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Introduction

1.Photoproduction of ω mesons off nuclei and impact of
polarization on meson-nucleon interaction. E.Chudakov,
A.Somov, S.G., Phys.Rev. C93, 015203 (2016);
arXiv:1508.00422[hep-ph]
2.Study of ω mesons photoproduction off nuclei with the Gluex
detector.
E.Chudakov, A.Somov, S.G., A Letter of Intend to Jefferson Lab
PAC-43, 2015
3.The impact of vector mesons polarization on meson nucleon
interaction.
S.G., Jour.of Physics: Conference Series 678, 012033 (2016)

Vector mesons V = ρ, ω, φ... can be transversely (λ = ±1) or
longitudinally (λ = 0) polarized.
Has the polarization the impact on their
interaction with nucleons and nuclei?
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Color transparency versus vector meson polarization.
Why the knowledge of σT (VN) and σL(VN) is important?
Color Transparency: According to QCD hard exclusive processes
select configurations where the quarks are close together forming a
color neutral object with transverse size r ≈ 1/Q.
Nuclear Transparency: TA = dσA

AdσN
for A(e,e′ρ0)
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Fig. 2. (Color online.) The (π+ , π−) invariant mass histogram for iron. Panel (a):
Before applying kinematic cuts. Panel (b): After applying kinematic cuts. The blue
shadow area represents the background contribution. Panel (c): After background
subtraction. Panel (d): The (π+ , π−) invariant mass histogram for deuterium after
background subtraction. The solid curves are non-relativistic Breit–Wigner fit to the
data.

the acceptance was defined in each elementary bin in all rele-
vant variables; Q 2, t , W , the ρ0 momentum Pρ0 , and the decay

angle in the ρ0 rest frame θπ+ , as the ratio of accepted to gen-
erated events. Each event was then weighted with the inverse
of the corresponding acceptance. The weighted (π+ , π−) mass
spectra were fitted as shown in Fig. 2(c) using a non-relativistic
Breit–Wigner for the shape of a ρ0 while the shape of the back-
ground was taken from the simulation. The magnitudes of each
contributing process were taken as free parameters in the fit of
the mass spectra. The acceptance correction to the transparency
ratio was found to vary between 5 and 30%. Radiative corrections
were extracted for each (lc , Q 2) bin using our MC generator in
conjunction with the DIFFRAD [34] code developed for exclusive
vector meson production. The radiative correction to the trans-
parency ratio was found to vary between 0.4 and 4%. An additional
correction of around 2.5% was applied to account for the contri-
bution of deuterium target endcaps. The corrected t distributions
for exclusive events were fit with an exponential form Ae−bt . The
slope parameters b for 2H (3.59 ± 0.5), C (3.67 ± 0.8) and Fe
(3.72 ± 0.6) were reasonably consistent with CLAS [35] hydro-
gen measurements of 2.63 ± 0.44 taken with 5.75 GeV beam en-
ergy.

The transparencies for C and Fe are shown as a function of lc
in Fig. 3. As expected, they do not exhibit any lc dependence be-
cause lc is much shorter than the C and Fe nuclear radii of 2.7
and 4.6 fm respectively. Consequently, the coherence length effect
cannot mimic the CT signal in this experiment.

Fig. 4 shows the increase of the transparency with Q 2 for both
C and Fe. The data are consistent with expectations of CT. Note

Fig. 3. (Color online.) Nuclear transparency as a function of lc . The inner error bars
are the statistical uncertainties and the outer ones are the statistical and point-
to-point (lc dependent) systematic uncertainties added in quadrature. There is an
additional normalization systematic uncertainty of 1.9% for carbon and 1.8% for iron
(not shown in the figure) with acceptance and background subtraction being the
main sources. The carbon data has been scaled by a factor 0.77 to fit in the same
figure with the iron data.

Fig. 4. (Color online.) Nuclear transparency as a function of Q 2. The inner error
bars are statistic uncertainties and the outer ones are statistic and point-to-point
(Q 2 dependent) systematic uncertainties added in quadrature. The curves are pre-
dictions of the FMS [39] (red) and GKM [38] (green) models with (dashed–dotted
and dashed curves, respectively) and without (dotted and solid curves, respectively)
CT. Both models include the pion absorption effect when the ρ0 meson decays in-
side the nucleus. There is an additional normalization systematic uncertainty of 2.4%
for carbon and 2.1% for iron (not shown in the figure).

that in the absence of CT effects, hadronic Glauber calculations
would predict no Q 2 dependence of T A since any Q 2 dependence
in the ρ0 production cross section would cancel in the ratio. The
rise in transparency with Q 2 corresponds to an (11 ± 2.3)% and
(12.5 ± 4.1)% decrease in the absorption of the ρ0 in Fe and
C respectively. The systematics uncertainties were separated into
point-to-point uncertainties, which are lc dependent in Fig. 3 and
Q 2 dependent in Fig. 4 and normalization uncertainties, which
are independent of the kinematics. Effects such as kinematic cuts,
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Fig. 20 Q2 dependence of the longitudinal-to-transverse cross-section
ratio for exclusive ρ0 production on the proton. Left panel: R04 calcu-
lated from the SDME r04

00 according to (69). HERMES proton data
(filled squares) are compared to measurements of CLAS [61, 62], Cor-
nell [63], E665 [64], H1 [12], and ZEUS [10, 11]. The more recent
CLAS data [62] (small squares) are from a narrow bin in xB with
approximately the same 〈xB 〉 as the HERMES data, which are inte-

grated over the xB acceptance. Right panel: R04 for ZEUS (trian-
gles) and RNPE for HERMES (squares), fitted separately according
to (76). For all data points, total uncertainties are shown. Theoretical
calculations [38] of R0 = |T00|2/|T11|2 are shown as a dashed line at
W = 5 GeV; the uncertainties arising from the uncertainties in the par-
ton distribution functions are shown as a shaded band [38]

11.3 Comparison to world data and models

Results for R from different experiments can be com-
pared only if either R is independent of t ′, or the t ′ de-
pendences of the cross sections dσL

dt
and dσT

dt
and the t ′

intervals of the measurements of R are the same. The t ′
dependence of R is determined essentially by the t ′ de-
pendence of the SDME r04

00 (see (A.1)), which is found
to be approximately flat in t ′ both at HERMES (see
Fig. 10) and at H1 [12] and ZEUS [11] kinematics. For
this case, the ratio of the total cross sections coincides
with the ratio of the cross sections that are differential
in t (see (34)).

The left panel of Fig. 20 shows HERMES results on the
Q2 dependence of R04, as measured on the proton, in com-
parison to world data. Given the experimental uncertain-
ties, there is no discrepancy with the data at lower energies
from CLAS [61, 62] and CORNELL [63]. The HERMES
data at intermediate energies are not expected to agree ex-
actly with those at high energies because of the UPE con-
tributions observed in the HERMES data, as discussed in
Sects. 9 and 10. We note that SCHC violating amplitudes
are also observed in the new CLAS data [62]. Additional
reasons may be the importance of valence-quark exchange
for NPE amplitudes and also a generally different W de-
pendence of the longitudinal and transverse cross sections,
as recently discussed in Ref. [38] in the context of a GPD-
based model.

The right panel of Fig. 20 presents the HERMES re-
sults on the longitudinal-to-transverse cross-section ratio

RNPE, which is corrected for the UPE contributions shown
in the previous section to be of substantial size at in-
termediate energy. The HERMES data are compared to
the recent high-energy data on R04 from ZEUS [11], for
which the UPE contribution is expected to be strongly sup-
pressed.

In order to investigate a possible W dependence of the
longitudinal-to-transverse cross-section ratio, the HERMES
and ZEUS data are fitted separately to a Q2 dependence sug-
gested by VMD models [2, 8, 65]:

R
(

Q2) = c0

(

Q2

M2
V

)c1

, (76)

where c0 and c1 are free parameters and MV is the mass
of the ρ0 meson. The fit results are c0 = 0.56 ± 0.08,
c1 = 0.47 ± 0.12 for HERMES and c0 = 0.69 ± 0.22, c1 =
0.59 ± 0.15 for ZEUS, with χ2/d.o.f. = 0.45 and 0.15 re-
spectively. These χ2 values indicate that the fits are domi-
nated by systematic uncertainties.

A W dependence of the Q2 slope is consistent with recent
calculations using a GPD-based model [38]. We note the
agreement of these calculations performed at W = 5 GeV
for Q2 values down to 3 GeV2 (see dashed curve in Fig. 20)
with the highest Q2 = 3 GeV2 point of HERMES. Uncer-
tainties in the model calculations originating from uncer-
tainties in the parton distributions employed are shown as
a shaded band superimposed on the curve.

Figure: Q2 dependence of the longitudinal-to-transverse cross section ratio
for exclusive ρ0 production on the proton.

If σT (ρN)� σL(ρN) the Nuclear transparency would grow with Q2 !!!
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The ratio of the cross sections of ρ0 electroproduction can be
represented as R = σ(γLp→VLp)

σ(γT p→VT p) = ξ2 Q2

m2
ρ
,

where ξ = σL(ρp)
σT (ρp) ≈ 0.7. For ϕ meson: ξ2 = 0.33± 0.08
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Valence quark distributions and the vector mesons
polarization. B.Ioffe & A.Oganesian (2000)

The distribution of valence quarks in the transversely and the
longitudinally polarized vector mesons is significantly different, which
should lead to different interactions of polarized mesons with
nucleons.

quarks. It must be mentioned, that in the case of transverser,
the accuracy of our results are worse than for longitudinalr,
because the contribution of higher-order terms of OPE is
larger and the applicability domain inx is narrower. This
fact, however, does not change the qualitative conclusion
formulated above. Now let us discuss the nonpolarizied
r-meson case. Quark distribution functionu(x) in this case
is equal to

ur~x!5@ur
L~x!12ur

T~x!#/3

and we can determineu(x) only in the region, where sum
rules forur

L(x) andur
T are fulfilled, i.e., 0.2&x<0.65. In this

regionur(x) is found to be very close toup(x) ~the differ-
ence in whole range ofx is not more than 10–15 %!.

V. SUMMARY AND DISCUSSION

Let us first discuss the accuracy of our results. In case of
u-quark distribution in pion the main uncertainty comes from
the magnitude ofas^0uc̄cu0&2. For renorminvariant quantity
(2p)4as^uc̄cu0&2 in our calculations we took the value
0.13 GeV6. In fact, however, it is uncertain by a factor of 2.
~Recent determination@24# of this quantity fromt-decay
data indicates that it may be two times larger.! Also the
perturbative corrections introduce some uncertainties, espe-
cially at largex,(x.0.6) where the accounted LO correction
is large~e.g., instead ofLQCD5200 MeV the valueLQCD
5250 MeV could be taken!. The estimation of both effects
shows, that they may result in 10–15 % variation of
xup(x)—increasing atx,0.3 and decreasing atx.0.3. The
second moment of the total~valence and sea! u-quark distri-
bution in pion was calculated in Ref.@25# using QCD sum
rules in external fields and it was found to be equal 0.3
60.03 ~at LQCD

LO 5100 MeV, Q0
251 GeV2). One may

expect that sea-quark comprises about 15% of the total. Tak-
ing this in mind as well as different values ofLQCD

LO andQ0
2

and the uncertainties of both calculations, our results do not
disagree with Ref.@25#.

In case ofu-quark distribution in longitudinally polarized
r meson the uncertainties inas^0uc̄cu0&2 do not play any
role, because of higher values ofM2 and the main source of
them is the perturbative corrections. They influence only
high x domain,x.0.5.

The accuracy of our results foru-quark distribution in
transversally polarizedr meson is worse, because of a large
role of d54 andd56 gluonic condensate contributions. The
variation of xur

T(x) arising from uncertainties ofd56 glu-
onic condensates was shown in Fig. 15. The gluonic conden-
sate^0u(as /p)G2u0& is also uncertain by a factor of 1.5. It

may result in 30–40 % variation ofxur
T at x'0.3–0.4, but

much less atx'0.5–0.6. At least, these uncertainties do not
influence the shape ofu-quark distribution.~The LO pertur-
bative corrections are no more than 20% at smallx and neg-
ligible at largex.!

Figure 16 gives the comparison of valenceu-quark distri-
butions in pion, longitudinally and transversally polarizedr
mesons. The shapes of curves are quite different, especially
of xur

T(x) in comparison withxur
L(x) andxup(x). Any un-

certainties in our calculations cannot influence this basic
conclusion. The values of moments of quark distributions are
also different—see the discussion at the end of Sec. IV.

The main physical conclusion is that the quark distribu-
tions in pion andr meson have not to much in common. The
specific properties of pion, as a Goldstone boson, manifest
themselves in different quark distributions in comparison
with r. SU(6) symmetry, probably, may take place for static
properties ofp and r, but not for their internal structure.
This fact is not surprising. Quark distributions have sense in
fastly moving hadrons. However,SU(6) symmetry cannot
be self-consistently generalized to relativistic case@26#. We
have no explanation, whyu-quark distributions in pion and
nonpolarizedr meson at 0.2,x,0.65 are close to one
another—is it a pure accident or there are some deep reasons
for it.
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FIG. 16. xu(x) for rT—~the curve is labeled by ro-tr!, rL ~is
labeled by ro-l!, andp meson~labeled by pi!.
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Figure: The valence quarks distributions in ρ meson:Top-longitudinally
polarized meson; bottom=transverse polarization.
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Constituent quarks distribution in vector meson.

In AdS/QCD (Brodsky & G.de Teramond) light-front wave functions
depend on meson polarization.
J.Forshaw & R.Sandapen (2010)
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sponding to the BG fit with additional end-point enhancement in the transverse wavefunction.
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Figure: The longitudinal (left) and transverse (right) light-cone wavefunctions
squared.
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Color dipole model.
Before the interaction the high energy photon (real or virtual)
dissosiates to quark-antiquark pair, which interacts with a target as
color dipole.

σL(T )(γN) =

∫
|ΨL(T )

γ (r , z,Q2)|2σ(r)d2rdz

σL(T )(γN → VN) =

∫
ΨL(T )

γ (r , z)σ(r)ΨL(T )
ρ (r , z)d2rdz (1)

σL(T )(VN) =

∫
|ΨL(T )(r , z)|2σ(r)d2rdz

σ(r) = σ(s)
(
1− exp(−r2/r2

0 )
)

(2)

1) Boosted Gaussian (BG) B.Kopeliovich,N.Nikolaev et al.
2)The light-front wavefunction : J.Forshaw& R.Sandapen (FS)

Φ(r , z) =
√

z(1− z)exp(−k2z(1− z)r2

2
) (3)
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Figure: Solid lines: Boosted Gaussian (BG) wave functions for transverse
(blue) and longitudinal (red) mesons.
Dashed lines: The same for Forshaw&Sandapen (FS) wave functions
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ω photoproduction in the coherent process γA→ ωA

Why omega?
In γ + N → ω + N at JLab energies the essential is pion exchange.
Unlike diffraction the pion exchange leads to copious production of
longitudinally polarized omega mesons.
On the other hand amplitudes with exchange of particle with isotopic
spin one (pion in our case) has different signs in photoproduction on
proton and neutron. Thus in the coherent production off nuclei where
one has to sum the elementary production amplitudes, the
contribution of pion exchange cancelled leading to production of only
transversely polarized omega mesons.
From the absorption of ω’s in the coherent photoproduction one can
extract only σT (ωN).
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ω photoproduction in the incoherent process
γA→ ωA′

dσA(q)

dt
=

dσ0(q)

dt
(ρ00N(0, σL) + (1− ρ00)N(0, σT ))

N(0, σ) =

∫
1− exp(−σ

∫
ρ(b, z)dz)

σ
d2b

dσ0(q)
dt , ρ00-nucleon. If σT = σL the nuclear transparency gets the well

known form Aeff = dσA
dt /

dσ0(q)
dt = N(0, σ). The relation between the

spin density matrix elements in photoproduction off nuclei ρA
00 and

nucleons ρ00 in this approach reads:

ρA
00 =

N(0, σL)

ρ00N(0, σL) + (1− ρ00)N(0, σT )
ρ00

If σT = σL the spin density matrix elements on nucleon and nuclei are
the same. On the other hand the dependence of the ρA

00 on mass
number A indicates that the interaction of vector mesons with different
polarizations with matter is diverse.
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Summary

1) From the coherent photoproduction γ + A→ ω + A one can obtain
the value of the transverse cross section σT (ωN).
Two experiments: DESY 1970,Eγ=5.7GeV ω → π0γ;, Cornell
1970,Eγ=6.8GeV ω → π0π+π−;
σ(ωN) = σ(ρN) = 27± 6mb
2) From the incoherent photoproduction γA→ ω + A′ one can extract
the longitudinal cross section σL(ωN). Never measured!!!
To use this unique challenge GlueX has to measure:
a) Differential cross section of the ω photoproduction on the set of
nuclei in the interval of transfer momentum 0 < |t | < 0.6GeV 2 and
photon energy 5GeV ≤ Eγ ≤ 10GeV
b) The spin density matrix elements ρ00 on the nucleon and a same
set on nuclei.
Such measurement allow to get for the first time a unique information
on impact of vector mesons polarization on their interaction with
matter!!!
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