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Motivation/Introduction
°

Why 7N DAS?

@ Deep Inelastic Pion-Electroproduction:

See recent articles:

@ V. M. Braun, D. Y. lvanoyv, A. Lenz and A. Peters, “Deep
inelastic pion electroproduction at threshold,” Phys. Rev. D
75 (2007) 014021 [arXiv:hep-ph/0611386].

@ J. P. Lansberg, B. Pire and L. Szymanowski, “Hard
exclusive electroproduction of a pion in the backward
region,” Phys. Rev. D 75 (2007) 074004
[arXiv:hep-ph/0701125].

© Handle to learn more about nucleon DAs themselves



Motivation/Introduction
°

Motivation

@ Polyakov, Pobylitsa, Strikman 2006
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@ Rewrite in operator language
@ Extend to higher twists




Motivation/Introduction
°

Leading-Twist Nucleon DAs

@ Three-quark matrix element:

40| ™ uy, (a1z)uly (a22)dk (832) (P, A)) i3 =
Vi (V)as,y + AL (A1)as,y + T1 (t1)as,y

with
A
(V1)ag.y = (BC) a5 (NT)
(1)asy = (B15C) 5 Ny
(t)asy = (i01pC)qs (7715NT)




Motivation/Introduction
°

Leading-Twist Nucleon DAs

@ Symmetry between the two up quarks:

Vi(1,2,3) = V1(2,1,3), Ar(1,2,3) = —Aq(2,1,3) ]
@ Isospin:
2T1(1,2,3) = [V1 — A{](1,3,2) + [V1 — A](2,3,1) |

@ In Brodsky notation V; = ¢s(x) and Ay = ¢a(X)

@ V1, A; can be expanded in contributions of operators with
increasing conformal spin

@ ¢n = [V1 — Aq](1,2,3) =Nucleon DA
@ T, is not independent



Technical Issues
.

Leading-Twist Pion-Nucleon DAs

@ Aim: Find a representation of VN etc. in terms of nucleon
DAs

@ Basic Ansatz:

4.(0] ™ ul, (a1)uly(a22)d¥ (as2) [ (K)N (P, A))yig_3 =

i (15)sy (VT (V1)aps + AT (A1)aps + T (t1)aps}




Technical Issues
°

Soft-Pion theorem: Basic concepts

Take the Soft-Pion Theorem (SPT):

(0[0[7(K)Ni(P, h)) = ——(0[[Qs, O]|Ni(P, h))+
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Technical Issues
°

Leading-Twist Pion-Nucleon DAs

@ For nwt specify:

(O/0l* (k)n(P, h)) = —-(©lIQZ, OlIn(P, )

@ Define trilocal operator as:

ouR = e*u '(alz)uﬁ(azz)d (asz)

together with

1
[Qs,046.] = —E{(VS)axog% + (715)82 0856 + (15)720a5h }

i
[QZ,045.] = 5{(75)w0§% + (715)pa0%0e — (15)720052 }




7N-DA Results
°

Results for nnr+

The final comparison with the Ansatz leads us to:

VI, 2, 7)) = {v1 1,3,2) + VI(1,2,3) + VI(2,3,1)

+A1(1,3,2) + Al(2,3,1) },

AT (1,2,3) = _%{vf(s, 2,1) — VI(1,3,2) + A1(2,1,3)

+AN(2,3,1) + AL(3,1,2)

1
TI™(1,2,3) = —{A2(2,3,1) + A}(1,3,2) — V/'(2,3,1
7(1,2.3) = - {Al(2,3,1) + Al(1,3,2) - VI(2.3,1)

-v2(1,3,2)}.



7N-DA Results
°

Results for nnr+

@ The amplitudes have the natural symmetry property

V1™ (1,2,3) = VI™(2,1,3), AT (1,2,3) = A" (2,1,3)

@ They are always built nucleon DAs of the same twist

@ But they do not fulfill the Isospin relation anymore as they
contain both | = 1/2 and | = 3/2 contributions



7N-DA Results
.

Results for pr°

@ The calculation for p7° DAs is much easier as we do not
need any Fierz transform

1
[Q2,045.] = —5{(75)@0?‘5’7 + (75):08% — (715)v20abn }

VI(1,2,3) = 2V(1,2,3),

AP™’(1,2,3) = %AE(1,2,3),

TP™(1,2,3) = ng(1,2,3).




7N-DA Results
°

Results for pr*

@ pm™ DAs are built of n7+ DAs and nucleon DAs

05 = ™uy(a1z)uly(axz)ul (asz) J

[QF, 02 (2)] = — 5 { (19)er O3 (2) + (1)n O, (2) + (1) O (2)}

Q2 0, = 5{(1)arO%(2) + (15)520%%,(2) + (1)n 0L (2)}

VP =y +V, A; and T; similar J




7N-DA Results
°

Higher Twists

@ General Definition of Higher Twists

4 (0] Ul (ar2)uy (222)d(@52) IN(P, A)r(K)) = ~(3)ran- |

N(s1
"'\/Tr A1

8,5 + 53" (52)as,s + PT" (P1)ag,s + P3" (P2)as,s
(V1)ap,s + VEFN(Vz)aﬂ,é + 2ViN(va)ap,s + 3VI" (Va)as,s
+VEN (Vs)ag.5 + Vs (Ve)aﬂ,é + AT (a1)ap,5 + A3 (82)as,s
+ATN(@3)ap,5 + A4 (a4)ap,s + ASN(85)ap,s + AG" (B6)as,s
+TTV (1) ag,s + T3 (t2)ap,s + T3 (t)ap,s + T3 (ta)ap,s
+T5N(ts)as,s + T8 (t)aps + 3T7 (t1)aps + 5T3" (t8)as.s ]

v\_/ ~— —

@ Higher twist calculation follows the same procedure but
much more extensive

@ x2-corrections can also be calculated



Outlook
°

Summary

@ We defined a trilocal Operator O and made use of the SPT
to calculate 7N DAs

@ We obtained 7N DAs which have the natural symmetry

property. They are expressed in terms of nucleon DAs
having the same twist



Outlook
°

Outlook

@ Apply to deep inelastic Pion Electroproduction (see talk of
V.Braun)

@ etc. ...
References:

V. M. Braun, D. Y. Ivanov, A. Lenz and A. Peters, Phys. Rev. D
75 (2007) 014021 [arXiv:hep-ph/0611386].
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