUTJppQ5PMkGSEofQTBFf6J+7Erb/gj7g2bcfFVA8EDuec5N6cIOZMG8/7cgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03YwuZn77UeqNIvkg0lj2hd4JFnICDZWatwOGoNyxat6C6C/xM9IBTLUB+Xv3jAiiaDSEI617vpebPpTrAwjnM5KvUTTGJMJHtHpYsEZcq00RGGk7JEGLdRcDgutUxHYpMBmrFe9ufivF4jcvG5iwqv+lMk4MVSS5eAw4chEaP57NGSKEsNTSzBRzG6MyBgrTIztKPdySFMp4pnrur/UFuWv1vKXtM6rvuX3F5XadVZZEU7gFM7Ah0uowR3UoQkERvAEL/DqPDtvzrvzsYwWnOzOMeTgfP4Ak+ycgg==</latexit><latexit sha1_base64="n2g4cAdXDnp7PXQvS1k3kgGjmkw=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFFzoslL7gLaUTJppQ5PMkGSEofQTBFf6J+7Erb/gj7g2bcfFVA8EDuec5N6cIOZMG8/7cgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03YwuZn77UeqNIvkg0lj2hd4JFnICDZWatwOGoNyxat6C6C/xM9IBTLUB+Xv3jAiiaDSEI617vpebPpTrAwjnM5KvUTTGJMJHtHpYsEZcq00RGGk7JEGLdRcDgutUxHYpMBmrFe9ufivF4jcvG5iwqv+lMk4MVSS5eAw4chEaP57NGSKEsNTSzBRzG6MyBgrTIztKPdySFMp4pnrur/UFuWv1vKXtM6rvuX3F5XadVZZEU7gFM7Ah0uowR3UoQkERvAEL/DqPDtvzrvzsYwWnOzOMeTgfP4Ak+ycgg==</latexit>

M > ⇤
<latexit sha1_base64="DOB46Hw7yaUmEJZeRt2nJDXUXH8=">AAACF3icbVDLSgMxFM3UV62vqks3wTLgqsyIoAuRghsXChXsAzqlZDKZNjTJhCQjDKW/IbjSP3Enbl36I65N23Ex1QOBwzkn915OKBnVxvO+nNLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0gnH1zO/80iUpol4MJkkfY6GgsYUI2Ol4A5eweDWxiMEB9WaV/fmgH+Jn5MayNEcVL+DKMEpJ8JghrTu+Z40/QlShmJGppUg1UQiPEZDMplfOoWulSIYJ8o+YeBcLeQQ1zrjoU1yZEZ62ZuJ/3ohL+zrpSa+6E+okKkhAi8WxymDJoGzGmBEFcGGZZYgrKi9GOIRUggbW1ZhckwyweXUdd1faovyl2v5S9qndd/y+7Na4zKvrAyOwDE4AT44Bw1wA5qgBTCQ4Am8gFfn2Xlz3p2PRbTk5H8OQQHO5w8v1p9r</latexit><latexit sha1_base64="DOB46Hw7yaUmEJZeRt2nJDXUXH8=">AAACF3icbVDLSgMxFM3UV62vqks3wTLgqsyIoAuRghsXChXsAzqlZDKZNjTJhCQjDKW/IbjSP3Enbl36I65N23Ex1QOBwzkn915OKBnVxvO+nNLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0gnH1zO/80iUpol4MJkkfY6GgsYUI2Ol4A5eweDWxiMEB9WaV/fmgH+Jn5MayNEcVL+DKMEpJ8JghrTu+Z40/QlShmJGppUg1UQiPEZDMplfOoWulSIYJ8o+YeBcLeQQ1zrjoU1yZEZ62ZuJ/3ohL+zrpSa+6E+okKkhAi8WxymDJoGzGmBEFcGGZZYgrKi9GOIRUggbW1ZhckwyweXUdd1faovyl2v5S9qndd/y+7Na4zKvrAyOwDE4AT44Bw1wA5qgBTCQ4Am8gFfn2Xlz3p2PRbTk5H8OQQHO5w8v1p9r</latexit><latexit sha1_base64="DOB46Hw7yaUmEJZeRt2nJDXUXH8=">AAACF3icbVDLSgMxFM3UV62vqks3wTLgqsyIoAuRghsXChXsAzqlZDKZNjTJhCQjDKW/IbjSP3Enbl36I65N23Ex1QOBwzkn915OKBnVxvO+nNLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0gnH1zO/80iUpol4MJkkfY6GgsYUI2Ol4A5eweDWxiMEB9WaV/fmgH+Jn5MayNEcVL+DKMEpJ8JghrTu+Z40/QlShmJGppUg1UQiPEZDMplfOoWulSIYJ8o+YeBcLeQQ1zrjoU1yZEZ62ZuJ/3ohL+zrpSa+6E+okKkhAi8WxymDJoGzGmBEFcGGZZYgrKi9GOIRUggbW1ZhckwyweXUdd1faovyl2v5S9qndd/y+7Na4zKvrAyOwDE4AT44Bw1wA5qgBTCQ4Am8gFfn2Xlz3p2PRbTk5H8OQQHO5w8v1p9r</latexit><latexit sha1_base64="DOB46Hw7yaUmEJZeRt2nJDXUXH8=">AAACF3icbVDLSgMxFM3UV62vqks3wTLgqsyIoAuRghsXChXsAzqlZDKZNjTJhCQjDKW/IbjSP3Enbl36I65N23Ex1QOBwzkn915OKBnVxvO+nNLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0gnH1zO/80iUpol4MJkkfY6GgsYUI2Ol4A5eweDWxiMEB9WaV/fmgH+Jn5MayNEcVL+DKMEpJ8JghrTu+Z40/QlShmJGppUg1UQiPEZDMplfOoWulSIYJ8o+YeBcLeQQ1zrjoU1yZEZ62ZuJ/3ohL+zrpSa+6E+okKkhAi8WxymDJoGzGmBEFcGGZZYgrKi9GOIRUggbW1ZhckwyweXUdd1faovyl2v5S9qndd/y+7Na4zKvrAyOwDE4AT44Bw1wA5qgBTCQ4Am8gFfn2Xlz3p2PRbTk5H8OQQHO5w8v1p9r</latexit><latexit sha1_base64="DOB46Hw7yaUmEJZeRt2nJDXUXH8=">AAACF3icbVDLSgMxFM3UV62vqks3wTLgqsyIoAuRghsXChXsAzqlZDKZNjTJhCQjDKW/IbjSP3Enbl36I65N23Ex1QOBwzkn915OKBnVxvO+nNLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0gnH1zO/80iUpol4MJkkfY6GgsYUI2Ol4A5eweDWxiMEB9WaV/fmgH+Jn5MayNEcVL+DKMEpJ8JghrTu+Z40/QlShmJGppUg1UQiPEZDMplfOoWulSIYJ8o+YeBcLeQQ1zrjoU1yZEZ62ZuJ/3ohL+zrpSa+6E+okKkhAi8WxymDJoGzGmBEFcGGZZYgrKi9GOIRUggbW1ZhckwyweXUdd1faovyl2v5S9qndd/y+7Na4zKvrAyOwDE4AT44Bw1wA5qgBTCQ4Am8gFfn2Xlz3p2PRbTk5H8OQQHO5w8v1p9r</latexit>
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GS = gs

✓
3⇤2

2⇡2

◆

<latexit sha1_base64="YxYSmmKchCT7JrIFc2AfBhuf46A="></latexit><latexit sha1_base64="YxYSmmKchCT7JrIFc2AfBhuf46A="></latexit><latexit sha1_base64="YxYSmmKchCT7JrIFc2AfBhuf46A="></latexit><latexit sha1_base64="YxYSmmKchCT7JrIFc2AfBhuf46A="></latexit><latexit sha1_base64="YxYSmmKchCT7JrIFc2AfBhuf46A="></latexit>

GD = gd⇤

✓
3⇤2

2⇡2

◆2

<latexit sha1_base64="uNi0X05tY3b6XOh0ydeGRJCXRSA="></latexit><latexit sha1_base64="uNi0X05tY3b6XOh0ydeGRJCXRSA="></latexit><latexit sha1_base64="uNi0X05tY3b6XOh0ydeGRJCXRSA="></latexit><latexit sha1_base64="uNi0X05tY3b6XOh0ydeGRJCXRSA="></latexit><latexit sha1_base64="uNi0X05tY3b6XOh0ydeGRJCXRSA="></latexit>

dynamical breaking takes place in the purple region

chiral limit Kono, DJ, Kuroda, Harada,  
in preparation

• dynamical breaking takes place even below the critical value of Gs 
• in such a case, η’ mass is larger than sigma mass (2M in chiral limit)

usual
dynamical
breaking

repulsiveattractive



D. Jido

GD
<latexit sha1_base64="1m5hTsVTSsKnU977FLvpjnakul4=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFBR0WdE+oC0lk2ba0CQzJBlhKP0EwZX+iTtx6y/4I65N23Ex1QOBwzknuTcniDnTxvO+nMLK6tr6RnGztLW9s7tX3j9o6ihRhDZIxCPVDrCmnEnaMMxw2o4VxSLgtBWMr2Z+65EqzSL5YNKY9gQeShYygo2V7m/61/1yxat6c6C/xM9IBTLU++Xv7iAiiaDSEI617vhebHoTrAwjnE5L3UTTGJMxHtLJfMEpcq00QGGk7JEGzdVcDgutUxHYpMBmpJe9mfivF4jcvE5iwovehMk4MVSSxeAw4chEaPZ7NGCKEsNTSzBRzG6MyAgrTIztKPdySFMp4qnrur/UFuUv1/KXNE+rvuV3Z5XaZVZZEY7gGE7Ah3OowS3UoQEEhvAEL/DqPDtvzrvzsYgWnOzOIeTgfP4AexSccw==</latexit><latexit sha1_base64="1m5hTsVTSsKnU977FLvpjnakul4=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFBR0WdE+oC0lk2ba0CQzJBlhKP0EwZX+iTtx6y/4I65N23Ex1QOBwzknuTcniDnTxvO+nMLK6tr6RnGztLW9s7tX3j9o6ihRhDZIxCPVDrCmnEnaMMxw2o4VxSLgtBWMr2Z+65EqzSL5YNKY9gQeShYygo2V7m/61/1yxat6c6C/xM9IBTLU++Xv7iAiiaDSEI617vhebHoTrAwjnE5L3UTTGJMxHtLJfMEpcq00QGGk7JEGzdVcDgutUxHYpMBmpJe9mfivF4jcvE5iwovehMk4MVSSxeAw4chEaPZ7NGCKEsNTSzBRzG6MyAgrTIztKPdySFMp4qnrur/UFuUv1/KXNE+rvuV3Z5XaZVZZEY7gGE7Ah3OowS3UoQEEhvAEL/DqPDtvzrvzsYgWnOzOIeTgfP4AexSccw==</latexit><latexit sha1_base64="1m5hTsVTSsKnU977FLvpjnakul4=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFBR0WdE+oC0lk2ba0CQzJBlhKP0EwZX+iTtx6y/4I65N23Ex1QOBwzknuTcniDnTxvO+nMLK6tr6RnGztLW9s7tX3j9o6ihRhDZIxCPVDrCmnEnaMMxw2o4VxSLgtBWMr2Z+65EqzSL5YNKY9gQeShYygo2V7m/61/1yxat6c6C/xM9IBTLU++Xv7iAiiaDSEI617vhebHoTrAwjnE5L3UTTGJMxHtLJfMEpcq00QGGk7JEGzdVcDgutUxHYpMBmpJe9mfivF4jcvE5iwovehMk4MVSSxeAw4chEaPZ7NGCKEsNTSzBRzG6MyAgrTIztKPdySFMp4qnrur/UFuUv1/KXNE+rvuV3Z5XaZVZZEY7gGE7Ah3OowS3UoQEEhvAEL/DqPDtvzrvzsYgWnOzOIeTgfP4AexSccw==</latexit><latexit sha1_base64="1m5hTsVTSsKnU977FLvpjnakul4=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFBR0WdE+oC0lk2ba0CQzJBlhKP0EwZX+iTtx6y/4I65N23Ex1QOBwzknuTcniDnTxvO+nMLK6tr6RnGztLW9s7tX3j9o6ihRhDZIxCPVDrCmnEnaMMxw2o4VxSLgtBWMr2Z+65EqzSL5YNKY9gQeShYygo2V7m/61/1yxat6c6C/xM9IBTLU++Xv7iAiiaDSEI617vhebHoTrAwjnE5L3UTTGJMxHtLJfMEpcq00QGGk7JEGzdVcDgutUxHYpMBmpJe9mfivF4jcvE5iwovehMk4MVSSxeAw4chEaPZ7NGCKEsNTSzBRzG6MyAgrTIztKPdySFMp4qnrur/UFuUv1/KXNE+rvuV3Z5XaZVZZEY7gGE7Ah3OowS3UoQEEhvAEL/DqPDtvzrvzsYgWnOzOIeTgfP4AexSccw==</latexit><latexit sha1_base64="1m5hTsVTSsKnU977FLvpjnakul4=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFBR0WdE+oC0lk2ba0CQzJBlhKP0EwZX+iTtx6y/4I65N23Ex1QOBwzknuTcniDnTxvO+nMLK6tr6RnGztLW9s7tX3j9o6ihRhDZIxCPVDrCmnEnaMMxw2o4VxSLgtBWMr2Z+65EqzSL5YNKY9gQeShYygo2V7m/61/1yxat6c6C/xM9IBTLU++Xv7iAiiaDSEI617vhebHoTrAwjnE5L3UTTGJMxHtLJfMEpcq00QGGk7JEGzdVcDgutUxHYpMBmpJe9mfivF4jcvE5iwovehMk4MVSSxeAw4chEaPZ7NGCKEsNTSzBRzG6MyAgrTIztKPdySFMp4qnrur/UFuUv1/KXNE+rvuV3Z5XaZVZZEY7gGE7Ah3OowS3UoQEEhvAEL/DqPDtvzrvzsYgWnOzOIeTgfP4AexSccw==</latexit>

GS
<latexit sha1_base64="n2g4cAdXDnp7PXQvS1k3kgGjmkw=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFFzoslL7gLaUTJppQ5PMkGSEofQTBFf6J+7Erb/gj7g2bcfFVA8EDuec5N6cIOZMG8/7cgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03YwuZn77UeqNIvkg0lj2hd4JFnICDZWatwOGoNyxat6C6C/xM9IBTLUB+Xv3jAiiaDSEI617vpebPpTrAwjnM5KvUTTGJMJHtHpYsEZcq00RGGk7JEGLdRcDgutUxHYpMBmrFe9ufivF4jcvG5iwqv+lMk4MVSS5eAw4chEaP57NGSKEsNTSzBRzG6MyBgrTIztKPdySFMp4pnrur/UFuWv1vKXtM6rvuX3F5XadVZZEU7gFM7Ah0uowR3UoQkERvAEL/DqPDtvzrvzsYwWnOzOMeTgfP4Ak+ycgg==</latexit><latexit sha1_base64="n2g4cAdXDnp7PXQvS1k3kgGjmkw=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFFzoslL7gLaUTJppQ5PMkGSEofQTBFf6J+7Erb/gj7g2bcfFVA8EDuec5N6cIOZMG8/7cgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03YwuZn77UeqNIvkg0lj2hd4JFnICDZWatwOGoNyxat6C6C/xM9IBTLUB+Xv3jAiiaDSEI617vpebPpTrAwjnM5KvUTTGJMJHtHpYsEZcq00RGGk7JEGLdRcDgutUxHYpMBmrFe9ufivF4jcvG5iwqv+lMk4MVSS5eAw4chEaP57NGSKEsNTSzBRzG6MyBgrTIztKPdySFMp4pnrur/UFuWv1vKXtM6rvuX3F5XadVZZEU7gFM7Ah0uowR3UoQkERvAEL/DqPDtvzrvzsYwWnOzOMeTgfP4Ak+ycgg==</latexit><latexit sha1_base64="n2g4cAdXDnp7PXQvS1k3kgGjmkw=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFFzoslL7gLaUTJppQ5PMkGSEofQTBFf6J+7Erb/gj7g2bcfFVA8EDuec5N6cIOZMG8/7cgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03YwuZn77UeqNIvkg0lj2hd4JFnICDZWatwOGoNyxat6C6C/xM9IBTLUB+Xv3jAiiaDSEI617vpebPpTrAwjnM5KvUTTGJMJHtHpYsEZcq00RGGk7JEGLdRcDgutUxHYpMBmrFe9ufivF4jcvG5iwqv+lMk4MVSS5eAw4chEaP57NGSKEsNTSzBRzG6MyBgrTIztKPdySFMp4pnrur/UFuWv1vKXtM6rvuX3F5XadVZZEU7gFM7Ah0uowR3UoQkERvAEL/DqPDtvzrvzsYwWnOzOMeTgfP4Ak+ycgg==</latexit><latexit sha1_base64="n2g4cAdXDnp7PXQvS1k3kgGjmkw=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFFzoslL7gLaUTJppQ5PMkGSEofQTBFf6J+7Erb/gj7g2bcfFVA8EDuec5N6cIOZMG8/7cgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03YwuZn77UeqNIvkg0lj2hd4JFnICDZWatwOGoNyxat6C6C/xM9IBTLUB+Xv3jAiiaDSEI617vpebPpTrAwjnM5KvUTTGJMJHtHpYsEZcq00RGGk7JEGLdRcDgutUxHYpMBmrFe9ufivF4jcvG5iwqv+lMk4MVSS5eAw4chEaP57NGSKEsNTSzBRzG6MyBgrTIztKPdySFMp4pnrur/UFuWv1vKXtM6rvuX3F5XadVZZEU7gFM7Ah0uowR3UoQkERvAEL/DqPDtvzrvzsYwWnOzOMeTgfP4Ak+ycgg==</latexit><latexit sha1_base64="n2g4cAdXDnp7PXQvS1k3kgGjmkw=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFFzoslL7gLaUTJppQ5PMkGSEofQTBFf6J+7Erb/gj7g2bcfFVA8EDuec5N6cIOZMG8/7cgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03YwuZn77UeqNIvkg0lj2hd4JFnICDZWatwOGoNyxat6C6C/xM9IBTLUB+Xv3jAiiaDSEI617vpebPpTrAwjnM5KvUTTGJMJHtHpYsEZcq00RGGk7JEGLdRcDgutUxHYpMBmrFe9ufivF4jcvG5iwqv+lMk4MVSS5eAw4chEaP57NGSKEsNTSzBRzG6MyBgrTIztKPdySFMp4pnrur/UFuWv1vKXtM6rvuX3F5XadVZZEU7gFM7Ah0uowR3UoQkERvAEL/DqPDtvzrvzsYwWnOzOMeTgfP4Ak+ycgg==</latexit>

M > ⇤
<latexit sha1_base64="DOB46Hw7yaUmEJZeRt2nJDXUXH8=">AAACF3icbVDLSgMxFM3UV62vqks3wTLgqsyIoAuRghsXChXsAzqlZDKZNjTJhCQjDKW/IbjSP3Enbl36I65N23Ex1QOBwzkn915OKBnVxvO+nNLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0gnH1zO/80iUpol4MJkkfY6GgsYUI2Ol4A5eweDWxiMEB9WaV/fmgH+Jn5MayNEcVL+DKMEpJ8JghrTu+Z40/QlShmJGppUg1UQiPEZDMplfOoWulSIYJ8o+YeBcLeQQ1zrjoU1yZEZ62ZuJ/3ohL+zrpSa+6E+okKkhAi8WxymDJoGzGmBEFcGGZZYgrKi9GOIRUggbW1ZhckwyweXUdd1faovyl2v5S9qndd/y+7Na4zKvrAyOwDE4AT44Bw1wA5qgBTCQ4Am8gFfn2Xlz3p2PRbTk5H8OQQHO5w8v1p9r</latexit><latexit sha1_base64="DOB46Hw7yaUmEJZeRt2nJDXUXH8=">AAACF3icbVDLSgMxFM3UV62vqks3wTLgqsyIoAuRghsXChXsAzqlZDKZNjTJhCQjDKW/IbjSP3Enbl36I65N23Ex1QOBwzkn915OKBnVxvO+nNLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0gnH1zO/80iUpol4MJkkfY6GgsYUI2Ol4A5eweDWxiMEB9WaV/fmgH+Jn5MayNEcVL+DKMEpJ8JghrTu+Z40/QlShmJGppUg1UQiPEZDMplfOoWulSIYJ8o+YeBcLeQQ1zrjoU1yZEZ62ZuJ/3ohL+zrpSa+6E+okKkhAi8WxymDJoGzGmBEFcGGZZYgrKi9GOIRUggbW1ZhckwyweXUdd1faovyl2v5S9qndd/y+7Na4zKvrAyOwDE4AT44Bw1wA5qgBTCQ4Am8gFfn2Xlz3p2PRbTk5H8OQQHO5w8v1p9r</latexit><latexit sha1_base64="DOB46Hw7yaUmEJZeRt2nJDXUXH8=">AAACF3icbVDLSgMxFM3UV62vqks3wTLgqsyIoAuRghsXChXsAzqlZDKZNjTJhCQjDKW/IbjSP3Enbl36I65N23Ex1QOBwzkn915OKBnVxvO+nNLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0gnH1zO/80iUpol4MJkkfY6GgsYUI2Ol4A5eweDWxiMEB9WaV/fmgH+Jn5MayNEcVL+DKMEpJ8JghrTu+Z40/QlShmJGppUg1UQiPEZDMplfOoWulSIYJ8o+YeBcLeQQ1zrjoU1yZEZ62ZuJ/3ohL+zrpSa+6E+okKkhAi8WxymDJoGzGmBEFcGGZZYgrKi9GOIRUggbW1ZhckwyweXUdd1faovyl2v5S9qndd/y+7Na4zKvrAyOwDE4AT44Bw1wA5qgBTCQ4Am8gFfn2Xlz3p2PRbTk5H8OQQHO5w8v1p9r</latexit><latexit sha1_base64="DOB46Hw7yaUmEJZeRt2nJDXUXH8=">AAACF3icbVDLSgMxFM3UV62vqks3wTLgqsyIoAuRghsXChXsAzqlZDKZNjTJhCQjDKW/IbjSP3Enbl36I65N23Ex1QOBwzkn915OKBnVxvO+nNLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0gnH1zO/80iUpol4MJkkfY6GgsYUI2Ol4A5eweDWxiMEB9WaV/fmgH+Jn5MayNEcVL+DKMEpJ8JghrTu+Z40/QlShmJGppUg1UQiPEZDMplfOoWulSIYJ8o+YeBcLeQQ1zrjoU1yZEZ62ZuJ/3ohL+zrpSa+6E+okKkhAi8WxymDJoGzGmBEFcGGZZYgrKi9GOIRUggbW1ZhckwyweXUdd1faovyl2v5S9qndd/y+7Na4zKvrAyOwDE4AT44Bw1wA5qgBTCQ4Am8gFfn2Xlz3p2PRbTk5H8OQQHO5w8v1p9r</latexit><latexit sha1_base64="DOB46Hw7yaUmEJZeRt2nJDXUXH8=">AAACF3icbVDLSgMxFM3UV62vqks3wTLgqsyIoAuRghsXChXsAzqlZDKZNjTJhCQjDKW/IbjSP3Enbl36I65N23Ex1QOBwzkn915OKBnVxvO+nNLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0gnH1zO/80iUpol4MJkkfY6GgsYUI2Ol4A5eweDWxiMEB9WaV/fmgH+Jn5MayNEcVL+DKMEpJ8JghrTu+Z40/QlShmJGppUg1UQiPEZDMplfOoWulSIYJ8o+YeBcLeQQ1zrjoU1yZEZ62ZuJ/3ohL+zrpSa+6E+okKkhAi8WxymDJoGzGmBEFcGGZZYgrKi9GOIRUggbW1ZhckwyweXUdd1faovyl2v5S9qndd/y+7Na4zKvrAyOwDE4AT44Bw1wA5qgBTCQ4Am8gFfn2Xlz3p2PRbTk5H8OQQHO5w8v1p9r</latexit>
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GS = gs

✓
3⇤2

2⇡2

◆

<latexit sha1_base64="YxYSmmKchCT7JrIFc2AfBhuf46A="></latexit><latexit sha1_base64="YxYSmmKchCT7JrIFc2AfBhuf46A="></latexit><latexit sha1_base64="YxYSmmKchCT7JrIFc2AfBhuf46A="></latexit><latexit sha1_base64="YxYSmmKchCT7JrIFc2AfBhuf46A="></latexit><latexit sha1_base64="YxYSmmKchCT7JrIFc2AfBhuf46A="></latexit>

GD = gd⇤

✓
3⇤2

2⇡2

◆2

<latexit sha1_base64="uNi0X05tY3b6XOh0ydeGRJCXRSA="></latexit><latexit sha1_base64="uNi0X05tY3b6XOh0ydeGRJCXRSA="></latexit><latexit sha1_base64="uNi0X05tY3b6XOh0ydeGRJCXRSA="></latexit><latexit sha1_base64="uNi0X05tY3b6XOh0ydeGRJCXRSA="></latexit><latexit sha1_base64="uNi0X05tY3b6XOh0ydeGRJCXRSA="></latexit>

dynamical breaking takes place in the purple region

dynamical breaking 
no η’ state

dynamical breaking 
η’ state

chiral limit Kono, DJ, Kuroda, Harada,  
in preparation

• dynamical breaking takes place even below the critical value of Gs 
• in such a case, η’ mass is larger than sigma mass (2M in chiral limit)

usual
dynamical
breaking

repulsiveattractive



D. Jido

GD
<latexit sha1_base64="1m5hTsVTSsKnU977FLvpjnakul4=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFBR0WdE+oC0lk2ba0CQzJBlhKP0EwZX+iTtx6y/4I65N23Ex1QOBwzknuTcniDnTxvO+nMLK6tr6RnGztLW9s7tX3j9o6ihRhDZIxCPVDrCmnEnaMMxw2o4VxSLgtBWMr2Z+65EqzSL5YNKY9gQeShYygo2V7m/61/1yxat6c6C/xM9IBTLU++Xv7iAiiaDSEI617vhebHoTrAwjnE5L3UTTGJMxHtLJfMEpcq00QGGk7JEGzdVcDgutUxHYpMBmpJe9mfivF4jcvE5iwovehMk4MVSSxeAw4chEaPZ7NGCKEsNTSzBRzG6MyAgrTIztKPdySFMp4qnrur/UFuUv1/KXNE+rvuV3Z5XaZVZZEY7gGE7Ah3OowS3UoQEEhvAEL/DqPDtvzrvzsYgWnOzOIeTgfP4AexSccw==</latexit><latexit sha1_base64="1m5hTsVTSsKnU977FLvpjnakul4=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFBR0WdE+oC0lk2ba0CQzJBlhKP0EwZX+iTtx6y/4I65N23Ex1QOBwzknuTcniDnTxvO+nMLK6tr6RnGztLW9s7tX3j9o6ihRhDZIxCPVDrCmnEnaMMxw2o4VxSLgtBWMr2Z+65EqzSL5YNKY9gQeShYygo2V7m/61/1yxat6c6C/xM9IBTLU++Xv7iAiiaDSEI617vhebHoTrAwjnE5L3UTTGJMxHtLJfMEpcq00QGGk7JEGzdVcDgutUxHYpMBmpJe9mfivF4jcvE5iwovehMk4MVSSxeAw4chEaPZ7NGCKEsNTSzBRzG6MyAgrTIztKPdySFMp4qnrur/UFuUv1/KXNE+rvuV3Z5XaZVZZEY7gGE7Ah3OowS3UoQEEhvAEL/DqPDtvzrvzsYgWnOzOIeTgfP4AexSccw==</latexit><latexit sha1_base64="1m5hTsVTSsKnU977FLvpjnakul4=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFBR0WdE+oC0lk2ba0CQzJBlhKP0EwZX+iTtx6y/4I65N23Ex1QOBwzknuTcniDnTxvO+nMLK6tr6RnGztLW9s7tX3j9o6ihRhDZIxCPVDrCmnEnaMMxw2o4VxSLgtBWMr2Z+65EqzSL5YNKY9gQeShYygo2V7m/61/1yxat6c6C/xM9IBTLU++Xv7iAiiaDSEI617vhebHoTrAwjnE5L3UTTGJMxHtLJfMEpcq00QGGk7JEGzdVcDgutUxHYpMBmpJe9mfivF4jcvE5iwovehMk4MVSSxeAw4chEaPZ7NGCKEsNTSzBRzG6MyAgrTIztKPdySFMp4qnrur/UFuUv1/KXNE+rvuV3Z5XaZVZZEY7gGE7Ah3OowS3UoQEEhvAEL/DqPDtvzrvzsYgWnOzOIeTgfP4AexSccw==</latexit><latexit sha1_base64="1m5hTsVTSsKnU977FLvpjnakul4=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFBR0WdE+oC0lk2ba0CQzJBlhKP0EwZX+iTtx6y/4I65N23Ex1QOBwzknuTcniDnTxvO+nMLK6tr6RnGztLW9s7tX3j9o6ihRhDZIxCPVDrCmnEnaMMxw2o4VxSLgtBWMr2Z+65EqzSL5YNKY9gQeShYygo2V7m/61/1yxat6c6C/xM9IBTLU++Xv7iAiiaDSEI617vhebHoTrAwjnE5L3UTTGJMxHtLJfMEpcq00QGGk7JEGzdVcDgutUxHYpMBmpJe9mfivF4jcvE5iwovehMk4MVSSxeAw4chEaPZ7NGCKEsNTSzBRzG6MyAgrTIztKPdySFMp4qnrur/UFuUv1/KXNE+rvuV3Z5XaZVZZEY7gGE7Ah3OowS3UoQEEhvAEL/DqPDtvzrvzsYgWnOzOIeTgfP4AexSccw==</latexit><latexit sha1_base64="1m5hTsVTSsKnU977FLvpjnakul4=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFBR0WdE+oC0lk2ba0CQzJBlhKP0EwZX+iTtx6y/4I65N23Ex1QOBwzknuTcniDnTxvO+nMLK6tr6RnGztLW9s7tX3j9o6ihRhDZIxCPVDrCmnEnaMMxw2o4VxSLgtBWMr2Z+65EqzSL5YNKY9gQeShYygo2V7m/61/1yxat6c6C/xM9IBTLU++Xv7iAiiaDSEI617vhebHoTrAwjnE5L3UTTGJMxHtLJfMEpcq00QGGk7JEGzdVcDgutUxHYpMBmpJe9mfivF4jcvE5iwovehMk4MVSSxeAw4chEaPZ7NGCKEsNTSzBRzG6MyAgrTIztKPdySFMp4qnrur/UFuUv1/KXNE+rvuV3Z5XaZVZZEY7gGE7Ah3OowS3UoQEEhvAEL/DqPDtvzrvzsYgWnOzOIeTgfP4AexSccw==</latexit>

GS
<latexit sha1_base64="n2g4cAdXDnp7PXQvS1k3kgGjmkw=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFFzoslL7gLaUTJppQ5PMkGSEofQTBFf6J+7Erb/gj7g2bcfFVA8EDuec5N6cIOZMG8/7cgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03YwuZn77UeqNIvkg0lj2hd4JFnICDZWatwOGoNyxat6C6C/xM9IBTLUB+Xv3jAiiaDSEI617vpebPpTrAwjnM5KvUTTGJMJHtHpYsEZcq00RGGk7JEGLdRcDgutUxHYpMBmrFe9ufivF4jcvG5iwqv+lMk4MVSS5eAw4chEaP57NGSKEsNTSzBRzG6MyBgrTIztKPdySFMp4pnrur/UFuWv1vKXtM6rvuX3F5XadVZZEU7gFM7Ah0uowR3UoQkERvAEL/DqPDtvzrvzsYwWnOzOMeTgfP4Ak+ycgg==</latexit><latexit sha1_base64="n2g4cAdXDnp7PXQvS1k3kgGjmkw=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFFzoslL7gLaUTJppQ5PMkGSEofQTBFf6J+7Erb/gj7g2bcfFVA8EDuec5N6cIOZMG8/7cgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03YwuZn77UeqNIvkg0lj2hd4JFnICDZWatwOGoNyxat6C6C/xM9IBTLUB+Xv3jAiiaDSEI617vpebPpTrAwjnM5KvUTTGJMJHtHpYsEZcq00RGGk7JEGLdRcDgutUxHYpMBmrFe9ufivF4jcvG5iwqv+lMk4MVSS5eAw4chEaP57NGSKEsNTSzBRzG6MyBgrTIztKPdySFMp4pnrur/UFuWv1vKXtM6rvuX3F5XadVZZEU7gFM7Ah0uowR3UoQkERvAEL/DqPDtvzrvzsYwWnOzOMeTgfP4Ak+ycgg==</latexit><latexit sha1_base64="n2g4cAdXDnp7PXQvS1k3kgGjmkw=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFFzoslL7gLaUTJppQ5PMkGSEofQTBFf6J+7Erb/gj7g2bcfFVA8EDuec5N6cIOZMG8/7cgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03YwuZn77UeqNIvkg0lj2hd4JFnICDZWatwOGoNyxat6C6C/xM9IBTLUB+Xv3jAiiaDSEI617vpebPpTrAwjnM5KvUTTGJMJHtHpYsEZcq00RGGk7JEGLdRcDgutUxHYpMBmrFe9ufivF4jcvG5iwqv+lMk4MVSS5eAw4chEaP57NGSKEsNTSzBRzG6MyBgrTIztKPdySFMp4pnrur/UFuWv1vKXtM6rvuX3F5XadVZZEU7gFM7Ah0uowR3UoQkERvAEL/DqPDtvzrvzsYwWnOzOMeTgfP4Ak+ycgg==</latexit><latexit sha1_base64="n2g4cAdXDnp7PXQvS1k3kgGjmkw=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFFzoslL7gLaUTJppQ5PMkGSEofQTBFf6J+7Erb/gj7g2bcfFVA8EDuec5N6cIOZMG8/7cgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03YwuZn77UeqNIvkg0lj2hd4JFnICDZWatwOGoNyxat6C6C/xM9IBTLUB+Xv3jAiiaDSEI617vpebPpTrAwjnM5KvUTTGJMJHtHpYsEZcq00RGGk7JEGLdRcDgutUxHYpMBmrFe9ufivF4jcvG5iwqv+lMk4MVSS5eAw4chEaP57NGSKEsNTSzBRzG6MyBgrTIztKPdySFMp4pnrur/UFuWv1vKXtM6rvuX3F5XadVZZEU7gFM7Ah0uowR3UoQkERvAEL/DqPDtvzrvzsYwWnOzOMeTgfP4Ak+ycgg==</latexit><latexit sha1_base64="n2g4cAdXDnp7PXQvS1k3kgGjmkw=">AAACDnicbVDLSgMxFL1TX7W+qi7dBMuAqzIjgi5cFFzoslL7gLaUTJppQ5PMkGSEofQTBFf6J+7Erb/gj7g2bcfFVA8EDuec5N6cIOZMG8/7cgpr6xubW8Xt0s7u3v5B+fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03YwuZn77UeqNIvkg0lj2hd4JFnICDZWatwOGoNyxat6C6C/xM9IBTLUB+Xv3jAiiaDSEI617vpebPpTrAwjnM5KvUTTGJMJHtHpYsEZcq00RGGk7JEGLdRcDgutUxHYpMBmrFe9ufivF4jcvG5iwqv+lMk4MVSS5eAw4chEaP57NGSKEsNTSzBRzG6MyBgrTIztKPdySFMp4pnrur/UFuWv1vKXtM6rvuX3F5XadVZZEU7gFM7Ah0uowR3UoQkERvAEL/DqPDtvzrvzsYwWnOzOMeTgfP4Ak+ycgg==</latexit>

M > ⇤
<latexit sha1_base64="DOB46Hw7yaUmEJZeRt2nJDXUXH8=">AAACF3icbVDLSgMxFM3UV62vqks3wTLgqsyIoAuRghsXChXsAzqlZDKZNjTJhCQjDKW/IbjSP3Enbl36I65N23Ex1QOBwzkn915OKBnVxvO+nNLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0gnH1zO/80iUpol4MJkkfY6GgsYUI2Ol4A5eweDWxiMEB9WaV/fmgH+Jn5MayNEcVL+DKMEpJ8JghrTu+Z40/QlShmJGppUg1UQiPEZDMplfOoWulSIYJ8o+YeBcLeQQ1zrjoU1yZEZ62ZuJ/3ohL+zrpSa+6E+okKkhAi8WxymDJoGzGmBEFcGGZZYgrKi9GOIRUggbW1ZhckwyweXUdd1faovyl2v5S9qndd/y+7Na4zKvrAyOwDE4AT44Bw1wA5qgBTCQ4Am8gFfn2Xlz3p2PRbTk5H8OQQHO5w8v1p9r</latexit><latexit sha1_base64="DOB46Hw7yaUmEJZeRt2nJDXUXH8=">AAACF3icbVDLSgMxFM3UV62vqks3wTLgqsyIoAuRghsXChXsAzqlZDKZNjTJhCQjDKW/IbjSP3Enbl36I65N23Ex1QOBwzkn915OKBnVxvO+nNLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0gnH1zO/80iUpol4MJkkfY6GgsYUI2Ol4A5eweDWxiMEB9WaV/fmgH+Jn5MayNEcVL+DKMEpJ8JghrTu+Z40/QlShmJGppUg1UQiPEZDMplfOoWulSIYJ8o+YeBcLeQQ1zrjoU1yZEZ62ZuJ/3ohL+zrpSa+6E+okKkhAi8WxymDJoGzGmBEFcGGZZYgrKi9GOIRUggbW1ZhckwyweXUdd1faovyl2v5S9qndd/y+7Na4zKvrAyOwDE4AT44Bw1wA5qgBTCQ4Am8gFfn2Xlz3p2PRbTk5H8OQQHO5w8v1p9r</latexit><latexit sha1_base64="DOB46Hw7yaUmEJZeRt2nJDXUXH8=">AAACF3icbVDLSgMxFM3UV62vqks3wTLgqsyIoAuRghsXChXsAzqlZDKZNjTJhCQjDKW/IbjSP3Enbl36I65N23Ex1QOBwzkn915OKBnVxvO+nNLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0gnH1zO/80iUpol4MJkkfY6GgsYUI2Ol4A5eweDWxiMEB9WaV/fmgH+Jn5MayNEcVL+DKMEpJ8JghrTu+Z40/QlShmJGppUg1UQiPEZDMplfOoWulSIYJ8o+YeBcLeQQ1zrjoU1yZEZ62ZuJ/3ohL+zrpSa+6E+okKkhAi8WxymDJoGzGmBEFcGGZZYgrKi9GOIRUggbW1ZhckwyweXUdd1faovyl2v5S9qndd/y+7Na4zKvrAyOwDE4AT44Bw1wA5qgBTCQ4Am8gFfn2Xlz3p2PRbTk5H8OQQHO5w8v1p9r</latexit><latexit sha1_base64="DOB46Hw7yaUmEJZeRt2nJDXUXH8=">AAACF3icbVDLSgMxFM3UV62vqks3wTLgqsyIoAuRghsXChXsAzqlZDKZNjTJhCQjDKW/IbjSP3Enbl36I65N23Ex1QOBwzkn915OKBnVxvO+nNLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0gnH1zO/80iUpol4MJkkfY6GgsYUI2Ol4A5eweDWxiMEB9WaV/fmgH+Jn5MayNEcVL+DKMEpJ8JghrTu+Z40/QlShmJGppUg1UQiPEZDMplfOoWulSIYJ8o+YeBcLeQQ1zrjoU1yZEZ62ZuJ/3ohL+zrpSa+6E+okKkhAi8WxymDJoGzGmBEFcGGZZYgrKi9GOIRUggbW1ZhckwyweXUdd1faovyl2v5S9qndd/y+7Na4zKvrAyOwDE4AT44Bw1wA5qgBTCQ4Am8gFfn2Xlz3p2PRbTk5H8OQQHO5w8v1p9r</latexit><latexit sha1_base64="DOB46Hw7yaUmEJZeRt2nJDXUXH8=">AAACF3icbVDLSgMxFM3UV62vqks3wTLgqsyIoAuRghsXChXsAzqlZDKZNjTJhCQjDKW/IbjSP3Enbl36I65N23Ex1QOBwzkn915OKBnVxvO+nNLK6tr6RnmzsrW9s7tX3T9o6yRVmLRwwhLVDZEmjArSMtQw0pWKIB4y0gnH1zO/80iUpol4MJkkfY6GgsYUI2Ol4A5eweDWxiMEB9WaV/fmgH+Jn5MayNEcVL+DKMEpJ8JghrTu+Z40/QlShmJGppUg1UQiPEZDMplfOoWulSIYJ8o+YeBcLeQQ1zrjoU1yZEZ62ZuJ/3ohL+zrpSa+6E+okKkhAi8WxymDJoGzGmBEFcGGZZYgrKi9GOIRUggbW1ZhckwyweXUdd1faovyl2v5S9qndd/y+7Na4zKvrAyOwDE4AT44Bw1wA5qgBTCQ4Am8gFfn2Xlz3p2PRbTk5H8OQQHO5w8v1p9r</latexit>
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GS = gs

✓
3⇤2

2⇡2

◆

<latexit sha1_base64="YxYSmmKchCT7JrIFc2AfBhuf46A="></latexit><latexit sha1_base64="YxYSmmKchCT7JrIFc2AfBhuf46A="></latexit><latexit sha1_base64="YxYSmmKchCT7JrIFc2AfBhuf46A="></latexit><latexit sha1_base64="YxYSmmKchCT7JrIFc2AfBhuf46A="></latexit><latexit sha1_base64="YxYSmmKchCT7JrIFc2AfBhuf46A="></latexit>

GD = gd⇤

✓
3⇤2

2⇡2

◆2

<latexit sha1_base64="uNi0X05tY3b6XOh0ydeGRJCXRSA="></latexit><latexit sha1_base64="uNi0X05tY3b6XOh0ydeGRJCXRSA="></latexit><latexit sha1_base64="uNi0X05tY3b6XOh0ydeGRJCXRSA="></latexit><latexit sha1_base64="uNi0X05tY3b6XOh0ydeGRJCXRSA="></latexit><latexit sha1_base64="uNi0X05tY3b6XOh0ydeGRJCXRSA="></latexit>

dynamical breaking takes place in the purple region

dynamical breaking 
no η’ state

dynamical breaking 
η’ state

below critical value of gs 
unusual dynamical breaking 
η’ resonance state (mη’ > mσ)

chiral limit Kono, DJ, Kuroda, Harada,  
in preparation

• dynamical breaking takes place even below the critical value of Gs 
• in such a case, η’ mass is larger than sigma mass (2M in chiral limit)

usual
dynamical
breaking

repulsiveattractive
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chiral limit
vacuum condition at tree level + mass formula

6µ2 = m2
⌘0

� 3m2
�0

<latexit sha1_base64="UcjGWp/6xYCk+yMnRfTnyPkdppc=">AAACBnicbVDLSgMxFM3UV62vUZdugkV0Y5mpom6EghuXFewDOu2QSTNtaDIzJHeEUrp346+4EXGj4NJf8G9Mp9209UDg5Jx7Sc4JEsE1OM6vlVtZXVvfyG8WtrZ3dvfs/YO6jlNFWY3GIlbNgGgmeMRqwEGwZqIYkYFgjWBwN/EbT0xpHkePMExYW5JexENOCRjJt0+vsCfTThnfYumPPAbEd8ad8vlFdtW8J6eCbxedkpMBLxN3Ropohqpv/3jdmKaSRUAF0brlOgm0R0QBp4KNC16qWULogPTYKIsxxidG6uIwVuZEgDN1bo5IrYcyMJOSQF8vehPxP6+VQnjTHvEoSYFFdPpQmAoMMZ50grtcMQpiaAihipsfYtonilAwzRVMdHcx6DKpl0uu4Q+XxUplVkIeHaFjdIZcdI0q6B5VUQ1R9ILe0Cf6sp6tV+vd+piO5qzZziGag/X9Bx+blsQ=</latexit><latexit sha1_base64="UcjGWp/6xYCk+yMnRfTnyPkdppc=">AAACBnicbVDLSgMxFM3UV62vUZdugkV0Y5mpom6EghuXFewDOu2QSTNtaDIzJHeEUrp346+4EXGj4NJf8G9Mp9209UDg5Jx7Sc4JEsE1OM6vlVtZXVvfyG8WtrZ3dvfs/YO6jlNFWY3GIlbNgGgmeMRqwEGwZqIYkYFgjWBwN/EbT0xpHkePMExYW5JexENOCRjJt0+vsCfTThnfYumPPAbEd8ad8vlFdtW8J6eCbxedkpMBLxN3Ropohqpv/3jdmKaSRUAF0brlOgm0R0QBp4KNC16qWULogPTYKIsxxidG6uIwVuZEgDN1bo5IrYcyMJOSQF8vehPxP6+VQnjTHvEoSYFFdPpQmAoMMZ50grtcMQpiaAihipsfYtonilAwzRVMdHcx6DKpl0uu4Q+XxUplVkIeHaFjdIZcdI0q6B5VUQ1R9ILe0Cf6sp6tV+vd+piO5qzZziGag/X9Bx+blsQ=</latexit><latexit sha1_base64="UcjGWp/6xYCk+yMnRfTnyPkdppc=">AAACBnicbVDLSgMxFM3UV62vUZdugkV0Y5mpom6EghuXFewDOu2QSTNtaDIzJHeEUrp346+4EXGj4NJf8G9Mp9209UDg5Jx7Sc4JEsE1OM6vlVtZXVvfyG8WtrZ3dvfs/YO6jlNFWY3GIlbNgGgmeMRqwEGwZqIYkYFgjWBwN/EbT0xpHkePMExYW5JexENOCRjJt0+vsCfTThnfYumPPAbEd8ad8vlFdtW8J6eCbxedkpMBLxN3Ropohqpv/3jdmKaSRUAF0brlOgm0R0QBp4KNC16qWULogPTYKIsxxidG6uIwVuZEgDN1bo5IrYcyMJOSQF8vehPxP6+VQnjTHvEoSYFFdPpQmAoMMZ50grtcMQpiaAihipsfYtonilAwzRVMdHcx6DKpl0uu4Q+XxUplVkIeHaFjdIZcdI0q6B5VUQ1R9ILe0Cf6sp6tV+vd+piO5qzZziGag/X9Bx+blsQ=</latexit><latexit sha1_base64="UcjGWp/6xYCk+yMnRfTnyPkdppc=">AAACBnicbVDLSgMxFM3UV62vUZdugkV0Y5mpom6EghuXFewDOu2QSTNtaDIzJHeEUrp346+4EXGj4NJf8G9Mp9209UDg5Jx7Sc4JEsE1OM6vlVtZXVvfyG8WtrZ3dvfs/YO6jlNFWY3GIlbNgGgmeMRqwEGwZqIYkYFgjWBwN/EbT0xpHkePMExYW5JexENOCRjJt0+vsCfTThnfYumPPAbEd8ad8vlFdtW8J6eCbxedkpMBLxN3Ropohqpv/3jdmKaSRUAF0brlOgm0R0QBp4KNC16qWULogPTYKIsxxidG6uIwVuZEgDN1bo5IrYcyMJOSQF8vehPxP6+VQnjTHvEoSYFFdPpQmAoMMZ50grtcMQpiaAihipsfYtonilAwzRVMdHcx6DKpl0uu4Q+XxUplVkIeHaFjdIZcdI0q6B5VUQ1R9ILe0Cf6sp6tV+vd+piO5qzZziGag/X9Bx+blsQ=</latexit><latexit sha1_base64="UcjGWp/6xYCk+yMnRfTnyPkdppc=">AAACBnicbVDLSgMxFM3UV62vUZdugkV0Y5mpom6EghuXFewDOu2QSTNtaDIzJHeEUrp346+4EXGj4NJf8G9Mp9209UDg5Jx7Sc4JEsE1OM6vlVtZXVvfyG8WtrZ3dvfs/YO6jlNFWY3GIlbNgGgmeMRqwEGwZqIYkYFgjWBwN/EbT0xpHkePMExYW5JexENOCRjJt0+vsCfTThnfYumPPAbEd8ad8vlFdtW8J6eCbxedkpMBLxN3Ropohqpv/3jdmKaSRUAF0brlOgm0R0QBp4KNC16qWULogPTYKIsxxidG6uIwVuZEgDN1bo5IrYcyMJOSQF8vehPxP6+VQnjTHvEoSYFFdPpQmAoMMZ50grtcMQpiaAihipsfYtonilAwzRVMdHcx6DKpl0uu4Q+XxUplVkIeHaFjdIZcdI0q6B5VUQ1R9ILe0Cf6sp6tV+vd+piO5qzZziGag/X9Bx+blsQ=</latexit>

consistent with NJL model

relation between σ and η’ masses and μ2

µ2 < 0
<latexit sha1_base64="hfTsSZwyTFQKK1IK3oTHlliJTJk=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoAsXBTcuK9iHtLVk0kwbmswMyR2hlP6CGxE3Cn6Ov+DfmLazaeuBwOGcE+49N0iUtOh5vyS3sbm1vZPfLeztHxweFY9PGjZODRd1HqvYtAJmhZKRqKNEJVqJEUwHSjSD0d3Mb74IY2UcPeI4EV3NBpEMJWfopKeOTp8r9JZ6vWLJK3tz0HXiZ6QEGWq94k+nH/NUiwi5Yta2fS/B7oQZlFyJaaGTWpEwPmIDMZmvOaUXTurTMDbuRUjn6lKOaWvHOnBJzXBoV72Z+J/XTjG86U5klKQoIr4YFKaKYkxnnWlfGsFRjR1h3Ei3IeVDZhhHd5mCq+6vFl0njUrZd/zhqlStZkfIwxmcwyX4cA1VuIca1IGDhjf4hC8yJK/knXwsojmS/TmFJZDvPwUiivc=</latexit><latexit sha1_base64="hfTsSZwyTFQKK1IK3oTHlliJTJk=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoAsXBTcuK9iHtLVk0kwbmswMyR2hlP6CGxE3Cn6Ov+DfmLazaeuBwOGcE+49N0iUtOh5vyS3sbm1vZPfLeztHxweFY9PGjZODRd1HqvYtAJmhZKRqKNEJVqJEUwHSjSD0d3Mb74IY2UcPeI4EV3NBpEMJWfopKeOTp8r9JZ6vWLJK3tz0HXiZ6QEGWq94k+nH/NUiwi5Yta2fS/B7oQZlFyJaaGTWpEwPmIDMZmvOaUXTurTMDbuRUjn6lKOaWvHOnBJzXBoV72Z+J/XTjG86U5klKQoIr4YFKaKYkxnnWlfGsFRjR1h3Ei3IeVDZhhHd5mCq+6vFl0njUrZd/zhqlStZkfIwxmcwyX4cA1VuIca1IGDhjf4hC8yJK/knXwsojmS/TmFJZDvPwUiivc=</latexit><latexit sha1_base64="hfTsSZwyTFQKK1IK3oTHlliJTJk=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoAsXBTcuK9iHtLVk0kwbmswMyR2hlP6CGxE3Cn6Ov+DfmLazaeuBwOGcE+49N0iUtOh5vyS3sbm1vZPfLeztHxweFY9PGjZODRd1HqvYtAJmhZKRqKNEJVqJEUwHSjSD0d3Mb74IY2UcPeI4EV3NBpEMJWfopKeOTp8r9JZ6vWLJK3tz0HXiZ6QEGWq94k+nH/NUiwi5Yta2fS/B7oQZlFyJaaGTWpEwPmIDMZmvOaUXTurTMDbuRUjn6lKOaWvHOnBJzXBoV72Z+J/XTjG86U5klKQoIr4YFKaKYkxnnWlfGsFRjR1h3Ei3IeVDZhhHd5mCq+6vFl0njUrZd/zhqlStZkfIwxmcwyX4cA1VuIca1IGDhjf4hC8yJK/knXwsojmS/TmFJZDvPwUiivc=</latexit><latexit sha1_base64="hfTsSZwyTFQKK1IK3oTHlliJTJk=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoAsXBTcuK9iHtLVk0kwbmswMyR2hlP6CGxE3Cn6Ov+DfmLazaeuBwOGcE+49N0iUtOh5vyS3sbm1vZPfLeztHxweFY9PGjZODRd1HqvYtAJmhZKRqKNEJVqJEUwHSjSD0d3Mb74IY2UcPeI4EV3NBpEMJWfopKeOTp8r9JZ6vWLJK3tz0HXiZ6QEGWq94k+nH/NUiwi5Yta2fS/B7oQZlFyJaaGTWpEwPmIDMZmvOaUXTurTMDbuRUjn6lKOaWvHOnBJzXBoV72Z+J/XTjG86U5klKQoIr4YFKaKYkxnnWlfGsFRjR1h3Ei3IeVDZhhHd5mCq+6vFl0njUrZd/zhqlStZkfIwxmcwyX4cA1VuIca1IGDhjf4hC8yJK/knXwsojmS/TmFJZDvPwUiivc=</latexit><latexit sha1_base64="hfTsSZwyTFQKK1IK3oTHlliJTJk=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoAsXBTcuK9iHtLVk0kwbmswMyR2hlP6CGxE3Cn6Ov+DfmLazaeuBwOGcE+49N0iUtOh5vyS3sbm1vZPfLeztHxweFY9PGjZODRd1HqvYtAJmhZKRqKNEJVqJEUwHSjSD0d3Mb74IY2UcPeI4EV3NBpEMJWfopKeOTp8r9JZ6vWLJK3tz0HXiZ6QEGWq94k+nH/NUiwi5Yta2fS/B7oQZlFyJaaGTWpEwPmIDMZmvOaUXTurTMDbuRUjn6lKOaWvHOnBJzXBoV72Z+J/XTjG86U5klKQoIr4YFKaKYkxnnWlfGsFRjR1h3Ei3IeVDZhhHd5mCq+6vFl0njUrZd/zhqlStZkfIwxmcwyX4cA1VuIca1IGDhjf4hC8yJK/knXwsojmS/TmFJZDvPwUiivc=</latexit>

µ2 > 0
<latexit sha1_base64="L5fYp7Lg0cgANzJSc/75RuW7Bmo=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoCspuHFZwT6krSWTZtrQZGZI7gil9BfciLhR8HP8Bf/GtJ1NWw8EDueccO+5QaKkRc/7JbmNza3tnfxuYW//4PCoeHzSsHFquKjzWMWmFTArlIxEHSUq0UqMYDpQohmM7mZ+80UYK+PoEceJ6Go2iGQoOUMnPXV0+lyht9TrFUte2ZuDrhM/IyXIUOsVfzr9mKdaRMgVs7btewl2J8yg5EpMC53UioTxERuIyXzNKb1wUp+GsXEvQjpXl3JMWzvWgUtqhkO76s3E/7x2iuFNdyKjJEUR8cWgMFUUYzrrTPvSCI5q7AjjRroNKR8ywzi6yxRcdX+16DppVMq+4w9XpWo1O0IezuAcLsGHa6jCPdSgDhw0vMEnfJEheSXv5GMRzZHszyksgXz/AQgaivk=</latexit><latexit sha1_base64="L5fYp7Lg0cgANzJSc/75RuW7Bmo=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoCspuHFZwT6krSWTZtrQZGZI7gil9BfciLhR8HP8Bf/GtJ1NWw8EDueccO+5QaKkRc/7JbmNza3tnfxuYW//4PCoeHzSsHFquKjzWMWmFTArlIxEHSUq0UqMYDpQohmM7mZ+80UYK+PoEceJ6Go2iGQoOUMnPXV0+lyht9TrFUte2ZuDrhM/IyXIUOsVfzr9mKdaRMgVs7btewl2J8yg5EpMC53UioTxERuIyXzNKb1wUp+GsXEvQjpXl3JMWzvWgUtqhkO76s3E/7x2iuFNdyKjJEUR8cWgMFUUYzrrTPvSCI5q7AjjRroNKR8ywzi6yxRcdX+16DppVMq+4w9XpWo1O0IezuAcLsGHa6jCPdSgDhw0vMEnfJEheSXv5GMRzZHszyksgXz/AQgaivk=</latexit><latexit sha1_base64="L5fYp7Lg0cgANzJSc/75RuW7Bmo=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoCspuHFZwT6krSWTZtrQZGZI7gil9BfciLhR8HP8Bf/GtJ1NWw8EDueccO+5QaKkRc/7JbmNza3tnfxuYW//4PCoeHzSsHFquKjzWMWmFTArlIxEHSUq0UqMYDpQohmM7mZ+80UYK+PoEceJ6Go2iGQoOUMnPXV0+lyht9TrFUte2ZuDrhM/IyXIUOsVfzr9mKdaRMgVs7btewl2J8yg5EpMC53UioTxERuIyXzNKb1wUp+GsXEvQjpXl3JMWzvWgUtqhkO76s3E/7x2iuFNdyKjJEUR8cWgMFUUYzrrTPvSCI5q7AjjRroNKR8ywzi6yxRcdX+16DppVMq+4w9XpWo1O0IezuAcLsGHa6jCPdSgDhw0vMEnfJEheSXv5GMRzZHszyksgXz/AQgaivk=</latexit><latexit sha1_base64="L5fYp7Lg0cgANzJSc/75RuW7Bmo=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoCspuHFZwT6krSWTZtrQZGZI7gil9BfciLhR8HP8Bf/GtJ1NWw8EDueccO+5QaKkRc/7JbmNza3tnfxuYW//4PCoeHzSsHFquKjzWMWmFTArlIxEHSUq0UqMYDpQohmM7mZ+80UYK+PoEceJ6Go2iGQoOUMnPXV0+lyht9TrFUte2ZuDrhM/IyXIUOsVfzr9mKdaRMgVs7btewl2J8yg5EpMC53UioTxERuIyXzNKb1wUp+GsXEvQjpXl3JMWzvWgUtqhkO76s3E/7x2iuFNdyKjJEUR8cWgMFUUYzrrTPvSCI5q7AjjRroNKR8ywzi6yxRcdX+16DppVMq+4w9XpWo1O0IezuAcLsGHa6jCPdSgDhw0vMEnfJEheSXv5GMRzZHszyksgXz/AQgaivk=</latexit><latexit sha1_base64="L5fYp7Lg0cgANzJSc/75RuW7Bmo=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoCspuHFZwT6krSWTZtrQZGZI7gil9BfciLhR8HP8Bf/GtJ1NWw8EDueccO+5QaKkRc/7JbmNza3tnfxuYW//4PCoeHzSsHFquKjzWMWmFTArlIxEHSUq0UqMYDpQohmM7mZ+80UYK+PoEceJ6Go2iGQoOUMnPXV0+lyht9TrFUte2ZuDrhM/IyXIUOsVfzr9mKdaRMgVs7btewl2J8yg5EpMC53UioTxERuIyXzNKb1wUp+GsXEvQjpXl3JMWzvWgUtqhkO76s3E/7x2iuFNdyKjJEUR8cWgMFUUYzrrTPvSCI5q7AjjRroNKR8ywzi6yxRcdX+16DppVMq+4w9XpWo1O0IezuAcLsGHa6jCPdSgDhw0vMEnfJEheSXv5GMRzZHszyksgXz/AQgaivk=</latexit>

m2
⌘0 < 3m2

�0
<latexit sha1_base64="Eqtzq15Px+jgfzIG2sAMmRa/lQk=">AAACA3icbVBLSwMxGMzWV62vqkcvwSp4KrtV0IOHghePFewDuu2STb9tQ5PdJckKZenRi3/Fi4gXBe/+Bf+N2XYvbR0IDDMTkhk/5kxp2/61CmvrG5tbxe3Szu7e/kH58KilokRSaNKIR7LjEwWchdDUTHPoxBKI8Dm0/fFd5refQCoWhY96EkNPkGHIAkaJNpJXPhNe6oImfTeWTMC0X8O3+BJnqmJDQTzbSF65YlftGfAqcXJSQTkaXvnHHUQ0ERBqyolSXceOdS8lUjPKYVpyEwUxoWMyhHTWYYrPjTTAQSTNCTWeqQs5IpSaCN8kBdEjtexl4n9eN9HBTS9lYZxoCOn8oSDhWEc4GwQPmASq+cQQQiUzP8R0RCSh2sxWMtWd5aKrpFWrOoY/XFXq9XyEIjpBp+gCOega1dE9aqAmougFvaFP9GU9W6/Wu/Uxjxas/M4xWoD1/Qee0Zac</latexit><latexit sha1_base64="Eqtzq15Px+jgfzIG2sAMmRa/lQk=">AAACA3icbVBLSwMxGMzWV62vqkcvwSp4KrtV0IOHghePFewDuu2STb9tQ5PdJckKZenRi3/Fi4gXBe/+Bf+N2XYvbR0IDDMTkhk/5kxp2/61CmvrG5tbxe3Szu7e/kH58KilokRSaNKIR7LjEwWchdDUTHPoxBKI8Dm0/fFd5refQCoWhY96EkNPkGHIAkaJNpJXPhNe6oImfTeWTMC0X8O3+BJnqmJDQTzbSF65YlftGfAqcXJSQTkaXvnHHUQ0ERBqyolSXceOdS8lUjPKYVpyEwUxoWMyhHTWYYrPjTTAQSTNCTWeqQs5IpSaCN8kBdEjtexl4n9eN9HBTS9lYZxoCOn8oSDhWEc4GwQPmASq+cQQQiUzP8R0RCSh2sxWMtWd5aKrpFWrOoY/XFXq9XyEIjpBp+gCOega1dE9aqAmougFvaFP9GU9W6/Wu/Uxjxas/M4xWoD1/Qee0Zac</latexit><latexit sha1_base64="Eqtzq15Px+jgfzIG2sAMmRa/lQk=">AAACA3icbVBLSwMxGMzWV62vqkcvwSp4KrtV0IOHghePFewDuu2STb9tQ5PdJckKZenRi3/Fi4gXBe/+Bf+N2XYvbR0IDDMTkhk/5kxp2/61CmvrG5tbxe3Szu7e/kH58KilokRSaNKIR7LjEwWchdDUTHPoxBKI8Dm0/fFd5refQCoWhY96EkNPkGHIAkaJNpJXPhNe6oImfTeWTMC0X8O3+BJnqmJDQTzbSF65YlftGfAqcXJSQTkaXvnHHUQ0ERBqyolSXceOdS8lUjPKYVpyEwUxoWMyhHTWYYrPjTTAQSTNCTWeqQs5IpSaCN8kBdEjtexl4n9eN9HBTS9lYZxoCOn8oSDhWEc4GwQPmASq+cQQQiUzP8R0RCSh2sxWMtWd5aKrpFWrOoY/XFXq9XyEIjpBp+gCOega1dE9aqAmougFvaFP9GU9W6/Wu/Uxjxas/M4xWoD1/Qee0Zac</latexit><latexit sha1_base64="Eqtzq15Px+jgfzIG2sAMmRa/lQk=">AAACA3icbVBLSwMxGMzWV62vqkcvwSp4KrtV0IOHghePFewDuu2STb9tQ5PdJckKZenRi3/Fi4gXBe/+Bf+N2XYvbR0IDDMTkhk/5kxp2/61CmvrG5tbxe3Szu7e/kH58KilokRSaNKIR7LjEwWchdDUTHPoxBKI8Dm0/fFd5refQCoWhY96EkNPkGHIAkaJNpJXPhNe6oImfTeWTMC0X8O3+BJnqmJDQTzbSF65YlftGfAqcXJSQTkaXvnHHUQ0ERBqyolSXceOdS8lUjPKYVpyEwUxoWMyhHTWYYrPjTTAQSTNCTWeqQs5IpSaCN8kBdEjtexl4n9eN9HBTS9lYZxoCOn8oSDhWEc4GwQPmASq+cQQQiUzP8R0RCSh2sxWMtWd5aKrpFWrOoY/XFXq9XyEIjpBp+gCOega1dE9aqAmougFvaFP9GU9W6/Wu/Uxjxas/M4xWoD1/Qee0Zac</latexit>

m2
⌘0 > 3m2

�0
<latexit sha1_base64="OjTxkgzEeiGUC9xcoUlvU9tU2c8=">AAACA3icbVBLSwMxGMzWV62vqkcvwSp4KrtV0JMUvHisYB/QbZds+m0bmuwuSVYoS49e/CteRLwoePcv+G/Mtntp60BgmJmQzPgxZ0rb9q9VWFvf2Nwqbpd2dvf2D8qHRy0VJZJCk0Y8kh2fKOAshKZmmkMnlkCEz6Htj+8yv/0EUrEofNSTGHqCDEMWMEq0kbzymfBSFzTpu7FkAqb9Gr7FlzhTFRsK4tlG8soVu2rPgFeJk5MKytHwyj/uIKKJgFBTTpTqOnaseymRmlEO05KbKIgJHZMhpLMOU3xupAEOImlOqPFMXcgRodRE+CYpiB6pZS8T//O6iQ5ueikL40RDSOcPBQnHOsLZIHjAJFDNJ4YQKpn5IaYjIgnVZraSqe4sF10lrVrVMfzhqlKv5yMU0Qk6RRfIQdeoju5RAzURRS/oDX2iL+vZerXerY95tGDld47RAqzvP6Hnlp4=</latexit><latexit sha1_base64="OjTxkgzEeiGUC9xcoUlvU9tU2c8=">AAACA3icbVBLSwMxGMzWV62vqkcvwSp4KrtV0JMUvHisYB/QbZds+m0bmuwuSVYoS49e/CteRLwoePcv+G/Mtntp60BgmJmQzPgxZ0rb9q9VWFvf2Nwqbpd2dvf2D8qHRy0VJZJCk0Y8kh2fKOAshKZmmkMnlkCEz6Htj+8yv/0EUrEofNSTGHqCDEMWMEq0kbzymfBSFzTpu7FkAqb9Gr7FlzhTFRsK4tlG8soVu2rPgFeJk5MKytHwyj/uIKKJgFBTTpTqOnaseymRmlEO05KbKIgJHZMhpLMOU3xupAEOImlOqPFMXcgRodRE+CYpiB6pZS8T//O6iQ5ueikL40RDSOcPBQnHOsLZIHjAJFDNJ4YQKpn5IaYjIgnVZraSqe4sF10lrVrVMfzhqlKv5yMU0Qk6RRfIQdeoju5RAzURRS/oDX2iL+vZerXerY95tGDld47RAqzvP6Hnlp4=</latexit><latexit sha1_base64="OjTxkgzEeiGUC9xcoUlvU9tU2c8=">AAACA3icbVBLSwMxGMzWV62vqkcvwSp4KrtV0JMUvHisYB/QbZds+m0bmuwuSVYoS49e/CteRLwoePcv+G/Mtntp60BgmJmQzPgxZ0rb9q9VWFvf2Nwqbpd2dvf2D8qHRy0VJZJCk0Y8kh2fKOAshKZmmkMnlkCEz6Htj+8yv/0EUrEofNSTGHqCDEMWMEq0kbzymfBSFzTpu7FkAqb9Gr7FlzhTFRsK4tlG8soVu2rPgFeJk5MKytHwyj/uIKKJgFBTTpTqOnaseymRmlEO05KbKIgJHZMhpLMOU3xupAEOImlOqPFMXcgRodRE+CYpiB6pZS8T//O6iQ5ueikL40RDSOcPBQnHOsLZIHjAJFDNJ4YQKpn5IaYjIgnVZraSqe4sF10lrVrVMfzhqlKv5yMU0Qk6RRfIQdeoju5RAzURRS/oDX2iL+vZerXerY95tGDld47RAqzvP6Hnlp4=</latexit><latexit sha1_base64="OjTxkgzEeiGUC9xcoUlvU9tU2c8=">AAACA3icbVBLSwMxGMzWV62vqkcvwSp4KrtV0JMUvHisYB/QbZds+m0bmuwuSVYoS49e/CteRLwoePcv+G/Mtntp60BgmJmQzPgxZ0rb9q9VWFvf2Nwqbpd2dvf2D8qHRy0VJZJCk0Y8kh2fKOAshKZmmkMnlkCEz6Htj+8yv/0EUrEofNSTGHqCDEMWMEq0kbzymfBSFzTpu7FkAqb9Gr7FlzhTFRsK4tlG8soVu2rPgFeJk5MKytHwyj/uIKKJgFBTTpTqOnaseymRmlEO05KbKIgJHZMhpLMOU3xupAEOImlOqPFMXcgRodRE+CYpiB6pZS8T//O6iQ5ueikL40RDSOcPBQnHOsLZIHjAJFDNJ4YQKpn5IaYjIgnVZraSqe4sF10lrVrVMfzhqlKv5yMU0Qk6RRfIQdeoju5RAzURRS/oDX2iL+vZerXerY95tGDld47RAqzvP6Hnlp4=</latexit>

usual breaking

unusual breaking

we do not know η’ mass at chiral limit

Kono, DJ, Kuroda, Harada,  
in preparation

explicit ChS breaking
flavor symmetry breaking

anomaly term
breaks UA(1) symmetry

L =
1

2
Tr[@µM@µM†]� µ2

2
Tr[MM†]� �

4
Tr[(MM†)2]� �0

4

�
Tr[MM†]

�2

�ATr[�M† + �†M ] +
p
3B(detM + detM†)

<latexit sha1_base64="rd/q6E+MGWf8X3AQLccA4pTx1fk="></latexit><latexit sha1_base64="rd/q6E+MGWf8X3AQLccA4pTx1fk="></latexit><latexit sha1_base64="rd/q6E+MGWf8X3AQLccA4pTx1fk="></latexit><latexit sha1_base64="rd/q6E+MGWf8X3AQLccA4pTx1fk="></latexit><latexit sha1_base64="rd/q6E+MGWf8X3AQLccA4pTx1fk="></latexit>
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off chiral limit

mass relation

µ2 < 0
<latexit sha1_base64="hfTsSZwyTFQKK1IK3oTHlliJTJk=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoAsXBTcuK9iHtLVk0kwbmswMyR2hlP6CGxE3Cn6Ov+DfmLazaeuBwOGcE+49N0iUtOh5vyS3sbm1vZPfLeztHxweFY9PGjZODRd1HqvYtAJmhZKRqKNEJVqJEUwHSjSD0d3Mb74IY2UcPeI4EV3NBpEMJWfopKeOTp8r9JZ6vWLJK3tz0HXiZ6QEGWq94k+nH/NUiwi5Yta2fS/B7oQZlFyJaaGTWpEwPmIDMZmvOaUXTurTMDbuRUjn6lKOaWvHOnBJzXBoV72Z+J/XTjG86U5klKQoIr4YFKaKYkxnnWlfGsFRjR1h3Ei3IeVDZhhHd5mCq+6vFl0njUrZd/zhqlStZkfIwxmcwyX4cA1VuIca1IGDhjf4hC8yJK/knXwsojmS/TmFJZDvPwUiivc=</latexit><latexit sha1_base64="hfTsSZwyTFQKK1IK3oTHlliJTJk=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoAsXBTcuK9iHtLVk0kwbmswMyR2hlP6CGxE3Cn6Ov+DfmLazaeuBwOGcE+49N0iUtOh5vyS3sbm1vZPfLeztHxweFY9PGjZODRd1HqvYtAJmhZKRqKNEJVqJEUwHSjSD0d3Mb74IY2UcPeI4EV3NBpEMJWfopKeOTp8r9JZ6vWLJK3tz0HXiZ6QEGWq94k+nH/NUiwi5Yta2fS/B7oQZlFyJaaGTWpEwPmIDMZmvOaUXTurTMDbuRUjn6lKOaWvHOnBJzXBoV72Z+J/XTjG86U5klKQoIr4YFKaKYkxnnWlfGsFRjR1h3Ei3IeVDZhhHd5mCq+6vFl0njUrZd/zhqlStZkfIwxmcwyX4cA1VuIca1IGDhjf4hC8yJK/knXwsojmS/TmFJZDvPwUiivc=</latexit><latexit sha1_base64="hfTsSZwyTFQKK1IK3oTHlliJTJk=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoAsXBTcuK9iHtLVk0kwbmswMyR2hlP6CGxE3Cn6Ov+DfmLazaeuBwOGcE+49N0iUtOh5vyS3sbm1vZPfLeztHxweFY9PGjZODRd1HqvYtAJmhZKRqKNEJVqJEUwHSjSD0d3Mb74IY2UcPeI4EV3NBpEMJWfopKeOTp8r9JZ6vWLJK3tz0HXiZ6QEGWq94k+nH/NUiwi5Yta2fS/B7oQZlFyJaaGTWpEwPmIDMZmvOaUXTurTMDbuRUjn6lKOaWvHOnBJzXBoV72Z+J/XTjG86U5klKQoIr4YFKaKYkxnnWlfGsFRjR1h3Ei3IeVDZhhHd5mCq+6vFl0njUrZd/zhqlStZkfIwxmcwyX4cA1VuIca1IGDhjf4hC8yJK/knXwsojmS/TmFJZDvPwUiivc=</latexit><latexit sha1_base64="hfTsSZwyTFQKK1IK3oTHlliJTJk=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoAsXBTcuK9iHtLVk0kwbmswMyR2hlP6CGxE3Cn6Ov+DfmLazaeuBwOGcE+49N0iUtOh5vyS3sbm1vZPfLeztHxweFY9PGjZODRd1HqvYtAJmhZKRqKNEJVqJEUwHSjSD0d3Mb74IY2UcPeI4EV3NBpEMJWfopKeOTp8r9JZ6vWLJK3tz0HXiZ6QEGWq94k+nH/NUiwi5Yta2fS/B7oQZlFyJaaGTWpEwPmIDMZmvOaUXTurTMDbuRUjn6lKOaWvHOnBJzXBoV72Z+J/XTjG86U5klKQoIr4YFKaKYkxnnWlfGsFRjR1h3Ei3IeVDZhhHd5mCq+6vFl0njUrZd/zhqlStZkfIwxmcwyX4cA1VuIca1IGDhjf4hC8yJK/knXwsojmS/TmFJZDvPwUiivc=</latexit><latexit sha1_base64="hfTsSZwyTFQKK1IK3oTHlliJTJk=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoAsXBTcuK9iHtLVk0kwbmswMyR2hlP6CGxE3Cn6Ov+DfmLazaeuBwOGcE+49N0iUtOh5vyS3sbm1vZPfLeztHxweFY9PGjZODRd1HqvYtAJmhZKRqKNEJVqJEUwHSjSD0d3Mb74IY2UcPeI4EV3NBpEMJWfopKeOTp8r9JZ6vWLJK3tz0HXiZ6QEGWq94k+nH/NUiwi5Yta2fS/B7oQZlFyJaaGTWpEwPmIDMZmvOaUXTurTMDbuRUjn6lKOaWvHOnBJzXBoV72Z+J/XTjG86U5klKQoIr4YFKaKYkxnnWlfGsFRjR1h3Ei3IeVDZhhHd5mCq+6vFl0njUrZd/zhqlStZkfIwxmcwyX4cA1VuIca1IGDhjf4hC8yJK/knXwsojmS/TmFJZDvPwUiivc=</latexit>

µ2 > 0
<latexit sha1_base64="L5fYp7Lg0cgANzJSc/75RuW7Bmo=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoCspuHFZwT6krSWTZtrQZGZI7gil9BfciLhR8HP8Bf/GtJ1NWw8EDueccO+5QaKkRc/7JbmNza3tnfxuYW//4PCoeHzSsHFquKjzWMWmFTArlIxEHSUq0UqMYDpQohmM7mZ+80UYK+PoEceJ6Go2iGQoOUMnPXV0+lyht9TrFUte2ZuDrhM/IyXIUOsVfzr9mKdaRMgVs7btewl2J8yg5EpMC53UioTxERuIyXzNKb1wUp+GsXEvQjpXl3JMWzvWgUtqhkO76s3E/7x2iuFNdyKjJEUR8cWgMFUUYzrrTPvSCI5q7AjjRroNKR8ywzi6yxRcdX+16DppVMq+4w9XpWo1O0IezuAcLsGHa6jCPdSgDhw0vMEnfJEheSXv5GMRzZHszyksgXz/AQgaivk=</latexit><latexit sha1_base64="L5fYp7Lg0cgANzJSc/75RuW7Bmo=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoCspuHFZwT6krSWTZtrQZGZI7gil9BfciLhR8HP8Bf/GtJ1NWw8EDueccO+5QaKkRc/7JbmNza3tnfxuYW//4PCoeHzSsHFquKjzWMWmFTArlIxEHSUq0UqMYDpQohmM7mZ+80UYK+PoEceJ6Go2iGQoOUMnPXV0+lyht9TrFUte2ZuDrhM/IyXIUOsVfzr9mKdaRMgVs7btewl2J8yg5EpMC53UioTxERuIyXzNKb1wUp+GsXEvQjpXl3JMWzvWgUtqhkO76s3E/7x2iuFNdyKjJEUR8cWgMFUUYzrrTPvSCI5q7AjjRroNKR8ywzi6yxRcdX+16DppVMq+4w9XpWo1O0IezuAcLsGHa6jCPdSgDhw0vMEnfJEheSXv5GMRzZHszyksgXz/AQgaivk=</latexit><latexit sha1_base64="L5fYp7Lg0cgANzJSc/75RuW7Bmo=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoCspuHFZwT6krSWTZtrQZGZI7gil9BfciLhR8HP8Bf/GtJ1NWw8EDueccO+5QaKkRc/7JbmNza3tnfxuYW//4PCoeHzSsHFquKjzWMWmFTArlIxEHSUq0UqMYDpQohmM7mZ+80UYK+PoEceJ6Go2iGQoOUMnPXV0+lyht9TrFUte2ZuDrhM/IyXIUOsVfzr9mKdaRMgVs7btewl2J8yg5EpMC53UioTxERuIyXzNKb1wUp+GsXEvQjpXl3JMWzvWgUtqhkO76s3E/7x2iuFNdyKjJEUR8cWgMFUUYzrrTPvSCI5q7AjjRroNKR8ywzi6yxRcdX+16DppVMq+4w9XpWo1O0IezuAcLsGHa6jCPdSgDhw0vMEnfJEheSXv5GMRzZHszyksgXz/AQgaivk=</latexit><latexit sha1_base64="L5fYp7Lg0cgANzJSc/75RuW7Bmo=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoCspuHFZwT6krSWTZtrQZGZI7gil9BfciLhR8HP8Bf/GtJ1NWw8EDueccO+5QaKkRc/7JbmNza3tnfxuYW//4PCoeHzSsHFquKjzWMWmFTArlIxEHSUq0UqMYDpQohmM7mZ+80UYK+PoEceJ6Go2iGQoOUMnPXV0+lyht9TrFUte2ZuDrhM/IyXIUOsVfzr9mKdaRMgVs7btewl2J8yg5EpMC53UioTxERuIyXzNKb1wUp+GsXEvQjpXl3JMWzvWgUtqhkO76s3E/7x2iuFNdyKjJEUR8cWgMFUUYzrrTPvSCI5q7AjjRroNKR8ywzi6yxRcdX+16DppVMq+4w9XpWo1O0IezuAcLsGHa6jCPdSgDhw0vMEnfJEheSXv5GMRzZHszyksgXz/AQgaivk=</latexit><latexit sha1_base64="L5fYp7Lg0cgANzJSc/75RuW7Bmo=">AAAB5nicbVDLSgMxFL2pr1pfVZdugkVwVWaKoCspuHFZwT6krSWTZtrQZGZI7gil9BfciLhR8HP8Bf/GtJ1NWw8EDueccO+5QaKkRc/7JbmNza3tnfxuYW//4PCoeHzSsHFquKjzWMWmFTArlIxEHSUq0UqMYDpQohmM7mZ+80UYK+PoEceJ6Go2iGQoOUMnPXV0+lyht9TrFUte2ZuDrhM/IyXIUOsVfzr9mKdaRMgVs7btewl2J8yg5EpMC53UioTxERuIyXzNKb1wUp+GsXEvQjpXl3JMWzvWgUtqhkO76s3E/7x2iuFNdyKjJEUR8cWgMFUUYzrrTPvSCI5q7AjjRroNKR8ywzi6yxRcdX+16DppVMq+4w9XpWo1O0IezuAcLsGHa6jCPdSgDhw0vMEnfJEheSXv5GMRzZHszyksgXz/AQgaivk=</latexit>

✏ =
h�8i
h�0i

=
f⇡ � fK
f⇡ + 2fK

= �0.12
<latexit sha1_base64="47pSVRR8vA7L3pyjQvCgt1A2QbM="></latexit><latexit sha1_base64="47pSVRR8vA7L3pyjQvCgt1A2QbM="></latexit><latexit sha1_base64="47pSVRR8vA7L3pyjQvCgt1A2QbM="></latexit><latexit sha1_base64="47pSVRR8vA7L3pyjQvCgt1A2QbM="></latexit><latexit sha1_base64="47pSVRR8vA7L3pyjQvCgt1A2QbM="></latexit>

SU(3) breaking parameter

6µ2 = 0.92m2
⌘0

� 3.08m2
�0

+ 4.42m2
⌘8

+ 3.96m2
⇡

<latexit sha1_base64="d9qGm1b87TEC0UBtD0kqbJyMKgE="></latexit><latexit sha1_base64="d9qGm1b87TEC0UBtD0kqbJyMKgE="></latexit><latexit sha1_base64="d9qGm1b87TEC0UBtD0kqbJyMKgE="></latexit><latexit sha1_base64="d9qGm1b87TEC0UBtD0kqbJyMKgE="></latexit><latexit sha1_base64="d9qGm1b87TEC0UBtD0kqbJyMKgE="></latexit>

m�0 > 860 MeV
<latexit sha1_base64="MHOpT59DN0fAJdiivvIc1AmbYlg=">AAAB/XicbVDLSsNAFL3xWesr6lKQwSK4KomIdiUFN26ECvYBTQmT6aQdOpOEmYlQQnDjr7gRcaPgL/gL/o3TNpu2Hhg4nHOGe+8JEs6Udpxfa2V1bX1js7RV3t7Z3du3Dw5bKk4loU0S81h2AqwoZxFtaqY57SSSYhFw2g5GtxO//USlYnH0qMcJ7Qk8iFjICNZG8u0T4WeeYgOBfSdHN6h25aDMkwJ56J62ct+uOFVnCrRM3IJUoEDDt3+8fkxSQSNNOFaq6zqJ7mVYakY4zcteqmiCyQgPaDbdPkdnRuqjMJbmRRpN1bkcFkqNRWCSAuuhWvQm4n9eN9VhrZexKEk1jchsUJhypGM0qQL1maRE87EhmEhmNkRkiCUm2hRWNqe7i4cuk9ZF1TX84bJSrxcllOAYTuEcXLiGOtxBA5pA4AXe4BO+rGfr1Xq3PmbRFav4cwRzsL7/AOnGk1M=</latexit><latexit sha1_base64="MHOpT59DN0fAJdiivvIc1AmbYlg=">AAAB/XicbVDLSsNAFL3xWesr6lKQwSK4KomIdiUFN26ECvYBTQmT6aQdOpOEmYlQQnDjr7gRcaPgL/gL/o3TNpu2Hhg4nHOGe+8JEs6Udpxfa2V1bX1js7RV3t7Z3du3Dw5bKk4loU0S81h2AqwoZxFtaqY57SSSYhFw2g5GtxO//USlYnH0qMcJ7Qk8iFjICNZG8u0T4WeeYgOBfSdHN6h25aDMkwJ56J62ct+uOFVnCrRM3IJUoEDDt3+8fkxSQSNNOFaq6zqJ7mVYakY4zcteqmiCyQgPaDbdPkdnRuqjMJbmRRpN1bkcFkqNRWCSAuuhWvQm4n9eN9VhrZexKEk1jchsUJhypGM0qQL1maRE87EhmEhmNkRkiCUm2hRWNqe7i4cuk9ZF1TX84bJSrxcllOAYTuEcXLiGOtxBA5pA4AXe4BO+rGfr1Xq3PmbRFav4cwRzsL7/AOnGk1M=</latexit><latexit sha1_base64="MHOpT59DN0fAJdiivvIc1AmbYlg=">AAAB/XicbVDLSsNAFL3xWesr6lKQwSK4KomIdiUFN26ECvYBTQmT6aQdOpOEmYlQQnDjr7gRcaPgL/gL/o3TNpu2Hhg4nHOGe+8JEs6Udpxfa2V1bX1js7RV3t7Z3du3Dw5bKk4loU0S81h2AqwoZxFtaqY57SSSYhFw2g5GtxO//USlYnH0qMcJ7Qk8iFjICNZG8u0T4WeeYgOBfSdHN6h25aDMkwJ56J62ct+uOFVnCrRM3IJUoEDDt3+8fkxSQSNNOFaq6zqJ7mVYakY4zcteqmiCyQgPaDbdPkdnRuqjMJbmRRpN1bkcFkqNRWCSAuuhWvQm4n9eN9VhrZexKEk1jchsUJhypGM0qQL1maRE87EhmEhmNkRkiCUm2hRWNqe7i4cuk9ZF1TX84bJSrxcllOAYTuEcXLiGOtxBA5pA4AXe4BO+rGfr1Xq3PmbRFav4cwRzsL7/AOnGk1M=</latexit><latexit sha1_base64="MHOpT59DN0fAJdiivvIc1AmbYlg=">AAAB/XicbVDLSsNAFL3xWesr6lKQwSK4KomIdiUFN26ECvYBTQmT6aQdOpOEmYlQQnDjr7gRcaPgL/gL/o3TNpu2Hhg4nHOGe+8JEs6Udpxfa2V1bX1js7RV3t7Z3du3Dw5bKk4loU0S81h2AqwoZxFtaqY57SSSYhFw2g5GtxO//USlYnH0qMcJ7Qk8iFjICNZG8u0T4WeeYgOBfSdHN6h25aDMkwJ56J62ct+uOFVnCrRM3IJUoEDDt3+8fkxSQSNNOFaq6zqJ7mVYakY4zcteqmiCyQgPaDbdPkdnRuqjMJbmRRpN1bkcFkqNRWCSAuuhWvQm4n9eN9VhrZexKEk1jchsUJhypGM0qQL1maRE87EhmEhmNkRkiCUm2hRWNqe7i4cuk9ZF1TX84bJSrxcllOAYTuEcXLiGOtxBA5pA4AXe4BO+rGfr1Xq3PmbRFav4cwRzsL7/AOnGk1M=</latexit><latexit sha1_base64="MHOpT59DN0fAJdiivvIc1AmbYlg=">AAAB/XicbVDLSsNAFL3xWesr6lKQwSK4KomIdiUFN26ECvYBTQmT6aQdOpOEmYlQQnDjr7gRcaPgL/gL/o3TNpu2Hhg4nHOGe+8JEs6Udpxfa2V1bX1js7RV3t7Z3du3Dw5bKk4loU0S81h2AqwoZxFtaqY57SSSYhFw2g5GtxO//USlYnH0qMcJ7Qk8iFjICNZG8u0T4WeeYgOBfSdHN6h25aDMkwJ56J62ct+uOFVnCrRM3IJUoEDDt3+8fkxSQSNNOFaq6zqJ7mVYakY4zcteqmiCyQgPaDbdPkdnRuqjMJbmRRpN1bkcFkqNRWCSAuuhWvQm4n9eN9VhrZexKEk1jchsUJhypGM0qQL1maRE87EhmEhmNkRkiCUm2hRWNqe7i4cuk9ZF1TX84bJSrxcllOAYTuEcXLiGOtxBA5pA4AXe4BO+rGfr1Xq3PmbRFav4cwRzsL7/AOnGk1M=</latexit>

m�0 < 860 MeV
<latexit sha1_base64="q/GUanOsOtrjzAFgG6uhPx2JEBc=">AAAB/XicbVDLSsNAFL3xWesr6lKQwSK4KomIduGi4MaNUME+oClhMp20Q2eSMDMRSghu/BU3Im4U/AV/wb9x2mbT1gMDh3POcO89QcKZ0o7za62srq1vbJa2yts7u3v79sFhS8WpJLRJYh7LToAV5SyiTc00p51EUiwCTtvB6Hbit5+oVCyOHvU4oT2BBxELGcHaSL59IvzMU2wgsO/k6AbVrhyUeVIgD93TVu7bFafqTIGWiVuQChRo+PaP149JKmikCcdKdV0n0b0MS80Ip3nZSxVNMBnhAc2m2+fozEh9FMbSvEijqTqXw0KpsQhMUmA9VIveRPzP66Y6rPUyFiWpphGZDQpTjnSMJlWgPpOUaD42BBPJzIaIDLHERJvCyuZ0d/HQZdK6qLqGP1xW6vWihBIcwymcgwvXUIc7aEATCLzAG3zCl/VsvVrv1scsumIVf45gDtb3H+ayk1E=</latexit><latexit sha1_base64="q/GUanOsOtrjzAFgG6uhPx2JEBc=">AAAB/XicbVDLSsNAFL3xWesr6lKQwSK4KomIduGi4MaNUME+oClhMp20Q2eSMDMRSghu/BU3Im4U/AV/wb9x2mbT1gMDh3POcO89QcKZ0o7za62srq1vbJa2yts7u3v79sFhS8WpJLRJYh7LToAV5SyiTc00p51EUiwCTtvB6Hbit5+oVCyOHvU4oT2BBxELGcHaSL59IvzMU2wgsO/k6AbVrhyUeVIgD93TVu7bFafqTIGWiVuQChRo+PaP149JKmikCcdKdV0n0b0MS80Ip3nZSxVNMBnhAc2m2+fozEh9FMbSvEijqTqXw0KpsQhMUmA9VIveRPzP66Y6rPUyFiWpphGZDQpTjnSMJlWgPpOUaD42BBPJzIaIDLHERJvCyuZ0d/HQZdK6qLqGP1xW6vWihBIcwymcgwvXUIc7aEATCLzAG3zCl/VsvVrv1scsumIVf45gDtb3H+ayk1E=</latexit><latexit sha1_base64="q/GUanOsOtrjzAFgG6uhPx2JEBc=">AAAB/XicbVDLSsNAFL3xWesr6lKQwSK4KomIduGi4MaNUME+oClhMp20Q2eSMDMRSghu/BU3Im4U/AV/wb9x2mbT1gMDh3POcO89QcKZ0o7za62srq1vbJa2yts7u3v79sFhS8WpJLRJYh7LToAV5SyiTc00p51EUiwCTtvB6Hbit5+oVCyOHvU4oT2BBxELGcHaSL59IvzMU2wgsO/k6AbVrhyUeVIgD93TVu7bFafqTIGWiVuQChRo+PaP149JKmikCcdKdV0n0b0MS80Ip3nZSxVNMBnhAc2m2+fozEh9FMbSvEijqTqXw0KpsQhMUmA9VIveRPzP66Y6rPUyFiWpphGZDQpTjnSMJlWgPpOUaD42BBPJzIaIDLHERJvCyuZ0d/HQZdK6qLqGP1xW6vWihBIcwymcgwvXUIc7aEATCLzAG3zCl/VsvVrv1scsumIVf45gDtb3H+ayk1E=</latexit><latexit sha1_base64="q/GUanOsOtrjzAFgG6uhPx2JEBc=">AAAB/XicbVDLSsNAFL3xWesr6lKQwSK4KomIduGi4MaNUME+oClhMp20Q2eSMDMRSghu/BU3Im4U/AV/wb9x2mbT1gMDh3POcO89QcKZ0o7za62srq1vbJa2yts7u3v79sFhS8WpJLRJYh7LToAV5SyiTc00p51EUiwCTtvB6Hbit5+oVCyOHvU4oT2BBxELGcHaSL59IvzMU2wgsO/k6AbVrhyUeVIgD93TVu7bFafqTIGWiVuQChRo+PaP149JKmikCcdKdV0n0b0MS80Ip3nZSxVNMBnhAc2m2+fozEh9FMbSvEijqTqXw0KpsQhMUmA9VIveRPzP66Y6rPUyFiWpphGZDQpTjnSMJlWgPpOUaD42BBPJzIaIDLHERJvCyuZ0d/HQZdK6qLqGP1xW6vWihBIcwymcgwvXUIc7aEATCLzAG3zCl/VsvVrv1scsumIVf45gDtb3H+ayk1E=</latexit><latexit sha1_base64="q/GUanOsOtrjzAFgG6uhPx2JEBc=">AAAB/XicbVDLSsNAFL3xWesr6lKQwSK4KomIduGi4MaNUME+oClhMp20Q2eSMDMRSghu/BU3Im4U/AV/wb9x2mbT1gMDh3POcO89QcKZ0o7za62srq1vbJa2yts7u3v79sFhS8WpJLRJYh7LToAV5SyiTc00p51EUiwCTtvB6Hbit5+oVCyOHvU4oT2BBxELGcHaSL59IvzMU2wgsO/k6AbVrhyUeVIgD93TVu7bFafqTIGWiVuQChRo+PaP149JKmikCcdKdV0n0b0MS80Ip3nZSxVNMBnhAc2m2+fozEh9FMbSvEijqTqXw0KpsQhMUmA9VIveRPzP66Y6rPUyFiWpphGZDQpTjnSMJlWgPpOUaD42BBPJzIaIDLHERJvCyuZ0d/HQZdK6qLqGP1xW6vWihBIcwymcgwvXUIc7aEATCLzAG3zCl/VsvVrv1scsumIVf45gDtb3H+ayk1E=</latexit>

unusual spontaneous breaking is possible, 
if singlet sigma mass is smaller than 860 MeV.

usual breaking

unusual breaking

vacuum condition at tree level + mass formula

Kono, DJ, Kuroda, Harada,  
in preparation
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<latexit sha1_base64="bauMwqIwks7NraHcZRlRaYvPrt4="></latexit><latexit sha1_base64="bauMwqIwks7NraHcZRlRaYvPrt4="></latexit><latexit sha1_base64="bauMwqIwks7NraHcZRlRaYvPrt4="></latexit><latexit sha1_base64="bauMwqIwks7NraHcZRlRaYvPrt4="></latexit><latexit sha1_base64="bauMwqIwks7NraHcZRlRaYvPrt4="></latexit>

chiral symmetry and SU(3) breaking is introduced by mq 6= ms
<latexit sha1_base64="3jUR3ZSHqcZqZkWjzb8pQiPGLsA=">AAAB6XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCG5cV7AM6ZcikmTY0yUyTO0Ip/Qg3Im4U/Bl/wb8xfWzaeiBwOOeEe8+NMyks+v6vV9ja3tndK+6XDg6Pjk/Kp2dNm+aG8QZLZWraMbVcCs0bKFDydmY4VbHkrXj4MPNbL9xYkepnHGe8q2hfi0Qwik4KVTQioeYjoiIblSt+1Z+DbJJgSSqwRD0q/4S9lOWKa2SSWtsJ/Ay7E2pQMMmnpTC3PKNsSPt8Mt90Sq6c1CNJatzTSObqSo4qa8cqdklFcWDXvZn4n9fJMbnvToTOcuSaLQYluSSYkllt0hOGM5RjRygzwm1I2IAaytAdp+SqB+tFN0nzpho4/nRbqdWWRyjCBVzCNQRwBzV4hDo0gEEGb/AJX97Qe/XevY9FtOAt/5zDCrzvP0dkjPc=</latexit><latexit sha1_base64="3jUR3ZSHqcZqZkWjzb8pQiPGLsA=">AAAB6XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCG5cV7AM6ZcikmTY0yUyTO0Ip/Qg3Im4U/Bl/wb8xfWzaeiBwOOeEe8+NMyks+v6vV9ja3tndK+6XDg6Pjk/Kp2dNm+aG8QZLZWraMbVcCs0bKFDydmY4VbHkrXj4MPNbL9xYkepnHGe8q2hfi0Qwik4KVTQioeYjoiIblSt+1Z+DbJJgSSqwRD0q/4S9lOWKa2SSWtsJ/Ay7E2pQMMmnpTC3PKNsSPt8Mt90Sq6c1CNJatzTSObqSo4qa8cqdklFcWDXvZn4n9fJMbnvToTOcuSaLQYluSSYkllt0hOGM5RjRygzwm1I2IAaytAdp+SqB+tFN0nzpho4/nRbqdWWRyjCBVzCNQRwBzV4hDo0gEEGb/AJX97Qe/XevY9FtOAt/5zDCrzvP0dkjPc=</latexit><latexit sha1_base64="3jUR3ZSHqcZqZkWjzb8pQiPGLsA=">AAAB6XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCG5cV7AM6ZcikmTY0yUyTO0Ip/Qg3Im4U/Bl/wb8xfWzaeiBwOOeEe8+NMyks+v6vV9ja3tndK+6XDg6Pjk/Kp2dNm+aG8QZLZWraMbVcCs0bKFDydmY4VbHkrXj4MPNbL9xYkepnHGe8q2hfi0Qwik4KVTQioeYjoiIblSt+1Z+DbJJgSSqwRD0q/4S9lOWKa2SSWtsJ/Ay7E2pQMMmnpTC3PKNsSPt8Mt90Sq6c1CNJatzTSObqSo4qa8cqdklFcWDXvZn4n9fJMbnvToTOcuSaLQYluSSYkllt0hOGM5RjRygzwm1I2IAaytAdp+SqB+tFN0nzpho4/nRbqdWWRyjCBVzCNQRwBzV4hDo0gEEGb/AJX97Qe/XevY9FtOAt/5zDCrzvP0dkjPc=</latexit><latexit sha1_base64="3jUR3ZSHqcZqZkWjzb8pQiPGLsA=">AAAB6XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCG5cV7AM6ZcikmTY0yUyTO0Ip/Qg3Im4U/Bl/wb8xfWzaeiBwOOeEe8+NMyks+v6vV9ja3tndK+6XDg6Pjk/Kp2dNm+aG8QZLZWraMbVcCs0bKFDydmY4VbHkrXj4MPNbL9xYkepnHGe8q2hfi0Qwik4KVTQioeYjoiIblSt+1Z+DbJJgSSqwRD0q/4S9lOWKa2SSWtsJ/Ay7E2pQMMmnpTC3PKNsSPt8Mt90Sq6c1CNJatzTSObqSo4qa8cqdklFcWDXvZn4n9fJMbnvToTOcuSaLQYluSSYkllt0hOGM5RjRygzwm1I2IAaytAdp+SqB+tFN0nzpho4/nRbqdWWRyjCBVzCNQRwBzV4hDo0gEEGb/AJX97Qe/XevY9FtOAt/5zDCrzvP0dkjPc=</latexit><latexit sha1_base64="3jUR3ZSHqcZqZkWjzb8pQiPGLsA=">AAAB6XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCG5cV7AM6ZcikmTY0yUyTO0Ip/Qg3Im4U/Bl/wb8xfWzaeiBwOOeEe8+NMyks+v6vV9ja3tndK+6XDg6Pjk/Kp2dNm+aG8QZLZWraMbVcCs0bKFDydmY4VbHkrXj4MPNbL9xYkepnHGe8q2hfi0Qwik4KVTQioeYjoiIblSt+1Z+DbJJgSSqwRD0q/4S9lOWKa2SSWtsJ/Ay7E2pQMMmnpTC3PKNsSPt8Mt90Sq6c1CNJatzTSObqSo4qa8cqdklFcWDXvZn4n9fJMbnvToTOcuSaLQYluSSYkllt0hOGM5RjRygzwm1I2IAaytAdp+SqB+tFN0nzpho4/nRbqdWWRyjCBVzCNQRwBzV4hDo0gEEGb/AJX97Qe/XevY9FtOAt/5zDCrzvP0dkjPc=</latexit>

m⌘8 = 550 MeV
<latexit sha1_base64="7vMmID0mhVD4VLK/7R+td8BIJT8=">AAAB/HicbVDLSsNAFJ3UV62vqEsRBovgqiRisRuh4MaNUME+oClhMr1ph84kYWYilBA3/oobETcKfoO/4N84fWzaemDgcM4Z7r0nSDhT2nF+rcLa+sbmVnG7tLO7t39gHx61VJxKCk0a81h2AqKAswiammkOnUQCEQGHdjC6nfjtJ5CKxdGjHifQE2QQsZBRoo3k26fCzzzQxK/l+AbjatXBmScF9vA9tHLfLjsVZwq8Stw5KaM5Gr794/VjmgqINOVEqa7rJLqXEakZ5ZCXvFRBQuiIDCCbLp/jcyP1cRhL8yKNp+pCjgilxiIwSUH0UC17E/E/r5vqsNbLWJSkGiI6GxSmHOsYT5rAfSaBaj42hFDJzIaYDokkVJu+SuZ0d/nQVdK6rLiGP1yV6/V5CUV0gs7QBXLRNaqjO9RATUTRC3pDn+jLerZerXfrYxYtWPM/x2gB1vcfqXCSlQ==</latexit><latexit sha1_base64="7vMmID0mhVD4VLK/7R+td8BIJT8=">AAAB/HicbVDLSsNAFJ3UV62vqEsRBovgqiRisRuh4MaNUME+oClhMr1ph84kYWYilBA3/oobETcKfoO/4N84fWzaemDgcM4Z7r0nSDhT2nF+rcLa+sbmVnG7tLO7t39gHx61VJxKCk0a81h2AqKAswiammkOnUQCEQGHdjC6nfjtJ5CKxdGjHifQE2QQsZBRoo3k26fCzzzQxK/l+AbjatXBmScF9vA9tHLfLjsVZwq8Stw5KaM5Gr794/VjmgqINOVEqa7rJLqXEakZ5ZCXvFRBQuiIDCCbLp/jcyP1cRhL8yKNp+pCjgilxiIwSUH0UC17E/E/r5vqsNbLWJSkGiI6GxSmHOsYT5rAfSaBaj42hFDJzIaYDokkVJu+SuZ0d/nQVdK6rLiGP1yV6/V5CUV0gs7QBXLRNaqjO9RATUTRC3pDn+jLerZerXfrYxYtWPM/x2gB1vcfqXCSlQ==</latexit><latexit sha1_base64="7vMmID0mhVD4VLK/7R+td8BIJT8=">AAAB/HicbVDLSsNAFJ3UV62vqEsRBovgqiRisRuh4MaNUME+oClhMr1ph84kYWYilBA3/oobETcKfoO/4N84fWzaemDgcM4Z7r0nSDhT2nF+rcLa+sbmVnG7tLO7t39gHx61VJxKCk0a81h2AqKAswiammkOnUQCEQGHdjC6nfjtJ5CKxdGjHifQE2QQsZBRoo3k26fCzzzQxK/l+AbjatXBmScF9vA9tHLfLjsVZwq8Stw5KaM5Gr794/VjmgqINOVEqa7rJLqXEakZ5ZCXvFRBQuiIDCCbLp/jcyP1cRhL8yKNp+pCjgilxiIwSUH0UC17E/E/r5vqsNbLWJSkGiI6GxSmHOsYT5rAfSaBaj42hFDJzIaYDokkVJu+SuZ0d/nQVdK6rLiGP1yV6/V5CUV0gs7QBXLRNaqjO9RATUTRC3pDn+jLerZerXfrYxYtWPM/x2gB1vcfqXCSlQ==</latexit><latexit sha1_base64="7vMmID0mhVD4VLK/7R+td8BIJT8=">AAAB/HicbVDLSsNAFJ3UV62vqEsRBovgqiRisRuh4MaNUME+oClhMr1ph84kYWYilBA3/oobETcKfoO/4N84fWzaemDgcM4Z7r0nSDhT2nF+rcLa+sbmVnG7tLO7t39gHx61VJxKCk0a81h2AqKAswiammkOnUQCEQGHdjC6nfjtJ5CKxdGjHifQE2QQsZBRoo3k26fCzzzQxK/l+AbjatXBmScF9vA9tHLfLjsVZwq8Stw5KaM5Gr794/VjmgqINOVEqa7rJLqXEakZ5ZCXvFRBQuiIDCCbLp/jcyP1cRhL8yKNp+pCjgilxiIwSUH0UC17E/E/r5vqsNbLWJSkGiI6GxSmHOsYT5rAfSaBaj42hFDJzIaYDokkVJu+SuZ0d/nQVdK6rLiGP1yV6/V5CUV0gs7QBXLRNaqjO9RATUTRC3pDn+jLerZerXfrYxYtWPM/x2gB1vcfqXCSlQ==</latexit><latexit sha1_base64="7vMmID0mhVD4VLK/7R+td8BIJT8=">AAAB/HicbVDLSsNAFJ3UV62vqEsRBovgqiRisRuh4MaNUME+oClhMr1ph84kYWYilBA3/oobETcKfoO/4N84fWzaemDgcM4Z7r0nSDhT2nF+rcLa+sbmVnG7tLO7t39gHx61VJxKCk0a81h2AqKAswiammkOnUQCEQGHdjC6nfjtJ5CKxdGjHifQE2QQsZBRoo3k26fCzzzQxK/l+AbjatXBmScF9vA9tHLfLjsVZwq8Stw5KaM5Gr794/VjmgqINOVEqa7rJLqXEakZ5ZCXvFRBQuiIDCCbLp/jcyP1cRhL8yKNp+pCjgilxiIwSUH0UC17E/E/r5vqsNbLWJSkGiI6GxSmHOsYT5rAfSaBaj42hFDJzIaYDokkVJu+SuZ0d/nQVdK6rLiGP1yV6/V5CUV0gs7QBXLRNaqjO9RATUTRC3pDn+jLerZerXfrYxYtWPM/x2gB1vcfqXCSlQ==</latexit>

m⌘0 = 958 MeV
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diquark-quark	model�

h	 qq�

potential	paramters	are	determined	by	spectra	of	
charmonium	and	bottonium		

D.	Jido	and	M.	Sakashita,	
PTEP	2016	(2016)	no.8,	083D02�
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two-body	nonrelativistic	quantum	mechanics	

diquark	as	a	point-like	particle�
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mc = 1.5 GeV mb = 4.0 GeV

without LS, SS interaction to see global structure of spectra 
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D.	Jido	and	M.	Sakashita,	
PTEP	2016	(2016)	no.8,	083D02�
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Kumakawa, DJ, 
PTEP2017, 123D01; in preparation
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Summary
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• partial restoration of chiral symmetry = reduction of magnitude of quark condensate 
   in-medium modification of pion properties → change of quark condensate 
   change of quark condensate → possible property changes of other hadrons

• expectations when partial restoration of chiral symmetry takes place in nuclear matter  
- reduction of hadron mass 
- reduction of mass difference of chiral partners 
- wave function renormalization of NG bosons

• η’ meson in nuclear matter  
- singlet η and octet η belong to the same multiplet in SU(3) chiral group  
  and get degenerate when chiral symmetry is restored 
- a part of η’ meson mass is generated by chiral symmetry breaking as for nucleon 
- 100 MeV reduction of eta’ mass is expected in nuclear density  
- strong attractive scalar potential in nucleus from isoscalar-scalar σ exchange 
- strong η’ attraction could change the nuclear structure

• anomaly term can induce spontaneous breaking of chiral symmetry

��

K+, �0

�

• diquark-quark interaction could be weaker than antiquark-quark interaction


