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Strangeness in the nucleon
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« s quark: cleanest candidate to study the
sea quarks

Goal: Determine the contributions of the strange quark sea ( 5 )
to the charge and current/spin distributions in the nucleon :

“strange form factors” GSc and GS,,




Parity Violating ep Elastic Scattering
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Tiny (~10) cross section asymmetry isolates weak interaction
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vary the kinematics or the targets

| Isolating the neutral weak form factors:

-G.Q° A
For proton: A=[4 F\%]AEJFAM i
G % ~ few parts per million
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‘L Flavour decomposition
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NC probes same hadronic flavour structure, with different couplings:
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non-perturbative QCD structure of the nucleon



i Apply Charge Symmetry
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Extraction of strange form factors: Tree Level
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Parity-Violating Electron Scattering Program
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‘L Tree Level is not enough!

m [he strange form factors are found to be
very small, just few percent.

s 10 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.....
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FIG. 2: The radiative corrections of the electron-gquark scattering. (V-1) to (V-10) are the vertex
corrections. (5-1) to (S5-10) are the self energyv insertion of the fermions and the photon. (M-1) to

(M-2) are the 2 mixing diagrams. (B-1) to (B-4) are the box diagrams.



i Electroweak radiative corrections
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Squeeze eq—eq amplitudes into 4-Fermion contact interactions



Electroweak radiative corrections
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Extraction of strange form factors
with radiative corrections

Apv(p, k) = Ay + Ay + As,
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* 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 Q2and ¢
dependence hence it is not trivial to

squeeze it.
So how can one squeeze the
box diagrams?




i Zero Transfer Momentum Approximations

Approximation made In the previous analysis:
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Refined evaluation of Box diagrams
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K is from the high loop momentum integrand containing QCD correction.
g is from the low loop momentum integrand.



High and Low in MS scheme

e(p1) '(pa :
! | °\Ps3) Low Loop momentum Integration:
7 N Only include N intermediate state.
' " Insert the on-shell form factors.
P(p2) N P'(pa)

High Loop momentum Integration:
Lepton and a single quark exchange bosons.
Then one makes convoluation with PDF,




‘L MS approximation

= Initially it is designed for atomic parity violation.

= [wo0 exchanged boson carry same 4-momentum and
lepton momenta are set to be zero. In other words MS
approximation is a three-fold approximation:

s Q%=0.
O Elab=0.
= Coulomb force is taken away.
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But this 1s nothing but a Procrustean bed!




‘L 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 € dependencies, its impact is not necessarily
small! (Painful experience learned from TPE)



Indeed MS is not good enough !

Zhou et al, PRC81:035208 2010
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i How about other box diagrams?

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

= On the other hand, 2y diagrams are zero in

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

s Hence one shall consider yZ and 2y box
diagrams beyond MS limit.



‘L Two-Boson exchange diagrams
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HQ. Zhou, CWK and SN Yang, PRL, 99, 262001 (2007)
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HQ. Zhou, CWK and SN Yang, PRL, 99, 262001 (2007)
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i Qualitative features of TBE effect

s 2vE and yZE both vanish at forward limit. 2
vE is very small due to cancellation between
yX2y and Zx2y.

m vZE is dominant and decreases as scattering
angle decreases.

s TBE decreases fast when Q2 increases.



Adding resonances....
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Keitaro Nagata, Hai Qing Zhou, CWK and SN Yang

arXiv:0811.3539 PRC79:062501 2009

A(1232) plays an important role in the low energy regime due to
its light mass and its strong coupling to TN systeam.



Nagata et al, arXiv:0811.3539 PRC79:062501 2009
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Nagata et al, arXiv:0811.3539 PRC79:062501 2009
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Updated results: Using
‘L physical Form factors

HQ Zhou, CWK, SN Yang, K Nagata PRC 81 035208 2010
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Updated results: Using
‘L physical Form factors

HQ Zhou, CWK, SN Yang, K Nagata PRC 81 035208 2010
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Impact of our results

p=p—2Ap K =k — Ak Ap? = Apy(1y +Z + 27 +42),

t = Apv(p, k) (1+4).

Avoid double counting
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FIG. 2: The combination Gg + n3y for the present mea-
surement. The gray bands indicate systematic uncertainties
(to be added in quadrature); the lines correspond to different
electromagnetic nucleon form factor models (see text).



Partonic calculation of Box diagrams

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

Handbag approximation for the elastic lepton-nucleon

scattering. In the partonic process indicated by H, the lepton
scatters from quarks within the nucleon, with momenta P,

and P, . The lower blob represents the GPD’s of the nucleon.
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GPDs can be accessed via exclusive reactions in the Bjorken
kinematic regime.

DVCS DVMP
Deeply Virtual Compton Longitudinal response Deeply Virtual

~ Scattering only Meson Production
7/Z)Z é?/ \'ﬁ (o 0. 4...)
>

% The DVCS process is identified via double (eg) or . i Factorisation applies only to longitudinally polarized ;
trlple (egN) coincidences, allowing for small scale i ; virtual photons whose contribution to the electroproduction |
i detectors and large luminosities. . * Cross section must be isolated.
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Partonic calculation of Box diagrams

—iG
Mf“} (eq — EQ) = 9 KEF Z [té (e f Y5 Ue (qﬁr q) + 1 (ue #uej{qﬁ;ﬁEQJ‘]
v q:u.d
q__¢ . q - L= .
t1=Qqlc19%97 + c29%97] t5=Qqlc19% 9% + c20v 93]
—_ removed because it
. o€ U Is Soft contribution
1 ‘|‘ F I 1
1672

= (Pp+ k)2 a= (P — k)2

e? i
o = 62 { 7—|—3111(U2) —I—3ln(u2)]

In MS limit ¢,=0 so that t*, is associated with g¢,,
and t%, is associated with g¢,.



Partonic calculation of Box diagrams
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sult of Partonic calculation
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Comparison with Marciano and Sirlin’s

approximation
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Comparison with Marciano and Sirlin’s
approximation
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‘L Hardon+GPD framework

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

= [t can be improved by adding more
resonances (Hadron) and including QCD
corrections (GPD)

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



Qweak experiment
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at Queak 15 8 degree and Q?=0.03GeV? corresponding around € = 0.99



‘L Our result @ Qweak Kinematics
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‘L Dispersion relation study

00 / -in exact forward direction only
2v dv t
e 51mé, 7, (V') I B TS

= Parity violating asymmetry - to NLO

R657ZA(V) = T J,. 2

Gpt
e e F 2
Dispersion correction to QWEAK ~ 5.5-6% = mev [1 4+ Redge + Redyz(v)] + Ot7)

Resonance

Regge
Full

Mikhail Gorshteyn and Charles J. Horowitz
Nuclear Theory Center e Indiana University, Bloomington arXiv:0811.0614 (hep-ph)



‘L Cut the Box into two pieces

Zee axial coupling g,©

- ‘ b >
A : | 7y —

— 0 124

Zee vector coupling g,° 8 vZA (V:O):O
$

Z B ’:r'F ) 8 2V
: Y (v=0) £0

In dispersion calculation the N intermediate state is excluded.



A(1232) contribution in
‘L dispersion approach
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i Our result after separation

2 2
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‘L Conflict and confusion §

s We check our result and indeed at
Q%=0,E,,,=0, 8yzA does vanishes.

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

s However our result show that TBE effect
decreases as E,, increases at low Q- .

= But dispersion approach show &yzA
Increases as E,_, increases.
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* Possible resolution?

L

m IS It possible that oyzv decreases so fast and cancel
the increase of 6yza ?

= | it possible that the structures neglected in Q=0
produces large effect even at low Q24?

= 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?



‘L Conclusion and Outlook

» [BE 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......



i 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




.. maybe we should
try to think
out of ==

the




Thank you for listening.....

Two bosons may be too many, but two cups of Italian ice cream are
definitely not.........



