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Magnetic Field and Vorticity in Noncentral Collisions
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Phenomena with Vorticities

QCD Phase diagram under rotation[arxiv:2108.00586]
Spin Polarization[arxiv:1701.06657],

Spin hydrodynamics[arxiv:1705.00587; 2003.03640,etc];
Spin alignment[arxiv:1910.14408;2204.02302]
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QCD Phase diagram
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Methods for QCD Phase diagram under rotation

¢ NJL model with spinor connection[arxiv:1606.03808]
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e 3-flavor NJL model with spinor connection
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QCD Phase diagram
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Geometry in rotating frame

® Metric in a co-moving frame
v = Nuv + MuiO0V; + Niv69Vi + 0009V, vj (3)
® Dirac equation in a co-moving frame
[0 + ) — Melyp = 0. (4)

. . . _ A 1 1 b
® Spinor connection is '), = 7 x 5[v?,7°] [ap,, and nonzero
term of Spin connection is

Fjo = % (0ivj — 9;v;) , rotation
Fioj = 5(0iv; + 0;v;), expansion (5)
Foio = —35 (vjOiv; + v;0;vi) .shear

—

® In a uniform rotating frame, i.e. v = Q x X, Spinor connection
is:

Fijo = Q¥ To = = [v, 7] Qe (6)

|
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QCD Phase diagram
[e]e]e] o]

QCD Phase diagram

® Grand potential
Nc
() =15 T}n:/dk,’f/dk, [n (Ker)? 4 dnan (ker )]

A

+in (14 e~ (Bt )2)/TY ]

Qiot(r) = Z (2G50’% — Qf) +4Ko,040s.

f=u,d,s
® Gap equations and dynamical quark masses
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Odof

M = mg — 4Gsor + 2K H ofr.
FIAf

Minghua Wei

Spin alignment of vector mesons from quark dynamics in a rotating medium

™



QCD Phase diagram
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Chiral condensates and dynamical quark masses
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Figure 1: Chiral condensates as functions of angular velocity.
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Figure 2: Dynamical quark masses as functions of angular velocity.
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Mass Spectra and Spin Alignment
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Random Phase Approximation

°* RPA

® Pole mass b
2 S
Do) = Tty (11)

® Polarization function
Ms(q) = —i/d4FTrsfc[iS(O; #)iS(F; )], 12)
® Quark propagator
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Scalar Meson Mass

® Scalar Meson Mass at T=150 MeV , u=100MeV, and
1#=200MeV
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Vector Meson Mass

® Polarization function

Meab(q) = —i / d*F Tree [i7#72S(0; 7)in” 72 S(¥; 0)] 7.
(14)
® Propagator can be decomposed into three spin states
nev = ATPYY + ASPYY + ASLM + Ajutu”,  (15)
D (g%) = D1(q°)PL" +Da(q%) P5" +Ds3(q*) L'+ Da(q° ) ut u” |
(16)
® Pole mass

4Gy

T 14 4GyA? =0 (17)
VA

Di(q?)
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Mass Spectra and Spin Alignment
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Vector Meson Mass

® Mass splitting of ¢ meson at T = 150 MeV
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® Deviation from the linear relation

Mg(Q,'s, = +1) = 0.95 — 1.00Q — 0.54Q2,
My(Q,s, = 0) = 0.95 + 0.01Q — 0.31Q?, (18)
My(Q,s, = —1) = 0.95 + 1.00Q — 0.54Q2.
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Spin Alignment with Thermal Equilibrium

® Meson spectral function[arxiv:2209.01872]

(4Gy)? Im Ax(K)

i
3=

f)\(k) Im D)\(k) =

. {[1 + 4Gy Re Ay (K)]? + [4Gy Im AA(k)]z}
(19)
® Assuming thermal equilibrium, particle number density for

B 1 2w (w)
A= (M T) =1 +/dwexp(w/>\T) — (20

® Spin alignment
fo

po0 = =4 (21)
Z)\:O,il fn
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ral functions for Vector Meson ¢

® The spectral function is shifted to the left/right side.
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Spectral functions for Vector Meson p

® For p mesons at the temperature T = 150 MeV, spectral

functions only have continuum parts and appear as single
peaks.
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Spin alignment for Vector Meson ¢

® Spin alignment for Vector Meson ¢ and p in 150 MeV
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e Comparison with leading order of quark coalescence
model[arxiv:1711.06008]

¢,coal __
Poo =

(8Q)? (22)

W
O|

1
Poo(Q) = 3 +0.00480 — 5.5802 + 6.40Q° + 16.87Q%, (23)
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Summary and Outlook

® The rotating angular velocity induces mass splitting of spin
components for vector ¢, p mesons, i.e.
Mop,p(S2) =~ My p(2 = 0) — 5,2,

® poo — 1/3 is negative in the rotating medium. Compared with
the quark coalescence model, results from NJL model don't
have remarkable improvement currently.

® Spin alignment is a multifactorial phenomenon and an open
question.

1
P00 ~ 5 + Chydro + CEM + CF + €A + Ch + Gstrong (24)

e Other hydrodynamic gradients(vorticity, expansion, shear
tensor) should take into account(see Shuai Liu's talk).
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An optional profile

7,

M20 =
o2 =
Mo10 =

Fo20 =
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Vi V. y (25)
vo=v,=0

1 1

5 (aXVy — 8yvx) = EQ

g 201 = g

5 (U0xv; + vOjvx) = Zvy - 2=0

1 1 1

5 (0 v; +yOjvy) = SuQ = =20
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Components for Im[12°

P+ 4wE, — 4E2 — M?
pdp{ Lok

1
ImN°(w, §) =g NeNe Z/

Sl 2qE,
Q Q
|16 —n= B+ g+ -1 |
(27)
] w 4M?
Ly 2
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Components for Im[12°

Im[M*(w, §) + N*(w ?7)]

B pdp 1
_“”NfN Z/ (27)2  [4E,

X {2Ep(w — E, + 1) + [(32% —1)(pcosby)? (29)

q2 q?
+ p(1 - q—;) + 2;zp cos 01] + 2I\/I?}

Q nQd
X (L= F(Ep = p = 55) = F(Ep + 1= )]
o_ _ ld  w+nQ AMz
=41 1-—
pr = 2 T \/ (w+nQ)2 — g2 (30)
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Components for Im[12°

Iml'l33(w q)

P+
pdp 1
= —fn/vf/v Z / -
—y (2m)? |G|Ep
2 2.2 2 2 42
x t+ Yz

X {Ep(w —E)+[(1- 3%)(pcos 00)* + quz + Gy p cos 6]

Y Y
+ ME} > [1- f(Ep_M—T) f(Ep"‘M—?)]-

(31)

l  w a2 w? —2w\[p? + M — ¢
—q

RS 2151131
(32)
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Other Topics in QCD Phase Diagram with Vorticity and EM Field

® Finite size effect and boundary conditions[arxiv:1606.03808]

[ v

=0 (33)
r=R

® Rotating fermions with background magnetic
field[arXiv:1512.08974v2];

[i7"* (D +Tp) = ml¢p =0 (34)

¢ Deconfinment phase transition.[arxiv:2012.04924]
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T-u-Q Phase diagram
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Figure 3: The 3D phase structure for chiral transition on (T, u, Q) frame
with Gy = -0.5Gg.

hua Wei

Spin alignment of vector mesons from quark dynamics in a rotating medium



Appendix
0O000000e

Expansion

1/(Exp[(M)/T] - 1)
1/(Exp[(M +$2)/T] = 1) + 1/(Exp[(M)/ T] — 1) + 1/(Exp[(M 3—59)/T]

The result is:

1 (eMT (1+eMT))Q? e’V’/T<—1—7e’V’/T—3e¥+3e¥)

— +
3 9((-1+emm)?T2) 108 (=1 4 eM/T)* T4
(36)

Poo =
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