SLAC EXPERIMENT E160: A-DEPENDENCE OF J/ψ AND ψ^0 PHOTOPRODUCTION

Keith Griffioen College of William & Mary Representing the E160 Collaboration

Hall A 12 GeV Upgrade Workshop 22 March 2002

ffl Summary of J/ψ physics ffl Summary of E160 experiment

Kinematics

particle lab frame γ (k, 0, 0, k) p (M, 0, 0, 0) ψ (E_ψ, k^′ sin θ, 0, k^′ cos θ) p^′ (k + M − E_ψ, −k^′ sin θ, 0, k − k^′ cos θ) particle CM γ (k^∗, 0, 0, k^∗) p ( √ M^2 + k^{∗2}, 0, 0, −k^∗) ψ (E^∗_ψ, k^{′∗} sin θ^∗, 0, k^{′∗} cos θ^∗) p^′ ( √ M^2 + k^{′∗2}, −k^{′∗} sin θ^∗, 0, −k^{′∗} cos θ^∗)

• s = M^2 + 2Mk is the CM energy squared.

• t = m^2_ψ−2k(E_ψ−k^′ cos θ) is the squared 4-momentum transfer.

• p^2_T = (k^{′∗} sin θ^∗)^2 is the transverse momentum squared.

Charmonium States

• Shaded region shows the continuum for decays into open charm (DD̄) states.

• Photons excite J^π = 1^− states (e.g.^3S_1).

Schematic J/ψ t-Distributions

• size of nucleus (nucleon) ∼ 1/ r ⟨t⟩ ∼ √ a • Coherent nuclear and quasi-elastic: vector meson dominance, pomeron exchange, diffractive processes.

• Inelastic: photon-gluon fusion.

Physics Model (con’t)

• Simulated t distribution for J/ψ production •counts per GeV^2 vs. t •t-resolution of 0.1 GeV^2 •8000 quasi-elastic events •1000 coherent events (x) •2000 inelastic events (squares) •total events shown as diamonds

Motivation

• Charmonium production: perturbative interactions, non-perturbative formation.

• Cross sections: perturbative → kinematic dependence; non-perturbative → incalculable magnitude.

• No direct evidence for correct perturbative diagrams (e.g. photoproduction explained by both color singlet and octet models).

• Charmonium-nucleon interaction cross sections are not well known or understood.

• Yet charmonium production is used to probe gluon distributions and hot nuclear matter.

Paradox of Charmonium Production I

• CDF Collaboration, F. Abe, et al., Phys. Rev. Lett.

69(1992)3704; 79(1997)572; 79(1997)578.

Paradox of Charmonium Production II

• H1 Collab., S. Aid, et al., Nucl. Phys. B472(1996)3.

Paradox of Charmonium Production III

• CDF Collaboration

Color Singlet Model with k_T

• Inelastic (0.4 < z < 0.9) J/ψ photoproduction with p_T > 1 GeV. Curves 1,2 (3,4): k_T -factorization (parton model) for m_c = 1.4 and 1.55 GeV. Saleev, hepph- 0201027.

Length Scales

ψ � N Cross Sections

• Data: nucl-th/9806023 review • Glauber: σ^{pA→ψ} Aσ^{pN→ψ} = e^{−Lρ0σ} N_{tot} . in which L is the length of absorption trajectory, ρ_0 is nuclear density. If L ∝ A^{13} then σ^{ψN}_{tot} ∝ A^α. σ^{ψN}_{tot} ≈ 6 mb, α ≈ 0.92.

• Vector Meson Dominance: σ^{ψN}_{tot} ∝^{dσ}_{dt} (γN → ψN)|_{t=0} by the optical theorem. σ^{ψN}_{tot} ≤ 1 mb.

• Geometry: σ^{ψN}_{tot} is proportional to the square radius.

σ^{ψN}_{tot} = 2 − 5 mb.

J/ψ Suppression for Heavy Ions

• From B. Müller, nucl-th/980623:

• It’s still unclear whether J/ψ is a reliable probe for quark-gluon plasmas.

• Suppression in light targets is the result of the A^{0.92} dependence of the pA → J/ψX cross section.

• The color octet model provides a credible mechanism, but there is no direct evidence for it.

• Available evidence points toward a novel suppression in Pb+Pb collisions.

• Color singlet absorption on hadronic comovers does not explain the Pb+Pb data.

E160 Collaboration

V. Ghazikhanian, G. Igo, S. Trentalange University of California Los Angeles, Los Angeles CA 90095 S. Bueltmann, E. Chudakov Jefferson Lab, Newport News VA 23606 R. G. Arnold, P. E. Bosted^�, R. Hicks, G. Peterson, S. E. Rock, J. Shaw University of Massachusetts, Amherst, Massachusetts 01003 R. Lombard DAPNIA-Service de Physique Nucleaire Centre d’Etudes de Saclay G. Tamas Institut für Kernphysik, D55099, Mainz, Germany S. Penttila, G. Mitchell Los Alamos National Laboratory, Los Alamos, New Mexico 87545 J. Dunne Mississippi State University, Mississippi State, Mississippi 39762 A. Klein, S. Kuhn, C. Hyde-Wright Old Dominion University, Norfolk, Virginia 23529 W. Meyer, St. Goertz, G. Reicherz Ruhr-Universität Bochum, Universitätstr. 150, Bochum, Germany P. Decowski Smith College, Northampton, Massachusetts 01063 P. Anthony, R. Erickson, T. Fieguth, S. Rokni, S. St.Lorant, Z. M. Szalata, D. Walz Stanford Linear Accelerator Center, Stanford, California 94309 D. Crabb^�, D. Day, R. Lindgren, D. Pocanic, O. Rondon, F. Wesselmann University of Virginia, Charlottesville, Virginia 22901 T. Averett, D. Armstrong, K. Griffioen^� College of William and Mary, Williamsburg, Virginia 23187 N. Akopov, A. Apyan, R. Avakian, A. Avetisian, S. Darbinian, K. Ispirian, S. Taroyan Yerevan Physics Institute, Yerevan, Armenia � Spokespersons

Beam Intensity and Rates

• Electron beam energies: 45.0, 45.0 and 48.3 GeV. • Upper: photon intensities (flux times energy). • Dashed lines: incoherent radiation.

• Lower: quasi-elastic J/ψ events per day for a 1 g/cm^2 thick target.

Circular Polarization

P^{linear}_γ ∼ 1 − y; y = E_γ/E_e

Conclusions

• E160 will study J/ψ and ψ^′ production and propagation through nuclei with error bars small enough to make a difference for interpretations of J/ψ suppression in relativistic heavy-ion collisions. This suppression remains one of the most promising indicators of quark-gluon plasma formation.

• E160 will measure fundamental charmonium cross sections dσ/dt and σ^{ψN}_{tot} with at least a factor of three improvement in accuracy over an energy range where one would be surprised not to find large variations produced by ℓ_F .

• E160 will provide data using a simple probe, the results of which are easier to interpret than hadroninduced reactions.

• E160 will make the first ever measurement of the Adependence of ψ^′ photoproduction and test the claim that σ^{ψ0N}_{tot} is as large as 25 mb.

• E160 will constrain models for the creation and interaction of J/ψ and ψ^′ particles, and shed light on the VMD mystery.