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Motivation

Purpose: In order to understand the structure of the
nucleon (neutron and proton) we need to study the
excited states (resonances).

We have a lot of data on the proton but almost nothing
on the neutron — both are needed for a complete
understanding.

Strategy is to use pion production: y*+n- p 1T

We have some real photon data, almost no
electroproduction (virtual photon)

Difficulty: No free neutron target, need to use deuteron
Instead.



Cross Section in the Resonance Region

Data on the Proton: ©
Clear resonant <
structure, separation £
from the non-resonant =
background is possible £
S
Data on the deuteron:
Kinematically smeared _
due to binding, off- 3
shell, final state &
interactions (FSI), etc. <
S
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Exclusive 1T electro-production

Detect e, 1T and at least ONE of the two final state
protons in D(e,e'ttp)p to ensure exclusivity and select
events where the “spectator” proton has low, backwards
momentum. Conservation of energy and momentum
allows to determine the initial state of the neutron.

Low momentum
spectator proton

Novel approach by the BoNuS collaboration:
detect the spectator proton directly.




TU Production Kinematics
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Exclusive 1T Cross Section
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Final State Interations
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FSI Prediction for D(y, Tt p)p, by Laget
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J. M. Laget, Phys. Rev. C. 73, 044003 (2006).
R = ratio of the total to the quasi-free cross section
0; = polar angle between photon and spectator proton
Pr = momentum of the spectator proton

Strong momentum and anglular dependence
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Jefferson Lab Experiment E03-012
Barely off-shell Nucleon Structure

(BONuS)

Electron beam energies: 2.1, 4.2, 5.3 GeV

Spectator protons were detected by the newly
built Radial Time Projection Chamber (RTPC)

Scattered electrons and other final state particles
were detected by CEBAF Large Acceptance
Spectrometer (CLAS)

Target: 7 atm D, gas, 20 cm long
Data were taken from Sep. to Dec. in 2005



CLAS In Jefferson Lab, Hall B
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RTPC Sits in the Center of CLAS
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Radial Time Projection Chamber
(RTPC)
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Radial Time Projection Chamber (RTPC)

20 cm L

Sensitive to protons
with momenta of 67-
250 Mev/c
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RTPC Resolution
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Analysis outline

Quality Checks

. Vertex correction and cuts

Particle identification (electron, T and proton )
Fiducial cut for trigger electron, 1T and protons
Energy loss correction

Exclusive cut (Missing Mass cut)

. Acceptance correction

Background subtraction

© 0 N o Ok wDdE

Radiation correction

10.Particle detection efficiency for e™, proton and RTPC
proton



W’ (GeV)

Kenematic coverage and binning, 5 GeV
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Simulation Overview

RTPC(Geant4) - CLAS(geant3) = Reconstruction - Analysis

What have been done with simulation?
» Debug/optimize RTPC reconstruction packages
» Generate energy loss correction tables, radiation length tables

« Study Detector’s acceptance for D(e,e TTp as)P and D(e,e TTPgrpc)P
 Study particle detection efficiency
» Model the background... 20
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Cross Section: BoNuS Vs MAID and SAID
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BoONuUS Vs Models, 5 GeV, W = 1.525

Q%=0.93 Q’=1.33 Q*=2.11 Q’=3.59
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BoNuS VIP Vs MAID, 5 GeV, W = 1.525

Q%*=0.93 Q%*=1.33 Q*=2.11 Q’=3.59
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Summary and outlook

» Measured absolute cross sections for D(e,e'Ttp)p reaction over a wide
kinematic range.

* Huge increase in available data for neutron channel.

» These data will be used to improve our understanding of neutron structure,
as part of fits to world data (SAID, MAID...)

» Our results are very sensitive to the acceptance correction, which must be
carefully checked.

 In most bins, the pgrpc and pg a5 Channels are consistent.

* We see gualitative consistency in most bins between our results and model
predictions.

 The VIP data (low ps and large 6,,) are mostly consistent with the full data
set.

* Include the FSI correction in future.

* We look forward to incorporate these data into the world database. We may

repeat this analysis using other deuteron data.
28



Thank you!
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