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Recent results of two-boson-exchange effects in the

parity-violating elastic electron-proton scattering *
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Abstract The results of two-boson-exchange effects in the parity-violating elastic electron-proton scattering

are reported based on a simple hadronic model. The corrections are calculated including the nucleon and

∆(1232) intermediate states. And the numerical results are also compared with the recent results reported by

other group and other methods.
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1 Introduction

The study of strange quark form factors of proton

has attracted much interest during the last decade.

Experimentally, the parity-violating elastic electron-

proton scatter provides a good method to extract

such quantities. Significant progresses have been

made during the last ten years[1—4] and the non-

zero strange quark form factors are indicated from

the precise measurement of parity asymmetry APV =
σR−σL

σR +σL
in polarized electron-proton scattering. Such

precise measurements call for precise theoretical esti-

mate of the radiative corrections. On another hand,

it has been showed that the two-photon-exchange ef-

fects play important role in the unpolarized elastic

electron-proton scattering[5, 6]. It is a natural ques-

tion to ask how about the two-boson-exchange effects

in the parity-violating elastic electron-proton scatter-

ing will be. In this letter, we report such results based

on a simple hadronic model.

For parity-violating elastic electron-proton scat-

tering, the asymmetry APV at the tree level is ex-

pressed as

A1γ+Z
PV =− GFQ2

4πα
√

2

AE +AM +AA

[ε(Gγ,P
E )2 +τ(Gγ,P

M )2]
, (1)

with

AE = εGZ,P
E Gγ,P

E , AM = τGZ,P
M Gγ,P

M ,

AA =−(1−4sin2 θW)
√

τ(1+τ)(1−ε2)GZ
AGγ,P

M ,

and τ = Q2/(4M 2),ε ≡ [1 + 2(1 + τ)tan2 θLab/2]−1,

where Q2 = −q2 is the momentum transfer and θLab

is the laboratory scattering angle. The form factors

are defined by the matrix elements of currents

〈p′|JZ
µ |p〉= u(p′)[F Z,P

1 γµ +F Z,p
2

iσµν

2M
qν +GZ

Aγµγ5]u(p),

〈p′|Jγ
µ |p〉= u(p′)[F γ,P

1 γµ +F γ,p
2

iσµν

2M
qν ]u(p),

with

Gγ(Z),P
E = F γ(Z),P

1 −τF γ(Z),P
2 ,Gγ(Z),P

M = F γ(Z),P
1 +F γ(Z),P

2 .

Using the contents of currents at quark level and

assuming the charge symmetry

Jem
µ =

∑

f=u,d,s

Qfqfγµqf , JZ
µ =

∑

f

qf(g
f
V +gf

Aγ5)qf ,

Gu,d,s/p
E,M = Gd,u,s/n

E,M , (2)

the APV can be re-expressed as

A1γ+Z
PV = A1 +A2 +A3, (3)
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with

A1 = −a

[

(1−4sin2 θW)− εGγ,P
E Gγ,n

E +τGγ,P
M Gγ,n

M

ε(Gγ,P
E )2 +τ(Gγ,P

M )2

]

,

A2 = a
εGγ,P

E Gs
E +τGγ,P

M Gs
M

ε(Gγ,P
E )2 +τ(Gγ,P

M )2
,

A3 = a(1−4sin2 θW)
ε′Gγ,P

M GZ
A

ε(Gγ,P
E )2 +τ(Gγ,P

M )2
,

where

a = GFQ2/4πα
√

2, ε′ =
√

τ(1+τ)(1−ε2).

2 Radiative correction

To go beyond the tree level, the electro-weak ra-

diative corrections should be considered, these correc-

tions are well defined at quark level by the effective

interaction[7]

He−q
PV =

GF√
2

∑

q=u,d,s

[C1qeγµγ
5
eqγµq+C2qeγµeqγµγ5q].

Under the zero momentum transfer approximation,

C1q and C2q are constants, and the corrections at

quark level can be applied to hadron level directly

which results in

APV(ρ,κ) = A1 +A2 +A3, (4)

with

A1 = −aρ

[

(1−4κsin2 θW)− εGγ,p
E Gγ,n

E +τGγ,p
M Gγ,n

M

ε(Gγ,p
E )2 +τ(Gγ,p

M )2

]

,

A2 = aρ
εGγ,p

E Gs
E +τGγ,p

M Gs
M

ε(Gγ,p
E )2 +τ(Gγ,p

M )2
,

A3 = a(1−4sin2 θW)
ε′Gγ,p

M GZ
A

ε(Gγ,p
E )2 +τ(Gγ,p

M )2
,

where

C1u = ρ

(

−1

2
+

4

3
κsin2 θW

)

,C1d = ρ

(

1

2
− 2

3
κsin2 θW

)

.

Eq. (4) is usually used to extract the strange quark

form factors from the experimental data[2, 3] .

When go beyond the zero momentum transfer ap-

proximation, the corrections from the hadronic struc-

ture should be considered. Among the radiative cor-

rections, the box diagrams play special role because

of its explicit angle dependence. For simplicity, we

describe such effects by effective interaction showed

as Fig. 1 following[5] and include the N and ∆ as the

intermediates.

(a)

p
′

e
′

e

p

γγ

(b)

γZ

Fig. 1. (a) TPE and (b) γZE box diagrams.

Corresponding crossed diagrams are implied.

For the effective interactions of NNγ, NNZ, N∆γ,

N∆Z and the parameters, we take the same as[8, 9]

and define the corrections as

δ ≡ Aγ+Z+2γ+γZ
PV −Aγ+Z

PV

Aγ+Z
PV

≈

δγ(2γ)
N +δZ(2γ)

N +δγ(γZ)
N +δγ(2γ)

∆ +δZ(2γ)
∆ +δγ(γZ)

∆ ,

where the IR divergence has been removed using the

standard method[10].

3 Result

The results for δ in Fig. 2 and Fig. 3 show the cor-

rections are strongly dependent on Q2 and ε. And the

corrections from N are about 2% at small ε where N

gives the main contribution while the corrections are

relatively smaller at large ε where ∆ gives the main

contributions.
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Fig. 2. Two-boson-exchange corrections with N

and ∆ intermediate states to parity-violating

asymmetry as functions of ε from 0.1 to 0.9 at

Q2 = 0.1, 1.0, 3.0, and 5.0 GeV2.
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Fig. 3. TPE and γZ-exchange corrections with

N and ∆ as intermediate states to parity-

violating asymmetry as functions of ε. The

above is for N case and the below is for ∆ case.

Dotted line denotes corrections coming from

the interference between 1γ-exchange and

2γ-exchange, dashed lines denote corrections

coming from the interference between 1Z-

exchange and 2γ-exchange and solid lines de-

note the corrections coming from the interfer-

ence between 1γ-exchange and γZ-exchange.

To extract the strange quark form factor from the

experimental data, the correction at the zero momen-

tum approximation should be subtracted to avoid the

double counting. We do this as[8, 9] and define the

correction δG

G
s

E +βG
s

M = (Gs
E +βGs

M)(1+δG), (5)

where G
s

E+βG
s

M are the form factors extracted from

the experimental APV after considering two-boson ex-

change effects.

The results for such defined δG are showed in Ta-

ble 1 where the large corrections indicate the impor-

tance of two-boson-exchange effects.

Table 1. The corrections δG to Gs
E +βGs

M for

HAPPEX, A4, and G0 experiments. (I, II),

(III, IV), and (V, VI) refer to the HAPPEX,

A4, and G0 data, respectively.

I II III IV V VI

Q2/GeV2 0.477 0.109 0.23 0.108 0.232 0.410

ε 0.974 0.994 0.83 0.83 0.986 0.974

δN(%) 0.25 0.34 0.86 1.30 0.288 0.275

δ∆(%) −0.59 −1.53 0.21 0.66 −0.90 −0.60

δ(%) −0.34 −1.19 1.07 1.96 −0.61 −0.30

δ0(%) 1.03 2.62 1.51 3.13 1.82 1.417

δG(%) −25.52 −75.23 −2.76 −2.27 13.12 20.62

The same effects are calculate by[11] recently and

similar properties are found. Moreover, the GDPs

method[12] is also used to discuss the two-boson-

exchange effects, and the authors got different prop-

erty for the γZ contribution and argued such differ-

ence may come from the large momentum region.

These suggest the two-boson-exchange effects in ep

scattering call for further study. And how to to com-

bine the GDPs methods and hadronic model is still

an open issue.
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