
Discussions on puzzles in polarization 
measurements
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Questions

• How important is non-equilibrium physics?
– and how can we tell, experimentally?
– is the devil in the discrepancies (with hydro) truly “in the fine details” or 

are we missing something more qualitative?

• Can we extract the magnetic field?
– and can we “overconstrain” the CME/CVE paradigm?
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Final-state polarization
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Certainly “related to” entrance-channel J

depends on μscopic details of quark scattering
and hadronization?
• Liang, Wang, Ko, Sun, Voloshin, Gao, Chen, Deng, 

many others

First discussion/estimate -

Qun Wang, Monday

C-M Ko, Monday



Final-state polarization
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Certainly “related to” entrance-channel J

depends on μscopic details of quark scattering
and hadronization?
• Liang, Wang, Ko, Sun, Voloshin, Gao, Chen, Deng, 

many others

… or… like so much else in HIC, is it dominated 
by equilibrium physics?
• the level of agreement with hydro prediction was 

almost “suspicious.”
• reminiscent of similar Blast-wave agreement with 

non-identical particle femtoscopy

First observation confronts prediction



Occam’s Razor…?
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“just” hydro and…

 
Prob ~ exp −E /T + µBB /T +

!
ω ⋅
!
S /T +

!
µ ⋅
!
B /T( )

CK+AMPT à polarized quarks 
à hadrons via coalescence
Sun, Ko, PRC(2017)

coarse-graining non-equil
to find 
Li, Pang, QW, Xia, PRC(2017)
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Azimuthal dependence of Py

Azimuthal dependence of Pz
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Azimuthal dependence of Py

Azimuthal dependence of Pz

Similar to early RHIC days with flow and hydro?

• general agreement excellent on the right track!

• early thermalization (though... how?)

• ”perfect” fluid.  Simplification of soft sector

• quantitative disagreement with more detailed observations 
--> important qualitative lessons!

• initial state

• viscosity

• ...

… or… 

• global polarization is a crude enough signal that “any” approach works

• finer details are driven by…. (much?) finer (quantitative?) details 
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(Also: s quarks slightly less longitudinally polarized than u,d quarks)

Must “fine tune” parameters of microscopic models, to understand polarization systematics?
• qualitative insights possible?

Sun & Ko, PRC 99, 011903 (R) (2019)

C-M Ko’s talk, Monday.



General question – why hydro + equipartition fails?

• Something missing in present hydro?

• Qualitative misunderstanding of early state?

• Equilibrium/equipartition paradigm is wrong?  Hadronization details matter.

• Fine details of non-equilibrium dynamics dominate all but crudest measures.

Workshop on Chirality, Vorticity, and B-field 2019 - Beijing - Discussion on puzzles in polarization measurements 9



General question – why hydro + equipartition fails?

• Something missing in present hydro?
– Qualitative lesson possible!

• Qualitative misunderstanding of early state?
– Qualitative lesson possible!

• Equilibrium/equipartition paradigm is wrong?  Hadronization details matter.
– Finally insight on this important issue, from soft sector?!

• Fine details of non-equilibrium dynamics dominate all but crudest measures.
– If a matter of fine tuning, this would be unfortunate (IMHO*)
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* In Mike’s Humble Opinion
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General question – why hydro + equipartition fails?

• Something missing in present hydro?

– ?

• Qualitative misunderstanding of early state?

– try tunes

• Equilibrium/equipartition paradigm is wrong?  Hadronization details matter.

– Use different particle types

• Fine details of non-equilibrium dynamics dominate all but crudest measures.

– small systems, pT dependence…
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* In Mike’s Humble Opinion



Can/will we measure the B-field?
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Prob ~ exp −E /T + µBB /T +

!
ω ⋅
!
S /T +

!
µ ⋅
!
B /T( )

PΛ ≈ 1
2
ω
T
− µΛB

T
           PΛ ≈ 1

2
ω
T
+ µΛB

T
for small
polarization:

(plus feed-down effects, which are larger for B than vorticity)

		 B s
=6.0±5.5×1013 	T≈0.6±0.55	mπ

2

• On the large side, but not insanely so.
• uncertainties too large



B-field through splitting 
in Au+Au @ 27 GeV?
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Dedicated run in 2018 Goals:
✘ long run à 1B events
✓ detector upgrade à increase event

plane resolution x2

STAR Event Plane Detector

δPH ∝ REP
(1) #Λ( )−1



B-field in 27 GeV?
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• Splitting?  Analysis underway.  Stay tuned for QM’19!

• Other mechanisms for splitting?
• e.g. Csernai, Kapusta, Welle, 2019.  But no quantitative (or even qualitative) prediction

• Can we “overconstrain” CME/CVE equations?
• too simplistic?

 

!
J = Ncµ5

2π 2 [tr VAQ( )
!
B

CME
" #$ %$ + tr VAB( )2µB

!ω
CVE

" #$$ %$$ ]

µ5  : characterizes fluctuations in NCS

JE =
Ncµ5

3π 2 B      → separation of +/- along 
!
B

JB =
Ncµ5

π 2 µBω   → separation of B/B along 
!ω 		

6	variables:		B ,ω ,µB ,µ5 , JE , JB
2	equations
ω 				measured	
µB 		measured
JE 			measured??
JB 			??
B 					Try!


