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Introduction
・What is two-color QCD (QC2D)? = Strong interaction with 

- Diquarks turn to be color-singlet baryons → well-defined!

diquark (hadron for           )

diquark (colorful)

<latexit sha1_base64="lEwW352Ht5qts+pY0gI1/I/F+RE="></latexit>

Nc = 3for

<latexit sha1_base64="2ctn5cm3kP4ifYT7S+av/6yPqGc="></latexit>

···

then

- Diquark baryons and mesons are treated in a unified way 

<latexit sha1_base64="Pelh8RpmHv0yosk3GSM4a8DkOYU="></latexit>

2<latexit sha1_base64="gcnnSietYBv8xxZq0NcBLMfnVT8="></latexit>

2⇤
<latexit sha1_base64="Pelh8RpmHv0yosk3GSM4a8DkOYU="></latexit>

2
<latexit sha1_base64="Pelh8RpmHv0yosk3GSM4a8DkOYU="></latexit>

2

symmetric

diquark baryon meson <latexit sha1_base64="LbeMM63tJdi2mhx4020B2s88cJI="></latexit>

2 ' 2⇤

singly heavy baryon (SHB)
as a hadron

:pseudoreality of color SU(2)

<latexit sha1_base64="CyQqKKUkvFN1ZlMziFxbvDh+4+s="></latexit>

Nc = 2

→ Exploring diquark in QC2D is expected to provide us with hints of unveiling SHB nature in our world

→ Chiral symmetry (flavor structure) is extended to               from
<latexit sha1_base64="X3rnhrI5+Hbn8WxpTQRzs2eOWS8="></latexit>

SU(2Nf )
<latexit sha1_base64="nc1KSxANKA+F8aEH7Krz4HrrIC8="></latexit>

SU(Nf )L ⇥ SU(Nf )R

<latexit sha1_base64="6w44L8ORTUjYWNqLKxbXXSO4nCk="></latexit>

Nc = 2
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- The first-principles lattice simulation is straightforwardly applicable in cold and dense regime 
・Why two-color QCD (QC2D)?

<latexit sha1_base64="0N+T0u/RhsaR82d72Y7WDu9iv4E="></latexit>µB

eg, Fukushima-Hatsuda (2017)

- Lattice QCD cannot apply due to 
the sign problem for

Lattice QCD

eg, G Aarts (2016)
K. Nagata (2022).frontier of QCD

<latexit sha1_base64="DRyqCOvFqCK+/oDB9fqEDoYYr8Q="></latexit>

T

In QC2D world, the lattice simulation is possible thanks to the pseudoreality of SU(2)c

↔ Important for EoS of neutron stars

= noteworthy advantage of QC2D 

Introduction

<latexit sha1_base64="lEwW352Ht5qts+pY0gI1/I/F+RE="></latexit>

Nc = 3
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・Phase diagram in QC2D

Buividovich-Smith-Smekal (2020)Boz-Cotter-Fister-Mehta-Skullerud (2013)

・ ・ ・

- Examples of simulation results of phase diagram in QC2D

- Ireland/UK group (Hands, Skullerud, …)
- UK group (Buividovich, ...)
etc.

- Russian group (Bornyakov, ...)
- Japanese group (Iida-san, Itou-san, …),

Introduction
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・Lattice results
- In addition to phase diagram, hadron mass spectrum, gluon propagator, transport coefficient,
EoS, sound velocity,                     , etc. have been simulated

<latexit sha1_base64="UtUr3BPYeAu2VIHxBLT/+vrcA0U="></latexit>

h ̄ i, h  i, hLi

- (i) Regard QC2D lattice simulations as useful “numerical experiments” of cold and dense QCD, then 
(ii) give interpretation from symmetry viewpoints based on effective models 

My approach

My publications on QC2D
Gluon propagator: Suenaga-Kojo(2019), Kojo-Suenaga(2021), CSE effect: Suenaga-Kojo(2021), Sound velocity: Kojo-Suenaga(2022),
Kawaguchi-Suenaga(2024), Topological susceptibility: Kawaguchi-Suenaga(2023), Hadron mass: Suenaga-Murakami-Itou-Iida (2023, 2024),
and in-preparations.

<latexit sha1_base64="2ctn5cm3kP4ifYT7S+av/6yPqGc="></latexit>· · ·

eg, Japanese group

Introduction
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・Pauli-Gursey SU(4) symmetry
- Pseudo reality of SU(2)c allows us to rewrite QC2D Lagrangian with massless quarks as

<latexit sha1_base64="cVRZtEVpPwvdRMFO3/SGgVw6m9k="></latexit>

=  †i@µ�
µ � gs 

†Aa
µT

a
c �

µ 

with
<latexit sha1_base64="Ky/keRYDhWCsx2A1M3yTLWPEjys="></latexit>

 ̃L = �2⌧2c  
⇤
L

<latexit sha1_base64="8unulYZW7w6vCM4esjYFguSL3fY="></latexit>

 = ( R,  ̃L)
T = (uR, dR, ũL, d̃L)

T

<latexit sha1_base64="os6Hx+8GI7XTH7B0t2K5gPI3NX0="></latexit>

�µ = (1,�i)Four-dimensional Pauli matrix:

- is obviously invariant under
<latexit sha1_base64="EFZalOBQcPi4t5ZpR8v0iXtcgYw="></latexit>

LQC2D
<latexit sha1_base64="iYkEtGLO94+vJ0VL5uCK4EApM/Q="></latexit>

 ! g 

<latexit sha1_base64="mHfHDntLCxR4wfljCDh5fQZ3oOk="></latexit>

LQC2D =  ̄i@ � gs ̄A
aT a

c  

Pauli-Gursey SU(4) symmetry as the extended chiral symmetry

In two-flavor:

Pauli (1957), Gursey (1958)

<latexit sha1_base64="ttkkqYcrbsrg+ZifUxLE6ohZMtQ="></latexit>

[g 2 SU(4)]

<latexit sha1_base64="xc/niFPCcH8Kr7peE7BvsoENUE4="></latexit>

�2�a�2 = �(�a)⇤pseudoreality:

<latexit sha1_base64="fG1GWwJWYmRTHWnNvtoQghhy+54="></latexit>

 ̄ =
1

2

⇣
 T�2⌧2cE

T + †�2⌧2cE 
⇤
⌘

chiral symmetry breaking pattern reads
<latexit sha1_base64="gbFbaRJDQ69eVzMkrjN48ST2W04="></latexit>

SU(4) ! Sp(4)

- is NOT generally invariant under SU(4) transformation, but
only invariant under               satisfying

<latexit sha1_base64="s6C35xskTPIc878R5joiRZ31qYM="></latexit>

 ! h 
<latexit sha1_base64="Kcmpn59wXX8897HWsgnEE3FIv9o="></latexit>

hTEh = E
<latexit sha1_base64="aQR+qnIT8DJ/FQFhneqOFuClOC0="></latexit>

[then h 2 Sp(4)]

<latexit sha1_base64="Vz16pyADF7QmQUYNhikCCgC4zFQ="></latexit>

q̄
<latexit sha1_base64="yzWJZNuoKQ7063YwydY14WE00Qo="></latexit>q

<latexit sha1_base64="mLF4AmF5k73Ye85VhSY9spgjN+8="></latexit>' gluons are blind

<latexit sha1_base64="pxu8g6DeXS8ivO9bOb+TRrsCRUk="></latexit>

E =

✓
0 1
�1 0

◆
symplectic matrix

Model construction
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・Spin-0 hadron field
- Let us introduce the following quark-bilinear            matrix

<latexit sha1_base64="Ykg027egGThtkuMO77zabiT1NKA="></latexit>

B ⇠ � ip
2
 TC�5⌧

2
c ⌧

2
f 

<latexit sha1_base64="Jdl2gPSDLoKM07eB/lPvMoibtQY="></latexit>

B0 ⇠ � 1p
2
 TC⌧2c ⌧

2
f 

<latexit sha1_base64="bVHQ9QteBs26XXzEwb0ouoO0ANg="></latexit>

⇡a ⇠  ̄i�5⌧
a
f  

<latexit sha1_base64="NhSodwVziQxO3AK4zB4qwumbuYU="></latexit>

� ⇠  ̄ 
<latexit sha1_base64="QfeQQUTTBIpY7HXa0Dn7cpcFjig="></latexit>

aa0 ⇠  ̄⌧af  
<latexit sha1_base64="o61D9PPSuomYm7ceHz0KtCX8jxA="></latexit>

⌘ ⇠  ̄i�5 

- Assignment of hadron fields <latexit sha1_base64="74Hm2/udGg9+yOabNFoyjVJNwBw="></latexit>

Hadron JP
Quark number Isospin

� 0
+

0 0

a0 0
+

0 1

⌘ 0
�

0 0

⇡ 0
�

0 1

B (B̄) 0
+

+2(�2) 0

B0
(B̄0

) 0
�

+2(�2) 0

- matrix     reads
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⌃ij ⇠  T
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2⌧2c i
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⌃ =
1

2

<latexit sha1_base64="PGFurgG+M9tC+at0y71O276yhk8="></latexit>

 = ( R,  ̃L)
T
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= (uR, dR, ũL, d̃L)
T

<latexit sha1_base64="KSanzQdZZV+gTms15trJvtvUEgg="></latexit>=

<latexit sha1_base64="BODNvlirYtqo/bUJQdFUNCrktoc="></latexit>

⌃ ! g⌃gT
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[g 2 SU(4)]
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4⇥ 4

spin-singlet
color-singlet

with

mesons

baryons
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⌃ = � + i⇡a⌧acf,
for

<latexit sha1_base64="lEwW352Ht5qts+pY0gI1/I/F+RE="></latexit>

Nc = 3

Model construction
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・Lagrangian of Linear sigma model (LSM)

- Advantage of LSM
→ we can see mass relation between parity partners <latexit sha1_base64="5YQlAuIV5LRraGJhfx9+SpRElfA="></latexit>

B(B̄) $ B0(B̄0)

<latexit sha1_base64="4+t0eERMLJefUh+PEpzRGDJV2pc="></latexit>

⌘,⇡ $ �, a0
parity partner

- (approximately)            -invariant LSM Lagrangian is given by
<latexit sha1_base64="CFauiCARyreZzwEA/N8kohKKf7w="></latexit>

SU(4)
<latexit sha1_base64="MJl2Q8FLB6Q3hHSMfUoNDEXoAM4="></latexit>

L = tr[Dµ⌃
†
D

µ⌃]� µ̄
2tr[⌃†⌃]� �1

�
tr[⌃†⌃]

�2 � �2tr[(⌃
†⌃)2] + tr[H†⌃+ ⌃†

H] + c(det⌃+ det⌃†)
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◆
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Dµ⌃ = @µ⌃� iµq�µ0{J,⌃} with
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<latexit sha1_base64="BOmwf4MpjEWeJz92/b9vrZoJyvw="></latexit>

H = hqE with
anomaly 

<latexit sha1_base64="2ATJNyQ5VnPV1xIa41QYcyKflHI="></latexit>

m2
0
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U(1)A

current-quark mass effectchemical potential effect

Model construction
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�)

(unobserved)

Hints from QC2D analysis for the
unobserved HQS-singlet              ?

in           world
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Nc = 3
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My hope
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・Mean field

: chiral condensate

: diquark condensate

diquark cond. by lattice

<latexit sha1_base64="VOrm0+UbPhQpkBOzgMH+kBOwSow="></latexit>

�0 ⇠ h ̄ i
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mvac
⇡ = 738MeV
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�1 = c = 0
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mvac
a0

/mvac
⇡ = 2.18

Input here

(large Nc)

lattice
Murakami et al
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�vac
0 = 250MeV
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�0 ⌘ h�i
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� ⌘
⌧
B + B̄p

2

�
- The mean fields are                and

2nd order phase transition at
<latexit sha1_base64="WWFw+LpEJ1SFY6fqoGo7cgOs4fw="></latexit>

µq = mvac
⇡ /2

Iida et al, 2405.20566
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hqqi = 0
<latexit sha1_base64="Xq1wk1KRQHk6U2Xks2RykE1heQo="></latexit>

hqqi 6= 0

: hadronic phase
: baryon superfluid phase

(put by hand)

Results of mean fields
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�0 and � vs µq
<latexit sha1_base64="uDwwG5Q/AqP1LsHt82YdxgjtQ1w="></latexit>

density ⇢ vs µq
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・Results on hadron mass at finite     (T=0)

② nonlinear suppression of “    “ mass due to the mixing 
<latexit sha1_base64="E6PLDeg0FvmNn+hmUMkd7R5aTZg="></latexit>⌘

① zero mode (NG mode of          baryon-number breaking)

① zero mode ② suppressed

- Baryon number violation in superfluid phase
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⌘ $ B0 $ B̄0
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� $ B $ B̄ mixing (0+ sector) 

mixing (0- sector) 

(normalized by         )
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mvac
⇡ = 738MeV
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�1 = c = 0
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mvac
a0

/mvac
⇡ = 2.18

Input here

(large Nc)

lattice
Murakami et al
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�vac
0 = 250MeV (put by hand)
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U(1)

Results of hadron masses
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・Comparison with lattice

① zero mode ② suppressed

M
y 

LS
M

① ゼロ質量 ② 押し下げられる

① (approx.) zero mode 

effect of diquark source ② suppressed
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t a

l)

→

degeneracy by mixingfast transition due to 
diquark source

→
degeneracy by mixing

Results of hadron masses
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・Comparison with lattice

① zero mode ② suppressed

M
y 

LS
M

① ゼロ質量 ② 押し下げられる

① (approx.) zero mode 

effect of diquark source ② suppressed

La
tt

ic
e

(M
ur

ak
am

i e
t a

l)

→

degeneracy by mixingfast transition due to 
diquark source

→
degeneracy by mixing

Succeeded in qualitative understanding!
→ Usefulness of my LSM as a tool to explore QCD-inspired
symmetry aspects at density was proven 

Results of hadron masses

+ Possibility of enhancement of U(1)A anomaly effects at density was discussed
[for detail: Suenaga et al. Phys. Rev. D 107, 054001 (2023)] 

Now we are ready to apply my LSM to other quantities measured on the lattice
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・Topological susceptibility
- Lattice results of topological susceptibility by two groups look inconsistent even at qualitative level 

Japanese group
Iida-Itou-Lee (2019)

Russian group
Astrakhantsev et al (2020)

~ constant

phase transition

suppressed

<latexit sha1_base64="55GpOOyaIj8dAaCxORFD6n/OPeo="></latexit>

Q =
g2

64⇡2
✏µ⌫⇢�Ga

µ⌫G
a
⇢�with topological operator

<latexit sha1_base64="0VhaE4W+IDR/890BaL8kRjdpX/M="></latexit>

�top = �
Z

d4x
�2�QC2D

�✓(x)�✓(0)

�����
✓=0

= �i

Z
d4xhQ(x)Q(0)i

Definition of topological susceptibility

- We applied LSM to theoretically explore fate of          in dense QC2D
<latexit sha1_base64="scWSDwGRRWznZQCNx1ypPuYajzM="></latexit>�top

cf, Instanton, ‘tHooft (1986)

inconsistent

Application 1: Top. susceptibility
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・Theoretical background of
- QC2D generating functional with a θ-term is

<latexit sha1_base64="zmgYiI13GUPNhPq6tp4MvfR4K7s="></latexit>

 ! exp (i✓/4�5) U(1)A axial transformation

- θ dependence is absorbed into quark mass term via Fujikawa’s method
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�top = �
Z

d4x
�2�QC2D

�✓(x)�✓(0)

�����
✓=0

=
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4
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d4xh( ̄i�5 )(x)( ̄i�5 )(0)i
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�⇡�
ab =

Z
d4xh( ̄i�5⌧af  )(x)( ̄i�5⌧ bf )(0)i

current quark mass

- Matching enables us to evaluate      and      within LSM<latexit sha1_base64="eoBFY5mwDdLLgDLinpWbvT6VxFY="></latexit>�⇡
<latexit sha1_base64="2+fSeepIvzL4UrmvZhp713mVjZc="></latexit>�⌘
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
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⇢�

◆�
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ZQC2D = ZLSM

<latexit sha1_base64="xFavPSMdlBI9zLHsNYyQdZLhc/w="></latexit>

=
f2
⇡m
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⇡
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✓
1� �⌘
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◆

Application 1: Top. susceptibility
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・Results
- within LSM for                                    reads

→ pion
<latexit sha1_base64="9SRivgCHUE/pbpVPOBjau9BU7og="></latexit>

⌘B0B̄0

mixed

→ TOTAL
→ pion
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⌘B0B̄0

mixed

→ TOTAL

<latexit sha1_base64="scWSDwGRRWznZQCNx1ypPuYajzM="></latexit>�top

- Anomaly effect is absent → is always vanishing
<latexit sha1_base64="CzXNYs4zv2APQLeyyGI4u80hsoo="></latexit>

(mvac
⌘ = mvac

⇡ )

<latexit sha1_base64="TWJiRmHCVbwKvKz6HeOZfFvhNko="></latexit>

(mvac
⌘ > mvac

⇡ )

<latexit sha1_base64="scWSDwGRRWznZQCNx1ypPuYajzM="></latexit>�top

- Anomaly effect is present → is positively induced
<latexit sha1_base64="scWSDwGRRWznZQCNx1ypPuYajzM="></latexit>�top

For               , topological susceptibility asymptotically approaches zero<latexit sha1_base64="sSNMZUdeR/nm8xtF9T2AEWQi3WA="></latexit>µq ! 1

<latexit sha1_base64="dNTS5Yx2fblxPyvNPcPDY1XpCkA="></latexit>

mvac
⌘ /mvac

⇡ = 1.0, 1.5

NO anomaly
<latexit sha1_base64="JOBB/JenlGwC4y0DtJlUKQvrk3c="></latexit>

mvac
⌘ = mvac

⇡

substantial anomaly
<latexit sha1_base64="TgeTv6e9SiFJiZJn+hb8X+Du61o="></latexit>

mvac
⌘ = 1.5mvac

⇡

Application 1: Top. susceptibility
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・Asymptotic behavior
- Asymptotic behavior of          for

<latexit sha1_base64="scWSDwGRRWznZQCNx1ypPuYajzM="></latexit>�top

<latexit sha1_base64="6BtUthZFrrl6wdz3962ua3OgTfA="></latexit>

/ µ�2
q

<latexit sha1_base64="ZZovAJh8jLj1paF8/G3DgD4wEsU="></latexit>

mvac
⌘ /mvac

⇡ = 1.05, 1.2, 1.5

Application 1: Top. susceptibility

- Black curve is analytic solution for large
<latexit sha1_base64="pkem6Su2an7HKPuJXbVSUr4dS00="></latexit>

�top = �mlh ̄ i
4

✓
1� �⌘

�⇡

◆ <latexit sha1_base64="dvFdg7E8NVi8nEMIFsu7c/4WmlA="></latexit>

! (fvac
⇡ )2(mvac

⇡ )4

12
µ�2
q

essentially from the chiral restoration
<latexit sha1_base64="0CU1tBDSyREyC+Ahwop6JzHh2kY="></latexit>

�0 / µ�2
q

<latexit sha1_base64="E2nmX2q/5mdp86ZxUWZAO8kSqB4="></latexit>µq

suppressed
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・Asymptotic behavior

Iida-Itou-Lee (2019) Astrakhantsev et al (2020)
~ constant suppressed

<latexit sha1_base64="nK8625uwVt/eH7id7QuCZ9l1amA="></latexit>

µcr

comparison with lattice
- Russian group result shows        behavior?

<latexit sha1_base64="tYp3BUxA7fMx0LnrlZrgA5kZTQQ="></latexit>

µ�2
q

- Japanese group result could suggest enhancement
of U(1) anomaly at finite density?

- Asymptotic behavior of          for
<latexit sha1_base64="scWSDwGRRWznZQCNx1ypPuYajzM="></latexit>�top

- Black curve is analytic solution for large
<latexit sha1_base64="pkem6Su2an7HKPuJXbVSUr4dS00="></latexit>

�top = �mlh ̄ i
4

✓
1� �⌘

�⇡

◆ <latexit sha1_base64="dvFdg7E8NVi8nEMIFsu7c/4WmlA="></latexit>

! (fvac
⇡ )2(mvac

⇡ )4

12
µ�2
q

<latexit sha1_base64="6BtUthZFrrl6wdz3962ua3OgTfA="></latexit>

/ µ�2
q essentially from the chiral restoration

<latexit sha1_base64="0CU1tBDSyREyC+Ahwop6JzHh2kY="></latexit>

�0 / µ�2
q

<latexit sha1_base64="E2nmX2q/5mdp86ZxUWZAO8kSqB4="></latexit>µq

<latexit sha1_base64="ZZovAJh8jLj1paF8/G3DgD4wEsU="></latexit>

mvac
⌘ /mvac

⇡ = 1.05, 1.2, 1.5

- When                is not so large, my LSM result
does not yield the sizable suppression

<latexit sha1_base64="0vjFkjilZ8Z5Qxyh8Jva7nYyUQ4="></latexit>

mvac
⌘ /mvac

⇡

Application 1: Top. susceptibility

suppressed



18/20

・Sound velocity peak from chiral partners

<latexit sha1_base64="7u5FslGADRfBevyeh6qr/Y/WhNo="></latexit>

p = f2
⇡m

2
⇡

✓
µ̄2 +

1

µ̄2

◆ <latexit sha1_base64="92hNz2xYjQ7RZJnO2aaxb5cYzbk="></latexit>

+f2
⇡m

2
⇡


4

�m̄2
��⇡

(µ̄2 � 1)2
�

<latexit sha1_base64="s73Im2Hwsi02JQ58q7B1wXlQ4Y4="></latexit>

✏ = f2
⇡m

2
⇡


(µ̄2 + 3)(µ̄2 � 1)

µ̄2

� <latexit sha1_base64="ea1EXdqNX/aRwUcTzoRtGJNTzQk="></latexit>

+f2
⇡m

2
⇡


4

�m̄2
��⇡

(3µ̄2 + 1)(µ̄2 � 1)

�

<latexit sha1_base64="1JgdDyZ997t3umDAQU30iylbK6g="></latexit>

c2s =
(1� 1/µ̄4) + 8(µ̄2 � 1)/�m̄2

��⇡

(1 + 3/µ̄4) + 8(3µ̄2 � 1)/�m̄2
��⇡

<latexit sha1_base64="EiVq8JqsPgfAvFX+CqCia7mcCbQ="></latexit>

8(µ̄2 � 1)/�m̄2
��⇡

<latexit sha1_base64="c8LkxH7eOuA5XuJ49fXnX2vLek4="></latexit>

8(3µ̄2 � 1)/�m̄2
��⇡

Universal structure:

cf, lattice

Sound velocity peak is induced thanks to the presence of     meson<latexit sha1_base64="lQRz9pokFCVY+6MK3m1hEq1d7Rs="></latexit>�

Application 2: Sound velocity

pressure:

<latexit sha1_base64="eVEsCImLiupFBBFHdz0PHPgrN8I="></latexit>

(ChPT result) + (1/�m̄2
��⇡ contribution)

energy:

sound velocity:

<latexit sha1_base64="s96xrrjmrA3zYRzvZPb40QGHOjM="></latexit>

�m̄2
��⇡ = (m2

� �m2
⇡)/µ

2
cr

<latexit sha1_base64="KhgN4vOTrsW8DFYQLI0MalsDbTg="></latexit>

µ̄ = µ/µcr = 2µ/m⇡with
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・Extension of LSM to incorporate spin-1 hadrons

<latexit sha1_base64="1k0SSuQO8VOqKwEav63HyLgToGM="></latexit>

C ~ mixing strength between spin-0 and spin-1 hadrons
<latexit sha1_base64="DAawZmyXiAcQz5vbRkD6dC8s34w="></latexit>g� ~ coupling strength among spin-1 hadrons
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<latexit sha1_base64="Ls3riMxSB6PIZvgkgSPZ0PfjB7A="></latexit>

zero point

<latexit sha1_base64="qAPE0c5z8zJRu31rpqCMfaq8TXI="></latexit>

g� = 5, C = 12

axialvector condensed phase

<latexit sha1_base64="wsPm4PaA8dDRYmxettQN0oFI/KU="></latexit>

a1, BS , B̄S mix

<latexit sha1_base64="yElV39273GDvCfz5CN+40q69joE="></latexit>

f1

<latexit sha1_base64="xdJpdzTppsOq9FO3wm9BtS9GiT4="></latexit>a1

<latexit sha1_base64="8mb4ZrlwhEt5oRZO2jp2bLazt5I="></latexit>

BS
<latexit sha1_base64="canBBODg0eSal9pWNyaQgfINfGc="></latexit>

B̄S

0.0 0.5 1.0 1.5 2.0

0

1

2

3

4

μq /mπ
(H)

1-
ha
dr
on
m
as
se
s

<latexit sha1_base64="WfJmpo1FR6pKAvVlvAQXDBA3Uxg="></latexit>⇢
<latexit sha1_base64="HxgV3ehCfNHQra0Uixa6+ElJEu8="></latexit>

BAS
<latexit sha1_base64="Y7OvuOA8g+ZPMVbl7Hy6EnLQeW8="></latexit>

B̄AS
<latexit sha1_base64="Fx1zDgNX/J1nTFPDj+m/8hKsruo="></latexit>!

<latexit sha1_base64="7tTWUAUqJ0+HhW2AxJF4PKi94uI="></latexit>

!, BAS , B̄AS mix

<latexit sha1_base64="qAPE0c5z8zJRu31rpqCMfaq8TXI="></latexit>

g� = 5, C = 12

axialvector condensed phase
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<latexit sha1_base64="wsPm4PaA8dDRYmxettQN0oFI/KU="></latexit>

a1, BS , B̄S mix

<latexit sha1_base64="yElV39273GDvCfz5CN+40q69joE="></latexit>

f1

<latexit sha1_base64="xdJpdzTppsOq9FO3wm9BtS9GiT4="></latexit>a1

<latexit sha1_base64="8mb4ZrlwhEt5oRZO2jp2bLazt5I="></latexit>

BS
<latexit sha1_base64="canBBODg0eSal9pWNyaQgfINfGc="></latexit>

B̄S

<latexit sha1_base64="lTX5ymVGgs43I+LLnQA2iMSiZWA="></latexit>

g� = 10, C = 12
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<latexit sha1_base64="WfJmpo1FR6pKAvVlvAQXDBA3Uxg="></latexit>⇢
<latexit sha1_base64="HxgV3ehCfNHQra0Uixa6+ElJEu8="></latexit>

BAS
<latexit sha1_base64="Y7OvuOA8g+ZPMVbl7Hy6EnLQeW8="></latexit>

B̄AS
<latexit sha1_base64="Fx1zDgNX/J1nTFPDj+m/8hKsruo="></latexit>!

<latexit sha1_base64="7tTWUAUqJ0+HhW2AxJF4PKi94uI="></latexit>

!, BAS , B̄AS mix

<latexit sha1_base64="lTX5ymVGgs43I+LLnQA2iMSiZWA="></latexit>

g� = 10, C = 12

<latexit sha1_base64="rKZclEb+sv9notUgDuW96yiftxM="></latexit>⇢ mass reduction
→ consistent with lattice

vector condensate?
axialvector condensate?

Possibility of

Extension of my LSM

cf, Lenaghan-Sannino-Splittorff (2002) 
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- I constructed Linear sigma model (LSM) in QC2D and studied masses of spin-0 hadrons 
including parity partners at finite

comparison with lattice (qualitatively good)

<latexit sha1_base64="E2nmX2q/5mdp86ZxUWZAO8kSqB4="></latexit>µq

(- Possibility of U(1)A anomaly enhancement at large      )<latexit sha1_base64="E2nmX2q/5mdp86ZxUWZAO8kSqB4="></latexit>µq

- Theoretical indication of suppression of the topological susceptibility at large

- My LSM can be regarded as a useful tool to explore cold and dense matter from symmetry viewpoint

- The sound velocity peak from chiral-partner structure
- Model extension with spin-1 hadrons

MESSAGE: QC２D lattice is a useful numerical experiment to focus on!

Pursue nature of SHB in              world via diquark analysis in             world<latexit sha1_base64="lEwW352Ht5qts+pY0gI1/I/F+RE="></latexit>

Nc = 3
<latexit sha1_base64="6w44L8ORTUjYWNqLKxbXXSO4nCk="></latexit>

Nc = 2

<latexit sha1_base64="lEwW352Ht5qts+pY0gI1/I/F+RE="></latexit>

Nc = 3 <latexit sha1_base64="6w44L8ORTUjYWNqLKxbXXSO4nCk="></latexit>

Nc = 2
Another direction/extension

- Extension to 2+1 flavor at zero/finite temperature

Conclusions

<latexit sha1_base64="E2nmX2q/5mdp86ZxUWZAO8kSqB4="></latexit>µq

no need to access dense medium


