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The p(e, e'p’)~-reaction

VCS accessed by p(e, e’p’)y-reaction

Bethe-Heitler ~ VCS Born VCS non-Born

@ Bethe-Heitler + Born — QED + form factors

@ VCS non-Born — Nucleon structure
(10% of cross section below = production threshold)
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The p(e, e'p’)~-reaction

VCS accessed by p(e, e’p’)y-reaction

Bethe-Heitler ~ VCS Born VCS non-Born

@ threshold: the real photon = static electromagnetic field

Interpretation

VCS off the proton @ threshold = elastic electron scattering off a proton,
deformed by the (static) external electromagnetic field of the outgoing
photon -
~ Generalized Polarizabilities (GPs)
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Generalized Polarizabilities (GPs)
Low energy behaviour of the non-Born VCS scattering amplitude:
— studied using multipole expansion?!

Six independent lowest order dipoles ~» GPs (Q?-dependent)
@ 2 Scalar GPs — ag and fy (for Q%2 — 0: RCS)
@ 4 Spin GPs

rrrrrrrrrr

'Guichon P.AM. et al, Nucl. Phys., A 591, 606, 1995.
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Generalized Polarizabilities (GPs)

Low energy behaviour of the non-Born VCS scattering amplitude:
— studied using multipole expansion?!

Six independent lowest order dipoles ~» GPs (Q?-dependent)

@ 2 Scalar GPs — ag and fy (for Q%2 — 0: RCS)
@ 4 Spin GPs

Interpretation

GPs = extension of the polarizabilities obtained by RCS and they
measure the polarizability locally inside the nucleon with a distance
scale given by Q2.
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'Guichon P.AM. et al, Nucl. Phys., A 591, 606, 1995.

Peter Janssens (Ghent University) SSA and DSA in VCS @ =-threshold Kyoto, Spin 2006 5/19



Experimental Setup - Overview MAMI-Al

SSA : €p — epy DSA: €p — epy
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Experimental Setup - Overview MAMI-Al
SSA : €p — epy DSA: €p — epy
@ Polarized electron beam: 855 MeV and 20uA

@ Beam polarization up to 85%
@ Liquid hydrogen target

— High luminosity
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Experimental Setup - Overview MAMI-Al

SSA: €p — epy DSA: €p — epy

@ Polarized electron beam: 855 MeV and 20uA
@ Beam polarization up to 85%
@ Liquid hydrogen target

— High luminosity

@ 2 High resolution magnetic spectrometers (ﬁ ~ 1074
— detect proton and electron (small acceptance)
— ~y: Missing mass reconstruction

@ Low cross section
@ Proton Focal Plane polarimeter (low efficiency)
— High luminosity is necessary ym
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VCS Below 7°-threshold: Low Energy Theorem

LET = expansion of the observables in q(,, for low g,

© Unpolarized cross section
2
d®o = BB 1 demWVo + O(Am?)

Vo — 2 linear combinations of GPs
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VCS Below 7°-threshold: Low Energy Theorem

LET = expansion of the observables in q(,, for low g,

© Unpolarized cross section
d®o = BB 1 demVo + (’)(q(’:mz)

Vo — 2 linear combinations of GPs

@ Single spin asymmetry = 0

© Double spin asymmetry (recoil proton and beam helicity):
d5c7iT — d5o'il Ad°o; (i

d5aiT + d5ai 2d°0
Ado; = APTTME + G AVg; + O(Aim’)

AVg; — 6 linear combinations of GPs

SSA and DSA in VCS @ =-threshold

Peter Janssens (Ghent University)

Kyoto, Spin 2006
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Overview Double Polarized VCS

FWHM = 0.5 10 GeV?/c*

8000 -
e y it @ Below 7%-production
3 4000 - threshold
oo | @ In plane kinematics
@ 2 different settings
90.01 (3 0.01 0.02 0.63 0.04

M2 (GeVZic?)

Status of the analysis:

@ Unpolarized cross section:
~ finished

¢ (deg)

@ Recoil proton DSA:
not completed yet

1 1 1 Il Il I, i " Iy
0 0 20 40 60 80 100 120 140 160 180 uniyEr
Gwvcm (deg)

Peter Janssens (Ghent University) SSA and DSA in VCS @ =-threshold Kyoto, Spin 2006 8/19




Preliminary Results Unpolarized Cross Section
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Preliminary Results Unpolarized Cross Section
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Preliminary Results Unpolarized Cross Section

0.3
<
% 0.2
>
()
=
r=)
e
L0l
°
MAMI-A1
PRELIMINARY
I I I I I
0160 -180 -160 -140 -120 -100 -80 -60

Bwlcm (deg)

LET:
d5 exp _

\Uo . dSO'E(p -

W, /vt (Gevd)

-10 F

MAMI-A1
PRELIMINARY

-0.1

0.1

1 1 1
0.2 0.3 0.4 0.5
Vi /s

= d°oPHHE + ¢qcm\|’0 + O(Qcm )
Wo = VL (PiL — Prr/e) + vurPur

dSO.BH-i-B

VLT GAemVLT
P.L,PtT,PLT: linear combinations of GPs

Peter Janssens (Ghent University) SSA and DSA in VCS @ =-threshold

V|_|_

(PLL —Prr/e) +Pir

-
11111}
UNIVERSITEIT
GENT

Kyoto, Spin 2006 11/19



Preliminary Results Unpolarized Cross Section

New preliminary result (¢ = 0.645):
PiL—Prr/e = 21.9+1.8+03+35GeV?

Pt = -414+06+09+1.1GeV?

(no detector efficiency correction)

Previous measurement (¢ = 0.62)?:

PL—Prr/e = 237+22+06+43GeV 2

Py = —-50+08+1.1+14GeV 2

2Roche J., et al., Phys.Rev.Lett., 85, 708, 2000.
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Double Polarization Asymmetry - Analysis Method

Statistics are low (cross section, polarimeter efficiency, . ..)
Maximum Likelihood fit to the complete dataset

Direct fit of the GPs to the data

Unpolarized analysis — constraint on the fit

Goal: extraction of the 6 GPs
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VCS Above 7°-threshold: DR model

VCS amplitude becomes complex above 7°-threshold
A/* Y

Im

Beam single spin asymmetry
ol — ol
A= ——i————
dcol + ddol 70

Numerator = proportional to the imaginary part of the VCS amplitude
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VCS Above 7°-threshold: DR model

@ SSA =direct test of Im(VCS)
@ Dispersion Relation (DR) model for VCS? is the only model

@ Model uses 7N multipoles dominant in the A(1232) region (MAID)
in addition to the formfactors

@ Two free parameters: A, and Ag
Asymptotic behaviour electric and magnetic GP.
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3Pasquini B. et al, Eur. Phys. J., A 11, 185, 2001.
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Overview VCS SSA

| FWHM =26 107 Gevic® p 10

20000 @ Above 7%-production
mloooo F v threshold
S o e @ Out of plane kinematics
o1000 Y (¢ =220°)
@ 3 different settings
E)0.01 6 O.bl 0.62 0.63 0.04

M2 (GeVZ/c?)

Status of the analysis:
Beam SSA: = finished

So00 s A ~ K sin ¢ . (DR model)

Likelihood fit in each #-bin
including the treatment of ran-
— dom coincidences. i

OOP-1  OOP-2 OOP-3
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Preliminary Results Single Spin Asymmetry
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Q2 = 0.35 GeV2/c2, W = 1.19 GeV/c, e = 0.48 and ¢ = 220°.

Agreement with theoretical calculation.
Small sensitivity to the free parameters.
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Preliminary Results Single Spin Asymmetry
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Q2 = 0.35 GeV?/c?, W = 1.19 GeV/c, ¢ = 0.48 and ¢ = 220°.
Good agreement with MAID? and DMTP model.

2Drechsel D. et al, Nucl. Phys., A 645, 145, 1999. -
®Kamalov S. et al, Phys. Rev. Lett., 83, 4494, 1999.
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Summary

© First measurement of DSA in VCS

» Below 7° production threshold

» DSA-analysis not completed yet

» Unpolarized results in agreement with the previous experiment
» The 6 GPs of the proton
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Summary

© First measurement of DSA in VCS

» Below 7° production threshold

DSA-analysis not completed yet

Unpolarized results in agreement with the previous experiment
The 6 GPs of the proton
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@ First measurement of SSA in VCS

» Above 70 production threshold

» Preliminary result SSA in photon and pion electroproduction

» Qualitative agreement with theory

» Description of some of the pion-nucleon multipoles might be
improved.
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