æ

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

Precision Measurement of Neutron Asymmetry An1 at Large xBj Using CEBAF 5.7 GeV

X. Zheng, M.I.T., Cambridge, MA for the JLab Hall A Collaboration Apr. 19, Charlottesville, VA

• Introduction

• Theories about A^n_1 • Experimental Setup •^3He Nuclear Correction • A^n_1 Preliminary Result • Error Estimation • Summary Outlook

X. Zheng, for the JLab Hall A Collaboration

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

LIST OF COLLABORATORS

J. Gao

California Institute of Technology

K. Aniol, D. Margaziotis

California State University, LA

P. Markowitz

Florida International University

R. Roche

Florida State University

M. Roedelbronn

University of Illinois

F. Cusanno, R. De Leo, F. Garibaldi, S. Frullani, G. Urciuoli

INFN

J.-P. Chen, E. Chudakov, J. Gomez, K. de Jager, R. Michaels, O. Hansen, J. LeRose, N. Liyanage, B. Reitz, A. Saha, B. Wojtsekhowski

Jefferson Lab

K. McCormick

Kent State University

W. Korsch, P. Zolnierczuk

University of Kentucky

J. Kelly, T. Horn, N. Savvinov

University of Maryland

L. Kaufman, A. Vacheret

University of Massachussetts

W. Bertozzi, Z. Chai, D. Dutta, H. Gao, D. Higinbotham, M. Rvachev, S. Sirca, H. Xiang, Y. Xiao, F. Xiong, B. Zhang, X. Zheng, L. Zhu

Massachussetts Institute of Technology

J. Calarco

University of New Hampshire

W. Hinton

Old Dominion University

E. Busato, S. Dieterich, R. Gilman, X. Jiang, S. Strauch

Rutgers University

P. Souder

Syracuse University

G. Ron

Tel Aviv

Z.-E. Meziani, S. Choi, K. Slifer, P. Solvignon

Temple University

A. Camsonne, G. Cates, A. Deur, J. Singh

University of Virginia

D. Armstrong, T. Averett, K. Kramer, S. Binet, C. Butuceanu, M. Finn, B. Moffit, S. Phillips, A. Powell, J. Roche, D. Steiner, V. Sulkosky, X. Zhu

College of William and Mary

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

A^n_1 at high x_{Bj}

WHAT IS An1

A_1 = σ 1_2 − σ 3_2 σ 1_2 + σ 3_2^{⃗q ⃗p}t^{⃗q ⃗p}t

A_1 = g_1(x, Q^2) − γ^2g_2(x, Q^2) F_1(x, Q^2)

WHY AT HIGH xBj ?

• Valence quarks dominate, (less contribution from q − q̄ sea and gluons); • pQCD calculation is possible;

CTEQ5M parton distributions

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

Theories about A^n_1

• SU(6): A^n_1 = 0

• SU(6) Broken:

A^n_1 → 1 as x → 1;

• Constituent quark models (CQM): N.Isgur A^n_1 → 1 as x → 1;

• pQCD

• Statistical model, C.Bourrely, J. Soffer ; • Duality: W. Melnitchouk;

• Instanton Model, N.I.Kochelev, A^n_1 ∼ 0 or A^n_1 < 0;

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

• CQM: N.Isgur, Phys.Rev. D59 (1999) 034013

hyperfine perturbed, A p 1 and An1 → 1 as x → 1;

• Duality: W. Melnitchouk, Phys. Rev. Lett. 86, 35 (2001)

– local quark-hadron duality;

– predict x ∼ 1 behavior of A1 from available data on GE ,GM ;

World data on A^n_1 , Prediction from CQM and duality

CQM N.Isgur

Duality

SU(6)

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

• pQCD (LSS2001): E. Leader, A.V.Sidorov, D.B.Stamenov, hep-ph/0111267

– A new evaluation of NLO polarized parton densities(PPD) in the nucleon; – calculation done for g1/F1 at Q^2= 3, 5, 100 (GeV/c)^2

World data on A^n_1 and pQCD prediction (g_1/F_1)

g1 F1 , pQCD(LSS)

Q^2 = 100 (GeV/c)^2

Q^2 = 5 (GeV/c)^2

Q_{2 = 3 (GeV/c)2}

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

• Statistical Model: C.Bourrely, J. Soffer, hep-ph/0109160

– global NLO QCD analysis of unpolarized and polarized DIS data; – parton distributions constructed in a statistical physical picture of the nucleon:

p(x) ∝ [exp (x − X_{0p})/x̄ ± 1]^{−1} – calculation done for A1 at Q2=5, 10, 100 (GeV/c)2, (g2 = gww2 )

World data on A^n_1 and Soffer’s statistical model

J.Soffer

Q^2 = 100 (GeV/c)^2

Q^2 = 10 (GeV/c)^2 Q^2 = 5 (GeV/c)^2

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

A^n_1 World Data and Theoretical Predictions

LSS(BBS) CQM (N.Isgur)

E155 fit

LSS (^{g1}_{F1} ) (Q^2 = 3, 5, 100)

J.Soffer (Q^2 = 5,10,100)

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

Experiment E99-117

• Measured A^n_1 at:

xBj 0.331 0.474 0.609 Q2 (GeV/c)2 2.738 3.567 4.887 W2 (GeV/c)2 6.426 4.846 4.023

through e− asymmetries A_‖ and A_⊥ in inclusive ⃗e^− − ⃗^3He DIS;

• Running successfully from June 01, 2001 to August 02, 2001; • total volume of data: 563 GByte

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

Experimental setup

• Jefferson Lab(JLab) polarized e^− beam, 5.734 GeV, P_{beam} = 81%, 12 μA • Hall A polarized^3He target, ∼ 10 atm, Ptarg = 40% • Two Hall A High Resolution Spectrometers (HRS) at symmetric positions

Topview of JLab Accelerator and Hall A floor plan

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

Asymmetry Analysis

ELECTRON ASYMMETRIES A_{raw} = N^+/Q^+ − N^−/Q^− N^+/Q^+ + N^−/Q^− A_{‖,⊥} = A_{raw} fP_bP_t 3HE ASYMMETRIES

A_1 = A_‖ D(1 + ηξ) − ηA_⊥ d(1 + ηξ) A_2 = γ

{ 1 −^y_2 D^′ A_‖ + 1 D^′ [ tan(θ/2) + y 2 sin θ

1 + (1 − y) cos θ 1 − y ] A_⊥ }

g_1(x, Q^2) =

F 1(x, Q^2) D^′ [ A_‖ + tan(θ/2) · A_⊥ ]

g_2(x, Q^2) =

F 1(x, Q^2) 2D^′y sin θ [ E + E′ cos θ E^′ A_⊥ − sin θ · A_‖ ]

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

3He Asymmetries

• Electron asymmetries A_‖

A_⊥

x • Pion asymmetries A_‖

A_⊥

x

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

From^3He to Neutron

CONVOLUTION APPROACH C. Ciofi degli Atti et.al., Phys.Rev.C48, R968(1993); Phys. Lett., B404, 223(1997) COMPLETE ANALYSIS F. Bissey et. al., hep-ph/0109069 (16:40-17:00, talk by M. Strikman)

• Δ isobar in^3He wavefuntion

A^n_1 =

F^{3He}_2 PnF^n_2 (1 +^{0.056}_{Pn} )

[A^{3He}_1 − 2

F^p_2 F^{3He}_2 PpA^p_1(1 − 0.014 2Pp )] • R(x, Q^2) from E143 fit: K. Abe et. al., hep-ex/9808028 • F^p_2 , F^d_2 from NMC95 fit: M. Arneodo et. al., hep-ph/9509406, • F^p_2 resonance from SLAC94 fit, • Effective nucleon polarization Pp, Pn

– use P_p = −0.028 ± 0.004,P_n = 0.86 ± 0.02

C. Ciofi degli Atti et.al.,Phys.Rev.C48, R968(1993)

– Pp = −0.018,Pn = 0.897

CD-Bonn2000 + TM (Tucson-Melbourne) 3NF, A. Nogga, Ph.D. thesis, (2001)

• g^p_1 /F^p_1 , g^n_1 /F^n_1

– E155 fit, P. L. Anthony et. al., Phys.Lett.B493:19-28,(2000) (hep-ph/0007248) – fit to world data on A_1, then iterate to g_1/F_1;

• g2, using g^{ww}_2

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

A^n_1 Preliminary Result

LSS(BBS) CQM (N.Isgur)

E155 fit

Duality

g1 F1 , LSS (Q^2 = 5)

J.Soffer (Q^2 = 5)

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

Error Analysis

STATISTICS

• ΔA^n_1 =5% at x = 0.61;

EXPERIMENTAL SYSTEMATICS

• Beam energy: 5.734 GeV,^{ΔEb}_{Eb} < 5 × 10^{−4}; • Spectrometer momentum:^{ΔEe}_{Ee} < 5 × 10^{−4}; • Spectrometer angle: Δθe < 0.1^∘; • Beam polarization: 81%,^{ΔPb}_{Pb} <3%; • Target polarization: 40%,^{ΔPt}_{Pt} <4%; • Target spin orientation: Δθtarg <1^∘;

RADIATIVE CORRECTION

• Correct A^{3He}_‖ , A^{3He}_⊥ directly; • F2 variation (5 models), F^{p,res}_2 (2);

• g1 variation, g1/F1 variation (3), g^{3He,res}_1 variation; • g1/F1 - Q^2 dependence; • g2 variation (g^{ww}_2 vs. g2 = 0);

NUCLEAR CORRECTION

• F^p_2 , F^d_2 ; A^p_1; Pp, Pn

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

Figure 1: E99-117 error analysis

Statistics Experimental systematics Radiative correction

F_2 (full uncertainty) A^p_1 P_p, P_n (full uncertainty)

E99117 An1 @ high xBj , QCD workshop, Apr. 2002

Summary and Outlook

EXPERIMENT E99-117

• Provides the first precise data of A^n_1 at x > 0.4; • Data on g^n_1 , A^n_2 , g^n_2 will be available; • Provide new constraint on pQCD, models; • Help to understand constituent quark models

FUTURE OF A^n_1

• E01-012, Measurement of neutron spin structure functions in the resonance region,

spokesperson: N. Liyanage, J.P.Chen, S.Choi – test quark-hadron duality in spin structure functions;

• A^n_1 at JLab 12 GeV upgrade.