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New QCD phase diagram: See  YQ  Zhao’s  talk on  Nov.25

Spin aligments :     See   ZT Liang’s talk  on Nov.27    
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Stongly interacting QCD  under  new  extreme conditions 



Experiment results

𝑱/𝝍 are preferably to be transversely polarized.

𝝆𝟎𝟎 < 𝟏/𝟑 𝝆𝟎𝟎 > 𝟏/𝟑

𝝓 are preferably to be longitudinally polarized.

𝝆𝟎𝟎 = 𝟏/𝟑 no spin alignment

ALICE, Phys. Rev. Lett. 131 (4) (2023) 042303. STAR, Nature 614 (7947) (2023) 244–248.
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Theoretical Methods

𝝆𝟎𝟎 ≈
1

3
+ 𝑐ℎ𝑎𝑑𝑟𝑜 + 𝑐𝐸𝑀 + 𝑐𝐹 + 𝑐𝐴 + 𝑐ℎ + 𝒄𝒔𝒕𝒓𝒐𝒏𝒈

Hydrodynamic gradient (vorticity; 
Acceleraction; shear tensor; 
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Larger deviation from 1/3 ?
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Content

𝑱/𝝍 meson in magnetized plasma
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I、Spin alignment

 S-matrix element(                         and ):

where

𝑱𝝁 is the current that couples to V.M. ;

𝑱𝝂
𝒍 is the leptonic current

 Propagators (vacuum):

 Retarded current-current correlation:

 Spectral function:

 Differential production rate:

C. Gale and J. I. Kapusta, Nucl. Phys. B 357 (1991) 65–89

Y. Burnier, M. Laine, M. Vepsalainen,, JHEP 02 (2009) 008.
L. D. McLerran, T. Toimela, Phys. Rev. D 31 (1985) 545. 
H. A. Weldon, Phys. Rev. D 42 (1990) 2384–2387. 
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 Spectral function:

 Polarization vectors:

Orthonormality conditions:

Completeness condition：

 Dilepton production rate:

 Spin alignment:
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𝑱/𝝍meson in magnetized plasma

Spin alignment

Correlation function

𝑱/𝝍 and 𝝓 mesons in hot plasmaⅢ
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II、Correlation function from AdS/CFT

 AdS/CFT dictionary:

where

 Bulk geometry:

 Two-point correlators

 Bulk mesonic action:

 Equation of motion:

Radial gauge condition:

Fourier transformation:

T. Sakai, S. Sugimoto,  Prog. Theor. Phys. 
113 (2005) 843882.

T. Sakai, S. Sugimoto,  Prog. Theor. Phys. 114 
(2005) 1083–1118.
A. Karch, E. Katz, D. T. Son, M. A. Stephanov, 
Phys. Rev. D 74(2006) 015005.
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II、Correlation function in spin space

 Electric fields:

 Boundary condition:

 Equation of motion :

 Correlation function:

Ward identity:

 Spectral function:

D. T. Son and A. O. Starinets, JHEP 09 (2002) 042
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Mamani  ,  Hou, Braga,  PRD 105, 126020 (2022)

The spectral function of heavy vector mesons



III、 𝑱/𝝍 and 𝝓 mesons in hot plasma

Spectral function

𝑱/𝝍
𝝓

𝑻 = 𝟏𝟓𝟎𝑴𝒆𝑽

At zero momentum, spectral functions for all spin states are degenerate because of the rotation symmetry.
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Spin alignment in the helicity frame

𝑱/𝝍 𝝓

A positive deviation from𝟏/𝟑, corresponding to a 
negative 𝝀𝜽 parameter.

A negative deviation from 𝟏/𝟑, absolute value becomes larger at larger |𝒑|. 

𝝆𝟎𝟎
𝒉 at 𝑻 = 𝟎. 𝟏 GeV has a nonmonotonic dependence to |𝒑|. 
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Global Spin alignment of 𝑱/𝝍 and 𝝓

𝑱/𝝍 𝝓

𝒑𝑻 = 𝟐 𝑮𝒆𝑽, 𝑻 = 𝟏𝟓𝟎𝑴𝒆𝑽

at center rapidity 𝒀 = 𝟎, the spin alignment shows a negative deviation from 
𝟏/𝟑 when 𝝋 = 𝟎, then increases with 𝝋 and reaches the maximum value at 
𝝋 = 𝝅/𝟐,which is larger than 𝟏/𝟑. 

At a more forward rapidity 𝐘 = 𝟏, the spin alignment is always smaller than 𝟏/𝟑.

at 𝒀 = 𝟎, 𝝆𝟎𝟎
𝒚

is larger than 𝟏/𝟑 at 𝝋 = 𝟎 and decreases to a 

minimum value at 𝝋 = 𝝅/𝟐, which is smaller than 𝟏/𝟑. 

The results at 𝐘 = 𝟏 have a positive shift  compared to results at 𝒀 = 𝟎.
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Global Spin alignment

𝑱/𝝍

𝝓𝑻 = 𝟏𝟓𝟎𝑴𝒆𝑽

𝝆𝟎𝟎
𝒚

increases with increasing 𝒑𝑻. 

For all  cases, 𝝆𝟎𝟎
𝒚
> 𝟏/𝟑 at center rapidity and decreases to a 

negative value at a larger rapidity. We can naturally expect that 

𝝆𝟎𝟎
𝒚
< 𝟏/𝟑 in a more forward rapidity region 𝟐. 𝟓 < 𝒀 < 𝟒

qualitatively agrees with the ALICE experiment.

𝝆𝟎𝟎
𝒚
< 𝟏/𝟑 when 𝒀 < 𝟎. 𝟓. 

Absolute values for deviations from 𝟏/𝟑 become larger at larger 𝒑𝑻, whose 
magnitude can be as large as 𝒪(𝟏𝟎−𝟐), which is the same magnitude as 
those observed in STAR experiments. 
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IV、 𝑱/𝝍 meson in magnetized plasma

 Action:

 Holographic background metric: 

 Hawking temperature:

Magnetic field constraint conditions
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 Magnetic field parallel to momentum

Spectral Function:

A nonzero magnetic  field or a nonzero momentum will induce a separation between  longitud. transversely polarized modes.

𝑷 = 𝟎
𝑷 = 𝟓 𝑮𝒆𝑽

𝑷 = 𝟏𝟎 𝑮𝒆𝑽
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 Magnetic field parallel to momentum

 Spin alignment:

High Tmonotonic ;

Low T non-monotonic.
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 Magnetic field perpendicular to momentum

 Spectral Function:
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 Magnetic field perpendicular to momentum

 Spin alignment:
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 Magnetic field perpendicular to momentum

 Spin alignment:
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 magnetic field along the y-direction,

 Spin alignment:  angular distribution of the dacay products
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Application to heavy-ion collisions
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V Summary

We develop a general framework for spin alignment ρ00 for vector mesons by gauge/gravity duality.

 The spin alignment can be purely induced by the motion of vector meson relative to the background. 

 The holographic prediction shows that 𝑱/𝝍 and 𝝓 have opposite behaviours.  𝑱/𝝍(𝝓) are preferably to be 

transversely(longitudinally) polarized.

 The meson’s spin alignment is a non-perturbative property in the strongly interacting matter. 

 Magnetic field induces 𝝀𝜽
𝑯 > 𝟎 when the meson’s  𝒑 is very small, while 𝝀𝜽

𝑯 < 𝟎 when 𝒑 is large enough. 

 show  qualitative agreement with experimental data for 𝝀𝜽 and 𝝀𝝋 in the helicity and Collins-Soper frames.

 significant differences between our results for 𝝀𝜽𝝋
𝑯 and 𝝀𝜽

𝑬𝑷 with experiments .
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Thank you all  very much  !
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Global spin polarization: Experiments

Liang, Wang, PRL(2005)

Betz, Gyaulassy, Torrieri, PRC (2007)

Becattini, Piccinini, Rizzo, PRC (2008)

Becattini et al, Annals Phys (2013) 

Becattini, Karpenko, Lisa, Upsal, Voloshin, PRC (2017)

• First measurement of    polarization by STAR@ RHIC
STAR, Nature 548,62 (2017)

Vorticity interpretation of global Λ polarization works well!
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Theoretical Methods
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