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Introduction

Boltzmann equation

0 . > 5> -
(a+v.vx+F'Vp)f(X, P, t)=C[f]

Boltzmann equation 1s an equation to describe phase space distribution, which 1s
aftected by particle flow, force and collision term.

Wigner function

W (z,p) = /d4yeipy <’/’ (x M %) ¥ (“" B %»
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Equation of motion for the Wigner function

The Lagrange function for vector interaction and axial interaction:

= "9, + G _(%“1&)2 - (Eivsv“w)z_
The mean-field approximation:

L= ("0, +"JIv, + 57" Ja,) ¥,

The covariant kinetic equation: K, =1, +iD,
K, =11 D
= COS (EV) Ja oH ou T 15
2 g (h
I1,, = p, + cos —v) Jv
h H H H
('YMK;L — 75’7“K5u) W =20 = —smn (§V Ja, " 72_1
_ 9,0, D, = 5(% — 81N (§v) Jv,
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Equation of motion for the Wigner function

Wigner function is a 4x4 matrix and satisfies the relationship y,W™y, = W. It can be
decomposed 1n term of 16 independent generations of Clittord algeba.

1 . 1
W (z,p) = 1 (F + 5P + 7,V + 57, AY + 50‘“’5,“,)
So we can get 10 equations Constraint equation
II,V* + 15, A" = 0
D, A" + Dy, V* =0 Jy(z) = G [ d*'pV*(z,p)
[L,F + D¥S,y — Ds,P + ~00,TIVS7% = 0 Jhi(z) = G [ d'pA*(z,p)

2
D,P— %swapnvsaf’ — I, F — DS, =0
DV, —=D,V, — €uopll°A? — €400, IIEV?P + D5, A, — D5, A, =0
D,V* + Dy, AF = 0 Semi-classical expansion:

H“A# - H5”V”’ =0

expand by 7 order.
W=w+whn+ .

1
1
,P + 5€40,D"S7 + Dy, F —TI5S,, =0

ILV, =1LV, 4+ €epD°A? + €06, Ds V? + 115, A, — 1I5,A, =0

% r‘*] b5k % 2023/7/18 | Peiwei Yu

Rpe—rgs®  SOUTH CHINA NORMAL UNIVERSITY




Transport equation

The O-th order (p“ J“,ﬂ’) VOR 4+ 0 AOk =

(8u _ VJV“) A0 _ VJ,gO,?V(O)" —0

1 v
(pu T J‘(f?) F® + iewapt]f(xo) §0r =0
1

~5Eumvap (PV + J‘(/O)”) SO)ep _ Jg’: FO —
—Epvop (p" + J‘(/O)a) A0)p _ €#VUPJ£10)GV(O)p —0
(au — VJ\(/?‘)) vOn _ va(lOp)A(O)u —0

(Pu + Jf,?) A0k 4 J‘gozv(O)u — 0

— (p" -+ J‘(,O)”) SL?) + Jﬁloy)p(O) — 0

(pu+ 7)) PO = TP"SQ =0

v

(pu + J{,ﬁ’) VO — (p,, + Jf,ﬂ)) VO + JQAQ — JP A0 =0
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Transport equation

On-shell condition
2
((p +I0) 4 J,(f)2> FO =
©\? | 702\ p(0)

2
((p +IP) + J,‘f”) SOmr — g

2
0 0
(p+ 7 +x) VO =0

Constraint equation

Jxu = G/d"pVX“

The tensor components can be expressed by the scalar and pseudoscalar components

]' g g
SO = (7 (pu + 7)) I F® — (p2 + 177 ) IP7PO + (p7 + 507 ) PP PO)

o
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Transport equation

The transport equation for chiral components
ﬁxuvéo)“ =0
ﬁxuVéB) — PXVV(S) =0
Vi VIO* =0
Where p,, =p, + xJ)§2> and J,, = Jvﬂ + xJAﬂ

The chiral fermion distribution function 1s

1
0 0 0) _
Vé#) —pxyf( )5( ) ﬁ f>(( eq Ipuxl
+ 1
Where u,, = JY/n, is chiral component and 7, 1s the particle number density.

AH M X X
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Transport equation

The equilibrium condition at zeroth order

v v Uy v u T
(p'p" + JOIOY) [0,(E) + 0u(F)| + (2 ~ p) - 9(F) = 0.

Where the shear tensor d,(u,/T) + 0,(u,/T) depend on particle density.

When the particle number density 1s a constant, the equilibrium condition can be reduced
as

9, (%) +8,(3)=0 (the killing condition)
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Transport equation

Then we consider the constraint equation.

45 -

40 -

12 =G [ 08 )

we can get the constrain for chiral current 35

2

23 ~GT? + [4 In2- 77 GT? + 67¢ (3) GT? + 4nGT? Lig (—e*) + 4nGT? Lia (—6_%)] sgn(n),

n 30 -
T 3"

25

By Taylor expansion, we get 20.
M GT2(emd T L n(n)) , . ' ' '
T ~ 3 T 12 T4 g . 0.2 0.4 . 0.6 08 10

Therefore when GT* < 0.05, the constraint equation has only trivial solution n = 0. When
GT? > 0.05, there are two additional opposite non-zero solutions
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Transport equation

The transport equation of 7 order

~(0)y,(Du Dy ADu _
Py Vx ""'J(mv)ff =0,

VaVy ¥ = VI V¥ = 0,

o y0p _ SOy A _ 7(0) A1) 1)y/(0) 1)y/(0)
ewap Vg V¥ = =2 (PVey = PV + TV = I Vi)

X

The solution of V , to 71 order

Viu = 5xnfx5 (ﬁz) - X

2 (px - ')

X ~U (O 0 ~2
X

xv ¥ xp

cuwactl "B (VL) 8 ()

WP Ix (0) 5 (=2 1) £(0) 5 (~2
- T-fx 5(px) +J)(cufx 5(px)’

Qypr = % (3,,.],((?,) - 3,,J$,)) = nTx(a#“xv — OyUyy) + %(“xvau — Uy Oy )Ny
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Transport equation

The transport equation for f, :

~2 2xh 0)v ~ v | 7~ —2\ [—
‘5(’”x P I + 2 | (B Vi 5 (72) (P204) fx =0
X X

h ~
+ X [(6“:])((0)6) Dy — Qzu'];(%)] 5uvan(O)Vﬁava

o Xh’ 0)~ BOva 1
Vit o T Bxa (0°%) 05 + RIS
X

We do not consider
vorticity and shear tensor
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Transport equation

Then we consider ]14(10) to be zore, so V)m become
U

prrg h V2 o h g
Viw = Buid () = a5 (V7 FP) 8 (%) + Sz epwo 27 £ 5 (7)

=S (Vi +V) = ﬁpf(°)5 )

= S Vi = V) = o5 (10 - D) 6 (@) - o=

2D - u

When we do not consider vorticity, A, become

1~ h | 28 o h iy 74 (o)
Ay = 5pu (117 = 1D) 6 (7) — gz emact’ B (V7 P) 6 (%) + 5 epwond” v (070) fO5 ()

gﬂuaauuﬁa (vaf(O)) 0 (ﬁ2) | ﬁQeﬁVUPﬁVQapf(O)é (ﬁz)
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Summary

1. 'Theright-hand and left-hand component has different on-shell condition in zero
order, which can be viewed as a shift of masses or as the modification of mechanical
momenta.

2. By the constraint equation, we know the relationship between particle number
density and temperature, which mean the non-zero solution of particle number
density will serve as local fluctuations with zero chemical potential.

3. The shear tensor play an important role in our theory. The shear tensor depends on
whether the particle number density changes. The spin polarization will be produced
by the non-zero shear tensor.
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