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Abstract

Spin density matrix elements were extracted from COMPASS data for exclusive ρ0 meson
muoproduction on a liquid hydrogen target. The measurement cover the kinematic range
of 1.0 (GeV/c)2 <Q2 < 10.0 (GeV/c)2, 5.0 GeV/c2 <W < 17.0 GeV/c2 and 0.01 (GeV/c)2

< p2
T < 0.5 (GeV/c)2. Here, W denotes the mass of the final hadronic system, Q2 the

virtuality of the exchanged photon and pT the transverse momentum of the ρ0 meson
with respect to the virtual-photon direction. We observe a violation of s-channel helicity
conservation for the transition γ∗T → ρ

0
L. Additionally, we find a dominant contribution

of the natural-parity-exchange transitions.
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1 Introduction

Exclusive ρ0 muoproduction is studied using the process µ + p → µ′ + p′ + ρ0, which in
the one-photon-exchange approximation is described by the interaction of a virtual photon
with the target proton γ∗ + p → p′ + ρ0. Spin Density Matrix Elements (SDME) describe
transitions between specified spin states of the virtual photon, the target proton, the produced
vector meson and the recoil proton and depend on kinematic variables Q2, p2

T and W . They
serve to establish the hierarchy of amplitudes, to probe dominant amplitudes with s-channel
helicity conservation (SCHC), and to study Natural-Parity-Exchange (NPE), Unatural-Parity-
Exchange (UPE) as well as spin-flip transitions. The processes with high virtuality of Q2 of the
virtual photon and low values of squared four momentum transfer t, known as Hard Exclusive
Meson Production (HEMP), are a useful tool to access General Parton Distributions (GPDs).
The HEMP amplitude factorises into a hard-scattering part, which is calculable in perturbative
QCD (pQCD), and soft part [1]. The soft part contains GPDs that describing structure of
nucleon. The model by Goloskokov and Kroll (GK model) from Refs. [2]- [6] describes for both
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longitudinally and transversely polarised virtual photons the cross sections, SDMEs as well as
target and beam-spin asymmetries for vector- and pseudoscalar-meson leptoproduction. The
GK model includes chiral-even and chiral-odd GPDs. It predicts contributions by chiral-odd
GPDs in pseudoscalar meson production, and spin-flips and UPE processes in vector-mesons
production.
The SDMEs are presented in the Schilling and Wolf representations [7].

2 Experiment and data processing

The analysis is based on the data taken by COMPASS in 2012. The experiment used the 160
GeV µ+ ( µ−) beams with -80% (+80%) longitudinal polarisation and a liquid hydrogen target.
The exclusive process with ρ0 meson production was selected:
µp→ µ′p′ρ0, ρ0→ π+π− (BR=100%).

The accepted events in the analysis contain the scattered muon track and two hadron tracks
with opposite charges. Additional requirements were imposed on the invariant mass of the two
pions and missing energy. The invariant mass of the two pions Mππ is presented in Fig. 1 by the
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Figure 1: Distribution of the π+ π− invariant mass for experimental data (blue) and
for HEPGEN (red). The invariant mass from HEPGEN distribution is normalised to
the data in the region 0.75 GeV/c2 < Mππ < 0.77 GeV/c2, where the vertical lines
indicate the applied limits.

blue histogram. The vertical lines indicate the limits of the analysed region (0.5 GeV/c2 < Mππ

< 1.1 GeV/c2). Background coming from exclusive production of φ and its decay φ→ K+K−,
where the kaons are misidentified as pions is expected and seen at Mππ< 0.4 GeV/c2. After
applying the indicated selection on the invariant mass this background is removed.
The experimental data are compared to the events generated by HEPGEN [8]. The observed
skewing of the invariant mass distribution for data with respect to MC is due to the small con-
tribution of nonresonant pion-pairs and its interference with resonant production [9] .

The exclusivity of ρ0 events was ensured by Emiss =
M2

x−M2
p

2Mp
, with the missing mass squared

M2
x = (p + q − pπ+ − pπ−)2, where p, q, pπ+ and pπ− , are the four-momenta of the proton,

photon, and two pions , respectively.
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In Fig. 2, the missing-energy distribution is shown as red points, while the blue points cor-

Figure 2: The missing-energy distribution from experimental data (red point) com-
pared to the distribution of SIDIS events from LEPTO MC (blue points). The MC dis-
tribution is normalised to the data of region 7 GeV< Emiss < 20 GeV. The background-
corrected distribution for data is shown as shaded histogram. The vertical indicate
the limits of exclusive region. Each LEPTO MC event is reweighted by an Emiss de-
pendent weight that is calculated using the both experimental and simulated data
with the same-charge hadron pairs.

respond to background evaluated by MC LEPTO generator [10]. The amount of background
fbg in the signal window |Emiss| < 2.5 GeV was estimated to be 17% for the entire analysed
region. The ratio of the of the non-exclusive events in the signal window depends on Q2, p2

T
and W . The selected sample consists of 23785 events for µ+ and 28472 for µ−.

The SDMEs were determined by using an unbinned maximum likelihood method by fit-
ting the function W(Φ,φ, cosΘ) (for definitions of W distribution and angles Φ, φ, cosΘ see
Ref. [11]) to the experimental three-dimensional angular distribution of ρ0 production and de-
cay. The fitted distribution is a weighted superposition of W distributions for exclusive events
and non-exclusive background. The parameters describing the background angular distribu-
tions were pre-determined by fitting either angular distributions of events in the signal window
from LEPTO MC or distributions for the real data in Emiss range outside of the signal window.

3 Results

The SDME value for the entire kinematic region: 1.0 (GeV/c)2 < Q2 < 10.0 (GeV/c)2 with
〈Q2〉 = 2.4 (GeV/c)2, 0.01 (GeV/c)2 < p2

T < 0.5 (GeV/c)2 with 〈p2
T 〉 = 0.18 (GeV/c)2, 5.0

GeV/c2 < W < 17.0 (GeV/c2 with 〈W 〉 = 9.9 GeV/c2 are presented in Fig. 3. The SDMEs
were divided into five classes corresponding to different helicity transitions. For SDMEs in class
A, the dominant contributions are related to the squared amplitudes for the transitions from
longitudinal virtual photons to longitudinal vector mesons and from transverse virtual photons
to transverse vector mesons. In class B, the dominant terms correspond to the interference of
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two above mentioned transitions. The SDMEs in classes C, D, and E are proportional to the
amplitudes γ∗T → VL , γ∗L → VT and γ∗T → V−T , respectively. Non-zero elements are observed in
classes A, B and C, while elements of classes D and E fluctuate near zero. The non-zero values
of elements in class C indicate contributions from single-spin-flip process γ∗T → VL .
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Figure 3: The 23 SDMEs for exclusive ρ0 leptoproduction extracted for the entire
COMPASS kinematic region with 〈Q2〉= 2.4 (GeVc)2, 〈p2

T 〉= 0.18 (GeVc)2 and 〈W 〉=
9.9 (GeVc)2. The inter error bars represent statistical uncertainties and the outer
ones statistical and systematic added in quadrature. The unpolarised (polarised)
SDME are displayed as unshaded (shaded) areas.

The dependences of SDME on the kinematic variables Q2, p2
T and W were also extracted.

In Fig. 4 the dependences of SDMEs on Q2 are presented. Similarly, as in the case for entire
region the SDMEs were divided into classes. The elements from classes A and C are sensitive
to Q2 like r04

00 from class A and element r5
00 from class C. In the case of r04

00 it is related to an
increase of σL with Q2. The dependences of SDMEs on W are rather flat (not shown).

The contributions of the spin-flip-transitions are described by the observables τi j =
|Ti j |p
N , as

combinations of SDMEs [11], where T01, T10 and T1−1 are the amplitudes of the transitions
γ∗T → ρ0

L , γ∗L → ρ0
T , γ∗T → ρ0

−T , respectively, and N is a normalisation constant [11]. In
Fig. 5 the dependence of the observables τ01, τ10 and τ1−1 on Q2, p2

T and W are presented.
The observables values significantly different from zero for τ01 and much smaller ones for τ10
and τ1−1 is consistent with different degrees of SCHC violation seen from SDMEs in classes
C, D and E, respectively. The observables u1, u2 and u3 are sensitive to amplitudes for UPE
transitions. In particular, the UPE fractional contribution to the cross section is approximately
given by u1/2. The kinematic dependences of u1, u2 and u3 are shown in Fig, 5 (right). We do
not observe any significant UPE contribution in contrast to an large contribution fo exclusive
omega muoproduction [12].
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Figure 4: The dependences of SDMEs on Q2. The SDMEs were divided into five
classes the same as in Fig. 3.
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Figure 5: The dependences of τ01, τ10 and τ1−1 (u1, u2 and u3) on Q2, p2
T and W

in the left panel (right panel).

4 Conclusion

Spin Density Matrix Elements for exclusive leptoproduction of ρ0 vector mesons were deter-
mined for the COMPASS kinematic region. The non-zero values of elements in class C indicate
SCHC violation for transitions γ∗T → ρ

0
L . Clear Q2 dependences of SDMEs for classes A, and

element r5
00 for class C are observed. No significant W dependence is observed. NPE processes
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are found to have dominant contributions.
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