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SoftPionLimit
pion electroproduction crosssectioncloseto thr esholdW ! Wth

e(l) + p(P) ! e(l0) + � + (k) + n(P0) ;

e(l) + p(P) ! e(l0) + � 0(k) + p(P0) :

W2 = (P0 + k)2

Wth = mN + m�

Q2 = � q2 = � ( ` � ` 0)2

canbecalculatedin the chiral limit m� ! 0, j~kj = O(m� ), Q = O(m� ) in terms of

� Pion emissionfr om external legs
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Kroll, Ruderman'54
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ChiralTransformations

Qa
5 — operator of the axial charge

Qa
5 =

Z
d3x�q(x)
 0
 5

� a

2
q(x) ; q =

�
u
d

�
:

generateschiral rotations

[Qa
5; qf ] = �

 
� a

2

!

ff 0


 5qf 0 :

� The commutatorsof EM curr ent with Qa
5

[Q+
5 ; jem

� (x)] = �
1

p
2

A� (x) ; A� =
1

p
2

�q
 � 
 5� + q;

[Q3
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� (x)] = 0

where � � = 1p
2
(� 1 � i� 2), Q�

5 = 1p
2
(Q1

5 � iQ2
5)
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GeneralizedFormFactors

at the thr eshold

h� Njjem
� jpi = �
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� 1

m2
N

G� N
1 (Q2) �

i� �� q�

2mN
G� N

2 (Q2)

)

N(P2)

relatedto S-wavemultipoles in the PWA
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smallQ2

PCAC + curr ent algebra:
Vainshtein,Zakharov, NPB36(1972)589
Scherer, Koch,NPA534(1991)461

Q2

m2
N

G� 0p
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gA

2
Q2
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N
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Q2
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2
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2
p
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Gn
E ;

� Thr esholdphotoproduction of � 0 is suppressedcompared to � +

� The � 0=� + –ratio is rapidly increasingwith Q2

How far in Q2 canonego? Whathappensfor Q2 � m2
N?

� Do not addressthe O (m� ) correctionsin this study
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very largeQ2

� At largemomentumtransfers, the pion cannotbesoft to the initial and the �nal state
nucleonssimultaneously

� The correspondingkinematic condition is Q2 > � 3=m� ; � � mN

� Asymptotic limit Q2 ! 1 doesnot commutewith the chiral limit m� ! 0

Pobylitsa, Polyakov, Strikman, PRL87(2001)022001:QCD factorization for Q2 � � 3
QCD=m�
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� Probably unrealisticat reachablemomentumtransfers
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Pion–NucleonDistributionAmplitudes
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Pobylitsa, Polyakov, Strikman; PRL87(2001)022001

Equivalent representation
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Braun, Ivanov, Lenz, A.Peters;PRD75(2007)014021
Extendedto twist-4,5,6
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Pion–NucleonDistributionAmplitudes

PCAC andcurrentalgebragive

h� a(k)Nf (P; � )jOy j0i =

� i
f�

hNf (P; � )j[Qa
5; Oy ]j0i + igA

4f� ( P�k)

P
� 0; f 0 �N(P; � ) 6k
 5� a

ff 0N(P; � 0)hNf 0(P; � 0)jOy j0i :

Heref� = 93MeV is thepiondecayconstantde�ned ash0j�q
 � 
 5
1
2 � aqj� b(k)i = i� abf� k�

andgA ' 1:25 is theaxial chargeof thenucleon.

Secondtermcorrespondsto a � N systemin P-wave, the�rst – in S-wave.
LET predictsthresholdbehavior of bothS-andP-waves
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Light–ConeSumRules:GeneralStrategy
Balitsky, Braun , Kolesnichenko '86–'88
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� (P; q) = i
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 5
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� take (P � q) 2 � � 1 GeV2 and makea matching between

(a) The Operator Product Expansionin terms of pion-nucleonDAs
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X
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(b) The dispersionrepresentationin terms of hadronic states
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� Borel transformation to impr oveconvergence
� Here,pion in initial state(convenient)
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Light–ConeSumRules:Pion–NucleonIntermediateStates

� New: Semidisconnectedpion-nucleoncontributions in the intermediate state
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Figure:Schematicstructureof thepoletermsin thecorrelationfunction

b) and c) correspondto � N coupling to the Ioffe curr ent
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Light–ConeSumRules:Pion–NucleonIntermediateStates— cont.

� The semidisconnected� N contributions canbe included in the continuum if

m� Q2 > mN(s0 � m2
N) ) Q2 > 7 GeV2 [� � 3=m� ]

� Otherwise they have to be taken into accountexplicitly
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Light–ConeSumRules:Results
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Figure:TheLCSRpredictionfor E0+ andL0+ at threshold,comparedto theextrapolationsof theexisting
PWA (privatecommunicationfrom I. Strakovsky)

� normalized to the dipole formula GD = 1=(1 + Q2=0:71)2
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Away from thethreshold. . .

for W � Wth � m� accept
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� S–wave: generalizedform factors fr om LCSR

� P–wave: pion emissionfr om the �nal statenucleon;exactin chiral limit

� Eventually can take into accountthe �nal stateinteractions
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StructureFunctionsat xB ! 1
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SLAC E136

P. E. Bostedetal.; PRD49(1994)3091
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Figure:ThestructurefunctionFp
2(W; Q2) asa functionof W2 scaledby a factor103 comparedto theSLAC

E136dataat theaveragevalueQ2 = 7:14GeV2 (left panel)andQ2 = 9:43GeV2 (right panel).
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DifferentialCrossSection

For unpolarized protons,the virtual photon crosssectionis
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i

� MTT = 0: no D–wave; testsquality of the approximation

� M0
LT : single–spinasymmetry; arisesbecauseof FSI, calculable
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MiscellaneousResults
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Figure:The fraction of � 0p in Fp
2( W; Q2) for

Q2 = 3 GeV2 (upper curve)and Q2 = 9 GeV2 (lower
curve)
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Outlook

physicsissues:

a novel object: generalizedform factor; a completedir ectmeasurementis possible

interestinginterplay betweenperturbati veQCD and chiral symmetry breaking

new connectionbetweenQCD and traditional hadron physics(PWA)

an (almost)untouchedterrain. . .

theory:

detailedpredictionspossiblenear to thr eshold

presentLCSR accuracyprobably 50%; canbe impr oved to 20%(?)

elastic� N rescatteringcanbe taken into account

canbe incorporated in full PWA

experiment:

Have to gobelow W = 1150� 1180MeV

goodenergy resolutioncrucial

4� geometrynot necessary

Perfectlysuitedfor theJLab12GeVupgradephysicsprogram
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