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A Long Story: Barnett Effect
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Rotating solid sample  
—>  magnetization 
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In Short: Rotational Polarization
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Essential assumption underlying the Barnett effect: 

rotational polarization
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<latexit sha1_base64="BYUfZvcZM3tpQrE+mVnN0EYgtUA=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxWME88DsEmYnvcmQeSwzs4EQ8hdePCji1b/x5t84SfagiQUNRVU33V1xypmxvv/tra1vbG5tF3aKu3v7B4elo+OmUZmm0KCKK92OiQHOJDQssxzaqQYiYg6teHg381sj0IYp+WjHKUSC9CVLGCXWSU/hCGioBPRJt1T2K/4ceJUEOSmjHPVu6SvsKZoJkJZyYkwn8FMbTYi2jHKYFsPMQErokPSh46gkAkw0mV88xedO6eFEaVfS4rn6e2JChDFjEbtOQezALHsz8T+vk9nkJpowmWYWJF0sSjKOrcKz93GPaaCWjx0hVDN3K6YDogm1LqSiCyFYfnmVNKuV4LJSfbgq127zOAroFJ2hCxSga1RD96iOGogiiZ7RK3rzjPfivXsfi9Y1L585QX/gff4AntmQ4Q==</latexit>

Macroscopic rotation; 

Global angular momentum

Microscopic spin 
alignment

It however is tricky to be directly observed for a flowing fluid.



“Fluid Spintronics”

Rotational Polarization in Condensed Matter

Viscous fluid flow 

—> vorticity —> 
spin polarization
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Angular Momentum in Heavy Ion Collisions

Ly =
Ab

p
s

2
⇠ 104⇠5~

Liang & Wang ~ 2005: 

orbital L —> spin polarization via partonic collision processes
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Huge angular momentum for the 
system in non-central collisions

Becattini, et al ~ 2008, 2013: A fluid dynamical scenario



“Rotating” Quark-Gluon Plasma
Ly =

Ab
p
s

2
⇠ 104⇠5~ What fraction stays in QGP?


 — up to ~20%, depending on 
collision energy. 


Is this portion conserved?

—YES!


How QGP accommodates 

this angular momentum?


— Fluid vorticity!
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Vorticity 

@ O(10) GeV

>>

Vorticity 

@ O(100) GeV



The Most Vortical Fluid

An exciting discovery from 

STAR Collaboration at RHIC: 


The most vortical fluid!
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Spin Polarization in the Subatomic Swirls

STAR Collaboration, 
Nature 2017
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! ⇡ (9± 1)⇥ 1021s�1

The most vortical fluid!

Many calculations based 

on hydro or transport models

Next Question: Trend toward sub-10 GeV ???
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Relativistic Nuclear Collisions @ O(1-10) GeV

“Mapping the Phases of Quantum Chromodynamics with Beam Energy Scan”, 
Bzdak, Esumi, Koch, JL, Stephanov, Xu, Phys. Rep. 853(2020)1-87.

A number of  current and planned experiments will explore 
the O(1) GeV regime of relativistic nuclear collisions
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Locating THE Most Vortical Fluid !
The Question: Trend for global hyperon 

polarization @ O(1~10) GeV ???

Yu Guo, et al: 

to appear soon.

Calculations predict non-monotonic behavior in the 
dependence of global polarization on beam energy 

—> maximum around 7.7 GeV ! 
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Why the Decrease toward O(1) GeV?

Yu Guo, et al: to appear soon.

Strong decrease toward O(1) GeV 
region in both vorticity and 

 produced hyperon energy

[For vorticity, see also URQMD results in: 
Deng, Huang, Ma, Zhang, arXiv:2001.01371]
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Differential Behavior of Global Polarization
Yu Guo, et al: to 

appear soon.

Interesting change of pattern @ 3 GeV
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Differential Behavior of Global Polarization
Yu Guo, et al: to 

appear soon.

Interesting change of pattern @ 3 GeV
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Strongly Interacting Matter under Rotation

Many exciting new developments: 
see upcoming volume in Springer 

Lecture Notes in Physics!
[arXiv:2102.00933; 


2010.08937; 2009.04803; 
2101.04963; 2004.04050; 
2011.09974; 1908.10244; 
2007.04029; 2001.00359; 

…]

Opening doors for a whole new array of interesting studies:
– Phase structure change? Equation of state change? 

– Global and local polarization? Vector mesons? 

– Spin transport theory? Spin hydrodynamics? 

–  Novel transport processes? 

– ……



A Subatomic Version of Barnett Effect
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A possible solution to a puzzle in STAR data at low energy: 

polarization difference between particle/anti-particle

~!

[Guo, JL, Wang, arXiv:1904.04704, Scientific Reports 2020] 

~B

Late-time magnetic field could explain the polarization difference; 


Charged rotating fluid contributes to late-time B field 

via Barnett-like mechanism.

[Guo, Shi, Feng, JL, arXiv:1905.12613, PLB2019] 



Isospin Matter under Rotation
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[Hui Zhang, Defu Hou, JL, CPC44(2020)11,111001] 

Vacuum: sigma condensate; 

Static isospin matter: pion superfluidity; 


Isospin matter under rotation: emergence of rho condensate!

Rich phase structures found; 

Could be relevant to low energy HIC 

or neutron star matter; 

Look for properties sensitive to rho!
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Viscous Hydro with Angular Momentum

Duan She, et al, arXiv:2105.04060

The 2nd law of thermodynamics helps fix the 
hydrodynamic terms for viscous transport of angular 

momentum at first order of gradient expansion. 
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Summary
– An interesting new regime for hyperon global polarization: 


  O(10) —> O(1) GeV collisions with strong exp activities


– Calculations predict non-monotonic behavior in this regime: 


    Most vortical fluid around 7.7 GeV; 


    Differential pattern change around 3 GeV


– An interesting regime for exploring magnetic polarization  


– An interesting regime for isospin matter under rotation 


– Many theoretical questions to be fully explored!

Yu Guo, et al: to 
appear soon.


