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Motivation

» Computations in covariant gauges are usually much simpler than
those in physical ones like the Coulomb gauge.

» Covariant gauges require ghosts to compenasate unphysical
degrees of freedom.

How to introduce ghosts in the Keldysh-Schwinger formalism?

What is the Green’s function of free ghosts?
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Keldysh-Schwinger formalism

Description of non-equilibrium many-body systems

Contour Green function of gauge field

DL (%) = (TAL (OAL(Y))

() =Tr[p(t,)...]

~

T - ordering along the contour

TAX)B(Y) = O(%;, Vo) AX)B(Y) £ (Y, X,) B(Y) A(X)
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Keldysh-Schwinger formalism

Contour Green’s function includes 4 Green’s functions

D) (%, y)

(D) (%, y)

(D) (x,y)

with real time arguments:

 Re

= (AL (A (Y))

= (A ()AL (%)

H
= o

L Ra

=(T A (XA (¥))

Chronological time ordering

(D2 ¥ (x,y)

=(T*A (A (¥))

Anti-chronological time ordering
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Retarded, advanced & symmetric
Green’s functions

D (x,Y)

D™ (x,y)

=0(%, ~ o)D" (x,Y) - D (x.y))

- 0(Y, ~%)(D* (%)~ D" (x.y))

D (X, Y)|=D” (X, ¥)+D(x,y)
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Meaning of the functions

D" (x,)

D™ (X, Y)

» phase-space density
» mass-shell constraint

» real particles

» retarded & advanced propagator
» no mass-shell constraint

» virtual particles



Full Green’s function of gluon field

Contour-ordered Green’s function has perturbative
expansion similar to that of time-ordered Green’s function.

Dyson - Schwinger equation

D =D-DIID

1-st order
NG00000000Y s LQQQQQQQQA -+ Q@\Qw
Full contour Free contour Contour
Green’s function Green’s function polarization tensor

Alina Czajka, Ghosts in Keldysh-Schwinger formalism



From general covarriant to Feynman gauge

Equation of motion of the free contour function in general covariant gauge
82 uv 1 1 alaav Dab O ANM 5ab5(4)
xg o _; XX vp(x’y)_gp C (X7y)

. oW(x—y)  forx,, Y, on the upper branch
== (0" A})? o (x,y) =40 for x,, y, on different branches
“ ~5®W(x-y) forx,, Y, on the lower branch

L

of

D;Q/ (X, y) = D:bv (X — y) homogeneity, translational invariance

N y H Y Feynman gauge
D (IO)OC5(|02)(9“ ~(l-a) ppf j a=1

| mass-shell condition
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Free Green’s functions of gluon field

Equations of motion of the real-time argument Green’s functions

p2D>,<(p):O pZDC’a(p)=$5abgW

D" () = 19,6 5(E, - p)In, ()11 + 5(E, + P, (-p)]

p

D" ()= £-9,,6° [5(E, - P, () +3(E, + Po)In, () 1]

p

oy b 1 _i7z ~ ~
D*(p)=-9,90 {p2+i0+ 3 (5(Ep PoINy (P) +S(E, + po)ny ( p))]

. ab 1 |7 ~ ~
D*(p)=9,,5 Lz_w g (5(E, ~ po)ng (p)+ 5(E, + p)n, p))}

N,(P) - gluon distribution function
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Polarization tensor in QCD

fermion . ». . ghost

QQQ gluon

‘SRS ﬁ o

-

o

How to find the ghosts Green'’s functions?

One can solve the equation of motion of the scalar field.
But what is the distribution function of ghosts?
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How to get Green’s function
of free ghosts?

Ghost sector should be determined by
the gauge symmetry of the theory!

1
a a a abc_bac a
A (ae) = A+ £ K= 0.0

gauge symmetry of the theory

Slavnov-Taylor identities
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Generating functional

Wo[J, 2. #*1= N, | DADc Dc* e”cd\“ueﬁ ()

all fields are on the contour
boundary conditions: _
the fields are fixed in t=-0=%i0"

Lagrangian:

\4

1 v a (i 1 a
Leff(x):_z FF, +W('7yD#—m)W—£(aﬂAy)2

—c, (0“0 ,6,, — 90" f abcAf,)cb +J0AL+ z.C.+ y.C.

W[J,Z,Z*]: NJDA' Dc' DC*' DAHDCH DC*”

Xp[A',CI,C*I| A”,C”,C*”]WO[J,Z,Z*]
{ Y 1

density matrix
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Generating functional

W[J, 7, r*]= NjDA‘Dc'Dc*‘DA"Dc"Dc*"

Xp[A',C',C*'l AH,C”1C*”]WO[‘J’Z’Z*]

The full Green’s function can be generated through

iDZE (X, y) = (_i)z S a(Xf&J b(y)W[J’Z’Z*]‘J

:Z:Z*:O

density matrix plA',c',c*| A", c",c*"] is not specified

the explicit form of the functional and the Green’s function cannot be found

The functional provides various relations among Green’s functions.
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General Slavnov-Taylor identity

WIJ, 7, 7*]1= N[ DAA[AJe’" 4

d

analog of the Fadeev-Popov determinant

L d 4x(—c; (00,5, —g0* f abe AS)Co+ ZaCa+ XaCa )

A[A] = B%)(:I)c"‘e_i

The invariance of W[J, 7, y*] under the transformations

a a U a apbc C 1 a
A (A ) = A2+ R0 A — 500

leads to

4 u (x) cab abc -1
—Ld XJa (X)[au o +Igf é"(x)ijd|:|

{iafw &;(y) X, y}}W[J,LZ*] =0
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Slavnov-Taylor identity
for gluon Green’s function

i o ] o 106
0t —— — | d*x J4(x)| oW +igf 2° M3 ==Ix,y |'\W[J, , *1=0

J:Z:Z*:O

- p“D2(P) = P,AL(P)|

\

free ghosts Green'’s function

The longitudinal component of the gluon Green’s function is free.
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Ghost functions

- p“Di(P) = p, AL (P)

X (p) =—iE—”5ab S(E, — )N, (p) + 1+ 6(E, + p)n, (p)
A<<p)=—‘E—”5ab 5(E, — po)n, () +S(E, + py)In, (-p) +1]]
X(p)= 5a{ oo O(E PN, )+ 5(E, + o, (—p))]

Z(5(E, - po)n, (p) +5(E, + py)n, (—p))}

N, (P) - gluon distribution function
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Contributions to the contour
polarization tensor

fermion ». . ghost

QQQ gluon

oo 2.

I14,(%, Y) =—ig*N.S,, Trl¥*S(x, y)7"S(y, X)]

quark-loop contribution to contour polarization tensor
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From contour to retarded polarization
tensor

Hcontour (X, y) RN H<,> (X, y) /T) Hi (X, y)

/ |

{ position of x,and y, \ identity
on the contour IT,,, (X, ¥) =£O(£X, F ¥, )(IT, (x, ¥) - IT;, (X, )
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Fermion-loop contribution to retarded
polarization tensor

R d* P
k
oA e A @

XTF[J/”S (P+K)y"S™"(p) +y“S™"(p)y"S” (P —K)]

Free quark Green'’s functions:

S5 (D) =i $9™(p)=S"(p)+S(p)
p2+ip00*

S”(p) =— P|S(E, - po)IN, (P) ~ 11+ S(E,, + po)A, (=)

S(p) = — BS(E, - Po)N, (D) + S(E, + po)[, (—p) ~1]]

For gluon and ghosts loop and tadpole
there are analogical formulas
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Hard Loop Approximation

A

Wavelength of a quasi-particle is much bigger
than inter-particle distance in the plasma:

A>>d

k* << p*
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Polarization tensor

I (k) = g 25I “pf(p) kK p"p" —[p"k" +k*“p" —g* (k- p)I(k- p)
* *)(2r)* E (k-p+i0")

p

distribution function

f(p) =2N.n,(p)+n,(p)+n,(P)

(vacuum effect is subtracted)

» symmetric [T77(k) =11 (k)

K 17" (k)=0 | Gause

independence!

> transversal

Ghosts work properly!
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Conclusions

» The generating functional of QCD in the Keldysh-Schwinger
formalism was constructed.

» The general Slavnov-Taylor identity was derived.
» The ghost Green’s function was expressed through the gluon one.

» The computed polarization tensor in the hard loop approximation
is automatically transverse.

» QCD calculations in Keldysh-Schwinger formalism are possible
in the Feynman gauge.



