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Abstract. In a thermodynamic environment, thermal field theory (TFT) describes a large
ensemble of interacting particles. This may appear to be the same as in classical statistical
mechanics. Therefore, we study the scalar propagator and fermion propagator by
considering an arbitrary parameter 𝜎𝜎 that allows for a path integral description in real-time
formalism (RTF). We constructed those propagators that allowed us to know how particles
moved from one point to another point in the momentum space as well as in the mixed
space, at finite temperature
Keywords: Thermal field theory, Thermal propagator and Real Time Formalism.
I. INTRODUCTION
There are two formalisms within thermal field theories (TFT) for real time. So, the Real-Time
Formalism (RTF) can be made fully consistent according to a matrix structure. This structure
allows one to incorporate an arbitrary parameter for the family of paths for the general time path
contour in the complex 𝑡𝑡 plane. We should point out that the two most common values for the 𝜎𝜎parameter that appears in the Feynman propagator rules are (𝜎𝜎 = 0, 1/2). Only for 𝜎𝜎 = 0, it is
called for the closed time path (CTP) formalism [1,2]. For ThermoField Dynamics (TFD), it is
associated to 𝜎𝜎 = 1/2; this choice of 𝜎𝜎 reproduces instead of the Feynman rules of an operatorial
approach to quantum thermal field theory known as TFD [3]. In this work, we present internal
matrices for scalar boson and fermion fields in RTF without chemical potential [4]. RTF has
been widely used to study condensed matter phenomena and solve the many-body problems [5].
In RTF, the matrix constructed connects the doubling of field degrees of freedom of the
nonthermal vacuum to those of the thermal vacuum, leading to the thermal propagator for the
real massive Klein-Gordon theory as an expectation value in this thermal vacuum [6]. The
propagator at finite temperature is given in many works within the momentum space. When
Fourier-transforming the elements of the propagator in the energy variable, we obtain these
elements in the mixed space within a general contour. Furthermore, it is most useful to work in
the mixed space where the energy variable is Fourier transformed. The propagator is a function
of time and the spatial component of momentum [7,8]. Such a (mixed space) representation is
quite useful in many studies at finite temperature. Several works introduced the propagator
system in the mixed space, showing an unexpected simple relation between any finite
temperature graph and it’s zero temperature counterpart through a multiplicative scalar operator
that carried the entire temperature dependence [7]. This is done in RTF when (𝜎𝜎 = 0 and for it’s
conjugate 𝜎𝜎 = 1). The aim of the present manuscript is the computation of the thermal
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propagator components for the bosons and fermions in different spaces for a general path in RTF
[5,8]. The result shows that in the mixed space, the thermal propagator in RTF can be separated
nicely into a zero temperature part and a finite temperature part, much like in RTF. The analysis
in the mixed space provides us with the same physical information as the momentum space in
principle, while the former is more comfortable than the former in the computations and gaining
physical insights into medium properties. However, systems with a chemical potential at a finite
temperature are generally more difficult to handle. Therefore, the computation of the propagator
will be difficult in this case.
II. GENERAL THERMAL PROPAGATOR OF PARTICLES IN RTF
In TFT, there are two commonly used formalisms in RTF: CTP and TFD formalisms. The
path integral method is used in the CTP formalism, whereas TFD is based on an operatorial
description of thermal quantum field theory. The doubling of fields, resulting in (2 × 2) matrix
for the propagator [9], will be written as
𝐺𝐺 (𝜎𝜎,11) (𝑃𝑃; 𝛽𝛽) 𝐺𝐺 (𝜎𝜎,12) (𝑃𝑃; 𝛽𝛽)
�.
𝑖𝑖𝐺𝐺 (𝜎𝜎,1/2) (𝑃𝑃; 𝛽𝛽) = � (𝜎𝜎,21)
𝐺𝐺
(𝑃𝑃; 𝛽𝛽) 𝐺𝐺 (𝜎𝜎,22) (𝑃𝑃; 𝛽𝛽)

(1)

It is well known that if one wants to work with real-time propagators at finite temperature, whose
elements correspond to the thermal propagators, the subscripts (1,2) refer to the two real
branches of the time contour. There are two types of propagator components. The off-diagonal
components, are unphysical since one of the time arguments has an imaginary component. The
only physical propagators are the diagonal components. The TFT can be defined on a general
time path in the complex 𝑡𝑡 plane, where 0 ≤ 𝜎𝜎 ≤ 1 [6]. The Feynman propagator will be written
here as 𝑔𝑔(𝑃𝑃) and its complex conjugate 𝑔𝑔∗ (𝑃𝑃) is defined at zero temperature as
𝑔𝑔(𝑃𝑃) =

𝑖𝑖(𝑃𝑃+𝑚𝑚)

𝑝𝑝02 −𝐸𝐸 2 +𝑖𝑖𝜂𝜂

,

(2)

where 𝐸𝐸 2 = 𝑝𝑝⃗2 + 𝑚𝑚2 . Next, the matrix propagator at zero temperature is defined as
Therefore, we can use the properties

𝐺𝐺(𝑃𝑃) = �

𝑔𝑔(𝑃𝑃) + 𝑔𝑔∗ (𝑃𝑃) = �

and

∗

𝑥𝑥𝑃𝑃2 : =

2

0
�.
𝑔𝑔∗ (𝑃𝑃)

2𝑖𝑖𝑖𝑖𝑖𝑖(𝑥𝑥𝑃𝑃2 )(𝑃𝑃 + 𝑚𝑚),
2𝑖𝑖𝑖𝑖𝑖𝑖(𝑥𝑥𝑃𝑃2 ),

𝑔𝑔 (𝑃𝑃) − 𝑔𝑔(𝑃𝑃) = �
2

𝑔𝑔(𝑃𝑃)
0

1

2𝑖𝑖(𝑃𝑃 + 𝑚𝑚)𝒫𝒫 𝑥𝑥 2 ,
1

2𝑖𝑖𝒫𝒫 𝑥𝑥 2 ,
𝑃𝑃

𝑃𝑃

𝑓𝑓𝑓𝑓𝑓𝑓
𝑓𝑓𝑓𝑓𝑓𝑓

𝑓𝑓𝑓𝑓𝑓𝑓

𝑓𝑓𝑓𝑓𝑓𝑓

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 ,
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 .

(3)

(4)

(5)

Note that
(𝑝𝑝0 ) − 𝐸𝐸 , 𝛿𝛿 is the Dirac delta function and 𝒫𝒫 is the Cauchy principal value,
𝑃𝑃 = (𝑝𝑝0 , 𝑝𝑝) is in the momentum space, 𝑃𝑃 = (𝑡𝑡, 𝑝𝑝) is in the mixed space, and Θ(±𝑝𝑝0 ) denotes the
step function. The matrix elements 𝐺𝐺 (𝜎𝜎,1/2) in the momentum space is given by:
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𝑖𝑖𝐺𝐺 (𝜎𝜎,11) (𝑃𝑃; 𝛽𝛽) = �𝑔𝑔(𝑃𝑃) + [𝑔𝑔(𝑃𝑃) + 𝑔𝑔∗ (𝑃𝑃)]𝑁𝑁(𝜉𝜉) (𝑃𝑃; 𝛽𝛽)�,

𝑖𝑖𝐺𝐺 (𝜎𝜎,12) (𝑃𝑃; 𝛽𝛽) = [𝑔𝑔(𝑃𝑃) + 𝑔𝑔∗ (𝑃𝑃)]�Θ(−𝑝𝑝0 ) + 𝑁𝑁(𝜉𝜉) (𝑃𝑃; 𝛽𝛽)�𝑒𝑒 𝜎𝜎𝜎𝜎𝑃𝑃 ,
𝑖𝑖𝐺𝐺 (𝜎𝜎,21) (𝑃𝑃; 𝛽𝛽) = [𝑔𝑔(𝑃𝑃) + 𝑔𝑔∗ (𝑃𝑃)]�Θ(𝑝𝑝0 ) + 𝑁𝑁(𝜉𝜉) (𝑃𝑃; 𝛽𝛽)�𝑒𝑒 −𝜎𝜎𝜎𝜎𝑃𝑃 ,

(6)

𝑖𝑖𝐺𝐺 (𝜎𝜎,22) (𝑃𝑃; 𝛽𝛽) = �𝑔𝑔∗ (𝑃𝑃) + [𝑔𝑔(𝑃𝑃) + 𝑔𝑔∗ (𝑃𝑃)]𝑁𝑁(𝜉𝜉) (𝑃𝑃; 𝛽𝛽)�,

and 𝑁𝑁𝜉𝜉 (𝑃𝑃; 𝛽𝛽) is the distribution of particles of the form
𝑁𝑁(𝜉𝜉) (|𝑝𝑝0 |; 𝛽𝛽) =

1

𝛽𝛽|𝑝𝑝0 |
�𝑒𝑒 1 +1

𝑒𝑒 𝛽𝛽|𝑝𝑝0 | −1

,

𝑓𝑓𝑓𝑓𝑓𝑓

,

𝑓𝑓𝑓𝑓𝑓𝑓

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓,
𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 ,

(7)

where 𝑁𝑁𝐵𝐵 (𝑃𝑃; 𝛽𝛽) is Bose-Einstein distribution and 𝑁𝑁𝐹𝐹 (𝑃𝑃; 𝛽𝛽) is Fermi-Dirac distribution. There are
several things to note from the structures of the propagators’ terms in (6). Some of these terms
are independent of temperature, present in 𝛽𝛽, others terms are temperature-dependent 𝑇𝑇 ≠ 0.
Most importantly, in this section, 𝜎𝜎 is an arbitrary parameter which appears in the exponential
function in 𝐺𝐺 (𝜎𝜎,12) (𝑃𝑃; 𝛽𝛽) and 𝐺𝐺 (𝜎𝜎,21) (𝑃𝑃; 𝛽𝛽) for both fields (scalar and fermion). We show the
relations between TFD and CTP in propagators, which depend on the values of 𝜎𝜎. Hence, the
definition of the propagator in the mixed space, that is computed the elements of (6) in this space
to be

where 𝑖𝑖, 𝑗𝑗 ∈ {1,2} [8].

∞ 𝑑𝑑𝑝𝑝0

𝐺𝐺 (𝜎𝜎,𝑖𝑖𝑖𝑖) (𝑡𝑡, 𝑝𝑝; 𝛽𝛽) = ∫−∞

2𝜋𝜋

exp−𝑖𝑖𝑝𝑝0𝑡𝑡 𝐺𝐺 (𝜎𝜎,𝑖𝑖𝑖𝑖) (𝑝𝑝0 , 𝑝𝑝; 𝛽𝛽),

(8)

III. THERMAL PROPAGATOR OF SCALAR FIELD

The free Lagrangian density for a scalar field without a chemical potential has been written in
QFT as
2

1

1

ℒ(𝑥𝑥) = 2 �𝜕𝜕𝜇𝜇 𝜙𝜙(𝑥𝑥)� − 2 𝑚𝑚2 𝜙𝜙 2 (𝑥𝑥).

(9)

We use (2) to write the free scalar propagator at zero temperature
Δ(𝑃𝑃) =

𝑝𝑝02

𝑖𝑖
,
− 𝐸𝐸 2 + 𝑖𝑖𝜂𝜂

and the following elements of the propagator at finite temperature in (6) for the scalar field in the
momentum space
𝐷𝐷(𝜎𝜎,11) (𝑃𝑃; 𝛽𝛽) = [−𝑖𝑖Δ(𝑃𝑃) + 2𝜋𝜋𝜋𝜋(𝑝𝑝02 − 𝐸𝐸 2 )𝑁𝑁𝐵𝐵 (𝑃𝑃; 𝛽𝛽)],
𝐷𝐷(𝜎𝜎,12) (𝑃𝑃; 𝛽𝛽) = −2𝑖𝑖𝜋𝜋𝜋𝜋(𝑝𝑝02 − 𝐸𝐸 2 )(Θ(−𝑝𝑝0 ) + 𝑁𝑁𝐵𝐵 (𝑃𝑃; 𝛽𝛽))𝑒𝑒 𝜎𝜎𝜎𝜎𝑃𝑃 ,
𝐷𝐷(𝜎𝜎,21) (𝑃𝑃; 𝛽𝛽) = −2𝑖𝑖𝜋𝜋𝜋𝜋(𝑝𝑝02 − 𝐸𝐸 2 )(Θ(𝑝𝑝0 ) + 𝑁𝑁𝐵𝐵 (𝑃𝑃; 𝛽𝛽))𝑒𝑒 −𝜎𝜎𝜎𝜎𝑃𝑃 ,
𝐷𝐷(𝜎𝜎,22) (𝑃𝑃; 𝛽𝛽) = [−𝑖𝑖Δ∗ (𝑃𝑃) + 2𝜋𝜋𝛿𝛿(𝑝𝑝02 − 𝐸𝐸 2 )𝑁𝑁𝐵𝐵 (𝑃𝑃; 𝛽𝛽)].

The hyperbolic functions give with Boson as

cosh𝜃𝜃(𝑝𝑝0 ; 𝛽𝛽) =

𝑒𝑒

𝛽𝛽𝑝𝑝0
2

,
√𝑒𝑒𝛽𝛽|𝑝𝑝0| − 1

(10)
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and
sinh𝜃𝜃(𝑝𝑝0 ; 𝛽𝛽) =

then

1

,
√𝑒𝑒𝛽𝛽|𝑝𝑝0| − 1

(𝜎𝜎)

sinh𝜃𝜃(𝑝𝑝0 ; 𝛽𝛽)cosh𝜃𝜃(𝑝𝑝0 ; 𝛽𝛽) = 𝑁𝑁𝐵𝐵 (|𝑝𝑝0 |; 𝛽𝛽)𝑓𝑓𝐵𝐵 (𝑝𝑝0 ; 𝛽𝛽).

(𝜎𝜎)

For a general path, one can make a specific choice of the arbitrary function, 𝑓𝑓𝐵𝐵 (𝑝𝑝0 ; 𝛽𝛽) to
considerably reduce the algebra. Setting for example
TFD, one obtains,
𝑓𝑓𝐵𝐵𝜎𝜎 (𝑝𝑝0 ; 𝛽𝛽)

=�

𝑒𝑒 𝛽𝛽
1,

|𝑝𝑝0 |
2

(0)
𝑓𝑓𝐵𝐵 (𝑝𝑝0 ; 𝛽𝛽)
1

, 𝜎𝜎 = 2

1
2

� �

for CTP and 𝑓𝑓𝐵𝐵 (𝑝𝑝0 ; 𝛽𝛽) for

for TFD,

(11)

𝜎𝜎 = 0 for CTP.

We can note that in (10), the system allows us to study the thermal effect and the particles
interactions of the scalar field in both approaches of CTP and TFD by giving the values for 0 ≤
𝜎𝜎 ≤ 1 and the variable (𝛽𝛽) whose results agree with [8, 10]. Furthermore, the propagator
acquires a 2 × 2 matrix structure that allows one to study the elements of the matrix in the mixed
space by using (8),
1

𝐷𝐷(𝜎𝜎,11) (𝑡𝑡, 𝑝𝑝; 𝛽𝛽) = 2𝐸𝐸 �(Θ(𝑡𝑡) + 𝑁𝑁𝐵𝐵 (𝐸𝐸; 𝛽𝛽))𝑒𝑒 −𝑖𝑖𝑖𝑖𝑖𝑖 + (Θ(−𝑡𝑡) + 𝑁𝑁𝐵𝐵 (𝐸𝐸; 𝛽𝛽))𝑒𝑒 𝑖𝑖𝑖𝑖𝑖𝑖 �,
1

𝐷𝐷(𝜎𝜎,12) (𝑡𝑡, 𝑝𝑝; 𝛽𝛽) = 2𝐸𝐸 �(Θ(−𝑡𝑡) + 𝑁𝑁𝐵𝐵 (𝐸𝐸; 𝛽𝛽))𝑒𝑒 −𝑖𝑖𝑖𝑖(𝑡𝑡+𝑖𝑖𝛽𝛽𝛽𝛽) + (𝑁𝑁𝐵𝐵 (𝐸𝐸; 𝛽𝛽) + Θ(𝑡𝑡))𝑒𝑒 𝑖𝑖𝑖𝑖(𝑡𝑡+𝑖𝑖𝛽𝛽𝛽𝛽) �,
1

𝐷𝐷(𝜎𝜎,21) (𝑡𝑡, 𝑝𝑝; 𝛽𝛽) = 2𝐸𝐸 �(Θ(𝑡𝑡) + 𝑁𝑁𝐵𝐵 (𝐸𝐸; 𝛽𝛽))𝑒𝑒 −𝑖𝑖𝑖𝑖(𝑡𝑡−𝑖𝑖𝛽𝛽𝛽𝛽) + (𝑁𝑁𝐵𝐵 (𝐸𝐸; 𝛽𝛽) + Θ(−𝑡𝑡))𝑒𝑒 𝑖𝑖𝑖𝑖(𝑡𝑡−𝑖𝑖𝛽𝛽𝛽𝛽) �,

(12)

1

𝐷𝐷(𝜎𝜎,22) (𝑡𝑡, 𝑝𝑝; 𝛽𝛽) = 2𝐸𝐸 �(Θ(𝑡𝑡) + 𝑁𝑁𝐵𝐵 (𝐸𝐸; 𝛽𝛽))𝑒𝑒 𝑖𝑖𝑖𝑖𝑖𝑖 + (Θ(−𝑡𝑡) + 𝑁𝑁𝐵𝐵 (𝐸𝐸; 𝛽𝛽))𝑒𝑒 −𝑖𝑖𝑖𝑖𝑖𝑖 �,

which is in agreement with [8,10,11]. To study the fermion field, we can follow similar steps
used with the associated scalar field, in the momentum space, leading to a matrix factorization of
the propagator in the mixed space.
IV. THERMAL PROPAGATOR OF FERMION FIELD
The free Lagrangian density for a fermion field without a chemical potential is
ℒ(𝑥𝑥) = 𝜓𝜓�(𝑥𝑥)(𝑖𝑖𝑖𝑖 − 𝑚𝑚)𝜓𝜓(𝑥𝑥).

(13)

The covariant derivative in the fundamental representation is 𝐷𝐷𝜇𝜇 𝜓𝜓(𝑥𝑥) = 𝜕𝜕𝑡𝑡 𝜓𝜓(𝑥𝑥) − 𝑖𝑖𝑖𝑖𝐴𝐴𝜇𝜇 𝜓𝜓(𝑥𝑥).
The free-fermion propagator at zero temperature is given by
𝑠𝑠(𝑃𝑃) =

𝑖𝑖
,
(𝑃𝑃 + 𝑚𝑚) + 𝑖𝑖𝜂𝜂

where 𝛾𝛾 is gamma matrix and 𝑃𝑃 = 𝛾𝛾 𝜇𝜇 𝑃𝑃𝜇𝜇 = 𝛾𝛾 0 𝑝𝑝0 − 𝛾𝛾⃗ ⋅ 𝑝𝑝. Now we can use (6) to write the
thermal elements of the propagator for fermion field as
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𝑖𝑖𝑆𝑆 (𝜎𝜎,11) (𝑃𝑃; 𝛽𝛽) = (𝑃𝑃 + 𝑚𝑚)[Δ(𝑃𝑃) − 2𝜋𝜋𝜋𝜋(𝑝𝑝02 − 𝐸𝐸 2 )𝑁𝑁𝐹𝐹 (𝑃𝑃; 𝛽𝛽)],
𝑖𝑖𝑆𝑆 (𝜎𝜎,12) (𝑃𝑃; 𝛽𝛽) = 2𝜋𝜋(𝑃𝑃 + 𝑚𝑚)𝛿𝛿(𝑝𝑝02 − 𝐸𝐸 2 )(Θ(−𝑝𝑝0 ) − 𝑁𝑁𝐹𝐹 (𝑃𝑃; 𝛽𝛽))𝑒𝑒 𝜎𝜎𝜎𝜎𝑃𝑃 ,
𝑖𝑖𝑆𝑆 (𝜎𝜎,21) (𝑃𝑃; 𝛽𝛽) = 2𝜋𝜋(𝑃𝑃 + 𝑚𝑚)𝛿𝛿(𝑝𝑝02 − 𝐸𝐸 2 )(Θ(𝑝𝑝0 ) − 𝑁𝑁𝐹𝐹 (𝑃𝑃; 𝛽𝛽))𝑒𝑒 −𝜎𝜎𝜎𝜎𝑃𝑃 ,
𝑖𝑖𝑆𝑆 (𝜎𝜎,22) (𝑃𝑃; 𝛽𝛽) = (𝑃𝑃 + 𝑚𝑚+)[−Δ∗ (𝑃𝑃) − 2𝜋𝜋𝜋𝜋(𝑝𝑝02 − 𝐸𝐸 2 )𝑁𝑁𝐹𝐹 (𝑃𝑃; 𝛽𝛽)],

(14)

The goniometric functions give with fermion as
cos𝜃𝜃(𝑝𝑝0 ; 𝛽𝛽) = Θ(𝑝𝑝0 )�

and

sin𝜃𝜃(𝑝𝑝0 ; 𝛽𝛽) = Θ(𝑝𝑝0 )�

𝑒𝑒𝛽𝛽𝑝𝑝0
1
�
+
Θ(−𝑝𝑝
)
,
0
𝑒𝑒𝛽𝛽𝑝𝑝0 + 1
𝑒𝑒𝛽𝛽𝑝𝑝0 + 1

1
𝑒𝑒𝛽𝛽𝑝𝑝0
�
+
Θ(−𝑝𝑝
)
.
0
𝑒𝑒𝛽𝛽𝑝𝑝0 + 1
𝑒𝑒𝛽𝛽𝑝𝑝0 + 1

Note that the previous case involved the hyperbolic functions for the scalar field, but here we use
the goniometric functions to construct the fermion fields,
sin𝜃𝜃(𝑝𝑝0 ; 𝛽𝛽)cos𝜃𝜃(𝑝𝑝0 ; 𝛽𝛽) = 𝑁𝑁𝐹𝐹 (𝑝𝑝0 ; 𝛽𝛽)𝑓𝑓𝐹𝐹𝜎𝜎 (𝑝𝑝0 ; 𝛽𝛽).
(𝜎𝜎)

The arbitrary function, 𝑓𝑓𝐹𝐹 (𝑝𝑝0 ; 𝛽𝛽) reduce the algebra. We will clarify how the choice of
1

� �

(0)

approach affect on the function 𝑓𝑓𝐹𝐹 (𝑝𝑝0 ; 𝛽𝛽) for CTP and 𝑓𝑓𝐹𝐹 2 (𝑝𝑝0 ; 𝛽𝛽) for TFD, namely,
𝑓𝑓𝐹𝐹𝜎𝜎 (𝑝𝑝0 ; 𝛽𝛽) = �

𝑝𝑝0

𝛽𝛽

𝑒𝑒 𝛽𝛽 2 �[Θ2 (𝑝𝑝0 ) + Θ2 (−𝑝𝑝0 )] + 2cosh � 2 𝑝𝑝0 � Θ(𝑝𝑝0 )Θ(−𝑝𝑝0 )� ,

1,

for TFD,

(15)

for CTP.

In (14), the elements of the matrix are useful to study the thermal effect and the particles
interactions of the fermion field in RTF within this range 0 ≤ 𝜎𝜎 ≤ 1 [9,12]. Now, we will write
the elements of the fermion propagator in the mixed space. The propagator acquires a 2 × 2
matrix structure in (14); with the help of (8), we obtain
1

𝑆𝑆 (𝜎𝜎,11) (𝑡𝑡, 𝑝𝑝; 𝛽𝛽) = 2𝐸𝐸 �(Θ(𝑡𝑡) − 𝑁𝑁𝐹𝐹 (𝐸𝐸; 𝛽𝛽))𝐴𝐴(𝐸𝐸)𝑒𝑒 −𝑖𝑖𝑖𝑖𝑖𝑖 + (Θ(−𝑡𝑡) − 𝑁𝑁𝐹𝐹 (𝐸𝐸; 𝛽𝛽))𝐵𝐵(𝐸𝐸)𝑒𝑒 𝑖𝑖𝑖𝑖𝑖𝑖 �,
1

𝑆𝑆 (𝜎𝜎,12) (𝑡𝑡, 𝑝𝑝; 𝛽𝛽) = − 2𝐸𝐸 �𝐵𝐵(𝐸𝐸)(𝑁𝑁𝐹𝐹 (𝐸𝐸; 𝛽𝛽) − 1)𝑒𝑒 𝑖𝑖𝑖𝑖(𝑡𝑡+2𝑖𝑖𝛽𝛽𝛽𝛽) + 𝐴𝐴(𝐸𝐸)𝑁𝑁𝐹𝐹 (𝐸𝐸; 𝛽𝛽)𝑒𝑒 −𝑖𝑖𝑖𝑖(𝑡𝑡+2𝑖𝑖𝛽𝛽𝛽𝛽) �,
1

𝑆𝑆 (𝜎𝜎,21) (𝑡𝑡, 𝑝𝑝; 𝛽𝛽) = − 2𝐸𝐸 �𝐵𝐵(𝐸𝐸)𝑁𝑁𝐹𝐹 (𝐸𝐸; 𝛽𝛽)𝑒𝑒 𝑖𝑖𝑖𝑖(𝑡𝑡+2𝑖𝑖𝛽𝛽𝛽𝛽) + 𝐴𝐴(𝐸𝐸)(𝑁𝑁𝐹𝐹 (𝐸𝐸; 𝛽𝛽) − 1)𝑒𝑒 −𝑖𝑖𝑖𝑖(𝑡𝑡+2𝑖𝑖𝛽𝛽𝛽𝛽) �,
1

(16)

𝑆𝑆 (𝜎𝜎,22) (𝑡𝑡, 𝑝𝑝; 𝛽𝛽) = 2𝐸𝐸 �(Θ(𝑡𝑡) − 𝑁𝑁𝐹𝐹 (𝐸𝐸; 𝛽𝛽))𝐵𝐵(𝐸𝐸)𝑒𝑒 𝑖𝑖𝑖𝑖𝑖𝑖 + (Θ(−𝑡𝑡) − 𝑁𝑁𝐹𝐹 (𝐸𝐸; 𝛽𝛽))𝐴𝐴(𝐸𝐸)𝑒𝑒 −𝑖𝑖𝑖𝑖𝑖𝑖 �,

where,

𝐴𝐴(𝐸𝐸) = 𝛾𝛾 0 𝐸𝐸 − 𝛾𝛾⃗ ⋅ 𝑝𝑝⃗ + 𝑚𝑚,

and

𝐵𝐵(𝐸𝐸) = −(𝛾𝛾 0 𝐸𝐸 + 𝛾𝛾⃗ ⋅ 𝑝𝑝⃗ − 𝑚𝑚).

When 𝜎𝜎 = 0, the results in (16) agreed with CTP in [7] when chemical potential is vanishing, but
in our case, the result was for any path within RTF.
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V. CONCLUSION
As we know well, there are two approaches in RTF. Therefore, several works gathered
together those formalisms through two popular choices for the contour parameter 𝜎𝜎, (𝜎𝜎 = 0 and
1/2) for both CTP and TFD, respectively. The viewpoint suggested here is to study the thermal
propagator of the fermion field and the thermal propagator of the scalar field. The results show
that the real-time propagators for scalar and fermion fields consist of two parts, the non-thermal
part and the thermal part, respectively. It is to be noted that the thermal part is different for each
component of the propagator in both spaces for our work in the general path, while the thermal
part is the same for those components in CTP formalism. The thermal part of the propagator
represents an on-shell contribution (because of the 𝛿𝛿-function). In fact, the intuitive meaning of
the temperature dependent correction is quite clear. In a hot medium, there is a distribution of
real particles. Hence, we can compute an integration over a real, continuous, energy 𝑝𝑝0 since
there is now a severe mathematical singularity owing to the square of the 𝛿𝛿-function. The
thermal part merely represents the possibility that a particle exists, and the virtual exchanges, that
also can emit or absorb a real particle of the medium. While we have 𝛿𝛿-function and the particle
distribution as well as the temporal transform factor 𝑒𝑒 −𝑖𝑖𝑝𝑝0𝑡𝑡 in the mixed space, so the integration
of those functions over 𝑝𝑝0 will lead to the separation of the time and the spatial component of
momentum.
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