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Outline

Motivation:

e Interesting interplay of the () — oo and m, — 0 limits
® Directly measurable e.g. at JLab
e Background to form factor measurents

Theory:

® General framework
® Soft-pion limit
® Light-cone sum rule approach

Phenomenology:

e Qualitative picture
® Preliminary results

Outlook
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General Framework

we consider V(@) +p(P) — 7t (k)+n(Ps),
v (q) +p(P1) — 7 (k) +p(P),
at threshold, i.e. kn=0P2,, O0=mz/mn>~0.15

Generalized Form Factors

M, = (xN|j,"|p)

MY = —%N(P2)75 {(%cf — qu 4 m%VGTN(Q% — Zg;,’;z GSN(Q2)} N (P,)
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General Framework — continued (1)

For example:
Deep Inelastic Structure Functions (S-wave)
BW) Q°+ (2my + mx)? 5 1 2
1 (A fz)2 2m3(mny + mx) G1@ 2 Gamy ma
BW) Q*(Q* + mx(2m + mx)) 2.2 1 2 o
F: G -G
’ (47 )2 m3, (my + my) 1Q7 + g Gamy
where

W) = = kj = 4 (1 - (mNVjI;mwy) (1 - (mNV‘_/;nm)

Ef is the c.m.s. momentum of the pion-nucleon system in the final state
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Soft Pion Limit

Kroll, Ruderman ’54... Vainshtein, Zakharov '72. ..
If q2, qk, m% — 0, then conservation of the axial current implies

Q°GT ™~ Ga(QY)/V2 ...+ O(mx/A)
Q*GT? ~ 0  4...+O(m/A)

and

G " =GIP=0+...+O(mx/A)

+ 0

e Many more " are produced compared to T

® Everything is reduced to the proton axial form factor

(N(P)|AuN(P)) = N(P') [7uGa(@) = 5 *-Grp(Q7) - ZOQmj]v

Gr(Q*)|vsN(P)

e Vast literature on the calculation of O(m. ) and O(m2) corrections
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Light Cone Sum Rules

”@»&f
consider Balitsky, V.B., Kolesnichenko ’88
NP = i [ e O (05 @) N (P ()
with
(@) = € |ut@) 0 (@)] 157 d @), (Ol N(P)) = \yma N(P)

e In the limit |k| — O for fixed ¢* and (P')? = (P + k — q)°

TTN(Pq) = —fi [ / d'z 9% (0| T{[QE, mp (0)]5S™ (2) | N (P))

+i / d*z €% (0| T{n, (0)[Q%, 5™ (z)]|N(P))| +  bremsstrahlung

® An extra term with the chiral rotation of 7),,

e An extra term in the dispersion relation in the vicinity of (P')? — m3%,

q
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Light Cone Sum Rules — continued (1)

For example for p7° the commutator [Q3, j°™] = 0 and one obtains

0
z)\ mN+ ,ID’ GP™ 10, qH
LHS = =753 (e’ — @ ) —5— — ——

pr®
GE™ % N(P)
mN

/ . m
LA, ot P K {quf _ el Fg’} N(P)

pre® m%; — (P — k)2 2mpy
. 1 / . y w
RHS = —— (——) V5 Ap ?NJF i 5 {%Ff -~ vnd Fg’}N(P)
fr 2 m% — (P’) 2m N
i 1 / 2 2
To the same accuracy A, 0 = — (—5) vs and (P’ — k)* ~ P'“ so that

® The two “extra” terms cancel against each other

0
e The standard result G7" = 0 is reproduced (as expected)

() If the order of limits & — 0, ¢ — oo is reversed, (P’ — k)* moves away from the pole at m?%;.
() The chiral rotation of the nucleon current is no more compensated

{ This happens when (P’ — k)* — m% ~ A®, or Q? > A3

m
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Light Cone Sum Rules — continued (2)

Since we cannot calculate at P’ — m3,, take P> ~ —1 GeV” and make a matching between

(a) The Operator Product Expansion in terms of pion-nucleon DAs

OIT{np(0)55™ (2)IN(P)w%(k)) = >  Cu(a®,pz) ® (0lq(z1)q(x2)q(x3)|N(P)m (k)

twist
The OPE goes in pion-nucleon DAs of increasing twist 3,4,5 —

40l *ul, (a12)u) (a22)dE (a32) [N (P)m)twist—3 =

1

= (v5)ys — |VI™Y (#C) o5 (sNT), +ATY B150) 5 NY +IT7 (i01,0) (7L75N+> } :
Y

I
calculated in terms of nucleon DAs using soft pion theorem (chiral rotation)
ve e
p
—<TIN —

|

() We do not include operators with a pion field

Newport News, May 21-24, 2007 Soft Pions in Hard Processes - p. 8




Pion-Nucleon Distribution Amplitudes

¢s(z) Pa ()
pT) = 2urdjusr — upuyds — drugug) + luruydy — druguq)
p 1) fl rdyur = upupdy = dpujug) + —Ze= luguydy = dpugug
0 ¢s(z) Pa ()
pTm = 6urdjusr + uruyds + drugjug) — lurudy — druguq)
| ) 2x/6f7r|T¢T tugdy +drugup) = oo upuydy = duy g
nt7t) = j%a]i 2urd ur — 3upu dy — 3drujup) — qﬁ;];) upuydy — druyus)

Equivalent representation

1

V1n7r+(1,2,3) = ﬁ

Pobylitsa, Polyakov, Strikman ’01

{Vln(l, 3,2) + V{*(1,2,3) + V{*(2,3,1) + AT(1,3,2) + A}(2,3, 1)},

1
Aimr"’ (17 273) — _E{Vln(3a27 1) - Vln(la 37 2) + A?(27 173) + A?(2737 1) + A?(:}, 17 2)}7
+
TP (1,2,3) = ——<4A(2,3,1)+ A™(1,3,2) — V"(2,3,1) — V" (1 32}
i (12,3) 2/2 { 123, 1)+ A1(,3,2) - B%asm IvaZIov Ller(lz A ers; PRD75:014021,2007

Extended to twist-4,5,6
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s

nucleon pion-nucleon continuum

2\ 2 2 Ger 2\, Fem 0o d
(b) Lorentz Structure X { p(Q°/my)GT + N1 +/ pQCD (8)ds
S

m%\, — P2 m%\, — (P! — k)2

0]

® The pion-nucleon contribution (semidisconnected) can be included in the continuum, if
m.Q* > mn(so — my) — 2mym7y, wherefrom Q* > 7 GeV?

e Borel transformation P'* — M?: [ £ pls ]);f; — [ p(s)ds exp[—s/M?]
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Nucleon electromagnetic form factors

(NP OINP) = N(P) [ (@)~ 1225 1 QP)| N(P)

mnN

1.758 GI\F/’I I(1pGp) | 175
1.5 | 1.5
1.25 1 1.25
1t i A 4 1
0.73 | 0.75 proton
0.5 | o.5
0. 25 | 0.25
0 2 o2 6 8 10
1.75 Gu /(unGp) | 0.75 Gp |
1. 5t ] 0.5
1. 25 1 0.25
Lww " mg, foo MR, s neutron
0.75 1 -0.25
0.5 \ -0.5
0. 25 1 -0.75
0 2 4 02 6 8 10 0 1 2 3 024 5 6 7

® Leading order LCSR, BLW distribution amplitudes
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Nucleon axial vector form factors

— .Ouv v
(N(P")|Au(0)|N(P)) = N(P") |1,Ga(Q) — 52-Gp(Q*) — iZL G (Q*) | s N(P)
2mn 2mp
N GgC/G(Da) ] 0.4 | G(;[‘C/GXC '4
e | %7 ‘ charged
0 current
1 - ———
- -0.2
0 2 402 6 8 10 0 2 402 ° 8 10

® Leading order LCSR, BLW distribution amplitudes
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Generalized pion-nucleon form factors

N (A 2 1 7N /2 qu 2
— —— N(P. — — — G5 N (P
MEY = =L NP { (0 = 00 ) iy GV Q1) = 5T 637 (Q") ()
7T+TL
0.8 0.4
0.6 Wop
0.4 T TTTTTTTTTTTTT
\/_IG”N\/G
%2 3Q7GTN /(Gam3) o1 LTy
5 6 7 8 9 10 5 6 7 8 9 10
Q2 Q2

® Leading order LCSR, BLW distribution amplitudes

L '7r0/7rJr production ratio ~ 1/3 und roughly Q2-independent

0

® Significant “tensor” form factors, similar size and opposite sign for 7~ and 7t

® No significant enhancement for the DIS total cross section
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Structure function F2 (z, Q%)

S-wave + P-wave

2 4 2 2 4
P 2 QBW) | Q *N\2A2 | L, ~rN\2 2 398" (W)W?™ . (2
F2 (WaQ ) (471_](-77)2 m?\f (Gl ) Q + 4(G2 ) my | + 4(W2 _m%v)g (GM)
2 0. 14
2 10° x FP, + 0.12 [dW?3Q°Fy
0.1
1.5 + | .-
0.08
1 + + + 0. 06 L 8
o5 4t ew ) OO
~T7 125 13 135 14 6 7 10

W2, Gev2

e SLACE136, )* =7.14 and Q* =9.43

VS.
® Leading order LCSR,

BLW distribution amplitudes

A_Peters; work in progress

® No significant enhancement for the DIS total cross section
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F3 (2, Q*)/FZ (z, Q%) Ratio

n 2
0. 35 i B2 (W, Q%)

= 0.41 4+ 0.08
W—W, F3 (W, Q?)

0. 3

1.2 1.25 1.3 1.35 1.4
W2,GeV2

® Leading order LCSR, BLW distribution amplitudes

A.Peters; work in progress

® In agreement with parton model prediction Fy' /F) = 3/7
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Outlook

<> LCSR approach is a natural candidate; however, theoretical understanding is not yet complete
<> P-wave contributions (pole terms) have to be included for comparison with the data
<> Can be done: radiative corrections to LCSR; also the energy dependence of pion-nucleon DAs

<> Many potential applications
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