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Tensor Polarization in the Heavy-ion Collisions

Tensor Polarization in the Heavy-ion Collisions

m Tensor polarized — (s\%(jzj] + JjJi) — %jz\s’> #0
m Carried by massive particles with spin larger than or equal to 1

m Measured via the decay processes of ¢, K* and J/W¥
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Angle between the spin of the mother and the momentum of the
daughter particle in the P.R.F.
Angle-dependence vanishes if pog = 1/3(no tensor polarization)

m Measured results: significant deviation of pgy from 1/3 (expectation
value in the un-polarized case) observed in both the STAR & ALICE
experiments

m Should be induced by the gradients of the flow fields
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Spin-Density Matrix
Spin-Density Matrix

Definition (written in terms of the fields operators A..)

Pss' (X, k) = 2wy / dBref(k) - A_(T,X +1/2)es (k) - A (T, X —1r/2)e kT

—3/2 1 —ik-x, _ if
At (z) = (27) /Z/mf’ a(s,k)e ;A =4AF
€s: polarization vector of the fields

Normalization Condition

d3Xd3’k d3Xd3
> / X100 = 2 / Trle™50 o (X, k)] = 1

M.R.F—P.R.F. . . : . :
————— "% Measured in the experiments with N being particle number
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Linear Response to the Gradients of the Flows

Linear Response to the Gradients of the Flows

Deviation (of spin-density matrix from 1/3) oc perturbation:

e K) % =i [ dBB(t = Do, ), H; (D)o

Perturbation (neglecting OT") aroused by the gradients of the flow:

H 7't/A3,‘ji/,
() = dt d°xT7"(t")0;u; (1) < Ho.

Stress-energy tensor: THY = J(rhE ;0% AP A% + m2xhi AT AP)

| Fourier transform on =z — q

67)35’ (q k) ~ 2wk€:u(k)68/V(k)§Hyji (q’ k)qlﬁ’; (q>

- de ImIT*Y7% (wy,, q, k)liwn*}z+i0+

EIt(q,k) =
(g, k) (z —i01T) (g0 — =z +i01)

I*Y9% (r, x, k) = /dSrTT(A’i(—iT,x +1/2)AY (—ir,x — £/2)T?*(0))ge ™ "*T
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Polarization of Ideal Meson Gas

Polarization of Ideal Meson Gas

After neglecting the interactions among the Spin-1 particles
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dss» — scalar polarization, which reflects the change of phase space distribution in
the presence of u#, i.e., f(wx) — f(wx — k- u), at a vanishing ¢°

€op(K)eso (k) — €so(k)es (k) oc Jssr — vector polarization

Tensor-polarization is absent in ideal meson gas
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Conclusions & Discussions

Conclusions & Discussions

m We develop a universal formalism for calculating the polarization
matrix of the vector mesons induced by the flow gradients near
thermal equilibrium.

m See only the vector polarization being induced by the first order
gradients of the flow field in the ideal gas composed of vector mesons

m The tensor polarization of the ¢ or K* mesons, observed in the heavy
ion collisions, should be caused by the interactions among the particles
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