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Perspective of soft pion in terms of Q~ at thresheold
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LCSR (Light Cone Sum Rule)
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@ S-wave: generalized form factors from LCSR (GTV and G3¥V)

@ P-wave: pion emission from final state nucleon

* [onstructed relating the amplitude for the radiative decay of X*(py) to
properties of the OCD vacuum in alternating magnetic field.

= An advantage of study because soft contribution to hadron form factor can
be calculated in terms of DA's that enter pOCD calculation without other
nonperturbative parameters.

= New technigque : the expansion of the standard QCD sum rule approach to
hadron properties in alternating external fields.
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Prediction LOCSR vs. MALD

— 05
g 04— W [GeV]=1.074 Blue = E,
:-:-? L, =0 Black = L,
_]3 0.3
5
:} 0.2}
I e MAID2007
D S Bold = real part
B Thin = imaginary
-0,1p— N N N o A 5
RS 0 2 4 6 8 10
Q* [GeVA) Q-
e V. M. Braun et al.,
A ‘
SO WIGeVI=1.074  Blue = E, ). Phys. Rev. D

03 77:034016, 2008.
0.7 symbol index
Dashed Lines :
0.1 pure LCSR
Solid Lines : LCSR using
0@ > I ; g 10 experimental EM
o? *[GeV ° form factor as inpu

£
tﬂ

'Z":JA EXCLUSIVE WORKSHOP MAY. 20, 2010 K. PARK _!efferi}on Lab



Thomas Jeflerson National Accelerator Facility

= .
@ \;_JA EXCLUSIVE WORKSHOP MAY. 20, 2010 K. PARK _!effer{nn Lab



CEBAF Large Acceptance Spectrometers
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‘ Kinematical Coverage Differential Cross Section
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Legendre moments vs. Form Factors A
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Preliminary diflerential cross sections
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Preliminary diflerential cross sections
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Preliminary diflerential cross sections
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Mutipole extraction
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Structure functions
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Structure functions

Q*=2.06 Q*=2.44 Q°=2.91 Q*=3.48 Q*=4.16
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Structure functions
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Mutipole extraction

(12 dependence of the
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Multipole by dipole F.F. ™
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Mutipole extraction
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Form factors and Multipole for nz*channel

P.E. Bosted
~aN v Il ~ (72 'Phys. Rev. C 51 (1995)

———
, S. Platchekov
: " @“ Nucl.Phys. A 70 (1990)
¥3) S
J.J. Kelly
Phys. Rev. C 70 (2004)
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Form factors and Multipole for nz*channel

4 P.E. Bosted
. _Phys. Rev. C 51 (1995)
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™y Phys. Rev. C 70 (2004)
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Form factors and Multipole for n7*channel

J. Lachniet (2009)

G, =4 === Phys. Rev. Lett. 102
7
(}’;N — (}f " — J.J. Kelly

_Phys. Rev. C 70 (2004)
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Form factors and Multipole for n7*channel

J. Lachniet (2009)
Phys. Rev. Lett. 102

_Phys. Rev. C 70 (2004)
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Multipoles Analysis

Using six amplitudes ( £;) :
it [ =1

Helicity amplitudes ( #;) :

Structure functions vs. Helicity
amplitudes ( #;) -

OreL =
O =

g r=

Eo. + 3%cos(©)*(Ey. + My.)
2*My, + My

3*(Ey. - My.)

o)

So. + 6*cos(0)*S,,

Sy - 2*%S,,

(-1/sqrt(2))*cos(6/2)*sin(0)*(F; + F,)
-1*sqrt(2)*cos(0/2)*(F; - F, - sin(8)*(F; - F,))
(1/sqrt(2))*sin(6/2)*sin(0)*(F; - F,)
sqri(2)*sin(@/2)*(F, + F, +(cos(8/2))**2*(F5; + F,))
-1*(sqrt(Q2)/abs(k_cm))*cos(6/2)*(F5 + Fy)
(sqrt(Q2)/abs(k_cm))*sin(6/2)*(Fs - F¢)

(1/72)*(Hy® + (H* Y (H3®) + Hy®) + e*(Hs* + H®)

H3*H, - H*H;
(-1/5qr1(2))*( Hs*(H; - Hg) + He*(H, + H3) )
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Multipoles Analysis

Constraints :

* Eg.. 5p, are dominated in this regime.
**M,.. 3, were used from MAIDZ007 model prediction.

s By =(1+02/mu_02)?
5 BM = 3 *exp(-0.2*02)/(1. +0.0273*02 -D.008B*072) /G,

—> My, = (Y_D/52.437)* GM * sqrt(((2.3933+02)/2.46)**2-0.88)* B.786

S =-002% M,

> R_sm =-B.0B6 -8.5830*07 +2.3706*022 +5.807* sqrt(02) -0.75445* 022* sqri(@2)
58, =R sm*M,/I00

where, mu_02=0.71,Y 0is the interpolation value from SAID model.
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Multipoles extraction

(12 dependence of the Normalized B, | Ly, and E,, Multipole by dipole F. F.

JL_-“ 0.8 WIGeV] =1.11 ‘: 0.8r [Cev]l =1.13 ‘T"q} U.8r WGeVl =1.15
il v L=V = 0. ": W l=eVl =1.7125 A
& & =
< < S 0.6
T 0.6k oK & 068
L L Lud ;
0.4 L cememe T P _--—E-"' 0.4 - ] o 0.4+ ] -
SRR e RN
0.2 - 0.9+ } - | 0.2+ . - R S
' ; : 2 325 5 35 4 2
2 2.5 3 5.0 £ ] ) J 3 5 : 4.5 o Re e o
Dj[Ge j] aj[.gew*] QGev]

® Blue : EO+ using LCSR w/ zero pion mass
® Black : EO+ from multipole analysis
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Summ ary

= Asfirst time, E0+ multipole comparison near pion threshold between
two methods (LGSR, multipole fit) was performed.

» Multipole analysis gives us same answer for extracting E0+ multipole

with LGSR method.

* [Jirect use of neutron magnetic form factor from CLAS publication
gives consistent result with F.F. parametrization.

= E[+ plays an important role in forward angle, which is consistent with
models prediction
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BACKUP SLIDES
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it gualities
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Systematie errors

Sources Criteria Avg.Sys.Error
e~ PID width of sampling fraction cut in EC ~ 4%
(3osr — 3.505F)

e~ fiducial cut Width (10% reduced) 2.2%

m+ PID 3 resolution change 1.3%
(2000F — 2.5070F)

7w+ fiducial cut Width (10% reduced) ~ 3%

MMx cut (n) neutron missing mass resolution ~ 1%
(30MMe — 3.500M M)

vertex cut width (5% reduced) ~ 1%

Acceptance event generator dependence ~ 4%

correction

between AAO and GENEV

radiative
correction

physics model dependence
between SLee04 and MAIDO3

M [] . '3 [;:/|:"

Total

~ 7.05%
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Theoretical imrovement plans

* Enrgy dependent generalized form factors generated by FS
= Adding D-wave contributio model
®» Tune calculation with low 07 and high W experimental data

= Systematic approach in the global PWA analysis framework in Np and
q*N scattering under QCD S-, P- and D partial waves.
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Multipoles vs. K. F. for nt*channel
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Legendre -moment vs. F. K. for nnt*channel

. . P.E. Bosted
c'N=@g”" G, =G, =uG_(Q ) Phys. Rev. C 51 (1995)

A M

&2V g i G, =G L Assumption in LCSR
2 2 E
V.Braun PRD77(2008)

Scherer, Koch,
NPA534(1991)
Vainshtein, Zakharov
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Legendre moments vs. Form Factors
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l-moments vs. EF. K. for nt"channel A

P.E. Bosted
Phys. Rev. C 51
(1995)
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Legendre-moments vs. K, I,

@@A EXCLUSIVE WORKSHOP MAY. 20, 2010 K. PARK .geffegon Lab



Legendre moments vs. Form Factors A
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= Historically, threshold pion in the photo- and electroproduction is the
very old subject that has been receiving continuous attention from both
experiment and theory sides for many years.

= Pion mass vanishing approximation in Chiral Symmetry allows us to make
an exact prediction for threshold cross section known as LET

» The LET established the connection between charged pion
electroproduction and axial form factor in nucleon.

= Therefore, It is very interesting to extracting Axial Form Factor which is
dominated by - wave transverse multipole Ep, in LGSR
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LCSR (Light Cone Sum Rule)

* [onstructed relating the amplitude for the radiative decay of X*(py) to
properties of the OCD vacuum in alternating magnetic field.

= Anadvantage of study because soft contribution to hadron form factaor
can be calculated in terms of DA's that enter pCD calculation without
other nonperturbative parameters.

= New technique : the expansion of the standard QCD sum rule approach to
hadron properties in alternating external fields.
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