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Motivation for d(e,e’p)

» Degrees of Freedom
* Quarks vs. Hadrons
« High Momentum Components
» “Exotic” Contributions
« Color Transparency

* Deuteron as a Neutron Target

 Neutron Form Factor
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Hadronic Models of d(e,e’p)

* Potential Models

 Field Theory Inspired Models
e.g. Bethe-Salpeter-like models with meson-

exchange kernels
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Spectator or Gross Equation
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Deuteron Electrodisintegration

- Interaction
currents
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* It becomes increasingly difficult to construct kernels
as W increases above W=2m,+m_..

 Partial-wave expansions converge slowly for large
W.

 Most calculations for these kinematics use eikonal or
Glauber approximations.

* The final state scattering is usually represented by a
simple parameterization containing no spin-flip
contributions.
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A New Calculation

« Uses helicity amplitudes from SAID for the final
state interaction.

« Contains all spin-flip contributions.

« Makes no forward scattering approximation.

S. Jeschonnek & JWVO,
Phys. Rev. C 78, 014007 (2008);
Phys. Rev. C 80, 054001 (2009);
Phys. Rev. C 81, 014008 (2010).
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Relativistic Impulse Equation

off shell
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Final State Interaction (FSI)

The on-shell np scattering amplitudes can be obtain
from the Fermi-invariant representation of the four-point
vertex function

Mab;Cd = ‘FS(Sa t)5a055d T ]:V(Sa t)f)/ac *Yod T ]:T(Sa t)o-gg(o-w/)bd
+Fp (8, t)Vaeoa + Fal(s, ) (VY )ac - (7°7)ba

where a, b, ¢c and d are Dirac indices.

We use the five independent helicity amplitudes
provided by the SAID analysis to the five functions F;(s,t)

Latest SAID analysis for pn scattering up to
1.3GeV, see Arndt, Briscoe, Strakovsky, Workman,
Phys.Rev.C76:025209,2007
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In order to estimate the size of off-shell contributions, we
ignore any additional new terms and calculate the c.m.
angle as

t—u

Vs — 4m2\/ UmZ—toul® g2

cosf =

and replace the Fermi-invariant functions with

Fi(s,t) = Fi(s,t,u)Fn(s+t4+u—3m?)

where
(A% — m?)?

) = Gy (0%~

IS a from factor that limits the virtuality of the off-shell
3roton.

’ 3 \ W\

Elba 2010, J. W.Van Orden 6/21/2010

10



A two-component form of the scattering matrix is often
written in the Saclay representation as

——~—

1
M = 5 [(as 4+ bs) + (as — bs)oy - nos -+ (cs + dg)oy - Moy - ™M
—I—(CS —dS)O'l 'iGQ lA—f— 83(0'1 —|—0'2) ’fl,:|

where

The Fermi invariants can be written in terms of a, b, Cq,
d, and e..

This allows the importance of single and double spin-flip
terms to be studied.
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d(e,e’p) Kinematics

Hadron plane
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General Form of the Differential Cross
SeCthn Quantized in

/ hadron plane
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The response tensor in the helicity basis is

@)\iy,)\( S,D) = 2 ) ) (pisi;p2so;( =) JIx |P)\£g>*P)\fi,Ad(E)

81882)\ )\d

X(p151;P252; (—)| I, [PAa) 551(3)

where the proton spin projection operator is

738351(§)=%(1+0-§)8,

151

and the deuteron density matrix is

1+ \/7T10 + 5T —\/g(?ﬁ +T5) V3T,
— 1 __ —x —x
p(D) = 3 \/;(Tll + T21) 1— /2T \/E(Tu Ty)
\/_ng \/%(Tn —To1) 1-— [Tlo + \/—Tzo
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The response functions are given by

Eg) = Woo

EC(Z’I) = Wi twW_1,-1
Eg,{% = 2Re(w1 1)

RUY = olm(m 1)

Eﬁf} = —2Re(Wy1 — Wo—1)
E%) = 2Im(wWo; + Wo_1)
Eg%, = 2Im(wo1 — Wo—1)
RV = —2Re(wo; + Wo_1)
Rg{r[) = W11 — W_1,-1
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Results

Unpolarized Protons and Deuterons
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Differential Cross Section

¥ Ulmer et al., PRL 89, 062301 (2002)
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v Ry
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Target Polarization

Elba 2010, J. W.Van Orden 6/21/2010
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Observables

"ULRL(Tlo) + ’UTRT(TM)) + UTTRTT(TN) + 'ULTRLT(Tlo)

.
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Role of Spin-Dependent FSls: Singl
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Polarized Protons
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Asymmetries

Care must be taken in defining asymmetries so that they
are well defined at forward and backward angles

This can be done by defining a new set of unit vectors

e

Uy X1

Elba 2010, J. W.Van Orden 6/21/2010
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Summary

 This approach works well in comparison to
available data.

 Off-shell contributions are potentially large

away from x=1 and at large missing momenta.

* The spin-flip contributions can be large.

Elba 2010, J. W.Van Orden 6/21/2010
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Outlook

* We are constructing a model to extrapolate from
existing helicity amplitude “data” to higher W.

« Exchange currents

« Complete Spectator Equation calculation for use
below pion threshold.
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