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GLOBAL SPIN POLARIZATION
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0CD PHASE DIAGRAM UNDER ROTATICN

HLC, K. Fukushima, X-G. Huang, K. Mameda,
Phys. Rev. D 93, 104052 (2016)

= First studied by NJL model
(order parameter: quark mass)
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FRG STUDY OF QUARK MESON MODEL UNDER ROTATION

HLC, Z-B. Zhu, X-G. Huang, Phys.Rev.D 108 (2023) 5, 054006
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STAR, Nature 614 244 (2023)
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CORRELATION AND FLUCTUATION

ALICE, PLB 844 (2023) 137545

= Baryon number fluctuation

= Quantifying the nature of the phase transition

= At large density: critical endpomt (CEP)
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MOTIVATION

= Almost studied separately
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NAIVE ESTIMATIONS

= Spin polarization ~()

= Spin alignment ~ ()2

= Chiral condensate does not change much at small ()

Y. Jiang and ]. Liao, Phys. Rev. Lett. 117,
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= The effect seems not large enough for measurement

= However
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= NJL Lagrangian in rotating frame
_ _ _ G R
Ly = Yiy"V b — moptp + ppipy°ip +§[(W/J)2 + (y°7)?]
= QFT in curved spacetime: vierbein formulism
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= Similar as finite density
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QUALITATIVE STUDY: NjL MODEL

= General local thermodynamic potential under rotation (dm can be neglected)

(m — mg)? A pdpdp, | (e Qi _ Py
Verp(r) = e — NNy ;/ﬂ (2n)? £, + TIn(1 + e PlEr=r= %)y 4 Tin(1 + e AT (T2 (pyr) + JE (per)).

= Away from the center, contribution from orbital angular momentum is dominant

= Since we are interested in spin, we first focus on the physics near the center (r=0)
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= We can get information about average spin from this expression
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QUALITATIVE STUDY: NJL MODEL

= Without critical fluctuation
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QUALITATIVE STUDY: NjL MODEL

= To get correlation, further techniques are needed

= Introducing rotation and chemical potential only act on quark or antiquark
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= Then by taking derivative, we can get correlation of quark/antiquark spin and particle
number
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SPIN CORRELATION ENHANCED BY CEP!

= First we consider r=0 | | 0.010

= Comparison with the case w/o fluctuation
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VECTOR

= Along imaginary freezeout lines
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PHI MESON SPIN ALIGNMENT

= The CEP is shifted closer to freezeout line by orbit angular momentum contribution

R SCHEMATIC FIGURE

= The peak structure is enhanced
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0THER CORRELATIONS

Kun Xu, Mei Huang, Phys.Rev.D 110 (2024) 9, 094034
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= Analogy to baryon number case
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0THER CORRELATIONS
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= Cumulants ¢, =V
= Higher orders are more sensitive to CEP

Skewness of spin fluctuation: Kurtosis of spin fluctuation:
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SUMMARY

= Interaction might be important to understand quark spin correlation

= Critical fluctuation near CEP can lead to non-monotonic behavior of spin alignment
& Hyperon-anti-Hyperon correlation

= Spin alignment & Hyperon-anti-Hyperon correlation can serve as signatures for
CEP

= Connection between spin and phase transition is an interesting direction
= Spin alignment of other vector mesons

= More realistic and detailed studies in future
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ROTATION

DEPENDENCE
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PNJL MODEL

A [MeV] mo [MeV] GenaLA? Ny ao ai as bs Ty [MeV]
651 5.5 2.135 2 3.51 —2.47 15.2 —1.75 210
VenaL (82, Q7 g, ftg;7 = 0)
[m — my)? /’A d3p
=—— —2N —=3c
4GpNIL TJo @mp~?
o 13
__Agu/‘ Eﬂ_%§[jqn(l+_3@e—{%r1k4ﬁf2—uqvi’+_3@8—2&p—u—4ﬁ/2—ud/T_+e—3&p—u—1ﬁ/2—nﬂ/T)
27)*
0
+TIn(1 + 30 (Ep 1t 2=1a) /T 4 32 ep =1t /2= 1a) [T | o= 3(Ep—pt 2, /2= 1) [T 6
+Tln(1 4+ Sq)e—(Ep+;L—S'!;/2—;L,§)/T + 3&)e—Q(Ep—l—p—Qg/Q—p&@)/T +e—3(6p+;L—S'Zg/2—;L,§)/T) . 5. — T=89Mev
+Tln(1 + 3Pe(eptut82z/2-1a)/T 4 3He—2(ep+nut+Qz/2—pa)/T e—i3(€p+#+9ff/2—if»ﬁ}/T)] T , ---- T=90MeV
4 i
i T, Togler . To Y = il —— T=92Mev
+ T ——Pm+aﬂih+aﬂ—%ﬂ®®+bﬂihﬂnP—6®®+4@3+®ﬂ—S@Qf}, = i
2 T T T —~ 3 1 n
S = "
Q. | I ll I
C.LU 2 : i
= Quantitatively agree with NJL model results T ALY \

320 322 324 326 328 330 332 334
u[MeV]

©



