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Overview

e Neutron Structure and Binding Effects (C.K.)
e Spectator Tagging as a Tool

 The “Deeps”’ Experiment with CLAS

 The “BoNuS” Experiment with CLAS (C.K.)

 New Experiments with the “BoNuS” RTPC
(EG6 with a “He target)

 The Data Mining Initiative
 The 11 GeV Future of Spectator Tagging




Ratio to CTEQS

Structure Functions and Moments
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Structure Functions and Resonances
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Present Knowledge of d/u (x — 1)
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Bound Neutron Structure Functions -

1)

2)

2 Questions:

How can we explore the structure of the neutron if all we have
are neutrons bound in nuclei?

In many cases, a neutron bound in deuterium can be considered
“nearly free”.

BUT: For certain kinematics (large x > 0.5, resonance region

W < 2) the high-momentum (short-distance tail) of the deuteron
wave function plays a large role and might distort the result.

Can we learn something about what happens to a nucleon if it is
part of a short-distance pair?

Many ideas: Off-shell modifications of on-shell structure functions,
color delocalization, suppression of point-like components, AA
components, extra mesons or 6-quark bags

Fundamental question about QCD in bound hadron systems that we

haven’t understood yet. Relevant for QCD phase diagram (high
baryon density, neutron stars, color superconductivity?)



Our Tool: “Spectator Tagging”
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High spectator momenta (0.25 - 0.7 GeV/c): “Deeps”

CLAS
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Results from “Deeps”. Momentum Distribution
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Deviations from free structure function:
Off-shell Effects [should depend on a (p.), X, Q2]
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Results from “Deeps”. Ratio Method

Ratio =
o(x* =0.55,a,)
o(x* =0.25,a,)
o(x =0.55)
o(x=0.25)

(bound n)

(freen)

* Independent of deuteron
WEF, acceptance,
Kinematic factors

 Should be sensitive to
off-shell effects at large
X, but also influenced by
FSI and target
fragmentation

 Fixed p; =0.3 GeV/c -
TOO LARGE!
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Results from “Deeps”. Comparison w/ FSI model (cdaetal)

Ratio observed/simulated events
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Low Spectator Momenta - Nearly Free Neutrons ?

o (P

L)
The LWitEE Experiment

20%

bonus for everyone.

] P

Radial TPC (view from downstream)

“BoNusS = Barely off-shell Nucleon Scattering
“RTPC = Radial Time Projection Chamber




| 4He Target, E=2GeV |

BoNuS RTPC
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RTPC Performance

Particle ID (after gain calibration of each channel)
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Kinematic Coverage - 2.1, 4.2 & 5.3 GeV
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Preliminary Results from BoNuS

 Measured tagged n/
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o Corrected for e
acceptance and
normalized to “known”
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Preliminary Results from BoNuS (ii)
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Preliminary Results from BoNuS (lii)
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Preliminary Results from BoNuS (iv)

Testing the Spectator Assumption - dependence on p,
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Preliminary Results from BoNuS (v)
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W* and beam
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2"d RTPC Experiment - EG6

DVCS IC for detection of

. _ photons at small angles
Deeply Virtual Compton Scattering

from Helium: “He(e,e’y *He) il o &

Search for exotic mesons in B

y* +*He — M + “He — 4 y's + *He el

Slightly modified (improved!) RTPC ;ﬂf g
Significantly increased data rate | %”m |
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detection of low
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o particles (*He)
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2"d RTPC Experiment - EG6

| Accumulated Charge 2009-12-17 |
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CLAS data mining

Joint effort of a large group of people (many of them
here) to re-analyze existing nuclear target data from
CLAS

Proposal to DOE for funding (mostly for a dedicated
postdoc) - presently “in limbo”

Relevant for spectator physics:

— EG6 data, d(e,e’p )X : extend Q? range, lower p momentum
threshold

— EG data: Look for d(e,e’A,)A and other “exotic” final states

— EG1/EG4/EG1-DVCS: study ﬁ(g,e’p)n VS. missing
momentum to learn more about spin effects and FSI

Discussion Friday afternoon



Plans for Jefferson Lab at 11-12 GeV

CLAS12 will have central
detector for medium-low
momentum large angle
particles

Can be replaced by “BoNuS”
type RTPC for much lower
spectator momenta

Can insert polarized target
inside Central Detector -
study tagged pol. SFs?
(Polarized EMC effect LOI
[Brooks] approved by PAC35)

Central
Detector

Forward Detector for e-, =, K, ...



Expected Results -

Neutron/Proton structure function

BoNuS12
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Expected Results - Deepsl?2

*
D(e.€ py)

LOI ~

12-07-102

Q2>1.5, W>2

« Significantly increase kinematic

coverage in X, Q2 while remaining in
DIS and “backward spectator”
kinematics

Can augment o, =1, small p; region
with data from BoNuS12 - can get
closer to “ideal” kinematics

Possibly combination with n detector
for a comparison of d(e,e’p,)X with
d(e,e’'ny)X

Requires a new, full proposal and
significant simulation work

EG6 will also be continued at higher
energy - two LOIs (Milner, Hafidi)
approved by most recent PAC35



Conclusion -
Status of Spectator Experiments

Lots of data with coincident spectator detection already exist, many have
been (partially) analyzed

— FSI seems very important in perpendicular and forward kinematics

— simple spectator picture with LC wave functions seems to work reasonably in
some kinematic regions

— Possible modifications of internal nucleon structure (dependent on spectator
momentum) still an open question

New data from EG6 will extend this study to “He target

Data mining initiative will unlock much more information from all nuclear
data taken with CLAS

Lots more exciting experiments after JLab energy upgrade!

Requires theory-experiment interaction: Agree on definition of “reduced
cross section”; need predictions of this cross section including FSI over
large kinematic range (not only forp_T =0 ;-)

ULTIMATE GOAL: EIC - can smoothly map out pg,.., from 0 to 1 GeV/c




Happy Birthday (belated), Mark




