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Some Personal Recollections
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I first “met” with Dima 
in Beijing 20 years ago…
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The KLN 
“shockwave”
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Stony Brook BNL

And there is the bulk viscosity … 
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“The biggest news of QM2009” —— 
when I first learned the word “CME”
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Several unexpected turns around 
late 2009 to mid 2010……

Background 
v.s. Signal

Despite all the 
intense debates, I 

was deeply 
convinced by the 

beauty and 
fundamental 

importance of 
Dima’s CME idea 

I became a BNL postdoc, 
only to find that Dima just “left” ……
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A new way to manifest CME was proposed: 
Chiral Magnetic Wave

Even though just for one year, 
learning from Dima as a postdoc was an incredible experience 

and had a huge impact on my subsequent career!
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A new area of CME study 
in condensed matter!

Also a new period of CME in 
heavy ion collisions started:
— consensus to redefine the goal
— Chirality conference
— BEST Collaboration
— Isobar taskforce 
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Shuzhe Shi 

A delightful collaboration with 
new degree of  “entanglement” 



Some Personal Recollections
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CME search is difficult, 
but we are not alone!
Think about many other 
famous searches, e.g. for 
Higgs, gravitational wave, 
EDM, WIMP, 2-beta decay, …



Some Personal Recollections
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So I ask myself: why mother Nature always kept us 
one step away from discovering CME in HIC so far?

Perhaps she just wants to 
keep Dima busy  ;-)  

It would be a waste not to 
make full use of such a 
brilliant mind as Dima’s 
for the good of science! 

Dima, Happy Sixty !  
Not yet time for rest: CME@2028? Chiral qubit@2033?

Happy innovating for the next sixty years!   

Crazy Ideas 
Radiating!



A Quantum Fluid of Spin 
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Spin transport in a quantum fluid! 



Spin @ Chirality, Vorticity and Magnetic Field
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[arXiv:2004.00569]

The interplay of spin with chirality/vorticity/magnetic field 
—> many novel phenomena across disciplines 



Vorticity and Chiral Vortical Effect
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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

Betz, Gyulassy, Torrieri ~ 2007: quantitative assessment of the effect



“Rotating” Quark-Gluon Plasma
Ly =

Ab
p
s

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

 — up to ~20%, strongly 
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



Rotational Polarization
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Essential assumption underlying the Barnett effect: 
rotational polarization

~!
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Macroscopic rotation; 
Global angular momentum

Microscopic spin 
alignment

“Fluid spintronics” in condensed matter systems



The Most Vortical Fluid

An exciting discovery from 
STAR Collaboration at RHIC: 

The most vortical fluid!
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! ⇡ (9± 1)⇥ 1021s�1

Many calculations based 
on hydro or transport models
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“Magnetic Polarization” at Low Energy?

Access to possible dynamical in-medium B-field 
and magnetic polarization phenomenon



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;
Mueller, Schaefer, 1806.10907] 
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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.

[arXiv:1906.00936]

A number of  current and planned experiments will explore 
the O(1) GeV regime of relativistic nuclear collisions
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Trend of Global Polarization toward O(1) GeV
The Question: Trend for global hyperon 

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

AMPT calculations predict non-
monotonic behavior in the 
dependence of global 
polarization on beam energy 
—> maximum around 7.7 GeV 

Yu Guo, et al, PRC2021 
arXiv:2105.13481

See also results for differential dependence 
and local polarization in the paper.
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Other Calculations
URQMD

Deng, Huang, Ma, Zhang, 
arXiv:2001.01371

— URQMD & AMPT results 
for vorticity are consistent

3FD
Ivanov,

arXiv:2012.07597

— Many model details could be 
quite different and need to be 
understood 
— Likely having more spectator-
participant interactions and 
angular momentum transport
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Highly Polarized Fluid at Low Beam Energy

HADES, arXiv: 2207.05160

STAR, Nature 2023, 
arXiv: 2204.02302

Ly =
1

2
Ab

p
s
q
1� (2M/

p
s)2
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Surprisingly large signal 
even very close to threshold?!

How the fireball gets its angular momentum?
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Nuclear Stopping & Angular Momentum

Total angular momentum 
monotonically increases 
with beam energy

Ly =
1

2
Ab

p
s
q
1� (2M/

p
s)2
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But what is relevant to measurements is the amount 
of angular momentum being stopped in mid rapidity.

This is quantitatively related to the baryon stoping and 
can be calibrated with baryon number measurements.
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Nuclear Stopping & Angular Momentum
The key is to understand the rapidity loss in the initial collision.

YA
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Various spots on the overlapping zone
—> A “spread-out” (i.e. distribution) 
along rapidity

Fluctuations at each spot 
—> Additional “spread-out” along 
rapidity

Both net baryon and angular momentum 
come from this “spread-out”
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Initial Rapidity Distribution

Clear correlation 
between 
net baryons and 
angular momentum 
distributions.

dB/dY
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Mid Rapidity Baryon and Angular Momentum

a measure of spinning baryonic matter

B(|Y | < 1)

<latexit sha1_base64="XUn7ImICnztUP9EtBrIIIVN62tQ=">AAAB8HicbVA9TwJBEJ3zE/ELtbTZSEywIXcGo4UFwcYSE/kKXMjesgcbdvcuu3smBPgVNhYaY+vPsfPfuMAVCr5kkpf3ZjIzL4g508Z1v5219Y3Nre3MTnZ3b//gMHd0XNdRogitkYhHqhlgTTmTtGaY4bQZK4pFwGkjGN7N/MYTVZpF8tGMYuoL3JcsZAQbK7UqqDBpTW69i24u7xbdOdAq8VKShxTVbu6r04tIIqg0hGOt254bG3+MlWGE02m2k2gaYzLEfdq2VGJBtT+eHzxF51bpoTBStqRBc/X3xBgLrUcisJ0Cm4Fe9mbif147MeGNP2YyTgyVZLEoTDgyEZp9j3pMUWL4yBJMFLO3IjLAChNjM8raELzll1dJ/bLolYpXD6V8uZLGkYFTOIMCeHANZbiHKtSAgIBneIU3RzkvzrvzsWhdc9KZE/gD5/MHF6WPTQ==</latexit>

Jy(|Y | < 1)

<latexit sha1_base64="zLHUf/65T2aQxQoFXtwPB/OZze8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiFT14KHoRTxXsh6ShbLabdulmE3Y3Qkn7M7x4UMSrv8ab/8Ztm4O2Phh4vDfDzDw/5kxp2/62ciura+sb+c3C1vbO7l5x/6CpokQS2iARj2Tbx4pyJmhDM81pO5YUhz6nLX94M/VbT1QqFokHPYqpF+K+YAEjWBvJveuOUHn8OL5yTrvFkl2xZ0DLxMlICTLUu8WvTi8iSUiFJhwr5Tp2rL0US80Ip5NCJ1E0xmSI+9Q1VOCQKi+dnTxBJ0bpoSCSpoRGM/X3RIpDpUahbzpDrAdq0ZuK/3luooNLL2UiTjQVZL4oSDjSEZr+j3pMUqL5yBBMJDO3IjLAEhNtUiqYEJzFl5dJ86ziVCvn99VS7TqLIw9HcAxlcOACanALdWgAgQie4RXeLG29WO/Wx7w1Z2Uzh/AH1ucPvRGQQQ==</latexit>

Jy
B

(|Y | < 1)

<latexit sha1_base64="a5usNAe+gKd/yTizagKYQxtB3o4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyWRii5clLoRVxXsQ9oQJtNJO3QyCTMTIaQBf8WNC0Xc+h3u/BunbRbaeuDC4Zx7ufceL2JUKsv6NpaWV1bX1gsbxc2t7Z1dc2+/JcNYYNLEIQtFx0OSMMpJU1HFSCcSBAUeI21vdD3x249ESBrye5VExAnQgFOfYqS05JqHPV8gnN66SZbWM1geP4yv7FPXLFkVawq4SOyclECOhmt+9fohjgPCFWZIyq5tRcpJkVAUM5IVe7EkEcIjNCBdTTkKiHTS6fkZPNFKH/qh0MUVnKq/J1IUSJkEnu4MkBrKeW8i/ud1Y+VfOinlUawIx7NFfsygCuEkC9ingmDFEk0QFlTfCvEQ6TyUTqyoQ7DnX14krbOKXa2c31VLtXoeRwEcgWNQBja4ADVwAxqgCTBIwTN4BW/Gk/FivBsfs9YlI585AH9gfP4AN0SVAA==</latexit>

0

10

p
SNN

<latexit sha1_base64="esIgXw+aiheUHzCZ+sqG9ebnFsk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxVOpaD+gDWWz3bRLN5t0d1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt5VbW9/Y3MpvF3Z29/YPiodHDR0lirI6jUSkWj7RTHDJ6shRsFasGAl9wZr+8G7mN8dMaR7JJ5zEzAtJX/KAU4JG8jp6pDB97KbV6nTaLZacsjOHvUrcjJQgQ61b/Or0IpqETCIVROu268TopUQhp4JNC51Es5jQIemztqGShEx76fzoqX1mlJ4dRMqURHuu/p5ISaj1JPRNZ0hwoJe9mfif104wuPFSLuMEmaSLRUEibIzsWQJ2jytGUUwMIVRxc6tNB0QRiianggnBXX55lTQuyu5l+erhslS5zeLIwwmcwjm4cA0VuIca1IHCCJ7hFd6ssfVivVsfi9aclc0cwx9Ynz86sZJo</latexit>

p
SNN

<latexit sha1_base64="esIgXw+aiheUHzCZ+sqG9ebnFsk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxVOpaD+gDWWz3bRLN5t0d1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt5VbW9/Y3MpvF3Z29/YPiodHDR0lirI6jUSkWj7RTHDJ6shRsFasGAl9wZr+8G7mN8dMaR7JJ5zEzAtJX/KAU4JG8jp6pDB97KbV6nTaLZacsjOHvUrcjJQgQ61b/Or0IpqETCIVROu268TopUQhp4JNC51Es5jQIemztqGShEx76fzoqX1mlJ4dRMqURHuu/p5ISaj1JPRNZ0hwoJe9mfif104wuPFSLuMEmaSLRUEibIzsWQJ2jytGUUwMIVRxc6tNB0QRiianggnBXX55lTQuyu5l+erhslS5zeLIwwmcwjm4cA0VuIca1IHCCJ7hFd6ssfVivVsfi9aclc0cwx9Ynz86sZJo</latexit>

p
SNN

<latexit sha1_base64="esIgXw+aiheUHzCZ+sqG9ebnFsk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxVOpaD+gDWWz3bRLN5t0d1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82PBNTrOt5VbW9/Y3MpvF3Z29/YPiodHDR0lirI6jUSkWj7RTHDJ6shRsFasGAl9wZr+8G7mN8dMaR7JJ5zEzAtJX/KAU4JG8jp6pDB97KbV6nTaLZacsjOHvUrcjJQgQ61b/Or0IpqETCIVROu268TopUQhp4JNC51Es5jQIemztqGShEx76fzoqX1mlJ4dRMqURHuu/p5ISaj1JPRNZ0hwoJe9mfif104wuPFSLuMEmaSLRUEibIzsWQJ2jytGUUwMIVRxc6tNB0QRiianggnBXX55lTQuyu5l+erhslS5zeLIwwmcwjm4cA0VuIca1IHCCJ7hFd6ssfVivVsfi9aclc0cwx9Ynz86sZJo</latexit>
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Summary

Exciting new 
regime of studying 
the most spinning 
baryonic matter!

~J

<latexit sha1_base64="T3P4GuxKYMZE/bgz1tFavN+dwbo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi3iqYD+gDWWznbRLN5uwuymU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlVneMLHuY9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+bnTsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14Y2fcZmkBiVbLApTQUxMZr+TPlfIjJhYQpni9lbChlRRZmxCJRuCt/zyKmleVL3L6tXjZaV2m8dRhBM4hXPw4BpqcA91aACDETzDK7w5ifPivDsfi9aCk88cwx84nz9ulY+k</latexit>
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QCD with Angular Momentum: Proton Spin
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Electron Ion Collider (EIC)
Running ~2030arXiv:1212.1701

Putting quarks/gluons back together into a proton is 
 a lot harder then one would naively expect…
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QCD with Angular Momentum: Fluid Matter

[She, Huang, You, JL, Science Bulletin 
67(2022)2265-2268 (arXiv:2105.04060)] 

“Spin physics” of a fluid cell

Many interesting questions: 
— decomposition of spin/orbital 
— gradients and viscous terms
— phenomenological modeling
— ……
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Phase Structures under Rotation 

[Yin Jiang, JL, PRL117 (2016) 19, 192302] 

Can phase structures be influenced by the spin dof? Yes!
Especially: pairing phenomenon in fermion systems. 

Many examples: chiral condensate, 
diquark color superconductivity, mesonic superfluidity, … 

[Hui Zhang, Defu Hou, JL, CPC44(2020)11,111001] 

~L

— Rotational suppression of scalar pairing 
(chiral condensate; color superconductivity) 

— Rotational enhancement of rho condensation at high isospin


