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Background & Motivation
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𝑆𝑈 2 !×𝑆𝑈 2 " ≈ 𝑂(4)

Ø The chiral symmetry
breaking is a second
order phase transition

QGP with chiral symmetry
!𝑞!𝑞" = 0, 

quarks and gluons

Broken chiral symmetry
!𝑞!𝑞" ≠ 0 hadrons

Crossover
Transition
𝑇#$%&& ≈
160 MeV

𝑇

𝜇'

CEP
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𝑢! , 𝑑! 𝑢" , 𝑑"

Ø Massless quark (𝑚# =
𝑚$ = 0) :
𝑢!′
𝑑!′

= 𝑈!
𝑢!
𝑑! ,

𝑢"′
𝑑"′

= 𝑈"
𝑢"
𝑑"
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Ordered state. 1𝑞!𝑞" = 1𝜎I%×%
similar to magnetization M

The slow modulation of the 𝑆𝑈' 2
phase of 1𝑞!𝑞 is a pion, 1𝑞!𝑞" =
Σ𝑒( % ), 𝜑 = 𝜋*𝑡*

Ø 𝑇 < 𝑇+(𝑜𝑟 𝑇+,)	Normal phase (chiral symmetry breaking)

Ø 𝑇 > 𝑇+ 𝑜𝑟 𝑇+, 	Disordered phase (chiral symmetry restored)

Pion propagation is
frustrated

Comparing to Ising model

Background & Motivation
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Background & Motivation

Ø  GMOR relation (Black dots in Fig.)

𝑚-
% =

𝑚$ +𝑚# 1𝑞𝑞
𝑓-%

+ 𝑂(𝑚$#
% )

Ø The damping Ω in the limit of soft explicit 
breaking satisfies the following relation:

Ω = 𝐷)𝑚%

Ø A useful phenomenological parameter:

 when 𝑇 → 0, 𝜏% → .
/
 Universal results?Our previous works

[PhysRevD.102.126014,JHEP08(2021)005]

[PhysRevD.102.014042]Long wavelength modes

Soft pion modes Hadronic states

𝑚.	Decrease 

𝜏( = 𝐷)/𝐷*,	
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[PhysRevLett.95.261602]



2. Soft-wall AdS/QCD model

Action: 𝑆 = ∫𝑑0𝑥 𝑔𝑒12 3 Tr 𝐷4𝑋 % − 𝑉 𝑋 − 5
/6!"

𝐹"% + 𝐹!%
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[PhysRevD.74.015005, PhysRevLett.95.261602]

𝑋 = 𝜒 + 𝑆 𝑡+𝑒,-(.!/! , 𝑡+ = 0"
(
, 𝑡1 = 𝜎-/2

Δ − 𝑝 Δ + 𝑝 − 𝑑 = 𝑚2
(

This model can describe both
Regge Trajectorie behavior and
spontaneous chiral symmetry
breaking【Physics Letters B 762, 86–95 (2016).】
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𝜒 𝑧 → 0 = 𝑚3𝜁	𝑧 +
𝜎
𝜁 𝑧

4 +⋯
⟨!𝑞𝑞⟩ chiral condensate

𝑚5 = 𝑚6 = 𝑚3 quark mass
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𝑎+77 + 𝐴7 −Φ7 𝑎+7 −
𝑘( + 𝑒(*𝑔2(Σ(

𝑓 𝑎+ −
𝜔𝑘𝑎+ + 𝑖𝜔𝑒(*𝑔2(Σ(𝜑

𝑓 = 0,

𝑎477 + 𝐴7 +
𝑓7

𝑓
− Φ7 𝑎47 +

𝜔( − 𝑒(*𝑔2(Σ(𝑓
𝑓(

𝑎4 +
𝜔𝑘𝑎4 + 𝑖𝑘𝑒(*𝑔2(Σ(𝑓𝜑

𝑓(
= 0,

and

𝜑77 + 3𝐴7 +
𝑓7

𝑓 − Φ
7 +

2Σ7

Σ 𝜑7 +
𝜔( − 𝑘(𝑓

𝑓( 𝜑 − 𝑖
𝜔𝑎+ + 𝑘𝑓𝑎4

𝑓( = 0.

Ø On-shell action:

Ø EOM with 𝑞 = (𝜔, 0,0, 𝑘):

⟹	

Soft-wall AdS/QCD model
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Ø Asymptotical expansion near UV boundary (𝑚R ≠ 0):
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with

Ø Thus,

Ø Therefore, the two-point Retarded correlator:[JHEP09(2002)042] 

Soft-wall AdS/QCD model
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Integration constants: Sources/expectation for 

𝑎78 and 𝑎98
*#"
6!"

and  *$"
6!"

𝐴:

2𝜑8𝑚;𝜁
1
2𝜑%𝑚;𝜁 𝜋

𝐺)) 𝑞 = <"=%&
<>' 1; <>' ;

= 5
%?(@A

"
%( *#" ; BC*$" ; D

6!")) ;
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Ø Asymptotical expansion near UV boundary (𝑚R ≠ 0):

Ø On-shell action:

Ø At this consequence, STU! R TV
W   has to be identified as the 

source of pion operator and TV
S/WTU"(R)

 its expectation value.

Soft-wall AdS/QCD model
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⟹ 𝐺)) 𝑞 =
𝛿(𝑆%8

𝛿𝐽) −𝑞 𝛿𝐽) 𝑞 =
!𝜑( 𝑞 𝑔2(

2𝑖[𝑎/( 𝑞 𝜔 + 𝑎9( 𝑞 𝑘]



10

More details in [10.1103/PhysRevLett.128.141601]

Goldstone Diffusivity, Diffusion constant 
of conserved charge

Pion decay constant:

3. Numerical results
Ø Correlators:

Ø Static Correlators:
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Attenuation constant:

Ø Dispersion relation in 
the chiral limit:

Ø Dispersion relation 
with finite quark 
mass:

Numerical results
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[10.1103/PhysRevD.106.056012]

Is it an effect of strong coupling? Is 
it an effect of large-N?

Numerical results
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Ø Speed of sound

Ø A useful phenomenological 
parameter:

𝜏( = 3/4
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Numerical results
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Ø The bound of the 
GMOR relation
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Low temperature 𝑇 << 𝑇+	

Near critical  temperature 𝑇 ∼ 𝑇+	

ØUniversal damping relation

With large quark mass, this 
relation appears to be 
violated in both directions

Numerical results

2023/12/18 QPT@ 中国·珠海

ØDamping (or thermal width 
at k=0) 



Outlook
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ØIt would be interesting to compute the effects of a finite pion
mass on the QCD transport properties such as the shear viscosity
or the axial conductivity and investigate further the scaling
behaviors of the transport coefficients close to the critical point;

ØIn our analysis the dynamics and role of the amplitude mode (the
σ meson) has been completely neglected. Close to the critical
temperature, the effects of the amplitude mode could be
dramatic;

ØFinally, it would be fruitful to extend our analysis to the time
dependent dynamics and analyze the thermalization properties of
this system near the critical point.

Thanks for your attention!
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