Transversity and Polarization Reversal

Lingyan Zhu,UIUC Polarized He3 Collaboration at JLab Sep. 13, 2004

† HERMES and COMPASS Transverse Data † † Collins Fragmentation Function † † Polarization Reversal †

HERMES and COMPASS Transverse Data • Collins asymmetry from HERMES

Kinem: 0.023 < x < 0.4,0.2 < z < 0.7, W > √ 10GeV,0.1 < y < 0.85,Q^2 > 1GeV^2 < x >= 0.09,< y >= 0.54,< Q^2 >= 2.41GeV^2, < z >= 0.36, < P_{π⊥} >= 0.41GeV

Results:

< sin(π^+ + ϕ_s) >^{π+}_p = 0.021 ± 0.007(stat.), < sin(π^+ + ϕ_s) >^{π−}_p = −0.038 ± 0.008(stat.)

• Collins asymmetry from COMPASS

Kinem:

0.004? < x < 0.4?,z > 0.25, W > 5GeV, 0.1 < y < 0.9,Q^2 > 1GeV^2, P_{π⊥} > 0.1GeV < x >= 0.035,< y >= 0.33,< Q^2 >= 2.4GeV^2, < z >= 0.45, < P_{π⊥} = √ 0.3GeV, < W >= 9.4GeV

Results:

A^{h+}_d ∼ 0, A^{h−}_d ∼ 0

• Definition comparison

HERMES weighted Collins moment: 2 < sin(π^+ + ϕ_s) >_{UT} =^{N↑−N↓}_{N↑+N↓}^1_{B/A·|ST |} with B/A = 1−y y2/2+(1−y)(1+σL/σT )/(1+2Mpx/(Ey)) and |ST | the proton polarization.

COMPASS Collins Asymmetry:

A_{Coll} =^{N↑−N↓} N↑+N↓ 1 DNN ·f·P = ∑ q e2q δqHq1⊥ ∑ q e2q qDq with DNN = 1−y y2/2+(1−y) and f the dilution factor, P target polarization.

HERMES(A. Airapetian et al.), hep-ex/0408013

Implications of HERMES Transverse Data

• Data:< sin(π^+ + ϕs) >^{π+}_{UT} = 0.021 ± 0.007(stat.);

< sin(π^+ + ϕ_s) >^{π−}_{UT} = −0.038 ± 0.008(stat.)

• Assumptions: H_{fav} ≡ H^{u→π+}_{1⊥} = H^{d→π−}_{1⊥} = H^{ū→π−}_{1⊥} = H^{d̄→π+}_{1⊥} H_{dis} ≡ H^{u→π−}_{1⊥} = H^{d→π+}_{1⊥} = H^{ū→π+}_{1⊥} = H^{d̄→π−}_{1⊥} D_{dis}/D_{fav} ∼ 0.5 at z=0.36 and u ∼ 2d ⇒ ∑ q e^2_q qD^{q→π+} ∑ q e^2_q qD^{q→π−} ∼ 1.7 • Relations: A^{π+}_p ∝^{[4δu+δd̄]Hfav+[δd+4δū]Hdis} [4u+d̄]D_{fav}+[d+4ū]D_{dis} ; A^{π−}_p ∝^{[4δu+δd̄]Hdis+[δd+4δū]Hfav} [4u+d̄]D_{dis}+[d+4ū]D_{fav}

• Implications: ∑ q e^2_q δqH^{q→π+} ∑ q e^2_q δqH^{q→π−} ∼ 1.7 ∗ 0.021 −0.038 = −0.94 ∼ −1

⇒ [4δu + δd + 4δū + δd̄][H_{fav} + H_{dis}] ∼ 0 ⇒ H_{fav} = −H_{dis} (δd/δu = −0.93 based on Wakamatsu et al.’s χQSM).

Implications of COMPASS Transverse Data

• Resutls: A^{h+}_d ∼ 0; A^{h−}_d ∼ 0 • Assumptions: H_{fav} ≡ H^{u→π+}_{1⊥} = H^{d→π−}_{1⊥} = H^{ū→π−}_{1⊥} = H^{d̄→π+}_{1⊥} H_{dis} ≡ H^{u→π−}_{1⊥} = H^{d→π+}_{1⊥} = H^{ū→π+}_{1⊥} = H^{d̄→π−}_{1⊥} h^± ∼ π^± • Implications: ∑ q e^2_q δqH^{q→π+} 1⊥ = [4δu + 4δd + δū + δd̄]H_{fav} + [δu + δd + 4δū + 4δd̄]H_{dis} ∼ 0 ∑ q e^2_q δqH^{q→π−} 1⊥ = [4δu + 4δd + δū + δd̄]H_{dis} + [δu + δd + 4δū + 4δd̄]H_{fav} ∼ 0 ⇒ |H_{dis}| ∼ |H_{fav}|, |4δu + 4δd + δū + δd̄| ∼ |δu + δd + 4δū + 4δd̄| if H_{dis}, H_{fav}, [4δu + 4δd + δū + δd̄], [δu + δd + 4δū + 4δd̄] ≠ 0 ⇒ δu + δd = 0 if sea quark contribution δū and δd̄ can be ignored and H_{dis}, H_{fav} ≠ 0.

χQSM: δd/δu = −0.93 (Wakamatsu)

Projection for He3 target

• Collins part: ∑_{He3} q e^2_qδqH^{q→π} = ∑_p q e^2_qδqH^{q→π} + ∑_d q e^2_qδqH^{q→π} ∼ ∑_p q e^2_q δqH^{q→π} • Unpolarized part: ∑_{He3} q e^2_qqD^{q→π+} = ∑_p q e^2_q qD^{q→π+} + ∑_d q e^2_q qD^{q→π+} ∼ 2.5 ∑_p q e^2_q δqH^{q→π+} ∑_{He3} q e^2_qqD^{q→π−} = ∑_p q e^2_q qD^{q→π−} + ∑_d q qe^2_q D^{q→π−} ∼ 3 ∑_p q e^2_qδqH^{q→π−} • Projections: A^{π+}_{He3} ∼ 0.4A^{π+}_p A^{π−}_{He3} ∼ 0.3A^{π−}_p

Implications of HERMES π0 Data

• Data:< sin(π^+ + ϕs) >^{π0}_{UT} ∼< sin(π^+ + ϕs) >^{π−}_{UT} ?

• Relations: A^{π0}_p ∝^{[4δu+δd̄+δd+4δū]·[Hfav+Hdis]/2} [4u+d̄+d+4ū]·[D_{fav}+D_{dis}]/2 ; A^{π−}_p ∝^{[4δu+δd̄]Hdis+[δd+4δū]Hfav} [4u+d̄]D_{dis}+[d+4ū]D_{fav}

• Assumptions: H_{fav} ≡ H^{u→π+}_{1⊥} = H^{d→π−}_{1⊥} = H^{ū→π−}_{1⊥} = H^{d̄→π+}_{1⊥} H_{dis} ≡ H^{u→π−}_{1⊥} = H^{d→π+}_{1⊥} = H^{ū→π+}_{1⊥} = H^{d̄→π−}_{1⊥} D_{dis}/D_{fav} ∼ 0.5 at z=0.36 and u ∼ 2d ⇒ ∑ q e^2_q qD^{q→π0} ∑ q e^2_q qD^{q→π−} = 1.3 ∼ 1 • Implications: ∑ q e^2_q δqH^{q→π0} ∑ q e^2_q δqH^{q→π−} ∼ 1 and ∑ q e^2_qδqH^{q→π0} < 0 ⇒ H_{fav} ≠ −H_{dis} and [4δu + δd + 4δū + δd̄] ≠ 0 ⇒ ∑ q e^2_q δqH^{q→π+} = 2 ∑ q e^2_q δqH^{q→π0} − ∑ q e^2_qδqH^{q→π−} < 0

Inconsistent with transversity measurements for π+.

Polarization Reversal

• Goal:

flip the laser beam frequently (on the level of minutes) with

λ̄ = 795 nm, D ∼ 2 inches. • Possible solutions:

– motorized transporter+half waveplate Speed is a big constrain.

– motorized rotary stage+quarter waveplate Standa 8MR180-2: speed=1 turn/min or greater; 0.01 deg angular resolution.

– liquid crystal waveplate

Meadowlark liquid crystal variable retarder: D = 1, 2, 3 in; 0(+30 nm) to 1/2 wave with (without) compensator.

• Current Status:

Wait for the test on the liquid crystal waveplate. (already ordered by Sirish for Compton)