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_ &g’ Exclusive single positively charged pion
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_ &g’ Exclusive single positively charged pion
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23 Exclusive single positively charged pion
o electroproduction off the proton

from CLAS
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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 S)qnmetriy‘:llows us
to make an exact prediction for threshold cross section known as
LET

The LE'T 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 S- wave transverse multipole E, in LCSR
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A Perspective of soft pion in terms of Q* at threshold

1954

Kroll-Ruderman

algebra for electroproduction 1960s
Nambu, Laurie, Schrauner

Vainshtein, Zeh?l?a?gv

1990s

Chiral pé Scherer, Koch

pQCD factorization methods
Brodsky, Lepage, Efremov, Radyunshkin, Pobylitsa, Polyakov, Strikman, et al
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LCSR (Light Cone Sum Rule)

rep’s ‘ Lo 2 1 =N, 2 10pvq’ =N, 2, .

(N(P")m(k) |55 (0)|p(P)) = —— N (P g (e — aut)— 6T (@) - G (Q L op)
fx 1 Moy 2m p; J

+ ten9A TP )y (P + ma) 4 FP(@) (v — 28 4 700 ? pp o)) i)

2fx[(P" + k)2 — m3] S NIVTY I\ T "2 ) T oy 2 .

@ S-wave: generalized form factors from LCSR (,(,Ar'f‘% and (,}'?2'-‘\' )

@ P-wave: pion emission from final state nucleon

® C(Constructed relating the amplitude for the radiative decay of
2t (py) to properties of the QCD 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 pQCD
calculation without other non-perturbative parameters.

® New technique : the expansion of the standard QCD sum rule
approach to hadron properties in alternating external fields.
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34 Differential Cross-section
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Or — Gi/l 6.+ —> 0

No D-wave contribution

c, & Gé

o> [ReGI, ReG}, G, G,
G{_T_) M’ m Gyl Gg, Gy,
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CLAS & Event display

Large-angle Calorimeter
Drift Chambers Electromagnetic Calorimeter
Region 1

Region 2
Region 3

TOF Counter: E—s Cerenkov Counters
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Kinematic regions
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MC -GEANTS Simulation

Q* [GeV’]

W= 1.2CGeV
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A sample of fit
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Q'. 4

Q? dependence of
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Form factors and Multipole for nzt*channel

N A~z N 2 B Phys. Rev. C 51 (1995)
Gl R Gl C;I\/I i GI\/I ~ /LlnGD (Q )

N + n N S. Platchekov
G =G "G =G =0 1 G =G #0 .
A .. Kelly
Phys. Rev. C 70 (2004)
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"8 A Form factors and Multipole for na*channel
e
N ~7z'n _~h 2 B phys. Rev. C 51 (1995)
Gl _Gl GM _GI\/I N/unGD(Q )
\ p N N S. Platchekov
G;" =G5 "G =L ~ 0 G, =G 0] -~ N
J.J. Kelly
Phys. Rev. C 70 (2004)

J.J. Kelly et al., PRC 70:068202 (2004)
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Form factors and Multipole for nz*channel
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N n J. Lachniet (2009)
Glﬂ — Glﬂ C;|\/| — CLAS DATA ' - Phys. Rev. Lett. 102

|
Phys. Rev. C 70 (2004)
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N n J. Lachniet (2009)
G =G "G, = CLAS DATA

|
Phys. Rev. C 70 (2004)
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Multipole extraction

Using....

(1) Measurement of differential cross sections

(2) Extract structure functions (O 1+1, O 11, O LT)

(3) Extract Legendre moments

(4) Plug into LCSR....
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- Multipoles Analysis

JMultipole analysis
f1 = Eoy + SCOSQ;(EH + M)

fo=2My + M-
: : : f3=3(Ei+ — M)
Using six amplitudes ( f; )
Eafl =1 fi=0

= So+ +6cosB; S

SN
I |

Si_ — 28,

I. G. Aznauryan, PRD 57, 2727 (1998)
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Helicity amplitudes
(H;)

9*
H = —cos ,;T sin&>( f3 + f1)

/2

74 L
Hy = —~2cos —| fi — fo —sin” —(f3 — f4)
2 2
l ox ‘
H3; = —sin —sin & ( f3 — f1)

Noh:
o N L
Hy = \/5 1n 7|:f] + f2 + cos” 7(]‘% + f4):|

— Q2 :
Hs = 0s —( f5
= k] S st e
o2 . e
Hy = il
6 \A’c,m\sm > (fs — feo)

I. G. Aznauryan, PRD 57, 2727 (1998)
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<y A Multipoles Analysis

Structure functions vs. Helicity amplitudes ( H; ) :

4
1 2 2
or +eop = 5 ) IHi +e(|Hs | + [ Hql).

=1

RG(HZ*H}, — Hl*ng)

orT

—1
OLT = ERe[H;(Hl — H,) + H; (H, + H3)].
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- ; Multipoles Analysis

Constraints :

* Eo., So. are dominated in this regime.
** M., S;. were used from MAID2007 model prediction.

*** for I=3/2 case, following correlation functions are acceptable.

— Gy =(1+Q?/pp2) 2
s 6y, = 3exp(-0.21%Q2)/(L. +0.0273*Q? -0.0086*Q)/Gy

— My, = (Yo/52.437)% 6,, * sqrt(((2.3933+Q2)/2.46) 2-0.88)* 6.786

— E, =-0.02* M,,

— Ry, =-6.066 -8.5639*Q? +2.3706*Q* +5.807* sqrt(Q2) -0.75445* Q** sqrt(Q?)
— S, = Rgy*M,./100.

where, Ly, = 0.71, Y, is the interpolation value from SAID model.

I. G. Aznauryan, PRD 57, 2727 (1998)
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0 ! ! | | | | ! 0 : : : : ' I !

1.5 2 2.5 3 3.5 - 4.5
15 2 25 3 35 4,485, ieev?

Results of multipole Results of multipole
LCSR w/o pion-mass

NN* Workshop@ USC Aug.13-15,2012 K.Park .}effergon Lab




-L-; 06 ®W- W=1.11I[CeV]
S | - V- W=1.13[GeV]
a | e O— W=1.15[GeV]
)
&
L

3.5

LCSR w/o pion-mass

4 4.5
Q?[GeV?]

W- dependence

1.5

Results of multipole

3.5

4 4.5
Q?[GeV?]

.}effergon Lab

NN* Workshop@ USC Aug.13-15,2012

K. Park



G, and Axial form factor
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Summary

* As first time, E;, multipole extraction and comparison near
pion threshold W =1.11-1.15 GeV at high Q*=2.12-4.16
GeV? with two methods (LCSR, multipole fit) was
performed.

* Multipole analysis gives us similar answer for extracting , E,,
multipole with LCSR method and showing 0.3 GeV~! and
almost Q? independent at threshold.

* Independent of pion mass and G¥, parameterization
considerations, the nt™ channel is dominated by the
transverse s-wave multipole E ..

* These data give strong constraints on theoretical
developments, especially on the extrapolation away from
threshold and away from the chiral limit.
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Thank you for your attention ~!
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Due to low-energy theorem(LET) relates the S-wave multlpoles or
equivalently, the form factor G,, G, @ threshold M, =

2 2
Qam_9a @ g
m2 T J2.Q%+2m;

. _ Z\Eg Amlzl N Scherer, Koch,

, > > Gg = O NpA534(1991)
Q + 2mN Vainshtein, Zakharov
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~“) 4 Legendre moments vs. Form Factors ,/‘

7'n 7'n G{ﬁn =X+ iyl

rn __ -
G, " =X, +1y,
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Due to low-energy theorem(LET) relates the S-wave multipoles or
equivalently, the form factor G,, G, @ threshold %, =)

2

m’ 2o +2md ™M 277

2 2
Q Glﬂ+n:gA Q Gn ‘|‘£G

.!effezon Lab



7N 7N Glﬂ |
Gl ? Gﬂ+n — X
2 2
p =D = | G”N2+C§giE2Q2szz+g k2lea| +
0 7;2 m? W2 —m? L 2
4c_g, K ||k
A =Dl" = flﬁz WZA_| nﬂi f (QZGM Re(G™ )& m{G, Re(G;" ))
C,=Cl" =0
D, =D == Cng'_knlk Lo, (6, Re(cs) 40, Re(cr)
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A Legendre moments vs. Form Factors

Glfﬁn = X, +1Y, *3 Eqgs. 4 l?arameter should be
. _ determined
G, " =X +1y, * Real parts x1, x2 can be determined

by Al, DO legendre coeff.

* Imaginary parts yl, y2 can be
determined in 2cases

* Asymmetry helps to determine
complete form factor

D/ =D =~ — ‘QmN(GM |m(GgN)—4GE|m(GfN))
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* There are questions about underlying

‘5 . - degrees-of-freedom of some well
- Study of transition from ground oo s like PIL SIL DIZ
'?D =  wmysey  stateallows make more definite 5 .
= = g* #%  statement about the nature E—
B 3 e oE, 5 . EE ~~~~~~~~~~~~~~~~~~~~~~~~~
“ 5 (56,3-) (70,3 ) (20,
= - | | :
‘; e n13(1520) (56,2+)§(70 2+)
SE, [5,0% S B
L, | - Missing
| States?
| oSl H ] H o
Py5(1232) | 7 | P,(1440)
H e (56.0X70.0
b 60 ‘-f/é-”-"-'i'-”-"-"-'i'-”-"-"-'i'-”-”-”-'i'-”-"-"-"-'-”-”-”-”-'i'-“-"-"-'i'560 7 @ @ """""""""""""""""""""""
9 1ho 2ho 3ho Energy
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f1= Eo. + 3%cos(6)*(Eyr. + M1.)

fz = 2*M1+ + M1_

Using six amplitudes (f; ) 75~ 3 (s - My,)

wf ] = | oo 9
f5= So. + 6*cos(0)*S,,
fé = 51_ - 2*51+
H, = (-1/5qrt(2))*cos(8/2)*sin(@)*(f; + f,)
H,= -1*sqrt(2)*cos(8/2)*(f; - f, - sin()*(f5 - f4))

. . H; = (1/sqrt(2))*sin(6/2)*sin(6)*(f5 - f,)

H@llClty amphtudes ( I{’ ) H,= sqri(2)*sin(8/2)*(f, + f, +(cos(0/2))**2*(f5 + f,))
Hy = -1*(sqrt(Q?)/abs(k_cm))*cos(6/2)*(f5 + f;)
H,=  (sqri(@?)/abs(k_cm))*sin(6/2)*(fs - f,)

I. G. Aznauryan, PRD 57, 2727 (1998)
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JLab & CLAS

Large-angle Calorimeter

Drift Chambers Electromagnetic Calorimeter
Region 1
Region 2
Region 3 A

TOF Countel'/ k— Cerenkov Counters

e Experiment (Oct.2001 - Jan.2002)
Ey =5.754GeV
B, = 3375A
LH2 target
Almost 47 angular coverage

& A NN* Workshop@ USC Aug.13-15,2012  K.Park Jeffergon Lab




Single and double pion electroproduction
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Single and double pion electroproduction

= Provides information
that is complementary
to the Nn channel
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