arXiv:1012.0155v3 [hep-ex] 29 Jan 2013

Transverse spin dependent azimuthal asymmetries at COMPASS

B. Parsamyan^{1, 2}

1 Dipartimento di Fisica Generale, Università di Torino, Torino, Italy 2 INFN, Sezione di Torino, Via P. Giuria 1, I-10125 Torino, Italy

E-mail: bakur.parsamyan@cern.ch

Abstract. In the semi-inclusive deep inelastic scattering of polarized leptons on a transversely polarized target eight target transverse spin-dependent azimuthal modulations are allowed. In the QCD parton model half of these asymmetries can be interpreted within the leading order approach and the other four are twist-three contributions. The first two leading twist asymmetries extracted by HERMES and COMPASS experiments are related: one to the transversity distribution and the Collins effect, the other to the Sivers distribution function. These results triggered a lot of interest in the past few years and allowed the first extractions of the transversity and the Sivers distribution functions of nucleon. The remaining six asymmetries were obtained by the COMPASS experiment using a 160 GeV/c longitudinally polarized muon beam and transversely polarized deuteron and proton targets. Here we review preliminary results from COMPASS proton data of 2007.

1. Introduction Using standard SIDIS notations transverse spin S_T dependent part of the general, modelindependent cross-section of lepton-hadron SIDIS processes can be written in the following way [1], [2]: dσ dx dy dψ dz dϕ_h dP^2_{hT} = α^2 xy Q^2 y^2 2(1 − ε) ( 1 + γ^2 2x ){ ... (1) +|S_T | [ sin(ϕ_h − ϕ_S) ( F^{sin(ϕh−ϕS )} UT,T + εF sin(ϕ_h−ϕ_S ) UT,L ) + ε sin(ϕ_h + ϕ_S )F^{sin(ϕh+ϕS )} UT +ε sin(3ϕ_h − ϕ_S )F^{sin(3ϕh−ϕS )} UT + √ 2ε(1 + ε) ( sin ϕ_S F^{sin ϕS}_{UT} + sin(2ϕ_h − ϕ_S )F^{sin(2ϕh−ϕS )} UT )]

+|S_T |P_l [ √ 1 − ε^2 cos(ϕ_h − ϕ_S )F^{cos(ϕh−ϕS )} LT + √ 2ε(1 − ε) cos ϕ_S F^{cos ϕS}_{LT} + √ 2ε(1 − ε) cos(2ϕ_h − ϕ_S )F^{cos(2ϕh−ϕS )} LT ]} , where ε =

1 − y −^1_4 γ^2y^2 1 − y +^1_2 y^2 +^1_4 γ^2y^2 , γ = 2Mx Q This expression contains eight azimuthal modulations in the ϕ_h and ϕ_S (azimuthal angles of the produced hadron and of the nucleon spin correspondingly). Each modulation leads to an asymmetry described by the associated structure function F depending on x, Q^2, z and P_{hT} . The superscript of the structure function indicates the corresponding modulation, the first and the second subscripts - the respective (”U”-unpolarized,”L”-longitudinal and ”T”- transverse) polarization of beam and target and the third subscript specifies the polarization of the virtual photon. The eight Transverse Spin Asymmetries (TSA) linked to the azimuthal modulations are defined as the ratios of the corresponding structure functions to the unpolarized one A^{wi(ϕh,ϕs)} BT ≡ F^{wi(ϕh,ϕs)} BT /F_{UU,T} where B = L or B = U indicates the beam polarization.

As one can see, there are five Single-Spin Asymmetries (SSA), which depend only on S_T and three Double-Spin Asymmetries (DSA), both S_T and P_l (beam polarization) dependent. In the QCD parton model approach four of the eight TSAs have a Leading Order (LO) interpretation and are described by the convolutions of Transverse Momentum Dependent (TMD) twist-two distribution functions (DFs) and fragmentation functions(FFs): A^{sin(ϕh−ϕs)} UT ∝ f^{⊥q}_{1T} ⊗ D^h_{1q}, A^{sin(ϕh+ϕs)}_{UT} ∝ h^q_1 ⊗ H^{⊥h}_{1q} , (2) A^{cos(ϕh−ϕs)} LT ∝ g^q_{1T} ⊗ D^h_{1q}, A^{sin(3ϕh−ϕs)} UT ∝ h^{⊥q}_{1T} ⊗ H^{⊥h}_{1q} Here the first two are Collins and Sivers asymmetries, which have been extracted from HERMES experimental data collected on proton target [3, 4] and COMPASS deuteron [5–7] and proton [8] data. These measurements triggered a strong phenomenological and theoretical interest and, for example, allowed the first extraction of the Sivers DF and combined with the BELLE data [9, 10] - of the transversity function and Collins FF [11–13].

The other two A^{cos(ϕh−ϕs)} LT and A^{sin(3ϕh−ϕs)} UT LO TSAs can be used for extraction of g^q_{1T} (wormgear) and h^{⊥ q}_{1T} (pretzelosity) DFs correspondingly. There are different model-based calculations of these asymmetries made for COMPASS kinematics. In this article we refer, for instance, to the following ones: A^{cos(ϕh−ϕs)}

LT DSA calculated using ”Kotzinian-Mulders” model [14, 15], and predictions for both A^{cos(ϕh−ϕs)} LT and A^{sin(3ϕh−ϕs)} UT based on light-cone constituent quark models [16, 17] and quark-diquark model [18].

The remaining four asymmetries are higher-twist effects, though they can be interpreted as twist-two Cahn kinematic corrections to spin effects on the transversely polarized nucleon [1]:

A^{sin(ϕs)} UT ∝ M Q (h^q_1 ⊗ H^{⊥h}_{1q} + f^{⊥q}_{1T} ⊗ D^h_{1q}), A^{sin(2ϕh−ϕs)} UT ∝ M Q (h^{⊥q}_{1T} ⊗ H^{⊥h}_{1q} + f^{⊥q}_{1T} ⊗ D^h_{1q})

A^{cos(ϕs)} LT ∝ M Q (g^q_{1T} ⊗ D^h_{1q}), A^{cos(2ϕh−ϕs)} LT ∝ M Q (g^q_{1T} ⊗ D^h_{1q}). (3)

For instance, such an approach was used in [18] in order to evaluate these TSAs based on the quark-diquark model.

Both LO A^{cos(ϕh−ϕs)} LT and A^{sin(3ϕh−ϕs)} UT as well as the other four A^{sin(ϕs)}_{UT} , A^{sin(2ϕh−ϕs)}_{UT} , A^{cos(ϕs)}_{LT} and A^{cos(2ϕh−ϕs)} LT ”higher-twist” asymmetries have been extracted from COMPASS deuteron data [19, 20] and, together with the measurement of Collins and Sivers effects they complete the whole ”deuteron”-set of eight allowed in SIDIS TSAs. Now in the next section we present our preliminary results for all six ”beyond Collins and Sivers” TSAs from COMPASS proton data.

2. Results In COMPASS transverse A^{sin(3ϕh−ϕs)}

UT , A^{sin(ϕs)}_{UT} and A^{sin(2ϕh−ϕs)}

UT SSAs and A^{cos(ϕh−ϕs)} LT , A^{cos(ϕs)}_{LT} and A^{cos(2ϕh−ϕs)} LT DSAs were extracted for positive and negative hadron production in SIDIS of high energy muons on transversely polarized protons. The data were collected in 2007 using 160

Figure 1. A^{sin(3ϕh−ϕs)} UT , A^{sinϕs}_{UT} and A^{sin(2ϕh−ϕs)} UT asymmetries for positive (red circles) and negative (blue triangles) hadrons vs. x , z, P_{hT} and W . Systematic uncertainties are shown by the correspondingly colored bands.

GeV/c longitudinally polarized muon beam and NH_3 transversely polarized three-cell target. The neighboring target cells were polarized oppositely which allowed simultaneous collection of data with both spin polarizations. In order to minimize the acceptance effects after each 4-5 days polarization was reversed in all three cells. The kinematic cuts applied in the analysis are the following ones: Q^2 > 1 (GeV/c)^2, W > 5 GeV, 0.1 < y < 0.9, P_{hT} > 0.1 GeV/c and z > 0.2.

The estimator used for the evaluation of the raw asymmetries is based on an extended unbinned maximum likelihood method and as well as the whole analysis procedure is exactly the same as the one applied for already published Collins and Sivers asymmetries on proton. A more detailed description of the COMPASS spectrometer and analysis methods can be found in: [5–8, 19, 21]

In figures 1 and 2 we present six TSAs extracted from COMPASS 2007 data collected on a proton target. The asymmetries for positive and negative hadrons are plotted as a function of x, z, P_{hT} and W . The systematic uncertainties have been estimated separately for each asymmetry for positive and negative hadrons and are given by the bands. Next, figures 3 and 4 show the x-dependence of the calculated for COMPASS kinematical region asymmetries from [15], [17] and [18] together with the COMPASS measured values. In figure 3 we show only SSAs for positive and negative hadrons, while figure 4 is dedicated to DSAs. One can see that at maximum UT asymmetries are predicted to be of order of 1 − 2% and LTs around 5 − 10% and that the theoretical curves basically stay within the error bands showing an agreement with COMPASS measurements at this level of the statistical accuracy. Yet, improved precision is needed for definitive conclusions and further analysis.

Figure 2. A^{cos(ϕh−ϕs)} LT , A^{cosϕs}_{LT} and A^{cos(2ϕh−ϕs)} LT asymmetries for positive (red circles) and negative (blue triangles) hadrons vs. x , z, P_{hT} and W . Systematic uncertainties are shown by the correspondingly colored bands.

Figure 3. A^{sin(3ϕh−ϕs)} UT , A^{sinϕs}_{UT} , A^{sin(2ϕh−ϕs)} UT asymmetries for h^+ (top) and h^− (bottom) vs. x .

compared with the predictions from: [17] (dot-dashed) and [18] (dashed).

Figure 4. A^{cos(ϕh−ϕs)} LT ,A^{cosϕs}_{LT} ,A^{cos(2ϕh−ϕs)} LT , asymmetries for h^+ (top) and h^− (bottom) vs. x .

compared with the predictions from: [15] (solid), [17] (dot-dashed) and [18] (dashed).

3. Conclusions We have presented preliminary results for six new target transverse spin dependent asymmetries extracted from COMPASS 2007 data collected on a proton target. These measurement together with the published Collins and Sivers TSAs on proton and with our deuteron measurements complete the whole set of eight azimuthal asymmetries allowed in SIDIS and give another access to the studies of TMD DFs and FFs. Obviously, presented comparison plots for different theory predictions show that the statistical accuracy has yet to be enhanced to draw some decisive conclusions. However, in 2010 COMPASS collected a new large sample of data with transversely polarized proton target, and we look forward to significantly improve the precision of our results.

References

[1] Kotzinian A 1995 Nucl.Phys. B441 234–248 (Preprint hep-ph/9412283) [2] Bacchetta A et al. 2007 JHEP 02 093 (Preprint hep-ph/0611265) [3] Airapetian A et al. (HERMES) 2005 Phys. Rev. Lett. 94 012002 (Preprint hep-ex/0408013) [4] Airapetian A et al. (HERMES) 2009 Phys. Rev. Lett. 103 152002 (Preprint 0906.3918) [5] Alexakhin V Y et al. (COMPASS) 2005 Phys. Rev. Lett. 94 202002 (Preprint hep-ex/0503002) [6] Ageev E S et al. (COMPASS) 2007 Nucl. Phys. B765 31–70 (Preprint hep-ex/0610068) [7] Alekseev M et al. (COMPASS) 2009 Phys. Lett. B673 127–135 (Preprint 0802.2160) [8] Alekseev M G et al. (COMPASS) 2010 Phys. Lett. B692 240–246 (Preprint 1005.5609) [9] Abe K et al. (Belle) 2006 Phys. Rev. Lett. 96 232002 (Preprint hep-ex/0507063) [10] Seidl R et al. (Belle) 2008 Phys. Rev. D78 032011 (Preprint 0805.2975) [11] Anselmino M et al. 2005 Phys. Rev. D72 094007 (Preprint hep-ph/0507181) [12] Anselmino M et al. 2007 Phys. Rev. D75 054032 (Preprint hep-ph/0701006) [13] Anselmino M et al. 2009 Nucl. Phys. Proc. Suppl. 191 98–107 (Preprint 0812.4366) [14] Kotzinian A M and Mulders P J 1996 Phys. Rev. D54 1229–1232 (Preprint hep-ph/9511420) [15] Kotzinian A, Parsamyan B and Prokudin A 2006 Phys. Rev. D73 114017 (Preprint hep-ph/0603194) [16] Boffi S, Efremov A V, Pasquini B and Schweitzer P 2009 Phys. Rev. D79 094012 (Preprint 0903.1271) [17] Pasquini B, Cazzaniga S and Boffi S 2008 Phys. Rev. D78 034025 (Preprint 0806.2298) [18] Kotzinian A 2008 (Preprint 0806.3804) [19] Parsamyan B (COMPASS) 2008 Eur. Phys. J. ST 162 89–96 (Preprint 0709.3440) [20] Kotzinian A (on behalf of the COMPASS) 2007 (Preprint 0705.2402) [21] Abbon P et al. (COMPASS) 2007 Nucl. Instrum. Meth. A577 455–518 (Preprint hep-ex/0703049)