
Probing early-time longitudinal dynamics 
with the    hyperon's spin polarization 

in relativistic heavy-ion collisions
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initial energy-momentum conservation
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Result : charged hadron yield and anisotropic flow
• Our framework provides reasonable descriptions of hadron yield 

and anisotropic (elliptic and triangular) flow coefficents. 

• Experimental data favor                          and 
                                       hot spot width                     .

S. Alzhrani, S. Ryu and C. Shen (arXiv:2203.15718)
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Result :    hyperon polarization
the global polarization
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• Global polarization is strongly sensitive to the shear viscosity, because 
the vortical movement is smeared faster in the presense of viscosity.


• Global polarization is dominated by system’s thermal vorticity.
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Result :    hyperon polarization
longitudinal polarization
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centrality and azimuthal dependence
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• The shear-induced polarization is substantial 
for azimuthal dependence of the longitudinal polarization.
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Result :    hyperon polarization
longitudinal polarization
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• longitudinal polarization is positively correlated with the anisotropic flow.

• Predictions for the   -th Fourier coefficients of           : 

           and            are comparable to           .

S. Alzhrani, S. Ryu and C. Shen (arXiv:2203.15718)

5

<latexit sha1_base64="tnCzx5eofqaIq8orvnCQ7ZanVgw="></latexit>

pzn{SP} ⌘
hImPz

nQ⇤
n,Aievq

hReQn,AQ⇤
n,Biev

<latexit sha1_base64="EKgKLAUyKe8mD4BMutRcJ9gyNrk="></latexit>✓
�̂O ⌘ �O �

h�O �Nchiev

h(�Nch)2iev
�Nch

◆

<latexit sha1_base64="LX+EF1hJoTM7IXBlkX3ctNzA3po=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmrDmZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XvpnrdvK7Ua3kcRTiDc7gED26hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB1v2M8Q==</latexit>n
<latexit sha1_base64="TqS900AHMr+pSaWv1MiXFizwZNw=">AAACDHicbVDLSsNAFJ34rPVVdelmsAi6KYkU7VJw47KCrUJTy2R60w6dJMPMjVhDPsCNv+LGhSJu/QB3/o3TmoWvAwOHc87lzj2BksKg6344M7Nz8wuLpaXy8srq2nplY7NtklRzaPFEJvoyYAakiKGFAiVcKg0sCiRcBKOTiX9xDdqIJD7HsYJuxAaxCAVnaKVepdq8uqV7vhqKXuYbroVCI26B+gg3GISZyvN9m3Jr7hT0L/EKUiUFmr3Ku99PeBpBjFwyYzqeq7CbMY2CS8jLfmpAMT5iA+hYGrMITDebHpPTXav0aZho+2KkU/X7RMYiY8ZRYJMRw6H57U3E/7xOimGjm4lYpQgx/1oUppJiQifN0L7QwFGOLWG2CPtXyodMM462v7Itwft98l/SPqh5h7X6Wb163CjqKJFtskP2iEeOyDE5JU3SIpzckQfyRJ6de+fReXFev6IzTjGzRX7AefsELRqbsg==</latexit>

P z(�p)
<latexit sha1_base64="7Upj/VYU++qIcy7aPZvLborwW/w=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyXRol0W3LisaB/QxDCZTtqhkwczN2INAX/FjQtF3Pod7vwbp4+Fth64cDjnXu69x08EV2BZ30ZhaXllda24XtrY3NreMXf3WipOJWVNGotYdnyimOARawIHwTqJZCT0BWv7w8ux375nUvE4uoVRwtyQ9CMecEpAS555kHhnd4/YyRxgDyDD7KaRO7lnlq2KNQFeJPaMlNEMDc/8cnoxTUMWARVEqa5tJeBmRAKnguUlJ1UsIXRI+qyraURCptxscn6Oj7XSw0EsdUWAJ+rviYyESo1CX3eGBAZq3huL/3ndFIKam/EoSYFFdLooSAWGGI+zwD0uGQUx0oRQyfWtmA6IJBR0YiUdgj3/8iJpnVbs80r1ulqu12ZxFNEhOkInyEYXqI6uUAM1EUUZekav6M14Ml6Md+Nj2lowZjP76A+Mzx9kp5XB</latexit>

pz3{SP}
<latexit sha1_base64="s9wt1P+N+vMsR09SYF9+RJ8cAzI=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRStMuCG5cV7QOaGCbTSTt08mDmRqwh4K+4caGIW7/DnX/jtM1CWw9cOJxzL/fe4yeCK7Csb2NpeWV1bb20Ud7c2t7ZNff22ypOJWUtGotYdn2imOARawEHwbqJZCT0Bev4o8uJ37lnUvE4uoVxwtyQDCIecEpAS555mHi1u0fsZA6wB5BhdtPMndwzK1bVmgIvErsgFVSg6ZlfTj+macgioIIo1bOtBNyMSOBUsLzspIolhI7IgPU0jUjIlJtNz8/xiVb6OIilrgjwVP09kZFQqXHo686QwFDNexPxP6+XQlB3Mx4lKbCIzhYFqcAQ40kWuM8loyDGmhAqub4V0yGRhIJOrKxDsOdfXiTts6p9Xq1d1yqNehFHCR2hY3SKbHSBGugKNVELUZShZ/SK3own48V4Nz5mrUtGMXOA/sD4/AFmPZXC</latexit>

pz4{SP}
<latexit sha1_base64="aY+dqqIh3ADu0jE3sQlW+4/VJvA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyUpRbssuHFZ0T6giWEynbZDJw9mbsQaAv6KGxeKuPU73Pk3TtsstPXAhcM593LvPX4suALL+jYKK6tr6xvFzdLW9s7unrl/0FZRIilr0UhEsusTxQQPWQs4CNaNJSOBL1jHH19O/c49k4pH4S1MYuYGZBjyAacEtOSZR7FXvXvETuoAewAZpDfNzMk8s2xVrBnwMrFzUkY5mp755fQjmgQsBCqIUj3bisFNiQROBctKTqJYTOiYDFlP05AETLnp7PwMn2qljweR1BUCnqm/J1ISKDUJfN0ZEBipRW8q/uf1EhjU3ZSHcQIspPNFg0RgiPA0C9znklEQE00IlVzfiumISEJBJ1bSIdiLLy+TdrVin1dq17Vyo57HUUTH6ASdIRtdoAa6Qk3UQhSl6Bm9ojfjyXgx3o2PeWvByGcO0R8Ynz9jEZXA</latexit>

pz2{SP}

https://arxiv.org/abs/2203.15718


Backup



6

Result : sensitivity to width of energy deposit
S. Alzhrani, S. Ryu and C. Shen (arXiv:2203.15718)

0

250

500

750

dN
/d

¥

0-6%(a) 6-15%(b) 15-25%(c)

°6 °3 0 3 6
¥

0

100

200

300

dN
/d

¥

25-35%(d)

°6 °3 0 3 6
¥

35-45%(e)

°6 °3 0 3 6
¥

Au+Au@200 GeV

w = 0.4 fm

w = 0.8 fm

w = 1.2 fm

PHOBOS

0 20 40 60 80
Centrality (%)

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

v n
{2

}
v3{2}

v2{2}

Au+Au@200 GeV
¥T/(e + P ) = 0.08, esw = 0.5 GeV/fm3

(f)

w = 0.4 fm

w = 0.8 fm

w = 1.2 fm

STAR v2{2}
STAR v3{2}

charged hadron production and anisotropic flow

https://arxiv.org/abs/2203.15718


7

Result : sensitivity to width of energy deposit
S. Alzhrani, S. Ryu and C. Shen (arXiv:2203.15718)

0 20 40 60 80
Centrality (%)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

°
P

y
(%

)

¥T/(e + P ) = 0.08, esw = 0.5 GeV/fm3

Thermal vorticity
Au+Au@200 GeV

|¥| < 1
0.5 < pT < 3 GeV

(b)

w = 0.4 fm

w = 0.8 fm

w = 1.2 fm

STAR

0 20 40 60 80
Centrality(%)

°0.1

0.0

0.1

0.2

0.3

0.4

0.5

pz 2
{S

P
}

(%
)

¥T/(e + P ) = 0.08
esw = 0.5 GeV/fm3

!µ∫
th + SIP(BBP)

Au+Au@200 GeV (b)

w = 0.4 fm

w = 0.8 fm

w = 1.2 fm

STAR

global and longitudinal polarization

https://arxiv.org/abs/2203.15718

