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Polarization phenomena in hadronic reactions 

V.V. Abramov0 

a Institute for High Energy Physics, 1,t!U!81 Protvino, Moscow region, Russia 
Victor.Abramov@ihep.ru 

A global analysis of polarization data is presented. The following data are in­
cluded in the analysis: hyperon polarization, single-spin asymmetry and vec­
tor meson alignment in hadron-hadron, hadron-nucleus, nucleus-nucleus, lepton­
nucleus and e+ e- collisions. In total, 75 inclusive and 28 exclusive reactions with 
more than 6300 data points are used to reveal regularities in behavior of spin 
observables in the c.m. energy range from a few GeV up to 7 TeV. The data 
analysis is performed in the framework of an Effective Color Field {ECF) model, 
which assumes the creation of circular chromomagnetic and longitudinal chromo­
electric fields by moving color quarks. The polarization phenomena arise due to 
interaction of quark chromomagnetic moment with non-uniform chromomagnetic 
field. Quark spin precession in a color field is taken into account. Focusing force 
of a circular field causes resonance like energy dependence of polarization ob­
servables [1-6]. Predictions for different reactions are given. Estimation of quark 
masses and their anomalous chromomagnetic moments from the global analysis 
are given for u, d, s, c and b quarks. The mass ratio of heavy {m2) and light (m1) 
constituent quarks obeys the simple relation: ln{m2/m1) = 4N-2, where N is a 
quark generation number. Detailed predictions are given for the polarization ex­
periments at IHEP {SPASCHARM) [7], JINR {collider NICA) and BNL {collider 
RHIC). The dependence of the transverse single-spin asymmetry and hyperon 
polarization on the kinematic variables and the atomic weight of the projectile 
and target are obtained. Resonance like energy dependence is predicted for A 
hyperon polarization in proton-proton and nucleus-nucleus collisions. 
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QCD analysis of the semiinclusive COMPASS and HERMES 
data 

0.Yu. Shevchenkoa, R.R. Akhunzyanov1', V.Yu. Lavrentyevc 
a Joint Institute for Nuclear Research, Joliot°Curie 6, 141980 Dubna, Moscow region, 

Russia, shev@mail.cern.ch 
b Joint Institute for Nuclear Research, Joliot-Curie 6, 141980 Dubna, Moscow region, 

Russia, axruslan@mail.ru 
c Joint Institute for Nuclear Research, Joliot-Curie 6, 141980 Dubna, Moscow region, 

Russia, basil77@jinr.ru 

Analysis in the next to leading order (NLO) QCD of COMPASS and HERMES 
data on pion production in polarized semi-inclusive DIS experiments is performed 
in order to extract the first moments of the polarized parton distribution functions 
(PDFs) of valence and sea u and d quarks, truncated to the wide Bjorken .x 
region 0.004 < x < 0.7. To obtain the moments of valence .polarized PD.Fs 
the alternative to traditional method is applied, which enables to extract them 
without any fitting procedure. As an input, data pion difference asymmetries are 
used. The COMPASS and HERMES data are combined in two ways and two 
scenarios for the fragmentation functions ( corresponding to broken and unbroken 
SU1(2) symmetry) are considered. Corrections due to weak Q2-dependence of 
asymmetries are also calculated. They turn out to be small, however, if an 
appropriate common scale Q5 is chosen. 
Having in disposal the first moments of valence distributions, we estimate light 
sea quark contributions to the prnton spin. To this end .two different procedures 
are applied. The first uses values of Ll1q + ~1ij from the analysis of inclusive 
data. The second is based on application of Bjorken and SU1(3) sum rules. Both 
procedures lead to the conclusion that these contributions are compatible with 
zero within the errors. 
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High precision measurements of the pion-proton elastic 
scattering and kaon-lambda production in the EPECUR 

experiment 

LG. Alekseeva, V.A. Andreevb, LG. Bordyuzhina, D.A. Fedina, 
Ye.A. Filimonovb, V.V. Golubev1', A.B. Gridnev1', E.A. Konovalovab, 

L.I. Korolevaa, N.G. Kozlenkob, V.S. Kozlov1', A.G. Krivshichb, B.V. Morozov°, 
V.M. Nesterova, D.V. Novinskyb, V.V. Ryltsov°, M. Sadlerc, A.D. Sulimov°, 

V.V. Sumachev1', D.N. Sviridaa, V.I. Tarakanovb, V.Yu. Trautmanb 
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Study of the pion-nucleon scattering can produce a rich information on the dy­
namics of the strong interaction and baryon spectroscopy. The EPECUR collab­
oration is aimed at the research of baryon resonances in the second resonance 
region via pion-proton elastic scattering and kaon-lambda production. Our main 
interest is in search for neutron-like exotic states like N(1685), which was seen 
in rJn photoproduction off neutron and quoted in the recent PDG issue [1] with 
1-star status. The interest to this search was recently revived by a new CLAS 
paper [2], where 0+ was observed in the interference with </>-meson. 
The experiment features high statistics and better than 1 MeV resolution in the 
invariant mass thus allowing searches for narrow resonances with the coupling 
to the 1rp channel as low as 5%. The experiment is of "formation" type, i.e. 
the resonances are produced in s-channel and the scan over the invariant mass 
is done by the variation of the incident pion momentum which is measured with 
the accuracy of 0.1% with a set of 1 mm pitch proportional chambers located 
in the first focus of the beam line. The reaction is identified by a magnetless 
spectrometer based on wire drift chambers with a hexagonal structure. For the 
reaction of kaon-lambda production (1r-p -+ KA) the A polarization will be 
measured with unprecedented precision via its decay A -+ 1r-p , giving a valuable 
additional information. 
The measurements started in 2009 with the setup optimized for elastic pion­
proton scattering. With 3 billions of triggers already recorded the differential 
cross section of the elastic 1rp-scattering on a liquid hydrogen target in the region 
of the diffractive minimum is measured with statistical accuracy about 1 % in 
1 Me V steps in terms of the invariant mass. The talk covers the current status, 
preliminary results and future plans. 
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Designation of SID IS data in determining the polarized sea-quark 

distributions and their moments 

F. Arbabifar"·h, A. Khorramiana.h, M. Soleymaninia•·b, S. atashbar Tehrani•·h 

•Physics Department, Semnan University, Semnan, Iran 
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Generally speaking, Polarized inclusive DIS data can not distinguish u , d and s from ;; , 

d and ; , but 8s = t5; is well determined and all the unbroken symmetry analysis yield a 

negative value of it for any x in measured region. In the current analysis we employ 

SIDIS data which causes a flavor decompositions of the polarized sea quarks, and the light 

antiquark polarized densities ;; and d are determined separately. For the strange sea 

quark distribution we added a new term to initial parameterization to let a sign changing 

for t5s = t5; . Although the separated determination of s and ; was done recently by 

COMPASS[l], there was shown that there is no considerable difference between them and 

also the large error of x(t5s-t5;) measurement allows us io conclude the assumption of 

t5s=t5;. The first moment of valence and sea distributions of the presented model 

truncated to the range of SMC98, HERMES05 and COMPASS07 experiments[2-4] is also 

calculated and all the final results are in very good agreement with other theoretical 

models[5,6] and recent experimental data. 

References 

1. M. G. Alekseev et al. [COMPASS Collaboration], Phys. Lett. B 693,227 (2010). 

2. SMC Collaboration, B. Adeva et al., Phys. Lett. B 420, 180 (1998). 

3. A. Airapetian et al. [HERMES Collaboration], Phys.Rev. D 71, 012003 (2005). 

4. M. Alekseev et al. [COMPASS Collaboration], Phys.Lett. B 660, 458 (2008). 

5. D. de Florian, R. Sassot, M. Stratmann and W. Vogelsang, Phys. Rev. D 80, 034030 

(2009). 

6. E. Leader, A. V. Sidorov and D. B. Stamenov, Phys. Rev. D 82, 114018 (2010). 

16 

Search for Electric Dipole Moment in 129Xe Atom 
Using a Nuclear Spin Oscillator 

K Asahi•*, Y. Ichikawa•, M. Chikamori•, Y. Ohtomo•, E. Hikota•, M. Tsuchiya•, 
T. Furukawah, T. Inoue•t,A. Yoshimi<1, H. Ueno°, Y. Matsuoc, T. Fukuyamad 

•Tokyo Institute of Technology, Meguro-ku, Tokyo 152-8551, Japan 
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What we know from laboratory experiments about particles and their interactions are 
surprisingly well described by the standard model (SM) of elementary particles. 
Nevertheless, most of us cannot avoid feeling dissatisfaction with this model, because 
there are a number of questions which the model is unable to answer, such as why matter 
so overwhelms over antimatter in the Universe [l]. The permanent electric dipole moment 
(EDM) serves as an exclusively suited observable to look for flaw, if any, of the SM. This 
is by virtue of the fact that this flavor-diagonal observable violates T and hence CP 
invariance. EDMs are being or planned to be searched for in various sites: in neutron, 
paramagnetic atoms, diamagnetic atoms [2], molecules, and even in charged particles such 
as muon, proton, deuteron and ions. 

We aim at searching for an EDM in the diamagnetic atom 129Xe. The EDM is deduced 
from observed frequency change 
upon reversal of an E field. We 
use a novel method with a nuclear 
spin oscillator [3], in order to 
realize long spin coherence time 
for 129Xe, as illustrated in Fig. l. 
Operation of the spin oscillator 
and recent developments towards 
frequency stabilization, the 
incorporation of a 3He co-

mi1gruttic shield (4-lay■ r) Solenoid coil {static field) 
'J"-'111111.!_lt,y B, •R.. ~06mCr(f 7.1.~mA) 

magnetometer, and cell 
temperature control will be 
discussed in the talk. Until 
present, we have achieved a 
frequency precision of dn = 7 .9 
nHz, which corresponds to an 

Si photodiode 
•lfoudw1dth: 0 ~ 500 kHz 

expected sensitivity of 8xl0J\28 e 
cm to EDM for an electric field of E = lO kV/cm. 
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Polarization phenomena in hadronic reactions 

V.V. Abramova 
a Institute for High Energy Physics, 142281 Protvino, Moscow region, Russia 

Victor.Abramov@ihep.ru 

A global analysis of polarization data is presented. The following data are in­
cluded in the analysis: hyperon polarization, single-spin asymmetry and vec­
tor meson alignment in hadron-hadron, hadron-nucleus, nucleus-nucleus, lepton­
nucleus and e+ e- collisions. In total, 75 inclusive and 28 exclusive reactions with 
more than 6300 data points are used to reveal regularities in behavior of spin 
observables in the c.m. energy range from a few GeV up to 7 TeV. The data 
analysis is performed in the framework of an Effective Color Field (ECF) model, 
which assumes the creation of circular chromomagnetic and longitudinal chrome>­
electric fields by moving color quarks. The polarization phenomena arise due to 
interaction of quark chromomagnetic moment with non-uniform chromomagnetic 
field. Quark spin precession in a color field is taken into account. Focusing force 
of a circular field causes resonance like energy dependence of polarization ob­
servables [1-6]. Predictions for different reactions are given. Estimation of quark 
masses and their anomalous chromomagnetic moments from the global analysis 
are given for u, d, s, c and b quarks. The mass ratio of heavy (m2) and light (m1) 
constituent quarks obeys the simple relation: ln(m2/m1) = 4N-2 , where N is a 
quark generation number. Detailed predictions are given for the polarization ex­
periments at IHEP (SPASCHARM) [7], JINR (collider NICA) and BNL (collider 
RHIC). The dependence of the transverse single-spin asymmetry and hyperon 
polarization on the kinematic variables and the atomic weight of the projectile 
and target are obtained. Resonance like energy dependence is predicted for A 
hyperon polarization in proton-proton and nucleus-nucleus collisions. 
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A Hyperon Polarization in pC reaction at 10 GeV/c 

P.Zh. Aslanyan• 

•Joint Institute for Nuclear Research, Jo/iot Curie 6, Dubna, Russia 

Review of the latest theoretical and experimental work on the polarization of A­
hyperons in the inclusive reactions p + A and A+ A. New result of the A-hyperons 

polarization have measured with 4p geometry in the reaction p +Cat a momentum of 10 

GeV/c. Then a comparison with the polarization of A-hyperon emitted at the backward 

angles. 
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Determination of polarized parton densities from a QCD analysis 

S. Atashbar Tehrani0
, Ali.N. Khorramianb,a and F. Arbabifar b,a 

a school of Particles and Accelerators, Institute for Research in Fundamental Sciences 
(IPM), P.O.Box 19395-5531, Tehran, Iran 

b Physics Department, Semnan University, Semnan, Iran 

The results of our new QCD analysis of helicity parton distributions of the nucleon 
up to NLO order will be presented. Doing a QCD fit on newest inclusive and 
semi-inclusive polarized deep inelastic scattering data, we are able to extract 
polarized structure function of nucleons by choosing new parton distributions at 
input scale Q5. Particulary we have calculated parton distributions in SU(2) 
and SU(3) symmetry breaking scenario and the results are in good agreement 
with the experimental data and the most precise theoretical model obtained by 
DSSV09 and LSSlO. 
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Figure 1: The polarized structure function gf as function of Q2 in intervals of x. 
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Measurement of transverse momentum distributions with CLAS and 
CLAS12 

Barut A vakian 

Thomas Jefferson National Accelerator Facility, 12000 Jefferson Ave., Newport 
News, VA 23601, USA 

The detailed understanding of the orbital structure of partonic distributions, 
encoded in Transverse Momentum Dependent (TMD) parton distributions, have been 
widely recognized as one of the key objectives of the JLab 12 GeV upgrade project 
and driving force behind construction of the Electron Ion Collider. The extraction of 
TMDs from different single and double spin azimuthal asymmetries is hindered by 
absence of reliable and· model independent procedure for flavor decompositions of 
underlying TMDs: The various assumptions involved in preliminary extraction of 
TMDs from available data do not allow a credible estimate of systematic errors and as 
a result hinder a realistic projection of the statistics required for the extraction of 
relevant TMDs. 

In this contribution we discuss a model-independent extraction of Fourier 
transforms ofTMD distributions from latest CLAS data on polarized hydrogen. 
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Studies of transverse structure of the proton at JLab and JLabl2 

Harut A vakian 

Thomas Jefferson National Accelerator Facility, 12000 Jefferson Ave., Newport 
News, VA 23601, USA 

In recent years parton distributions, describing longitudinal momentum, 
helicity and transversity distributions of quarks and gluons, have been 
generalized to account also for transverse degrees of freedom. Two new sets of 
more general distributions, Transverse Momentum Distributions (TMDs) and 
Generalized Parton Distributions (GPDs) were introduced to describe transverse 
momentum and space distributions of partons. Great progress has been made 
since then in measurements of different Single Spin Asymmetries (SSAs) in 
semi-inclusive and hard exclusive processes providing access to TMDs and 
GPDs respectively. Facilities world-wide involved in studies of the 3D structure 
of the nucleon include HERMES at HERA, CLAS and Hall-A at JLab and 
COMPASS at CERN. Significant progress has been achieved recently in lattice 
measurements ofTMD moments. Studies ofTMDs and GPDs are also one of the 
main driving forces of the JLab 12 GeV upgrade project. 

In this talk we present an overview of the latest developments in studies of 
TMDs and GPDs and discuss newly released results, ongoing activities, as well 
as some future measurements at JLabl2. 
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SANE experiment 

HA. Baghdasaryan•, SANE Collaboration 

•University of Virginia, 382 Mccormick rd, Charlottesville, VA 22904 bhovik@jlab.org 

The Spin Asymmetries of the Nucleon Experiment (SANE) is a measurement the of 

parallel, Arma, and near-perpendicular, Aso, double spin asymmetries in inclusive polarized 

electron scattering off the polarized proton. The experiment was performed in Hall-C at 

the Thomas Jefferson National Accelerato Facility. The scattered electrons were detected 

using the Big Electron Telescope Array, BETA, which was centered at 40° and covered a 

large solid angle. The data was taken at two beam energies of 4.7 and 5.9GeV and 

covered 2.5GeV2<Q2< 6.5GeV2. The proton's spin asymmetries, A1 and A2, and the spin 

structure functions of the proton, g1 and g2, are extracted from the measured Apam and A80• 

The measurements are in a range of Bjorken xa, 0.3 < Xa < 0.8, where extraction of the 

twist three matrix element dl (an integral of g1 and gi weighted by x8
2) is most sensitive. 
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Lattice QCD for Spin Physics 

G.S. Bali0 

a Institut fur Theoretische Physik, Universitiit Regensburg, 93040 Regensburg, Germany 

Lattice QCD results on the distribution of the spin of the proton among its 
constituents and of its decomposition into quark spins and angular momenta 
will be reviewed. Recently, significant progress has been made in determining 
the individual sea quark contributions. This became possible due to advances 
in techniques to compute Green functions containing disconnected quark lines. 
In particular, the strangeness contribution to the proton spin was found to be 
smaller than previously expected. Comments on future prospects will be given. 
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Perspectives of the study of charmonium and exotics in experiments using antiproton 
beam with momentum ranging from 1 to 15 Ge Vic 

M.Yu. Barabanov, A.S. Vodopyanov 
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E-mail: barabanov@jinr.ru 

Toe study of strong interactions and hadronic matter in the process of antiproton-proton annihilation 
seems to be a perspective nowadays. The research of channonium, charmed hybrid and tetraquark spectra 
and their main characteristics (mass, width and branch ratios) in experiments using antiproton beam with 
momentum ranging from 1 to 15 GeV/c, are promising to understand the dynamics of quark interactions at 
small distances. Qiarmonium spectroscopy is a good testing tool for the theories of strong interactions: 
QCD in perturbative and non-perturbative regimes, LQCD and QCD inspired phenomenological potential 
models. 

Nowadays the scalar 1Pi. 1D, and vector Jp,, JD, charmonium states and higher laying scalar 1S0 and 

vector JS, charmonium states are poorly investigated. The domain above DD threshold equal to 3.73 

GeV/c2 is badly studied. According to the contemporary quark models namely in this domain, the existence 
of charmed hybrids with exotic (.J"c = er-, r, 2+-) and non~exotic (J"c=rr, r·,2·•, 1++, J·) quantum 
numbers as charged and neutral tetraquarks is expected [1, 2). 

The elaborate analysis of spectrum of charmonium and charmed hybrids was carried out, and the 

attempts to interpret a great quantity of experimental data above DD threshold were considered. Using 

the combined approach based on the quarkonium potential model and model of confinement on the three­
dimensional sphere embedded into four-dimensional Euclidian space, new radial excited states of 

channonium and charmed hybrids in the mass region above DD threshold are expected to exisL But 

much more data on different decay modes are needed for deeper analysis. These data can be derived 
directly from PANDA experiment with its high quality antiproton beam. The advantage of antiproton beam 
consists in intensive production of particle-antiparticle pairs which is observed in antiproton-proton 
annihilation. This fact allows one to carry out spectroscopic research with good statistics and high 
accuracy. 

Especial attention is given to the new states with the hidden charm discovered recently [21. Toe 
experimental data from different collaborations were carefully studied. Most of these states were observed 

above DD threshold in one definite channel. New particles were produced from B-meson decays and in 

electron-positron or two-photon collisions. Their interpretation is far from been obvious nowadays [2]. 
Some of these states can be interpreted as higher laying states of channonium. This treatment seems to be 
perspective and needs to be carefully verified in PANDA experiment at FAIR. 
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Status and recent developments in N N - N N1r 

Vadim Barn 
Institut Jiir Theoretische Physik II, Ruhr-Universitiit Bochum, D-44780 Bochum, 

Germany 
Institute for Theoretical and Experimental Physics, 117218, B. Cheremushkinskaya 25, 

Moscow, Russia (vadim.baru@tp2.rub.de} 

We study pion production in the reaction NN--+ NN1r at low energies in chiral 
EFT. We review the status of the theory in the isospin conserving case 11-3] and 
discuss charge symmetry breaking effects in the same framework 14]. 
A precondition for the success of the study is the possibility to compare directly, . 
that is on the level of the individual partial wave amplitudes, the results of 
chiral EFT with experimental data. Recent measurements of pp--+ (pp).1r0 and 
fin---> (pp) 8 1r- at '.Z1ab=353 MeV at COSY provide a great step towards this goal. 
In this talk we focus on the details of the partial wave analysis of these data 15-6]. 
We demonstrate that the high-precision data of these experiments have allowed 
the determination of the partial wave amplitudes up to pion d-waves through 
a careful use of the Watson theorem. Specifically, the p-wave pion production 
amplitudes can be used to pin down the role of the short-range physics encoded 
in the 4N1r low-energy constant (LEC d). Apart from pion production, this LEC 
contributes to the three-nucleon force, to electroweak processes as well as to the 
low-eiiergy reactions involving photons. 
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Impact of Three-Dimensional Polarization Profiles on Spin-Dependent 

Measurements in Colliding Beam Experiments 
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We derive the effect of3-dimensicnal polarization profiles on the measured polarization in 

polarimeters, as well as the observed polarization and the polarization-weighted 

luminosity (figure of merit) in single and double spin measurements in colliding beam 

experiments. Applications to RHIC are discussed [l]. 
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Results from the COMPASS Nucleon Structure Program 
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The COMPASS collaboration at CERN is studying the structure of the nucleon 
since 2002, with emphasis on spin. The experimental technique is fixed-target 

'muon-nucleon scattering in either the quasi-real photo-production or the DIS, 
regime. The beam is longitudinally polarised. The target, either proton or 
deuteron, is longitudinally or transversely polarised. 

, In the longitudinal case, semi-inclusive double spin asymmetries allow us to ac-, 
cess longitudinally polarised PDFs. Our latest results of the LO extraction of 
tiG are shown and our ongoing analyses of NLO corrections are presented. Con­
cerning the extraction of the other parton flavours, COMPASS has previously 
demonstrat"ed the decisive role played by fragmentation functions, and our re­
search focus has shifted to the study of fragmentation. The current status of this 
study is presented. 
In the transverse and unpolarized cases, the measurement of the azimuthal mod­
ulations of the produced hadron yield gives access to transversity and to a rich 
phenomenology of transverse momentum dependent distributions (TMDs). Our 
latest results along this line are also shown. 
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Spin transfer to A and A hyperons in deep inelastic scattering at HERMES 
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Spin str11cture of A (and other) hyperons is still debatable. Experimentally, quark spin degrees of freedom in 
a hyperon can be accessed by measurement of the spin transfer in deep inelastic scattering of polarized 
leptons. In this talk study of spin transfer to the A and A hyperons in the HERMES experiment is 
summarized. The measurements were performed with the help of the HERMES spectrometer using a 27.6 
GeV longitudinally polarized positron (or electron) beam of the HERA accelerator and a polarized or 
unpolarized hydrogen or deuterium gas target with a storage cell. The data accumulated during the whole 
HERMES data taking period were analyzed. After optimization of background suppression cuts, a sample with 
76 000 A and 11000 A events, essentially surpassing preliminary HERMES results [1,2], was selected. All 
three components of the spin transfer treated as a vector were extracted from the data sample using the 
moment method. As far as the beam polarization was periodically reversed the spectrometer acceptance did 
not affect the extracted asymmetries, and therefore, no Monte Carlo simulation of the detector was involved 
in the analysis. Possible false asymmetries were controlled with the help of Ks and hadron pairs subsamples. 
For A hyperons, a longitudinal component directed along the virtual photon momentum in the A rest frame is 

found to be Dii = 0.19 ± 0.04.,.. ± 0.02,:,s, while the two other (transverse) components are compatible 

with zero. For A hyperons, all components are compatible with zero within statistical error bar of ±0.1. The 
obtained results are in a good agreement with NOMAD [3] and recent COMPASS [4] experiments at 
moderate values of Xp Feynman variable, while the HERMES and COMPSS results disagree at larger Xp 

( x.,:,0.4). Positive and statistically significant value of D~ can be interpreted in favor of significant positive 

contribution of the light u and d quarks to the A spin and sizeable SU(6) symmetry breaking in the quark 

distributions of the A [5]. 
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Polarized Ion Sources: Status and Perspectives 

A. S. Belov 
INR RAS, 117312, Moscow, Russia (belov@inr.ru) 

Modern polarized ion sources generate polarized ion beams with high intensity and 
polarization. Mainly, atomic beam-type and optically pumped polarized ion sources are 
used to deliver polarized ion beams to accelerators. Principles of both methods are 
outlined in the paper. At BNL, an optically pumped polarized ion source (OPPIS) is 
routinely used to deliver beam of polarized negative hydrogen ions to RHIC accelerator 
complex. The BNL OPPIS produces polarized negative hydrogen (ff) ion beam with peak 
current of ~(0.5-1.0) mA, polarization of 80-90% at rep. rate of l Hz [l]. The OPPIS 
upgrade assumes use of high-brightness injector of neutral hydrogen atomic beam with 
energy of ~ 5 ke V instead of an ECR ion source with goal to increase peak polarized ff ion 
beam intensity to level of ~10 mA [1]. Additionally, a new type OPPIS of polarized 3He++ 
ions is developed for RHIC accelerator [2]. Optical pumping is used also for production of 
polarized radioactive ions such as 8Li + and other elements at TRIUMF [3). Atomic 
beam-type source of polarized ions (ABPIS) with colliding beam ionizer delivers up to 
5·10

12 
ff or ff ions per 20 ms pulse for COSY at Julich [4]. Polarization of ion beam 

injected into COSY reaches 90%. The polarized ff ion beam is delivered to the COSY 
ring in fifteen different polarization combinations due to use of different high-frequency 
transitions. ABPIS with resonant charge-exchange ionizer for NICA accelerator complex 
is under construction at JINR in collaboration with INR RAS and IUCF [5]. The source is 
based on developments made at INR RAS [6) where method for production of polarized 
negative and positive hydrogen ions via nearly resonant charge-exchange reaction between 
polarized hydrogen atoms with thermal energy and unpolarized deuterium ions in plasma 
has been developed. Possible improvements of .the AB PIS connected with further study of 
atomic beam formation and conversion of polarized atoms into polarized ions are 
considered. 

References 
I. A. N. Zelenski et al., Proc. Of 14th International Workshop on Polarized Sources, 
Targets and Polarimetry (PSTP 2011), 12-16 September 2011, St.Petersburg, Russia, eds. 
K. Grigoryev, P. Kravtsov and A. Vasilyev, ISBN 978-5-86763-282-3, (2011), pp. 83-86. 
2. J. Maxwell and R. Milner, this Symposium. 
3. C. D. P. Levy, Proc. Of XIIth International Workshop PSTP 2007, BNL, USA, 10-14 
September, 2007, AIP Conf. Proc. 980 (2008), p. p. 273-282. 
4. R. Gebel, this Symposium. 
5. V. Fimushkin et. al., this Symposium. 
6. A. S. Belov, Proc. Of XIf' International Workshop PSTP 2007, BNL, USA, 10-14 
September, 2007, AIP Conf. Proc. 980 (2008), p. p. 209-220. 

30 

COMPASS results on transverse spin asymmetries in identified 
two-hadron production in SIDIS 

Christopher Braun° 
0 on behalf of the COMPASS collaboration 

Physikalisches /nstitut IV der Universitat Erlangen-Numberg, Erwin-Rommel-Strasse 1, 
91058 Erlangen, Germany, email: christopher.braun@cem.ch 

For each quark flavour q three independent parton distribution functions (PDF) 
are necessary to describe the nucleon at twist-two level, the quark distribution 
Jl(x), the helicity distribution gHx) and the transversity distribution hHx) = 
qtt(x) - qJ-1.(x); where tt means quark spin parallel and t-!- antiparallel to the 
siin of the transversely polarized nucleon. The transversity distribution function 
is chiral-odd and therefore not accessible in deep inelastic scattering (DIS). How­
ever, hHx) can be observed in semi-inclusive DIS in combination with another 
chirally odd function like the interference fragmentation function (IFF) Hf q in 
two-hadron production, which is the subject of this contribution. ' 
The 160GeV /c polarizedµ+ beam of CERN's M2 beamline allows COMPASS to 
investigate the spin structure of the nucleon using polarized solid state targets. 
In this contribution a comparative overview of the COMPASS results for the az­
imuthal asymmetries in two-hadron production is given. This includes the results 
on a polarized deuteron target (6LiD) from the data taken in the years 2002-04, 
as well as the first data set on a transversely polarized proton target (NH3) taken 
in the year 2007 and a data set taken on the same target during the full year 
2010 to increase precision. The asymmetries for h+h- hadron pairs from these 
data sets will be compared to recent model predictions and the corresponding 
results from HERMES. An extraction of hHx) using the two-hadron IFF Hf,q 
has been carried out for the 2007 data. In addition the azimuthal asymmetries 
of identified hadron pairs from the 2010 data will be presented for the first time. 
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A significant portion of the Hall B experimental program at Jefferson Lab is focused on 
light baryon and meson spectroscopy. Meson photoproduction experiments are an 
essential part of this program. The CEBAF Large Acceptance Spectrometer (CLAS) and 
the availability of circularly and linearly polarized tagged photon beams and frozen spin 
polarized targets provide unique conditions for this type of experiments. This 
combination of experimental tools gives the CLAS Collaboration the opportunity to 
measure double polarization observables for different pseudoscalar meson 
photoproduction processes. For the first time a nearly complete set of measurements is 
possible and will facilitate model independent extraction of the reaction amplitude. An 
overview of the experimental program and its status, together with recent results will be 
presented. 
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For the last years, in order to create targets with polarized hydrogen nuclei (protons or 
deuterons), polymers have often been used as a material of a working substance [1]. These 
materials represent solid substances that essentially simplify their use as targets and open 
new experimental opportunities. Polymers with the general formula (-CHi-)n and 
(-CD2-)n due to maximal among solid organic substances are especially interesting to the 
contents of hydrogen atoms. The target as films with the thickness less than 10 µm with 
the advanced surface is of interest for some experiments in nuclear physics. In this paper 
with the purpose of using a working substance of a polarized target, suggested is a new 
material - polypropylene track membranes produced by irradiation of polypropylene films 
by a high-energy heavy ion beam and a subsequent chemical etching of the latent tracks of 
these particles [2]. In the present experiments, membranes with an effective pore diameter 
of 0.40 µm (pore density 107 cm-2

) and 0.15 µm (pore density 2x108 cm-2
) that were 

produced from polypropylene film Torayfan T2372 (Toray Co., Japan) with a thickness of 
10.0 µm were used. In order to provide the membranes with the paramagnetic properties 
required for realization of the process of dynamic polarization of nuclei, a nitroxyl radical 
2,2,6,6-tetramethyl-piperidine-1-oxyl (TEMPO) was introduced into the sample by the 
method of thermal diffusion. By the electronic paramagnetic resonance method information 
was received about paramagnetic centers in the polymeric matrix of the membranes, a 
concentration of the nitroxyl radical and a rotary mobility of the spin probe in them were 
determined. It is shown that the matrix of the polypropylene track membrane is quite a 
good solvent for nitroxyl radical - a value of concentration of the radical in them (that 
depends on conditions of thermal diffusion) can be high enough. Thus the performed 
studies allow us to consider the polypropylene track membranes with stable radical 
TEMPO as a perspective material for thin targets with the polarized protons. However, the 
final conclusion about efficiency of their use in targets-can be made after realization of the 
research on the dynamic polarization of protons in these materials. 
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What tells Gravity on the shape and size of the electron 
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The experimentally observable parameters of the electron (mass m, spin s, charge 
e and µ) indicate unambiguously that electron creates asymptotically the Kerr­
Newman (KN) gravitational field. So far as the spin/mass ratio of the electron is 
extremely high, the black hole horizons disappear, and the Kerr singular ring of 
the Compton radius a = h/2m turns out to be naked. Therefore, a topological 
defect of the space-time appears at the large distance from the electron, and this 
singularity should be regularized. The long-term investigations showed that the 
regularized KN source takes the form of a chiral soliton model, core of which 
forms a vacuum bubble confining Higgs field in a superconducting pseudovacuum 
state, see[l,2]. Consistency with the external Kerr-Newman solution determines 
unambiguously the shape and size of this bubble as an oblate disk of the Compton 
radius a = h/2m with the 'classical' thickness e2 /2m. Matter of the bubble 
consists of the relativistically rotating 'false vacuum' and it cannot be observed 
by scattering, while the most hard part of the bubble forms a closed relativistically 
rotating (heterotic) string positioned at the edge of the disk [2,3,4]. It was argued 
in [4], that the pointlike 'image' of the electron appears as a result of the Lorentz 
contraction of this string, caused by its relativistic rotation, [3]. 
It is expected that the experiments with diffractive and non-forward Compton 
scattering of the polarized electrons [4] should be very important, since they could 
reveal the string-like form and the Compton size of the electron [5]. 
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We discuss a relationship of geometrical properties of the loops space described by means 

of the Polyakov-Makeenko-Migdal (PMM) approach with energy/rapidity evolution of 

cusped Wilson loops on the light-cone. Analysis of the dynamical equations for such 

Wilson loops calls for careful treatment of the emergent ultraviolet and rapidity 

singularities which make them non-multiplicatively-renormalizable. To this end, we 

propose to consider the renormalization properties of the light-cone cusped Wilson loops 

from the point of view of the universal geometrical PMM approach that corresponds to the 

Dyson-Schwinger set of equations for the loop space. We discuss the relevance of the 

PMM equations to energy/rapidity evolution of some phenomenologically significant 

objects, e.g., TMD and collinear PDFs, etc. 
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ELECTROMAGNETIC SOLITON-PARTICLE 
WITH SPIN AND MAGNETIC MOMENT 
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The concept of particle as a soliton solution of nonlinear electrodynamics is con­
sidered [1,2]. This particle solution can have the basic characteristics of elemen­
tary particle such that mass, spin, charge, and magnetic moment [3,4]. 
Here we continue to consider the soliton-particle solution of Born-Infeld nonlinear 
electrodynamics having ring singularity [5-7]. 
We consider the problem for finding the appropriate solution having static and 
quick-oscillating time-periodic parts. 
The static part gives charge and magnetic moment of the particle. The static 
part gives a part of mass and a part of spin of the particle for the solution with 
the quick-oscillating part. 
The quick-oscillating or wave part gives the quantum or wave behavior of the 
particle. But the quick-oscillating part gives also a contribution to mass and 
spin of the particle because the wave part has energy and angular momentum 
densities. Thereby we can have the connection between the quantum properties 
of the particle and its energy characteristics that is mass and spin. 
We search the appropriate solution in series form for toroidal coordinates. 
The obtained relations for characteristics of soliton-particle is discussed. 
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on 1 December 2010 the proposal for a COMPASS-II Experiment [1] has been approved by 

the CERN Research Board. After almost ten years of important results achieved by the 

COMPASS Collaboration in both nucleon spin physics, with the use of muon beam, and 

hadron spectroscopy, using hadron beams, this second phase offers now a unique chance to 
address in the very near future newly opened QCD-related challenges, at very moderate 

upgrade cost, thanks to the versatility of the COMP ASS apparatus. This implies mainly study 

of: 

• chiral perturbation theory (ChPT), PY measuring the pion polarizability through 

Primakoff reaction; 
• generalized parton distributions (GPDs), by measuring exclusive deeply virtual 

compton scattering (DVCS) and hard exclusive meson production; 

• transverse momentum dependent parton distributions (TMDs) in single-polarised 

. pion-induced Drell-Yan muon production and in SIDIS on a liquid hydrogen target 

(in parallel to DVCS). 

We have just entered this exciting second phase of COMPASS Experiment with the 2012 run 
almost entirely dedicated to Primakoff reaction measurement, but which also includes a test of 
DVCS measurements. COMPASS-II will then proceed with the Drell-Yan programme in 

2014, and finally with the GPD programme in 2015 and 2016. 

An overview of the COMPASS-II proposal will be presented, with a main focus on the new 
upcoming investigation of the nucleon structure through the Drell-Yan and GPD programmes. 
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Polarization of Stored Beam by Spin Filtering at COSY 

G. Ciullo on behalf of the PAX collaboration 
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Polarized antiprotons would open a new window in hadron physics, providing 
access to a wealth of single and double spin observables in proton-antiproton 
interactions. 
The PAX Collaboration [1] aims to perform the first ever measurement of the 
spin-dependence of the proton-antiproton cross-section at the AD ring at CERN 

~- . 
The spin-dependence of the cross-section could in principle be exploited by the 
spin-filtering technique, in order to obtain an intense beam of polarized antipro-
tons in a dedicated storage ring. · 
As a preparatory phase to the experimentation at AD, the PAX Collaboration has 
performed a spin-filtering experiment with protons at the COSY-ring in Jiilich 
(Germany), aimed at the commissioning of the experimental apparatus [3, 4, 5] 
and confirmation of the predictions for spin-filtering with protons. 
In the presentation, a description of the experimental setup and its commissionig 
phase will be given, together with the results of the measurement. 
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collisions at vs = 500Ge V 
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The production of w± in longitudinally polarized proton+proton collisions is a 
unique way to study the flavor-dependent spin structure of the proton, since at 
leading order it couples directly and exclusively to specific quark flavor pairings: 
u + d -+ w+ and fl + d -+ w-. The STAR experiment measures the spin­
dependent production of w± through its ev decay channel. Barrel and endcap 
electromagnetic calorimeters provide measurements of the energy of the electrons 
and positrons falling within -1 < 71 < 1 and 1 < 71 < 2 respectively, while STAR's 
large Time Projection Chamber (TPC) provides tracking in -1 < 71 < 1 that 
allows the charge sign of the lepton to be determined .. Both the calorimeters and 
the TPC are used to suppress background through isolation requirements for the 
candidate track and requirements that energy opposite the candidate in azimuth 
be consistent with an unseen neutrino. An upgrade to the STAR detector, the 
Forward GEM Tracker (FGT), is being constructed and installed to extend the 
pseudorapidity range in which candidate tracks can be reconstructed. 
Starting in 2009, STAR has collected W candidates from about lO0pb-1 ·of 
proton-proton collisions at vs = 500GeV with an average polarization of 50%. 
Results from the original 2009 dataset will be presented, along with prospects for 
the current dataset, and a discussion of the FGT and its expected impact. 
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Recent results and future direction of the parity-violating 
electron scattering program in Hall A at Jefferson Lab 

Mark M. Dalton° for the Hall A Collaboration 
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Hall A at Jefferson Lab has recently completed and published three experiments 
done using the technique of parity-violating electron scattering. Taken together 
these experiments are a good demonstration of the versatility of this approach. 
HAPPEX detected elastically scattered electrons off a proton target to probe the 
strange quark form-factor of the nucleon; PREX used elastic scattering off an 
isotopically pure 208Pb target to measure the neutron skin thickness and thereby 
constrain the nuclear symmetry energy; while PVDIS used deep-inelastic scatter­
ing off Deuterium to measure the axial-vector coupling constants of quarks. 
Looking forward, there are two very large scale parity-violation experiments ap­
proved to run in Hall A in the 12 GeV era. These experiments represent a 
significant increase in precision and technical requirements. The MOLLER ex­
periment will measure the weak charge on the electron with the aim of extracting 
the weak mixing angle with a precision comparable to that achieved by SLD and 
LEP, which disagree by 3-sigma. The SOLID apparatus will allow ultra pre­
cise measurement of deep-inelastic asymmetries over a broad kinematic range, 
giving a unique sensitivity to Standard Model quark-electron couplings, poten­
tial charge symmetry breaking and higher twist effects. Such measurements will 
probe physics complementary to observations and other direct searches for new 
particles being made at the LHC. 
This presentation will give an overview of the parity-violation program, highlight­
ing the physics results already achieved and making the case for the anticipated 
future measurements. 
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Proton-proton Collisions at 200 GeV at STAR 
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The longitudinal spin transfer, DLL, of A and A hyperons is sensitive to the helic­
ity distribution function of strange quarks and anti-quarks, and to the polarized 
fragmentation f1E1ctions. The first proof-of-principle measurement of DLL for 
inclusive A and A hyperons in polarized proton-proton collisions at 200 GeV has 
been completed at the STAR experiment at RHIC, using a data sample taken 
in 2005 for an integrated luminosity of 2 pb-1 with beam polarization of 50%. 
A larger data sample corresponding to integrated luminosity of 25 pb-1 was col­
lected in 2009 at STAR with beam polarization about 57%, which is expected 
to improve the DLL precision significantly. The analysis of this data sample is 
progressing well and its status will be discussed. 
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The COMPASS experiment at CERN is a universal facility which can operate 
with both muon and hadron beams as well as with the longitudinally /transversely 
polarized solid target. The main goal of the experiment is to study the spin 
structure of the nucleon. The availability of hadron(pion) beam provides an access 
to the Drell-Yan physics, i.e. to the process where quark(target)-antiquark(beam) 
pair annihilates electromagnetically with a production of di-lepton pair. Study 
of angular dependencies of the Drell-Yan process cross-section allows us to access 
parton distribution functions (PDFs) or, more precisely, a convolutions of various 
PD~. . 
The COMPASS-II proposal (1], which includes the single-polarized Drell-Yan 
measurements, was submitted to the CERN SPS committee in May 2010, was 
recommended by SPSC for approval in September 2010 and approved by CERN 
research board in December 2010. According to the COMPASS running schedule 
first polarized DY data taking period will take place in 2014. 
In spite of the fact that the main goal of the COMPASS at this stage is a first 
ever study of the polarized DY reaction, a lot of interesting and important physics 
can be extracted from the analysis of the spin-averaged (or un-polarised) data. 
For instance the violation of the important Lam-Tung relation can be studied 
with much higher statistical accuracy compared to the previous DY experiments, 
and the flavor dependence of the EMC effect can be determined by performing 
comparative/combined analysis of the DY pair production on the various targets 
(NH3, copper, tungsten). The important contribution of higher twist QCD effect 
can be studied as well in the azimuthal angular distributions of un-polarised 
DY (Boer-Mulders function). In this presentation the possible physics subjects 
to be explored in the un-polarised Drell-Yan experiment at COMPASS will be 
discussed ( complementary measurement with respect to the polarized DY with 
very minor changes in the set-up) and the sensitivity of measurement will be 
briefly presented. 
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The nucleonic structure is far to be completely understood. A transverse mo­
mentum dependent description of the nucleon structure is a crucial milestone for 
several forthcoming studies in a wide range of experimental scenarios. By mean 
of antiproton beams, eventually polarised, that will be available at the future 
FAIR facility with a beam momentum up to 15 GeV /c, the non-perturbative 
region of the QCD could be accessed. One of the main goal of the forthcoming 
experiments at FAIR is the investigation of those Drell-Yan lepton pairs pro­
duced in proton-antiproton annihilations, taking advantage of the high expected 
luminosities. 
Drell-Yan studies are a unique tool to access the spin depending properties of the 
nucleon, and in particular its transverse degrees of freedom. Transverse Momen­
tum Dependent (TMD) Parton Distribution Functions (PDFs), in particular the 
Boer-Mulders, the Sivers and the Transversity distribution functions, could be 
widely investigated by mean of the corresponding experimental azimuthal asym­
metries. In later stages of FAIR, single- and double-spin asymmetries could be 
investigated as well. The Drell-Yan physics program which could be accessed 
at FAIR will be discussed in details, with a particular focus on the PANDA 
experimental scenario.-
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Current status of the muon g-2 problem 
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Review is given on the current status of experimental and theoretical status of 
the muon g-2 problem (1]. Prospects of new experiments on more precise mea­
surements of the muon g-2 are briefly discussed. From theoretical side a special 
attention paid to the problem of calculations of hadronic contributions to the 
muon g-2. In particular, the light-by-light contribution from the lightest neu­
tral pseudoscalar and scalar mesons to the anomalous magnetic moment of muon· 
is considered in the framework of the nonlocal SU(3)xSU(3) quark model (2,3]. 
The model is based on the four-quark interaction of the Nambu-Jona-Lasinio 
type and Kobayashi-Maskawa-t'Hooft six-quark interaction. Full kinematic de­
pendence of vertices with off-shell mesons and photons in intermediate states in 
the light-by-light scattering amplitude is taken into account. 
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The COSY accelerator ans storage ring (Jiilich, Germany) provides beams of 
polarized protons and deuterons in the 0.3-3.7 GeV /c momentum range. The 
ANKE facility, an internal magnetic spectrometer at COSY, is equipped with 
polarized hydrogen and deuterium atomic gas targets. These features allow to 
study various hadronic processes in the intermediate energy range in single and 
double polarization experiments. The reactions investigated at ANKE include: 
the charge-exchange deuteron break-up (CE) (access to the elementary CE 
pn scattering amplitudes), the cumulative mesonless deuteron break-up 
(study of short-range NN interactions) and pion production processes in pp 
and pn collisions in the near-threshold region (information on the contact N N 1r 

interaction in the Chiral perturbation theory), and in the ~(1232) production 
region ( test of existing phenomenological models of N N -+ N N 7r process). These 
reactions are considered in a kinematical condition, where "diproton" {pp} s, e.g. 
a proton pair with the low excitation energy, is produced in the final state. The 
ANKE spectrometer is particularly well-suited for this kinematics. The presence 
of the tensor polarized deuteron beam lets us investigate the spin dependence 
of the dp -+ 3 H e'T} excitation function near the threshold. 
The future experimental program covers the study of the elementary pp and 
pn-interaction with polarized beams up to the maximal COSY energy, and a 
double polarized measurement of the Ax,z spin correlation parameter in the pn -+ 
{pp} 

8
7r- process. The latter requires the installation of a Siberian snake at COSY, 

foreseen in 2013. 
In the talk the recent experimental results will be presented and the future mea­
surements will be discussed. 
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Recent COSY-TOF results on polarization observables in the 
reaction pp ➔ pK0 E+ at Pti = 2.95 GeV /c 

R. Dzhygadlo0 and A. Gillitzer0 for the COSY-TOF collaboration 
a Forschungszentrum Jii.lich, Germany, r.dzhygadlo@fz-juelich.de 

Within the COSY-TOF strangeness physics program the reaction pp ➔ pK0 E+ 
was measured. A 62% polarized proton beam with a momentum of 2.95 GeV /c 
from the Cooler Synchrotron at the Forschungzentrum Jiilich was focused on 
a liquid hydrogen target. The pK0E+ final state was identified based on the 
analysis of the delayed decays of the strange hadrons Ks ➔ 1r+ 1r- and E+ ➔ p7r0, 

mr+. The azimuthal symmetry and the large acceptance of the detector, as well 
as the excellent tracking capability allows measuring the complete pK0E+ final 
state distribution. 
The polarization of the E+ hyperon is determined and compared with inclusive 
high-energy experiments. For the first time the analyzing power AN and the 
spin transfer coefficient DNN of the E+ hyperon are determined and compared 
to those of the A hyperon. 
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Polarized Fusion 
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Germany 

Toe possible gain enhancement in fusion reactors by using polarized fuel has been 

discussed since more than 50 years, see e.g. [l]. For example, the total cross sections of 

the fusion reactions d+t -> He4+n or He3 +d -> He4 +p are increased by a factor of about 

1.5, if the spins of both incoming particles are aligned. But before polarized fuel can be 

used for energy productions in the different types of reactors, a number of open questions 

must be answered. In this talk we give an overview on our various activities in this field of 

research. 
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QCD factorization for structure functions at small x 
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We present a new derivation of QCD factorization for DIS structure functions at 
small x. First, we suggest a new form of the factorization and then reduce it to 
hr-factorization. The latter can be reduced to collinear factorization when the 
unintegrated parton distributions have at least one maximum in kr. The sharper 
the maximum is, the more accurate the transition to collinear factorization can 
be done. Conventionally, fits for parton distributions in both kr- and collinear 
factorizations are introduced from purely phenomenological consideration so that 
any formula for them is acceptable if it matches experimental data. In contrast to 
this situation we obtain theoretical restrictions on the fits for parton distributions. 
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Abstract 

Acceleration of polarized protons in the Nuclotron is analysed. The possibility of the spin 

preservation during acceleration of the beam up to about 6 GeV with the use of solenoidal 

"Siberian Snake" placed within the straight section of the accelerator is shown. The options of 

the "Snake" insertions of3.2 and 2x3.2 m long were preliminary designed. These are differing 

of each other by the maximum longitudinal magnetic field of the solenoids. Compensation of 

the betatron oscillations coupling is provided wit}:i the system of quadrupoles turned each 

around longitudinal axis at some definite angle. The problems of optimal direction of the 

polarization vector at proton beam injection into the Nuclotron and at the beam extraction from 

the Nuclotron to the collider NICA and to the main experimental hall as well are discussed. 
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Does Eta meson have a magnetic moment ? 

P. Filip 

Institute of Physics, Slovak Academy of Sciences, 

Dubravska cesta 9, Bratislava 845 11, Slovakia 

( e-mail: Peter.Filip@savba.sk) 

Measured magnetic moments of proton, neutron and hyperons can be explained 

with the assumption that constituent quarks have their own magnetic moments. It is natural 

to expect for charged spin ½ dirac particle (quark) to posess a magnetic moment. In the 

case of mesons, magnetic moments of the constituent anti-quark and quark pair do not 

necessarily add to zero. Consequently, some mesons can have a magnetic moment. We will 

concentrate on mesons with zero total spin, containing pairs of quark and anti-quark of 

identical type (Eta-mesons). In close analogy with positronium (e+e") singlet and triplet 

bound states [ l] it will be shown, that in very strong magnetic fields, Eta-meson quantum 

state may get mixed with m, = 0 substate of the the corresponding triplet vector-meson 

(quark- anti-quark) state. The existence of the magnetic moment for such mixed states and 

the experimental consequences will be discussed. We will also mention the case from 

nuclear physics, where nuclei with zero total spin and non-zero magnetic moment are 

expected to exist. 
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FOR THE JINRACCELERATOR COMPLEX 

V.Y, Fimushkin8, AS. Belov' 

"Joint Institute for Nuclear Research 
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The project assumes the design and construction of a universal high-intensity source of polarized 

deuterons (protons) using a charge-exchange plasma ionizer. The output jD+ (jH+) current of 
the source is expected to be at a level of 1 OmA. The polarization will be up to 90% of the 

maximal vector (±1) for jD + (jH+) and tensor (+l, -2) for jD +polarization.Realization of the 
project is carried out in close cooperation with INR of RAS (Moscow). The equipment available 
from the CIPIOS ion source (IUCF, Bloomington, USA) is partially used for the Dubna setup 
also. The new source at the JINR NUCLOTRON accelerator facility will make it possible to 

increase the polarized deuteron beam intensity up to the level of 10
10 

d/pulse. The first results of 
a source of polarized atoms testing are presented. 
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DSMC Simulations of Polarized Atomic Beam Sources Including 
Magnetic Fields 

M. Gaisser°, A. Nass0
, and H. Stroher0 

a Forschungszentrum Jiilich, Leo-Bmndt-Str.1, 52425 Jiilich, Germany, 
m.gaisser@/z-juelich.de 

In recent decades a lot of work has been done to understand and optimize the 
output of polarized atomic beam sources. However, there are many effects which 
prevent a complete analytic description of the system. Now, a DSMC (Direct 
Simulation Monte Carlo) simulation based on OpenFOAM 1.7.1 using Birds1 

algorithm is set up. So far, the simulated particles have been given spin and a 
generic utility to include arbitrary magnetic fields has been created. The equation 
of motion in every timestep is solved by a fourth order Runge-Kutta scheme. 
First results of the simulations are promising. Additionally a tool to measure the 
collision age has been created. Further effects to be included are recombination 
on the walls and spin exchange collisions. After that an algorithm will be included 
to optimize the output of the atomic beam source. 
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Measurements of the mid-rapidity parity violating spin 
asymmetries for w± bosons at PHENIX 

C. Ga1a,b for the PHENIX Collaboration 
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After a first measurement of the w± ➔ e± boson spin asymmetry in the 2009 
RHIC run in longitudinally polarized p-p collisions at ft=500 GeV [1], the 
PHENIX experiment has collected a total of approximately 46 pb-1 in 2011 
and 2012, with a consistently higher polarization. With these datasets we ex­
pect better constraints on the polarized sea quark distribution functions. The 
constraints on these polarized distribution functions(PDFs) currently come from 
DIS experiments alone, which have not reached the accuracy of the valence quark 
PDFs. PHENIX is able to probe these polarized PDFs through two complemen­
tary measurements at forward/backward rapidities with the w± ➔ µ± and at 
mid-rapidity through the w± ➔ e± decay channel. The analysis status and 
future prospects for the w± ➔ e± asymmetry measurement will be presented. 
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Quark-Antiquark Bound States and QCD Running Coupling 
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Bound states of spin-half and spin-one particles are studied within a relativistic 
quantum-field model based on the infrared confinement. The spectra of quark­
antiquark and gluon-gluon states are determined by master equations similar to 
the ladder Bethe-Salpeter equations. Masses of light, intermediate and heavy 
mesons are estimated in a wide range of scale (from hundred MeV up to 10 
GeV). A new, independent and specific infrared-finite behavior of QCD effective 
coupling is revealed in the low-energy domain. 
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Status of the polarized ion source at COSY /Jiilich 

R.Gebel 
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The COoler SYnchrotron and storage ring COSY at the Forschungszentrum 
Jiilich accelerates protons and deuterons to momenta between 0.6 GeV /c and 
3.8 GeV /c [1]. At present beams are used for experiments at several internal and 
external target places. In addition, polarized proton and deuteron beams are 
produced and accelerated at COSY routinely. The polarized beams delivered by 
the colliding beams source [2,3] are preaccelerated in a cyclotron and injected via 
stripping injection into the COSY ring. The polarization of the circulating beam 
in COSY is measured continuously during acceleration with the internal EDDA 
detector [4]. Since January 1996, the cyclotron JULIC operates as the injector 
of H- or n- beams for the cooler synchrotron COSY at the IKP. Polarized n­
ions have been delivered to experiments in sequences of up to fifteen different 
polarization state combinations. The original source has been designed and set 
in operation by groups from the universities Bonn, Cologne and Erlangen as a 
colliding beams source in continuous operation [5]. In parallel to beam delivery 
to the synchrotron the atomic beam part, the cesium ionizer, neutralizer and the 
ion extraction have been optimized for pulsed operation. By advancing the com­
ponents of the polarized ion source the number of polarized particles for injection 
into the cyclotron has reached about 5 x 1012 protons, delivered in a 20 ms pulse 
with a repetition rate of 2 seconds [6]. 
This report describes briefly the characteristics of the ion source in its present 
mode of operation, the achievements towards higher beam intensities and the 
efforts to provide polarized H- and n- beams with high reliability. 
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In many models stability of DM particles D with mass Mn is ensured by the 
conservation of the new quantum number, called D-parity here. We consider 
models which contain also charged D-odd particles n± and sometimes another 
neutral DA with masses M;!; and MA respectively. The process e+ C --+ n+ D'­
with subsequent decay of D to D plus gauge boson w± ( on shell or off shell) was 
suggested as that for discovery ofDM particles in some specific models like MSSM. 
It has very clear signature and cross section 1 + 10% from that of total cross section 
e+ e-. annihilation. The total cross section of process can be determined from 
the data with reasonable accuracy. 
The measuring of edges in the energy distributions of W's could, in principle, to 
determine Mn and M+. However in the quark decay mode one can determine 
only upper boundary of energy spectrum. In the lepton decay mode we have 
incomplete representation of W. 
We found that the energy distribution of single lepton ( e or µ) from W decay 
in the process e+e- --+ n+ n- --+ DDqij£v has singular points, independent on 
properties of D-particles. To determine Mn and M+, it is sufficient to measure 
positions of these singular points in the lepton energy ·distribution. 
With measured values of M+ the easily calculable in QED cross sections of 
e+e- --+ n+ n- for spin 1/2 and 0 differ by a factor ?: 4. At vs > 200 GeV 
the model dependent effect of Z exchange can change these values no more than 
to 20% . The comparison with measured total cross section allows to determine 
spin of D-particles definitely. 
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A new forward spectrometer for PHENIX 
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In the last decade PHENIX has measured longitudinal gluon polarization 
inside the proton, probed flavor dependent valence and sea quark helicity distri­
butions and started to explore the proton transverse spin structure. 

A major upgrade is planned for the next decade that will provide an increased 
acceptance and additional tracking and electromagnetic plus hadronic calorimetry 
in the forward region. This will allow to map out in a wide kinematic range 
the Sivers effect in Drell-Yan reactions; it will also be possible to access proton 
transversity and Collins mechanism measuring hadron azimuthal distributions in 
jets. In. addition, with the new forward capabilities we will be able to access 
proton transversity via its coupling to the universal interference fragmentation 
function in a collinear framework, without the TMD factorization assumption. 

In this talk the layout of the new forward detector system will be discussed, 
together with the new insights in the proton spin structure that the new forward 
PHENIX spectrometer will provide. 
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Flavor dependent azimuthal asymmetries in unpolarized 
semi-inclusive DIS at HERMES 
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The azimuthal cos¢ and cos 2¢ modulations of the distribution of hadrons 
produced in unpolarized semi-inclusive deep-inelastic scattering of electrons and 
positrons off hydrogen and deuterium targets have been measured in the HERMES 
experiment. 

For the first time these modulations were determined in a four-dimensional 
kinematic space for positively and negatively charged pions and kaons separately, 
as well as for unidentified hadrons. . ' 

These azimuthal dependences are sensitive to the transverse motion and po­
larization of the quarks within the nucleon via, e.g., the Cahn, Boer-Mulders and 
Collins effects. 
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Spectroscopy of Hadronic Atoms, Heavy Ions, Quarkonia: Spin Effects 
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The richness of the spectra of the atomic and hadronic spectra is naturally provided also by 
the spin-dependent multiplicities. These arise from spin-orbit, tensor, spin-spin interactions 
between the constituents. Our work is devoted to systematic studying spectra, hyperfine 
structure of the hadronic (kaonic, pionic) atoms, heavy H-,Li-like ions and quarkonia 
within ab initio nuclear-relativistic many-body perturbation theory [1] with an accurate 
account of the relativistic, nuclear, radiative effects. One of the purposes is establishment a 
quantitative link between quality of nuclear structure modeling and accuracy of calculating 
spectra The wave functions zeroth basis is found from the Klein-Gordon-Pock or 
Dirac-Fock equations for K", 1t" atoms and heavy ions. The potential includes SCF ab initio 
potential, the electric and polarization potentials of a nucleus (the RMF and Gauss models 
for a nuclear charge distribution) [I]. The Lamb shift polarization part is treated in the 
Uhling-Serber approximation and the self-energy part - within the Green function method. 
For quarkonia the total Dirac Hamiltonian contains a bare Dirac Hamiltonian with adding 
the quark spin dependent Breit-Fermi operator and spin independent one. We present the 
accurate data on: i). Spectra of heavy H-,Li-like ions (Z= 55-100); 2). Shifts, widths of 
low-lying+ Rydberg transitions in K", 1t" atoms (H, He,W,Pb,U); as example, see table 1 
with data on shifts, induced by strong K-N interaction; 3). The data on spectra for families 
of charmonium, bottonium, radiative El transitions, lepton decay widths in charmonium. 

Table 1: Calculated (C) and measured (M) shifts AE (keV), induced by strong K-N 
interaction: a - theory Batty eta!; b - our theory (data from [1,2] and refs, therein) 

Reference M C-a C-b 

W,8-7 0.079 0.052 -0.003 O.G38 

W,7-6 -0.353 -0.250 -0.967 -0.294 

Pb,8-7 0.072 0.047 -0.023 0.046 

U,8-7 0.12 0.032 -0.405 -0.213 -0.189 -0.205 
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Muon--y-Nuclear Spectroscopy: Discharge of Nuclei 
During µ· Capture and Spin Effects 
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A negative muon µ captured by a metastable nucleus may accelerate the discharge of the 
latter by many orders of magnitude [1]. For a certain relation between the energy range of 
the nuclear and muonic levels a discharge may be followed by negative muon ejection and 
µ· participates in discharge of other nuclei. We present an advanced relativistic energy 
approach to a discharge of a nucleus with 'Y quantum emission and further µ· conversion 
discharge [2-4]. One should consider 3 channels: i). radiative purely nuclear 2j-poled 
transition (probability Pl; this value can be calculated on the basis of known traditional 
formula); ii). Non-radiative decay, when a proton transits into the ground state andµ· leaves 
a nucleus with energy E=E(p-NlJl)-E(i), where E(p-NlJl) is an energy of nuclear 
transition, E(i) is the bond energy ofµ· in ls state (P2); iii). A transition of proton to the 
ground state withµ· excitation and emission of yquantum with energy E(p-NlJl)-E(nl) (P3). 
As example, data for Sc, TI nuclei are presented. We use a few approaches to modelling the 
nuclear system. The first model corresponds to well-known relativistic mean field model, 
the others models are the Dirac-Wood-Saxon model and Bloumkvist-Wahlborn scheme. As 
example, below we present some data about the decay probabilities for the Sc nucleus. The 
probabilities of µ·-atom decay for some transitions are: i). Bloumkvist-Wahlbom potential: 
P2(P11rPJ12)=3,93· l015, P2CP112•f112)=3,15· l012, P2(p312•f112)= 8,83· 1014; ii). Woods-Saxon 
potential: P2(pwp312)=3,87•1015, Pi(p112•f112)=3,09-1012, P2(p312-f712)= 8,75-1014. If aµ·­
atom is in the initial state Plf2, than the cascade discharge occur with ejection ofµ· on first 
stage and secondly the 'Y quantum emission. To consider a case when the second channel is 
closed and the third one is opened, suppose: E(P112)·E(p312)=0.92 MeV. Energy of nuclear 
transition is not sufficient to transit µ· to continuum state and it may excite to 2p state. Then, 
there is the proton transition p112-p312 with virtual µ· excitation to states of nd series and 'Y 
quantum emission heo=Ep(p112)+Eµ(ls)- Ep(p312)-Eµ(2p). The dipole transition 2p-ls occurs 
with P3=1.9· 10

13 
s"1 

(more than P(p112-p312), P(plf2-fm) transitions without radiation. 
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polarized and transversity GPDs in kaons leptoproduction 

S.V. Goloskokov 
Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research, 

Dubna 1,11980, Moscow region, Russia, 
(goloskkv@theor.jinr.ru.} 

We analyse the kaon-hyperon channels leptoproduction within the handbag ap­
proach where amplitude factorizes into hard subprocess and Generalized Parton 
Distributions (GPDs). 

These reactions are sensitive to the polarized GPDs ii and E. It was found that 
the twist-3 effects are essential in the description of pseudoscalar meson produc­
tion. Within the handbag approa<:_h, t~ese twist-3 effects can be modeled by the 
transversity GPDs, in particular HT, Er, in conjunction with the twist-3 meson 
wave function. Our results for the cross section and the spin asymmetry for ,ro 
and f/ meson production are in agreement with preliminary CLAS data. 

In this report we present the model results [1] for the cross section and the spin 
asymmetry of K+ A, K+r:0 and K 0E+ electroproduction. Our predictions for 
K+r:0 channel are shown in the Fig.1 as an example. 
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Figure 1: Results for the K+r:0 electro production. (Left): solid ( dashed, 
dashed-dotted) lines represent unseparated (longitudinal, transverse) cross sec­
tion. ( Right): the moments of the transverse target asymmetries in this reaction. 

We analyse what observables are sensitive to fIT, Er GPDs effects. 
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Inclusive cross section and single transverse-spin asymmetry of 

very forward neutron production at PHENIX 

Y. Goto"'b (for the PHENIX Collaboration) 

aRIKEN Nishina Center, 2-l Hirosawa, Wako, Saitama 351-0/98, Japan 

bRIKEN BNLResearch Center, Brookhaven National Laboratory, Upton, New York 11973, 

·. USA. 

The inclusive cross section and XF dependence of AN of very forward neutron production in 

polarized p+p collisions at ✓s = 200 GeV were measured in the PHENIX experiment at 

RHIC. We also measured ✓s and pr dependence of AN of very forward neutron production 

at ✓s from 62to 500 GeV. The cross section in large XF neutron production is explained by 

one pion exchange model. The observed. large .asymmetry of neutron producti~,n, is 

considered to come from the interference between the spin-flip amplitude of the pion 

exchange and spin-non-flip amplitude of all Reggeon exchange. Therefore, the neutron 

asymmetry has a sensitivity to other Reggeon exchange amplitude even if it is a small 

amplitude. 
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Muonic hydrogen 

D. Gottaa 
a [nstitut Jiir Kemphysik, Forschungszentrum Jiilich, D-52425 Jiilich, Germany 

( d.gotta@fz-juelich.de) 

for the PIONIC HYDROGEN collaboration 

The (3p - ls) X-ray transition to the muonic hydrogen ground state was me~­
sured with a high-resolution crystal spectrometer. It supplements studies aiming 
at an extraction of the isospin separated pion-nucleon scattering lengths from the 
observation of Lyman transitions feeding the ground state of pionic hydrogen 1{1 · 

Muonic hydrogen as a purely electromagnetic twin system to pionic hydrog~h 
offers itself as an ideal candidate for the direct observation of the cascade effects 
hindering the direct determination of the hadronic broadening in pionic hydrogJn 
[2]. . :; ,. 

From these measurements, the assumption of a statistical population of the hj­
perfine levels of the muonic hydrogen ground state was directly confirmed by' tli'e 
experiment and measured values for the hyperfine splitting can be reported [3]:UA 
statistical population of the ground state is an important assumption in the mti,~­
surement of the induced pseudoscalar coupling in muon capture by the proton [41-

.1, 
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Exclusive Study of d(e, e'p)n Reactions at Threshold 

C. Hanretty0
, B. Norum0

, D. Higinbothamb, A. Kelleher", S. Giladc 

a University of Viryinia, 382 McCormick Road, Charlottesville, VA {USA} 22904 
b Jefferson Lab 12000, Jefferson Avenue, Newport News, VA (USA) 23606 

c Massachusetts Institute of Technology, 77 Massachusetts Avenue, Cambridge, MA 
(USA) 02139 

The study of threshold electrodisintegration of and elastic scattering on the 
only stable two nucleon system, the deuteron, can reveal specific aspects of the 
nucleon-nucleon interaction. The simplicity of electrodisintegration along with 
the simplicity of the deuteron makes this study most appropriate for revealing 
these interactions. By using an incident beam of polarized electrons and by mea­
suring the polarization of the recoiling proton, the ratio of the electric (GE) and 
magnetic (GM) form factors for d(e,e'p)n (and p(e,e'p)) reactions may be ex.;. 
tracted. This experiment was conducted in Hall A at Jefferson Lab in Newport 
News, Virginia using a beam of polarized electrons provided by the CEBAF Ac­
celerator incident on a liquid deuterium (and hydrogen) target. The scattered 
electron and the recoiling (polarized) proton were detected using the High Reso­
lution Spectrometers of Hall A. To determine the polarization of the recoil proton, 
an analyzing material was placed perpendicular to the protons trajectory through 
the spectrometer, in front of a set of two straw chambers. Due to the spin-orbit 
interactions involved in the scattering of the proton from the analyzer material, 
asymmetries seen in the distribution of events detected by these straw cham­
bers reveal the polarization of the recoil proton. By tracking the spin procession 
of the polarized protons from the straw chambers back to the target material, 
the transferred and induced polarization of the proton may be determined. The 
(single- and double-spin) asymmetries observed in the straw chambers will first be 
studied for the well-known elastic p(e, e1p) process and compared to the asymme­
tries for d(e,e'p)n (x8 =1). The analysis will then be repeated to determine how 
these asymmetries change with increasing x 8 (to the kinematic limit for deuteron 
electrodisintegration). This ongoing analysis will be presented and discussed. 
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spinpolarised 3He: From basic research to medical applications 

W. Heil', F. Allendinger3, M.Burghoff, C. Gemmel', M. Giildner', 
S, Karpuk1, W. Kilian2 , S.Knappe-Griineberg2

, Ch. Mrozik1
,. 

W.Miiller2,E.W. Otten', M. Repetto1
, Z. Salhi', U.Schmidt3,A.Schnabel2, 

F.Seifert2, Yu. Sobolev', L.Trahms2
, and K.Tullney1 

1/nstitutfiir Physik, 55099 Mainz, Germany 
2Physika/isch-Technische Bundesanstalt, 10587 Berlin, Germany 

3University of Heidelberg, Germany 

Polarisation of 3He by optical pumping is well known since the early l 960s with first 
applications in fundamental physics. In 1994 it was discovered that one can use 
hyperpolarised 3He as contrast agent for magnetic resonance imaging (MRI) of the lung. 
Toe wide interest in this new method made it necessary to find ways of polarising 3He in 
large quantities and with high polarisation degrees. In addition, storage, transport and 
administration of hyperpolarised 3He as well as recovery of this rare helium isotope 
became important issues in assessing and spreading the new, non-invasive diagnostic tool 
in research and medical practice. 
Toe talk gives an overview on MRI with hyperpolarised 3He and shows how fundamental 
research benefitted from these developments. In particular, the detection of the free 
precession of co-located 3He/129Xe nuclear spins (clock-comparison) will be discussed. 
This device can be used as ultra-sensitive probe for non-magnetic spin interactions such 
as the sidereal variation of the 3He/129Xe frequency induced by Lorentz-violating 
couplings. The extreme sensitivity of this "spin-clock" is based on the fact that the 
oscillator is decoupled from any environmental influences. 
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How to measure the charm density in the proton 

N. Ya. Ivanov 
Yerevan Physics Institute, Alikhanian Bra. 2, Yerevan 0036, Annenia 

{nikiv@yerphi.am} 

We study two experimental ways to measure the heavy-quark content of the 
proton: using the Callan-Gross ratio R(x,Q2) = FL/Fr and/or the azimuthal 
cos(2cp) asymmetry in deep inelastic lepton-nucleon scattering. Our approach is 
based on the following observations. First, unlike the production cross sections, 
the ratio R(x,Q2) = FL/Fr and the azimuthal cos(2<p) asymmetry in heavy­
quark leptoproduction are sufficiently stable, both parametricallly and pertur­
batively, in a wide region of variables x and Q2 within the fixed-flavor-number 
scheme of QCD [1,2]. Second, both these quantities, R(x,Q2) = FL/Fr and 

· cos(2cp) asymmetry, are sensitive to resummation of the mass logarithms of the 
type a 8 In (Q2 /m2) f3J within the variable-flavor-number schemes (4-6]. This is 
because, contrary to the transverse structure function Fr(x, Q2), the longitu­
dinal and azimuth-dependent ones do not contain leading mass logarithms at 
both leading and nex-to-leading orders [7,8). These two facts together imply 
that the heavy-quark densities in the nucleon can, in principle, be determined 
from high-Q2 data on the Callan-Gross ratio and/or the azimuthal asymmetry 
in heavy-quark leptoproduction. Our analysis shows that the charm content of 
the proton can, in particular, be measured using both considered methods in the 
current COMPASS experiment as well as in future studies at the proposed LHeC 
(9) and EiC [10) facilities. 

References 
1. N. Ya. Ivanov, B. A. Kniehl, Eur. Phys. J. C 59, 647 (2009). 
2. N. Ya. Ivanov, Nucl. Phys. B 666, 88 {2003). 
3. T. Stavreva, F. I. Olness, I. Schienbein et al., Phys. Rev. D 85, 114014 

(2012). 
4. N. Ya. Ivanov, Nucl. Phys. B 814, 142 (2009). 
5. L. N. Ananikyan, N. Ya. Ivanov, Nucl. Phys. B 762, 256 (2007). 
6. L. N. Ananikyan, N. Ya. Ivanov, Phys. Rev. D 75, 014010 (2007). 
7. E. Laenen, S. Riemersma, J. Smith, and W. L. van Neerven, Nucl. Phys. B 

392, 162 (1993). 
8. M. Buza, Y. Matiounine, J. Smith, R. Migneron, and W. L. van Neerven, 

Nucl. Phys. B 472, 611 (1996). 
9. J.B. Dainton, M. Klein, P. Newman, E. Perez, F. Willeke, J. Inst. 1, PlO00l 

{2006). 
10. A. Deshpande, R. Milner, R. Venugopalan, W. Vogelsang, Ann. Rev. Nucl. 

Part. Sci. 55, 165 (2005). 

66 

Measurement of spin observables for N* resonances in 
pseudoscalar-meson photo-production using polarized neutron in 

solid HD 

T. Kageya on behalf of CLAS collaboration 
Thomas Jeffeson Lab, Newport News, VA 23606, USA, kageya@jlab.org 

Lattice QCD has recently confirmed the long-standing quark model prediction of 
many more N* levels than have been identified to date. However, most resonances 
overlap due to their large widths and some may not be coupled to the channels 
that have previously been sutdied. To explore this issue, the E06-101 experiment 
has been carried out at CLAS using circularly and linearly polarized photon 
beams with longitudinally polarized deuterium in the form of solid HD. The 
experiment ran from December 2011 to May 2012 in Hall-Bat Jefferson Lab and 
is now under analysis. Its goal was to simultaneously measure a complete set of 
spin observables. While I = 3/2 b,. resonances can be determined from proton data 
alone, I = N* resonances necessarily require both neutron and proton data. Very 
little photo-production data exists with neutron targets. The HD solid target was 
used as a neutron target while proton data were taken at the same time; both 
H and D in HD target were polarized. Experimental running conditions and 
preliminary spin asymmetries for pseudo-scalar meson production from polarized 
neutrons will be discussed. (The companion JLab experiment on the proton, 
using the FROST target, will be the focus of a presentation by Bill Briscoe at 
this conference. This talk focuses in detail on the polarized neutron experiment. 
Details of the polarized HD solid target will be discussed by Xiangdong Wei in a 
separate presentation.) 
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Polarization observables in three-nucleon systems 

N. Kalantar-Nayestanaki 
KVI, University of Groningen, Groningen, The Netherlands 

Three-body systems have been studied in detail at KVI and other laborato­
ries around the world in the last few years. Two categories of reactions have 
been chosen to investigate these systems, namely elastic and break-up reactions 
in proton-deuteron scattering in which only hadrons are involved, and proton­
deuteron capture reaction involving real and virtual photons in the final state. 

Even though a relatively good understanding of most phenomena in nuclear 
physics at intermediate energies has been arrived at by only considering two­
nucleon forces, high precision three-nucleon data have revealed the shortcomings 
of these forces. Hadronic reactions in three-body systems excluding photons give a 
handle on effects such as those from three-body forces. In the last few decades, the 
two-nucleon system has been thoroughly investigated both experimentally and 
theoretically. These studies have resulted in modern potentials which describe 
the bulk of the data in a large range of energy. This knowledge can be employed 
in a Faddeev-like framework to calculate scattering observables in three-body 
systems. In regions and for the reactions in which the effects of Coulomb force 
are expected to be small or can be calculated accurately, and energies are low 
enough to avoid sizable relativistic effects, deviations from experimental data are 
a signature of three-body force effects. 

For the reactions involving a photon, additional effects, such as Meson­
Exchange Currents (MEC) have to be taken into account. Calculations show 
that in the energy range of the present measurements, the three-body force ef­
fects are rather small. This offers the possibility, then, to study the MEC effects 
in the capture reaction. 

At KVI, various combinations of high-precision cross sections, analyzing 
powers and spin-transfer coefficients have been measured at different incident 
proton or deuteron beam energies between 100 and 200 Me V for a large range 
of scattering angles and for the reactions mentioned above. Calculations based 
on two-body forces only do not describe the data sufficiently. The inclusion of 
three-body forces improves the discrepancies with data significantly. However, 
there are still clear deficiencies in the calculations. A selection of data for po~ 
larization observables will be presented and compared with the state-of-the-art 
calculations. 
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fwist-3 quark-gluon correlation contribution to single-transverse 
spin asymmetry for direct-photon and single-jet productions in 

pp collision 

K. Kanazawaa and Y. Koikeb 
aGraduate of School of Science and Technology, Niigata University, Ikarashi, Niigata 

950-2181, Japan, (kanazawa@nt.sc.niigata-u.ac.jp) 
b Department of Physics, Niigata University, Ikarashi, Niigata 950-2181, Japan 

We study the single transverse-spin asymmetry AN for inclusive direct-photon 
(,y) and single-jet productions in pp collision based on the twist-3 mechanism in 
the collinear factorization. In this presentation, as a reference for future RHIC 
experiment, we report our evaluation of AN by taking into account the whole 
twist-3 quark-gluon correlation effect inside the transversely polarized proton, 
based on the formula for AN derived in [1]. Contributions to the asymmetries 
arising from the quark-gluon correlation are classified into those from the soft­
gluon pole (SGP) and the soft-fermion pole (SFP). The relevant SGP and SFP 
components of the quark-gluon correlation function have been determined from 
the RHIC AN data for the light-hadron productions [2]. In this evaluation we 
find sizable asymmetries in the forward region of the polarized proton while they 
are almost zero in the backward region, as seen from Fig.1. We also find in 
both processes the SFP contribution is vanishingly small in the whole Feynman­
x region, suggesting the measurement of these asymmetries provides us with an 
unique opportunity to determine the net SGP component of the quark-gluon 
correlation function. 
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Figure 1: Comparison of AN for direct-photdn, jet and n° at fixed pseudorapidity T/ 
(left) and transverse momentum Pr (right), respectively. The center-of-mass energy is 
taken at ,,fs = 200 GeV. 
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Charged hadron multiplicities at the HERMES experime~t 

Gevorg Karyan a 

a Yerevan Physics Institute, 975096 Yerevan, Armenia 

The HERMES collaboration has measured charge-separated pion and kaon mu]. 
tiplicities in semi-inclusive deep inelastic scattering using a 27.6 GeV electron 
or positron beam scattering off a hydrogen or deuterium target. The results 
are presented as functions of the Bjorken variable x, the negative squared four. 
momentum transfer Q2

, a hadron fractional energy z and it's transverse momen. 
tum Pt• These data will be very useful to understand the quark-fragmentation 
process in deep-inelastic hadron electro-production and will serve as crucial in­
put in the understanding of spin asymmetries in polarized semi-inclusive deep. 
inelastic scattering. 
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Scientific program at Nuclotron-NICA 

V.D. Kekelidze 

VBLHEP, Joint Institute for Nuclear Research, 141980 Dubna, 

Moscow region, Russia ( Vladimir.Kekelidze@lhepjinr.ru) 

Accelerator complex: heavy ion collider facility NICA (Nuclotron-based Ion Collider 

fAcility) is under active development at Veksler and Baldin Laboratory of High Energy 

Physics, JINR (Dubna). 

The goal of the project is to study the hot and dense strongly interacting 

baryonic matter and perform search for possible signs of the mixed phase and critical 

endpoint in heavy ion collisions (energy ✓s_NN = 4-11 GeV for Au"79+ at average 

luminosity of L = 10"27 cm"-2 s"-1). Another goal of NICA is the spin physics with 

colliding beams of polarized protons and deuterons. The experiments in Nuclotron 

extracted beams are considered as well. 
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Electroweak Interaction and Parity Nonconservation in Heavy Finite 

Fermi Systems: Spin-Dependent Effects 

O.Yu. Khetselius4 

a Odessa State University- OSENU, P.O.Box 24a, 65009, Odessa-9 

(E-mail: nuckhet@mail.ru) 

During the past decades the nuclear &optical experiments to detect parity nonconservation 
(PNC) and hyperfine (ht) structure have progressed to the point where PNC amplitudes 
can be measured with accuracy on the level of a few percents in certain heavy isotopes and 
significantly worse in some nuclei (Mossbauer spectroscopy) [1-3]. Nowadays the PNC in 
the finite Fermi-systems has a potential to probe a new physics beyond the Standard 
Model. We systematically apply our combined nuclear (relativistic mean field approach) 
and relativistic many-body perturbation theory method [4,5] to precise studying spin­
independent and spin-dependent (SD) PNC effect in heavy systems .. There are presented 
the results of the calculating the nuclear magnetic moments, hf structure, PNC amplitudes 
for·a set of elements: 133Cs,137Ba+,205Tl,223Fr,226Ra+, 173Yb with account of the exchange­
correlation, Breit, weak e-e interactions, radiative, nuclear (magnetic moment distribution, 
finite size, neutron "skin") corrections. The nuclear SD-PNC interactions due to nuclear 
anapole moment (k. contribution), Z- exchange interaction from nucleon axial-vector 
(An V.) currents (k2), the combined hf and spin-independent Z exchange interaction from · 
nucleon vector (V 0 A0 ) currents (khf) are studied. As example, in table 1 there are compared 
the data on different contributions to the SD PNC in 133Cs, obtained by different groups. 

Table 1: Theoretical data on SD PNC in 133Cs (in terms of the coefficients k,, k2, khf) 

Reference I [1] [2] [3] Our 
results 

:Eki 0.1169 0.1118 0.112 0.1159 

k2 0.0140 0.0140 0.0lll 0.0138 

kh( 0.0049 0.0078 0.0071 0.0067 

ka 0.0980 0.090 0.0920 0.0954 
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Blood analysis for early cancer detection 

Yu. Kiselev 

Joint Institute for Nuclear Research, VBLPHE, 141980 Dubna, Moscow Reg. Russia 

E-mail: Yury.Kiselev@cern.ch 

Abstract 

A promising way for early cancer detection without any exposure to radiation of a 

patient is introduced. The method is based on isotopic analysis and the measurement of 

average values of electric field gradients on the quadrupolar nuclear spins in a blood 

sample of about 3-4 cm3. Both isotopic and gradient measurements are not accessible 

through traditional chemical analyses. The method requires: 

• Cooling down a blood sample at nitrogen temperature to freeze 

molecular movements. 

• Beam irradiation of the cooled sample to induce hyperfine interactions 

between quadrupolar nuclear and the proton spins. 

• Dynamic Nuclear Polarization of spins at about 0.2 K in the magnetic 

field. 

• The study ofNMR-line shape asymmetries by decoupling isotopes 

from proton spins. 

• Correlation of cancer evolution with asymmetry of proton spectra. 

Preliminary tests with irradiated ammonia (NH3) in Compass experiment at CERN [l, 2) 

showed this study as a perspective way to understand if some anomalous in the two new 

parameters point out the early cancer symptoms. 
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Two photon exchange correction at large momentum transfer 
within QCD factorization approach 

N. Kivel 
a Helmholtz-Institute Mainz, D-55099 Mainz, Gennany, kivel@kph.uni-rnainz.de 

Precision measurements of the proton electric to magnetic form factor ratio at 
larger Q2 using polarization experiments [lj have revealed significant discrep­
ancies in recent years with unpolarized experiments using the Rosenbluth tech­
nique [2). As no experimental flaw in either technique has been found, two-photon. 
(27) exchange processes, see Fig.1, are the most likely culprit to explain this dif­
ference. Their study has received a lot of attention past decade. 

J',L+X 
Figure 1: Two photon exchange correction to elastic ep--scattering 

Calculation of the TPE diagrams in Fig.1 in the region with large Q in QCD 
is a difficult task. The first step in this direction has been made in [3) where 
the classical hard spectator scattering mechanism was considered in order to es­
tablish the power of 1/Q in the asymptotic of TPE amplitudes. But numerical 
estimates demonstrate that this contribution can not resolve the discrepancy be­
tween the polarized and unpolarized data. There are arguments that substantial 
numerical contribution can be provided by the so-called soft-overlap contribution 
(=soft spectator scattering). In our presentation we suggest the complete factor­
ization formula describing the leading in 1/Q behavior of the elastic ep scattering 
amplitude with hard 27 exchange. In our approach we consider both the hard 
and soft spectator contributions. Using obtained results we carried out the phe­
nomenological analysis of existing data: reduced cross section measured in [2] 
and polarization observables measured in [lj and made predictions for the ratio 
ue+p /ue-p which will be measured in the several ongoing experiments. 
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The decays of polarized gauge bosons into quark pairs 
at NLO QCD · 

S. Groote0
, J.G. Korner b, and P. Tuvike0 

a Loodus- ja Tehnoloogiateaduskond, Fiiiisika Instituut, 
Tartu Ulikool, Tahe 4, 51010 Tartu, Estonia 

b Institut fiir Physik, Johannes Gutenberg-Universitat, 
Staudinger Weg 7, 55099 Mainz, Germany, {koerner@thep.physik.uni-mainz.de} 

The polarization of w± and Z bosons produced in electroweak production pro­
cesses is in general highly nontrivial. One therefore has a rich phenomenology 
of polarization effects fo w±, Z production and decay which will be explored in 
present and future high energy experiments. The polarization of the w± and Z 
bosons can be probed by decay correlations involving the decay products of the 
polarized (W±, Z) bosons. A widely discussed prominent example of such decay 
correlations is the decay t - b + w+ followed by w+ - e+ve where the decay 
w+ - e+ve is used to analyze the helicity fractions ofthe w+ resulting from 
the decay process t. - b + w+ (see e.g. Refs.[1,2]). 
We explore the possibility to also make use of the quark-antiquark decay modes 
w± - qi ij2 and Z - qq to analyze the polarization of the gauge bosons, in 
particular using the tagging modes w+ - cb, cs and Z - cc, bb involving heavy 
quarks. One therefore needs to calculate the polarized decay structure func­
tions in the decay of polarized w±, Z gauge bosons into massless and massive 
quark-antiquark pairs which we do at NLO QCD . We find a surprisingly strm1g 
dependence of the polarized decay structure functions on finite quark mass effects 

- at NLO even at the relatively large mass scale of the w± and Z bosons. 

References 
1. T. Aaltonen et al. [CDF and DO Collaborations], "Combination of CDF 

and DO measurements of the W boson helicity in top quark decays", 
arXiv:1202.5272 [hep-ex] 
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Preservation And Control Of The Proton And Deuteron Polarizations In 
The Proposed Electron-Ion Collider At Jefferson Lab 

A.M, Kondratenkoc, Ya.S. Derbenev•, Yu.N. Filatov 6
, F. Lin", V.S. Morozov•, 

M.A. KondratenkoC, and Y. Zhang•, 

• Jefferson Lab, 
12000 Jefferson Avenue, Newport News, VA 23606, USA 

6 Moscow Institute of Physics and Technology 
141700, 9, Institutskii per., Dolgoprudny, Moscow Region, Russia, 

c Scientific and Technical Laboratory "Zaryad", 
630090, 6/1, Akademika Lavrentievaprospect, Novosibirsk, Russia 

(kondratenkom@mail.ru) 

We propose a scheme of preserving the proton and deuteron beam polarizations 

during acceleration and storage in the proposed electron-ion collider at Jefferson Lab. This 

scheme allows one to provide both the longitudinal and transverse polarization 

orientations of the proton and deuteron beams at the interaction points of the figure-8 ion 

collider ring. We discuss questions of matching the polarization direction at all stages of 

the beam transport including linac, pre-booster, large booster and ion collider ring. 

76 

Measurement of Semi-Inclusive Double-Spin Asymmetries and 
the Spin-Structure Function g2 at HERMES 

V. Korotkov 
!HEP, Protvino, Russia, {Vladislav.Korotkov@ihep.ru) 

preliminary results on the semi-inclusive double-spin asymmetries measured at 
HERMES with a longitudinally polarized hydrogen and deuterium targets are 
presented. The kinematic dependencies of the asymmetries on XB, the hadron 
energy fraction z and hadrons transverse momentum PhJ. are explored. 
Final results on the measurement of the spin-structure function gz and the virtual­
photon asymmetry A2 are presented. The Burkhardt-Cottingham integral forthe 
measured region of x and the twist-3 matrix element .dz are evaluated. 
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Transverse Single Spin Asymmetries in polarized proton-proton Collisions 

at PHENIX 

J. Koster" 

• RIKEN BNL Research Center, Building 510, Upton, NY 11793 USA 

(jkoster4@gmail.com) 

Polarized proton-proton collisions are a powerful tool to study the transverse spin 

structure of the proton. This talk will discuss the RHIC/PHENIX single transverse spin 

asymmetries, which is a simple left-right asymmetry in hadron production from the 

collision between a polarized proton beam and an unpolarized proton target. In 

particular, spin asymmetry measurements performed at forward rapidity probe proton 

structure in previously unexplored kinematic regimes. The measurements are done at 

high transverse momentum, where perturbative QCD is expected to describe the 

hadron production. The asymmetries are sensitive to a mixture of effects: the Sivers 

and Collins effects which introduce transverse momentum dependent effects in the 

proton and in the fragmentation process, respectively; and higher-twist effects. 

Measurements at forward, mid and backward rapidity will be shown from datasets 

collected at center of mass energies of 62 and 200 GeV. In addition, the near-term 

outlook using a high luminosity, high polarization dataset taken in the spring of 2012 

will be presented. 
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QCD analysis of the Bjerken sum rule 

A.V. Kotikova and B.G. Shaikhatdenovb 
11 Laboratory of Theoretical Physics, JINR, Dubna, 141980 Russia, 

(kotikov@theor.jinr.ru) 
b Laboratory of High Energy Physics, JINR, Dubna, 141980 Russia 

Following the recent papers (1-3], the polarized Bjorken sum rule is studied at 
low momentum transfers in the framework of the QCD perturbation theory as 
well as standard and with frozen and analytic versions of the coupling constant. 
A good agreement between experimental data and the theoretical predictions is 
found. As in earlier studies (4-6], the results of the use of frozen and analysis of 
the coupling constants are close to each other. · 
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Polarized Deuterons and Protons at NICA@JINR 

A.D.Kovalenko•, A.V.Butenko•, Yu.N.Filatovb, A.M.Kondratenko<, M.A.Kondratenko< 

and V.A. Mikhaylov• 

•J Joint Institute for Nuclear Research, 

141980, 6, Jo/iot-Curie, Dubna, Moscow region, Russia 

bJ Moscow Institute of Physics and Technology 

141700, 9, Institutskii per., Dolgoprudny, Moscow Region, Russia, 

<)Scientific and Technical Laboratory "Zaryad", 

630090, 6/1, Akademika Lavrentieva prospect, Novosibirsk, Russia 

(!s.ovalen@dubna.111) 

Abstract 

/. 

The planned operation modes of the NICA include polarized protons and polarized deuteron 

collisions at maximum c.m. energy up to ✓s ~ 26 GeV and ✓sNN ~ 12.5 GeV respectively. The 

average luminosity of L ~ 1 · 1031 cm·2 s·1 is expected [1,2). Moreover, different spin directions 

should be provided for both proton and deuteron beams. The problems of reaching the 

mentioned parameters were analysed and the new solutions have been found. The proposed 

scheme provides longitudinal and transverse polarization as well in the two beam intersection 

points (IP) of the collider and in the both cases, i.e. of the proton or deuteron collisions. The 

new scheme can work in two regimes, namely: with the use of one or two solenoidal "Siberian 

Snakes". The use of only one "snake" exclude crossing of spin resonances during the beam 

acceleration process, whereas adding the second "snake" make it possible to shift the beam to 

the spin resonance. One has the unique possibility to obtain different directions of the particle 

spin in the both IP's by means of additional insertions with low values of magnetic field 

integrals for different particles, including deuterons. 
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Violent Collisions of Spinning Protons: 

Past, Present & Perhaps at Fermilab 

A. D. Krisch 

Spin Physics Center, University of Michigan, Ann Arbor, Michigan 48109-1040, USA 

First will be a review the history of elastic scattering and polarized proton beams, and the 

unexpected and still unexplained large transverse spin effects found in high energy 

proton-proton spin experiments at the ZGS, CERN, AGS, Fermilab and RIIlC. Next, will 

be a discussion of possible transverse spin experiments on violent elastic and inclusive 

collisions of polarized protons at Fermilab's new high-intensity Main Injector. 
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Determination and applications of generalized 
parton distributions 

P. Kroll {Universitat Wuppertal} 

A survey will be given on an extensive analysis of exclusive electroproduction 
of light mesons at small Bjorken-x within the handbag approach. The contribut­
ing GPDs are constructed by means of double distributions. Constraints from 
parton distributions, sum rules and positivity bounds are taken into account 
and the remaining free parameters of the double distributions are fitted to ex­
periment. What has been learned about the GPDs from this analysis will be ' 
summarized and various applications will be presented as for instance the evalu­
ation of Ji's sum rule or the transverse localization of partons. From the analysis 
it turned out that the contributions from the asymptotically dominant longitu­
dinally polarized photons do not suffice to describe experiment. Transversally 
polarized photons also play an important role. Within the handbag approach 
these contributions are to be modelled by transversity (helicity flip) GPDs and 
twist-3 meson wave functions. The set of extracted GPDs can also be used for a 
parameter-free calculation of DVCS. It will be shown that very good agreement 
with all available DVCS data is obtained. Finally, it will be commented on 
applications of the GPDs to exclusive electroproduction of mesons and photons 
at Jlab kinematics which is characterized by large values of Bjorken-x and small 
values of W. 
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Deuteron beam polarimetry at N uclotron 

P.K. Kurilkina, V.P. Ladygina, T. Uesakab, Yu.V. Gurchina, A.Yu. lsupova, K. 
Itohc, M. Janeka,d, J.-T. Karachuka,e, T. Kawabatab, A.N. Khrenova, A.S. 

Kiseleva, V.A. Kizkaa, A.K. Kurilkina, V.A. Krasnova.f N.B. Ladyginaa, D. 
Lipchinskie, A.N. Livanova.f Y. Maeda9 , A.I. Malakhova, S. Nedevh, S.M. 

Piyadina, E.B. Plekhanova, J. Popovichie, S. Rangelovh, S.G. Reznikova, P.A. 
Rukoyatkina, S. Sakaguchii, H. Sakaic,i K. Sekiguchii, K. Sudai, A.A. 

Terekhina,k, , T.A. Vasilieva and I.E. Vnukovk 
a Joint Institute for Nuclear Research, Dubna, Russia 

bCenter for Nuclear Study, University of Tokyo, Tokyo, Japan 
c Department of Physics, Saitama University, Urawa, Japan 
d Physics Department, University of Zilina, Zilina, Slovakia 

e Advanced Research Institute for Electrical Engineering, Bucharest,. Romania 
f Institute for .Nuclear Research, Moscow, Russia 

. . 9 Kyushi University, Harozaki, Japan 
h University of Chemical T(~chnology and Metallurgy, Sofia,. Bulgaria 

i RIKEN (the Institute for Physical arid Chemical Research}, Saitama, Japan · 
· i University of Tokyo, Tokyo, Japan · 

k Belgorod State University, Belgorod, Russia. 
pkurilkin@jinr.ru 

The scheme of the deuteron beam polarization measurements at Nuclotron are 
presented. A deuteron beam polarimeter based on the spin-asymmetry measure­
ments in the dp- elastic scattering at large angles in center-of-mass system has 
been constructed at the Internal Target Station at the Nuclotron of JINR. This 
polarimeter is planned to use for the measurements of the vector and tensor 
components of deuteron beam polarizations at the energies 270-2000 MeV simul­
taneously. 
Some details on the low energy and extracted beams polarimeters are also dis­
cussed. 
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Synthesis and Labeling of Tc-DISIDA 
(N-2 ,6-diisoproply-pheny lcar bamoylmethlyiminodiacetic acid) 

Musa Lonwabo K wetana a 

a DST /NRF, 104 Gobodo Street, Ikwezi Township, Umtata, South Africa, 5099 
{musakwetana@yahoo.com} 

Radiopharmaceuricals are compounds labeled with a radioactive isotope that are 
used for studying different organs in the human body. Technetium-99m labeled 
iminodiacetic acid (IDA) derivatives are commonly used as hepatobiliary imag­
ing agents. Radiopharmaceutical usef for hepatobiliary imaging are divided into 
two groups based on the physiologic function of the liver they are designed to 
evaluate. The IDA agent of choice for NECSA(NTP) is DISIDA. A cold kit is a 
pre prepared vial consisting of the conpound to be labeled with the radioactive 
isotope and a suitable reducing agent. Twenty gram of DISIDA is needed for each 
production batch of DISIDA kits labeling is accomplished by adding 99m-Tc04-
to the kit and mixing well. Approximately 3-5 mCi (111-185MBq)99mTc-lDA 
derivative is injected intravenously into patients who have fasted for 4-6 hours 
prior to administration. The biodistribution DISIDA was confirmed by perform­
ing a biodistribution study on a Chacma baboon. The yield with technetium give 
> 95% radiochemical purity. The improved synthesis resulted in increased cost 
effectiveness of the commercial DISIDA kits. · 
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Spin physics in few body systems at Nuclotron 

V .P. Ladygin° for DSS collaboration 
a Joint Institute for Nuclear Research, 141980, Dubna, Russia 

vladygin@jinr.ru 

The review of the recent results on spin effects in few nucleon systems obtained 
at LHEP-JINR are presented. The data on the deuteron analyzing powers in 
different reactions in the wide energy range demonstrate the sensitivity to the 
spin structure of the light nuclei. 
The future plans on the studies with polarized deuterons from new polarized ion 
source at Nuclotron will be reported. 
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Spin effects in the dd ---+ 
3 He n reaction at intermediate energies 

N .B.Ladygina0 

a Joint Institute for Nuclear Research,LHEP, Lf1980, Dubna, Russia, nladygina@jinr.ru 

The dd -+ 
3 He n reaction is considered at the energies between 200 Me V and 520 

MeV. The calculations are performed within relativistic multiple scattering model 
based on the Alt-Grassberger-Sandhas equations. The angular dependences of 
the differential cross section and vector and tensor analyzing powers are given in 
comparison with the experimental data. 
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Prompt Photon AN with the PHENIX MPC-EX Detector 

J. Lajoie a 

"Iowa State University, Dept. of Physics and Astronomy, Ames, IA 50021 
lajoie@iastate.edu 

The PHENIX MPC-EX detector is a Si-W preshower extension to the existing Muon 
Piston Calorimeter (MPC). The MPC-EX will consist of eight layers of alternating W. 
absorber and Si mini-pad sensors and will be installed in time for RHIC Run-15. 
Covering a large pseudorapidity range, 3.1 lril < 3.8, the MPC-EX and MPC access high-x 
partons in the projectile nucleon (and low-x partons in the target nucleon) in transversely 
polarized proton-proton collisions at 200 GeV. With the addition of the MPC-EX, the 
neutral pion reconstruction range extends to energies > 80 Ge V, a factor of four 
improvement over current capabilities. Not only will the MPC-EX strengthen PHENIX's 
existing forward rc0 and jet measurements, it also provides the necessary rc

0 
rejection to 

make a prompt photon measurement feasible. With this rc0 rejection, prompt photon 
yields at high Pr, Pr> 3 GeV, can be statistically extracted using a double ratio method. 
This will make possible a measurement of the prompt photon single spin asymmetry AN in 
transversely polarized p+p collisions, and will help elucidate the correlation of valence 
partons in the proton with the proton spin. 
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Results of Searches for Higgs Boson and New Physics at LHC 

A.V. Lanyov a on behalf of the CMS Collaboration 
a Joint Institute for Nuclear Research, Dubna, Russia (lanyov©mail. cern. ch) 

I will present an overview of the recent results from the LHC experiments. 
Emphasis is on the searches for Higgs Boson and New Physics from the 7 and 
8 TeV data, addressing also separation of spin hypotheses of a Higgs-like reso­
nance based on Monte Carlo studies. Quarkonia polarization measurements at 
7 TeV data are presented. 

References 
1. CMS Collaboration, CMS Physics Results, 
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2. ATLAS Collaboration, ATLAS Physics Results, 

https://twiki.cern.ch/twiki/bin/view/AtlasPublic 
3. ALICE Collaboration, ALICE Publications, 
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Qweak, N -+ b., and Physics Beyond the Standard Model 

J.D. Leacock for the Qweak Collaboration 
Virginia Polytechnic Institute and State University, Blacksburg, VA, USA 

leacock@vt.edu 

The Qweak experiment recently finished the data-taking phase at the Thomas 
Jefferson National Accelerator Facility. Qweak aims to measure the weak charge 
of the proton, c?w, via parity-violating elastic electron-proton scattering. The 
expected value of l?w is fortuitously suppressed which leads to an increased 
sensitivity to physics beyond the Standard Model. 
The experimentally measured value is the asymmetry between left- and right­
handed electron-proton interactions and is given in Equation 1, 

A= (J'R - (J'L ' (1) 
(J'R+(J'L 

where A is the asymmetry and (J'R,L is the cross-section for right- or left-handed 
electron interactions. The weak interaction is accessible because of the interfer­
ence of the electromagnetic and weak interactions. The interference term carries 
the sign of the handedness of the electrons and results in magnification of the 
observable weak interaction strength given in Equation 2. 

Mz ~ -200ppb A~ M'"Y ~ (2) 

The high-quality, highly polarized electron source at Jefferson Lab permits a 
measurement of c?w to high precision. Because of the quality of the beam, high 
currents of 180 µA can be used to reach an event rate of ~7 GHz, dramatically 
reducing the amount of time needed to make this measurement. 
The suppression of l?w in the Standard Model and proposed precision of the 
measurement allow for a ~2 TeV search of new parity-violating physics. An 
overview of Qweak, an update on the data-analysis, ancillary measurements, and 
the reach for new physics will be presented. 
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On the controversy concerning the definition of quark and gluon 
angular momentum 

E. Leader a 

a Imperial College London - South Kensington Campus, Prince Consort Road, London 
SW7 2AZ - U.K. 

One of the key questions in understanding the internal structure of the nucleon 
in QCD is how the momentum and angular momentum of a nucleon is built up 
from the momenta and angular momenta of its constituents. A major controversy 
has arisen as to how to split the,total angular momentum into separate quark 
and gluon contributions, and as to whether the gluon angular momentum can 
itself be split, in a gauge-invariant way, into a spin and orbital part. It has long 
been believed that such a splitting cannot be done in a gauge- invariant way, but 
several authors have claimed that it is possible to do this and that even in QED 
the traditional, decades-old textbook method of identifying electron and photon 
angular momentum is incorrect! I shall give a pedagogical introduction to the 
subject and then assess the various claims in the literature. 
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Measurement of ALL and cross section of high PT charged 1r 

meson production for constraining b,. G at PHENIX 

S. Lee 
Stony Brook University, Stony Brook, NY 11794 (shlee@bnl.gov) 

Precision measurements via various single inclusive and less inclusive channels re­
main a crucial program at PHENIX in order to constrain polarized gluon contri­
bution 6.. G and disentangle the proton angular momentum composition. Global 
analysis[11 with the inclusion of neutral pion double longitudinal asymmetry ALL 
measurements in the past was able to hint at not sizable contribution from gluon 
polarization. Due to the complexity of global analysis, however, independent 
measurements through different final state particle productions are inevitable to 
be able to draw any conclusion. 

A large set of data with integrated luminosity of 16 pb-1 was recorded from p-p 
collisions in 2009 and were analyzed for charged 1r meson production at mid­
rapidity ✓ s = 200GeV. Compared with the analysis that involved only central 
arm detectors, there has been significant improvement on ALL and cross section 
measurements in reducing background level from as high as 20% down to <2% 
as a result of including the Hadron Blind Detector[21 in the analysis. 

High PT (5< PT <12 GeV /c) charged 1r production covers the kinematic range 
of .10 < (x) <.15 and Q2 >10 GeV2 • Being safely in the perturbative regime 
and the availability of polarized Parton Distribution Functions, Fragmentation 
Functions[31 and perturbative QCD hard scattering cross section at NLO, com­
bined with much improved purity of measurement, renders the charged 1r venue 
more robust and readily usable for global analysis. This talk will present the 
status on ALL, cross section measurements and global analysis. 
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Twist-3 contributions to the azimuthal asymmetries in polarized SIDIS 

Zuo-tang Liang 

School of Physics; Shandong University 

We extend the collinear expansion to the semi-inclusive deep inelastic lepton nucle?n 

scattering process l+N->l+q+X. We calculate the contributions up to twist 3 in differe~t 

polarized cases. We present the results obtained and discuss the implications for future 

experiments. 

References 

l. Zuo-tang Liang and Xin-Nian Wang, Phys. Rev. D75, 094002 (2007). 

2. Yu-kun Song, Jian-huaGao, Zuo-tang Liang and Xin-Nian Wang, Phys. Rev. D83, 
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Hadron Polarization Phenomena in the TeV Regime 

Pasquale Di Nezzaa, Gary R. Goldsteinb and Simonetta Liutic 
a JNFN, Laboratori Nazionali di Frascati, 00044 Frascati {RM} - Italy 

b Department of Physics and Astronomy, Tufts University, Medford, MA 02155 - USA 
c University of Virginia - Physics Department, Charlottesville, Virginia 22904 - USA 

Obtaining a coherent picture of Single Spin Asymmetries (SSAs) in hard processes 
has been a long standing question in QCD. A particularly puzzling phenomenon, 
which yet needs to be explained and which seems to persist in preliminary LHC 
measurements, is the inclusive production of polarized A's from unpolarized pro­
tons. Experiments show large transverse polarizations, contradicting the expec­
tation from Perturbative QCD that polarization should be small as proportional 
to both a 8 and the struck quark mass. In this talk we present a possible mech­
anism to interpret inclusive A production based on the observations that: 1. A 
large SSA can be generated only by introducing a phase difference at the am­
plitude level; 2. A Generalized Parton Distributions (GPDs) formalism provides 
the theoretical tool to realize such a condition at leading twist. 
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On the Interpretation of Recent Exclusive Pseudoscalar 
Electroproduction Results 

Osvaldo Gonzalez Hernandeza, Gary R. Goldsteinb and Simonetta Liu ti a 

a University of Virginia - Physics Department, Charlottesville, Virginia 22904 - USA 
b Department of Physics and Astronomy, Tufts University, Medford, MA 02155 - USA 

Exclusive pseudoscalar meson electroproduction from nucleons was recently sug. 
gested for extracting the tensor charge and other quantities related to transversity 
from experimental data, the helicity structure for this C-odd process being de­
scribed by the quark helicity flip, or chiral-odd Generalized Parton Distributions 
(GPDs). Model calculations indicate how various transversity parameters can be 
related to cross section and spin asymmetry measurements over a broad range of 
kinematics. In this presentation we will discuss in detail: 

i) the connection between the helicity description and the cartesian basis; 
ii) the dependence on the momentum transfer squared, Q2 ; 

iii) the angular momentum, parity, and charge conjugation constraints (JPC 
quantum numbers). 

94 

Angular momentum sum rule for spin one hadronic systems 

Kunal Kathuriaa, Gary R. Goldsteinb, Simonetta Liutia, Swadhin K. Tanejac 
a University of Virginia - Physics Department, Charlottesville, Virginia 22904 - USA 

b Department of Physics and Astronomy, Tufts University, Medford, MA 02155 - USA 
c Dalhousie University - Department of Physics, Halifax NS, B3H 315 - CANADA 

We will present a sum rule for the total quark angular momentum of a spin-one 
hadronic system within a gauge invariant decomposition of the hadron's spin. 
We will show various phenomenological implications, including a connection to 
the structure function b1, and to deeply virtual Compton scattering experiments 
using transversely polarized deuterons. 
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Chiral-odd transverse momentum distributions in Drell-Yan 
processes 

Z. Lua, B.-Q. Mab, J. Sheb, and J. Zhub 
a Department of Physics, Southeast Univeristy, Nanjing 211189, China 

{zhunlu@seu.edu.cn} 
b School of Physics and State Key Laboratory of Nuclear Physics and Technology, 

Peking University, Beijing 100871, China 

We study the azimuthal asymmetries in proton-proton Drell-Yan processes, as 
well as pion-nucleon Drell-Yan processes, with one incident nucleon being trans­
versely or longitudinally polarized. We consider particularly the asymmetries 
contributed by the leading-twist chiral-odd quark distributions, including the 
Boer-Mulders function, the transversity, the prezelosity and hf£• We analyze the 
asymmetries [1] with sin(2¢+¢s) and sin(2¢-¢s) modulations in transversely po­
larized pt p Drell-Yan and the sin 2¢ asymmetries in longitudinally polarized p='ep 
Drell-Yan at RHIC, J-PARC, E906 (Fermi Lab) and NICA (JINR), respectively. 
We also predict the same azimuthal asymmetries in pion-nucleon Drell-Yan pro­
cesses at COMPASS [2,3]. We show that the measurements on the asymmetries 
in those facilities can provide valuable information of the chiral-odd structure of 
the nucleon in the valence and sea regions, as well as the Boer-Mulders function 
of the pion. 

References 
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Entangled Quantum States and Correlations of Internal 
Quantum Numbers in Two-Particle Systems 

V.L. Lyuboshitz and V.V. Lyuboshitzt 
Joint Institute for Nuclear Research, 141980 Dubna, Moscow Region, Russia 

t E-mail : Valery.Lyuboshitz@jinr.ru 

The properties of nonfactorizable ( entangled ) two-particle quantum states are 
discussed . The study of spin correlations of two identical particles with spin 
1/2 at low relative momenta is performed. The angular correlations of decay 
directions for two unstable particles, connected with the correlations of their spin 
quantum numbers, are considered. It is shown that, for nonfactorizable two­
particle states, the "classical" incoherence inequalities for the correlation tensor 
components [1], being analogous to the Bell inequalities, may be violated . 
Concretely, the spin correlations and angular correlations for the systems(µ+µ-), 
(r+r-), produced in the reactions e+e- ➔ µ+µ-, e+e- ➔ r+r- [2], for the 
systems of final leptons in the processes 11 ➔ e+e-, µ+µ-, r+r-[3], and also 
for the AA and AA systems generated in relativistic heavy-ion collisions [4], have 
been analyzed . It is noted that the sharp charge of the correlation tensor for 
the AA pair with the increase of energy may testify to the passage through the 
"mixed phase" [4]. 
Some other correlations of internal quantum numbers, being analogous in struc­
ture and having the strongly prononced quantum character, have been also con­
sidered : spin correlations in the (p, 3 He) system formed in the reaction 
,r+ + 4 He ➔ p + 3 He [5], correlations of linear and circular polarizations of two 

1 quanta [6], and correlations at the registration of two neutral K mesons gen­
erated in inclusive multiparticle processes with the strangeness conservation [7] 
( and also pairs of neutral charmed and beauty mesons n° [JO, B0 B0 , B~ B~ [8] ) . 
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Quark Transversal Motions in the Proton Spin Issues 

Bo-Qiang Ma0 

aschool of Physics, Peking University, Beijing 100871, China 

The transversal motions of quarks play a significant role in various physical quan­
tities related to the proton spin structure, such as the helicity and transver­
sity distributions, and the transverse-momentum-dependent (TMD) or three­
dimensional parton distributions (3dPDFs). It is shown that the relativistic effect 
due to quark transversal motions plays a model-independent role to understand 
the proton spin puzzle: why the quark helicity sum does not equal to the proton 
spin. I also show that the quark transversal motions are important in the inves­
tigations of TMDs or 3dPDFS for theoretical predictions that can be checked in. 
various experimental processes. 

This talk is based mainly on following References: 
1 X. Zhang and B.-Q. Ma, Phys. Rev. D 85, 114048 (2012) [arXiv:1206.0808 
[hep-ph]]. 
2 J. Zhu and B.-Q. Ma, Phys. Lett. B 696, 246 (2011) [arXiv:1104.4564 . 
[hep-ph]). . 
3 J. She, J. Zhu and B.-Q. Ma, Phys. Rev. D 79, 054008 (2009) [arXiv:0902.3718 
[hep-ph]]. . : 
4 S. J. Brodsky, D.S. Hwang, B.-Q. Ma and I. Schmidt, Nucl. Phys. B 593;· 
311 (2001) [hep-th/0003082]. '.'. 
5 B.-Q. Ma, I. Schmidt and J. Soffer, Phys. Lett. B 441, 461 (1998) [hep- , 
ph/9710247]. 
6 B.-Q. Ma, Phys. Lett. B 375, 320 (1996) [hep-ph/9604423). 
7 B.-Q. Ma and Q.-R. Zhang, Z. Phys. C 58, 479 (1993) [arXiv:hep-ph/9306241]. 
8 B.-Q. Ma, J. Phys. G 17, 153 (1991) [arXiv:0711.2335 [hep-ph)). 
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Analytic determination of the electromagnetic moments and 
form-factors of the /j,, resonances and deuteron in the 1rN - 11rN 

and N N - 1 N N reactions 

A.I. Machavariania,b,c 
0 Joint Institute for Nuclear Research, Dubna, Moscow region 141980, Russia 

(machavar@jinr.ru) 
b Institute fur Theoretische Physik der Univesitii.t Tiibingen, Tiibingen D-72076, 

Germany 
c High Energy Physics Institute of Tbilisi State University, University str. 9, Tbilisi 

380086, Georgia 

The 1r N and N N bremsstrahlung 1r N ==} ,'-rr' N' and N N ==} ,' N' N' are 
studied within current conservation which is present in form of Ward-Takahashi 
identities for the on shell amplitudes. According to these identities the on shell 
internal particle radiation amplitude and the corresponding part of the on shell 
external particle radiation amplitude cancel each other. In particular, it is shown 
that the double ~ exchange diagram with the vertex ~ - ,' ~, compensate the 
appropriate part of the external particle radiation diagrams. Similarly, the double 
deuteron exchange diagram with the vertex d - 1

1 d' cancel the corresponding 
part of the external nucleon radiation diagrams. This cancellation determines 
the~ - ,~ and d - 1d form factors through the wave functions ~ - 1rN and 
d - N N. Consequently, the model independent analytic relation between the 
magnetic dipole moments of the ~•sand the full magnetic moment of the proton 

d t bt .d. -M..t:.. _3 _M..t:,._ µPan neuron µn are o ame , 1.e. µt:,.+ - mp µp, µt:,.++ - 2µt:,.+, µt:,.o - m,. µn 

and µt:,.- = iµt:,.o. Similarly, it is demonstrated that the S-wave part of the dipole 
magnetic moment of the deuteron is µJ = µP + µn-
We have shown that the suggested current conservation for the on mass shell 
amplitudes and the following cancellation of the internal and external particle 
radiation diagrams are the same in the quantum field theories with and without 
quark-gluon degrees of freedom. Therefore, the present analytical results are valid 
also in the framework of the theory with the quark-gluon degrees of freedom. 

References 
1. A. I. Machavariani and A. Faessler. Journal of Phys. G. 37, 075004 (2010). 
2. A. I. Machavariani and A. Faessler. Journal of Phys. G. 38, 035002 (2011). 
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Thoughts on Polarimetry for High Energy Polarized 3He beams at RHIC 

Yousef Makdisi 

Brookhaven National Laboratory, Collider-Accelerator Department, Upton NY 11973 

With the advent of polarized 3He beams for RHIC, I will present some ideas for 
polarimetry utilizing the Coulomb Nuclear Interference process that has served us well in 
proton polarimetry. The analyzing power in pp elastic scattering was measured to be 
fairly constant from RHIC injection to the highest energy reached. The idea is to extend 
this to 3He polarimetry beams. 3He - Carbon polarimeters will be used for fast 
measurements, but these have to be calibrated using either a 3He jet or possibly a storage 
cell to increase the target density. The 3He beam calibration will rely on 3He-3He elastic 
scattering and two identical particles process where the analyzing power is the same 
whether the target or the beam is polarized. " 

Of course, the jet or cell polarization will be measured using a separate process. The 
recoil scattering kinematics are similar to what we are using in proton polarimetry that 
the same equipment could be used interchangeably between proton and 3He beams. 
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Study of the hadronization process from single hadron and hadron pair 

production in SIDIS at COMPASS 

N. Makke0 On behalfofthe COMPASS Collaboration 
0 /NFN/University of Trieste, Via A. Valerio 2, Trieste, Italy 

Hadron production in hard scattering reactions is described by the hadronization process, 
which combines quarks into final-state hadrons. Within the theoretical framework of 
leading-twist collinear QCD, the cross section for hadron production in semi-inclusive 
reactions can be factorized into a hard scattering cross section describing the hard 
interaction at quark level and calculable in perturbative QCD and non-perturbative 
universal functions: collinear parton distribution functions which reflect the quark 
structure of initial-state hadrons and collinear fragmentation functions which encode 
details on the hadronization process. In the last decades, a major effort has been achieved 
on theoretical and experimental levels and allowed to constraint, with very high precision, 
parton distribution functions except strange quark distribution, which still carries large 
uncertainties. Fragmentation functions, however, remain at a very preliminary stage of 
study with a growing interest in accurate and precise knowledge. 

Currently, single hadron fragmentation functions represent a key ingredient in accessing 
the nucleon longitudinal spin structure, and dihadron fragmentation functions, both 
polarized and unpolarized, are essential to access transversity function, an unknown corner 
in the nucleon spin structure. Dihadron fragmentation functions are also needed to 
investigate the in-medium effects in heavy ion collisions. Current knowledge of single 

- hadron fragmentation functions is based on existing global QCD analyses driven by single 
inclusive electron-positron annihilation measurements, which are very precise and whose 
cross section have no dependence on parton distribution functions, making it a clean 
process for study of the hadronization process. However these data do not allow 
disentangling between quark and anti-quark fragmentation functions. In addition, 
measurements are performed in a quite limited range of energy scales. Complementary 
information on the hadronization process in a complementary energy regime and on the 
hadronization of quarks of different flavors is provided by semi-inclusive measurements in 
proton-proton and lepton-nucleon scattering. The latter have the advantage of covering a 
wide energy scale range and provide a larger. sensitivity to the flavor dependence of 
fragmentation functions. Nowadays, while pion fragmentation functions are known with a 
limited precision and kaon fragmentation functions are poorly known, the situation for 
dihadron fragmentation functions turns out to be behind the schedule and no studies or 
measurements have been yet performed. 

Measuring both single hadron and hadron pair multiplicities in semi-inclusive deep 
inelastic scattering at COMPASS represent a fundamental contribution towards a better 
understanding of the hadronization process and a first measurement for hadron pair 
multiplicities in SIDIS. These measurements will be presented and discussed. 
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Getting at the Gluon: The High Statistics 1r0 ALL Measurement at 
PHENIX With Investigations of a Major Systematic Uncertainty 

A.M. Manion11 for the PHENIX Collaboration 
n The State University of New York at Stony Brook, 100 Nicolls Road, Stony Brook, NY 

11790, amanion@ic.sunysb.edu 

Colliding protons head-on with helicity (longitudinal polarization) allows us to 
enhance the role of parton spin in their cross section and extract information 
about the gluon spin contribution to the proton, l:l.G. For PHENIX, the double­
longitudinal spin asymmetry ALL at ../s = 200 GeV in the mid-rapidity 1r0 chan­
nel has proved to be most fruitful in this regard. However, in light of the system­
atic uncertainty on ALL, in particular that in determining the relative luminosity 
between same and opposite helicity collisions, the statistical utility of the 1r0 

ALL measurement has been nearly exhausted in half of its PT bins. In order to 
better understand this systematic, which we estimate through comparison of min­
imum bias triggers in our very forward detectors, we have begun investigating the 
consequences of the beams' paths and polarization directions in the interaction 
region. Specifically, as a first step we performed a scan of certain beam angles 
during transversely polarized running in 2012 and confirmed an effect that can 
mimic certain double-spin asymmetries in our Zero Degree Calorimeter. The fu­
ture will bring accumulation of longitudinally-polarized luminosity at ../s = 500 
GeV, primarily for the investigation of sea-quark polarization through W boson 
measurements. Reduction of relative luminosity systematics could allow the l:l.G 
program to thrive through this period and thus is a worthy goal. · 
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COMPASS results on 
Collins and Sivers asymmetries for charged hadrons 

Anna Martina 
on behalf of the COMPASS Collaboration 

a Trieste University and INFN, Via A. Valerio 2, Trieste, l-34127 
( anna. martin@ts. infn. it) 

The study of transverse spin and transverse momentum structure of the nucleon 
is an important part of the scientific program of COMPASS, a fixed target exper­
iment at the CERN SPS. Transverse spin effects in semi-inclusive Deep Inelastic 
Scattering have been studied using a 160 GeV /c momentum muon beam and 
transversely polarized nucleon targets. The measurements have been performed 
with polarised deuterons in 2002, 2003 and 2004, and polarised protons in the 
years 2007 and 2010. The final high precision results on the proton Collins and 
Sivers asymmetries for charged hadrons have shown clear signals both for pos­
itive and negative hadrons, and for positive hadrons only respectively. By now 
new results for the Collins and Sivers asymmetries for charged 1r's and K's from 
the 2010 data have been produced and are shown here for the first time. The 
results are also compared with the previous COMPASS measurement and with 
the HERMES data. 
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Polarized 3He Ion Source Development for RHIC 

J. Alessi0
, E. Beebe0

, C. Epsteinb, J. Maxwell\ R. Milnel, A. Pikin° and A. Zelenski0 

0 Brookhaven National Laboratory, Upton, NY.11973 USA, 
bLaboratory for Nuclear Science, MIT, Cambridge, MA 02139, USA (milner@mit.edu) 

Major scientific opportunities to study the structure of the nucleon arise if polarized 
neutron beams can be provided at the world's only polarized proton collider, namely 
RHIC at Brookhaven National Laboratory in New York, USA. For example, . in 
measurement of the transverse spin asymmetry in Drell-Yan scattering, the Sivers function 
is predicted [1] to have opposite signs for u and d quark flavors. eRHIC, a potential future 
electron-ion collider [2] using RHIC, would utilize both polarized proton and neutron 
beams to carry out a precision test of the fundamental Bjorken Sum Rule [3]. Effective 
polarized neutron beams can be realized if beams of polarized 3He can be added to RHIC. 
Thus, an effort is underway to inject polarized 3He atoms into the newly commissioned 
Electron Beam Ionization Source at RHIC [4]. The atoms are polarized via metastability 
exchange optical pumping [5] and will be transferred into EBIS. The goal is to deliver 
approx. 3 x 1012 3He++ per sec at 70% polarization to RHIC. 

The source is under development at MIT and an initial test of the principle at BNL is 
planned. The source design will be described and the status of the test summarized. 

The research is supported by the United States Department of Energy Office of Nuclear 
Physics under the program of Research and Development for Next Generation Nuclear 
Physics Accelerator Facilities. 
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Spin versus helicity 

M.Mekhfi 
Universite Es-Senia,31100, Es-Senia, Oran, Algerie,( mekhfi@gmail.com) 

We develop a formalism in which the fermion's probability amplitude is expressed as a 
trace over spinor indices but using the spin concept instead of the helicity. 

Ua (k,s) .. · faa' "'lla,(k ',s') 

=Tr(··•Jp) 

(k's' ks)= 2N,:_; _ (j{'+m')(l+s'ys,t')m(k' k)(j{ +m)(l+sys,t) 
p ' ' ' l+ss's-s' 2m' 2 ' 2m 2 

91=.I mm' 
(ko +m)(k'

0
+m') ('Yo +1) 

We then show the correspondance between the spin and the helicity formalisms thus 
retrieving in another way all results of the helicity formalism but in a simpler form. Our 
spin formulation is however more appropriate to processes having tranverse polarizations: 
processes of increasing popularity. The helicity formalism may do the same work but only 
indirectly and using redundant intermediary steps. On the other hand certain observables 
such as dipole moments electric or magnetic are naturally expressed in terms of spin 
rather than helicity. The helicity formalism for its part, applies more to collision 
processes with specified helicities. But both formalisms have the advantage of making the 
amplitudes or even the squared amplitudes easily computable either analytically or 
symbolically, a consequence of the rewriting of the amplitudes as an overall trace over 
gamma matrices 
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Jefferson Lab with 12 GeV Polarized Electrons 

H. E. Montgomery" 

•Thomas Jefferson National Accelerator Facility (Jefferson Lab), 12000 Jefferson Avenue, 

Newport News, Virginia 23606. (.mont@ilab.on,) 

The Continuous Electron Beam Accelerator Facility at Jefferson Lab is in the middle of a 

substantial upgrade to the accelerator and to the experimental facilities. We will provide a 

precise status report of the project and a broadly based discussion of the physics program 

which the new facilities will enable. 
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DVCS on the Proton at HERMES 

M, J. Murray" for the HERMES Collaborationb 

•University of Glasgow, University Avenue, Glasgow, GI 2 8QQ, Scotland, 

hDESY, Notkestrasse 86, Hamburg 22607, Germany, (morgan.murray@glasgow.ac.uk) 

This talk explores the impact that the HERMES. experiment has had regarding knowledge 

of the Deeply Vrrtual Compton Scattering process. We discuss the various measurements 

that HERMES has contributed to the library of DVCS knowledge [l--3), with focus in 

particular on the recent high-precision beam spin and charge asymmetries [4]. We discuss 

the first measurement of BH/DVCS on a Delta resonance and its implications for the 

DVCS measurements published by HERMES over the past decade. We also discuss the 

significance that the HERMES measurements have had on the knowledge of Generalised 

Parton Distributions and the information that one can therefrom glean about nucleon 

structure. 
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To Polarization of Hyperons in Heavy Ion Collisions 

G. Musulmanbekov 
JINR, 141980 Dubna Russia, (genis@jinr.ru) 

In heavy ion collisions at high energies a hot and dense matter is created. In over­
lap region of colliding nuclei the energy and nuclear density increases multiply. 
At Dubna project NICA collision energies ✓ s = 4 - llGe V where the interaction 
time and overlap time of colliding nuclei nearly coincide that leads to maximal 
baryonic density at freezout. At these energies in contrast to proton-proton and 
proton-nucleus collisions there have been discovered, so called, 'horn' effect - an 
enhanced non-monotonic yield of strange particles, positive kaons and hyperons. 
Due to a large current originating in semi~peripheral collisions of heavy nuclei 
a very strong magnetic field in direction perpendicular to the reaction plane is 
possibly created. The magnitude of magnetic field estimated in [1] for AuAu 
collisions at impact parameter b = 4/m and ✓s = 9GeV is about eB = 0.1 · m; 
which is by 3 orders higher than in the surface of magnetar: 
We assume that the strange particles yield at above energy range is due to the 
phase transition of nuclei in the overlap region from the baryonic to hyper_onic 
state. Hyperons may acquire polarization in the strong magnetic field which can 
be determined from the angular distribution of hyperon decay products relative 
to the magnetic field - the direction perpendicular to the reaction plane: 

dN 
dcos0* ~ 1 + aHPHcosB* , (1) 

where PH is the hyperon polarization, aH is the hyperon decay parameter, and.0~ 
is the angle between the three-momentum of the decay daugther in the hyper6n 
rest frame and the direction of magnetic field. Moreover, the system produced 
in noncentral relativistic heavy ion collisions possesses large orbital angular mo­
mentum. Due to the spin-orbit coupling of QCD, this orbital motion may result 
in a net polarization of hyperons as well [2]. 

References 
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Spin Physics at NICA 

A.P. Nagaytsev• 
0 Joint Institute for Nuclear Research, Dubna, Moscow region, Russia, 

nagajcev@sunse.jinr.ru 

SPD-NICA project is under preparation at second interaction point of the NICA collider. 

Toe purpose of this experiment is the study of the nucleon spin structure with high 

intensity polarized light nuclear beams. The design of the collider can allow us to reach 

with proton beams a very high collision energy up to ✓s ~ 26 GeV with average luminosity 

up to 1031-1<>32 cm2/s, and for deuteron beams: a collision energy per nucleon - up to ✓s ~ 

12 GeV, the average luminosity reaches up to 1<>3° - 1031 cm2/s. It is of great importance 

that both proton and deuteron beams will be effectively polarized. All these advantages 

give us unique possibilities to invistigate the nucleon spin structure and various 

polarization phenomena in wide kinematical range. The preliminary schemes of the SPD 

detector are also proposed. 
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Spin Filtering at COSY and perspectives for PAX 

A. Nass0 for the PAX collaboration 
0 JKP, Forschungszentrum Jiilich, Leo-Bmndt-Str. 1, 52425 Jiilich, Germany, 

a. nass@fz-juelich.de 

The high physics potential of experiments with stored polarized antiprotons led 
to the proposal of the PAX1 experiment (Polarized Antiproton eXperiment) for 
the High Energy Storage Ring (HESR) of the new FAIR facility at GSI (Darm~ 
stadt/Germany). It is proposed to polarize a stored antiproton beam by means of 
spin filtering by a polarized hydrogen gas target. The feasibility of spin filtering 
with protons using a transversely polarized hydrogen gas target has been demon­
strated in the FILTEX experiment and recently confirmed at the COSY ring in, 
Jiilich. A spin filtering experiment using a longitudinally polarized hydrogen gas 
target is planned after the installation of a siberian snake in 2014 .. 
Further measurements including the investigation of pd-breakup reactions2 and 
a test of the time reversal (TRIC)3 are planned using the developed experimental 
setup. 
A proposal for a spin-filtering experiment with antiprotons at AD/CERN4 has 
been submitted to the CERN SPS comitee to investigate the spin-dependence 
of the pbar-p end pbar-d interaction. This knowledge is necessary to properly 
design a dedicated Antiproton-Polarizer Ring. 
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l. Antiproton-Proton Scattering Experiments with Polarization, Technical Pro­

posal for the HESR at FAIR, Jiilich (2005), e-Print Archive: hep-ex/0505054. 
2. Measurement of Spin Observables in the p(pol)d(pol) Breakup Reaction, 

Proposal 202 for COSY, Jiilich (2011), 
available at http://www.fz-juelich.de/ikp/pax/. 

3. Test of Time-Reversal Invariance in Proton-Deuteron Scattering at COSY, 
Proposal 215 for COSY, Jiilich (2012), available at 
http://www2.fz-juelich.de/ikp /publications /LisLoLalLCOSY-Proposals.shtml 

4. Measurement of the Spin-Dependence of the pp Intemction at the AD­
Ring, Proposal for AD/CERN, Jiilich (2005), available at http://www.fz­
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BES-III status and results 

Yu. Nefedov 

Joint Institute for Nuclear Research 

Jo/iot-Curie,6 Dubna, Moscow region, Russia 141980 

(nefedov.yuri@jinr.ru) 

The BES-III experiment in Beijing takes data in tau-charm domain since 2009. For the 

moment the world largest samples of J/\j/, \j/ ', \j/11 and \j/ (4040) data have been collected. 

The current status and plans of the BES-III experiment will be presented. The overview of 

recent results of BES-III collaboration on light hadron, charm and charmonium physics 

will be given. 
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Stationary Bound States of Dirac Particles in Collapsar Fields 

M.V. Gorbatenko", V.P. Neznamov• 

"Russian Federal Nuclear Center -All-Russian Research Institute of Experimental Physics, 

37 Mira Ave., Sarov, Nizhny Novgorod region, 607188, Russia (neznamov@vniiefru) 

It is the first time stationary bound states of elementary spin ½ particles that do no~ 

decay with tim~ am obtained for a Schwarzschild gravitational field using a self-conjugate 

Hamiltonian with a flat scalar product in a wide range of gravitational coupling constant. 

In order to obtain a discrete energy spectrum, we introduce a boundary condition such 

that the radial current density of Dirac particles near the "event horizon" is zero. 

The quantum-mechanical analysis shows a physical nonequivalence of the 

Schwarzschild metric which prohibits the classical particles to cross the "event horizon" and 

the metrics, which allows the particles to cross a gravitational radius (the Eddington­

Finkelstein, Painleve-Gullstrand, Finkelstein-Lemaitre, Kruskal metrics, the Schwanschild 

metric in the isotropic coordinates). For the first case, the existence of stationary bound states 

of Dirac particles with a real energy spectrum is possible. For the second case, for all above 

metrics there are only complex energy levels of spin ½ particles that decay with time. 

The results can lead to revisiting some concepts of the standard cosmological model 

related to the evolution of the universe and interaction of collapsars with surrounding matter. 
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Status of the Super B project and beam polarization issues 

S.A. Nikitin 

BINP SB RAS, Novosibirsk, Russia 

(S.A.Nikitin@inp.nsk.su) 

Toe paper presents the status of the Super B factory, which is now under construction in 

the campus of University of Rome "Tor Vergata". Application of the novel approach of the 

electron and positron beams collision called the Crab Waist scheme allows to reach an 

unprecedented peak luminosity of lQA36 cmA-2 sA-1. Another important advantage of the 

project is the longitudinal polarization of the electron beam at IP. Relevant issues of spin 

dynamics in the SuperB collider are also discussed in the paper. 
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Search for permanent EDM of charged particles and nuclei at 
storage rings 

N.N. Nikolaev for JEDI Collaboration 
L.D.Landau Institute for Theoretical Physics, 142432 Chemogolovka, Russia 

and 
Institute f. K emphysik, Forschungszentrum Juelich, 52428 Juelich, Germany 

E-mail: N.Nikolaev@fz-juelich.de 

Searches for EDM offer a sensitivity to the Physics Beyond the Standard Model 
which is commensurate to, and even exceeding, .that of the direct searches at 
LHC. The signal of EDM is a precession of the spin in an electric field, but unlike 
neutral atoms and neutrons, charged particles run away in electric fields and,stor­
age rings are a unique approach to the proton and deuteron and helion EDMs. 
Direct measurements of the latter are imperative to disentangle the completely 
unknown isospin properties of CP(T) violation and to establish the contribution 
to EDMs from nuclear forces. The modern theories of EDM do not preclude a 
case of pEDM and dEDM orders in magnitude larger than nEDM. 

After a brief foray into status of half a century quest for nEDM and plans 
for future nEDM experiments, I will review a current status of the BNL and 
JEDI(Juelich) projects to search for EDMs at dedicated electrostatic ( +magnetic) 
rings based on the frozen longitudinal spin technique (the projected sensitivity 
up to seveal units of 10-29 e•cm), and the JEDI plans of the first direct search for 
pEDM and dEDM at COSY (Juelich) as is based on the spin resonance technique 
with radiofrequency flipper with radial electric field. In the latter case one hopes 
for a sensitivity ~ 10-24 e•cm, modest but still in the ballpark of theoretical 
predictions. 

In all cases a show stopper is the spin precession time which is bounded from 
above by the Spin Coherence Time (SCT) and I report on the recent theoreti­
cal and experimental progress in this subject. One recent exciting finding is the 
Orlov-Semertzides idea to run the resonance spin flipper in the Wien-filter mode, 
which does not excite the unwanted betatron oscillations. I explain why and how 
the EDM-transparent radiofrequency Wien-flipper paradoxically still produces 
the EDM signal. 

Some ideas on BNL and JEDI lattices will be reviewed. The opportune point 
is that much of the systematics of the pEDM, dEDM searches of direct rele­
vance to both BNL and JEDI projects can be studied with magnetic resonance 
spin flippers at COSY, and I will discuss some of the recent findings from active 
experimentation at COSY and the importance of running magnetic resonance 
flippers in the Wien-filter mode. 
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Measurements of Forward Jet Production in Polarized pp 
Collisions at ..js = 500 Ge V 

L. Nogach, for ANDY collaboration 
Institute of High Energy Physics, 1 Nauki square, Protvino, Moscow region 142281, 

e-mail: Larisa.N ogach@ihep.ru 

AN DY project at RIIIC has been proposed to measure the analyzing power for 
Drell-Yan production. Test runs took place during polarized proton operations of 
RHIC at vs= 500 GeV in 2011 and 2012 with a model of the ANDY apparatus 
in place. In total, an integrated luminosity of 9 pb-1 with beam polarization of 
~50% was sampled. The primary detector components were hadron calorime­
ter (HCal) that spanned the pseudorapidity interval 2.4 < 1J < 4.0 and small 
electromagnetic calorimeter (ECal). Basic goals for AN DY test running were to 
establish the impact of a third interaction region on RHIC performance and to 
demostrate HCal calibration. Energy scale of HCal was established using neu­
tral pion reconstruction and checked with hadronic response. In addition, data 
with a trigger based on HCal energy sum were taken to study jet events. First 
measurements of analyzing power in the forward jet production will be reported. 
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The helicity conservation hypothesis and 

p-p elastic scattering 

M.A. Chetvertkov", V.A. Chetvertkova•, M.B. Nurusheva•, S.B. Nurushev4·b, and 

A.V. Ridiger" 

•Federal state budget organization State center Interphysica Ministry of education and 

science, 31 Kashirskoe shosse, Moscow, 115409, Russia 

bState Research Center of Russian Federation - Institute for high energy Physics, Sq. : 

Nauki 1, Protvino, Moscow region, 142281, Russia (Sandibek.Nurushev@ihep.ru), · 

At the absence of the quantitative theory of strong interaction at the soft -t region.the 

purpose of experimentalists is to fulfill the complete set of experiments in order to 

reconstruct 5 complex pp-elastic scattering amplitudes directly from data_at the fixed s' and 

-t. Up to now such program was completed at PSI, LAMPF, SATURNE and ZGS for pp -

elastic scattering at momentum range between 1-6 GeV/c. With increasing energy such 

program becomes very challenging, since most of the measurements should be done with 

polarized beam and/or polarized target. The additional difficulty arises from necessity to 

make second scattering for measuring the spin tensors (for example, so called Wolfenstein 

parameters). For this reason one needs a new approach for untangling non zero 

observables. Such an approach may be based on the following factual knowledge. 

The recent experimental data show that at sufficiently high energies the several observables 

directly related to the single and double spin flip interactions in pp-elastic scattering tend to 

disappear with increasing energy. For example, at-t region [0.2-1] (Ge V/c)2 and momentum PL 

> 6 GeV/c polarizationdecreases fastly. At RHIC energy ✓s = 200 GeV the asymmetry AN and 

spin correlation parameters ANN and Ass become very small. Based on these and similar 

indications and on some theoretical models we assume that at the asymptotic energies the 

helicity conserving interaction ins-channel of elastic NN-scattering becomes paramount. 

Postulating that the helicity conservation hypothesis (HCH) i3.npaBCTBYi1:Te 

s the rule we analyze the pp elastic scattering at asymptotic energies and untangle the 

surviving polarization observables. Taking as the starting point the 59 spin observables 
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after applying the HCH we get 36 nonzero observables. The additional assumption about 

equality of two surviving non spin flip amplitudes leads to 27 non-zero observables. There 

are several relations between these observables further reducing their numbers to a few 

ones. Finally we should make measurements of several observables only in order to check 

the hypothesis and reconstruct the elements of scattering matrix. Some of these 

observables may be measured at the actually operating facilities while others require 

special experimental equipments. Being experimentally tested and proved the HCH might 

be used as the suggestive hint in selecting the spin parameters for measurements at high 

energy accelerators/colliders. 
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Measurement of longitudinal single spin asymmetry of W~ --+ µ,-:!:: 
at forward/backward rapidities with PHENIX at. , 

VS= 500 - 510 GeV polarized p+p collisions ·· 

Hideyuki Oide0 •b, and the PHENIX Collaboration 
a The University of Tokyo 

bRJKEN 

Polarization of sea quarks in the proton is one of the important ingredients to 
the proton spin structure to be explored experimentally for understanding the 
spin structure of the nucleon. The RHIC accelerator collides polarized protons 
at vs = 500 - 510 GeV which enables W/Z boson production. The longitu­
dinal single spin asymmetry of the cross section of W boson produced by the 
nature of parity-violating weak interaction is a probe to the sea quark polariza­
tion. The PHNIX Muon Arm covers the forward/backward rapidity range and 
measurement of spin asymmetry of w± --+ µ± at this rapidity range will re­
veal the complementary information of the sea quark polarization together with 
mid-rapidity measurements. 
The first data of 25 pb-1 for w± --+ µ± were acquired in the run in 2011 at 
vs = 500 Ge V collisions, with successfully upgraded muon trigger systems for 
observing this channel. In this talk, the first preliminary result of single spin 
asymmetry of w± --+ µ± with these data as well as the current status of runs in 
2012 will be presented. 

ll8. 

Single Spin Asymmetry Measurements in Polarized Proton 
Collisions at STAR 

Yuxi Pan1 for the STAR Collaboration 
University of California, Los Angeles . 

430 Portola Plaza, Los Angeles, CA 90095-1547 U.S.A 

Single spin asymmetries of particle hadroproduction and multi-particle correla­
tions are known to be sensitive to quark polarization and partonic orbital angular 
momentum in a transversely polarized proton. To date, models trying to explain 
the origin of the observed asymmetry generally fall into two categories: transverse 
momentum dependent factorization and higher twist effects in collinear scheme. 
Various observables have been proposed thereby to probe different characteristics 
of the spin structure of proton, as well as to examine the validity and connections 
of the aforementioned models. We will present the status of recent STAR mea­
surements on single spin asymmetries of hadron-jet correlations and di-hadron 
production at mid-rapidity in vs= 200GeV pp collisions in order to extract pro­
ton transversity. We will also give an update on the asymmetry measurements 
at forward rapidity (2.6 < 77 < 4) for inclusive 1r

0 and 77 meson production in 
,Is= 500GeV pp collisions with pT coverage from Oto 10 GeV /c. 

1ernail address: yuxipan@physics.ucla.edu 
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Distinguishing Indirect Signatures of New Physics at the ILC with 

Polarized Beams: Z' Versus Anomalous Trilinear Gauge Couplings 

A.A. Pankov 

A. Salam ICTP Affiliated Centre, Technical University of Gome/, 

October Ave. 48, Gome!, 246746 Belarus (pankov@ictp.it) 

New heavy neutral gauge bosons Z' are predicted by many models of physics beyond the 

Standard Model. It is quite possible that Z's are heavy enough to lie beyond the discovery 

reach of the CERN Large Hadron Collider LHC, in which case only indirect signatures_of 

Z' exchanges may emerge at future colliders, through deviations of the measured cross 
. ' . 

sections from the Standard Model predictions. We discuss in this context the foreseeable 

sensitivity to· Z's of W" -pair production cross sections at the e+e• International Linear 

Collider (ILC), especially as regards the potential of distinguishing observable effects of 

the Z' from analogous ones due to competitor models with anomalous trilinear gauge 

couplings that can lead to the same or similar new physics experimental signatures at the 

ILC [l]. The sensitivity of the ILC for probing the Z-Z' mixing and its capability to 

distinguish these two new physics scenarios is substantially enhanced when the 

polarization of the initial beams and the produced W"bosons are considered. 

References 

l.V.V. Andreev, G. Moortgat-Pick, P. Osland, A.A. Pankov and N. Paver, 

preprint DESY-12-016, CERN-PH-TH-2012-077, May 2012, 33 pp., arXiv:1205.0866 [hep­
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Intraarticulation disorders in temporomandibular joint 
dysfunction patients 

V.D. Panteleeva1, E.M. Roschcina, and S.V. Panteleev0 

arver State Medical Acadrmy, Sovetskaya str.4, Tver, Russia, 170000 
( profpanteleev@dep. tver. ru) 

Magnetic resonance image of temporomandibular joint (TMJ} provides images 
of condylar and disc and there position. It is impossible in X-ray pictures. This 
images are very important in diagnosis and treatment planning in TMG dis­
function patients[l,2]. Thirty-one patients with TMJ dysfunction were selected 
with intraarticular pain symptom. All subjects had bilateral magnetic resonance 
imaging scans. Twenty-one had displacement of the disc and condylar. Changes 
were found in condylar bone morphology: 16 had osteophytes and erosion, at 
21 deformation of the condylar. At three patients were found symptoms of disc 
fragmentation. 

References 
1. A.M.Whyte, D.McNamara. I.Rosenberg, and A.W.Whyte. Magnetic reso­

nance imaging in the avaluation of temporomandibular joint disc displacement­
a review of 144 cases. Int. J. Oral Maxillofac. Surg. 2006, 35,696-703. 

2. M. Wang, H. Cao, Y.Ge, and S.E.Widmalm Magnetic resonance imaging 
on TMJ disc thickness TMD patints: A pilot study. J.Prosthet.Dent. 2009, 
102. lss.2, 89-93. 

1Dr.Sc.Med. Prof., Head of Propedeutic Stomatilogy, Tver State Medical Academy 
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Study of TMDs with polarized beam and/or targets at HERMES 

L.L. Pappalardo0 (on behalf of the HERMES Collaboration) 
a University of Ferrara - INFN-Ferrara, Polo Scientifico Tecnologico - Edificio C 

Via Saragat 1, 44122 Ferrara {Italy) 
( pappalardo@fe. infn. it) 

For a long time, transverse-spin effects in hard processes have been considered 
to be negligibly small. It took a while until it was realized that theory allows 
for unsuppressed transverse polarization effects in the nucleon. In particular, it 
was recognized that the leading-twist collinear transversity distribution function 
contributes substantially to single transverse-spin asymmetries in Semi-Inclusive 
DIS (SIDIS) through_ the so-called Collins mechanism [1]. When the intrinsic 
transverse momentum PT of the quarks is not integrated over, several new (trans­
verse momentum dependent) parton distribution functions (TMDs) are needed 
for a complete description of the (non-collinear) structure of the nucleon: The 
quark transverse momentum couples naturally with the quark or the nucleon 
spin (spin-orbit correlations), resulting in a variety of azimuthal asymmetries 
measurable in SIDIS. In the last decade TMDs have been recognized as crucial 
ingredients for a complete understanding of the nucleon structure as they allow 
for a 3-dimensional description of the nucleon (nucleon tomography) in momen­
tum space, and could provide insights into the yet unmeasured quark orbital 
angular momentum. Noteworthy, the interpretation of hard processes in terms 
of TMDs has been put on a solid basis by the proof of a non-.collinear factoriza­
tion theorem for SIDIS and Drell-Yan [2]. At leading twist eight TMDs enter the 
SIDIS cross section in conjunction with a fragmentation function (FF) [3]. Among 
them, particularly interesting is the Sivers function f&(x,p}) [4], describing the 
correlation between the quark transverse momentum and the nucleon transverse 
polarization. It is indirectly related to the quark orbital angular momentum and, 
similarly to the Collins mechanism, causes measurable azimuthal asymmetries in 
the direction of the final state hadrons (Sivers effect). Another intriguing TMD 
is the so-called worm-gear gf-r(x, p}) [5] function, describing the probability to 
find longitudinally polarized quarks within a transversely polarized nucleon. It 
can be accessed in SIDIS in ALT double-spin asymmetries, requiring the joint 
use of a longitudinally polarized beam and a transversely polarized target. In 
the last years, many transverse-spin and transverse-momentum effects have been 
measured by the HERMES experiment. An overview of the most recent results 
obtained with the use of a polarized hydrogen target is presented. 

References 
1. J. C. Collins, Nucl. Phys. B396, 161 (1993). 
2. X.-d. Ji, J.-P. Ma, and F. Yuan, Phys. Lett. B597, 299 (2004). 
3. A. Bacchetta et al., JHEP 02, 093 (2007). 
4. D. W. Sivers, Phys. Rev. D41, 83 (1990). 
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The TMD program at CLAS and CLAS12 

L.L. Pappalardo0 (on behalf of the CLAS/CLAS12 Collaboration) 
a University of Ferrara - INFN-Ferrara, Polo Scientifico Tecnologico - Edificio C 

Via Saragat 1, 44122 Ferrara (Italy) 
( pappalardo@f e. infn. it) 

In recent years, Transverse Momentum Dependent parton distribution functions 
(TMDs) are being recognized as crucial ingredients for a complete understand­
ing of the nucleon (non-collinear) structure. Describing correlations between the 
quark or the nucleon spin with the quark transverse momentum (i.e. spin-orbit 
correlations), TMDs allow for a 3-dimensional description of the nucleon struc­
ture in momentum space (nucleon tomography) and could provide insights into 
the yet unmeasured quark orbital angular momentum. Noteworthy, the interpre­
tation of hard processes in terms of TMDs has been put on a solid basis by the 
proof of a non-collinear factorization theorem for Semi Inclusive Deep Inelastic 
Scattering (SIDIS) and Drell-Yan processes [1]. At leading-twist, eight TMDs 
contribute to the SIDIS cross-section in conjunction with a fragmentation func­
tion [2]. The CEBAF Large Acceptance Spectrometer (CLAS) [3] installed in the 
Hall-B of JLab, with its large acceptance, is particularly suitable for the recon­
struction of final states hadrons, allowing the investigation of the SIDIS process 
in a wide kinematic range. At CLAS, TMDs are probed through the measure­
ment of specific azimuthal modulations of the SIDIS cross-section using a 6 GeV 
polarized electron beam and unpolarized or longitudinally polarized N H3 and 
N D

3 
targets. An overview of the main CLAS results and their interpretation 

in terms of TMDs will be presented. In the 12 GeV era of JLab, high precision 
SIDIS data will be collected allowing a detailed study of TMDs in the valence 
region, i.e. in a kinematic domain (large-x) complementary to that exploited 
by the HERMES and COMPASS experiments. Several approved TMDs-related 
measurements will be performed with the CLAS12 apparatus [4], evolution of the 
CLAS spectrometer for the 12 GeV upgrade of the accelerator facility. Studies 
of TMDs at CLAS12 will benefit from a unique combination of wide kinematic 
coverage, high luminosity, high polarization and advanced detection capabilities, 
including a very good hadron identification. Projected results for single-hadron 
and di-hadron azimuthal single-spin asymmetries as well as for single-hadron 
double-spin asymmetries will be reported for various combinations of target and 
beam polarization and for various hadron types. 
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Timelike Compton Scattering at JLab 

R.Paremuzyana,b, for the CLAS collaboration 
a Institut de Physique Nucleaire, 15 rue Georges Clemenceau 91406 - ORSAY Cedex -

FRANCE {mfopar@jlab.org} 
b Yerevan Physics Institute, 2 Alikhanyan Brothers St., Yerevan 0036, Armenia. 

A broad program for studying the quark and gluon structure of hadrons, and 
in particular, probing nucleon structure using deeply virtual exclusive reactions 
and the formalism of Generalized Parton Distributions (GPDs) is underway at 
Jefferson Lab. Deeply Virtual Compton Scattering (DVCS), ep ➔ en, has been 
the focus of interest as it provides the cleanest tool for accessing the quark GPDs 
of the nucleon. Time-like DVCS, also known as Time-like Compton Scattering 
(TCS), is the inverse process to space-like DVCS and is studied through the pho­
toproduction of lepton pairs (l-z+). TCS can be an effective tool for studying 
the real part of the Compton amplitude. Combining space-like and time-like data 
thus offers additional constraints on the GPDs. Studies of lepton pair production 
are started at Jefferson Lab using 6 GeV CLAS data. In this report, preliminary 
results on angular asymmetries in TCS using CLAS 6-GeV electroproduction 
data will be presented. Recently a proposal for studying TCS and J /if! photo­
production using upgraded CEBAF machine and CLAS12 detector is approved 
by JLab Program Advisory Committee (PAC). The CEBAF 12 GeV upgrade 
will make it possible to reach di-lepton invariant masses· of up to 3.4 GeV. This 
will allow to study TCS in the range of outgoing photon virtualities ( Q'2) from 
4 GeV2 to 9 GeV2 (above the light quark meson resonances and below charm 
threshold), and access the nucleon's gluonic structure at large x through J /if! 
photo- and electroproduction. 

124 

Transverse spin asymmetries beyond Collins and Sivers at 
COMPASS 

B. Parsamyan a,b 

a Dipartimento di Fisica Genemle, Universita di Torino, Torino, Italy 
b INFN, Sezione di Torino, Via P. Giuria 1, I-10125 Torino, Italy, 

(bakur.parsamyan@cern.ch} 

COMPASS is a fixed-target high energy physics experiment at the SPS at CERN 
[1]. One of the important objectives of the experiment is the exploration of the 
transverse spin structure of the nucleon via azimuthal asymmetries arising in 
the cross-section of deep inelastic scattering of polarized leptons off transversely 
polarized target nucleons. For this purpose a series of measurements have per­
formed in COMPASS using a 160 GeV /c longitudinally polarized muon beam and 
transversely polarized 6 LiD-deuteron (in 2002, 2003 and 2004) and N H3-proton 
(in 2007 and 2010) targets. 
Results obtained so far by the collaboration for the Collins and Sivers asymmetries 
play an important role in the general understanding of the three-dimensional na­
ture of the nucleon in terms of Transverse Momentum Dependent (TMD) parton 
distribution functions (PDFs) and fragmentation functions (FFs). For instance, 
measurements done by COMPASS and HERMES experiments together with the 
BELLE experimental data allowed a first extraction of the transversity and Sivers 
TMD DFs and Collins FF. 
In addition to these two measured leading-twist effects the SIDIS cross-section 
counts six more azimuthal effects, which have their own well defined leading order 
or higher-twist interpretation in terms of QCD parton model. Here are presented 
the preliminary results for these new asymmetries, obtained from COMPASS 
transverse deuteron and proton data. 

References 
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The Form Factors of the Nucleons 

C.F. Perdrisat a 

athe College of William and Mary, Williamsburg, VA 23187, USA 

There has been much activity in the measurement of the elastic electromagnetic 
proton and neutron form factors in the last decade, and the quality of the data 
has been greatly improved by performing double-polarization experiments, in 
comparison with with previous unpolarized cross section data. Here we will re­
view the experimental data base in view of the new results for the proton and 
the neutron, obtained at MIT-Bates, JLab and MAMI. The rapid evolution of 
phenomenological models triggered by these highprecision experiments will be 
discussed. In particular, the possibility that the proton is non-spherical in its 
ground state, and that the transverse charge density are model independently 
defined in the infinite momentum frame. Likewise, flavor decomposition of the 
nucleon form factors into dressed u and d quark form factors, may give informa­
tion about the quark-diquark structure of the nucleon. The current proton radius 
crisis will also be discussed. 
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Approximation of Jet Axis in Rapidity Separated Dihadron Correlations 

J.P. Perry", and the PHENIX Collaboration 

•Jowa State University 

The jet axis approximation method of particle track analysis presented here is an attempt 

to gain forward jet information in a novel way in the pseudorapidity range of 3.1 to 3.65 

using the current PHENIX detector. Knowledge of the forward jet axis direction would 

allow for a measurement of the Collins effect at PHENlX which is not accessible with a 

purely central jet analysis due to small transversity at Bjorken x values sampled in the 

central region. This would be the first measurement of the Collins effect at forward 

rapidities at a polarized proton-proton collider. It is known that TMD factorization in 

general is broken in p+p collisions. A comparison between measurements at RHIC and 

those from SIDIS experiments will help quantify the magnitude of factorization breaking 

effects in transversely polarized p+p collisions. 
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The Polarized Target for the GEp and !h Experiments at 
Jefferson Lab 

J. Pierce0
, and J. Maxwell be 

0 Jefferson Lab, 12000 Jefferson Ave, Newport News, VA 23606 (jpierce@jlab.org) 
b University of New Hampshire, Durham, NH, 03824 

cMassachusetts Institute of Technology, Cambridge, MA, 02139-4307 

Solid polarized targets have been an important part of the physics program at Jef­
ferson Lab, used in experiments to measure the spin structure of the nucleons as 
well as the electro-magnetic structure functions. Recently, two experiments were 
concluded in Hall A which utilized a solid, polarized hydrogen target. These 
experiments, which ran concurrently, were a measurement of the !h structure 
function and a measurement of the proton electric form factor G Ep· The experi­
ments presented new challenges to the traditional solid target design. Logistical 
factors associated with switching back and forth between the two experiments 
rapidly and the special kinematic requirements of the experiments required 'an 
update to the standard Jefferson Lab polarized target, used in Hall C and pre­
viously at SLAC. The update to the target also addressed performance issues, 
especially at the lower than normal target magnetic fields needed for the !h ex­
periment. The results of these upgrades will be discussed, as will the overall 
target performance. 

128 

probing TMDs through azimuthal distributions of pions inside a 
jet in hadronic collisions 

U. D'Alesioa,b, F. Murgia\ and C. Pisanob 
a Dipartimento di Fisica, Universitd di Cagliari, Cittadella Universitaria 

I-09042 Monserrato (CA}, Italy 
b Istituto Nazionale di Fisica Nucleare, Sezione di Cagliari, C.P. 170 

I-09042 Monserrato {CA}, Italy 
( cristian. pisano@ca. infn. it} 

Within the framework of the so-called generalized parton model, which includes 
spin and intrinsic parton motion effects, assuming the validity of factorization for 
large-PT jet production in hadronic collisions, we study the azimuthal distribution 
around the jet axis of leading pions produced in the jet fragmentation process. We 
identify the observable leading-twist azimuthal asymmetries, which are generated 
by all the physically allowed combinations of transverse momentum dependent 
(TMD) parton distribution and fragmentation functions (1]. In particular, we 
show how one can isolate the Collins and Sivers contributions and, adopting 
available information on the quark Sivers function, on the quark transversity 
distribution and on the Collins function, we provide estimates for these azimuthal 
asymmetries in kinematical configurations presently investigated at RHIC by the 
STAR Collaboration, for both central (2] and forward (3] rapidities. Finally, we 
suggest a test of the process dependence of the Sivers function by considering the 
effects of color-gauge invariant initial and final state interactions (4]. 
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Measurement of analyzing power for the reaction 
P + CH2 at polarized proton momentum of 7.5 GeV/c 

(ALPOM2 proposal) 

V.P. Balandin•, A.E. Baskakov", S.N. Basilev", E. Brash0 ,Yu.P. Bushuev", O.P. 
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S.A. Movchan•, J. Musinsky",. L. Pentche0, C.F. Perdrisat\ N.M, Piskunor, 
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•Joint Institute for Nuclear Research, 141980 Dubna, Moscow region, Russia 
(piskunov@jinr.ru) 

bthe College of William and Mary, Williamsburg, VA 23187, USA 
'Norfolk State University, Norfolk, VA 23504, USA 

d77zomas Jefferson National Accelerator Facility, Newport News, VA 23606, USA . 
•Christopher Newport University and TJNAF 

1University of PJ. Safarik, Jesenna. 5, SK-04154 Kosice, Slovak Republic 
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A measurement of the angular distribution of the analyzing power of the semi­
inclusive reaction (pol)p+cH2 to as high momentum as possible, is of the greatest interest and 
necessary for future experiments; a measurement at a proton momentum of7.5 GeV/c will be 
most valuable. ' 

With increasing energy the probability that all the particles of the final state are 
detected increases; it depends on particularities of the detector, like angular resolution, ability 
to select the leading particle, ability to reconstruct multi-particle events and so on. The largest 
analyzing power is obtained when the selected particle has the smallest scattering angle and 
the largest energy; this particle is then more likely to be the scattered incident particle. 

The polarimeter ALPOM is constituted by two 12xl2.5 cm2 (25x25 cm2
) drift 

chambers positioned before (after) the CH2 target of dimensions 30x30x51.6cm3
• An angular 

resolution better than 0.4 mrad can be obtained adding a plane of drift tubes. Scintillators 
placed upstream give the time signal. 

Here we propose to improve the polarimeter response by adding a hadron calorimeter 
to the ALPOM setup. This hadron calorimeter, which will be located downstream from the 
polarimeter, will consist of 25 of the individual "bars" built 20 years ago in Dubna, and 
subsequently used in COMPASS at CERN. 

The measurements are planned in next future, when the polarized deuteron source 
brought from Indiana will be operative at the VBLHEP accelerator complex. It will allow 
producing polarized proton beams by deuteron breakup. The measurement will be preceded 
by beam tests with unpolarized protons. 
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On QCD effects in precision analysis of angular observables of 
the process B ➔ K•z+z-

A.A. Pivovarov 
Institute for Nuclear Research, RAS, Moscow 117312, (aapiv@ms2.inr.ac.ru} 

The LHCb experiment is now measuring a plenty of angular observables in the 
decay B ➔ K* ll. In case of finding any deviation from the SM predictions - which 
is the hope and ultimate goal of every LHC experiments - these observables can 
provide a clue to the spin structure of new physics beyond the SM. The clear 
statement about the certain evidence of new physics requires high quality of 
experimental data and also very accurate predictions within the SM. In my talk 
the current theoretical precision of computation of some angular observables in 
the decay B ➔ K* ll is discussed. The theoretical precision is mainly limited 
by the necessity to compute hadronic matrix elements within QCD. I discuss in 
detail the contributions of soft gluons to the appropriate hadronic amplitudes 
and their influence on the uncertainty of SM predictions. 

References 
1. LHCb Collaboration (R Aaij (NIKHEF, Amsterdam) et al.) Phys. Rev. 

Lett. 108, 181806 {2012) 
2. A. Khodjamirian, T. Mannel, A. A. Pivovarov and Y. -M. Wang, JHEP 

1009, 089 {2010) 

131 



'lMeasurements of Cross Section for High-pt Hadron Production 
in Muon-Deuteron Collisions at vs= 17 GeV 

:l' 

S. Platchkov°, on behalf of the COMPASS Collaboration at CERN 
0
JRFU/SPhN, CEA Saclay, Gif-sur-Yvette, Fronce 

(S.Platchkov@cea.fr) 

,,Differential cross-sections for semi-inclusive production of charged hadrons at a 
,,center-of-mass energy vs= 17 GeVwere measured by the COMPASS experiment 
Att CERN. The data, collected at the photo-production limit, Q2 < 0.1 (GeV /c)2, 

·11are presented in bins of pseudo-rapidity, from -0.1 to 2.4, and cover the hadron 
;l,transverse momentum interval between 1 GeV /c and 3.5 GeV /c. The data are 
f'.pompared to a recent next-to-leading order (NLO) QCD calculation. While,the 
!)(all-off of the calculated cross section is in good agreement with the measured 
n~lope, its overall normalization clearly under-predicts the data, by a factor_ of 
,,Jliree to four. The observed disagreement indicates that terms beyond NLO in 

the QCD framework may significantly contribute to this process. The dependence 
of the cross section to the pseudo-rapidity and to the charge of the hadrons is 
also discussed. 
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Density matrix in technique of polarized ion sources 

I.V. Gapienko, Yu.A. Plisa 
Joint Institute for Nuclear Research, Dubna, Russia 

a E-mail: plis@nusun.jinr.ru 

The use of the density matrix is the most direct way to work with polarization 
parameters. The solutions of the equation for the density matrix are obtained 
for hydrogen and deuterium. The magnetic moments of nuclei are explicitly 
incorporated into the equations, even though numerically it does not make a big 
difference. We discuss the possible advantage of this method compared with the 
traditional one [1] . 
The spin-dependent part of the Hamiltonian for hydrogen atoms is given by 

• ( ) - -( ) - B-( ) 6. Wp - -H t = -µecreB t - µpap t + -
4

-ae<Tp, 

with 6.Wp = 1420 MHz, µp = 1.411 x 10-26 J/T. 

For deuterium atoms: 

• - - - 6.Wd -
H(t) = -µeiieB(t) - µJSJB(t) + -

3
-iJ,,Sd, 

with 6.Wd = 327 MHz, µd = 0.433 x 10-25 J/T, 
and for electrons: µe = -928.5 x 10-25 J/T. 

As usual, the density matrix is evolved according to the equation: 

ihd~~t) = [H(t),p(t)]. 

(1) 

(2) 

(3) 

It is shown that in the general case the density matrix can not be reduced to the 
one with the only spin variables of the nucleus in contradiction with the statement 
of K. Blum [2] (eq. 3.2.6). 
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Studies of basic limitations on production, transport and acceleration of 

the high intensity polarized H" beam in the RHIC polarized ion source 

F.S. Podolyako•, I.A. Sorokin•, I.V. Vizgalov•,A. Zelenskib, G.Atoianb, V. Klenovb, 

D.RapariabandJ.Ritterb 

• NRNU MEPhl, Kashirskoye shosse 31, Moscow, 115409, Russian Federation 
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zelenski@bnl.gov 

Basic limitations on the high-intensity H· ion beam production were 

experimentally studied in charge-exchange collisions of the neutral atomic hydrogen beam 

in the Na-vapor jet electron capture cell. These studies are the part of the polarized source 

upgrade project for RIIIC (up to 10 mA peak current and 85% polarization). The expected 

manifold rise of polarized protons output in the upgraded scheme of OPPIS [l] will be 

achieved due to geometrical focusing of the atomic hydrogen beam ofa 4-8 keV energies 

and very high equivalent current up to 4 A at the axis of superconductive solenoid with 

field of 3T. This new scheme allows us to study the conversion of very high density H0 

beams into H" in Na-vapor jet cell. The experiments have revealed the limitation for the 

output current density of negative ions at a level significantly lower than the expected 

value for the electron capture at the sodium equilibrium target. The limitation becomes 

stronger with the decreasing of the beam energy (3-4 keV). The experimental results show 

that the limitation mechanism is connected with the influence of beam space charge and 

beam induced instabilities during its interactionwith background plasma. To overcome the 

space charge limitation it's necessary to compensate the negative space charge. The 

compensation should be done rapidly because of pulsed character of the source regime. 

Xe, because of its chemical inactivity, large mass, rather low ionization potential, and high 

ionization cross-section, is supposed to be one of the most convenient substances for the 

gas compensation of the negative ion beam space charge. The required concentration of 

injected Xe increases with the decrease of beam energy. It has been found that in the 

working energy range of OPPIS the injection of Xe gas into sodium vapor jet permits to 
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overcome basic limitations of beam divergence under its space charge and to suppresses 

the most savior beam instabilities. 
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Status of Polarized Electron Beams at Jefferson Lab 

Matthew Poelker• 

• Thomas Jefferson National Accelerator Facility (Jefferson Lab), 12000 Jefferson 

Avenue, Newport News, Virginia 23606, (poe!kc1u1)!ah.on;) 

This submission provides an update on research activities at Jefferson Lab devoted to 

improving the performance of DC high-voltage GaAs photoguns. These activities 

improve the physics reach at the Continuous Electron Beam Accelerator Facility, and 

support new accelerator initiatives like the Electron-Ion Collider that will rely on electron 

sources with capabilities beyond today's state-of-the-art. Recent efforts at Jefferson Lab 

have focused on meeting the demands of parity-violating electron scattering experiments, 

conducting experiments at high average current to clearly identify lifetime-limiting 

mechanisms, improving vacuum, operating the photogun at significantly higher voltage 

(200+ kV) and using a spin-polarized electron beam at 8 MeV to produce spin polarized 

positrons. 
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Recent results and achievements with CLAS 

S.L. Procureur" 

• !RFU/Service de Physique Nucleaire, CEA, Centre de Saclay 

(Sebastien.Procureur@ceafr) 

An overview of the recent results obtained by the CLAS collaboration at the Jefferson 

Laboratory will be presented. Special emphasis will be placed on the study of GPDs and 

rMDs, which can be accessed through measurements in exclusive and semi-inclusive DIS 

respectively. 
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QCD and SPIN Effects 

Alexei Prokudin• 

•Jefferson Lab, 2000 Jefferson Avenue, 23606 Newport News VA, USA 

prokudin@jlab.org 

I will review recent progress in understanding SPIN phenomena in the 

framework ofQCD. Progress in derivation ofQCD evolution of non collinear parton' 

distributions, TMDs and multy-parton correlations will be also reviewed. 

Phenomenological results and impact of future experimental facilities will be presented. 
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Calculation of spin resonance harmonics in an accelerator with Snakes 
and rotators 

V.I. Ptitsyna. N. Khalila,b 

a Brookhaven National Laboratory, Upton, NY 11973, United States 

b Stony Brook University, Stony Brook, NY 11794, United States 

The calculation of resonance st1ength by DEPOL code assumes an accelerator with 
vertical magnet field on the design orbit. In this work, the ASPIRRIN code has been 
extended to provide the calculation of resonance harmonics for the case of machine with 
Siberian Snakes and spin rotators. The resonance harmonic calculations for different cases 
of RHIC accelerator configuration are shown and discussed, including the case of the 
configuration with more than two Snakes per RHIC ring. 
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Proton Form Factor Measurements at Jefferson Lab, Past and 
Future 

Vina Punjabi 
Norfolk State University, Norfolk, Viryinia 23504, USA 

{punjabi@jlab.ory) 

The increasingly common use of the double-polarization technique to measure 
the nucleon form factors, in the last 15 years, has resulted in a dramatic im­
provement of the quality of all four nucleon electromagnetic form factors, Ge;, 
G Mp, G En and G Mn• It has also completely changed our understanding ofthe 
proton structure, having resulted in a distinctly different Q2- dependence for Gep 
and G Mp, contradicting the prevailing wisdom of the 1990's based on cross sec­
tion measurements and the Rosenbluth separation method, namely that Gep and 
GMp obey a "scaling" relation µGep ~ GMp• A direct consequence of the faster 
decrease of G Ep revealed by the Jefferson Lab ( JLab) polarization results was the 
disappearance of the early scaling F2 / F1 ~ 1/Q2 predicted by perturbative QCD. 

In two earlier experiments, GEp(l) and GEp(2), in Hall A at JLab, the ratio of 
the proton's electromagnetic elastic form factors, Gep/GMp, was measured up to 
four momentum transfer Q2 of 3.5 GeV2 and 5.6 GeV2 , respectively, with high 
precision using the recoil polarization technique. The discovery that the proton 
form factor ratio measured in these two experiments decreases approximately lin­
early with four-momentum transfer, Q2 , for values above~ 1 GeV2 , is one of the 
most striking results to come out of JLab. 

A third experiment, GEp(3), was done in Hall C at JLab. It extended the Q2 

range to 8.54 GeV2
• The interesting feature of the results from GEp(3) is that 

the linearly decreasing trend observed in the data from GEp(l) and GEp(2) ex­
periments appears to be slowing down. 

There is an approved experiment, GEp(5), to continue these measurements to 15 
GeV

2
• A dedicated experimental setup, the super bigbite spectrometer (SBS), 

will be built for this purpose. It will be equipped with a focal plane polarimeter 
to measure the polarization of the recoil protons. The scattered electrons will be 
detected in an electromagnetic calorimeter. 

In this presentation, I will review the status of the proton elastic electromagnetic· 
form factors and discuss a number of theoretical approaches to describe these 
form factors. 
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Polarised Drell-Yan measurements at COMPASS-II 

M. Quaresma0 

a LIP - Laborot6rio de InstrumentafaO e Fisica Experimental de Part{culas, Av. Elias 
Garcia, n° 14 JD Andar, 1000-149 Lisboa, marcia@lip.pt 

The spin structure of the nucleon including the Parton Distribution Functions 
(PDFs) is an important subject studied by the COMPASS experiment at CERN. 
The transverse momentum dependent parton distribution functions (TMD PDFs) 
of the proton and deuteron from Semi-Inclusive Deep Inelastic Scattering (SID IS) 
have been studied so far. The Drell-Yan (DY) process is a complementary way 
to access the TMD PDFs, using a transversely polarised target. Studying the 
angular distributions of dimuons from the DY events produced in the collisions 
of a negative pion beam with 190 GeV /c momentum off a transversely polarised 
proton target (NHa) we are able to extract the azimuthal spin asymmetries, each 
containing a convolution of two PDFs, one from the target quark and one from 
the beam anti-quark. Disentangling these two PDFs we can access four of the 
eight TMD PDFs needed to describe the nucleon structure at leading order QCD, 
like the Sivers and the Boer-Mulders functions. The opportunity to study, in the 
same experiment, the TMD PDFs from both SIDIS and DY processes is unique 
at COMPASS. The expected sign change in Sivers and Boer-Mulders functions 
when accessed by DY and SIDIS will be checked [1,2]. The COMPASS II Proposal 
[3] was approved by CERN for a first period of three years including one year 
for polarised DY; the DY data taking is scheduled for 2014 and maybe it can be 
resumed for one more year in 2017. The feasibility of the measurement was proven 
by several beam tests done so far, The last one was performed in 2009, using a 
hadron absorber prototype downstream of the target and a high intensity pion 
beam, to understand the absorber and spectrometer response, radiation doses, 
and also to check our Monte-Carlo simulations. COMPASS aims to perform the 
first polarised DY experiment in the world. 
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Spin physics at A Fixed-Target ExpeRiment at the LHC 
(AFTER@LHC) 
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We report on the spin physics at a future multi-purpose fixed-target experiment 
with the proton or lead ion LHC beams extracted by a bent crystal. The LHC 
multi-TeV beams allow for the most energetic fixed-target experiments ever per­
formed, with P'P, pd and pA collisions at JsNN ~ 115 GeV and PbA collisions at• 
JsNN ~ 72GeV [1,2,3]. AFTER - for A Fixed-Target ExperRiment - gives ac­
cess to new domains of particle and nuclear physics complementing that of collider 
experiments, in particular that of RHIC and the projects of electron-ion colliders. 
The luminosity achievable with AFTER using typical targets surpasses that of 
RHIC by more that 3 orders of magnitude. The polarisation of hydrogen and 
nuclear targets allows for an ambitious spin program, including measurements 
of the QCD lensing effects which underlie the Sivers single-spin asymmetry, the 
study of transversity distributions and possibly of polarized parton distributions. 
The fixed-target mode also has the advantage to allow for measurements in the 
target region, namely at large x t. 
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Search for permanent Electric Dipole Moments of light ions 
(p, d, 3He) in storage rings 

Frank Rathmanna on behalf of the srEDM and JEDI collaborations 
a Institut fiir Kernphysik, Forschungszentrum Jiilich 52425 Jiilich, Germany 

email: f .ratbmann©fz-juelich.de 

The Standard Model (SM) of Particle Physics fails to explain the reason. for 
our very existence since it is not capable to account for the apparent matter­
antimatter asymmetry of our Universe. Physics beyond the SM is required and is 
searched for by (i) employing highest energies (e.g., at LHC), and (ii} striving for 
ultimate precision and sensitivity ( e.g., in the search for electric dipole moments 
(EDMs)). Permanent EDMs of particles violate both time reversal (T) and parity 
(P) invariance, and are via the CPT-theorem also GP-violating. Finding an 
EDM would be a strong indication for physics beyond the SM, and pushing upper 
limits further provides crucial tests for any corresponding theoretical model, e.g., 
SUSY. For about half a century, neutron EDM (nEDM) measurements at many 
laboratories worldwide are trying to extend the already impressive experimental 
limits even further. Searches for EDMs of the proton, the deuteron, and of 
heavier nuclei bear the potential to reach even higher levels of sensitivity ( ~ 10-

29 

e•cm). Since it is essential to perform EDM measurements on different targets 
in order to unfold the underlying physics, pEDM and dEDM searches are must­
do experiments. EDM experiments with charged particles are only possible at 
storage rings. In the ultimate experiment with a sensitivity beyond ~ 10-

29 
e•cm, 

the EDM signal would be the vertical polarization produced by the EDM-induced 
precession of the frozen horizontal spin in a permanent radial electric field of a 
dedicated electric storage ring. For an all electric storage ring for protons, this 
goal is pursued by the srEDM collaboration based in the USA, while the newly 
found Jiilich-based JEDI collaboration is pursuing an approach that shall employ 
eventually a combined electric-magnetic lattice which will allow access to protons, 
deuterons, and 3He ions. 
As an intermediate step, a first direct measurement of the EDMs of protons and 
deuterons at ~ 10-24 e-cm sensitivity level will be carried out in the conventional 
magnetic storage ring COSY of Forschungszentrum Jiilich. Here the EDM signal 
would be the horizontal polarization produced by the EDM-induced precession 
of the frozen vertical spin in a radio-frequency electric flipper with horizontal 
electric field. Apart from providing the first direct access to pEDM and dEDM, 
literally all the outstanding technological and instrumental challenges for the pro­
posed studies at COSY constitute groundbreaking work for the next generation 
of dedicated electric storage rings. The research environment at Jiilich coupled 
to the strong experienced groups of scientists and engineers from Jiilich, RWTH­
Aachen, BNL, and other major institutions from around the world, provides an 
ideal starting point, and constitutes on a world-wide scale, the optimal basis for 
one of the most spectacular possibilities in modern science: Finding a signal for 
new physics beyond the Standard Model through the detection of permanent 
electric dipole moments in a storage ring. 
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Study of Heavy Hyperons Production in DIS at COMPASS 

N.Rossiyskayaa On behalf of the COMPASS Collaboration 
a Joint Institute for Nuclear Research, Dubna, Russia {Natalia.Rossiyskaya©cern.ch) 

The yields of heavy hyperons and antihyperons have been studied in deep in­
elastic scattering at the COMPASS experiment at CERN. About 3.1 x 108 DIS 
events were collected in 2003-2004 data taking runs using a 160 GeV polarised. 
muon bea~ scattered _off a large polarised 6Li!) target. Signals from E+(1385), 
E-(1385), E-(1385), E+(1385), s-(1321) and s+(1321) decays were reconstructed. 
The ratios of E± / A, f;± / li.., 3- / A and 3+ / li.. were determined. The measured 
yields were used to tune the parameters of the LEPTO generator simulating the 
DIS events. Comparison with the yields of the heavy hyperons in the low Q2 

region was done. 
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Neutron interference effects on a rotating earth 

Lewis Ryder 

Kent University, Canterbury, UK 

It has been known for many years that neutron interference experiments are sensitive 
to the earth's gravitational field, and also to its rotation ('neutron Sagnac effect'). 
These effects are shown to follow from the Kerr space-time metric, using a 
geometric argument which has parallels with the Bohm-Aharonov effect. 
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Unpolarized azimuthal asymmetries in SIDIS at COMPASS 

G. Sbrizzai0 

a Trieste University and INFN, giulio.sbrizzai@ts.infn.it 

The study of the spin structure of the nucleon and of the effects due to the quarks 
transverse momentum are part of the scientific program of COMPASS, a fixed 
target experiment at the CERN SPS. The azimuthal modulations which appear 
in the cross-section of SIDIS off unpolarised targets give insight on the intrin­
sic momentum structure of the nucleon and on the possible correlation between 
transverse spin and transverse momentum of the quarks. We present the results 
for the amplitudes of the cos(¢), cos(2¢>), and sin(¢) modulatuions (where¢> is 
the azimuthal hadron angle in the gamma-nucleon system) obtained from the 
COMPASS data collected with a 160 GeV /c positive muon beam impinging on 
a deuteron target. The amplitudes are measured for both positive and negative 
hadrons, and the results on the dependence of the relevant kinematical variables 
obtained after a multi dimensional analysis are also presented. 
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Overview of recent results from the HERMES experiment 
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48080 Bilbao, Spain and IKERBASQUE, Basque Foundation for Science, 48011 Bilbao, 
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HERMES has taken a wealth of deep-inelastic scattering (DIS) data using the 
27.6 GeV polarized lepton beam at HERA and various pure gas targets, both un­
polarized and polarized, which opened the door to several unique results. Among 
them are the first evidences for the naive-T-odd Sivers and Collins effects but 
also the recent first measurements of azimuthal modulations in the unpolarized 
semi-inclusive DIS cross section for charged kaons and pions and of beam-helicity 
asymmetries in exclusive leptoproduction of real photons using recoil-proton de­
tection. An overview of HERMES results will be given with emphasis on the 
exploration of the three-dimensional structure of the nucleon. 

1gunar.schnell @ desy.de 
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Complete Set of Deuteron Analyzing Powers for dp Elastic 
Scattering at Intermediate Energies 
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Study of three nucleon forces (3NFs) is essentially important in clarifying nu­
clear phenomena. In addition to the first signals of the 3NF effects in the binding 
energies of the 3H and 3He, the significance of 3NFs has been recently pointed 
out for descriptions of discrete states in higher mass nuclei. Three nucleon scat­
tering at intermediate energies (E / A ~ 200 Me V) is one attractive approach to 
investigate the dynamical aspects of 3NFs, such as momentum and/or spin de­
pendences. With the aim of clarifying roles of the 3NFs in nuclei the experimental 
programs with polarized deuterons beams at intermediate energies are in progress 
at RIKEN RI Beam Factory (RIBF). As the first step, we have measured a com­
plete set of deuteron analyzing powers (iT11, T20, T21, T22) in deuteron-proton 
(dp) elastic scattering at 250 and 300 MeV /nucleon. 
The vector and tensor polarized deuteron beams were accelerated by three cy­
clotrons, AVF, RRC and the newly constructed cyclotron SRC. At RIBF spin 
symmetry axis of deuteron beams was controlled by the spin rotator Wien Filter 
prior to acceleration. Single turn extractions of the deuteron beams were achieved 
all for the three cyclotrons. Therefore the polarization amplitudes were main­
tained during acceleration. The measurement of deuteron analyzing powers for 
elastic dp scattering was carried out using the polarimeter BigDpol installed at the 
extraction beam line of the SRC. The deuteron beams bombarded a polyethylene 
(CH2) target in the scattering chamber. Scattered deuterons and recoil protons 
were detected by plastic scintillators in kinematical coincidence conditions. The 
beam polarizations were monitored with the beam line polarimeter Dpol prior to 
acceleration by the SRC and they were 80% of the theoretical maximum values. 
In the presentation we will report on a complete set of deuteron analyzing powers, 
comparing with the recent theoretical predictions with or w/o 3NFs [1]. 
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The structure of nucleons and description of the electromagnetic 
form factors · 

O.V. Selyugin 
BLTP, JJNR, Dubna, Russia 

(selugin@theor.jinr.ru} 

The comparison of different sets of the PDFs structure functions with the descrip­
tion of the whole sets of experimental data of electromagnetic form factors of the 
proton and neutron is made in the frame work of our model [1] oft-dependence of 
generalized parton distributions (GPDs) and the some other models.' It is shown 
that despite a small difference of the description of the inelastic processes by the 
different sets of the PDF there is an essentially large difference in the description 
of electromagnetic form factors of the nucleons. The gravitation form factors, 
obtained with the different sets of the PDF, are also calculate and the anomalous 
gravimagnetic moment is compared with the Equivalence Principle. 
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Magnetic moments of the A resonances within the framework of 
the chiral quark model 

N. Sharma a, A. Martinez Torresb, K. P. Khemchandanib, and Harleen Dahiyaa 
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Jalandhar-144011, India. 
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The magnetic moments of the low-lying resonances A(1405) 1/r and A(1520) 
3/r are calculated in the SU(6) quark model and chiral constituent quark model. 
In case of the chiral quark model, we have evaluated the contribution coming from 
the valence quarks as well as from the sea quarks obtained from the fluctuation 
process based on the emission of Goldstone bosons from the quarks. We have 
found that the major part of the magnitude associated to the magnetic moment of 
the states studied has its origin in the valence quarks, however, the contribution 
from the sea quarks reduces the overall magnitude. 
The results found are compared with those obtained from the non-relativistic 
quark model and those of unitary chiral theories, where some of these states are 
generated through the dynamics of two hadron coupled channels and their unita­
rization. Although some features, like the sign of the magnetic moment of these 
two states are common in both models, the difference in magnitude reveals the 
different nature involved for these states within the two models. Measurements 
of these magnetic moments will be of great help in understanding the structure 
and nature of these resonances. 
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Two examples of in-flight spin flippers 

I.A.Koop, A.V.Otboyev, P.Yu.Shatunov and Yu.M.Shatunoy 
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630090, Novosibirsk, Russia, shatunov@inp.nsk.su 

By experiments with polarized beam is very often appear an necessity to from time to time 
to change beam polarization on opposite. If such operation does not change other beam 
parameters, it helps to avoid or minimize some systematic errors. It's especially important 
in experiments, where spin dependent effect is small enough. This paper describes two set 
of equipments, that make spin flip for extracted beams. In both cases, these devices are 
absolutely distinct, because they are appropriate for different particles and at different 
energy range. 

• The first of them is intended for future muon (g-2) experiment, which is under 
preparation now at JPARC. Here, the muon spin flip will be done by chain of 
electrostatic and magnetic bends at the kinetic energy 340 Ke V. A beam 
matching is provides by a number of short solenoids 

• The other flipper (or Siberian snake) will rotate spin protons or antiprotons, 
which come from A-meson decay with the energy 40 GeV. This experiment 
(#24) is planed at IHEP, Protvino. In this case, two superconducting helical 
magnets with opposite helicities and magnetic ·field 4.5 T will be used. To 
correct beam trajectory, additional dipole correctors are required. 
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System for tagging almost-real photons at VEPP-3 storage ring 

L.M.Barkov, V.F.Dmitriev, R.V.Golovin, B.A.Lazarenko, S.I.Mishnev, D.M.Nikolenko, 
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Budker Institute of Nuclear Physics, Novosibirsk, Russia. 
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At VEPP-3 storage ring the work on construction of the system for tagging almost-real 

photons {PTS) is in progress. The tagging system will extend the possibilities for 

photoreaction studying at VEPP-3 significantly. The energy of tagging photons can be up 

to 1.5 GeV, energy resolution is better then 1 %. PTS would allow to perform a complete 

kinematics reconstruction, thus permitting a reliable rejection of the background 

processes; to extend the measurements to higher photon energy; to determine the linear 

polarization of photon, thus enabling Sigma-asymmetry measurements and double 

polarization experiments (with linear polarized photon beam and tensor polarized 

deuterium target). 

We discuss the status of tagging system and opportunities for photo-nuclear experiments 

with PTS. 
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The global fit analysis of all published data on DIS and semi-inclusive DIS (SID IS) 
asymmetries is performed in the next to leading (NLO) QCD order. The respec­
tive parametrizaion on polarized PDFs is constructed. The especial attention is 
paid to the impact of novel SIDIS data on the polarized distributions of light 
sea and strange quarks as well as on the polarized gluon distributions. The first 
moments of these distributons entering the nucleon spin occur surprisingly small 
quantities. The alternative direct (free of any fitting procedure) method of NLO 
QCD analysis is elaborated. Method is especially important for analysis of SIDIS 
data because it allows to avoid the problems arising in the conventional fitting 
procedure: functional arbitrariness at initial scale and ambiguities in the error 
band calculation. Within the alternative method the central values and uncer­
tainties of the measured asymmetries directly propagate to the central values 
and uncertainties of the polarized PDFs we are interested in. The method is 
applied to all existing SIDIS data on pion production for an estimation in NLO 
QCD of the valence and sea quark contributions to the proton spin. As a result 
one arrives at the conclusion that, contrary to the valence contributions, the sea 
contributions to the proton spin are compatible with zero within the errors. 
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The Spin Physics XT ~ 1 at J;-;; < 10 GeV: Problems and Decisions 
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JINR, Joliot Coure,6,Dubna, Russia, (Stepan.Shimanskiy@jinr.ru) 

The energy range J;-;; < lO GeV at XT ~ l has left many puzzles of spin observables. 

Significant spin effects in this energy do not vanish with growing of energy. Till now there 

are no understandings of the nature of .these effects. It is naturally to carry out detailed 

studies the spin effects in this energy range to discover the nature of observable effects. In 

the talk is considered the program of studies with the polarized and nonpolarized beams at 

energy ..r;;;;; < 10 GeV, which will allow to make it clear the nature of observable 

significant spin effects. 
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Measurement of T-violating Transverse Muon Polarization 

in K• -µ• rc°v Decay at J-PARC 

S. SHIMIZU on behalf of the TREK collaboration 

Department of Physics, Osaka University, Osaka, 560-0043, Japan 

( suguru@phys.sci.osaka-u.ac.jp) 

As a precision-frontier experiment at J-PARC, we are now proposing a search for time 

reversal invariance violation by measuring the transverse muon polarization (PT) in the K' 

-->µ'n°n (K µ3) decays which constitutes a T-odd observable. This observable is one of the 

few test of T-invariance and the corresponding CP violation in non-neutral meson sector 

and is sensitive to direct CP violation. At J-PARC, we aim to improve the precision of this 

measurement (TREK experiment) by a factor of 20 comparing with the best result from 

our own KEK-PS-E246 experiment [l], and reach a limit of ~PT~ 104 [2]. 

The final state interaction contributions in the SM descriptions are significantly smaller 

than the sensitivity of this experiment. On the other hand, several exotic models inspired 

by Multi-Higgs mechanism etc. predict sizable PT values within the sensitivity attainable 

to us. Thus, this experiment is likely to find new source of CP violation, if any of these 

models are viable. Since it will certainly constrain the parameter space of the candidate 

models, the sensitivity of this experiment is comparable or superior to that of the proposed 

new neutron EDM experiment and other rare decay processes. The physics potential in 

terms of discovery of new physics along with the power to constrain the exotic model is 

shown to be competitive with other experiments being planned or prepared. 

It is pointed out that the improved sensitivity will be achieved thanks to the new J-PARC 

facility beam quantities, namely, the newly designed low-momentum K' beam line. The 

experiment will use a stopped K' beam in conjunction with the upgraded E246 setup. 

Major changes of the detector system are 1) improved charged particle tracking by 

incorporating GEM detectors, 2) new readout of the Csl(Tl) calorimeter with APD, 3) 

introducing active polarimeter for thee' measurement from muon, and 4) a new magnet to 
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hold the muon spin polarization. This arrangement with increased K•.beam intensity and a 

runtime of 107 seconds will improve the E246 result by a factor of 20, bringing the 

discovery potential to dP-r< 2xl04 in our quest for new physics. Details of the TREK 

experiment will be presented. 
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Measurement of the spin correlation coefficients Ax,x and Ay,y in 
the pn---+ {pp} 81r- reaction near the threshold at ANKE-COSY 

V. Shmakova0 •b for the ANKE collaboration 
a Laboratory of Nuclear Problems, Joint Institute for Nuclear Research, 141980 Dubna, 

Russia 
b Institut fiir Kernphysik, Forschungszentrum Jiilich, 52425 Jiilich, Germany, 

(E-mail: v.shmakova@fz-juelich.de} 

A kinematically complete double polarization measurement of the pn -+ {pp} s7r­

process near the threshold has been performed recently at the ANKE-COSY 
spectrometer (Jiilich). The experiment aimed to determine the spin correlation 
coefficients Ax,x and Ay,y in this process [1]. These results will facilitate further 
development of xPT in this sector [2-3]. 
The transversely vector polarized deuteron beam and the hydrogen internal po­
larized ANKE target were used in the experiment. The pd -+ d1l"0 process data 
were recorded concurrently and used for beam and target polarimetry. Indepen­
dently, the product of the beam and target polarizations can be estimated using 
the properties of Ax,x and Ay,y coefficients. The polarized target was equipped 
with a storage cell that was the main source of background events. Dedicated 
expositions with no gas in the cell and with the cell filled with N2 gas, were taken 
to study the backgrounds. The data analysis procedure and the first results of 
the experiment will be presented. 
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Importance of the Fragmentation Functions in Determining 
Polarized Parton Densities 

E. Leader0
, A.V. Sidorov", and D.B. Stamenov" 

a Imperial College London, Prince Consort Road, London SW7 2BW, England 
b Bogoliubov Theoretical Laboratory, Joint Institute for Nuclear Research, 141980 

Dubna, Russia (sidorov@theor.jinr.ru} 
c Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences, 

Blvd. Tsarigradsko Chaussee 72, Sofia 1784, Bulgaria 

In contrast to the unpolarized case, due to the lack of the charged current neu­
trino reactions on a polarized target the experiments on inclusive polarized deep · 
inelastic lepton-hadron scattering (DIS) can fix only the sums of polarized quark. 
and antiquark parton densities (!lq + !lq)(x, Q2). In order to separate them one 
has to involve in the QCD analysis of the data the semi-inclusive DIS processes 
(SIDIS) where a hadron is detected in the final state. In order to perform such an 
analysis, however, an accurate knowledge of the fragmentation functions (FFs), 
which describe the probability for a parton to form a given hadron, is needed. 

It turned out that the results on the polarized sea quark densities strongly depend 
on the choice of the set of FFs presented in the literature [1]. In particular, we 
came to the so called "strange quark polarization puzzle", i.e. the contradiction 
between the negative polarized strange quark density obtained from all analyses · 
of inclusive DIS data [2] and the positive values obtained from combined analyses 
of inclusive and semi-inclusive DIS data [3] using the de Florian et. al. (DSS) set 
of fragmentation functions. 

Recently the HERMES and COMPASS collaborations presented their prelimi­
nary data on the pion and kaon multiplicities in the unpolarized SIDIS processes. 
The predictions corresponding to calculations using different sets of FFs available 
at present are not in agreement with the data. The question how important are 
the HERMES and COMPASS data on multiplicities for a more reliable determi­
nation of FFs and a possible resolution of the strange quark polarization puzzle 
is discussed. 
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Dirac particle spin in strong gravitational fields 

Yu.N. Obukhov°, A.J. Silenkob, and O.V. Teryaev" 
a Institute for Theoretical Physics, University of Cologne, 50923 Koln, Germany 

b Research Institute for Nuclear Problems, Belarusian State University, Minsk, Belarus, 
alsilenko@mail.ru 

c Bogoliubov Laboratory of Theoretical Physics, JINR, Dubna, Russia 

Spin motion of Dirac particles in arbitrary strong gravitational fields is discussed. 
The general Hermitian Dirac Hamiltonian is derived and transformed to the 
Foldy-Wouthuysen representation. The quantum mechanical equations of spin 
motion are obtained and their classical limit is analyzed. The agreement be­
tween the quantum mechanical and classical equations is shown. The helicity 
dynamics is considered. 
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Measurement of proton beam polarization and AN with pp and 
pC recoil polarimeters at RHIC 

Dmitri Smirnov0 for the RHIC Polarimetry Group 
a Brookhaven National Lab, Physics Department, Upton, NY 11973-5000, 

( dsmirnov@bnl.gov) 

At the Relativistic Heavy Ion Collider (RHIC) the measurement of the proton 
beam polarization is carried out by polarimeters whose operation is based on the 
detection of recoil products from proton-proton (pp) and proton-Carbon (pC) 
elastic scatterings. The pp polarimeter- with a highly polarized hydrogen jet 
target provides an absolute scale for the polarization measurement; while the pC 
polarimeters are capable of providing a quick feedback on the beam intensity and 
polarization profiles. In the latter ultra thin carbon targets are quickly moved 
through the beam to measure the profiles in horizontal and vertical directions. 
In addition to providing the RHIC experiments with polarization numbers, the 
polarimeters also offer a unique knowledge of the analyzing power AN in the 
kinematic region where the electromagnetic force is comparable in strength with 
the nuclear one (the Coulomb Nuclear Interference region). 
In this report we present the measurement of proton beam polarization conducted 
in 2012 using a refined analysis strategy [ 1]. We inspect our data against a possible 
spin dependent hadronic contribution [2,3] to the measured transverse asymetry. 
We discuss the overall performance of the RHIC polarimeters and the major 
systematic effects affecting the measurements. 
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Deeply Virtual Compton Scattering from the Neutron with 
CLAS and CLAS12 

D. Sokhanb and the CLAS Collabomtion 
0 lnstitut de Physique Nucleaire, Bat 100 - M053, Orsay 91406, Fro.nee 

( daria@ipno.in2p3.fr} 

Generalised Parton Distributions (GPDs) offer an insight into the three-dimensional 
structure of the nucleon and its internal dynamics, relating the longitudinal mo­
mentum of quarks to their transverse position. A very effective means of ac­
cessing GPDs is via measurements of polarisation-asymmetries in Deeply Virtual 
Compton Scattering (DVCS), in which a high energy electron scatters from a 
single quark in the nucleon and a photon is produced as a result. Measure­
ments on both the neutron and proton are required for quark-flavour separation 
of GPDs, yet while an active experimental programme is underway on proton­
DVCS, the neutron remains almost unprobed. Moreover, the neutron-DVCS 
beam-spin asymmetry is dominated by the GPD E, which features prominently 
in Ji's expression for the total angular momentum of the quarks. Its measure­
ment therefore has potential to shed very important light on the as-yet unknown 
composition of nucleon spin. 
We present a preliminary extraction of beam-spin and the previously unmeasured 
target-spin asymmetry in neutron-DVCS from an experiment using the Jefferson 
Laboratory 6 GeV electron beam, a deuterated ammonia target and the large­
angle spectrometer CLAS. Additionally, the current upgrade of the Jefferson Lab 
accelerator to operate at 12 GeV and the complementary construction of CLAS12 
detectors open a vast new kinematic region to experiment, in which the neutron­
DVCS beam-spin asymmetry is particularly sensitive to the GPD E and through 
it to the quark total angular momentum. A dedicated experiment - involving the 
construction of a neutron detector for CLAS12 - is planned at 11 GeV. 
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Polarized parton distributions effects in global analysis of fragmentation 

functions 

M. Soleymaninia a,c, A. Khorramian a.c, E Arbabifara,c and M. Moosavinejad b,c 

a Department of Physics, Semnan University, Semnan, 

b Department of Physics, Yazd University, Yazd, 

c School of particles and accelerators, Institute for Research in Fundamental Science 

(1PM), P.O. Box 19395-5531, Tehran, Iran 

(Maryam_Soleymaninia@ipmir) 

In the hard scattering reactions, partons tum in to the colorless and non-perturbative 

hadronic bound state and hadrons are detected in the final state. In this hadronization 

process, it is necessary to have QCD predictions for cross sections and decay rates. We 

present new functional form of Pion and Kaon fragmentation functions using 

charged-hadron production data in electron-positron annihilation from LEP, SLAC, DESY 

and KEK and also we add semi-inclusive asymmetries data from HERMES to do a global 

analysis on fragmentation functions for the first time. Our results for asymmetries !!re in 

very good agreement with experimental data and other Models from DSSV [l] and LSS 

[2]. Also we compared the fragmentation functions in our model with the HKNS, AKK 

and DSS [3-5]. Finally we study the role of polarized PDFs and their effects in our 

analysis up to next to leading order. 
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QCD Analysis of the Bjorken Sum Rule Revisited 

V.L Khandramaia, 0. P. Solovtsovaa,b, and O.V. Teryaevb 
0 Gomel State Technical University, Gomel £,167,16, Belarus, 
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We present the expanded analysis of the polarized Bjorken (BJ) sum rule up 
to 0:-order, which is based on the recent low Q2 data from the Jefferson Lab 
and COMPASS collaboration experiments, and is continuation of our previous 
researches [1, 2]. We analyze values of higher-twist (ID') terms extracted from 
the mentioned data taking into account the renormalization group Q2-evolution 
of the twist-4 coefficient. We also consider the interplay between higher orders 
perturbative ( Pr) expansion and HT contribution. We discuss the model for 
QCD correction and show that the natural border between PT and non-PT re­
gions is 1 Ge V2. We found that results of our extended analysis of the Bj sum 
rule is in agreement with the previous result [2]. Thus, the main conclusions of 
Ref. [2] remain valid. Further, it is well-known that the QCD correction to the 
Gross-Llewellyn Smith ( GLS) sum rule is similar to the Bj sum rule and available 
now up to 4-loop level [3]. Therefore, we perform a similar analysis at low Q2 for 
the GLS sum rule. In the Table 1 we present fitted values of the HT coefficient 
µ4 in different PT orders both for on the Bj and GLS sum rules. 

Table 1: Results of HT extraction from data on the Bj_ and GLS sum rules. 

PT order µ°t1, GeV2 µCjLS, GeV2 
LO -0.050 ± 0.006 -0.33 ±0.10 
NLO -0. 030 ± o. 006 -0. 009 ± 0.10 
N2 LO -0.013 ± 0.006 -0.01±0.10 

- N3 LO o. 009 ± o. 006 0.22 ±0.10 

In addition we compare extracted values of µ4 with the assumption about the 
connection of HT contributions to the Bj and GLS sum rules (see Ref. [4] for more 
details). One can see that in the leading order {LO) our values of HT coefficients 
are consistent with µCjLS = -0.29 ± 0.15 from Ref. [5] and µf i = -0.017 ± 0.CY25 
from Ref. [6]. 
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Dual H&D Cavity for the PAX Target Polarimeter 
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cPhysics Dept., Univ. of Erlangen-N., D-91058 ERIANGEN 
steffens@physik.uni-erlangen.de 

The former HERMES target polarimeter (BRP) [l] which is now part of the PAX 
polarized gas target set-up [2], employed two sets of rf-resonators, one for hydrogen, and 
one for deuterium operation. The frequency for two-level transitions (L\F = +/-1) is in the 
order of the hfs splitting energy L\W at B = 0 which corresponds to 1421.4 MHz for 
hydrogen (H) and 327 .4 MHz for deuterium (D). 

The HERMES target has been operated in long periods for one target species only. In 
order to switch from H to D or vice versa, the resonating structures had to be exchanged, 
and a tedious tuning procedure had to be performed. Some of the Filtering Tests that can 
be possibly foreseen at the CERN AD would require to run the BRP subsequently with H 
and D with no time in between for modifications. Therefore a system of resonators is 
required which can run both on H or D frequencies without mechanical change-over. In 
addition, the magnetic component of the rf-field should be tilted by 45° with respect to the 
static field in order to allow both for cr and 7t transitions (L\mF = 0 and ±1, resp.). If a single 
cavity can serve both H and D, the existing hardware could be used, like the static field 
magnets and the vacuum system. The development of such a "Dual Cavity" will be 
described in the contribution. Similar cavities based on "Tuned Twin Lines" have been 
used in Atomic Beam Sources (see e.g. [3]). Their principles of operation will be discussed 
as well. 
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Study of the rd ➔ ppr - reaction in the photon energy region 

(310-1200) MeV at the VEPP-3 

L.M. Barkov•, V.V. Gauzshteinb, V.F. Dmitriev•, R.R. Dusaevh,A.Yu. Loginovb, 

SJ. Mishnev•, D.M. Nikolenko•, I.A. Rachek• ,A.A. Sidorovb, V.N.Stibunoyh, 

D.K. Toporkov•, Yu.V. Shestakov•, and S.A. Zevakov• 

•Budker Institute of Nuclear Physics, Novosibirsk, Russia 

bTomsk Polytechnic University, Tomsk, Russia (stib@tpu.ro) 

The reaction r d ➔ pp11 - has been measured on internal tensor-polarired deuterium target of VEPP-3 

electron storage ring (electron energy 2 GeV) by detecting two protons (proton momentum ranges 310-

700 Mev/c) in coincidence [I]. The energies and trajectories of protons were measured by two hadron 

hodoscopes. Each hodoscope consists of three plastic scintillator detectors and three multilayer drift 

chambers. Target polarization was measured by LQ-polarimeter and beam luminosity was determined out 

by elastic ed -scattering. 

The experimental differential cross section of the negative pion photoproduction on deuteron is presented 

as a function of the proton momentum. The T2 I tensor analyzing power component of the reaction was 

obtained as functions of the invariant mass for the pp-subsystem in the region of (1980-2220) MeV/c2, 

p11 - -subsystem in the region of (1080-1700) MeV/c2, Mpp11 -system in the region (2150-3100) 

MeV/c2, and photon energy (310-1200) MeV. The experimental data were compared with the results of 

the calculations made within spectator model accounting NN and 11 N -rescattering effects with 

contribution of the background processes. Satisfactory agreement was obtained. 

The mismatch between experimental and calculated behaviour ofT21 tensor analyzing power component 

was found in both narrow and broad intervals of the kinematic variables. 

The work was supported by the Russian Foundation for Basic Research (project Jfa 12-02-00560-a) 
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DGLAP Evolution of the Truncated Moments of PDFs 
in Spin Physics 
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We review evolution equations for truncated Mellin moments (TMM) of the par­
ton densities. The main finding of the presented approach is that the nth trun­
cated moment of the parton distribution obeys the DGLAP-like equation, with a 
rescaled splitting function P'(z) = zn P(z). This approach allows one to restrict 
the analysis to the experimentally available Bjorken-x region. We present some 
applications of TMM to study the spin structure functions of the nucleon. 
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.Magnetic Resonance Spectroscopy of the Human Brain 
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I give a brief description of the magnetic resonance spectroscopy (MRS) in the 
human brain examinations. 
MRS allows a noninvasive chemical analysis of the brain using a standard high 
field MR system. Nowadays, the dominant form of MR brain spectroscopy is 
proton spectroscopy. Two main techniques of MRS, which utilize the chemical 
shift of metabolites in the external magnetic field, are SVS (single voxel) and CSI 
(single slice). The major peaks in the spectrum of a normal brain include NAA, 
Cr, Cho and m-Ins, which are neuronal, energetic, membrane turnover and glial 
markers, respectively. In disease, two pathological metabolites can be found in the 
brain spectra: Lac, which is end product of anaerobic glycolysis and Lip, which 
is a marker of membrane breakdown, occurring in necrosis. The common way to 
analyze clinical spectra is to determine metabolite ratios, e.g. NAA/Cr, Cho/Cr, 
Cho/NAA. This analysis permits a safe and noninvasive examination of the brain 
tissue as each disease state has its own characteristic spectroscopic image. MRS is 
a valuable diagnostic tool in such clinical applications as detecting brain tumors 
and differentiating tumors from inflammatory and infectious processes. Proton 
MRS is also very helpful in diagnostic of ischemic lesions, Alzheimer's disease and 
hepatic encephalopathy. The MRS brain spectra should always be correlated with 
the MRI results and alone cannot make neurological diagnosis. 
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Recent STAR results on the gluon polarization program in 
polarized p + p collisions at RHIC 

B. Surrow0 (On behalf of the STAR Collaboration) 
a Temple University, Department of Physics, Philadelphia, PA 

The STAR experiment at the Relativistic Heavy-Ion Collider at Brookhaven Na­
tional Laboratory is carrying out a spin physics program in high-energy polarized 
proton collisions at vs= 200GeV and vs= 500GeV to gain a deeper insight 
into the spin structure and dynamics of the proton. 
One of the main objectives of the spin physics program at RHIC is the precise 
determination of the polarized gluon distribution function, /j.g. Inclusive mea-. 
surements, such as inclusive hadron and jet production, integrate over a fairly 
large x range for a given jet transverse momentum region. While those measure-, 
ments provide a strong constraint on the value of /j.g integrated over a range in, 
x, they are not sensitive to the actual x dependence. This motivates the need 
for correlation measurements in polarized proton-proton collisions, such as di-jet 
production. 
Recent STAR results will be shown on the measurement of inclusive hadron and 
jet production and di-jet production at vs = 200 Ge V along with projections for 
future measurements in particular at vs = 500 Ge V. 
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Improved Results on Transverse Double Spin Asymmetries in 
the CNI region at STAR 

D.N. Svirida0 for the STAR Collaboration, 
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At high energies and very small momentum transfer proton-proton elastic scat­
tering is described by the interference of the Coulomb and nuclear amplitudes 
(CNI region). The latter is believed to be totally dominated by the classical 
pomeron exchange. In this case no double spin flip amplitude is present in the 
nuclear term and only very small <;louble spin asymmetries can be expected due to 
the electromagnetic component. The manifestation of non-negligible transverse 
double spin effects would point to possible contributions from other Reggeons, 
such as the hypothetical Odderon, to the scattering amplitude. 

Measurements of double spin asymmetries require external luminosity normal­
ization using beam counts for all spin combinations. Several possible, sources.of 
such-data from various. STAR subsystems were thoroughly analyzed to make the 
best choice. The consistency of the two selected sources approaches the level of 
~ 10-3 providing sensitivity to the double spin effects at the scale of the same 
order of magnitude. 

Improved results on the double spin asymmetries ANN 'and 'Ass based on the 
optimal choice of the normalization sources are presented. The data set· of~ 20 
million elastic events in transversely polarized P'P collisions at vs = 200 Ge V was 
obtained by the STAR experiment at RHIC and is exactly the same as described 
in [1] for the single spin asymmetry measur,ements. The data covers -t range 
0.003 < -t< 0.035 (GeV/c) 2 • · · , . , 
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Target mass corrections for polarized structure functions 
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In our previous analysis, we extracted parton distribution functions (PDFs) and 
structure functions from recent experimental data of polarized lepton-DIS on 
nucleons at next-to-leading order (NLO) Quantum Chromodynamics [1-3]. 

With recent advances in the precision of inclusive lepton-nuclear scattering exper­
iments, it has become apparent that comparable improvements are needed in the 
accuracy of the theoretical analysis tools. In particular, when extracting parton 
distribution functions in the large-x region, it is crucial to correct the data for 
effects associated with the non-zero mass of the target [4-7]. We present here an 
updated, more accurate, version of our calculations on performing a global fit to 
the existing data by imposing target mass correction effects. The effects of these 
corrections are studied and polarized structure functions with and without them 
are compared. 
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Study of Nuclear Structure and Reaction by Using Polarized 
Proton Beams at RCNP 

A.Tamii 
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At the Research Center for Nuclear Physics (RCNP), polarized proton beams are 
used for studying nuclear structure and reaction from low energy to 400 MeV. In 
this conference, I will report recent topics of such studies. 

1) Inelastic scattering of polarized protons from 208Pb have been measured at 
zero degrees and forward scattering angles at 295 MeV. Electric dipole (El)tran­
sition strengths have been precisely determined over the excitation energies from 
5 to 19 MeV. The data have been combined with other data up to 130 MeV to 
precisely determine the electric dipole polarizability, which is an inversely energy 
weighted sum-rule of the El transition strengths. The data are important to ex­
tract the parameters of the symmetry energy, especially. the density dependence, 
of the nuclear equation of state (EoS) [1]. 
2) Elastic scattering cross section and analyzing power of protons from lead iso­
topes have been precisely measured at 295 MeV. The data have been analyzed 
in the framework of relativistic impulse approximation to extract the neutron 
density distribution of the target nuclei. By using the proton density distribu­
tion. determined by electron scattering, the neutron skin thickness of 208Pb has 
been determined as 0.211 +0.05~0.063 fm including the uncertainty of the model 
dependence. The data are also important to determine the symmetry energy 
parameters of the nuclear EoS [2]. 
3) Cross sections, analyzing powers, and a complete set of spin observables have 
been measured for the 208Pb(p, n) reaction at forward angles and at 296 Me V. 
A multipole decomposition technique was applied to the data, including the spin 
observables, to extract the strength distributions of Gamow-Teller (GT) and each 
spin-dipole component from the continuum. The data are reproduced by a the­
oretical calculation using Hartree-Fock (HF) plus random phase approximation 
and the Skyrme interaction with tensor components [3]. 
4) Medium modification of the nucleon-nucleon (N N) interaction has been stud­
ied by measuring cross sections and analyzing powers of the (p, pn) reaction from 
6Li and 12C targets at 392 MeV. The analysing powers are similar to the free­
space N N reaction in neutron forward-scattering setting but are significantly 
small for proton forward-scattering setting. The result is not well explained by 
simple medium modification models [4]. 
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Production of Hyperpolarized Nuclei for MRI 
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Application of nuclear spin to biology and medicine started at the early seventies · 
when the NMR spectroscopy was used for biomedical research [1], however, full­
scale application of nuclear spins to this field only took off after the invention 
of MRI {Magnetic Resonance Imaging} [2,3] in 1973. In the mid nineties, it 
was demonstrated that substantially enhanced NMR signals could be obtained if 
nuclei pertinent to the NMR were hyperpolarized, i.e. more polarized than TE 
(thermal equilibrium) values, as exemplified by mouse lung images obtained by 
the 129Xe - MRI in 1994 [4]. Since then, hyperpolarized MRI has been intensively 
developed for biomedical research, where the nuclei with a spin 1/2, such as 3He, 
13C, 15N, and so on are hyperpolarized. Most methods employed to hyperpolarize 
these nuclei so far are laser optical pumping [4], dynamic nuclear polarization 
{DNP} [5], and para-hydrogen induced polarization (PHIP) [6]. Recently, we 
started hyperpolarizing 3He by the brute force method using low temperature and 
high magnetic field· [7] aiming at productions of larger volumes of hyperpolarized 
3He than ever before. A test experiment to generate hyperpolarized 19F in PFC 
(Perfluorocarbon} and FDG (Fluorodeoxyglucose) has got started for medical 
diagnosis of circulatory system and cancer. This report gives some of the results.· 
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Search of non-standard strong gravity at nuclear scale 

using electron spin Geodetic precession 
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A modification of gravitational inverse square law at a microscopic scale, which leads a 
strong gravitational field at around nuclei, is predicted by a large extra-dimension model in 
order to explain the hierarchy problem [l]. Instead of performing a direct test of the 
inverse square law using a table-top experiment [2] or a collider search [3], present 
experiment aims to search non-zero gravitational spin precession of polarized electrons in 
a nuclear scattering experiment, which should be negligible in the Newton gravity. 

The strong gravitational field can be detected as a large spin precession effect caused by 
the "Geodetic precession" predicted by the general relativity theory as a result of warped 
space-time around the nuclear-mass. In this experiment, longitudinally polarized electrons 
emitted from un-polarized nuclear beta decay, are scattered by Coulomb scattering. The 
initial longitudinal polarization is transferred into transverse polarization via 
electromagnetic Thomas precession and the possible Geodetic precession in the nuclear 
scattering process. We have utilized a Mott-polarimeter using multi-wire drift chamber for 
the MTV experiment at TRIUMF [ 4], testing the time reversal symmetry by searching 
non-zero transverse polarization of electrons emitted from polarized nudear beta decay. 

The first experiment which named "MTV-G (MTV-Qravity) experiment", was performed 
using a strong 90Sr source at TRIUMF in 2011. The transverse polarization of the scattered 
electrons was successfully measured by the MTV polarimeter as functions of the nuclear 
scattering angles. By comparing with the prediction from the Thomas precession, we have 
succeeded to set a new upper limit of the strong gravitational field at around lO0fm scale 
for the first time. Details of the experiment and results, together with the physics 
motivation and principle are going to be presented at the conference. 
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The MTV experiment at 'IRIUMF [l] is aiming to search non-zero T-violation in nuclear 
beta decay by measuring electron transverse polarization, which is measured as left-right 
scattering asymmetry in Mott-scattering of the electrons by a thin metal foil. The 
trajectories of the scattering electrons are detected with a CDC (.Qilindrical .Qrift 
Qiamber), which was commissioned in 2011 as the next generation tracking detector after 
performing physics production run in 2010 using a planar drift chamber [2]. 

The CDC with 400 anode channels are used with 107pps 8Li beam implanted on a surface 
of a stopper set at the center position of the CDC. The emitted electrons from the stopper 
is backwardly scattered by a thin metal foil set outside of the effective volume of the CDC. 
Then, the incident tracks and the backward scattered tracks are detected by the CDC. The 
scattering angles of these "V-tracks" are the measurement of this experiment. 

In order to achieve a high statistical precision, a high speed-triggering and DAQ system is 
required to execute the physics production using the CDC. In the triggering section, we 
have built an intelligent triggering system which can select the V-track events from the 
huge forward scattering events by performing online pattern recognition using CDC 
hitting pattern information. To achieve the requirement, a new FPGA-based system 
including both the triggering and DAQ part in a single FPGA chip is developed The DAQ 
part can obtain the TDC information in order to select the real hit signal from accidental 
hits in the high counting rate environment. We have confirmed about 500kHz triggering 
rate can be handle with this new triggering-DAQ combined system. 

The development status and technical details will be presented in this conference. 
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Can gluon spin contribute to that of nucleon? 

O.V. Tecyaev• 

•JJNR, 141980, Dubna, Russia 

The contribution of quark spin (described by the totally antisymmetric angular momentum 

tensor) to the angular momentum of nucleon (proportional to Belinfante symmetric 

energy-momentum tensor) is possible due to the relocalization (Belinfante) invariance. It 

requires the fast enough decrease of the quark fields at the· spatial infinity which 

corresponds [1] to the smooth behavior of the matrix elements of singlet quark axial 

current at zero momentum transfer. The latter provides the kinematical counterpart of 

famous UA(l) problem. 

For the case of gluons, which is completely analogous but was not considered in such a 

context before, the appearance of totally antisymmetric contribution proportional to the 

topological gluon current (in the axial gauge) requires the similar smooth behavior of its 

matrix element. However, the same UA(l) problem implies [2] the appearance of the pole 

in its matrix element. One may expect the 3 possible outcomes from this controversy. 

• Romantic: The gluon spin contributes to the spin of nucleon but the pole indeed 

spoils the transition from the conserved total angular momentum to its Belinfante 

form. As the Belifante energy momentum tensor describes the coupling to gravity, 

establishing its link with non-perturbative QCD, this should result in the violation 

of the Post-Newtonian Equivalence Principle (directly related to the 

conservation laws ) at least on the percent level which can be measurable , say, in 

the next generation ofEDM experiments. Needless to say, that Ji' s sum rules for 

Generalized Parton Distributions could be also violated at the same level. 

Restrictive: The topological current matrix element, which can have the massless 

(Kogut-Susskind) pole in reality does not have it. This, however, should lead to 

the zero matrix element of conserved quark gluon current in the chiral limit. 

Taking into account the smallness of gluon contribution, the observed (singlet) 
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quark polarization should be related to (strange) quark mass, which does not look 

plausible but may be studied further, bearing in mind the possibility to consider 

the strange quark as a heavy one. 

• Trivial: The Total angular momentum of gluon should not be decomposed to spin 

and orbital parys and the angular momentum conservation should be presented in 

terms ofBelinfante tensor only. 
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The new Frozen Spin Target at MAMI 
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A Frozen Spin Target offers the opportunity to use longitudinally and transversely 

polarized nuclei (protons, deuterons, 6Li, ... ) with a high degree of polarization and, due 

to the solid state of the target material, a high density in the order of 1023 nuclei/cm2
• The 

thermal input from the beam has to be limited, since low temperatures generate long spin 

relaxation times, which are essential for experiments with long duration in the order of 

weeks. 

The A2-collaboration at the Mainz Microtron MAMI is measuring photon absorption cross 

section using circularly and linearly polarized photons up to energies of l.5GeV. The 

photons are produced in the 'Btemsstrahlungs' process, the energy is determined by a 

dedicated tagging system. In the years 2005/2006 the Crystal Ball detector with its unique 

capability to cope with multi photon final states was set up in Mainz. 

Since 2010 the experimental apparatus has been completed by a polarized target. The 

horizontal dilution refrigerator of the Frozen-Spin Target has been constructed and is 

operated in close cooperation with the Joint Institute for Nuclear Research in Dubna, 

Russia. The system includes a longitudinal or transverse superconducting coil to allow for 

all directions of polarization. 
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In this talk the operation experience of this new Frozen-Spin Target and first results from 

the runs in 2010 and 2011 will be presented. 

Figure 1. The new dilution refrigerator, constructed and produced in Dubna. 
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A complete polarized low-energy proton-deuteron breakup 
experiment 

P. Thorngren Engbloma,b for the PAX Collaboration 
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With the introduction of chiral effective field theory as a fundamental means 
to approach the strong force at low to intermediate energy [1) and the develop­
ment that followed [2), a formulation of hadron physics from first principles has 
been established providing a solid theoretical framework for the interpretation of 
data in the few-nucleon sector. The nature of three-nucleon interaction effects 
remains unclear in spite of large experimental and theoretical efforts. Compar­
isons of the data and the theoretical predictions of the so called high-precision 
nucleon-nucleon potentials in conjunction with traditional three-nucleon force 
models show contradictory results when varying the particular observable and 
the part of phase space chosen to be studied [3). Complete and precise experi­
mental data is required to provide conclusive statements and to test the predictive 
power of chiral effective theory. In compliance with this we are planning a double 
polarized experiment at COSY using a polarized proton beam at 50 MeV and 
a vector and tensor polarized target fed by an atomic beam source [4). The 7 
analyzing powers and 15 spin correlation coefficients possible in proton deuteron 
breakup will be accessible with large acceptance using the new PAX facility. The 
precision capacity of our experimental setup was recently shown to be of the or­
der of 10-3 for a measurement of the asymmetry [5). We have made sensitivity 
studies of the spin observables on pre-calculated theoretical grids at next-to-next­
to-leading order using the so called sampling method [6) that takes into account 
the true experimental acceptance and efficiency1• 
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It is widely believed that there must be large CP(T)-violating phenomena out­
side of the CKM mechanism, because the amount of GP-violation predicted by 
the CKM is insufficient to explain the observed large matter-antimatter asymme­
try in our universe. The MTV (Mott Polarimetry for I-Yiolation Experiment) 
experiment at TRIUMF aims to perform the highest precision test of time re­
versal symmetry in polarized nuclear beta, decay by measuring a triple vector 

correlation, defined as R-correlation in wdEedO.e oc · · · NiJ · ~ + RiJ · ~ x ]!;, 
motivating to search a new physics beyond the Standard Model [1]. 

Observation of a non-zero value of the R-parameter implies existence of T­
violating transverse electron polarization perpendicular to the parent nuclear po­
larization direction. The electron transverse polarization in the vertical direction 
can be extracted from the measured value of the backward scattering left-right 
asymmetry in Mott scattering by a thin metal foil [2]. In the MTV experiment, 
a planar drift-chamber is used to track both initial electron tracks and backward 
scattering tracks (V-tracks). The Mott scattering angle is determined by this 
tracking information in event by event. 

The first commissioning experiment (Run-I) was performed at TRIUMF in 2009 
using an 80% polarized 8Li beam at lOMpps after confirming the detector per­
formances at KEK-TRIAC [3], and the physics production run (Run-II) was 
performed in 2010. The result from the offiine analysis is obtained with a statis­
tical precision of about 0.1 %. Summarized results from the Run-II including the 
systematic error studies are going to be presented in this conference. We have 
already started the next generation experiment using CDC (Qylindrical Drift 
Qhamber), mainly aiming to suppress the systematic effects which dominates on 
the Run-II experiment because of the asymmetric geometry of the planar drift 
chamber. Preliminary results of the experiment using the CDC will also be pre­
sented. 
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NEDM collaboration proposes to measure Neutron Electric Dipole Moment at the 

Spallation Neutron Source (Oak Ridge National Laboratory). NEDM is a clear signature 

of the CP violation. According to the Standard Model NEDM is very small ( 

~ 10-31 
e • cm) , but many theories expect much higher value. 

In the proposed experiment polarized cold neutrons from SNS are trapped in liquid helium 

at the temperature of about 300 mK. Neutron spin precesses in very uniform magnetic 

field H-30 mG, and the experiment measures the change in the precession frequency when 

very strong electric field E-50 kV/cm is applied. Polarized 3 He atoms serve as a co­

magnetometer. The goal of the experiment is to measure NEDM with an accuracy of 

~ 9 . 1 o-2
s e . cm , which is two orders of magnitude better than existing results. 
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Measurement of the differential cross section and vector 
analysing power of the pp ➔ {pp}s1r0 reaction at 353-700 MeV 
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Dubna, Russia, (cyrkov@jinr.ru} 

The reaction pp-+ {pp}s7r0 has been observed with the ANKE spectrometer at 
COSY-Jiilich [1] using a polarized beam with energies 353, 500, 550 and 700 MeV. 
The proton pair {pp}

8 
is detected at low excitation energy Epp< 3 MeV, where 

S-wave dominates. The data have been processed to obtain the vector analysing 
power Ay and differential cross section du/ dfJ. of the reaction. The setup ac­
ceptance covers most of the angular range at 353 Me V and forward angles at 
the higher beam energies, allowing one to obtain corresponding Ay and du/dfJ. 

angular dependences. 
From the results of the analysis at 353 MeV, one can extract information on the 
pion s- and d-wave contributions and, by using the phase information from elastic 
pp scattering, unique solutions can be obtained for the corresponding amplitudes 
[2]. This information is important for Chiral Perturbation Theory tests at this· 

energy [3]. 
At higher energies the cross section at 0° is found by extrapolating du/ dfJ. angular 
dependence, allowing to detalize the energy dependence of du/dfJ.(0°) obtained 
earlier [4]. The measured cross sections and analysing powers are compared with 
phenomenological models [5,6]. 
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Unique R-parity violating sneutrino exchange signatures at e+e­
linear colliders with polarized beams 
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Numerous non-standard dynamics are described by contact-like effective inter­
actions that can manifest themselves in electron-positron collisions only through 
deviations of the observables (cross sections, asymmetries) from the Standard 
Model predictions. If such a deviation were observed, it would be important to 
identify the actual source among the possible non-standard interactions as many 
different new physics scenarios may lead to very similar experimental signatures. 
We study the possibility of uniquely identifying the indirect effects of s-channel 
sneutrino exchange, as predicted by supersymmetric theories with R-parity vio­
lation, against other new physics scenarios in high-energy e+ e- annihilation into 
lepton pairs at a linear collider (LC). These competitive models are interactions 
based on gravity in large and in TeV-scale extra dimensions,. anomalous gauge 
couplings, Z' vector bosons and compositeness-inspired four-fermion contact in­
teractions. To evaluate the identification reach on sneutrino exchange, we use as 
basic observable a double polarization asymmetry, that is particularly suitable to 
directly test for such s~channel sneutrino exchange effects in the data analysis. 
The availability of both beams being polarized plays a crucial role in identifying 
the new physics scenario .. The identification reach obtained at LC is compared 
with those derived in Drell-Yan process at the LHC [1,2]. 

References 

1. P. Osland et al., Phys. Rev. D82, 115017 (2010). 
2. N. Paver et al., J. Phys. Conf. Ser. 295, 012074 (2011). 

183 



Precise Polarization Measurements via Electron Detector 
For QWEAK Experiment 
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The QWEAK experiment at Jefferson Lab aims to make a 4% measurement of the 

parity-violating asymmetry in elastic scattering at very low Q2 of a longitudinally polarized 

electron beam on a proton target. One of the dominant experimental systematic uncertainties in 

QWEAK will result from corrections due to beam polarization. 
A new Compton polarimeter was installed in fall 2010 for a non-invasive and continuous 

monitoring of the electron beam polarization in Hall C at Jefferson Lab. The 

Compton-scattered electrons are detected in four planes of diamond micro-strip detectors. 

This polarimeter has been used for online monitoring of beam polarization in the experiment. 

We have achieved the design goals of :Sl % statistical uncertainty per hour and expect to 

achieve 1 % systematic uncertainty. 
This talk will outline setup, the analysis approach and the preliminary results. 
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Spin-dependence of the interaction of antiprotons with the 
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The scattering of antiprotons off a polarized 1H [1], 2H [2] or 3He [3] target in 
rings can be used for antiproton polarization buildup as proposed by the PAX 
collaboration [4] at the future FAIR facility. In addition, pd and p 3He scattering 
are interesting for studing the spin dependence of the elementary pN amplitudes. 
Spin-dependent total pd cross sections at 20-300 MeV beam energies were consid­
ered in Ref. [2] using the optical theorem. For this aim the full spin dependence of 
the forward amplitude of pd elastic scattering was derived. To relate this ampli­
tude to elementary amplitudes of pp and frn elastic scattering and to the deuteron 
form factor, a single scattering approximation was used. Numerical calculations 
for the polarized total cross sections wereperformed at beam energies of 10-200 
MeV, employing the Jiilich model of the NN interaction [5]. Double scattering 
effects in unpolarized cross section are estimated within the Glauber model and 
found to be 15-20%. In the present work double scattering effects are taken into 
account also in the calculation of spin observables using, in part, the formalism 
developed for pd elastic scattering in Ref. [6]. Coulomb-nuclear interference ef­
fects are taken into account. It is found that the Glauber approximation works 
reliably for pd scattering even at rather low beam energies such as ~ 50 MeV. 
The calculated unpolarized cross sections are almost insensitive to the employed 
models of the N N interaction, whereas the predictions for polarized cross sec­
tions vary considerably for different models. This could allow one to discriminate 
between different NN models once data on pd-+ pd will appear [7]. The spin­
dependent cross sections of the p 3He reaction are calculated on the basis of an 
approach similar to that developed in Ref. [3]. The pn amplitudes are expected 
to dominate the spin observables of this reaction. The validity of the Glauber 
approximation at low energies is tested by calculation of the. p 4He differential 
cross section, and good agreement is found with data available at 20 Me V and 
179 MeV. 
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Searches for Physics beyond the Standard Model 

Wjl)em I H van Oersa.b 

"Department of Physics and Astronomy, University of Manitoba, Winnipeg, MB, Canada R3T 2N2 

hTRIUMF, 4004 Wesbrook Mall, Vancouver, BC, Canada V6T 2A3 

(vanoers@triumf.ca). 

The Thomas Jefferson National Accelerator Facility has the demonstrated ability to test the 

fundamental symmetries of nature to very great precision and thereby probe for new physics 

beyond the Standard Model. Objectives and descriptions will be given of two Jefferson 

Laboratory (JLab) experiments: Qweak and MOLLER. The Qweak experiment is to measure 

the weak charge of the proton (via the vector coupling of the Z0 boson to the proton). The 

MOLLER experiment is to measure the weak charge of the electron. These two experiments 

follow from the advances made in precision parity-violating electron scattering experiments at 

CEBAF of JLab. The Standard Model makes accurate predictions of the 'running' of the 

electroweak mixing angle or sin2(thetaw) from the zo pole down to low energies and therefore 

of the weak charge of the proton and of the electron. The Qweak experiment is making the first 

precision determination of the weak charge of the proton , QPw = 1 - 4sin2(thetaw), from a 

measurement of the parity-violating analyzing power in the scattering of longitudinally 

polarized electrons from the protons in a liquid hydrogen target at a very low momentum 

transfer ofQ2 = 0.260 (GeV/c)2 and an energy of 1.16 GeV. The projected result will determine 

the proton's weak charge with a 4.1 % total error and consequently sin2(thetaw) with a 0.3% 

error. The Qweak experiment has at present completed the first phase of data taking with data 

analysis essentially finished. The second phase of data taking is scheduled to be completed 

early summer 2012. The MOLLER experiment is to measure the parity-violating analyzing 

power in the scattering of 11 GeV longitudinally polarized electrons from the atomic electrons 

in a liquid hydrogen target. The longitudinal analyzing power Az is predicted to be 35.6 ppb at 

the kinematics of the experiment and is to be determined with a precision of 0.73 ppb, which 

would make the MOLLER experiment the most precise parity-violating scattering ever 

undertaken. The result would yield a measurement of the weak charge of the electron to 2.3% 

at an average Q2 value of 0.0056 (GeV/c)2 and in turn a determination of the electroweak 

mixing angle or sin2<thetaw) with an uncertainty of +/- 0.00026 (stat) +/- 0.00013 (syst), 

comparable to the accuracy obtained in the two best determinations at the Z 0 pole. Other 

electroweak tests will be commented on. 
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The spinor gravity is formulated in terms of fundamental fermion and gauge 
fields, the same type of degrees of freedom ~in.the Standard Model [1-2]. The 
theory is explicitly invariant under local Lorentz transformations and under dif­
feomorphisms. The theory is suitable for describing large nonper_turbative and 
fast-varying fluctuations of metrics. We construct the lattice-regularized version 
of the spinor gravity, which support the gauge invariance, as well as, lattice­
diffeomorphism invariance. · 

The lattice spinor gravity is the theory of a new type, the standard lattice method 
can not be applied directly. In many aspect the considered theory is alike models 
of the loop quantum gravity. The fermion background of the model allows us 
to avoid some problems usual for the standard theories, such as the problem of 
ultra-locality, absence of continuum limit, etc. As a price, the constructed theory 
is very involved and some of the geometrical observables can not not be obtained 
on the fundamental level. 

The lattice regularization allows us to calculate some classical geometric proper­
ties such as the total volume of the space, the susceptibility of volume distribution, 
average curvature and some others. Although the fluctuating curved space turns 
out to be on the average flat and smooth owing to the non-compressibility of 
the fundamental fermions, the low-energy Einstein limit is not automatic: one 
needs to ensure that composite metrics fluctuations propagate to long distances 
as compared to lattice spacing. One way to guarantee this is to stay at a phase 
transition point. 

We develop a lattice mean field method and find that the theory typically has 
several phases in the space of the dimensionless coupling constants, separated by 
surfaces with a 2nd order phase transition. For example, there is a phase with a 
spontaneous breaking of chiral symmetry. The effective low-energy Lagrangian 
for the ensuing Goldstone field is explicitly diffeomorphism-invariant. We expect 
that the Einstein gravitation is achieved at a 2nd order phase transition surface 
in the space of the coupling constants. 
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Frozen-spin HD (Deuterium-Hydride) targets have been used with the CEBAF 
Large Acceptance Spectrometer (CLAS). at Jefferson Lab during the E06-101 
experiment. Both H and D were polarized at low temperatures ( ~ lOmK) inside 
a vertical dilution refrigerator (Oxford Kelvinox-1000) at 15 Tesla field. The 
targets reached a frozen-spin state within a few months, after which they were 
cold transferred (2 K, 0.1 T) to a Storage cryostat (1.7 K, 4.5 T) during the 1 Km 
transport to the experimental Hall-B. Once in the Hall, the target was loaded into 
an In-Beam Cryostat (IBC), a thin-walled dilution refrigerator operating both 
vertically (for target transfers) and horizontally (for experimental running). The 
IBC held the HD target at 50 mK in an open geometry with minimal energy loss 
for exiting reaction products and target spins were oriented longitudinally with 
an 0.9 T solenoid. Photon fluxes up to 108 Hz were used and spin relaxation times 
(T1) during the experiment were several years for both H and D. RF transitions 
were used to periodically flip the H polarization and to transfer the polarizations 
between H and D. A transverse saddle coil within the IBC was used with the 
solenoid to rotate D spins. The performance of the system and preliminary 
results will be discussed. 
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The theoretical framework of Generalized Parton Distributions (GPDs) includes 
information on the correlated transverse spatial and longitudinal momentum dis­
tributions of partons in the nucleon. Furthermore, GPDs may provide a way to 
investigate the contribution of quark orbital angular momentum to the spin of the 
nucleon. Among other exclusive processes, hard exclusive leptoproduction of real 
photons, Deeply Virtual Compton Scattering (DVCS), is one of the theoretically 
cleanest. ways to access GPDs. The HERMES experiment at DESY, Hamburg, 
collected unique data on DVCS utilizing the HERA polarized electron or positron 
beams with an energy of 27.6 GeV and longitudinally and transversely polarized 
or unpolarized gas targets (H, D or heavier nuclei). The azimuthal asymme­
tries measured in the DVCS process allow access to the imaginary and/or real 
part of certain combinations of GPDs. For. the last two years of HERA running, 
the HERMES collaboration installed a recoil detector to improve the selection 

· of DVCS events by direct measurement of the recoil protons. An overview of 
recent HERMES results on DVCS is presented including first results on DVCS 
and associated processes ep ➔ e-y]J7r0 and ep ➔ e-ymr+ in the ~ resonance region 
obtained with the recoil detector. 
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Search for Z* boson at ATLAS detector 
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The experimental consequences of the Standard Model extension by introducing new 
spin-I chiral Z* boson ([l, 2] and refs therein) are discussed. 

The results of the search for new resonance produced by Z* boson in channel with lepton 
and antilepton in the final state at ATLAS experiment are presented. The analyses includes 
5.0/4.9 fb"1 of data recorded by ATLAS detector during 2011 LHC 7TeV proton-proton run 
in dimuon/dielectron channel. Since a good agreement is observed between experimental 
data and Monte Carlo simulated Standard Model prediction - the masses of Z* below 
2.20TeVare excluded with Confidence Level of95%. 

Due to unique experimental Z* signature consisting in angular distribution of it's decay 
products, a new selection criterion - a cut on pseudorapidity difference between final 
leptons IT] 1-T]21>0.9 - is proposed for 2012 data analysis. With respect to the plans of 
recording ~ 15fb"1 of data by ATLAS detector in 2012, it will allow to implement search for 
new resonance up to masses ~2.5-2.6 TeV. 
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The Laser-Electron-Photon facility at SPring-8 (LEPS) is a unique and very successful 
facility with the cleanest photon beam in the world at multi-GeV energies. The photon 
beam produced by means of laser-induced backward Compton scattering (BCS) from 8 
GeV electrons has rather flat energy distribution with small spreading angles, unlike the 
Bremsstrahlung beam which has huge low-energy photons. The beam polarization is also 
high and nearly 100% at the maximum energy. Polarizati~n.obs.ervables play an important 
role to elucidate the photo-production mechanism. The LEPS experiments have been 
carried out since 2000 mainly using the forward charged-particle spectrometer to search 
for the pentaquark, and to. study the <!>-meson production, hyperon photoproduction, etc. 
We will present some recent results of the LEPS experiments. 

A new project to constru~t the second beamline at SPring-8 (LEPS2) has just started. 
The LEPS2 improves the intensity of the photon beam and expands the detector 
acceptance by adopting a large solenoid magnet, which was originally used in BNL-E949 
experiment. We will also present the brief view of the LEPS2. system and the current status 
of its construction. 
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The methods for computational modeling of magnets for experimental 
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The design, construction and operation of magnetic systems of experimental setups 

require preliminary mathematical modeling. 

While calculating the fields of the magnetic systems, we attempted to solve the inverse 

problem ofmagnetostatics, namely, to find an optimal construction of the current elements 

and ferromagnetic yoke for a required distribution of the magnetic field. 

In this paper discusses the results of numerical modeling of the magnet field distribution 

for some modifications of the SP-94 spectrometric magnet used in some experimental 

setups for polarized experiments. 
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The quark intrinsic-motion in a covariant itpproach 
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We study the kinematics of deep inelastic scattering corresponding to the rotatiom1lly 

symmetric distribution of quruk momenta in the nucleon rest fram_e. It is_ shown that 

rotational-symmetry together with Lorentz invariance can in leading order impose 

constraints on the quark intrinsic mome?ta. q_btained constraints are discussed and 

compared with the available experimental data. The important details can be found in [l] 

and citations therein. 
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Inclusive (At,p(d)) and semi-inclusive (AI,!(d)' AI,;(d)' Af,:Cd) and Af,;cd)) double­
spin asymmetries in deep-inelastic muon-proton (muon-deuteron) scattering have 
been measured at COMPASS (SPS CERN) [1,2]. The results have been obtained 
with data collected in 2002-2004 and 2006 for the longitudinal polarised 6LiD 
solid target and in 2007 for the longitudinal polarised NH3 solid target. Beam of 
positive muons with energy E = 160 GeV have been used. 
We improved the statistical precision of gf(x; Q2) by a factor of two in the low 
x region. Proton asymmetries have been combined with the deuteron ones to 
extract the non-singlet spin-dependent structure function gf5 (x;Q2). The first 
moment rf s confirms the validity of the Bjorken sum-rule [3]. 
Our semi-inclusive data were used to evaluate the t..u, t..d, t..u, t..d and t..s = t..s 
distributions [2]. 
New COMPASS data on longitudinal polarized NH3 target were collected during 
the year 2011 with beam of positive muons with energy E = 200 GeV. It allows 
us to cover low x region up to 0.025. 
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