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1. Angular distribution of 𝒇𝟐 𝟏𝟐𝟕𝟎 → 𝝅𝝅 2-body decay

① Partial width and coupling constant

② General angular distribution(Lagrangian)

③ General angular distribution(Helicity formalism)

2. Spin density matrix of 𝒇𝟐 𝟏𝟐𝟕𝟎 in HIC

① Thermal production of 𝒇𝟐 𝟏𝟐𝟕𝟎 in HIC

② Spin density matrix element

③ Elliptic expansion and thermal vorticity

④ Result: Diagonal elements and 𝝆𝟐𝟎



• Global orbital angular momentum(OAM) 103~105ℏ is generated in 

peripheral HIC along the y-axis(perpendicular to the reaction plane)

• OAM
LS−coupling

Quark spin polarization → Global spin polarization/alignment 

of hadron

• Spin polarization: Ԧ𝑆

• Spin alignment: 𝜌00



• Λ Hyperon(𝐽 = Τ1 2) global polarization through Λ → 𝑝 + 𝜋(Weak decay)

• Au+Au in STAR Collaboration(10.1038/nature23004)
𝑑𝑁

𝑑cos𝜃
=
1

2
1 + 𝛼Λ𝑃Λ cos 𝜃

• Vector meson (𝐽 = 1) global spin alignment through

• 𝐾∗ → 𝐾 + 𝜋, 𝜙 → 𝐾+ + 𝐾−(10.1103/PhysRevLett.125.012301(ALICE), 10.1038/s41586-022-05557-5(STAR))

• 𝐷∗ → 𝐷 + 𝜋(Strong decay)(10.1007/JHEP10(2025)094(ALICE))
𝑑𝑁

𝑑cos𝜃
=

3

8𝜋
1 − 𝜌00 + 3𝜌00 − 1 cos2 𝜃

• Τ𝐽 𝜓 → 𝑒+ + 𝑒−(EM decay)
𝑑𝑁

𝑑cos𝜃
=

3

16𝜋
1 + 𝜌00 + 1 − 3𝜌00 cos2 𝜃



• Higher spin particle: 𝑓2 1270 → Higher density matrix dimension

• 𝑓2 1270 → 𝜋 + 𝜋 will provide more information than spin alignment of 

vector meson.

• General angular distribution will be given as a function of 𝜃, 𝜙, 𝜌𝑖𝑗
• 𝜌𝑖𝑖 and 𝜌20 of 𝑓2 will be given as a function of azimuthal angle in the 

transverse plane



10.1103/PhysRevC.72.019903, 10.1103/PhysRevD.47.1043

𝑔𝑓2𝜋𝜋 = 5.89



① Initial state: σ𝜆=−2
2 𝑎𝜆𝜀

𝜇𝛼 Ԧ𝑝, 𝜆



② Helicity formalism(Wigner D-matrix)

Initial quantization axis(Axis diagonalizing the spin density matrix)

→ Rotation→ Aligns with momentum(𝜃, 𝜙) of produced particle

𝑱𝑷 = 𝟐+

Angular distribution of 𝐽 → 0 + 0





• Spin density matrix in thermal production

• Spin and vorticity in perfect equilibrium

• Ԧ𝑆: Spin matrix, Ω: Thermal vorticity, T: Temperature

𝜌 Ω, 𝑇 =
1

𝑍
𝑒
Ԧ𝑆⋅Ω
𝑇

𝑍 = 1 + 2 cosh Ω + 2 cosh 2Ω



• Lorentz invariant particle production distribution

𝐸 Ԧ𝑝

𝑑𝑁

𝑑3𝑝
=

𝑑𝑁

2𝜋𝑝𝑇𝑑𝑝𝑇𝑑𝑦
1 + 2෍

𝑛=1

∞

𝑣𝑛 𝑦, 𝑝𝑇 cos 𝑛 𝜙 − Ψ𝑅𝑃
𝑛

𝜙: Azimuthal angle of particle momentum in the transverse plane

𝑣2: Elliptic flow

• Initial spatial deformation → Anisotropy in momentum distribution

• Global OAM gives global vorticity and elliptic flow gives local vorticity





• Elliptical parameterization of interaction region in fireball(Elliptic flow effects)

𝑥 = 𝑟𝑚𝑎𝑥 1 − 𝜖 cos 𝜙𝑟 , 𝑦 = 𝑟𝑚𝑎𝑥 1 + 𝜖 sin𝜙𝑟 , 𝑧 = 𝜏𝑓
2 + 𝑥2 + 𝑦2 sinh 𝜂

• 𝜙𝑟: Azimuthal angle in the transverse plane, 𝜂: Spacetime rapidity

• Flow velocity and thermal vorticity (T: Freeze-out temperature = 165 MeV)

𝑢𝜇 =
𝑡

𝑁
,
1 + 𝛿

𝑁
𝑥,

1 − 𝛿

𝑁
𝑦,
𝑧

𝑁
,𝑁 = 𝜏𝑓

2 − 𝛿 𝑥2 − 𝑦2 ,

Ω𝜇𝜈 = −
1

2𝑇
𝜕𝜇𝑢𝜈 − 𝜕𝜈𝑢𝜇 −

1

2𝑇2
𝑢𝜇𝜕𝜈𝑇 − 𝑢𝜈𝜕𝜇𝑇

• 𝜖: Size deformation(Elongation of fireball)

• 𝛿: Transverse flow anisotropy

• 𝜏𝑓: Lifetime of a system

• 𝑟max: Transverse size of fireball



• Local thermal vorticity 3-vector Ω𝑖 =
1

2
𝜀𝑖𝑗𝑘Ω𝑗𝑘

Ω1 =
𝑦𝑧

𝑇𝑁3
1 − 𝛿 − 1 − 𝛿 ,Ω2 =

𝑧𝑥

𝑇𝑁3
1 + 𝛿 − 1 − 𝛿 ,Ω3 =

𝑥𝑦 1 − 𝛿2

𝑇𝑁3
1 + 𝛿 − 1 − 𝛿

• Thermal parameters for 3 different centrality classes(10.1103/PhysRevC.100.054907, 
10.1103/PhysRevC.105.064901)



• Average over spacetime rapidity −4 ≤ 𝜂′ ≤ 4

𝜌𝑖𝑗 𝜙𝑟 =
1

𝜂 − 𝜂0
න

𝜂0

𝜂

𝑑𝜂′𝜌𝑖𝑗 𝜙𝑟 , 𝜂
′

• Perfect equilibrium between spin and vorticity

• 𝜌 𝑖 ≠ 𝑗 𝜙𝑟 = 0 except 𝜌20 = 𝜌0−2

• Calculated 𝜌𝑖𝑖 𝜙𝑟 and 𝜌20 𝜙𝑟 for 3 cases in 3 different centrality 
classes(0~15%, 15~30%, 30~60%)

1. No global vorticity

2. Addition of global vorticity Ω2 x, y, z → Ω2 x, y, z + Ωglobal = 0.024 10.1103/PhysRevC.95.054902

3. Addition of global vorticity Ω2 x, y, z → Ω2 x, y, z + Ωglobal = 1.2



• Density matrix becomes 

more oscillatory as 

centrality increases









• General angular distribution of 𝑓2 → 𝜋 + 𝜋 has been calculated

• 𝑓2 spin density matrix element plotted as a function of azimuthal 

angle 𝜙𝑟

• The oscillatory increases with centrality

• 𝜌00 increases with the addition of global vorticity


