
Chung-Wen Kao

Chung-Yuan Christian University, Taiwan

Two-boson exchange corrections in PVES

12th International Conference on Meson-Nucleon Physics and 

the Structure of the Nucleon May 31-June 4, 2010

College of William and Mary Williamsburg, Virginia

http://conferences.jlab.org/menu10/menu2010.pdf


Collaboration and Reference

In Collaboration with 

Hai-Qing Zhou(South East U, China), Keitaro Nagata(CYCU, Taiwan),  

Yu-Chun Chen(AS, Taiwan), M. Vanderhaeghen(Mainz, Germany), 

Shin-Nan Yang (NTU,Taiwan)

This talk is based on the following works:

(1) H-Q Zhou, CWK, S-N. Yang: Phys.Rev.Lett.99:262001,2007

(2) K. Nagata, H-Q Zhou, CWK, S-N. Yang: Phys.Rev.C79:062501,2009.

(3) H-Q Zhou, CWK, S-N Yang, K. Nagata: Phys.Rev.C81:035208,2010

(4) Y.C. Chen, CWK, M. Vanderhaeghen: arXiv: 0903.1098, submitted to PRD



Strangeness in the nucleon

Goal: Determine the contributions of the strange quark sea (      ) 

to the charge and current/spin distributions in the nucleon :  

“strange form factors”  Gs
E and Gs
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• s quark: cleanest candidate to study the 

sea quarks



Parity Violating ep Elastic Scattering
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Interference with EM 
amplitude makes Neutral 
Current (NC) amplitude 
accessible
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Tiny (~10-6) cross section asymmetry isolates weak interaction

Interference:  ~ |MEM |2 + |MNC |2 +  2Re(MEM*)MNC



OPE vs OZE



Isolating the neutral weak form factors: 
vary the kinematics  or the targets
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~ few parts per million

For proton:

Forward angle Backward angle
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NC probes same hadronic flavour structure, with different couplings:

GZ

E/M provide an important new benchmark for testing 
non-perturbative QCD structure of the nucleon
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Apply Charge Symmetry
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Extraction of strange form factors: Tree Level

Strange form factors

Axial form factors

ε’=





Tree Level is not enough!

 The strange form factors are found to be 
very small, just few percent.

 To make sure the extracted values are 
accurate, it is necessary to take the 
radiative corrections into consideration!

 So one has to draw many diagrams as 
follows…..



Too 

many 

diagram

s…Hm

mmm



Electroweak radiative corrections

Squeeze eq→eq amplitudes into 4-Fermion contact interactions



Electroweak radiative corrections

Define ρ and κ as follows:



Extraction of strange form factors 
with radiative corrections

ρ and κ are the constants derived 

from electroweak radiative corrections

Strange form factors





Be aware of the Box!

 Box diagram is intricate because it is related 
with nucleon intermediate states.

 Box diagram is special

because of its complicated Q2 and ε 
dependence hence it is not trivial to 

squeeze it.

So how can one squeeze the 

box diagrams?



Zero Transfer Momentum Approximations

p

q

Q2=t=(p-q)2 =0

Approximation made in the previous analysis:

p=q=k

Marciano, Sirlin (1983)

Pe=Pe’=0

Pe

Pe’



Refined evaluation of Box diagrams

K=8.58 , 4/5ξB=2.04

K is from the high loop momentum integrand containing QCD correction.

ξ is from the low loop momentum integrand.

Marciano, Sirlin (1984)



High and Low in MS scheme 

N

Low Loop momentum Integration:

Only include N intermediate state.

Insert the on-shell form factors.

High Loop momentum Integration:

Lepton and a single quark exchange bosons.

Then one makes convoluation with PDF.

N

=

l l



MS approximation

 Initially it is designed for atomic parity violation.

 Two exchanged boson carry same 4-momentum and 
lepton momenta are set to be zero. In other words MS 
approximation is a three-fold approximation:

 Q2=0.

 Elab=0.

 Coulomb force is taken away.



But this is nothing but a Procrustean bed!

Gee..it hurts! Get you!



Why is it Procrustean Bed?

 The best reason of making this approximation 
seemed to be only because it was the best way 
one could do in 1980s.

 On the other hand, since box diagrams are small, 
such an approximation has been supposed to be 
good enough and widely adopted.

 However if the Box diagram owns strong Q2

and/or ε dependencies, its impact is not necessarily 
small! (Painful experience learned from TPE)



Indeed MS is not good enough !

Zhou et al, PRC81:035208 2010

MS value (Low-k)



How about other box diagrams?

 MS approximation turns out to be good 
approximation for ZZ and WW box 
diagrams.

 On the other hand, 2γ diagrams are zero in 

MS limit due to the cancellation of box and 
cross-box diagrams.

 Hence one shall consider γZ and 2γ box 

diagrams beyond MS limit.



Two-Boson exchange diagrams



HQ. Zhou, CWK and SN Yang,  PRL, 99, 262001 (2007)



HQ. Zhou, CWK and SN Yang,  PRL, 99, 262001 (2007)



Qualitative features of TBE effect

 2γE and γZE both vanish at forward limit. 2 

γE is very small due to cancellation between 
γx2γ and Zx2γ.

 γZE is dominant and decreases as scattering 

angle decreases.

 TBE decreases fast when Q2 increases.



Adding resonances….

Δ(1232) plays an important role in the low energy regime due to 

its light mass and its strong coupling to πN systeam. 

arXiv:0811.3539 PRC79:062501 2009

Keitaro Nagata, Hai Qing Zhou, CWK and SN Yang



Nagata et al,  arXiv:0811.3539 PRC79:062501 2009



Nagata et al,  arXiv:0811.3539 PRC79:062501 2009



Updated results: Using 
physical Form factors

HQ Zhou, CWK, SN Yang, K Nagata PRC 81 035208 2010



Updated results: Using 
physical Form factors

HQ Zhou, CWK, SN Yang, K Nagata PRC 81 035208 2010



Old

New

Impact of our results

Avoid double counting



Here we only subtract 

the soft parts of ρ and κ

HQ Zhou, CWK, 

SN Yang, K Nagata 

PRC 81, 035208,2010



Go data



Partonic calculation of Box diagrams 

=

Yu-Chun Chen, C-W K, M. Vanderhaeghen, arXiv 0903.1098
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GPDs

x x

 

t

DVCS
Deeply Virtual Compton 

Scattering Longitudinal response 

only

GPDs can be accessed via exclusive reactions in the Bjorken

kinematic regime.

 The DVCS process is identified via double (eg) or

triple (egN) coincidences, allowing for small scale

detectors and large luminosities.

Factorisation applies only to longitudinally polarized

virtual photons whose contribution to the electroproduction

cross section must be isolated.
.

GPDs
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Partonic calculation of Box diagrams 

In MS limit c1=0 so that t1q is associated with ge
V

and t2q is associated with ge
A.

removed because it 

is Soft contribution



Partonic calculation of Box diagrams 



Result of Partonic calculation



Comparison with Marciano and Sirlin’s 
approximation



Comparison with Marciano and Sirlin’s 
approximation



Hardon+GPD framework

 Hadron+GPD framework is a natural 
extension of MS approximation.

 It can be improved by adding more 
resonances (Hadron) and including QCD 
corrections (GPD)

 At MS limit we check that our result 
restores to MS original one.



Qweak experiment

δQw / Qw = 4% 

δsin2θW / sin2θW = 0.3%



Our result @ Qweak Kinematics

δN=0.6%

δΔ=-0.1%

Elab=1.16GeV



Dispersion relation study



Cut the Box into two pieces

Zee axial coupling gA
e

Zee vector coupling gV
e

δ γzA 

δ γzV

In dispersion calculation the N intermediate state is excluded.

δ γzA (ν=0)=0

δ γzV (ν=0) ≠0



Δ(1232) contribution in 
dispersion approach



Our result after separation



Conflict and confusion

 We check our result and indeed at 
Q2=0,Elab=0, δγzA does vanishes.

 We also check our result and indeed at MS 
limit we obtain the original MS values.

 However our result show that TBE effect 
decreases as Elab increases at low Q2 .

 But dispersion approach show δγzA 

increases as Elab increases.



Possible resolution?

 Is it possible that δγzV decreases so fast and cancel 

the increase of δγzA ? 

 Is it possible that the structures neglected in Q2=0 

produces large effect even at low Q2?

 Or maybe Handbag approximation just does not 

work? (why?) or QCD correction is very large?

 Is it possible that PVDIS is very different with

modified DIS data used in dispersion calculation? 



Conclusion and Outlook

 TBE effect is sensitive to Q2 and scattering angle, 
hence its impact on strange form factors is not 
negligible. 

 MS approximation is not good enough and it is 
necessary to go beyond it.

 Conflict with the result from dispersion relation 
requires more study. 

 More investment is needed badly in this Box 
business……



Current status of TBE physics 

 Now this is not the end. 

It is not even the 

beginning of the end. 

But it is, perhaps, the 

end of the beginning.

Winston Churchill

After the second  battle of  

El  Alamein, Nov 10,1942



Personal feeling…



Thank you for listening…..

Two bosons may be too many, but two cups of Italian ice cream are 

definitely not………


