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TA B L E  O F  C O N T E N T S

• Motivation 

• Introduction to the covariant approach 

• Electroweak parity violating asymmetry for electron-positron ( ) process 
at Leading Order (LO), Next-to-Leading Order (NLO) and Next-to-Next-to-
Leading Order (NNLO) 

• Results  

• Conclusion 
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• Low energy precision physics becomes important  provides indirect searches achieved 
through precise measurements of well-predicted SM observables. 

• Precise measurement of electroweak Parity Violating Asymmetry ( )  higher order 
corrections considered up to NNLO ( ) using Covariant approach.  

Our recent paper: Phys. Rev. D 113, 113002 (2026) 

• The collisions between  at Chiral Belle experiment with the center-of-mass energy of  
GeV provide clear kinematics, and missing momentum signatures can be fully reconstructed. 

• Measurement of neutral current vector couplings to five fermion flavours ( ) with 
precisions comparable to Z-pole measurements. Phys. Rev. D 112, 013006 (2025)

→

APV →
α4

e−e+ 10.58

b, c, τ, μ, e
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• A longitudinally polarized electron collides with an unpolarized 
positron target  
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• Formula:  ,  where:   and   

• For QED, , numerator contains just weak+electroweak cross 
terms. 

• Denominator contains just QED terms as  (90 GeV)> (0.5 MeV) 

•   

APV =
σR − σL

σR + σL
σR ∝ |ℳR|2 σL ∝ |ℳL|2

|ℳγR| = |ℳγL|

mZ me−

APV =
|ℳZZ |2

R − |ℳZZ |2
L + 2ℜ(ℳγℳ†

Z)R − 2ℜ(ℳγℳ†
Z)L

|ℳZZ |2
R+L + 2ℜ(ℳγℳ†

Z)R+L + |ℳγγ |2
R+L

7
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ℳγ = [v̄(k2)(− ·ιeγμ)us(1)(k1)]( − ·ι
q2 ) × [ū(k4)(− ·ιeγμ(q2)v(k3)]

E L E C T R O M A G N E T I C  A N D  W E A K  I N T E R A C T I O N S  F O R  
E L E C T R O N - P O S I T R O N  S C AT T E R I N G

ℳZ = [v̄(k2)(− ·ιe(aVγμ + aAVγμγ5))us(1)(k1)] × ( − ·ι
q2 − m2

Z )[ū(k4)(− ·ιe(aVγμ + aAVγμγ5))v(k3)]

μ−/c/b(k3)

γ/Z

e−(k1)

e+(k2) μ+/c̄/b̄(k4)
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• The vector  and axial-vector  couplings are defined as: 

;        

Where: 

•    of Weinberg mixing angle 

• electric charge 

•  weak isospin (for down-type left-handed fermions)

aV aAV

aV =
I3 − 2 sin2 θWQf

2 sin θW cos θW
aAV =

I3

2 sin θW cos θW

sin θW = 1 −
m2

W

m2
Z

→ sin

Qf = − 1(e−) →

I3 = −
1
2

→

9
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T R E E - L E V E L  L E P T O N I C  T E N S O R  ( - O R D E R )α

• Leading Order electroweak leptonic tensor:                                

where  are tree level leptonic tensor structure functions.   helicity reference 
vector of the incoming lepton.

l1−8 s1 →

10

L0
μν = 4πα[l1gμν + l2k2μk1ν + l3k1μk2ν + l4ϵs1,μ,ν,k1

+ l5ϵs1,μ,ν,k2
+ l6ϵμ,ν,k1,k2

+ l7k2μs1ν + l8k2νs1μ]

L0
μν →
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• Leading Order electroweak leptonic tensor:                                

where  are tree level leptonic tensor structure functions.   helicity reference 
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N L O  L E P T O N I C  T E N S O R  

4

Finally, the total amplitude squared in the case of tree-
level electroweak lepton-proton scattering is obtained by
contracting the upper leptonic tensor part with the lower
hadronic tensor part of the diagram, as shown in Fig.[3].

FIG. 3. The total amplitude squared in case of tree level
electroweak l � p scattering.

III. HIGHER ORDER CORRECTIONS: NLO
AND NNLO LEVEL ELECTROWEAK LEPTONIC

TENSOR

The higher-order radiative corrections in a scattering
process involve the contribution of virtual particles in
the form of self-energies, vertex corrections, real pho-
ton emissions (bremsstrahlung process) and two-boson
exchange (boxes). In this paper, we use the covariant
approach to calculate the NLO and NNLO level-boson
self-energy and vertex correction graphs, as well as the
bremsstrahlung process. Since box diagrams [26], [27]
form a gauge-invariant set, and their calculation with a
leptonic tensor approach requires a di↵erent treatment,
this topic will be discussed in a separate paper. The
boson self-energy graphs do not contain infrared (IR) di-
vergences, and we use an on-shell renormalization scheme
for the treatment of ultraviolet (UV) divergences. The
IR divergence in the vertex correction graphs is treated
numerically by using a small parameter for the photon
mass. We shall see in sec.V how to get IR finite results
analytically by adding bremsstrahlung contributions.

A. Next-To-Leading Order (NLO) level
electroweak leptonic tensor

The electroweak corrected cross-section at the NLO
(one-loop) is of the order of ↵3 as compared to the LO
in the perturbation expansion. It is obtained by multi-
plying the tree-level diagrams with the sum of the vertex
correction and self-energy graphs at the one-loop level,
as shown in Fig.[4]. This contribution to the total am-
plitude squared can be expressed as:

2<[MLO ⇥M†
NLO], (13)

where:

MNLO = M̂SE + M̂TR. (14)

In Eq.[14], the terms M̂(SE,TR) correspond to the renor-
malized photon and Z�boson amplitudes in the on-shell

FIG. 4. One-loop level electroweak leptonic tensor diagram
with an incoming and outgoing lepton. The symbols V

0 and
V

± are used for �, Z�boson and W
± vector boson propaga-

tors, respectively.

renormalization scheme [30], [31] whereas the subscripts
SE and TR represent the self-energy and vertex correc-
tion terms, respectively. The vertex correction graphs are
infrared divergent that arises due to the massless photon
in the vertex loop integral. We will treat this divergence
in sec.V .
Using Eq.[13], we calculate the one-loop electroweak

leptonic tensor given by:

LNLO

µ⌫
= r1gµ⌫ + r2k2µk1⌫ + r3k1µk2⌫ + r4✏s1,µ,⌫,k1+

r5✏s1,µ,⌫,k2+r6✏µ,⌫,k1,k2+r7k2µs1⌫+r8k2⌫s1µ+r9k2µk2⌫+

r10✏s1,µ,k1,k2k2,⌫ + r11✏s1,⌫,k1,k2 k2µ + r12k1⌫k1µ+

r13✏µ,⌫,k2,k1 + r14s1⌫k1µ + r15s1µk1⌫ + r16✏s1,µ,k1,k2k1⌫+

r17✏s1,µ,k2,k1k2⌫ + r18✏s1,⌫,k2,k1k1µ + r19✏s1,⌫,k2,k1k2µ.
(15)

There are in total nineteen leptonic tensor structure func-
tions obtained by the products of photon couples to lep-
ton ⇥ photon couples to lepton, Z�boson couples to lep-
ton ⇥ Z�boson couples to lepton, and photon couples to
lepton ⇥ Z�boson couples to lepton, respectively.
In Eq.[15], r1�19 are the one-loop level leptonic struc-

ture functions. These structure functions depend on mo-
mentum transfer squared (�q2 = Q2) and are written in
terms of the Passarino-Veltman functions. We use the
LoopTools package to calculate these functions numer-
ically. We plot these structure functions as a function
of �q2 as shown in Fig.[5]. By applying the sensitivity
study, it was noticed that the significant contribution to
parity violating asymmetry comes from only six structure
functions (r1, r2, r3, r6, r12 and r13) which are plotted in
Fig.[5]. However, the total APV is calculated by consid-
ering all of the above mentioned nineteen structure func-
tions. The structure function r1 has the units of GeV 2.
Hence, in order to make units consistent for all the struc-
ture functions, we multiply and divide r2, r3, r6, r12 and
r13 by a scaling parameter �2 = 1 GeV 2.

There are in total 307 self-energy and vertex correction
graphs in the case of electroweak leptonic tensor at the
one-loop containing all SM particles inside the loop. A
snapshot of such graphs generated in FeynArts is shown
in Fig.[6].
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•  are leptonic structure functions, of  order, depend on the momentum transfer ( ) and 
written in terms of Passarino-Veltman (Pa-Ve) integral functions.
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FIG. 5. NLO level leptonic tensor structure functions plotted
versus �q

2 with an incoming polarized lepton having helicity
±1. Here the graphs with colors purple, cyan, blue, red, black
and green are for r1, r2, r3, r6, r12 and r13, respectively. The
graphs are plotted at ECMS = 20 GeV .

FIG. 6. Examples of self-energy and vertex correction dia-
grams in case of electroweak leptonic tensor at one-loop level.
In total there are 307 graphs.

B. Next-To-Next-To-Leading Order (NNLO)
electroweak leptonic tensor

The squared amplitude related to the calculations of
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tions and are calculated using the FormCalc and Loop-
Tools packages. Among these structure functions, only
eight (n1, n2, n3, n6, n12, n13, n14, n15) have a sig-
nificant contribution to APV which are plotted in Fig.[8]
as a function of momentum transfer squared. All these
structure functions have di↵erent units. In order to keep
units consistent (GeV 2), we multiply n14, n15 by a scal-
ing parameter � = 1 GeV and n2, n3, n6, n12 and n13

by �2 = 1 GeV 2.

FIG. 8. Quadratic level leptonic tensor structure functions
plotted versus �q

2 with helicities ±1. Here the graphs with
colors black, cyan, blue, red, purple, magenta, orange and
brown are for n1, n2, n3, n6, n12, n13, n14 and n15, respec-
tively. The graphs are plotted at ECMS = 20 GeV .

•  are leptonic structure functions, of  order, depend on the momentum transfer ( ) and 
written in terms of Passarino-Veltman (Pa-Ve) integral functions.
n1−21 α3 q2
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Tree APV

 - - - - Tree+NLO APV

——Tree+NLO+Qud+2Loop-red APV

e− + e+ → μ− + μ+ e− + e+ → c + c̄ e− + e+ → b + b̄

•  obtained using covariant approach


•Box diagrams and bremsstrahlung not included


•On-shell renormalization is used

APV
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S U M M A R Y:

• We presented our preliminary results up to NNLO (quadratic + reducible two-loop) 
for electroweak  using the kinematics of Chiral Belle at CM energy of 10.58 GeV.  

• These calculations will be updated by adding the soft-photon and the hard-photon 
bremsstrahlung processes along with electroweak box diagrams. 

• We have employed various techniques in this work, which have been checked with 
the higher-order QED corrections in . 

• Our analytical and computer-based algebra routines show considerable promise for 
extension and applications towards the experiments, which are searching for physics 
beyond the Standard Model.

APV

APV
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