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Sign puzzle with longitudinal polarization

L. Adamczyk et al., Nature 548, 62 (2017)
Non-isotropic geometry

induces local  polarization
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Sign puzzle with longitudinal polarization

F. Becattini and I. Karpenko, PRL, 2018 T. Niida, Nucl. Phys. A 982, 511 (2019)

Secondary decay contribution？

See also Hui Li’s talk
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A.   Spin density matrix

Basic definition

In non-interacting 
approximation
(single particle)

Analytic continuationHermitian

Small rotation Thermal vorticity tensor
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A.  Mean spin of single particle

Mean spin vector with momentum p

Lorentz transformation
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B.   Polarization transfer in two-body decays

Two-body quantum superposition in helicity basis

(Wigner D matrix)

Density matrix 
for Daughters

Differential density matrix

(Dynamic amplitude)

Two-body
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B.   Polarization transfer in two-body decays

Mean spin vector of the Daughter 1

Reduced spin density matrix
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B I.   Σ ∗ → 𝚲+ 𝝅

Specific conditions

Λ rest frame
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B II.   Σ 𝟎 → 𝚲+ 𝜸

Specific conditions

Helicity conservation

Λ rest frame
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C.   Average longitudinal polarization

Mean spin vector average over Mother distribution 

The magnitude of momentum for Daughter fixed 
in Mother frame

Momentum of Mother



2019/4/10 @ Tsinghua University 12

C.   Average longitudinal polarization

High energy collision, longitudinal polarization dominates

Primary mean Spin

Variable redefinition

Non-vanishingShows up in 𝑛(𝑝)
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Numerical results

Number density

F. Becattini and I. Karpenko, PRL, 2018 L. Adamczyk et al. ,PRC, 2013
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Numerical results

Fitting to the case 𝑆 = 200 𝐺𝑒𝑉

Hydro estimation:

Suppressed compared to only considering primary contribution  

R
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Numerical results

Good sin 2𝜑 feature with the polarization transfer factor
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Summary

 Longitudinal polarization is studied within relativistic 
quantum mechanics by taking into account secondary
contributions from decay 

 𝚺∗ contributes to the same polarization heritage,
𝚺𝟎 contributes to the opposite one

 The sign puzzle can’t be explained by the polarization 
transfer

Thanks!
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