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dileptons

Vector Mesons as Key to Dilepton Probes
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The spin alignment of vector mesons



5Why a New Framework? Beyond 
Previous Models

(𝑇𝑖)𝑗𝑘 =
−𝑖𝜖𝑖𝑗𝑘 0

0𝑇 0

•Incomplete full meson (scalar & vector).

•Non−trivial extension to the (2+1) flavor case.

Existing FRG studies with vector mesons

𝑇𝑖
5 =

03×3 −𝑖 Ԧ𝑒𝑖
𝑖 Ԧ𝑒𝑖

𝑇 0

Phys. Rev. D 95, 036020 (2017)

Our Goal: To develop a unified and extensible Quark-Meson model within FRG that consistently 
incorporates all scalar, pseudoscalar, vector, and axial-vector mesons.

Scalar(pseudoscalar)         𝜙 = 𝜋, 𝜎 𝑇 Vector(axial-vector) 𝑉𝜇 = Ԧ𝜌𝜇 ⋅ 𝑇+ Ԧ𝑎1𝜇 ⋅ 𝑇
5



6The Building Blocks: Fields and Symmetries

⚫ Quark Fields: ψ (coupled to mesons via Yukawa interaction).

⚫ Meson Fields:

• Scalar & Pseudoscalar: Φ = 𝑇𝑎(𝜎𝑎 + 𝑖𝜋𝑎) (where 𝑇𝑎 are generators of 𝑆𝑈(𝑁𝑓))

• Vector & Axial-Vector: Introduced via chiral left/right fields: L𝜇 = 𝑇𝑏൫

൯

𝑣𝑏,𝜇 +

𝑎𝑏,𝜇 R𝜇 = 𝑇𝑏 𝑣𝑏,𝜇 − 𝑎𝑏,𝜇

⚫ Symmetry: The action is constructed to be invariant under 𝑆𝑈 𝑁𝑓 𝐿
۪𝑆𝑈 𝑁𝑓 𝑅

chiral 

transformations.



Φ5 = 𝑇𝑎(𝜎𝑎 + 𝑖𝛾5𝜋𝑎) V5
𝜇
= 𝑇𝑏(𝑣𝑏

𝜇
+ 𝛾5𝑎𝑏

𝜇
)

L𝜇𝜈 = 𝜕𝜇𝐿𝜈 − 𝜕𝜈𝐿𝜇 R𝜇𝜈 = 𝜕𝜇𝑅𝜈 − 𝜕𝜈𝑅𝜇

7Construction of effective action

◆ Chiral symmetry

◆ The covariant derivative 𝐷𝜇 naturally introduces couplings between the vector (axial-vector) 

and scalar (pseudoscalar) fields.

𝐷𝜇Φ = 𝜕𝜇Φ+ ig(Φ𝑅𝜇 − L𝜇Φ)

Chiral transformation

𝜓𝐿 → ෠𝐿𝜓𝐿 𝜓𝑅 → ෠𝑅𝜓𝑅

Φ → ෠𝐿Φ ෠𝑅†  L𝜇 → ෠𝐿L𝜇 ෠𝐿
†   R𝜇 → ෠𝑅R𝜇 ෠𝑅

†



𝑅𝑘
𝜙
( Ԧ𝑞) = 𝑘2 − Ԧ𝑞2 𝜃(𝑘2 − Ԧ𝑞2)

𝑅𝑘
𝜓
( Ԧ𝑞) = Ԧ𝑞(

𝑘2

Ԧ𝑞2
− 1)𝜃(𝑘2 − Ԧ𝑞2)

෩𝑈𝑘 Φ = 𝑈𝑘 𝜌1, 𝜌2 +
𝑑𝑘
8
Tr[ Φ†Φ−

1

2
Tr Φ†Φ

2

] − 𝑐𝜎

𝜌1 =
1

2
𝜎2 + 𝜋2 𝜌2 =

1

2
(𝜂2 + Ԧ𝑎0

2)

𝜕𝑡 ෩𝑈𝑘 Φ =

Φ = 𝜎 + 𝑖𝜂 𝐼 + Ԧ𝑎0 + 𝑖𝜋 ⋅ Ԧ𝜏

𝐿𝜇 = 𝜔𝜇 + 𝑓1𝑁,𝜇 𝐼 + Ԧ𝜌𝜇 + Ԧ𝑎1𝜇 ⋅ Ԧ𝜏

3D regulator:Flow Equation

𝑚𝜂
2 =

𝜕𝑈𝑘
𝜕𝜌2

𝑅𝜇 = 𝜔𝜇 − 𝑓1𝑁,𝜇 𝐼 + Ԧ𝜌𝜇 − Ԧ𝑎1𝜇 ⋅ Ԧ𝜏

𝑚𝑎0
2 =

𝜕𝑈𝑘
𝜕𝜌2

+ 𝑑𝑘𝜎
2

Explicit breaking chiral symmetry

8

𝑡 = ln
𝑘

Λ is the FRG time

Two flavor case
includes all mesons
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• At the UV cutoff Λ = 1500 MeV, the masses of the chiral partners(𝜌 and 𝑎1, 𝜎 and 𝜋 etc) are 

degenerate. The effective mass of quark approaches zero.

• As the  FRG scale is lowered, the masses of chiral partners split, and the effective mass of quark 

increases.

Scale-dependent Masses
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• Analogous to its dependence on k, chiral symmetry is restored at high temperature, where the masses 

of chiral partner mesons become degenerate and the effective quark mass approaches zero.

Temperature-dependent Masses



𝜌 𝜔, Ԧ𝑝 = 2𝐼𝑚𝐷𝑅 𝜔, Ԧ𝑝 = −2
𝐼𝑚Γ𝑅

2
(𝜔, Ԧ𝑝)

(𝐼𝑚Γ𝑅
2

𝜔, Ԧ𝑝 )2 + (𝑅𝑒Γ𝑅
2

𝜔, Ԧ𝑝 )2

𝜕𝑡Γ𝜌𝜌
(2)

=

Spectral function

Γ𝑅
2

𝜔, Ԧ𝑝 = lim
𝜖→0+

Γ(2) 𝑝0 = −𝑖(𝜔 + 𝑖𝜖), Ԧ𝑝

11

+

Γ𝜌𝜇𝜌𝜈
2 ,⊥

(𝑝) =
1

2
Γ𝜌𝜇𝜌𝜈

2
𝑝 Π𝜇𝜈

𝑇,⊥(𝑝)

Γ𝜌𝜇𝜌𝜈
2 ,||

(𝑝) = Γ𝜌𝜇𝜌𝜈
2

(𝑝)Π𝜇𝜈
𝑇,||

(𝑝)

Projector:

Electric Component:

Magnetic Component:

The spectral function of 𝝆 meson

Analytic continuation
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The spectral function is significantly broadened with increasing temperature and chemical potential.

The spectral function of 𝝆 meson

Jing Wu, Wei-jie Fu, in preparation



➢ We have developed a new FRG framework for the Quark-Meson model 

that includes vector mesons.

➢ We calculated 𝝆 Meson Spectral Function in the Two-Flavor Case. The 

spectral function exhibits significant broadening with increasing 

temperature and chemical potential.

➢ In future work, we plan to apply this framework to study dilepton and 

Vector Meson spin al ignment.

13Summary&outlook



➢ We have developed a new FRG framework for the Quark-Meson model 

that includes vector mesons.

➢ We calculated 𝝆 Meson Spectral Function in the Two-Flavor Case. The 

spectral function exhibits significant broadening with increasing 

temperature and chemical potential.

➢ In future work, we plan to apply this framework to study dilepton and 

Vector Meson spin al ignment.

Thank you very much for your attentions!

14Summary&outlook
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Φ = 𝑇𝑎(𝜎𝑎 + 𝑖 𝜋𝑎) Φ5 = 𝑇𝑎(𝜎𝑎 + 𝑖𝛾5𝜋𝑎) V5
𝜇
= 𝑇𝑏(𝑣𝑏

𝜇
+ 𝑖𝛾5𝑎𝑏

𝜇
)

L𝜇 = 𝑇𝑏 𝑣𝑏,𝜇 + 𝑎𝑏,𝜇 R𝜇 = 𝑇𝑏 𝑣𝑏,𝜇 − 𝑎𝑏,𝜇

L𝜇𝜈 = 𝜕𝜇𝐿𝜈 − 𝜕𝜈𝐿𝜇 R𝜇𝜈 = 𝜕𝜇𝑅𝜈 − 𝜕𝜈𝑅𝜇
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Construction of effective action

◆ Chiral symmetry

◆ The covariant derivative 𝐷𝜇 naturally introduces couplings between the vector (axial-

vector) and scalar (pseudoscalar) fields.

𝐷𝜇Φ = 𝜕𝜇Φ+ ig(Φ𝑅𝜇 − L𝜇Φ)

chiral transformation

𝜓𝐿 → ෠𝐿𝜓𝐿   𝜓𝑅 → ෠𝑅𝜓𝑅

Φ → ෠𝐿Φ ෠𝑅†  L𝜇 → ෠𝐿L𝜇 ෠𝐿
†   R𝜇 → ෠𝑅R𝜇 ෠𝑅

†
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Why a New Framework? Beyond 
Previous Models

𝑉𝜇 = Ԧ𝜌𝜇 ⋅ 𝑇+ Ԧ𝑎1𝜇 ⋅ 𝑇
5

(𝑇𝑖)𝑗𝑘 =
−𝑖𝜖𝑖𝑗𝑘 0

0𝑇 0

•Incomplete full meson (scalar & vector).

•Non−trivial extension to the (2+1) flavor case.

Existing FRG studies with vectors

𝜙 = 𝜋, 𝜎 𝑇

𝑇𝑖
5 =

03×3 −𝑖 Ԧ𝑒𝑖
𝑖 Ԧ𝑒𝑖

𝑇 0

Phys. Rev. D 95, 036020 (2017)

Our Goal: To develop a unified and extensible Quark-Meson model within FRG that consistently 
incorporates all scalar, pseudoscalar, vector, and axial-vector mesons.

Scalar(pseudoscalar) Vector(axial-vector)
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