Electroproduction of Soft Pions at Large Momentum Transfers

V. M. Braun

University of Regensburg

based on the collaboration with D. Ivanov and A. Peters

Troja2007

V. M. Braun Electroproduction of Soft Pions at Large Momentum Transfers



© Soft Pion Limit

9 Asymptotic Limit Q> — oo
e Light-Cone Sum Rules

0 Structure Functions at Xg — 1
e Differential Cross Section

© Outlook

V. M. Braun Electroproduction of Soft Pions at Large Momentum Transfers



Soft Pion Limit
Soft Pion Limit

pion electroproduction cross section close to threshold W — Wy,

el) +pP) — el')+7xT(k +nP), W = (P 4k)?
el) +p(P) — e(l') +x°K) +p(P). Wo = o+ N
Q@ = d=-(-¢)

can be calculated in the chiral limit m, — 0, |k| = O(m,), Q = O(m,) in terms of

e Pion emission from external legs
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Soft Pion Limit
Generalized Form Factors

at the threshold

(NP IP) = — - N(P2)s {(w ~aud) HOTN@) - et G§N<Q2>} NP2)

related to S-wave multipoles in the PWA
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e.g. the differential cross section at threshold is given by
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Soft Pion Limit
small Q?

Vainshtein, Zakharov, NPB36(1972)589

PCAC + current algebra: Scherer, Koch, NPA534(1991)461
2 2 2
D = 2% g g O g
m 2 (@ +2ny) (Q* +2ny)
2 2 1 22
Laptn = 0@ o Lg gl V20 g
m V2 (Q +2ny) V2 (Q +2ny)

e Threshold photoproduction of 7* is suppressed compared to 7+
e The 7’ /x T —ratio is rapidly increasing with @’

How far in Q? can one go? What happens for Q* > mzN?

< Do not address the O(m; ) corrections in this study
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Asymptotic Limit Qz — oo

very large Q?

e At large momentum transfers, the pion cannot be soft to the initial and the final state
nucleons simultaneously

e The corresponding kinematic condition is Q> 1\§)CD/m,r

o Asymptotic limit Q> — oo does not commute with the chiral limit m; — 0

iati 2 3
QCD factorization for Q* > AQCD/m,r

< Probably unrealistic at reachable momentum transfers
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Asymptotic Limit Qz — oo

Pion—Nucleon Distribution Amplitudes

$s(%) $a(X)
p1) = \S/— 2urdyup —urupdy —dyugur) + === |upugdy — dyugug)
P
p1a) = 2\;(_f) [6urdjuy + upuydy +dpujug) — \/(_f) [upu;dy —dyugug)
$s(%) ba(X)
Int=*) = \/51— [2updyup — 3upupdy — 3dpugup) — zaf lupuydy —dpugup)

Equivalent representation
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1
vt (1,2,3) = %{v?(mg)+v,”(1,2,3)+v1”(27‘ 1)+ AY1,3,2) + AY(2,3, 1)}
1
A2 = V6,20 - V0,32 + AR 1,3+ AR5 1) 416,12},
Tn7r+ o 1 n n n n
T (1,2,3) = W{A,<2,3,1>+A1<1,372>—V,<z73,1>—V,<173,2>}.

Extended to twist-4,5,6
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Light-Cone Sum Rules
Light—Cone Sum Rules: General Strategy

o consider NP0 = i/d4XéqX<O\T{np(0)iim(X)\N(P)Wa(k» ’

m09 = S [U0CTU00] 37 d 00, (OlmpIN(P)) = AmuN(P)

e take (P — q)° ~ —1 GeV? and make a matching between

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

OIT{mp ()" INP)T(K)) = > Cu (X, ) @ (0la(x)dx)a(xs)IN(P)*(K))

twist

(b) The dispersion representation in terms of hadronic states

< Borel transformation to improve convergence
< Here, pion in initial state (convenient)
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Light-Cone Sum Rules

Light—Cone Sum Rules: Pion—Nucleon Intermediate States

e New: Semidisconnected pion-nucleon contributions in the intermediate state

Figure: Schematic structure of the pole terms in the correlation function

b) and c) correspond to 7N coupling to the loffe current
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Light-Cone Sum Rules

Light—Cone Sum Rules: Pion—Nucleon Intermediate States — cont.

e The semidisconnected 7N contributions can be included in the continuum if
m.Q >my(s—my) = Q >7GeV [~ Adep/Mx]

e Otherwise they have to be taken into account explicitly

Q@ 0 /M _ s (Ned
e _ AT Opy m2 smy+Q%) /M? | p 2y _ __9A cP (O
e 1 v B2 [AT PI(M?, Q%) — 1(Q) F o, M (Q)

~Op /M w0p 2 2 —sem+Q@)/m2 |1 p o QAmrzv

GJ = *TBPQ[B 1I(M7,Q") +e N EFz(Q) F o GR(Q)

1
Qzeﬁn _ emﬁ'/MzB AT 2, QP L —semi+ed)/m? | %< G
w = Wplz[ 1( ,Q)*%e (Q)*Qz_‘_z"_%‘ m(Q)
m, /M2
atn _ €N atn g2 ~2 —sem+@y/m? | L a2 2\[9Am12\1
G, = 7A? lBP/Z[B M7, Q°) +e ﬁFz(Q) Q2+2mz E(Q)

where A(P”?, Q%) and A(P"?, Q%) are the invariant functions defined as

ZATTINP = et las (AP, Q)+ LB Q) N (P)
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Light-Cone Sum Rules
Light—Cone Sum Rules: Results
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Figure: The LCSR prediction for Eg1 and Loy at threshold, compared to the extrapolations of the existing
PWA (private communication from I. Strakovsky)

© normalized to the dipole formula Gp = 1/(1 + Q*/0.71)?
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Light-Cone Sum Rules
Away from the threshold . ..

for W — Wi, < mj,, accept

N (W O[p(P) =
= =N { (o = ) = 6T@) -
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e 6r(@h) pee)
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& S—wave: generalized form factors from LCSR

<& P-wave: pion emission from the final state nucleon; exact in chiral limit
<& Eventually can take into account the final state interactions

GM(Q@) — 6TNQ, W) = GTN(Q@)[1 + i ten]
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Structu
Structure Functions at Xxg — 1
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SLAC E136
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Figure: The structure function FS (w, QZ) as a function of W? scaled by a factor 10° compared to the SLAC
E136 data at the average value Q* = 7.14 GeV? (left panel) and Q* = 9.43 GeV? (right panel).
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Differential Cross Section

For unpolarized protons, the virtual photon cross section is

Qem Kk dQ
do.« = M,
7T g wwe — m§| ¥

with

My P = Mr+eM+ 1/26e(1 + €) Mit cos(dr) + eMrr cos(2dx) + Ay/2e(1 — €) M/7 sin(¢r)

RPN ¢ oK 2 2 CfrgA|lekf| N
2Mr = IGTV? + —T 2 Q’ny Gy + cos f———— 4Q*GyReG[
ey (W 7 @ O+ eSO

o Gk cxGalkil Ik
f2M. = RIGI? T GE — cos =2 4nf,GeRe G
=ML E|2|+(\Aﬂ_nﬁ‘)2mNE cos W2, mGeReG;
. Cr0alki| [k @ =
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. CxOalki|[Ke N 7N
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& Myt = 0: no D—wave; tests quality of the approximation

/o H - ari
© M/7: single—spin asymmetry; arises because of FSI, calculable
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Miscellaneous Results
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Figure: Differential cross section dU-y*p—» w“p/dﬂ” for

Figure: Thefraction of =%pin F5 (W, Q) for
¢ = 135grad, Q> = 4.2GeVZ andW = 1.11 GeV

Q* = 3 GeV? (upper curve) and Q> = 9 GeV? (lower

curve)
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Figure: Integrated cross section Qsaw* p— x0p for

Figure: S-wave (solid) vs. P-wave (dashed) for FE(W, QZ) W = 1.11 GeV (lower curve) and W = 1.15 GeV (upper
at Q2 = 7.14 GeV? curve)
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physics issues:
@ anovel object: generalized form factor; a complete direct measurement is possible
@ interesting interplay between perturbative QCD and chiral symmetry breaking
@ new connection between QCD and traditional hadron physics (PWA)
@ an (almost) untouched terrain. ..
theory:
9 detailed predictions possible near to threshold
@ present LCSR accuracy probably 50%; can be improved to 20%(?)
@ elastic N rescattering can be taken into account
@ can be incorporated in full PWA
experiment:
@ Have to go below W = 1150 — 1180 MeV
@ good energy resolution crucial
@ 47 geometry not necessary

9 proton polarization not necessary but would help a lot

Perfectly suited for the JLab 12 GeV upgrade physics program
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