PROCEEDINGS

OF SCIENCE

Spin Density Matrix Elements (SDMEs) and Helicity
Amplitude Ratios in Exclusive p° Electroproduction
at HERMES

A. Borissov*
on behalf of the HERMES Collaboration

DESY, D-22607 Hamburg, Germany
E-mail: bori ssov@rai | . desy. de

Spin Density Matrix Elements (SDMESs) describing the angdistribution of exclusive® elec-
troproduction and decay are determined in the HERMES exyssri with 27.5 GeV beam energy
on unpolarized hydrogen and deuterium targets. Those dracéed in the kinematic region
1< Q@ <7GeV, 3<W < 6.3GeV, and-t < 0.4 Ge\2. Within the given experimental uncer-
tainties, a hierarchy of relative sizes of helicity ampli#s is observed. A small but statistically
significant deviation from the hypothesis®thannel helicity conservation is observed. In addi-
tion to SDMESs, theQ? dependence of the ratio of the real and imaginary part of ¢iieity-con-
serving amplitude311/Too is presented. Those amplitudes correspond to the tramsjgo— Vy
andy; — VL mediated by the natural parity exchange. A confirmation afitamhal contribu-
tion of unnatural-parity-exchange amplitudels1 / Too| and theirQ? andt’ dependences are also
obtained from the analysis of the amplitude ratios.

European Physical Society Europhysics Conference on High Energy Physics, EPS-HEP 2009,
July 16 - 22 2009
Krakow, Poland

*Speaker.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



p° SDMEs and Amplitudes A. Borissov

1. Introduction

Electroproduction of neutral vector mesolg from nucleons is described by the interaction
with the nucleon of ajq pair created by the virtual photon. The react®nr N — € +V + N’ in
the single-photon approximation is equivalentyto+ N — V + N’, in which the virtual photon is
characterized by the negative squared four-momer@irand the polarization parameteis the
ratio of fluxes of longitudinal and transverse virtual phwto The spin transfer from the virtual
photony* to the vector meson is commonly described [1, 2] in terms @f B@nsity Matrix Ele-
ments (SDMESs). The experimentally determined sets of 23 EBfdr thep® meson are presented
here in the Schilling-Wolf [1] representation. Using theasared values of the SDMEsChannel
Helicity Conservation (SCHC) in the transitigri — V can be studied.

It is well known [1, 2, 3] that SDMESs can be expressed throuitjhear products of helicity
amplitudes fop? electroproduction. The number of independent helicity litoges of the process
y*+N—V +N’is equal to 18. Since the spin density matrix elements aremtionless they may
be expressed through ratios of the amplitudes rather thalitades themselves. The ratios are
complex numbers, hence the total amount of independenpagaineters is equal to 34. In general
SDMEs cannot be considered as independent quantities thieicanumber is, generally speaking,
greater than 34 as it depends on the beam and target patamif2lt Hence the helicity amplitudes
provide more economic basis for description of electropotidn than the spin density matrix
elements. In addition to SDMEs, tl@? dependence of the ratio of the real and imaginary part
of the helicity-conserving amplitud€R;/Too is presented. Those amplitudes correspond to the
transitionsyy — V¢ andy” — Vi mediated by the natural parity exchange.

The fractional contribution of Unnatural-Parity-ExchanfiJPE) amplitudes to the process
y*+N —V 4+ N in comparison with Natural-Parity-Exchange (NPE) amplisi was derived from
SDMEs measurements [4]. Form the measurements of thetieoplitudes this contribution was
obtained with higher accuracy. We remind that NPE ampli#utiscribe the exchange of a particle
of “natural” parity J° = 0*,1~,2",...), while UPE amplitudes describe the exchange of a particle
of “unnatural” parity 0° = 0~,1%,...).

2. Selection of exclusive p° mesons

The experiment was performed with longitudinally poladizdectron and positron beams at
an energy of 27.5 GeV using unpolarized hydrogen or deutegas targets. Thp® mesons
are observed in the HERMES spectrometer [5] by detecting tiseay products in the channel
p° — " (100%). Thep® mesons are identified [4] by requiringdd< My < 1 GeV, withM;,;
being the invariant mass of the"~ system. Thep — K*K~ background in the? spectra is
removed by the requirement thidkk > 1.04 GeV, if the hadrons are assumed to be kaons.

Exclusive events were selected by the requirementMg:= (MZ — M?)/(2M) < 0.6 GeV,
whereM is the mass of the nucleon aMy is the missing mass of the reaction. Diffractive events
were selected by the constraint’ < 0.4 Ge\2. Here,t' =t —to, with t being the squared four-
momentum transfer from the virtual photon to the vector mesawml—tg the smallest kinematically
allowed value of-t at fixedQ? and energy in thg*N center-of-mass systemM). A contamination
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of semi-inclusive deep-inelastic scattering events inciih@sen kinematic region was determined
to be 8 %.

3. Spin Density Matrix Elements

The 3-dimensional angular distribution of the scattergiidie and the decay products is de-
scribed by the following angles (see detailed definitiong6i: @ is the angle between the°
meson production and lepton scattering planes irytheenter-of-mass system. The pojaangle
and the azimuthab angle ofrr™ meson fromp® decay are measured in tp8 meson rest frame.

The SDMEs are obtained by minimizing the difference betvwtber8-dimensionalcoso, ¢, ®)
matrix of the data and the analogous matrix from fully retartted simulated events. An3x 8
binning was used for the variables @®s@, ®. The simulated events were generated with uni-
form angular distributions and re-weighted in an iterafivecedure with the angular distribution
W (cosO, @, P, rﬁ) [1], where the spin density matrix elememfﬁwere treated as free parameters.
The best fit parameters were determined using a binned maxilog-likelihood method. The
minimization itself and the error calculation were perfedrby MINUIT.

The extracted SDMEs will be presented based on a hierarciNPéf helicity amplitudes:
|Tool ~ |T1a| > |Toz| > |T1o| ~ |T1_1/, established for the first time in Ref. [7, 8] fpf production.
This hierarchy was experimentally confirmed for exclusifeproduction at HERMES kinemat-
ics [4]. The SDMEs are categorized into five classes accgrtiirthis hierarchy. Classes A and
B describe only SCHC transitions. Classes from C to E cordfsa spin flip transitions. Class
A comprises SDMEs with dominant contributions proportiotoa|Too|? or |T11/?, which are the
helicity-conserving amplitudes describing the transgigi” — Vi andyy — Vr. Class B SDMEs
correspond to the interference ©fp and T1; amplitudes. The main terms for the unpolarized
(polarized) SDMEs are proportional to the real (imagingugit of TogT;. So called (un)polarized
SDMEs correspond to (un)polarized photon spin densityim}and are presented in (un)shaded
areas of Fig. 1 In fact, as a general rule for the classes BttoeEJominant contribution of the un-
polarized (polarized) SDMEs is proportional to the realdgimary) part of the product of two
amplitudes. Class C contains SDMEs with dominant termsareproducts of the-channel he-
licity non-conserving amplitud&; (corresponding to thgr — V_ transition), andl, or T;; (for
rd, the Tox contribution is actually quadratic). Classes D and E arepmsed of SDMESs in which
the main terms contain a product of the small helicity-flippditndes Tio () — Vr) and T_11
(¥ — V_1), respectively, multiplied byr;;.

The SDMEs extracted in the kinematic region<1Q2 <7 Ge\?, 3<W < 6.3 GeV, and
0 < —t’ < 0.4 Ge\?, are presented fq@® meson data in Fig. 1. The average kinematic values are
(Q%) = 1.9 Ge\?, (W) = 4.8 GeV and(—t') = 0.13 Ge\?. The experimental uncertainties are
larger for the eight polarized SDMEs due to the imperfectdegpeam polarization (0.53), and the
small kinematic factok/1— €, with (&) = 0.8, by which they are multiplied.

In Fig. 1, the SDMEs are shown multiplied by certain factarsnake the coefficients of the
dominant amplitude products equal to unity. The elementdasfs A are presented in the figure
in such a way that their main terms are proportionalTia|?, in particular 1— rgg is chosen. The
SDMEs of class A are similar fop®. The elements of class B are also close to each other for
both vector mesons. F@® mesons the elements of classes C, D, E with significantly zevo-
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Figure 1: The 23 SDME'’s extracted fqp° production on the proton (squares) and deuteron (circis) |
The inner error bars represent the statistical uncerégintvhile the outer ones indicate the statistical and
systematic uncertainties added in quadrature. The undi{adaded) areas indicate unpolarized (polarized)
SDMEs. For easier interpretation the set of SDMESs was dividdive classes (see text).

values indicate that there exists also a production meshanihich does not consengxhannel
helicity. We note that a small violation of SCHC p? production was observed by the H1 and
ZEUS Collaborations [9, 10].

4. Ratios of Helicity Amplitudes

The SDMEs are the ratios of two sums of the bilinear produfdiseohelicity amplitudes which
are presented in EqéA.1+ A.23) of Ref. [4]. Dividing both the numerators and the denomirgto
of these equations biyg, the formulas for the SDMEs expressed through the amplitaties were
obtained. Putting these expressions for the SDMEs into @ds: 39) of Ref. [4], the measured
angular distributions were fitted considering the ampétuatios as free complex parameters. Ac-
cording to the results gb® SDME analysis [4], the nucleon spin flip in the NPE amplituékes
neglected in our consideration and okly; amplitude from the UPE amplitudes is taken into ac-
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count. Hence nine real free paramet&ysire considered, namely the ratiosA; = Re{T11/Too},
Az =Im{T11/Too}, As=Re{To1/Too}, As=Im{To1/Too}, As= Re{Ti0/Too},

A =Im{T10/Too}, A7 =Re{T1_1/Too}, Asg=Im{T1 1/Too}, Ao = |U11/Tool,

where|U11? = [Uyy; 3 [?+|Up 3032 - The short notationSoo = Tyyo1, Tir = Tyay3, €tc. are used,
see Ref. [4] for details.

The results of the fit to the amplitude ratios for spin consgrWPE and UPE amplitudes are
presented in Figs. 2, 3 for the Hydrogen and Deuterium taieggtectively. The data are subdivided
on four bins inQ? (0.5+1+1.4+2+7 Ge\?) or four bins oft’ (0+0.04+- 0.1+ 0.2+ 0.4 Ge\A).
The ratiosTy1/Too and|U11/Too| for the proton are compatible with those for the deuteron.

We note that the real part of the rafig; / Too follows the asymptotic behaviat 1/Q predicted
theoretically [7, 8] within the perturbative QCD framewpskhile the imaginary part oT11/Too
grows withQ? which contradicts with the higp? asymptotic in pQCD. This dependence is in full
agreement with the published result from the analysis of E®Mhich are presented in Ref. [4]
in terms of the phase differencebetween the amplitudeg; and Tog. In HERMES kinematic
conditions,& grows withQ? and has a mean value is about 30 degrees. For the first tim@?the
dependence a¥ [4] is explained to be caused by the increase \W@ifrof the imaginary part of the
ratio of p° leptoproduction amplitudeE 1/ Too. In addition, it contradicts the calculations [7, 8, 11]
based on pQCD.

The Q? andt’ dependence of the ratit)11/Tog| is presented in Fig. 3. It shows tht |
is only by a factor of approximately 2.5 smaller thAn;| and |U11/Tgo| ratio does not depend
on Q? andt’. There is no explanation of the absence neitheiQhaort’ dependence of the ratio
|U11/Too|, while the latter one is expected from the Regge phenomgndi®]. Signal of unnatural
parity exchange, extracted from the helicity amplitudéosatmanifests itself with significance of
more than 20y from the fit of |U11/Too| ratio, while in the SDME approach existence of UPE
was established with significance obgy for the combined proton and deuteron data [4].

References

[1] K. Schilling and G. Wolf, Nucl. Phys. B 61, 381 (1973).

[2] M. Diehl, JHEP, 0709:064 (2007).

[3] H. FraasAnn. Phys. 87 (1974) 417

[4] HERMES collab., A. Airapetiaet al, EPJ C62, 4 (2009) 659.

[5] HERMES Collab., K. Ackerstafét al, NIM A 417, 230 (1998).

[6] P. Joos et alNucl. Phys. B 113, 53 (1976).

[7] D. Yu. lvanov and R. KirshneRhys. Rev. D58, (1998) 114026 [hep-ph/9807324]

[8] E. V. Kuraev, N. N. Nikolaev, and B. G. Zakhard®is ma ZHETF.

[9] ZEUS Collaboration, S. Chekanov et &MC Physics A, 1 (2007).
[10] H1 Collaboration, C. Adloff et alEur. Phys. J. C 13, 37 (2000);
[11] S. V. Goloskokov and P. KrolEur. Phys. J. C 53, 367 (2008).
[12] A.C. Irwing, R. P.Worden, Phys. Rep.34, 117 (1977).



p° SDMEs and Amplitudes

A. Borissov
15 ~
HERMES prelimi ® Proton . L
/l_é p,r 0|m|nary i l:‘_'l HERMES preliminary ® Proton
& ep(d) - € p () Deuteron ~ e
d b ep(d) - e'pp(d) H Deuteron
T E
- ]
r # i { % '
O [
1 L Il L L 1 L 1 L Il L L 1 L
0.5 1 2 3 1 2 3
Q” (Gev?) Q* (Gev?)

Figure 2: TheQ? dependence of the ratios of amplitudes{Re/Too} (left) and Im{Ty1/Too} (right). Red
circles show data on proton and blue squares on deuteron.infike error bars represent the statistical
uncertainties, while the outer ones indicate the stasisiind systematic uncertainties added in quadrature.
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Figure 3: The@? (left) andt’dependence (right) of the amplitude raftifi 1/ Tog|. Red circles show data on
proton and blue squares on deuteron. The inner error barssesqt the statistical uncertainties, while the
outer ones indicate the statistical and systematic urindggsadded in quadrature.



