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Theory uncertainty in Re2V
γZ (E )

Plots from M. Gorshteyn’s talk

main caveat of the uncertainty estimate :
isospin decomposition of the high-energy
background in total photo absorption cross
section at low Q2

assessed with the Vector Dominance Model.

σtot(γp) =
∑

V=ρ,ω,φ

√
16π 4πα

f 2
V
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21% deficit of the VMD sum rule in HERA data
(Eγ ≈ 80 GeV)

Question :
Is this deficit still present at JLab energies ?
→ CLAS vector meson production data

Energy dependence of the γZ-Correction

Isospin-rotate the e.-m. data"
Evaluate at E = 1.165 GeV (QWEAK)

PV DIS data "
- not (YET!) available
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The Vector Box Plots 
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• Differences come from the treatment of the 

structure functions. 

 

Isospin rotation of e.-m. data: background

Rescale the background according to
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VDM:  identify X(X’) with continuum
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Continuum - 100%  uncertainty

Uncertainty estimate - from data!

Pure isovector:

Pure isoscalar:
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Existing data from CLAS

Both photo- and electro-production data
Electroproduction uses Hand convention for the virtual photon flux to connect Q2 → 0

σγ∗p→pV (Q2, xB ,E) = 1
Γ(Q2,xB ,E)

d2σep→epV
dQ2dxB

with Γ(Q2, xB ,E) = α
8π

Q2

M2E2
1−xB
x3
B

1
1−ε

The following datasets are used in this presentation :

Photoproduction of ρ0 meson on the proton at large momentum transfer
M. Battaglieri et al., PRL 87, (2001) 172002

Exclusive ρ0 electroproduction on the proton at CLAS
S.A. Morrow et al., EPJ A 39, (2009) 5

Photoproduction of the ω meson on the proton at large momentum transfer
M. Battaglieri et al., PRL 90, (2003) 022002

Deeply virtual and exclusive electroproduction of ω mesons
L. Morand et al., EPJA 24, (2005) 445

Differential cross sections and spin density matrix elements for the reaction γp → pφ
B. Dey et al., under collaboration review

CLAS database at the web address : http://clasweb.jlab.org/physicsdb/
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Photoproduction of ρ0 meson on the proton at large momentum transfer

Eelectron = 4.1 GeV
Eγ = 3.19 to 3.91 GeV
≈ 4× 106γ/s
All topologies analyzed
pπ+, pπ−, π+π−, and pπ+π−
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Exclusive ρ0 electroproduction on the proton at CLAS

Data binning in (xB ,Q2), approximate binning in (W ,Q2)
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Exclusive ρ0 electroproduction on the proton at CLAS

Fit to dσ/dt (µb/GeV2) versus −t with two exponential components
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Exclusive ρ0 electroproduction on the proton at CLAS

Q2 dependence of dσ/dt(t = 0) and fixed W

→ need theoretical guidance for functional shape extrapolation to Q2 = 0
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Photoproduction of the ω meson on the proton at large momentum transfer

Same dataset as ρ0 photoproduction
ω → π+π−π0 mode
detection of proton and π+

identification from missing masses
γp → pπ+X and γp → pX
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Deeply virtual and exclusive electroproduction of ω mesons

Data binning in (xB ,Q2), approximate binning in (W ,Q2)
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Deeply virtual and exclusive electroproduction of ω mesons

Fit to dσ/dt with two exponential components
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Deeply virtual and exclusive electroproduction of ω mesons

Q2 dependence of dσ/dt(t = 0) and fixed W

→ need theoretical guidance for functional shape extrapolation to Q2 = 0
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Differential cross sections and spin density matrix elements for the reaction γp → pφ

High statistics measurement of the differential cross-sections
γp → φp, φ→ K+(K−)

missing K− identified by kinematical fit

1.97 <W < 2.84 GeV, complete θφc.m. coverage

Illustration of overlap with background from the Λ(1520)

Biplab Dey User Group annual JSA Thesis Prize award

The following slides show fits to dσ/dt with two exponential
components
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FIG. 4. (Color On-line) �-⇤(1520) overlap for the charged-
mode topology. A mass-mass plot of M(pK�) vs. M(K+K�)
is shown in (a) and (b) for two di↵erent energies. Panel (a)
shows the overlap for the 10 MeV wide bin centered at

p
s =

2.105 GeV bin, while panel (b) shows that for the bin centered
at

p
s = 2.305 GeV, the � and ⇤(1520) “bands” are separated

above
p

s ⇡ 2.2 GeV.

D. E↵ectiveness of cuts

In the previous sections, we have discussed cuts on the
confidence level from kinematic fitting, time-di↵erence,
and reconstructed mass cuts, as well as cuts to remove
the ⇤(1520) in the data. The e↵ectiveness of these cuts
can be gauged by the percentage of “signal” events lost
due to them. The missing mass o↵ the proton, MM(p),

distributions were fit to a Gaussian distribution plus a
quartic background function before and after placing the
cuts. From this study, the loss in signal yields due to the
cuts was estimated to be ⇠ 1.8% for the two-track (miss-
ing K�) and ⇠ 0.62% for events in which the K� was
detected (the three-track topology [22]). We quote these
as the upper limits of the systematic uncertainties in our
particle identification/event selection for this analysis.

E. Fiducial cuts

In addition to the above particle identification cuts,
fiducial volume cuts were required to remove events be-
longing to regions where our understanding of the de-
tector performance was relatively poor. These cuts were
motivated by di↵erences in an empirical e�ciency calcu-
lation between the actual data and Monte Carlo which
indicated discrepancies in the forward-angle region and
at the boundaries of the six sectors of the CLAS detec-
tor due to edge e↵ects in the drift chambers. Therefore,
events with any particle trajectory falling near the sector
boundary regions were removed. A �lab-dependent cut on
cos ✓lab along with a hard cut at cos ✓lab � 0.985 removed
extremely forward-going particles that coincided with the
beam-dump direction. Localized ine�ciencies within the
CLAS detector volume such as inside the drift chambers
were accounted for by placing trigger e�ciency cuts on
the Monte Carlo data as functions of �lab, ✓lab and |~p|
for each particle track. Additional cuts were placed on
backward-going tracks (cos ✓lab  �0.5). A minimum
proton momentum cut at 375 MeV/c removed slow mov-
ing protons, whose energy losses were di�cult to model
in the detector simulation. Events with particles corre-
sponding to poorly performing TOF scintillator counters
were removed as well.

V. SIGNAL BACKGROUND SEPARATION

The event selection cuts were very e↵ective in clean-
ing the data sample for both topologies. Further removal
of background, non-�p events, was a↵ected by an event-
based technique that sought to preserve correlations be-
tween all independent kinematic variables [22, 24]. The
motivation behind this approach, as opposed to a more
conventional sideband-subtraction method, was as fol-
lows.

For a reaction with multiple decays, such as in the
present case, there are several independent kinematic
variables (decay angles, for instance). To perform a back-
ground subtraction, one typically bins the data in a par-
ticular variable, such as the production angle ✓�c.m.. This
is because the background level can vary widely within
the range of the kinematic variable chosen. However,
this binning in a single variable generally does not pre-
serve correlations present in the other independent kine-
matic variables of interest. Therefore, one needs to bin
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Differential cross sections and spin density matrix elements for the reaction γp → pφ
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Differential cross sections and spin density matrix elements for the reaction γp → pφ
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Differential cross sections and spin density matrix elements for the reaction γp → pφ
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Differential cross sections and spin density matrix elements for the reaction γp → pφ

Result for the fitted values of dσ/dt(t = 0) (µb/GeV2) as a function of W

The dependence shows some resonant-like structures
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Summary

Vector Meson Production can help reduce the Re2V
γZ (E) theoretical uncertainty

Electro- and Photo- production data from CLAS available in public database

Precise results from photoproduction of ρ and ω in limited phase space

Larger coverage for electroproduction of ρ and ω,
extrapolation to Q2 = 0 requires guidance

Very extensive coverage for φ photoproduction will soon be available

Differential cross sections and spin density matrix elements for the reaction γp → pω
M. Williams et al. PRC 80, (2009) 065208
has much larger W coverage and will be included next

Dedicated re-analysis for ρ0 and for low Q2 and W ?

Test of the VMD sum rule with CLAS data
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